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Abstract

Background—Non-communicable diseases (NCDs) are rapidly becoming leading causes of 

morbidity and mortality in low and middle-income countries, including those in sub-Saharan 

Africa. By contrast to high-income countries, the sociodemographic distribution, including 

socioeconomic inequalities, of NCDs and their risk factors is unclear in sub-Saharan Africa, 

particularly among rural populations.

Methods—We undertook a cross-sectional population-based survey of 7809 residents 13 years or 

older in the General Population Cohort in south-western rural Uganda. Information on 

behavioural, physiological, and biochemical risk factors was obtained using standardised methods 

as recommended by the WHO STEPwise Approach to Surveillance. Socioeconomic status (SES) 

was determined by principal component analysis including household features, ownership, and 

occupation and education of the head of household.

Results—SES was found to be associated with NCD risk factors in this rural population. 

Smoking, alcohol consumption (men only), and low HDL-cholesterol were more common among 

those of lower SES. For example, the prevalence of smoking decreased fourfold from the lowest to 

highest SES groups, from 22.0% to 5.7% for men and 2.2% to 0.4% for women. By contrast, 

overweight, raised blood pressure, raised HbA1c (women only), and raised cholesterol were more 

common among those of higher SES. For example the prevalence of overweight increased fivefold 

from 2.1% to 10.1% for men and twofold from 12.0% to 23.4% for women from the lowest to 
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highest SES groups. However, neither low physical activity nor fruit, vegetable, or staples 

consumption was associated with SES. Furthermore, associations between NCD risk factors and 

SES were modified by age and sex.

Conclusions—Within this rural population NCD risk factors are common and vary both 

inversely and positively across the socioeconomic status gradient. A better understanding of the 

determinants of the sociodemographic distribution of NCDs and their risk factors in rural sub-

Saharan African populations will help identify populations at most risk of developing NCDs and 

help plan interventions to reduce their burden.

Medical Subject Headings

epidemiology; public health; sub-Saharan Africa; Africa; Uganda; sociodemographic; 
socioeconomic status; non-communicable diseases; NCDs; chronic diseases; risk factors; 
epidemiological transition

Introduction

Sub-Saharan Africa (SSA) is undergoing epidemiological transition. Recent estimates and 

projections suggest that SSA is one of the regions with the highest proportion of premature 

deaths due to non-communicable diseases (NCDs) in the world.1 In 2004, around 1.2 million 

deaths in Africa were thought to be attributable to cardiovascular disease (CVD).2 This 

figure is expected to double by 2030.3 In the same context, the number of people with 

diabetes in SSA almost doubled from seven million in 2000 to 12.1 million in 2010. This 

number is expected to double again to 23.9 million by 2030.4

The increase in NCDs and their risk factors in low- and middle-income countries (LMICs) is 

often considered to be due to an increase in urbanisation, a transition from a ‘traditional 

healthy’ to ‘modern unhealthy’ diet and lifestyle, and also an ageing society.5-7 These 

individual transitions are thought to be factors in determining an overall epidemiological 

transition. The epidemiological transition describes a theory for which countries transition 

from a burden of mostly infectious diseases to mostly NCDs as they undergo economic and 

social development.7 Many African populations are experiencing the early stages of the 

epidemiological transition, as the sub-continent continues to develop, lower child mortality, 

and treat HIV.

However, the impact of these transitions on health is not the same for all sectors of the 

population. Social inequalities, and their relationship with the distribution and treatment of 

NCDs and their risk factors, have been well described in high-income countries.8 9 

However, less is known about the socioeconomic distribution of NCDs and their risk factors 

in LMICs, especially among rural SSA populations.10 Given that the majority of Africans 

still live in rural areas,11 it is important to understand the heterogeneity and social 

inequalities which may exist within these rural populations. Variation in diet, education, 

types of occupation, housing, exposure to globalised media and products, access to 

healthcare and treatment, and the prevalence of infection, are just examples of heterogeneity 

which may affect risk of NCDs. A clearer understanding of the sociodemographic 

distribution of NCD risk factors may help towards identifying the underlying determinants 
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of NCDs, NCD risk factors, and health inequality.8 9 We therefore assessed the 

sociodemographic distribution of NCD risk factors in a rural Ugandan population.

