& frontiers | Frontiers in Endocrinology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Guilherme Zweig Rocha,
State University of Campinas, Brazil

REVIEWED BY
Roberto Codella,

University of Milan, Italy

Bart Van Der Schueren,

KU Leuven, Belgium

Conxa Castell,

Public Health Agency of Catalonia,
Spain

*CORRESPONDENCE
Didac Mauricio
didacmauricio@gmail.com

SPECIALTY SECTION

This article was submitted to
Obesity,

a section of the journal
Frontiers in Endocrinology

RECEIVED 09 August 2022
ACCEPTED 16 November 2022
PUBLISHED 02 December 2022

CITATION

Genua |, Franch-Nadal J, Navas E,
Mata-Cases M, Giménez-Pérez G,
Vlacho B, Mauricio D and Goday A
(2022) Obesity and related
comorbidities in a large population-
based cohort of subjects with type 1
diabetes in Catalonia.

Front. Endocrinol. 13:1015614.

doi: 10.3389/fendo.2022.1015614

COPYRIGHT
© 2022 Genua, Franch-Nadal, Navas,
Mata-Cases, Giménez-Pérez, Vlacho,
Mauricio and Goday. 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.

Frontiers in Endocrinology

TYPE Original Research
PUBLISHED 02 December 2022
D01 10.3389/fendo.2022.1015614

Obesity and related
comorbidities in a large
population-based cohort
of subjects with type 1
diabetes in Catalonia

Idoia Genua'??, Josep Franch-Nadal**°, Elena Navas’,

Manel Mata-Cases*®®, Gabriel Giménez-Pérez®'°,

Bogdan Vlacho**°, Didac Mauricio™***
and Albert Goday*****

‘Department of Endocrinology and Nutrition, Hospital de la Santa Creu i Sant Pau,

Barcelona, Spain, 2Department of Medicine, Autonomous University of Barcelona, Barcelona, Spain,
3Institut d'Investigacio Biomédica Sant Pau (IIB SANT PAU), Barcelona, Spain, “Diabetis en Atencié
Primaria-Catalunya (DAP-Cat) group, Unitat de Suport a la Recerca Barcelona, Fundacid Institut
Universitari per a la recerca a l'Atencio Primaria de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona,
Spain, *Primary Health Care Center Raval Sud, Gerencia d'Atencid Primaria, Institut Catala de la
Salut, Barcelona, Spain, ¢Centro de Investigacion Biomédica en Red (CIBER) of Diabetes and
Associated Metabolic Diseases (CIBERDEM), Instituto de Salud Carlos Ill (ISCIII), Barcelona, Spain,
’Unitat de Suport a la Recercal, Barcelona, Spain, 8Primary Health Care Center La Mina, Geréncia
d'Atencié Primaria Barcelona Ciutat, Institut Catala de la Salut, Sant Adria de Besos, Spain,
9Endocrinology Section, Department of Medicine, Hospital General de Granollers, Granollers, Spain,
°School of Medicine and Health Sciences, Universitat Internacional de Catalunya, Sant Cugat del
Vallés, Spain, *Department of Medicine, Universitat de Vic - Universitat Central de Catalunya,
Barcelona, Spain, ?Deparment of Endocrinology & Nutrition, Hospital del Mar, IMIM Institut Mar
d'Investigacions Mediques. Parc de Salut Mar, Barcelona, Spain, **CIBERobn, Instituto de Salud
Carlos Ill (ISCIII), Madrid, Spain

Introduction: Obesity, an increasing global health problem, can affect people
with other disease conditions. The prevalence of obesity in people with type 1
diabetes (T1D) is not well known. The aim of this study was to describe
extensively the characteristics and prevalence of different classes of obesity
according to BMI (body mass index) categories in a large cohort of patients
with T1D.

Material and methods: This was a retrospective, cross-sectional study in
Catalonia. We reviewed all patients with T1D diagnosis, > 18 years old and
with BMI data from the SIDIAP database. Sociodemographic and clinical data,
cardiovascular risk factors, laboratory parameters and concomitant
medications were collected.

Results: A total of 6,068 patients with T1D were analyzed. The prevalence of
obesity in the total sample was 18% (13.8% with class 1 obesity [BMI 30-34.9 kg/
m?2]). Patients with obesity had a higher prevalence of other cardiovascular risk
factors (i.e. hypertension was 61.4% vs. 37.5%; dyslipidemia 63.6% vs 44%, and
chronic kidney disease 38.4% vs. 24.4%; p<0.001 in all cases) and poorer
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control of them. The higher prevalence was regardless of sex, age and duration
of diabetes. The increase in these comorbidities was noticeable from a BMI > 25
kg/mz2. Patients with obesity did not have poorer glycemic control.

Conclusion: The presence of obesity in people with T1D is frequent and
cardiovascular risk factors are more common and more poorly controlled in
T1D patients with obesity.

