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Abstract
Aim South African adults with hypertension often have comorbid physical and mental health problems and disabilities, which can
influence each other in complex ways. We modelled potential causal pathways connecting multimorbidity, depression, stress,
disability and cardiovascular risks.

Methods The study analysed observational data on 1043 adults with treated hypertension and with symptoms of depression (Patient
Health Questionnaire-9 score > 9) who participated in a randomised trial in 20 primary health care clinics. A structural equation path
model using cross-sectional baseline data estimated direct and indirect effects of sociodemographic variables and comorbidities on
depression, stress and disability scores, and their further direct and indirect effects on smoking, body mass index and blood pressure.
A cross-lagged structural equation model using longitudinal data estimated effects of depression symptoms, disability and blood
pressure on each other over time.

Results At baseline, depression symptoms as outcome were positively associated with previous myocardial infarction, blood
pressure, and disability. Disability was positively associated with depression symptoms, stress scores, myocardial infarction and
tuberculosis. Body mass index was positively associated with income and female sex and negatively associated with HIV,
tuberculosis, perceived stress and age. Systolic blood pressure was positively associated with depression symptoms and age, and
negatively associated with tuberculosis. Indirect effects of myocardial infarction and age on disability were partly mediated through
perceived stress and depression symptoms. Baseline depression symptoms predicted greater disability after one year, and baseline
disability predicted greater depression symptoms and higher blood pressure after one year.

Conclusions Control of cardiovascular risk factors in primary care patients with hypertension is interrelated with their mental health,
disability, and comorbidity. Better mental health care and management of disability could help control blood pressure and reduce
cardiovascular risk.

Introduction
Multimorbidity and depression are growing problems in low- and middle-income countries (LMICs) [1]. Adults with multiple physical
conditions are more likely to report depressive episodes and anxiety symptoms[2, 3] and, in six LMICs including South Africa,
depression and disability are associated with multimorbidity [4]. World Health Survey data show that comorbid depression and
chronic diseases (angina, arthritis, asthma, diabetes) are associated with worse health compared with depression alone, and with any
combination of these chronic diseases without depression [5].

The relationship between mental and physical conditions appears bidirectional [6]. Pre-existing anxiety and depression has been
found to increase the risk of a wide range of chronic physical conditions [7], including myocardial infarction and stroke [8], and vice
versa. Several studies have shown how disability and poor physical health impacts negatively on mental health. Kelley-Moore and
Ferrarro [9] demonstrated that, in a United States cohort of older adults with depression, disability or disease at baseline, each factor
independently predicted the presence of each of the other factors at later time points. Similarly, Ormel and colleagues showed that in
a Netherlands cohort of older people with physical limitations, depressive symptoms and disability mutually reinforced each other
over time [10]. Choi and colleagues found similar reciprocal relationships between depression and cardiovascular disease in a United
States cohort [10].

While associations between physical and mental conditions are well established, the mechanisms linking physical and mental illness
and disability are not fully understood, but are probably multifactorial, including social, psychological and pathophysiological factors
[[6]. There is little evidence about these mechanisms in LMIC populations [1]. South Africa provides an ideal LMIC setting to study
these relationships and mechanisms. It has high rates of communicable diseases such as HIV/AIDS and tuberculosis, as well as non-
communicable diseases (NCDs) [12, 13]. Stroke, ischaemic heart disease, diabetes and hypertensive heart disease are the leading
causes of NCD deaths in South Africa [14], for which hypertension and obesity are major risk factors. Further, South Africa has high
prevalence of depression and anxiety [15, 16]. The 2016 South African disability survey found that over half of adults aged 65 years
and older reported some disability [17]. The high prevalence of multimorbidity, depression and disability in South Africans thus
provides a suitable setting for investigating relationships between these conditions.
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We have previously investigated causal pathways linking socioeconomic factors and depression in South African adults with NCDs
[18, 19]. The present study goes on to investigate causal pathways linking physical multimorbidity, depression, stress, disability and
cardiovascular risk factors in South African adults with hypertension. Data were collected during a randomised trial of a health
system intervention intended to improve diagnosis and treatment of depression in patients with hypertension, and thereby also to
improve blood pressure control, in public primary care facilities [20]. We analysed these longitudinal and cross-sectional data with the
objectives of : 1) constructing structural equation models (SEMs) representing potential causal paths linking sociodemographic
factors, multimorbidity, depression symptoms, stress scores, disability and cardiovascular risk factors; 2) identifying factors directly
and indirectly associated with endogenous variables along these paths; and 3) investigating directions of effect between depression
symptoms, disability and blood pressure.

