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Abstract

Objective—We sought to evaluate the extent to which major depressive disorder (MDD) is 

associated with cardiometabolic diseases and risk factors.

Methods—This was a cross-sectional epidemiologic study of 1,924 employed adults in Ethiopia. 

Structured interview was used to collect sociodemographic data, behavioral characteristics and 

MDD symptoms using a validated Patient Health Questionnaire-9 (PHQ-9) depression scale. 

Fasting blood glucose, insulin, C-reactive protein, and lipid concentrations were measured using 

standard approaches. Multivariate logistic regression models were fitted to estimate odds ratios 

(OR) and 95% confidence intervals (95% CI).

Results—A total of 154 participants screened positive for MDD on PHQ-9 (8.0%; 95% CI 

6.7-9.2%). Among women, MDD was associated with more than 4-fold increased odds of diabetes 

(OR=4.14; 95% CI:1.03-16.62). Among men the association was not significant (OR=1.04; 95% 

CI: 0.35-3.05). Similarly, MDD was not associated with metabolic syndrome among women 

(OR=1.51; 95% CI: 0.68-3.29) and men (OR=0.61; 95% CI: 0.28-1.34). Lastly, MDD was not 

associated with increased odds of systemic inflammation.

Conclusion—The results of our study do not provide convincing evidence that MDD is 

associated with cardiometabolic diseases among Ethiopian adults. Future studies need to evaluate 

the effect of other psychiatric disorders on cardiometabolic disease risk.
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Introduction

The global prevalence of cardiometabolic risk such as cardiovascular disease (CVD), 

diabetes and obesity is increasing at an alarming rate, with the majority of cases occurring in 

low and middle income countries [1]. A growing body of epidemiologic evidence shows that 

incidence of cardiometabolic diseases are increasing in sub-Saharan Africa [2-6]. Kearney at 

al. reported that in the year 2000 an estimated 639 million individuals had hypertension in 

low and middle income countries and this number is expected to rise to 1.15 billion by 2025 

[7]. In 2006, 10.8 million sub-Saharan Africans were estimated to have diabetes. This 

number is expected to rise to 18.7 million by 2025 [8]. The rise in cardiometabolic disease 

prevalence is driven, in part, by significant changes in dietary habits, physical activity levels, 

and increased stress as a result of increased urbanization and economic development [1]. An 

expanding body of evidence now implicates unipolar major depressive disorder (MDD) as 

one of the major risk factors for and conditions co-occurring with cardiometabolic disease 

[9-11]. Several studies, primarily conducted in developed countries, have documented 

associations of MDD with cardiometabolic disease including hypertension, diabetes, 

metabolic syndrome, myocardial infarction, sudden death, and other cardiac events [12-15]. 

Some investigators, however, have found no significant associations between 

cardiometabolic disease risk and MDD [16-18]. Reasons for these inconsistent findings are 

unclear.

Although causal relationships, and biological mechanisms underlying associations of MDD 

with cardiometabolic diseases have yet to be clearly established, understanding the 

epidemiological characteristic of these disorders (e.g., assessment of comorbidity) may help 

inform health promotion and disease control efforts[11]. For example, investigators have 

reported that individuals with comorbid diabetes and MDD are more likely than individuals 

with diabetes alone to have poor glycemic control and consequently to have more severe 

complications and lower quality of life [11, 19]. Given the increased burden of 

cardiometabolic disease risk and the available body of evidence documenting the association 

between MDD and cardiometabolic disease risk, we sought to evaluate the extent to which 

MDD is associated with cardiometabolic disease risk factors among an epidemiologically 

well characterized occupational cohort of bankers and teachers residing in Addis Ababa, 

Ethiopia.

Materials & Methods

Design and Participants

This study was conducted in Addis Ababa, Ethiopia, during the months of December 2009 

and January 2010. Study participants were permanent employees of the Commercial Bank of 

Ethiopia and teachers in government and public schools of Addis Ababa. These workplaces 

were selected based on their high stability of workforce and willingness to participate in the 
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study. Multistage sampling was done by means of probability proportional to size (PPS) 

sampling [20]. This was performed for both institutions, and all individuals at selected 

locations were invited to participate. The original study population was comprised of 2,207 

individuals. Subjects were excluded due to missing anthropometric information (n=35), 

pregnancy (n=21), and incomplete laboratory measures (n=227), the final analytical sample 

included 1,924 (1,165 men and 759 women) participants. Participants who were excluded 

were similar in sociodemographic and lifestyle characteristics to those who were included in 

the analysis.

