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Summary We have previously demonstrated that glu- 
cose-tolerant American blacks manifest significantly 
higher insulin concentrations and a lower insulin sen- 
sitivity than native African blacks who reside in their 
respective countries. It is, however, unknown wheth- 
er the serum glucose, beta-cell function and insulin 
sensitivity are different in native Africans and Afri- 
can-Americans who reside in the same environ- 
ments. We have studied 68 healthy American blacks 
and age- and weight-matched 30 African blacks re- 
cently immigrated from Ghana residing in Franklin 
County, Ohio, USA. Each subject underwent a stan- 
dard oral glucose tolerance test to determine glucose 
tolerance status. Insulin sensitivity index (Si) and glu- 
cose effectiveness (Sg) were measured by the insulin- 
modified, frequently-sampled intravenous glucose 
tolerance test. The body composition variables were 
measured by the bioelectrical impedance analyser 
and body fat distribution pattern by the waist-hip ra- 
tio. The clinical characteristics were identical in the 
African-American and the African blacks; the mean 

fasting serum glucose, insulin and C-peptide levels 
were not different. Following the oral and intrave- 
nous glucose administration, the mean peak and in- 
cremental areas of serum glucose, insulin and C-pep- 
tide were not different in the two groups. The mean 
Si (3.1 + 0.7 vs 2.4 + 0.3 x 10 -4.  (min/~U - 1-1) -1 and 
Sg (2.5 + 0.3 vs 2.7 + 0.2 x 10 -2. min -a) were not sig- 
nificantly different in the American and African 
blacks, respectively. In summary, the metabolic pa- 
rameters measured in the American blacks and re- 
cent African immigrants were identical. We specu- 
late that, in contrast to the indigenous Africans who 
reside in their native countries, migration to the west- 
ern world results in rapid "adaptation" in glucoregu- 
lation, beta-cell function and insulin sensitivity, simi- 
lar to those of American blacks. [Diabetologia 
(1995) 38: 1103-1109] 
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The prevalence of non-insulin-dependent diabetes 
me!litus (NIDDM) varies depending on the ethnic 
and geographic location of the populations [1-7]. 
Even among the same racial groups there are tremen- 
dous regional variations in the prevalence of N I D D M  
[1]. The differences in the prevalence of N I D D M  
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among the racial and ethnic groups residing in di- 
verse environments could thus be attributed partly 
to environmental and lifestyle factors. American 
blacks are known to have at least 12 times greater 
prevalence of NIDDM (12 % and 1%)  when com- 
pared to that of native African blacks, respectively 
[1, 3-7]. To this end, we and other investigators have 
demonstrated that glucose and insulin metabolism 
are different in the American blacks living in Frank- 
lin County, Ohio, U S A  when compared to African 
blacks living in Nigeria [7]. In addition, Rubenstein 
et al. [8] and Shires et al. [9] have reported that lean 
and obese south African blacks have lower stimu- 
lated insulin and/or C-peptide when compared to 
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thei r  whi te  counterpar ts .  Similarly, migra t ion  of  
Af ro -Car ibbeans  to e i ther  U K  [10, 11] or  France  [12] 
results in significant a l tera t ions  in glucose and insu- 
lin concentra t ions .  In addi t ion,  the  A m e r i c a n  blacks 
also manifes t  g rea te r  insulin concen t ra t ions  w h en  
c o m p a r e d  to whites  [13]. Thus, a l though peop le  of  
Af r ican  descen t  living in the  industr ia l ized countr ies  
m a y  have  an inhe ren t  t endency  to g rea te r  preva-  
lence of  N I D D M  when  c o m p a r e d  to whites who re- 
side in the  same env i ronmen t ,  it is u n k n o w n  how 
long af ter  migra t ion  it takes  for  the acquisi t ion of  
these  "me tabo l i c  adap ta t ions"  to occur. Indeed ,  in 
previous  me tabo l i c  studies in Af r ican  migrants,  only  
individuals who have  res ided in the  wes te rn  wor ld  
for  p ro longed  per iods  of  t ime were  involved  [3-14]. 
Mos t  important ly ,  we are no t  aware  of  any metabo l ic  
s tudy that  has c o m p a r e d  the Af r i can -Amer i cans  or  
o the r  b lack popula t ions  residing in the  wes te rn  
wor ld  with recent ,  nat ive A f r i c a n  migrants  living in 
the same env i ronment .  This issue is impor t an t  since 
such da ta  could  p rov ide  insights into the  me tabo l i c  
risk factors  tha t  are par t ly  responsible  for  the h igher  
p reva lence  of  d iabetes  and cardiovascular  diseases 
in the  non-Af r i can  migrants  of  Af r ican  descent .  

