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Purpose: This study aimed to evaluate the relationship between social capital (SC) and hypertension among type 2 diabetes mellitus
(T2DM) patients, considering the moderation effects of depressive symptoms.

Patients and Methods: A total of 1761 Chinese T2DM patients completed measure scales of social capital and epidemiological
survey depression scale (CES-D). The Bootstrap methods PROCESS program is employed to test the moderation model.

Results: The prevalence of hypertension among T2DM patients was 39.3%. The SC was negatively correlated with the CES-D score
(r=—0.18, P<0.01); the SC was also negatively correlated with diastolic blood pressure (r=—0.05, P<0.05); and the CES-D score was
positively correlated with systolic blood pressure (r=0.05, P<0.05). Both logistic regression analysis and the Bootstrap method showed
that depressive symptoms weakened the protective effect of SC on hypertension, there existed a moderating effect of depressive
symptoms on the relationship between SC and hypertension among T2DM patients.

Conclusion: Depressive symptoms may be one crucial moderator of the relationship between SC and hypertension in a representative
sample of Chinese diabetes patients. The findings indicate that improving SC and mental health may help manage hypertension among
T2DM patients.
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Introduction
With the development of the economy and acceleration of urbanization, combined with population aging, type 2 Diabetes
Mellitus (T2DM) is a significant public health concern worldwide.! Meanwhile, two-thirds of patients with T2DM have
hypertension, and the coexistence of those two risk factors leads to a four-fold increased risk for cardiovascular disease
(CVD) compared with normotensive non-diabetic controls.” Therefore, it is essential to identify the potential influencing
factors or mechanisms of hypertension among T2DM patients, to manage this condition and reduce the burden of CVD.
In recent decades, social capital (SC) has been a research hotspot related to human health. SC, existing when healthy
social networks between people, neighborhoods, and organizations offer benefits and resources such as coordination,
reciprocity, and cooperation, has been associated with improved health and management of chronic disease.>* Several
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studies also described an inverse relationship between SC and hypertension.”® It has been suggested that SC may lower
the risk of developing hypertension.>*’

More and more psychologists have recognized depression or depressive symptoms are closely associated with
hypertension.'®!" Hypertension patients are prone to depression, and a meta-analysis reported that the prevalence of
depression among hypertensive patients is 26.8%.'% In addition, mental health is influenced by individual-level factors

1-13

such as socioeconomic status and social capital.”” Previous epidemiological studies suggested an inverse association

between SC and depression among migrant hypertensive patients.'®!3

To our knowledge, the potential mechanism of depressive symptoms on the association between SC and hypertension
among T2DM patients has not been reported in the literature. The current study assumes depressive symptoms as
a significant mental disease among hypertension patients, which may moderate the SC of individuals and further affect
the blood pressure of patients. Hence, according to the above description and hypothesis, in this study, we examined the

moderate effect of depressive symptoms on the relationship between SC and hypertension among T2DM patients.

Methods

Participants

The participants included N=1761 T2DM patients collected from August 2019 to November 2020 in Ningxia province,
China. A probability proportionate to size (PPS) sampling method was developed to recruit the subjects. A similar
sampling procedure was described previously.'® Eligibility criteria were aged >18 years old and living at the present
address for at least six months. Excluded following: a) with severe mental disorders; b) a severe illness that prevents
communication; c¢) deafness, aphasia, or other language barriers; d) pregnancy or lactation; ¢) diabetic ketoacidosis in the
past month; f) with malignant tumor; and g) refuse to sign the informed consent. The Institutional Review Board of the
Yinchuan Hospital of Traditional Chinese Medicine approved the study, and the study adhered to the 1964 Helsinki
declaration and the later amendments or similar ethical standards. All the participants provided a written consent form at
the beginning of the survey.

Measures

Hypertension

Hypertension was considered with systolic blood pressure (SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg or
reported use of antihypertensive medication.!” BP was measured three times by nurses in subjects seated for at least 5 minutes
using a mercury sphygmomanometer on the right arm (Baumanometer; Baum, Copiague, NY, USA). The mean value of three
separate BPreadings was used for data analysis.