Methods

We conducted a cross-sectional population based survey of participants 13 years and older 

within the Medical Research Council/Uganda Virus Research Institute (MRC/UVRI) 

General Population Cohort (GPC) Round 22 in 2011. Full details on the cohort have been 

published elsewhere.12 Briefly, the cohort comprises all residents (52% aged ≥13years, men 

and women in equal proportions) within one-half of a rural sub-county, not far from Lake 

Victoria. Houses are mostly scattered across the county-side in villages defined by 

administrative boundaries, rather than socio-economic centres. There are no tarmacked 

roads and buildings are mostly semi-permanent structures built from locally available 

materials.13 Participants are mostly subsistence farmers, literacy levels are comparatively 

low, and the main income-earning activity is trading in bananas, coffee, beans, and fish. The 

main documented change in health status over the past 20 years has been due to the impact 

of HIV.

Data collection

Interviewer-administered questionnaires were used to collect demographic data on 

individual and household socio-economic indicators. Lifestyle and health history data were 

collected using an adapted World Health Organisation (WHO) STEPwise Approach to 

Surveillance questionnaire.14

Standardised procedures were used for all biophysical measurements. Blood pressure was 

measured in the sitting position three times with resting intervals of 5 minutes, using the 

Omron M4-I, for participants who had been resting for at least 15 minutes before 

measurement. Blood pressure was taken as the mean of the second and third reading. Height 

and weight were measured using the Leicester Stadiometer to the nearest 0.1 cm and the 

Seca 761 mechanical scales to the nearest 1kg, respectively. Body mass index (BMI) was 

calculated as weight (kg) divided by height squared (m2). Waist and hip circumferences 

were measured twice over one layer of light clothing using the Seca 201 Ergonomic 

Circumference Measuring Tape to the nearest 0.1 cm. A third measurement was taken if the 

first two measurements differed by more than 3 cm. Waist and hip circumferences were 

taken as the mean of two (or three where applicable) measurements. Women in their second 

or third trimester of pregnancy were excluded from physical measurement.

Biochemical analysis was performed using the Cobas Integra 400 plus chemistry analyser to 

determine HbA1c from whole blood samples and lipid profiles for total cholesterol, high 

density lipoprotein (HDL) cholesterol, and triglycerides from serum samples. The MRC/

UVRI Entebbe laboratories were enrolled in National Health Laboratory Service (NHLS) 

and College of American Pathologists (CAP) external quality control programmes.

Statistical analysis

Data were collected on ultra-mobile personal computers using a tool designed in Microsoft 

Access, and stored in Microsoft Access. Data were analysed using the Stata11 software 
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package (StataCorp: College Station, TX, USA) for Windows and Macintosh. Analyses 

were restricted to participants with complete data, with the exception of 11.8% of 

participants missing data on diet staples. In total 12.1% of participants were excluded from 

analyses. A list of the source of missing data is outlined in supplemental table S1. Briefly, 

missing data on socioeconomic status (7.0%) was the main contributor to missing data and 

3.3% of participants were missing data on BMI and/or waist circumference. Otherwise, the 

amount of missing data per variable was small (<1%). Supplemental table S2 presents a 

sensitivity analysis for those excluded compared to those included in the analysis.

SES was constructed on a household level using principal component analysis (PCA).15 The 

first component of the PCA output was taken to be the continuous SES variable. This 

continuous SES variable was then categorised into quintiles to produce a discrete SES 

variable with categories defined as lowest, lower-middle, middle-higher, highest SES. The 

household socioeconomic variables included in the PCA were: roof material type, roof 

quality, wall material type, ratio of number of rooms in a house to number of people living 

in that household, ownership of house and land, employment of workers for household or 

land, level of education reached by the head of household, and occupation type of the head 

of household. All individuals who identified as being part of the same household were 

assigned the same SES value. The distribution of SES variables included in the PCA by SES 

quintiles is outlined in supplemental table S3.