Data Collection and Variable Specification

Each participant was interviewed by a trained interviewer in accordance with the WHO 

STEPwise approach for non-communicable diseases surveillance in developing countries 

[21]. The approach had three levels: (1) questionnaire to ascertain demographic and 

behavioral characteristics, (2) simple physical measurements, and (3) biochemical tests. 

Some questions were added to supplement the WHO questionnaire reflect on the local 

context. Questions were also included regarding behavioral risk factors such as tobacco, 

alcohol, and khat consumption. Khat is an evergreen plant with amphetamine-like effects 

commonly used as a mild stimulant for social recreation and to improve work performance 

in Ethiopia [22, 23]. The modified questionnaire was first written in English and then 

translated into Amharic by experts and was translated back in to English. The questionnaire 

was pre-tested before the initiation of the study and contained information regarding socio-

demographic characteristics, tobacco and alcohol use, nutritional status, and physical 

activity. A five-day training of the contents of the STEPs questionnaire, data collection 

techniques, and ethical conduct of human research was provided to research interviewers 

prior to the commencement of the study. . Details regarding data collection methods and 

study procedures have been previously described in detail [5, 24]

Cardiometabolic Disease Risk Factors—Blood pressure was digitally measured 

(Microlife BP A50, Microlife AG, Switzerland) after individuals had been resting for five 

minutes. Two additional blood pressure measurements were taken with three minutes 

elapsing between successive measurements. In accordance with the WHO recommendation 

the mean systolic and diastolic BP from the second and third measurements were considered 

for analyses. For the collection of blood samples, individuals were advised to skip meals for 

12 hours. Blood samples of 12 mL were obtained, using proper sanitation and infection 

prevention techniques. The collected aliquots of blood were used to determine participants' 

fasting blood glucose (FBG) concentrations and lipid profiles. Serum was used for the 

measurement of triglycerides (TG), total cholesterol (TC), high-density lipoprotein 

cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose concentrations, 

insulin and C-reactive protein (CRP). These were measured at the International Clinical 

Laboratory (ICL) in Addis Ababa, Ethiopia. ICL is the only clinical laboratory in East 

Africa accredited by the Joint Commission International (JCI) of USA. TG concentrations 

were determined by standardized enzymatic procedures using glycerol phosphate oxidase 

assay. HDL-C was measured using the Ultra HDL assay which is a homogeneous method 

for directly measuring HDL-C concentrations in serum or plasma without the need for off-

line pretreatment or centrifugation steps. Participants' FBG was determined using the 
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standardized glucose oxidase method. Serum CRP concentrations were measured by an 

ultrasensitive competitive immunoassays. All laboratory assays were completed without 

knowledge of participants' medical history. Lipid, lipoprotein and FBG concentrations were 

reported as mg/dL and CRP as mg/L.

Height and weight were measured with participants wearing light clothing and no shoes[21]. 

Waist circumference measurements were performed with a fixed tension tape, at the 

midpoint between the lower margin of the last palpable rib and the top of the iliac crest. This 

was done in a private place over light clothing. Hip circumference measurements were 

conducted in a similar manner, at the point of the maximum circumference of the buttocks.

Analytical Variable Specification

Metabolic Syndrome: We defined abdominal obesity using the International Diabetes 

Federation (IDF) criteria [25] where those having a waist circumference of ≥94 cm for men 

and ≥80 cm for women. Low HDL-C was defined to be <40 mg/dL in men and <50 mg/dL 

in women. We defined elevated blood pressure as having systolic blood pressure (SBP) of 

≥135 mmHg or a diastolic blood pressure (DBP) ≥85 mmHg. Impaired fasting glucose was 

defined to be ≥100 mg/dL (5.6 mmol/L) or with a previous history of diabetes. Elevated TG 

was defined as ≥150 mg/dL. Metabolic syndrome was defined in accordance with the IDF as 

presence of abdominal obesity and presence of two or more metabolic syndrome 

components described above [25].

