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Abstract
Background: Diabetes is one of the leading non-communicable diseases in Africa, contributing to the increasing
disease burden among the old adults. Thus, the aim of this study was to determine the prevalence and determinants
of diabetes among adults aged 50 years and above in Ghana.
Methods: A cross sectional study based on data collected from Study of Ageing and Adult Health (SAGE) Wave 1 from
2007 to 2008. Data was collected from 5565 respondents of whom 4135 were aged 50+ years identified using a
multistage stratified clusters design. Bivariate and hierarchical multivariable logistic regression models were used to
examine the association of the determinants and diabetes.
Results: The weighted prevalence of diabetes among the adults aged 50 years and above in Ghana was 3.95% (95%
Confidence Interval: 3.35–4.55) with the prevalence being insignificantly higher in females than males (2.16%, 95% CI: 1.
69–2.76 vs. 1.73%, 95% CI: 1.28–2.33). Low level of physical activity (Adjusted Odds Ratio [AOR] 2.11, 95% CI: 1.21–3.69)
and obesity (AOR 4.81, 95% CI: 1.92–12.0) were associated with increased odds of diabetes among women while old
age (AOR 2.58, 95% CI: 1.29–5.18) and university (AOR 12.8, 95% CI: 4.20–39.1), secondary (AOR 3.61, 95% CI: 1.38–9.47)
and primary education (AOR 2.71, 95% CI: 1.02–7.19) were associated with increased the odds of diabetes among men.
Conclusion: The prevalence of diabetes among old adults shows a similar trend with that of the general population.
However, the prevalence may have been underestimated due to self-reporting and a high rate of undiagnosed
diabetes. In addition, the determinants of diabetes among older adults are a clear indication of the need for diabetes
prevention programme targeting the young people and that are gender specific to reduce the burden of diabetes at
old age. Physical activity and nutrition should be emphasised in any prevention strategy.
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Background
Approximately 1.9% of the global disability adjusted life
years is attributed to diabetes having doubled since 1990
[1]. The International Diabetes Federation (IDF) estimates that 450 million people are living with diabetes,
with 5.1 million dying from it annually worldwide [2, 3].
The prevalence of diabetes is expected to double by 2030
from 8.3 to 17.6% globally [2, 4, 5], excluding the high
numbers of undiagnosed cases estimated at 175 millions
[2, 6]. In sub-Saharan Africa, 21.5 million people are living
with diabetes leading to approximately half a million
diabetes-related deaths in 2013 [2].
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The prevalence of diabetes varies in different age groups
with the older population being at a higher risk compared
to the young population [7]. For instance, the prevalence
of diabetes has been estimated to be between 7.7 to 20%
and 5 to 8.8% for adults aged 45 years and more in Kenya
and South Africa respectively [7, 8]. In addition, more
diabetic people live in urban than in rural areas [8, 9].
Cross-country studies have revealed differences in social
and behavioural factors of subjective well being and disability among diabetes patients as well as in the role
gender plays in the well being of these patients [10, 11].
In this regard, country-specific studies have found association between diabetes and socioeconomic factors
such as education, employment status, wealth and social
class [12–14]. Diabetes has also been related with behavioural characteristics of the population such as physical

© The Author(s). 2016 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gatimu et al. BMC Public Health (2016) 16:1174

inactivity, poor dietary intake, inadequate intake of fruits
and vegetables, tobacco use and alcohol consumption [8].
Despite the demographic transition occurring in Africa,
few studies have focused on understanding the magnitude
of diabetes among older adults in specific countries
[12, 15]. Country-specific studies on the social and
behavioural determinants of diabetes have been recommended to guide the development of local diabetes
prevention measures and policies [10, 11]. Specifically,
in Ghana, studies in the general population have estimated that between 3.3 and 6% of the population has
diabetes with the prevalence increasing with age and
being higher in urban than in rural areas [2, 15–17].
However, there has been little focus on the health
status of the increasing old population, which, for instance has increased from 4.9% in 1960 to 12% in 2010
[18]. Thus, in order to provide more evidence about
the magnitude of diabetes among the old population,
this study assessed the prevalence and the socioeconomic and behavioural risk factors of diabetes among
adults aged 50 years and over in Ghana.

Methods
Study design

We conducted a cross sectional study based on data collected in an on-going longitudinal Study of Ageing and
Adult Health (SAGE) Wave 1 from 2007 to 2008 in
Ghana. SAGE Wave 1 used a multistage stratified clusters
design to identify the 5269 households and 5573 people
sampled [19, 20]. All household members aged 50 plus
years in selected households were invited to participate in
the study while one person was randomly selected for
households with no person aged 50 years and above [21].
A trained data collection team conducted face to face
interviews with the respondents [19, 22] using standardized
questionnaires translated into three local languages of
Akan, Twi and Ga [19]. An individual questionnaire
was used to collect the socio-demographic characteristics,
work history and benefits, health state descriptions,
anthropometrics, performance tests and biomarkers,
risk factors and preventive health behaviours. More information regarding SAGE has been published by the
WHO SAGE group elsewhere [20–22].
Measures
Socio-demographics variables

The interviewers recorded the respondents sex as either
male or female based on their observation while the
respondents reported their age in years, which was
then categorised into 50–59 years, 60–69 years and 70
plus years’ age brackets. Information on the area of
residence (rural/urban) and their marital status (never
married, currently married or cohabiting, and separated,
divorced or widowed) was also gathered.
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Socioeconomic variables

Respondents were asked to report their highest level of
education as categorised in 4 groups: primary, secondary,
college and university. Wealth quintiles were generated
based on household assets through principal component
analysis with quintile 1 representing the poorest and
quintile 5 representing the wealthiest households [21].
Employment was assessed based on 2 questions; “Have
you ever worked?” and “Who is/was your employer in
your current/most recent main job? [21].
Health behaviours

The Global Physical Activity Questionnaire (GPAQ) that
measures the intensity, duration, and frequency of physical activity in occupation, transport-related and leisure
time was used. The total time spent, number of days and
intensity in physical activity during a typical week were
used to generate three levels of physical activity – low,
moderate and high [23, 24]. Alcohol and smoking was
assessed based on WHO STEPwise approach to surveillance on the Non-communicable diseases Risk Factors
(STEPS). A 24-hour recall on the intake of fruits and
vegetable consumption based on ‘How many servings of
fruit do you eat on a typical day?’ and ‘How many servings of vegetables do you eat on a typical day?’ was used
[21]. Respondents who consumed less than five servings
of both fruits and vegetable in a week were classified to
have insufficient intake while those with who consumed
five or more servings of both fruits and vegetable in a
week were classified to have sufficient intake [21].
Anthropometric variables

