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What this paper adds

 ► A high prevalence of metabolic syndrome was docu-
mented in a rural Ugandan adult population.

 ► Distinct sex- specific patterns of metabolic syn-
drome were identified.

 ► Sex specific disparities in metabolic syndrome com-
ponents and other cardiovascular risk factors were 
consistent with findings from other Sub- Saharan 
countries.

AbsTrACT
background and aims In sub- Saharan Africa, 
infectious diseases are still the leading causes of 
mortality; however, this may soon be surpassed by non- 
communicable illnesses, namely hypertension, diabetes 
and cardiovascular disease. This study determined the 
prevalence and patterns of metabolic syndrome and 
cardio- risk factors in men and women in rural Uganda.
Methods A household- based, cross- sectional survey 
was carried out following the WHO STEP- wise approach 
to surveillance. It included demographic and lifestyle 
questionnaires, anthropometric measurements and 
biochemical analyses. Of the 200 randomly recruited 
participants, 183 successfully completed two steps of the 
study and 161 provided blood samples.
results Data were collected from 183 adults, aged 
18–69 years; 62% were female. Based on the National 
Cholesterol Education Program- Adult Treatment Panel- 
III criteria, the prevalence of metabolic syndrome was 
19.1% (95% CI 14.0 to 22.5). Elevated fasting plasma 
glucose was observed in 14.2% (95% CI 9.1 to 19.3) 
of participants, hypertriglyceridaemia in 16.9% (95% 
CI 12.1 to 23.1); hypertension in 36.1% (95% CI 29.0 
to 43.0) and 52.5% (95% CI 45.2 to 59.6) had low HDL 
(high- density lipoprotein) cholesterol. Abdominal obesity 
was found in 24.6% (95% CI 18.8 to 31.4) of participants. 
Sex disparities were significant for several risk factors. 
Females had significantly higher prevalence of abdominal 
obesity (38.6% vs 1.5% in males, p=0.001) and twice the 
rates of low HDL (65.8% vs 30.4%, p=0.001). Men tended 
to have higher but not significant rates of hypertension 
(42.0% vs 32.5%) and smoked significantly more than 
women (49.3% vs 21.1%, p<0.001). Alcohol consumption 
was also higher in men (55.1% vs 18.4%, p<0.001) and 
quantities consumed were approximately three times 
greater than in females (p<0.001).
Conclusion Metabolic syndrome exists at worrying rates 
in the rural Ugandan population. Sex disparities are evident 
in risk factor prevalence, reflecting physiological variables 
and deeply entrenched cultural and lifestyle norms.

InTroduCTIon
Metabolic syndrome (MetS) is a group of 
risk factors that increases the likelihood of 
developing cardiovascular disease (CVD). 
In the USA, the National Cholesterol Educa-
tion Program (NCEP III) defines metabolic 
syndrome as the presence of at least three of 
the following risk factors: abdominal obesity, 

elevated plasma fasting glucose, increased 
blood pressure, elevated plasma triglycerides 
(TG) and low levels of plasma high- density 
lipoprotein cholesterol (HDL- C).1 Addi-
tional cardiovascular risk factors have been 
documented including: low levels of phys-
ical activity, high body mass index (BMI), 
smoking and alcohol consumption.1 2 CVDs 
are the leading cause of death globally.3 
Furthermore, the Global Status Report on 
Non- Communicable Diseases documented 
that three quarters of all CVD deaths and the 
majority of premature deaths (82%) occur 
in low- income and middle- income countries 
like Uganda.3 4

In the 1950s, coronary heart disease was 
virtually non- existent in Uganda.4 However, 
mortality rates from non- communicable 
diseases (NCDs) are rising and have reached 
an estimated 27%,4 with heart disease currently 
listed by the Global Burden of Disease Study 
among the top 10 causes of death in Uganda.5 
Infectious diseases such as malaria and HIV/
AIDS remain the leading causes of death, but 
intensive efforts are being made to improve 
disease outcomes. These changes in disease 
prevalence, with the rise of NCDs, reflect an 
epidemiologic transition.