According to the definitions of the American Heart Association and the National Cholesterol 

Education Program [26] we grouped fasting blood glucose in to normal (<100 mg/dL), 

impaired fasting glucose (100-125 mg/dL), and diabetes (≥126 mg/dL or a previous history 

of diabetes or currently on medication). LDL concentrations were classified as: optimal 

(<100 mg/dL); near or above optimal (100-129 mg/dL); and high (≥130 mg/dL). Total 

cholesterol concentrations were classified as: desirable (<200 mg/dL), borderline high 

(200-239 mg/dL), and high (≥ 240 mg/dL). HDL concentrations levels were grouped as: low 

(<40 mg/dL), normal, (40-59 mg/dL), and high (≥60 mg/dL). We grouped triglyceride 

concentrations as: desirable (<200 mg/dL), borderline high (200-239 mg/dL), and high (≥ 

240 mg/dL).

Insulin Resistance Syndrome and C-reactive Protein: Furthermore, we implemented a 

nested, case–control design based on metabolic syndrome status within the entire cohort to 

assess the extent to which insulin resistance syndrome (a condition in which peripheral 

tissues become nonresponsive to the effects of insulin) and C-reactive protein (marker of 

systemic inflammation) are associated with MDD. This was done first by stratifying the 

study cohort according to the presence or absence of metabolic syndrome. Next, we selected 

all participants with metabolic syndrome (case group). Then, we randomly selected those 

without metabolic syndrome (control group). A total of 516 participants (156 metabolic 

syndrome cases and 360 controls) were selected for this nested case-control analysis. The 

age and sex distribution of those included in the nested analyses were similar to those not 

included. As an index of insulin resistance, we determined the Homeostatis Model 

Assessment of Insulin Resistance (HOMA-IR) index by dividing the product of fasting 
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glucose (mg/dl) and fasting insulin (μIU/ml) by 405 [27]. The HOMA IR is widely used in 

clinical trials and has been shown to be correlated with the results obtained from the 

&ldquogold standard&rdquo euglycemic glucose clamp method [28]. We evaluated the 

presence of insulin resistance syndrome based on the upper 10th percentile of HOMA-IR 

values for normal-weight male and female subjects with normal fasting blood glucose in this 

study. This is an approach that has been used by other investigators [29]. Categories of CRP 

were defined using tertiles (based on the distribution among controls). The groups with the 

lowest two tertiles were defined as low CRP (reference group) and the group with the 

highest tertile as high CRP.

Major Depressive Disorder (MDD): We used the PHQ-9 to classify participants with 

regard to MDD. Because of its brevity, the PHQ-9 has gained increased recognition as a 

preferred instrument for depression screenings and diagnosis in research and primary care 

settings among racially and ethnically diverse populations [30, 31]. The PHQ-9 items 

queries participants about the frequency of nine depressive symptoms experienced. Scores 

for each question range from 0 (“not at all”) to 3 (“nearly every day”). The PHQ-9 total 

score is the sum of scores for the nine items for each participant, and ranged from 0-27. A 

score of ≥ 9 on the Amharic version of PHQ-9 is associated with 90% sensitivity and 62% 

specificity in diagnosing “major depressive disorder” using the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV) criteria[32]. Therefore, we defined presence of 

MDD using a score ≥9 on PHQ-9.

Covariates

Participants were classified according to their alcohol consumption habits: nondrinker (< 1 

alcoholic beverage a week), moderate (1–21 alcoholic beverages a week), and high to 

excessive consumption (> 21 alcoholic beverages a week) according to the WHO 

classification [33]. Other variables were categorized as follows: age (years), sex (male, 

female), education (≤ high school, technical school, ≥ college education), smoking history 

(never, former, current), and current Khat consumption (yes, no). Participants were also 

asked the following question about their self-reported health status: “Would you say your 

health in general is excellent, very good, good, fair, or poor?” We classified those who 

reported fair or poor health and those who reported excellent, very good, or good health. All 

participants provided informed consent, and the research protocol was approved by the 

Institutional Review Boards of Addis Continental Institute of Public Health, Addis Ababa, 

Ethiopia, and the Human Subjects Division at the University of Washington, USA.

Statistical Analysis

Subjects' characteristics were summarized using means (± standard deviation) for 

continuous variables and counts and percentages for categorical variables. For skewed 

variables median [interquartile range] were provided. Differences in categorical variables 

were evaluated using Chi-square test. For continuous variables with normal distributions, 

Student's t tests were used to evaluate differences in mean values by depression status. We 

used unadjusted and multivariable-adjusted logistic regression models to calculate odds 

ratios (ORs) and 95% confidence intervals (CIs) of the association between cardiometabolic 

risk and presence of MDD. Conditional logistic regression procedures were used for the 
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nested case control samples. Confounding was assessed by entering potential confounders 

into a logistic model one at a time, and then comparing the unadjusted and adjusted ORs. 

