

[image: The risk factors of type 2 diabetes in hypertensive subjects]
The risk factors of type 2 diabetes in hypertensive subjects





ORIGINAL RESEARCH

published: 22 July 2022

doi: 10.3389/fendo.2022.901614

[image: image2]


The risk factors of type 2 diabetes in hypertensive subjects


Yingqun Chen 1, Jiner Ma 2, Donghui Lu 3 and Yefei Fang 2*


1 Department of General Practice, Yuyao People’s Hospital, Ningbo, China, 2 Department of Geriatrics, Yuyao People’s Hospital, Ningbo, China, 3 Emergency Trauma Department, Yuyao People’s Hospital, Ningbo, China




Edited by: 

Daisuke Koya, Kusatsu General Hospital, Japan

Reviewed by: 

Enoch ODame Anto, Kwame Nkrumah University of Science and Technology, Ghana

Anthonia Ogbera, Lagos State University, Nigeria

*Correspondence: 

Yefei Fang
 fyf2358532@126.com

Specialty section: 
 This article was submitted to Clinical Diabetes, a section of the journal Frontiers in Endocrinology


Received: 22 March 2022

Accepted: 29 June 2022

Published: 22 July 2022

Citation:
Chen Y, Ma J, Lu D and Fang Y (2022) The risk factors of type 2 diabetes in hypertensive subjects. Front. Endocrinol. 13:901614. doi: 10.3389/fendo.2022.901614




Objective

Hypertension (HTN) and type 2 diabetes (T2DM) share common risk factors and usually co-occur. This study examined the relationship between HTN history and T2DM incidence in a cohort of Chinese hypertensive subjects.



Methods

We recruited 443 cases (T2DM and HTN) and 443 sex- and age-matched controls (HTN). The history of peak systolic blood pressure (SBP) was divided into 140-159, 160-179, and ≥ 180 mmHg, and that of peak diastolic blood pressure (DBP) was divided into 90-99, 100-109, and ≥ 110 mmHg. Multiple binary logistic regression models were used to explore the association between controlled HTN status and T2DM.



Results

Creatinine concentrations were higher in the cases than in the controls (P < 0.05). The HTN duration was longer in the cases than in the controls (14.7 years vs. 13.2 years; P < 0.05). Significant differences were also found in the history of peak SBP and DBP between the cases and controls (both P < 0.05). Creatinine, HTN duration, and family history of T2DM were risk factors for T2DM in hypertensive subjects, with odds ratios (95% confidence intervals) of 1.013 (1.004-1.022), 1.025 (1.003-1.047), and 5.119 (3.266-8.026), respectively. Compared with the lowest level of peak DBP, the odds ratio for T2DM at the highest level of peak DBP was 1.757 (1.074-2.969). Subgroups analyses showed that the effect of the history of peak DBP on T2DM was significantly modified by sex (P-interaction = 0.037).



Conclusion

The highest DBP and the longest HTN duration were both independently associated with T2DM in hypertensive subjects.
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Introduction

Type 2 diabetes mellitus (T2DM) is a serious public health problem worldwide due to its considerable impact on human health and quality of life. Globally, approximately 463 million individuals had T2DM in 2019, accounting for 9.3% of the world’s population (1). The prevalence of diabetes has increased rapidly, and has been predicted to further increase from 6,059/100,000 cases in 2017 to 7,059 per 100,000 people in 2030 (2). Owing to its large population, China has the largest number of T2DM cases at 114 million (2).

Several longitudinal studies have indicated that hypertension (HTN) is an important risk factor for T2DM and can play a vital role in its prognosis (3–6). HTN and T2DM share common risk factors and usually co-occur. Approximately 58% of T2DM patients also have HTN (7). The influence of high blood pressure on impaired glucose metabolism is believed to be mainly exerted via altered endothelial permeability and oxidative stress, which in turn promote insulin resistance and pancreatic β-cell dysfunction (8–10). In addition, the extent of glucose metabolism impairment due to HTN may be governed by the history of peak high blood pressure and the duration of HTN. However, no study has yet focused on the relationship between the history of HTN (i.e., the history of peak high systolic blood pressure [SBP] and diastolic blood pressure [DBP] and the duration of HTN) and the incidence of T2DM. Elucidating this relationship will provide insights into the T2DM susceptibility of hypertensive patients and can inform preventive measures, especially in China, where there is a large number of both HTN and diabetes cases.

Therefore, we conducted a community-based case–control study to examine whether the history of HTN influences the incidence of T2DM in a cohort of Chinese hypertensive subjects.



Materials and methods


Study design

This was a population-based retrospective study with 1:1 sex- and age-matched case and control groups. Individuals with HTN alone and with both HTN and T2DM were recruited from the Department of Geriatrics in Yuyao People’s Hospital, Zhejiang, China. In total, 443 cases (with both T2DM and HTN) and 443 controls (with only HTN) from the same community and matched by sex and age (within 3 years) were included in the study. Subjects who were pregnant and those with secondary HTN, serious liver or kidney failure, psychosis, cancer, Alzheimer’s disease, type 1 diabetes, or a history of ischemic stroke or coronary heart disease were excluded. All participants provided written informed consent for inclusion in this study, and the Ethical Committee of Yuyao People’s Hospital approved the study.

