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Abstract

Background Type 2 diabetes mellitus (T2DM) represents a significant global health challenge, with its prevalence
steadily rising across diverse populations. Understanding the factors associated with T2DM is crucial for effective
prevention and management strategies. In Cape Verde, an archipelago nation off the coast of West Africa, the burden
of T2DM is of particular concern, yet comprehensive studies investigating its determinants in this context remain
sparse. This study aims to narrow the knowledge gap by assessing the prevalence of prediabetes, T2DM and its
associated factors among the adult Cape Verdean population.

Methods Data from the WHO STEPs survey were used. We analyzed data from 1,936 adults aged 18-69 years. The
outcome variable was diabetes status computed using the fasting blood glucose (mg/dl). The data was weighted
before the analysis to account for sampling biases. Multinomial logistic regression models were computed in STATA
version 18.

Results The overall prevalence of prediabetes and T2DM was 7.8% (95% Cl: 6.1-9.9) and 3.9% (95% Cl: 3.1-4.9),
respectively. Increasing age was associated with a higher odd of prediabetes and T2DM with the highest odds
observed among older adults [(prediabetes: AORs =3.20, 95%Cl: 1.88-5.54) and T2DM: AOR=3.51, 95%Cl: 1.71-7.18)].
Additionally, high total cholesterol levels were linked to increased odds of T2DM (AOR=2.48, 95%Cl: 1.64-3.76).
Individuals who consumed less than four servings of vegetables daily had higher odds of T2DM (AOR=1.74, 95%Cl:
1.12-2.71) while being overweight/obese was associated with higher odds of prediabetes (AOR=1.57, 95%Cl:
1.10-2.23). Urban residents had higher odds of T2DM than rural residents (AOR=1.92, 95%Cl: 1.23-3.00). Also,

higher educational attainment was associated with lower odds of T2DM only (AOR=0.33, 95%Cl: 0.12-0.88) but not
statistically significant for prediabetes.

Conclusion Based on the findings, we conclude that ageing, overweight/obesity, vegetable consumption and total

cholesterol level are important predictors of pre-diabetes and T2DM in Cape Verde. As such, weight management and
cholesterol management should be integral parts of T2DM prevention strategies. Additionally, clinicians and diabetes
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societies in Cape Verde must make the promotion of vegetable consumption a key component of their health advice

and advocacy.
Clinical trial number Not applicable

Keywords Diabetes, Chronic diseases, Epidemiology, Public health, Risk factors

Background

Around the world, the human population is living lon-
ger than before. This has often been attributed to the
improvements in science, technology and medicine.
However, amidst this increased life expectancy comes
some concomitant health challenges [1]. Notably, there is
a surge in the incidence, prevalence and deaths attribut-
able to non-communicable diseases (NCDs). The Global
Burden of Disease estimates that NCDs account for 71%
of all mortalities, and are going to “overtake communi-
cable, maternal, neonatal, and nutritional (CMNN) dis-
eases combined” by 2030 in sub-Saharan Africa (SSA) [2].
Among these NCDs is type 2 diabetes mellitus (T2DM)
which affects approximately 537 million people world-
wide, and is expected to increase by 46% by the end of
2045 [3]. Within the African context, there were approxi-
mately 24 million people living with diabetes in 2021, and
416,000 deaths [3]. Thus, making T2DM a serious public
health concern in African countries.

Extant literature has shown that T2DM significantly
hampers healthy quality of life, and is a precursor to
many other adverse health effects [4, 5]. For instance,
T2DM has been found to exacerbate the risk of chronic
kidney diseases and end-stage kidney disease [5, 6],
blindness [7], cardiovascular diseases [8], and stroke [9].
As such, gaining an understanding of the risk factors of
diabetes provides an opportunity to inform policies,
preventive programs and clinical targeting necessary to
ensure reduce the burden of T2DM.

