& frontiers | Research Topics

New trends in type 2
diabetes diagnhosis and
management in primary
care

Edited by
Aleksandra Klisic and I-Shiang Tzeng

Published in
Frontiers in Medicine
Frontiers in Public Health



https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/research-topics/42338/new-trends-in-type-2-diabetes-diagnosis-and-management-in-primary-care#articles
https://www.frontiersin.org/research-topics/42338/new-trends-in-type-2-diabetes-diagnosis-and-management-in-primary-care#articles
https://www.frontiersin.org/research-topics/42338/new-trends-in-type-2-diabetes-diagnosis-and-management-in-primary-care#articles
https://www.frontiersin.org/research-topics/42338/new-trends-in-type-2-diabetes-diagnosis-and-management-in-primary-care#articles
https://www.frontiersin.org/journals/public-health

& frontiers | Research Topics

FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual
articles in this ebook is the property
of their respective authors or their
respective institutions or funders.
The copyright in graphics and images
within each article may be subject

to copyright of other parties. In both
cases this is subject to a license
granted to Frontiers.

The compilation of articles constituting
this ebook is the property of Frontiers.

Each article within this ebook, and the
ebook itself, are published under the
most recent version of the Creative
Commons CC-BY licence. The version
current at the date of publication of
this ebook is CC-BY 4.0. If the CC-BY
licence is updated, the licence granted
by Frontiers is automatically updated
to the new version.

When exercising any right under

the CC-BY licence, Frontiers must be
attributed as the original publisher
of the article or ebook, as applicable.

Authors have the responsibility of
ensuring that any graphics or other
materials which are the property of
others may be included in the CC-BY
licence, but this should be checked
before relying on the CC-BY licence
to reproduce those materials. Any
copyright notices relating to those
materials must be complied with.

Copyright and source
acknowledgement notices may not
be removed and must be displayed
in any copy, derivative work or partial
copy which includes the elements

in question.

All copyright, and all rights therein,
are protected by national and
international copyright laws. The
above represents a summary only.
For further information please read
Frontiers’ Conditions for Website Use
and Copyright Statement, and the
applicable CC-BY licence.

ISSN 1664-8714
ISBN 978-2-8325-3045-0
DOI 10.3389/978-2-8325-3045-0

Frontiers in Medicine

July 2023

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is
a pioneering approach to the world of academia, radically improving the way
scholarly research is managed. The grand vision of Frontiers is a world where
all people have an equal opportunity to seek, share and generate knowledge.
Frontiers provides immediate and permanent online open access to all its
publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-
access, online journals, promising a paradigm shift from the current review,
selection and dissemination processes in academic publishing. All Frontiers
journals are driven by researchers for researchers; therefore, they constitute
a service to the scholarly community. At the same time, the Frontiers journal
series operates on a revolutionary invention, the tiered publishing system,
initially addressing specific communities of scholars, and gradually climbing
up to broader public understanding, thus serving the interests of the lay
society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely
collaborative interactions between authors and review editors, who include
some of the world's best academicians. Research must be certified by peers
before entering a stream of knowledge that may eventually reach the public
- and shape society; therefore, Frontiers only applies the most rigorous

and unbiased reviews. Frontiers revolutionizes research publishing by freely
delivering the most outstanding research, evaluated with no bias from both
the academic and social point of view. By applying the most advanced
information technologies, Frontiers is catapulting scholarly publishing into

a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers
Jjournals series: they are collections of at least ten articles, all centered

on a particular subject. With their unique mix of varied contributions from
Original Research to Review Articles, Frontiers Research Topics unify the
most influential researchers, the latest key findings and historical advances
in a hot research area.

Find out more on how to host your own Frontiers Research Topic or
contribute to one as an author by contacting the Frontiers editorial office:
frontiersin.org/about/contact

1 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

& frontiers | Research Topics July 2023

New trends in type 2 diabetes
diagnosis and management in
primary care

Topic editors
Aleksandra Klisic — Primary Health Care Center Podgorica, Montenegro
|-Shiang Tzeng — National Taipei University, Taiwan

Citation

Klisic, A., Tzeng, I.-S., eds. (2023). New trends in type 2 diabetes diagnosis
and management in primary care. Lausanne: Frontiers Media SA.

doi: 10.3389/978-2-8325-3045-0

Frontiers in Medicine 2 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-8325-3045-0

& frontiers | Research Topics

Table of
contents

Frontiers in Medicine

05

08

18

25

37

46

57

67

74

July 2023

Editorial: New trends in type 2 diabetes diagnosis and
management in primary care

Aleksandra Klisic and I-Shiang Tzeng

Significantly Increased Risk of All-Cause Mortality Among
Type 2 Diabetes Patients Living Alone

Liyao Fu, Ying Zhou, Jiaxing Sun, Zhenhua Xing, Yongjun Wang and
Shi Tai

The Association Between White Blood Cell Count and Insulin
Resistance in Community-Dwelling Middle-Aged and Older
Populations in Taiwan: A Community-Based Cross-Sectional
Study

Jau-Yuan Chen, Yun-Hung Chen, Yu-Chien Lee and Meng-Ting Tsou

Dose-Response Relationship of Uric Acid With Fasting
Glucose, Insulin, and Insulin Resistance in a United States
Cohort of 5,148 Non-diabetic People

Yingdong Han, Xinxin Han, Yue Yin, Yu Cao, Hong Di, Juan Wu,
Yun Zhang and Xuejun Zeng

Proposal for standardizing normal insulin ranges in Brazilian
patients and a new classification of metabolic syndrome
Pedro Renato Chocair, Precil Diego Miranda de Menezes Neves,
Victor Augusto Hamamoto Sato, Sara Mohrbacher,

Erico Souza Oliveira, Leonardo Victor Barbosa Pereira,

Alessandra Martins Bales, Fagner Pereira da Silva, John A. Duley and
Américo Lourenco Cuvello-Neto

Activities of daily living and its influencing factors for older
people with type 2 diabetes mellitus in urban communities of
Fuzhou, China

Jin-Hua Jie, Dan Li, Li-Na Jia, Yifeng Chen, Yan Yang, Bailing Zheng,
Chuancheng Wu, Baoying Liu, Rongxian Xu, Jianjun Xiang and
Hai-Lin Zhuang

Effect of metformin monotherapy and dual or triple
concomitant therapy with metformin on glycemic control
and lipid profile management of patients with type 2 diabetes
mellitus

Yan-Yu Lin, Shuen-Fu Weng, Chung-Huei Hsu, Chen-Ling Huang,
Yu-Pei Lin, Min-Chun Yeh, A-Young Han and Yu-Shan Hsieh

Analysis of magnetic resonance splectroscopy characteristics
in patients with type 2 diabetes complicated with stroke

Yu Wang, Ying Wang, Gang Peng, Wenwen Liang, Jie Chen, Kai Chen,
Xiaodan Yang, Jiehui Jiang and Bingcang Huang

Using standardized patients to assess the quality of type 2
diabetes care among primary care providers and the health
system: Evidence from rural areas of western China

Yuju Wu, Ruixue Ye, Chang Sun, Sha Meng, Zhengjie Cai, Linhua Li,
Sean Sylvia, Huan Zhou, Lucy Pappas and Scott Rozelle

3 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

& frontiers | Research Topics

Frontiers in Medicine

86

97

105

115

126

July 2023

Assessment of type 2 diabetes mellitus patients’ behavioral
characteristics associated with integrated treatment and
prevention services in community health centers in China
Ran Zhao, Nan Zhao, Sizhe Wang, Xia Zhang, Bogui Ding, Ying Li,
Wenxue Miao, Lihua Pan and Hong Fan

Idealistic, realistic, and unrealistic expectations of
pharmacological treatment in persons with type 2 diabetes in
primary care

Ana Maria Salinas Martinez, Angélica Gabriela Juarez Montes,

Yesenia Ramirez Morado, Hid Felizardo Cordero Franco,

Francisco Javier Guzman de la Garza,

Luis Carlos Hernandez Oyervides and Georgina Mayela Nufiez Rocha

Serum cotinine as a predictor of lipid-related indices in
Turkish immigrants with type 2 diabetes: A clinic-based
cross-sectional study

Shiryn D. Sukhram, Gustavo G. Zarini, Lemia H. Shaban,

Joan A. Vaccaro, Avinash R. Sukhram and Fatma G. Huffman

Adherence to the therapeutic guidelines recommendations
among the people with type 2 diabetes mellitus and obesity,
frailty, or recent diagnosis, attended in primary health care
centers in Spain: A cross-sectional study

Bogdan Vlacho, Manel Mata-Cases, Berta Fernandez-Camins,

Laura Romera Liébana, Joan Barrot-de la Puente and

Josep Franch-Nadal

Using point-of-care HbAlc to facilitate the identification of
diabetes and abnormal glucose regulation in primary
healthcare settings

Linhua Pi, Ying Zheng, Xiajie Shi, Zhen Wang and Zhiguang Zhou

4 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

& frontiers | Frontiers in Medicine

‘ @ Check for updates

OPEN ACCESS

EDITED AND REVIEWED BY
Arch Mainous,
University of Florida, United States

*CORRESPONDENCE

|-Shiang Tzeng
istzeng@gmail.com

Aleksandra Klisic
aleksandranklisic@gmail.com

RECEIVED 20 June 2023
ACCEPTED 27 June 2023
PUBLISHED 06 July 2023

CITATION

Klisic A and Tzeng I-S (2023) Editorial: New
trends in type 2 diabetes diagnosis and
management in primary care.

Front. Med. 10:1243319.

doi: 10.3389/fmed.2023.1243319

COPYRIGHT

© 2023 Klisic and Tzeng. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiersin Medicine

TYPE Editorial
PUBLISHED 06 July 2023
pol 10.3389/fmed.2023.1243319

Editorial: New trends in type 2
diabetes diagnosis and
management in primary care

Aleksandra Klisic'* and I-Shiang Tzeng®*

tPrimary Health Care Center, University of Montenegro-Faculty of Medicine, Podgorica, Montenegro,
2Department of Statistics, School of Business, National Taipei University, New Taipei, Taiwan

KEYWORDS

type 2 diabetes, primary care, general practice, family medicine, multimorbidity, insulin
resistance

Editorial on the Research Topic
New trends in type 2 diabetes diagnosis and management in primary care

Type 2 diabetes mellitus (T2DM) is a global health concern (1-3), with rising prevalence
especially in middle and low income countries (4). In order to raise awareness and to timely
diagnose this metabolic disorder, as well as to prevent further complications especially in
poor countries, it is of paramount importance to enable cost effective and easy available
approaches for the diagnosis and management of T2DM (5, 6). The following editorial aims
to provide an overview of the latest trends related to T2DM diagnosis and management in a
primary care setting.

Chen et al. proposed easily obtained and beneficial parameter, i.e. white blood cell
(WBC) count for the early detection of insulin resistance (IR) as measured by Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) index in the elderly Taiwanese and
alerted primary care physicians to pay attention to this population group concerning the
increased risk of IR. Similarly, Han et al. in a large national survey 2011-2016 conducted
in the United States that encompassed more than 5,000 participants showed a positive
correlation between another cost-effective biomarker, i.e. serum uric acid and the risk for IR.
Chocair et al. suggested lower cut-offs for insulin (8 mU/L in men and 10 mU/L in women)
and the HOMA-IR index (1.5 in men and 2.0 in women) in Brazilians and proposed new
classification for metabolic syndrome (MetS), as following: metabolically normal: cut-off
insulin level as mentioned above and without the International Diabetes Federation (IDF)
criteria for MetS diagnosis; Level 1 MetS: hyperinsulinemia, in addition to one or two IDF
criteria for MetS diagnosis; Level 2 MetS: hyperinsulinemia, in addition to three or more IDF
criteria for MetS diagnosis.

Pi et al. explored the utility of point-of-care (POC) capillary glycated hemoglobin
Alc (HbAlc) in primary healthcare settings given the fact that rural Chinese settings are
limited for more expensive standardized HbA1lc measurement method. They found a strong
positive correlation between POC capillary and venous HbAlc values. Moreover, POC for
HbAlc demonstrated high discriminatory ability for identification of patients with abnormal
glucose regulation and undiagnosed diabetes.
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Wang et al. proposed magnetic resonance spectroscopy (MRS)
as an early imaging diagnostic and prognostic assessment of stroke.
They applied MRS, in addition to clinical neurological deficit score
(NIHSS) and HbAlc values in 53 T2DM patients within 24h
after the acute ischemic stroke (AIS) onset. A positive correlation
between HbAlc values and NIHSS in T2DM patients with AIS
was shown. The MRS and clinical NIHSS score showed high
consistency in evaluating AIS.

In addition to timely manner diagnosis, prompt and
multifactorial treatment and intervention could postpone the
onset of T2DM-related complications.

Lin et al. compared the effects of metformin-based dual therapy
vs. triple therapy on changes of glycemic and lipid parameters in
60 Taiwanese T2DM patients who were given at least 24 months
of metformin monotherapy, dual therapy, i.e. with sodium-glucose
cotransporter-2 (SGLT2) inhibitors or dipeptidyl peptidase 4
(DPP4) inhibitors or triple therapy with metformin plus linagliptin
(DPP-4 inhibitor) and dapagliflozin (SGLT2 inhibitor). The authors
found similar ability of glycemic control with dual therapy with
metformin and linagliptin, just like with triple therapy. Although
being effective, the mentioned triple therapy could be costly, so the
authors recommended dual therapy with metformin and linagliptin
as the better solution for long-term glycemic control due to similar
glucose control ability of mentioned dual and triple therapy.

Vlacho et al. conducted a national cross-sectional study among
physicians from a large number of Spanish primary care centers
in an attempt to examine the degree of adherence with the
therapeutic recommendations of the Clinical Practice Guidelines
among recently diagnosed T2DM individuals, frail and obese
subjects. They recorded adequate adherence for the majority of
examinees with the highest percentage in the recently diagnosed
T2DM individuals. On the other hand, Fu et al. conducted the
study that included more than 10,000 patients with long-lasting
T2DM with a median follow-up of 8.8 years and found significantly
higher risk of all-cause mortality in T2DM patients that live alone
as compared with those living with one or more adults, thus
presuming that individuals who live alone exhibit an increasing
tendency toward poor health behaviors.

Jie et al. identified factors related to the activities of daily living
(ADL) limitations in China, i.e., a sedentary lifestyle, difficulty
in sleeping and suffering from stroke or malignant tumor. They
showed that those factors may increase the risk of ADL limitations
among older (>70 years) patients with T2DM, suggesting that
identification of such factors may add reliable information to the
development of targeted nursing practice and the improvement of
health management for older T2DM patients.

Sukhram et al. recorded a significant relationship between
serum cotinine (i.e., the key metabolite of nicotine and an indicator
of cigarette smoke which is highly related to cardiovascular disease
onset) and lipid parameters and their indexes in T2DM patients.
The authors suggested the need for the modification of mentioned
behavioral risk factor in an attempt to prevent comorbidities and
advance cardiovascular health outcomes.

Zhao et al. described as moderately good typical behavioral
characteristics of patients associated with integrated treatment and

Frontiersin Medicine

10.3389/fmed.2023.1243319

prevention (ITP) services for T2DM in China. The duration of
disease, health insurance and treatment modality independently
predicted the patients’ behaviors associated with ITP services for
T2DM. The authors pointed out the need for the development and
implementation targeted interventions for different groups with
the goal of improving T2DM patients’ behaviors associated with
ITP services.

In an attempt to evaluate the providers’ T2DM care quality in
rural China, Wu et al. applied standardized patients (SPs) method
as the “gold standard” for examination of the quality of clinical
practice. They recorded poor quality of T2DM care in rural regions
of China, thus implying that the healthcare system in these areas
is not capable to manage T2DM eflicaciously and pointing out the
need for the quest for potential interventions to improve the quality
of the healthcare system in rural China.

Salinas Martinez et al. investigated realistic, idealistic and
unrealistic expectations for drugs (metformin, glyburide and
insulin) in primary care in T2DM patients since individuals with
T2DM having positive outcome expectations are prone to benefit
from T2DM management as compared with those with negative
outcome expectations, whereas idealistic expectations are likely to
exhibit the opposite effect on health outcomes. The authors have
shown that personal preferences should be taken into account
when medication adherence is concerned since almost half of
the patients on insulin therapy would prefer to switch to oral
antihyperglycemic agents as compared to 1/4 on metformin who
would like the opposite. Sex, place of residence, time since diagnosis
and diabetes education were the factors significantly correlated
with the expectations in this study. The reinforcement of realistic
expectations is needed.

This Research Topic sums up the current information and
points out the new insights into the diagnosis of insulin resistance
and management of diabetes in primary care. The up-to-date
findings of studies that have been published in the current
Research Topic proposed some cost effective and easy available
diagnostics laboratory markers for insulin-resistance management
and POC testing for glycated hemoglobin, in addition to some
other more expensive procedures. Also, the need for raising
awareness of this metabolic disease and the necessity for the
modification of behavioral risk factors and potential interventions
to ameliorate the quality of the healthcare system, especially in
rural regions is of paramount importance. Additional studies are
needed in the future focusing on raising awareness to beneficial
health behaviors, as well to find the cost effective and easy
available approaches for the diagnosis and therapeutic applications
of T2DM.
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Background: There is a lack of studies evaluating the association between living status
and subsequent outcomes in patients with type 2 diabetes (T2DM).

Objectives: This study aimed to assess the association between living alone and the
risk of all-cause mortality in T2DM patients.

Methods: We performed a secondary analysis in patients with long-lasting T2DM from
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study. The primary
outcome was all-cause mortality. Multivariable Cox proportional hazard models was used
to analyze and compare the hazard ratios (HRs) in patients living alone and with one or
more adults.

Results: This study included 10,249 patients with T2DM. Of these, 2,078 (20.28%)
were living alone and 8,171 (79.72%) lived with one or more adults. Over a median total
follow-up of 8.8 years, 1,958 patients developed the primary endpoint. The all-cause
mortality rates in patients living alone or living with one or more adults were 23.24 and
18.05%, respectively. Cox proportional hazard analysis showed that T2DM patients living
alone had significantly higher rate of all-cause mortality than those living with others (HR,
1.34; 95% confidence interval [Cl], 1.20-1.48; p < 0.001). After multivariable adjustment,
living alone was an independent risk factor for all-cause mortality in patients with T2DM
(adjusted HR, 1.27; 95% CI, 1.14-1.41; p < 0.001). Furthermore, the risks of both
congestive heart failure (CHF) and fatal coronary heart disease (CHD) among 4,050
propensity score-matched patients were higher for patients living alone (respectively HR,
1.37; 95% Cl, 1.08-1.74; p = 0.010; and HR, 1.16; 95% ClI, 1.00-1.34; p = 0.047).

Conclusions: The risk of all-cause mortality was significantly higher in T2DM patients
living alone than in those living with one or more adults.

Keywords: type 2 diabetes, living alone, all-cause mortality, hazard ratio, congestive heart failure (CHF), coronary
heart disease (CAD)

INTRODUCTION

The number of individuals living alone is increasing among older people in developing
and developed countries, and this is considered an important demographic and
social change (1). In 2017, 33.6% of the households in the European Union and
around 40% of those in Nordic countries (except Iceland) consisted of one individual
living alone (2). Complex reasons explain this trend, such as, for instance, trends
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toward longevity, high divorce rates, high rates of widowhood,
and low rates of intergenerational co-residence (3). Living
alone may cause social isolation and feelings of loneliness and
depression, especially when individuals perceive that their social
needs are not met. The influence of social isolation on mortality
and morbidity has been established among the traditional clinical
risk factors (2, 4, 5). Meanwhile, loneliness and depression can
negatively impact health and survival. Meta-analytic evidence
demonstrates that loneliness is a predictor of all-cause mortality,
showing that lonely people have a 22% higher risk of death than
do non-lonely people (1). Moreover, living alone also entails a
higher cost of living and may increase the economic burden of
low-income people (6). Thus, living alone arises as a new concern
with aging in patients with chronic non-communicable diseases.

Previous studies have demonstrated a significant association
between living alone and mortality among older people (7, 8).
The causal pathways connecting living alone with mortality are
multifactorial. The social networks of individuals living alone
tend to shrink, and these individuals are also likely to be in poorer
health. Meanwhile, patients living alone have an increasing trend
toward poor health behaviors (5, 9), and are also more likely to
experience unmet care needs (10). In addition, several studies
found that single living increased worse outcomes post heart
attack or myocardial infarction (11, 12). More recently, our
previous study demonstrated living alone is an independent
risk factor for 1-year all-mortality in acute coronary syndrome
patients >75 years of age (13). Given type 2 diabetes mellitus
(T2DM) has been associated with the onset of atherosclerotic
cardiovascular disease among older patients, often presenting
as coronary heart disease (CHD), cerebrovascular disease, and
cardiovascular death of atherosclerotic origin in patients (14),
subsequently promoting premature aging. Therefore, there is
an urgent need for cardiovascular events prevention in diabetic
individuals. To achieve this goal, it is necessary to identify
specific high-risk factors affecting the prognosis of T2DM in
primary care.

The percentage of T2DM patients living alone has been
reported to be ~7-15% (15). To date, no study has prospectively
assessed the association between living alone and incident T2DM,
although cross-sectional studies have investigated living alone
as a risk factor for T2DM (16, 17). As individuals with T2DM
tend to live for a long time with advanced comorbidities, it is
significant for public health to determine whether living status is
independently associated with poor clinical outcomes. However,
previous studies have exclusively focused on the relationship
between living alone and the incidence of T2DM. Therefore, the
present study examined the association between living alone and
clinical outcomes in T2DM. We used the data from the Action
to Control Cardiovascular Risk in Diabetes (ACCORD) study
(18) and the ACCORD Follow-On Study (ACCORDION) (19) to
assess the association between living arrangements and all-cause
mortality in patients with T2DM.

METHODS

Study Participants and Data Collection
We performed a post-hoc analysis of the data from the ACCORD
trial (ClinicalTrials.gov number, NCT00000620; data obtained

from the Biologic Specimen and Data Repository Information
Coordinating Center, National Heart, Lung and Blood Institute,
U.S. Department of Health and Human Services). The rationale
and design of the ACCORD trial have been described previously
(20). Briefly, the ACCORD trial was a 2 x 2 factorial trial
managed at 77 clinical sites in the United States and Canada,
which recruited 10,251 T2DM patients aged between 40 and
79 years with glycosylated hemoglobin (HbAlc) concentration
of 7.5% or more. The trial was designed to test whether
the intensified control of blood glucose, blood pressure, and
lipids could reduce the incidence of cardiovascular disease
(CVD) in patients with T2DM. The included patients had a
history of CVD, indicated by anatomical evidence of significant
atherosclerosis, albuminuria, left ventricular hypertrophy, or
at least two risk factors for cardiovascular diseases. Intensive
control of blood pressure and lipids did not reduce CVD.
However, intensive glycemic intervention was discontinued
after a mean follow-up of 3.7 years because of the increased
mortality in the intensive glycemic control group, and all
participants were transitioned to standard glycemic control
intervention. The ACCORD closeout visits were completed in
June of 2009. Follow-up continued for the remaining participants
in the ACCORDION trial, with a total follow-up period of
8.8 years. Ethics approval and consent to participate were
not applicable.

Exposure Variables

We excluded participants whose living arrangement baseline
data were missing (n = 2). This resulted in a final sample of
10,249 participants for the analysis of the association between
baseline living status and clinical outcomes. Living arrangement
status at baseline was documented as either living alone or
living with one or more adults. Further information collected
at baseline included demographics, medical history, previous
cardiovascular events, mental health, laboratory values (e.g.,
fasting blood glucose, HbA1c, estimated glomerular filtration rate
(eGFR), total cholesterol, and triglycerides), and current chronic
drug regimen.

Study Outcomes and Definitions

The primary outcome of this study was all-cause mortality.
Secondary endpoints were cardiovascular mortality, non-fatal
stroke, non-fatal myocardial infarction (MI), congestive heart
failure (CHF), and fatal coronary heart disease (CHD). Patients
were followed up every 2-4 months through phone interviews
or visits at the outpatient clinic. At 4-month intervals, the
relevant medical information was collected. The study outcomes
were classified by the Working Group of the Morbidity and
Mortality subcommittee.

Statistical Analysis

Qualitative demographic data are presented as numbers
(percentages), and baseline characteristics of patients living
alone and living with others were compared using the chi-square
test. Quantitative data are presented as mean + SD, and the
Student’s f-test was used to compare baseline characteristics.
Kaplan-Meier survival curves were used to analyze primary
and secondary outcomes in patients living alone or living
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with others, and the differences between groups in cumulative
incidence curves were compared using the log-rank test. A Cox
proportional hazards regression model was used to calculate the
hazard ratio (HR) and 95% confidence intervals (Cls) for the
primary and secondary outcomes in the comparisons of patients
living alone or living with others. The proportional hazards
assumption was examined using Schoenfeld residuals. Three
multivariable models with progressive degrees of adjustment
were used to adjust for potential confounders of the study
outcomes. Model 1 was adjusted for age, sex, race, body mass
index (BMI), previous cardiovascular events, education level,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
and smoking status. Model 2 was further adjusted for other
clinical variables, including duration of diabetes, eGFR, HbAlc,
total plasma cholesterol, plasma high-density lipoprotein
cholesterol (HDL-C), plasma low-density lipoprotein cholesterol
(LDL-C), and depression status. Model 3 was further adjusted
for the use of statins, biguanide, aspirin, angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB),
and insulin.

The primary and secondary outcomes in propensity score-
matched patients with different living statuses were determined
using Cox proportional hazard analysis. We used 1:1 nearest-
neighbor matching without replacement to match all the
baseline characteristics. The propensity score was calculated
using a logistic regression model. Standardized differences <0.10
between propensity score-matched patients were considered
negligible. The effect of living alone in patients with T2DM was
further analyzed according to subgroup analysis: sex (male or
female), age (<60 or >60 years), race (white or non-white),
CVD (CVD history or no CVD history), HbAc1 level (<8.0%
or >8.0%), depression (depression or non-depression), smoking
(no history of smoking or history of smoking), and use of insulin
or statins. Statistical significance was set at P < 0.05. All statistical
analyses were performed using the Statistical Product and Service
Solution version 25 (IBM, Armonk, NY, USA).

RESULTS

Baseline Characteristics According to

Living Arrangement

A total of 10,249 patients were eligible for inclusion in this
analysis, including 2,078 documented as living alone (20.28%)
and 8,171 (79.72%) living with one or more adults. Patients
enrolled in the current study were 62.76 + 6.64 years old
on average. The baseline characteristics are shown in Table 1.
Participants living alone were older and more often female
and white. They had higher BMI, heart rate (HR), HbAcl,
total cholesterol, LDL-C, urinary creatinine, urinary albumin,
and lower levels of eGFR than those living with one or more
adults (all P < 0.001). Likewise, participants living alone had
more frequent smoking history, higher prevalence of CVD, prior
hospitalization for heart failure (HF), depression, and CHF, were
more prone to taking metformin and insulin, and less prone
to take statins than patients living with one or more adults (all
P < 0.001).

Association Between Living Arrangement

and All-Cause Mortality

During a median follow-up of 8.8 years, 1,958 patients (19.10%)
developed all-cause mortality. As Table 2 shows, the incidence
of all-cause mortality was higher in patients who lived alone
than in those living with other adults (483 [23.24%] vs. 1,475
[18.05%], P = 0.001). In the unadjusted model, patients living
alone had a higher risk of all-cause mortality (HR, 1.34; 95%
CI, 1.20-1.48; P < 0.001) and non-fatal stroke (HR, 1.26; 95%
CI, 1.02-1.56; P = 0.030) than those living with one or more
adults. There was no difference in the rates of cardiovascular
mortality, non-fatal MI, CHE, or CHD. Kaplan-Meier survival
curves and cumulative event rates for the primary and secondary
outcomes in patients with different living statuses are shown in
Figure 1 and Table 2, respectively. In the multivariable model,
there remained statistically significant differences in all-cause
mortality (model 1: adjusted HR, 1.31; 95% CI, 1.18-1.46; P <
0.001; model 2: adjusted HR, 1.27; 95% CI, 1.14-1.41; P < 0.001;
model 3: adjusted HR, 1.27; 95% CI, 1.14-1.41; P < 0.001). There
were no differences between patients living alone and those living
with one or more adults in cardiovascular mortality, non-fatal
MI, non-fatal stroke, CHE, and CHD.

We used propensity score matching as a sensitivity analysis
to verify the association between living alone and the risk of
primary and secondary outcomes in patients with T2DM. Among
the propensity score-matched patients (n=4,050), the risk of
all-cause mortality (HR, 1.34; 95% CI, 1.17-1.53; P < 0.001),
CHEF (HR, 1.37; 95% CI, 1.08-1.74; P = 0.010), and CHD (HR,
1.16; 95% CI, 1.00-1.34; P = 0.047) were significantly higher in
patients living alone than in those living with one or more adults,
whereas there were no differences in the risk of adverse CV
events, cardiovascular mortality, non-fatal stroke, and non-fatal
MI. Kaplan-Meier survival curves and cumulative event rates for
primary and secondary outcomes are shown in Figure 2.

Association Between Living Arrangements
and All-Cause Mortality in Different
Subgroups

Interaction and stratified analyses were performed to evaluate
the association between living arrangements and all-cause
mortality in the different subgroups (Figure 3). We did not find
interactions among age, sex, previous history of CVD, depression
status, smoking history, HbA1C, use of insulin, or use of statins,
suggesting that the results of different subgroups are consistent
and reliable.

DISCUSSION

In this study, we found an association between living alone and
mortality in T2DM. Unadjusted analysis showed that people
living alone had a higher incidence of all-cause mortality (the
primary endpoint) and non-fatal stroke. However, there were
no differences in CV mortality, non-fatal MI, CHF, or CHD
between the two groups. Importantly, living alone in patients
with T2DM was independently associated with an increased risk
of all-cause mortality after adjusting for confounding variables.
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TABLE 1 | Characteristics of patients with different living status.

Variable All (n = 10,249) Living alone P-value
No (n = 8,171) Yes (n = 2,078)
Age (year; mean =+ SD) 62.76 + 6.64 62.54 + 6.58 63.66 + 6.79 <0.001
Sex no. (%)
Male 6,299 (61.46%) 5,323 (65.15%) 976(46.97 %) <0.001
Female 3,950 (38.54%) 2,848 (34.85%) 1,102 (53.03%)
Race no. (%) <0.001
White 6,392 (62.37%) 5,177 (63.35%) 1,215 (68.47%)
Non-white 3,857 (37.63%) 2,994 (36.64%) 863 (41.53%)
Median duration of diabetes (year; mean + SD) 10.80 &+ 7.60 10.77 £ 7.52 10.93 + 7.89 0.407
Median duration of hyperlipidemia (year; mean + SD) 5.96 + 5.70 5.95 + 5.66 5.96 + 5.86 0.985
Median duration of hypertension (year; mean + SD) 10.283 +9.58 10.12 £ 9.45 10.67 +=10.09 0.049
Previous cardiovascular events no. (%) 3,608 (35.20%) 2,942 (36.01%) 666 (32.05%) 0.001
Smoking status no. (%) 0.387
No smoking 4,294 (41.09%) 3,406 (41.68%) 888 (42.73%)
Smoking 5,955 (58.0%) 4,765 (58.32%) 1,190 (567.27%)
Education no. (%)
Less than high school graduate 1,521 (14.84%) 1,219 (14.92%) 302 (14.53%) 0.665
High school graduate 2,704 (26.38%) 2,169 (26.55%) 535 (25.75%) 0.467
Some college or technical school 3,357 (32.75%) 2,653 (32.47%) 704 (33.88%) 0.216
College degree or higher 2,661 (25.96%) 2,126 (26.02%) 535 (25.75%) 0.809
Previous heart failure no. (%) 494 (4.82%) 386 (4.72%) 108 (5.02%) 0.369
Depression no. (%) 2,419 (23.60%) 1,797 (21.99%) 622 (25.71%) 0.000
Heart rate (mean + SD) 72.65 + 11.82 72.34 +11.64 73.88 + 12.43 <0.001
SBP (mmHg, mean + SD) 136.36 + 17.11 136.31 £ 16.97 136.56 + 17.66 0.564
DBP (mmHg, mean + SD) 74.89 + 10.58 74.89 +10.58 74.83 + 10.96 0.822
BMI (mean + SD) 32.22 +£5.42 30.10 + 5.38 32.68 + 5.57 <0.001
Glycated hemoglobin (%, mean + SD) 8.30 £+ 1.06 8.2+ 1.05 8.4 +1.07 0.011
eGFR (mL/min, mean =+ SD) 91.05 + 27.15 91.48 + 27.50 89.36 + 56.70 0.001
FPG (mg/dL, mean + SD) 175.19 £ 56.18 174.7 £ 55.79 17712 £ 57.66 0.087
ALT (U/L, mean + SD) 27.58 £16.19 27.97 £ 16.68 26.05 £ 13.98 <0.001
Potassium (mg/dL, mean + SD) 4.48 + 0.47 4.48 £0.47 4.46 £ 0.49 0.194
Cholesterol (mg/dL, mean + SD) 183.29 + 41.85 182.45 £+ 41.69 186.56 + 42.50 0.001
Triglyceride (mg/dL, mean + SD) 190.13 + 148.40 190.5 + 143.81 188.26 + 165.30 0.559
Low-density lipoprotein (mg/dL, mean + SD) 104.89 + 33.93 104.37 £ 33.67 106.97 £ 34.79 0.002
High-density lipoprotein (mg/dL, mean + SD) 41.86 + 11.62 41.41 £11.25 43.683 £ 12.79 <0.001
Serum creatinine (mg/dL, mean =+ SD) 091 +£0.23 0.91 +£0.23 0.91 +0.24 0.883
Urinary albumin (mg/dL, mean =+ SD) 10.27 + 36.60 9.77 £ 34.75 12.23 + 42.08 0.017
Urinary creatinine (mg/dL, mean + SD) 124.41 £ 66.25 123.10 £ 65.16 129.54 £70.14 <0.001
Medications no. (%)
Insulin 3,581 (34.94%) 2,816 (34.46%) 765 (36.81%) 0.045
Metformin 6,553 (63.94%) 5,277 (64.58%) 1,276 (61.41%) 0.007
ACEI/ARB 7,100 (69.28%) 5,662 (69.29%) 1,438 (69.20%) 0.935
Statin 6,499 (63.41%) 5,238 (64.10%) 1,261 (60.68%) 0.004
Aspirin 5,579 (54.43%) 4,456 (54.53%) 1,123 (54.04%) 0.688
MMSE score (mean + SD) 27.40 £+ 2.51 27.39 £ 2.52 27.44 £ 2.47 0.634
All-cause mortality 1,958 (19.10%) 1,475 (18.05%) 483 (23.24%) <0.001

Values are mean + SD or %. DBR, diastolic blood pressure; SBR, systolic blood pressure; BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;
ALT, Alanine aminotransferase; MMSE, mini-mental State Examination; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; COPD, chronic obstructive

pulmonary disease; MI, myocardial infarction.
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TABLE 2 | The risk of primary and second outcomes in T2DM Patients with
different living status.

Characteristics Living with others  Living alone  p-value
All-cause mortality

Cases/n 1,475/8,171 483/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.34 (1.20-1.48) <0.001
Model 1: adjusted HR (95% Cl) 1.00 (ref) 1.31(1.18-1.46) <0.001
Model 2: adjusted HR (95% Cl) 1.00 (ref) 1.27 (1.14-1.41)  <0.001
Model 3: adjusted HR (95% Cl) 1.00 (ref) 1.27 (1.14-1.41)  <0.001
Cardiovascular mortality

Cases/n 535/8,171 134/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.02 (0.84-1.23) 0.858
Model 1: adjusted HR (95% ClI) 1.00 (ref) 1.03(0.85-1.25) 0.782
Model 2: adjusted HR (95% ClI) 1.00 (ref) 1.02 (0.83-1.24) 0.871
Model 3: adjusted HR (95% Cl) 1.00 (ref) 1.02 (0.83-1.24) 0.881
Non-fatal Mi

Cases/n 738/8,171 198/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.09 (0.94-1.28) 0.261
Model 1: adjusted HR (95% Cl) 1.00 (ref) 1.13(0.96-1.33) 0.130
Model 2: adjusted HR (95% Cl) 1.00 (ref) 1.08 (0.92-1.27) 0.359
Model 3: adjusted HR (95% ClI) 1.00 (ref) 1.08 (0.92-1.27)  0.349
Non-fatal stroke

Cases/n 374/8,171 114/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.26 (1.02-1.56)  0.030
Model 1: adjusted HR (95% ClI) 1.00 (ref) 1.25(1.01-1.55) 0.042
Model 2: adjusted HR (95% ClI) 1.00 (ref) 1.18 (0.94-1.46) 0.149
Model 3: adjusted HR (95% ClI) 1.00 (ref) 1.18 (0.95-1.47) 0.145
CHF

Cases/n 549/8,171 147/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.14 (0.95-1.36) 0.168
Model 1: adjusted HR (95% ClI) 1.00 (ref) 1.10(0.91-1.33)  0.306
Model 2: adjusted HR (95% ClI) 1.00 (ref) 1.08 (0.89-1.30) 0.446
Model 3: adjusted HR (95% ClI) 1.00 (ref) 1.07 (0.89-1.30) 0.468
CHD

Cases/n 1,471/8,171 388/2,078

Unadjusted HR (95% Cl) 1.00 (ref) 1.08 (0.97-1.21) 0.157
Model 1: adjusted HR (95% Cl) 1.00 (ref) 1.14(1.01-1.28)  0.027
Model 2: adjusted HR (95% Cl) 1.00 (ref) 1.11(0.98-1.24)  0.091
Model 3: adjusted HR (95% Cl) 1.00 (ref) 1.11(0.99-1.24) 0.082

Model 1, the following parameters were adjusted: age, sex, previous cardiovascular
events, race, BMI, education, SBF, DBR, and smoking status.

Model 2, the following parameters were adjusted: age, sex, previous cardiovascular
events, race, education, duration of diabetes, SBF, DBF, smoking status, eGFR, HbATc,
total plasma cholesterol, plasma HDL-C, plasma LDL-C, and depression.

Model 3, the following parameters were adjusted: age, sex, previous cardiovascular
events, race, BMI, education, duration of diabetes, depression, SBR, DBF, smoking status,
eGFR, HbATc, total plasma cholesterol, plasma HDL-C, plasma LDL-C, use of statin or
biguanide, aspirin, ACEI/ARB, and insulin.

However, the adjusted analysis revealed that living alone was
not an independent predictor of non-fatal stroke. These results
highlight the clinical importance of living status in individuals
with T2DM. The association between living alone and increased
risk of all-cause mortality was observed among the prespecified
subgroups. This phenomenon could be significant for public

health in consideration of the increasing incidence of living alone
and how society as a whole and its healthcare systems adapt to
this transformation.

The incidence of living alone continues to grow in the general
population, and the present study showed that 20.28% of the
ACCORD participants were living alone. Living status has been
suggested as a risk factor for T2DM. T2DM patients are diverse
in terms of ethnicity, life behaviors, socioeconomic status, and
psychosocial factors that may play a role in the prognosis of
T2DM. Previous studies revealed that the association between
living alone and mortality persisted significantly, even after
controlling for confounding variables (21). However, few studies
have investigated the relationship between living alone and
prognosis in patients with T2DM. Hence, it is necessary to
evaluate the relationship between living status and adverse events
in T2DM patients.

The present study demonstrated that T2DM patients living
alone were characterized by older age, higher prevalence of
cardiovascular events, higher prevalence of smoking habits,
higher BMI, and higher levels of total cholesterol and LDL-
C than those living with others. These findings suggest that
multifactorial lifestyle modification interventions are likely to be
effective in improving the prognosis of T2DM patients living
alone. Moreover, our results showed that patients living alone
had lower quality of life, suggesting a critical need for adjusting
treatment and management strategies to improve the quality of
life of these patients.

Our results expanded previous understanding and confirmed
that living alone is an independent risk factor for the prognosis
of T2DM patients in a long-term follow-up. However, the
potential mechanisms underlying such association are unclear,
several factors have been found to be associated with mortality.
Several studies have found that individuals living alone have
worse self-perceived health and quality of life, depression, and
feelings of loneliness (22-24). Consistent with previous reports,
our study further confirmed that T2DM patients living alone
experienced more feelings of depression (25.71% vs. 21.99%, P <
0.001). Moreover, numerous studies have shown that depression
is associated with a higher mortality rate (25). Katon et al.
conducted a study on 4,000 patients with T2DM. Over a 3-
year follow-up, the mortality in patients with mild or severe
depression was 1.7 and 2.3 times higher, respectively, than that of
patients without depression (26). Similar findings were reported
by Zhang et al. in a survival analysis using the National Health
and Nutrition Examination Survey (NHANES)-I data (27).

The majority of studies have also found that living alone
is associated with poor diabetes self-care, and especially poor
dietary arrangements (28). Dietary patterns are closely related
to the optimal management of T2DM in the general population
(28-30). The diverse features of people living alone and complex
social and demographic changes could influence the dietary
patterns of patients with T2DM. All these factors could affect
compliance with the guidelines to optimize nutritional status.
The relationship between living alone and dietary patterns has
also been discussed previously (31, 32). Although a few studies
found some healthy behaviors in patients living alone, most
studies found that a larger number of patients living alone are
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less likely to follow healthy dietary habits, including the intake
of diverse foods and the consumption of fruits and vegetables
(31, 33). Furthermore, there is a possibility that a decline in
motivation and pleasure in cooking and/or eating in people living

alone, which often manifests in the cooking of simple meals or
the consumption of ready-made food. The likely consequences
are difficulty in following healthy eating recommendations and
in controlling portion size. Aspects of psychological and mental
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FIGURE 2 | Kaplan-Meier survival curves for primary and secondary outcomes in propensity score-matched patients with different living status. (A) All-cause
mortality; (B) Cardiovascular mortality; (C) Non-fatal Ml; (D) Non-fatal stroke; (E) CHF; (F) CHD. MI, myocardial infarction; CHF, congestive heart failure; CHD,

health related to living alone could also affect food intake,
resulting in increased or decreased dietary intake.

Previous studies have found that T2DM patients living alone
show poor medication adherence, including to prescribed

medications and blood measurements. Strict glycemic
management is associated with a decreased risk of diabetes-
related complications, especially in individuals who have not
suffered years of uncontrolled HbAlc levels (34). Projections
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Sex HR(95%CI) P for interaction
Male —F— 1.39(1.21-1.59)
Female [ } 1 1.54(1.30-1.81) 0.338
Age
<60 [ } 1.32(1.06-1.65)
=60 —f— 1.28(1.14-1.44) 0.180
CVD history
Yes —— 1.37(1.18-1.59)
No —f— 1.38(1.20-1.59) 0.936
HbAlc
<8.0 —— 1.25(1.06-1.48)
=8.0 —— 1.38(1.21-1.57) 0.588
Depression
Yes —f— 1.26(1.04-1.53)
No —f— 1.35(1.19-1.52) 0.570
Smoking status
Yes —f— 1.37(1.20-1.55)
No —f— 1.29(1.09-1.54) 0.597
Insulin
Yes —p— 1.36(1.17-1.59)
No —F— 1.30(1.13-1.49) 0.630
Stain
Yes —— 1.31(1.15-1.50)
No — 1.37(1.16-1.62) 0.648
I | 1
0.5 1.0 1.5 2.0
FIGURE 3 | Association between living alone and all-cause mortality in the subgroups. Interaction and stratified analyses were performed to evaluate the association
between living arrangements and all-cause mortality in the different subgroups.

from the observational United Kingdom Prospective Diabetes
Research (UKPDS 35) proposed that a 1 percent decrease
in mean HbAlc would lead to a 14% lower risk of all-cause
mortality, 21% lower rate of diabetes-related mortality, and 37%
decline in the risk of microvascular complications (35). Spencer
et al. suggested that education and support from peers allow
T2DM patients to achieve better self-management in the long
term, leading to good efficacy of HbAlc control (36). A link
between living alone and worse HbAlc management has also
been observed in a recent study (37). Our results are consistent
with those previous findings, as the mean HbAlc level in T2DM
patients living alone in our study was higher than that in patients
living with one or more adults.

We also found that the risk of CHF and CHD was
significantly higher in individuals living alone among propensity
score-matched patients. Recent research has described the
association between living alone and the incidence of adverse
cardiovascular events (35, 38). The Coronary Revascularization
Demonstrating Outcome Study in Kyoto of Acute Myocardial
Infarction Registry (CREDO—Kyoto AMI) showed that, in a
5-year follow-up, individuals living alone had higher risk of
admission for HF (39). The Reduction of Atherothrombosis for
Continued Health (REACH) study also showed that living alone
was associated with a higher risk of mortality and CV death
(40). A possible explanation is that living alone may increase
anxiety and depression, causing more psychological distress,
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poor handling mechanisms and self-care, less access to healthcare
services, and less insistence on guideline-recommended therapy
and secondary prevention targets.

LIMITATIONS

The first limitation of this study is that it was a post-hoc,
exploratory analysis of the ACCORD data; randomization may
break, and residual and uncontrolled confounding may still be
present. Additionally, the data included in the present study,
derived from clinical trials, may not be representative of real-
world populations of patients with T2DM. Third, we were
unable to account or adjust for unidentified confounders, such
as stress and socioeconomic status. Unfortunately, although
the statistical modeling included multiple factors, including
psychosocial factors and medical history, we acknowledge that
there remains a potential for residual confounding. Fourth, living
alone was assessed only once at baseline: we did not re-evaluate
the living status during follow-up, during which cohabitation
status or social circumstances may have changed. Information
from prospective clinical trials is needed to clarify the practical
effects of living alone in patients with T2DM.

CONCLUSION

The present study suggests that living status may be a strong
marker for predicting the prognosis of T2DM patients, an
observation which warrants confirmation in further studies. The
main significance of the present study was the identification
of specific high-risk factors affecting the prognosis of T2DM.
Therefore, these findings have potential implications for public
health. Society as a whole needs to be prepared to the negative
effects of the increasing rate of individuals living alone.
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Background: Insulin resistance (IR) is a major pathophysiological factor in the
development and progression of diabetes mellitus (DM). DM is highly prevalent in Taiwan
and has become one of the most common health problems in family medicine and
primary care. We aimed to use white blood cell count (WBC), a common physiological
parameter, to develop a simple clinical prediction rule for IR in the middle-aged and old
Taiwanese population.

Methods: In this cross-sectional community-based study, the participants completed
a questionnaire comprising personal and medical history data and underwent
anthropometric measurements and blood sampling. IR was defined as a HOMA-IR index
>2. Independent t-test, Mann-Whitney U test, chi-square test, Pearson’s correlation test,
multivariate binary logistic regression, and receiver operating characteristic curves were
used to evaluate the association between the WBC count and IR.

Results: A total of 398 community-dwelling middle-aged and older persons (34.9%
men) with a mean age of 64.43 + 8.45 years were enrolled for the analysis. A significant
association was identified between the WBC counts and IR, with a Pearson’s correlation
coefficient of 0.37 (p-value < 0.001). Multivariate logistic regression revealed that WBC
count (OR = 1.50; 95% Cl = 1.25-1.81) was an independent risk factor for IR after
adjusting for confounding variables. The area under the receiver operating characteristic
curve for WBC count was 0.67, and the optimal threshold value was 5.65 1,000/uL.

Conclusion: A high WBC count is positively related to an increased risk of IR among
middle-aged and older people in Taiwan.

Keywords: insulin resistance, anthropometry, cardio-metabolic risk factors, prediction, white blood cell count
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INTRODUCTION

Insulin resistance (IR) is recognized as a serious public
health problem worldwide and has emerged as a major
pathophysiological factor in the development and progression
of type 2 diabetes mellitus (T2DM) and metabolic disease
(1-4). The hyperinsulinemic euglycemic clamp test, the gold
standard for assessing IR, has been used to quantify IR
using a variety of methods. However, this test is expensive,
invasive, and time-consuming, making it unsuitable for clinical
purposes or large-scale studies (5). Therefore, the homeostasis
model assessment of IR (HOMA-IR) is used to evaluate IR
(6, 7).

According to a national study, the prevalence of T2DM
between 2017 and 2020 was 11.05% in Taiwan (8). As
IR is a risk factor for the development of T2DM, the
early identification of IR is important from a public health
perspective. Currently, there are few standard methods for
quantifying IR. The lack of standardized insulin assays has
limited the clinical utility of HOMA-IR, although it has
been widely used in the study of metabolic syndrome
(9). Although HOMA-IR is used for quantifying IR, it is
not routinely conducted in clinical practice. Therefore, a
simple and more accessible marker for predicting IR may be
useful for the early identification of individuals with IR. In
clinical practice, evaluating IR using the HOMA-IR index is
often difficult as insulin and fasting glucose levels are not
routinely measured.

Growing evidence indicates that IR is closely associated with
chronic subclinical inflammation (10-12). Biomarkers associated
with inflammation, such as white blood cell (WBC), C-reactive
protein and interleukin-6 levels, are considered as independent
predictors of cardiovascular disease and T2DM in adults, (13—
15). Among these biomarkers, the WBC count is commonly
measured and is more cost-effective. However, few studies
have examined the association between WBC count and IR
measured by HOMA-IR. Some studies have proposed that
the circulating WBC count is a biomarker for the prognoses
of cardiovascular risk and IR (16-18), but the possibility
of identifying IR using elevated WBC counts has not been

fully investigated.

The major purpose of this study was to establish
a simple clinical marker for the early identification
of IR in the middle-aged and older populations in
Taiwan. Additionally, our study results may provide

valuable information for primary care physicians to alert
subjects in this age group regarding the increased risk
of IR.

Abbreviations: HOMA-IR, Homeostasis model assessment of insulin resistance;
IR, Insulin resistance; T2DM, Type 2 Diabetes mellitus; WBC, White blood
cell count; CRP, C-reactive protein; BMI, Body Mass Index; WC, Waist
Circumference; BP, Blood pressures; FPG, Fasting plasma glucose; HDL-C, High-
density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; TG,
Triglyceride; ROC, Receiver operating characteristic; AUC, Area under the ROC
curve; HTN, Hypertension; aOR, Adjusted odds ratio; IDE, International Diabetes
Federation.

MATERIALS AND METHODS
Study Design and Participants

This was a cross-sectional, community-based study conducted
between January and October 2014. Data for this study were
collected from a community health promotion project of the
Linkou Chang Gung Memorial Hospital. We recruited 619
volunteers aged >50 years from eight cluster-randomized of 28
villages in Guishan district, Taoyuan city. The inclusion criteria
were as follows: (1) subjects aged 50 years or above and (2)
subjects residing in Guishan district for at least half a year. The
exclusion criteria were as follows: (1) subjects with functional
disability, (2) subjects who declined to participate, (3) subjects
who could not complete all the examinations or face-to-face
interviews, and (4) subjects with outliers of HOMA-IR level. A
total of 398 participants, including 139 men and 259 women,
were included in the analysis. Each participant completed a
questionnaire that included personal information and medical
history through face-to-face interviews conducted by trained
research assistants. The project was approved by the Institutional
Review Board of Linkou Chang Gung Memorial Hospital (102-
2304B), and all the participants were fully informed and signed
informed consent forms before enrollment.

Anthropometric and Laboratory

Examinations

After obtaining informed consent, detailed anthropometric
measurements (such as height, weight, age, and waist
circumference [WC], and blood sampling were conducted
by trained research nurses under the supervision of a medical
doctor. Height was measured using calibrated height meters
while the participant stood erect and barefooted, with feet
placed together and facing forward. Body mass index (BMI)
was calculated as weight divided by the square of the height
(kg/m?). The WC was measured at the level midway between
the iliac crest and the lower border of the 12th rib while the
participant stood with feet 25-30cm apart. Blood pressure
was measured using an automated sphygmomanometer after
a 10-mins rest in a seated position, and the lowest reading
was recorded. WBC count and clinical biochemistry tests
were performed in a hospital laboratory accredited by the
College of American Pathologists; and, these included fasting
plasma glucose (FPG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
total cholesterol, triglyceride (TG), and serum creatinine
levels. Venous blood samples were collected after overnight
fasting for at least 12h. A standardized biochemistry analyzer
(Hitachi LST008, Hitachinakashi, Japan) was used for the
determination of laboratory tests. A standardized Sysmex XN
series analyzer (Sysmex XN 9000) was used for the determination
of WBC.

Definitions of Hypertension, Diabetes

Mellitus, and Hyperlipidemia

Hypertension (HTN) was defined by a systolic blood pressure
(SBP) > 140 mmHg or a diastolic blood pressure (DBP) >
90 mmHg, the current use of antihypertensive medications, or
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TABLE 1 | General characteristics of the study population according to IR group and non-IR group.