Methods
The study design is a cross sectional and cohort study within a randomised trial. As part of an international programme to increase
treatment of mental disorders in LMICs [21], the PRIME-SA cluster randomised controlled trial was conducted in the Dr Kenneth
Kaunda district of the North West province of South Africa from 2015 to 2016 [20]. The largest 20 public sector primary care clinics in
the district were included in the trial, with 10 clinics randomly allocated to continue with usual care and 10 to receive the intervention.
Study participants were recruited from clinic waiting rooms and invited to volunteer participation, with screening for inclusion
conducted in a private room. Inclusion criteria were receiving treatment for hypertension; depressive symptoms scoring nine or more
on the Patient Health Questionnaire-9 (PHQ-9), which had been validated for the setting [22]; and age 18 years or older. Exclusion
criteria were inability to provide informed consent, urgent need for medical attention and planning to move away during the 12-month
follow-up period. The trial was conducted alongside the Comorbid Affective Disorders, AIDS/HIV, and Long Term Health (CobALT)
trial, which recruited participants receiving antiretroviral therapy [23]. Participants receiving both antiretroviral therapy and
antihypertensive medication were included in both trials and are included in the present study.

Participants in control arm clinics received usual care. This included training nurses in the use of an algorithm-based clinical
management tool, which included guidelines for the detection and management of depression. This clinical management tool had
been rolled out to the entire district by the Department of Health [24]). Patients were further supported for self-management of their
condition by engagement with community health worker outreach teams. In intervention arm clinics, the PRIME-SA intervention was
added to usual care and comprised: 1) a collaborative team-based model, with nurse practitioners as case managers; 2) additional
training for nurse clinicians in identification and management of depression, and in clinical communication skills; 3) strengthening of
referral pathways to primary care physicians for initiation of psychotropic medication; and 4) increased access to counselling in the
clinics by lay behavioural health counsellors trained to provide individual and group-based counselling for patients with depressive
symptoms. Access to referral to specialist mental health services was the same for both arms and was provided by two district-based
psychologists, as well as psychologists based at the district and provincial psychiatric hospitals.

The planned sample size of 1000 (50 participants per clinic) was intended to provide 90% power to detect a 17% difference between
arms in the primary outcome (≥ 50% reduction in PHQ-9 score after 6 months), assuming 15% loss to follow-up, intra-cluster
correlation of 0.04, and 5% significance level [20].

Data collection
Data were collected by interviewer-administered questionnaires using hand-held electronic devices at enrolment and after 12 months.
The questionnaires included questions about age, current medication and depressive symptoms to assess for eligibility. In eligible
and consenting participants, we collected additional data about sociodemographic details (age, sex, highest education level,
employment, monthly income, marital status) self-reported comorbid conditions, depressive symptoms, perceived stress, and
disability. Smoking status was recorded as a categorical variable and current smokers were asked about the number of cigarettes
smoked per day. Data collectors took measurements for height, weight and blood pressure. Blood pressure was measured with a
digital sphygmomanometer, with participants seated, at three time-points during the course of the interview. The first reading was
discarded and the mean of the second two readings used to calculate a mean systolic and diastolic blood pressure. Body weight and
height were measured to calculate body mass index (BMI) (weight/height2).



Page 4/16

Depressive symptoms were measured by the validated PHQ-9, a nine-item questionnaire asking participants how frequently they
experienced various symptoms of depression over the last two weeks [25]. Responses were coded on a Likert scale as “0 days”, “1–7
days”, “8–11 days” and “12–14 days”, with scores of 0, 1, 2 and 3, respectively. Scores for all nine items were added to produce a
PHQ-9 depression score, with higher scores indicating more severe depression [22].

Disability was measured with the 12-item World Health Organization Disability Assessment Scale 2.0 (WHODAS 2.0), which is
suitable for use with mental health disorders and is linked to the concepts in the International Classification of Functioning, Disability
and Health [26]. It covers six domains of functioning: cognition, mobility, self-care, interaction with others, life activities and
participation in community activities. Participants were asked to rate their level of difficulty with activities of functioning on a five-
point scale, with 0 representing no difficulty and 4 representing extreme difficulty or inability to perform that activity. Scores for each
item were weighted using the WHODAS 2.0 complex scoring method and added to produce a disability score.