Indeed, findings from the National Non- 
Communicable Diseases Risk Factor Survey, 
that was carried out in Uganda in 2014, docu-
mented 26.4% and 36.9% rates of hyperten-
sion and prehypertension, respectively.6 Even 
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more disquieting was that only 7.7% of participants were 
aware of their blood pressure status.7

Other risk factors, such as low HDL- C, have also been 
documented in rural areas of Uganda with rates of 
prevalence as high as 71.3% in the adult population.8 
Additionally, in recent population- based surveys, 2.0%–
8.6% prevalence rates of impaired fasting glucose and 
1.4%–7.4% prevalence of diabetes mellitus have been 
reported.9 10

Although the individual risk factors for CVD have been 
well documented in Uganda, similar data on the preva-
lence of MetS are not available. Yet, MetS is considered to 
be more predictive of NCDs and a valuable measure for 
identifying both new onset diabetes and CVD.11 Several 
underlying factors are considered responsible for the 
development of MetS and insulin resistance is central 
to metabolic physiological disruption. Insulin resistance 
is linked to elevated free fatty acid levels. In addition, it 
is responsible for abnormal adipokine profiles such as 
adiponectin, which effects glucose metabolism and leptin 
activity.12

To the best of our knowledge, no study has been 
designed with the objective of determining the preva-
lence of metabolic syndrome among a random sample of 
adults in rural Uganda.

MeThods
study population and design
A cross- sectional study was carried out in two represen-
tative districts (Ntungamo and Sheema) in rural south 
western Uganda. Sampling techniques that were used 
in selecting study participants included the probability 
proportional to size technique13 for random sampling 
and the KISH Grid method.14 A household was defined 
as a group of people living and eating together.9 A single 
resident member was selected from each household 
without replacement.14 Inclusion criteria were males 
or non- pregnant females, aged 18–69 years, of African 
Ugandan descent, who had lived in the villages for the 
past 6 months. Exclusion criteria included history of or 
current mental illness or inability to provide informed 
consent.

demographics, anthropometric and laboratory measurements
Data collection followed an abridged version of the WHO 
STEP- wise approach to surveillance (STEPS) method.15

Step 1 involved administering a questionnaire to collect 
information on social demographics, including marital 
status, level of education, occupation and housing condi-
tions. Lifestyle assessment was determined based on previ-
ously validated questions regarding tobacco use,6 alcohol 
use6 16 and physical activity.17

Step 2 of the WHO STEPS was carried out by taking 
physical measurements such as weight, height, waist and 
hip circumference18 and blood pressure.15 All readings 
were measured in triplicate and the average of the three 
taken as the final value, except for blood pressure, where 

the first reading was discarded. Waist circumference was 
measured to the nearest 0.1 cm using a non- stretchable 
standard tape measure. The waist was identified as the 
point mid- way between the lowest rib and the top of the 
iliac crest on exhalation.18

Step 3 was the collection of fasting blood samples from 
participants. Plasma glucose levels were measured with 
Haemocue analyzers using finger prick drawn blood. In 
addition, 5 mL of venous blood was drawn from each 
participant into a vacutainer bottle. Samples were centri-
fuged and the serum was transported on ice packs to St. 
Francis Hospital Laboratory, in Kampala. Samples were 
stored at −70°C. The serum sample was analysed for 
HDL- C and TG.

Physical activity levels were determined by estimating 
minutes per week achieved from moderate- intensity and 
vigorous- intensity activities for work, transportation and 
leisure, based on WHO criteria.17

definitions
Participants with a reading ≥100 mg/dL were consid-
ered to have elevated fasting plasma glucose, a reading 
≥100 mg/dL to <126 mg/dL was classified as prediabetes 
and ≥126 mg/dL was classified as diabetes.1 Elevated TG 
were defined as ≥150 mg/dL, low HDL- C as <40 mg/dL in 
men or <50 mg/dL in women.1 Individuals that reached 
at least 600 metabolic equivalent of task were classified as 
physically active.17

Metabolic syndrome was defined according to the 
ATP/NCEP III definition,1 as presence of any three of the 
following: waist circumference ≥102 cm in men or ≥88 cm 
in women; blood pressure ≥130 ≥85 mm Hg; fasting blood 
glucose ≥100 mg/dL; TG≥150 mg/dL and low HDL- C 
<40 mg/dL in men or <50 mg/dL in women.