The respondents’ weight and height were measured
using standard equipment. Body Mass Index (BMI) was
calculated based on weight in kilogram (kg) and height
in squared metres (m2). Respondents were then classified
based on BMI as underweight (<18.5 kg/m2), normal (18.5
to 24.9 kg/m2), overweight (25 to 29.9 kg/m2) and obese
(>30 kg/m2).
Outcome variable

Self reported diabetes was assessed based on two questions – “Have you ever been diagnosed with diabetes?”
and “Have you ever been told by the doctor to have high
blood sugar?” while excluding those with diabetes associated with a pregnancy [21].
Statistical analysis

Descriptive statistics were used to describe the weighted
sample characteristics and the prevalence of the diabetes.
The association between the prevalence of diabetes and
risk factors was performed using the chi square test. The
individual and household survey weights which been calculated based on the selection probability at each stage of
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Table 1 Demographic, socioeconomic and behavioural characteristic of the respondents
Characteristics

Male

Female

Total

n (%)

n (%)

%

50–59 years

904 (41.0)

707 (38.9)

40.1

60–69 years

612 (26.5)

528 (28.3)

27.3

70 years and above

611 (32.5)

727 (32.8)

32.6

Urban

1342 (59.9)

1093 (59.0)

59.5

Rural

785 (40.1)

869 (41.0)

40.5

24 (1.3)

24 (1.3)

1.3

p-valuea

Age

0.48

Residence
0.59

Marital Status
Never Married
Currently Married/Cohabiting

1785 (85.4)

537 (30.9)

59.3

Separated/Divorced/Widowed

318 (13.3)

1401 (67.9)

39.4

No Schooling

957 (43.5)

1303 (65.6)

54.1

Primary or <6 year Schooling

471 (22.5)

379 (20.0)

21.3

Secondary/High School

594 (28.9)

241 (12.3)

20.9

College/University

105 (5.1)

39 (2.1)

3.7

1 (Lowest)

404 (16.4)

411 (20.4)

18.3

2

382 (17.1)

419 (21.2)

19.1

3

425 (20.2)

400 (21.6)

20.9

4

443 (21.7)

396 (19.9)

20.8

5 (Highest)

471 (24.6)

333 (16.9)

20.9

Never Employed/Work

34 (1.4)

27 (2.0)

1.6

Public

304 (15.0)

95 (5.1)

10.3

Private

120 (5.5)

34 (1.8)

3.8

Self-employed

1520 (70.9)

1666 (83.6)

77.0

Informal

149 (7.2)

140 (7.4)

7.3

<0.01

Level of Education

<0.01

Wealth Quintile

<0.01

Type of Employer

<0.01

Physical Activity
Low

396 (21.4)

581 (29.2)

25.1

Moderate

256 (12.1)

234 (12.2)

12.2

High

1453 (66.5)

1127 (58.6)

62.7

Non Drinkers

654 (33.1)

1044 (53.4)

42.8

Daily Drinkers

690 (31.4)

201 (11.5)

21.9

<0.01

Alcohol Consumption

Occasional Drinkers

482 (22.6)

421 (22.1)

22.3

Former Drinkers

269 (12.9)

260 (13.0)

13.0

Non-Smokers

1222 (59.9)

1802 (91.6)

75.1

Current Daily Smokers

327 (12.0)

74 (3.9)

8.1

Former Smokers

570 (28.1)

85 (4.5)

16.8

<0.01

Smoking

<0.01
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Table 1 Demographic, socioeconomic and behavioural characteristic of the respondents (Continued)
Fruits/Vegetables Intake
Adequate

405 (21.1)

426 (22.2)

21.6

Inadequate

1722 (78.9)

1536 (77.8)

78.4

Underweight

426 (20.0)

359 (18.8)

19.4

Normal

1180 (55.2)

887 (46.6)

51.1

Overweight

299 (15.2)

338 (18.0)

16.5

Obese

164 (9.6)

310 (16.6)

12.9

0.45

Body Mass Index

<0.01

a

Pearson Chi Square Test (χ2) was used to assess the association between the sex and other socio-demographic, socioeconomic, health behaviours and
anthropometric factors

selection and were post stratified by sex, locality, region
and age groups (for individual), and region and locality
(for household) as per the 2009 statistics were used in
weighting [19, 20].
Bivariate and multivariable logistic regression models
were used to examine the association of socioeconomic and
health behavioural variables with diabetes. A multivariable
logistic regression was adjusted for the socio-demographic,
socioeconomic, behavioural and anthropometric factors
and stratified by gender. We conducted gender specific
hierarchical models to assess the associated effects of the
different confounders on the relationship between diabetes
and socio-demographic, socioeconomic, behavioural
and anthropometric factors. We adjusted for sociodemographic factors (age and residence) in model I,
socio-demographic and socioeconomic factors (education and wealth) in model II and socio-demographic,
socioeconomic and health behavioural factors (smoking,
alcohol and physical activity) in model III. In the final
model IV, adjustment was made for all factors in model III
plus anthropometric factor (Body Mass Index). All statistical analysis were performed using STATA 13 [25] and
odds ratios with p-values of less than 0.05 were considered
statistically significant.
Ethics

The WHO Ethical Review Board and the local review
board in Ghana approved SAGE Wave 1. Informed
consent was sought from all the respondents and confidentiality maintained [21].

