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Summary. The prevalence of Type 2 (non-insulin-depen- 
dent) diabetes mellitus is high in Mauritius, a multiethnic is- 
land nation in the southwestern Indian Ocean. Evaluation of 
candidate genes in the different ethnic groups represents a 
means of assessing the genetic component. As glucokinase is 
known to be a key regulator of glucose homeostasis in liver 
and pancreatic Beta-cells, the human gene was isolated and a 
dinucleotide repeat (CA)n marker was identified at this locus. 
A polymerase chain reaction assay was developed, and al- 
leles differing in size were observed in individuals, according 
to the number of repeats in the amplified fragment. Eighty- 
five Creoles and 63 Indians of known glucose tolerance 
status were typed by amplification of genomic DNA for this 
dinucleotide (CA), repeat marker. Four different alleles 
were observed including Z, the most common allele, and 
Z + 2, Z + 4, and Z + 10, which differed from Z by 2, 4, and 
10 nucleotides respectively. In Mauritian Creoles, the fre- 
quency of the Z + 2 allele was greater in Type 2 diabetic sub- 
jects than in control subjects (23.8 % vs 8.9 %,p = 0.008), and 
the frequency of the Z allele was lower in Type 2 diabetic sub- 

jects (60 % vs 75.6 %, p = 0.03). Analysis with univariate lo- 
gistic regression models indicated that the Z + 2 allele had 
the highest odds ratio, 3.08 (95 % confidence interval 1.14- 
8.35,p = 0.0416), among the other risk factors (age, sex, body 
mass index, and waist/hip ratio). The multivariate odds ratio 
for Type 2 diabetes was 2.88 (95 % confidence interval 0.98- 
8.50,p = 0.0551). In contrast, in the Mauritian Indian popu- 
lation, no differences were noted between the frequency of 
any glucokinase allele in the Type 2 diabetic and control 
groups. These data suggest that the Z + 2 allele is an impor- 
tant risk factor for Type 2 diabetes in Mauritian Creoles, but 
not in Mauritian Indians, and also imply that the glucokinase 
gene may play a role in the pathogenesis of Type 2 diabetes in 
Mauritian Creoles. Further studies are needed to define the 
nature of this defect. 
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Mauritius is an island nation in the southwestern Indian 
Ocean east of Madagascar. It is populated by Creole 
(mixed African, Malagasy, European, and Indian origin), 
Indian and Chinese ethnic groups. Mortality rates from 
diabetes on this island have been noted to be one of the 
world's highest [1]. A marked change in the mortality 
profile took place after World War II, with a rising stan- 
dard of living associated with industrialization. A recent 
epidemiologic study in Mauritius revealed that the prev- 
alence of Type 2 (non-insulin-dependent) diabetes mel- 
litus in adults, at about 12 %, was remarkably similar 
across ethnic groups [1, 2]. African Blacks and Indians are 
known to have a low prevalence of Type 2 diabetes melli- 
ms when living a traditional rural lifestyle [1, 3, 4], but the 
prevalence increases dramatically after migration and 
modernization [5, 6]. A previous study concluded that po- 
tent environmental factors including body mass index, ab- 

dominally distributed fat, and physical inactivity are the 
major independent risk factors for Type 2 diabetes in 
Mauritians [2]. 

Familial aggregation of Type 2 diabetes in African 
Blacks and Indians suggests that genetic factors might also 
play a role in the pathogenesis of the disease [3, 7]. In other 
racial groups, the genetic predisposition to Type2 
diabetes has been suggested by population [8, 9], family 
and twin studies [10]. Type 2 diabetes in man is not easily 
explained by simple Mendelian models, however, as the 
multifactorial nature of the disease confounds genetic 
studies. One way of identifying the polygenes that contrib- 
ute susceptibility to Type 2 diabetes mellitus would be 
identification of a genetic marker at a particular locus 
through population studies [11], suggesting that variation 
at this locus may increase or reduce the risk of developing 
Type 2 diabetes. Several likely candidate genes have been 
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B 5'-TTGGTCAGTGTAGGCTGAACTCATGTCCT~3GGTCTGTGCCCA 