The distribution of each risk factor was examined by age, SES, and sex. We calculated 

prevalences with 95% confidence intervals for binary variables and means with 95% 

confidence intervals for continuous variables. Prevalences and means of NCD risk factors 

were adjusted for multi-level mixed-effects, including random-effects for data clustered into 

households and villages. Prevalences and means by age categories were further adjusted by 

SES as a continuous measure. Prevalences by SES categories were further adjusted for age 

as a continuous measure.

We assessed trends in age and SES, and sex differences for each outcome by performing 

Poisson regression for binary variables and linear regression for continuous variables. The 

normality of distribution of continuous variables was assessed before analysis, and where 

necessary, skewed distributions were log transformed. Fully adjusted models were multi-

level mixed-effects Poisson and linear regression models, including random-effects for data 

clustered into households and villages. There was a total of 2983 household, with an average 

of 2.3 participants per household (range 1-11) and 119.3 households per village (range 

44-256), across 25 villages.

To assess whether demographic factors modify the association between NCD risk factors 

and SES, a Poisson regression model was performed for each NCD risk factor and an 

interaction term for sex with SES or age (model A). A second Poisson model was performed 

without an interaction term (model B). Models A and B were then compared using a 

likelihood ratio test with one degree of freedom, and p-values were reported.
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Definitions

Low physical activity was defined as achieving less than 5 days a week of any combination 

of walking, moderate- or vigorous-intensity activities and less than 600 minutes of physical 

activity per week.16 Insufficient fruit and vegetable consumption was defined as <5 servings 

of fruit or vegetables a day. Staples included food such as posho (maize), matooke (banana), 

cassava, sweet potato, and rice. High staple consumption was defined as above the 75th 

percentile of the population. Raised blood pressure was defined as systolic ≥140 or diastolic 

≥ 90 mmHg or reported treatment for raised blood pressure. Abdominal obesity was defined 

as a waist circumference ≥94cm for men and ≥80cm for women. Those with a BMI ≥25 

kg/m2 were categorised as overweight. Abnormal lipids were defined as follows: raised total 

cholesterol >5.2 mmol/l, low HDL-cholesterol <1.0 (men) or <1.3 (women) mmol/l, raised 

triglycerides >1.7 mmol/l.141718 Raised HbA1c was defined as HbA1c>6.5%.19

Ethics

The study was approved by the Science and Ethics Committee of the Uganda Virus 

Research Institute (UVRI), the Ugandan National Council for Science and Technology, and 

the East of England-Cambridge South (formerly Cambridgeshire 4) NHS Research Ethics 

Committee UK.

Results

A total of 7809 participants were surveyed. Nine hundred and forty two were excluded from 

analysis due to incomplete data, leaving 6867 (55% women) for the present analysis, 

representing 83% (6867/8309) of the population invited to partake in the study 

(supplemental tables S1 and S2 outline the distribution of missing data). The 

sociodemographic characteristics of the study population are shown in table 1. This study 

population was young, with a mean age of 34.4 years (32.8 years in men and 35.6 years in 

women). The majority (75.2%) of participants were from the Baganda tribe, the main tribal 

group in the region. Forty percent of participants had less than complete primary education. 

Farming was the most common primary source of livelihood. Furthermore, table 2 outlines 

the distribution of household socioeconomic indicators for men and women by age group. 

Overall SES decreased with age for both men and women (p-value <0.001) and men had 

only slightly higher SES than women (p-value 0.088).

Among self-reported lifestyle risk factors in this population we found low consumption of 

fruit and vegetables to have the highest prevalence (75.8%), followed by low physical 

activity (29.8%), weekly consumption of alcohol (11.4%), and current daily smoking (6.5%) 

(table 3). The prevalences of overweight and abdominal obesity were found to be 11.8% and 

17.7%, respectively. Raised blood pressure was found among 16.5% of the population. The 

most common lipid risk factor was low HDL-cholesterol, which had a prevalence of 71.8%. 