Hyper insu l inaemia  and insulin res is tance have  
been  associated with a g rea te r  p reva lence  of  
N I D D M  in several  e thnic  and racial  popula t ions  
[11-25].  Indeed ,  fasting insulin and /or  C-pept ide  lev- 
els have  be e n  shown to predic t  fu tu re  d e v e l o p m e n t  
of  N I D D M  [20, 25]. A l though  similar studies have  
not  b e e n  r e p o r t e d  in Af r i can  and A m e r i c a n  blacks, 
we and o thers  have  previous ly  shown that  Afr ican-  
Amer icans  have  h igher  insulin levels when  com- 
pa r ed  to whites  [10-13, 16-18, 25] and Af r ican  blacks 
residing in Niger ia  [7]. 

Thus, the  object ives  of  the p resen t  s tudy were:  1) 
to charac ter ize  se rum glucose, insulin and C-pept ide  
responses  to s t imulat ion as well as insulin sensitivity 
index (Si) and glucose effect iveness  (Sg) in healthy,  
g lucose- to lerant  Af r i can  blacks of  G h a n a i a n  nat ion-  
ality who had  recen t ly  migra ted  to  live in Frankl in  
County,  Ohio,  U S A  and 2) to c o m p a r e  thei r  da ta  
with those  of  Afr ican-Amer icans .  We e m p l o y e d  the  
minimal  m ode l  m e t h o d  previous ly  descr ibed  by  
B e r g m a n  et  al. [26, 27], since s imul taneous  assess- 
ments  of  beta-cel l  funct ion,  Si and g lucose-depen-  
den t  glucose disposal (Sg) in the Af r i can  migrants  
have  no t  b e e n  pe r fo rmed .  

Subjects, materials and methods 

Populations. The study was conducted in two non-diabetic dis- 
tinct populations of African ancestry residing in Franklin 
County, Ohio, USA. The glucose tolerance status was defined 
by the National Diabetes Data Group Criteria [28]. The Afri- 
can-Americans were defined as black Americans whose two 
conjugal parents were black Americans of African ancestry 
and the African blacks of Ghanaian nationality were defined 
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as African migrants whose two conjugal black parents were 
from Ghana, wesI Africa. All the African immigrants were 
born in Ghana and migrated to USA after the age of 18 years. 
The duration of migration of the African migrants ranged be- 
tween 1-18 years (mean 6 years). The two populations were 
matched for age, body weight and waist-hip ratios. Since our 
previous studies in African-Americans and native Africans 
found no gender differences in glucose and insulin metabo- 
lism [8], we did not match our groups by sex. However, individ- 
uals with renal, kidney, heart and liver disease were excluded. 
Also, any subject taking medications known to influence glu- 
cose and insulin metabolism were excluded. In addition, sub- 
jects who participated in endurance exercises or indulged in 
regular competitive sports were excluded. Informed written 
consent approved by the institutional review board for human 
biomedical research at The Ohio State University Hospitals 
was obtained from each subject after the risks entailed in the 
study had been thoroughly explained. 

Study protocol After a 10-12 h overnight fast, the subjects re- 
ported to the Clinical Research Center of The Ohio State Uni- 
versity Medical Center. Body weight and height were mea- 
sured with the subject wearing a very light gown and without 
shoes. The body mass index (BMI) was calculated as the 
weight (kg) divided by height (m2). The lean body mass, and 
body fat composition were measured by the bioelectrical im- 
pedance analyser [29-31]. The body fat distribution was mea- 
sured as the waist to hip circumference ratios. The waist cir- 
cumference was measured at the level of the umbilicus (with 
the subject in supine position) and the hip circumference at 
the level of the greater trochanter (in the standing position). 
All the subjects answered a simple questionnaire on physical 
activity which has been previously adapted for the native Afri- 
cans [32]. The activity level was described as: a) sedentary (no 
extra physical activity apart from walking and activity of daily 
living), b) moderate (tennis, brisk walking, swimming etc. at 
least three times a week) and c) strenuous (weight lifting, wres- 
tling, racket ball, marathon, jogging etc. at least three times a 
week). Blood pressure was obtained in the supine position af- 
ter at least 30 min rest. 