Results
Descriptive characteristics of the respondents

Table 1 illustrates the demographic, socioeconomic, healthrelated behavioural and anthropometric characteristics of
the respondents. Out of the 4305 respondents aged 50 plus
years included in the study, 216 of them with missing data
were dropped, remaining with 4089 respondents who were
included the final analysis. Fifty-two per cent of the respondents were males (n = 2150) while 48% (n = 1983)
were females. Sixty per cent of them lived in the rural

areas, 59.3% were married and 77% were self-employed.
The respondents were equally distributed along the five
household wealth quintiles with 20.9% being in the highest
wealth quintile while 18.3% in the lowest wealth quintile.
Most of the respondents (62.7%) had high level of
physical activity while 25.1% had low level of physical
activity. However, 16.5 and 12.9% of the respondents
were overweight and obese respectively. Approximately,
80% of the respondents consumed less than five servings
of both fruits and vegetables in a week, while 21.9% consumed alcohol daily with 8.1% being daily users of tobacco
and its related products.
Prevalence of diabetes

The weighted prevalence of diabetes was 3.95% (95% CI:
3.35–4.55). The prevalence was higher in females compared
to males (2.16%, 95% CI: 1.69–2.76 vs. 1.73%, 95% CI:
1.28–2.33) though not statistically significant (p-value =
0.07). Table 2 illustrates the prevalence of diabetes according to demographic, socioeconomic, behavioural
and anthropometric characteristics. Respondents in
urban areas had a significantly high prevalence compared to those in rural areas. In addition, respondents
aged 60 to 69 years had a prevalence of 5.62% (95% CI:
3.88–8.08) while those aged 50 to 59 years had a prevalence of 2.83% (95% CI: 1.99–4.01). A significant association between diabetes and highest level of education was
also observed with the highest prevalence (15.2%, 95% CI:
8.70–22.7) among respondents with college and university
education and the lowest prevalence (2.6%, 95% CI: 1.92–
3.53) among those with no formal schooling. Moreover,
high wealth households had significantly higher prevalence compared to low wealth households (7.2%, 95% CI:
5.33–9.45) vs. 2.24%, 95% CI: 1.34–3.79). Furthermore,
respondents with low level of physical activity had a significantly higher prevalence of diabetes (6.74%, 95% CI:
0.42–8.51) compared to those with high level of physical
activity (2.32%, 95% CI: 0.42–3.15). Respondents who
were obese had a prevalence of 9.1% (95% CI: 6.48–13.2)
while those with normal BMI had a prevalence of 1.52%
(95% CI: 0.81–2.89).
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Table 2 Prevalence of diabetes according to socioeconomic and health behavioural characteristics of the respondents
Characteristics

Male

Female

Total

% (95% CI)
[n = 73]

% (95% CI)
[n = 89]

% (95% CI)
[n = 162]

P-value
(χ2)a

Age
50–59 years

2.44 (1.52–3.95)

3.25 (2.08–5.08)

2.83 (1.99–4.01)

60–69 years

5.75 (3.50–8.66)

5.75 (3.55–9.05)

5.62 (3.88–8.08)

70 years and above

2.55 (1.45–4.59)

4.90 (3.51–7.01)

3.74 (2.70–5.17)

0.01

Residence
Rural

1.94 (1.21–3.15)

2.71 (1.79–4.18)

2.33 (1.65–3.27)

Urban

5.46 (3.61–7.93)

7.06 (5.35–9.25)

6.19 (4.75–8.03)

1.04 (0.53–2.11)

3.72 (2.71–5.09)

2.60 (1.92–3.53)

<0.01

Level of Education
No Schooling
Primary

3.01 (1.61–5.59)

4.42 (2.75–7.07)

3.65 (2.50–5.32)

Secondary/High School

4.76 (3.01–6.82)

8.12 (4.73–15.8)

5.71 (4.02–7.68)

College/University

16.5 (9.50–27.1)

8.18 (2.63–23.4)

15.2 (8.70–22.7)

<0.01

Wealth Quintile
1 (Lowest)

0.61 (0.19–1.97)

3.66 (2.10–6.41)

2.24 (1.34–3.79)

2

2.27 (1.10–4.78)

1.70 (0.84–3.50)

1.97 (1.20–3.30)

3

1.88 (1.00–3.53)

3.11 (1.70–5.72)

2.49 (1.59–3.92)

4

3.73 (2.14–6.53)

7.03 (4.24–11.2)

5.24 (3.58–7.54)

5 (Highest)

6.81 (4.29–10.1)

7.82 (5.57–11.0)

7.20 (5.33–9.45)

<0.01

Type of Employer
Never Employed

0.00 (0.00–0.00)

4.42 (1.11–21.5)

2.53 (0.66–11.4)

Public

6.75 (3.63–10.8)

6.48 (3.12–13.0)

6.69 (4.06–9.85)

Private

6.90 (3.37–14.0)

0.00 (0.00–0.00)

5.28 (2.64–10.9)

Self-employed

2.65 (1.81–3.89)

4.65 (3.56–5.96)

3.69 (2.89–4.68)

Informal

1.09 (0.29–4.70)

2.53 (0.99–6.85)

1.79 (0.85–4.20)

0.02

Physical Activity
Low

5.93 (3.55–8.90)

7.38 (5.63–9.62)

6.74 (0.42–8.51)

Moderate

5.21 (3.00–9.07)

7.05 (4.28–12.1)

6.10 (0.42–9.01)

High

2.18 (1.42–3.41)

2.49 (1.64–3.80)

2.32 (0.42–3.15)

<0.01

Fruits/Vegetables Intake
Adequate

3.27 (1.63–5.26)

4.78 (2.81–7.59)

4.01 (2.61–5.46)

Inadequate

3.37 (2.44–4.75)

4.42 (3.47–5.74)

3.87 (3.11–4.92)

Non Drinkers

2.18 (1.26–3.95)

4.34 (3.27–5.84)

3.47 (2.70–4.58)

0.85

Alcohol

Daily Drinkers

2.29 (1.21–4.35)

0.67 (0.17–2.68)

1.88 (1.01–3.55)

Occasional Drinkers

5.23 (2.79–8.53)

4.74 (2.85–7.44)

4.99 (3.26–6.97)

Former Drinkers

5.61 (3.11–9.96)

7.22 (3.79–13.4)

6.38 (4.02–10.1)

<0.01

Smoking
Non-Smokers

3.29 (2.32–4.78)

4.65 (3.70–5.95)

4.09 (3.36–5.10)

Daily Smokers

1.84 (0.54–6.10)

4.01 (1.07–14.6)

2.34 (0.96–5.68)

Former Smokers

4.17 (2.37–6.43)

1.79 (0.13–6.29)

3.86 (2.16–5.74)

0.41
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Table 2 Prevalence of diabetes according to socioeconomic and health behavioural characteristics of the respondents (Continued)
Body Mass Index
Underweight

1.09 (0.38–3.05)

2.02 (0.91–4.59)