KEYWORDS
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Introduction

While it is well-known that obesity is commonly linked to
type 2 diabetes (T2D), obesity may also be associated with type 1
diabetes (T1D) in a bidirectional way (1). With the ongoing
obesity epidemic and the improvement in T1D treatments, the
concern about possible consequences of this relationship has
increased in the recent years.

The prevalence of obesity in patients with T1D is not well
known. Furthermore, it differs widely among the available
studies, varying from 8.9% to 28.4% across large cohort studies
made in the USA and west and northern European countries (2—
7), and reported to be only 2% in a smaller cohort in an Asian
population (8). These variations can probably be explained
because the incidence and prevalence of both conditions in the
general population vary by country and by regions and, also, the
fact that the prevalence of both T1D and obesity has increased in
the last decades in the general population (9-11). It is therefore
important to have current, region-specific data. Overall, the
association between obesity and T1D appears to be frequent
and the current prevalence of different classes of obesity in T1D
and its characteristics need to be further studied.

The deleterious effect of obesity in the general population is
well described (12). Nevertheless, data about the characteristics
and consequences in patients with T1D are scarce. The
association of obesity in people with TID may entail
additional problems such as poor metabolic control, increased
cardiovascular (CV) risk factors and a consequent increase in
related complications (13).

In a previous study (14), we described the clinical
characteristics of a large cohort of patients with T1D in
Catalonia, finding a high prevalence of obesity (16.5%).
However, the different degrees of obesity, its characteristics
and its implications were not addressed in that initial study.
Considering its prevalence and its possible implications, we
strongly felt that a more comprehensive analysis was needed;
this led us to plan the current sub-study.
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The aim of this study was to describe extensively the
characteristics and prevalence of obesity (including according
to different degrees of obesity) in a large population-based
cohort of patients with T1D living in a Mediterranean area, i.e.
Catalonia, with a high prevalence of obesity in the general
population, and to analyze the impact of the obesity on
metabolic control and other CV risk factors.

Material and methods

We performed a cross-sectional analysis of retrospective
routinely collected pseudo-anonymized health data from
people who attended primary healthcare centers from the
leading public healthcare provider (Institut Catala de la Salut,
ICS) in Catalonia (Spain). This pseudo-anonymized health data
was obtained from the SIDIAP database (Sistema d’Informacio
per al desenvolupament de la Investigacio en Atencié Primaria,
https://www.sidiap.org/), which is a well validated primary
healthcare database used in diabetes epidemiological research
(14). The SIDIAP database collects healthcare data from more
than 74% (5,564,292 persons) of the Catalonian population. The
cross-sectional analysis was performed on the cut-off date
(December 31st, 2016) for 12 months (from January 1st, 2016).

Study participants

For our analysis, we included all of the subjects in the
database with a diagnosis of T1D, defined as the presence of
the diagnostic ICD-10 (International Classification of Diseases
10) code E10 and sub-codes, as described in the previous study
(14). Only patients >18 years old and with body mass index
(BMI) data (directly measured and recorded by a healthcare
professional) were considered for the analysis. Those with an
E10 diagnosis treated with any glucose-lowering agents other
than insulin and those who had not been treated with short-
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acting insulins for more than two years after the recorded date of
diagnosis were excluded, as described previously (14).

No formal sample size calculation was done, as the current
study is a sub-analysis of the initial study on the characteristics
of type 1 diabetes in Catalonia (14).

Study variables

On the cut-off date, we collected different sociodemographic
data (age, sex), clinical data (BMI, blood pressure, age at T1D
diagnosis, duration of T1D), CV risk factors (hypertension,
dyslipidemia, smoking, and obesity), laboratory parameters
(HbAlc, blood lipids, estimated glomerular filtration rate
(GFR; using the CKD-EPI formula) and insulin therapy and
other concomitant medications related to CV risk factors.
Dyslipidemia and hypertension were defined by the ICD-10
diagnostic code and/or a record of lipid-lowering or
antihypertensive drugs, respectively. Chronic kidney disease
(CKD) was defined by the ICD-10 diagnostic code and/or
GFR <60 or urine albumin to creatinine ratio (ACR) >30 mg/
g. Diagnostic codes and proxies used to define the study variables
are presented in Supplementary Appendix 1 (code list).
Objectives for CV prevention were established according to
the European Society of Cardiology guidelines (15)
(HbAlc <7% and blood pressure <140/90 mmHg and low-
density lipoprotein cholesterol (LDLc) <100 mg/dl for primary
prevention and HbAlc <7% and blood pressure <140/90mmHg
and LDLc <70mg/dl for secondary prevention).

A complete-case analysis was performed.