Variables Total Insulin Resistance

IR group (>2) Non-IR group (<2) p value

(n = 398) (n =123) (n = 275)

Age (year) 64.43 + 8.45 63 [59, 71] 63 [58, 70] 0.68
SBP (mmHg) 129.57 £ 16.72 133.97 + 16.49 127.60 £ 16.47 <0.001
DBP (mmHg) 76.94 + 11.36 78.91 + 10.66 76.06 + 11.57 0.02
BMI (kg/m?) 24.54 + 3.57 26.70 [23.5, 28.4] 23.30 [21.8, 25.6] <0.001
Waist circumference (cm) 84.99 4+ 9.62 90 [83, 96] 82 (77, 88] <0.001
Creatinine (mg/dL) 0.77 £ 0.42 0.71[0.58, 0.86] 0.67 [0.57, 0.84] 0.26
FPG (mg/dL) 95.54 + 22.32 101 [91, 120] 87 [81, 94] <0.001
HDL-C (mg/dL) 54.51 + 13.91 47 [40, 56] 55 [47, 66] <0.001
HOMA-IR index 1.86 + 1.39 2.84[2.31,3.83] 1.17 [0.83, 1.52] <0.001
LDL-C (mg/dL) 118.47 £ 32.16 112.11 £29.83 121.31 £ 32.80 0.01
Total Cholesterol (mg/dL) 197.19 + 35.69 191.46 + 34.08 119.75 + 36.16 0.03
Triglyceride (mg/dL) 121.20 £ 62.93 131 [105, 180] 96 [73, 126] <0.001
WBC (1000/uL) 6.04 + 1.59 6.3[5.7,7.4] 5.7 [4.8, 6.6] <0.001
Men, n (%) 139 (34.9) 41 (33.3) 98 (35.6) 0.66
Current smoking, n (%) 42 (10.6) 12 (9.8) 30 (10.9) 0.73
HTN, n (%) 199 (50.0) 84 (68.9) 115 (41.8) <0.001
DM, n (%) 77 (19.9) 48 (39.0) 29 (10.5) <0.001
Hyperlipidemia, n (%) 259 (65.1) 93 (75.6) 166 (60.4) 0.003

Clinical characteristics are expressed as mean + SD or median [Q1, Q3] for continuous variables and n (%) for categorical variables. P-value were derived from independent t-test and

Mann-Whitney U test for continuous variables and chi-square test for categorical variables.

SBR, systolic blood pressure; DBFR, diastolic blood pressure; BMI, body mass index; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; WBC, white blood cell count; HTN, hypertension; DM, diabetes mellitus.

TABLE 2 | The correlation between HOMA-IR index and cardio-metabolic risk
factors.
123 r=0.37
Variables HOMA-IR index (n = 398)
[ p value <0.001
Unadjusted Adjusted for age 10
o
Pearson’s p- Pearson’s p-
coefficient value coefficient value E 8

£

&
Age (year) 0.02 0.70 NA NA §'
SBP (mmHg) 0.17 0.001 0.17 0.001 S
DBP (mmHg) 0.09 0.079 0.10 0.06
BMI (kg/m?) 0.43 <0.001 0.433 <0.001
Waist circumference (cm) 0.41 <0.001 0.41 <0.001
FPG (mg/dL) 0.50 <0.001 0.50 <0.001
HDL-C (mg/dL) —-0.31 <0.001 —0.31 <0.001
LDL-C (mg/dL) -0.10 0.06 —0.09 0.06
TG (mg/dL) 0.33 <0.001 0.33 <0.001
WBC (1000/uL) 0.37 <0.001 0.37 <0.001

FIGURE 1 | Representation of the correlation analysis: there was a trend
SBR, systolic blood pressure; DBF, diastolic blood pressure; BMI, body mass index; FPG, toward a positive correlation between HOMA-IR index and WBC.
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; TG, triglyceride; WBC, white blood cell count.

a history of HTN. Diabetes mellitus (DM) was defined as a as a LDL-C level > 130 mg/dL, a TG level > 150 mg/dL, a
FPG level > 126 mg/dL, the use of oral antidiabeticic drugs or  total cholesterol level > 200 mg/dL, the use of lipid-lowering

insulin therapy, or a history of DM. Hyperlipidemia was defined  medication, or a history of hyperlipidemia (8).

Frontiers in Medicine | www.frontiersin.org 20

February 2022 | Volume 9 | Article 813222


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Chen et al.

WBC and Insulin Resistance

TABLE 3 | Association between WBC levels and insulin resistance.

Variables Odds ratio 95% C.l. p-value
Model 1
Sex (men vs. women) 0.68 0.42-1.10 0.12
WBC (1000/uL) 1.54 1.32-1.80 <0.001
Model 2
Sex (men vs. women) 0.58 0.34-0.97 0.04
Age (year) 1.01 0.98-1.04 0.52
BMI (kg/m?) 1.27 1.18-1.37 <0.001
WBC (1000/uL) 1.54 1.30-1.82 <0.001
Model 3
Sex (men vs. women) 0.61 0.35-1.06 0.08
Age (year) 0.99 0.96-1.03 0.69
BMI (kg/m?) 1.25 1.15-1.35 <0.001
HTN (yes vs. no) 1.87 1.11-3.16 0.02
DM (yes vs. no) 5.34 2.91-9.80 <0.001
Hyperlipidemia (yes vs. no) 1.38 0.79-2.40 0.26
WBC (1000/uL) 1.47 1.23-1.77 <0.001
Model 4
Sex (men vs. women) 0.67 0.38-1.20 0.18
Age (year) 0.99 0.96-1.02 0.59
BMI (kg/m?) 1.25 1.15-1.35 <0.001
Smoking (yes vs. no) 0.61 0.24-1.51 0.28
HTN (yes vs. no) 1.87 1.11-8.17 0.02
DM (yes vs. no) 5.40 2.93-9.93 <0.001
Hyperlipidemia (yes vs. no) 1.43 0.82-2.51 0.21
WBC (1000/uL) 1.50 1.25-1.81 <0.001

BMI, body mass index; HTN, hypertension; DM, diabetes mellitus;, WBC, white blood cell
count; Cl, confidence interval.

Definition of Insulin Resistance

HOMA-IR was expressed as fasting glucose (mmol/L) x fasting
insulin (mU/mL)/22.5 (19). To define the main outcome variable
of IR, the HOMA-IR cut-off value was set at 2.0.

Statistical Analysis

The sample size was determined using the G*power 3.1 software.
The sample of this study comprised 398 subjects, which implied
sufficient statistical power. All data on demographics and
clinical characteristics were expressed as the mean =+ standard
deviation (SD) or median (QI, Q3) for continuous variables
and numbers (%) for categorical variables. Descriptive statistics
were presented, and differences between the IR and non-IR
groups were compared using the independent ¢-test and Mann-
Whitney U test for continuous data and the chi-square test for
categorical data. The correlations between the HOMA-IR index
and cardiometabolic risk factors were assessed using Pearson’s
correlation test. In the multivariate analysis, binary logistic
regression was used to adjust for covariates. Receiver operating
characteristic (ROC) curves were plotted for WBC and IR. The
area under the ROC curve (AUC) and optimal cut-off points
were determined using Youden’s index. Sensitivity, specificity,
and AUC were calculated. Statistical analyses were performed
using SPSS Statistics version 22 (IBM Corp., Armonk, NY, IMM

Corp). All the statistical tests were two-sided with a statistical
significance level defined as p-value < 0.05.

RESULTS

We recruited 398 participants. Table1 shows the general
characteristics of the participants according to the IR and non-
IR groups. Among the 398 subjects, 123 (30.9%) were in the IR
group. There were 139 men (35%) and 259 women (65%), and
the mean age was 64.43 & 8.45 years. There were no significant
differences between the IR and non-IR groups with respect to age,
creatinine level, sex, and smoking status. Significant differences
were found in SBP; DBP; BMI; WC; FPG, HDL-C, LDL-C, total
cholesterol, TG, and WBC levels; DM; HTN; and hyperlipidemia.
The overall percentage of participants reporting current smoking
was 10.6%. The average BMI was 24.54 + 3.57 kg/m?; WC,
84.99 £ 9.62cm; and, WBC count, 6.04 +1.59 x 1,000/uL.
The mean SBP and DBP were 129.57 £ 16.72 and 76.94 +
11.36 mmHg, respectively. Overall, the mean FPG, HDL-C, LDL-
C, total cholesterol, and TG levels were 95.54 + 22.32, 54.51
+ 1391, 118.47 + 32.16, 197.19 £ 35.69 and 121.20 £ 62.93
mg/dL, respectively.

Table 2 demonstrates the correlations between the HOMA-
IR index and the cardiometabolic risk factors. The WBC count
remained positively associated with IR before and after adjusting
for age. The WBC count showed a stronger correlation with
HOMA-IR than most of the risk factors analyzed. Figure 1
demonstrates the association of WBC and HOMA-IR index with
a Pearson’s correlation coefficient of 0.37.

The results of the multivariate logistic regression analyses
are given in Table 3, where IR is the dependent variable and
WBC count is the independent variable. The odds ratios (ORs)
(95% confidence interval [CI]) of IR in terms of WBC count
are presented in Table 3. In Model 1, the ORs (95% CI) were
calculated after adjusting for sex. In Model 2, the ORs (95% CI)
were calculated after adjusting for sex, age, and BMI. In Model 3,
we examined the relationship between WBC count and IR after
adjusting for additional confounding variables such as HTN, DM,
and hyperlipidemia. In Model 4, we adjusted for sex, age, BMI,
current smoking status, HTN, DM, and hyperlipidemia. In all
the four models, BMI, DM, and WBC count were significantly
associated with IR. In Model 4, BMI (adjusted odds ratio [aOR]:
1.25; 95% CI: 1.15-1.35; p <0.001), HTN (aOR: 1.87, 95% CI:
1.11-3.17; p-value <0.05), DM (aOR: 5.4, 95% CI: 2.93-9.93; p-
value <0.001), and WBC count (aOR: 1.5, 95% CI: 1.25-1.81;
p-value <0.001) were all significantly associated with IR.

The AUC of WBC for predicting IR was 0.67 (Table 4,
Figure 2). The optimal cut-off point for WBC for predicting
IR was 5.65 (1,000/uL), with a corresponding sensitivity and
specificity of 75.6 and 49.8%, respectively.

DISCUSSION

In this cross-sectional community-based study, we found that
a high WBC count was positively related to IR after adjusting
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TABLE 4 | The areas under ROC curve (AUC), sensitivity, specificity by the optimized cut-off points for WBC in predicting HOMA-IR index.

Variables AUC (95% CI) p value Cut-off point Sensitivity Specificity

WBC (1,000/uL) 0.67 <0.001 5.65 0.756 0.498

WBC, white blood cell count; ROC curve, receiver operating characteristic curve; Cl, confidence interval.

regardless of age, through Pearson’s correlation coefficient. In our
clinical prediction models, the WBC count remained significantly
associated with IR after adjusting for covariates such as age, sex,
BMI, current smoking status, HTN, DM, and hyperlipidemia.
This result reinforces the relationship between IR and WBC
count; therefore, we suggest that WBC count could be used to
identify IR.

In previous studies, Chao et al. (29) found that the threshold
value of WBC count for predicting the future development of
metabolic syndrome was 5 x 1,000/uL. Oda et al. (30) reported
that the WBC count threshold values for predicting metabolic
syndrome were 5 x 1,000/uL for women and 5.63 x 1,000/uL
0 for men. Twig et al. (21) reported that patients with WBC counts
above 6.9 x 1,000/uL were at a 52% increased risk of diabetes as
compared to those in the lowest quintile. In our study, the WBC

0.8+

o
o
1

Sensitivity

o
kY
1

00¥ - o - i - - count threshold value for identifying IR in middle-aged and older
1- Specificity Taiwanese was 5.65 x 1,000/uL.

In our study, the AUC value for identifying IR (as measured

FIGURE 2 | ROC curve for WBGC as a predictor of insulin resistance. by HOMA-IR) with WBC count was 0.67, and the optimal

threshold was 5.65 x 1,000/uL, with a corresponding sensitivity
and specificity of 75.6% and 49.8%, respectively. We considered
WBC count to be a potential marker for IR assessment. We
for potential confounding variables in the middle-aged and older ~ suggest that WBC count could be an alternative marker used

populations in Taiwan. in combination with HOMA-IR to identify IR individuals in
Several studies have reported a positive correlation between  this population.
WBC count and IR (16, 18, 20, 21), which is consistent with Even though we obtained an AUC of 0.67, which showed

our findings. However, few studies have used the WBC count  sufficient accuracy of the marker (31),we would still recommend
to identify the risk of IR. Park et al. (22) recently suggested that  using the WBC count alone for IR assessment with caution,
the WBC count can facilitate the identification of children and  as the WBC count may be influenced by an array of factors
adolescents with IR. However, to our knowledge, it has not been  including acute infection, bone marrow disorders, and certain
used in adults. medications (32).

Clinical prediction rules have become increasingly common Our study had several strengths. First, the features of this study
in the improvement of healthcare delivery. This study aimed include a clear design, a sufficient sample size, a comprehensive
to use a simple biomarker as a clinical tool for evaluating inclusion of relevant confounders, and a well-performed data
IR in middle-aged and older populations. Therefore, we used  analysis. Second, the novelty of this study was, from a community
logistic regression to explore the association between IR and  approach, to report different cut-off values of WBC count among
the WBC count. Previous studies have shown that WBC count  the middle-aged and older populations to better predict insulin
is a risk factor for metabolic syndrome (23), T2DM (24) and  resistance in these two specific age groups. Third, no similar
cardiovascular disease (25). It has been suggested that the  studies have search investigated this topic in a community-
link between WBC count and cardiovascular disease may be  dwelling population in Taiwan. There are several limitations
represented by a decrease in insulin sensitivity (25, 26). The  to our study. First, there was lack of information on alcohol
association between WBC count and IR was significant in  intake, regular physical exercise, and family history of diabetes
the middle-aged and older populations in Taiwan, even after  in the study population. Second, the cross-sectional design used
adjusting for multiple covariates. in this study made it difficult to explore the causal relationship

In the present study, IR was measured by HOMA-IR, an  between WBC count and IR in the study population. Third, all
extensively validated tool to quantify IR, and our cut-off value  the participants were volunteers from a community in northern
(2.0) was similar to that of a study in 1,156 Caucasians (2.29)  Taiwan, which may have led to a possible selection bias.

(27, 28). The covariates (BMI, WC, FPG level, HDL-C level, TG In conclusion, elevated WBC was significantly associated
level, and WBC count) were all significantly associated with IR,  with IR in the middle-aged and older populations in Taiwan.
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However, WBC count may not only serve as a biomarker for early
identification of IR but may also be used as a surrogate marker for
excluding IR. Future research is warranted to further investigate
the use of WBCs for predicting IR in a larger population.
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Background: There is a limited number of studies on the dose-response relationship
between serum uric acid and impaired glucose metabolism in people without diabetes,
and no large-scale research exploring the relationship in women without diabetes is
based on menopausal status. Consequently, the present study aimed to investigate the
above relationship in United States adults without diabetes.

Materials and Methods: Data from 2,498 men and 2,650 women aged >20 years
were obtained from the National Health and Nutrition Examination Survey 2011-2016
conducted in the United States. Binary logistic regression analysis was applied to
evaluate the association between uric acid and impaired glucose metabolism. Restricted
cubic spline analysis, sensitivity analysis, and stratified analysis by menopausal status
were performed to explore the above relationships.

Results: A positive correlation was found between uric acid and the risk of insulin
resistance in all participants (P < 0.05). In binary logistic regression analysis, after
adjusting for confounding factors, compared with the lowest quartile of uric acid, the
odds ratio (95% confidence intervals) of insulin resistance in the highest quartile was
1.9 (1.1-8.1) and 2.2 (1.2-4.3) in men and women, respectively. A significant positive
relationship was also observed between uric acid and impaired fasting glucose and
hyperinsulinemia in women, while in men, uric acid was positively associated with
the risk of hyperinsulinemia but not impaired fasting glucose. Restricted cubic spline
showed that the odds ratios of insulin resistance and hyperinsulinemia increased with
elevating uric acid levels in both men and women. When stratified by menopause, the
association remained significant in pre-menopausal women aged >20, but insignificant
in post-menopausal women.

Conclusion: Uric acid was positively associated with the risk of impaired glucose
metabolism in a cohort of United States adults, and uric acid increased the risk of insulin
resistance in pre-menopausal, but not in post-menopausal women.

Keywords: uric acid, insulin resistance, fasting glucose, hyperinsulinemia, menopausal status, NHANES
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Uric Acid and Glucose Metabolism

INTRODUCTION

Uric acid (UA) is the end product of purine nucleotide
metabolism. Approximately, two-third of UA is excreted by
the kidneys and one-third by the gastrointestinal tract, and
its synthesis and excretion are balanced under physiological
conditions (1, 2). Hyperuricemia is the precursor of gout that
can occur due to overproduction or underexcretion of serum
uric acid (SUA). In addition to gout, numerous research studies
have suggested the clinical significance of SUA beyond the
rheumatologic field (3), such as impaired glucose metabolism,
abnormal lipid metabolism, and higher prevalence of obesity,
hypertension, and metabolic syndrome (4-10). Previous studies
have also suggested a bidirectional causal effect between SUA and
insulin resistance (IR) (11). SUA was found to affect the function
of islet B cells and was inversely associated with insulin sensitivity
(11, 12).

Insulin exerts its physiological function through a cascade of
signaling transduction by enhancing glucose disposal in insulin-
sensitive tissues. IR is defined as the inability of insulin to
optimally stimulate the transport of glucose into cells (13). It
is also considered a hallmark of metabolic syndrome and an
important pathogenic factor of type 2 diabetes mellitus (11, 14).
Impaired fasting glucose and compensatory hyperinsulinemia
are accompanying characteristics of IR. Moreover, IR is closely
associated with dyslipidemia, coronary artery disease, and
hypertension (15), while abdominal obesity, acanthosis nigricans,
and acne are considered their major clinical features (16). In
addition, restricting calorie intake and exercising are associated
with improved insulin sensitivity, while aging, smoking, and
inactive physical activity are positively associated with the risk
of IR (16).

Accumulating evidence demonstrated that SUA is associated
with impaired glucose metabolism; however, these results appear
to be inconsistent. Some clinical studies found that elevated SUA
was associated with a higher risk of IR, hyperinsulinemia, fasting
plasma glucose, and HbAlc level (17, 18). However, in their
study on 605 newly diagnosed type 2 diabetes patients, Ma et al.
found that SUA was inversely correlated with HbAlc in the high
insulin group, while no associations were found in the low insulin
group (19).

Previous studies on the association between SUA and
glucose metabolism mostly included prediabetic or diabetic
patients. Some limited small-scale studies investigated the
above association in United States adults without diabetes,
and no large-scale research explored the above relationship in
women without diabetes based on menopausal status. Therefore,
the present study included a nationally representative cohort
of United States adults without diabetes whose data were
obtained from the National Health and Nutrition Examination
Survey (NHANES) 2011-2016 to explore the dose-response

Abbreviations: NHANES, National Health and Nutrition Examination Surveys;
SUA, serum uric acid; BMI, body mass index; ORs, odds ratios; Cls, confidence
intervals; eGFR, estimation of the glomerular filtration rate; ROS, reactive oxygen
species; PIR, poverty income ratio; IFG, Impaired fasting glucose; HOMA-
IR, homeostasis model assessment of insulin resistance; IRS1, insulin receptor
substrate 1; Akt, protein kinase B.

relationship between SUA and IR, impaired fasting glucose, and
hyperinsulinemia. We performed restricted cubic spline analysis
and stratified analysis by menopausal status to explore the above
relationship with a large-scale nationwide sample for the first
time to provide a valuable reference for the impaired glucose
metabolism and further study of IR in women with different
menopausal statuses.

MATERIALS AND METHODS

Data Source and Study Population

The NHANES, which collects the health and nutritional
information of the United States population every 2 years, is
conducted by the Centers for Disease Control and Prevention
of America. Through a multistage, stratified sampling
design, NHANES included a representative sample of non-
institutionalized United States civilians. After a detailed in-home
interview, a physical examination and blood and urine specimens
were obtained at specially equipped mobile examination centers
(20). Written informed consent was obtained before the
interview, and examination stages from all participants and
all data were de-identified by the National Center for Health
Statistics before being made publicly available.

A total of 29,902 adult participants were enrolled in the
NHANES between 2011 and 2016. Exclusion criteria were the
following: (1) age <20 years (n = 12,824); (2) participants whose
SUA data (n = 1,718) and serum fasting glucose and insulin data
(n = 8,061) were missing; (3) self-reported cancer or malignancy
(n = 670); (4) being pregnant or breastfeeding (n = 74); (5) self-
reported diabetes, fasting glucose > 7.0 mmol/L or 2-h glucose
of oral glucose tolerance test > 11.1 mmol/L, HbA1C > 6.5%,
and receive insulin or hypoglycemic drugs now (n = 1,407).
Eventually, 2,498 men and 2,650 women were included in our
study. The flow chart of the screening process is shown in
Figure 1.

Study Variables

Variables in this study included age, race (Mexican American,
Other Hispanic, Non-Hispanic White, Non-Hispanic Black,
and Other race), body mass index (BMI) (normal: <25 kg/m?;
overweight: 25-30 kg/m?; and obesity: > 30 kg/m?) (21),
education level (Less than 9th grade, 9-11th grade, High
school graduate, College degree, and College graduate
or above), waist circumference, and estimation of the
glomerular filtration rate (eGFR) [eGFR = 175 x standardized
Scr~ 1154 % age_o‘203 x 1.212 (if black) x 0.742 (if women)](22).
The poverty income ratio (PIR) was used to define income,
categorized as less than 0.99 and 1 or more; a PIR < 1.0
represented a person living under the poverty line. Total
cholesterol, triglyceride, smoking status (smoked at least 100
cigarettes in life or not), and drinking status (had at least 12
alcohol drinks/1 year) were also included in the present study.
A history of hypertension is defined as the self-reported diagnosis
of hypertension by a physician. Urate-lowering therapy was also
adjusted in our study. NHANES questions, “In the past 30 days,
have you used or taken medication for which a prescription is
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Participants of NHANES
2011-2012(n=9,756),
2013-2014(n=10,175),
2015-2016(n=9,971)
n=12,824
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participants
younger than
20 years old
9,77 n=17,078
Excluded
participants
without uric acid,
serum fasting
glucose and insulin
data .
n=17,299 =744
Excluded
> participants
with cancer, being
pregnant or
n=1,407 breastfeeding
Excluded n=6,555
Participants
diagnosed as —
diabetes or receive
insulin or
hypoglycemic drugs \
now n=5,148
FIGURE 1 | Flow chart of the screening process for the selection of eligible participants.

needed?” and “Generic drug name,” revealed that 10 women and
29 men were using uric lowering therapy (allopurinol, febuxostat,
and probenecid).

Definitions

The homeostasis model assessment of IR (HOMA-IR) is a
common indirect index for the assessment of IR. HOMA-
IR = [fasting insulin (mU/L) x fasting glucose (mmol/L)]/22.5
(23). IR was defined as HOMA-IR > 75th percentile (HOMA-
IR > 3.55 for men and > 3.45 for women) by gender in our study
population (24). Impaired fasting glucose (IFG) was defined
as 6.1 mmol/L < fasting plasma glucose < 7.0 mmol/L (25).

Hyperinsulinemia was defined as serum insulin > 75th percentile
by gender (Insulin > 14.15 for men and > 14.03 for women) (26).
Menopause was defined by answering “no” to the question “Have
you had at least one menstrual period in the past 12 months?” or
age > 55 (27).

Statistical Analysis

All statistical analyses were conducted with SPSS 23, STATA
15.0, and R 4.1.0. The normality of the continuous variable was
tested with the Kolmogorov-Smirnov normality test. Normally
distributed variables were described with mean £ SD, while
non-normally distributed continuous variables were described

Frontiers in Medicine | www.frontiersin.org

27

June 2022 | Volume 9 | Article 905085


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Han et al.

Uric Acid and Glucose Metabolism

with median (interquartile range). The median values among
different SUA groups were compared with the Kruskal-Wallis
test. The percentages of categorical variables among different
SUA groups were compared with the Chi-square test. The
Bonferroni test was used for the intergroup comparison. As the
SUA level substantially differed between men and women, the
analyses were performed separately by gender. SUA levels in
binary logistic regression analyses were modeled in quartiles:
Men groups: Q1 (uric acid < 309.30 pmol/L), Q2 (309.30 < uric
acid < 356.90 pmol/L), Q3 (356.90 < uric acid < 404.50 wmol/L),
and Q4 (uric acid > 404.50 pmol/L); Women groups: Q1 (uric
acid <232.00 wmol/L), Q2 (232.00 < uric acid < 273.60 pmol/L),
Q3 (273.60 < uric acid < 321.20 pmol/L), and Q4 (uric
acid > 321.20 pmol/L). The lowest quartile (Q1) group was
used as the reference group. Binary logistic regression analysis
examined the association between SUA and IR, impaired

characteristics of the study population with or without IR,
and the covariates with significant differences between the two
groups were included in the full-adjusted Model 2. Finally, the
race was adjusted in Model 1, and Model 2 was additionally
adjusted for BMI, waist circumference, drinking status, education
level, hypertension, total cholesterol, triglyceride, and urate-
lowering therapy.

Logistic regression analysis was performed to calculate
the odds ratio (OR) values per SD increase in SUA. We
also performed linear regression analysis to assess the
association between SUA and HOMA-IR. Stratified analysis
and trend tests were used for female participants based on
menopausal status, as the SUA levels increased substantially
after menopause (28). Participants with no available information
about menopause were excluded from the stratified analysis.
In addition to menopause, stratified analysis based on BMI

fasting glucose, and hyperinsulinemia. We compared the clinical ~ (normal: < 25 kg/m?; overweight: between 25 and 30 kg/m?;

TABLE 1 | Clinical characteristics of the study population disaggregated by quartiles of serum uric acid level.

Serum uric acid quartile Q1 Q2 Q3 Q4 P-value
Number of subjects 635 685 567 611

Age (year)® 44 (27) 42 (26.5) 42 (24) 42 (28) 0.221
Race (%)? 0.103
Mexican American 95 (15.0) 93 (13.6) 88 (15.5) 62 (10.1)

Other Hispanic 70 (11.0) 85 (12.4) 65 (11.5) 55 (9.0)

Non-Hispanic White 240 (37.8) 266 (38.8) 222 (39.2) 246 (40.3)

Non-Hispanic Black 127 (20.0) 116 (16.9) 98 (17.9) 129 (21.1)

Other race 103 (16.2) 125 (18.2) 94 (16.6) 119 (19.5)

Education level (%) 2 < 0.01
Less than 9th grade 71(11.2) 56 (8.2) 48 (8.5) 30 (4.9)

9-11th grade 92 (14.5) 100 (14.6) 87 (15.3) 92 (15.1)

High school graduate 160 (25.2) 139 (20.3) 141 (24.9) 143 (23.4)

College or AA degree 159 (25.0) 211 (30.8) 157 (27.7) 165 (27.0)

College graduate or above 1563 (24.1) 179 (26.1) 134 (23.6) 181 (29.6)

Waist circumference (cm)P 91.6(17.8) 95.5(17.1) 99.3 (15.8) 102.2 (20.5) < 0.01
Body mass index (kg/m?)° 24.9 (5.75) 26.5 (6.03) 28.2 (6.20) 29.3 (7.6) < 0.01
Cholesterol (mmol/L)P 4.65 (1.37) 4.81(1.34) 4.97 (1.30) 5.04 (1.35) < 0.01
Triglyceride (mmol/L)P 0.96 (0.70) 1.12 (0.79) 1.28 (1.01) 1.48 (1.24) <0.01
Creatinine (jumol/L)° 79.6 (19.5) 83.1(17.7) 84.9 (19.5) 88.4 (20.3) < 0.01
eGFR (mL/min per 1.73m?2)P 97.27 (27.68) 92.33 (24.04) 90.66 (27.90) 84.91 (25.84) < 0.01
Insulin (mU/L)° 7.10 (6.04) 7.94 (7.68) 10.03 (9.23) 11.92 (12.16) <0.01
Fasting glucose (mmol/L)P 5.49 (0.67) 5.49 (0.61) 5.50 (0.67) 5.61(0.67) < 0.01
HOMA-IRP 1.74 (1.56) 1.96 (1.89) 2.45 (2.42) 3.05 (3.29) < 0.01
Insulin resistance (%)@ 81 (12.8) 128 (18.7) 172 (30.9) 243 (39.8) < 0.01
Poverty income ratio <1 (%)? 145 (25.5) 139 (22.0) 106 (20.2) 92 (16.3) < 0.01
Serum uric acid (mol/L)° 279.6 (35.7) 339.0 (17.9) 380.7 (23.8) 446.1 (59.5) < 0.01
Glycohemoglobin (%)° 5.4 (0.5) 5.4 (0.4) 5.4 (0.4) 5.5 (0.6) < 0.01
Hypertension (%)? 149 (23.5) 149 (21.8) 1564 (27.2) 221 (36.2) < 0.01
Had at least 12 alcohol drinks/year (%) 455 (78.6) 566 (87.5) 444 (86.2) 483 (85.3) < 0.01
Smoked at least 100 cigarettes in life (%) 342 (53.9) 342 (49.9) 296 (52.2) 317 (61.9) 0.559

NHANES 2011-2016 (Men = 2,498).

Data are number of subjects (percentage) or medians (interquartile ranges).

4Chi-square test was used to compare the percentage among participants in different groups.

bKruskal-Wallis test was used to compare the median values among participants in different groups.

Serum uric acid quartiles: Q1 (uric acid < 309.30 pwmol/L), Q2 (309.30 < uric acid < 356.90 wmol/L), Q3 (356.90 < uric acid < 404.50 wmol/L), and Q4 (uric
acid > 404.50 wmol/L).
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and obesity: > 30 kg/m?), waist circumference (cutoff value
for American: 102 cm for men and 88 cm for women),
serum triglyceride (cutoff value: 1.7 mmol/L), total cholesterol
(cutoff value: 52 mmol/L) (29), drinking status (Yes/No),
education levels (college and above/high school and below),
and hypertension (Yes/No) were also performed. Subsequently,
a sensitivity analysis was performed by excluding participants
without metabolic syndrome to minimize the influence of
metabolic syndrome. Restricted cubic spline analysis with 3
knots of the SUA levels was used to characterize the dose-
response relationship in the logistic regression Model 2. The
function “Irm” and function “rcs” in the “rms” package of R
4.1.0. were used to fit the independent and dependent variables.
The reference values were automatically determined by “rcs”
function. The function “predict” was used to calculate the ORs
(95% ClIs) and reference point (OR = 1.0) of SUA. A two-sided
p < 0.05 was considered statistically significant.

RESULTS

A total of 5,148 participants (2,498 men, 2,650 women)
were included in the study and categorized into five racial
groups: Mexican American (n = 682), Other Hispanic
(n = 567), Non-Hispanic White (n = 2,000), Non-Hispanic
Black (n = 1,020), and other races (n = 879). The mean
age was 4521 =+ 16.53 years, and the mean SUA was
320.93 +£ 81.80 wmol/L. There were 20.1% of male participants
and 12.9% of female participants who met the hyperuricemia
criteria; 11.7% of all participants were with an SUA concentration
>420 wmol/L. The clinical characteristics of individuals from
different SUA groups are shown in Tables 1, 2. A greater
proportion of participants with IR or hypertension belonged to
the highest quartile of SUA level; with the increasing of SUA
quartiles, the median of eGFR gradually declined, while the
median of BMI, waist circumference, cholesterol, triglyceride,

TABLE 2 | Clinical characteristics of the study population disaggregated by quartiles of serum uric acid level.

Serum uric acid quartile Q1 Q2 Q3 Q4 P-value
Number of subjects 663 694 648 645

Age (year)® 41 (23) 42 (25) 44 (26) 52 (24) 0.058
Race (%)? < 0.01
Mexican American 108 (16.3) 90 (13.0) 77 (11.9) 69 (10.7)

Other Hispanic 89 (13.4) 84 (12.1) 67 (10.3) 52 (8.1)

Non-Hispanic White 231 (34.8) 263 (37.9) 238 (36.7) 294 (45.6)

Non-Hispanic Black 139 (21.0) 131 (18.9) 140 (21.6) 140 (21.7)

Other race 96 (14.5) 126 (18.2) 126 (19.4) 90 (14.0)

Education level (%)2 < 0.01
Less than 9th grade 56 (8.4) 63 (9.1) 57 (8.8) 43 (6.7)

9-11th grade 83 (12.5) 66 (9.5) 73 (11.3) 75 (11.6)

High school graduate 116 (17.5) 121 (17.4) 119 (18.4) 146 (22.6)

College degree 203 (30.6) 209 (30.1) 216 (33.3) 225 (34.9)

College graduate or above 205 (30.9) 235 (33.9) 183 (28.2) 156 (24.2)

Waist circumference (cm)P 86.2 (16.2) 91.0 (19.3) 96.3 (22.0) 102.8 (22.3) < 0.01
Body mass index (kg/m?)° 24.9 (6.6) 26.9 (8.6) 28.6 (9.6) 31.3(11.0) < 0.01
Cholesterol (mmol/L)P 4.71 (1.26) 4.81 (1.24) 4.94 (1.27) 5.12 (1.39) 0.085
Triglyceride (mmol/L)P 0.84 (0.57) 0.93 (0.67) 1.03(0.72) 1.30 (0.96) < 0.01
Creatinine (jumol/L)° 60.1 (15.9) 61.9 (15.0) 64.5 (18.4) 68.1 (21.2) < 0.01
eGFR (mL/min per 1.73m?2)P 100.18 (32.10) 94.81 (27.45) 91.96 (30.86) 83.53(35.13) < 0.01
Insulin (mU/L)° 7.06 (5.84) 8.16 (7.00) 9.96 (8.66) 11.66 (11.00) < 0.01
Fasting glucose (mmol/L)P 5.22 (0.56) 5.27 (0.67) 5.38 (0.61) 5.50 (0.78) < 0.01
HOMA-IRP 1.64 (1.37) 1.89 (1.84) 2.37 (2.24) 2.84 (3.00) < 0.01
Insulin resistance (%)@ 82 (12.4) 131 (18.9) 180 (27.8) 270 (41.9) < 0.01
Poverty income ratio <1 (%)? 166 (27.2) 160 (24.7) 139 (23.3) 149 (25.3) 0.485
Serum uric acid (mol/L)° 208.2 (35.7) 255.8 (23.8) 297.4 (23.8) 362.8 (59.5) < 0.01
Glycohemoglobin (%)° 5.4 (0.5) 5.4 (0.5) 5.4 (0.5) 5.5(0.5) 0.360
Hypertension (%) @ 136 (20.5) 159 (22.9) 199 (30.7) 293 (45.4) < 0.01
Had at least 12 alcohol drinks/year (%) 359 (62.4) 402 (66.4) 363 (63.4) 344 (59.9) 0.138
Smoked at least 100 cigarettes in life (%) 207 (31.2) 211 (30.4) 204 (31.5) 231 (35.8) 0.149

NHANES 2011-2016 (Women = 2,650).

Data are number of subjects (percentage) or medians (interquartile ranges).

4Chi-square test was used to compare the percentage among participants in different groups.

bKruskal-Wallis test was used to compare the median values among participants in different groups.

Serum uric acid quartiles: Q1 (uric acid < 232.00 pwmol/L), Q2 (232.00 < uric acid < 278.60 wmol/L), Q3 (273.60 < uric acid < 321.20 wmol/L), and Q4 (uric
acid > 321.20 wmol/L).
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serum insulin, creatinine, and HOMA-IR gradually increased
in both men and women. Among men, the proportion of those
living under the poverty line gradually declined with the increase
of SUA quartiles. The clinical characteristics of individuals with
or without IR are shown in Table 3. The waist circumference,
BMI, triglyceride, total cholesterol level, glycohemoglobin,
and prevalence of hypertension were significantly higher
in the IR group.

The results of binary logistic regression analysis are presented
in Tables 4-8. In men, the crude ORs with 95% confidence
intervals (CIs) of IR was 1.6 (1.1-2.3), 3.2 (2.2-4.8), and 4.6 (3.3-
6.6) in Q2, Q3, and Q4, respectively, vs. Q1 of SUA. In Model
1, after adjusting for race, the adjusted ORs with 95% CIs were
1.6 (1.1-2.3), 3.2 (2.1-4.8), and 4.8 (3.4-6.7) in Q2, Q3, and Q4,
respectively, vs. Q1 of SUA. In Model 2, the multivariate-adjusted

TABLE 3 | Clinical characteristics of the study population in insulin resistance and
non-insulin resistance group.

Characteristics Insulin resistance Non-insulin P-value
group resistance group

Number of subjects 1287 3861

Age (year)® 43 (26) 43 (27) 0.855

Race (%)? < 0.01

Mexican American 231 (17.9) 451 (11.7)

Other Hispanic 152 (11.8) 415 (10.7)

Non-Hispanic White 466 (36.2) 1534 (39.7)

Non-Hispanic Black 279 (21.7) 741 (19.2)

Other race 159 (12.4) 720 (18.6)

Education level (%)? < 0.01

Less than 9th grade 119(9.2) 305 (7.9)

9-11th grade 188 (14.6) 480 (12.4)

High school graduate 275 (21.4) 810 (21.0)

College or AA degree 418 (32.5) 1127 (29.2)

College graduate or above 287 (22.3) 1139 (29.5)

Waist circumference (cm)° 108 (19.7) 91.7 (18.1) < 0.01

Body mass index (kg/m?)° 32.5(8.8) 25.9 (6.5) < 0.01

Cholesterol (mmol/L)P 4.91 (1.35) 4.86 (1.31) 0.029

Triglyceride (mmol/L)° 1.502 (1.14) 0.982 (0.711) < 0.01

Creatinine (jumol/L)° 73.37 (23.87) 73.37 (25.63) 0.578

eGFR (mL/min per 92.42 (31.37) 92.50 (28.65) 0.793

1.73m?) P

Poverty income ratio <1 292 (25.1) 804 (22.5) 0.072

(%)

Serum uric acid (mol/L)P 345.0 (113.0) 303.3 (101.1) < 0.01

Glycohemoglobin (%)° 5.6 (0.5) 5.4 (0.5 < 0.01

Hypertension (%)? 491 (38.2) 969 (25.1) < 0.01

Had at least 12 alcohol 810 (70.6) 2606 (74.8) < 0.01

drinks/year (%)?

Smoked at least 100 537 (41.7) 1613 (41.8) 0.974

cigarettes in life (%)2

NHANES 2011-2016 (n = 5,148).

Data are number of subjects (percentage) or medians (interquartile ranges).
aChi-square test was used to compare the percentage of participants with and
without insulin resistance.

b\Mann-Whitney U-test was used to compare the median values between
participants with and without insulin resistance.

ORs with 95% CIs were 1.2 (0.7-1.9), 1.9 (1.1-3.4), and 1.9 (1.1-
3.1)in Q2, Q3, and Q4, respectively, vs. Q1 of SUA. In women, the
crude ORs with 95% CIs of IR were 1.7 (1.2-2.5), 2.3 (1.4-3.6),
and 5.9 (3.8-9.1) in Q2, Q3, and Q4, respectively, vs. Q1 of SUA.
In Model 1, the adjusted ORs with 95% CI were 1.9 (1.3-2.7),
2.5(1.5-3.9), and 6.6 (4.2-10.4) in Q2, Q3, and Q4, respectively,

TABLE 4 | Weighted odds ratios (95% confidence intervals) for insulin resistance
(HOMA-IR) of participants across quartiles of serum uric acid
(Men = 2,498, women = 2,650).

Case/Participants Crude? Model 12 Model 22
Men'
Q1 635/2,498 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 685/2,498 16(1.1-23) 1.6(1.1-23)* 1.2(0.7-1.9)
Q3 567/2,498 32((22-48)* 3.2(2.1-4.8* 19(1.1-3.4)*
Q4 611/2,498 4.6(3.3-6.6)™ 4.8(3.4-6.7)* 1.9(1.1-3.1)*
Women'
Q1 663/2,650 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 694/2,650 1.7 (1.2-2.5)* 1.9(1.3-2.7)* 1.3(0.7-2.5)
Q3 648/2,650 23(1.4-3.6)* 25(1.5-3.9 " 1.3(0.6-2.5)
Q4 645/2,650 5.9 (3.8-9.1)* 6.6 (4.2-10.4) > 2.2 (1.2-4.3)*

aCalculated using binary logistic regression.

TMen: Q1 (uric acid < 309.30 wmol/L), Q2 (309.30 < uric acid < 356.90 wmol/L),
Q3 (356.90 < uric acid < 404.50 wmol/L), and Q4 (uric acid > 404.50 wmol/L).
Women: Q1 (uric acid < 232.00 pumol/L), Q2 (232.00 < uric acid < 273.60 wmol/L),
Q3 (273.60 < uric acid < 321.20 wmol/L), and Q4 (uric acid > 321.20 wmol/L).
Model 1 adjusted for race.

Model 2 adjusted for race, body mass index, waist circumference, drinking status,
education level, hypertension, serum triglyceride, total cholesterol, and urate-
lowering therapy.

*P < 0.05.

“P < 0.01.

TABLE 5 | Weighted odds ratios (95% confidence intervals) for impaired fasting
glucose of participants across quartiles of serum uric acid
(Men = 2,498, women = 2,650).

Case/Participants Crude? Model 12 Model 22
Men'
Q1 635/2,498 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 685/2,498 0.8(0.6-1.29) 0.8(0.5-1.3) 0.8(0.5-1.4)
Q3 567/2,498 17 (11-2.56)* 1.7(1.1-2.6)* 1.2(0.7-2.1)
Q4 611/2,498 2.1(1.4-3.03)** 2.1 (1.4-3.1)* 1.4(0.8-2.2)
Women'
Qi 663/2,650 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 694/2,650 1.5(0.82.9 15(0.8-2.9 1.3(0.6-3.1)
Q3 648/2,650 1.8(1.0-3.3) 1.8(1.0-32) 1.5(0.7-3.1)
Q4 645/2,650 49 (2.8-8.7)* 4.8 (2.7-8.5)* 2.7 (1.4-5.5)**

aCalculated using binary logistic regression.

tMen: Q1 (uric acid < 309.30 wmol/L), Q2 (309.30 < uric acid < 356.90 wmol/L),
Q3 (856.90 < uric acid < 404.50 wmol/L), and Q4 (uric acid > 404.50 wmol/L).
Women: Q1 (uric acid < 232.00 wumol/L), Q2 (232.00 < uric acid < 273.60 wmol/L),
Q3 (273.60 < uric acid < 321.20 wmol/L), and Q4 (uric acid > 321.20 wmol/L).
Model 1 adjusted for race.

Model 2 adjusted for race, body mass index, waist circumference, drinking status,
education level, hypertension, serum triglyceride, total cholesterol, and urate-
lowering therapy.

*P < 0.05.

“P < 0.01.
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vs. Q1 of SUA. In Model 2, the multivariate-adjusted ORs with
95% CIs were 1.3 (0.7-2.5), 1.3 (0.6-2.5), and 2.2 (1.2-4.3) in
Q2, Q3, and Q4, respectively, vs. Q1 of SUA. The dose-response
relationships between SUA and IR are presented in Figures 2A,B,
While uric acid levels were positively associated with the risk of
IR in both men and women (P < 0.01, P for non-linearity = 0.22
and 0.57, respectively). The reference points (OR = 1) of SUA in
the restricted cubic spline analysis were 357.86 wmol/L for men
and 275.01 pmol/L for women, respectively.

The results of binary logistic regression analysis between SUA
levels and the risk of impaired fasting glucose are shown in
Table 5. In the full-adjusted Model 2, the ORs with 95% CIs
were 0.8 (0.5-1.4), 1.2 (0.7-2.1), and 1.4 (0.8-2.2) in Q2, Q3,

TABLE 6 | Weighted odds ratios (95% confidence intervals) for hyperinsulinemia
of participants across quartiles of serum uric acid (Men = 2,498, women = 2,650).

Case/Participants Crude? Model 12 Model 22
Men'
Qi 635/2,498 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 685/2,498 15(1.02.2)* 15(1.0-22* 1.2(0.7-1.9)
Q3 567/2,498 2.8(1.8-4.3) ™ 2.8(1.8-4.3)* 1.6(0.9-2.9)
Q4 611/2,498 4.4(31-6.3) 4.5(3.1-6.5)" 1.8(1.1-2.8)*
Women'
Q1 663/2,650 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 694/2,650 1.7(1.2-24)* 1.8(1.3-2.6) 1.3(0.7-2.4)
Q3 648/2,650 23(15-3.5)" 2.4 (15-38)" 1.3(0.7-2.4)
Q4 645/2,650 5.4 (3.6-8.0)™ 5.9 (4.0-8.9)* 2.0(1.1-3.8)*

4Calculated using binary logistic regression.

TMen: Q1 (uric acid < 309.30 wmol/L), Q2 (309.30 < uric acid < 356.90 umol/L),
Q3 (856.90 < uric acid < 404.50 wmol/L), and Q4 (uric acid > 404.50 wmol/L).
Women: Q1 (uric acid < 232.00 umol/L), Q2 (232.00 < uric acid < 273.60 wmol/L),
Q3 (273.60 < uric acid < 321.20 wmol/L), and Q4 (uric acid > 321.20 wmol/L).
Model 1 adjusted for race.

Model 2 adjusted for race, body mass index, waist circumference, drinking status,
education level, hypertension, serum triglyceride, total cholesterol, and urate-
lowering therapy.

*P < 0.05.

P < 0.01.

TABLE 7 | Weighted odds ratios (95% confidence intervals) for insulin resistance,
impaired fasting glucose, and hyperinsulinemia of participants with the increase of
per standard deviation uric acid (Men = 2,498, women = 2,650).

Model 22
Men
Insulin resistance 1.2(1.0-1.5*
Impaired fasting glucose 1.1(0.9-1.3)
Hyperinsulinemia 1.2(1.0-1.4)*
Women
Insulin resistance 1.3(1.1-1.7)™
Impaired fasting glucose 1.3(1.1-1.6) **
Hyperinsulinemia 1.3(1.0-1.5)*

aCalculated using regression analysis.

Model 2 adjusted for race, body mass index, waist circumference, drinking status,
education level, hypertension, serum triglyceride, total cholesterol, and urate-
lowering therapy.

*P < 0.05.

P < 0.01.

and Q4, respectively, vs. Q1 of SUA in men, and the ORs with
95%CIs were 1.3 (0.6-3.1), 1.5 (0.7-3.1), and 2.7 (1.4-5.5) in Q2,
Q3, and Q4, respectively, vs. Q1 of SUA in women. The results
of the restricted cubic spline analysis between SUA and the risk
of impaired fasting glucose are shown in Figures 2C,D. SUA
levels were positively associated with the risk of IFG in women
(P < 0.01) but not in men (P = 0.38).

The results of binary logistic regression analysis between SUA
levels and the risk of hyperinsulinemia are presented in Table 6.
In men, the ORs with 95% CIs were 1.5 (1.0-2.2), 2.8 (1.8-4.3),
and 4.5 (3.1-6.5) in Q2, Q3, and Q4, respectively, vs. Q1 of SUA
in Model 1, while in Model 2, the ORs with 95% CIs were 1.2
(0.7-1.9), 1.6 (0.9-2.9), and 1.8 (1.1-2.8) in Q2, Q3, and Q4,
respectively, vs. Q1 of SUA. In women, the ORs with 95% ClIs
were 1.8 (1.3-2.6), 2.4 (1.5-3.8), and 5.9 (4.0-8.9) in Q2, Q3,
and Q4, respectively, vs. Q1 of SUA in Model 1, while in the
full-adjusted Model 2, the ORs with 95% CIs were 1.3 (0.7-2.4),
1.3 (0.7-2.4), and 2.0 (1.1-3.8) in Q2, Q3, and Q4, respectively,
vs. Q1 of SUA. The results of the restricted cubic spline analysis

TABLE 8 | Weighted odds ratios (95% confidence intervals) for insulin resistance
(HOMA-IR) of participants across quartiles of serum uric acid, stratified analysis by
menopause (Pre-menopausal women = 1,245; Post-menopausal women =
1,122).

Case/Participants  Crude? Model 12  Model 22
Pre-menopausal
women'
Q1 322/1,245 1.00 (Ref.) 1.00 (Ref) 1.00 (Ref.)
Q2 354/1,245 2.2 2.5 2.0
(1.2-4.0)* (1.4-4.7) (1.1-8.7)*
Q3 258/1,245 3.2 3.8 2.2
(1.8-5.7)* (21-6.7)™ (1.1-4.4)*
Q4 311/1,245 8.2 9.5 3.5
(5.2-13.00 (6.1-14.9) (2.0-6.0)**
P for trend < 0.01 < 0.01 < 0.01
Post-menopausal
women'
Q1 303/1,122 1.00 (Ref.) 1.00 (Ref) 1.00 (Ref.)
Q2 285/1,122 1.1 1.1 0.6
(0.5-2.2) (0.5-2.2) (0.3-1.3)
Q3 257/1,122 1.7 1.7 0.9
(0.8-3.6) (0.8-3.7) (0.4-2.0)
Q4 277/1,122 4.1 4.2 1.9
(2.0-8.1)™ (2.1-8.6)™ (0.8-4.4)
P for trend < 0.01 < 0.01 0.082

aCalculated using binary logistic regression.

T Pre-menopausal women: Q1 (uric acid < 226.00 umol/L), Q2 (226.00 < uric
acid < 267.70 wmol/L), Q3 (267.70 < uric acid < 303.30 wmol/L), and Q4 (uric
acid > 303.30 umol/L).

Post-menopausal women: Q1 (uric acid < 249.80 wmol/L), Q2 (249.80 < uric
acid < 291.50 wmol/L), Q3 (291.50 < uric acid < 339.00 wmol/L), and Q4 (uric
acid > 339.00 wmol/L).

Model 1 adjusted for race.

Model 2 adjusted for race, body mass index, waist circumference, drinking status,
education level, hypertension, serum triglyceride, total cholesterol, and urate-
lowering therapy.

*P < 0.05.

“P < 0.01.
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FIGURE 2 | Examination of the dose-response relationship between serum uric acid (wmol/L) and the risk of impaired glucose metabolism by restricted cubic splines
model. The restricted cubic splines model adjusted for race, BMI, waist circumference, drinking status, education level, hypertension, total cholesterol, triglyceride,
and urate-lowering therapy. Insulin resistance, (A) men and (B) women. Impaired fasting glucose, (C) men and (D) women. Hyperinsulinemia, (E) men and (F)
women.
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between SUA and the risk of hyperinsulinemia are presented in
Figures 2E,F. Uric acid levels were positively associated with the
risk of hyperinsulinemia in both men and women (P < 0.01, P for
non-linearity = 0.18 and 0.96, respectively).

The OR values with per SD increase in SUA are presented
in Table 7. In men, SUA was positively associated with the risk
of IR and hyperinsulinemia; the ORs with per SD increase in
SUA was 1.2 (1.0-1.5) and 1.2 (1.0-1.4), respectively. In women,
SUA was positively associated with the risk of IR, IFG, and
hyperinsulinemia; the ORs with per SD increase in SUA was 1.3
(1.1-1.7), 1.3 (1.1-1.6), and 1.3 (1.0-1.5), respectively.

The results of stratified analysis by menopausal status are
presented in Table 8. In pre-menopausal women aged >20 years,
the ORs with 95% CIs were 2.0 (1.1-3.7), 2.2 (1.1-4.4), and
3.5 (2.0-6.0) in Q2, Q3, and Q4, respectively, vs. Q1 of SUA
in Model 2, while the ORs among different uric acid groups
gradually increased (P for trend < 0.01). In the post-menopausal
group, the results were significant in the crude model and
Model 1 but became insignificant after full adjustment for the
confounding factors.

Further sensitivity analysis was performed by excluding
participants diagnosed with metabolic syndrome, finally
including 4,270 participants. After full adjustment for the same
confounding factors, the relationship between SUA and IR
continued to be significant (Table 9). Compared with the lowest
quartile of SUA, the OR (95% ClIs) of insulin resistance in the
highest quartile was 1.6 (1.1-2.3) and 1.9 (1.1-3.5) in men and
women, respectively.

The results of linear regression analysis between SUA levels
and HOMA-IR are presented in Supplementary Table 1. In

TABLE 9 | Weighted odds ratios (95% confidence intervals) for insulin resistance
(HOMA-IR) of participants without metabolic syndrome across quartiles of serum
uric acid (Men = 2,124, Women = 2,146).

Crude? Model 12 Model 22
Males’
Qi 584/2,124 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 538/2,124 1.4(0.9-2.3) ¢ 1.4 (0.9-2.3) 1.2 (0.7-1.9)
Q3 493/2,124 2.1 (1.4-81)* 2.1(1.4-32)*  1.3(0.8-2.1)
Q4 509/2,124 3.4 (2.3-49) ™ 3.4(2.4-50)" 1.6(1.1-2.3)*
Females’
Q1 607/2,146 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 515/2,146 1.3(0.9-1.9) 1.4 (1.0-2.1) 1.3(0.7-2.2)
Q3 503/2,146 2.1 (1.4-3.1)* 22(1.4-3.4)* 1.7 (1.0-2.9)
Q4 521/2,146 3.4 (2.1-5.8)* 8.7 (2.2-6.1)* 1.9(1.1-3.5)*

dCalculated using binary logistic regression.