By contrast only 5.2% and 13.2% of the population had raised total cholesterol and raised 

triglycerides, respectively. Raised HbA1c was found in only 0.8% of the population.

Marked differences were seen in the prevalence of risk factors between men and women 

(table 3). Smoking and weekly alcohol consumption were more common in men than 
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women (13.1% versus 1.3% and 19.1% versus 5.7%, respectively, p-value <0.001 for all). 

However, low physical activity, overweight, and abdominal obesity were much more 

common in women than men (36.7% versus 20.8%, 16.9% versus 5.2%, and 30.0% versus 

1.5%, respectively, p-value <0.001 for all). Consistent with the differences in overweight 

and abdominal obesity between men and women, lipid profiles were worse in women. By 

contrast, no marked difference between men and women was found in the prevalence of 

raised blood pressure (16.9% versus 16.1%, p-value 0.443) or raised HbA1c (0.6% versus 

0.9%, p-value 0.166).

We found the levels of most NCD risk factors to be higher among older than younger age 

groups (p-value <0.001) (table 4). Notable exceptions were low fruit and vegetable 

consumption, which showed no clear relationship with age for women (p-value 0.757) and a 

weak relationship with age for men (p-value 0.033), and high staple consumption which 

showed no evidence for being related to age for men (p-value 0.289) or women (p-value 

0.203). HDL-cholesterol, which is considered a protective factor, increased across age 

groups (p-value <0.001).

Whereas smoking, alcohol consumption (men only), and low HDL-cholesterol were more 

common in the lower SES group, we found that overweight, abdominal obesity, raised blood 

pressure, raised total cholesterol, and raised HbA1c (women only) were more common in 

the higher SES group (table 5). Although overweight was more common among those of 

higher SES (p-value <0.001 for men and women), low physical activity (p-value 0.230 for 

men, 0.397 for women), low fruit and vegetable consumption (p-value 0.499 for men, 0.299 

for women) and high staples consumption (p-value 0.365 for men, 0.088 for women) 

showed no clear trend with SES.

Women and those of higher SES were more likely to report having previously been screened 

for raised blood pressure and diabetes than men and those of lower SES, respectively (table 

3 and 5). No marked difference between men and women or SES groups was found with 

regard to screening for cholesterol. Furthermore, women and those of higher SES were also 

more likely than men and those of lower SES, respectively, to report having been diagnosed 

with raised blood pressure. However, no substantial differences were seen by sex or SES for 

treatment of raised blood pressure.

Figure 1 illustrates the interrelation between sociodemographic factors and NCD risk 

factors. These analyses suggest that the associations among sociodemographic factors and 

NCD risk factors may be complex. Exploratory analyses showed that the association 

between SES and low physical activity (p-value 0.0063 for likelihood ratio test), overweight 

(p-value 0.0004), abdominal obesity (p-value 0.0031), raised total cholesterol (p-value 

0.0082), and raised triglycerides (p-value 0.0001), were modified by age and the association 

between SES and abdominal obesity (p-value <0.0001) was modified by sex (supplemental 

table S4). Furthermore, modification by sex was also found for the association between age 

and low physical activity (p-value <0.0001), abdominal obesity (p-value 0.0015), raised 

blood pressure (p-value 0.0002), and low HDL-cholesterol (p-value <0.0001). These 

analyses suggest that the strength of association between SES and some NCD risk factors 

may not be the same for all age groups and for both men and women. Additionally, the 
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strength of association between age and some NCD risk factors may also differ between 

men and women.

Discussion

In this rural population in south-western Uganda we found a clear gradient in SES status. 

SES was found to be associated with several NCD risk factors, yet these associations were 

inconsistent, with some NCD risk factors being positively associated and some inversely 

associated. Furthermore, these associations might be modified by other sociodemographic 

factors. By contrast to urban-rural assessments, our findings suggest that social inequalities 

may exist within rural populations. These data may help us towards identifying the principal 

causes and social determinants of NCDs and their risk factors in rural African populations. 