In Cape Verde, an archipelago nation off the coast of
West Africa, the burden of T2DM is of particular concern
[10], yet comprehensive studies investigating its deter-
minants in this context remain sparse. Coelho et al. [10]
in their study estimated the prevalence of T2DM to be
4.5% among the adult population, highlighting increasing
age as the only significant predictor of the disease risk.
Meanwhile, previous studies conducted in South Africa
[11], Kenya [12], and Brazil [13] have found a mixture of
socio-demographic, lifestyle and health-seeking behavior
to be significantly associated with the risk of T2DM. This
prompts an examination of the situation in Cape Verde.
The absence of established vital statistics systems and
reliable population-level data have, for years, made it dif-
ficult to assess the prevalence of T2DM and its associated
factors in this island nation. As such, we aim to narrow
the knowledge gap by assessing the prevalence of predia-
betes, T2DM and its associated factors among the adult

Cape Verdean population using the 2020 WHO STEPS
survey.

Methods

Data source and design

We relied on data from the 2020 WHO STEPS survey
on NCD risk factors undertaken in Cape Verde. Con-
ducted over February and March of 2020, this survey
comprised three distinct phases. The initial step involved
collecting socio-demographic and behavioral data [14].
Subsequently, Step 2 focused on anthropometric mea-
surements using a digital scale (Seca) and a conventional
stadiometer (Seca) while blood pressure was measured
through the sphygmomanometer (OMRON) [14]. Finally,
Step 3 entailed the collection of blood and urine samples
to conduct biochemical analyses, including assessing
blood glucose and cholesterol levels, as well as salt intake
[14, 15]. The survey targeted adults aged 18-69 and
employed a multiple-stage probability sampling design
to ensure the data’s representativeness for this age group
across Cape Verde [15]. A total of 4,563 adults partici-
pated in Steps 1 and 2, with a subset of 2,436 adults con-
tributing to Step 3. However, we excluded respondents
who declined to disclose their educational level, instances
with missing values for fasting blood glucose, individuals
who did not respond to questions regarding fruit con-
sumption and vegetable consumption. As a result, the
dataset was reduced to 1,936 observations, upon which
our statistical analyses were based.

Measures

Outcome variable

We computed for diabetes status using the fasting
blood glucose (mg/dl). Having a fasting blood glucose
of <100 mg/dl was categorized as non-diabetic and
2126 mg/dl was categorized as T2DM while 2100 mg/dl
and <126 mg/dl was categorized as prediabetes.

Explanatory variables

Informed by previous studies conducted on diabetes mel-
litus and its risk factors [10—13], we selected a total of 13
explanatory variables. These included the sex of the par-
ticipant (male and female), age categories (18-32, 33-52,
and 53 or more), place of residence (rural and urban),
marital status (never married, married, previously mar-
ried, cohabiting), educational level (no formal education,
primary, secondary, and higher), alcohol consumption
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(yes and no), hypertension status, visit a health facility
in the last 12 months (yes and no), employment status
(unemployed or employed), fruit and vegetable consump-
tion (four or more servings and less than four servings
per day), body mass index (BMI), and total cholesterol
level. BMI was computed by dividing the height (cm) by
100 to generate height in meters. We then divided their
weight (kg) by the square of their height (m). A BMI of
18.49 or less was coded ‘underweight’; between 18.5 and
24.99 was coded ‘Normal’ while 25 and above were coded
as ‘overweight/obese. Hypertension status was derived
from an average of the three systolic/diastolic blood pres-
sure (bp) measurement. Individuals with an average sys-
tolic bp of 2140 and diastolic bp of =90 were classified
as being hypertensive. Total cholesterol level was cat-
egorized as normal (<194 mg/dl) and high (=194 mg/dl)
[16].

Statistical analysis

To address potential biases, we applied sample weights.
To account for the complex survey design, the analyses
adjusted for the primary sampling unit and the strati-
fication cluster using the survey command (svyset) in
STATA. Descriptive analysis was performed to deter-
mine the prevalence of prediabetes and T2DM within
the sample, presented as frequencies and percentages.
Multinomial logistic regression models were computed
using a backward stepwise approach. The base outcome
for this study was individuals who did not have T2DM.
This group were compared to those who were diabetic
and pre-diabetic. For easy interpretation of the multi-
nomial logistic regression results, the coefficients were
transformed into odds ratios (AORs) along with their
corresponding 95% confidence intervals (Cls). We based
our level of statistical significance at p-value (p<0.05).
A multicollinearity test was conducted to rule out any
potential multicollinearity between explanatory variables
using variance inflation factor (VIF). All analyses were
conducted using STATA version 18 (StataCorp, College
Station, TX, USA).

