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Abstract Little is known about the pathophysiology of
diabetes in Africans. Thus, we assessed whether insulin
resistance and beta-cell function differed by ethnicity in
Kenya and whether differences were modified by abdominal fat distribution. A cross-sectional study in 1,087 rural
Luo (n = 361), Kamba (n = 378), and Maasai (n = 348)
was conducted. All participants had a standard 75-g oral
glucose tolerance test (OGTT). Venous blood samples
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were collected at 0, 30, and 120 min. Serum insulin was
analysed at 0 and 30 min. From the OGTT, we assessed the
homoeostasis model assessment of insulin resistance by
computer model, early phase insulin secretion, and disposition index (DI) dividing insulin secretion by insulin
resistance. Abdominal subcutaneous adipose tissue (SAT)
and visceral adipose tissue (VAT) thickness were carried
out by ultrasonography. Linear regression analyses were
done to assess ethnic differences in insulin indices. The
Maasai had 32 and 17 % higher insulin resistance than the
Luo and Kamba, respectively (p \ 0.001). Early phase
insulin secretion was 16 % higher in the Maasai compared
to the Luo (p \ 0.001). DI was 12 % (p = 0.002) and
10 % (p = 0.015) lower in the Maasai compared to the
Luo and Kamba, respectively. Adjustments of SAT (range
0.1–7.1 cm) and VAT (range 1.5–14.2 cm) largely
explained these inter-group differences with the Maasai
having the highest combined abdominal fat accumulation.
The Maasai had the highest insulin resistance and secretion, but the lowest relative beta-cell function compared to
the Luo and Kamba. These differences were primarily
explained by abdominal fat distribution.
Keywords Insulin resistance  Insulin secretion 
Ethnicity  Obesity
Abbreviations
DI
Disposition index
HOMA2-IR Homoeostasis model assessment of insulin
resistance by computer model
IFG
Impaired fasting glucose
IGT
Impaired glucose tolerance
OGTT
Oral glucose tolerance test
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Introduction

Research design and methods

In sub-Saharan Africa, the total number of individuals
with diabetes was 14.7 million (3.8 %) in 2011, and
this number is expected to increase to 28 million
(4.3 %) by 2030 [1]. We recently found an age-standardized diabetes prevalence of 2.2 % among rural
Kenyans [2]. Moreover, prediabetes seems to be primarily caused by impaired glucose tolerance (IGT)
rather than impaired fasting glucose (IFG) in this
population [2]. Despite the substantial increase in the
number of people with diabetes, studies focusing on the
pathophysiology of diabetes among native African
subjects have been limited, whether in basic, clinical,
or epidemiological settings [3–7]. Thus, our knowledge
of insulin resistance and beta-cell dysfunction, both
considered the hallmark of type 2 diabetes, is limited in
African populations despite the fact that such knowledge would be important for prevention and treatment
for type 2 diabetes.
Several studies have shown that obesity [8] and
central fat distribution [9, 10] is associated with an
increased risk of metabolic dysfunction including type
2 diabetes. Furthermore, accumulation of visceral adipose tissue (VAT) causes insulin resistance to a much
higher degree than accumulation of subcutaneous adipose tissue (SAT) [11], possibly due to the lipolytic
properties of VAT causing an increase in circulating
free fatty acids, resulting in ectopic fat accumulation
and lipotoxicity mainly in the liver and the skeletal
muscle [12, 13].
Ethnicity defined as a combination of shared biological heritage (genes) and lifestyle such as dietary
intake may influence endocrinological function, that is,
pancreatic beta-cell insulin secretion and whole body
insulin sensitivity. We have recently shown in rural
Kenyans of different ethnic origin that the dietary
intake of the agro-pastoralist Maasai is twice as high in
fat compared to the agro-fishing Luo and agricultural
Kamba (30 vs. 15E%) [14]. Furthermore, the Maasai
had a higher VAT accumulation compared to the Luo
and the Kamba, which indicates ethnic differences in
body composition [15]. These differences could influence ectopic fat accumulation, and thereby key organs
of insulin action.
The current study investigates the combined effects
of obesity and central fat distribution on insulin resistance and beta-cell function in rural African populations. Thus, the aim was to study the differences in
insulin resistance and beta-cell function between three
distinct ethnic groups in rural Kenya and assess to what
extent such differences were modified by abdominal fat
distribution.