Metabolic studies. With the subject in the supine position, two 
intravenous needles ("heparin lock") were inserted into the 
forearm veins and kept patent with 0~ % normal saline infu- 
sion. One intravenous line was used to draw blood samples 
and the other to administer the intravenous glucose and exoge- 
nous insulin administration. 

Oral glucose tolerance test. Each subject was instructed to in- 
gest at least 250 g of glucose in their regular meals for at least 
3 days prior to the test. After the overnight fast, the subjects in- 
gested 75 g of oral glucose load (Koladex, Baltimore, Md., 
USA) over a 2-rain period. Blood samples for serum glucose 
insulin and C-peptide were obtained at baseline, and t = 0, 30, 
60, 90, 120, 150, 180, 210 and 240 min. Glucose tolerance sta- 
tus of the subjects was defined by the National Diabetes Data 
Group Criteria [28]. 

Frequently sampled intravenous glucose tolerance test. The insu- 
lin-modified frequently sampled intravenous glucose tolerance 
test was performed in each subject [26, 27]. Four blood samples 
were obtained at t = -20,-10, -5, and 0 rain for basal serum glu- 
cose, C-peptide and insulin concentrations. The average of the 
four samples was taken as the basal level. Thereafter, 0.3 g/kg 
glucose (50 ml of 50 % dextrose H~O) was infused over a 1-min 
period. At t = 19 rain, intravenous insulin (0.05 U/kg, Hum- 
ulin, Eli Lilly, Indianapolis, Ind., USA) was infused over 30 s. 
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Table 1. Clinical and biochemical parameters in African-Americans and recent Ghanaian immigrants by gender 
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Parameters Males Females 

Americans Africans Americans Africans 

Number 16 20 52 
Age (years) 33.3 +_ 1.8 37.3 • 1.6 32.8 + 1.2 
Body weight (kg) 79.8 + 6.4 82.3 ! 3.0 73.7 + 2.9 
Height (m) 1.70 + 0.02 1.70 • 0.02 1.60 • 0.01 
BMI (kg- m -z) 27.39 _+ 2.12 28.40 • 0.92 28.63 + 1.08 
Mean body mass (%) 72.9 • 2.3 73.5 • 1.3 64.1 _+ 2.4 
Body fat mass (%) 27.1 + 2.3 26.5 • 1.3 35.6 • 2.4 
Glucose (mmol/1) 4.16 + 0.37 4.45 • 0.15 4.37 + 0.134 
Insulin (mU/1) 8.71 + 1.29 10.08 • 1.59 12.80 + 1.31 
C-peptide (nmol/1) 0.52 + 0.11 0.82 • 0.33 0.60 • 0.05 
Sg 2.9] _+ 0.21 2.67 • 0.23 2.53 • 0.28 
Si 3.96 • 0.96 2.19 • 0.31 2.80 • 0.89 

10 
34.0 + 2.1 
72.3 + 3.4 
1.62 _+ 0.02 

27.46 +_ 0.93 
64.7 + 1.4 
35.3 + 1.4 
4.05 + 0.19 
6.34 _+ 0.96 
0.56 + 0.06 
2.78 • 0.14 
2.91 + 0.54 

Values are mean + SEM 
Sg, Glucose effectiveness (x 10 .2. min-1); Si, insulin sensitivity index (x 10 -4. min -1 (~U/ml) -1) 

Blood samples were obtained at frequent intervals at t = 2, 3, 4, 
5, 6, 8, 10, 16, 20, 24, 25, 27, 30, 40, 60, 70, 90, 120, 140, 150, 160, 
and 180 rain for serum glucose, C-peptide and insulin concen- 
trations. All the samples were centrifuged at 4~ and the sera 
frozen and stored at -20 ~ until assayed. 