The degree to which situations in a person’s life are appraised as stressful was measured by the 10-item Perceived Stress Measures
scale [27]. The items ask how unpredictable, uncontrollable and overloaded respondents find their lives. Frequencies are expressed as
"never", "almost never", "sometimes", "fairly often" and "very often".

Data collectors were trained to administer the questionnaire and take measurements. Alerts were imbedded in the questionnaire to
flag participants at risk, and we conducted quality control to check and correct unusual readings.

Statistical Analysis
Distributions of categorical variables were summarised with percentages, and distributions of continuous variables were summarised
with means and standard distributions. We estimated Cronbach’s alpha inter-item correlation for PHQ-9, Perceived Stress and
WHODAS 2.0 scores. We investigated crude associations between explanatory variables and depression symptoms, stress and
disability scores with linear regression models, and also estimated Pearson correlation coefficients when both paired variables were
continuous.

We constructed two structural equation path models (SEMs) representing potential causal pathways linking exogenous
sociodemographic variables and comorbidities, and endogenous depression, stress and disability scores, and cardiovascular risk
factors. For analysis of cross-sectional data, we assumed that depression and stress scores were primarily causes, not effects, of
disability (Fig. 1), and tested this assumption with further longitudinal analysis described below. This SEM was a series of linear
regression models, comprising successive endogenous outcome variables and their respective cumulative explanatory variables. The
exogenous variables of education, employment, diabetes and stroke were removed from the model because they were found not to be
independently associated with any endogenous variable in the SEM.

Regression coefficients were interpreted as controlled direct effects, that is, as effects not mediated through intermediate variables
between exposure and outcome. All endogenous variables were continuous, so indirect or mediated effects were estimated by
multiplication of coefficients from relevant regression models. Indirect effects were expressed as the total indirect effects of an
exposure on an outcome, mediated through all mediators between them.

For analysis of longitudinal data, we constructed a cross-lagged SEM, to investigate whether depression, disability and blood
pressure were causes or effects of each other (Fig. 2). The model is similar to that of Ormel and colleagues who investigated
bidirectional effects of depression and disability over time (Ormel et al, 2002). Follow-up measurements of depression score,
disability score and systolic blood pressure were the outcomes and were adjusted for baseline values of the same variable, while
baseline measurements of the other variables were covariates representing possible causes. This regression method avoids
regression to the mean due to correlation between variables at baseline and ensures that supposed causes were measured before
supposed effects. The model also adjusted for baseline values of age, sex, marital status, myocardial infarction, tuberculosis, and
HIV, which were potential confounders. Potential effects of the intervention were accounted for by including a covariate indicating
intervention versus control arm but were not the focus of the present study. We removed perceived stress from a more complex cross-
lagged model after finding no evidence of bidirectional effects between stress and either disability or blood pressure. Indirect effects
were not estimated with the primary cross-lagged model, which had no mediating variables (Fig. 2). However, additional mediation
analyses were carried out to investigate whether the effect of baseline disability on blood pressure at follow-up was mediated
through BMI, and whether effects of blood pressure at baseline on disability at follow-up was mediated through myocardial infarction
or stroke. The latter mediation analyses used Stata’s user-written package “medeff”.
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For both SEMs, continuous variables were standardised so that the magnitude of effects of different variables on different outcomes
could be compared with each other. All SEMs used robust variance correction of errors for intra-cluster correlation of outcomes
between clinics. Goodness of fit of SEMs with the data was expressed as equation level and overall R2 values. Likelihood ratio test
statistics, information criteria and root mean square errors of approximation could not be estimated together with robust adjustment
for clustering, and so were estimated after repeating the SEM analyses without robust adjustment.

To assess the assumption that outcomes variables were normally distributed we firstly plotted histograms of each variable, and of
residuals predicted by each regression model. To assess the sensitivity of regression results to deviations from normality we repeated
the SEM analyses using non-parametric bootstrapping, randomly sampling clusters with replacement, with 1000 iterations, and
estimated standard errors and confidence intervals with the bias corrected accelerated method.

Statistical analysis was carried out using STATA version 15.0. A 5% significance level was used.