Study population
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A cross-sectional study was conducted among the Luo,
Kamba, and Maasai, chosen to represent societies of agrofishing, agriculture, and agro-pastoralism, respectively. The
study was carried out in the districts of Bondo (the Luo),
Kitui (the Kamba), and Transmara (the Maasai). The study
participants were randomly selected at weekly village
meetings (n = 648), and non-randomly volunteers
(n = 91), respectively among the Luo and Kamba. All
adult Maasai within a radius of 20 km from the study site
were invited to participate. The participants consisted of a
mixture of rural and semi-urban individuals. All resided in
rural villages, but some commuted regularly to the nearest
town for business and were thus exposed to an urban
lifestyle. A more detailed account of the selection procedure and the study participants has been presented elsewhere [15]. Individuals with known diabetes (n = 16) were
not included in the study. All participants gave written or
oral informed consent. Ethical approval was given by the
National Ethical Review Committee in Kenya, and consultative approval was given by the Danish National
Committee on Biomedical Research Ethics in Denmark.
Anthropometry
With the participants wearing undergarments, weight was
measured to the nearest 0.1 kg using a portable high precision scale (Tanita, type BWB-800S MA, Tokyo, Japan),
and height was measured twice to the nearest 0.1 cm with a
portable stadiometer (Meterex II, D97, UNICEF, Copenhagen, Denmark). Body mass index (BMI) was calculated
as weight/height2 (kg/m2). Waist circumference was measured to the nearest 0.5 cm with a body tape midway
between the iliac crest and the costal margin following a
quiet expiration with the participant standing. Abdominal
subcutaneous adipose tissue (SAT) thickness and visceral
adipose tissue (VAT) thickness were measured using
ultrasonography (Aquila Basic Unit, Esaote, Pie Medical
Equipment, Maastricht, the Netherlands) with a 3.5/
5.0 MHz transducer (Probe Article no. 410638 Curved
Array HiD probe R40 Pie Medical Equipment, Maastricht,
the Netherlands). Trained staff carried out the measurements according to the validated method by Stolk et al. [16].
Blood samples
All participants had a standard 75-g oral glucose tolerance
test (OGTT) following an overnight fast (C8 h). Blood
samples were collected at 0 (fasting), 30, and 120 min and
analysed immediately by the glucose dehydrogenase
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method using haemolysation and deproteinization on a
HemoCue 201? device (HemoCue AB, Ängelholm, Sweden) with 5 ll of blood. Glucose tolerance status was
classified according to World Health Organization criteria
[17]. Diabetes was diagnosed based on fasting venous
whole blood glucose C6.1 mmol/l or 2-h venous whole
blood glucose C10.0 mmol/l. Prediabetes was defined as
impaired fasting glycaemia (IFG), impaired glucose tolerance (IGT), and combined IFG/IGT. The values for IFG
were fasting venous glucose of C5.6 and \6.1 mmol/l as
well as 2 h \6.7; the values for IGT were fasting venous
glucose \5.6 mmol/l and 2-h venous glucose C6.7 and
\10.0 mmol/l. Values for combined IFG/IGT were fasting
venous glucose of C5.6 and \6.1 mmol/l and 2-h venous
glucose C6.7 and \10.0 mmol/l. The remaining blood
samples were kept on ice before serum was separated by
centrifugation and subsequently kept at -80 °C until
analysis was performed. Serum insulin was measured by a
1235 AutoDELFIA automatic immunoassay system (sensitivity 0.5 lU/ml) using time-resolved fluoro-immunoassay technique (kit no. BO80-101, PerkinElmer Life and
Analytical Sciences, Wallac Oy, Turku, Finland).
Measures of insulin resistance and beta-cell dysfunction
We calculated insulin resistance by the homoeostasis
model assessment of insulin resistance by computer
model (HOMA2-IR) [18]. Based on Stumvoll et al.
[19], we estimated early phase insulin secretion as follows: 1.283 ? 1.829 9 insulin 30 min - 138.7 9 glucose 30 min ? 3.772 9 insulin 0 min. We calculated
