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Abstract

Objective: We compared the prevalence of abnormal glucose status between Senegalese migrants and their relatives staying in their villages in Fuuta
(arural region in the Northern part of Senegal).

Design and methods: We led an exhaustive study on all the Senegalese migrants present in Saint-Die (Vosges, France) (SD) at a 1-year interval. We
led a similar study at the same period on their relatives in their villages of Fuuta (F). Study parameters were Weight (W), height, Body Mass Index (BMI),
Waist/Hip Ratio (WHR), and Fasting Capillary Glycaemia (FCG) expressed in total blood glucose. We classified patients into normal (N: FCG < 1.00 g/1),
Impaired Fasting Glycaemia (IFG: FCG between 1.00 g/l and 1.09 g/1), diabetic (D: FCG > 1.10 g/l when fasting or = 1.80 g/l when not fasting), or abnormal
glucose status (IFG + D). SD sample included 74 subjects (58.1% female) of mean age 41.7+/-12.7 years. The sample included 847 subjects (66.9% female)
of mean age 37.3+/-17.8 years.

Results: In the SD group, W was 76.8+/-11.4 kg (BMI = 26.80+/-4.30 kg/m?); 57 (77.03%) had normal blood glucose, and 17 (22.97%) had IFG+D,
among whom 12 (70.6%) were diabetic. In the F group, W was 60.8+/-10.9 kg (BMI = 21.37+/-3.70 kg/m?); 791 (93.39%) had normal blood glucose, and
only 56 (6.61%) had IFG+D, among whom 35 (62.5%) were diabetic. Prevalence of IFG+D between SD and F was significantly different (p < 0.01%). There
are still significant differences after standardization on age.

Conclusion: As described in other countries, Senegalese migrants have a much higher risk of developing diabetes mellitus than their relatives
remaining in their birth country. The main reason seems to be the nutritional transition (diet and sedentary lifestyle).

Senegalese migrants (in the majority coming from Fuuta, the
Northern region along the Senegal River) have a very high
prevalence of IGT or TD-2 (unpublished data). Similar trends
have been reported among several migrant populations in
Europe [9-14] as well as around the world [15-17].

Introduction

Type-2 Diabetes (TD-2) is an increasing problem in sub-
Saharan Africa [1]: prevalence and burden are rising very
quickly as a consequence of major lifestyle changes. In 2009,
the International Diabetes Federation [2] projected a 98%
growth in the number of diabetic adults in this region and a
549% increase in the world. Beyond the ketosis-prone atypical
diabetes[3],the main cause ofdiabetesin Africa, aseverywhere,
is Impaired Glucose Tolerance (IGT) in relation to epidemic
obesity [4-6]. The main causes are urbanisation and economic
and nutritional transition [7]. In Senegal (West Africa), it has
already become a great problem in the main city, Dakar, and
its suburbs, even though there are still some doubts about

This study aimed to compare the prevalence of abnormal
glucose status between the Senegalese migrants in France,
especially around Saint-Dié (Vosges, France), and their
relatives dwelling in their village in Fuuta. Our objective is
to find out whether the migration can lead to an increase in
prevalence among Senegalese migrants.

Materials and methods

the differences between men's and women's diabetes risks
[8]. In the villages, the way of life is very different (physical
labour, agricultural work, little electrification...) and diabetes
is still unknown. In our hospital, we have remarked that the
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Subjects