statistical analyses
Continuous variables were summarised using mean±SD, 
and the categorical variables were summarised using 
frequencies and proportions, with the corresponding 
95% CIs. Logistic regression models were used to deter-
mine factors associated with metabolic syndrome. Multi-
variate logistic regression was performed to determine 
how the independent variables were jointly associated 
with the outcome. Variables with a p≤0.2 at bivariate 
analysis were considered for the multivariate model. The 
variables were entered into a stepwise logistic model. 
Interaction between the variables which remained in the 
model was assessed using the Chunk test. This was then 
followed by assessing for confounding using a differ-
ence of ≥10% between the crude and adjusted measure 
of effect (OR) for the variables that would have gone 
out at each step. Significance was set at p<0.05. The 
goodness of fit of the final models was assessed using 
the Hosmer and Lemeshow Statistic, using the estat gof 
command in Stata V.14.1 (Stata, College Station, Texas, 
2015).
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Table 1 Demographics of the study population

Variable

Overall proportion (n) Male proportion (n) Female proportion (n)

P valuen=183 n=69 n=114

Age (years) Mean±SD 44.2±13.1 44.5±14.7 44.1±12.2 0.576

Marital status

  Married 73.2% (134) 88.4% (61) 64.0% (73) <0.001

  Single 8.7% (16) 10.1% (7) 7.9% (9)

  Divorced/separated 4.4% (8) 0% (0) 7.0% (8)

  Widowed 13.7% (25) 1.5% (1) 21.1% (24)

Highest level of education attained

  No formal education 23.5% (43) 15.9% (11) 28.1% (32) 0.001

  Primary 48.1% (88) 40.6% (28) 52.6% (60)

  Secondary 20.8% (38) 27.5% (19) 16.7% (19)

  Tertiary 7.6% (14) 15.9% (11) 2.6% (3)

Housing (proxy wealth indicator)

  Lives in a house with solar power 44.2% (81) 44.9% (31) 43.8% (50) 0.839

  Iron sheets, concrete walls, no solar 38.8% (71) 36.2% (25) 40.4% (46)

  Iron sheets, mud and wattle walls, no solar 11.5% (21) 11.6% (8) 11.4% (13)

  Mud and wattle, grass thatched, no solar 5.5%(10) 7.3% (5) 4.4% (5)

Bold values represent significant differences (p< 0.05)

Figure 1 Prevalence of metabolic syndrome and its 
components in rural residents in Uganda (n=161). HDL, high- 
density lipoprotein.

ethical approval
The study was approved by the St. Francis Hospital Review 
and Ethics Committee (Document No. UG- REC-020) and 
the Uganda National Council of Science and Technology 
(Document No. HS2218). Information leaflets which 
were translated into the local language (Runyankole) 
were provided and individuals were asked for written 
informed consent before they participated in the study. 
In cases where the consent could not be expressed in 
writing, oral consent was obtained.

resulTs
Out of the 200 recruited participants, 183 successfully 
completed two steps of the study and 161 completed all 
three steps. Seventeen individuals declined to participate, 
and 22 did not complete the blood draw. Demographic 
characteristics are summarised in table 1.

The mean age of participants was 44 years, ranging 
from 18 to 69 years with no significant difference 
between sexes. More than half of the participants were 
female (62%), married (73%) and had completed at least 
primary education (75%). Almost half (44%) of the study 
population reported to have access to solar power, which 
reflects a socioeconomic status above the poverty line.19

Prevalence of metabolic syndrome and its components 
for participants (n=161) are shown in figure 1. Overall, 
19.1% (95% CI 14.0 to 22.5) of the study population 
met the criteria for metabolic syndrome. Notable results 
include 52.5% (95% CI 45.2 to 59.6) of participants with 
low levels of HDL- C and 36.1% (95% CI 29.0 to 43.0) of 
participants with hypertension. Significant differences 
in the prevalence of specific risk factors between sexes 
were also observed as presented in figure 2. Twice as 
many women than men were documented with low HDL 
(p=0.001). In addition, almost all the cases of abdominal 
obesity were measured in women (p=0.001). Men tended 
to have higher rates of hypertension and elevated TG, but 
results did not reach statistical significance.