disposition index (DI) by dividing early phase insulin
secretion by HOMA2-IR.
Statistical analysis
Statistical analyses were done with the Stata 11.2 Intercooled
version (Stata Corp, College Station, USA). All analyses on
absolute values were stratified by ethnicity. Continuous
variables were tested for normality using normal probability
plots. Skewed data were log-transformed prior to analysis.
Inter-group differences were determined by the Bonferroni–
Dunn post hoc test. The v2 test was used to test for differences
in proportions. Linear regression models were used to assess
the role of ethnicity on the log-transformed insulin indices
HOMA2-IR, early phase insulin secretion and DI in models
adjusted for age and sex (model 1), age, sex, and SAT (model
2), and age, sex, and VAT (model 3). Numbers shown were
exponential of the b value (ExpB) and should thus be interpreted as the relative differences between the ethnic groups.
By including an interaction term in the analyses, we tested
whether SAT or VAT modified the relationships between
ethnicity and insulin indices.
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Results
In total, 1,155 adult Kenyans were recruited for the study.
Of these, 68 had either missing (n = 60) or ineligible
(n = 8) insulin and glucose data. Thus, 1,087 participants
(94.1 %) with a mean age (SD) of 38.5 (10.3) years (range
17–68 years) of both sexes (61.4 % females) participated
in the study. The ethnic distribution was 361 (33.2 %) Luo
(201 females, 160 males), 378 (34.8 %) Kamba (284
females, 94 males), and 348 (32.0 %) Maasai (182 females,
166 males). No differences were found in age, sex distribution, BMI, or blood glucose measurements between the
randomly and non-randomly selected participants (data not
shown).
As previously reported [2], eight (0.7 %) participants
had IFG, 86 (7.9 %) participants had IGT, 6 (0.6 %) participants had combined IFG/IGT, and 16 (1.5 %) participants had screen-detected diabetes. Characteristics of
anthropometry and glucose tolerance status stratified by
ethnic group and including sex, age, and anthropometric
measurements as well as the distribution of IFG, IGT, and
screen-detected diabetes are presented in Table 1.
Data on glucose, insulin, insulin resistance and beta-cell
function are shown in Table 2. The Luo had the highest
venous blood glucose levels at 120 min and the lowest
insulin levels at 0 and 30 min.
Linear regression analysis was used to assess the association between ethnicity and HOMA2-IR, early phase
insulin secretion and DI (Table 3). In a linear regression
model adjusted for age and sex (model 1), the Maasai had
32 and 17 % (p \ 0.001) higher HOMA2-IR compared to
the Luo and the Kamba, respectively. After adjustment for
SAT, the difference between the Maasai and the Luo was
reduced by 17 % (model 2). Following adjustment for
VAT (model 3) the Maasai versus Luo difference was
25 % (p \ 0.001) and the Maasai versus Kamba difference
7 % and insignificant (p = 0.144).
The Maasai had 16 % higher (p \ 0.001) early phase
insulin secretion than the Luo in model 1. In model 2, the
difference decreased by 6 %. In model 3, the Maasai had
14 % (p \ 0.001) higher early phase insulin secretion
compared to the Kamba.
The Maasai had 12 % (p = 0.002) and 10 %
(p = 0.015) lower DI compared to the Luo and Kamba in
model 1. When adjusted for SAT, the Maasai versus Luo
difference was reduced to 4 % (p = 0.303) (model 2), and
the difference between the Maasai and Kamba was reduced
to 4 % (p = 0.291) when adjusted for VAT (model 3).
Adjustment for BMI and waist circumference, as separate measures in the regression model, had less effect on
the insulin indices compared to the adjustment for SAT or
VAT (results not shown). Furthermore, we excluded all
participants with hyperglycaemia (IFG, IGT, diabetes)
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Table 1 Characteristics of anthropometry and glucose tolerance status by ethnic group in adult Kenyans (n = 1,087)
Luo
(n = 361)
Males, n (%)
Age (years)