Analytical methods. Serum glucose concentrations were mea- 
sured by the glucose oxidase method using glucose autoanalyz- 
er (Beckman Instruments, Fullerton, Calif., USA). The serum 
insulin and C-peptide levels of each individual were deter- 
mined by a standard double antibody radioimmunoassay tech- 
nique in the same assay at The Core Laboratories of the Ohio 
State University Hospitals. The sensitivity of the insulin assay 
was 2.5 mUff. The intra- and inter-assay coefficients of varia- 
tion (CV) were 6 % and 10 %, respectively. The lower limit of 
the C-peptide assay was 0.12 nmol/1 and the intra- and inter-as- 
say coefficients of variation were 7 % and 13 %, respectively. 

Results 

A s  s h o w n  in Tab le  1, t he  m e a n  age,  b o d y  weight ,  
b o d y  m a s s  index,  p e r c e n t  b o d y  fat ,  l e a n  b o d y  m a s s  
and  the  wais t -h ip  ra t ios  w e r e  n o t  d i f f e ren t  in the  
A m e r i c a n  and  the  A f r i c a n  blacks.  W e  f o u n d  n o  con-  
s is tent  s igni f icant  effects  o f  g e n d e r  o n  any  o f  the  m e t -  
abo l ic  p a r a m e t e r s  in e i the r  g roup ,  p e r h a p s  due  to  the  
smal l  s a m p l e  size in e a c h  o f  the  sex. H o w e v e r ,  w h e n  
t he  d a t a  w e r e  a n a l y s e d  us ing  s tepwise  l inea r  regres -  
s ion  ana lyses  a n d  two  w a y  A N O C O V A ,  we  f o u n d  n o  
i n t e r ac t i ons  b e t w e e n  g e n d e r  a n d  any  o f  the  m e t a -  
bol ic  p a r a m e t e r s .  T h e r e f o r e ,  all t he  m e t a b o l i c  d a t a  
w e r e  p o o l e d  fo r  f u r t h e r  s tat is t ical  analyses.  

Statistical analysis 

Results are expressed as mean + SEM unless stated otherwise. 
BMI was calculated as weight (kg) divided by height (m2). Obe- 
sity was taken as BMI greater than 30 kg- m -2 for females and 
males. The Kg was calculated as the negative slope of the linear 
regression equation between serum glucose (after natural log 
transformation) and time from t = 8-19 min. The acute, first 
(t = 0-5 min) and second (t = 8-19 rain) phases of insulin re- 
lease were calculated as the area under the curves for glucose, 
insulin and C-peptide responses above the baseline values us- 
ing the trapezoidal rule. Insulin sensitivity index (Si) and glu- 
cose effectiveness (Sg) were calculated using the minimal mod- 
el software program (MINIMOD) described by Welch et al. 
[26, 27]. Because there were disproportionate and unequal rep- 
resentations of females and males in the African-Americans 
and African immigrants, stepwise linear regression analyses 
and analysis of covariance (ANOCOVA) were performed to 
determine the interactions of body weight, gender and age as 
well as country of origin (independent variables) with the vari- 
ous biochemical parameters including Si, Sg, and insulin (de- 
pendent variables). The linear regression and correlation coef- 
ficients were calculated by the least square method. Statistical 
analyses were performed using Student's t-test (unpaired) and 
analysis of variance (ANOVA), where appropriate, with Bon- 
ferroni method for post-hoc testing. Probability (p) values less 
than 0.05 were considered statistically significant. 
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Fig . IA-C.  Serum glucose (A), insulin (g) and C-peptide (C) 
levels before and after oral glucose ingestion in African-Amer- 
icans and native African migrants. Mean + SEM 
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Fig.2A-C. Serum glucose (A), insulin (B) and C-peptide (C) 
levels before and after intravenous glucose administration in 
African-Americans and native African migrants. Mean + SEM 

Oral glucose tolerance test. The  m e a n  fasting se rum 
glucose levels were  not  d i f ferent  in the A m e r i c a n  vs 
Af r ican  blacks (4.37 + 0.05 vs 4.28 + 0.12 m m o l  �9 1-1, 
Fig. i a). Fol lowing the oral  glucose load,  the m e a n  se- 
r um glucose rose to  a similar peak  at 30 min in the  
two groups  (Fig. l a ) .  Thereaf te r ,  the  se rum glucose 
prof i les  were  no t  different .  As shown in Figure  1 b, 
the m e a n  fasting serum insulin level was not  differ- 
ent  in the  A m e r i c a n  vs Af r ican  blacks (11.82 + 1.03 
vs 11.36 + 2.78 mU/1). Fol lowing oral  glucose load,  