Ethical approval

We did not seek ethical approval as this has already
been done for all the STEPS survey of NCD risk factors.
Rather, we formally requested the data from the WHO
NCD Microdata Repository: https://extranet.who.int/nc
dsmicrodata/index.php/home. However, ethical approval
for the 2020 WHO STEPS survey was granted by the
National Ethics Committee for Health Research and the
Data Protection Commission (CNEPS).
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Results

General characteristics of the study population

Most participants were men (51.2%), with women com-
prising 48.8% of the sample. The majority of participants
were aged 33—52 years (40.2%), and 53.4% had never mar-
ried. In terms of education, 44.8% had attained secondary
education, and 67.9% resided in urban areas. A substan-
tial proportion (58.7%) had visited a health facility in the
past 12 months, and 56.9% were employed. Regarding
alcohol consumption, 73.8% reported drinking alcohol,
while 27.9% of participants had hypertension. Almost
half of the participants (47.2%) were overweight or obese.
In terms of dietary habits, 87.3% consumed fewer than
four servings of fruit daily, and 66.5% consumed fewer
than four servings of vegetables. Additionally, 16.6% of
participants had high total cholesterol levels (Table 1).

Prevalence of diabetes across all explanatory variables

The overall prevalence of prediabetes and T2DM was
7.8% (95% CIL 6.1-9.9) and 3.9% (95% CIL. 3.1-4.9),
respectively. Men had a higher prevalence of prediabe-
tes (8.5%), whereas T2DM was more common among
women (4.9%). Older adults (53 years and older) exhib-
ited the highest prevalence of both prediabetes (14.8%)
and T2DM (11.8%). Prediabetes and T2DM were also
more prevalent among individuals with hypertension,
those consuming fewer than four servings of vegetables
daily, individuals with high total cholesterol levels, and
those classified as overweight or obese. Prediabetes was
more common in rural residents, alcohol consumers, and
the employed, while T2DM was more prevalent among
urban residents, unemployed adults, and those with no
formal education (Table 1).

Factors associated with prediabetes and T2DM risk among

Cape Verdean adult population

In the unadjusted model, age, educational level, marital
status, place of residence, hypertension status, vegetable
consumption, total cholesterol level, healthcare facility
visitation and body mass index were significantly associ-
ated with T2DM and prediabetes. However, this changed
in the adjusted model. Increasing age remained associ-
ated with a higher odd of prediabetes and T2DM with
the highest odds observed among older adults [(pre-
diabetes: AORs=3.20, 95%CI: 1.88-5.54) and T2DM:
AOR=3.51, 95%CI: 1.71-7.18)]. Additionally, high total
cholesterol levels were linked to increased odds of T2DM
(AOR=2.48, 95%CI: 1.64-3.76). Individuals who con-
sumed less than four servings of vegetables daily had
higher odds of T2DM (AOR=1.74, 95%CI: 1.12-2.71)
while being overweight/obese was associated with higher
odds of prediabetes (AOR=1.57, 95%CIL: 1.10-2.23).
Urban residents had higher odds of T2DM than rural
residents (AOR=1.92, 95%CI: 1.23-3.00). Also, higher
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Table 1 Prevalence of prediabetes and T2DM across all explanatory variables

Variables Weighted sample n (%) Pre-diabetes T2DM p-values
n (% [95%Cl]) n (% [95%Cl])

Total sample 1936 (100.0) 151 (7.8 [6.1-9.9]) 75(3.9[3.1-4.9])

Gender 0.121

Men 991 (51.2) 85 (85 [6.2-11.6)) 29(29[2.0-4.3))

Women 945 (48.8) 66 (7.0 [5.1-9.6]) 46 (49 [3.7-6.5])

Ages <0.001

18-32 years 816 (42.1) 39 (4.8 [2.7-86)) 6 (0.8 [04-1.5])

33-52 years 778 (40.2) 63 (7.9 [5.7-10.7]) 31 (3.8[2.6-5.5])

53 years and older 342 (17.7) 48 (14.8 [10.9-19.7]) 38 (11.8[84-16.4])

Educational level <0.001

No formal education 66 (3.4) 5099 [5.6-17.1)) 9(17.91[9.7-30.6))

Primary/basic 688 (35.5) 74 (11.2[8.2-14.9]) 39(591[4.2-8.1])