3.11 (2.33–4.22)

Normal

3.08 (2.08–4.61)

3.16 (2.08–4.87)

1.52 (0.81–2.89)

Overweight

4.35 (2.22–6.99)

4.60 (2.71–7.71)

4.48 (2.92–6.29)

Obesity

7.74 (4.22–14.5)

9.97 (6.91–14.6)

9.10 (6.48–13.2)

<0.01

The values are presented in percentages with the 95% confidence interval in the bracket
a
Pearson Chi Square Test (χ2) was used to assess the relationship between the prevalence of diabetes and the socio-demographic, socioeconomic, health behaviours
and anthropometric factors

Risk factors of diabetes among older adults

Table 3 illustrates the findings of the bivariate and multivariable logistic regression. Respondents aged 60 to 69 years
were twice likely to have diabetes compared to those aged
50 to 59 years respectively. In addition, respondents with
university and secondary education were five and two times
more likely to have diabetes than those who had never been
to school respectively. Moreover, respondents with low and
moderate level of physical activity were 67 and 117% respectively more likely to be diabetic compared to those
with high level of physical activity while those who were
obese were two times more likely to be diabetes compared
to those of normal BMI.
However, when stratifying by sex, men aged 60 to 69 years
(AOR 2.58, 95% CI: 1.29–5.18) and those with primary
(2.71, 95% CI: 1.02–7.19), secondary (3.61, 95% CI: 1.38–
9.47) and university (12.8, 95% CI: 4.20–39.1) education
showed an associated increase in risk of diabetes (Table 4).
On the other hand, women who were obese (4.81, 95% CI:
1.92–12.0) and with low level of physical activity (2.11,
95% CI: 1.21–3.69) had an associated increase in the
odds of diabetes while those who consume alcohol daily
(0.18, 95% CI: 0.04–0.82) and in the second wealth quintile
(0.33, 95% CI: 0.12–0.91) had an associated reduction in
odds of diabetes (Table 5).

Discussion
This study sought to assess the prevalence of diabetes
among the older adults aged 50 plus years and the
demographic, socioeconomic, health behaviour and
anthropometric risk factors of diabetes in older adults
in Ghana. The overall prevalence was 3.95%, with no
statistically significant differences by sex. Old age and
education were associated with higher risk of diabetes
among men while low and moderate levels of physical
activity and obesity were associated with higher risk of
diabetes among women.
The prevalence of diabetes among old adults in Ghana
was within the range of the prevalence of diabetes in the
general population of Ghana of between 3.8 and 6.3%
[15, 17]. However, the prevalence rate was lower in comparison to Nigeria, South Africa and Kenya, which could

be due to differences in population size, exposures to
risk factors and study designs [26–29].
Similar to our study, most studies in Ghana and Africa
have found no statistical difference in diabetes between
men and women [7–9, 12, 15, 26]. However, our findings
differ from a study by Amoah and colleagues (2002) in
urban Accra that found that males had a statistically
higher prevalence than females, which could partly be
explained by the high population of older males in the
study [17].
The prevalence of diabetes among older adults increased
with age from 1.13 to 1.57% among 50 to 59 years and 60
to 69 years respectively. This is a pattern observed in other
studies in Ghana, which could reflect the ageing population
in Ghana, currently constituting 12% of the population
[15–17, 23]. Specifically, old age was found to be associated
with increased risk of diabetes only among males. This
association could be explained by the cumulative effect of
early life exposure to biological, social and behavioural
determinants of diabetes [30].
We also found that the prevalence of diabetes significantly increased with advancing levels of education. It
was high among those with university and college education compared to those in other levels of education, both
in the general population and among males. There exist
inequalities in education favouring males over females in
Ghana [31] which, was also noted in our study where
males had significantly higher level of education compared with females. High education has also been linked
to the increasing adoption of new sedentary lifestyles,
changes in dietary intake and less engagement in physical
activity due to the nature of job and pressure at work thus
increasing their cumulative health risk [32–35]. This is further supported in our study where education among male
was significantly associated with poor health behaviours
(low level of physical inactivity, smoking and alcohol) and
socioeconomic factors (urban residence and wealth).
Obesity has been identified as independent risk factor
to diabetes in previous studies from Ghana [15, 16]. This
was also supported by our study where obesity was associated with more than threefold increase in the odds of
being diabetic in the general population and fivefold
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Table 3 Multivariable regression analyses of the socioeconomic determinants and health risk behaviours for both males and females
Characteristics

Univariate

Model 1

Model 2

Model 3

Model 4

OR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

Sex
Male

1

1

1

1

1

Female

1.38 (0.96–1.96)

1.34 (0.93–1.93)

1.81 (1.23–2.67)*

1.63 (1.07–2.50)*

1.50 (0.98–2.30)

Age
50–59 years

1

1

1

1

1

60–69 years

2.04 (1.21–3.45)

2.10 (1.25–3.55)*

2.41 (1.41–4.14)*

2.32 (1.32–4.07)*

2.34 (1.28–4.28)*

70 years and above

1.33 (0.80–2.23)

1.39 (0.83–2.35)

1.96 (1.14–3.37)*

1.70 (0.96–3.01)

1.91 (1.05–3.44)*

Rural

1

1

1

1

1

Urban

2.77 (1.77–4.34)

2.81 (1.80–4.38)*

1.87 (1.14–3.07)*

1.45 (0.85–2.45)

1.27 (0.75–2.15)

Residence

Education Level
No schooling

1

1

1

1

Primary School

1.42 (0.88–2.27)

1.48 (0.89–2.47)

1.44 (0.85–2.44)

1.30 (0.76–2.19)

Secondary/High

2.21 (1.41–3.46)

2.28 (1.33–3.89)*

2.21 (1.29–3.79)*

2.08 (1.19–3.65)*

University

6.24 (3.30–11.8)

5.14 (2.44–10.8)*

4.90 (2.30–10.5)*

5.07 (2.35–10.9)*

1 (Lowest)

1

1

1

1

2

0.88 (0.45–1.71)

0.81 (0.42–1.56)

0.71 (0.36–1.38)

0.64 (0.32–1.27)

3

1.11 (0.56–2.21)

0.92 (0.48–1.78)

0.84 (0.43–1.66)

0.80 (0.40–1.59)

4

2.38 (1.23–4.58)

1.58 (0.80–3.12)