Hypertensive subjects were diagnosed in hospitals according to the following criteria: (i) an SBP ≥ 140 mmHg and/or a DBP ≥ 90 mmHg, based on the mean of three measurements, and (ii) the use of antihypertensive medication. Diabetes was diagnosed according to the American Diabetes Association 2010 criteria (11) when the fasting plasma glucose concentration and the 2-h post-prandial plasma glucose concentration were higher than 7.0 mmol/L and 11.1 mmol/L, respectively, or the glycated hemoglobin concentration was higher than 6.5%.



Data collection

A standard structured questionnaire was used to collect information on demographic and behavioral risk factors, including age, sex, smoking, alcohol consumption, sleeping duration, family history of HTN and T2DM, antihypertensive medication use, and HTN duration. Face-to-face interviews were conducted by trained physicians. During these interviews, the history of peak SBP and DBP was reported by the subjects, while the current SBP and DBP were measured by the physicians using a standard mercury sphygmomanometer on the right arm of the seated participants after a 5-min rest in the sitting position. The current SBP was divided into <120 mmHg, 120-139 mmHg, 140-159 mmHg, and ≥ 160 mmHg, and the current DBP was divided into <80 mmHg, 80-89 mmHg, 90-99 mmHg, and ≥ 100 mmHg. The history of peak high SBP was divided into 140-159 mmHg, 160-179 mmHg, and ≥ 180 mmHg, and the history of peak high DBP was divided into 90-99 mmHg, 100-109 mmHg, and ≥ 110 mmHg. Body mass index (BMI) was calculated as body weight (kg)/height squared (m2).

Blood samples were obtained after overnight fasting. All samples were examined for concentrations of total cholesterol, serum triglyceride (TG), uric acid (UA), low-density lipoprotein cholesterol (LDL), serum creatinine, homocysteine, and glucose. All of these clinical laboratory parameters were determined using routine laboratory methods. Total cholesterol, TG, LDL, glucose, and homocysteine concentrations were measured with the automatic biochemical analyzer HITACH 7080 using standard enzymatic methods. The serum concentrations of UA and creatinine were determined quantitatively using the uricase method and the Jaffe reaction method, respectively.



Statistical analysis

Continuous variables were summarized as means ± standard deviations. Student’s t-test was used to compare continuous variables between the case and control groups, and the chi-square test was used to compare categorical variables between the groups. Multiple binary logistic regression models were used to explore the association between controlled HTN status and T2DM incidence. The strength effect estimates were measured using odds ratios (ORs) with 95% confidence intervals (CIs). The effects of sex (men/women), smoking (yes/no), drinking (yes/no), and sleeping duration (≥8 h/<8 h) were assessed using stratified analyses. All P values were two-tailed and considered to be statistically significant at < 0.05. Statistical analysis was performed using IBM SPSS software, version 19.0 (SPSS Inc., Chicago, IL, USA).




Results


Baseline characteristics

A total of 886 participants—443 cases (T2DM and HTN) and 443 controls (HTN)—were recruited in this matched case–control study. Table 1 shows the baseline characteristics of the subjects. No significant differences were found in age, sex, BMI, UA concentrations, homocysteine concentrations, smoking status, or alcohol consumption between the cases and controls. The total cholesterol and LDL concentrations were higher and the sleeping durations were longer in the controls than in the cases (all P < 0.05). The TG, creatinine, and glucose concentrations were higher and the family history of T2DM was longer in the cases than in the controls (all P < 0.05; Table 1).


Table 1 | The baseline characteristics of cases (T2DM and hypertension) and controls (hypertension).



The HTN durations were longer in the cases than in the controls (14.7 years vs. 13.2 years) (P < 0.05; Table 2). There were no significant differences in the status of HTN drug use or current SBP and DBP between the cases and controls (all P > 0.05; Table 2), but significant differences were found in the history of peak high SBP and DBP between the two groups (both P < 0.05; Table 2).


Table 2 | The hypertensive characteristics of cases (T2DM and hypertension) and controls (hypertension).





Multiple binary logistic regression models

The results of multiple binary logistic regression models showed that the TG and creatinine concentrations, HTN duration, and family history of T2DM were all risk factors for T2DM in HTN (all P < 0.05, Table 3), with ORs (95% CIs) of 1.134 (1.032-1.246), 1.013 (1.004-1.022), 1.025 (1.003-1.047), and 5.119 (3.266-8.026), respectively. Analysis of the history of peak high DBP showed that compared with the low DBP category (90-99 mmHg), the ORs for T2DM in the medium (100-109 mmHg) and high (≥110 mmHg) DBP categories were 1.398 (1.044-1.971) and 1.757 (1.074-2.969), respectively. Furthermore, a linear trend was found in the association between increments in the history of peak high DBP and the risk of T2DM (P-trend = 0.023).


Table 3 | Multiple logistic regression analysis of the risk of T2DM in hypertension subjects.