TMales: Q1 (uric acid < 309.30 wmol/L), Q2 (309.30 < uric acid < 350.90 umol/L),
Q3 (850.90 < uric acid < 398.50 wmol/L), and Q4 (uric acid > 398.50 wmol/L).
Females: Q1 (uric acid < 2832.00 wmol/lL), Q2 (232.00 < uric
acid < 267.70 wmol/L), Q3 (267.70 < uric acid < 309.30 wmol/L), and Q4
(uric acid > 309.30 wmol/L).

Model 1 adjusted for race.

Model 2 adjusted for race, body mass index, waist circumference, drinking
status, education level, hypertension, serum triglyceride, total cholesterol, and
urate-lowering therapy.

*P < 0.05.

P < 0.01.

men, the coefficients (B) with 95% CIs were 0.09 (—0.15 to
0.33), 0.37 (0.00-0.75), and 0.68 (0.26-1.09) in Q2, Q3, and Q4,
respectively, vs. Q1 of SUA in Model 2. In women, the coefficients
(B) with 95% CIs were 0.07 (—0.14 to 0.28), 0.15 (—0.15 to 0.45),
and 0.41 (0.11-0.72) in Q2, Q3, and Q4, respectively, vs. QI
of SUA in Model 2.

The results of stratified analysis based on BMI, waist
circumference, drinking status, educational levels, hypertension,
serum triglyceride, and total cholesterol are summarized in
Supplementary Tables 2-8. We found that the association
between SUA and IR was more pronounced among participants
with obesity, bigger waist circumference, hyperlipidemia, and
those with a college degree.

DISCUSSION

In this study, we combined data from the NHANES 2011-
2016 to investigate the relationship between SUA and impaired
glucose metabolism in people without diabetes. To the best of our
knowledge, this is the first study that used restricted cubic spline
analysis and stratified analysis by menopausal status to investigate
the above association with a large-scale sample. We found that
SUA was positively correlated with IR risk in all individuals,
except for post-menopausal individuals. In women, elevated
UA levels were positively correlated with increased risk of IFG
and hyperinsulinemia, while in men, elevated UA levels were
positively correlated with increased risk of hyperinsulinemia, but
not IFG. Restricted cubic spline revealed that the concentrations
of SUA were positively associated with the risk of IR and
hyperinsulinemia in both men and women, and the above
association seemed more pronounced among women than men.

The pathophysiological mechanism for the development
of IR remains unclear; however, both genetic factors and
environmental factors are involved. Previous experimental
studies have suggested that increasing adipose tissue can result in
IR through chronic low-grade inflammation and an imbalance
of pro-inflammatory and anti-inflammatory adipokines (13).
While the mechanism of the relationship between SUA and IR
has not yet been fully elucidated, several possible explanations
have been proposed. Primarily, elevated SUA directly induces IR
by increasing the production of reactive oxygen species (ROS)
and inhibiting insulin receptor substrate 1 (IRS1) and protein
kinase B (Akt) insulin signaling. Antioxidant N-acetyl-L-cysteine
could inhibit ROS production and block hyperuricemia-induced
IRS1 activation and Akt inhibition (30). In addition, uric
acid could induce IR by regulating activation of the NLRP3
inflammasome. Urate-lowering therapy with allopurinol
suppresses the expression of the NLRP3 inflammasome,
and the knockdown of NLRP3 expression improves insulin
signaling by reducing IRS1 phosphorylation and enhancing
Akt phosphorylation (31). Reduction of endothelial nitric oxide
supply and bioavailability, and activation of NADPH oxidase,
also medicates the IR (32). On the other hand, IR is inversely
correlated with the renal clearance of SUA by enhancing renal
tubular reabsorption of uric acid (11, 33). Hyperinsulinemia
could increase the activation of the hexose phosphate, which
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promotes the biosynthesis of purine and increases the rate of
uricogenesis, eventually resulting in hyperuricemia (19).

In their study, Choi et al. found that SUA levels increased
linearly with HOMA-IR levels in the general United States adult
population (34). A study conducted in 2020 revealed that elevated
SUA was associated with a higher risk of IR in type 2 diabetes and
the above association was more pronounced in female patients
(18). A study conducted in 2011 found that SUA was positively
correlated with IFG only in women, which was consistent with
our results. The lower visceral glucocorticoid receptor density in
women leads to a reduced visceral fat mass compared to that in
men, and the differences in fat distribution between men and
women partly explain the gender differences (35). However, in
Ma’s study, which only involved patients with newly diagnosed
type 2 diabetes, there was no significant association between
uric acid and HbAlc in the low insulin group, while an inverse
relationship was found in the high insulin group (19). A study
conducted by Balikcioglu et al. involving 82 obese adolescents
found that uric acid was positively correlated with HOMA-
IR in men but not in women (36). In another study, which
involved healthy people without diabetes (n = 102), prediabetes
(n=98), and diabetes (n = 110), an inverse association was found
between the SUA and fasting glucose levels and the prevalence of
diabetes (37). These observations might be explained by higher
renal clearance of uric acid in adult diabetic patients (38). The
following reasons could potentially explain the differences in the
above studies: (1) the participants involved in previous studies
had different characteristics. For instance, only newly diagnosed
type 2 diabetes patients were involved in Ma’s study (19) and only
obese adolescents in Balikcioglu’s study (36). Besides, the healthy
individuals and diabetic patients in Ali’s study (37) came from the
same university or hospital in Bangladesh, while in the present
study, we only included individuals without diabetes. (2) The
research methods, statistical analysis, and adjusted confounding
factors differed in the above-mentioned research. Only age,
BMI, blood pressure, triglyceride, and creatinine were adjusted
in Ma’s study (19), while branched-chain amino acid (BCAA)
levels and products of BCAA catabolism were additionally
adjusted in Balikcioglu’s study (36). Besides, age, gender, serum
lipid profile, albumin, and total protein were adjusted in Ali’s
study (37), while in the present study, we only additionally
adjusted for race, waist circumference, drinking status, education
level, and urate-lowering therapy. Analysis was also conducted
separately by gender. To sum up, different participants, research
methods, and the adjusted confounding factors might explain the
inconsistent results.

Previous studies have reported the influence of menopausal
transition on the changes in SUA. Cho et al. found that
the prevalence of hyperuricemia significantly increases as the
menopausal stage increases (39). Ahmed et al. suggested that a
reduction of estrogen levels in post-menopausal women leads to
a higher risk of type 2 diabetes mellitus (T2DM) (40). Another
study found that menopause is often related to the accumulation
of visceral adipose tissue (VAT), which may provoke IR and
result in hyperinsulinemia (41). Also, menopausal hormone
therapy may improve insulin secretion and sensitivity, thus
decreasing the risk of T2DM (42). Due to the influence of

menopause, we further performed a stratified analysis based on
menopausal status to explore the above relationship in women
without diabetes.

Our results showed that SUA was significantly associated
with IR only in pre-menopausal women aged > 20 years but
not in the post-menopausal group. No previous study found
this phenomenon. However, the reason for this result remained
poorly understood. The sex hormone alteration in the post-
menopausal period, decreasing serum estrogen and sex hormone-
binding globulin, and elevated free testosterone levels could all
lead to the accumulation of VAT (43, 44). As the accumulation of
VAT is the main predictor of IR, we speculate that the production
of pro-inflammatory factors by adipocytes and chronic low-grade
inflammation state might weaken the effect of uric acid on IR in
post-menopausal women. Future studies are needed to confirm
the differences in the relationship between SUA and IR in women
with different menopausal statuses and explore the causes of the
above phenomenon.

We used a large national representative sample among the
general United States population, which increased the statistical
strength and confirmed the reliability of the reported results.
We fully adjusted the analyses for the potential confounding
factors and analyzed the association with different statistical
methods. To the best of our knowledge, this is the first study
that used binary logistic regression analysis to investigate the
relationship between SUA and glucose metabolism, and restricted
cubic splines and stratified analysis by menopausal status to
explore the relationship between SUA and glucose metabolism
with a large-scale nationwide sample. Due to the differences in
uric acid levels between men and women, the analyses were
conducted separately by gender. Therefore, it is helpful to explore
the gender difference in the relationship between uric acid and
impaired glucose metabolism. In the present study, we only
included people without diabetes to avoid the effect of oral
hypoglycemic drugs and exogenous insulin. To minimize the
influence of metabolic syndrome, we performed a sensitivity
analysis by excluding participants without metabolic syndrome,
and the obtained results were still stable.

The present study has the following limitations: primarily,
as this was a cross-sectional study, it was difficult to determine
causality, so further experimental studies and large-scale
prospective research are required to confirm the causality.
Furthermore, the serum variables in our study were only
measured once, while uric acid, fasting glucose, and insulin were
not static but dynamic variables, which may be affected by the diet
and cause some bias. In addition, due to the limited data, it was
impossible to include all potential confounding factors. We also
did not analyze the relationship between SUA and other indexes
reflecting the function of islet B cells, such as the C peptide.
Meanwhile, we used data from NHANES 2011 to 2016, some of
which may be considered outdated, considering the changes that
may have occurred due to changes in lifestyle and food habits.

With improved living conditions, the prevalence of
hyperuricemia is gradually increasing. It is generally agreed that
gout patients should initiate urate-lowering therapy; however,
for asymptomatic hyperuricemia patients, most countries do
not recommend initiating urate-lowering therapy due to the
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potentially serious adverse effects. Our results suggest that more
attention should be paid to the SUA level; for people with
unexplained impaired glucose metabolism, screening for SUA
might be necessary. For people with elevated SUA levels, even
those without urate-lowering therapy, professional advice on how
to control uric acid levels, such as weight loss, avoidance of
alcohol, sugar-sweetened drinks, and seafood, might be helpful.

CONCLUSION

Our study suggests that SUA levels might be positively associated
with impaired glucose metabolism in the general United States
adult population without diabetes. We found that uric acid
increased the risk of IR in pre-menopausal women aged
>20 years rather than in post-menopausal women. We hope
that these results can provide valuable information for the
screening and treatment of impaired glucose metabolism and
screening of SUA. Future studies are needed to confirm the
differences in the relationship between SUA and IR in women
with different menopausal statuses and explore the causes of the
above phenomenon.
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Background: Insulin resistance and/or hyperinsulinemia are closely linked to
adiposity, metabolic syndrome (MetS) and prolonged inflammatory processes.

Methods: We retrospectively analyzed 1,018 adult individuals with a mean
age of 46 years (74% male) and classified them as: Metabolically normal:
without any of the five criteria of the International Diabetes Federation (IDF)
used for the diagnosis of MetS, plus normal fasting insulin (Men < 8 mU/L,
Women < 10 mU/L); Level 1 MetS: with one or two IDF criteria, plus
hyperinsulinemia (Men: > 8 mU/L), and Women: > 10 mU/L); Level 2 MetS:
with three or more IDF criteria, plus hyperinsulinemia.

Results: The mean values for fasting insulinemia in metabolically normal
individuals was 4.6 + 1.8 mU/L and 5.6 £ 2.3 mU/L, while their means for
the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) were
1.0 and 1.2 for men and women, respectively. In addition, the mean values
for insulin (and HOMA-IR) for individuals with two normal anthropometric
parameters (body mass index and waist girth), or two normal anthropometric
parameters plus no IDF criteria, were similar to the metabolically normal
group. Based on the obtained mean + 2 SD, we established the following
insulin (and HOMA-IR) values as diagnostic cut-offs for hyperinsulinemia:
Men: > 8 mU/L (= 1.5), and Women: > 10 mU/L (> 2.0). The mean serum
insulin was significantly higher for individuals with Level 1 MetS (approx.
9 mU/L for both genders) compared with metabolically normal individuals,
as was the prevalence of hepatic steatosis, which was more evident in men.
Thus, the presence of one or two abnormal IDF criteria, combined with
hyperinsulinemia and/or raised HOMA-IR, suggests the presence of MetS and
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insulin resistance. Patients of both genders with Level 2 MetS had higher
serum insulin and/or HOMA-IR values than Level 1, as well as a higher
prevalence of hypertension and hepatic steatosis, being more pronounced
among men. The process was progressive and proportional to the degree of

hyperinsulinemia.

Conclusion: It is proposed that intervention against MetS progression should
be started in individuals with Level 1 MetS, rather than waiting for more
criteria for diagnostic confirmation, which this should help to reduce the
occurrence of known complications such as type 2 diabetes, atherosclerosis,
hypertension, and chronic kidney disease, among others.

diabetes, HOMA-IR, insulin, hyperinsulinemia, obesity, metabolic syndrome

Background

Metabolic syndrome (MetS) is a serious disorder that
results from prolonged subclinical systemic inflammation
originating in adipose tissue (1-4). It is increasingly prevalent
worldwide (5, 6) and threatens the continued growth of
life expectancy that has been observed over the last two
centuries (7).

The major factor responsible for its increased prevalence is
certainly the pandemic of obesity, which is primarily caused by
diets containing an excess of carbohydrates and by sedentary
lifestyles (1, 8, 9). Yet, despite its recognized importance, there is
no homogeneous definition of MetS. The most commonly used
definitions are those of the European Group for the Study of
Insulin Resistance, (10) the American Association of Clinical
Endocrinologists, (11) the International Diabetes Federation
(IDF), (12) and the National Cholesterol Education Program
Adult Treatment Panel III 2005 (13). The first three consider
insulin resistance to be a mandatory condition for diagnosis,
while the latter requires the presence of three or more of
the following five IDF criteria: (1) triglycerides > 150 mg/dL;
(2) high density lipoprotein-cholesterol (HDL-C) < 40 mg/dL
in men and < 50 mg/dL in women, or patient receiving
fibrate; (3) blood glucose > 100 mg/dL; (4) increased waist
girth (variable with ethnicity); and (5) hypertension > 130
and/or/85 mm Hg, or patient receiving antihypertensive
treatment (13).

Insulin resistance, hyperinsulinemia, and MetS are closely
related to each other and to various medical complications such
as type 2 diabetes, chronic kidney disease, hepatic steatosis,

Abbreviations: BMI, Body mass index; HDL-C, high density lipoprotein
cholesterol; HS, hepatic steatosis; HOMA-IR, Homeostatic Model
Assessment for Insulin Resistance; HTN, Hypertension; IDF, International
Diabetes Federation; MetS, Metabolic Syndrome.
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neoplasms, urinary calculosis, polycystic ovary syndrome,
arthropathies, hypertension, cardiovascular diseases, and skin
diseases including psoriasis (13-24).

Despite the recognized importance of MetS, the limits
for diagnosing hyperinsulinemia and insulin resistance
are still not clear. In this paper, we aimed to define
normal values for insulin and the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) index based
on a Brazilian cohort, and to suggest a new and simpler
classification for MetS. We propose that this will provide early
recognition and promote preventive therapeutic intervention

for complications.

Materials and methods
Participants and study design

This was a cross-sectional, retrospective, single-center study
that aimed to define the diagnostic cut-offs for fasting blood
insulin and HOMA-IR in Brazilian adults of both genders.
A cohort of 1,015 adult study participants (751 men, 264
women), with a mean age of 46.5 years + 891, were
recruited from participants who underwent elective screening
consultations (check-ups) from October 2020 to March 2021.
Patients were examined for comorbidities such as hypertension,
diabetes, dyslipidemia, and obesity, due to their relevance to the
proposed analyses.

Patient numbers varied slightly in different categories
of results as some participants did not undergo a specific
examination (i.e., ultrasound), and these have been
noted in the text.

This study was approved by the Ethics and Research
Committee of Hospital Alemdo Oswaldo Cruz de Sdo Paulo

(CAAE: 46489021.6.0000.0070).
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TABLE 1 Baseline characteristics of patients.

Variables Men Women Total
(n=751) (n=264) (n=1015)
Age (years) 473 £9.7 448+7.1 46.5+ 89
Body Mass Index (kg/m?) 282438 2544417 274+ 4.1
Waist Girth (cm) 100.6 £ 10.9 87.6 £ 10.9 96.6 + 12.4
Systolic blood pressure 1273+ 13.5 1179 £ 15.7 124.5 + 149
(mmHg)
Diastolic blood pressure 85.14+9.9 752+ 11.1 821+£113
(mmHg)
Total Cholesterol (mg/dL) 187.8 £35.9 186.1 £ 36.2 187.3 4+ 36.0
LDL (mg/dL) 124.0 £72.9 109.6 £ 32.6 119.6 + 63.6
HDL (mg/dL) 47.7 £12.9 60.4 £+ 15.9 51.6 £15.1
Triglycerides (mg/dL) 124.5 £70.4 92.2450.2 114.7 £ 66.5
Fasting glucose (mg/dL) 96.2 £13.7 912+84 947 £12.5
Insulin (mU/L) 12.1 £ 8.4 9.9+6.2 114+78
HOMA-IR 29+£23 23+ 1.53 2.71£2.0
HbAILC (%) 53405 52405 5284 0.5
Hepatic Steatosis (n/%) 299/743 (40.2)  43/255(16.9)  342/998 (33.7)
Serum creatinine (mg/dL) 1.8+ 0.6 0.7£0.2 146 £7.6

Clinical evaluation and sample
collection for laboratory tests

Blood pressure was measured during clinical
evaluations using the auscultatory method with a manual
sphygmomanometer, in a seated position after at least 5 min of
rest. Waist girth (cm) was measured at the midpoint between
the last rib and the iliac crest. Body mass index (BMI) was
calculated after confirming weight and height.

The five criteria used by the IDF for the diagnosis of MetS
(13)—as listed above—were assessed, and each participant also
authorized an additional blood sample and an isolated urine
sample to be used for the determination of fasting serum insulin
and microalbuminuria. The samples were collected after 10-12 h
fasting and were analyzed in addition to the standard tests pre-
defined by the check-up program of Hospital Alemdo Oswaldo
Cruz (Sao Paulo), at no additional cost to customers, companies,
or healthcare providers.

Patients were considered normal if they had no previous
diagnosis of the conditions considered criteria for MetS and
which were not on regular use of drugs to treat them. Patients
were diagnosed with MetS if they fulfilled the diagnostic criteria
according to IDF criteria.

The standard laboratory analyses were conducted on the day
of the allocated appointment, with their respective evaluation
methods and reference values considered by the analysis
laboratory, and included:

e Creatinine, kinetic method, colorimetric
e Blood glucose: enzymatic method

Frontiers in Medicine

10.3389/fmed.2022.984001

TABLE 2 Anthropometric parameters of BMI and Waist Girth
compared to insulin and HOMA-IR in men and women.

BMI ranges n (%) Insulin (mU/L) HOMA-IR
mean + SD mean + SD

Men

17.8-22.9 51 (6.7%) 5.80 + 2.88%% 1.34 4 0.69>**
23-24.9 121 (16.1%) 7.52 4 4,919 1.77 + 1.18 b
25-29.9 374 (49.6%) 10.4 4 5.58 2** 2.46 + 1.40 Do+
>30 207 (27.5%) 17.2 4143 2% 4.26 +3.92 0+
‘Women

17.8-22.9 91 (34.3%) 6.35 %+ 2.50°% 1.38 £ 0.60%*
23-24.9 45 (17%) 7.93 4 3,176+ 1.76 £ 0.69%%
25-29.9 88 (33.2%) 10.6 + 5.83** 2.46 + 1.48%*
>30 41 (15.4%) 15.4 + 7.23%%* 3.73 +2.029*
Waist n (%) Insulin (mU/L) HOMA-IR
ranges (cm) mean + SD mean % SD
Men

<90 106 (14.1%) 6.30 + 4.00°** 1.47 + 098
90-99.9 266 (35.4%) 9.43 + 5,53 2.21 4 1.35%
> 100 380 (50.5%) 14.4 + 11,5 3.52 4 3.14%*
‘Women

<80 64 (24%) 6.05 = 2.588** 1.31 4 0.58"%*
80-89.9 98 (37%) 7.87 4 3.308%* 1.76 £ 0.830%¢
>90 102 (38.6%) 13.0 + 6.898*+ 3.08 + 1.830

a-h: comparison among groups according to the respective letter. For BMI (753 men,
265 women, 1,018 total), insulin and HOMA-IR means were significantly different by
*p < 0.05 or **p < 0.005; for waist girth (752 men; 264 women; waist not recorded for 1
man and 1 woman; 1,016 total), means differed by *p < 0.05 or **p < 0.001.

e Fasting insulin: electro chemiluminometric assay
o HOMA-IR (Homeostatic Model Assessment for Insulin
Resistance

e HDL-C (high density lipoprotein  cholesterol):
homogeneous enzyme assay

o Triglycerides: enzymatic assay

e Microalbumin in an isolated wurine sample: by

immunoturbidimetry (mg/g creatinine).

In addition, hepatic steatosis was assessed using abdominal
ultrasound by the same team and equipment.

Statistical analysis

The D’Agostino-Pearson omnibus and Shapiro-Wilk tests
were used to assess the distribution of variables. Variables with
parametric distribution were expressed as mean =+ standard
deviation and compared using the Student’s t-test when in
two groups and using analysis of variance (ANOVA) when
in three or more groups. Where data distributions were
non-parametric, the variables were expressed as median and
interquartile ranges, and compared using the Mann-Whitney
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TABLE 3 Insulin and HOMA-IR values of participants with: (A) normal anthropometric parameters (BMI and Waist); (B) no IDF criteria; or (C) normal

anthropometric parameters (BMI and Waist) and no IDF criteria.

Gender Insulin (mU/L) HOMA-IR
n (%) Mean SD Mean + 1 SD Mean + 2 SD Mean SD Mean + 1 SD Mean + 2 SD

(A)

Men 18 (2.4%) 4.3 1.4 5.7 7.1 1.09* 0.35 1.35 1.70
Women 38 (14%) 5.4 23 7.7 10 1.24 05 1.7 2.20
(B)

Men 49 (6.5%) 4.6* 1.8 6.4 8.2 1.0%% 0.4 14 1.8
Women 48 (18%) 5.60* 23 7.9 10.2 1.2¢% 05 1.7 22
(©

Men 11(1.5%) 4.0 1.6 5.6 7.2 0.9 0.3 1.2 1.5
Women 33(4.4%) 53¢ 22 75 9.7 L1t 0.5 1.6 2.1

Normal anthropometric ranges were defined as: BMI < 23; Waist < 90 (men), < 80 (women); a-f: comparison among groups according to the respective letter. *Insulinemia and
HOMA-IR means were statistically different between men and women (p < 0.005). n = 752 men (1 man excluded as insulin not recorded); 265 women; 1,017 total.

U test for two groups or the Kruskal-Wallis test among three
or more groups. Nominal variables were expressed as absolute
and percentage counts and were analyzed using the Chi-squared
or Fisher’s exact test. We used the analysis of Receiver Operator
Characteristics (ROC) curves to evaluate the accuracy of insulin
and HOMA-IR values for the prediction of metabolic syndrome
for male and female patients. Values of p < 0.05 or, in the
case of multiple comparisons, g less than 0.05 were considered
statistically significant. Statistical analyses were performed using
GraphPad Prism version 8.00 (GraphPad Software, San Diego,
CA, United States) and SPSS 25.0 (IBM Corp, Armonk, NY,
United States) software programs.

Results

The cohort of 1,015 adult study participants (751 men,
264 women) had a mean age of 46.5 £+ 8.9 years old. The
baseline characteristics of patients are described on Table 1. The
relationship between ranges of two anthropometric parameters
(BMI, Waist girth) compared with insulin and HOMA-IR are
described on Table 2.

The lowest ranges of these two anthropometric parameters
were used to define normal insulin and HOMA-IR values:
BMI < 23 for men and women; Waist < 90 cm and < 80 cm
for men and women, respectively. These anthropometric normal
ranges were then combined in an analysis with the five IDF
criteria for MetS (Table 2).

Based on the mean + 2 SD values for insulin and HOMA-
IR observed in Table 3, as well as a ROC curve co-ordinates, we
defined the following diagnostic cut-offs for hyperinsulinemia
(and raised HOMA-IR): Men > 8 mU/L (sensitivity: 82.4% and
specificity: 58%) and HOMA-IR > 1.5 (sensitivity: 91.3% and
specificity: 51%) and Women > 10 mU/L (sensitivity: 78.6% and
specificity: 72.5%) and HOMA-IR > 2.0 (sensitivity: 83.9% and
specificity: 70.2%).
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Based on those data, a new classification for diagnosis of
MetS is proposed:

e Metabolically normal: fasting insulinemia Men < 8 mU/L,
Women < 10 mU/L, and no IDF criteria for the
diagnosis of MetS.

e Level 1 MetS: hyperinsulinemia, plus one or two IDF
criteria for the diagnosis of MetS.

e Level 2 MetS: hyperinsulinemia, plus three or more IDF
criteria for the diagnosis of MetS.

The proportion of metabolically normal and MetS patients
(Level 1 and Level 2) according to insulinemia below and
above the established cut-off may be observed in Figure 1. The
statistical differences for the men with insulinemia > 8 mU/L
were highly significant (p < 0.001) between normal, Level 1
MetS, and Level 2 MetS. These highly significant trends were
repeated for women with insulin > 10 mU/L.

The participants were then conveniently subdivided into
insulin ranges from 2-4, 5-7, 8-10, 11-15 and > 16 mU/L
(Figure 2). This showed a lower percentage of normal
individuals and a higher percentage of patients with MetS in
parallel with the increase in serum insulin values.

According to our definition (Table 4), metabolically normal
individuals are normotensive. The mean insulin concentrations
found in both male and female participants with Level 1 MetS
and Level 2 MetS were significantly higher than the insulin
means of metabolically normal patients. The mean insulin of
Level 2 MetS patients was also statistically higher to that of
Level 1 MetS (e.g., the higher the MetS level of MetS, the higher
the insulin values in men and women). These highly significant
differences were also reflected in the HOMA-IR values.
for insulin and HOMA-IR were also
observed for the proportions of hepatic steatosis (HS) in

Similar trends

both men and women. However, 10% of men with two
normal anthropometric parameters (and 4% of men with
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FIGURE 1

B Normal (n=48) m Level 1 (n=168) Level 2 (n=39)

Proportion of normal and MetS patients vs. insulin cut-offs for (A) men and (B) women.

Insulin > 10 mU/L

no IDF criteria) were found to have hepatic steatosis,
possibly related to alcohol intake or another cause. The
proportion of patients with hypertension was significantly
greater among men with Level 2 MetS compared to men
with Level 1 MetS, and this trend was also observed

among the women.
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As metabolic syndrome may progress to renal failure and
albuminuria, renal function was also assessed in the patient
cohort by serum creatinine and microalbuminuria. However, no
significant differences were found between the normal and MetS
groups. This may have been the result of the late evolution of

renal complications.
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FIGURE 2
Proportion of patients classified as normal, Level 1 MetS, or Level 2 MetS, vs. ranges of fasting insulin (mU/L) for (A) men and (B) women.

Discussion

The prevalence of metabolic syndrome (MetS) varies
between countries and between regions of the same country.
In a study conducted in a city in the southern region of
Brazil (Parand State), MetS was confirmed in approximately
50% of the adult population over 40 years of age and in
both genders (25). In another study carried out in the city of
Niter6i (Southeast Region, Brazil), a prevalence of about 60%
was observed in older adults, based on the criteria defined by

the IDF (26).
MetS is a set of clinical abnormalities which include
obesity, hypertension, dyslipidemia, hyperglycemia, and

hyperinsulinemia. It is associated with a prolonged subclinical
inflammatory process evidenced by a series of biomarkers
such as pro-inflammatory cytokines, pro-oxidants, and
prothrombotic factors (1, 4, 27-31).
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Hyperinsulinemia has long been considered secondary to
insulin resistance resulting from an inflammatory process
generated by adiposity. However, it has more recently been
found to be directly responsible for the inflammatory condition
and for obesity (32-37). Insulin has a double action in the
endothelium. It normally plays a protective role by increasing
the production of nitric oxide, which is an important vasodilator
and anti-aggregant that limits the growth of muscle cells. Insulin
can also interfere with the release of endothelin ET-1, which is a
potent vasoconstrictor. However, the beneficial effects of insulin
that predominate under normal conditions are reversed in the
face of insulin resistance and hyperinsulinemia (29).

Hyperinsulinemia increases the apoptosis of endothelial
progenitor cells that are important for the maintenance of
endothelial function and that may promote both muscle cell
proliferation and atherogenesis (29, 30, 38, 39). It can also cause

a specific form of cardiomyopathy, which is characterized by
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TABLE 4 Insulin and HOMA-IR parameters in normal, Level 1 MetS, or Level 2 MetS patients, and% hepatic steatosis (HS) and hypertension

(HTN) in each group.

Gender n Insulin (mU/L) HOMA-IR HS (%) HTN
mean + SD mean + SD (BP > 130/85)
(range) (range) (%)

Men

Normal 49 46+18 1.01+0.43 4 0
(2-10) (0.4-2.4)

Level 1 MetS 428 9.3 + 5.5%% 2.1+ 1.33¢* 31 40
(2-48) (0.4-11.6)

Level 2 MetS 265 15.6 £ 9.0% 3.9 4 2.47°* 60 83
(2-60) (0.9-18)

Women

Normal 48 56423 1.20 + 0.50 0 0
(2-13) (0.4-3)

Level 1 MetS 168 9.1 + 4.9P 2.00 + 1.654* 13 21
(3-34) (1.6-7.9)

Level 2 MetS 39 15.4 +7.15* 3.9 42,034 49 78
(5-31) (1.1-7.9)

HS, Hepatic Steatosis; HTN, Hypertension; a-d: comparison among groups according to the respective letter; 752 men (1 patient’s insulin was not measured); 265 women; 1,017 total.

*Significantly different to normal—the effects were large, so p values were < 0.001.

diastolic dysfunction, fibrosis, and heart failure, regardless of
hypertension and atherosclerosis. This is secondary to abnormal
coronary microcirculation, and activation of the sympathetic
nervous and renin-angiotensin-aldosterone systems (17). It
should be noted that hyperinsulinemia is a risk factor regardless
of whether the patient is thin or obese, (40) diabetic or not (41).

The presence of hyperinsulinemia is clearly responsible for
MetS damage, yet despite this importance, the reference points
for insulin levels are variable and often incorrect. Some clinical
analysis laboratories have established normal insulin limits up
to 25 mU/L, or more. Other authors (37, 42) have defined
fasting hyperinsulinemia as insulin levels of above 12 mU/L,
while still others have suggested limits below 10 mU/L (43).
Hyperinsulinemia has also been defined as the 75th percentile
of the sum of the distribution in the normotensive, non-obese
group, with normal glycemia (44).

The cut-offs obtained for the diagnosis of hyperinsulinemia
(and raised HOMA-IR) in the present study [i.e., Men > 8 mU/L
(> 1.5), Women > 10 mU/L (> 2.0)], are lower than those
considered as the reference points by most clinical analysis
laboratories. As can be observed, only 8% of men and 6%
of women with insulin above the cut-offs defined for the
diagnosis of hyperinsulinemia were considered metabolically
normal in our cohort.

The proportion of participants considered metabolically
normal significantly decreased with insulin values above the
cut-offs and increased in participants with Level 1 or Level
2 MetS. This distribution clearly differentiated between the
groups, validating the cut-off defined for the diagnosis of
hyperinsulinemia, and consolidating the importance of the
metabolic classes proposed in this analysis (normal, Level 1, and
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Level 2 MetS). These data were even more evident in Figure 2,
which expanded the hyperinsulinemia ranges.

The various criteria used for diagnosis of MetS and its
associated complications certainly do not appear concurrently.
Instead, they appear over time and are preceded by prolonged
exposure to hyperinsulinemia, which can be an earlier marker
of metabolic risk (21-24, 30, 31, 43, 45-49).
definition of the
hyperinsulinemia will allow for early prevention and therapeutic

A clear diagnostic  cut-off for
intervention, before the emergence of the recognized and
multiple morbidities associated with MetS, such as type 2
diabetes, cardiovascular diseases, and neoplasms. Our proposal
to classify individuals as metabolically normal, Level 1 MetS,
or Level 2 MetS is aimed at recognizing the clinical importance
of hyperinsulinemia and the early stages of the syndrome,
regardless of the number of IDF criteria exhibited by a patient.

Insulin values were significantly higher in patients with
Level 1 MetS than in those considered metabolically normal
(i.e., without any of the five IDF criteria defined previously),
as was the prevalence of steatosis and hypertension. This
showed that the presence of one or two of the IDF criteria
already suggests the presence of insulin resistance and metabolic
dysfunction. Without effective medical intervention, these
individuals will likely develop MetS to its fullest extent over time,
as evidenced by participants with Level 2 MetS who had even
greater hyperinsulinemia and/or HOMA-IR values, and a higher
prevalence of HTN and HS, compared to patients with Level 1
MetS. No significant changes in renal function, as assessed by the
means for serum creatinine or microalbuminuria, were detected
between the normal vs. the MetS groups, probably because these
are late complications.
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Our study has some limitations. First, it is a retrospective
study with data from Brazilian patients who underwent
annual check-up exams, which makes the study findings
valid only for Brazil. However, such design of study can
serve as a model for other countries and, perhaps, contribute
to standardization of insulin reference levels at a global
level. In addition, there is no information about the dietary
and physical activity patterns of these individuals what may
contribute to the MetS.

In of

insulin

the benefits
with fasting

summary, studies to evaluate

an early approach of patients
values above normal cut-offs, i.e., 8 mU/L in men and
10 mU/L in women (and/or HOMA-IR upper limits
of 1.5 and 2.0), the

criteria for MetS (Level 1 MetS) to reduce cardiovascular

despite number of diagnostic

events are necessary.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

This study was approved by the ethics and research
committee of Hospital Alemao Oswaldo Cruz de Sao
Paulo (CAAE: 46489021.6.0000.0070). Written
consent for participation was not required for this study
with  the the
institutional requirements.

informed

in accordance national legislation and

References

1. Saltiel AR, Olefsky JM.
and metabolic disease. J Clin Invest.
2035

Inflammatory mechanisms linking obesity
(2017). 127:1-4. doi: 10.1172/JCI9

2. Svatina S. Current views on metabolic syndrome. Vnitr Lek. (2019) 64:1156-9.

3. Svarovskaya AV, Teplyakov AT, Gusakova AM, Garganeeva AA. Role of
markers of inflammation and endothelial dysfunction in the prognosis of the
development of cardiovascular complications in patients with coronary artery
disease and metabolic syndrome after coronary stenting. Kardiologiia. (2020)
60:98-105. doi: 10.18087/cardio.2020.8.n966

4. Yudkin JS. Inflammation, obesity, and the metabolic syndrome. Horm Metab
Res. (2007) 39:707-9. doi: 10.1055/s-2007-985898

5. Ansarimoghaddam A, Adineh HA, Zareban I, Iranpour S, HosseinZadeh A,
Kh F. Prevalence of metabolic syndrome in Middle-East countries: Meta-analysis
of cross-sectional studies. Diabetes Metab Syndr. (2018) 12:195-201. doi: 10.1016/j.
dsx.2017.11.004

6. Owen JG, Reisin E. Anti-hypertensive drug treatment of participants with
and the metabolic syndrome and obesity: a review of evidence, meta-analysis,
post hoc and guidelines publications. Curr Hypertens Rep. (2005) 17:558. doi:
10.1007/s11906-015-0558-9

Frontiers in Medicine

44

10.3389/fmed.2022.984001

Author contributions

PC: conception and design, data acquisition, analysis and
interpretation, drafting the article, critically revising the article,
funding acquisition, and supervision of the research group. JD:
data interpretation, drafting the article, and critically revising
the article. VS, PM, and AC-N: data analysis and interpretation,
drafting the article, and critically revising the article. SM, FO,
LP, AB, and FS: data analysis and interpretation and critically
revising the article. All authors have read and approved the final
version of the manuscript.

Funding

This work was supported by Hospital Alemao Oswaldo Cruz.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Olshansky SJ, Passaro DJ, Hershow RC, Layden ], Carnes BA, Brody J, et al. A
potential decline in life expectancy in the United States in the 21st century. N Engl
J Med. (2005) 352:1138-45. doi: 10.1056/NEJMsr043743

8. Legeza B, Marcolongo P, Gamberucci A, Varga V, Banhegyi G, Benedetti A,
et al. Fructose, glucocorticoids and adipose tissue: implications for the metabolic
syndrome. Nutrients. (2017) 9:426. doi: 10.3390/nu9050426

9. Rask-Madsen C, Kahn CR. Tissue-specific insulin signaling, metabolic
syndrome, and cardiovascular disease. Arterioscler Thromb Vasc Biol. (2012)
32:2052-9. doi: 10.1161/ATVBAHA.111.241919

10. Balkau B, Charles MA. Comment on the provisional report from the WHO
consultation. European Group for the Study of Insulin Resistance (EGIR). Diabet
Med. (1999) 16:442-3. doi: 10.1046/j.1464-5491.1999.00059.x

11. Bloomgarden ZT. American Association of Clinical Endocrinologists
(AACE) consensus conference on the insulin resistance syndrome: 25-26 August
2002, Washington, DC. Diabetes Care. (2003) 26:933-9. doi: 10.2337/diacare.26.3.
933

12. Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J. The metabolic
syndrome: a global public health problem and a new definition. J Atheroscler
Thromb. (2005) 12:295-300. doi: 10.5551/jat.12.295

frontiersin.org


https://doi.org/10.3389/fmed.2022.984001
https://doi.org/10.1172/JCI92035
https://doi.org/10.1172/JCI92035
https://doi.org/10.18087/cardio.2020.8.n966
https://doi.org/10.1055/s-2007-985898
https://doi.org/10.1016/j.dsx.2017.11.004
https://doi.org/10.1016/j.dsx.2017.11.004
https://doi.org/10.1007/s11906-015-0558-9
https://doi.org/10.1007/s11906-015-0558-9
https://doi.org/10.1056/NEJMsr043743
https://doi.org/10.3390/nu9050426
https://doi.org/10.1161/ATVBAHA.111.241919
https://doi.org/10.1046/j.1464-5491.1999.00059.x
https://doi.org/10.2337/diacare.26.3.933
https://doi.org/10.2337/diacare.26.3.933
https://doi.org/10.5551/jat.12.295
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Chocair et al.

13. Huang PL. A comprehensive definition for metabolic syndrome. Dis Model
Mech. (2009) 2:231-7. doi: 10.1242/dmm.001180

14. Choudhary S, Pradhan D, Pandey A, Khan MK, Lall R, Ramesh V; et al. The
association of metabolic syndrome and psoriasis: a systematic review and meta-
analysis of observational study. Endocr Metab Immune Disord Drug Targets. (2020)
20:703-17. doi: 10.2174/1871530319666191008170409

15. Feng Y, Yang H. Metformin - a potentially effective drug for gestational
diabetes mellitus: a systematic review and meta-analysis. ] Matern Fetal Neonatal
Med. (2017) 30:1874-81. doi: 10.1080/14767058.2016.1228061

16. Gacci M, Russo GI, De Nunzio C, Sebastianelli A, Salvi M, Vignozzi L, et al.
Meta-analysis of metabolic syndrome and prostate cancer. Prostate Cancer Prostatic
Dis. (2017) 20:146-55. doi: 10.1038/pcan.2017.1

17. Jia G, DeMarco VG, Sowers JR. Insulin resistance and hyperinsulinaemia
in diabetic cardiomyopathy. Nat Rev Endocrinol. (2016) 12:144-53. doi: 10.1038/
nrendo.2015.216

18. Lithell HO. Effect of antihypertensive drugs on insulin, glucose, and lipid
metabolism. Diabetes Care. (1991) 14:203-9. doi: 10.2337/diacare.14.3.203

19. Owen JG, Reisin E. Anti-hypertensive drug treatment of patients with and the
metabolic syndrome and obesity: a review of evidence, meta-analysis, post hoc and
guidelines publications. Curr Hypertens Rep. (2015) 17:558. doi: 10.1007/s11906-
015-0558-9

20. Thomas G, Sehgal AR, Kashyap SR, Srinivas TR, Kirwan JP, Navaneethan SD.
Metabolic syndrome and kidney disease: a systematic review and meta-analysis.
Clin ] Am Soc Nephrol. (2011) 6:2364-73. doi: 10.2215/CJN.02180311

21. Wang E, Han L, Hu D. Fasting insulin, insulin resistance and risk of
hypertension in the general population: A meta-analysis. Clin Chim Acta. (2017)
464:57-63. doi: 10.1016/j.cca.2016.11.009

22. Wang Y, Qiao S, Han DW, Rong XR, Wang YX, Xue J], et al. Telmisartan
improves insulin resistance: a meta-analysis. Am ] Ther. (2018) 25:e642-51. doi:
10.1097/MJT.0000000000000733

23. Xun P, Wu Y, He Q, He K. Fasting insulin concentrations and incidence of
hypertension, stroke, and coronary heart disease: a meta-analysis of prospective
cohort studies. Am J Clin Nutr. (2013) 98:1543-54. doi: 10.3945/ajcn.113.065565

24.Yin DT, He H, Yu K, Xie J, Lei M, Ma R, et al. The association between
thyroid cancer and insulin resistance, metabolic syndrome and its components: A
systematic review and meta-analysis. Int J Surg. (2018) 57:66-75. doi: 10.1016/j.ijsu.
2018.07.013

25. Bortoletto MSS, Souza RKT, Cabrera MAS, Gonzadlez AD. Metabolic
syndrome, components and associated factors in adults aged 40 years or older from
a city in southern Brazil. Cadernos Satide Coletiva. (2016) 24:32-40.

26. Saad MA, Cardoso GP, Martins Wde A, Velarde LG, Cruz Filho RA.
Prevalence of metabolic syndrome in elderly and agreement among four diagnostic
criteria. Arq Bras Cardiol. (2014) 102:263-9. doi: 10.5935/abc.20140013

27. Ahmad R, Thomas R, Kochumon S, Sindhu S. Increased adipose tissue
expression of IL-18R and its ligand IL-18 associates with inflammation and insulin
resistance in obesity. Immun Inflamm Dis. (2017) 5:318-35. doi: 10.1002/iid3.170

28. Gluvic Z, Zaric B, Resanovic I, Obradovic M, Mitrovic A, Radak D, et al. Link
between Metabolic Syndrome and Insulin Resistance. Curr Vasc Pharmacol. (2017)
15:30-9. doi: 10.2174/1570161114666161007164510

29. Janus A, Szahidewicz-Krupska E, Mazur G, Doroszko A. Insulin resistance
and endothelial dysfunction constitute a common therapeutic target in
cardiometabolic disorders. Mediat Inflamm. (2016) 2016:3634948. doi: 10.1155/
2016/3634948

30. Montecucco E Steffens S, Mach F. Insulin resistance: a proinflammatory state
mediated by lipid-induced signaling dysfunction and involved in atherosclerotic
plaque instability. Mediat Inflamm. (2008) 2008:767623. doi: 10.1155/2008/767623

31. Srikanthan K, Feyh A, Visweshwar H, Shapiro JI, Sodhi K. Systematic review
of metabolic syndrome biomarkers: a panel for early detection, management, and

Frontiers in Medicine

45

10.3389/fmed.2022.984001

risk stratification in the west virginian population. Int ] Med Sci. (2016) 13:25-38.
doi: 10.7150/ijms.13800

32. Gray SL, Donald C, Jetha A, Covey SD, Kieffer TJ. Hyperinsulinemia
precedes insulin resistance in mice lacking pancreatic beta-cell leptin signaling.
Endocrinology. (2010) 151:4178-86. doi: 10.1210/en.2010-0102

33. Kitamura T, Kahn CR, Accili D. Insulin receptor knockout mice. Annu Rev
Physiol. (2003) 65:313-32. doi: 10.1146/annurev.physiol.65.092101.142540

34. Odeleye OE, de Courten M, Pettitt D], Ravussin E. Fasting hyperinsulinemia
is a predictor of increased body weight gain and obesity in Pima Indian children.
Diabetes. (1997) 46:1341-5. doi: 10.2337/diab.46.8.1341

35. Pedersen DJ, Guilherme A, Danai LV, Heyda L, Matevossian A, Cohen
J, et al. A major role of insulin in promoting obesity-associated adipose tissue
inflammation. Mol Metab. (2015) 4:507-18. doi: 10.1016/j.molmet.2015.04.003

36. van Vliet S, Koh HE, Patterson BW, Yoshino M, LaForest R, Gropler R],
et al. Obesity Is Associated With Increased Basal and Postprandial p-Cell Insulin
Secretion Even in the Absence of Insulin Resistance. Diabetes. (2020) 69:2112-9.
doi: 10.2337/db20-0377

37. Zhang AMY, Wellberg EA, Kopp JL, Johnson JD. Hyperinsulinemia in
obesity, inflammation, and cancer. Diabetes Metab J. (2021) 45:285-311. doi: 10.
4093/dm;.2020.0250

38. Tan Q, Li Y, Li X, Zhang S. Hyperinsulinemia impairs functions of circulating
endothelial progenitor cells. Acta Diabetol. (2019) 56:785-95. doi: 10.1007/s00592-
019-01314-9

39. Weidmann P, Bohlen L, de Courten M.
hyperinsulinemia in hypertension. ] Hypertens.
10.1097/00004872-199508001-00010

resistance and
13:565-72. doi:

Insulin
(1995)

40. Tsujimoto T, Kajio H, Sugiyama T. Association between hyperinsulinemia
and increased risk of cancer death in nonobese and obese people: A population-
based observational study. Int ] Cancer. (2017) 141:102-11. doi: 10.1002/ijc.3
0729

41. Kim NH, Chang Y, Lee SR, Ryu S, Kim HJ. Glycemic status, insulin resistance,
and risk of pancreatic cancer mortality in individuals with and without diabetes.
Am ] Gastroenterol. (2020) 115:1840-8. doi: 10.14309/ajg.0000000000000956

42. McAuley KA, Williams SM, Mann JI, Walker RJ, Lewis-Barned NJ, Temple
LA, et al. Diagnosing insulin resistance in the general population. Diabetes Care.
(2001) 24:460-4. doi: 10.2337/diacare.24.3.460

43. Szybinski Z, Szurkowska M. Insulinemia—a marker of early diagnosis and
control of efficacy of treatment of type II diabetes. Pol Arch Med Wewn. (2001)
106:793-800.

44. Modan M, Halkin H, Almog S, Lusky A, Eshkol A, Shefi M, et al.
Hyperinsulinemia. A link between hypertension obesity and glucose intolerance.
J Clin Invest. (1985) 75:809-17. doi: 10.1172/JCI111776

45, Fernandez-Real JM, Ricart W. Insulin resistance and chronic cardiovascular
inflammatory syndrome. Endocr Rev. (2003) 24:278-301. doi: 10.1210/er.2002-
0010

46. Laakso M. Cardiovascular disease in type 2 diabetes: challenge for treatment
and prevention. ] Intern Med. (2001) 249:225-35. doi: 10.1046/j.1365-2796.2001.
00789.x

47. McDonagh MS, Dana T, Selph S, Devine EB, Cantor A, Bougatsos C, et al.
Treatments for Schizophrenia in Adults: A Systematic Review [Internet]. Rockville,
MD: Agency for Healthcare Research and Quality (2017).

48. Sarafidis PA, Bakris GL. Review: Insulin and endothelin: an interplay
contributing to hypertension development? J Clin Endocrinol Metab. (2007)
92:379-85. doi: 10.1210/jc.2006-1819

49. Sarafidis PA, Lasaridis AN. Insulin resistance and endothelin: another
pathway for renal injury in patients with the cardiometabolic syndrome?
J Cardiometab  Syndr. (2008) 3:183-7. doi: 10.1111/j.1559-4572.2008.0
0009.x

frontiersin.org


https://doi.org/10.3389/fmed.2022.984001
https://doi.org/10.1242/dmm.001180
https://doi.org/10.2174/1871530319666191008170409
https://doi.org/10.1080/14767058.2016.1228061
https://doi.org/10.1038/pcan.2017.1
https://doi.org/10.1038/nrendo.2015.216
https://doi.org/10.1038/nrendo.2015.216
https://doi.org/10.2337/diacare.14.3.203
https://doi.org/10.1007/s11906-015-0558-9
https://doi.org/10.1007/s11906-015-0558-9
https://doi.org/10.2215/CJN.02180311
https://doi.org/10.1016/j.cca.2016.11.009
https://doi.org/10.1097/MJT.0000000000000733
https://doi.org/10.1097/MJT.0000000000000733
https://doi.org/10.3945/ajcn.113.065565
https://doi.org/10.1016/j.ijsu.2018.07.013
https://doi.org/10.1016/j.ijsu.2018.07.013
https://doi.org/10.5935/abc.20140013
https://doi.org/10.1002/iid3.170
https://doi.org/10.2174/1570161114666161007164510
https://doi.org/10.1155/2016/3634948
https://doi.org/10.1155/2016/3634948
https://doi.org/10.1155/2008/767623
https://doi.org/10.7150/ijms.13800
https://doi.org/10.1210/en.2010-0102
https://doi.org/10.1146/annurev.physiol.65.092101.142540
https://doi.org/10.2337/diab.46.8.1341
https://doi.org/10.1016/j.molmet.2015.04.003
https://doi.org/10.2337/db20-0377
https://doi.org/10.4093/dmj.2020.0250
https://doi.org/10.4093/dmj.2020.0250
https://doi.org/10.1007/s00592-019-01314-9
https://doi.org/10.1007/s00592-019-01314-9
https://doi.org/10.1097/00004872-199508001-00010
https://doi.org/10.1097/00004872-199508001-00010
https://doi.org/10.1002/ijc.30729
https://doi.org/10.1002/ijc.30729
https://doi.org/10.14309/ajg.0000000000000956
https://doi.org/10.2337/diacare.24.3.460
https://doi.org/10.1172/JCI111776
https://doi.org/10.1210/er.2002-0010
https://doi.org/10.1210/er.2002-0010
https://doi.org/10.1046/j.1365-2796.2001.00789.x
https://doi.org/10.1046/j.1365-2796.2001.00789.x
https://doi.org/10.1210/jc.2006-1819
https://doi.org/10.1111/j.1559-4572.2008.00009.x
https://doi.org/10.1111/j.1559-4572.2008.00009.x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

& frontiers | Frontiers in Public Health

@ Check for updates

OPEN ACCESS

Aleksandra Klisic,
Primary Health Care Center
Podgorica, Montenegro

Shengshu Wang,

People’s Liberation Army General
Hospital, China

Tatjana Gazibara,

University of Belgrade, Serbia

Jianjun Xiang
jianjun.xiang@fjmu.edu.cn
Hai-Lin Zhuang
392965115@qgg.com

This article was submitted to
Family Medicine and Primary Care,
a section of the journal

Frontiers in Public Health

06 July 2022
31 August 2022
26 September 2022

Jie J-H, Li D, Jia L-N, Chen Y, Yang Y,
Zheng B, Wu C, Liu B, Xu R, Xiang J
and Zhuang H-L (2022) Activities of
daily living and its influencing factors
for older people with type 2 diabetes
mellitus in urban communities of
Fuzhou, China.

Front. Public Health 10:948533.

doi: 10.3389/fpubh.2022.948533

© 2022 Jie, Li, Jia, Chen, Yang, Zheng,
Wu, Liu, Xu, Xiang and Zhuang. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiersin Public Health

Original Research
26 September 2022
10.3389/fpubh.2022.948533

Activities of daily living and its
influencing factors for older
people with type 2 diabetes
mellitus in urban communities
of Fuzhou, China

Jin-Hua Jie!, Dan Li*, Li-Na Jia', Yifeng Chen?, Yan Yang?,
Bailing Zheng?, Chuancheng Wu?, Baoying Liu?, Rongxian Xu?,
Jianjun Xiang?* and Hai-Lin Zhuang'*

Department of Health Management, Fujian Health College, Fujian, China, 2Department of

Preventive Medicine, School of Public Health, Fujian Medical University, Fujian, China, *Department
of Nutrition and Food Safety, School of Public Health, Fujian Medical University, Fujian, China

Background: Type 2 diabetes mellitus (T2DM) is an independent risk factor for
functional limitations among the older population. The predicted increase in
T2DM cases combined with the ongoing rapidly aging population may further
burden the already overloaded healthcare system and aggravate the loss of
economic self-sufficiency. This study aimed to investigate the activities of daily
living (ADL) and its influencing factors on older people with T2DM, and to
provide implications for the development and improvement of community
nursing services in the context rapidly aging population in China.

Methods: From March 2019 to June 2020, we conducted a cross-
sectional questionnaire survey among older T2DM patients in Fuzhou, using
a multi-stage cluster sampling approach. Functional status was measured by
the Lawton ADL scale. Stata "nptrend” test was used to examine the trend
of ordinal variables on ADL. Non-conditional logistic regression was used to
identify factors affecting ADL limitations.