We studied adult people of both sexes, older than 18 years,
who had agreed to be tested. Pregnant women were not
included.
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The present study involved 2 different populations. Firstly,
an exhaustive study was conducted among the Senegalese
migrants in Saint-Dié (SD group). To be sure to be exhaustive,
we took the help of census data. We have conducted this study
in two phases ata 1-year interval. People were tested at home
between 07 and 09 AM, in a fasting state, before breakfast.
This SD-group included 87 subjects, but we have only kept
74 subjects who were surely in a fasting status. Secondly, we
studied the adult population of 5 villages in Fuuta (F group),
the region of Senegal from which the Saint-Dié migrants came.
It is a rural country, very far from capital Dakar (more than
800 km), without hospitals or medical laboratories. These
5 villages were: Bapalel, Gouriki, Hordolde, Soringho, and
Thially. Villages had been informed of our study three months
before and of our precise coming the day before by the chief
of the village and/or the community health worker. We didn’t
have the use of precise civil status data in these villages. So,
according to the way of life in these villages, we have chosen
the cluster sampling method: in each village we have drawn
lots 3 streets and our team was divided into 3 groups (one
group for one street: one medical doctor, one nurse and one
interpreter) that followed these 3 streets from the centre
of the village to the end; along these streets, we studied all
the adults corresponding to the selection criteria in every
compound. The F-group included 1263 subjects (189 from
Bapalel, 222 from Gouriki, 311 from Hordolde, 310 from
Soringho, and 241 from Thially). For the analysis, we have
secondarily eliminated the subjects whose fasting status was
doubtful, except if they were surely diabetic; so, we have only
kept 847 subjects.

Parameters

All the tests were done in the morning, between 07 and 13
AM, in November and December 2000 (SD and F) and 2001
(SD). Selected subjects told us to be fasting for more than 12
hours without our opportunity to check it.

For all the selected adults, we recorded their sex and age.
We measured four anthropometric parameters: height (cm),
weight (kg), Body Mass Index (BMI, kg/m?), and Waist/Hip
Ratio (WHR).

As it was not possible to perform venous glycaemia or
glucose tolerance tests in the villages (lack of laboratories),
we opted for only capillary glycaemia both for SD and F.
We measured the fasting capillary glycaemia (FCG) using a
Glucotrend lector (Lab. Boehringer) after a pick with Softclix
autopicker. The subjects with abnormal glycaemia were every
time re-interrogated about their fasting status and re-tested
the day after to ensure that this was really abnormal. In these
cases, we only took into account the second FCG.

Glucotrend lector gave results in “total blood glucose”.
The criteria of normal or abnormal glycaemia are nowadays
explained in “plasma glucose”, no longer in “total blood
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glucose” (11% lower than plasma glucose). According to this
transformation and to the international criteria of WHO and
ADA (gave in plasma glucose in 2006), we did not use blood
glycaemia for the comparisons but the belonging to one of
the 3 commonly recognised classes to define glucose status
of our subjects: Normal (N) with FCG < 1.00 g/1; Impaired
Fasting Glycaemia (IFG) with FCG between 1.00 and 1.09 g/I;
and Diabetic (D) with FCG 2 1.10 g/1. When there was a doubt
about fasting status (casual), we considered as diabetic a
subject with FCG > 1.80 g/1..

Statistical methods
Q, quantitative data are given as mean+/-sd.

Comparisons between anthropometric parameters were
analysed by Student's t-test. Percentages were compared by
chi2-test with Yates correction applied if relevant.

Correlations between age, BMI, and waist/hip ratio were
analysed by the Fisher method with an «a risk of 5%.

Results

The characteristics of the 2 populations are described in
Table 1. SD and F were not statistically different for height
(169.6+/-7.8 cm versus 168.7+/-8.2 cm, respectively) and for
sex-ratio (female: 58.1% versus 66.9%, respectively). SD-group
was significantly older (41.7+/-12.7 years versus 37.3+/-17.8
years), heavier (76.8+/-11.4 kg versus 60.8+/-10.9 kg), and
with a greater BMI (26.80+/-4.30 kg/m? versus 21.37+/-3.70
kg/m?). There was significantly more android obesity in the
SD-group than in the F-group. As shown in Figure 1, there
were significant correlations between age and BMI in the two
groups, but the correlation was stronger (p < 0.1%) in the SD
group (r?>= 0.135) than in the F group (r? = 0.017). The same
results were observed for WHR and age (Figure 2, p < 0.01).

Table 2 shows the results of the glucose status of our 2
populations. Out of the 74 subjects tested in the SD-group, 57
(77.03%) were normal, 5 (6.76%) had IFG (3 females and 2
males),and 12 (16.22%) had diabetes (4 females and 8 males).