Secondary 867 (44.8) ( [4.8-10.2]) 21 (2411.5-3.8])

Tertiary 315(16.3) 0(29[1.3-64]) 6 (1.8[0.8-3.9])

Marital status 0.021

Never married 1033 (53.4) 1(7.5[5.1-10.9]) 34 (3.1 [2.2-4.4])

Married 276 (14.2) (8 3[4.9-13.7]) 15 (5.5 [3.4-8.9))

Previously married 154 (8.0) ( 3.1[7.9-20.9)) 142 (7.5[4.1-13.3])

Cohabiting 473 (24.4) 2(5.6[3.7-8.2)) 13(3.2[2.0-5.1)

Residence 0.263

Rural 622 (32.1) 55 (9.5 [5.8-15.0]) 17 (2.9 [2.0-4.4])

Urban 1314 (67.9) 95 (7.1 [54-9.1]) 58 (4.3 [3.3-5.6])

Hypertension status <0.001

Normotensive 1395 (72.1) 84 (6.0 [4.2-8.6)) 40 (291[2.1-4.0)

Hypertensive 541 (27.9) 66 (12.3[9.2-16.3]) 35 (6.5 [4.7-8.9])

Alcohol consumption 0.709

Yes 1429 (73.8) 115 (7.8 [6.0-10.1]) 54 (3.7 [2.8-4.8])

No 507 (26.2) 35(7.7[51-11.3]) 21 (45 [3.1-6.5])

Visited healthcare facility 0.021

No 799 (41.3) 73 (9.1 16.3-12.9)) 18 (2.3 [1.5-3.5])

Yes 1137 (58.7) 78 (6.9 [5.2-8.9]) 57 (5.0 [3.8-6.6])

Employment status 0.041

Unemployed 835 (43.1) 50 (6.1 [4.1-8.9]) 40 (4.9 [3.5-6.8])

Employed 1101 (56.9) 101 (9.0 [6.8-11.7]) 35(3.2[2.3-4.3])

Fruit consumptions 0.501

Four or more servings 247 (12.7) 22 (94 [5.6-154]) 7 (29[1.5-5.5])

Less than four servings 1689 (87.3) 129 (7.5 [5.8-9.8]) 69 (4.0 [3.2-5.1])

Vegetable consumptions 0.622

Four or more servings 648 (33.5) 54 (8.1[54-11.8]) 21(3.2[2.0-4.9)

Less than four servings 1288 (66.5) 97 (7.6 [5.6-10.3]) 54 (4.3 [3.3-5.6])

BMI categories 0.028

Underweight 64 (3.3) 9(14.2 [5.5-31.8]) 2(2.3[0.3-14. 8])

Normal 958 (49.5) 58 (6.0 [4.1-8.9]) 27 (281 al)

Overweight/obese 914 (47.2) 84(9.2[7.0-11.9) 47 (5.1 [3.8—6.8])

Total cholesterol level <0.001

Normal TCL 1615 (83.4) 103 (6.4 [4.8-8.4)) 42 (26 [1.9-3.6))

High TCL 321(16.6) 47 (14.7 [10.3-20.7])

33(10.2 [7.3-14.1])
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educational attainment was associated with lower odds
of T2DM only (AOR=0.33, 95%CI: 0.12-0.88) but not
statistically significant for prediabetes (see Table 2)

Discussion
In this study, we sought to examine the lifetime preva-
lence of T2DM and its associated factors among the adult
Cape Verdean population. Our study revealed that four
out of a hundred adults in Cape Verde were living with
T2DM while 7.8% lived with pre-diabetes. This T2DM
prevalence rate is similar to an earlier study in Cape
Verde that found a T2DM prevalence of 4.5% [10]. Our
prevalence of T2DM is also similar to the situation in
Ghana where it is estimated that 6.5% of the adult popu-
lation lives with T2DM [17]. However, when compared to
other African nations like Kenya, which reported a lower
prevalence of 2.4% [12], our findings suggest a relatively
higher burden of T2DM among Cape Verdean adults.
Thus, underscoring the importance of ongoing surveil-
lance and monitoring of T2DM prevalence within the
adult Cape Verdean population