TCTOTrTCTCTCTATCCTTCTGTCTCTCTCTTTTGTCTCTC 

TCTCTCTCTCACACACACACACACACAAACACAC 

ACACCACATACACACACCATATACATTCTACCCTCAOTT 

TATTCCAAACAACACT/ tATACAGGCAG'rr t~rGGTGTGGG-3 ' 

C Z : [CTI4TTTGT[CT]7[CA] 9 AA[CAI4CCACATA[CAI3 
Z*2 :[CT]4TTTGT[CT]6[CA]ItAA[CA]4CCACATA[CA]3 
Z§ �9 [CT]4TTTGT[CT]6[CA]I2AA[CA]4CCACATA[CA]3 
Z+I0 : [CT]4TTTGT[CT]6[CA]IsAA[CA]4CCACATA[CA]3 

Fig. IA-C.  Restriction map and DNA sequence of the compound 
imperfect dinucleotide (CA)n region at the glucokinase locus on 
chromosome 7p. A EcoRI (E) restriction map of a lambda clone 
containing human genomic DNA. The solid box indicates the region 
containing glucokinase exons, and the inverted triangle refers to the 
amplified region containing the dinucleotide (CA)n repeat element. 
B The DNA sequence of the (CA)n repeat region in the most com- 
mon sized or Z allele. Underlined sequences are the synthetic oligo- 
nucleotide primers ( # 9509 primer is at 5'-end and # 9510 primer is 
at T-end with complimentary sequence) used for polymerase chain 
reaction (PCR) amplification. C The DNA sequences of the dinu- 
cleotide repeat regions, determined by direct genomic sequencing, 
from representative Z, Z + 2, Z + 4, and Z + 10 alleles 

e v a l u a t e d  wi thou t  def in i te  conclus ions  [10], suggest ing 
tha t  these  loci  a re  no t  m a j o r  con t r i bu to r s  to  the  disease.  

T h e  enzyme  g lucok inase  [E. C. 2.7.1.1.] r egu la tes  b l o o d  
glucose  levels  b y  cont ro l l ing  hepa t i c  g lucose  u t i l iza t ion  
and g lycogen  s torage ,  and  by  act ing as a g lucose  sensor  
which  regu la tes  insul in p r o d u c t i o n  in panc rea t i c  is le t  
Beta-ce l l s  [12,13]. T h e  gene  for  this  k e y  glucose  m e t a b o l i c  
r e g u l a t o r  has no t  b e e n  e v a l u a t e d  in Type  2 d i abe te s  mel l i -  
ms. C lon ing  the  h u m a n  g lucok inase  gene  [14], and  iden-  
t i fying a p o l y m o r p h i c  d inuc leo t ide  (CA)n r e p e a t  m a r k e r  
at  the  g lucok inase  locus  on  c h r o m o s o m e  7p [15], p r o v i d e d  
the  o p p o r t u n i t y  to  d e v e l o p  a p o l y m e r a s e  chain  r eac t i on  
( P C R )  assay for  va r ious  s ized al leles,  and  to conduc t  a 
s tudy in the  M a u r i t i a n  Creo l e  and  I n d i a n  Type  2 d i abe te s  
mel l i tus  pa t i en t s  and  con t ro l  subjects .  

S u b j e c t s  a n d  m e t h o d s  

Background 

According to most recent estimates, 70 % of the Mauritian popula- 
tion are Indian, 2.1% are Chinese, and nearly all of the remaining 
27.9 % are Creoles. The Creoles are of African and Malagasy an- 
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cestry, with various amounts of European and, to a lesser extent, In- 
dian genetic admixture. The details of the study protocol may be 
found in earlier reports [1, 2]. Briefly, the epidemiological study was 
conducted in Mauritius in April 1987, on a random cluster sample of 
over 5,000 subjects aged 25-74 years. The classification of diabetes 
mellitus was modified from the WHO criteria [16]. Diabetes was 
defined if subjects reported a history of diabetes and were cttrrently 
taking either an oral agent or insulin, or if not on medication, if they 
had a fasting plasma glucose > 7.8 mmol/1, or a 2-h plasma glucose 
> 11.1 retool/1. Diabetes was also defined in those subjects without a 
previous history of diabetes but in whom the 2-h plasma glucose was 
> 11.1 mmol/1. 