Table 1: Baseline characteristics of the 2 studied populations ( F for Fuuta / SD for
Saint-Die).
Significant:
F (n=847) SD (n=74) gF s 5D
Number of Women 567 (66,9%) 43 (58,1%) NS
Number of Men 280 (33,1%) 31 (41,9%)
Age (mean +/- sd) 37,3 (sd=17,8) | 41,7 (sd=12,7)
p<1%
Age (from ... to...) 18to 91 18 to 65
Weight (W) (mean+/- sd) (kg) 60,8 (sd=10,9) | 76,8 (sd=11,4) p<0,01%
Height (mean +/-sd) (cm) | 168,7 (sd=8,2) & 169,6 (sd=7,8) NS
BMI (mean +/- sd) (kg/m") | 21,37 (sd=3,7) | 26,80 (sd=4,3)
BMI >30 25 (2,95%) 15 (20,27%) p<0,01%
BMI <18,5 170 (20,07%) 1(1,35%)
Wals(tél T:nri;n?sgv)v}m 0,810 (sd=0,09) 0,846 (sd=0,11) p=0,1%
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Figure 2: Correlation between WHR and age (years) in Fuuta (F) and Saint-Die (SD).

Table 2: Results on glucose status for the 2 studied populations (F for Fuuta / SD for
Saint-Die).
Significant:
F(n=847) SD(n=74) =~ '
Before standardization
Diabetes status = Normal (%) 791 (93,39%) 57 (77,03%)
Diabetes status = Hyperglycaemia (%) | 21 (2,48%) | 5(6,76%) P<0,01%
Diabetes status = Diabetes (%) 35 (4,13%) |12 (16,22%)
Status = Diabetes or Hyperglycaemia 56 (6,61%) |17 (22,97%)
After standardization on age
Diabetes status = Normal (%) 96.15% 81.30%
Diabetes status = Hyperglycaemia (%) 0.88% 1.19%
p<0,01%
Diabetes status = Diabetes (%) 2.97% 17.51%
Status = Diabetes or Hyperglycaemia 3.85% 18.70%
After standardisation on BMI
Diabetes status = Normal (%) 93.39% 79.70%
Diabetes status = Hyperglycaemia (%) 2.48% 5.5%
p<0,01%
Diabetes status = Diabetes (%) 4.13% 14.80%
Status = Diabetes or Hyperglycaemia 6.61% 20.30%
(FCG: fasting capillary total blood glucose; IFG: impaired FCG; N: FCG<1.0 g/lI; IFG:
FCG=1.0-1.09 g/1; D: FCG=1.10 g/1)

In the F-group, out of the 847 subjects, 791 (93.39%) were
normal (527 females and 264 males), 21 (2.48%) had IFG (15
females and 6 males), and 35 (4.93%) had diabetes (18 females
and 17 males). There were more pathological subjects (IFG+D)
in SD than in F (22.97% versus 6.61%). The standardization
of age and BMI didn’t modify these differences, which remain
significant. When considering 3 classes of age (18-39 years,
40-59 years and above 60 years), at each age class there were
statically more pathological (IFG+D) subjects in SD group than
in F group (in 18-39 years class: 19.35% in SD and 4.00% in
F; in 40-59 years class: 20.0% in SD and 11.05 in F; in more
60 years class: 50.0% in SD and 10.68% in F). Great %ages (>
10%) appear sooner in SD (since 18-39 years) than in F (after
40 years).
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Discussion

This study is the first French study comparing the
frequency of glucose abnormalities between a population of
migrants and the population remaining in their birth villages.
It was carried out in Senegal and in France with the same
light way (capillary and not venous glycaemia and no glucose
tolerance test). This method, particularly capillary glycaemia,
has already been used in similar studies, in particular in
Mauritania [18], a neighbouring country of Fuuta.