Results: A total of 2016 questionnaires were received, with a response rate
of 96%. 12.4% of participants suffered from varying degrees of functional
impairment. ADL limitations increased with age. More comorbidities were
associated with a greater risk of developing functional limitations in ADLs.
the following sub-groups were more likely to suffer from ADL impairment:
those aged 70 and over years (OR = 1.99, 95%Cl 1.77-2.56), living in
an aged care house or with spouse/children (OR = 2.31, 95%Cl 1.25-
4.26), low monthly income (OR = 1.49, 95%Cl 1.28-1.64), without health
insurance (OR = 1.82, 95%Cl 1.40-240), tight family expenses (OR =
1.95, 95%Cl 1.42-2.69), having stroke (OR = 6.70, 95%Cl| 2.22-20.23) or
malignant tumor (OR = 4.45, 95%Cl 1.27-15.53), irregular eating habit
(OR = 2.55, 95%Cl 2.23-2.92), smoking (OR = 140, 95%Cl 1.22-1.60),
sedentary lifestyle (OR = 2.04, 95%Cl 1.46-2.85), lack of physical exercise
(OR = 1.35, 95%Cl 1.19-1.53), sleeping difficulty (OR = 1.25, 95%Cl
1.10-1.42), and lack of family support (OR = 1.19, 95%Cl 1.10-1.29).
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Conclusion: Older adults (>70 years) with T2DM had a high prevalence of
functional limitations across a range of daily living tasks, which not only affect
individual life of quality but also present a huge burden on the family, health
services system, and the whole society. Identified factors associated with ADL
limitations may provide useful information for targeted nursing practice and
health promotion.

type 2 diabetes, ADL, elderly, functional limitation, comorbidities, Fuzhou

Introduction

Type 2 diabetes mellitus (T2DM) is a serious public health
concern. According to the latest 10th Edition IDF (International
Diabetes Federation) Report (1), about 537 million people were
living with diabetes (over 90% being T2DM) worldwide in 2021
and ~6.7 million people have died from it or its complications
at the same year. Driven by a complex interplay of multifarious
factors such as the rapidly aging population, increased sedentary
lifestyle, and abrupt changes in traditional dietary habits (2),
T2DM has become one of the fastest-growing global health
emergencies in this century, with the projected prevalence rate
reaching 7,079 individuals per 100,000 by 2030 (3). China has
the largest numbers of both current (accounting for about one-
quarter of global cases) and projected T2DM cases partly due
to its large population size (1). From 1990 to 2016, the all-
age morbidity and mortality rates in China have dramatically
increased by 78.4 and 63.5% (4), respectively, presenting huge
healthcare and economic burden on the society.

T2DM is a prevalent chronic health condition more
frequently affecting people aged 65 and over. Results of the 2017
national epidemiological survey showed that the prevalence of
diabetes was 30.2% in people aged >60 years and the pre-
diabetes prevalence rate reached 47.7%, although the proportion
of undiagnosed cases was estimated to be 51.7% (1). Older
T2DM patients were found to have an accelerated decline in
leg lean mass, muscle strength and functional capacity when
compared with normoglycemic control groups (5). Evidence has
shown that T2DM is an independent risk factor for functional
limitations among the older population (6), impairing about
60% of activities of daily living (ADL) for diabetic people
aged>65 years compared with only 34% for the same age group
without T2DM in the USA (7), especially among older Mexican
Americans with T2DM (8). Moreover, T2DM patients were
two to three times more likely to suffer from disability than
their counterparts (9), and utilized healthcare services more
frequently as well. Therefore, the predicted increase in T2DM
cases combined with the ongoing rapidly aging population may
further burden the already overloaded healthcare system and
aggravate the loss of economic self-sufficiency.

Frontiersin Public Health

47

Effective  diabetes critical ~ for
maintaining health and preventing the
further diabetes-related

ketoacidosis,

self-management is
occurrence of
diabetic
diseases,

complications such as

hypoglycemia,  cardiovascular
retinopathy, nephropathy, vascular nephropathy, and foot
complications (6). However, self-management can be especially
challenging for elderly people with T2DM, as they are more
likely to suffer from functional limitations and develop geriatric
syndromes than those without diabetes (8, 9). Results of a
survey including 1,691 individuals sampled from 5 provinces
of China showed that T2DM patients especially those living
in a low socioeconomic status were moderately satisfied with
urban community health services (10), indicating room to
improve diabetes caring services at a community level in the
aspects of healthcare services quality, health promotion, health
insurance, and the essential drug system (10, 11). Currently,
few studies in China have investigated the extent to which older
adults suffer from functional limitations due to T2DM and
its related complications. This study aims to investigate older
T2DM patients activities of daily living (ADL) and identify its
influencing factors. Findings of this study can provide useful
evidence for the provision of targeted community healthcare
services for older people with T2DM to improve their quality
of life.

Materials and methods

Study design and participant recruitment

Located on the southeast coast of China, Fuzhou is the
capital city of Fujian Province, with a population of around 8
million in 2020. In line with the national trend, Fuzhou has
stepped into an aging society since 2000 (12). The aging of
Fuzhou’s population is still ongoing at a rapid pace, and the
proportion of people aged >60 years increased from 12.1%
in 2011 to 19.1% in 2020 (13). In terms of T2DM, the age-
standardized prevalence rate (12.3%) of T2DM in Fuzhou
was slightly higher than the national average level (11.2%)
in 2017 and similarly for the age-standardized mortality rate
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(14.7 per 100,000 vs. 12.7 per 100,000) (14-16). Since 2009,
Chinese government launched the National Basic Public Health
Service Program (NBPHSP) to provide 14 categories of health
services to all urban and rural residents free of charge. NBPHSP
covers the management of T2DM patients, including screening,
regular follow-up, and health education (17). Local community
health service centers and village clinics are responsible for the
provision of NBPHSP services.

From March 2019 to June 2020, we conducted a cross-
sectional questionnaire survey among T2DM patients in Fuzhou
to investigate their ADLs. T2DM patients were approached
under the support of local community health service centers
when they carried out the NBPHSP services for T2DM
patients. In this study, T2DM patients were recruited through
a multi-stage random cluster sampling process. Firstly, two
of the five urban districts in Fuzhou were randomly selected
through drawing lots (Names of the five districts were put
into a bowl and two names were randomly chosen). The two
sampled districts (Taijiang District and Gulou District) have
22 community health service centers; Secondly, we assigned a
unique number from 1 to 22 to each of the 22 community
health service centers. Then, 11 of the 22 community health
service centers were randomly selected as our study sites
through an online random number generator (https://epitools.
ausvet.com.au/randomnumbers). The inclusion criteria were
T2DM patients aged >60 years. Those could not answer the
survey questions because of health issues (e.g., dementia or/and
mental disorders) were excluded. Participation was completely
voluntary and no incentives were offered. Informed consent

10.3389/fpubh.2022.948533

was obtained from individual participants. The study has
been approved by the Medical Ethics Committee of Fujian
Health College.

Questionnaire design

The questionnaire consists of two parts. The first section
requested the following demographic information: age,
gender, education level, marital status, household income,
comorbidities, family support, and individual living habits
(e.g., smoking, drinking, sleeping, physical exercise, eating
pattern). The second section is the widely used Lawton ADL
scale (validated Chinese version) to measure two important
domains of functioning of older people with T2DM: physical
self-maintenance scale (PSMS) and instrumental activities
of daily living (IADL) (18). PSMS contains ratings of self-
care ability necessary for living in the community in areas
of toileting, feeding, dressing, bathing, and locomotion. In
contrast, JADL contains a more complex set of behaviors
required for independent living skills, including the following
eight areas: telephoning, shopping, food preparation,
housekeeping, laundering, use of transportation, use of
medicine, and financial behavior. Each item of PSMS and
TADL was measured using a 4-point Likert scale question:
“do it completely by yourselfy “a little difficult to do it
independently,” “do it with assistance,” and “must be done
by others.” They were assigned 1-4 scores, respectively.
Therefore, PSMS has a summary score from 4 to 24 and

TABLE 1 Functional limitation in older people with type 2 diabetes in Fuzhou City.

Dimension Item

PSMS (scores) 6.20 £ 1.10 Dressing

Grooming

Feeding

Physical ambulation
Toilet

Bathing

TADL (scores) 8.71 + 2.49 Ability to use telephone

Shopping

Food preparation

Housekeeping

Laundry

Mode of transporation
Responsibility for own medications

Ability to handle finances
ADL (scores) 14.91 + 3.38 1766  (87.6)

Normal Impaired Impaired rate
n (%) n (%) n (%)
1976 (98.0) 40 (2.0 104 (52)
1977 (98.1) 39 (19)

1980  (98.2) 36 (18)

1942 (96.3) 74 (3.7)

1953 (96.9) 63 (3.1)

1942 (96.3) 74 (3.7)

1935 (96.0) 81 (4.0) 242 (12.0)
1869 (92.7) 147 (7.3)

1869 (92.7) 147 (7.3)

1839 (91.2) 177 (8.8)

1838 (91.2) 178 (8.8)

1899 (94.2) 117 (58)

1921 (95.3) 95 (47)

1907 (94.6) 109 (5.4)

250 (12.4)

PSMS refers to “physical self-maintenance scale,” IADL refers to “instrumental activities of daily living” and ADL refers to “activities of daily living”. The scores of PSMS, IADL, and ADL

were summarized as mean =+ standard deviation; and ADL, PSMS and IADL were defined as “impaired” if the summary scores exceeded 14, 6, and 8, respectively.
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IADL has a summary score from 8 to 32. The higher the
score means the greater the person’s functional limitation.
ADL consists of PSMS and IADL, with a summary score
from 14 to 56. The severity of ADL was classified into three
levels: normal (14 scores), somewhat impaired (15-21 scores),
and severely impaired (>22 scores). PSMS and IADL were
defined as “impaired” if the summary scores exceeded 6 and
8, respectively.

After a pilot survey, the questionnaire was revised to
ensure all questions were clear and understandable. The
questionnaire has also been reviewed by relevant experts. All
investigators received unified training to ensure the survey was
carried out consistently. Participants filled out the questionnaire
by themselves under the support/assistance of an on-site
investigator in the local community health service center.
Completed questionnaires were checked and collected by the
investigators on the spot.

10.3389/fpubh.2022.948533

Statistical analysis

Data entry was facilitated using EpiData 3.1 software

(EpiData  Association, Odense M, Denmark). The
demographic characteristics of ADL were descriptively
analyzed. The scores of functional impairments were
summarized as mean =+ standard deviation. Kruskal-

Wallis H test and Mann-Whitney U test were conducted
as the first step to identifying factors associated with
ADL. Stata “nptrend” test was used to examine the
trend of ordinal variables on ADL (19). Then, we put
statistically significant factors into a non-conditional logistic
regression model to identify the factors influencing ADL
0.05,
0.10). Stata 16.0 was used to perform all statistical

(inclusion criterion « elimination criterion «

analyses. Results were considered statistically significant at
aP < 0.05.

TABLE 2 Comparison of activities of daily living (ADL) by demographic characteristics in older people with type 2 diabetes.

Item n ADL H/Z P-value
Normal Somewhat impaired Severely impaired

Age (years)* 52.13 <0.001

60-69 902 824 (91.4) 67 (7.4) 11 (1.2)

70-79 835 731 (87.6) 62 (7.4) 42 (5.0)

>80 279 211 (75.6) 36 (12.9) 32 (1L5)

Gender —2.53 0.01

Male 910 779 (85.6) 82 (9.0) 49 (5.4)

Female 1,106 987 (89.2) 83 (7.5) 36 (3.3)

Marital status —4.19 <0.001

Married 1,779 1,578  (88.7) 136 (7.6) 65 (37)

Alone 237 188  (79.3) 29 (12.2) 20 (8.5)

Education level* 1.19 0.88

Illiteracy 155 134 (86.4) 15 (9.7) 6 (3.9

Primary school 422 364 (86.3) 41 (9.7) 17 (4.0)

Junior high school 648 569 (87.8) 50 (7.7) 29  (4.5)

Senior high/technical school 550 486  (88.4) 40 (7.3) 24 (4.3)

College and above 241 213 (88.4) 19 (7.9) 9 (3.7)

Monthly income (Yuan)* 68.31 <0.001

<1,000 207 163 (78.7) 24 (11.6) 20 (9.7)

1,000-1,999 244 181  (74.2) 51 (20.9) 12 (49)

>2,000 1,565 1,422 (90.9) 90 (5.7) 53 (3.4)

Health insurance* 14.41 <0.001

Completely covered 256 240  (93.8) 10 (3.9) 6 (2.3)

Partially covered 1,724 1,499 (86.9) 148  (8.6) 77  (4.5)

Not covered 36 27 (75.0) 7 (19.4) 2 (5.6)

Total 2,016 1,766  (100.0) 165  (100.0) 85  (100.0)

"Refers to Kruskal-Wallis H test; otherwise, it is Mann-Whitney U test; H/Z is the statistical parameter of Kruskal-Wallis H test and Mann-Whitney U test, respectively; The severity of
ADL was classified into three levels: normal (14 scores), somewhat impaired (15-21 scores), and severely impaired (>22 scores).
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Results

A total of 2,016 questionnaires were received, with a
response rate of 96%, including 995 participants recruited
from Taijiang District and 1,021 participants from the Gulou
District. As shown in Table 1, the average ADL self-care
ability score was 14.91 £ 3.38 points. 12.4% of participants
suffered from varying degrees of functional impairment, of
which 8.2% were mild and 4.2% were severe. The average
points for PSMS and IADL were 6.20 £ 1.10 and 8.71 =+
2.49, respectively. Accordingly, the percentages of participants
with impaired function for PSMS and IADL were 5.2 and
12.0%, respectively.

10.3389/fpubh.2022.948533

Differences in the functional capability of participants
with T2DM by demographic characteristics are summarized in
Table 2. We found ADL functions were significantly affected by
the following demographic factors: age (H = 52.13, P < 0.01),
gender (Z = —2.53, P = 0.01), marital status (Z = —4.19, P
< 0.01), monthly income (H = 68.31, P < 0.01), and health
insurance status (H = 14.41, P < 0.01). Moreover, with the
increase in age ADL functions demonstrated a decreasing trend
(Z =12.06, P < 0.001). Conversely, education level (Z = —2.4,
P = 0.017) and financial status (Z = —3.99, P < 0.001) showed
an increasing trend with ADL functions.

Table 3 summarizes the differences in ADL functions
by individual behaviors. We found the following factors

TABLE 3 Comparison of activities of daily living (ADL) functions by individual behaviors in older people with type 2 diabetes in Fuzhou.

Variable n ADL H/Z  P-value
Normal (n = 1,766) Somewhat impaired (n = 165) Severely impaired (n = 85)

Eating habit*

Very regular 1,257 1,183 (94.1) 47 (3.7) 27 (22) 138.92 <0.001

Regular 653 511 (78.2) 99  (15.2) 43 (6.6)

Irregular 106 72 (67.9) 19 (17.9) 15 (14.2)

Smoking* 14.88 <0.001

Yes 171 137 (80.1) 26 (15.2) 8 (4.7)

No 1,742 1,546  (88.8) 126  (7.2) 70 (4.0

Ex-smoker 103 83  (80.6) 13 (12.6) 7 (6.8)

Drinking —3.28 <0.001

Yes 117 91 (77.8) 18 (15.4) 8 (6.8)

No 1,899 1,675 (88.2) 147 (7.7) 77 (4.1)

Doing exercise* 32.82 <0.001

Frequently 854 779  (91.2) 59 (6.9) 16 (1.9)

Occasionally 883 768  (87.0) 67 (7.6) 48 (5.4)

Never 279 219 (78.5) 39  (14.0) 21 (7.5)

Sedentary hours per day —7.66 <0.001

<8 1,503 1,365 (90.8) 100 (6.7) 38 (2.5

>8 513 401  (78.1) 65 (12.7) 47 (9.2)

Sleeping difficulty* 29.17 <0.001

Frequently 323 292 (90.4) 18 (5.6) 13 (4.0)

Occasionally 933 777  (83.3) 108  (11.6) 48  (5.1)

No 760 697  (91.7) 39 (5.1) 24 (3.2)

Participate in community activities* 3.44 0.18

Frequently 321 288 (89.7) 29 (9.0 4 (1.3)

Occasionally 948 817 (86.2) 95  (10.0) 36 (3.8)

Never 747 661  (88.5) 41 (5.5) 45 (6.0)

Number of hobbies* 0.12 0.94

>3 380 349 (91.8) 26 (6.9) 5 (1.3)

2 772 666  (86.3) 74 (9.6) 32 (4.1)

<1 864 751  (86.9) 65 (7.5) 48  (5.6)

"Refers to Kruskal-Wallis H test; otherwise, it is Mann-Whitney U test; H/Z is the statistical parameter of Kruskal-Wallis H test and Mann-Whitney U test, respectively; The severity of
ADL was classified into three levels: normal (14 scores), somewhat impaired (15-21 scores), and severely impaired (>22 scores).
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significantly affected ADL functions of older people with T2DM:
eating habits (H = 138.92, P < 0.001), smoking (H = 14.88, P
< 0.001), drinking (Z = —3.28, P < 0.001), doing exercise (H
= 32.82, P < 0.001), sedentary lifestyle (Z = -7.66, P < 0.001),
and sleeping difficulty (H = 29.17, P < 0.001). Results of trend
analysis show that those eating more regularly (Z = 17.77, P <
0.001) and doing more exercise (Z = -10.76, P < 0.001) had
relatively fewer ADL function restrictions.

Table 4 shows the differences in ADL functions of older
people with T2DM by family characteristics. We found ADL
functions were significantly affected by living conditions (H =
28.20, P < 0.001), family support (H = 19.33, P < 0.001), and
family income (H = 31.51, P < 0.001). Moreover, results of
trend analysis suggest that more family support (Z = -6.07, P <
0.001) and better economic status (Z = -3.99, P < 0.001) were
associated with fewer ADL function restrictions.

As shown in Table 5, among the 2016 participants with
T2DM, 82.7% of them lived with other chronic diseases.
Moreover, the results of trend analysis suggest that those
with more existing chronic diseases had more ADL function
restrictions (Z = 3.38, P = 0.001). In addition to T2DM, we
found the following two chronic diseases may compromise older
people’s ADL functions: stroke (Z = -3.40, P < 0.001) and
malignant tumors (Z = -2.63, P = 0.01).

Table 6 summarizes the results of multivariate unconditional
logistic regression analysis to identify factors affecting ADL
functions. We found the following sub-groups were more likely
to suffer from ADL impairment: those aged 70 and over years
old (OR = 1.99, 95%CI 1.77-2.56), living in an aged care house
or with spouse/children (OR = 2.31, 95%CI 1.25-4.26), low

10.3389/fpubh.2022.948533

monthly income (OR = 1.49, 95%CI 1.28-1.64), without health
insurance (OR = 1.82, 95%CI 1.40-2.40), tight family expenses
(OR =1.95,95%ClI 1.42-2.69), having stroke (OR = 6.70, 95%CI
2.22-20.23) or malignant tumor (OR = 4.45,95%CI 1.27-15.53),
irregular eating habit (OR = 2.55, 95%CI 2.23-2.92), smoking
(OR = 1.40, 95%CI 1.22-1.60), sedentary lifestyle (OR = 2.04,
95%CI 1.46-2.85), lack of physical exercise (OR = 1.35, 95%CI
1.19-1.53), sleeping difficulty (OR = 1.25, 95%CI 1.10-1.42),
and lack of family support (OR = 1.19, 95%CI 1.10-1.29).

Discussion

Physical disability is a major socioeconomic and public
health issue, as it not only diminishes the quality of life of those
affected but also may result in a greater increase in healthcare
services utilization such as physician visits and hospitalizations
(4, 20). Diabetes is associated with functional disability
through mechanisms such as decreased cardiopulmonary
reverse, inflammatory or sarcopenic process, extreme of blood
glucose, muscle catabolism, cognitive impairment, and inflexible
treatment regimens (5, 21-23). Presence of diabetes and
associated complications can lead to a significant decline in
physical functioning, especially among older patients (8, 24).
Currently, there are limited studies in China investigated to
what extent older T2DM patients” activities of daily living were
affected and its influencing factors. The limitations in ADL
and IADL have been widely used as an indicator to assess
disability in basic life activities among the population over 65
years old (25, 26). In this study, we found unhealthy lifestyle

TABLE 4 Comparison of activities of daily living (ADL) functions by family characteristics in older people with type 2 diabetes in Fuzhou.

Variable n ADL H P-value
Normal (n = 1,766) Somewhat impaired (n = 165) Severely impaired (n = 85)

Living with* 28.2 <0.001
Spouse 841 759 (90.3) 60 (7.1) 22 (2.6)

Children 298 244 (81.9) 29 (9.7) 25 (8.4)

Spouse and children 746 646 (86.6) 66 (8.8) 34 (4.6)

Alone 122 112 (91.8) 9 (74) 1 (0.8)

Family support* 19.33 <0.001
Aged care home 9 5 (55.6) 1 (11.1) 3 (333)

Very 1,208 1,088 (90.1) 91 (7.5) 29 (24)

General 729 609  (83.5) 70 (9.6) 50 (6.9)

Lack 79 69 (87.3) 4 (51) 6 (7.6)

Family income* 31.51 <0.001
High 1,259 1,133 (90.0) 93 (7.4) 33 (2.6)

Average 519 419  (80.7) 60 (11.6) 40 (7.7)

Low 238 214 (90.0) 12 (5.0) 12 (5.0)

"Refers to Kruskal-Wallis H test; otherwise, it is Mann-Whitney U test; H/Z is the statistical parameter of Kruskal-Wallis H test and Mann-Whitney U test, respectively; The severity of
ADL was classified into three levels: normal (14 scores), somewhat impaired (15-21 scores), and severely impaired (>22 scores).
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TABLE 5 Comparison of activities of daily living (ADL) functions by different chronic diseases in older people with type 2 diabetes in Fuzhou.

Variable n ADL H/zZ P-value

Normal (n = 1,766) Somewhat impaired (n = 165) Severely impaired (n = 85)
Number of chronic diseases* 5.53 0.06
1 349 314 (90.0) 26 (7.4) 9 (26)
2 1,274 1,119 (87.8) 107 (8.4) 48  (3.8)
>3 393 333 (84.7) 32 (8.2) 28 (7.1)
Hypertension —1.59 0.11
No 444 398 (89.6) 36 (8.1) 10 (23)
Yes 1,572 1,368  (87.0) 129 (8.2) 75 (4.8)
Coronary heart disease —1.85 0.07
No 1,908 1,677  (87.9) 157 (8.2) 74 (3.9)
Yes 108 89 (82.4) 8 (7.4) 11 (10.2)
Stroke —34 0
No 1,988 1,747 (87.9) 162 (8.1) 79 (4.0)
Yes 28 19 (67.9) 3 (10.7) 6 (214)
Hyperlipidemia —0.01 0.99
No 1,879 1,646  (87.6) 154  (8.2) 79 (4.2)
Yes 137 120 (87.6) 11 (8.0) 6 (44)
Cerebrovascular disease —1.62 0.11
No 1,995 1,750  (87.7) 162 (8.1) 83 (4.2)
Yes 21 16 (76.2) 3 (14.3) 2 (95)
Malignant tumor —2.63 0.01
No 1,997 1,753 (87.8) 162 (8.1) 82 (4.1)
Yes 19 13 (68.4) 3 (15.8) 3 (15.8)
Cor pulmonale —1.06 0.29
No 2007 1,759 (87.6) 165 (8.2) 83 (42)
Yes 9 7 (77.8) 0 (0.0) 2 (222)
Chronic bronchitis —0.86 0.39
No 2000 1,753 (87.6) 164 (8.2) 83 (4.2)
Yes 16 13 (81.3) 1 (62) 2 (12.5)
Osteoarthropathy —0.84 0.4
No 1922 1,686 (87.7) 158  (8.2) 78 (4.1)
Yes 94 80 (85.0) 7 (7.5) 7 (7.5)
Cataract —1.28 0.2
No 1967 1,726 (87.7) 159 (8.1) 82 (42)
Yes 49 40 (8L.6) 6 (12.3) 3 (6.1)
Glaucoma —1.26 0.21
No 2008 1,760 (87.7) 165 (8.2) 83 (4.1)
Yes 8 6 (75.0) 0 (0.0) 2 (25.0)
Chronic gastroenteritis —0.02 0.99
No 1968 1,724 (87.6) 161 (8.2) 83 (4.2)
Yes 48 42 (87.5) 4 (83) 2 (42)
Cholecystitis/Gallstones —1.56 0.12
No 1982 1,739 (87.7) 162 (8.2) 81 (4.1)
Yes 34 27 (79.4) 3 (8.8) 4 (11.8)

(Continued)
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TABLE 5 (Continued)

10.3389/fpubh.2022.948533

Variable n ADL H/zZ P-value
Normal (n = 1,766) Somewhat impaired (n = 165) Severely impaired (n = 85)

Emphysema —0.25 0.81

No 2009 1,760  (87.6) 165 (8.2) 84 (4.2)

Yes 7 6 (85.7) 0 (0.0) 1 (14.3)

Asthma —0.42 0.68

No 2010 1,761  (87.6) 165 (8.2) 84 (4.2)

Yes 6 5 (83.3) ov (0.0) 1 (167)

Fatty liver —1.01 0.31

No 1983 1,739 (87.7) 161 (8.1) 83 (4.2)

Yes 33 27 (81.8) 4 (12.1) 2 (6.1)

Other chronic diseases —3.37 0

No 1959 1,724 (88.0) 158 (8.1) 77 (3.9)

Yes 57 42 (73.7) 7 (12.3) 8 (14.0)

“Refers to Kruskal-Wallis H test; otherwise, it is Mann-Whitney U test; H/Z is the statistical parameter of Kruskal-Wallis H test and Mann-Whitney U test, respectively; The severity of

ADL was classified into three levels: normal (14 scores), somewhat impaired (15-21 scores), and severely impaired (>22 scores).

TABLE 6 Identification of factors affecting activities of daily living (ADL) limitation in older people with type 2 diabetes in Fuzhou.

Variable Reference Comparison group OR (95%CI) P-value
Age (years) 60-69 70-79 1.99  (1.37-2.90) 0.00
>80 478  (3.01-7.60) 0.00
Marital status Married Not married 231 (1.25-4.26) 0.01
Monthly income (Chinese Yuan) >2,000 1,000-2,000 1.65 (1.27-2.15) 0.00
<1,000 2.66 (2.12-3.32) 0.00
Health insurance Covered Partially 1.76  (0.96-3.22) 0.07
Self-payment 3.15 (1.10-8.98) 0.03
Family expenses Adequate Average 1.40  (1.02-1.92) 0.04
Tight 1.95  (1.42-2.69) 0.00
Stroke No Yes 6.70  (2.22-20.23) 0.00
Malignant tumor other diseases No Yes 445 (1.27-15.53) 0.02
No Yes 453 (1.90-10.83) 0.00
Eating habit Very regular Regular 335 (2.37-4.73) 0.00
Relatively irregular 5.09 (2.90-8.96) 0.00
Smoking No Ex-smoker 2.08 (1.13-3.83) 0.02
Sedentary hours Yes 2.02  (1.16-3.53) 0.01
<8 >8 2.04 (1.46-2.85) 0.00
Doing exercise No Occasionally 0.70  (0.46-1.09) 0.11
Frequently 0.59  (0.37-0.94) 0.03
Sleeping difficulty No Occasionally 2.15  (1.49-3.12) 0.00
Frequently 1.53  (0.85-2.76) 0.16
Living with Alone Aged care home 20.20 (3.44-118.40) 0.00
Spouse 326 (1.35-7.84) 0.01
Children 2.85 (1.26-6.44) 0.01
Spouse and children 4.09 (1.70-9.83) 0.00

had significant impacts on older T2DM patients’ functional
limitations. Specifically, a high level of physical activity, being
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lifestyle, suffering from stroke or malignant tumor, and sleeping
difficulty may increase the risk of ADL limitations among older
T2DM patients. We also found that household composition
was associated with physical limitations in ADLs. Participants
living alone performed ADLs much better than those lived in
aged care homes or living with spouse or/and children, probably
because those with severe ADL impairment were lack of self-
care capability and had to live with others. These findings
may provide useful information for the development of nursing
practice and the improvement of effective health management
for older T2DM patients.

Currently, most published epidemiological research findings
support that diabetes was associated with ADL limitations
(27). According to a cohort study from China, the risk of
ADL impairment was increased by 102% (HR = 2.02, 95%CI
1.29-3.17) for T2DM patients aged 65-74 years, compared to
those without T2DM in the same age group (28). Nevertheless,
inconsistency still exits. Results of a multi-country study showed
that diabetes was not associated with ADL limitations in China
after controlling for confounding factors such as socioeconomic
status, but significant associations were found in Mexico,
Barbados, Brazil, Chile, Cuba, and Uruguay (29).

In this study, we found the prevalence of functional
limitations (ADL) among the older T2DM patients in Fuzhou
was 12.4%. It is much lower than the national average ADL
impairment rate (32.3%) according to the survey data from
China Health and Retirement Longitudinal Study (CHARLS)
(30, 31). The differences in the prevalence of ADL disability
among T2DM patients across studies have been reported by
international literature as well (8, 29), which may be due to the
varied criteria used to define functional limitations. Moreover,
differences in socioeconomic and healthcare services levels (e.g.,
early diagnosis, medical treatment, and rehabilitation) across
regions/cities may also contribute to the disparity. Another
possible explanation is that the CHARLS survey data were
collected between 2015 and 2016, and evidence has shown that
the incidence of ADL disability among the Chinese older adult
population with T2DM had a declining trend over time (26),
mainly due to the considerable improvements in living standard,
biological environment, and healthcare services.

We found ADL limitations increased with age, as
older people were more likely to experience T2DM-related
comorbidities (32). Moreover, our results showed that more
comorbidities were associated with a greater risk of developing
ADL limitations. It is in line with previous studies (8, 26).
As to gender differences in ADL limitations among T2DM
patients, there is no consistency. Most previous literature
suggests that older female T2DM patients usually reported
more ADL functional limitations and physical disability than
their male counterparts (8, 26, 28), although women generally
utilized healthcare services more often than men. The greater
prevalence and severity of arthritis and musculoskeletal disease
among older women may partly explain the difference (33).
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Another explanation is that women were more likely to report
or over-report their ill health and disability than men (34).
However, we found males reported more ADL limitations than
their female counterparts, probably because males were older
than females in this study.

Our results also indicate that those living with a low
socioeconomic status were at higher risk of developing
functional limitations in ADLs. It is consistent with previous
studies (27). Moreover, lower socioeconomic status in older age
seems to predict ADL limitations more than socioeconomic
status at younger age (27). In recent years, some social
security programs have been launched or reformed by the
government to provide better welfare to the older population,
especially in health. The coverage of basic pension insurance
has expanded to about one billion people in 2020 (35).
Currently, there are three categories of government-funded
health insurance programs, namely urban employee medical
insurance, urban resident medical insurance, and new rural
cooperation medical insurance, with aims to improve the
accessibility for medical treatment. However, social medical
insurance schemes in China adopts the “payment-before-
reimbursement” principle. The insurers are required to pay
the medical expenses in advance when seeking medical
treatment, then a certain proportion of medical expenses are
reimbursed after treatment. A large amount of prepayment
may become one of the reasons restricting low-income
groups from seeking timely medical treatment (36), which
may potential increase risk of ADL limitations due to lack
To reduce the
for those with serious chronic diseases, in recent years

of heath care access. healthcare burden
the reimbursement cap for more than 20 chronic diseases
including diabetes has been increased to 140,000 Yuan
per year, compared to 6,000 Yuan for general diseases in
outpatient clinics (37). Targeted supportive policies for those
vulnerable subgroups are helpful for maintaining T2DM
patients’ ADL functions.

There are several limitations to this study. First, some
older T2DM patients with severe functional limitations such
as having mobility problems or staying in bed may not go
to the community service center during the study period and
are possibly under-represented. This may lead to the ADL
function impaired rate underestimated. Second, evidence has
shown that older patients in poorer health were more likely
to participate in health services related research (38). Patients
who gave explicit written consent may mischaracterize the
health status of the larger population. In this study, we did not
count how many people were excluded due to not meeting the
inclusion criteria or refusing to participate. It is unclear how
people who refused differ from those who agreed to participate.
Therefore, the generalization of the results should be cautious
due to the potential selection bias. Third, cautious should be
exercised if extending the results to rural communities. Lastly,
the duration of participants’ diseases may be associated with
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functional limitations in ADLs. However, we did not take it into
account in the analysis due to unavailability issue.

Conclusion

The growing number of older T2DM patients coupled with
a rapidly aging population continues to be a major public
health concern in China. Older adults with T2DM especially
among those aged >70 years had a high prevalence of functional
limitations across a range of daily living tasks, which not
only affect individual life of quality but also present a huge
burden on the family, health services system, and the whole
society. Identified factors associated with ADL limitations may
provide useful information for targeted nursing practice and
health promotion.
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Background: In this study, we aimed to compare the effects of metformin-
based dual therapy versus triple therapy on glycemic control and lipid profile
changes in Taiwanese patients with type 2 diabetes mellitus (T2DM).

Methods: In total, 60 patients were eligible for participation in this study.
Patients received at least 24 months of metformin monotherapy, dual therapy,
or triple therapy with metformin plus linagliptin (a dipeptidyl peptidase 4
(DPP-4) inhibitor) or dapagliflozin (a sodium-glucose cotransporter-2 (SGLT2)
inhibitor). Blood samples were collected from each patient, followed by
evaluation of changes in their blood glucose control and lipid profile-
related markers.

Results: A combination of metformin and DPP4 and SGLT2 inhibitor
therapy more effectively reduced low-density lipoprotein cholesterol (LDL-C)
(p = 0.016) than metformin monotherapy. A combination of metformin and
DPP4 and SGLT?2 inhibitor therapy more effectively improved total cholesterol
(Chol, p = 0.049) and high-density lipoprotein cholesterol (HDL-C) than
metformin monotherapy (p = 0.037). Metformin plus linagliptin dual therapy
was more effective than metformin monotherapy in reducing glycosylated
hemoglobin (HbAL1C, p = 0.011). Patients who received a combination of
linagliptin and empagliflozin showed a significant reduction in their fasting
blood glucose (p = 0.019), HbAlc (p = 0.036), and Chol (p = 0.010) compared
with those who received linagliptin dual therapy. Furthermore, patients who

frontiersin.org
57


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.995944
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.995944&domain=pdf&date_stamp=2022-10-14
https://doi.org/10.3389/fmed.2022.995944
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2022.995944/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Lin et al.

10.3389/fmed.2022.995944

received metformin plus dapagliflozin and saxagliptin showed significantly
reduced Chol (p = 0.011) and LDL-C (p = 0.035) levels compared with those
who received metformin plus dapagliflozin.

Conclusion: In conclusion, dual therapy with metformin and linagliptin
yields similar glycemic control ability to triple therapy. Among metformin
combination triple therapy, triple therapy of empagliflozin and linagliptin
might have a better glycemic control ability than dual therapy of linagliptin.
Moreover, Triple therapy of dapagliflozin and saxagliptin might have a better
lipid control ability than dual therapy of dapagliflozin.

type 2 diabetes mellitus, metformin, glycemic control, lipid profile, concomitant

therapy

Introduction

Asia is considered the epicenter of the global epidemic
of type 2 diabetes mellitus (T2DM) because of rapid changes
in eating habits and lifestyle and the increasing rates of
obesity in Asia (1). Many studies have reported the epidemic
of T2DM in East Asia and the interethnic differences in
genetics, pathophysiology, eating habits, and lifestyle factors
between Asian regions and also between Asian and Western
countries (2).

Type 2 diabetes mellitus is characterized by chronic
hyperglycemia and disturbances of carbohydrate, lipid, and
protein metabolism. To date, patients with T2DM who initially
achieve glycemic control with a single oral antidiabetic medicine
usually require additional agents for maintaining glycemic
control due to the progressive nature of the disease (3).

Several studies have verified the correlation between blood
glucose levels and serum lipid profiles (4). Thus, use of
an appropriate and cost-effective medication for T2DM is
recommended. Concomitant use of multiple medicines is
often indicated in the management of diseases; however,
more medicines might not necessarily be better. Polypharmacy
could result in increased healthcare costs and risks of adverse
drug events and medication non-adherence (5). Therefore, to
compare and confirm the different effects of monotherapy, dual
therapy and triple therapy on lipid profiles and glucose control
is important under the premise of minimizing side effects.

Metformin is recommended as a first-line oral glucose-
lowering medication by the American Diabetes Association (6).
It is usually prescribed along with other antidiabetic drugs
such as sodium-glucose cotransporter-2 (SGLT2) inhibitors
and dipeptidyl peptidase 4 (DPP4) inhibitors to control blood
glucose and lipid levels. However, few studies have evaluated
the efficiency of different types of metformin-based therapies in
glycemic control and lipid profile management and compared
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them with metformin-based dual (with an SGLT2 inhibitor
or a DPP4 inhibitor) and triple therapy (metformin with
an SGLT2 inhibitor and a DPP4 inhibitor) in Taiwanese
patients. Therefore, in the present study, we aimed to compare
the effects of different types of metformin-based therapies
on glycemic control and lipid profile changes in Taiwanese
patients with T2DM.

Materials and methods

Patients

This study was conducted at Taipei Medical University
Hospital, Taiwan. Participants who visited the endocrinology
outpatient department between October 2021 and March 2022
were screened for eligibility. Individuals were eligible if they
were above 20 years of age; had T2DM; who received at least
24 months of metformin monotherapy or combination therapy
with linagliptin (DPP4 inhibitor) or dapagliflozin (SGLT2
inhibitor); and were on regular follow-up for blood tests for
glucose, glycosylated hemoglobin (HbAlc), and lipid profile.
Patients were excluded if they were receiving insulin injections
or lipid-lowering drugs, such as statin. Individuals with renal
or hepatic dysfunction or failed blood glucose control were
also ineligible.

The study screened 85 individuals for eligibility. Of
these patients, 18 patients were excluded, because they were
prescribed lipid-lowering drugs, and 7 were excluded, because
they were prescribed insulin injections. Figure 1 details the
number of participants enrolled in the study along with the
reason for exclusion of some participants. Finally, the study
enrolled 60 participants whose demographic features have been
summarized.
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FIGURE 1

Flowchart showing patient inclusion in the study.

All patients provided their written informed consent prior
to enrolment. The study protocol was approved by the
ethics committee of the Institutional Review Board of Taipei
Medical University (Approval No: N202107021). All procedures
accorded with the ethical standards of the responsible
committee on human experimentation (institutional and
national) and with the Helsinki Declaration.

Patient grouping and assignment

Patients were divided into four groups according to the
treatment they received: metformin 1,000 mg monotherapy
(metformin only group, N = 18); metformin 1,000 mg and
linagliptin 5 mg combination therapy (+ DPP4 group, N = 22);
metformin 1,000 mg and dapagliflozin 10 mg combination
therapy (+ SGLT2 group, N = 10); and either metformin
1,000 mg plus empagliflozin 10 mg and linagliptin 5 mg or
dapagliflozin 10 mg and saxagliptin 5 mg combination therapy
(+ SGLT2 and DPP4 group, N = 10).

The 10 patients who received DPP-4 inhibitor and SGLT-
2 inhibitor combination therapy (triple therapy) included 6
patients with empagliflozin 25mg and linagliptin 5 mg and 4
patients with dapagliflozin 10mg and saxagliptin 5mg.

Medicinal compliance

Medication compliance was evaluated by the self-report of
remain pill count. When patients come back to follow up, we
calculated remain pills from self-report. And remain doses of
medicine were record.
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Hematological analysis

Routine blood tests were performed at the clinical
laboratory. Blood samples were collected from each patient
after an overnight fast. Serum uric acid and ketone levels
were determined using a one-touch self-metabolic marker
monitoring analyzer (FORA MD-6; Fora Care, Taipei, Taiwan).
Fasting glucose (glucose AC) was analyzed according to
the hexokinase method (ADVIA Chemistry XPT System,
Siemens, Berlin, Germany), and HbAlc was determined
by high-performance liquid chromatography using an
automatic analyzer (Bio-Rad Variant II Turbo 2.0 System,
Hercules, California, USA). Serum lactate dehydrogenase
(LDH), C- peptide, creatine (Cr), Alanine aminotransferase
(ALT), total cholesterol (Chol), triglyceride (Tg), low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) levels were analyzed by enzymatic
methods using an automatic analyzer (ADVIA Chemistry
XPT). Serum insulin antibody (insulin Ab) was measured
by immunoradiometric binding assay in an automatic
(PerkinElmer CSBio, Clara, California,

analyzer Santa

USA).

Modified homeostasis model
assessment-insulin resistance index

Homeostasis  model  assessment-insulin  resistance
index is a simple and wuseful method for evaluating
Modified HOMA-IR was

1.5

resistance. calculated

the

insulin

using following equation: + fasting blood
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glucose x fasting C-peptide/2,800 (7, 8). A result
above 1.9 indicated early insulin resistance, whereas a
result above 2.9 indicated significant insulin resistance

(7, 8).

Statistical analysis

Statistical analysis and data management were performed
using IBM SPSS Statistics 22 (IBM Corp., Armonk, NY,
USA). Data are expressed as the mean and median. The
Chi-square test was used for results of nominal scale.
Data distributions were analyzed by Shapiro-Wilks test
for normality. Non-parametric statistics, which are Mann-
Whitney U test with Kruskal-Wallis
to determine whether
existed in the groups of patients, the post hoc test was

Test were used

any between-group differences

using Dunn post hoc test. The Wilcoxon signed-rank
test was used to analyze the within-group differences
in the paired results of patients. A confidence interval
of 95% was employed, and p <0.05 indicated statistical
significance.

Results

Baseline characteristics and
comparisons between study groups

A total of 60 participants with T2DM who received
different medication therapies were included. The statistical
results indicated no significant difference between the
groups of patients who received different therapies in
T2DM duration, body mass index (BMI), age, fasting blood
glucose, HbAlc, LDH, and HOMA-IR score and levels
of insulin Ab, C-peptide, uric acid, ketone, Cr, and ALT
(Table 1).

Between-group analysis of changes in
lipid profiles

A significant difference was observed in the lipid profiles
of patients in the metformin only group and the + SGLT2
and DPP4 group in terms of Chol (p = 0.033), HDL-C
(p = 0.011), and LDL-C levels (p = 0.015). As indicted in
Table 2, significantly different changes were observed in serum
Chol (p = 0.010) between the + SGLT2 and DPP4 group
and the DPP4 group. Similarly, significantly different changes
were observed in Chol (p = 0.002) and LDL-C (p = 0.008)
levels between patients treated with + SGLT2 and DPP4, and
SGLT2.
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Within-group analysis of lipid profiles
before and after treatment in each
group

The metformin monotherapy group exhibited significantly
reduced levels of GPT (p = 0.01), Chol (p = 0.01), and LDL-C
(p = 0.001) after treatment. Moreover, the metformin combined
with linagliptin (+ DPP4) group exhibited significantly reduced
Glucose AC (p = 0.035) and HbAlc (p = 0.019) relative to
the pretreatment treatment. Similarly, the + SGLT2 and DPP4
group exhibited significantly reduced fasting blood Glucose
(p = 0.035), HbAlc (p = 0.019), GPT (p = 0.007), Chol
(p=0.035), and Tg (p = 0.045) levels relative to the pretreatment
values. The changes in lipid profile are presented in Table 2.

Effect of different combination
therapies on lipid profile and blood
glucose control

To further verify the effect of metformin plus empagliflozin
and linagliptin and metformin plus dapagliflozin and saxagliptin
in the + SGLT2 and DPP4 group, the groups of patients
receiving metformin plus linagliptin and empagliflozin and
those receiving metformin plus linagliptin treatment were
analyzed. A significant difference was observed in the fasting
blood glucose (p = 0.019) and HbAlc (p = 0.036) levels (Table 3)
between patients receiving linagliptin and those receiving
empagliflozin with linagliptin. Similarly, a significant difference
was observed in Chol (p = 0.019) and LDL-C levels (p = 0.035)
(Table 4) between patients who received dapagliflozin and
saxagliptin.

Medicinal compliance

When calculated remain pills from self-report (since last
3 months), mean remain dose by drug was not statistically
different each group. The remain medicine dose of groups were
1.9 (median: 2.0), 1.0 (median: 1.0), 2.0 (median: 2.5) and 2.4
(median: 2.0) doses (p = 0.132), respectively (data not shown).

Discussion

The main finding of this study is that although a
combination of metformin with a DPP4 and an SGLT2
inhibitor more effectively improved Chol and LDL-C than
a combination of metformin and linagliptin or dapagliflozin
dual therapy did. However, a similar effect also was found on
reducing fasting glucose and HbA1C levels with metformin and
linagliptin dual therapy.
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TABLE 1 Between-group analysis of clinical characteristics of the patients with type 2 diabetes mellitus (T2DM).

Metformin

Reference range | Metformin Only(N=18) | +SGLT2(N = 10) +DPP4 (N =22) +SGLT2and DPP4 (N=10)  Sig.
| MEAN | Median | MEAN Median p  MEAN Median p  MEAN  Median p

Male (%) - 80.0 - 0.063 68.0 - 0.292 80.0 - 0.119 0.206
Duration of T2DM (Month) - 70.5 81.0 0.849 62.9 74.3 0.486 69.8 68.0 0.457 0.864
BMI — 30.9 28.5 0.156 27.9 27.1 0.909 27.0 27.1 0.855 0.440
Age - 52.5 53.0 0.787 55.0 54.0 0.292 60.5 64.0 0.332 0.430
Glucose Ac <100 mg/dl 185.3 156.5 0.641 145.9 146.0 0.537 176.7 173.5 0.291 0.301
HbAlc <5.5% 7.6 6.8 0.723 7.2 6.7 0.389 7.4 7.3 0.614 0.667
LDH 98-192U/L 196.3 185.0 0.755 195.0 198.0 0.577 202.0 175.0 0.549 0.775
Insulin Ab <7.5% 6.2 5.6 0.675 6.1 6.1 0.437 5.6 52 0.597 0.726
C-peptide 0.8-3.8ng/mL 3.7 3.5 0.113 3.2 3.1 0.800 2.7 2.3 0.684 0.256
HOMA-IR <19 1.7 1.7 0.573 1.7 1.6 0.393 1.7 1.6 0.924 0.676
Uric acid 0.24-0.51 pmol/L 341.0 148.0 0.851 334.9 128.1 0.803 335.5 330.1 0.100 0.997
Ketone < 0.6 mmol/L 0.6 0.7 0.904 1.0 0.5 0.281 0.5 0.5 0.406 0.445
Cr 0.7-1.2 mg/dl 0.9 0.8 0.884 15 1.0 0.127 0.9 0.9 0.563 0.404
ALT < 40U/L 31.0 28.0 0.371 30.3 28.0 0.166 28.0 28.5 0.350 0.605

DPP-4: dipeptidyl peptidase-4 inhibitor; SGLT-2: sodium glucose transporter-2; BMI; LDH: lactate dehydrogenase; Glucose AC: fasting blood glucose; HbAlc: glycosylated hemoglobin; C-peptide: C-reactive peptide; insulin Ab: insulin antibodies;
HOMA-IR: Homeostasis Model Assessment-Insulin Resistance Index; Cr: creatinine; ALT: Alanine Aminotransferase.
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TABLE 2 Within-group analysis of glycemic control- and lipid profile-related biomarkers before and after treatment in each group.

Metformin
Reference range _ + SGLT2 +DPP4 + SGLT2 and DPP4 Sig.
| MEAN  Median  MEAN  Median p MEAN  Median p MEAN  Median P
Glucose AC (B) < 100mg/dl 235.2 164.5 0.092 290.3 233 0.448 239.9 95.0 0.266 0.708
Glucose AC 185.3 84.9 0.641 145.9 433 0.537 176.7 48.5 0.291 0.301
A —49.9 —144.4 -63.2
P 0.297 0.009** 0.035%
HbA1lc (B) <5.5% 8.5 2.9 0.675 8.6 2.6 0.810 7.8 1.9 0.769 0.982
HbAlc 7.6 2.0 0.723 7.2 1.4 0.389 7.4 1.2 0.614 0.667
A —0.8 —1.4 —0.5
P 0.233 0.042% 0.019%
Chol (B) < 5.2 mmol/L 5.1 5.3 0.100 4.5 4.7 0.900 4.3 4.6 0.085 0.123
Chol 4.5 4.5 0.378 4.3 3.7 0.842 3.3 3.2 0.033* 0.010%
A —0.6 —0.2 —1.1
P 0.114 0.044* 0.049*
Tg (B) < 1.69 mmol/L 1.8 1.7 0.306 2.1 1.6 0.418 1.7 1.7 0.308 0.699
Tg 1.7 1.7 0.535 1.9 1.2 0.433 1.2 1.0 0.792 0.197
A —0.1 —0.2 —0.5
P 0.812 0.169 0.037*
HDL-C (B) > 1.53 mmol/L 1.2 1.2 0.085 1.1 1.1 0.269 1.0 1.0 0.456 0.171
HDL-C 1.2 1.2 0.113 1.2 1.2 0.522 1.2 1.2 0.011* 0.461
A 0.0 0.0 0.1
P 0.492 0.316 0.160
LDL (B) < 2.6 mmol/L 3.4 3.8 0.826 2.7 2.5 0.350 2.6 2.8 0.500 0.057
LDL-C 2.8 2.8 0.616 24 2.0 0.431 1.5 1.6 0.015% 0.016*
A —0.6 —0.3 —1.1
p 0.097 0.017* 0.176

B: before treatment result; Glucose AC: fasting blood glucose; HbAlc: glycosylated hemoglobin; Chol: total cholesterol; Tg: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. A: difference between the
before treatment result and recent result. *p < 0.05; **p < 0.01. Red values indicate significant differences.
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TABLE 3 Effects of metformin with linagliptin dual therapy and metformin with linagliptin and empagliflozin triple therapy on lipid profile and

blood glucose control of patients with type 2 diabetes mellitus.

Metformin
Reference range + DPP4 (Linagliptin) +SGLT2 and DPP4 (Empagliflozin P
and Linagliptin)
MEAN Median MEAN Median
Duration of T2DM (Month) - 62.9 66.8 58.35 68.00 0.783
Glucose AC (B) < 100mg/dl 290.3 23.3 234.8 118.7 0.586
Glucose AC 145.9 433 128.7 31.50 0.019*
A —144.4 —106.2
P 0.009** 0.543
HbAlc (B) <5.5% 8.6 2.6 7.8 1.93 0.487
HbAlc 7.2 14 6.7 0.91 0.036*
A —14 ~11
p 0.042* 0.646
Chol (B) < 5.2 mmol/L 4.5 4.7 44 4.15 0.445
Chol 43 37 34 3.08 0.010*
A —0.2 -1.0
p 0.044% 0.014*
Tg (B) < 1.69 mmol/L 2.1 L6 1.9 1.81 0.814
Tg 1.9 1.2 15 147 0.245
A 0.2 -05
p 0.2 0.619
HDL-C (B) > 1.53 mmol/L 1.1 1.1 0.9 0.96 0.112
HDL-C 12 1.2 1.2 1.1 0.847
A 0.1 03
P 0.316 0.848
LDL-C (B) < 2.6 mmol/L 2.7 2.5 2.5 2.04 0.588
LDL-C 24 2.0 1.9 1.67 0.124
A —0.3 —0.6
p 0.017* 0274

BH: body height; BW: body weight; LDH: lactate dehydrogenase; Glucose AC: fasting blood glucose; HbAlc: glycosylated hemoglobin;Chol: total cholesterol; Tg: triglyceride; LDL-C:
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. *p < 0.05, **p < 0.01. Red values indicate significant differences.

Although the reasons for high or low medication adherence
differ among patients, complicated regimens and a larger
number of medications can reduce compliance (9). Compliance
to therapy is important point in chronic conditions. Methods
of measuring adherence can be either direct (biological marker)
or indirect (self-reporting, questionnaires, pill counts) (10).
Therefore, we calculated the remain dose of pills when every
return visit for ensure homogeneity of study population. Base
on the remain pill counts form study population by self-
report, we ensured treatment compliance homogeneity of study
population in groups.

Metformin is the first-line treatment for individuals with
newly diagnosed T2DM. Our study corroborated previous
findings that metformin monotherapy considerably improves
dyslipidemia in statin-naive individuals with T2DM (11),
especially by reducing serum LDL-C via an AMP-activated
protein kinase pathway (12). Metformin has been reported

Frontiers in Medicine

to improve insulin sensitivity by increasing it; it also reduces
the rate of lipolysis, thereby decreasing the conversion of free
fatty acids in the liver (13). A previous meta-analysis showed
that metformin reduced body weight and improved the lipid
profiles of 60-year-old participants. The results also suggest that
metformin treatment may reduce the risk of major coronary
events and all-cause mortality in diabetic populations (14).

The mechanism through which DPP4 inhibitors affect the
lipid profile in T2DM remains poorly understood. This effect
could be explained by glucagon-like peptide-1 receptor. DPP4
inhibitors might inhibit lipid absorption in the gastrointestinal
tract. The action of DPP4 inhibitors is based on their prevention
of the inactivation of incretin. A previous study reported
that these compounds improve glycemic control, both when
applied in monotherapy and in combination with other
oral hyperglycemic agents. Patients with different levels of
glycemic control who received DPP4 inhibitors combined with
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TABLE 4 Effects of metformin with dapagliflozin dual therapy and metformin with dapagliflozin and saxagliptin triple therapy on lipid profile and

blood glucose control in patients with type 2 diabetes mellitus.