Effective actions are needed to address NCDs in disadvantaged groups in order to achieve a 

substantial reduction in the total NCD burden, therefore making health inequalities an 

essential priority.10 20

The overall increase in NCD risk factors in developing countries is often considered to be 

largely due to three key transitions: urbanisation, nutritional transition and demographic 

transition.5-7 At the early stages of these transitions, risk factors tend to be concentrated 

among urban dwellers and older people.621 Uganda may be undergoing epidemiological 

transition at the early stages, rapid urbanisation, and slow changes to demography, though 

the fertility rate remains high. However, it should not be presumed that the accompanying 

increase in burden of NCDs is restricted to older people and those in urban settings. In this 

study we found that NCD risk factors were present among rural dwellers, not all factors 

were highest among those of higher SES, and although risk factors were more common 

among older people there was still a sizable burden in this relatively young population. 

Furthermore, the reported burden of low fruit and vegetable consumption and low levels of 

physical activity were especially high even though the majority of the population were 

farmers. For example, the prevalence of low physical activity in this population was 

comparable to the global estimate of 31% worldwide.22 Other studies of young rural African 

populations have also found a substantial burden of NCD and their risk factors (table 6). 

Caution should therefore be exercised in making presumptions about NCD risk for 

individual populations based on transition theories which are designed to describe large-

scale changes over time. Rural populations, and the heterogeneity within, should therefore 

be considered in addition to urban areas when designing initiatives aimed at reducing NCD 

risk factors.The underlying causes of these factors should also be further investigated within 

rural settings. This is particularly important given that the majority of Africans still reside in 

rural areas.11 23

As differences in SES and demography evolve across and within populations with the 

epidemiological transition, it is important to understand the lifestyle implications which may 

affect health. The explanations for the differences in NCD risk factors between 

sociodemographic groups found in this study remain unclear. For example, overweight has 

frequently been reported as being associated with higher SES within LMICs, by contrast to 

its association with lower SES in high-income countries.24-28 Explanations for these 

observations often centre on an increased availability of food and a decrease in physical 
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labour and activity, coupled with an environment of food insecurity and cultural factors 

among those of higher SES in LMICs.21 27 However, although we found that overweight 

and abdominal obesity were more common in higher SES groups, we did not find any 

association between SES and low physical activity, or consumption of fruit, vegetables, or 

staples. It is therefore unclear what the causes of overweight and abdominal obesity are in 

this population and how they differ for women and those of higher SES leading to a higher 

prevalence in these sociodemographic groups. More defined studies of lifestyle factors, 

including closer examination of diet components such as fat and sugar consumption, may be 

needed to better understand these causes. We also found that smoking and alcohol 

consumption were more common among those of lower SES, which is in keeping with 

findings from both LMICs and high-income countries.28-32 The reasons for this also remain 

unclear; although it may reflect a better understanding and knowledge of the adverse effects 

of smoking among those of higher SES. Given that smoking and weekly alcohol 

consumption are substantially more common among men than women, there may also be 

cultural factors at play. For example, smokeless tobacco has been showed to be more 

common among women than men in many African populations, as smoking tobacco was 

reportedly considered culturally unacceptable for women.33

The complex nature of associations between sociodemographic factors and NCD risk factors 

is further illustrated by the apparent interdependence between the sociodemographic factors 

in their association with NCD risk factors, as shown through interaction analyses. The 

difference between men and women in the strength of association between age and lifestyle 

risk factors may be due to cultural reasons and gender roles across age groups. However, 

there may also be underlying biological differences between men and women leading to 

differences in the relationship between age and risk factors, observed here for blood pressure 

and HDL-cholesterol.34 The relationship between SES and NCD risk factors may be 

modified by both age and sex in some cases. This may reflect a difference in how the lives 

of men and women and of those of different age groups are affected by their household’s 

SES.

Our study has a number of strengths and possible limitations which should be considered. 