Social Capital

Based on the social capital scale, two dimensions of social capital developed by Mujahid'® were included in the
current study: social cohesion and social interaction. A total of 9 commonly used and easily understandable items were
applied to measure social capital and adapted to the Chinese context. In the present study, the five-point Likert social
cohesion scale was adopted in the social capital questionnaire, and respondents were asked to rate their agreement
ranged from 1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree). Cronbach’s
alpha was 0.88 among the Chinese sample,'” and among this sample was 0.95. The social interaction scale consists of
five items, and each item scored from 1 to 4 in response to a 4-point Likert scale (from never to often). The
Cronbach’s alpha in this sample was 0.92. The measurement of social capital has also been described elsewhere.'®

Depressive Symptoms

Depressive symptoms were assessed by using a 20-item Center for Epidemiological Studies Depression Scale (CES-D)
Chinese edition, the Chinese version of the CES-D scale shows good reliability and validity.”® This scale consists of 16
negative affect and 4 positive affect items. The items reflect the following six aspects of depression: depressive mood,
guilt and value lessness, helplessness and hopelessness, psychomotor retardation, loss of appetite, and sleep disorder. The
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total score ranged from 0 to 60, with higher scores indicating higher levels of depression. The Cronbach a in this study
was 0.702.

Covariates

This study selected the following as potential confounders. Information on the demographic and health-related variables
was collected. These variables included age, gender (male, female), marital status (unmarried, married, and widowed or
divorced), educational attainment, residence (urban, rural), and family average individual income per month
(<2000RMB, >2000 RMB). Information on smoking and drinking status, body mass index (BMI, kg/m2), physical
activity (perform at least 30 minutes of physical activity at work and/or leisure time more than 4 days a week?”, with
a yes/no response.), salt intake (moderate, salt, mild), sleep quality (The measure of self-reported sleep quality was
dichotomized into poor, moderate, good), blood glucose level and dyslipidemia. According to 2016 Chinese guidelines
for the management in adults,?' participants were defined as having dyslipidemia if they had one or more of the following
conditions: TC >6.22 mmol/L, LDL-C > 4.14 mmol/L, HDL-C < 1.04 mmol/L, TG >2.26 mmol/L. Family history of
T2DM (yes vs no), T2DM complications (yes vs no), drug uses (yes vs no).

Statistical Analysis

Statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) version 26.0 (SPSS Inc.,
Chicago, Illinois). Firstly, descriptive analyses were carried out on all variables, the quantitative variables were described
as means and standard deviations. Categorical variables were described as counts and proportions. Student’s #-test or
analysis of variance for quantitative variables and the chi-square test for categorical variables were used to examine
group differences by hypertension. The associations between variables were evaluated by bivariate correlations.
A logistic regression model was used to explore the association of SC with depressive symptoms and hypertension
after controlling the covariates. The PROCESS program was used to test the moderate model. To pursue the testing for
the moderating effect, the following relationships have to be significant: (1) effect of predictor (SC) on hypertension, (2)
effect of moderator (depressive symptoms) on hypertension, and (3) interaction effect (SC % depressive symptoms) on
hypertension. According to the Hayes statistical principle,”> model 1 was used to test the moderation effect. Bootstrap
repeatedly sampled 5000 times for correction to obtain parameter estimation and a 95% confidence interval. The
bootstrap confidence interval does not contain 0 indicating that the moderation effect is statistically significant.* To
interpret the moderating effects, simple slope analysis was then employed for significant interactions for the relationship
between the independent variable (SC) and the dependent variable (hypertension) when the levels of the moderator
variable (depressive symptoms) was one standard deviation above and below the mean.

Results

Characteristics of Participants

In Table 1, a descriptive analysis of hypertension and the related variables was shown. A total of 1761 (965 men and 796 women)
were included in our study. The average age was 58.6 (standard deviation (SD) =12.2) years. Slightly one-fifth was illiterate, and
about 93.2% were married. The mean score of SC was 27.7 (SD=6.5). The mean score of CES-D was 11.1 (SD=7.3). And the
prevalence of hypertension among T2DM patients was 39.3%.