In subgroups analyses, the association between the history of peak high DBP and the incidence of T2DM was significantly modified by sex (P-interaction = 0.037). In the male subgroup, compared with the low DBP category, the ORs for T2DM in the medium and high categories of peak high DBP were 1.381 (1.014-1.758) and 1.670 (1.259-2.181), respectively (Table 4).


Table 4 | Subgroup analysis of the risk of history highest DBP (mmHg) to T2DM.






Discussion

This study explored the relationship between the history of HTN and the incidence of T2DM in a cohort of Chinese hypertensive subjects. After controlling for potential confounders, the history of peak high DBP and the duration of HTN were both independent risk factors for T2DM.

Studies have reported a strong association between HTN and the risk of T2DM. In particular, even normal-high SBP levels (130-139 mmHg) were shown to be significant predictors of T2DM in men (OR = 1.43) (3), after adjusting for BMI and other conventional T2DM risk factors. In a 10-year prospective study in Korea, subjects with baseline stage 2 HTN (≥ 160/100 mmHg) were at a 1.60-fold higher risk of developing diabetes than normal subjects (12). In a recent 6-year rural Chinese cohort study, restricted cubic spline analysis revealed an increased risk of T2DM with increasing mean arterial pressure among women (13). Consistent with previous studies, we discovered that the history of peak high DBP and duration of HTN were associated with T2DM in hypertensive subjects. This association remained after controlling for HTN drug use and current SBP and DBP, suggesting that the association between the history of long-term high blood pressure and the incidence of T2DM is independent of the association between the duration of HTN and the incidence of T2DM.

The direct causal link between the pathophysiological mechanisms of HTN and T2DM has not yet been completely identified, but several hypotheses have been proposed. HTN has been shown to induce microvascular changes (14) that result in insulin resistance via impaired glucose and nutrient delivery to skeletal muscle, which may in turn contribute to diabetes. Endothelial dysfunction is also related to insulin resistance and may partially account for the strong association between HTN and T2DM (15, 16). Inflammatory markers and oxidative stress also play vital roles in both HTN and diabetes (9, 17). C-reactive protein and interleukin 6 may contribute to the incidence of T2DM via interaction with the insulin signaling pathway and pancreatic β-cell function (18). Oxidative stress, which plays a critical role in pancreatic β-cell dysfunction, is also associated with high blood pressure (9).

In this study, the serum TG concentration and a family history of T2DM were found to be common risk factors for T2DM. In addition, the serum creatinine concentration was shown to be a potential risk factor for T2DM in hypertensive subjects. A recent dose–response meta-analysis of six cohort studies showed a negative association between the serum creatinine concentration and T2DM risk (19); the risk was increased by 7% with each 0.1 mg/dL decrease in the serum creatinine concentration. Serum creatinine is the only metabolite of creatine in skeletal muscle and represents the level of skeletal muscle mass. Low skeletal muscle mass can lead to insulin resistance (20, 21) and reduced glucose uptake by skeletal muscle, thereby resulting in the development of T2DM. In contrast to the finding of the previous meta-analysis, we observed a positive association between the serum creatinine concentration and T2DM risk in hypertensive subjects. The reason for this finding is not clear, but we hypothesize that the expression of creatine kinase in hypertensive patients is abnormal (22, 23). High creatine kinase activity promotes HTN through enhanced vascular contractility and sodium retention in the kidneys. Creatine kinase is tightly bound near ATPases and catalyzes the conversion of creatine to creatinine in serum (22). The specific physiological mechanisms need to be investigated in future studies.

To the best of our knowledge, this is the first study to explore the potential association between the history of peak high blood pressure and the incidence of T2DM in a cohort of Chinese hypertensive subjects. However, this study has a few limitations. First, the history of peak blood pressure was self-reported by the participants. Therefore, to reduce potential recall bias, we classified the blood pressure values into groups instead of using the specific blood pressure values. Second, the study sample included only Han Chinese adults, and thus, the findings cannot be generalized to other ethnicities in China or populations in other countries. Caution should be exercised when extrapolating our results to other populations. Finally, owing to the limitations inherent in case–control studies, longer follow-up cohort studies and intervention trials are needed to confirm our findings.



Conclusions

This study demonstrated that both the history of peak high DBP and the duration of HTN were independently associated with the incidence of T2DM in hypertensive subjects. This suggests that diabetes prevention measures should target hypertensive subjects with extremely high DBP and longer HTN duration as they are at a high risk of developing diabetes. Our findings should be verified by a longitudinal study in which a cohort of cases with HTN and a cohort of control subjects are followed up to track the development of T2DM.
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0.93
-11.57
4.09

1.00
0.56
66.28

P value

0.27
0.01
0.01
0.85
<0.01
0.01
0.35
<0.01
0.04

0.32
0.46
<0.01

TC, total cholesterol; (TG), serum triglyceride; (UA), uric acid; (LDL), low-density lipoprotein cholesterol; (Crea), serum creatinine; (Hcy), homocysteine; and (FBG), first blood glucose;

hypertension, (T2DM), type 2 diabetes mellitus.