The study was cross-sectional in design and we are therefore unable to comment on a 

temporal relationship between sociodemographic factors and NCD risk factors. The internal 

validity of this study is likely to be good given the highly rigorous quality control. The 

internationally standardised WHO STEPs questionnaire was used, equipment were regularly 

recalibrated, and staff followed detailed standard operating procedures to ensure accuracy 

and precision of measurements. Data checks were performed on a weekly and monthly basis 

to ensure consistency in data quality. However, some data were missing, requiring us to 

perform full-case analysis on 85% of those surveyed. There were some systematic 

differences between those with and those without data, suggesting that data may not be 

missing at random (supplemental table S2). This could therefore reduce the generalizability 

of our findings. NCD lifestyle risk factors and most socioeconomic variables were self-

reported by participants, which may have introduced information bias. However, given the 

low levels of previous screening for NCD risk factors in this population and the rigorous 

training of staff, this potential for information bias is likely to be low. Physical activity and 

diet were self-reported. This may have caused misclassification in exposure measurement, 
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which may in part explain the apparently discrepant results between lifestyle factors and 

overweight. SES was constructed on a household level which may have hidden differences 

in SES between those within a household, particularly potential differences between men 

and women.35 The wide age range of participants (13-97 years) is both a strength and a 

weakness of this study. Few datasets have examined NCD risk in early adulthood; our 

dataset has allowed us to do so. However, only 20.5% of the population are aged 50 years 

and above and therefore a small proportion of the sample size are older people who have the 

greatest NCD risk. Even still, we find a substantial burden of NCD risk factors in this 

relatively young population.

These analyses provide a comprehensive overview of the sociodemographic distribution of 

NCD risk factors. There are many ways in which future studies could explore this topic in 

more depth. Objective and better-refined tools for capturing diet and physical activity data, 

such as food diaries, sodium urine testing, and accelerometers, could provide better 

assessment of exposure. In the current study, data on treatment of NCDs are underpowered. 

Future work is needed to better examine how sociodemographic factors relate to the 

treatment of NCDs and access to healthcare facilities. Importantly, there is a need to 

disentangle the underlying determinants of the observed sociodemographic distributions of 

NCD risk factors.8 9 Longitudinal data on sociodemographic factors and NCDs could 

greatly enhance our understanding of their temporal relationship and the determinants of 

sociodemographic distribution in NCDs and their risk factors. A multi-disciplinary approach 

may be needed to achieve a holistic understanding of these determinants.

A clearer picture of the sociodemographic distribution of risk factors may provide insight 

into potential primary targets for intervention and policy. A better understanding of the 

underlying ‘causes of the causes’ of NCDs may also provide information about the aetiology 

of NCD and shed light on the observed differences between those of African descent and 

those of European descent with regard to NCDs and NCD risk factors.36-38 With the 

growing focus on NCDs in SSA, it is important to ensure that policies put in place in order 

to reduce the burden of NCD risk factors consider rural populations in addition to urban 

populations. The majority of Africans still reside in rural areas and thus such areas should be 

incorporated into the design and implementation of policy and healthcare programmes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

1. Rural African populations are not homogenous; here we identify a 

socioeconomic gradient in a relatively poor rural population in Uganda.

2. Within this relatively young population NCD risk factors were common and 

they varied across the socioeconomic gradient, with some risk factors being 

positively associated and some inversely associated with socioeconomic status.

3. A better understanding of the determinants of the sociodemographic distribution 

of NCDs and their risk factors in rural African populations will help identify 

populations at most risk of developing NCDs and help plan interventions to 

reduce their burden.
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Figure 1. Selection of patterns of association of NCD risk factors with age and socioeconomic 
status by sex
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Table 1
Sociodemographic characteristics of participants of the General Population Cohort 
Study, 2011.