Metformin
Reference range + SGLT2 (Dapagliflozin) +SGLT2 and DPP4 (Dapagliflozin P
and Saxagliptin)
MEAN Median MEAN Median

Duration of T2DM (Month) - 70.46 76.2 74.7 74.7 0.542
Glucose AC (B) < 100mg/d! 235.2 164.5 242.5 253.0 0.933
Glucose AC 185.3 84.9 182.5 24.4 0.888
A —49.9 —60.0

p 0.297 0.984

HbAlc (B) <5.5% 8.5 2.9 9.1 8.9 0.656
HbAlc 7.6 2.0 8.4 8.30 0.963
A —0.8 —0.7

p 0233 0.900

Chol (B) < 5.2 mmol/L 5.1 53 47 4.87 0336
Chol 45 4.5 33 328 0.011*
A —0.6 —14

p 0.114 0.309

Tg (B) < 1.69 mmol/L 1.8 17 14 1.27 0.520
Tg 17 17 1.2 0.90 0.133
A —0.1 —0.2

p 0.812 0.824

HDL-C (B) > 1.53 mmol/L 1.2 12 11 1.00 0.817
HDL-C 1.2 12 11 1.10 0.606
A 0.0 0.0

p 0.492 0.168

LDL-C (B) <2.6 mmol/L 34 3.8 2.8 3.10 0354
LDL-C 2.8 2.8 L5 1.70 0.035%
A —0.6 -13

p 0.097 0.120

Glucose AC: fasting blood glucose; HbAlc: glycosylated hemoglobin; Chol: total cholesterol; Tg: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein

cholesterol. *p < 0.05. Red values indicate significant differences.

metformin therapy exhibited reduced fasting blood glucose and
HbAI1C levels compared with those who received continuous
therapy with metformin alone (15). This result is consistent with
our findings in presented study.

Previous findings have indicated that individuals from East
Asia have lower insulin resistance and greater sensitivity to the
incretin effect (16). In particular, the glucose control efficacy of
DPP4 inhibitors or incretin receptor agonists has been reported
to be greater in Asian populations, especially Japanese (17)
and Korean populations (18). The difference in the treatment
responses could be ascribed to a different lower insulin secretory
function and less insulin resistance in T2DM or the different
genetics in these populations. Previous results show that DPP4
inhibitors achieve good glucose control in the Asian population
(19). This result is consistent with our findings in a Taiwanese
population. However, in our study, the triple therapy group also
showed good glucose control and lipid profile effects.
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Dyslipidemia is associated with an increased risk of
cardiovascular disease in patients with T2DM. Previous
studies have also suggested that the lipid-reducing efficiency
of linagliptin or metformin may be lower than that of
dapagliflozin (20) and a placebo (21). The different effects
of monotherapy, dual therapy, and triple therapy with
metformin on the lipid profiles of patients with T2DM in
this study are largely consistent with the results of previous
studies (22-24). In our study, triple therapy reduced the
lipid profile as effectively as linagliptin dual therapy did,
there were also significant differences when compared with
metformin monotherapy. However, the mean Chol, HDL-C,
and LDL-C levels significantly differed from baseline to after
treatment DPP4 and SGLT2 inhibitor combination therapy
(62.9 months on average).

In terms of blood glucose control, early combination
treatment with linagliptin and metformin has been reported

frontiersin.org

64


https://doi.org/10.3389/fmed.2022.995944
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Lin et al.

to improve hyperglycemia, resulting in a significant reduction
in fasting glucose relative to that achieved after metformin
monotherapy (25). Another study reported that compared with
linagliptin monotherapy, linagliptin plus metformin treatment
significantly reduced HbA1c levels after 24 weeks relative to the
baseline levels (26). According to present results, similar to triple
therapy, linagliptin dual therapy could improve blood glucose
and HbA1C levels.

Previous studies reported that combination therapy with
empagliflozin, linagliptin, and metformin (22) or dapagliflozin,
(27)
glucose-lowering effects in patients with T2DM. In a 52-

saxagliptin, and metformin produced considerable
week study, reductions in HbAlc with empagliflozin plus
linagliptin therapy were superior to those with the joint
use of either empagliflozin or linagliptin with metformin
(28). To further verify this effect, we classified patients
in the metformin triple therapy group into two different
groups and reanalyzed the findings. We found that the
addition of empagliflozin to metformin plus linagliptin led
to a more effective reduction in fasting glucose, HbA1C 1
and Chol levels.

Moreover, the addition of saxagliptin to metformin plus
dapagliflozin therapy led to a more effective reduction in serum
Chol and LDL-C levels (Table 4). The results may indicate that a
combination of metformin plus both linagliptin and saxagliptin
affects the lipid profile in a manner different from that observed
when a combination of metformin plus both empagliflozin
and dapagliflozin is used. In other words, our results suggest
that empagliflozin might have a better glycemic control ability
than dapagliflozin. The results showed improvement in fasting
glucose and HbA1C levels similar to that in a previous study (29)
and demonstrated that saxagliptin might afford better LDL-C
control than linagliptin. In the results of previous cross-sectional
study, saxagliptin users had a significantly lower CVD risk
than other DPP-4 drug users matched for sex, age, duration
of drug use, systolic blood pressure, lipid profile, and fasting
glucose (30). However, further large-scale observational studies
evaluating the differences among these drugs is in terms of
their cardiovascular benefits or glucose control abilities are
needed.

This study has some limitations. First, our study was
conducted at a single center, and the sample size was
relatively small. Second, owing to the retrospective nature
of the study, the medication history of the participants was
not controlled, and whether the participants had ever been
prescribed other antidiabetic medicines with varying drugs
was unclear. Therefore, the interaction effects or side effects
of the drugs may have been underestimated. Third, because
this study only involved Taiwanese people, ethnic differences
could not be accounted for. Thus, we followed a strict patient
selection protocol to ensure homogeneity between groups.
Further studies are needed to apply the results of this study to
larger populations.
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Conclusion

In conclusion, we report that dual therapy with metformin
and linagliptin yields similar glycemic control ability to triple
therapy. Among metformin combination triple therapy, triple
therapy of empagliflozin and linagliptin might have a better
glycemic control ability than dual therapy of linagliptin.
Moreover, Triple therapy of dapagliflozin and saxagliptin
might have a better lipid control ability than dual therapy
of dapagliflozin.

Combination therapy of metformin with an SGLT?2 inhibitor
and a DPP4 inhibitor may be an effective, but albeit relatively
expensive, treatment for patients with T2DM. Thus, based on
the results, dual therapy with metformin and linagliptin may be
a better option for long-term glycemic control because of the
similar glucose control ability to triple therapy. Further studies
should investigate the long-term efficacy and cost-effectiveness
of each combination therapy. These results could provide
a guide for clinical physicians to select a more appropriate
prescription from metformin monotherapy, dual therapy, or
triple therapy in the future.
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In this study, we investigated the metabolism of white matter by magnetic
resonance spectroscopy (MRS) in stroke complicated with diabetes mellitus
in combination with glycosylated hemoglobin (HbAlc) detection and clinical
neurological deficit score (NIHSS). Fifty-three patients with stroke within
24 h after onset were collected and scanned by MRS. The biochemical,
clinical and imaging characteristics of patients were analyzed. Patients were
divided into three groups according to HbAlc levels: Good glycemic control
(A): < 6.5%; satisfactory glycemic control (B): 6.5-7.5% and poor glycemic
control (C): > 7.5%. The results showed that HbAlc levels were positively
correlated with NIHSS in patients with acute ischemic stroke (AlS). There is
significant difference in NAA/Cr between the infarcted site of the three groups
and the mirror site. HbA1C level was negatively correlated with NAA/Cr in
patients with AIS, and there was no significant correlation between NIHSS
score and NAA/Cr. The data above demonstrated that the MRS imaging can
be used to explain the adverse effects of hyperglycated hemoglobin on brain
parenchyma from the perspective of imaging. This imaging technique and
clinical NIHSS score have a high consistency in evaluating stroke.

ischemic stroke, hydrogen proton magnetic resonance imaging, glycosylated
hemoglobin, NIHSS score, NAA/Cr

Introduction

Stroke is a cerebrovascular disease with high morbidity, mortality and disability.
Diabetes is one of the independent risk factors for stroke (1-3). Diabetes patients are
2-6 times more likely to have a stroke than non-diabetics and the risk of recurrent
stroke is also doubled (4, 5). Stroke patients combined with diabetes are more prone
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to recurrence and deterioration (4), and clinicians are required
to urgently evaluate patients with appropriate imaging methods.
Traditional neuroimaging techniques such as magnetic
resonance imaging (MRI) and computed tomography (CT),
can only show morphological changes after stroke (6) but
cannot reveal the feature of nerves and biochemicals. In this
study, magnetic resonance spectroscopy (MRS) was used to
study the metabolism of white matter in patients with Type 2
diabetes Complicated with Stroke. Taking into consideration
glycosylated hemoglobin and clinical neurological deficit
score (NIHSS), biochemical and clinical analysis of diabetic
patients who suffered a stroke was analyzed. By studying the
characteristic evolution of the imaging, we can establish as early
warning mechanism, which could eventually provide valuable
information for the clinical treatment of cerebral infarction and

for the evaluation of prognosis (7-9).

Subjects and methods

General information

We searched the database of Shanghai Pudong New
Area Gongli hospital for patients who were admitted in the
department of neurology between June 2015 to June 2017.
The DWI imaging system had 53 patients with single stroke
in the basal ganglia, which were included in the study.
All patients included in this study were primary cerebral
infarction. Inclusion criteria were as follows: Patients who
met the 2014 edition of guidelines for the diagnosis and
treatment of acute ischemic stroke (AIS) in China; exclusion
criteria: hypertension, hyperlipidemia, brain injury patients
and other neurological diseases, magnetic resonance imaging
contraindications (patients with pacemakers, patients with
nerve stimulators, artificial metal heart valves, intraocular metal
foreign bodies, inner ear implants, in vivo ferromagnetic foreign
bodies; early pregnancy—within first 3 months of pregnancy;
severe Hyperthermia) and also patients who are claustrophobic.

Subjects signed informed consent.

Instruments and methods

The TOSHIBA EXCELART Vantage
resonance imaging instrument is equipped with an 8-channel
head and neck coil. All subjects underwent routine MRI (T1WI,
T2WI, FLAIR) sequence, diffusion weighed imaging (DWI) and
MRS examination.

1.5T magnetic

DWI was as follows: SE sequence, TEI550 ms, matrix
128 x 128, FOV 24 x 24, layer thickness 5.5 mm, layer spacing
1.0 mm, b-value 1,000 s/mm?.

MRS characteristics was as follows: Multi-voxel acquisition
using (PRESS).  General

point-resolved  spectroscopy
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parameters: TR 1,500 ms, TE 136 ms, average number of
1, and detection time: 6:15 min.

Volume of interest (VOI) Selection: According to the high
sensation area of the basal ganglia on the DWI, the acute infarct
area was used as the VOI. The sampling volume is based on 15
mm X 15 mm x 15 mm. According to the size of the lesion to
be detected, the lesion area should be included in one voxel as
much as possible, and we tried to avoid the interference of the
skull, fatty tissue and cerebrospinal fluid.

Within 24 h of admission, the author used the National
Institutes of Health Stroke Scale (NIHSS score) to score
neurological deficits in patients. The grading was done as
follows: mild impairment: NIHSS < 6 points, moderate
impairment: 6-16 points, severely affected: > 16 points. As far as
possible, we did not repeat our instructions or make the patients
do the same movement twice (such as repeatedly asking the
patient to do some kind of effort). The time taken to score the
patient was not more than 2 min.

Venous blood was collected within 24 h after admission, and
glycated hemoglobin (HbAlc) was detected by high pressure
liquid chromatography. According to the 2013 American
Diabetes Association, Diagnosis and classification of diabetes
mellitus (7), HbAIC > 6.5% is listed as Diagnostic criteria for
diabetes. Blood glucose control is grouped according to glycated
hemoglobin levels. Good glycemic control group (group A):
HbAlc < 6.5%; Satisfactory glycemic control group (group
B): HbAlc: 6.5~7.5%; poor glycemic control group (group C):
HbAlc > 7.5%.

Statistical analysis

The data was analyzed using statistical software SPSS22.0.
The t-test and analysis of variance were used to compare the
general data, NIHSS score and MRS parameters of the three
groups. The correlation between NIHSS score and HbAlc, the
correlation between NIHSS score and MRS parameters of the
three groups were analyzed by Pearson correlation (when |
r| > At 08, it was considered that the two variables are
highly correlated; when 0.5 < | r|] < 0.8, the two variables
were considered to be moderately related; when 0.3 < |
r] < 0.5, the two variables were considered to have a low
correlation. When 0 < | r| < 0.3, the degree of correlation
is weak and basically irrelevant). P < 0.05 was considered
statistically significant.

Results

General information comparison

The clinical characteristics of 53 stroke patients

in this study are shown in Table 1. There were no
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significant differences in gender and mean age between
0.1, P =
were investigated for metabolic indicators such as low-

the three groups (P = 0.5). The three groups
density lipoprotein, fasting blood glucose, and HbAlc. The
differences were statistically significant (P < 0.05, P < 0.01,
P <0.01).

Neurological function score

The NIHSS scores of the three groups are shown in Table 2.
The NIHSS scores of the three groups were compared. Group
A: 3.6129 % 3.56537, Group B: 4.6667 £ 2.59808, Group C:
6.4615 + 2.81707, the difference was statistically significant
(P < 0.05).

HbAIC levels and NIHSS scores of the three groups A,
B, C were compared, Pearson correlation analysis showed that
patients with AIS had a positive correlation between blood
HbAIC levels and NIHSS (r = 0.276, P < 0.05), that is,
the higher the HbAIC level, the higher the NIHSS score
(Figure 1).

Changes in magnetic resonance
spectroscopy metabolites

In group A, B, C, the metabolites of the site of infarcts
and their contralateral mirror site were compared (see Table 3).
In Group A infarct side NAA/Cr: 1.09 £ 0.22, mirror side
NAA/Cr: 1.67 & 0.36, t = -7.647; Group B infarct side NAA/Cr:
0.91 £ 0.14, mirror side NAA/Cr: 1.16 + 0.24, t = -2.618;
Group C infarct side NAA/Cr: 0.87 £ 0.21, mirror side NAA/Cr:
1.16 & 0.26, t = -3.098, the difference was statistically significant
(P < 0.01, < 0.05, < 0.05), and for the Cho/Cr ratio the
difference was not statistically significant (+ = -2.261, -1.842,
-4.522, P < 0.05, = 0.05, < 0.05), Lac appeared 25 times
in total.

Comparison of metabolites between infarcts in patients of
group A, B and C: There was a significant difference in NAA/Cr
(P < 0.01) but there was no significant difference in Cho/Cr
(P > 0.05). The difference in Lac/Cr was statistically significant
(P < 0.05).

The blood HbA1C and NIHSS scores of patients in
group A, B and C were compared with respect to NAA/Cr,
Cho/Cr and Lac/Cr values. Pearson correlation analysis
showed that blood HbAIC levels had a low negative
correlation with NAA/Cr (r = -0.494, P < 0.01, it had a low
-0.354, P < 0.01),
and the correlation with Lac/Cr was statistically
significant (r = 0.252, P = 0.1). There was no significant
correlation between NIHSS score and NAA/Cr, Cho/Cr,
and Lac/Cr (r = -0.135, r = -0.004, r = 0.164, P = 0.1)
(Figures 2, 3).

negative correlation with Cho/Cr (r =
not
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Discussion

Application of magnetic resonance
spectroscopy in stroke patients

The 1H-MRS detection index usually includes nitrogen-
acetylaspartate (NAA), choline complex (Cho), creatine (Cr),
and lactic acid (Lac) (10, 11). The ratio of NAA/Cr and Cho/Cr
reflects the change of NAA and Cho concentration to some
extent. To a certain extent, it can be used for the diagnosis and
evaluation of diseases (12-14).

In this experiment, 53 patients with acute cerebral infarction
were selected and the proton magnetic resonance spectroscopy
(IH-MRS) imaging method was used to image the cerebral
infarction lesions, the metabolites in the lesions and their clinical
value. In the 53 patients who underwent MRS imaging, the NAA
concentration in the infarct site was found to be decreased,
and the results were consistent with the literature reports. The
concentration of Cho was not significantly changed. The typical
Lac peak was only found 23 times, and the incidence rate was
43.4%. This may be due to the fact that the concentration of
Lac is related to anaerobic metabolism. When the examination
time exceeds the acute phase of stroke, the blood vessels around
the hypoxic brain tissue revascularize and the oxygen supply
increases, so Lac cannot be detected. In addition to this, when
the total amount of Lac is small, contamination due to Lipid
peak also reduces the detection rate of Lac.

Characteristics of magnetic resonance
spectroscopy images of stroke patients
complicated with type 2 diabetes

Cerebrovascular disease is a chronic complication of
diabetes and one of the leading causes of death in diabetic
patients; hyperglycemia is also an independent risk factor for
stroke (15-18).

The infarction site of diabetic patients with stroke is
common in basal ganglia, corona radiata and brain lobe. The
infarct type is mainly small infarct, and can also be found
in the thalamus, quadrigemina, lateral ventricle and other
parts. In order to reduce the error caused by the different
content of metabolites in different measurement sites, the basal
ganglia infarct was selected as the measurement site. Comparing
the MRS images of the basal ganglia infarction area of the
three groups of patients, we found that the NAA/Cr value of
the satisfactory glycemic control group was not significantly
different from that of the good glycemic control group, while
the NAA/Cr value of the poor glycemic control group was
significantly lower than that of the good glycemic control
group. The Cho/Cr index did not show a significant difference
between the three groups. There was no significant difference
in the appearance of Lac peak between the three groups. In
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TABLE 1 Clinical characteristics of 53 stroke patients.

Indicator (Mean/Range)

Stroke patients (n = 53)

10.3389/fmed.2022.1008941

Good glycemic control
group (Group A)(n =31)

Satisfactory glycemic control
group (Group B)(n=9)

Poor glycemic control group
(Group C)(n =13)

Sex (Male/Female) 21/10
70.2/49-90
2.63/1.05-4.61
5.16/3.77-6.91

Age (years)?
LDL-C (mmol/L)*
FBG (mmol/L)*

5/4
71.6/60-84
2.91/1.17-4.89
5.90/4.63-7.60

716
67.5/46-87
3.42/1.67-5.44
9.29/4.99-16.89

HBA1C (%)* 5.8/5.0-6.3 6.8/6.5-7.2 9.7/7.6-13.2
LDL-C, low density cholesterol; FBG, Fasting blood sugar; HBA1C, glycosylated hemoglobin. *Median (range).
TABLE 2 NIHSS scores of three groups of patients.

<6 points 6~16 points >16 points Range Median
Group A (n=31) 26 3 1 0~16 2
Group B (n=9) 7 2 0 0~9 5
Group C (n=13) 7 6 0 0~12 6

NIHSS, National Institutes of Health Stroke Scale; Group A, Good glycemic control group, HbAlc < 6.5%; Group B:Satisfactory glycemic control group, HbAlc: 6.5% 7.5%; Group C: Poor
glycemic control group, HbAlc > 7.5%. Range: the highest and lowest of the NIHSS scores of each group of patients; Median: the median NIHSS score of each group.

14.01
o
12.0 o
o
HbALC ;o 55 e
8.0
6.0

@ 00 * *
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FIGURE 1
HbA1C and NIHSS diagram.

NIHSS

20

the observed Lac peak, Lac/Cr was significantly higher in the
poor glycemic control group as compared to the good glycemic

control group, but the correlation was not obvious. This may be
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related to the small number of observations of the Lac peak and

the lower concentration of Lac. At the same time, we also found

that even in the area where no infarction occurred, the NAA/Cr
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TABLE 3 Characteristics of metabolites following brain infarct for the three groups.

Metabolites x £ S Group A (n=31) Group B (n=9) Group C (n=13)

IS MI P-value 1S MI P-value IS MI P-value
NAA/Cr 1094022 1674036 0.007** 0914014 1164024 0.038* 0.87 +0.21 1.16 £ 0.26 0.029*
Cho/Cr 0.87+0.19  1.04+038 0.039* 0.79 +0.21 1.07 £ 0.41 0.036* 0.74 4 0.19 1.3+ 0.40 0.030*
Lac/Cr 0.35 %+ 0.10 0 / 0.38 +0.13 0 / 0.49 +0.12 0 /

Group A, Good glycemic control group, HbAlc < 6.5%; Group B: Satisfactory glycemic control group, HbAlc: 6.5% 7.5%; Group C, Poor glycemic control group, HbAlc > 7.5%; IS:
Infarcted area side; MI, Mirror of infarcted area; NAA, N-acetyl aspartate; Cr, Creatine; Cho, Choline; Lac, Lactate.
*P < 0.05,**P < 0.01.

A 3.9 B 2.2
o.
-0,68-— T T T -0,87 4+ T T T
4 3 2 1 4 3 2
FIGURE 2

Patient 1 HbAlc: 5.7. (A) MRS shows changes in brain metabolites in the infarcted area, NAA/Cr 2.334, Cho/Cr 1.332. (B) MRS shows changes in
brain metabolites in the contralateral side at the same site, NAA/Cr 1.780, Cho/Cr 0.985.

A2.34 B 2,17
y M\w
04
-0.51-— T T T =12 — T T T
4 3 2 1 4 3 2 1
FIGURE 3

Patient 2 HbAlc: 10.3. (A) MRS shows changes in brain metabolites in the infarcted area, NAA/Cr 1.906, Cho/Cr 0.926. (B) MRS shows changes in
brain metabolites in the contralateral side at the same site, NAA/Cr 1.422, Cho/Cr 1.571.

value of the poor glycemic control group was lower than that of and anaerobic metabolism. Therefore, Stroke patients who are
the good glycemic control group, which further indicates that also diabetic often have more severe clinical symptoms and a
the blood sugar elevation aggravates the nerve fiber damage poorer prognosis.
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NAA is a marker of neuronal cell integrity. Our study
found that blood HbA1C levels were negatively correlated with
NAA/Cr in patients with AIS, i.e., the higher the glycated
hemoglobin level, the greater the destruction of neuronal
cell integrity. Cho reflects the renewal state of the cell
membrane. This experiment found that the level of HbA1C
was negatively correlated with Cho/Cr, that is, high levels of
HbAI1C slowed down cell renewal and decreased cell viability.
These results further confirm the fact that an increase in blood
glucose causes a decrease in neuronal activity and also causes
nerve fiber damage.

The increase in HbAlc leads to an increase in the incidence
of stroke, the disease has an increased severity and this may be
due to: (1) effects of long-term hyperglycemia, hyperglycemia
end products accumulate in the patient, leading to thickening,
damage, and stimulation of the inner wall of the blood
vessel. The release of inflammatory cytokines promotes the
formation of atherosclerosis and cerebral arterial thrombosis,
which ultimately induces stroke; (2) hyperglycemia reduces
the formation of new blood vessels through the action of
low vascular endothelial growth factor, inducing a reduced
perfusion in the periphery of the lesions and lactic acid
accumulation in the brain also promotes the development
of hypoperfusion which causes irreversible infarction and
which therefore accelerates the pathological process of the
lesion; (3) microvascular dysfunction caused by diabetes,
vascular endothelial proliferation, increased blood viscosity,
decreased blood flow velocity, red blood cells and platelet
aggregation occur which then leads to the formation of
thrombus which further increases the incidence and recurrence
rate of stroke.

Correlation between magnetic
resonance spectroscopy parameters
and national institutes of health stroke
scale scores

The National Institutes of Health Stroke Scale (NIHSS)
is a clinically used scale for assessing neurological deficits in
patients with acute stroke. It has become an important part
of the clinical evaluation and clinical trial system for acute
stroke. The standard NIHSS consists of 15 items, including
language, motor function, sensory function, and movement. The
score ranges from 0 to 42. A score < 6 points indicate a good
prognosis. A score > 16 points indicate the possibility of death
and severe disability.

No significant correlation was observed between NIHSS
score and NAA/Cr, Cho/Cr, and Lac/Cr detected by MRS in
this study. The NIHSS score is a result of clinicians’ evaluation
of patients, as such it is subjective and cannot completely
reflect the neurological impairment of patients. MRS is more
sensitive and can detect microscopic changes in substances,
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but these small change does not necessarily affect the patient’s
clinical symptoms, that is, “only qualitative changes occur,
without quantitative changes occur.” We therefore need to
question whether these is a threshold for symptomatic change
to occur. When the concentration of substances detected by
MRS exceeds a certain threshold, this could potentially a greater
impact on the NIHSS score, which needs to be studied further.
The equations should be inserted in editable format from the
equation editor.

Conclusion

Magnetic resonance spectroscopy is the only non-
invasive imaging method for studying the metabolism,
of
compounds in living organs. NAA/Cr, Cho/Cr, and Lac/Cr

biochemical changes and for quantitative analysis
are quantitative indicators that show the changes in brain
chemical metabolism in stroke patients after the onset,
providing a direct imaging basis for the severity and
prognosis in stroke patients. Elevated blood glucose is
an important risk factor for stroke and a major cause of
increased mortality among stroke patients. Using MRS imaging
method, the damage to the brain caused by hyperglycated
hemoglobin is explained from the perspective of microscopic
substance changes. This technique helps to better assist
in the early clinical diagnosis and prognostic assessment
of stroke disease.

The shortcomings of this study are as follows: 1. MRS
examination time is too long, the movement of patients with
acute stroke will increase the chance of artifacts, the signal
is weak, the spatial resolution is poor and its application in
acute stroke still requires a better understanding and further
improvement; 2. Due to the fact that the sample size is
not big enough, the research on the changes in Cho value
in infarcted lesion area is therefore not complete. Follow-up
studies on this matter will need to expand the sample size and
improve the detection of Cho and add additional observation

indicators to the study.
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Linhua Li*, Sean Sylvia®, Huan Zhou ® '*, Lucy Pappas* and
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Background: Improving type 2 diabetes (T2D) care is key to managing and
reducing disease burden due to the growing prevalence of diabetes worldwide,
but research on this topic, specifically from rural areas, is limited. This study
uses standardized patients (SPs) to assess T2D care quality among primary care
providers to access the healthcare system in rural China.

Methods: Using multi-stage random sampling, health facilities, providers, and
households were selected. SPs were used to evaluate providers’ T2D care
quality and a questionnaire survey was used to collect patient sorting behaviors
from households. Logistic regression was used to explore factors correlated
with T2D care quality. Provider referral and treatment rates were combined
with patient sorting behaviors to assess the overall quality of T2D management
by rural China’s healthcare system.

Results: A total of 126 providers, 106 facilities, and 750 households were
enrolled into this study. During SP interactions, 20% of rural providers
followed the national guidelines for T2D consultation, 32.5% gave correct
treatment, and 54.7% provided lifestyle suggestions. Multi-variable regression
results showed that providers who had earned practicing certificates (8 =
1.56, 95% CI: 0.44, 2.69) and saw more patients (8 = 0.77, 95%: 0.25,
1.28) were more likely to use a higher number of recommended questions
and perform better examinations, whereas providers who participated
in online training were less likely to practice these behaviors (B =
—1.03, 95%: —1.95, —0.11). The number of recommended questions and
examination (NRQE) was the only significant correlated factor with correct
treatment (marginal effect = 0.05, 95%: 0.01, 0.08). Throughout the
rural healthcare system, 23.7% of T2D patients were treated correctly.
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Conclusion:

10.3389/fpubh.2022.1081239

The quality of T2D care in rural western China, especially

throughout the consultation and treatment process during a patient’s first
visit, is poor. Online training may not improve T2D care quality and low
patient volume was likely to indicate poor care quality. Further research is
needed to explore interventions for improving T2D care quality in rural China's
healthcare system.

quality of type 2 diabetes care, standardized patients, healthcare system, rural China,

primary care

Introduction

Diabetes is a leading cause of mortality and reduced
life expectancy around the world. From 1990 to 2017, the
global prevalence of diabetes increased more than 129% from
211 to 476 million, and the number of global deaths due
to diabetes increased more than 125% from 0.61 million
deaths to 1.37 million (1). Type 2 diabetes (T2D), the most
common type of diabetes, accounts for ~90% of all diabetes
cases internationally (2). In response to the major disease
burden diabetes presents, organizations worldwide have set forth
measures for decreasing diabetes’ prevalence. For example, the
United Nations Sustainable Development Goals (SDG) included
the aim to reduce premature mortality from non-communicable
diseases (NCDs), including diabetes, by one-third by 2030
(3). Similarly, the World Health Organization’s (WHO) Global
Action Plan for the Prevention and Control of NCDs has
proposed a series of measures for the surveillance, prevention,
and control of diabetes and its complications, as well as specific
measures for diagnosing and treating T2D (4).

In 2019, China reported having the largest number of adults
with diabetes in the world (116.4 million) and predicted that this
number would increase to 147.2 million by 2045 (5). In order to
decrease the prevalence and reduce the complications associated
with diabetes, China implemented a comprehensive healthcare
policy and has established 265 national demonstration areas
where short-term pilot programs aim to promote better
healthcare practices as well as better detection methods for
controlling the prevalence of chronic diseases (6). Additionally,
China has further developed healthcare system integration
throughout the country to promote the flow of healthcare

Abbreviations: T2D, type 2 diabetes; VC, village clinic; THC, township
health center; CH, county hospital; SP, Standardized Patient; NCD, non-
communicable disease; LMIC, low- and middle-income country; NRQE,
number of recommended and essential questions and examinations;
OLS, ordinary least squares; FPG, fasting plasma glucose; HbAlc,

hemoglobin Alce; OGTT, oral glucose tolerance test.
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resources to primary care facilities for long term health
programming (7).

Healthcare systems play a foundational role in dealing with
the increasingly high prevalence of non-communicable diseases
(8), including diabetes. In China, the rural healthcare system is
comprised of three tiers of healthcare providers: village clinics
(VC), township health centers (THC), and county hospitals
(CH). Under China’s guidelines for diabetes management within
the rural healthcare system, primary care providers from VCs
and THCs take primary responsibility in diagnosing patients
during their initial visits and treating the diagnosed patients.
First-time patients are recommended to visit a VC or THC, and
to then visit a CH if their health issues remain unresolved (9).
As a result of these healthcare system developments, diabetes
prevention and treatment services in China have been gradually
transferred from city hospitals to local primary care providers,
which has improved diabetes patients’ access to diagnosis and
treatment (10).

Despite patients’ improved accessibility to diabetes
healthcare services, the complex phenotypes and multiple needs
of individuals with diabetes requires high quality diabetes care
and a healthcare system designed to reduce the burden of this
NCD (11). However, previous studies on the quality of diabetes
care (that analyzed the counseling and examination process
quality, the treatment quality, and subsequent health outcomes)
have identified suboptimal performance during initial case
diagnosis, evidenced by, for example, a lack of essential
examinations (12, 13). Furthermore, for T2D in particular, there
is little known about the differences in healthcare system quality
in regards to a patient’s choice of healthcare facility for their first
visit (i.e., whether a patient chooses to first visit a VC or a THC).
This is particularly relevant given the gaps in T2D care quality
between the different tiers of providers. Combined with the
increasing burden on primary care providers for managing T2D,
understanding the quality of T2D care and how it may vary
by a patient’s visiting behavior among China’s three-tier rural
healthcare system is vital to identifying areas for improvement.

One of the fundamental problems with assessing the quality
of T2D care is the methodological limitations of previous
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studies; for example, studies that had used electronic medical
records or questionnaire survey data on patient care outcomes
often found the method to lead to incomplete and inaccurate
results (14). Instead, the standardized patients (SPs) method has
become considered as the “gold standard” for evaluating the
quality of clinical practice (15). SPs are individuals recruited
from local communities and trained to present consistent disease
cases to healthcare providers. There are three distinct advantages
to assessing clinical practice with SPs compared to other
commonly used methods (15, 16). First, because providers are
unaware they are being assessed during SP interactions, clinician
behavior remains unbiased, compared to the direct observation
method which has been found to introduce Hawthorne effects to
a provider’s observed behaviors (16, 17). SPs can also reduce or
eliminate recall bias compared to the method of surveying actual
patients after a visit. Second, SPs can measure “real” clinical
practice as opposed to only measuring clinical knowledge
(which is commonly examined using clinical vignettes or a
questionnaire survey, leading to providers being aware of being
assessed). Third, because the SP approach examines complete
interactions between providers and mock patients, the referral
process between the different tiers of healthcare facilities may
be observed in practice; these observations may then be used
to evaluate the quality of the overall healthcare system. The
SP approach has been used in China and internationally to
investigate how diseases such as diarrhea, unstable angina, and
tuberculosis are treated (18-20). However, to our knowledge,
few studies have used SPs to evaluate the quality of T2D
care, especially in rural China where the prevalence of diabetes
increases by 2.5% points annually (21).

In order to fill this identified gap in the literature, the present
study has three objectives. First, we use SPs to assess the quality
of T2D care among primary healthcare providers in rural China.
Second, we explore the correlates of the quality of T2D care
and seek to provide policy or healthcare reform implications for
improving the quality of T2D care in rural China. Third, we
combine patients’ facility sorting behaviors and provider-level
quality analyses of T2D to determine the ability of China’s rural
healthcare system for effectively managing diabetes.

Materials and methods

Setting and sampling

The facilities and healthcare providers sampled for this study
were selected from rural areas in one prefecture of Sichuan
Province in western China. The sample was chosen using a
four-stage random sampling procedure. First, five counties were
randomly selected from the prefecture. Second, 50 townships
were randomly selected from these five sample counties. Third,
the sample was then evenly divided with 10 townships chosen
from each county. Fourth, one village was randomly selected
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from each sample township. In total, 50 villages from the sample
townships were enrolled into the study. All providers of general
and internal medicine who were on duty on our survey day from
the sample facilities within the sample villages were surveyed.
From this sampling process, a total of 126 providers were
included in the study (see Figure 1).

Data collection

Provider survey

Structured questionnaires were administered to collect
provider information. Trained investigators interviewed
providers to obtain information regarding their age, gender,
medical education, qualifications, medical experience, income,

and undergraduate major.

Household survey

Residential-level household
socio-demographic characteristics, whether a member of the
household had been diagnosed with diabetes, and the facility-

sorting behavior of the household members (i.e., whether they

demographics—including

choose to first visit a VC or a THC)—were collected by trained
investigators through face-to-face interviews. The choice of
which facility a patient visits first is important in evaluating the
quality of China’s rural healthcare system in diagnosing and
treating T2D, as this choice determines how the patient will be
diagnosed and initially treated, which subsequent facilities they
will visit through referrals, and the efficacy of the treatment
process as a whole. Therefore, all households were asked
which facility a member would choose to visit first when they
experienced symptoms related to diabetes, such as eating more,
drinking more, and unexplained weight loss.

Standardized patients

Provider quality was assessed through their interactions
with incognito SPs. T2D is a disease that qualifies for being
assessed by the SP methodology as (1) there are no obvious
physiological symptoms of T2D and (2) there is low risk that
SPs will be exposed to invasive procedures or tests during an
initial examination. Thus, using SP interactions, we assessed
providers’ process quality and the accuracy of their diagnosis
and treatment. The standards of quality assessment we used were
taken from Chinese clinical guidelines (22), which are presented
in Appendix Text 1.

SPs were recruited from local communities and selected
through interviews with our research team to confirm that
their demographic characteristics matched the standardized
T2D case profile. All selected SPs were trained in a classroom
setting for 1 week by a team of researchers and consulting
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Random Sample

1 prefecture

One prefecture from Sichuan province

5 counties

Randomly chosen out of 6 total rural counties
in selected prefecture

50 townships

10 randomly chosen per county

50 villages

One randomly chosen per township

July 2019: Facility, provider, and
household Survey

County hospitals
36 accepted
36 completed
Township health centers
50 accepted
50 completed
Village clinics

50 accepted
50 completed
Households

750 accepted
750 completed

August 2019: Standardized Patient Visits

County hospitals

36 accepted

31 completed
Township health centers
50 accepted

49 completed

Village clinics

50 accepted

46 completed

FIGURE 1

totaling 750 households.

STROBE flowchart. Standardized patients were randomly assigned to facilities and within each facility, standardized patients visited the provider
following normal procedures for walk-in patients. Fifteen households were randomly selected from the resident roster of each sample village,

medical professionals in order to present consistent T2D cases.
Classroom training focused on preparing SPs to represent the
T2D case to providers in a consistent and unsuspicious manner.
Medical professionals discussed the symptoms of T2D to be
portrayed by SPs and the typical behavior and presentation of
real patients afflicted with the diseases. Following classroom
instruction, the SPs went through extensive field rehearsals
in rural areas with clinicians who volunteered to assist with
the study.

All SPs followed a standardized case script which was
developed by our research team in conjunction with diabetes
specialists. To adapt the case script to the local context, local
diabetes prevention and management authorities were also
included in the consultations. The details of the case script can
be found in Appendix Text 2. To prevent invasive testing on an
SP, such as a Fasting Plasma Glucose test, every SP carried a
prepared blood glucose test report form with them for their visit.
If a provider asked them to take an invasive examination, the SP
would present the test report to them.

Frontiersin Public Health

77

SP visits

SPs visited the target providers in late August 2019. One
SP visited one provider in each sample facility. Each SP was
randomly assigned to a provider to reduce the potential for any
differences in individual SP presentations and to reduce bias
comparisons across providers. Upon entering each clinic, the SP
was seen by any provider who was available at the time. In other
words, SPs made no attempt to be seen by specific providers.

We used three methods to collect data on SP-provider
interactions. First, SPs wore a concealed recording device. This
allowed the research team to accurately evaluate interactions
without relying on the SP’s ability to recall details. Second,
SPs were administered a case-specific “debriefing survey” upon
exiting clinics. This survey covered the SP’s interaction with
the provider, the SP’s own impressions of the provider, and any
additional observations made by the SP that they thought were
relevant but not captured on the audio recording. Finally, to
collect information on any drugs dispensed, SPs were directed
to purchase all medications prescribed to them by the provider.
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Statistical analysis

We calculated the means or proportions across all
interactions for each of our primary outcomes: (1) the SP-
provider consultation process as determined by the number of
recommended questions and examinations (henceforth referred
to as NRQE) asked and conducted by the provider; (2)
the correct diagnosis as determined by the accuracy and
completeness of the provider’s diagnosis; and (3) the correct
treatment as determined by the overall accuracy of the provider’s
prescribed treatment. All outcome variables were evaluated
according to China’s national clinical guidelines (22). To assess
the correlates of these variables, we used ordinary least squares
(OLS) regression for the NRQE variable (continuous variable)
and logistic regression for the correct diagnosis and correct
treatment variables (binary variables). For each outcome, we
assessed correlations with a fixed set of facility-level and
provider-level characteristics hypothesized to be related to T2D
care quality.

We simulated system-level results by combining patient
sorting behavior data with provider competence data from
VCs and THCs to build a T2D management chain that
represented the entire rural healthcare system. We used the
patient sorting behavior data collected by the household survey
to determine which facility a patient would visit first; we then
used T2D treatment and referral data at the facility level to
determine whether a patient would be treated correctly at that
facility or to where the patient would be referred for further
treatment. For instance, if a patient initially visited a VC,
we used the correct treatment data and referral data at the
VC tier (and, subsequently, the THC level) to calculate the
probability of diabetes being correctly managed within the rural
healthcare system. All analyses were conducted using STATA
14.0 (StataCorp, College Station, TX, USA).

Results

Provider characteristics

Table 1 shows the characteristics of all sampled providers.
Out of the total 126 providers who were enrolled into our
study, 36.5% (46/126) were from VCs, 24.6% (31/126) were from
CHs, and the remainder were from THCs (38.8% or 49/126).
VC providers had a lower education level than providers
from THCs and CHs (P < 0.001). Moreover, VC providers
had fewer practicing certificates; only 23.9% of VC providers
held a practicing certificate, which was a significantly smaller
proportion than providers working in THCs and CHs (91.8
and 96.8%, P < 0.001), respectively. During their undergraduate
studies, 56.5% of VC majored in western medicine, compared to
79.6 and 77.4% of providers from THCs and CHs, respectively
(P < 0.05). There were also significant income gaps between
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providers in the three tiers. The income of THC providers
was twice the income of VC providers, and the income of CH
providers was three times the income of VC providers (P <
0.001). Finally, 80.6% of CH providers had participated in online
training, which was a significantly higher proportion than that of
THC and VC providers (P = 0.005).

Quality of SP-provider interaction
process, diagnosis, and treatment

Results on the quality of T2D care among providers in the
rural healthcare system are reported in Table 2. On average,
providers used six of the 31 recommended questions and
examinations (20%); no significant differences were found
among the three tiers of providers (all P-values more than
0.05). The providers asked an average of 3.3 recommended
questions out of the 19 questions required by the national
clinical standards for diagnosing T2D, and performed 2.8 of
the 13 required examinations. The correct diagnosis rate was
more than 90% among providers from THCs and CHs, whereas
only 69.6% of VC providers made correct diagnoses (P < 0.01).
Overall, the correct treatment rate was generally below 40%
and did not differ significantly among providers from the three
tiers of facilities; however, when it came to prescribing the
appropriate drugs, providers from VCs prescribed fewer correct
drugs (41.4%) and more harmful drugs (23.9%) to patients than
providers from both THCs (78.6 and 4.1%) and CHs (83.3 and
0%; all P < 0.05). Regarding non-pharmaceutical treatment
plans, about 50% of all providers gave lifestyle suggestions to
their patients, and no significant differences were found between
providers in all three tiers (all P-values > 0.05). Regarding rates
of referral, 37% of patients were referred from VCs to higher-tier
facilities, whereas only 3.2% of patients were referred from CHs
to other facilities (P < 0.05).

Turning to the frequency of diagnostic questions asked
and examinations performed during SP-provider interactions
(Figures 2, 3), more than half of the providers asked the
recommended question of whether patients experienced
“dry mouth and thirst.” Additional recommended questions
were about the patient’s history of diabetes, if they had
previously received blood sugar testing, their age, and any
weight changes they experienced in recent months; however,
<50% of all providers asked these specific questions to the
SPs. Moreover, <20% of all providers asked whether the
patient had a family history of diabetes. Nearly all providers
conducted capillary blood-postprandial blood glucose tests.
Other essential exams were conducted infrequently. About
40% of all providers conducted FPG (Fasting Plasma Glucose)
and HbAlc (hemoglobin Alc) tests. Few clinicians (around
5%) conducted the OGTT (Oral Glucose Tolerance Test), a
golden standard for T2D diagnosis. Furthermore, although also
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TABLE 1 Providers characteristics across three tiers of China’s rural healthcare system.

Provider characteristics VC THC CH P-values
Age (SD) 48.1(7.9) 44.7 (8.4) 49.5(11.8) 0.055
Gender (1 = male) 34 (73.9%) 32 (65.3%) 15 (48.4%) 0.071
Education (1 = bachelor’s degree or higher) 0 (0.0%) 7 (14.3%) 11 (35.5%) <0.001
Practicing certificate (1 = yes) 11 (23.9%) 45 (91.8%) 30 (96.8%) <0.001
Major (1 = western medicine) 26 (56.5%) 39 (79.6%) 24 (77.4%) 0.030
Income (Yuan) 2,358.3 (995.9) 4,563.1 (1,352.9) 7,151.6 (3,277.1) <0.001
Diabetes patients in past 2 weeks (numbers) 5.2(6.5) 6.3 (5.7) 26.6 (41.5) <0.001
Diabetes training 1 time per month or more (1 = yes) 11 (23.9%) 7 (14.3%) 6 (19.4%) 0.49
Online training (1 = yes) 20 (43.5%) 27 (55.1%) 25 (80.6%) 0.005
Sample size 46 49 31
Source: Author’s survey.
VG, Village Clinic; THC, Township Health Center; CH, County Hospital; SD, Standard deviation.
TABLE 2 Quality of type 2 diabetes care among providers from China’s rural healthcare system.
Diabetes care quality vC THC CH P-values
Process quality
Number of recommended questions 3.0 (2.0) 3.5(1.7) 3.3(1.8) 0.43
Number of recommended examinations 2.5(1.0) 29(1.1) 29(1.2) 0.13
Number of recommended questions and examinations (NRQE) 5.5(2.5) 6.4(2.2) 6.3(2.3) 0.15
Average percent of reccommended questions and examinations (ANRQE) 19.7% (6.2%) 20.2% (7.0%) 19.6% (7.1%) 0.91
Diagnosis quality
Correct diagnosis 32 (69.6%) 44 (93.6%) 28 (93.3%) 0.002
Treatment quality
Correct treatment 13 (28.3%) 18 (36.7%) 10 (32.3%) 0.68
Number of drugs dispensed (if any) 2.0(1.1) 1.6 (1.2) 1.2 (0.4) 0.24
Correct drugs (if any) 12 (41.4%) 11 (78.6%) 5(83.3%) 0.027
Harmful drugs (if any) 11 (23.9%) 2 (4.1%) 0 (0.0%) <0.001
Lifestyle guidance (if any) 24 (52.2%) 31(63.3%) 14 (45.2%) 0.26
Monitoring blood glucose (if any) 19 (41.3%) 31(63.3%) 20 (64.5%) 0.051
Referral 17 (37.0%) 7 (14.2.0%) 1(3.2%) 0.017
Sample size 46 49 31

Source: Author’s survey.
VG, Village Clinic; THC, Township Health Center; CH, County Hospital.

considered essential for diagnosing T2D, no THC providers
conducted the BMI exam, and very few providers (<5%) from
VCs and CHs measured the weight and height of the SPs.

Correlates of T2D care quality

Figure 4 presents the results of the multivariate analysis
assessing the correlates for provider process quality. Older
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providers used 1.14 fewer NRQE than younger providers, while
providers with practicing certificates used 1.56 more NRQE
than those without practicing certificates. Providers who had
more patient visits in the past 2 weeks conducted 0.77 more
NRQE. However, providers who had higher incomes addressed
0.35 fewer NRQE than those with lower incomes. Furthermore,
providers who participated in online training in the past year
conducted 1.03 fewer NRQE than those who did not participate
in online training.
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FIGURE 2
Recommended questions used during standardized patient-provider interactions. Source: Author’s survey. CH, County Hospital; THC, Township
Health Center; VC, Village Clinic; *Essential questions.

Appendix Figure 1 shows the correlates for correct diagnosis system (Figure 5). From our collected data on patient sorting
among providers. More NRQE addressed during SP-provider behavior, we found that 39% of T2D patients first visited a VC,
interactions was correlated with a higher probability of correct while 32% first visited a THC, and 29% went directly to a CH.
diagnosis by the provider. Similar to the correlates of process Using the data from Table 2, we attributed correct treatment
quality mentioned above, holding a provider’s certificate was rates of 28.3% for VCs, 36.7% for THCs, and 32.3% for CHs.
positively correlated with a provider’s correct diagnosis rate, Among the patients whose symptoms were not treated at a VC,
whereas a provider’s income was negatively correlated with their 15.2% were given a referral to a THC, and 21.7% were referred
correct diagnosis rate. Regarding the rate of correct treatment to a CH directly. Among the 15.2% of patients who transferred
(Appendix Figure 2), NRQE was the only significant correlate: to a THC from a VC, 2.2% were subsequently referred to a CH.
Providers who conducted 1 additional NRQE were 5% points For patients who visited a THC initially, 14.3% were referred to
more likely to offer correct treatment. a CH. Using this model, we were able to calculate the probability

that an average rural diabetes patient will receive the correct
treatment under the rural healthcare system; this probability

Ouality of the healthcare System in came out at 23.7%. Detailed information on the calculation can
managing T2D be found in Appendix Table 2.

To examine the system-level quality of T2D care, we Discussion
combined provider T2D care quality, referral rates, and patient

sorting behavior to generate a model that displayed the To the best of our knowledge, this is the first study to
treatment of diabetes at each facility and any subsequent patient evaluate the quality of T2D care using the SP method in
referral to higher-level facilities under the rural healthcare rural China. Overall, findings from this study indicate poor
Frontiersin Public Health frontiersin.org
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FIGURE 3
Recommended examinations used during standardized patient-provider interactions. Source: Author's survey. CH, County Hospital; THC,
Township Health Center; VC, Village Clinic; *Essential examinations.
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FIGURE 4
Associated factors for correct treatment of type 2 diabetes among rural clinicians. Source: Author’s survey. NRQE, number of recommended
questions and examinations; CH, County Hospital; THC, Township Health Center.

healthcare quality among rural healthcare providers in China. questions for T2D were used during the interactions between SPs
Regarding the quality of the diagnostic process, on average, less and providers. Most rural providers correctly diagnosed T2D;
than a third of the recommended diagnostic examinations and however, there existed large gaps in the correct diagnosis rate
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FIGURE 5
Quality of the rural healthcare system assessed through its
ability to correctly treat type 2 diabetes. Source: Author's survey.

VC, Village Clinic; THC, Township Health Center; CH, County
Hospital.

between providers in VCs (who correctly diagnosed 69.6% of
SP cases) and providers in THCs and CHs (who gave correct
diagnoses in almost 100% of cases). Additionally, despite these
differences in correct diagnosis rates, the differences between
the providers’ treatment plans were small. Moreover, a provider’s
age, their income, whether they had a practicing certificate, their
patient volume, and their level of training were all correlated
with their diagnostic process quality, while the diagnostic
process quality was the main significant correlate for the quality
of diagnosis and treatment of T2D. Finally, when we assessed
the overall quality of the rural healthcare system, we identified
that the quality of correct treatment prescribed for a T2D patient
was <30%.

Due to different quality assessment methods and quality
indicators used, our results cannot be directly compared with
the results of other studies. For example, one study from
rural Uganda used both medical records and patient interview
methods to evaluate the quality of the healthcare system, the
process of case management (medical examinations in medical
records), and patients’ health outcomes (13). Another study
from Italy employed a continuous Q-score to evaluate the quality
of healthcare (23). Although we cannot compare our results
directly to these studies, we note that two studies from China
and Switzerland, using different indicators for quality of care,
found overall low quality in the case management process of
T2D, which is consistent with our results (24, 25). In addition,
using SPs in this study allowed us to record all patient-provider
interactions as well as to observe real diagnostic questions asked
by providers. Our study found that two essential questions
for diagnosing diabetes, specifically questions regarding weight
changes and if there was a family history of diabetes, were
not frequently asked by providers during the SP interactions,
especially by providers from VCs and THCs. We believe that
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this finding may be helpful when designing interventions for
improving the process quality of diagnosing and treating T2D
for providers in China’s rural healthcare system.

Surprisingly, we found that both process and treatment
quality had no statistical difference among the three levels of
providers, which was not consistent with previous research.
The reason for this may be 2-fold. First, the national policy of
“strengthening primary healthcare” with core responsibilities in
preventing and managing chronic diseases might have improved
the quality of primary healthcare for providers from VCs and
THCs (26). Second, we used the SP method to assess the
provider’s actual clinical behaviors of T2D care instead of
assessing their clinical knowledge, which was the measure most
frequently used by previous research (13, 27). Additionally,
although a knowledge gap may exist between providers from
different tiers, clinical behaviors may not change when clinical
knowledge increases (28). Therefore, the knowledge-to-real
practice gap may be an important reason behind the non-
significant difference observed among the three levels of
providers, and should be taken into consideration in further
quality improvement research.

Our results also showed that providers who had earned a
practicing certificate were the ones most strongly correlated with
providing better diagnosis process quality, which is consistent
with results from previous diabetes healthcare research (29) and
from healthcare quality evaluations done in rural China (19).
However, some discrepancies with the existing research exist.
In one notable example, contrary to findings from Hong Kong
primary care settings, where higher patient volume was found
to hamper the quality of diabetes care (30), our study’s results
indicated that higher patient volume was positively correlated
with diagnosis process quality. This finding is consistent with
evidence from a worldwide systematic review and meta-analysis
(31). We believe that a potential reason for this discrepancy
may be due to the fact that in Hong Kong, clinics with lower
patient volume often have better continuity of care, and thus
offer better care for patients with diabetes (30, 32). However, in
our study, patient volume was evaluated on the provider level,
not on the institutional level. Additionally, prior research has
indicated that local providers are more likely to be visited by
rural residents in China for primary care than doctors in large
hospitals (33). Due to this, we believe that providers with higher
volumes of diabetes patients (resulting from higher patient
volume in general) are more likely to diagnose and treat diabetes
effectively, as they are more likely to develop experience-based
expertise for the diseases they frequently see and treat (34). This
finding thus leads us to make the suggestion that quality-control
measures, such as disease-specific clinical training, should be
provided to and emphasized for rural clinicians experiencing less
patient volume.

Regarding negatively-correlated factors, a provider’s age was
negatively associated with the NRQE used during interactions,
which is in agreement with results from past studies (35). We
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also found that providers who participated in online training
were less likely to conduct more NRQE. This is an interesting
finding as, in the era of the COVID-19 pandemic, online
training has become more widely accepted (36). Despite the
growing acceptance of online training, however, our study
provides support that more conscious efforts should be made
for improving online training programs given to healthcare
providers in rural China. We also believe that more research
is needed to examine the effects of online training on T2D
care quality.