Results
At baseline, 82% of participants were women and 82% were aged 40 years or older (Tables 1 and 2). Educational, employment and
income levels were low, with 73% of participants never having been to secondary school, 26% unemployed, and mean monthly
income Rand 1200 (about US$84 in 2016). Multimorbidity was common, with 29% receiving treatment for HIV, 19% ever having had a
myocardial infarction and 19% ever having had tuberculosis. Forty six percent were obese (BMI > 30 kg/m2), 46% had systolic blood
pressure above 140 mmHg, indicating poor control, and 13% currently smoked.
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Table 1
Participants’ characteristics and associations with depression, stress and disability scores at baseline

  No. (N = 1043) %
(100)

Depression score Perceived stress score Disability score

Mean SD P* Mean SD P* Mean SD P*

Socio-demographic characteristics

Age

< 40 84 8.1 13.4 3.6 0.167** 20.2 7.1 0.052** 22.0 9.5 0.900**

40–59 635 60.9 14.0 3.9   20.3 6.3   22.6 8.4  

60–79 310 29.3 13.4 3.6   18.9 6.2   22.2 7.9  

>=80 14 1.3 12.7 2.5   18.9 6.0   21.6 6.2  

Sex

Male 189 18.1 13.6 4.0 0.485 19.0 6.3 0.071 22.3 8.0 0.876

Female 854 81.9 13.8 3.7   20.1 6.3   22.5 8.4  

Highest education

None 258 24.7 13.9 3.6 0.897** 19.9 6.2 0.481** 23.3 8.0 0.292**

Primary 496 47.6 13.7 3.7   19.5 6.0   22.2 8.2  

Secondary 289 27.7 13.8 4.1   20.5 6.8   22.1 8.8  

Employed

Yes 807 77.4 13.7 3.7 0.564 19.7 6.3 0.133 22.5 8.5 0.458

No 236 22.6 13.9 4.1   20.4 6.5   22.1 7.8  

Married

Yes 381 36.5 13.4 3.5 0.050 19.4 6.2 0.080 10.6 7.2 0.609

No 662 63.5 14.0 3.9   20.1 6.4   10.3 7.4  

Comorbidities

Myocardial infarction

Yes 195 18.7 14.4 3.9 0.008 21.3 6.5 0.049 24.9 8.4 0.005

No 848 81.3 13.6 3.7   19.5 6.2   21.9 8.3  

TB

Yes 195 18.7 14.1 4.1 0.240 20.7 6.7 0.064 22.1 8.4 0.002

No 848 81.3 13.7 3.7   19.7 6.2   21.9 8.3  

HIV

Yes 298 28.6 14.2 4.0 0.053 20.6 6.5 0.077 22.6 8.9 0.833

No 745 71.4 13.6 3.7   19.6 6.2   22.4 8.1  

SD: Standard deviation

* P values from pairwise linear regression models, adjusted for intra-cluster correlation of outcomes

** test for trend
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Table 2
Distribution of continuous variables and inter-variable correlations at baseline (N = 1043)

  Mean SD Correlation (Pearson correlation coefficients below diagonal and P values above it)

      Age Income Depression Perceived
Stress

Disability Cigarettes/day BMI SBP

Age (years) 54.3 10.7   0.034 0.167 0.052 0.900 0.678 0.459 < 
0.001

Monthly
income
(thousand
Rand)

1.20 1.43 0.074   0.673 0.453 0.820 0.398 0.125 0.891

Depression
score

16.8 3.8 -0.040 0.013   < 0.001 < 0.001 0.152 0.702 0.026

Perceived
Stress score

19.9 6.3 -0.106 -0.020 0.314   < 0.001 0.089 0.230 0.420

Disability
score

22.4 8.4 0.005 -0.007 0.295 0.410   0.238 0.933 0.257

Cigarettes/day 0.13 0.34 -0.006 -0.022 0.049 0.065 0.040   < 
0.001

0.094

Body mass
index (kg/m2)

30.1 8.6 -0.025 0.044 -0.015 -0.043 -0.004 -0.234   0.678

Systolic blood
pressure (mm
Hg)

141.5 25.4 0.210 -0.003 0.083 0.032 0.0538 0.062 -0.011  

SD: standard deviation, BMI: body mass index, SBP: systolic blood pressure. P values from pairwise regression models, adjusted
for intra-cluster correlation of outcomes

At baseline, scores for depressive symptoms were statistically significantly higher in participants who were unmarried, reported
myocardial infarction or had higher systolic blood pressure (Tables 1 and 2). Perceived stress scores were significantly higher in
participants who reported myocardial infarction. Disability scores were significantly higher in participants who reported myocardial
infarction or previous tuberculosis. Depression, perceived stress and disability scores were all positively and significantly associated
each other, with correlation coefficients between 0.295 and 0.410 (Table 2). Cronbach’s alpha coefficients for the PHQ-9, perceived
stress and disability scores were 0.46, 0.76 and 0.83, respectively, at baseline and 0.81, 0.83 and 0.85 at follow-up.