Statistical analysis

Descriptive statistics were calculated to summarize the
sociodemographic characteristics, as well as the study variables
(clinics and treatments). Continuous variables were expressed as
means and standard deviations or medians and interquartile
range, and categorical variables were expressed as frequencies
and percentages. Descriptive analyses were conducted for the
overall population, and stratified by sex and BMI groups (<30, 30
- 349, 35 - 39.9 and >40 kg/m?) for all the study variables. In
addition, for the clinical variables, analyses were stratified by sex,
age groups (<40 and >40 years) and diabetes duration (<10, 10-
19 and >19 years). To evaluate the differences between the
characteristics (variables) according to the generated groups,
the Chi-square test and the F-Fisher test were used when
appropriate. To analyze continuous variables, the tests used
were the T-Student test or analysis of variance (Anova).
Additionally, the Bonferroni test was performed for multiple
comparisons. To obtain the optimal cut-off points of the BMI in
the ROC analysis, the “Concordance Probability Method (CZ)”
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was used. Statistical analysis was performed using R software for
Windows version 3.6.1, Vienna, Austria.

Results

A description of the whole cohort of patients with T1D in
Catalonia has been published previously by this group elsewhere
(14). From the overall number of subjects with T1D (15,008), we
included those older than 18 years old (13,547) who had BMI
data available (6,610). A total of 6,068 patients with T1D were
analyzed in the current study. The sociodemographic and
clinical characteristics of the studied population according to
sex are shown in Table 1. The mean age of the entire cohort was
48.7 + 15.9 years old with mean glycosylated hemoglobin
(HbA1lc) value of 8.0 £ 1.4%. The mean age at T1D diagnosis
was 35.0 years, and 54.6% were men. Only 8.3% of the patients
achieved all 3 risk factor target level for primary prevention for
cardiovascular diseases (HbAlc <7%, BP<140/90 and
LDLc <100 mg/dl).

The mean BMI was 26.2 + 4.5 kg/m?, with a prevalence of
obesity (BMI >30 kg/m?) of 18%. There were no statistically
significant differences between sexes (20.1% in women and
16.2% in men). Regarding different degrees of obesity, 13.7%
of patients with T1D had class 1 obesity (BMI between 30-34.9
kg/mz), 3.3% had class 2 obesity (BMI between 35-39.9 kg/mz)
and only 1% had class 3 obesity (BMI >40 kg/m?) (Table 2).

Compared to patients with T1D without obesity, those with
obesity were older at the time of the study (53.6 + 15.8 vs 47.7 +
15.7 years old; p<0.001), and also at the time of T1D diagnosis
(39.4 £ 18.7 vs 34.1 £ 17.2 years old; p<0.001), but there was no
difference in the duration of T1D from diagnosis (14.8 vs 14.2
years). The prevalence of obesity gradually increased with age
(6.2% in <20 years old, 9.7% in 21-30 years old, 14.6% in 31-40
years old, 16.1% in 41-50 years old, 20.9% in 51-60 years old,
21.8% in 61-70 years old and 29.6% in >70 years old; p<0.001).
Patients with obesity were more likely to be non-smokers.

Concerning glycemic control, patients with obesity did not
have a poorer control compared to those without obesity (mean
HbAlc 8.0 + 1.3 vs 8.0 * 1.5, respectively; p=0.233). Moreover,
having obesity did not make it less likely to have glycemic
control within the optimal range (defined as HbAlc <7%),
with 21.9% of patients with obesity and 21.5% without obesity
having HbAlc < 7%.

Table 2 shows the clinical characteristics of patients with
T1D according to different degrees of obesity. Compared to non-
obese patients, a higher proportion of those with obesity had CV
risk factors (hypertension was 61.4% vs. 37.5%; dyslipidemia
63.6% vs 44%, and chronic kidney disease 38.4% vs. 24.4%;
p<0.001 in all cases). Furthermore, obesity was associated with
poorer control of some CV risk factors; fewer patients with
obesity than those without had fair blood pressure control
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TABLE 1 Characteristics of the whole study population and also according to sex.

Total population
N 6068 (100.0%)
Current age (years) 48.7 (15.9)
Age at diagnosis (years) 35.0 (17.6)

Diabetes duration (years)

<10 years 2084 (34.3%)

10 - 19 years 2703 (44.5%)

>19 years 1281 (21.1%)
HbAlc % (n = 4249) 8.0 (1.4)
BMI (kg/m?) (n= 6068) 262 (4.5)

Non obesity (BMI < 30 kg/m?)
Obesity (BMI > 30 kg/m?)