Correlations Analysis

The correlation matrix was showed in Table 2. the SC (r=—0.18, P<0.01) was negatively correlated with the CES-D
score; the SC was also negatively correlated with DBP (r=—0.05, P<0.01); and the CES-D score was positively correlated
with SBP (r=0.05, P<0.05).

Logistic Regression Analysis

The logistic regression model is presented in Table 3. After controlling for covariates (age, gender, marital status,
education, economic condition, residency, smoking, alcohol use, physical exercise, BMI, salt intake, sleep quality, blood
glucose level, dyslipidemia, family history of T2DM, T2DM complications and drug uses), the depressive symptoms
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Table | Demographic Characteristics of Participant

Total n=1761 Hypertension n=692 | Non-Hypertension” n=1075 | P value

Age, mean (SD), years 58.6 (12.2) 60.0 (12.0) 57.7 (12.2) <0.001
Gender, male, n (%) 965 (54.6) 385 (55.6) 580 (54.3) 0.570
Marital status, married, n (%) 1641 (93.2) 637 (92.1) 1004 (93.9) 0.129
Education level, n (%) 0.074

llliterate 351 (19.9) 155 (22.4) 196 (18.3)

Primary 394 (22.4) 156 (22.5) 238 (22.3)

Junior and Senior 621 (35.3) 222 (32.1) 399 (37.3)

College degree or above 395 (22.4) 159 (23.0) 236 (22.1)
Residence, urban, n (%) 1102 (62.6) 428 (61.8) 674 (63.0) 0.611
FPCMI, <2000, n (%) 685 (38.9) 282 (40.8) 241 (22.5) 0.231
Smoking, yes, n (%) 396 (22.5) 155 (22.4) 218 (20.4) 0.943
Alcohol use, yes, n (%) 368 (20.9) 150 (21.7) 306 (23.1) 0.518
Physical exercise, yes, n (%) 733 (41.6) 287 (41.5) 446 (41.7) 0918
BMI, mean (SD), kg/m2 25.0 (5.9) 254 (3.4) 24.7 (7.1) 0.033
Salt intake, salty, n (%) 287 (16.3) 113 (16.3) 174 (16.3) 0.278
Sleep quality, poor, n (%) 394 (22.4) 159 (23.0) 235 (22.0) 0.810
Blood glucose level, severe, n (%) 191 (10.8) 91 (13.2) 100(9.4) 0.014
Dyslipidemia, yes, n (%) 1025 (57.9) 416 (60.1) 607 (56.5) 0.129
Family history of T2DM, yes, n (%) 525 (29.8) 182 (26.3) 343 (32.1) 0.010
T2DM complications, yes, n (%) 1059 (60.0) 429 (62.0) 630 (58.9) 0.200
Drug uses, yes, n (%) 1469 (83.4) 578 (83.5) 891 (83.3) 0.922
CES-D score, mean (SD) 1.1 (7.3) 11.6 (7.4) 10.7 (7.2) 0.012
SC score, mean (SD) 27.7 (6.5) 27.4 (6.6) 27.9 (6.4) 0.187

Note: “Compared with non-hypertension.
Abbreviations: FPCMI, Family per capita monthly income; SD, standard deviation; BMI, body mass index; T2DM, type 2 diabetes mellitus; CES-D, The
Center for Epidemiological Survey Depression Scale, SC, social capital.

Table 2 Correlation Matrix (n=1761)

Mean SD SC CES-D SBP DBP
sC 27.7 6.5 |
CES-D 1.1 7.3 —0.18%* |
SBP 131.7 18.7 0.01 0.05* |
DBP 80.6 1.4 —0.05* —0.03 0.54%* |

Note: *p<0.01, *p<0.05.
Abbreviations: SD, standard deviation; SC, social capital; CES-D, Center for Epidemiological Studies Depression
Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure.

were positively associated with hypertension (OR=1.11; 95% CI: 1.01-1.22; P<0.05). No significant association was
found between SC and hypertension. There was, however, in model 3, the interaction between SC and depressive
symptoms had statistical significance, indicating that there existed a moderating effect of depressive symptoms on the
relationship between SC and hypertension among T2DM patients.