Evaluation of modifiable CVD risk factors using a multi-
variate analysis, adjusted for: age, sex, smoking status, 
physical activity, housing status, self- reported family 
history of diabetes or hypertension, indicated that over-
weight participants (29.9≥BMI ≥25.0 kg/m2) had 11.2 
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Figure 2 Prevalence of the components of metabolic 
syndrome in rural Ugandans (n=161) by sex. HDL, high- 
density lipoprotein.

times greater odds of being diagnosed with metabolic 
syndrome (95% CI 2.8 to 44.9, p=0.001) compared with 
participants in the normal BMI range (18.5–24.9 kg/m2). 
Likewise, obese participants (BMI ≥30 kg/m2) had 20.3- 
fold increased odds for metabolic syndrome (95% CI 3.4 
to 122.5, p=0.001).

The prevalence of additional risk factors of metabolic 
disease such as BMI, smoking, alcohol consumption and 
physical activity status are not part of the NCEP- ATP III 
criteria. This data are presented in table 2.

Half of the participants had a normal BMI, while 
around 40% had elevated weight. Significantly more 
women were classified as overweight than men (27.2% 
vs 15.9%, p=0.001) and all documented cases of obesity 
were found only in women (26.3%, p=0.001).

The majority of the participants (83.1%) met WHO 
recommendations for physical activity. Almost a third of 
the population were current or ever smokers. However, 
79.2% of females reported that they had never smoked. 
Men smoked more than twice as much as women (49.3% 
vs 21.1%, p<0.001) and the majority of both male smokers 
(94.1%) and female smokers (79.2%) smoked on a daily 
basis. Differences in the mode of tobacco use were found 
with nearly all men smoking cigarettes or pipes while 
more women chewed tobacco (p=0.004, table 2). A third 
of the overall population also reported that they were 
current drinkers. Most of drinkers were men (55.1% vs 
18.4% in women, p<0.001), and, when drinking, men 
consumed three times more alcohol compared with 
women (p<0.001).

dIsCussIon
This study is the first population- based study, in a repre-
sentative sample of adults, to document that metabolic 
syndrome (MetS) exists at a disturbing rate of 19% in rural 
Uganda. Previous assessments documented 4%–14%; 
however, study populations included children as young as 
1320 or patients with AIDS.21

The major risk factors identified in this study were: 
reduced levels of HDL- C, hypertension and high waist 
circumference, a variable not reported in the National 
2014 Survey.6 An intriguing picture was revealed when 
comparing the prevalence of cardio- risk factors between 
men and women (figure 2). Although the difference in 
the overall prevalence of MetS by sex did not reach signif-
icance, distinctive, sex- specific patterns of the three most 
common risk factors were noteworthy. Females accounted 
for almost all the cases of abdominal obesity (39% vs 2% 
in males) and twice as many women than men were identi-
fied with low HDL levels (66% vs 30%). In addition, there 
was a distinct trend towards higher rates of hypertension 
in males (42%) compared with their female counterparts 
(33%).

Similar to the findings of this study, Asiki et al8 reported 
low HDL- C levels in Ugandan women with rates of 79% 
in women vs 61% in men. Another variable exhibiting 
substantial sex differences in the current study was 
abdominal obesity. This result confirmed the work of 
Murphy and colleagues who reported abdominal obesity 
rates of 2% in rural Ugandan men vs 30% in women.20 
Last, the current results of 29% more hypertension in 
males compared with females, though not significant, 
are supported by findings of in the Ugandan National 
Survey, where 14% greater risk of hypertension was 
documented in males.6 Prevalence of MetS in adults has 
also been reported in other sub- Saharan African (SSA) 
countries, including Ghana (12%),22 Cameroon (11%)23 
Kenya (35%)24 and Tanzania (38%).25 Surprisingly, some 
of these rates are comparable to the USA with approxi-
mately 34% of the population suffering from MetS.26 27 
This may reflect adaptation of unhealthy Western lifestyle 
practices in African countries. Although these data have 
been reported for both urban and rural settings, there 
is no agreement regarding the impact of place of resi-
dence on MetS prevalence. Heterogeneity in results may 
be explained by variable socioeconomic status and rapid 
changes in environmental factors.28