Final logistic regression models included covariates that altered unadjusted ORs by at least 

10% [34]. Finally, we assessed for any evidence of modification in the magnitude of effect 

in participants with and without cardiometabolic risk by including an interaction term 

between MDD and potential effect modifiers. Evidence for effect modification was assessed 

in Likelihood Ratio Tests comparing the goodness of fit of models with and without the 

interaction term. We considered the following variables, a priori, as potential confounders 

and/or effect modifiers in these analyses:age, sex, occupation, self-reported health status, 

physical activity, education, cigarette smoking, Khat use and alcohol consumption [35, 36]. 

All analyses were performed using STATA 11.0 statistical software for Windows 

(Statacorp, College Station, TX, USA). All reported p-values are two-sided and deemed 

statistically significant at α=0.05.

Results

A summary of selected socio-demographic and lifestyle characteristics of study participants 

is presented in Table 1. A total of 1,924 participants between the ages of 18 and 67 years 

(mean age=35 years, standard deviation=11 years) participated in the study. The majority of 

participants were men (60.6%), unmarried (51%) and more likely to have a college diploma, 

bachelor's degree, or higher education (70.7%). Approximately 7% of participants reported 

that they were heavy drinkers and 9% reported that they were current smokers. Khat 

consumption was reported by 8.8% of participants. Approximately 40% of participants 

reported having a fair or poor health status.

Distributions of the socio-demographic and lifestyle characteristics according to participants' 

depression status are also presented in Table 1. A total of 154 participants screened positive 

for MDD on PHQ-9 (8.0%; 95% CI 6.7-9.2). No significant difference in MDD prevalence 

was noted between men and women. Depressed participants were more likely to be younger, 

to have a lower level of educational attainment, to be heavy drinkers, and to report a poor 

health status. The prevalence of MDD according to age groups is presented in Figure 1. 

Depression prevalence varied with age with the highest being in early adult life (18-29 

years), and declining thereafter.

As shown in Table 2, we calculated the odds ratio for diabetes and hypertension status in 

relation to MDD. Among women, MDD was associated with more than 4-fold increased 

odds of diabetes (OR =4.14; 95% CI: 1.03-16.62) after adjusting for confounders. Among 

men, we observed no evidence of an association of MDD with diabetes (OR=1.04; 95% CI: 

0.35-3.05). After controlling for confounders, there was no clear evidence for a positive 

association between MDD and hypertension status in women (OR=1.05; 95% CI: 0.37-2.99) 

or men (OR=0.76; 95% CI: 0.37-1.57).

As presented in Table 3, the odds of lipid abnormalities in relation to MDD were evaluated. 

After adjusting for possible confounding by age, alcohol consumption, Khat consumption, 

smoking status, body mass index, and occupation, there was no statistically significant 

association of MDD with lipid abnormalities.
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As shown in Table 4, there was no statistically significant association of MDD with 

metabolic syndrome among women (OR=1.51; 95% CI: 0.68-3.29) or men (OR=0.61; 95% 

CI: 0.28-1.34). In addition, there was no evidence of statistically significant associations of 

MDD with increasing number of MetS components (p for trend=0.189) (Figure 2). The odds 

of insulin resistance among women and men were (OR=2.89; 95% CI: 0.73-11.35) and 

(OR=0.66; 95% CI: 0.08-5.61), respectively. Lastly, MDD was not statistically significantly 

associated with the odds of chronic systemic inflammation as measured with high CRP 

concentrations among both women (OR=0.87; 95% CI: 0.12-1.49) and men (OR=1.51: 95% 

CI: 0.50-4.49).

Discussion

Given the body of epidemiologic evidence showing that depression is associated with and 

increased risk of cardiometabolic disease, we expected that MDD would be associated with 

cardiometabolic disease risk factors. However, we found little evidence of such an 

association among Ethiopian adults after controlling for confounders. Specifically, MDD 

was not associated with increased odds of hypertension, metabolic syndrome, insulin 

resistance or inflammation. However, among women, MDD was associated with more than 

4-fold increased odds of diabetes.