Variable Men (n=3071) n (%) Women (n=3796) n (%) Total (n=6867) n (%)

Age groups (years)

 13-19 1085 (35.3) 1013 (26.7) 2098 (30.6)

 20-29 558 (18.2) 711 (18.7) 1269 (18.5)

 30-39 455 (14.8) 679 (17.9) 1134 (16.5)

 40-49 407 (13.3) 551 (14.5) 958 (14.0)

 ≥50 566 (18.4) 842 (22.2) 1408 (20.5)

Education

 Still in education 938 (30.5) 897 (23.6) 1835 (26.7)

 Less than or incomplete primary 1130 (36.8) 1654 (43.6) 2784 (40.5)

 Completed primary only 472 (15.4) 584 (15.4) 1056 (15.4)

 Above primary 531 (17.3) 661 (17.4) 1192 (17.4)

Primary source of livelihood 
1

 Subsistence farmers 1016 (47.6) 1754 (60.5) 2770 (55.0)

 Cash crop farmer 446 (20.9) 406 (14.0) 852 (16.9)

 Looked after by others 96 (4.5) 344 (11.9) 440 (8.74)

 Other 575 (27.0) 396 (13.7) 971 (19.3)

Occupation type of head of household

 Unemployed 1905 (62.0) 2618 (69.0) 4523 (65.9)

 Unskilled labour 111 (3.6) 68 (1.8) 179 (2.6)

 Skilled labour 145 (4.7) 103 (2.7) 248 (3.6)

 Traders 733 (23.9) 761 (20.1) 1494 (21.8)

 Property owners 30 (1.0) 41 (1.1) 71 (1.0)

 Professionals 147 (4.8) 205 (5.4) 352 (5.1)

Marital status 
2

 Never married 1485 (48.4) 1186 (31.3) 2671 (38.9)

 Currently married 1287 (42.0) 1649 (43.5) 2936 (42.8)

 Divorced/widowed 295 (9.6) 956 (25.2) 1251 (18.2)

Religion 
3

 Christian 2,322 (76.5) 2,826 (75.3) 5,148 (75.8)

 Muslim 712 (23.5) 929 (24.7) 1,641 (24.2)

 Other/none 2 (0.1) 3 (0.1) 5 (0.1)

Tribe 
4

 Baganda 2,248 (74.1) 2,854 (76.0) 5,102 (75.2)

 Banyarwanda (Rwandan origin) 454 (15.0) 545 (14.5) 999 (14.7)
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Variable Men (n=3071) n (%) Women (n=3796) n (%) Total (n=6867) n (%)

 Other 330 (10.9) 356 (9.5) 686 (10.1)

1
n=5034 for total population, n=2133 for men, and n=2900 for women

2
n=6858 for total population, n=3067 for men, and n=3791 for women

3
n=6794 for total population, n=3036 for men, and n=3758 for women

4
n=6787 for total population, n=3032 for men, and n=3755 for women
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Table 3
Prevalences of NCD risk factors and healthcare factors by sex.

Variable Total (n=6,867) % 
(95% CI)

Men (n=3,071) % 
(95% CI)

Women (n=3,796) 
% (95% CI)

P-value* Adjusted P-value**

Lifestyle risk factors

Current smoker 6.5 (5.8-7.1) 13.1 (11.7-14.5) 1.3 (9.5-16.8) <0.001 <0.001

Alcohol user 34.6 (30.6-38.6) 40.2 (35.3-45.2) 30.3 (26.6-34.0) <0.001 <0.001

Weekly drinker 11.4 (9.6-13.3) 19.1 (15.9-22.3) 5.7(4.6-6.8) <0.001 <0.001

Low physical activity 29.8 (28.2-31.5) 20.8 (19.0-22.6) 36.7 (34.5-39.1) <0.001 <0.001

Low fruit and vegetable consumption 75.8 (72.4-79.2) 74.5 (70.4-78.6) 76.9 (723.0-80.8) 0.260 0.256

High staple consumption
1 17.2 (10.3-24.1) 18.3 (10.9-25.7) 16.3 (9.7-22.9) 0.039 0.029

Physical risk factors

Overweight 11.8 (10.6-13.1) 5.2 (4.3-6.1) 16.9 (15.0-18.8) <0.001 <0.001

Abdominal obesity 17.7 (16.4-19.0) 1.5 (1.1-2.0) 30.0(27.8-32.3) <0.001 <0.001

Raised blood pressure 16.5 (15.3-17.6) 16.9 (15.3-18.5) 16.1 (14.8-17.5) 0.532 0.443