In addition to analyzing the quality of T2D care on an
individual healthcare provider level, we also evaluated the
quality of T2D treatment among the whole rural healthcare
system. Only 38.9% of T2D patients were treated correctly
through the rural healthcare system, which is lower than the
rate found in previous research assessing rural China’s healthcare
system’s ability to manage tuberculosis (20). Additionally, T2D
treatment quality across all tiers was generally low. Even
treatment at the CH level, which has always been considered
the highest tier of the rural healthcare system, was of lower
quality than the treatment provided at THCs, the second-tier
healthcare facility that connects VCs and CHs. In light of this
finding, we believe that although the policy of “strengthening
primary healthcare” reinforced by the Healthy China 2030
Plan announced in 2016 might have improved the quality
of primary healthcare in rural areas to a certain extent (37),
considering the random patient sorting behavior observed
in this study, health policy should not only focus on the
quality of primary healthcare, but also focus on an integrated,
cooperative primary healthcare system, which fully supports
health providers to improve performance (38). A team-based
clinical practice intervention (i.e., integrating CHs, THCs, and
VCs) and more T2D-specific treatment training for the three
tiers of providers may be better ways for improving quality of
T2D care and managing T2D in China’s rural areas. Finally,
our system-level evaluation presented a novel perspective of
T2D treatment quality, which we believe could provide ex-ante
estimates of the healthcare system for other non-communicable
or communicable diseases.

Limitations

Because our research is a part of the project of “Evaluating
the Quality of Primary Care for the Early Diagnosis and
Treatment of Non-Communicable Diseases in China’s Rural
Health System,” we did not employ a specific sample size
calculation. Due to this study’s sample size, even though
we could identify the quality of care from rural providers
and the rural healthcare system in China overall, we were
limited to exploring a narrow range of potential contributing
factors. Additionally, because the standardized script used
was developed for and used by SP volunteers to present the
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same background and symptoms to providers, this study was
unable to measure real patient characteristics. Finally, during
SP interactions, all providers’ clinical behaviors were assessed
in a condition with unknown patients. However, we admit
that this method may be limited in an acquaintance society
where providers, such as village providers, live in the same
rural community as patients and are thus very familiar with
their patients.

Conclusion

The quality of T2D care is poor in the rural areas of
western China, especially when it came to the quality of the
diagnostic process and treatment of T2D during a patient’s
first visit. Online training may not help to improve clinicians’
quality of care for T2D. Moreover, a provider with lower patient
volume may indicate that the provider will provide lower-
quality care. Further research is needed to explore the causal
relation. In addition, our research identified low quality of
T2D care observed across the entire rural healthcare system.
Finally, our research provided evidence that the rural healthcare
system in western China is unable to effectively manage T2D,
which may exacerbate the disease burden of T2D and lead to
the development of more serious health problems when T2D
is improperly treated. Further research is needed to explore
potential interventions aiming at improving the T2D quality
of the rural healthcare system in China and in other low-
income countries.
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Objective: The purpose of this study was to describe behavioral characteristics of
type 2 diabetes mellitus (T2DM) patients, identify homogeneous clusters, and explore
factors affecting behaviors associated with integrated treatment and prevention (ITP)
services for T2DM in community health centers in China.

Methods: A convenient sampling method was employed at a community health
center between January and July 2022 in Nanjing. A total of 354 patients completed
the self-reported questionnaires. After performing a Cluster Analysis to create a profile
of participants’ behaviors, a multiple linear regression analysis was conducted to
explore the correlations between T2DM patients’ characteristics and their behaviors
associated with ITP services.

Results: 316 T2DM patients with a mean age of 72.09 years (SD = 5.96) were included.
The behavior profiles of patients associated with ITP services were clustered into
“Lower” (n = 198) and "Higher” (n = 118) groups, with average scores of 54.41 and
71.46, respectively. Of all the behaviors, complication examination and public health
utilization scored the lowest. Health insurance, duration of disease, and treatment
modality were independent predictors on the patients’ behaviors associated with ITP
services for T2DM.

Conclusion: Patients’ behaviors associated with ITP services for T2DM were
moderately good (the score rate was 63.98%). Of all the behaviors, complication
examination and public health service utilization scored the lowest and, as such, may
warrant further research. The clustering of patients’ behaviors tends to be polarization,
distributed at the upper and lower ends of the behavior spectrum. It is necessary to
develop and implement targeted interventions for different groups to improve T2DM
patients’ behaviors associated with ITP services.

integrated treatment and prevention, behavior, cluster analysis, multiple linear regression
analysis, type 2 diabetes mellitus
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1. Introduction

1.1. Prevalence of diabetes in China

The incidence and prevalence of diabetes and its complications
are increasing at an alarming rate year upon year, and in turn
seriously reducing patients” quality of life (1). Globally, the number of
patients with diabetes is expected to rise to 642.80 million by 2030 (2).
In 2019, global prevalence, number of deaths in the population, and
disability-adjusted life-years (DALYs) in the population associated
with diabetes were 6.18%, 1.55 and 70.88 million, respectively (3). The
prevalence of diabetes in high-income countries was 8.4% in 2021.
The largest prevalence of diabetes was found in upper-middle and
middle-income countries, where more than 10% of the population
have the condition (4, 5). The International Diabetes Federation
(IDF) Diabetes ATLAS (6) indicates that China is the country with the
largest number of patients with diabetes in the world. The prevalence
of diabetes in China reached 11.2 percent in 2020 (7). The total
diabetes-related health expenditure of China in 2021 among adults
aged 20-79 years was the second highest in the world, at 165.3
billion USD. The Global Burden of Disease (GBD) (8) suggests that
the annual growth rate of DALYs per 100,000 people in China was
2.27% from 1990 to 2019. Diabetes has therefore become one of
the major public health problems affecting the Chinese population.
Accordingly, addressing the formidable challenge posed by diabetes
is a pressing concern.

1.2. ITP services of community health
centers in China

China’s health care delivery system is highly fragmented (9). In
China, medical treatment services are mainly provided by general
hospitals, while public health services are mainly provided by
community health institutions and centers for disease prevention
and control (CDC). These health institutions are often separate and
unconnected. Multiple problems arise from the fragmentation of
prevention and treatment of type 2 diabetes mellitus (T2DM) in
China’s health service system (10, 11). For example, it may prevent
T2DM patients from accessing continuous health management
services, such as health education, disease screening, treatment, and
follow-up (12). To further promote the reform of the health system
and consolidate the effects of chronic disease prevention and control,
“the Medium-to-Long Term Plan of China for the Prevention
and Treatment of Chronic Diseases (2017-2025)” proposes (13) to
strengthen treatment and prevention collaboration, and promote the
integrated development of chronic disease prevention, treatment, and
management. Since 2018, the China National Health Commission
has made reference to the concept of “Integrated treatment and
prevention (ITP) services” in a number of documents. Although there
is no specific definition of ITP services, it can be characterized, much
like integrated care, as a coherent, coordinated collection of services
that can be provided to patients through a variety of organizations,
professionals and caregivers (14). Studies have demonstrated that
combining prevention and treatment services for T2DM patients not
only connects different levels of healthcare to offer patients integrated
services that increase service delivery efficiency, but also has a positive
impact on patients’ blood glucose levels (15).
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ITP services of T2DM aim to provide a full range of health
services with an emphasis on integrity, coordination, and continuity
(16). The quality of integrated services to some extent, can be
reflected by the behavioral characteristics of patients with T2DM
being treated in community health centers. To date, however, the
availability of quantitative evidence on the behavioral characteristics
associated with ITP services for T2DM in community health centers
in China has been limited. The patients’ behaviors associated with
ITP services in this study were defined as the activity performances of
people with T2DM from various backgrounds in terms of self-control
in disease treatment and prevention. Profiling patients’ behavior
associated with ITP services can be helpful in terms of determining
the self-management performance of people with T2DM, and can
also represent how the ITP services are evolving. Understanding
T2DM patients’ typical behavior patterns associated with ITP services
and the influencing factors can provide an accurate and objective
theoretical and empirical basis for future research.

2. Methods
2.1. Study design and settings

The cross-sectional survey was conducted from January to July
of 2022 in Nanjing, Jiangsu Province, China. A community health
center was selected from Jiangning District as the sample institution.

2.2. The inclusion and exclusion criteria

2.2.1. Inclusion criteria

(a) Those diagnosed with T2DM, who met the diagnostic criteria
of diabetes proposed in Chinas Guidelines for the Prevention and
Treatment of Type 2 Diabetes (2020 edition), (b) Permanent residents
of the community (living in the community for more than half a
year), (c) Those registered at the community health service center and
a contract for diabetes management in the community, (d) Those of
sound mind, with effective coordination, and communication skills,
(e) Those who volunteered to participate in the research.

2.2.2. Exclusion criteria

(a) Those diagnosed with other types of diabetes, such as
type 1 diabetes, gestational diabetes, etc., (b) Those stricken with
acute complications such as infection, ketoacidosis, hyperosmolar
hyperglycemia, etc., (c) Those suffering from malignant diseases
or in the advanced stage of other serious diseases, (d) Those
suffering from serious complications of diabetes, such as diabetic
nephropathy, fundus lesions, diabetic foot, etc., (¢) Those incapable
of caring for themselves due to mental illnesses or severe cognitive
dysfunction, (f) Those with underlying severe hearing disorders
and/or speech impairments.

2.3. Data collection
According to the literature, convenience sampling can be

used to draw generalizations about certain sample features and
is an option for researchers who are short on time, labor, etc.
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Therefore, this method was adopted because of its advantages
in affordability, convenience, availability of research objects and
applicability of research purposes. Comrey (17) contends that the
sample size for general analysis is typically no <200, besides,
Tinsly (18) believes that the sample size required by the research
should take into account the number of variables in the study.
The minimum sample size in the study of exploring influencing
factors of related variables was 5-10 times the number of variables
(16). As the ITP subscale has 19 items, a minimum sample size
of 209 was required with a ratio of 10:1, given 10% of invalid
questionnaires. A total of 354 T2DM patients (N = 354) were
selected for this investigation by convenient sampling methods based
on geographic proximity, availability and willingness to participate,
and accessibility to the researchers. Due to questionnaire data
loss, withdrawal, or duplicate data, 38 patients were eliminated
from the investigation, and 316 questionnaires (n = 316) were
finally included in the study, with the participants response rate
of 89.27%. Data collection was carried out by trained investigators
of the team according to relevant regulations and respondents
were invited to complete face-to-face questionnaires containing
demographic information as well as a subscale of behaviors associated
with ITP services.

2.4. Measures

2.4.1. The operational definition of ITP

The patients’ behaviors associated with ITP services was
mainly evaluated in seven dimensions, including dietary control,
physical exercise, foot care, medication compliance, glucose and
blood pressure monitoring, complication screening, and public
health service utilization. The specific measurement items of each
dimension were shown in the Supplementary material.

2.4.2. DSKAB-SF

The brief version of Diabetes Self-management Knowledge,
Attitude, and Behavior Assessment Scale (DSKAB-SF) consists of
three subscales of knowledge, attitude and behavior, with a total of
42 items and a full score of 144, which can achieve the efficient
evaluation of diabetic patients in daily health services (19, 20). The
knowledge subscale has 22 items and 6 dimensions (basic knowledge,
diet, exercise, medicine, glucose and blood pressure monitoring and
hypoglycemia prevention). Each item is divided into three levels of
“correct”, “unclear” and “wrong” and assigned 2, 1, and 0 points
in turn, with a full score of 44. The attitude subscale consists of
5 dimensions (attitude of management, diet, exercise, medication,
glucose and blood pressure monitoring) and 5 items. The options of
“very important”, “important”, “general”, “unimportant” and “very
unimportant” are each given 5, 4, 3, 2 or 1 points, for a total of 25. The
behavioral subscale is comprised of 15 items with the items as “never”,
“rarely”, “sometimes”, “often” and “always”, which are successively
assigned as 1, 2, 3, 4, and 5 points, with a maximum score of 75. The 6
dimensions of the behavioral subscale are diet, exercise, prescribed
medication, foot care, glucose and blood pressure monitoring and
complication examination. The higher the score, the better the self-
management knowledge, attitude and behavior of diabetic patients.
The DSKAB-SF is rapid and thorough in its appraisal of groups
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or individuals’ self-management of diabetes and has strong surface
validity and content validity. Therefore, we adopted this brief scale in
view of its advantages in good performance, high evaluation efficiency
and cultural adaptability (21).

2.4.3. Final questionnaire

On the basis of DSKAB-SF, we added items related to public
health of diabetes with reference to the National Basic Public Health
Services Standards (third edition) and the National Guidelines for
the Prevention and Control of Diabetes in Primary Care (16)
to develop the final questionnaire for the survey. The behavior
subscale consists of 19 items and the responses range from 19 to
95 based on a 5-point Likert scale (1 = “never”, 5 = “always”), a
higher result indicating healthier or more desirable behavior. The
behavior subscales Cronbach alpha in this study was 0.84. The
behavior of patients associated with ITP services was graded using
scoring indices (Table 3). Score index was calculated as follows:
(actual score/the highest potential score) x 100%, a scoring of
<40% is considered poor, a score of 40% to 80% was regarded
moderately good, and a score of more than 80% was considered
excellent (22).

2.5. Ethical Statement

The study was approved by the Research Ethics Committee
of Nanjing Medical University, Nanjing, China and informed
consent was obtained from all participants ahead of time
(Approval no. 941).

2.6. Data analysis

IBM SPSS 26.0 (SPSS, Inc., Chicago, IL, USA) and R x 64 3.6.3
were used. The behavioral characteristics of all participants were
determined applying K-means cluster analysis in accordance with
the scores of each dimension in the behavior subscale. The elbow
method was first used in the clustering application to determine
the ideal number of clusters, followed by the NbClust function,
which provides 26 different metrics, and was used to verify the
optimal number of clusters. A R package fpc was then used,
measuring the similarity between objects in the dataset by silhouette
coeflicient, to evaluate the quality of clustering. Finally, the fviz
cluster function of factoextra package was used to visualize the
clustering findings.

Sociodemographic factors and clinical information were
the explanatory variables, and patients behaviors associated
with ITP services were the outcome variables in this study.
Pearson’s correlation test was used to analyze the correlation
between independent variables and patients’ behaviors, and
multiple linear regression was conducted to present the results.
Dichotomous “dummy variables” generated from the multi-
categorical variables were added to the stepwise regression
analysis along with the continuous variables. The Durbin-
Watson statistic was computed for the independence test in
the analysis, and residual histograms were shown to test for

normality. In additions, we stipulated the regression models with
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variance inflation factors (VIF) <3 to satisfy the assumption
of multicollinearity.

3. Results

3.1. Basic characteristics

The average age of the participants in this study was 72.09 & 5.96
years, of whom 74.05% were female. The average disease course was
10.54 & 7.32 years. 47.78% of patients were overweight. 42.09% of
the patients were illiterate and 33.23% had primary education. Most
patients were married or cohabiting (74.05%), unemployed (93.99%),
and on a low-income (96.20%). 14.87% did not have any insurance.
The majority of patients had no family history of diabetes (68.04%),
but had a history of hospitalization (62.66%) and nearly half of the
patients had complications of diabetes (46.52%) (Table 1).

3.2. Behavioral characteristics

In this paper, the k-mean algorithm was used for cluster analysis
with patients’ behavior scores of each dimension as input variables.
We calculated the Within Sum of Squares (WSS) in the cluster
for each k value. WSS curve was drawn according to cluster
number k, and position of the inflection point (elbow) in the
curve was generally regarded as an indicator of the appropriate
cluster number. It can be seen the inflection point of the curve
was roughly around 3 from Figure 1. Figure 2 shows that the
number of indicators supporting 2 clusters is the largest. Therefore,
it can be determined that the number of clusters in k-means
clustering is 2. The silhouette coefficient is an evaluation index
of cluster density and dispersion, and the silhouette coefficient of
the clustering result in this study is 0.44 illustrating the result of
sample clustering is comparatively reasonable. The scores across
7 dimensions were used as variables for cluster analysis, and
the Euclidean method was used to measure the distance of the
dissimilarity matrix. The obtained visual clustering results are shown
in Figure 3.

The behavior subscale was used to measure the degree of patients’
behavior associated with ITP services in the process of health
management of T2DM, and its mean value was 60.78 (SD = 10.92,
range 19-95). The patients’ behavior with the highest score rate was
medication compliance (score rate was 93.00%), and the patients’
behavior with the lowest score rate was complication examination
(score rate was 40.40%) (Table 2). The average score of patients’
behavior in 198 T2DM patients in the “Low” group was 54.41 +
6.32, among which 197 patients recorded moderately good behavioral
performance, accounting for 99.49%. The mean score of patients’
behavior in the “High” group was 71.46 & 8.35. Within this group,
30 patients (33.68%) recorded excellent performance associated with
ITP services, whilst 88 patients (66.32%) recorded moderately good
performance (Table 3).

The mean values of each dimension of patients’ behaviors
associated with ITP services in the two categories are shown
in Table2. T-test was performed on the scores of the two
which showed that the
of each dimension between the two groups were statistically
significant (P < 0.001).

subgroups, distribution differences
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3.3. Association between basic
characteristics and patients’ behaviors

The differences in health insurance (x2 = 95.198, P < 0.001),
disease course (t = 2.366, P < 0.05), and treatment strategies (x2
= 7.611, P < 0.05) between cluster 1 and cluster 2 were statistically
significant (Table 1). Among the “High” group, the average duration
of diabetes was longer (11.85 £ 7.95). There was also a greater
number of uninsured individuals (38.14%) and higher incidence of
insulin use (60.17%) than among the “Low” group (Table 1).

A correlation matrix of variables in Table 4 showed significant
differences in patients’ behaviors among health insurance, DC, and
TS (p < 0.05). Table 5 showed the results of the multiple linear
regression analysis with insurance, DC, and TS as independent
variables, and patients’ behaviors as dependent variables. The final
model of the stepwise regression incorporates three factors (UEBMI,
URRBMI, and combination therapy). The regression equation
established was ¥ = 72.765 — 18.095X1 — 15.085X2 -+ 5.980X3,
R? = 0.294, which suggests that the independent variables included
in the regression model explain 29.4% of the ITP behaviors. The
regression model was statistically significant (F = 43.308, p < 0.001).

4. Discussion

This study focused on typical patients’ behaviors associated
with ITP services among T2DM patients, and provides quantitative
evidence available for reference to further explore the factors and
mechanisms influencing ITP services in T2DM prevention and
control. There are a limited number of clustering technology studies
on the behavior of T2DM patients. The majority of the current
studies concentrate on identifying profiles of lifestyle behaviors or
self-management behaviors of T2DM patients, and exploring the
influencing factors and their relationship with health outcomes (23—
27). It is of great significance to identify typical behavioral patterns in
T2DM patients.

The sample included in this study was primarily made up
of older people with T2DM who were from low-income, low-
educated, marginalized groups. As shown in Table 1, 133 (42.09%)
of the participants were illiterate, 93.99% were retired, and 96.20%
had a monthly income of <3,000 CNY. The majority of the
participants (68.03%) were overweight or obese. The average
disease course was 10.54 years, and 46.52% of those in the
sample had complications. Studies have suggested that marginalized
groups generally underutilize health services and that both general
demographic characteristics and self-reported health status are
important factors when it comes to influencing patients” health need
preferences and health service utilization (28). This in turn indicates
the importance of exploring influential factors on ITP behavior from
the perspective of personal characteristics in order to facilitate the
development of more targeted and practical ITP services.

4.1. Overview of patients’ behaviors
associated with ITP services
Patients’ overall behavioral performance associated with ITP

services was at a moderately good level (60.78 £ 10.92). The most
frequent behaviors were, in order: medication compliance, dietary
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TABLE 1 Basic characteristics of participants.

10.3389/fpubh.2022.1084946

Variables Overall “Low™® “High” t/x? P-value
Sociodemographic data
Age, years (mean & SD*) 72.09 £ 5.96 71.65 £ 6.02 72.84 £ 5.80 1.723 0.086
Gender, N (%) 0.185 0.693
Male 82(25.95) 53 (26.77) 29 (24.58)
Female 234 (74.05) 145 (73.23) 89 (75.42)
Education level, N (%) 2.602 0.635
University and above 5(1.58) 3(1.52) 2(1.69)
Senior high school/technical secondary school 15 (4.75) 10 (5.05) 5(4.24)
Junior high school 58 (18.35) 40 (20.20) 18 (15.25)
Primary school 105 (33.23) 68 (34.34) 37 (31.36)
Mliteracy 133(42.09) 77 (38.89) 56 (47.46)
Marriage, N (%) 2.865 0.111
Single* 82 (25.95) 45 (22.73) 37 (31.36)
Non-single 234 (74.05) 153 (77.27) 81 (68.64)
Work, N (%) 2.292 0.149
Employed 19 (6.01) 15 (7.58) 4(3.39)
Unemployed 297 (93.99) 183 (92.42) 114 (96.61)
Monthly income, RMB, N (%) 3.757 0.345
<3,000 304 (96.20) 191 (96.46) 113 (95.76)
3,000-5,000 6 (1.90) 2(1.01) 4(3.39)
5,000-8,000 5(1.58) 4(2.02) 1(0.85)
>10,000 1(0.32) 1(1.01) 0 (0.00)
Health insurance, N (%) 95.198 <0.001
State medicine 1(0.32) 0 (0.00) 1(0.85)
Urban employee basic medical insurance 6 (1.90) 4(2.02) 2 (1.70)
Urban-Rural Resident Basic Medical Insurance 259 (81.96) 191 (96.46) 68 (57.63)
Commercial insurance 1(0.32) 1(0.32) 0 (0.00)
Other® 2(0.63) 0(0.00) 2(1.70)
Noneh 47 (14.87) 2(0.63) 45 (38.14)
Clinical data
Disease course?, years, (mean + SD) 10.54 £ 7.32 9.77 £ 6.84 11.854+7.95 2.366 0.019
Body mass index ¥, kg/m2, N (%) 2.180 0.688
<18.5 1(0.32) 1(0.32) 0 (0.00)
18.5-24.0 100 (31.65) 64 (32.32) 36 (30.51)
24.0-28.0 151 (47.78) 90 (45.45) 61 (51.69)
>28.0 64 (20.25) 43 (21.72) 21 (17.80)
Family history™, N (%)
Yes 101 (31.96) 67 (33.84) 34 (28.81) 0.858 0.384
No 215 (68.04) 131 (66.17) 84 (71.19)
Hospitalization history™, N (%)
Yes 198 (62.66) 123 (62.12) 75 (63.56) 0.065 0.811
No 118 (37.34) 75 (37.88) 43 (36.44)
(Continued)
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TABLE 1 (Continued)

Variables Overall “Low" “High” P-value

Complication of diabetes®, N (%)

Yes 147 (46.52) 92 (46.46) 55 (46.61) 0.001 1.000

NO 169 (53.48) 106 (53.54) 63 (53.39)

Treatment strategies”g, N (%)

Diet and exercise 1(0.32) 1(0.51) 0 (0.00) 7.611 0.046
Oral hypoglycemic agents 155 (49.05) 108 (54.55) 47 (39.83)
Insulin monotherapy 122 (38.61) 68 (34.34) 54 (45.76)
Insulin combined with oral hypoglycemic agents 38 (12.03) 21 (10.61) 17 (14.41)

“Low”¥: the name of cluster 1. Cluster 2 was called as “High”.

SD*: standard deviation.

Single: including divorced or widowed.

Other2l: other types of insurance except state medicine, urban employee basic medical insurance (UEBMI), urban-rural resident basic medical insurance (URRBMI) and commercial insurance.
Noneh: without any health insurance.

Disease course (DC): Interval between diagnosis of diabetes and completion of questionnaire.

Body mass indext¥ (BMI): according to National guidelines for the prevention and control of diabetes in primary care (2018), BMI (18.5-24.0) is normal, BMI (24.0-28.0) meaning overweight and
BMI (>28.0) indicates obesity.

Family history” (FH): Whether a blood relative had diabetes.

Hospitalization historym (HH): Whether the participant had experienced hospitalization due to diabetes.

Complication of diabetes& (CD): various complications of diabetes including hypertension, and other chronic diseases.

Treatment strategies$ (TS): were divided into non-pharmacological diet and exercise, oral hypoglycemic agents (OHAs), mono-insulin therapy, and insulin combined with oral hypoglycemic agents
(combination therapy).

control, and exercise, according to the score rates of each behavioral
dimension. This is in line with previous studies reporting that Optimal number of clusters
maintaining a healthy diet and high adherence to drug use are the 15000
most common behaviors among T2DM patients (29, 30). The result
may be explained by the fact that relatively simple care strategies, 12500
such as diet control and medication compliance, are easier to put
into practice than other measures of T2DM health management
(31). Grant also reported high self-reported medication compliance 10000
among diabetic patients, positing that inefficient medications, adverse

side effects, or patients’ lack of belief in the ability of medications 2500

Total Within Sum of Square

to control their illness were the main causes of low compliance
in the past (32). The low-frequency behaviors were ranked in

5000

order: complications screening, public health service utilization, and
. . . i 2 3 4 5 6 7 8 9 10
foot care. Patients typically neglect daily foot care because only Number of clusters k

5.6% of patients have diabetic feet, and some patients think that FIGURE 1
asymptomatic feet don’t need to be checked frequently (33). Less Elbow value figure of optimal number of clusters.

than 15% of patients were checked for diabetic retinopathy and renal

disease in the past year, according to the Davis Kibirige research (34),

which unquestionably validates our findings about the low frequency

of complication screening. Other than foot care, complication extremes of the range when making health-related decisions (38). The
screening and public health service utilization are activities that ~ formulation of efficient and holistic preventive health interventions
cannot be done alone and often rely on physicians or health care  can be influenced by knowledge of whether and which risk factors are
institutions for their implementation. Trust and collaboration issues  clustered together (39, 40). Accordingly, we believe that it is crucial
in the healthcare environment may affect patients’ frequent or deep ~ to investigate socio-demographic information related to behavioral
contact with healthcare providers (35). variations between the two groups is of great significance for the

The classification of patients’ behaviors associated with ITP  targeted development of health promotion strategies.

services based on data was reproducible, and the distribution made

sense and was generally compatible with the state of health self-

management (36, 37). Based on the behaviors scores, the patients in 4.2. Complication screening

this study were clustered into “Low” and “High” groups. The two

groups had a propensity to polarize on each behavioral dimension, Comorbidity examination is the behavior that T2DM patients
as shown in Table 2. The “High” group performed superior to the  tend to overlook the most. The distribution statistics of “excellent,
“Low” group on all behavioral dimensions. This is similar to Nobel’s =~ moderately good, and poor” in each behavioral dimension were
findings, reinforcing the idea that people prefer to focus on the  conducted in two groups in accordance with the score index (Table 3),
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and it was discovered that the proportions of “poor performers” in  patients’ behaviors since its behavior scores were 5.980 higher than
the “Low” group (66.16%), and “moderately good performers” in  those of the non-pharmacological treatment group. As stated in the
the “High” group (66.95%) were the highest among both groups literature, the advancement of T2DM symptoms frequently requires
respectively. A combination of different elements ostensibly caused  the prescription of insulin (45). On this basis, we speculated that
this disparity. There is proof that demographic traits and clinical ~ the “High” group’s increased use of insulin may be related to their
indicators are positively correlated with patients compliance with  inability to control their blood sugar. Uncontrolled blood sugar will
complication examination (41). Advanced age, higher socioeconomic ~ motivate patients to take an active role in their health and disease
level, better education, longer disease duration, more severe disease  prevention, but its specific mechanism of action needs to be further
conditions, or well-controlled blood sugar often prompt patients to  studied. Yi-Lin Hsieh explored the factors influencing patients’
participate more actively in complication examination (42-44). The intention to receive complication examinations. They discovered
“High” group has a longer disease course which, consistent with  that the participants’ perceptions of barriers to receiving diabetes
the existing evidence, could explain the greater willingness of these ~ complication examinations and perceived susceptibility to such issues
patients to engage with complication examination. The treatment  affected their intentions to get foot and renal screenings (46).
strategy is a further factor affecting patients’ behaviors. According to

the regression analysis, combination therapy had a beneficial effect on

4.3. Public health service utilization and foot

care
number of Clusters Chosen by 26 Criteria The “High” group performed significantly better than the “Low
group in terms of public health service utilization and foot care,
o _ with an average of 4.92 and 4.34 points higher, respectively. A
shorter duration of diabetes in the “Low” cluster of patients in
g ® 7 this study may be one of the reasons why fewer patients visited
S5 o health centers, as health status was found to be a determinant of
g community health services utilization (47). It has been documented
g R that people who report better health are less likely to use healthcare
2 & = services (48). Besides, most of these patients in the “Low” cluster had
D o D O D better family and social support, were more likely to be married or
e = cohabiting and in employment, and had higher instances of health
L T R G insurance, which encouraged patients to have more confidence and
Number of Clusters motivation to adopt healthy maintenance behaviors and often meant
FIGURE 2 that these patients were more likely to have adequate resources
Number of clusters chosen by 26 criteria. and support when coping with adverse events (49, 50). Research
has proven that the employed and patients with health insurance
2_
cluster
1
2
0_
_2-
5.0 25 0.0 25 5.0
FIGURE 3
K-means clustering result. Cluster 1 (n = 198) named “Low", presented lower scores in the behavior subscale. Cluster 2 (n = 118), assigned as “High",
scored higher on all dimensions of behaviors associated with ITP services.
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TABLE 2 Total and dimension scores of behavior subscale.

10.3389/fpubh.2022.1084946

Variables P-value
Total score 60.78 +10.92 63.98 - 54.41 +6.32 71.46 + 8.35 19.149 <0.001
Dietary therapy 13.39 +2.17 89.27 2 12.97 +£2.27 14.10 + 1.78 4.928 <0.001
Exercise 7.58 £ 2.18 75.80 3 6.97 +2.07 8.61 £ 1.95 6.973 <0.001
Foot care 9.41 & 3.01 62.73 5 7.79 £ 1.82 12.13 £ 2.63 15.813 <0.001
Prescribed medication 4.65 + 0.58 93.00 1 4.53 + 0.66 4.85+0.35 5.666 <0.001
Glucose and blood pressure monitoring 9.65+2.40 64.33 4 9.154+2.23 10.50 +2.44 5.040 <0.001
Complication examination 6.06 & 3.12 40.40 7 4.81+£1.98 8.14 £ 3.56 9.337 <0.001
Access to public health services 10.03 £ 3.60 50.15 6 8.20 +2.47 13.12 4 3.06 14.835 <0.001

Score rate!” = (average score/the highest possible score) x 100.

TABLE 3 Distribution characteristics of ITP behavior in two clusters.

Variables “Low” “High”
Excellent”  Moderate$ Excellent Moderate

Total score 19 0 (0.00) 197 (99.49) 1 (0.50) 30 (25.42) 88 (74.58) 0(0.00)
Dietary therapy 3 162 (81.82) 36 (18.18) 0 (0.00) 109 (92.37) 9(7.63) 0 (0.00)
Exercise 2 84 (42.42) 104 (52.53) 10 (5.05) 88 (74.58) 27 (22.88) 3(2.54)
Foot care 3 5(2.53) 183 (92.42) 10 (5.05) 71 (60.17) 47 (39.83) 0(0.00)
Prescribed medication 1 191 (96.46) 6 (3.03) 1(0.50) 118 (100.00) 0 (0.00) 0 (0.00)
Glucose and blood pressure monitoring 3 24 (12.12) 160 (80.81) 14 (7.07) 34(28.81) 80 (67.80) 4(3.39)
Complication examination 3 2(1.01) 65 (32.83) 131 (66.16) 22 (18.64) 79 (66.95) 17 (14.41)
Access to public health services 4 0 (0.00) 121 (61.11) 77 (38.89) 30 (25.42) 88(74.58) 0 (0.00)

Item¢: the number of entries for behavior subscale and each dimension.
Excellentt: good performance of integrated treatment and prevention (ITP) behavior (score index > 80%).
Moderate&: the ITP behavior of diabetics was moderately good (40%> score index<80%).
Poor?: the performance of ITP behavior in diabetic patients was poor (score index <40%).

TABLE 4 A correlation matrix of variables.

Age 1

Gender —0.074 1

Education 0.161** 0.403** 1

Marriage 0.172** 0.103 0.092 1

Work 0.295** 0.093 0.218* 0.028 1

Income —0.333*| —0.197"*| —0.274""  0.036 | —0.252** 1

Insurance 0.085 0.058 0.167** 0.152** 0.125* —0.102 1

DC 0.114* 0.092 0.136* 0.060 —0.023 —0.100 0.070 1

BMI 0.141* —0.058 0.027 0.090 0.042 —0.020 0.061 0.024 1

FH 0.138* —0.112* 0.039 —0.059 0.141* —0.087 0.081 —0.117* —0.001 1

HH 0.040 0.024 0.039 —0.009 0.113* —0.045 0.104 —0.046 0.085 0.080 1

CD —0.108 —0.074 —0.053 | —0.128" | —0.129* —0.012 0.140* —0.073 —0.065 0.041 0.169™* 1

TS —0.012 0.043 0.039 0.072 —0.041 0.083 0.021 0.324** 0.009 —0.020 | —0.260** —0.140* 1
TSB® 0.057 0.018 0.023 0.105 0.100 —0.029 0.493** 0.134* —0.013 0.051 0.074 0.007 0.194** 1

*p < 0.01;*p < 0.05.
TSB?: total score of behavior (TSB), sum of scores for each dimension of the behavioral subscale.
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TABLE 5 The association between sociodemographic variables, clinical data, and ITP behaviors.

Variables B 95% Cl of B Beta t p-value VIF
Constant 72.765 (70.200, 75.331) 55.798 0.000

UEBMI —18.095 (—25.923, —10.268) —0.227 —4.548 0.000 1.097
URRBMI —15.085 (—17.863, —12.307) —0.532 —10.684 0.000 1.096
Combination therapy 5.980 (2.843,9.117) 0.178 3.751 0.000 1.000

tend to seek higher quality health services and technology at high-
level hospitals and have less trust in community health centers
(51, 52), which also gives some support to our regression results
“compared with the uninsured, the UEBMI and URRBMI groups
had 18.095 and 15.085 lower behavior scores, respectively.” Based
on the above factors, we considered that better self-condition and
adequate psychosocial coping resources increased to some extent the
possibility of cross-level medical treatment and health care in the
“Low” cluster of patients, which results in low utilization of primary
health services (PHS). The low score for diabetic foot care in this
study is consistent with previous research (53). Studies have shown
that foot care is related to the duration of diabetes, medication,
knowledge of diabetes and attitudes toward diabetes. The higher the
education and awareness of diabetes, the better the foot care behavior
(54). However, it was also reported that participants’ knowledge
of diabetes did not translate into action to prevent foot problems,
suggesting that we need to consider specific individual characteristics
and individual interactions with the environment when designing
educational interventions (55).

D’Souza et al. indicated that the main predictors of self-
care behavior were demographic and clinical characteristics (56).
However, we found that only 29.4% of the variance in individuals’
behaviors associated with ITP services was explained by demographic
and clinical characteristics. We did not believe that demographic
characteristics provided valid starting point for the purposes of
considering patients’ behaviors associated with ITP services for the
treatment of T2DM in this instance. Most current interventions
for chronic disease have focused on highly variable factors, such as
attitudes or beliefs about illness or health. The literature suggests
that patients’ attitudes or beliefs about disease or health to a large
extent affect the practice of receiving an examination of diabetes
complications (46). A large amount of evidence has proved the
effectiveness of health belief model (HBM) in predicting health
behaviors (57, 58). This suggested that by bolstering health education
and promoting diabetes management services, it was possible to
increase patients’ knowledge and self-efficiency while also increasing
their intention to use ITP services. The literature states that chronic
care is best delivered in collaboration, however, the fragmentation
of healthcare systems may preclude this collaboration, and patients
with chronic diseases frequently experience obstacles due to a lack
of coordination and continuity in the healthcare system (35). As
described in the Institute of Medicine Crossing the Quality Chasm
report, contemporary healthcare delivery is characterized by frequent
handoffs between providers, insufficient clinical follow-up, and a
lack of time and resources to train patients in self-management. As
a result, establishing the “partner stickiness” between patients and
providers, as well as enhancing providers™ patient-centered attitudes
and behaviors, can be regarded as one of the effective ways to
help patients improve their trust in the healthcare system and their

Frontiersin Public Health

self-care ability (35, 59). Additional goals include strengthening
and broadening the primary healthcare system’s health reform,
enhancing the quality of primary health services, ensuring that
patients receive individualized, high-quality care, defending the
rights of marginalized groups, and eradicating health disparities.

5. Implications

This study has value both from a theoretical perspective and
in terms of practical application: Firstly, it can provide a reference
for the exploration and practice of a new model of ITP services
for T2DM. This study identified T2DM patients’ typical behaviors
associated with ITP services in the community, and conduct a
preliminary study of its influencing factors, which can serve as a
useful guide for how to provide better community ITP services
for patients. Secondly, this study makes unique contribution to
the optimization of community health management strategies for
T2DM, which may be used by community health institutions and
CDCs to evaluate the implementation effect of ITP services and to
develop personalized intervention measures for patients. Targeted
optimization strategies should be adopted for the factors that
lead to the formalistic and ineffective ITP services for T2DM in
the community. These strategies will be crucial in promoting the
modification and optimization of the structure and layout of medical
resources, further improving the division of labor and cooperation
mechanism of medical alliances, and improving the efficiency of
diabetes prevention and control.

6. Limitation

The limitations of our study are briefly described below.
Firstly, the patients’ behaviors were roughly clustered into two
categories in this study and more detailed profiles of behaviors
may require more data support to achieve. Secondly, the behavioral
data collected in this study are all self-reported by patients.
As such, the results may be affected by social desirability bias
and recall bias, and the behavior associated with ITP services
may be overestimated to a certain extent. Thirdly, the study
participants were recruited from a community health center in
Nanjing, which may affect the representativeness of the general
population. For this reason, future research should include diverse
populations. Finally, the convenience sampling will cause some
systematic errors, which cannot promote external validity, resulting
in the findings lack of generalizability. While this method is
suitable for exploratory research, future studies will try to introduce
randomization to reduce the allocation and selection bias. The
results of this study should be interpreted in an explorative manner
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due to the small sample size. In the future, a large sample
size should be pursued, which should be sufficient to eliminate
type I and type II statistical errors, improving the reliability
of research.

7. Conclusion

Studies have shown that the basic demographic characteristics

of patients can only explain 29.4% of the variation in
behavior associated with ITP
that by

system, rationalizing the allocation of health resources, and

patients’ services. Therefore,

we Dbelieve strengthening the primary healthcare

improving the professional training of medical personnel
starting from the policy and environment, and concentrating
on the utilization of complication screening, foot care, and
public health services as a breakthrough we can improve the
willingness of T2DM patients to engage in ITP services. This
would, in turn, result in the provision of better ITP services
for T2DM patients with different backgrounds, enhance the
health management of T2DM patients, and achieve better overall

health outcomes.
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Introduction: Information on treatment expectations in diabetes is scarce for
Mexican and Latino populations. We determined idealistic, realistic, and unrealistic
expectations for metformin, insulin, and glyburide in primary care. We also explored
the association between sociodemographic attributes, time since diagnosis, and
expectations.

Methods: This was a cross-sectional study conducted during 2020-2022 in
governmental primary care centers. We consecutively included persons with type 2
diabetes aged 30-70 years under pharmacological medication (n = 907). Questions
were developed using information relevant to expectation constructs. Data were
collected by interview. We used descriptive statistics, a test of the difference between
two proportions, and multivariate ordinal logistic regression.

Results: A high percentage of participants would like to have fewer daily
pills/injections or the option of temporarily stopping their medication. Realistic
expectations ranged from 47% to 70%, and unrealistic expectations from 31 to 65%.
More insulin users wished they could take a temporary break (p < 0.05) or would like
to be able to change the route of administration (p < 0.001) than metformin users.
More persons with diabetes on insulin expected realistic expectations compared to
those on metformin or glyburide (p < 0.01). Being able to interrupt medication upon
reaching the glucose goal was higher in combined therapy users (p < 0.001).

Conclusion: Time since diagnosis, place of residence, sex, and diabetes education
were factors associated to expectations. Management of expectations must be
reinforced in primary care persons with type 2 diabetes undergoing pharmacological
medication.

KEYWORDS

expectations, diabetes, primary care, therapeutic misconception, individual preference

1. Introduction

Diabetes is a chronic condition characterized by high blood glucose levels, which, if left
untreated, leads to heart, vascular, eye, kidney, and nerve complications. There are two main
types of diabetes: type 2 and type 1. The first is initially due to insulin resistance that progresses
to loss of adequate insulin secretion by b-cells. Type 1 is an insulin-dependent diabetes, in
which the pancreas produces little or no insulin by itself due to autoimmune b-cell destruction
(1, 2). Type 2 diabetes is the most common type accounting for over 90% of all diabetes
cases worldwide. An estimated 537 million adults aged 20-79 years were living with diabetes
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in 2021 (10.5% prevalence); 50.5 million in the North America and
Caribbean region (14.0% prevalence) and 32.5 million in the South
and Central America region (9.5% prevalence). Mexico is among
the top 10 countries for diabetes, with 14.1 million people affected
(15% prevalence) (2). Regular physical activity, a healthy diet, and a
healthy body weight are key factors that must be promoted by public
and private health institutions since they are the foundation of type
2 diabetes management. If the adoption of healthy habits does not
achieve optimal glucose levels, pharmacotherapy should be initiated.
Metformin is one of the first-choice oral medications. If a single
diabetes-specific medication does not work, a range of combination
therapy options are available (sulfonylureas, thiazolidinediones, and
alpha glucosidase inhibitors, among others). Additionally, insulin
injections may be needed to reach glycemic goals (3, 4). From 25
to 90% of persons with type 2 diabetes do not take medication
as prescribed (5). Differences in managing diabetes expectations
between the diabetes care team and persons living with diabetes lead
to inconsistencies in taking medication because those who notice no
benfit may stop taking them (6). Meeting expectations is important
because the individual may think medication does not work (7), and
dissatisfied persons are less likely to follow the medication plan or
to take an active role in their care (8). The loss of continuity in
taking the medication will, in turn, decrease therapeutic efficacy, with
consequences on target glucose levels (9-11), hospitalization (5, 10),
mortality (5, 12), and high costs (10, 13). Therefore, awareness of
personal expectations is essential for healthcare professionals, health
managers, and health policymakers.

An expectation refers to the anticipation of the occurrence of
a specific outcome. It is a type of belief or perception of a future
event. The theory of expectations in psychology maintains that they
are the product of a cognitive process dependent on experience and
social learning (14, 15). The individual compares what is anticipated
with what is received and confirms or modifies his/her expectations.
He/she also compares results with other individuals, medications,
and health conditions (7, 16). There are structural (e.g., tablet shape
and color) and process (e.g., medication procedure) expectations. For
instance, an injectable medication may be anticipated to be more
effective than an oral one, or a medicine prescribed by a cardiologist
may be anticipated to be more effective than one prescribed by a
general practitioner (15). Expectations can be idealistic (what the
person wants or prefers if given the choice), unrealistic (myth or
fantasy), or realistic (predictive). Moreover, realistic expectations can
be positive (e.g., symptom relief, hospitalization prevention, goal
achievement) or negative (e.g., adverse effect experience) (7, 14, 15,
17). The literature on realistic expectations show 70% of persons
living with diabetes on oral medication anticipate the benefit of
achieving target glucose levels and only 11.7% expect a reduction
in the risk of complications (18). One study found that only one-
fifth of persons with diabetes expected to take glucose-lowering
agents for the rest of their lives (19). Moennig et al. (20) found
that 42% of insulin users expected an improvement in glucose, and
fulfillment of this expectation was the main cause of uninterrupted
use. Naegeli et al. (21) documented a higher percentage of insulin
users anticipate achieving optimal glucose levels (61%). Notably, 58%
had their expectations exceeded and 29% their expectations fulfilled.
On the other hand, the following erroneous expectations have been
reported: being able to stop the medication when reaching the glucose
goal, anticipating diabetes cure, and expecting freedom to eat while
taking the medicine (18, 19, 22-26). The study of expectations in
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diabetes is worthwhile because persons living with diabetes with
positive outcome expectations are more likely to benefit from diabetes
management than those with negative outcome expectations (27),
while idealistic expectations or misperceptions seem to have the
opposite effect on health outcomes (15).

Personal expectations may vary according to ethnic origin,
age, sex, socioeconomic status, schooling, diabetes education, time
since diagnosis, and diabetes severity (14, 22, 28). However,
information on expectations and associated factors in persons with
diabetes is practically non-existent in Mexican or Latino populations
(24). The objective of this study was to determine the idealistic,
realistic, and unrealistic expectations of pharmacological medication
(metformin, insulin, and glyburide) among persons with type 2
diabetes in primary care. We also explored the association between
sociodemographic attributes (sex, schooling, place of residence,
education in diabetes), time since diagnosis, and expectations.

2. Materials and methods

This was a cross-sectional study conducted from October 2020
to March 2022. We consecutively included persons with type 2
diabetes between 30 and 70 years old under pharmacological therapy.
Those with current pregnancy or history of blindness, hemodialysis,
peritoneal dialysis, lower-extremity amputation, and heart surgery
were excluded (to limit persons with advanced diabetes severity
among whom expectations might differ from those of persons with
mild or no complications). The participants were approached in
waiting rooms of primary care centers of a governmental health
institution in the metropolitan area of Monterrey (the third-largest
urban area of the country, with a population density of 3,523
inhabitants/km?) and one primary care center in a suburban area
located in Linares (population density of 33.7 inhabitants/km?),
Mexico. The prevalence of idealistic, realistic, and unrealistic
expectations was taken as the parameter (p) for estimating the sample
size. A minimum sample size of 385 individuals with diabetes was
required considering p = 50% with a 95% confidence level and
a precision of 5%. However, the total sample size was 907; 507
participants from the urban area and 400 participants from the
suburban area. The protocol was approved by the Local Committees
of Ethics and Health Research (No. 2020-1909-062, 2021-1909-
101, and 20-FASPYN-SA-22.TP). Informed consent was provided
by all the participants. Anonymity was always preserved, and the
confidentiality of the data was ensured.

2.1. Study variables

Three types of expectations were studied: idealistic, realistic,
and unrealistic; and the anticipation of a future event was the
common definition. Idealistic expectations focused on management
preferences, realistic expectations on perceived medication efficacy,
and unrealistic expectations on incorrectly perceived therapeutic
benefits. Expectation items were subject to content validity
evaluation. A group of experts (three medical doctors and two public
health specialists) assessed and approved by consensus the pertinence
and relevance of the questions. Special attention was paid to avoiding
ambiguity and technical vocabulary. Pre-test and pilot tests were
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carried out to verify clarity and ease of understanding. The internal
consistency results are provided below.

2.1.1. Idealistic expectations domain

Measurement was based on what the person with diabetes
preferred if given the choice. Questions were developed using
information relevant to idealistic expectation constructs (14, 15).
Three items were included: (1) If you had the option, you would
like to take fewer pills or receive fewer applications of insulin per
day (in those who took more than one tablet or received more
than one application per day); (2) You would like to be able to
change the route of administration from oral to injectable, or vice
versa; and (3) You wish you could take a temporary break from
the medication. In persons treated with metformin, a fourth item
on preference for a smaller tablet size was also included. The
response options were on a Likert scale (—1 = No, 0 = Indifferent,
1 = Yes). The questions were specific to the medication being
received, so an individual on metformin answered the questions
about metformin. If someone was on two medications, for example,
metformin and insulin, he/she answered the metformin and insulin
questions separately (metformin: n = 725, Cronbach’s Alpha = 0.97;
insulin: n = 352, Cronbachs Alpha = 0.94; glyburide: n = 180,
Cronbach’s Alpha = 0.68). For the analysis of association, an index
was constructed to summarize the idealistic expectations domain.
The negative and indifferent responses were regrouped and coded as
0; the positive response remained as 1. Responses were then summed
and categorized into null, low, and moderate-high depending on the
number of idealistic expectations 0, 1, and 2-3, respectively.

2.1.2. Realistic expectations domain

Measurement was based on the perception of true medication
benefits. Six items adapted from other authors (7, 18) were used:
(1) How much do you expect the medicine will bring blood sugar
down to a normal range; (2) Eliminate symptoms of hyperglycemia;
(3) Prevent or delay foot amputations; (4) Prevent or delay the
need for dialysis; (5) Prevent or delay vision loss; and (6) Reduce
the need for hospitalization. The response options were on a Likert
scale (1= Null, 4= Very much). Cronbach’s Alpha was as follows:
Metformin = 0.92, insulin = 0.90, and glyburide: = 0.90. For the
analysis of association, an index was constructed to summarize the
realistic expectations domain. The “null”, “a little”, and “moderately”
responses were regrouped and coded as 0; the “very much” response
was recoded as 1. Responses were then summed and categorized into
null, low, moderate, and high depending on the number of realistic
expectations 0, 1-2, 3—-4, and 5-6, respectively.

2.1.3. Unrealistic expectations domain

Measurement was based on misperception of medication
benefits. Four items adapted from other authors (22-25) were used:
(1) How much do you expect the medicine will cure your diabetes;
(2) Allow you to stop treatment when reaching your glucose goal; (3)
Allow freedom to eat; and (4) Allow you to have no complications
despite medication. The response options were on a Likert scale
(1=Null, 4= Very much). The questions were generic; for example,
a person treated with metformin and insulin answered the section
without distinguishing between medications (n = 907, Cronbach’s
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Alpha = 0.66). For the analysis of association, an index was
constructed to summarize the unrealistic expectations domain. The
“a little”, “moderately”, and “very much” responses were regrouped
and coded as 1; the “null” response was recoded as 0. Responses
were then summed and categorized into null, low, and moderate-
high depending on the number of unrealistic expectations 0, 1, and
2-4, respectively.

2.1.4. Other variables

Sociodemographic attributes (sex, age, marital status, schooling,
occupation, place of residence), diabetes education in the last year
(yes, no), time since diagnosis (years), and frequency of medical
visits for diabetes management (monthly, every 2 months, other)
were included. Comorbidities (hypertension, dyslipidemia, other)
(yes, no), hospitalization due to diabetes in the past year (yes, no); and
last glucose result (mg/dL) (self-report) were also considered. Data
were collected through a face-to-face interview lasting approximately
15min. Two postgraduate students (Family Medicine and Master
of Sciences in Public Health) and two medical interns participated.
All were supervised by the principal investigator. Participants with
incorrect expectations were given the correct information at the end
of the survey. Those with idealistic expectations were instructed to
express their preferences to their doctor at the next visit, so that they
could jointly analyze the possibility of satisfying them.

2.1.5. Statistical analysis

Means and standard deviations were used to describe continuous
variables, and percentages to describe categorical variables. The z test
for the difference between two proportions was used for comparing
the frequency of expectations by type of medication. The chi-square
test (univariate analysis) and ordinal logistic regression (multivariate
analysis) were employed for analyzing the association between factors
under study and expectations; the sociodemographic attributes and
time since diagnosis were considered the independent variables; the
idealistic, realistic, or unrealistic expectations index constituted the
dependent variable; and the comorbidity and frequency of medical
visits for diabetes management were the control variables. Odds
ratios (OR) and 95% confidence intervals (CI) were estimated for
quantifying the strength of the association between associated factors
and expectations.

3. Results

The mean age was 55.7 & 10.6, and the mean time since diabetes
diagnosis was 9.9 & 7.9 years. Most of the participants were female
and married or with a partner. More than 80% had routine monthly
medical visits for diabetes management. Table 1 shows in detail the
sociodemographic and comorbidity profile of the study population.

3.1. Idealistic expectations
A high percentage of participants on metformin would like
the pill size to be smaller (77.8%). About 90% would like fewer

pills/injections per day. More insulin users wished they could
take a temporary break or would like to change the route of
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administration (Figure 1). Suburban residence, > 3 years since
diagnosis, and female sex increased the odds of higher metformin
idealistic expectations. Place of residence was also associated to
glyburide idealistic expectations and time since diagnosis with those
of insulin (Table 2).

TABLE 1 Sociodemographic and comorbidity profile (n = 907).

Sex, female 62.3%
Marital status, married or with partner 71.3%
Schooling

Primary 38.3%
Secondary 29.9%
High school and higher 31.9%
Occupation

Employed 36.3%
Self-employed 6.3%
Housewife 39.3%
Retired 16.4%
Unemployed 1.7%
History of diabetes education, during last year 20.3%
Diabetes management medical visits, monthly 80.8%
Glucose < 110 mg/dL (self-report) 18.8%
Hypertension 51.0%
Dyslipidemia 42.3%
Other (urinary, circulatory, vision, or neuropathy) 13.0%
History of hospitalization, during last year 1.8%

10.3389/fpubh.2023.1058828

3.2. Realistic expectations

Between 47 and 70% of participants had realistic expectations;
insulin users had more realistic expectations than metformin users
(Table 3). Suburban residence and having hypertension and/or
dyslipidemia increased the odds of higher metformin realistic
expectations (Table 2).