1.49 (0.72–3.07)

1.18 (0.58–2.41)

5 (Highest)

3.31 (1.81–6.08)

1.61 (0.81–3.17)

1.46 (0.72–2.96)

1.14 (0.54–2.39)

Wealth

Physical Activity
High

1

1

1

Moderate

2.77 (1.77–4.34)

2.15 (1.32–3.50)*

2.17 (1.32–3.56)*

Low

2.96 (2.06–4.23)

1.88 (1.24–2.85)*

1.67 (1.12–2.50)*

Alcohol
Non Drinkers

1

1

1

Daily Drinkers

0.53 (0.27–1.06)

0.65 (0.33–1.28)

0.59 (0.29–1.20)

Occasional Drinkers

1.37 (0.87–2.18)

1.30 (0.81–2.10)

1.27 (0.77–2.09)

Former Drinkers

1.87 (1.09–3.21)

1.54 (0.89–2.68)

1.57 (0.90–2.76)

Fruits/Vegetables Intake
Adequate

1

1

1

Inadequate

1.03 (0.68–1.58)

1.12 (0.72–1.72)

1.17 (0.69–2.90)

Smoking
Never Smoker

1

1

1

Daily/Not Daily

0.56 (0.22–1.43)

1.39 (0.52–3.72)

1.08 (0.38–3.08)

Not Current Smoker

0.85 (0.52–1.38)

1.07 (0.64–1.80)

1.19 (0.71–2.01)

Body Mass Index
Normal

1

1

Underweight

2.08 (1.07–4.05)

1.85 (0.97–3.55)

Overweight

2.88 (1.41–5.92)

1.91 (0.93–3.92)

Obese

6.57 (3.03–14.3)

3.61 (1.69–7.70)*

Model I: Adjusted for socio-demographic factors (age and residence)
Model II: Adjusted for socio-demographic factors (age and residence) and socioeconomic factors (education and wealth)
Model III: Model II plus further adjustment for health behaviours (smoking, alcohol use, fruits and vegetable intake and physical activity)
Model IV: Model III with additional adjustment for anthropometric factor (Body mass index)
*Significance level (p < 0.05), AOR adjusted odd ratio, CI Confidence Interval
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Table 4 Multivariable regression analyses of the socioeconomic determinants and health risk behaviours for males
Characteristics

Model 1

Model 2

Model 3

Model 4

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

50–59 years

1

1

1

1

60–69 years

2.45 (1.26–4.72)*

2.70 (1.42–5.13)*

2.77 (1.37–5.59)*

2.58 (1.29–5.18)*

70 years and above

1.11 (0.51–2.43)

1.61 (0.91–3.62)

1.63 (0.74–3.62)

1.78 (0.80–3.97)

Rural

1

1

1

1

Urban

2.91 (1.54–5.53)*

1.81 (0.91–3.62)

1.54 (0.75–3.16)

1.60 (0.76–3.38)

No schooling

1

1

1

Primary School/Less

2.83 (1.12–7.15)*

3.41 (1.29–9.04)*

2.71 (1.02–7.19)*

Secondary/High

3.71 (1.60–8.61)*

3.70 (1.46–9.40)*

3.61 (1.38–9.47)*

University

12.2 (4.47–33.3)*

12.3 (4.14–36.6)*

12.8 (4.20–39.1)*

1 (Lowest)

1

1

1

2

3.22 (0.84–12.4)

2.63 (0.84–10.5)

2.44 (0.63–9.43)

3

1.98 (0.53–7.32)

2.23 (0.53–8.81)

1.84 (0.49–6.89)

4

3.13 (0.76–13.0)

3.29 (0.76–15.0)

1.97 (0.48–8.15)

5 (Highest)

3.93 (1.01–15.4)*

4.29 (0.99–18.6)

2.60 (0.65–10.5)

High

1

1

Moderate

1.78 (0.83–3. 81)

1.58 (0.71–3.56)

Low

1.70 (0.83–3.48)

1.32 (0.67–2.59)

Non Drinkers

1

1

Daily Drinkers

1.02 (0.46–2.27)

0.90 (0.41–2.01)

Age

Residence

Education Level

Wealth

Physical Activity

Alcohol

Occasional Drinkers

1.80 (0.80–4.06)

1.79 (0.78–4.09)

Former Drinkers

1.91 (0.80–4.52)

1.91 (0.82–4.49)

Adequate

1

1

Inadequate

1.41 (0.70–2.86)

1.42 (0.69–2.90)

Never Smoker

1

1

Daily/Not Daily

1.63 (0.44–6.03)

0.76 (0.20–2.86)

Not Current Smoker

1.28 (0.71–2.30)

1.35 (0.76–2.39)

Fruits/Vegetables Intake

Smoking

Body Mass Index
Normal

1

Underweight

2.41 (0.81–7.22)

Overweight

2.48 (0.73–8.40)

Obese

3.74 (0.93–15.1)

Model I: Adjusted for socio-demographic factors (age and residence)
Model II: Adjusted for socio-demographic factors (age and residence) and socioeconomic factors (education and wealth)
Model III: Model II plus further adjustment for health behaviours (smoking, alcohol use, fruits and vegetable intake and physical activity)
Model IV: Model III with additional adjustment for anthropometric factor (Body mass index)
*Significance level (p < 0.05), AOR adjusted odd ratio, CI confidence Interval
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Table 5 Multivariable regression analyses of the socioeconomic determinants and health risk behaviours for females
Characteristics

Model 1

Model 2

Model 3

Model 4

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

50–59 years

1

1

1

1

60–69 years

1.84 (0.93–3.66)

2.08 (1.01–4.31)*

1.75 (0.85–3.62)

1.81 (0.85–3.85)

70 years and above

1.63 (0.86–3.07)

2.09 (1.07–4.08)*

1.56 (0.75–3.22)

1.83 (0.88–3.80)

Rural

1

1

1

1

Urban

2.74 (1.62–4.63)*

1.95 (1.03–3.70)*

1.47 (0.77–2.80)

1.07 (0.56–2.05)

1

1

1

Age

Residence

Education Level
No schooling
Primary School /Less

1.11 (0.56–2.19)

0.96 (0.46–1.97)

0.90 (0.45–1.82)

Secondary /High

1.89 (0.81–4.41)

1.84 (0.79–4.26)