4976 (82.0%)
1092 (18.0%)
Smoking status:

Non-smoker 2885 (47.5%)

Ex-smoker 1638 (27.0%)
Smoker 1545 (25.5%)
BP
Systolic BP (mmHg) (n= 5711) 127 (14.0)
Diastolic BP (mmHg) (n= 5711) 73.6 (9.1)
Total cholesterol (mg/dl) (n=4331) 182 (37.9)
HDLc (mg/dl) (n= 4145) 59.1 (17.3)
LDLc (mg/dl) (n= 3933) 103 (30.2)
Triglycerides (mg/dl) (n= 4005) 111 (91.3)
Microalbuminuria (n= 3252) 68.2 (275)
Estimated GFR (CKDEPI) (n= 3632) 792 (22.4)

Other variables
Chronic kidney disease (n= 2962)
Dyslipidemia (%), (n= 6068)
Hypertension (%), (n= 6068)

805 (27.2%)
2881 (47.5%)
2534 (41.8%)
Cardiovascular prevention
Primary (%), (n = 4434)
Secondary (%), (n = 4434)

368 (8.3%)
114 (2.5%)
More treatments
BP lowering (%) 2366 (39.0%)
1675 (27.6%)

2500 (41.2%)

Antithrombotic (%)
Lipid-lowering (%)
Insulin therapy
5603 (92.3%)
5093 (83.9%)
873 (14.4%)
316 (5.2%)

Short-acting insulin (%)
Long-acting insulin (%)
Mixed insulin (%)

Intermediate-acting insulin (%)

Women Men p-value
2756 (45.4%) 3312 (54.6%)
49.3 (16.8) 483 (15.1) 0272
353 (18.9) 34.8 (16.4) >0.999
>0.999
925 (33.6%) 1159 (35.0%)
1227 (44.5%) 1476 (44.6%)
604 (21.9%) 677 (20.4%)
8.0 (1.4) 8.0 (1.4) >0.999
26.1 (5.0) 262 (4.1) 0.003
2202 (79.9%) 2774 (83.8%)
554 (20.1%) 538 (16.2%)
<0.001
1598 (58.0%) 1287 (38.9%)
625 (22.7%) 1013 (30.6%)
533 (19.3%) 1012 (30.6%)
125 (14.7) 129 (13.0) <0.001
72.4 (8.8) 74.6 (9.2) <0.001
187 (36.4) 178 (38.7) <0.001
65.4 (17.2) 53.7 (15.5) <0.001
103 (29.0) 102 (31.2) >0.999
100 (64.3) 120 (108.0) <0.001
61.5 (278) 74.0 (272) >0.999
78.4 (22.3) 79.9 (22.4) 0.929
366 (26.9%) 439 (27.4%) >0.999
1225 (44.4%) 1656 (50.0%) <0.001
1082 (39.3%) 1452 (43.8%) 0.009
170 (8.5%) 198 (8.2%) >0.999
38 (1.8%) 76 (3.1%) 0.256
1005 (36.5%) 1361 (41.1%) 0.006
673 (24.4%) 1002 (30.3%) <0.001
1055 (38.3%) 1445 (43.6%) <0.001
2576 (93.5%) 3027 (91.4%) 0.068
2275 (82.5%) 2818 (85.1%) 0.198
378 (13.7%) 495 (14.9%) >0.999
135 (4.9%) 181 (5.4%) >0.999

P-value<0.05 is considered to be statistically significant. Data are mean (SD) or n(%). Where indicated, the n value denotes the number of study patients with available data during the study

period. BMI, body mass index; BP, blood pressure; HDLc, HDL-cholesterol; LDLc, LDL-cholesterol; GFR, glomerular filtration rate. Primary prevention includes the composite target achievement
of HbA1c<7%, blood pressure <140/90 and LDL-C<100. Secondary prevention includes the composite target achievement of HbA1c<7%, blood pressure <140/90 and LDL-C<70.

Bold values correspond to statistically significant p-values.

(defined as <140/90 mmHg) (75% vs. 84% (p <0.001),
triglyceride levels were higher in the obese group (134 + 113
vs 106 = 84.3 mg/dl; p<0.001), and high density lipoprotein
cholesterol (HDLc) levels were lower in the obese group (53.1 +
15.2 vs 60.5 + 17.5 mg/dl; p<0.001). No differences were found in
total cholesterol or LDLc levels. We have also compared CV risk
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factors of patients with T1D according to the different obesity
categories, and the same differences were observed, as shown
in Table 2.

No differences were found in the percentage of patients that
met the established targets for primary (HbAlc <7% and blood
pressure <140/90 and LDLc <100 mg/dl) and secondary
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TABLE 2 Characteristics of T1D according to the different categories of body mass index.