Cardiometabolic risk factors

Raised total cholesterol 5.2 (4.3-6.1) 3.1 (2.4-3.9) 6.7 (5.5-8.0) <0.001 <0.001

Low HDL-cholesterol 71.8 (69.5-74.1) 60.7 (57.8-63.6) 81.0 (77.9-84.1) <0.001 <0.001

Raised triglycerides 13.2 (12.2-14.2) 12.4(11.0-13.7) 13.9 (12.6-15.2) 0.091 0.092

Raised HbA1c 0.8 (0.4-1.1) 0.6(0.3-1.0) 0.9 (0.4-1.3) 0.121 0.166

Health screening

Blood pressure screen 49.4 (46.6-52.3) 43.4(40.3-46.5) 54.1 (50.7-57.5) <0.001 <0.001

Diabetes screen 23.2 (19.7-26.7) 21.3 (17.8-24.8) 24.6 (20.8-28.5) 0.005 0.004

Cholesterol screen 1.0 (0.7-1.4) 1.1 (0.6-1.5) 1.0 (0.7-1.4) 0.907 0.876

Diagnosis

Diagnosed with raised blood pressure 5.9 (5.1-6.8) 3.9 (3.1-4.7) 7.4 (6.3-8.6) <0.001 <0.001

Diagnosed with diabetes 1.2 (0.5-1.9) 1.2 (0.4-2.0) 1.2 (0.5-2.0) 0.794 0.811

Diagnosed with raised cholesterol 0.4 (0.2-0.6) 0.4(0.2-0.7) 0.4(0.2-0.6) 0.747 0.750

Treatment among those diagnoses

On treatment for raised blood 
pressure

47.5 (41.0-54.1) 42.1 (30.4-53.7) 49.7 (41.8-57.5) 0.297 0.310

On treatment for diabetes 29.2 (18.0-40.4) 35.1 (16.0-54.2) 25.0(11.4-38.6) 0.391 0.391

On treatment for raised cholesterol 23.5 (7.2-39.8) 18.6 (-0.0-39.9) 28.0 (3.1-5.3) 0.659 0.584

Prevalences are adjusted for multi-level mixed-effects, with random effects to account for clustering at household and village levels.

*
P-values are for the difference between men and women and were determined by fitting Poisson regression models and adjusting for age.

**
Adjusted p-values were determined by fitting multi-level mixed-effects Poisson regression models adjusted for age and SES and with random 

effects to adjust for clustering at household and village levels.

1
n=6056 for total population, n=2701 for men, and n=3355 for women
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Table 6
Comparison of surveys of risk factors for NCDs in General Population Cohort study with 
similar case definitions.

Study GPC Uganda Cameroon39* South Africa40** Nigeria41 ***

Methods

Survey year 2011 1998 1996 2002-2005

Region SW rural Uganda Rural dwellers 
from Bafut

Rural black community in 
KwaZulu-Natal province

Egbeda local government 
area, rural SW Nigeria

Sample frame General population 
25 villages

Random sampling 
of households

Random-cluster sampling Random-sample survey

Ages (years) ≥13 ≥15 >15 18-64

Sample size 6867 1282 947 2000

Results (percentages for 
men, women)

Current smoker 14, 1 32, 14 NA 4, 0

Overweight (BMI 25-30) 5, 13 1, 6 13, 25 2, 2

Obesity (BMI ≥30) 1, 4 0.5, 3 9, 23 2, 2

Hypertension 17, 16 16, 12 31, 25 42, 37

Hypercholesterolaemia 3, 7 NA NA 3, 3

Diabetes 1, 1 5, 3 14, 11 4, 6

*
Diabetes defined as FG≥6.1mmol/l

**
Diabetes defined as FG≥5.6 mmol/l and hypertension ≥130/85

***
Cholesterol ≥200 mg/dl and diabetes FBG≥110 mg/dl
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