In order to verify the possibility of a sex- specific pattern 
for metabolic disorders, comparisons to other studies in 
SSA countries were made. Higher prevalence of low levels 
of HDL in women in comparison to men has repeatedly 
been documented. In Nigeria, rates of 83% were deter-
mined in women compared with 52% in men,29 while 
Kenya reported 72% in women vs 45% of men.24 Tanzania 
documented low levels of HDL- C in 48% of females and 
22% of males.25 In contrast, and not in line with our study 
results, the National Survey in Uganda6 reported overall 
equal rates of 61% low HDL- C in both male and female 
Ugandan subjects living in rural areas.
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Table 2 Life style characteristics of the study population by sex

Variable

Overall
percentage (n) Male percentage (n)

Female
percentage (n)

P valuen=183 n=69 n=114

BMI

  Normal 49.2% (90) 63.8%(44 44)) 40.4%(46 46)

  Underweight 11.5% (21) 20.3% (14) 6.1% (7)

  Overweight 23.0% (42) 15.9% (11) 27.2% (31) 0.001

  Obese 16.4% (30) 0% (0) 26.3% (30) 0.001

Smoking status

  Never 68.3% (125) 50.7% (35) 78.9% (90) <0.001

  Current or ever 31.7% (58) 49.3% (34) 21.1% (24)

Type of smoking (of smokers*)

  Puff cigarettes/pipe 79.3% (46) 94.1% (32) 58.3% (14) 0.004

  Chewing tobacco leaves 13.8% (8) 2.9% (1) 29.2% (7)

  Both chews and puffs 6.9% (4) 2.9% (1) 12.5% (3)

Frequency of smoking*

  Daily 87.9% (51) 94.1% (32) 79.2% (19) 0.085

  Intermittent 12.1% (7) 5.9% (2) 20.8% (5)

Alcohol status

  Current drinkers 32.2% (59) 55.1% (38) 18.4% (21) <0.001

  Past drinkers 23.0% (42) 21.7% (15) 23.7% (27)

  Never drinkers 44.8% (82) 23.2% (16) 57.9% (66)

Quantity of drinking†

  1–2 standard drink‡ a day 35.6% (22) 13.1% (5) 80.9% (17) <0.001

  3–5 standard drinks a day 50.8% (29) 65.8% (25) 19.1% (4)

  >5 standard drinks a day 13.6% (8) 21.1% (8) 0.0% (0)

Physical activity

  Meets WHO recommendation

   No 16.9% (31) 15.9% (11) 17.5% (20) 0.779

   Yes 83.1% (152) 84.1% (58) 82.5% (94)

Bold values represent significant differences (p< 0.05)
*Of current or ever smokers.
†Of current drinkers.
‡Standard drink of alcohol: any alcohol drink that contains 10 g pure alcohol (WHO 2000). Equivalents of 1 standard alcoholic drink 
include; 285 mL (one bottle) of beer, 100 mL glass of wine (factory distilled or locally brewed) and 30 mL glass of a spirit or gin (factory 
distilled or locally brewed).16

Abdominal obesity has also been documented to be 
sex- specific in several studies in SSA countries, with 
substantially higher rates in women. It is considered to 
be the high- risk body fat pattern, as this adipose tissue is 
particularly active hormonally, secreting a wide variety of 
adipokines. It is associated with greater insulin resistance 
and dyslipidaemia.30 In Benin 54% of women were identi-
fied with abdominal obesity vs 11% in men.31 Two studies 
in urban Tanzania showed a five times higher prevalence 
rates among women (58% vs 11% and 35% vs 7%).25 32 
Moreover, following logistic regression analyses of the 
Tanzanian data, women had 14.2–fold increased odds 
for abdominal adiposity than men (95% CI 5.8 to 34.6).25 
Abdominal obesity, in all these studies, was defined using 

the WHO criteria of waist circumference ≥102 cm in men 
and ≥88 cm in women.18

Since the best cut- off point has been widely debated, in 
particular for individuals living in SSA, some studies have 
used a more stringent standard of ≥94 cm in men and 
≥80 cm in women.33 This was the case in a Kenyan study 
that reported prevalence of abdominal obesity in 70% of 
urban women vs 30% in urban men.24 In Cameroon, 33% 
of females and only 4% of males suffered from abdom-
inal obesity. The participants in Cameroon were relatively 
young, 20–25 years old, with an overall rate of MetS of 
11%.23

Sex differences in the prevalence of hypertension, 
though not significant in this study, were still 29% higher 
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in men than women. This trend was supported by a signif-
icant 14% higher rate of hypertension in men, found in 
3906 Ugandans participating in the National Survey.6 In 
an additional study, this CVD risk factor was significantly 
lower among women than men (OR 0.67) as determined 
in 2011 participants from northwestern Tanzania and 
southern Uganda.34 Additional studies from Tanzania24 
and Kenya23 report the same pattern, indicating that 
hypertension is more prevalent in men in SSA.