The SEM of baseline data estimated direct and indirect effects on endogenous variables along the causal paths modelled (Fig. 1),
with adjustment for confounding by covariates (Table 3, Fig. 3). Higher depression score as outcome was independently and directly
associated with myocardial infarction, as was higher perceived stress scores, which was also associated with younger age. Higher
disability score as outcome was independently and directly associated with higher depression and perceived stress scores, and with
older age, myocardial infarction and tuberculosis. Higher disability score was indirectly associated with younger age and myocardial
infarction, mediated through their effects on depression and perceived stress (Table 3). Higher BMI as an outcome was independently
and directly associated with female sex, higher income and myocardial infarction, and was inversely associated with higher perceived
stress score, smoking, tuberculosis and HIV. Younger age was indirectly associated with higher BMI, mediated through its effect on
perceived stress (Table 3). Finally, higher systolic blood pressure as an outcome was independently and directly associated with
higher depression score, older age, and not having had tuberculosis. Secondary analysis, using non-parametric bootstrap to assess
the sensitivity of these results to departures from the assumed normal distributions of outcomes, produced similar results
(Supplementary Table 1). Direct effects identified in the primary analysis remained statistically significant (that is, 95% confidence
intervals excluded zero) with bootstrap estimation, the only exceptions being effect of age on perceived stress, and effect of sex on
BMI, which became non-significant.
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Table 3
Structural equation model: direct and indirect effects at baseline

Outcome & explanatory variables Direct effects Indirect effects

  Coefficient 95% CI P Coefficient 95% CI P

Outcome: PHQ score (R2 = 0.019)

Age -0.027 -0.079, 0.025 0.306      

Sex (female) 0.046 -0.105, 0.196 0.552      

Married -0.106 -0.252, 0.039 0.153      

Monthly income 0.026 -0.032, 0.084 0.376      

Myocardial infarction 0.237 0.091, 0.382 0.001      

Tuberculosis 0.044 -0.116, 0.205 0.588      

HIV 0.144 -0.037, 0.325 0.119      

Outcome: Stress score (R2 = 0.033)

Age -0.094 -0.187, 0.000 0.049      

Sex (female) 0.147 -0.020, 0.313 0.085      

Married -0.054 -0.174, 0.065 0.374      

Monthly income < 0.001 -0.053, 0.053 0.991      

Myocardial infarction 0.306 0.040, 0.572 0.024      

Tuberculosis 0.087 -0.054, 0.229 0.227      

HIV 0.087 -0.090, 0.264 0.334      

Outcome: Disability score (R2 = 0.178)

PHQ score 0.187 0.093, 0.276 < 0.001      

Stress score 0.347 0.272, 0.405 < 0.001      

Age 0.042 0.001, 0.097 0.048 -0.037 -0.068, -0.005 0.023

Sex (female) -0.020 -0.219, 0.170 0.808 0.058 -0.010, 0.126 0.094

Married 0.121 -0.028, 0.220 0.129 -0.038 -0.094, 0.018 0.184

Monthly income -0.006 -0.070, 0.067 0.971 0.005 -0.017, 0.027 0.661

Myocardial infarction 0.208 0.035, 0.363 0.017 0.147 0.046, 0.248 0.004

Tuberculosis 0.208 0.081, 0.341 0.001 0.038 -0.029, 0.105 0.267

HIV -0.056 -0.199, 0.077 0.385 0.056 -0.031, 0.143 0.208

Outcome: Cigarettes smoked per day (R2 = 0.061)

PHQ score 0.027 -0.033, 0.086 0.375 0.013 -0.005, 0.032 0.165

Stress score 0.013 -0.031, 0.058 0.557 0.025 -0.009, 0.058 0.146

Disability score 0.071 -0.026, 0.171 0.148      

Age -0.043 -0.098, 0.011 0.121 -0.001 -0.009, 0.006 0.772

Sex (female) -0.577 -0.839, -0.314 < 0.001 0.006 -0.013, 0.025 0.556
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Outcome & explanatory variables Direct effects Indirect effects