1.55 (0.63–3.81)

University

1.48 (0.37–5.97)

1.34 (0.33–5.48)

1.23 (0.32–4.70)

1 (Lowest)

1

1

1

2

0.44 (0.17–1.12)

0.39 (0.15–1.01)

0.33 (0.12–0.91)*

Wealth

3

0.76 (0.35–1.66)

0.57 (0.25–1.28)

0.55 (0.23–1.29)

4

1.44 (0.65–3.17)

1.21 (0.52–2.81)

1.07 (0.43–2.67)

5 (Highest)

1.34 (0.58–3.10)

1.02 (0.44–2.39)

0.87 (0.33–2.30)

High

1

1

Moderate

2.79 (1.34–5.78)*

3.20 (1.53–6.69)*

Low

2.17 (1.25–3.76)*

2.11 (1.21–3.69)*

Physical Activity

Alcohol
Non Drinkers

1

1

Daily Drinkers

0.18 (0.04–0.81)*

0.18 (0.04–0.82)*

Occasional Drinkers

1.05 (0.58–1.88)

0.97 (0.52–1.83)

Former Drinkers

1.55 (0.75–3.20)

1.68 (0.78–3.61)

Adequate

1

1

Inadequate

0.95 (0.55–1.65)

0.98 (0.54–1.79)

Never Smoker

1

1

Daily/Not Daily

1.70 (0.37–7.84)

0.76 (0.44–11.0)

Former Smoker

1.00 (1.00–1.00)

1.00 (1.00–1.00)

Fruits/Vegetables Intake

Smoking

Body Mass Index
Normal

1

Underweight

1.77 (0.69–4.51)

Overweight

2.03 (0.74–5.57)

Obese

4.81 (1.92–12.0)*

Model I: Adjusted for socio-demographic factors (age and residence)
Model II: Adjusted for socio-demographic factors (age and residence) and socioeconomic factors (education and wealth)
Model III: Model II plus further adjustment for health behaviours (smoking, alcohol use, fruits and vegetable intake and physical activity)
Model IV: Model III with additional adjustment for anthropometric factor (Body mass index)
*Significance level (p < 0.05),AOR adjusted odd ratio, CI confidence Interval
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among women. Some studies have also found obesity
among women as a key risk factor for diabetes in Africa
and have attributed it to a perception in Ghana and
Africa in general of large body size being viewed positively and healthy [14, 28, 36, 37]. Moreover, obesity
was significantly higher in women than in men in our
study. Also, the prevalence of diabetes was significantly higher among obese women compared to obese
men. Females have been known to have high rate of
biological risk factors such as insulin resistance, abdominal adiposity and low high-density lipoproteins
hence an associated increase in the risk of diabetes
[38]. The increasing level of obesity in Africa has been
attributed to the changing demographic dynamics,
urbanization, poverty, nutrition transition and changing lifestyles [37, 39, 40]. Obesity is also associated
with increase in body’s energy requirement hence the
associated increase in blood glucose and saturated
fatty acids and possibly insulin resistance [41].
Physical inactivity was another significant risk factor
increasing the odds of diabetes among older adults. In
particular, physical inactivity was an independent risk
factor of diabetes among women. This is supported by
the significantly higher number of women with low level
of physical activity compared to male. It is also further
explained by studies that have shown physically inactive
people to have higher prevalence of diabetes in Ghana
[17] with similar observations being made in Kenya and
Nigeria [7, 26]. Literature also shows physical inactivity
is associated with increase in the risk of obesity by increasing the amount of saturated fatty acids in the body
and hence triggering insulin insensitivity [41].
An interesting finding in our study was the associated
protective effect of daily consumption of alcohol and low
socioeconomic position among women. Studies have found
women in low socioeconomic position to be less educated
and to have poor access to nutrition [42]. Thus, they may
be protected from the sedentary lifestyle that is adopted by
those of high socioeconomic position. However, the trend
is changing and a number of studies are showing an
increasing dual burden of malnutrition in low and middleincome countries [14, 37, 39, 43, 44].
This study identifies some of the major factors associated with diabetes among the older adults in Ghana. The
gender difference in the risk factors also confirms the assertion that gender plays a different role among patients
with diabetes. In Ghana, female gender has been found
to be associated with poor subjective health among patients
with diabetes [10, 11]. To reduce the burden of diabetes,
health policies targeting specific risk factors of diabetes in
Ghana ought to be formulated. In addition, specific measures should be taken to address the increasing rate of
obesity and physical inactivity as well as address the social
determinants of diabetes such as education.
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Strengths and limitations of the study

One of the strengths of the study is the use of a large
sample size that is representative of the whole country
and can thus be used for comparison. The study also
had a high response rate of 86% with few missing data
hence making the results more reliable. However, being
of cross sectional study, we are limited in assessing causation or direction of association and studying prevalence
over time. Our study may also have underestimated the
prevalence of diabetes because of under-reporting as a
result of self-reporting of diabetes, which does not account for the high rate of undiagnosed cases of diabetes
estimated at 62% in Africa [2]. Moreover, laboratory data
such as fasting plasma glucose and HbA1c are needed to
correctly estimate the prevalence of diabetes [45]. In
addition, alcohol and smoking were also measured based
on whether the respondents had ever been exposed
providing a crude measure that may not reflect the real
exposures. Furthermore, type 1 and type 2 diabetes have
not been differentiated despite the varying prevalence and
risk factors among old adults. Lastly, some of the known
risk factors of diabetes such as genetic predisposition were
not investigated in this study.

Conclusions
In conclusion, our study provides evidence on the prevalence of diabetes in Ghana and its associated risk factors
among older adults. The prevalence of diabetes among
old adults in Ghana was 3.95%. Old age, higher education,
low level of physical activity and obesity were associated
with higher risk of diabetes in the general population.
Gender differences exist in the risk factors of diabetes with
old age and higher education being the risk factors among
males and obesity and physical inactivity as risk factors
among females. Hence, there is need to enhance the
existing prevention programmes with emphasis on social
determinants of diabetes, sustained physical activities and
good nutritional practices starting at an early age to
reduce the level of exposure and subsequently to decrease
the prevalence of diabetes at old age.
Abbreviations
AOR: Adjusted odds ratio; BMI: Body mass index; CI: Confidence interval;
GPAQ: Global physical activity questionnaire; IDF: International diabetes
federation; OR: Odds ratio; SAGE: Study of global AGEing and adult health;
STEPS: STEPwise approach to surveillance on the Non-communicable
diseases Risk Factors; WHO: World Health Organization
Acknowledgements
We are grateful to the WHO Study on global AGEing and adult health (SAGE)
for allowing us utilizes their data our study and the Swedish Institute for
granting scholarship for Master in Science in Public Health in Umeå
University to the first author.
Funding
The study did not receive any funding.