Possible mechanisms responsible for the sex- specific 
risk factors of CVD include inactivity, tobacco use, alcohol 
intake and obesity.35 These are all common behavioural 
risk factors for NCDs which we found to be prevalent at 
significantly different levels in African men and women. 
However, in this study, physical activity levels were similar 
for both sexes (table 2). It should be noted that there 
is disagreement regarding the WHO methodology for 
measurement of physical activity, which has been shown 
to have low validity in Africa.36

Data reported here indicate that men smoked signifi-
cantly more than women and drank alcohol significantly 
more than women. These results are in line with the 
Ugandan 2014 National Survey. Adjusting for age, sex, 
region of residence and ethnicity, males were found to 
consume twice as much alcohol as women (OR=2.34, 
95% CI 1.88 to 2.91).16 Similar results on higher rates 
of smoking and alcohol consumption in men have been 
published for urban Tanzania,25 32 Benin31 and other SSA 
countries.37 Lifestyle behaviours, such as higher rates 
of smoking in men, have known hypertensive effects, 
including stimulating the sympathetic nervous system, 
which leads to arterial stiffness.38

Overweight and obesity, along with higher rates of 
abdominal obesity, were the major factors contributing 
to high rates of MetS identified in females. Although 
dietary consumption was assessed in this study, due to the 
challenges of collecting data in populations with limited 
literacy, it was not possible to accurately determine total 
energy and nutrient intake. However, a dietary diver-
sity score was calculated and was similar in both sexes 
(data not shown). Female gender has previously been 
documented as a predictor of overweight and obesity in 
periurban and rural Uganda39 along with other SSA coun-
tries. For example, in Tanzania, women had 4.3 greater 
odds of obesity than men.25 32 This is most likely linked to 
a multitude of African social and cultural factors.38 When 
a young Ugandan woman is being prepared for marriage, 
her diet and activity are planned in ways guaranteed to 
increase her weight.25 39 The bride- to- be is not allowed 
to carry out heavy physical activity and is encouraged to 
eat large quantities of food. Interestingly, higher rates 
of abdominal obesity in women have also been docu-
mented in the USA, despite social and cultural pressures 
promoting a slim body image. This sex gap in abdominal 
obesity has intensified in the last decades, reaching 70% 
in American woman vs 41% in men in 2014.27

Hyperglycaemia is also part of the MetS. Although 
significant sex differences were not observed in this study, 

the prevalence of diabetes has been reported to be higher 
in women compared with men across all age groups in 
SSA.28 This contradicts the hypothesis that higher levels 
of oestrogen in women are thought to protect pancreatic 
beta cells.40 In this study, other factors, such as signifi-
cantly more smoking in men, may have contributed to 
similar data documented for both men and women.

This study has many strengths. Participants were 
randomly recruited and sample size had sufficient power 
to reach significant results. The use of biochemical data 
and anthropometric measurements allowed for objective 
documentation without relying on self- reported data. 
Study limitations included challenges associated with 
carrying out research in rural African settings, character-
ised by populations with low levels of education. This was 
reflected in distrust and superstition, which possibly led 
to individuals' unwillingness to participate in a study that 
involved drawing blood. It is likely that some participants 
believed that researchers were investigating topics related 
to HIV,41 42 which may have reduced compliance. There-
fore, the study staff did not ask about HIV status or use of 
antiretroviral drugs.

In conclusion, metabolic syndrome exists at worrying 
rates in the rural Ugandan population. Distinct sex- 
specific patterns of risk factors for MetS and CVD were 
documented and are likely due to complex interactions 
of lifestyle behaviours, physiological variables and cultural 
influences. Despite the rapid increase in prevalence of 
NCDs in SSA, awareness of the problem is still low. Thus, 
multidisciplinary interventions to reduce risk factors 
should be a top priority at all healthcare levels taking into 
consideration disparities between men and women.
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