the  se rum insulin responses  were  not  d i f ferent  in the 
two groups. Similarly, fasting se rum C-pept ide  levels 
were  not  statistically d i f ferent  (0.58 + 0.03 vs 
0.72 +_ 0.07 nmol/1). The  postprandial ,  s t imula ted  C- 
pep t ide  responses  were  also not  d i f ferent  (Fig. l c ) .  
Similarly, the areas unde r  curves  for  glucose, insulin 
and C-pept ide  were  no t  significantly d i f ferent  in the 
A m e r i c a n  and Af r ican  blacks (Table 2). 

Frequently sampled intravenous glucose tolerance test. 
Following the in t ravenous  glucose load, the m e a n  se- 
rum glucose responses  rose to  similar peaks  at 2 min  
in bo th  groups (Fig. 2 a, Table  2). The  m e a n  peak  glu- 
cose levels were  not  d i f ferent  (Fig. 2 a, Table 2). The  
m e a n  se rum insulin peak  levels and profi les  were  
also no t  significantly d i f ferent  (Table 2). We found  
that  the acute  and second phases  of  insulin secre t ion  
were  not  d i f ferent  in the  Af r i can -Amer i can  and Afr i -  
can blacks. The  serum C-pept ide  levels at fasting and 
fol lowing s t imulat ion were  not  d i f ferent  (Fig. 2 c, Ta- 
ble 2). Th e  glucose decay  constants  (Kg) were  not  dif- 
f e ren t  in the two groups. 

Minimal  model  parameters. As shown in Figure 3 a, 
the m e a n  Si was no t  significantly d i f ferent  in the 
A m e r i c a n  and Af r ican  blacks (3 .1 +0 .7  vs 
2.4 + 0.3 x 10 -4. rain<).  The  Sg was also no t  d i f ferent  
in the  A m e r i c a n  and Af r ican  blacks (2.5 + 0.3 vs 
2.7_+ 0.2 x l0  -2. min  -1) as a group (Fig.3b) .  W h e n  
the min imod  pa rame te r s  were  segregated  by  gender ,  
the  m e a n  Si and Sg were  not  significantly d i f ferent  in 
the  males and females  f r o m  each  group  (Table 1). 
H o w e v e r ,  t he re  was a t endency  for  b o t h  Si and  Sg to 
be  h igher  in Af r i can -Amer i can  males  than  thei r  Afri-  
can  immigran t  counterpar ts .  In contrast ,  bo th  param-  
eters  t en d ed  to be  lower  in A f r i c an -A m er i can  re- 

Table 2. Biochemical parameters during oral and intravenous glucose tolerance in African-Americans and recent African (Gha- 
naian) immigrants 

Parameters Americans Africans p values 

Fasting 
Insulin (mU/l) 11.8 _+ 1.0 
C-peptide (nmol/1) 0.59 _+ 0.04 
Glucose (mmol/1) 4.37 + 0.11 
Oral glucose tolerance test 
Area under curve 
Insulin (~U/1 x min) 9340 + 811 
C-peptide (nmol/1 x rain) 305 + 24 
Glucose (retool/1 x min) 220 + 32 
Peak (30 rain) 
Insulin (mU/l i) 80.8 +_ 6.9 
C-peptide (nmol/1) 2.10 + 0.14 
Glucose (mmol/l) 6.44 + 0.11 
Frequently sampled intravenous glucose tolerance test 
(peak) 
Insulin (mU/l) 127.2 _+ 11.9 
C-peptide (nmol/l) 2.59 + 0.20 
Glucose (mmol/1) 12.6 + 0.83 

11.4 + 2.8 NS 
0.74 + 0.08 NS 
4.33 + 0.12 NS 

7475 + 722 NS 
329 + 29 NS 
254 + 46 NS 

83.9 +_ 6.4 NS 
2.52 + 0.14 NS 
7.00 + 0.40 NS 

154.8 + 13.8 NS 
2.81 +_ 0.19 NS 
11.8 +_ 0.66 NS 

Data given as mean + SEM 
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Fig.3A, B. Insulin sensitivity (A) and glucose effectiveness 
(B) in the African-American and native African migrants. 
Mean + SEM 

males when compared to the African immigrant 
counterparts. 