To interpret our results, it is necessary to take into account
the potential bias of recruitment. For SD, the population
was studied in an exhaustive way, and the sex ratio shows a
number of women (58.1%) less than that of the F population
(66.9%). In Fuuta, it was necessary to sample the population
according to a method recognized in Public Health (method
of the bunches): the proportion of women in the F-group is
higher than in the SD-group, probably because many men of
the villages had migrated to Europe, and many of the others
were in their fields at the time of our passage. Nevertheless,
this difference is not significant. However, the main skew
liable to affect our study was the incomplete knowledge of the
fasting status of the subjects at home. This is the reason why
we have eliminated 416 subjects (32.9%) in the F-group and
only 14 (16.1%) in the SD-group whose fasting status was not
sure.

The definitions of obesity or simple overweight are also
problematic in a black population. While for the Caucasian
subject the limits are clear [19], there is still a debate on the
best limits to apply for the black subjects [11,20]: to avoid
this pitfall, we took into account the absolute values of BMI
and waist/hip ratio, and not only a stratification of BMI into
3 classes. The study by Okosum [11] shows that the waist
measurement is a better marker of the risk of diabetes for
the Nigerian immigrants in the USA than for the Nigerians
remained in their villages. We found the same trends in our
population where the correlation between BMI (or the waist/
hip ratio) and age is stronger for SD than F (Figure 1 and 2).
Irrespective of the mode of definition of obesity, there are
significantly more android obese subjects in SD than in F. The
percentage of obese people in SD (20.3%) is much higher than
%age of metabolic syndrome in Dakar (8.9% -in 4).

The prevalence of the glycoregulatory disordersis of 6.61%
in the villages of our study (F). It is higher than the mean data
(less than 3.0%) in Mbanya’s review [1]. It is interesting to
note in this review that the more recent the study, the higher
the prevalence of diabetes because of the dramatic increase in
the epidemic even in Africa. The results of our study in 2000
conform with those of recent studies in Africa: Tanzania [21]
or Ghana [22]. In each recent study, it was found the same
level of prevalence of diabetes (3-6%) was found in the rural
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populations. A study carried out 15 years before in Mauritania
[18] in an ethno-group identical to that of Fuuta, yielded
identical results: a diabetes prevalence of 1.8% in a population
with an average BMI of 22.7 kg/m? and 34.6 years as the mean
age. We can conclude that the average rate of diabetes in these
village-dwelling ethno-groups increases, as everywhere in the
world.

Our study shows a significantly higher rate of the
glycoregulatory disorders among migrants (SD) than in
the village-dwellings (F), even after standardization on age
(24.25% at SD versus 6.61% at F) or on BMI (15.05% at SD
versus 6.61% at F). There were no significant differences
according to sex. Other studies on migrants in developed
countries lead to the same conclusion: as in our study, the
risk of diabetes increases in a very significant way in parallel
with the increase in BMI. For instance, in Cameroon [16], in
1999, the rate of diabetes in rural environments was lower
than 1%, whereas in their immigrant relatives living in
Manchester, it was of 14%. These results are similar to those
of the African-American minorities in the USA [23], where the
rate of glucoregulatory disorders (after standardization on
age and sex) is of 18.8% compared with 14.4% in the white
population living in the same environment. All these results
tend to confirm the importance of the way of life (rural versus
urban) for the transition from normal status to diabetes. This
appears after a little modification of weight. This suggests that
black populations have a strong susceptibility to diabetes.

However, the same phenomenon of increasing risk of
abnormal glucose tolerance is found in most immigrant
populations coming from poorer countries [1,24-27]. The
interest of our study is to compare 2 populations coming
from the same small area. So, the shown differences can be
mainly explained by the effects of migration. It indicates that
the migratory phenomenon generates important metabolic
disturbances.

There are several possible explanations for this
phenomenon. In our study, the differences in lifestyle
are obvious between F and SD. Even though we have no
quantitative data about the diet of the two groups, we
can report observational data. In the villages, the food is
monotonous, containing a lot of rice with meat or fish, but
few fruits and sweet drinks. These diets are well adapted to
the lifestyle in the villages where people engage in substantial
physical activity and manual labour in very hot weather. The
migrants living in France live downtown, walk little, and are
often unemployed or work in a much less physical way. Over
more: if the migrants eat traditionally for a few years, quickly,
under the pressure of their children and their neighbours, they
switch, more and more, to an occidental diet. As they often
belong to the disadvantaged classes in their host country, they
consume far too much fried food, sweet drinks, and fewer
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fruits or vegetables [28]. For all these reasons, it is understood
that they tend to grow fatter than their relatives in Fuuta at
the same age. The same problem has been shown in an urban
population in Dakar [4].