N (%)
Current age (years)
Age at diagnosis (years)
Diabetes duration (years)
<10 years
10 - 19 years
>19 years
HbAlc % (n = 4249)
BMI (kg/m?) (n= 6068)
Smoking status
Non smoker
Former Smoker
Smoker
BP
Systolic BP (mmHg) (n= 5711)
Diastolic BP (mmHg) (n= 5711)
Total cholesterol (mg/dl) (n=4331)
HDLc (mg/dl) (n= 4145)
LDLc (mg/dl) (n= 3933)
Triglycerides (mg/dl) (n= 4005)
Microalbuminuria (n= 3252)
Estimated GFR (CKDEPI) (n= 3632)
Other variables
Chronic kidney disease (n= 2962)
Dyslipidemia (%), (n= 6068)
Hypertension (%), (n= 6068)
Cardiovascular Prevention
Primary (%), (n = 4434)
Secondary (%), (n = 4434)
More treatments
BP lowering (%)
Antithrombotic (%)
Lipid-lowering (%)
Insulin therapy
Short-acting insulin (%)
Long-acting insulin (%)
Mixed insulin (%)

Intermediate-acting insulin (%)

No Obesi

< 30kg/m

4976 (82.0%)
47.7 (15.7)
34.1 (17.2)

1722 (34.6%)

2221 (44.6%)

1033 (20.8%)
8.0 (1.5)
24.6 (2.9)

2321 (46.6%)
1209 (24.3%)
1446 (29.1%)

126 (13.9)
732 (9.0)
183 (37.6)
60.5 (17.5)
103 (30.1)
106 (84.3)
64.7 (273)
80.4 (21.7)

577 (24.4%)
2187 (44.0%)
1864 (37.5%)

303 (8.5%)
86 (2.4%)

1735 (34.9%)
1259 (25.3%)
1868 (37.5%)

4626 (93.0%)

4220 (84.8%)
673 (13.5%)
258 (5.1%)

Obesity Class 1

30-34.9 kg/m”

830 (13.8%)
53.0 (15.7)
38.4 (18.4)

258 (31.1%)

380 (45.8%)

192 (23.1%)
7.9 (1.3)
31.9 (1.3)

422 (50.8%)
252 (30.4%)
156 (18.8%)

131 (13.3)
753 (9.2)
180 (38.0)
53.6 (15.3)
102 (31.4)
129 (119)
64.5 (251)
76.4 (23.3)

155 (34.9%)
519 (62.5%)
485 (58.4%)

54 (8.3%)
24 (3.7%)

455 (54.8%)
307 (37.0%)
472 (56.9%)

747 (90.0%)

672 (81.0%)
144 (17.3%)
42 (5.0%)

Obesity Class 2

35-39.9 kg/m®

199 (3.2%)
55.9 (15.9)
425 (19.6)

80 (40.2%)
73 (36.7%)
46 (23.1%)
8.1 (1.3)
36.9 (1.4)

105 (52.8%)
68 (34.2%)
26 (13.1%)

131 (12.4)
75.5 (9.2)
179 (41.0)
51.2 (15.1)
98.8 (30.6)
141 (82.9)
108 (301)
69.1 (24.3)

51 (46.8%)
135 (67.8%)
139 (69.8%)

9 (5.9%)
4 (2.6%)

132 (66.3%)
80 (40.2%)
124 (62.3%)

176 (88.4%)

155 (77.9%)
37 (18.6%)
12 (6.0%)

10.3389/fendo.2022.1015614

Obesity Class 3

> 40 kg/m®

63 (1.0%)
537 (16.6)
419 (19.1)

24 (38.1%)
29 (46.0%)
10 (15.9%)
8.1 (1.6)
433 (3.2)

37 (58.7%)
16 (25.4%)
10 (15.9%)

132 (16.6)
742 (12.0)
194 (48.0)
51.8 (13.5)
103 (25.2)
164 (122)
224 (452)
629 (28.8)

22 (53.7%)
40 (63.5%)
46 (73.0%)

2 (3.9%)
0 (0.0%)

44 (69.8%)
29 (46.0%)
36 (57.1%)

54 (85.7%)

46 (73.0%)
19 (30.2%)
4 (6.3%)

p-value

<0.001
<0.001
>0.999

>0.999
<0.001
<0.001

<0.001
<0.001
0.709
<0.001
>0.999
<0.001
0.024
<0.001

<0.001
<0.001
<0.001

>0.999
>0.999

<0.001
<0.001
<0.001

0.016
0.008
0.001
>0.999

P-value<0.05 is considered to be statistically significant. Data are mean (SD) or n(%). Where indicated, the n value denotes the number of study patients with available data during the study
period. BMI, body mass index; BP, blood pressure; GFR, glomerular filtration rate; HDLc, HDL-cholesterol; LDLc, LDL-cholesterol. Primary prevention includes the composite target achievement
of HbA1c<7%, blood pressure <140/90 and LDL-C<100. Secondary prevention includes the composite target achievement of HbA1c<7%, blood pressure <140/90 and LDL-C<70.

Bold values correspond to statistically significant p-values.
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(HbA1c <7% and blood pressure <140/90 and LDLc <70 mg/dl)
CV prevention when comparing distinct BMI categories.