Gatimu et al. BMC Public Health (2016) 16:1174

Availability of data and materials
All the data in this paper is publicly available on the WHO SAGE website
www.who.int/healthinfo/systems/sage. The data is free to access and can be
downloaded in STATA and SPSS. Researchers are required to sign and abide
by a data access agreement that ensures that data is only used in an ethical
manner before accessing the data. All supporting documents on the full
details of sampling, methods, measures and data collection tools can be
found in the WHO SAGE website above.
Authors’ contributions
SMG made a substantial contribution to the conception of the study, analysed
data, and contributed to writing of the first draft of the paper. MSS participated
in the conception of the manuscript and provided critical inputs to the analysis
and the discussion. BWM contributed in editing of the first and last drafts and
advised at all stages of the manuscript. All authors provided critical inputs to
the drafts of the manuscript at all stages and approved the final draft.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
WHO Study on Global Ageing and Adult Health (SAGE) Wave 1 obtained
ethical approval from the WHO Ethical Review Board and the respective
country research review boards and informed consents from the participants.
This study uses publicly available data (www.who.int/healthinfo/systems/sage)
and is not involved in any contact with the participants, therefore further
ethical approval was not considered necessary. We abided by the data access
agreement that ensures that data is only used in an ethical manner.
Author details
1
Department of Midwifery and Gender, School of Nursing, Moi University,
P.O. Box 4606, 30100 Eldoret, Kenya. 2Department of Public Health and
Clinical Medicine, Umeå International School of Public Health, Umeå
University, SE-90 185 Umeå, Sweden. 3Department of Nursing I, University of
the Basque country, Bilbao, Spain. 4School of Nursing, Moi University, PO. Box
4606, 30100 Eldoret, Kenya.
Received: 17 June 2016 Accepted: 15 November 2016

References
1. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, Ezzati M,
Shibuya K, Salomon JA, Abdalla S, et al. Disability-adjusted life years (DALYs) for
291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the
global burden of disease study 2010. Lancet. 2012;380(9859):2197–223.
2. IDF: IDF Diabetes Atlas, 6 edn. Brussels, Belgium: International Diabetes
Federation; 2013.
3. WHO: Global status report on noncommunicable diseases 2010. Italy: World
Health Organization; 2011
4. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE.
Global estimates of diabetes prevalence for 2013 and projections for 2035.
Diabetes Res Clin Pract. 2014;103(2):137–49.
5. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res
Clin Pract. 2011;94(3):311–21.
6. Beagley J, Guariguata L, Weil C, Motala AA. Global estimates of undiagnosed
diabetes in adults. Diabetes Res Clin Pract. 2014;103(2):150–60.
7. Ayah R, Joshi MD, Wanjiru R, Njau EK, Otieno CF, Njeru EK, Mutai KK. A
population-based survey of prevalence of diabetes and correlates in an
urban slum community in Nairobi, Kenya. BMC Public Health. 2013;13:371.
8. Motala AA, Esterhuizen T, Gouws E, Pirie FJ, Omar MA. Diabetes and other
disorders of glycemia in a rural South African community: prevalence and
associated risk factors. Diabetes Care. 2008;31(9):1783–8.
9. Mbanya JC, Motala AA, Sobngwi E, Assah FK, Enoru ST. Diabetes in sub-Saharan
Africa. Lancet. 2010;375(9733):2254–66.
10. Assari S. Cross-country variation in additive effects of socio-economics,
health behaviors, and comorbidities on subjective health of patients with
diabetes. J Diabetes Metab Disord. 2014;13:36.