Kamba
(n = 378)

160 (44.3)

94 (24.9)

38.9 (37.9; 40.0)

40.6 (39.6; 41.6)

168.0 (167.1; 168.9)

159.5a (158.7; 160.3)

Maasai
(n = 348)

p value

166 (47.7)
35.9

a,b

(34.7; 37.1)

\0.001
\0.001

Anthropometry
Height (cm)

167.4b (166.5; 168.4)

\0.001

Weight (kg)

60.8 (59.7; 61.9)

55.8 (54.6; 56.9)

60.7b (59.2; 62.1)

\0.001

Body mass index (kg/m2)

21.5 (21.2; 21.9)

21.9 (21.5; 22.4)

21.6 (21.1; 22.1)

0.411

Waist circumference (cm)
Abdominal subcutaneous adipose tissue (cm)

78.0 (77.1; 78.9)
1.0 (0.9; 1.1)

77.4 (76.4; 78.4)
1.6a (1.5; 1.7)

79.1 (77.8; 80.4)
1.5a (1.4; 1.6)

0.078
\0.001

Visceral adipose tissue (cm)

a

6.1a (6.0; 6.3)

6.4 (6.3; 6.6)

6.7a,b (6.5; 6.9)

\0.001

Glucose tolerance status
Impaired fasting glycaemia, n (%)
Impaired glucose tolerance, n (%)

3 (0.8)

2 (0.5)

3 (0.9)
a

0.843

39 (10.8)

31 (8.2)

16 (4.6)

Combined IFG/IGT, n (%)

2 (0.6)

2 (0.5)

2 (0.6)

0.997

Screen-detected diabetes mellitus, n (%)

9 (2.5)

5 (1.3)

2 (0.6)

0.101

0.009

Results are presented as n (%) for categorical variables and mean (95 % CI) for continuos variables
a

Significantly different from Luo (p \ 0.05) in Bonferroni post hoc test

b

Significantly different from Kamba (p \ 0.05) in Bonferroni post hoc test

Table 2 Venous whole blood glucose and serum insulin levels and derived parameters following an oral glucose tolerance test by ethnic group
in adult Kenyans (n = 1,087)
Luo
(n = 361)

Kamba
(n = 378)

Maasai
(n = 348)

p value

Glucose (mmol/l)c
0 min

4.4 (4.3; 4.5)

4.4 (4.3; 4.4)

4.4 (4.3; 4.5)

0.639

30 min

6.1 (5.9; 6.2)

6.3 (6.2; 6.4)

6.1 (6.0; 6.3)

0.054

120 min

a

5.3 (5.2; 5.5)

5.1 (4.9; 5.2)

a

4.8 (4.7; 5.0)

\0.001

Insulin (pmol/l)d
0 min
30 min

18.4 (17.2; 19.8)
125.1 (117.3; 133.4)

21.7a (20.2; 23.3)
181.4a (169.5; 194.0)

0.34 (0.32; 0.36)

0.40a (0.37; 0.43)

25.0a,b (23.4; 26.7)
178.3a (166.6; 190.8)

\0.001
\0.001

0.45a,b (0.42; 0.48)

\0.001

Insulin indicesd
HOMA2-IR

a

a

Early phase insulin secretion (pmol/l)

762.6 (735.5; 790.6)

854.8 (819.8; 891.4)

886.5 (851.4; 923.1)

\0.001

Disposition index (early phase IS/HOMA2-IR)

2,249 (2,113; 2,393)

2,150 (2,029; 2,279)

1,958a (1,846; 2,077)

0.005

Results are presented as mean (95 % CI) or geometric mean (95 % CI)
a

Significantly different from Luo (p \ 0.05) in Bonferroni post hoc test

b

Significantly different from Kamba (p \ 0.05) in Bonferroni post hoc test

c

Mean (95 % CI)

d

Geometric mean (95 % CI)

from the analyses in order to determine the association
between ethnicity and the insulin indices in normal glucose
tolerance individuals. The results did not differ from those
shown in Table 3 (results not shown).
In order to establish to what extent the differences in
insulin resistance and beta-cell dysfunction were driven by
obesity in the ethnic groups, analyses of interactions
between ethnicity and SAT as well as ethnicity and VAT
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with the three insulin indices were carried out (Fig. 1). A
significant interaction (p \ 0.05) between ethnicity and
SAT on HOMA2-IR was found between Kamba versus
Luo. Likewise, significant interactions between ethnicity
and SAT on early phase insulin secretion were found
between Kamba versus Luo and Maasai versus Kamba.
VAT 9 ethnicity interactions on early phase insulin
secretion were found in Maasai versus Luo (p \ 0.05).
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Table 3 Ethnicity as predictor of HOMA2-IR, early phase insulin secretion and disposition index by linear regression coefficients (expB), (95 %
CI), (n = 1,087)
Model 1