Married -0.100 -0.298, 0.102 0.338 0.001 -0.016, 0.018 0.945

Monthly income 0.053 -0.074, 0.180 0.416 0.001 -0.005, 0.007 0.740

Myocardial infarction -0.038 -0.128, 0.052 0.409 0.036 -0.005, 0.076 0.083

Tuberculosis -0.006 -0.182, 0.170 0.944 0.020 -0.002, 0.042 0.068

HIV -0.077 -0.256, 0.103 0.406 0.005 -0.015, 0.024 0.639

Outcome: Body mass index (R2 = 0.198)

PHQ score 0.009 -0.056, 0.079 0.742 0.001 -0.013, 0.015 0.877

Stress score -0.065 -0.106, -0.015 0.009 0.005 -0.020, 0.030 0.706

Disability score 0.035 -0.050, 0.095 0.538 -0.006 -0.013, 0.002 0.152

No. cig. smoked -0.077 -0.138, -0.014 0.016      

Age -0.086 -0.138, -0.032 0.002 0.009 0.003, 0.015 0.005

Sex (female) 0.781 0.636, 0.926 < 0.001 0.036 -0.003, 0.075 0.070

Married 0.080 -0.026, 0.190 0.137 0.011 -0.005, 0.026 0.176

Monthly income 0.071 0.005, 0.136 0.034 -0.004 -0.011, 0.004 0.314

Myocardial infarction 0.041 -0.080, 0.167 0.487 -0.008 -0.043, 0.028 0.667

Tuberculosis -0.339 -0.437, -0.236 < 0.001 < 0.001 -0.019, 0.019 0.982

HIV -0.484 -0.613, -0.357 < 0.001 0.002 -0.013, 0.016 0.817

Outcome: Systolic blood pressure (R2 = 0.054)

PHQ score 0.070 0.004, 0.137 0.038 0.004 -0.016, 0.023 0.715

Stress score 0.050 -0.005, 0.108 0.072 0.005 -0.030, 0.040 0.780

Disability score 0.015 -0.092, 0.114 0.837 0.003 -0.005, 0.011 0.477

No. cig. smoked 0.038 -0.054, 0.132 0.416 < 0.001 -0.005, 0.004 0.923

Body mass index 0.003 -0.056, 0.061 0.922      

Age 0.194 0.133, 0.254 < 0.001 -0.009 -0.018, 0.001 0.083

Sex (female) 0.132 -0.270, 0.006 0.061 -0.009 -0.083, 0.066 0.823

Married 0.024 -0.097, 0.146 0.688 -0.013 -0.032, 0.006 0.181

Monthly income -0.031 -0.073, 0.011 0.147 0.004 -0.002, 0.011 0.217

Myocardial infarction 0.024 -0.154, 0.203 0.787 0.036 -0.017, 0.089 0.181

Tuberculosis -0.168 -0.283, -0.051 0.005 0.010 -0.023, 0.043 0.553

HIV 0.028 -0.115, 0.170 0.704 0.010 -0.030, 0.051 0.617

Goodness of fit: overall R2 = 0.317; likelihood ratio chi2 test of model vs. saturated = 98.8, df = 1, P < 0.0001; root mean squared
error of approximation (RMSEA) 0.308 (90%CI 0.256–0.361), probability RMSEA < = 0.05 < 0.001; Bentler RMSEA 0.295;
standardised root mean squared residual 0.033
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Table 4
Associations between baseline characteristics and depression, disability and systolic blood pressure at follow-up: cross lag structural

equation model

Outcomes and explanatory variables Coefficient 95% confidence interval P

Outcome: Depression score at follow-up (R2 = 0.116)  

Disability score at baseline 0.225 0.148, 0.302 < 0.001

Systolic blood pressure at baseline 0.058 -0.017, 0.134 0.072

Depression score at baseline 0.164 0.094, 0.235 < 0.001

Age -0.003 -0.066, 0.059 0.920

Sex (female) 0.055 -0.135, 0.245 0.503

Married -0.047 -0.203, 0.109 0.474

Myocardial infarction -0.011 -0.190, 0.169 0.894

Tuberculosis 0.164 -0.002, 0.330 0.052

HIV -0.132 -0.254, -0.010 0.076

Intervention vs control arm -0.066 -0.430, 0.298 0.722

Outcome: Disability score at follow-up (R2 = 0.136)  