3.3. Unrealistic expectations

The most frequent unrealistic expectation was anticipating
complications despite the medication (64.8%). It was followed by
expecting interruption of medication upon reaching the glucose
goal (55.0%), freedom to eat (39.1%), and diabetes cure (30.7%).
Combined therapy users had a higher expectation of being able
to discontinue the medication upon reaching the glucose goal
(Table 4). Suburban residence increased 1.98 times (95%CI 1.47,
2.68) the odds of higher unrealistic expectations while diabetes
education in the last year decreased them (OR 0.62, 95% CI 0.44,
0.87); after adjustment for type of medication, sex, schooling, time
since diagnosis, comorbidity, and frequency of medical visits for
diabetes management.

4. Discussion

We determined idealistic, realistic, and unrealistic expectations
about metformin, insulin, and glyburide in persons with type 2
diabetes in primary care. We found several expectation differences by
type of medication. Almost half of the people on insulin would like
to be able to switch to oral administration compared to one-fourth
on metformin who would like the opposite, indicating that personal
preferences should not be taken for granted. Boye et al. (29) evidenced

94%

Would like fewer daily
pills/injections

89%

FIGURE 1

If you had the option, you...

47% ™

] I

Would like to change the route of Would like to take a temporary
administration

B Metformin M Insulin

20%

92%
80}

medication break

M Glyburide

Idealistic expectations according to type of medication. Information at the bottom of the figure: z test for the difference between two proportions p
values: *<0.05, Insulin > Metformin, **<0.001, Insulin > Metformin and glyburide.
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TABLE 2 Multivariate ordinal regression analyses of factors associated to idealistic and realistic expectations.

Metformin
(n = 725)

Type of medication

Insulin Glyburide

(n = 352)
Adjusted odds ratios? (95%Cl)

(n = 180)

Idealistic expectations (moderate-high)®

Residence, suburban 1.6 (1.1,2.3)** 1.4 (0.7,2.8) 3.5(1.7,7.3)**
Time since diagnosis, > 3 years 2.7 (1.8, 3.9)*** 5.5(2.3,13.1)** 0.6 (0.2, 1.7)
Sex, female 1.5 (1.1, 2.0)* 0.9 (0.5,1.7) 1.1(0.6,2.2)
Comorbidity, hypertension and/or dyslipidemia 0.8 (0.5, 1.1) 1.3 (0.7, 2.3) 0.9 (0.4,2.0)
Realistic expectations (high)©

Residence, suburban 1.9 (1.4, 2.6)*** 1.6 (0.9, 2.6) 1.4 (0.8,2.7)
Time since diagnosis, >3 years 0.9 (0.6, 1.3) 0.9(0.4,1.9) 0.5(0.2,1.3)
Sex, female 1.1 (0.8, 1.5) 1.3(0.8,1.9) 1.0 (0.6, 1.8)
Comorbidity, hypertension and/or dyslipidemia 1.4 (1.0, 1.8)* 1.3(0.8,2.0) 1.2(0.6,2.2)

Wald Chi-square p values: * < 0.05, * < 0.01, *** < 0.001.

Variables present in the model without statistical significance were schooling, diabetes education in the last year, and frequency of medical visits for diabetes management (p > 0.05). ®Index of 2-3
idealistic expectations with an affirmative response (out of a total of 3). “Index of 5-6 realistic expectations with a “very much” response (out of a total of 6).

TABLE 3 Realistic expectations according to type of medication.

Type of medication

The medicine will very much... Metformin Insulin Glyburide
(n =725) (n=352) (n = 180)
(A) (B) (@)
Bring blood sugar down to a normal range 5492 709%*+d 67%
Eliminate hyperglycemia symptoms 47% 599 54%
Prevent/delay foot amputation 51% 61%** 54%
Prevent/delay need for dialysis 49% 62%** 50%%*°
Prevent/delay vision loss 48% 59%* 49%
Reduce need for hospitalization 52% 63%** 57%

z test for the difference between two proportions p values: * < 0.01, ** < 0.001, *** < 0.0001; *A < C, bR A, °C <B.

25.5% of persons with diabetes had switched from preferring oral to
injectable medication after learning about the product specifications
(daily oral semaglutide vs. once-weekly injectable dulaglutide). We
also identified 8 out of 10 participants on metformin would like
the size of the pill to be smaller and a high percentage would like
fewer daily pills/injections or a temporary break from the medication.
Fairchild et al. (19) documented 78% of adults in primary care did not
expect to take oral medications for life. Idealistic expectations must be
discussed with the person living with diabetes because the ideal may
not be feasible. And personal preferences, shared decision making,
and mutual agreement for changes should be encouraged.

There were more real benefits perceived with insulin than
metformin. Laferton et al. (15) also showed an injectable medication
was expected to be more effective than an oral one. Reduction of
glucose to a target level was the number one most expected benefit,
7 out of 10 insulin participants anticipated this result, higher than
42 and 61% reported by multinational studies (20, 21). In contrast,
5 out of 10 metformin users expected this benefit, a result lower
than that documented in primary care of 70% (18). Differences

Frontiersin Public Health

in findings emphasize the importance of identifying expectations
in different populations. Correspondence between the diabetes care
team members and the person with diabetes is essential since it
may contribute to non-taking the medication by failing to explain
benefits and side effects adequately (30). Realistic expectations must
be reinforced, since the greater the perception of effectiveness, the
greater the medication taking (31, 32). Furthermore, a low efficacy
perception has been associated with higher levels of HbAlc (33).
More than half of the respondents anticipated complications
would occur despite treatment or that they could stop the medication
when the glucose goal was reached. In Saudi Arabia, these were
also the most common unrealistic expectations (89 and 66.5%,
respectively) (22). Analysis by type of therapeutic plan showed
combined therapy users expected more to discontinue the medication
upon reaching the glucose goal. One-third anticipated diabetes
would be cured over time with no differences by medication
scheme. The frequency of this erroneous expectation has been
wide-ranging (11.7-65%) (19, 23-26) and some authors such as
Mann et al. (25) have reported insulin users are less likely to
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TABLE 4 Unrealistic expectations according to therapeutic plan.

10.3389/fpubh.2023.1058828

Therapeutic plan

The medicine will very much, Metformin Insulin Glyburide Metformin +  Metformin +

moderately, a little... insulin Glyburide
(n = 375) (n=162) (n = 20) (n = 190) (n = 160)

(A) (B) (@) (D) (3]

Cure diabetes 33.1% 28.4% 20.0% 31.6% 27.7%

Allow stopping treatment when reaching glucose goal 50.9% 47.5% 25.0% 63.2%" 66.3%"**

Allow freedom to eat 37.6% 35.8% 45.0% 41.1% 43.1%

Allow complications despite treatment 61.3% 66.7% 50.0%% 64.7% 73.1%*

z test for the difference between two proportions p values: *< 0.01, ** < 0.001, §— 0.06;2Dand E > A, B,and C,PE > A, °C < E.

believe in diabetes cure. Additionally, over a third of participants
expected they could eat anything while taking the medication.
Literature reports vary from 23 to 49.1% (23, 24, 26). Food
freedom means always eating what you want in the amount you
want. Freedom might be an exception, but not the rule. Medical
nutrition therapy plays an integral role in diabetes management
that considers maintaining the pleasure of eating by providing
flexibility with healthy food choices, while limiting unnecessary and
unhealthy ones. The American Diabetes Association advises people
with diabetes to minimize the consumption of foods with added
sugar and refined grains. It also emphasizes the consumption of
polyunsaturated fats and limits the serving size of nutrient-dense
foods for favoring a healthy body weight and achieving glucose and
lipid goals (34). Certainly, knowledge and beliefs about medications
should be attended to. Health educators and decision makers should
keep in mind that outcome expectations and self-care behaviors
are correlated (35, 36), and that unrealistic expectations constitute
barriers to effective diabetes management. Clearly, the insertion
of effective health communication strategies is urgently needed to
neutralize misconceptions, such as the diabetes cure, and to reinforce
true facts.

We explored the association between several factors and
expectations, >3 years since diagnosis increased the odds of higher
metformin and insulin idealistic expectations indicating need for
matching correct information over time. Time since diagnosis was
not associated to unrealistic expectations, which differed from
other studies that have shown greater misperceptions with < 5
(26) or between 5 and 15 years with diabetes (22). This lack
of consistency requires further research. Being female increased
the odds of metformin idealistic expectations, but not those of
erroneous expectations. Other authors have identified women tend
to have higher misconceptions (22, 26). Suburban residence was
another associated factor. It augmented the odds of metformin
idealistic and realistic expectations, also the odds of glyburide
idealistic expectations, and those of unrealistic expectations. There
are three ways to create expectations: direct personal experience,
observation, and suggestion of others (27). Dissimilarity in such
circumstances could explain differences between urban and non-
urban residents, but more investigation is needed to identify the
specific reasons. Diabetes education in the last year lessened the odds
of misperceptions. Alsunni et al. (22) found individuals who had
undergone proper education about diabetes had less misconceptions,
underlining the importance of educational programs. Diabetes
self-management education is essential in the care of all people with
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diabetes to provide knowledge and skills. And the 2022 National
Standards for Diabetes Self-Management Education and Support
recommend the collaboration between the person and the health care
team considering the individual’s concerns, needs and priorities (37).

4.1. Limitations

Obtaining socially acceptable responses could have led to
overestimation or underestimation of expectations. This study
focused on the most frequently employed diabetes medication,
so dipeptidyl peptidase 4 inhibitors (DPP-4), thiazolidinediones,
and sodium glucose co-transporter 2 inhibitors users were not
considered. Only persons with diabetes from primary care without
current pregnancy or advanced complications were included, so
it is not possible to generalize results to those with gestational
diabetes or under diabetes management in secondary or tertiary
care. More research is needed, and future investigations should
include these types of cases. More than half of the study population
were women, which was not surprising. In Mexico, there are more
women than men according to the 2020 population census and
diabetes is more prevalent in women (38, 39). The association
analysis had the advantage of being multivariate, but the study
design was cross-sectional. Future longitudinal studies are required
for definitive conclusions on factors determining idealistic, realistic,
and unrealistic expectations.

5. Conclusions

This study contributes to narrowing the knowledge gap about
idealistic, realistic, and unrealistic expectations in the Mexican
or Latino population regarding pharmacological medication in
persons with type 2 diabetes. The frequency varied by expectation
and type of medication. Insulin users had more idealistic and
realistic expectations; and combined therapy users expected more
to discontinue the medication upon reaching the glucose goal.
Time since diagnosis, place of residence, and sex were factors
associated to expectations. Especially, diabetes education reduced
the odds of misperceptions. Health policy makers, health managers,
and the diabetes care team together must ensure that people
with diabetes be trained. Understanding personal preferences and
expectations is relevant because it makes it easier to select the
medication that will most benefit the individual. A person-centered

102

frontiersin.org



https://doi.org/10.3389/fpubh.2023.1058828
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Salinas Martinez et al.

communication, shared decision making, and management of
expectations must be reinforced in persons with type 2 diabetes
undergoing pharmacological medication in primary care.
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Background: Turkish immigrants form the largest ethnic minority group in the
Netherlands and show a higher prevalence of (i) cardiovascular disease (CVD),
(i) cigarette smoking, and (iii) type 2 diabetes (T2D) as compared to the native
Dutch. This study examines the association of CVD risk factors: serum cotinine, as
an indicator of cigarette smoke, and lipid-related indices among first-generation
(foreign-born) Turkish immigrants with T2D living in deprived neighbourhoods in the
Netherlands.

Methods: A total of 110 participants, physician-diagnosed with T2D, aged 30 years
and older, were recruited by convenience sampling from the Schilderswijk
neighbourhood of The Hague in a clinic-based cross-sectional design. Serum
cotinine (independent variable) was measured with a solid-phase competitive
chemiluminescent immunoassay. Serum lipids/lipoproteins (dependent variables)
were determined by enzymatic assays and included: total cholesterol (CHOL), high-
density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c),
and triglycerides (TG). The Castelli Risk Index-I (CRI-I), and Atherogenic Coefficient
(AC) were calculated using standardised formulas and assessed as dependent
variables in multiple linear regression (MLR) models. Log-transformation of HDL-c,
TG, CRI-I, and AC values were performed to account for the extreme right skewness
of the data. Statistical analyses included descriptive characteristics and MLR models
were adjusted for all major confounders of cotinine and lipids.

Results: The sample size had a mean age of 52.5 years [standard deviation
(SD) = 9.21]. The geometric mean of serum cotinine level was 236.63 ng/mL
[confidence interval (Cl) = 175.89 4+ 318.36]. The MLR models indicated that high
serum cotinine levels (>10 ng/mL) was positively associated with HDL-c (P = 0.04),
CRI-1 (P =0.03), and AC (P = 0.03) in the age, gender, WC, diabetes medications, and
statins-adjusted models (n = 32).

Conclusion: This study indicated that lipid ratios of HDL-c, CRI-I and AC
are dependent determinants of serum cotinine and higher serum cotinine
levels (=10 ng/mL) are associated with worse HDL-c, CRI-I and AC values in
participants with T2D. Clinical comprehension of these biochemical indicators
(lipids/lipoproteins) and symptomatic results (CVD risk) in individuals with T2D
will aid in the intervention (smoking) approach for this vulnerable cohort (Turkish
immigrants). Therapy that is targetted to modify this behavioural risk factor may

105 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2023.1011045
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2023.1011045&domain=pdf&date_stamp=2023-02-16
https://doi.org/10.3389/fmed.2023.1011045
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2023.1011045/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Sukhram et al.

10.3389/fmed.2023.1011045

improve cardiovascular health outcomes and prevent comorbidities in Turkish
immigrants with T2D living in deprived neighbourhoods in the Netherlands. In the
meantime, this report contributes to a growing body of information and provides
essential guidance to researchers and clinicians.

cardiovascular disease, cotinine, diabetes, immigrants, lipids, neighbourhood deprivation,

smoking

Introduction

Type 2 diabetes (T2D) is highly prevalent among ethnic
minorities living in Western societies. Comparable to other Western
countries such as the United Kingdom and the United States
of America (USA) (1-3) the overall cardiovascular mortality is
typically higher among ethnic minority groups as compared to
the general population of the Netherlands (4). In the Netherlands,
Turkish immigrants form the largest ethnic minority group with
429,978 inhabitants according to 2022 census (5). Epidemiological
studies report that people living in deprived neighbourhoods have
an increased risk for developing cardiovascular diseases (CVD) as
compared to the general population (6). The Hague, Netherlands, a
city that is part of the Randstad metropolitan area, is vastly urbanised
with a large population of Turkish immigrants (n = 75,423). The
Schilderswijk neighbourhood is considered a deprived area of The
Hague populated by 91.8% non-Western immigrants and 8.2%
native Dutch (7, 8). According to Gemeente Den Haag census,
Turkish immigrants are the most prevalent inhabitants of the
Schilderswijk area (n = 4,005) (8). Furthermore, 61.3% residents in
the Schilderswijk area are aged 20-64 years, with an average age of
35 years (8). Kriegsman et al. (9) indicate that the onset of diabetes
occurs one decade earlier among the Turkish when compared to the
native Dutch. Moreover, scientific literature identifies mortality from
CVD in patients with T2D to be higher than in the general population
(10, 11).

Diabetes, cigarette smoking, and dyslipidaemia are well-known
risk factors for CVD in the general population in the Netherlands
(12). Compared to the native Dutch population, Turkish immigrants
in the Netherlands show a higher prevalence of (i) CVD, (ii)
cigarette smoking, and (iii) T2D (9, 13-16). However, El Fakiri
et al. (17) indicate that ethnic minorities are less likely to smoke
as compared to the native Dutch (OR = 0.10-0.53). Yet, data
from the Lifestyle in Amsterdam: Study among Ethnic gRoups
(LASER)-study (16) report a higher prevalence of smoking in first-
generation Turkish males and second-generation Turkish females
as compared to native Dutch males and females. Hosper et al.
(16) suggest that the smoking prevalence rates of second-generation
Turkish males are comparable to the prevalence rates among
Dutch males. Recently, Jain and Ducatman (18) analysed data
from the National Health and Nutrition Examination Survey
(NHANES) for the period 1999-2012 to examine the effect of
serum cotinine (<10 ng/ml classified as non-smokers, >10 ng/mL
classified as smokers) on the levels of total cholesterol (CHOL), high-
density lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), and triglycerides (TG) for the US population
aged >20 years. Findings of the aforementioned study suggest
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that serum cotinine is significantly associated with unfavourable
lipid/lipoprotein profiles among the adult population of the USA.
The clinical use of serum cotinine, rather than self-reported smoking
status, in epidemiological studies has added to our understanding of
the association between cigarette smoking and adverse lipid profiles.
It is important to examine molecular biomarkers of modifiable health
risks among high-risk populations and serum cotinine may be a
better indicator of quantifying risks from cigarette use as opposed to
self-reports (19).

Research indicates that Turkish immigrants in the Netherlands
are 2.4 times more likely to be obese, but have a lower prevalence
of hypercholesterolaemia (17). According to the 2002 Rijksinstituut
voor Volksgezondheid en Milieu (RIVM) report (13), 80% of
Turkish immigrants aged 35 years or older are overweight. A cross-
sectional study done among Turkish and Moroccan migrants
in the Netherlands, show that specific subpopulations are at
particular risk for overweight and obesity and ethnic-specific
interventions should address all first-generation immigrants (20).
Little is known about the association of serum cotinine and
lipid abnormalities among first-generation Turkish immigrants
with T2D. Considering the high prevalence of smokers among
the Turkish population in the Netherlands (16), it is more than
likely that a significant amount of the population who do not
smoke may be exposed to second hand smoke exposure (SHS).
Additionally, the increased prevalence of smoking among first-
generation Turkish immigrants may be related to external stressors
such as being diagnosed with T2D and/or living in deprived
neighbourhoods. Therefore, the objective of this study was to
examine the relationship between serum cotinine, as an indicator
of cigarette smoke, with lipid-related indices among first-generation
Turkish immigrants with T2D living in deprived neighbourhoods of
The Hague, Netherlands.

Materials and methods

Participants

The study population consist of 110 first-generation Turkish
immigrants, physician-diagnosed with T2D, aged 30 years and older.
First-generation Turkish immigrants were defined according to the
definition of Statistics Netherlands for non-Dutch first-generation:
born outside the Netherlands with one or both parents born outside
the Netherlands (21, 22). All participants were diagnosed with T2D
as recommended by the 2006 Nederlands Huisartsen Genootschap
(NHG) standard and/or use of diabetes medication (23).

frontiersin.org


https://doi.org/10.3389/fmed.2023.1011045
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Sukhram et al.

Sampling

The investigation took place from March to May 2011 in
a clinic-based cross-sectional design. Turkish immigrants were
recruited from the deprived Schilderswijk area of The Hague.
Neighbourhood deprivation in the Netherlands was determined
according to a validated index (7). Supplementary Figure 1 illustrates
the convenience sampling design used for participant recruitment
in this non-randomised cross-sectional study. During the 3-month
period, 300 letters written in Dutch and Turkish languages outlining
the study were mailed to residents of the Schilderswijk area with
Turkish surnames listed in the local telephone directory. The
interested participants could respond to the invitation letter. Due
to unknown addresses, 1% of the unopened letters were returned
undeliverable. Posters and flyers were also displayed at general
practitioner (GP) offices, dieticians’ offices, health club centres,
mosques, hair salons, Turkish grocery stores, community centres,
and pharmacies where Turkish immigrants were known to frequently
visit. Local GP’s actively told their patients about, and referred
them to, our research study. From this, 11 eligible participants were
enrolled from the delivered mail, 60 participants were enrolled from
GP offices, and 20 participants from posters and flyers. Recruitment
of participants through word of mouth was actively promoted
by a Turkish community representative in the Schilderswijk area,
where participants of the study were encouraged to recruit other
participants (n = 19 eligible participants). Twenty-two potential
participants did not qualify for the study because they were either
not Turkish (n = 3), did not have T2D (n = 8), or did not
provide blood samples within the 3-month study period (n = 11).
Interested participants were initially interviewed on the phone, at
which time the study purpose was explained, and age and gender of
the responders were recorded.

Physical exam

A research assistant (RA) fluent in both Dutch and Turkish
languages interviewed participants in their preferred language. The
RA assisted and completed questionnaires on age, education, gender,
Islamic diet, marital status, parity, and prescription medication(s)
use including diabetes medications and statins. Parity number was
defined as the number of live childbirth (number of live birth) plus
the number of stillbirth (defined as birth of an infant that died after
the 20th week of pregnancy in the uterus).

Blood pressure (BP) was measured by clinical protocol using an
automated sphygmomanometer with the participant resting alone in
a quiet room. Measurements were performed twice and the average
reading taken as the participant’s BP. The BP readings were displayed
in pairs, with the upper (systolic) value first, followed by the lower
(diastolic) value. Waist circumference (WC) to the nearest 0.1 cm was
measured horizontally with a non-stretchable measuring tape placed
midway between the 12th rib and iliac crest at minimal respiration
to measure central obesity. Body mass index (BMI) was calculated as
weight (kg) divided by height (m?).

The Department of Phlebotomy at Haaglanden Medisch
Centrum (HMC) Westeinde collected participants’ serum samples
during physical exams, aliquoted them, and kept them frozen at
—20°C until they could be analysed. Venous blood (20 mL) was
collected after an 8-12 h overnight fast, by a certified phlebotomist
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who used standard laboratory techniques. Serum measurements were
performed at HMC hospital laboratory.

Independent variable: Cutoff of serum
cotinine level (=10 ng/mL)

Cotinine, the primary metabolite of nicotine, is a prognostic
biomarker used to differentiate smokers from non-smokers in
epidemiologic studies. Because of its longer half-life, cotinine,
measured in serum, urine, or saliva, allows for differentiating
active smokers from passive and non-smokers (24). According to
the Centers for Disease Control and Prevention (CDC)-National
Biomonitoring Programme (25), non-smokers exposed to SHS
have serum cotinine levels <1 ng/mL, with high SHS exposure
yielding values in the 1-10 ng/mL range. High serum cotinine levels
(>10 ng/mL) indicate active smokers. Serum cotinine was measured
with a solid-phase competitive chemiluminescent immunoassay.

Dependent variables:
Lipid/lipoprotein-related indices

Diabetic dyslipidaemia is commonly illustrated by high CHOL,
low HDL-c, high TG, and high LDL-c (26). It is widely recognised
that these lipid variations characterise the major association between
T2D and increased cardiovascular risk of diabetic patients. Smoking
has also been shown to alter lipid/lipoprotein levels (18). Serum lipids
and lipoproteins were determined by enzymatic in vitro assay and
included: CHOL, HDL-c, LDL-c, and TG.

CVD risk measurements

The Castelli risk index-I (CRI-I), also known as cardiac
risk ratio (CRR), suggests the development of coronary plaques
with a diagnostic value as good as the determination of CHOL
(27). The CRI-I was calculated by the standardised formula:
CRI-I = CHOL/HDL-c. The scientific literature report that in
an effort to enhance the predictive capacity of lipid-related
indices, several lipoprotein ratios or “atherogenic indices” have
been defined. The atherogenic coefficient (AC) is a significant
index that can be used as a stand-alone index for CVD risk
estimation (28). The AC was calculated by the standardised formula:
AC = (CHOL-HDL-c)/HDL-c.

Covariates

To control for potential confounding between serum cotinine
level and lipid-related indices, after reviewing several related
studies and based on clinical significance of factors that affect
the independent and/or dependent variables (18), we included the
following covariates in the analysis- age (years), gender (male or
female), waist circumference, education (some school or high school
graduate or above), diabetes medications (yes or no), and statins (yes
or no). It has been established that there are differences in lipids by
gender and age. Percent of fat, of which WC is a proxy variable, is
associated with lipids and lipid markers. We therefore included WC,
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instead of BMI, since it is proven to be a better indicator of body
fat around the visceral organs which is associated with metabolic
complications. The aforementioned covariates are also associated
with glycated haemoglobin (HbAlc) values, which is clinically
considered to be the gold standard for monitoring glycaemic control
in patients with T2D. All the above information was collected from
face-to-face interviews or assessed during physical exams.

Statistical analyses

Serum cotinine level was analysed as a continuous variable. There
were no missing values in the study sample (n = 110). Statistical
analyses were performed on participants with complete data on
all variables required for multiple linear regression (MLR) models.
Differences between two categories of cotinine (high >10 ng/mL and
low <10 ng/mL) were assessed using the independent samples ¢-test
for numerical values and the chi-square test for categorical variables.
The dependent variables were checked for normal distribution using
the Shapiro-Wilks Normality Test, and homogeneity of variance
using the Breusch-Pagan/Cook-Weisberg test for heteroskedasticity.
Log-transformation of HDL-c, TG, CRI-I, and AC values were
performed to account for the skewed nature of the raw data. All
dependent variables conform to homogenous variance (P < 0.10).
We ran MLR models to calculate the mean change in CHOL, HDL-
¢ [log], LDL-c, TG [log], CRI-I [log], and AC [log] separately, for
high serum cotinine levels (=10 ng/mL) as a continuous variable
(n = 32). Participants with low serum cotinine levels (<10 ng/mL)
had values of 0 ng/mL (n = 78). We therefore categorised high
serum cotinine level into quartiles. We ran MLR models to
calculate the mean change in CHOL, HDL-c [log], LDL-¢c, TG
[log], CRI-I [log], and AC [log] for each higher serum cotinine
level by taking the lowest category as the referent (10>cotinine
<199 ng/ml). All MLR models were adjusted for age, gender, WC,
diabetes medications, and statins. Stata 10.1 (StataCorp LP, College
Station, TX) was used for statistical analysis and P < 0.05 was
considered significant.

Results

Table 1 presents the baseline characteristics of the study
population, all of whom were physician-diagnosed with T2D. There
were no missing values for the participants therefore none were
excluded from analysis. The 110 participants that were included
in the study had a mean age of 52.5 years [standard deviation
(SD) = 9.21]. Among the 32 participants that had high cotinine
levels (>10 ng/mL), approximately half of them were female (46.9%),
married (68.8%), completed some high school or above (90.6%),
followed an Islamic diet (93.8%), had a BMI > 30 kg/m? (59.4%), and
were taking statins (53.1%). The 32 participants, with high cotinine
levels (>10 ng/mL), had a mean of 1.75 of parity, had a mean of
103.63 cm of waist circumference, a mean of 139.5 mmHg systolic
blood pressure, a mean of 82.53 mmHg diastolic blood pressure,
a mean of 4.99 mmol/L CHOL, a mean of 0.08 mmol/L HDL-c
[log], a mean of 3.09 mmol/L LDL-c, a mean of 0.56 mmol/L TG
[log], a mean of 1.49 CRI-I [log], a mean of 1.21 AC [log], and a
mean of 51.75 mmol/L HbAlc. Education, HDL-c [log], CRI-I [log],
and AC [log] were statistically significant with high cotinine levels
(>10 ng/mL): P =0.02, P = 0.04, P = 0.02, and P = 0.02, respectively.
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TABLE 1 Baseline characteristics of study participants by serum cotinine
cutoff of >10 ng/mL.

Cotinine (ng/mL)

VELETJES

Age (years) 50.66 £ 7.38 53.96 £+ 9.74 0.09
Gender (F) (%) 46.88 62.82 0.12
Marital status (Yes) (%) 68.75 78.21 0.3
Education (Yes) (%) 90.63 69.23 0.02*
Parity 1.75+2 2714247 0.05
Islamic diet (Yes) (%) 93.75 87.18 0.32
BMI (>30 kg/m2) (%) 59.38 67.95 0.39
WC (cm) 103.63 £ 9.36 105.60 & 10.93 0.37
HbAlc (mmol/L) 51.75 £ 14.35 51.73 £ 14.94 0.99
SBP (mmHg) 139.5 4+ 23.96 142.58 +20.23 0.49
DBP (mmHg) 82.53 £9.27 82.92 £ 10.28 0.85
CHOL (mmol/L) 4.99 +1.24 475+ 1.12 0.32
HDL-c (mmol/L) [Log] 0.08 £0.27 0.2+£0.27 0.04*
LDL-c (mmol/L) 3.00 £ 1.08 2.73 £0.94 0.08
TG (mmol/L) [log] 0.57 £ 0.45 0.49 £+ 0.51 0.48
CRI-I [log] 1.49 4+0.34 1.33+0.32 0.02*
AC [log] 1.22 4045 1£047 0.02*
Statins (yes) (%) 53.13 50 0.77

Data are means £ SD unless otherwise indicated.

*P is considered significant at <0.05. Bolded values mean statistically significant results.

?High cotinine is defined as >10 ng/mL. Level for cotinine (>10 ng/mL) were considered
reliable indicators for cigarette smoke.

®Low cotinine is defined as <10 ng/mL. Level for cotinine (<10 ng/mL) were considered reliable
indicators for nonsmokers.

AC, atherogenic coefficient; BMI, body mass index; CHOL, total cholesterol; CRI-I, Castelli
risk index-I; DBP, diastolic blood pressure; HbAlc, glycated haemoglobin; HDL-c, high-density
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure;
TG, Triglycerides; WC, waist circumference.

Parity had a weak association with high cotinine levels (P = 0.05).
The geometric mean of serum cotinine level was 236.63 ng/mL
[confidence interval (CI) = 175.89 4 318.36].

Table 2 presents the association between serum cotinine
(>10 ng/mL) as a continuous variable and CHOL, HDL-c [log], LDL-
¢, TG [log], CRI-I [log], and AC [log] separately. Serum cotinine
was positively associated with HDL-c [log] (P = 0.04), CRI-I [log]
(P = 0.03), and AC [log] (P = 0.03) in the age, gender, waist
circumference, diabetes medications, and statins-adjusted models.
In contrast, there was no association between serum cotinine (as a
continuous variable) and CHOL, LDL-c, and TG [log].

Table 3 presents the association between increasing quartiles of
serum cotinine (>10 ng/mL) and mean change in CHOL, HDL-c
(log], LDL-c, TG [log], CRI-I [log], and AC [log], taking the lowest
quartile of serum cotinine as the referent category (10 >cotinine
< 199 ng/ml). There was no association between increasing quartiles
of serum cotinine and lipid-related indices. MLR indicated that there
is some evidence for an effect, albeit rather weak evidence, for CRI-
I [log] and AC [log] with p-values of 0.06 for both indices. We
considered the conventional p-value of less than 0.05 to be statistically
significant for all analyses, however, we reported the effect size and the
95% CI for each quartile. MLR results showed that participants in the
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TABLE 2 Multiple linear regression analyses of the associations between
serum cotinine (>10 ng/mL) and lipid-related indices.

Independent variable cotinine levels
(=10 ng/mL)? n = 32

Dependent

variables

CHOLY 0.001 0.002 0.40 0.12 -
HDL-c" [log] —0.001 0 0.04* 0.39 0.65*
LDL-cP 0.002 0.001 0.29 0.17 -
TG [log] 0 0.001 0.48 0.27 -
CRI-I® [log] 0.001 0 0.03* 038 0.62**
AC [log] 0.001 0.001 0.03* 0.39 0.64**

*P is considered significant at <0.05. Bolded values mean statistically significant results.

?Level for cotinine (>10 ng/mL) were considered reliable indicators for cigarette smoke.
bDependent variables in separate multiple linear regression equations with covariates including
age, diabetes medications, gender, statins, and waist circumference.

AC, atherogenic coefficient; B, regression coefficient; CHOL, total cholesterol; CRI-I, Castelli
risk index-I; £2, Cohen’s effect size; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-
density lipoprotein cholesterol; R2, coefficient of determination; SE, standard error, TG,
Triglycerides.

**2 = R?/1-R? calculated for significant regression models.

4th quartile (highest) of serum cotinine level, compared with those in
the 1st quantile (lowest), had higher CRI-I (§ = 0.35, 95% CI = —0.01,
0.72), and AC (B = 0.45, 95% CI = —0.02, 0.93) values. Participants
in the 3rd quartile, compared with those in the st quartile, had
higher CRI-I (B = 0.12, 95% CI = —0.23, 0.47) and AC (B = 0.16, 95%
CI = —0.29, 0.62) values. Participants in the 2nd quartile, compared
with those in the Ist quartile, had higher CRI-I (B = —0.02, 95%
CI = —0.40, 0.35) and AC (B = —0.05, 95% CI = —0.54, 0.44).

Discussion

Cigarette smoking is associated with several CVDs, including
atherosclerosis, heart failure, and stroke all of which result in

10.3389/fmed.2023.1011045

damage to the heart and blood vessels. Active smoking may result
in anatomical and biochemical changes to the coronary arteries
and the myocardium, consequently leading to CVD. Examining a
variety of diagnostic biomarkers that potentially assesses changes to
components of the cardiovascular system may be beneficial in CVD
management. Cigarette smoke contains nicotine in considerable
concentration. Cotinine, a major metabolite of nicotine, is a specific
and highly representative parameter for exposure to cigarette smoke.
The chronic effects of cotinine on the cardiovascular system include
unfavourable effects on specific lipoprotein levels, which play a role
in the initiation of CVD (29). Based on findings of this study, it
is suggested that serum cotinine be added to the standard of care
for T2D management as it may provide important insights to lipid
abnormalities and CVD risk among Turkish immigrants with T2D.
The present study showed that lipid ratios of HDL-c, CRI-
I, and AC are positively associated with serum cotinine levels
(=10 ng/mL). These findings corroborate other studies where there
is a significant association in HDL-c levels in smokers than in
non-smokers and an association between inhaled cigarette smoke
and the atherosclerotic risk (27, 30, 31). Our study evaluated lipid
ratios of CRI-I and AC since these atherogenic indices are validated
parameters associated with increased CVD risk. A cross-sectional
study with 699 participants indicated that CRI-I predict the highest
prevalence of predisposition to CVD risk (47.8%) (27). The Castelli
risk index-II (CRI-II), atherogenic index of plasma (AIP), and
CHOLIndex have been proposed as new lipid parameters in assessing
CVD risk (27, 32). Olamoyegun et al. (27) reported that the AC,
CRI-II, CHOLIndex, and AIP predicted a CVD risk prevalence
of 22.5, 15.9, 11.2, and 11.0%, respectively. Some research suggest
that alternative lipid-related indices be used to evaluate CVD risk
even when serum lipid levels seem normal (32). According to the
Framingham Heart Study (30), smokers who quit for more than
1 year have blood cholesterol levels similar to non-smokers. Garrison
et al. (30) suggest that for males, a CRI-I of 5 signifies average risk for
CVD. Whereas, females tend to have higher HDL-c levels; therefore,
a ratio of 4.4 signifies average risk. This suggests that a high level of
CHOL may be less alarming if the CRI-I ratio is low. Interestingly,

TABLE 3 The associations of quartile of serum cotinine level (Reference: 10 > cotinine < 199 ng/ml) with lipid-related indices®.

’ Quartile 1 (n = 8)
Dependent variables

Quartile 2 (n = 8)

Quartile 3 (n = 8) Quartile 4 (n = 8)

i 10 > cotinine 200 > cotinine < 324 325 > cotinine < 455 456 > cotinine
<199 ng/ml ng/ml ng/ml

CHOL® Reference = —0.74,95% CI = —2.32,0.84 =—0.24,95% CI = —1.71,1.24 =0.59, 95% CI = —0.94, 2.11
(0.34) (0.74) (0.43)

HDL-c [log]* Reference B=—0.14,95% CI = —0.45,0.17 | B=—0.19,95% CI=—048,0.10 | B=—0.23,95% CI = —0.53,0.07
(0.37) (0.19) (0.12)

LDL-c Reference B = —0.48, 95% CI = —1.86, 0.90 B =0.07,95% CI = —1.22,1.36 B =0.53,95% CI = —0.80, 1.86
(0.48) (0.91) (0.42)

TG [log]® Reference B=—027,95%CI=—0.77,022 | B=—0.16,95% CI = —0.62,0.31 B =0.23,95% CI = —0.25,0.71
(0.27) (0.49) (0.33)

CRI-I [log]* Reference B = —0.02,95% CI = —0.40, 0.35 B =0.12,95% CI = —0.23, 0.47 B =0.35,95% CI = —0.01, 0.72
(0.89) (0.49) (0.06)

AC [log]* Reference B = —0.05,95% CI = —0.54, 0.44 B =0.16,95% CI = —0.29, 0.62 B = 0.45,95% CI = —0.02, 0.93
(0.82) (0.47) (0.06)

?Dependent variables in separate multiple linear regression equations with covariates including age, diabetes medications, gender, statins, and waist circumference.
AG, atherogenic coefficient; B, regression coefficient; CHOL, total cholesterol; CI, confidence interval; CRI-I, Castelli risk index-I; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density

lipoprotein cholesterol; TG, Triglycerides.
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studies have shown that Turkish immigrants tend to have a lower
prevalence of high CHOL levels, a known risk factor for CVD, as
compared to the native Dutch (9, 13, 14, 17, 33). Results of our study
are corroborated by previous studies that showed low CHOL levels
among the Turkish immigrant population, regardless of statin use.

Patients with T2D are more prone to dyslipidaemia, a major
risk factor for CVD in T2D. Diabetes-induced dyslipidaemia may be
manifested by reduced HDL-c, increased LDL-c, and increased TG
levels in the blood (11, 34). In patients with diabetic dyslipidaemia,
statin therapy has beneficial effects to cardiovascular health (11).
However, other than decreasing the LDL-c levels, the management
of dyslipidaemia in patients with T2D continues to be challenging
(35). Another factor that may increase risk of dyslipidaemia includes
cigarette smoking. Reiss et al. (36) conducted a systematic review to
examine the smoking prevalence among immigrant population from
non-Western and Western countries. The majority of the studies (23
of 27) reported a strong association between gender and smoking
behaviour. Socio-demographic factors including age, gender, and
education are known to determine smoking behaviour across all
population groups. Nierkens et al. (15) investigated the smoking
prevalence among three immigrant populations in the Netherlands
and results show that the prevalence of smoking was highest among
the Turkish, with 63% of Turkish males who smoke and 32% of
Turkish females who smoke. Additionally, the youngest immigrant
population (34-44 years) had higher smoking rates as compared to
the older age group (45-60 years). Educational level in relation to
smoking behaviour have been examined in several studies and results
show that Turkish males with a lower education and Turkish females
with a higher education tend to have higher smoking rates (13, 15).
Our study revealed that education was significantly associated with
high serum cotinine levels (P = 0.02).

There is a high prevalence of smoking among Turkish in country
of origin (Tirkiye) and host country (Netherlands) (36). Cultural
perceptions of smokers among Turkish immigrants warrant further
investigation as the high rate of smokers may be influenced by
cultural practices (13, 37). Furthermore, environmental determinants
of smoking including living in deprived neighbourhoods and
socioeconomic status (SES) are known to adversely impact health
(15, 17, 22). Middelkoop et al. (38) characterised The Hague by the
largest variation in neighbourhood deprivation scores and highest
level of segregation in the Netherlands. Mortality data of residents,
under the age of 65 years, show that CVD was responsible for
cause of death among 32.5% males and 21.3% females living in The
Hague (38). Data indicate that mortality risk increased in deprived
neighbourhoods, and a strong association between deprivation
score and percentage of non-Western inhabitants. A recent study
conducted in the Netherlands emphasises the importance of GP
awareness to reach smokers in deprived neighbourhoods (22). The
prevalence of GP healthcare services is generally observed to be much
higher among Turkish in the Netherlands (9, 13). Turkish tend to
report more complaints to the GP, are more likely to seek advice
from a specialist, and have high hospital-admission rates with regards
to heart complaints (13). In our study, the majority of participants
(54.5%) were recruited from GP offices. Based on previous studies,
it is suggested that GPs may play an important role in effective
T2D management (39-42). Health professionals are encouraged to
develop ethnically targetted interventions in the Netherlands (17,
33, 36, 39, 43-45). Approximately 10% of the population in the
Netherlands are non-Western immigrants, which is expected to
increase to 20% by 2060 (43). Interestingly, non-Western immigrants
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have a lower average SES than the native Dutch population (43). The
health effects of SES are determined by several risk factors including
physical living (neighbourhood deprivation) and health-related
behaviour (cigarette smoking). Effective preventive and treatment
approaches to T2D management among Turkish immigrants may
decrease the burden of ethnic inequalities in health (33, 39, 45).
Ethnic-specific data could help GPs assess which indicators to be
added to the standard of care.

This study examined first-generation Turkish immigrants with
T2D living in a deprived neighbourhood of The Hague, Netherlands.
Turkish form the largest first-generation immigrant group in the
Netherlands, with a large population living in the most deprived
neighbourhoods (14, 17). Research has shown that ethnic minority
groups are less likely to participate in research studies, possibly due
to language barrier and low literacy. Despite limitations such as
these, this study adds to the scarce research in a poorly represented
group. It is suggested that non-Western immigrants may import their
smoking behaviour from the country of origin to the host country.
However, Reiss et al. (46) report that immigrants themselves could
potentially influence the majority population’s health behaviour.
Environmental stressors including living in deprived areas may also
increase smoking behaviour. A longitudinal study conducted in the
Netherlands indicates a causal relationship between neighbourhood
deprivation and smoking status (47). The authors conclude that
the socioeconomic characteristics of areas in which smokers reside
impact their quitting behaviour. According to the CDC-Office on
Smoking and Health (48), several studies suggest an association
between cigarette smoking and low SES. The 2015 CDC Morbidity
and Mortality Weekly Report (49) states that low SES populations
are at an increased risk of SHS exposure and therefore prone to
being affected from the harmful effect of cigarette smoke. In the
aforementioned study, SHS exposure was determined using serum
cotinine; the primary metabolite of nicotine. The CDC-National
Biomonitoring Programme (25) currently recommends cotinine as
the best biomarker of ascertaining nicotine exposure.

In large nationally representative samples of US adults NHANES
2003-2012), higher serum cotinine levels are associated with
risk of developing diabetes among never smokers exposed to
SHS (50). Additionally, previous studies consistently show that
risk factors including T2D, cigarette smoking, and dyslipidaemia
are associated with CVD morbidity and mortality (10-12, 51).
Lifestyle modification including smoking cessation could potentially
provide some benefit in high-risk populations with diabetes-induced
dyslipidaemia. To the best of our knowledge, this is the first study to
examine the association of serum cotinine and lipid-related indices
among first-generation (foreign born) Turkish immigrants with
T2D living in deprived neighbourhoods of The Hague, Netherlands.
Diabetes-induced dyslipidaemia is a known risk factor for CVD;
therefore, examining modifiable risk factors such as cigarette smoke
could provide important insights into the possible role of successful
T2D management. This study demonstrated that cigarette smoke,
based on serum cotinine >10 ng/mL, had a negative effect on specific
lipid-related ratios. Cotinine is the main metabolite of nicotine. and
preferred biomarker in clinical studies, since it is not affected by the
environment or diet, thus completing requirements of specificity and
half-life in the body (52). Raja et al. (53) reported that serum cotinine
has a longer half-life, as compared to salivary cotinine, and does
not need adjusting for hydration difference among individuals as in
saliva testing. A prospective study done in the Netherlands concluded
that serum cotinine showed greater stability than urinary cotinine
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and is therefore more practical for use in clinical settings (54). The
scientific literature report varying cut-off points for serum cotinine
levels (25, 50). The Society for Research on Nicotine and Tobacco
(SRNT) Subcommittee on Biochemical Verification (55), report that
cotinine levels range from 10 to 20 ng/ml due to variability in diverse
racial groups. We determined a serum cotinine cut-off value of
>10 ng/mL to be an indicator of active smoking, as recommended
by the CDC-National Biomonitoring Programme (25).

Wakabayashi (31) found that in patients with diabetes, the levels
of lipid-related indices were higher in smokers than in non-smokers,
which plays a major role in the development of atherosclerotic CVD.
While the prevalence of smoking is high in Turkish immigrants (13-
15), few studies have examined the effect of serum cotinine and its
role in T2D and CVD in this high-risk population. Dyslipidaemia
coupled with T2D and cigarette smoking could potentially lead
to the high CVD prevalence observed among Turkish immigrants
living in the Netherlands. An observational study done in Tirkiye
among 307 patients who underwent diagnostic coronary angiography
found the CHOLIndex to have an independent predictive value for
CVD (OR = 1.011, P = 0.009) (32). Akpinar et al. (32) indicated
that age, diabetes status, male gender, and cigarette smoking were
independent predictors of CVD. Furthermore, the authors suggest
the CHOLIndex appropriate when evaluating lipid-related risk for
CVD. Alternative ethnic-specific lipid and lipoprotein parameters
should be investigated in larger cohorts with T2D to assess the
association of serum cotinine, as an indicator of active and passive
cigarette smoke exposure, and CVD risk.

The high prevalence of smoking among Turkish immigrants
in the Netherlands poses a major public health concern. Smoking
habits of active smokers could potentially endanger others to SHS.
Recent data from large nationally representative samples of US
adults show an association between higher serum cotinine levels
and associated diabetes among never smokers (50). Additionally,
Jain and Ducatman’s study (18) concluded that serum cotinine was
significantly associated with unfavourable lipid/lipoprotein profiles
among the adult population of the USA. Modification of lifestyle risk
factors that includes prevention of cigarette smoke could potentially
lessen CVD risk in Turkish immigrants with and without T2D.
A comparative analysis of 6,517 Turkish immigrants showed a higher
smoking prevalence among Turkish immigrants in the Netherlands
than among their counterparts in Germany (46). Data from the
LASER study reported the highest prevalence of smoking in first-
generation Turkish males (54.9%) as compared to second-generation
Turkish males (45.6%) and native Dutch males (36.2%) (16).

The high prevalence of T2D among Turkish immigrants in the
Netherlands remains unclear. There is a much higher rate of T2D
observed in Tiirkiye when compared to the Netherlands (9). Studies
indicate that the diets of non-Western immigrants differ from that
of the native Dutch (13, 56). van Leest et al. (13) report that Turkish
immigrants tend to eat more fruits and vegetables. However, there is
a high prevalence of overweight and obesity among first-generation
Turkish immigrants in the Netherlands (20). Physical activity should
also be considered when assessing serum levels. Research shows
that Turkish immigrants are less likely to be physically inactive,
especially first-generation immigrants (*10%) (13). Genetics also
plays an important role in the low levels of HDL-c typically observed
among the Turkish population (29). Clinical practice guidelines
and adherence for T2D management in Dutch GP offices can be
challenging (40, 42). The 2013 NHG standard for T2D and 2012 NHG
standard for CVD risk management recommend that patients with
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modifiable risk factors, should be given the following lifestyle advice
to reduce the risk of CVD: no smoking, optimal physical activity,
healthy diet, optimum weight, and avoidance of stress (41, 42).

The pathogenesis of CVD in T2D is multifactorial and cigarette
smoking and dyslipidaemia are known to be powerful independent
risk factors. The detrimental health effects of cigarette smoke are well
documented and have been linked to many chronic diseases. The
2014 Surgeon General’s Report on smoking and health, states that
smoking is a major cause of CVD and causes one of every three deaths
from CVD (57). Additionally, the relationship between carbohydrates
and lipid metabolism in patients with T2D may be affected by
various factors. High-risk populations with T2D are more prone to
dyslipidaemia since insulin resistance disrupts important enzymes
and pathways in lipid metabolism. Numerous studies indicate that
lipid-related indices are good indicators to assess CVD risk in patients
with T2D (27, 30-32). Among the indices examined, results of this
study show that cigarette smoke as defined by high serum cotinine
levels has better predictability to assess lipid ratios of HLD-c, CRI-
I, and AC in Turkish immigrants with T2D living in deprived
neighbourhoods of The Hague, Netherlands. However, there is a need
for additional lipid-related indices to be measured in larger cohorts
that include prospective studies to assess serum cotinine levels and
CVD in high-risk populations with diabetes and lipid irregularities.

Strengths and limitations

This study adds to the body of research on serum cotinine,
as an indicator for cigarette smoke, and lipid irregularities in
high-risk populations with T2D. de Weerd et al. (54) suggest
serum cotinine to be a more reliable measure, as opposed to
urinary cotinine, for use in clinical settings. A major strength of
this study is that serum cotinine was examined to minimise the
potential for misclassification of smoking status and to emphasise
biochemical confirmation of cigarette smoke. The participants were
asked not to change their smoking behaviours on the day of
blood collection. Participants included are all of Turkish descent,
a single origin, in which research concerning serum cotinine and
lipid abnormalities in T2D are limited. Turkish immigrants were
examined because of the high prevalence of CVD, cigarette smoking,
and T2D when compared to the native Dutch (9, 13-15). We
used standardised protocols, including uniform anthropometric and
biochemical measurements in a clinical setting. We adjusted the
statistical analysis for all major confounders of cotinine and lipids
including age, gender, WC, diabetes medications, and statins. One
strength of this study is that due to the availability of Turkish-
speaking staff, also those first-generation Turkish immigrants who
cannot read or write, and are not able to understand or speak
Dutch, were included. Our study investigates modifiable health-risk
behaviours, such as cigarette smoking, in a vulnerable population
living in deprived neighbourhoods of The Hague, Netherlands.
Neighbourhood characteristics affect ethnic inequalities in health,
an area where more research is needed to confirm our preliminary
findings. Another major strength of this study is that our cross-
sectional design was conducted according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)-
guidelines (58).

There are a number of potential limitations in this study. Due
to the study’s cross-sectional nature, our results do not establish
causality and cannot be generalised to other populations. Several
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studies indicate that metformin and statins significantly reduce
CHOL, LDL-c, and TG, and increase HDL-c levels. Additional
statistical analyses were done to determine the potential confounding
effect of diabetes medications and statins. Results of these tests
verified that the direction did not change. All MLR models
(Tables 2, 3) were adjusted for the aforementioned covariates. Further
statistical analyses were done to determine the potential effect size
and the 95% CI for each quartile of higher serum cotinine level by
taking the lowest category as the referent (10 >cotinine <199 ng/ml).
Our findings did not indicate a significant association between
increasing quartiles of serum cotinine and lipid-related indices.

Although serum cotinine and lipid levels are ethnically specific,
our sample was not randomly selected and may not represent the
Turkish immigrant population of the Netherlands. Longitudinal
studies are recommended to determine the effect of serum cotinine
on lipid-related indices and consequent CVD morbidity and
mortality in Turkish immigrants with T2D. The study sample size
(n = 110) also warrants further investigation in larger cohorts.
However, the sample size of our study is comparable to other studies
in the Netherlands (17, 22, 43, 44). El Fakiri et al. (17) investigated the
prevalence of cardiovascular risk factors among various ethnic groups
at high risk of developing CVD within GP offices in the Netherlands.
The researchers analysed data on 126 Turkish patients, among
other ethnic groups (17). Benson et al. (22) investigated smoking
cessation behavioural therapy among 59 ethnic minorities, including
Turkish, living in disadvantaged neighbourhoods of the Netherlands.
Schouten et al. (44) analysed data of the Rotterdam Intercultural
Communication in Medical Settings (RICIM) project, in which
patients of 38 GP offices with a multi-ethnic population participated.
The RICIM dataset investigated 103 patients (56 patients belonging
to one of the major ethnic minority groups in the Netherlands—
Turkish, Moroccan, Surinamese, Antillean, Cape Verdian—and 47
Dutch patients). Our research study collected data within a 3-
month period from a high-risk first-generation Turkish immigrant
population living in a deprived neighbourhood of The Hague,
Netherlands, where research is limited. Recruitment methods support
other studies that indicate that GPs are most effective in reaching the
immigrant population, specifically when recruiting smokers living in
disadvantaged areas (59-61).

Conclusion

This cross-sectional study identifies the compelling need to
investigate several important clinical and public health concerns
related to smoking and unfavourable lipid/lipoprotein profiles
in Turkish immigrants with T2D, preferably by well-designed
longitudinal prospective studies and randomised clinical trials. It is
well-known that T2D is a multidimensional disorder and there is
an increasing need to address the biomedical root causes of CVD
risk and the adverse effect induced by lipid/lipoprotein markers.
These should be looked at as aetiological causes of CVD risk
in patients with T2D. Additionally, the pathogenesis of T2D and
CVD are associated with elevated lipid/lipoprotein markers such as
CHOL, LDL-c, HDL-c, and TG (18). The present study indicates
that lipid ratios of HDL-c [log], CRI-I [log], and AC [log] are
dependent determinants of serum cotinine and higher serum cotinine
levels (=10 ng/mL) are associated with worse HDL-c [log], CRI-
I [log], and AC [log] values in participants with T2D. Clinical
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comprehension of these biochemical indicators (lipids/lipoproteins)
and symptomatic results (CVD risk) in patients with T2D will aid
in the intervention (smoking) approach for this vulnerable cohort
(Turkish immigrants).

Smoking is a preventable risk factor for CVD and public
health awareness of its adverse effects in individuals with T2D
should be promoted among high-risk populations. Prevention
and decrease of cigarette smoke in Turkish immigrants with
T2D may help protect their cardiovascular health and decrease
CVD risk. Adding serum cotinine testing to the standard of
care for T2D may direct management in the primary prevention
of CVD among first-generation Turkish immigrants. There is a
need for vulnerable groups living in deprived neighbourhoods to
be further educated on effective T2D self-management. Therapy
that is targetted to modify this behavioural risk factor may
improve cardiovascular health outcomes and prevent comorbidities
in Turkish immigrants living in deprived neighbourhoods in
the Netherlands. In the meantime, this report contributes to a
growing body of information and provides essential guidance to
researchers and clinicians.
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Primaria Barcelona Ciutat, Institut Catala de la Salut, Barcelona, Spain

Introduction: Clinical practice guidelines are helpful for clinicians, and their
proper implementation could improve the quality of care and management of
participants with diabetes. This study aimed to evaluate the degree of adherence
to the Clinical Practice Guidelines (CPG) recommendations among obese, frail, or
recently diagnosed type 2 diabetes mellitus (T2DM) participants in primary care
centers in Spain.