Model 2
p value

ExpB

Model 3

ExpB

95 % CI

95 % CI

p value

ExpB

95 % CI

p value

Kamba versus Luo

1.12

1.02; 1.24

0.017

1.01

0.92; 1.11

0.805

1.16

1.06; 1.27

0.001

Maasai versus Luo
Maasai versus Kamba

1.32
1.17

1.20; 1.46
1.06; 1.30

\0.001
\0.001

1.15
1.14

1.05; 1.26
1.04; 1.25

0.003
0.007

1.25
1.07

1.14; 1.36
0.98; 1.18

\0.001
0.144

HOMA2-IR

Early phase insulin (pmol/l)
Kamba versus Luo

1.10

1.04; 1.17

\0.001

1.06

1.00; 1.12

0.036

1.11

1.05; 1.18

\0.001

Maasai versus Luo

1.16

1.09; 1.22

\0.001

1.10

1.04; 1.16

0.001

1.14

1.07; 1.20

\0.001

Maasai versus Kamba

1.05

0.99; 1.11

0.100

1.04

0.98; 1.10

0.200

1.02

0.96; 1.08

0.489

Kamba versus Luo

0.98

0.90; 1.06

0.585

1.04

0.96; 1.13

0.309

0.95

0.88; 1.03

0.254

Maasai versus Luo

0.88

0.80; 0.95

0.002

0.96

0.88; 1.04

0.303

0.91

0.84; 0.99

0.027

Maasai versus Kamba

0.90

0.82; 0.98

0.015

0.92

0.84; 1.00

0.042

0.96

0.88; 1.04

0.291

Disposition indexa

Model 1: adjusted for sex and age
Model 2: adjusted for sex, age, abdominal subcutaneous adipose tissue
Model 3: adjusted for sex, age, visceral adipose tissue
Effect modification was shown through interactions between abdominal subcutaneous adipose tissue, visceral adipose tissue and ethnicity
a

Disposition index: early phase insulin secretion/HOMA2-IR

There were tendencies of interactions between ethnicity
and SAT in Maasai versus Kamba in HOMA2-IR
(p = 0.066), between ethnicity and VAT in Maasai versus
Luo (p = 0.063) in HOMA2-IR and in Kamba versus Luo
(p = 0.062) in early phase insulin secretion.

Conclusions
This study showed profound differences in insulin resistance and beta-cell function between rural ethnic groups in
Kenya. More specifically, we demonstrated that the Maasai
had the highest insulin resistance and the highest insulin
secretion. Despite this compensatory insulin secretion, the
Maasai had the least favourable beta-cell function as
illustrated by a lower DI.
The higher insulin resistance in the Maasai may in part
be the result of an intake of fat that is twice as high
compared to the Luo and Kamba (30 vs. 15E%) [14]. In
addition, the fat intake of the Maasai is predominantly
saturated fat from cow’s milk which has been shown to be
associated with obesity-independent ectopic fat accumulation in the liver [20, 21]. Likewise, the more favourable
insulin sensitivity in the Luo may in part be explained by a
combination of starchy carbohydrate intake high in fibre
and polyunsaturated fatty acid intake from fish [14].
It has been suggested that surrogate markers of insulin
resistance (such as the HOMA2-IR) based on fasting blood
tests are reflecting hepatic insulin resistance more than