Moderate Effect of Depression Symptoms on the Relationship of SC and Hypertension
Among T2DM Patients

As shown in Table 4, the main effect of depressive symptoms on hypertension in T2DM patients was significant, while
the negative main effect of SC on blood pressure was not significantly predicted, but the interaction effect between SC
and depressive symptoms on predicting hypertension was significant, depressive symptoms weakened the protective
effect of SC on hypertension. Further simple slope analysis showed that when depressive symptoms were at a low level
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Table 3 Logistic Regression Model for Association Between SC, Depressive Symptoms and Hypertension (n=1761)

Variables Model | Model 2 Model 3
P value OR (95% CI) P value OR (95% CI) P value OR (95% CI)

sC 0.187 0.97 (0.99, 1.00) 0.120 0.99 (0.97, 1.00) 0.144 0.98 (0.97, 1.00)
Depressive symptoms 0.013 1.02 (1.01, 1.03) 0.020 1.02 (1.01, 1.03) 0.018 1.02 (1.01, 1.03)
Age NA NA <0.001 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03)
Gender (reference=female) NA NA 0.504 1.09 (0.85, 1.39) 0.478 1.09 (0.85, 1.40)
Marital status (reference=married) NA NA 0.403 0.84 (0.57, 1.26) 0.400 0.83 (0.56, 1.24)
Education (reference=llliterate) NA NA 0.639 0.96 (0.84, 1.10) 0.671 0.97 (0.84, 1.09)
Residence (reference=rural) NA NA 0.872 1.02 (0.80, 1.30) 0.808 1.03 (0.81, 1.31)
FPCMI NA NA 0.803 1.01 (0.92, 1.11) 0.762 1.03 (0.93, 1.13)
Smoking (reference=no) NA NA 0.980 0.99 (0.75, 1.32) 0918 0.97 (0.74, 1.31)
Alcohol use (reference=no) NA NA 0.196 1.21 (0.91, 1.61) 0.215 1.20 (0.90, 1.60)
Physical exercise (reference=no) NA NA 0.712 0.96 (0.76, 1.20) 0.766 0.97 (0.77, 1.21)
BMI NA NA <0.001 1.45 (1.26, 1.66) <0.001 1.45 (1.26, 1.66)
Salt intake (reference=moderate) NA NA 0.126 1.09 (0.98, 1.23) 0.136 1.08 (0.96, 1.21)
Sleep quality (reference=good) NA NA 0.219 1.09 (0.95, 1.26) 0.241 1.09 (0.94, 1.26)
Blood glucose level (reference=light) NA NA 0.005 1.23 (1.07, 1.43) 0.003 1.24 (1.07, 1.43)
Dyslipidemia (reference=no) NA NA 0.528 1.07 (0.87, 1.31) 0.607 1.05 (0.86, 1.29)
Family history of T2DM (reference=no) NA NA 0.070 0.81 (0.64, 1.02) 0.061 0.80 (0.64, 1.01)
T2DM complications (reference=no) NA NA 0.807 1.03 (0.83, 1.26) 0.773 1.03 (0.84, 1.27)
Drug uses (reference=no) NA NA 0.901 0.98 (0.75, 1.29) 0.874 0.98 (0.75, 1.28)
SCxdepressive symptoms NA NA NA NA 0.022 1.12 (1.01, 1.23)

Notes: Model |, SC or depressive symptoms separately; Model 2, Model | + covariates (age, gender, marital status, education, economic condition, residence, smoking,
alcohol use, physical exercise, BMI, salt intake, sleep quality, blood glucose level, dyslipidemia, family history of T2DM, T2DM complications, drug uses); Model 3 = Model 2 +

interaction between SC and depressive symptoms.

Abbreviations: SC, social capital; FPCMI, Family per capita monthly income; OR, Odds ratio; 95% Cl, 95% confidence interval; NA, not apply.