Depression score at baseline 0.092 0.020, 0.164 0.021

Systolic blood pressure at baseline 0.086 0.005, 0.167 0.007

Disability score at baseline 0.260 0.170, 0.351 < 0.001

Age 0.096 0.005, 0.187 0.003

Sex (female) 0.260 0.122, 0.398 0.001

Married 0.111 -0.017, 0.238 0.088

Myocardial infarction 0.050 -0.111, 0.210 0.535

Tuberculosis 0.078 -0.113, 0.268 0.352

HIV -0.011 -0.193, 0.171 0.880

Intervention vs control arm -0.142 -0.472, 0.189 0.401

Outcome: Systolic blood pressure at follow-up (R2 = 0.275)  

Disability score at baseline 0.085 0.011, 0.159 0.005

Depression score at baseline 0.021 -0.060, 0.101 0.487

Systolic blood pressure at baseline 0.500 0.402, 0.599 < 0.001

Age 0.024 -0.036, 0.085 0.417

Sex (female) -0.139 -0.318, 0.039 0.062

Married -0.036 -0.133, 0.062 0.549

Myocardial infarction -0.081 -0.220, 0.058 0.270

Tuberculosis -0.161 -0.341, 0.020 0.036

HIV 0.066 -0.059, 0.190 0.329

Intervention vs control arm -0.030 -0.230, 0.170 0.768
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Outcomes and explanatory variables Coefficient 95% confidence interval P

Goodness of fit: overall R2 = 0.433; likelihood ratio chi2 test of model vs. saturated = 263 (90%CI 0.275–0.338), df = 3, P < 0.0001;
root mean squared error of approximation (RMSEA) = 0.306, probability RMSEA < = 0.05 < 0.001; Bentler RMSEA = 0.290;
standardised root mean squared residual = 0.046

The cross-lagged SEM of longitudinal data investigated directions of effect (Fig. 2, Supplementary appendix Table 1). It showed that
baseline disability score was independently and most strongly associated with baseline-adjusted depression score at follow-up.
Similarly, the baseline depression score was independently associated with baseline-adjusted disability score at follow-up. Baseline
blood pressure was associated with baseline-adjusted disability score at follow-up, and vice versa, but baseline blood pressure was
not independently associated with depression score at follow-up. No other covariates were independently associated with the three
outcomes, except for older age and female sex which were associated with baseline-adjusted disability at follow-up. There were no
statistically significant indirect effects of blood pressure on disability mediated through myocardial infarction or stroke, and no
statistically significant indirect effects of disability on blood pressure mediated through BMI (results not shown).

Discussion
This study of South African primary care patients with hypertension provides insights into the complex and dynamic effects of
sociodemographic factors, multimorbidity, depression symptoms, perceived stress and disability on each other and on cardiovascular
risk factors. The results suggest that disability was a key variable in this web of causal paths, as a cause, effect and mediator of a
variety of physical and mental health problems. Depression and disability appeared to have bidirectional effects on each other, with
worse depression at baseline, associated with more disability at baseline and at follow-up, and vice versa (Fig. 3). This confirms
similar evidence of bidirectional effects reported by Ormel and colleagues [10]. However the coefficient for disability as a predictor of
depression (0.225) was larger than the coefficient for depression as a predictor of disability (0.092) – supporting our placement of
disability before depression in the path model for baseline data (Fig. 1). Kelley-Moore and Ferraro also demonstrated a similar pattern
regarding NCDs, disability and depression, with the presence of each factor at baseline predicting the others three years later [9]. In
the present study, perceived stress was more strongly associated with disability at baseline than depression was, but we did not find
equivalent evidence of bidirectional effects between stress and disability over time.

Most directly relevant to hypertension management were the findings that higher depression scores at baseline were directly
associated with higher blood pressure at baseline and at follow-up, which could be due to poor treatment adherence among patients
with more severe depression symptoms, or due to psycho-biological mechanisms. Longitudinal analysis suggested that disability
and blood pressure also had bidirectional effects on each other. It is plausible that the effects of hypertension on disability could be
mediated through cardiovascular disease and stroke, and that the effects of disability on blood pressure could be mediated through
obesity or medication adherence, did not find evidence of such mediation.

These results, together with the finding that myocardial infarction was strongly associated with greater depression symptoms, are in
keeping with previous studies showing associations between depression and cardiovascular disease. Several studies have shown
depression to be associated with concurrent hypertension or cardiovascular disease and also to predict incident cardiovascular
disease in the future [6, 8, 27, 28]. A cohort study of United States Medicare beneficiaries aged 65 years or older, found bidirectional
relationships between depression and cardiovascular disease over time [11].