There is a growing body of epidemiologic evidence that shows MDD as risk factor for 

diabetes [19]. Our study results showing significant association between MDD and diabetes 

among women are in agreement with some prior studies although inferences from this 

analysis are limited by our relatively small size as reflected by the wide 95% CI. A 

longitudinal study conducted among participants in the Multi-Ethnic Study of 

Atherosclerosis (MESA) found that depressive symptoms at baseline were associated with 

an increased incidence of type 2 diabetes after adjusting for confounding factors. However, 

baseline impaired fasting glucose was associated with reduced risk of depression. Other 

investigators have reported that depression is a risk factor for diabetes. For instance, 

Carnethon et al [37] in their study among Cardiovascular Health Study (CHS) participants 

found that older adults who reported higher depressive symptoms were more likely to 

develop diabetes than their counterparts. Wagner et al [38] also found higher HbA1c 

(marker of diabetes status) and more diabetes complications among African Americans with 

higher depressive symptoms after controlling for confounders. In the current study, similar 

increased odds in insulin resistance were observed for women, although statistical 

significance was not achieved. The lack of association observed in our study is, in part, due 

to small sample size as reflected by the wider 95% CIs. Collectively the results of our study 

and those of others underscore the importance of evaluating depression among diabetics as it 

is associated with poor diabetes outcomes such as glycemic control and need of insulin 

therapy [19].

In the current study, we found no evidence of an association between MDD and CRP after 

adjustment for possible confounders. There is an accumulating epidemiologic evidence 

suggesting an association between depression and elevated levels of inflammatory markers 

such as CRP [15, 39-42]. For instance, Ford et al using the National Health and Nutrition 

Examination Survey (NHANES) reported that MDD was strongly associated with increased 
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CRP concentrations among men (OR=3.00;95% CI: 1.39-6.48). There was, however, no 

evidence of an association of elevated CRP concentrations and depression among women 

[43]. Similar observation was noted by Danner et al using NHANES data [44]. Others have 

also noted that depression was independently associated with elevated CRP concentrations 

[45, 46]. Recently Wium-Andersen et al in Denmark using population based studies noted 

that elevated levels of CRP were associated with increased risk of depression in the general 

population[47]. On the other hand, Tiemeier et al [17] in their population-based Rotterdam 

Study found no significant association between depression and CRP after multivariate 

adjustment. Although available evidence suggests an association between depression and 

inflammation, it remains unclear whether the inflammation seen in depressed patients is a 

result of stress response or whether cardiometabolic disease risk related inflammation 

contributes to the pathogenesis of depression.

Most investigators, though not all, have shown previously that a bi-directional association 

between depression and hypertension in the US and European populations [48]. Very little is 

known, however, about this association among sub-Saharan Africans. To the best of our 

knowledge, to date, only one group of investigators has evaluated the relationship. Using a 

nationally representative sample from South Africa, as part of the World Mental Health 

Survey, Grimsrud et al found that MDD was not associated with previous medical diagnosis 

of hypertension [18]. Our study results documenting lack of association between MDD and 

hypertension are in agreement with their finding. Notably, the South African study [18] 

showed that anxiety disorders were associated with hypertension status. Perhaps, future 

studies among sub-Saharan Africans that evaluate other comorbid psychiatric disorders and 

with longitudinal cardiometabolic disease risk measures might shed light on this issue.

Similarly, we found no evidence of associations of MDD with lipid abnormalities. Some 

investigators have shown that total cholesterol, in particular, low density lipoprotein (LDL) 

cholesterol is associated with increased risks of depression; while high density lipoprotein is 

inversely related to depressive symptoms [49]. This finding is however in contrast with 

other reports. Tedders et al [50] using the NHANES survey reported no significant 

association between depression and lipid concentrations. However, the authors noted a U 

shaped association between LDL and depression among men [50].

The relationship between MDD and metabolic syndrome has been widely studied. However, 

results have been inconclusive, and few studies have examined sub-Saharan African 

population [48, 51-53]. Our study results are consistent with some prior studies that showed 

no significant association between depression and metabolic syndrome (Figures 3 and 4) 

[51, 53]. Our results, however, are not in agreement with findings from studies by other 

investigators (Figures 3 and 4) [54-66]. Recently, a meta-analysis conducted by Pan et al 

[52] reviewed cohort and cross-sectional studies that examined the association between 

depression and metabolic syndrome. Within cohort studies, the authors noted a bi-directional 

relationship where the pooled adjusted OR among studies that used depression as the 

outcome was (OR= 1.49; 95% CI: 1.19–1.87) and among studies that used metabolic 

syndrome as an outcome (OR=1.52; 95% CI: 1.20–1.91]. Similar bi-directional associations 

were found in cross-sectional studies. The lack of association observed in most of the prior 

studies, in part, may be due to small sample size. Our findings documenting gender 
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difference in the magnitude of association between MDD and metabolic syndrome are in 

agreement with those reported by others. We do not have clear explanation for these 

findings but we speculate that difference in physical activity and other lifestyle 

characteristics might have contributed to the observed differences[67]. It is also possible that 

that there could be underlying biological differences in metabolic syndrome risk among men 

and women that requires further study [68].