The prevalence of obesity and clinical characteristics
according to gender, current age and diabetes duration are
presented in Tables 3A-C. The higher prevalence of
hypertension and dyslipidemia in the obesity group was
maintained irrespective of sex, age and duration of diabetes.

Table 4 represents the relation between BMI, as a continuous
variable, and the degree of control of CV risk factors showing a
progressive worsening in their control from a BMI of >25 kg/m”.
The BMI cut-off values at which the progressive worsening
occurred were 25.6, 25.6, 25.4, 26.6, 25.2 and 26.5 kg/m2 for
systolic and diastolic blood pressure, total cholesterol, HDLc,
LDLc and triglycerides, respectively.

Discussion

The present study confirms a high prevalence of obesity in
people with T1D, with a concomitant higher prevalence and
poorer control of other CV risk factors. The prevalence of T1D
in Spain is medium-high, being around 15 cases per 1,000 in
people under 19 years old (16) and 0.3% in the working
population (17). The estimated prevalence of obesity in Spain
is also medium-high at around 23% (18). With the prevalence of
both conditions being medium-high in our area, it is relevant to
explore the association between both diseases. To our
knowledge, this is the largest cohort that describes extensively
the prevalence and clinical characteristics of obesity, including
different degrees of obesity, in adults with T1D.

The prevalence of obesity observed in patients with T1D
(18%, mainly class 1 obesity) is similar or a bit lower than the
prevalence of obesity in the general population in Spain (23%)
(18). Both epidemiological data are based on BMI according to
the direct measurement of weight and height, and therefore are
methodologically homogeneous. These data are more accurate
than data on self-declaration of weight and height, as obtained in
national health surveys. The prevalence found in our cohort is in
line with another recently published European study in Belgium
in a cohort of 32,809 patients (between 2017 and 2018) with T1D
that reported a prevalence of obesity of around 17%, similar to
that in the Belgium general population (4). Another recent large
European cohort study found a prevalence of obesity of 15.3% in
T1D (3). As mentioned in a recent review (1), the prevalence
found in the current study is close to the prevalence of obesity
seen in the general population. On the other hand, other recent
studies in large cohorts from non-European countries with a
higher prevalence of obesity in the general population, observed
a markedly lower prevalence of obesity in T1D (2, 19). Despite
these differences, it is definitely clear that obesity in people with
T1D is a prevalent comorbidity that we cannot disregard.

As expected, considering the general population, patients
with obesity were older (18). Unlike in the general population,
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few studies have evaluated the association of obesity with other
CV risk factors in people with T1D. A study that assessed this in
11,348 children in the USA, with a 14% prevalence of obesity,
also found a higher prevalence of hypertension and dyslipidemia
in the obese group, with no differences in HbAlc values (20). In
contrast, a Swedish study in 26,125 people with T1D, found
higher HbA1c levels in patients with obesity at baseline, as well
as higher mean systolic blood pressure (21). Considering that the
main cause of mortality in T1D is CV disease, having an increase
and poorer control of CV risk factors in those with obesity is a
relevant finding. Further, a study found higher major
complication outcomes (an aggregate of mortality, coronary
artery disease, and renal failure) in T1D patients with
metabolic syndrome (22). Interestingly, patients with obesity
were more frequently non-smokers, a fact that is favorable and
does not further increase the adverse CV risk profile of
these subjects.

Whether people with T1D and obesity have poorer glycemic
control remains unclear. We did not find differences in chronic
glycemic control (HbAlc). The T1D exchange clinic registry
(23) found that adolescents who had better metabolic control
were at higher risk of obesity. However, a study of the SWEET
registry in children and adolescents found that underweight and
obese children had significantly higher HbAlc (24). Although
these studies were conducted in pediatric populations that might
not be comparable to adults, results from the few studies in adult
populations are also inconsistent (21, 25). The fact that a more
intensive insulin therapy is related to weight gain could go some
way to explaining why obesity does not clearly worsen metabolic
control (26).

The established cut-off points by WHO for overweight and
obesity in the general population are based on the relationship
between BMI and morbidity and mortality. However, it is well
known that these cut-offs are inaccurate for some groups (27).
Nevertheless, we found a good correlation between the classic
BMI cut-off points and the risk of comorbidities in this specific
subgroup of patients. We acknowledge that obtained AUC,
sensitivity and specificity are not very discriminant. However,
we did not aim at building a screening tool, but at exploring the
threshold upon which the overweight-related risk factor profile
was unfavorable. The major strengths of the study are the
extensive description of patients and the large cohort used for
the analysis. Data are representative and robust, encompassing a
large proportion of the Catalonian population, with the SIDIAP
database having been used in several other diabetes studies (14,
28, 29). The restrictive criteria used to define the diagnosis of
T1D ensured the correct diagnosis of T1D.