In the present study, age and sex variables were not independently associated with depression symptoms, but older age was
predictably associated with higher BMI, systolic blood pressure and disability. However, because older age was associated with less
perceived stress, it was indirectly associated with less disability at baseline, so that the direct and indirect of effects of age on
disability cancelled each other out (Table 3). Females were much more likely than males to be obese (53% versus 18% having BMI > 
30 kg/m2) but female sex was not independently associated with any endogenous variable other than BMI.

Socioeconomic factors were generally not associated with differences in physical or mental health. Higher income was associated
with higher BMI, possibly because it enabled purchase of more food. This finding contrasts with high income settings in which higher
income is usually associated with less overweight and obesity [29]. Considering that 75% of participants earned less than US$100 per
month, this discrepancy could be because higher earners in our study were only relatively so, and could possibly only afford poor
quality high calorie food. Education, employment and income had no other independent effects, which differs from our previous
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study which found all three variables to be independently associated with depression symptoms among South African primary care
patients with long term conditions [18, 19]. This difference between our studies may be partly because of the higher prevalence of
poverty, and less socioeconomic variability, in the present study.

Comorbid physical conditions appeared to have a variety of adverse effects. Previous myocardial infarction was associated with
higher depression, perceived stress and disability scores. The association between myocardial infarction and higher BMI is probably
due to obesity and overweight causing myocardial infarction, but the reverse could also be true if myocardial infarction resulted in
reduced physical activity. Tuberculosis was associated with disability but HIV was not, possibly because most people with HIV were
well controlled on antiretroviral treatment (84% had undetectable viral loads at baseline). However, both tuberculosis and HIV were
associated with lower BMI.

The study has several limitations. Firstly, although the SEMs represent supposed causal pathways, the associations could have been
biased by unmeasured confounding factors. Secondly, the self-reported measures of depression, perceived stress and disability are
inevitably prone to error. Self-reported comorbidities are also prone to error. Random measurement error in outcome measurement
could bias associations between independent variables measured at baseline and changes in dependent variables, when modelled
using baseline adjustment [30]. Alternative models using change score as outcome could avoid this bias, but could instead be biased
by regression to the mean. That is, if baseline covariates are associated with baseline values of a variable, they would tend to be
inversely associated with changes in that variable due to chance alone. Thirdly, the study population was restricted to participants
with both depressive symptoms and a previous diagnosis of hypertension. This inclusion criterion of hypertension treatment and
depressive symptoms could bias associations between depression symptoms and blood pressure, and means that these results
should not be generalised to populations without both hypertension and depressive symptoms [30]. Fourthly, analyses of cross-
sectional baseline data were unable to identify directions of effects, but longitudinal data provided insights about directions of
effects between depression, disability and blood pressure. Fifthly, one year of follow-up may be insufficient for gradual processes
such as disability to develop, but there were several statistically significant predictors of changes in disability, depression score and
blood pressure. Sixthly, outcome variables were not all normally distributed, as assumed for linear regression. Notably, baseline
depression score was truncated at a lower limit of 9, and most participants smoked zero cigarettes. However sensitivity analysis
using bootstrapping supported the robustness of the primary analyses despite departures from normality. Finally, the cluster sample
design reduced statistical power, so that robust adjustment for differences between clinics made many apparent associations non-
significant, and precluded conventional goodness of fit estimates.

The study is original in its attempt to disentangle complex causal processes in a LMIC setting. The path models are arguably more
informative than conventional regression models that simply pool diverse covariates without considering the mechanisms or
directions of effect linking them. Inappropriate adjustment for mediating variables, or for covariates that are themselves affected by
outcomes, can obscure effects. What is needed in future, to confirm or refute these exploratory findings, are larger longitudinal
studies with longer follow-up in similar populations with high disease burdens in LMIC settings.

Conclusions
Given that depression has been found to be an important factor in the pathway to disability and poorer health outcomes in patients
with NCDs, screening and interventions for depression in patients with chronic disease are needed. In particular, this study highlights
the importance of targeted screening for the detection and treatment of depression in patients with hypertension, especially after
myocardial infarction.
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Figures

Figure 1

Structural equation path model for baseline cross sectional data
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Figure 2

Cross-lagged structural equation model of bidirectional effects over time. All models adjusted for age, sex, marital status, myocardial
infarction, tuberculosis, HIV, trial arm and intra-cluster correlation of outcomes. * P<0.05, **P<0.01

Figure 3

Statistically significant direct effects on endogenous variables at baseline. Regression coefficients from Table 3. * P<0.05, **P<0.01
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