The biological mechanisms linking depression and cardiometabolic disease risk are 

plausible but not fully established. Most investigators have suggested that alterations in the 

hypothalamic–pituitary–adrenal (HPA) axis might be playing an important role in the 

pathophysiology of depression and cardiometabolic metabolic disease [69]. A large 

proportion of depressed subjects have autonomic imbalance characterized by increased 

sympathetic activation, decreased vagal tone, and abnormal HPA activity [12, 42, 70, 71]. In 

addition activation of the HPA axis results in increased secretion of corticotrophin-releasing 

factor (CRF) [15] resulting in excess cortisol secretion. Cortisol is a counter-regulatory 

hormone known to be associated with type 2 diabetes, insulin resistance, dyslipidemia, and 

hypertension [11, 13]. There is also an expanding literature suggesting endothelial 

dysfunction as a potential link between cardiometabolic disease risk and depression [14, 72]. 

Finally, some investigators have speculated that depression may be associated with 

unhealthy lifestyle habits, such as smoking, non-compliance with medical recommendation, 

unhealthy diet, and physical inactivity, which in turn increase the risk of cardiometabolic 

disease [73]. While conclusive answers about the mechanistic link between cardiometabolic 

disease risk and depression remain elusive, an increasing body of research has begun to shed 

light on these important topics. Clearly, however, future research is needed to more 

definitively establish a causal link and to help understand the role of depression in the 

pathogenesis of cardiometabolic disease.

The results of the current study have several potential limitations that bear on the 

interpretation of the study findings. First, our analyses are based on cross-sectionally 

collected data which leaves ambiguity concerning the temporal relation between depression 

and cardiometabolic disease. Longitudinal studies are needed to examine the temporal 

association between depression and cardiometabolic disease risk. Second, although we 

adjusted for several potential confounders, we cannot exclude the possibility of residual 

confounding due to misclassification of adjusted variables or confounding by other 

unmeasured variables. Third, the classification of MDD was done using the PHQ-9 

questionnaire that does not give definitive clinical diagnosis of depression. However, use of 

validated instruments such as PHQ-9 remains the most feasible method of data collection for 

large-scale epidemiological studies[74]. Fourth, given the imperfect sensitivity and 

specificity of PHQ-9 in our study, there is a possibility of misclassification of MDD. The 

impact of this non-differential misclassification would generally underestimate the true 

magnitude of associations detected in our study[75]. Findings from other studies that used 

screening and diagnostic instruments with better psychometric properties attenuate concerns 

about misclassification of MDD status. Fifth, though we consider it very unlikely, we cannot 

rule out the possibility of missing weaker associations or association that may only be 

present among sub-specific subject groups. However the consistencies of our findings with 

prior studies, in part, provide some assurance that misclassification and other biases are 
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probably not responsible for the observed association. Finally, our study findings may not be 

generalized to the broader Ethiopian population since our study was limited to a largely 

well-educated, urban dwelling, occupational cohort comprised of white-collar professionals 

in banking and academic sectors. The concordance of our results with those from other 

studies that have included various socio-economic status and geographically diverse 

populations, however, serve to attenuate some concerns about the generalizability of our 

findings.

In conclusion, our study results do not provide convincing evidence of associations of MDD 

with cardiometabolic disease among Ethiopian adults. Future studies need to evaluate the 

associations of other psychiatric disorders on cardiometabolic risk and shed further light on 

these relationships among sub-Saharan Africans.
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Figure 1. Prevalence of MDD symptoms according age
The prevalence of MDD varied with age with the highest being in early adult life (18-29 

years), and declining thereafter.
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Figure 2. Prevalence of MDD symptoms according to number of MetS components
There was no evidence of statistically significant associations of MDD with increasing 

number of MetS components (p for trend=0.189).