The study has some limitations. First, due to the cross-
sectional retrospective nature of the study, inherent limitations
of this type of study are presented. We cannot establish
tendencies or causality. In addition, obesity was frequently not
well documented compared to other diseases, and BMI was
probably more often recorded in more complicated and older
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TABLE 3A Prevalence of obesity and clinical characteristics according to sex.

Sex Women (n = 2756) Men (n = 3312)

<30kg/m” >30kg/m’ p-value <30kg/m” >30kg/m” p-value
n (%) 2,202 (79.8%) 554 (20.2%) 2774 (83.7%) 538 (16.2%)
Systolic BP, mmHg 123 (14.5) 130 (14.1) <0.001 129 (13.0) 132 (12.4) <0.001
Diastolic BP, mmHg 72.0 (8.7) 73.7 (9.4) <0.001 74.1 (9.2) 76.8 (9.1) <0.001
Total cholesterol (mg/dl) 188 (36.2) 185 (37.1) >0.999 178 (38.2) 176 (41.2) >0.999
HDLc (mg/dl) 674 (17.2) 58.0 (15.0) <0.001 54.9 (15.6) 47.8 (13.5) <0.001
LDLc (mg/dl) 103 (28.8) 103 (29.8) >0.999 103 (31.1) 99.9 (32.0) >0.999
Triglycerides (mg/dl) 94.7 (60.5) 120 (72.9) <0.001 114 (98.2) 148 (143) <0.001
HbAlc % 8.0 (1.5) 8.0 (1.3) >0.999 8.0 (1.5) 7.9 (1.3) >0.999
Dyslipidemia 903 (41.0%) 322 (58.1%) <0.001 1284 (46.3%) 372 (69.1%) <0.001
Hypertension 756 (34.3%) 326 (58.8%) <0.001 1108 (39.9%) 344 (63.9%) <0.001
Chronic kidney disease 239 (22.7%) 127 (41.5%) <0.001 338 (25.7%) 101 (35.1%) 0.018
BP, blood pressure, HbAlc, glycosylate haemoglobin; HDLc, HDL-cholesterol; LDLc, LDL-cholesterol. P-value<0.05 is considered to be statistically significant.
Bold values correspond to statistically significant p-values.
TABLE 3B Prevalence of obesity and clinical characteristics according to current age.
Current age (years) <40 years (n = 1843) 240 years (n = 4225)

<30kg/m” >30kg/m> p-value <30kg/m” >30kg/m” p-value
N (%) 1618 (87.8%) 225 (12.2%) 3358 (79.4%) 867 (20.6%)
Systolic BP, mmHg 121 (12.6) 125 (12.0) <0.001 129 (13.8) 133 (13.2) <0.001
Diastolic BP, mmHg 72.9 (8.6) 77.9 (7.3) <0.001 73.4 (9.2) 74.6 (9.7) 0.007
Total cholesterol (mg/dl) 184 (39.1) 183 (36.8) >0.999 182 (36.9) 180 (40.0) >0.999
HDLc (mg/dl) 59.4 (15.3) 51.3 (13.6) <0.001 61.0 (18.3) 53.5 (15.5) <0.001
LDLc (mg/dl) 105 (30.5) 108 (30.1) >0.999 102 (29.9) 99.9 (30.9) >0.999
Triglycerides (mg/dl) 104 (88.2) 133 (187) 0.618 106 (82.5) 132 (86.6) <0.001
HbAlc % 8.2 (1.7) 7.9 (1.3) 0.028 8.0 (1.3) 8.0 (1.3) >0.999
Dyslipidemia 200 (12.4%) 53 (23.6%) <0.001 1987 (59.2%) 641 (73.9%) <0.001
Hypertension 154 (9.5%) 45 (20.0%) <0.001 1710 (50.9%) 625 (72.1%) <0.001
Chronic kidney disease 87 (12.7%) 18 (17.1%) >0.999 490 (29.1%) 210 (42.9%) <0.001
BP, blood pressure; HbAlc, glycosylate haemoglobin; HDLc, HDL-cholesterol; LDLc, LDL-cholesterol. P-value<0.05 is considered to be statistically significant.
Bold values correspond to statistically significant p-values.
TABLE 3C Prevalence of obesity and clinical characteristics according to diabetes duration.
Diabetes duration (years) <10 years (n = 2084) 10 - 19 years (n = 2703) >19 years (n = 1281)