Correlation coefficients. To determine whether the 
duration of migration had a significant impact on the 
metabolic parameters, we examined the relationship 
between the insulin and insulin sensitivity index and 
years of migration to USA in the African migrants. 
We found no relationships between these various pa- 
rameters. 

D i s c u s s i o n  

Historically, the African-Americans originated from 
the west coast of Africa and therefore inherited 
unique African genes. Some of these African genes 
have been implicated in the development of diseases 
such as diabetes, hypertension and sickle-cell in the 
African-American population. However, since previ- 
ous metabolic studies in African Americans were 
confounded by the genetic admixture and environ- 
ment factors, the availability of a cohort of recent Af- 
rican immigrants originating from a single country on 
the west coast of Africa provided a unique opportu- 
nity for us to compare the metabolic risk factors for 
NIDDM in native Africans with those of the healthy, 
non-diabetic African-American individuals. The 
mean duration of residency in USA was only 6 years 
with a range of 1-18 years. To the best of our knowl- 
edge, simultaneous assessment of beta-cell function, 
insulin sensitivity index and glucose effectiveness in 
the native and migrant Africans have not been previ- 
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ously investigated. Thus, the findings of the present 
study could carry serious implications for aetiopatho- 
genesis of NIDDM in the recent African migrants. 

We found in the present study that beta-ceil func- 
tion and glucose responses to stimulation are not dif- 
ferent in the African Americans and native Africans 
immigrants from Ghana. Thus, it appears that migra- 
tion of native Africans to the western world results 
in alterations in glucose and insulin metabolism that 
are potentially diabetogenic when compared to 
those in native Africans. In this respect, Cruickshank 
et al. [10] and Chaturvedi et al. [11] found greater se- 
rum insulin levels and prevalent rates of NIDDM in 
the Afro-Caribbeans living in the UK than their 
white counterparts. Fontbonne et al. [12] have dem- 
onstrated that the Afro-Caribbeans who migrate to 
France acquire higher insulin concentrations than 
whites, despite similar serum glucose levels. Our lab- 
oratory and those of other investigators have clearly 
demonstrated that African-Americans are more hy- 
perinsulinaemic and insulin-resistant than whites 
[13, 14, 18, 19, 33]. In this regard, the remarkably 
higher prevalence of NIDDM in the African-Ameri- 
cans and Afro-Caribbean immigrants when com- 
pared to native Africans has been partly ascribed to 
greater rate of obesity with its associated insulin re- 
sistance in these populations. In contrast, evidence in 
the literature indicates that indigenous Africans are 
more insulin-sensitive when compared to other Afri- 
can migrants living in industrialized countries. How- 
ever, Swai et al. [34] and McLarty et al. [35] have re- 
ported that the prevalence and incidence of NIDDM 
are increasing in the urban areas of Africa where in- 
dividuals are more sedentary than their counterparts 
living in the rural areas. This suggests that people of 
African ancestry are at greater risk for diabetes 
when exposed to "stressors" of western lifestyle [36]. 

We found in the present study that the serum glu- 
cose, insulin and C-peptide concentrations to intrave- 
nous glucose stimulation were not different in the Af- 
rican-Americans and recent, native African immi- 
grants. Indeed, using the minimal model method, we 
found that the Si was not different in the African and 
American blacks in our study. The findings in the pre- 
sent study of the African (Ghanaian) migrants is in 
contrast with our previous report in Nigerians which 
demonstrated greater serum insulin concentrations in 
the African-Americans than native Africans who live 
in Nigeria, despite the similar glucose concentrations 
in both groups [7]. It is however possible that when Ni- 
gerian immigrants residing in USA are studied, the se- 
rum glucose, beta-cell function and insulin sensitivity 
will be similar to those of the African-Americans. 