Gelaye et al. Page 16

Diabetes Metab Syndr. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Forest plot of cross-sectional studies evaluating the odds of metabolic syndrome in 
relation to depression
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Figure 4. Forest plot of cross-sectional studies evaluating the odds of metabolic syndrome in 
relation to depression
Among women, the magnitude and direction of associations between metabolic syndrome 

and depression was largely similar to prior studies.

Gelaye et al. Page 18

Diabetes Metab Syndr. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gelaye et al. Page 19

Table 1
Characteristics of the study population according to major depressive disorder status

Characteristic

All N=1,924 Depression N=154 No Depression N=1,770

n (%) n (%) n (%) P-value**

Mean Age* 35.9 ± 11.8 33.1 ± 10.9 36.1 ± 11.9

Sex

 Women 759 (39.4) 60 (39.0) 699 (39.5) 0.897

 Men 1,165 (60.6) 94 (61.0) 1071 (60.5)

Age (years)

 18-29 799 (41.6) 83 (54.3) 716 (39.8) 0.017

 30-39 441 (22.9) 32 (20.9) 409 (23.6)

 40-49 307 (16.0) 17 (11.1) 290 (16.5)

 50-59 353 (18.4) 20 (13.1) 333 (18.9)

 ≥60 21 (1.1) 1 (0.6) 20 (1.2)

Education

 ≤ High school 564 (29.3) 55 (35.7) 509 (28.8) 0.069

 ≥ College education 1,360 (70.7) 99 (64.3) 1,261 (71.2)

Smoking status

 Never 1,670 (86.8) 126 (81.8) 1,544 (87.2) 0.153

 Former smoker 84 (4.4) 10 (6.5) 74 (4.2)

 Current smoker 170 (8.8) 18 (11.7) 152 (8.6)

Alcohol consumption in past year

 Non drinker 435 (22.6) 25 (16.2) 410 (23.2) 0.032

 Moderate 1,353 (70.3) 112 (72.7) 1,241 (70.1)

 Heavy 136 (7.1) 17 (11.1) 119 (6.7)

Khat use

 No 1,758 (91.4) 137 (89.0) 1,621 (91.6) 0.256

 Yes 165 (8.6) 17 (11.0) 148 (8.4)

Self-reported health status

 Excellent/very good/good 1,161(60.3) 61 (39.6) 1,100 (62.2) <0.001

 Poor/fair 763 (39.7) 93 (60.4) 670 (37.8)

*
Mean ± standard deviation (SD);

**
P-value from Chi-Square test or Student's t test

Numbers/percentages may not add up to the total number due to missing data.
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Table 3
Odds ratios (OR) and 95% confidence intervals (CI) of lipid abnormalities in relation to 
major depressive disorder among men and women

Lipids (mg/dL)

Women Men

Unadjusted OR (95% 
CI)

Adjusted* OR (95% CI) Unadjusted OR (95% 
CI)

Adjusted* OR (95% 
CI)

HDL-C

 Low (<40) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 Normal (40-60) 0.47 (0.18-1.18) 0.54 (0.21-1.38) 0.73 (0.42-1.30) 0.69 (0.39-1.25)

 High (≥ 60) 0.67 (0.23-1.94) 0.80 (0.26-2.41) 0.45 (0.13-1.62) 0.39 (0.11-1.41)

LDL-C

 Optimal (<100) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 Above optimal (100-129) 1.05 (0.56-1.96) 1.25 (0.65-2.42) 0.97 (0.60-1.59) 1.01 (0.62-1.68)

 High (>130) 0.67 (0.33-1.36) 0.94 (0.42-2.06) 0.77 (0.45-1.33) 0.84 (0.47-1.52)

TC

 Desirable (<200) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 Borderline high (200-239) 1.05 (0.58-1.88) 1.27 (0.68-2.36) 0.87 (0.51-1.48) 0.86 (0.49-1.51)

 High (≥ 240) 0.36 (0.11-1.29) 0.41 (0.09-1.84) 0.62 (0.29-1.32) 0.67 (0.31-1.50)

Triglycerides

 Normal(<150) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 Borderline-high (150-199) 0.85 (0.33-2.20) 1.32 (0.48-3.61) 1.01 (0.56-1.81) 1.16 (0.61-2.19)

 High (≥ 200) 1.75 (0.66-4.67) 3.08 (0.92-10.35) 0.64 (0.33-1.24) 0.70 (0.34-1.43)

*
Adjusted for alcohol consumption, Khat consumption, smoking status, age, body mass index, occupation, and physical activity
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