<30kg/m> >30kg/m> p-value <30kg/m> >30kg/m’ p-value <30kg/m> >30kg/m> p-value
N(%) 1722 (82.7%) 362 (17.3%) 2221 (82.1%) 482 (17.9%) 1033 (80.6%) 248 (19.4%)
Systolic BP, mmHg 125 (14.6) 131 (14.4) <0.001 127 (13.7) 132 (12.6) <0.001 128 (13.1) 131 (13.2) 0.036
Diastolic BP, mmHg 72.8 (9.0) 75.7 (9.3) <0.001 73.6 (8.9) 75.5 (9.5) <0.001 73.0 (9.3) 742 (9.2) >0.999
Total cholesterol (mg/dl) 183 (39.2) 181 (41.0) >0.999 183 (36.6) 182 (38.1) >0.999 181 (36.9) 179 (39.4) >0.999
HDLc (mg/dl) 58.7 (17.6) 502 (14.3) <0.001 613 (17.2) 537 (15.1) <0.001 62.0 (17.7) 56.3 (15.9) <0.001
LDLc (mg/dl) 103 (31.4) 103 (30.7) >0.999 103 (29.7) 103 (31.3) >0.999 100 (28.4) 95.3 (29.8) 0.725
Triglycerides (mg/dl) 114 (108) 154 (157) <0.001 102 (69.7) 123 (76.1) <0.001 99.0 (60.5) 123 (85.3) 0.008
HbAlc % 8.0 (1.7) 7.8 (1.5) 0.405 8.1 (1.3) 8.1 (1.3) >0.999 8.0 (1.3) 7.9 (1.2) >0.999

(Continued)
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TABLE 3C Continued

Diabetes duration (years)

<10 years (n = 2084)

10 - 19 years (n = 2703)

10.3389/fendo.2022.1015614

>19 years (n = 1281)

<30kg/m*> >30kg/m”> p-value <30kg/m> >30kg/m*> p-value <30kg/m> 230kg/m> p-value
Dyslipidemia 640 (37.2%) 211 (58.3%) <0.001 980 (44.1%) 301 (62.4%) <0.001 567 (54.9%) 182 (73.4%) <0.001
Hypertension 528 (30.7%) 216 (59.7%) <0.001 808 (36.4%) 277 (57.5%) <0.001 528 (51.1%) 177 (71.4%) <0.001
Chronic kidney disease 201 (23.9%) 102 (48.1%) <0.001 234 (23.6%) 75 (29.4%) 0.675 142 (26.5%) 51 (40.2%) 0.036
P-value<0.05 is considered to be statistically significant. BP, blood pressure; HDLc, HDL-cholesterol; LDLc, LDL-cholesterol.
Bold values correspond to statistically significant p-values.
TABLE 4 Cut-off points of the body mass index that show optimal or suboptimal control according to clinical variables.
Variables Suboptimal ~ Patients with ~ Optimal  Patients with BMI  AUC Sensitivity or  Specificity or
control suboptimal control optimal control cut-off (95% True Positive True Negative
control N (%) N (%) points  CI) Rate Rate
Systolic BP, mmHg >130 mmHg 2709 (47.4%) <130 3002 (52.5%) 25.6 kg/m2 0.62 60.1% 57.4%
mmHg (0.60;
0.63)
Diastolic BP, >80 mmHg 1570 (27.4%) <80 mmHg 4141 (72.5%) 25.6 kg/m2 0.58 60.3% 52.6%
mmHg (0.56;
0.59)
Total cholesterol >240 mg/dl 307 (7.1%) <240 mg/dl 4024 (92.9%) 254 kg/m2 0.50 56.4% 46.3%
(mg/dl) (0.46;
0.53)
HDLc (mg/dl)
Men <40 mg/dl 351 (15.6%) >40 mg/dl 1891 (84.3%) 26.6 kg/m2 0.61 59.8% 57.9%
(0.57;
0.64)
Women <50 mg/dl 329 (17.2%) >50 mg/dl 1574 (82.7%) 26.1 kg/m*  0.67 69.9% 59.4%
(0.63;
0.70)
LDLc (mg/d)) 2100 mg/dl 1987 (50.5%) <100 mg/dl 1946 (49.4%) 252kg/m® 051 57.9% 46.8%
(0.49;
0.53)
Triglycerides >150 mg/dl 662 (16.5%) <150 mg/dl 3343 (84.4%) 265 kg/m*  0.60 59.8% 57.7%
(mg/dl) (0.58;
0.62)
Glomerular <60 mg/dL 471 (12.9%) 260 mg/dL 3161 (87.0%) 27.6 kg/m2 0.60 51.6% 66.4%
Filtration (mg/dL) (0.57;
0.63)
Microalbuminuria >30 mg 542 (16.6%) <30 mg 2710 (83.3%) 27.2 kg/mz 0.53 45.8% 62.1%
(0.51;
0.56)

AUCG, area under the curve; BP, blood pressure; CI, confidence interval; HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol; BMI, body mass index.

patients. The study relied on the recorded codes without external
validation and because of the restrictive definition criteria we
may have excluded a few subjects with T1ID who were also

treated with glucose-lowering agents other than insulin.
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In conclusion, the prevalence of obesity in T1D is relevant

and is associated with a higher risk of having other CV risk

factors with a suboptimal control of them. It seems that glycemic

control is not related to the degree of obesity.
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