Methods: We perform a cross-sectional study on a national level in two phases.
In the first phase, study participants were recruited, and their clinical data were
collected. In the second phase, data related to the participating physicians were
collected.

Results: In total, 882 participants from 240 physicians were analyzed. According
to the study questionnaire, most participants from all three clinical groups had
adequate adherence to the CPG. This percentage was highest among the recently
diagnosed T2DM (91.6%) and lowest percent of frail T2DM persons (74.7%).
The inadequate adherence to the guidelines was observed mainly among the
obese and frail participants with T2DM from medical doctors with low CPG
knowledge (3.4% and 3.5%, respectively). Regarding the patient’'s characteristics
and degree of adherence to the guidelines, the participants with inadequate
adherence were generally older, with higher BMI, poorer HbAlc control, and
fewer visits with primary care physicians. Most (57%) primary care physicians
had moderate CPG knowledge. In our multivariable logistic model, we did not
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observe statistically significant odds ratios for different characteristics related to
the physicians/consultation and low CPG knowledge.

Discussion: The results of our cross-sectional study observe adequate adherence
to the clinical guidelines by the primary care physicians for the majority of the
participants with obesity, frailty, or newly diagnosed with T2DM.

KEYWORDS

clinical guideline adherence, primary care (PC), Spain, type 2 diabetes, antidiabetic drug

1. Introduction

Type 2 diabetes mellitus (T2DM) is a highly prevalent
chronic disease where proper control plays an important role in
preventing damage to multiple organs or tissues. According to the
International Diabetes Federation, it is expected that 1 in 10 adults
will be affected by this disease until the year 2045 worldwide, when
an especially high prevalence is expected among the population
over 65 years of age (1). Currently, in Spain, the prevalence of
T2DM is among the highest in Europe, with 14.8% (~5.1 million
adults) and an incredible increase of 42% just in 2 years since
2019 (2).

Poor metabolic control is associated with increased
complications and premature mortality and is the leading cause
of blindness, renal replacement therapy (dialysis/transplantation),
and non-traumatic amputations (3). Early and multifactorial
treatment and interventions could delay the onset of complications
and improve quality and life expectancy (4). The therapeutic
approach to the disease should be multidisciplinary and include
pharmacological and non-pharmacological strategies and measures
for preventing comorbidities and long-term complications (5-7).
According to the therapeutic guidelines, the pharmacological
treatment should be established gradually in therapeutic steps and
in an individualized manner, considering patient- factors, such as
age, the presence of associated comorbidities, the degree of prior
control, and the presence or absence of other concomitant diseases
and treatments (5, 7, 8).

In recent years, the scientific and clinical evidence regarding
diabetes treatment increased substantially. The growing number
of diabetes treatments (behavioral interventions, pharmacological
treatment, surgery) and increasing information about their benefits
and risks offer more options for people with diabetes and
their health providers. Only in Europe, from 2005 to 2017, the
European Medicines Agency (EMA) approved 40 new drugs for
treating diabetes (9). Evidence-based practice has evolved as a
dominant way of practice, policy, management, and education
within health services throughout the developed world. However,
the vast amount of information could complicate the decision-
making process for proper treatment selection. Clinical practice
guidelines, and local clinical and therapeutic protocols, are
documents that provide physicians with updated and structured
information for better management of patients. Clinical and
therapeutic guidelines are considered essential resources for
planning, providing, evaluating, and improving the quality of
healthcare services (10). The main aim of clinical guidelines is
to improve and standardize the quality of care among patients.

Frontiersin Medicine

Although rigorous evaluations have shown that clinical practice
guidelines can improve the quality of patient care in experimental
settings (11), whether they achieve this goal in daily clinical practice
is less clear. This issue could be since patients, clinicians, health
providers/payers, and managers define quality differently, and
current evidence on guideline effectiveness is incomplete.

Implementing clinical practice guidelines remains a significant
challenge for health professionals. Evidence indicates that many
patients do not receive adequate care and may even receive
inadequate or potentially harmful care or therapy (12). The
degree of therapeutic inertia in people with diabetes is high
in our primary health care settings. In the recently reported
analysis of Mata et al. on 301,144 people with diabetes, the
authors found that antidiabetic treatments were not intensified
in patients who were treated with two oral drugs, for 26.2%
of people with HbAlc > 7% and 18.1% with HbAlc > 8%.
Intensification with a third oral drug or insulin was performed
with HbAlc of 8.7% and 9.4%, respectively (13). These results
are similar to those found in the U.K., where treatment with
oral antidiabetics or insulin with HbAlc of 9.1% and 9.7%
took an average of 7 years to be intensified third antidiabetic
drug (14). Another study in the U.K. evaluated adherence to
the National Institute for Health and Care Excellence (NICE)
guidelines for starting and continuing glucagon-like peptide 1
(GLP1) agonists in patients with T2DM. Only 25% of patients
started GLP-1 receptor agonists as part of a NICE-recommended
regimen (15). However, although health professionals can provide
advice or recommendations about medications, food intake, and
the effects of physical activity, the main factors determining the
success, achievement, and maintenance of metabolic control are
the patient’s ability and willingness to self-management (16). In a
qualitative study conducted by Berenguera et al. (17) in our primary
care setting with poorly controlled T2DM patients, although
disease control alone (self-management) should occur daily, it was
often difficult due to family or financial reasons, lack of awareness,
or lack of motivation.

Clinical practice guidelines are helpful for clinicians, and their
proper implementation could improve the quality of care and
management of participants with diabetes. However, as a clinical
tool, the proper implementation and use should be evaluated to
know their actual effect in the medical consultation. To the best
of our knowledge, no studies have been conducted in our primary
care settings to evaluate adherence to therapeutic guidelines for
managing T2DM. The objective of this study was to evaluate
the degree of adherence to the therapeutic recommendations of
the Clinical Practice Guidelines (CPG) among participants with
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obesity, frailty, or recently diagnosed with T2DM in primary care
centers in Spain.

2. Patients and methods

2.1. Study design and data source

We perform a cross-sectional study on a national level
involving physicians from different primary care centers in Spain.
The study was realized in two phases. In the first phase, study
participants were recruited, and their clinical data were collected.
In the second phase, data related to the participating physicians
were collected. A specific survey was done to evaluate the degree
of knowledge of the therapeutic guidelines, their opinion, and
therapeutic preferences. The first phase was realized from June
1%, 2020, till November 30, 2020 (6 months), while during
December 2020 (1 month), we realized the second phase. The
study recruitment consisted of offering the study participants to
possible candidates. If participants agreed to enter the study, it was
obligatory to sign the informed consent before any study procedure
was performed or study data were collected. Regarding the primary
care physicians selection, medical doctors from different regions
of Spain were invited to participate in the study. If they agreed,
they were involved in the study. All study procedures and data
collection were performed in a single study visit. A contract
research organization externally monitored the study recruitment
and data collection.

2.2. Definition of eligibility criteria

T2DM (diagnosed according to the ADA—American Diabetes
Association criteria) subjects aged at least 30 years old and with
signed informed consent were included in the study. In order to
identify the three groups of subjects: obesity, frailty, or recently
diagnosed T2DM. We defined different sets of additional study
criteria for each group. The T2DM subjects with obesity were
requested to have ages between 55 and 74 years, a body mass
index (BMI) of more than 30 kg/mz, a T2DM diabetes duration
longer than 5 years, and treatment with at least one antidiabetic
drug. The frail T2DM person had to be at least 75 years old, with
a T2DM duration longer than 5 years, and on treatment with at
least two antidiabetic drugs. The frailty was defined according to
the local electronic medical registry. T2DM participants with a
recent diagnosis were requested to have between 30 and 55 years,
with <3 years of disease duration. These criteria were chosen to
create more homogenate clinical profiles of the three groups of
patients with T2DM. The three clinical groups were selected since
they are most prevalent in primary healthcare settings (18, 19).
All participants with other types of diabetes (type 1, secondary,
gestational, other) and those with medical history in the primary
healthcare center for <1 year were excluded. The participant
selection sampling strategy was a convenient approach based on
the availability and willingness of the participants who fulfilled the
study criteria to participate.
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2.3. Clinical practice guidelines

We evaluate the adherence to the different guidelines
available and in force at the moment of realization of the
study. Guidelines were classified into international, national, and
local. The treatment recommendations for the three clinical
groups of T2DM were compared among the guidelines. Only
therapeutic recommendations that were similar among the
different guidelines were considered to evaluate adherence and
knowledge. Supplementary Table 1 shows the guidelines used in the
evaluation of their adherence.

2.4. Definition of variables

During phase one, participant’s inclusion visits, different
sociodemographic and clinical variables were collected, such
as age, sex, toxic habits, hypertension, hyperlipidemia, other
clinically important diseases, concomitant treatment, laboratory
parameters, BMI, and diabetes duration. For each group of
participants (obese, frail, and recently diagnosed), antidiabetic
treatment at the moment of inclusion was collected. Different
pharmacologic groups of antidiabetic treatment were analyzed
thiazolidinedione-TZDs,
dipeptidyl peptidase 4 (DPP-4) inhibitors, sodium-glucose co-
transporter 2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1)
analogs, fast-acting insulin, slow-acting insulin, intermedia acting

(metformin, sulfonylureas, glinides,

insulin and mix action insulin). Based on this information, the
variable “degree of adherence to therapeutic guidelines” was
created using a scoring system. If the prescribed antidiabetic
treatment was not recommended (contraindicated) by the
guidelines for the specific participant group, a negative score
(—1) was assigned. If the prescribed antidiabetic treatment was
the one without specific recommendations or contraindications
by the guidelines, a score of “0” was assigned. If the T2DM
guidelines recommended the prescribed treatment, a score
of “1” was assigned. In the case of multiple antidiabetic
treatments, the scores were summarized. If the person had
an overall negative score, it was classified as “inadequate
adherence to the CPG.” If the overall scoring was 0 was
classified as “average adherence to the CPG.” If the overall
score was one or more, it was classified as “adequate adherence to
the CPG.”

During phase two, we collected variables from professionals
participating in the study, such as sex, if they have diabetes,
professional experience, information related to the type of medical
consultation, and indicators for the health care provided to
participants with diabetes (number of participants with T2DM
treated, T2DM visits and time per person). Moreover, the degree
of knowledge related to CPG was also collected from professionals
based on the specific questionnaire on recommendations from the
therapeutic guidelines for the three types of T2DM participants.
Three groups of “degree of CPG knowledge” were created based
on the quartiles obtained from the correct answers to the
questionnaire. Low CPG knowledge if the professional has an
overall score of at least 9. Moderate CPG knowledge if the overall
score was between 9 and 12. High CPG knowledge if the overall
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score was more than 12. Supplementary Table 2 shows the different
items used to evaluate the degree of CPG knowledge.

2.5. Statistical analysis

The descriptive analyzes of phase one were carried out in
the population of evaluable subjects by T2DM groups: subjects
with obesity, frailty, and recently diagnosed, carrying out the
comparative analyzes between the groups. The quantitative
variables were described with measures of centralization and
dispersion (mean, median, SD-standard deviation). Absolute
and relative frequencies are described as qualitative variables.
In the comparative analysis, depending on the characteristics
of the variables and the number of groups being compared,
parametric tests were used for those continuous variables that
meet the application conditions (for example, t-test, ANOVA,
etc.) and the non-parametric ones (for example, Chi-square,
Fisher, Kruskal-Wallis, etc.) for ordinal, categorical variables or
those that do not meet said parametric criteria. The p-values <
0.05 were considered statistically significant. Multivariate analysis
was performed to determine related factors with a low level of
knowledge using logistic regression, showing the Odds Ratio (OR)
and its corresponding 95% confidence interval. In the model,
professionals with moderate and high knowledge were merged into
one variable to create a dichotomous depending variable. Missing
data were not imputed and were left as missing. The data were
analyzed using SPSS v22.0.

3. Results

In total, 262 primary care physicians were invited to participate;
from those, 240 could be evaluated and included in the analysis. The
participating physicians screened about 891 patients; from those,
eight did not meet the study criteria and were excluded from the
analysis. Supplementary Figure 1 shows the study flowchart.

3.1. Characteristics of the participants with
diabetes

Participants with obesity and recently diagnosed with T2DM
were mainly males (64.5% and 63.9%, respectively), while we
observed more females (50.5%) in the frail group. Regarding
the toxic habits, among the recently diagnosed participants, we
observed more current smokers and alcohol consumers. The
comorbidity profile was worst among the frail participants with
T2DM for hypertension, CKD, and cardiovascular disease. At
the same time, among the obese subjects, hyperlipidemia and
mental illnesses were more prevalent than in the rest of the
groups. Regarding laboratory parameters, no clinically significant
differences were observed for HbAlc among the three groups.
A poorer lipid profile was observed among the participants
with a recent diagnosis of T2DM, and a poorer renal profile
among the frail participants. Participants in the obese group
mainly used lipid-lowering drugs. The remaining concomitant
treatments (antihypertensive, antiplatelet, and anticoagulant drugs)
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were mostly used in the frail group. Regarding the antidiabetic
drugs, metformin, DPP-4i, and slow-acting insulins were mainly
used by frail people, while participants in the obese group mainly
used SGLT-2i and GLP1-RA. We observed differences among the
three groups for the number of medical visits related to diabetes
in the last 12 months with physicians and nurses. The participants
with obesity and T2DM had the highest, while participants with
a recent diagnosis of T2DM had the lowest average number of
visits with the professionals (4.3 visits £3.9). The inadequate
adherence to therapeutic guidelines was observed mainly among
the participants in the obese and frail groups (3.4% and 3.5%,
respectively). An average degree of adherence to the CPG was
mainly observed among the participants in the frail group. In
contrast, adequate adherence to the CPG was mostly observed
among the newly diagnosed participants with T2DM. Table 1
summarizes the characteristics of the subjects included in the study.

3.2. Characteristics of the professionals

Most of the professionals (primary care physicians) included in
the analysis were males. About 8.3% reported having T2DM. We
observed that physicians included in our study had, on average,
26.4 years of professional experience, 16.7% were members of some
diabetes working group, and 74.2% had some educational course
related to diabetes in the last 12 months. The majority (69.2%)
worked in urban primary health care centers; on average, 225.3
patients with T2DM in their consultation, and the average time for
consultation per person with T2DM was 11.3 min. Stratified for the
degree of knowledge, the majority, 137 (57%) of the primary care
physicians, had a moderate degree of CPG knowledge based on the
answers to the study questionnaire. Supplementary Table 2 shows
the descriptive analysis of the answers to the study questionnaire
used to estimate the degree of CPG knowledge. We did not observe
statistically significant differences among the three degrees of CPG
knowledge. However, the low-degree group had perceptually more
males, on average 27.4 years of professional experience, and with
more experience in participation in the clinical trial for diabetes and
other metabolic/cardiovascular/renal diseases in the last 12 months.
The professionals from this group were the majority from semi-
urban primary care centers with the lowest number of patients
in the quota and subjects with diabetes. Table 2 summarizes the
characteristics of primary care physicians.

3.3. The degree of adherence to the CPGs
in the three clinical situations

Stratifying the degree of adherence to the CPG and the
professionals CPG knowledge, we observed that inadequate
adherence to the guidelines was mainly observed only among the
obese and frail participants with diabetes from medical doctors
with a low degree of CPG knowledge according to the study
questionnaire. The average adherence to the CPG was mainly
present among frail participants (61.0%) from professionals with
moderate knowledge. Adequate adherence to the guidelines was
mainly achieved among the recently diagnosed participants with
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TABLE 1 Characteristics of the participants.

Obese T2DM Frail T2DM Recently diagnosed p-value

subjects subjects T2DM subjects
n =296 n =289 n =296

Sociodemographic and toxic habits

Age, mean (SD), years 63.0 (4.5) 79.8 (4.2) 49.0 (5.3) <0.001*
Sex, 1 (%), male 191 (64.5) 143 (49.5) 189 (63.9) <0.001**
Alcohol consumption™, 1 (%) 63 (21.3) 34(11.8) 80 (27.0) <0.001**
Current Smoking, n (%) 59 (19.9) 23 (8.0) 90 (30.4) <0.001**

Comorbidities, n (%)

Hypertension 239 (80.7) 245 (84.8) 133 (44.9) <0.001**
Hyperlipidemia 252 (85.1) 221 (76.5) 189 (63.9) <0.001**
Cardiovascular disease 3(1.0) 20 (6.9) 2(0.7) <0.001**
Chronic kidney disease 38(12.8) 81 (28.0) 19 (6.4) <0.001**
Relevant mental illness 38 (12.8) 51(17.6) 39 (13.2) 0.184**

Clinical variables

Diabetes duration (years) 11.2 (6.0) 15.1 (8.0) 1.8 (0.9) <0.001*

BMI, mean, (SD) 33.4(2.9) 29.7 (4.5) 29.8 (5.0) <0.001*

Laboratory parameters

HbA1lc (%), mean, (SD) 7.4 (1.1) 7.4(1.3) 7.3(1.3) 0.037*
Triglycerides (mg/dL),mean, (SD) 177.7 (78.0) 159.1 (68.0) 177.5 (79.6) 0.002*
Cholesterol total (mg/dL),mean, (SD) 199.5 (44.4) 186.5 (45.3) 201.9 (43.1) <0.001*
Cholesterol LDL (mg/dL),mean, (SD) 116.1 (40.2) 106.1 (36.8) 121.1 (36.2) <0.001*
Glomerular filtration (mL/min/1.73 m?), (SD) 76.8 (18.6) 68.2 (19.6) 84.0 (18.9) <0.001*
Albumin/creatinine ratio (mg/dL),mean, (SD) 51.8 (184.4) 80.2 (305.1) 46.7 (223.8) 0.003*

Concomitant treatments, n (%)

Antihypertensive drugs 237 (80.1) 244 (84.4) 132 (44.6) <0.001**
Lipid-lowering drugs 250 (84.5) 220 (76.1) 177 (59.8) <0.001**
Antiplatelet drugs 102 (34.5) 131 (45.3) 40 (13.5) <0.001**
Anticoagulant drugs 14 (4.7) 36 (12.5) 10 (3.4) <0.001**

Glucose lowering drugs, n (%)

Metformin 217 (73.3) 230 (79.6) 228 (77.0) 0.196**
SU 18 (6.1) 36 (12.5) 17 (5.7) 0.004**
Glinides 11 (3.7) 34(11.8) 9(3.0) <0.001**
TZDs 1(0.3) 4(1.4) 1(0.3) 0.296"*
DPP-4i 185 (62.5) 224 (77.5) 139 (47.0) <0.001**
SGLT-2i 95(32.1) 68 (23.5) 76 (25.7) 0.052**
GLP1-RA 35(11.8) 19 (6.6) 16 (5.4) 0.009**
Insulin fast acting 5(1.7) 7 (2.4) 4(1.4) 0.612**
Insulin slow acting 35(11.8) 61 (21.1) 22(7.4) <0.001**
Insulin intermedia acting 0(0.0) 6(2.1) 0(0.0) 0.001***
Insulin mix action 2(0.7) 7(2.4) 1(0.3) 0.066**

Number of visits related to diabetes in the last 12 months, mean, (SD)

Primary care physician 4.3 (3.9) 4.2 (3.3) 3.3(2.6) <0.001*

(Continued)
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Recently diagnosed

Obese T2DM Frail T2DM

subjects subjects T2DM subjects

n =296 n =289 n =296
Primary care nurse 4.4 (5.7) 4.3 (4.0) 3.4(3.4) <0.001*
Adherence to therapeutic guidelines, n (%) <0.001*
Inadequate 10 (3.4) 10 (3.5) 0(0.0)
Average 45 (15.2) 63 (21.8) 25(8.4)
Adequate 241 (81.4) 216 (74.7) 271 (91.6)

BMI, body mass index; HbAlc, glycosylated hemoglobin; +Moderate and high-risk alcohol consumption; DPP-4i, dipeptidyl peptidase 4 (DPP-4) inhibitors; SGLT-2i, sodium-glucose co-
transporter 2 (SGLT2) inhibitors; GLP1-RA, glucagon-like peptide-1 (GLP-1) analogs; TZDs, thiazolidinediones; T2DM, type 2 diabetes mellitus; SU, sulphonylureas; SD, standard deviation;

NIAID, non-insulin antidiabetic drugs.
Statistical tests used: (*) Kruskal-Wallis, (**) Chi-square, (***) Fisher.

TABLE 2 Characteristics of the professionals and their degree of CPG knowledge.

Total Degree of CPG knowledge

Physiciansn =240 Low (n=61) Moderate (n=137) High(n=42) p-value
Sex, 1 (%), male 167 (69.6) 46 (75.4) 94 (68.6) 27 (64.3) 0.450**
Comorbidities, n (%)
Type 2 diabetes presence 20 (8.3) 4(6.6) 15 (10.9) 1(2.4) 0.207**
Experience
Years of professional experience, mean (SD) 26.4(9.2) 27.4(9.0) 26.6 (9.3) 24.5(8.8) 0.167*
Years in the last job mean (SD) 14.6 (9.9) 14.5(9.9) 14.8(10.0) 14.0 (9.9) 0.923*
Member of a diabetes working group 40 (16.7) 6(9.8) 27 (19.7) 7 (16.7) 0.227**
Courses/professional education related to 178 (74.2) 40 (65.6) 107 (78.1) 31(73.8) 0.177**
diabetes management in the last 12 months,
n (%)
Participation in clinical trials for diabetes 59 (24.6) 18 (29.5) 32(23.4) 9(21.4) 0.567**
and other metabolic/cardiovascular/renal
diseases in the last 12 months, 1 (%)
Place of work
Urban 166 (69.2) 39 (63.9) 97 (70.8) 30(71.4) 0.899**
Semi-urban 44 (18.3) 13(21.3) 24 (17.5) 7 (16.7)
Rural 30 (12.5) 9 (14.8) 16 (11.7) 5(11.9)
Patients in the quota, mean, (SD) 1644.4 (701.4) 1460.4 (587.9) 1751.8 (805.0) 1565.6 (342.5) 0.244*
Participants with diabetes in the quota mean 225.3(180.7) 191.1 (133.2) 246.1 (211.8) 208.1 (110.9) 0.382*
(SD)
Participants with T2DM who visit weekly 27.4(39.3) 28.2 (43.4) 29.5 (42.6) 19.4 (11.6) 0.224*
mean (SD)
Duration of T2DM consultation per person 11.3 (4.5) 11.2 (4.4) 11.6 (4.9) 10.5(3.1) 0.603*
(min) mean, (SD)

CPG, clinical practice guidelines; SD, standard deviation.
Statistical tests used: (*) Kruskal-Wallis, (**) Chi-square, (***) Fisher.

T2DM (58.5%), especially among the patients from professionals
with a moderate degree of CPG knowledge.

Regarding the patient’s characteristics and the degree of
adherence to the guidelines, the participants with inadequate
adherence to the guidelines were generally older, with higher
BMI, poorer HbAlc control, and fewer visits with primary care
physicians. The patients with average adherence to the guidelines
had the lowest average BMI and HbAlc and a higher average
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number of visits with their medical doctor. The lowest average
HbAlc was observed among the recently diagnosed T2DM
subjects with average adherence to the CPG. We observed a
higher percentage with proper HbAlc control (HbAlc < 7%)
among the recently diagnosed T2DM individuals and professionals
with adequate CPG knowledge. The highest average number of
visits with the medical doctor was observed among the obese
participants with T2DM with average adherence to the CPG.
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Table 3 summarizes the results related to adherence with the CPGs
in the three clinical situations.

3.4. Factors related to the low level of CPG
knowledge among the professionals

In the multivariable analysis, considering different potential
factors for a low level of CPG knowledge among the professionals,
we did not observe any statistically significant odds ratios. Figure 1
and Supplementary Table 3 show the results of this analysis.

4. Discussion

The results of our cross-sectional analysis on the degree of
adherence with the therapeutic recommendations of the CPG
among obese, frail, and recently diagnosed T2DM subjects in
primary care centers in Spain show adequate adherence for most
participants. This percentage was highest among the recently
diagnosed T2DM subjects.

Similar studies evaluating adherence to the CPG were done in
other countries but with different methodologies and objectives,
making comparing difficult with our study. For example, cohort
study from Luxemburg with 21,068 T2DM subjects for the period
between 2000 and 2006, the authors evaluate the adherence of
physicians and patients to annual follow-up recommendations
from international guidelines for T2DM subjects (20). The authors
reported that 90% of the patients consulted more than four times
their treating physician. In our study, the average number of
visits annually with the treating physician was different for three
groups of participants, the highest number of visits among subjects
with obesity (4.3 visits) and the lowest among the subjects with
recently diagnosed T2DM (3.3 visits). Notably, the number of
visits was higher among the obese than the frail persons, whose
clinical conditions are more changeable due to their clinical
complexity. A study from rural northern Alberta, Canada had, aim
to evaluate adherence with the local clinical guidelines for clinical
indicators and therapeutic targets on 368 patients with T2DM.
The authors reported that, on average, the clinical indicators
were near the recommended clinical practice guideline targets
(49.7% with HbAIC < 7%) (21). Another similar study from
Swiss evaluated adherence with the local clinical guidelines target
criteria for good disease management of diabetes in 604 patients.
The authors reported that 44% of the patients achieved the
therapeutic target [HbAlc < 7% (53 mmol/mol)]. At the same
time, this percentage was higher (77%) for the target [HbAlc
< 8% (64 mmol/mol)]. Compared with our results, 38.7% of
the participants with adequate adherence with CPG had achieved
the target of HbAlc < 7%, and 75.8% achieved the target of
HbAlc < 8%. On the other hand, in Greece, recently, one study
was published evaluating the level of adoption and adherence to
local T2DM therapeutic guidelines among 226 Greek physicians
(22). The authors reported that among the investigated physicians,
there was a high level of adaptation to the guidelines (92.2%).
However, the authors reported a low adherence (26.1%) to CPG.
In our study, most physicians (57.0%) had average knowledge
of therapeutic guidelines. In our multivariable model, we did
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not observe any statistically significant odds ratios for different
characteristics of the professionals, consultation size, and low levels
of CPG knowledge. One study in the U.K. evaluated the medical
consultation size with practice performance and quality of care. The
authors reported similar quality of care between the practices with
larger numbers of patients and those with fewer patients per doctor
(23). A recently published cross-sectional study assessing factors
involved in adherence to CPGs on T2DM diabetes among the 98
endocrinologists working in public hospitals from Spain reported
that non-adherence to CPG was a multifactorial problem related
with the existence of multiple CPGs, the therapeutic inertia, the lack
of time, and the complexity of diabetes (24).

Antidiabetic drugs should be selected for most of the current
CPG, considering the individual patients clinical characteristics
and glycemic objectives (25). In the case of obesity and T2DM,
the Standards of Medical Care in Diabetes from the American
Diabetes Association for 2022, for patients where the objective
is weight reduction, recommends the use of pharmacological
agents with evidence of weight loss, such as metformin, o-
glucosidase inhibitors, SGLT-2i, GLP1-RA, and amylin mimetics
(26). Compared with our results, most participants with T2DM
and obesity were using metformin, and surprisingly in second
place (62.5%) were using weight-neutral drugs such as DPP-4i.
About 11.8% and 6.1% of the participants with obesity were using
weight-increasing drugs (insulins or sulphonylureas, respectively).

Concerning older adults and frailty, the international
guidelines recommend metformin as first-line treatment if no
contraindications exist (advanced renal insufficiency, impaired
hepatic function) or gastrointestinal side effects which could reduce
appetite or provoke vitamin B12 deficiency (27). In our study, most
of the participants in the frail group were on metformin, while in
second place by the use were the DPP-4inhibitors. In general, if
no contraindication exit, DPP-4 inhibitors are also recommended
due to the few side effects and minimal risk of hypoglycemia.
Slow-acting insulins were mainly prescribed to these subjects.
Once-daily slow-acting (basal) insulin has a good safety profile
and is often used in older adults (28). A recently published review
on diabetes and frailty suggests that as patients with diabetes get
older, it is recommended to simplification, switch, or de-escalate
the antidiabetic treatment depending on the frailty or HbA1Cc
levels (22). In general, avoiding treatments that could induce
hypoglycemia, such as sulphonylureas and fast-acting insulins,
is suggested. Among our frail participants, 12.5% used some
sulphonylureas, and 2.4% used some fast-acting insulins.

Regarding patients with a recent diagnosis of T2DM, most
guidelines recommend using metformin as a first-line treatment
when glycemic objectives are not reached with no pharmacological
measures (dietary changes or physical exercises). In our study, most
of the participants in this group were using metformin. In the
recent therapeutic local guidelines from the RedGDPS foundation
in Spain, in the case of young or recently diagnosed T2DM
participants, the recommendation for the therapeutic objective is
HbAlc < 6.5% in monotherapy or non-pharmacological treatment,
avoiding drugs with a risk of hypoglycemia (29). Our study
observed that the proportion of subjects on some antidiabetic
treatment that could cause hypoglycemia, such as sulphonylureas
or insulins, was lower among the three groups. Proper therapeutic
management in these recently diagnosed patients is important,
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TABLE 3 Degree of compliance to the guidelines stratified by professional’s different degrees of knowledge and patients characteristics.

Degree of adherence to the CPG

Inadequate Average Adequate
Overall Obese Frail Recently  Overall  Obese Frail Recently  Overall Obese Frail Recently
n=20 n=10 n=10 diagnosed n=120 n=39 n=59 diagnosed n=685 n=227 n=205 diagnosed
n=0 n=22 n =253

Patients from Low (n = 209) 10 (50.0) 5 (50.0) 5 (50.0) - 39 (32.5) 18 (46.2) 12 (20.3) 9 (40.9) 160 (23.4) 47 (20.7) 52 (25.4) 61 (24.1)
professionals with
different degrees
of knowledge

Moderate (n = 8 (40.0) 4(40.0) 4(40.0) - 63 (52.5) 16 (41.0) 36 (61.0) 11 (50.0) 407 (59.4) 140 (61.7) 119 (58.0) 148 (58.5)

478)

High (1 = 138) 2(10.0) 1(10.0) 1(10.0) - 18 (15.0) 5(12.8) 11 (18.6) 2(9.1) 118 (17.2) 40 (17.6) 34 (16.6) 44 (17.4)
Patient Age, mean, (SD) 714(7.0) | 650(2.9) | 77.8(2.1) - 68.3 (12.5) 62.9 (4.4) 79.6 (4.5) 49.4 (3.6) 62.8 (13.5) 62.9 (4.6) 79.9 (4.2) 49.0 (5.4)
characteristics

Sex (male), 1 (%) 14 (70.0) 6 (60.0) 8 (80.0) - 69 (51.9) 28 (62.2) 26 (41.3) 15 (60.0) 440 (60.4) 157 (65.1) 109 (50.5) 174 (64.2)

Alcohol 4(20.0) 2(20.0) 2(20.0) - 23(17.3) 9 (20.0) 7(11.1) 7 (28.0)- 150 (20.6) 52 (21.6) 25(11.6) 73 (26.9)

consumption, 7

(%)

Tabaco 5(25.0) 3(30.0) 2(20.0) - 20 (15.0) 7 (15.6) 3(4.8) 10 (40.0) 147 (20.2) 49 (20.3) 18(8.3) 80 (29.5)

consumption, 1

(%)

BMI mean, (SD) 31.8(5.0) | 355(3.1) | 282(3.6) - 30.5 (4.2) 323 (24) 30.3 (4.8) 27.9 (3.5) 31.0 (4.6) 33.5(2.9) 29.6 (4.4) 30.0 (5.0)

HbAlc mean, 7.5 (1.0) 7.8 (0.8) 7.2 (1.1) - 7.3 (1.1) 7.2 (1.0) 7.5(1.2) 7.0 (1.1) 7.4(1.3) 7.4 (1.1) 7.4 (1.3) 7.3 (1.3)

(SD)

HbAlc < 7%, n 6(30.0) 1(10.0) 5 (50.0) - 50 (37.6) 17 (37.8) 22 (34.9) 11 (44.0) 282 (38.7) 84 (34.9) 76 (35.2) 122 (45.0)

(%)

HbAlc < 8%, n 13 (65.0) 6 (60.0) 7 (70.0) - 102 (76.7) 34 (75.6) 48 (76.2) 20 (80.0) 552 (75.8) 182 (75.5) 158 (73.1) 212 (78.2)

(%)

Glomerular 722 76.1 68.4 - 70.7 (20.0) 73.8 (22.5) 69.0 (15.6) 69.6 (24.9) 77.6 (20.1) 77.4 (17.8) 68.0 (20.9) 85.3 (17.8)

filtration mean, (14.7) (16.5) (12.4)

(SD)

CAC mean, (SD) 16.5 12.8 202 - 587 (264.6) | 23.7(33.0) | 94.9(380.7) 30.7 (45.9) 60.7(241.9) | 58.7(203.3) | 78.7(287.5) | 482(233.5)

(16.0) (17.0) (14.9)

Number of visits 3.4(1.7) 3.7(2.1) 3.0 (1.3) - 4.5 (4.0) 5.9 (5.6) 3.7(2.5) 4.0 (2.8) 3.8(3.3) 4.0 (3.5) 4.4 (3.6) 3.2(2.6)

with a physician

mean, (SD)

BMI, body mass index; CPG, clinical practice guidelines; HbAc, glycosylated hemoglobin; ™ Moderate and high-risk alcohol consumption; SD, standard deviation.
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especially in preventing possible complications or achieving correct
therapeutic adherence.

We have to acknowledge some limitations in our study.
Firstly, this was a cross-sectional observational study, where
participants were selected due to their clinical profile, so inherent
selection biases are possible. Secondly, the data collection was
retrospective from the participant’s medical records, so possible
missing some variables possible, such as laboratory parameters or
clinical variables related to physical examination, etc. On the other
hand, the questionaries’ used to evaluate a professional’s degree
of knowledge are not standardized or validated but just related
to the recommendations available in current clinical guidelines.
Moreover, those questionnaires were auto-administrated, so there
is a possibility that person who was answering the questions could
look for the answers in the clinical guidelines even though that time
for answering was limited. Thirdly, additional inclusion criteria are
just approximations for the definition of the three groups of T2DM
patients, no specific test or functional probes were performed
to identify/quantify the frailty (Barthel index or Lawton scale).
Fourthly, the adherence to antidiabetic drugs was not evaluated
in this study. Fifthly the professionals were not selected randomly
but simply invited to participate in the study; therefore, there is a
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possibility of selection bias or that only highly motivated primary
healthcare professionals took part in this study. Finally, the sample
size in this paper is small, and the population is divided into
three groups, which further weakens the statistical efficacy. The
strengths of our study are the specific study design focused on
professionals and patients, the number of participants, and the
settings of realization. Primary care centers are the healthcare gate
for participants with diabetes, they represent the clinical reality, and
the results of this analysis have high external validity.

In conclusion, our cross-sectional analysis shows adequate
adherence to the clinical guidelines by the primary care physicians
for most participants with obesity, frailty, or newly diagnosed
with T2DM. Specifically designed interventions are needed for
professionals and participants with diabetes to improve the control
and complications of type 2 diabetes in primary health care settings.
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Background: Glycated hemoglobin Alc (HbAlc)is a critical index for the diagnosis
and glycemic control evaluation of diabetes. However, a standardized method
for HbAlc measurement is unaffordable and unavailable among the Chinese
population in low-resource rural settings. Point-of-care (POC) HbAlc testing is
convenient and inexpensive, but its performance remains to be elucidated.

Objective: To investigate the value of POC HbAlc for identifying diabetes and
abnormal glucose regulation (AGR) in the resource-limited Chinese population.

Methods: Participants were recruited from 6 Township Health Centers in Hunan
Province. Samples for POC HbAlc, venous HbAlc, fasting plasma glucose, and
2 h-plasma glucose were obtained after physical examination. The oral glucose
tolerance test was performed as the gold standard for diagnosis. The diagnostic
capacities of the POC HbAlc measurement in predicting undiagnosed diabetes
and AGR were evaluated.

Results: Among 388 participants, 274 (70.6%) normoglycemic controls, 63 (16.2%)
prediabetes patients, and 51 (13.1%) diabetes patients were identified with oral
glucose tolerance test (OGTT). Meanwhile, among 97 participants who underwent
two HbAlc detection methods simultaneously, a positive correlation was found
between POC HbAlc and standardized HbAlc (r = 0.75, P < 0.001). No notable
systematic difference was observed from the Bland-Altman Plots. The POC HbAlc
cutoff values were 5.95 and 5.25%, which efficiently identified diabetes (AUC 0.92)
and AGR (AUC 0.89), respectively.

Conclusions: The alternative POC HbAlc test efficiently discriminated AGR
and diabetes from normoglycemia, especially among the Chinese population in
primary healthcare settings.

KEYWORDS

point-of-care, HbAlc, diabetes, abnormal glucose regulation, primary healthcare
settings, China

Introduction

Diabetes has been a major public health crisis around the world, with more than half a
billion people living with diabetes (1). The prevalence of diabetes is high and increasing in
China. A national survey indicated that the prevalence of diabetes and prediabetes was 12.8
and 35.2%, respectively, among adults living in China. However, diabetes and prediabetes
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remain undiagnosed in up to 50% of people with these disorders
(1). Early identification of diabetes and prediabetes provides an
opportunity to commence effective preventive treatment that leads
to improved health outcomes (2-4). Therefore, early identification
of diabetes through a reliable and convenient screening test is
becoming a major health priority.

Although many scientific societies recommend screening
for diabetes in the general population, there is currently no
international consensus for screening strategies (5, 6). Three
approaches are commonly used to detect diabetes and prediabetes:
fasting plasma glucose (FPG), the oral glucose tolerance test
(OGTT) and glycated hemoglobin Alc. These three methods have
their own advantages and limitations. FPG has been proven to be
feasible, convenient and reproducible but has low sensitivity and
high preanalytical variability. While the OGTT is verified to be
more sensitive, this approach is poorly accepted due to its poor
reproducibility, cumbersome procedure and questionable cost-
effectiveness (7). The HbAlc test has several advantages, including
greater convenience, greater reproducibility and greater stability
during illness or stress (7, 8). However, high cost and limited
availability in certain regions of developing countries are barriers
to using this method widely (9, 10).

Point-of-care (POC) HbA1c can provide rapid “on-site” results
using handheld devices and blood samples obtained by fingerstick.
The device requires little expertise and is easy to operate with no
major procedural challenges. Some studies have proven that it can
be used to facilitate the identification of prediabetes and diabetes,
especially in resource-limited settings, at a relatively lower cost
(11-13). To the best of our knowledge, no relevant studies have
been conducted in China. The aim of this study is to quantify the
performance of POC HbAlc in identifying undiagnosed diabetes
and abnormal glucose regulation (AGR) in an asymptomatic,
resource-limited Chinese population.

Methods

Local primary care providers conducted the study and collected
data from January 1 to December 31, 2021, at 6 Township Health
Centers in Pingjiang County, Hunan Province. Native residents
at least 18 years of age without previously diagnosed diabetes or
prediabetes were eligible for the study. Individuals with severe
anemia or those who recently experienced massive blood loss
were excluded from the study. Native residents without previously
diagnosed diabetes or prediabetes who were due for diabetes
screening were invited to take part. The cross-sectional study was
conducted on a real-world basis according to available resources.
All participants provided written informed consent, and the study
was approved by the ethics committee of the Second Xiangya
Hospital of Central South University.

The sample size required was determined, using the estimate
prevalence of AGR detected by OGTT and HbAlc and a formula
for a comparative studies. At a significance level of 95%, power of
80%, estimated occurrence of AGR in the general population being
30% and hypothesized difference in prevalence of AGR between the
two tests at 17%, the minimum computed sample size was 238 and
adjusted to 388.
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Measurements

Clinical staff determined fasting status and performed physical
examinations and laboratory tests. Participants underwent physical
measurements of weight, height, waist circumference (WC), body
mass index (BMI), and blood pressure (BP). Height and weight
were measured using a wall-mounted stadiometer and calibrated
scales with participants standing up with no shoes and lightly
clothed. Height and weight were measured to the nearest 0.5 cm
and 0.1 kg, respectively. BMI was calculated as weight in kilograms
divided by the square of height in meters. Waist circumference
(WC) was measured in the horizontal plane midway between the
12th rib and iliac crest using flexible tape. WC was recorded to
the nearest 0.5 cm. Blood pressure measurements were taken using
a calibrated electronic BP device (OMRON) with the participant
seated. Before the measurement, the participants were asked to sit
silently for 5-10 min.

The laboratory assessment included a capillary POC finger-
prick HbAlc measurement, laboratory HbAlc, fasting plasma
glucose levels (FPG) and two-hour plasma glucose levels (2-
h PG) after carrying out an oral 75g glucose tolerance test.
For POC HbAlc measurement, one blood drop was obtained
by fingerstick and placed on a separate applicator. Then, a
trained nurse performed the HbAlc measurement with a portable
HbAlc testing system (Sinocare, China, measurement range 4.0-
15.0%). Whole blood samples were collected in EDTA tubes
(HbAlc test) and fluoride/oxalate tubes (glucose test). Venous
plasma glucose was measured by the glucose oxidase peroxidase
method on an automatic biochemical analyzer (Mindray BS-
180 Analyzer) at local Township Health Centers. Venous whole
blood samples for HbAlc were stored at 4°C and sent to the
laboratory of the Second Xiangya Hospital. HbAlc was measured
by high-performance liquid chromatography (Bio-Rad VARIANT
II Hemoglobin Analyzer), which is certified by the National
Glycohemoglobin Standardization Program (NGSP).

OGTT was defined as the gold standard, and the ADA
criteria were used to diagnose diabetes and prediabetes. Diabetes
was diagnosed when FPG was >7.0 mmol/L or 2-h PG was
>11.1 mmol/during OGTT. Prediabetes was diagnosed when FPG
was 5.6 mmol/L to 6.9 mmol/L or 2-h PG during 75-g OGTT
was 7.8 mmol/L to 11.0 mmol/L (6). AGR includes diabetes
and prediabetes.

Statistical analysis

Data were analyzed with GraphPad Prism software version
8 (GraphPad Software, San Diego, CA) and SPSS version
25.0 (IBM Corporation, Chicago, IL). Data are presented as
the mean £ SD, quartile or percentage of total. A normality
test (Kolmogorov-Smirnov test) was performed before the data
analysis. Comparisons between groups were made using One-
Way Analysis test or nonparametric test. The agreement between
venous plasma and POC HbAlc measurement was assessed
with the Pearson correlation coefficient. Systematic differences
between the HbAlc values obtained from venous plasma and
POC HbA1lc measurements were evaluated by Bland-Altman Plots
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(14). Receiver operating characteristic curves (AUCs) were used to
determine the ability of POC HbA ¢ to identify diabetes and AGR.
P < 0.05 was considered statistically significant.

Results

A total of 388 participants were recruited, and POC HbAlc
and OGTT were performed in all participants, whereas venous
HbAlc was completed in 97 of all participants due to the
inconvenience of specimen transportation. Of the 388 participants,
63 (16.2%) had undiagnosed prediabetes, and 51 (13.1%) had
undiagnosed diabetes based on OGTT. Table 1 summarizes the
characteristics of participants according to the different glucose
tolerance categories.

Agreement between POC capillary and
standard venous HbAlc measurement

POC capillary blood and venous HbAlc measurements
showed a high positive correlation (r = 0.75, P < 0.001)
(Figure 1A). No notable systematic difference was observed
from the Bland and Altman Plots at any given blood HbAlc
level, only 1 lower outlier and 3 upper outliers outside the
agreement limits range (95% confidence intervals: —0.956 to 0.849)
(Figure 1B).

Performance of POC HbA1lc to identify
diabetes and AGR

With the OGTT as the “gold standard” for detection
of diabetes and AGR, POC HbAlc tests provided a highly
discriminatory capacity for predicting the presence of diabetes
with an AUC of 0.92. The most appropriate POC HbAlc
The
sensitivity and specificity were 88.2 and 88.1%, respectively.
The AUC for POC HbAlc tests in predicting AGR was 0.89.
The most appropriate POC threshold value for diagnosing
diabetes was 5.25% (Figure 2A; Table 2). The sensitivity and
specificity were 89.5 and 77.4%, respectively (Figure 2B;
Table 2). Meanwhile, the high NPV of POC HbAlc of 94.4%
could rule out normal glucose tolerance individuals effectively
(Table 2).

threshold value for diagnosing diabetes was 5.95%.

POC HbAlc is less costly and more
convenient than the laboratory HbAlc
method

The POC HbAIlc test is less costly. Furthermore, it only
requires one blood drop obtained by fingerstick and can provide
rapid “on-site” results within several minutes. In contrast, the
laboratory test requires a venous blood sample collected by a
trained phlebotomist and 1-2 days to receive a definitive result
(Table 3).
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Discussion

Our study of the utility of POC capillary HbAlc in predicting
undiagnosed diabetes and AGR in primary healthcare settings has
three findings. First, there was a strong positive correlation between
POC capillary HbAlc levels and venous laboratory HbAlc levels.
Second, POC HbAlc demonstrated highly discriminatory capacity
for identifying undiagnosed diabetes and AGR. Finally, the POC
HbAlc test was less costly and more convenient than the venous
laboratory HbA Ic test.

Currently, the (ADA)

recommends that diabetes and prediabetes be diagnosed by

American Diabetes Association
measuring the fasting plasma glucose (FPG) value or the 2-h
plasma glucose (2-h PG) value during a 75-g oral glucose tolerance
test (OGTT) or by A1C criteria (6). The HbAlc test has several
advantages, including greater convenience, greater reproducibility
and greater stability during illness or stress (7, 8). However, these
advantages may be offset by the high cost and limited availability in
certain regions of developing countries.

POC capillary HbAlc is a more attractive, alternative diagnostic
test due to its lower cost and greater convenience. Typically,
the POC HbAlc device uses a drop of blood obtained by
fingerstick applied to a reagent cartridge, and the analysis is
performed in a desktop analyzer. It can provide rapid “on-site”
results within several minutes. Expert groups recommended using
the POC HbAlc test to monitor glycemic control and guide
outpatient decisions for patients with diabetes (6). This testing
method can enable more timely treatment adjustments based on
the immediate results. It is highly acceptable to physicians and
patients. Clinical studies have demonstrated that it can significantly
improve glycemic control compared to standard laboratory tests
(15-17). However, the utility of POC HbAlc to diagnose diabetes
or prediabetes is limited owing to concerns about the accuracy
of this method, namely, its accuracy relative to a standard
laboratory method (18). No large studies have been performed to
evaluate the clinical performance of POC HbAlc testing compared
with laboratory HbAlc testing. The reliability of POC HbAlc
measurements has been debated since some studies have shown
that some POC HbAlc devices may not be suitable for clinical
use due to the high variation in accuracy (19, 20). However,
some studies have been performed to evaluate the reliability of
POC HbA1lc devices, and the results showed that POC HbAlc
devices, including the Siemens DCA Vantage™, A1C EZ 2.0
(Biohermes, Wuxi, China), etc., met the criteria for accuracy set by
the National Glycohemoglobin Standardization Program (NGSP)
(21, 22). A similar investigation was also performed in our study.
The results showed that POC capillary blood and venous HbAlc
measurements showed a high positive correlation (r = 0.75, P <
0.001). No notable systematic difference was observed from the
Bland-Altman Plots at any given blood HbAlc level, with only
1 lower outlier and 3 upper outliers outside the agreement limit
range. It is recommended that POC HbAlc should not be used
to diagnose diabetes unless this method is validated as accurate
(6, 23). We verified that POC HbA 1c measurements in the present
study showed a high level of agreement with laboratory testing and
were an alternative method efficiently used to screen and diagnose
diabetes or AGR in primary healthcare settings.
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TABLE 1 Characteristics of the entire study group and three glucose tolerance categories according to classification by oral glucose tolerance test

results.
All NGT Prediabetes Diabetes P value‘

No. 388 274 63 51

Men (%) 215 (55.4%) 148 (54.0%) 40 (63.5%) 27 (55.4%) 0.367
Age (years) 63.0(55.0-70.0) 64.0 (54.0-70.0) 59.0 (55.0-67.0) 65.0 (59.0-70.0) 0.108
WC (cm) 80.0 (75.0-86.0) 78.0 (74.0-83.0) 84.0 (80.0-90.0) 91.0 (80.0-100.0) <0.001
BMI (kg/m?) 23.0 (21.4-24.9) 22.8(21.3-24.1) 24.4 (21.9-26.4) 23.4(21.5-27.2) 0.01
SBP (mmHg) 130.0 129.0 135.0 138.0 0.003

(124.0-138.0) (123.0-136.0) (123.0-141.0) (128.0-150.0)

DBP (mmHg) 79.0(76.0-84.0) 78.0 (76.0-82.0) 80.0 (75.0-86.0) 85.0 (78.0-90.0) <0.001
FPG (mmol/L) 5.0(4.7-5.4) 49 (4.7-5.2) 5.6 (4.6-6.0) 7.3(6.4-8.7) <0.001
2-h PG (mmol/L) 6.8 (6.5-7.4) 6.7 (6.4-6.8) 8.0 (7.0-9.0) 125 (10.2-15.3) <0.001
POC HbAlc (%) 5.2 (5.0-5.9) 5.0 (4.9-5.2) 5.7(5.4-6.2) 6.7 (6.2-7.6) <0.001

Data are reported as the mean (SD), number (%). NGT, normal glucose tolerance; WC, wait circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FPG, fasting plasma glucose; 2-h PG, two-hour plasma glucose level (2-hPG) after carrying out an oral 75 g glucose tolerance test.
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Concordance between laboratory venous blood HbAlc analysis and POC HbAlc analysis (n = 97). (A) Pearson correlation and scatter plot. (B)
Difference vs. mean plot (Bland and Altman plot) of capillary blood HbAlc measured by POC and venous laboratory HbAlc measurement. The

Mean venous and POC blood HbA1c(%)

TABLE 2 POC HbA1c cutoff points and utility with respect to diabetes and AGR.

Cut point Sensitivity Specificity
(%) (%) (%)
Diabetes 0.92 5.95 88.2 88.1 523 98.0
AGR 0.89 525 89.5 77.4 62.2 94.6

AGR, abnormal glucose regulation; AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value.

Some clinicians have attempted to use POC HbAlc to
screen or diagnose diabetes or prediabetes in certain settings or
resource-limited regions (11-13). One study in the Australian
indigenous population found that using a combination of POC
and laboratory HbA ¢ could simplify diabetes screening in remote
areas (11). Another study in a dental setting suggested that POC
HbAlc could be a potential tool for abnormal glucose regulation
(AGR) screening in a dental setting (12). Furthermore, a study
conducted by a clinical pharmacist in America found that POC
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HbAlc facilitated the identification of prediabetes in a timely
and feasible fashion (13). To the best of our knowledge, there
is minimal evidence regarding the performance of POC HbAlc
testing for screening or diagnosing diabetes or prediabetes in
China. With an increasing incidence and prevalence of diabetes,
standard laboratory HbAlc instruments are usually inaccessible
and unaffordable in the Chinese primary care setting. Accurate and
effective POC HbA1c devices are urgently needed. Our data suggest
that performing POC HbAlc measurements and using a threshold
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FIGURE 2
Receiver operating characteristic (ROC) curve for POC HbAlc to identify the presence of undiagnosed diabetes (A) and AGR (B).

TABLE 3 The comparison between HbAlc measurement by POC and the
standard laboratory method.

Item POC HbAlc Laboratory test of
HbAlc

Unit Cost (yuan)* 15 45

Time to get the result 5min 1-2 days

Required blood volume One drop 2-3ml

Blood collection method | Finger prick Phlebotomy

*Unit cost in China.

of 5.95 or 5.25% can provide a high capacity for identifying diabetes
(AUC 0.92) or AGR (0.89), respectively. In addition, POC HbAlc
using the Sinocare device is less costly and more convenient than
standard laboratory testing. This method may be a feasible and
reliable method to identify diabetes or prediabetes and contribute to
the prevention of diabetes in China, especially in remote, resource-
limited rural region primary care settings.

There are several limitations in this study. First of all, this
study was performed in one county in China, the results may
not be generalized to other parts of China. Secondly, the number
of participants were relatively small, further studies with larger
participants are required to verify efficacy of POC HbAlc.

Conclusions

In conclusion, we verified a novel POC HbAlc device
(Sinocare) in primary healthcare settings and found that its
performance met the criteria for accuracy. In addition, our
results support the use of the POC capillary HbAlc test for
identifying diabetes or AGR in remote, resource-limited primary
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healthcare settings. Studies evaluating the cost-effectiveness of
introducing POC HbAlc testing are needed prior to generalizing
this method.
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