We found that increasing age was positively associ-
ated with T2DM risk. That is, older adults had 3.20 and
3.51 times higher odds of being pre-diabetic and dia-
betic, respectively. The result is consistent with Coelho
et al’s study [10], which found significantly higher risk
of T2DM among adult Cape Verdeans aged 58—67 years
than in younger adults. Similar pattern of association
has been reported in other African countries including
Ethiopia [18], Nigeria [19], and Uganda [20]. From a bio-
logical perspective, advancing age is often accompanied
by physiological changes such as decreased insulin sen-
sitivity and impaired glucose regulation, predisposing
older individuals to a higher risk of developing diabetes
[21, 22]. It is also possible that age-related factors such
as cumulative exposure to unhealthy lifestyle behaviors,
including poor dietary habits and sedentary lifestyles,
may contribute to the development of diabetes over time.
Thus, explaining the high risk of T2DM in older adults
than in younger adults

Urban residency was another factor that was associated
with significantly higher odds of T2DM risk. This aligns
with some studies that have found urban resident to be at
a higher risk of T2DM than rural dwellers [23, 24]. In the
perspective of Khan et al. [24], urban areas often lack a
green built spaces; as such, there is high air pollution that
dissuade people from engaging in physical activities and
exacerbates diabetes risk. Another plausible explanation
for this association could be the easy availability of fast-
food and calorie rich diets like burgers and fries in urban
areas of Cape Verde compared to rural areas

Our findings indicate that individuals who consumed
less servings of vegetables were at higher odds of being
diabetic. The observed association between vegetable
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consumption and T2DM is inconsistent with evidence
from previous studies that found no significant associa-
tion [25]. Nonetheless, it is corroborated by Mamluk et
al. [25] who report that higher intake of vegetables sig-
nificantly reduces the risk of diabetes. A plausible expla-
nation for the inverse association is that vegetable tend to
contain polyphenols, such as flavonoids, and antioxidant
compounds like carotenoids, vitamin C, and vitamin E
which significantly reduces the risk of T2DM by alleviat-
ing oxidative stress [26]. This implies that less consump-
tion of vegetables may lead to poorer glycemic control
and increased risk of insulin resistance which are known
risk factors of T2DM

Consistent with previous literature [27, 28], we found
the odds of T2DM to be significantly high among persons
with a high total cholesterol level. One plausible explana-
tion is the role of cholesterol in the development of insu-
lin resistance [29]. Elevated cholesterol levels can lead
to the accumulation of lipids in tissues, particularly in
muscle and liver cells, which can disrupt insulin signaling
pathways [30, 31]. This disruption impairs the ability of
cells to respond effectively to insulin, resulting in elevated
blood glucose levels and, ultimately, the onset of T2DM.
Another perspective to this finding could be the role of
cholesterol in the formation of atherosclerotic plaques
which trigger inflammatory processes in the body [32].
Such chronic inflammation can exacerbate metabolic
dysfunction, increasing the likelihood of T2DM

The findings from the study suggests that higher edu-
cation has a protective effect against T2DM. Our find-
ings corroborate Steele et al’s study [33] which showed
that individuals with lower educational attainment have
a higher risk of developing T2DM. This association is
expected as individuals with higher educational attain-
ment have been documented to be more likely to engage
in physical activity, and less likely to engage in smoking
- a known risk factor of diabetes [34]. Also, individuals
who have attained higher education can easily access,
appreciate and comprehend health promotion message,
and thus act accordingly to protect their health including
reducing their risk of T2DM

It must be noted that prediabetes and T2DM are part
of a continuum, characterized by a gradual impairment in
glucose metabolism [35]. Risk factors such as advancing
age and overweight/obesity are known to drive metabolic
changes that predispose individuals to insulin resistance
and impaired glucose regulation, both of which are cen-
tral to the development of prediabetes and T2DM [35].
It is thus not surprising that increasing age was a signifi-
cant predictor for both conditions in our study. However,
to being overweight/obese was significantly associated
with prediabetes but not T2DM. This is inconsistent
with existing literature that have found a significant posi-
tive association between overweight/obesity and T2DM
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Table 2 Factors associated with pre-diabetes and T2DM among Cape Verdean adult population
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Variables Pre-diabetes T2DM
Unadjusted model Adjusted model Unadjusted model Adjusted model
(OR; 95%Cl) (AOR; 95%ClI) (OR; 95%Cl) (AOR; 95%Cl)

Gender

Men Ref. - Ref. -

Women 0.98[0.71-1.35] - 143 [0.94-2.16] -

Age

18-32 years Ref. Ref. Ref. Ref.