Page 11 of 12

11. Assari S, Lankarani RM, Lankarani MM. Cross-country differences in the association
between diabetes and disability. J Diabetes Metab Disord. 2014;13:3.
12. Werfalli M, Engel ME, Musekiwa A, Kengne AP, Levitt NS. The prevalence of
type 2 diabetes among older people in Africa: a systematic review. lancet
Diabetes Endocrinol. 2016;4(1):72–84.
13. Mensah GA. Descriptive epidemiology of cardiovascular risk factors and
diabetes in sub-Saharan Africa. Prog Cardiovasc Dis. 2013;56(3):240–50.
14. Abubakari AR, Bhopal RS. Systematic review on the prevalence of diabetes,
overweight/obesity and physical inactivity in Ghanaians and Nigerians.
Public Health. 2008;122(2):173–82.
15. Danquah I, Bedu-Addo G, Terpe KJ, Micah F, Amoako YA, Awuku YA, Dietz E,
van der Giet M, Spranger J, Mockenhaupt FP. Diabetes mellitus type 2 in urban
Ghana: characteristics and associated factors. BMC Public Health. 2012;12:210.
16. Saeed BI, Abdul-Aziz AR, Nguah SB, Zhao X. The effect of socio-economic
predictors of chronic diseases in Ghana: results of a nationwide survey.
Global J Health Sci. 2013;5(5):115–23.
17. Amoah AG, Owusu SK, Adjei S. Diabetes in Ghana: a community based
prevalence study in Greater Accra. Diabetes Res Clin Pract. 2002;56(3):197–205.
18. Mba CJ: Population ageing in ghana: research gaps and the way forward.
Journal of aging research 2010, 2010
19. Biritwum RB, Mensah G, Minicuci N, Yawson AE, Naidoo N, Chatterji S, Kowal
P. Household characteristics for older adults and study background from
SAGE Ghana Wave 1. Glob Health Action. 2013;6:20096.
20. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R,
Maximova T, Arokiasamy P, Phaswana-Mafuya N, Williams S, et al. Data
resource profile: the World Health Organization study on global AGEing and
adult health (SAGE). Int J Epidemiol. 2012;41(6):1639–49.
21. WHO. WHO SAGE survey manual: the WHO study on global AGEing and
adult health (SAGE). Geneva: World Health Organization; 2006.
22. Biritwum RB, Mensah G, Yawson AE, Minicuci N. Study on global AGEing
and adult health (SAGE) wave 1: the Ghana national report. Geneva: World
Health Organization; 2013.
23. Cook-Huynh M, Ansong D, Steckelberg RC, Boakye I, Seligman K, Appiah L,
Kumar N, Amuasi JH. Prevalence of hypertension and diabetes mellitus in
adults from a rural community in Ghana. Ethn Dis. 2012;22(3):347–52.
24. WHO. Global physical activity questionnaire (GPAQ): analysis guide. Geneva:
World Health Organization; 2009.
25. StataCorp. Stata statistical software: release 13. College Station:
StataCorp LP; 2013.
26. Kyari F, Tafida A, Sivasubramaniam S, Murthy GV, Peto T, Gilbert CE,
Nigeria National B, Visual Impairment Study G. Prevalence and risk
factors for diabetes and diabetic retinopathy: results from the Nigeria
national blindness and visual impairment survey. BMC Public Health.
2014;14:1299.
27. Phaswana-Mafuya N, Peltzer K, Chirinda W, Musekiwa A, Kose Z, Hoosain E,
Davids A, Ramlagan S. Self-reported prevalence of chronic noncommunicable diseases and associated factors among older adults in South
Africa. Glob Health Action. 2013;6:20936.
28. Oti SO, van de Vijver SJ, Agyemang C, Kyobutungi C. The magnitude of
diabetes and its association with obesity in the slums of Nairobi, Kenya:
results from a cross-sectional survey. Trop Med Int Health. 2013;18(12):
1520–30.
29. Christensen DL, Friis H, Mwaniki DL, Kilonzo B, Tetens I, Boit MK, Omondi B,
Kaduka L, Borch-Johnsen K. Prevalence of glucose intolerance and
associated risk factors in rural and urban populations of different ethnic
groups in Kenya. Diabetes Res Clin Pract. 2009;84(3):303–10.
30. Parker L, Lamont DW, Unwin N, Pearce MS, Bennett SMA, Dickinson HO,
White M, Mathers JC, Alberti KGMM, Craft AW. A lifecourse study of risk for
hyperinsulinaemia, dyslipidaemia and obesity (the central metabolic
syndrome) at age 49-51 years. Diabet Med. 2003;20(5):406–15.
31. Senadza B. Education inequality in Ghana: gender and spatial dimensions.
J Econ Stud. 2012;39(6):724–39.
32. Lachat C, Otchere S, Roberfroid D, Abdulai A, Seret FM, Milesevic J,
Xuereb G, Candeias V, Kolsteren P. Diet and physical activity for the
prevention of noncommunicable diseases in low- and middle-income
countries: a systematic policy review. PLoS Med. 2013;10(6):e1001465.
33. Kuznetsov L, Simmons RK, Sutton S, Kinmonth AL, Griffin SJ, Hardeman W,
team AD-Ps. Predictors of change in objectively measured and self-reported
health behaviours among individuals with recently diagnosed type 2 diabetes:
longitudinal results from the ADDITION-Plus trial cohort. Int J Behav Nutr Phys
Act. 2013;10(1):1.

Gatimu et al. BMC Public Health (2016) 16:1174

Page 12 of 12

34. Turrell G, Kavanagh AM. Socio-economic pathways to diet: modelling the
association between socio-economic position and food purchasing
behaviour. Public Health Nutr. 2006;9(03):375–83.
35. Sobngwi E, Mbanya JCN, Unwin NC, Kengne AP, Fezeu L, Minkoulou EM,
Aspray TJ, Alberti K. Physical activity and its relationship with obesity,
hypertension and diabetes in urban and rural Cameroon. Int J Obes. 2002;
26(7):1009–16.
36. Obirikorang Y, Obirikorang C, Odame Anto E, Acheampong E, Dzah N,
Akosah CN, Nsenbah EB. Knowledge and lifestyle-associated prevalence of
obesity among newly diagnosed type II diabetes mellitus patients attending
diabetic clinic at komfo anokye teaching hospital, kumasi,ghana: a hospital-based
cross-sectional study. J Diabetes Res. 2016;2016:9759241.
37. Tuei VC, Maiyoh GK, Ha CE. Type 2 diabetes mellitus and obesity in sub-Saharan
Africa. Diabetes-Metabolism Res Rev. 2010;26(6):433–45.
38. Wannamethee SG, Papacosta O, Lawlor DA, Whincup PH, Lowe GD,
Ebrahim S, Sattar N. Do women exhibit greater differences in established
and novel risk factors between diabetes and non-diabetes than men? The
British regional heart study and British Women’s heart health study.
Diabetologia. 2012;55(1):80–7.
39. Mbanya JC, Assah FK, Saji J, Atanga EN. Obesity and type 2 diabetes in
Sub-Sahara Africa. Curr Diab Rep. 2014;14(7):1–8.
40. Maiyaki MB, Garbati MA. The burden of non-communicable diseases in
Nigeria; in the context of globalization. Ann Afr Med. 2014;13(1):1–10.
41. Khazrai YM, Defeudis G, Pozzilli P. Effect of diet on type 2 diabetes mellitus:
a review. Diabetes-Metabolism Res Rev. 2014;30 Suppl 1:24–33.
42. Maimela E, Alberts M, Modjadji SE, Choma SS, Dikotope SA, Ntuli TS, Van
Geertruyden JP. The prevalence and determinants of chronic Noncommunicable disease risk factors amongst adults in the dikgale health
demographic and surveillance system (HDSS) site, Limpopo province of
South Africa. PLoS One. 2016;11(2):e0147926.
43. Aspray TJ, Mugusi F, Rashid S, Whiting D, Edwards R, Alberti KG, Unwin NC.
Essential Non-communicable disease health intervention P: rural and urban
differences in diabetes prevalence in Tanzania: the role of obesity, physical
inactivity and urban living. Trans R Soc Trop Med Hyg. 2000;94(6):637–44.
44. Neupane S, Prakash KC, Doku DT. Overweight and obesity among women:
analysis of demographic and health survey data from 32 Sub-Saharan
African Countries. BMC Public Health. 2016;16:30.
45. WHO. Screening for type 2 diabetes: report of a world health organization and
international diabetes federation meeting. Geneva: World Health Organization
Department of Noncommunicable Disease Management; 2003.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