peripheral insulin resistance [22]. This notion fits well with
the Maasai having the highest VAT accumulation [15], as
VAT has high lipolytic activity and may therefore contribute to ectopic liver fat accumulation via the portal vein
[13]. Furthermore, the analysis between ethnicity and VAT
interaction suggests that higher VAT accumulation was
more detrimental to insulin resistance in the Maasai compared to the Luo.
We have recently shown that energy expenditure was
high in all three ethnic groups, with the Maasai having the
highest level of physical activity [23]. Physical activity is
associated with improvement of peripheral insulin sensitivity, indicated by lower 2-h glucose levels, whereas
fasting glucose does not seem to be affected to the same
extent by physical activity [24]. Accordingly, we found
reduced 2-h glucose levels of the Maasai, indicating a
higher degree of peripheral insulin sensitivity in this population [25], whereas HOMA2-IR, primarily reflecting
hepatic insulin resistance [22], was higher in the Maasai
compared with the other groups.
The inter-ethnic differences of insulin secretion were
similar to the ones we found in insulin resistance. The
difference (borderline significant) between the Maasai and
the Kamba was explained by differences in abdominal SAT
and VAT accumulation. In general, the insulin secretion of
the Maasai was less sufficient in compensating for the
insulin resistance compared to the Luo and Kamba. There
was also a highly significant interaction between ethnicity
and VAT accumulation in the Maasai versus the Luo,
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Fig. 1 Interaction between ethnicity and abdominal subcutaneous adipose tissue (left column) and visceral adipose tissue (right column) on the
influence of HOMA2-IR, early phase insulin secretion and disposition index. *p \ 0.05 versus Luo; §p \ 0.05 versus Maasai

showing that VAT accumulation is more detrimental to the
Maasai. Together, these results indicate that with time, the
higher abdominal fat accumulation observed in the Maasai—if sustained—may result in increased hyperglycaemia
due to a failure of beta-cell compensation.
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Compared to the Luo, the Kamba had higher insulin
resistance and higher insulin secretion, but a similar level
of beta-cell function (DI), which may reflect full compensation for the insulin resistance. Therefore, these two
groups balance on the same hyperbolic sensitivity/secretion
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curve [26], which contributes to the level of the constant,
the DI. However, the Maasai had a lower level of beta-cell
function—partly explained by abdominal SAT and VAT
accumulation—reflecting a shift in the hyperbolic curve
towards the origin of the graph. This shift may be an early
indication of a high risk of developing diabetes [26].
We are aware that the beta-cell function based on
absolute insulin secretion is difficult to interpret. The
complex interplay between insulin secretion, insulin sensitivity, and hepatic insulin extraction makes the assessment of beta-cell function in humans very challenging
when done under physiological conditions [27]. However,
even though estimation of beta-cell function based on
intravenous tests is considered the gold standard, the
OGTT-derived estimates of insulin secretion and beta-cell
function are more physiological because the incretin hormones are in operation in these tests [27].
The results of the ethnic differences in the insulin
indices have to be seen in the context of the number of
study participants with impaired glucose regulation (IFG,
IGT, combined IFG/IGT, and screen-detected diabetes).
Considerably fewer Maasai compared to the Luo and
Kamba had glucose intolerance despite the higher degree
of insulin resistance and beta-cell dysfunction. The interpretation of this apparent discrepancy may go in two
opposite directions: either the Maasai are not as susceptible
to diabetes compared to the two other groups despite higher
abdominal fat accumulation or there may be a higher diabetes incidence in the Maasai in the near future. Any
conclusion on the proposed directions is not possible due to
the cross-sectional nature of this study.
Apart from the cross-sectional design of this study,
another important limitation is the fact that we were not
able to assess peripheral insulin sensitivity in our study
participants as we did not measure serum insulin at 2 h
following the OGTT.
In conclusion, the current study reports key aspects of
the metabolic health within different rural African populations. Our results show that the Maasai have the least
favourable metabolic health based on insulin resistance and
beta-cell function in the three rural Kenyan populations
studied. However, based on the current results, we cannot
conclude which aspect of their lifestyle that causes higher
abdominal fat accumulation and sub-optimal insulin indices relative to other rural Kenyan populations. Smaller
studies using more sophisticated measures may be more
suitable for taking on the challenge to elucidate the cause–
effect relationship between the Maasai lifestyle and their
metabolic health.
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