33-52 years 2.16 [1.35-3.46]** 1.76 [1.08-2.88]* 2.57 [1.34-4.93]** 1.86 [0.94-3.66]

53 years and older
Educational level
No formal education
Primary/basic
Secondary

Tertiary

Marital status
Never married
Married

Previously married
Cohabiting
Residence

Rural

Urban
Hypertension status
Normotensive
Hypertensive

Alcohol consumption

4.48 [2.80-7.17]***

Ref.

0.97 [0.52-1.81]
0.51[0.26-0.97]*
0.34[0.14-0.81]*

Ref.
140[091-2.16]
1.58[0.87-2.83]
1.15[0.69-1.91]
Ref.
1.11[0.81-1.54]
Ref.

1.95[1.41-2.68]***

3.20 [1.88-5.44]***

7.03 [3.72-13.27]***

Ref.
0.42[0.24-0.74]**
0.19 [0.10-0.36]***
0.17 [0007-0.43]***

Ref.
1.70[1.03-2.83]*
1.56 [0.87 [2.83]
1.15[0.69-1.91]

Ref.
1.61[1.06-2.45]*

Ref.
2.37 [1.61-3.50]***

Yes Ref. - Ref.

No 1.02 [0.72-1.43] - 141 [0.95-2.10]
Visited healthcare facility

No Ref. - Ref.

Yes 0.99[0.72-1.37] - 1.57 [1.03-2.40]*
Employment status

Unemployed Ref. - Ref.

Employed 1.16 [0.84-1.59] - 0.90[0.61-1.33]
Fruit consumptions

Four or more servings Ref. - Ref.

Less than four servings 0.88[0.57-1.36] - 1.33[0.72-247]
Vegetable consumptions

Four or more servings Ref. - Ref.

Less than four servings 0.99[0.72-1.37] - 1.64[1.07-2.53]*
BMI categories

Underweight 1.85 [0.80-4.25] 1.94[0.82-4.57] 0.35[0.05-2.59]
Normal Ref. Ref. Ref.

Overweight/obese 2.00[1.42-2.81]*** 1.57[1.10-2.23]* 1.63[1.09-2.43]*
Total cholesterol level
Normal TCL Ref. - Ref.

High TCL 1.94 [1.38-2.73]*** - 3.51[2.37-5.20]***

3.51[1.71-7.18]**

Ref.

0.63 [0.34-1.18]
0.39[0.19-0.82]*
0.33[0.12-0.88]*

Ref.
1.92[1.23-3.00]**

Ref.
1.74[1.12-2.71]*

Ref.
2.48[1.64-3.76]***

"p<0.05, "p<0.01, "p<0.001; Ref=Reference category; Mean VIF=7.8
(-) iteratively excluded after implementing backward stepwise approach

Base outcome: Non-diabetic
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[36]. Further research is needed to better understand why
overweight/obesity is associated with prediabetes but not
T2DM in Cape Verde

Strengths and limitations

This study utilized a population-based sample, allowing
for the generalization of findings to the broader adult
population of men and women in Cape Verde. Further-
more, rigorous statistical analyses were conducted,
enhancing the credibility and reliability of the results.
However, it is important to acknowledge the limitations
inherent in the study design. As a cross-sectional study,
causal relationships cannot be inferred from the observed
associations. Also, the lack of information about fam-
ily history of diabetes is a limitation worth noting. These
considerations highlight the need for caution in inter-
preting the findings and underscore the importance of
future research utilizing longitudinal designs to further
elucidate the factors associated with life prevalence and
associated factors of diabetes. Due to high multicol-
linearity, factors like engagement in physical activity were
not included in our statistical modelling

Conclusion

Based on the findings, we conclude that ageing, over-
weight/obesity, vegetable consumption and total cho-
lesterol level are important predictors of pre-diabetes
and T2DM in Cape Verde. As such, weight management
and cholesterol management should be integral parts of
T2DM prevention strategies. Additionally, clinicians and
diabetes societies in Cape Verde must make the promo-
tion of vegetable consumption a key component of their
health advice and advocacy
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