Table 4 The Moderating Effect of Depressive Symptoms on the Relationship Between SC and Hypertension

Among T2DM Patients*

Variables Bias-Corrected 95% CI
B SE P value Lower Upper
Predictor sC —0.09 0.06 0.128 —-0.19 0.02
Moderator Depressive symptoms 0.13 0.06 0.019 0.02 0.24
Interaction SC x depressive symptoms 0.11 0.05 0.022 0.0l 0.20
Slope analysis | Low depressive symptoms —0.20 0.07 0.006 —0.34 —0.06
Mean depressive symptoms —-0.09 0.06 0.107 —-0.20 0.02
High depressive symptoms 0.02 0.07 0.781 —0.12 0.17

Notes: *After controlling for age, gender, marital status, education, economic condition, residence, smoking, alcohol use, physical exercise, BMI,
salt intake, sleep quality, blood glucose level, dyslipidemia, family history of T2DM, T2DM complications, drug uses.

(mean - 1 standard deviation), SC had a negative prediction of hypertension, while depressive symptoms were at medium

and high levels, SC had no negative prediction of hypertension.

Discussion

To date, this was the first study to investigate the relationship between SC, depressive symptoms, and hypertension

among type 2 diabetes patients in China. As hypothesized, we found: (1) hypertension was prevalent among T2DM

patients in northwest China; (2) SC was negatively related to depressive symptoms and positively associated with

hypertension; depressive symptoms were positively related to hypertension; (3) there existed a positive interaction effect
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of SC and depressive symptoms on hypertension, namely, in the relationship between SC and hypertension, depressive
symptoms moderate the association.

In our study, we found that 39.3% of T2DM patients with hypertension is lower than the prevalence of hypertension
among Sudan (47.6%)>* and Korean (54.6%) T2DM patients>> and also lower than Chinese T2DM patients reported by
previous study (57.7%).® The possible reasons may be due to different subjects, regions, and measurement
instruments.”’ Depression is the most frequent mental health and is considered a significant risk factor for the develop-
ment of hypertension and T2DM.?*2° In view of this, more attention should be given to T2DM patients combined with
hypertension concerning depression intervention. The relationship between depression and hypertension may be based on
physiological mechanisms that involve the effects of the sympathetic nervous system, as it has been reported that
norepinephrine is elevated in both patients with hypertension and depression.*®

Correlation analysis showed a negative correlation between SC and hypertension among T2DM samples. The
previous study reported that the prevalence of hypertension was high in patients with a lower social capital index.’’
Social capital serves as a protective factor against chronic illness.*” It also reported South Asian women living in
neighborhoods with high social cohesion had 46% reduced odds of having hypertension than those living in neighbor-
hoods with low social cohesion.*® The possible mechanisms were the participants with higher SC were more likely to
establish trustful and respectful relationships, engage with their partners and share experiences and practices, and further
help to buffer the adverse health.>* Hence, patients with chronic diseases need more care, trust, and social support. Our
results also showed that SC was negatively associated with CED-S score among hypertension and T2DM patients.
Previous studies have also shown an inverse association between SC and depression among hypertensive patients.'*

Further moderate effect results displayed SC has no direct effect on blood pressure of T2DM patients. Still, it can
indirectly affect blood pressure through the moderate of depressive symptoms, which is especially shown when
depressive symptoms were at a low level, SC had a negative prediction of hypertension, while depressive symptoms
were at medium and high levels, SC had no negative prediction of hypertension. Depressive symptoms weakened the
protective effect of SC on hypertension.

The present study has several limitations. First, because of the cross-sectional design, we cannot conclude that the
relationship found between SC, depressive symptoms, and hypertension is causal. Second, the information regarding SC
and depressive symptoms were self-reported by patients, which may have introduced recall bias. However, we carefully
defined our survey questions, and the interviews were conducted by well-trained interviewers. Third, the study popula-
tion was limited in hospitals in Ningxia, which limits the generalizability of the findings.

Conclusion

In conclusion, we found an inverse association between social capital and depressive symptoms, social capital and
hypertension, and a positive association between depressive symptoms and hypertension. Furthermore, this study also
provides new evidence indicating that depressive symptoms moderate the relationship between social capital and
hypertension. Our finding suggests that strategies to address hypertension should be used to improve the management
of hypertension. For example, social capital as a component of health systems reform or social interventions should be
designed and implemented to improve mental health and further manage hypertension.
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