The present study also demonstrated that the Sg 
which reflects the ability of glucose to mediate its 
own disposal as well as suppress basal hepatic glu- 
cose output at basal insulin concentrations was not 
different in the American and African migrants. This 



1108 

issue is important since a lower Sg has been found to 
be a predictor of future N I D D M  in the offspring of 
two conjugal Caucasian N I D D M  parents [22]. In- 
deed, in established diabetic patients, Sg has been 
found to be consistently decreased in several studies 
[26, 27, 37, 38]. Si is a genetically inherited trait and 
Sg an acquired phenomenon in Caucasians, as sug- 
gested by Martin et al. [22, 23]. This remains to be 
elucidated in future studies in people of African de- 
scent. Note that Martin et al. [23] have demonstrated 
that Si but not Sg has familial clustering. In support of 
this notion, Nyomba et al. [39] have reported that 
consumption of a modern  diet with a high fat content 
for 2 weeks resulted in reduced Sg when compared to 
a traditional diet of the healthy, non-diabetic Pima In- 
dians. However, Lovejoy and DiGirolamo [40] did 
not find any relation between high-fat diet (by histor- 
ical recall data) and Sg in lean and obese humans. Re- 
garding African-Americans, we have previously 
shown that Sg is greater in the black than white 
Americans without impaired glucose tolerance or 
N I D D M  [14]. A similar observation has been made 
by J.Lovejoy (personal communication). Although 
Sg values have not been reported for the native Afri- 
cans with or without diabetes and who reside in their 
native countries, the similar Sg values in the native 
African migrants and the  African-Americans could 
reflect either "assimilation" of the western lifestyle 
(e. g., diet, physical inactivity, etc.) or unique genetic 
traits in people of African ancestry. In this regard, 
we are in the process of performing metabolic stud- 
ies in the native Africans who reside in their native 
countries to determine the effects of genetics on Sg 
as well as the differential role of simultaneous or se- 
quential alterations in Sg, Si and beta-cell function in 
the pathogenesis of glucose intolerance and N I D D M  
in indigenous Africans. We should note that, al- 
though we believe our data in the Ghanaians could 
reflect those of other African migrants such as Nigeri- 
ans, Kenyans, black South Africans etc., caution 
should be exercised in the extrapolated of the pre- 
sent data to all African migrants since their dietary 
habits, social adaptation and customs may be differ- 
ent from those of Ghanaians. 

A major limitation in our present study is the un- 
equal sex distribution ratios in the African-Ameri-  
cans and the African migrants. However, several pre- 
vious studies in young adults including those from 
our laboratory (similar to our present population), 
have generally failed to demonstrate significant dif- 
ferences in glucose, insulin and Si in males vs females 
when obesity index and waist-hip ratios are ac- 
counted for [9-19]. Thus, it is possible that the differ- 
ences in the sex ratios and the small sample size in 
each cell accounted for the lack of significant differ- 
ences in the various metabolic parameters between 
the two groups of the present study. Indeed, based 
on the mean  Si data, we estimated that a sample size 

K. Osei et al.: Glucose disposal and beta-cell function in African descendants 

of 124 (76 African Americans and 48 African immi- 
grants) will be necessary to achieve a statistical signif- 
icance of 0.05 at a power (1- beta) of 0.80. Neverthe- 
less, using the stepwise linear regression analyses and 
two way ANOCOVA,  we found no consistent or sig- 
nificant interactions between insulin and Si and gen- 
der, age, body compositional variables as well as the 
country of origin in our present study. Secondly, we 
studied recent African migrants with mean duration 
of residency in USA of only 6 years in contrast to Af- 
rican-Americans who have resided in the USA over 
several decades. We had expected significant differ- 
ences in the metabolic and body compositional vari- 
ables measured in our study because of the marked 
differences in the duration of migration and accultur- 
ation in the African Americans who have lived in the 
USA over a long time and the recent African mi- 
grants. We were therefore surprised by the similari- 
ties in the metabolic profiles and the body composi- 
tional variables in the two groups. This suggests that 
the putative mechanism(s) or factors that mediate 
the metabolic alterations in Si and insulin concentra- 
tions (e, g., weight gain, sedentary lifestyle, increased 
fat intake etc.) in African descendents presumably 
can occur as early as the first year of migration and 
do not appear to worsen with time. These intriguing 
concepts deserve to be tested in prospective studies 
of large numbers of recent African migrants within a 
couple of months after migration to USA. 

In summary, we found similar serum glucose con- 
centrations, beta-cell function and glucose disposal 
parameters in African-Americans and native Afri- 
cans residing in the same environments. We also spec- 
ulate that the prevalence or incidence of N I D D M  will 
increase in these native African immigrants, similar 
to those in the African-Americans and Afro-Carib- 
beans and other non-African migrants, who have 
lived in the west for many generations. 
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