The duration of immigration is undoubtedly an important
factor. Our population of immigrants is composed partly of
first-generation immigrants (in France for 30 years), partly of
the second generation. If we compare our results with those of
the Cameroonian immigrants in Great Britain [3, 16], there is
not a great difference between 22.9% of the glucoregulatory
disorders at SD and 30% at the Cameroonian immigrants. It
could be explained by the same duration of immigration. It is
the same situation for the Ghanaians in the USA [9]. The effect
of the “westernisation” of lifestyle [1] or “Coke-colonization”
[29] takes a long time before being completely expressed:
it needs at least two generations for the migrants to give up
their traditional practices of life.

Some studies have advanced genetic predispositions
of certain black ethnic groups about diabetes [11,30-
31]. This would be a question of “over-adaptation”? In
France, the exposure of the Fuuta population to facilitating
environmental factors results in a very fast emergence of
a high rate of glucoregulatory disorders, superior to that of
the French population living in the same country (22.97%
for SD compared with 3.01% in the population of origin in
Vosges-France [32] at the same period). Nevertheless, if there
is no obligatory genetic predisposition of this ethno-group
to diabetes, these people perhaps have a predisposition to
an exaggerated response to the environmental factors for
reasons of survival [33]. However, according to Summer
[20], with equal BM], the African women have less abdominal
adipose tissue than the Caucasian women: this could explain
why, in a basal state, they would have less risk of developing
diabetes.

The environmental differences leading to diabetes in our
population of immigrants can be gathered under the term
“nutritional transition”. Like the “epidemiologic transition”
[5,7] leading to many diseases, the nutritional transition of
the immigrants is one of the causes supporting the increase
of obesity, atherosclerosis, and diabetes [10]. This situation
is perhaps the exaggerated translation of the thrifty genotype
[31]. The faster increase in the waist measurement than in
the BMI among Nigerian immigrants [11] would be another
translation of this accelerated nutritional transition. However,
some migrants (Tunisians) avoid this bad evolution because
of their low alcohol consumption [34].

Another explanation is possible: the existence of a form of
diabetes, border between DT-1 and DT-2, more common in
Blacks and specifically in sub-Saharan Africa [35]. Then this
evolution toward higher diabetic risk could be moderated by
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the interbreeding of the cultures among migrants, but would
tend to be worsened by the tendency to “inter-culturality”
[36], atendency of migrants to be less vigilant about their own
nutritional habits.

Medium-term nutritional consequences in the immigration
countries, as in the big cities of the Developing Countries
(where the villagers leaving the camps are concentrated), are
likely to have a quick and destructive effect. This raises the
question of prevention with respect to the consequences of the
economic transition which could accelerate the “obesogenic
transformation of the society” [37].

Study limitations

This study has several limitations. First, fasting status
could not be objectively verified in all participants,
particularly in rural villages, which may have affected glucose
measurements. Second, venous plasma glucose and oral
glucose tolerance testing were unavailable in the rural setting,
requiring reliance on capillary glucose measurements. Third,
the sample size of the migrant population was relatively small
compared with the rural cohort. Finally, dietary intake and
physical activity were not quantitatively assessed, limiting the
ability to precisely evaluate lifestyle-related contributors to
diabetes risk.

Conclusion

Senegalese migrants living in France exhibit substantially
higherrates ofimpaired fasting glucose and diabetes compared
with their relatives residing in rural Senegal. These findings
strongly suggest that migration-associated environmental and
lifestyle changes contribute to metabolic deterioration and
increased diabetes risk. Preventive public health interventions
targeting nutrition, obesity, and sedentary lifestyles among
migrant populations are urgently needed.
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