Study sample and DNA preparation 

A sub-sample of subjects from the main survey population was se- 
lected for genetic studies, which included serological HLA typing, 
plus storage of plasma and buffy coats, in the following manner. For 
the main survey, two teams worked at different parts of the island, 
and each team surveyed between 100-150 subjects per day. At  each 
survey site, on most but not all survey days, up to 12 subjects were en- 
tered into the genetic sub-study. These were the first six unrelated 
subjects giving a positive personal history for diabetes, and the first 
six unrelated subjects aged over 50 years who had no personal his- 
tory of diabetes. At  the time of fasting blood collection, these sub- 
jects had an additional 15 ml heparinized specimen collected which 
was used for harvesting buffy coats used for the present study. In a 
few instances the elderly "control" subjects were found during the 
oral glucose tolerance test to actually have diabetes and hence they 
became "cases". The control group for the present study were all 
non-diabetic at the time of testing, but some individuals did have im- 
paired glucose tolerance. As the sample size was limited, to 
maximize data for analysis these individuals were included. If some 
of these individuals are really "pre-diabetic subjects", this would 
only serve to reduce differences at the glucokinase locus. Thus, in 
this respect any differences observed could be considered minimal. 

Because it was felt that Creoles were the most interesting group 
for genetic studies, they were over-sampled relative to Indians. 
Larger sample size was desirable. However, the present study was 
limited by the number of DNA samples which were collected in 
April 1987. Ultimately genomic DNA for the present study was 
available on 85 Creoles (40 diabetic patients and 45 control sub- 
jects) and 63 Indians (31 diabetic patients and 32 control subjects). 
Among the Indians, 87 % (55/63) of the Indians were Hindu, and the 
remaining 13 % were Muslim. Genomic DNA was prepared from 
peripheral blood lymphocytes by routine phenol/chloroform extrac- 
tion. 

PCR assay for polymorphic dinucleotide repeat 

Genomic DNA was amplified with a pair of PCR primers (Fig. 1 B) 
in 10 gl volumes containing 100-250 ng EcoRI digested or uncut 
genomic DNA, 4 pmol unlabelled primer # 9509 3.6 pmol unla- 
belled primer # 9510, 0.4 pmol primer # 9510 which was end-la- 
belled with [32P]ATP by T4 polynucleotide kinase 200 gmol/1 each 
dNTP, 1.5 mmol/1MgC12, and 0.25 units Amplitaq polymerase in the 
buffer supplied in Gene AMP kit (Perkin Elmer-Cetus, Norwalk, 
Conn., USA). Samples were processed through initial denaturation 
for 3 min at 94 ~ 25 to 30 cycles of amplification which consisted of 
1 min at 94~ (denaturation) and 1 min at 66~ (annealing-exten- 
sion), and final elongation at 66 ~ for 9 min in a Perkin Elmer-Cetus 
thermal cycler. After being denatured at 90~ for 2min in 50% 
formamide-10 mmol/1 EDTA solution, aliquots (2 to 4 gl) of ampli- 
fied samples were electrophoresed on a DNA sequencing gel con- 
taining 6% acrylamide, 7 retool/1 urea, and lx Tris-borate EDTA 
buffer (TBE) for 2.5 h at 75 watts in 0.6x TBE buffer. Gels were then 
fixed, dried, and processed for autoradiography as described pre- 
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index ( < or > 24.267 for men, and < or > 25.768 for women) or 
waist/hip ratio ( <_ or > 0.913 for men, and < or > 0.838 for women), 
as defined previously [2]. These levels defined the upper tertile [2] of 
the distribution in the total survey population for each sex. 

We utilized a stepwise approach and fit a series of categorical 
models, using a logistic response fimction [19] to assess the risk of 
Type 2 diabetes, analysed by SAS/STAT (SAS Institute Inc., Cary, 
NC, USA). Due to the relatively large number of genotypes and 
relatively low frequencies of some genotypes, we looked for the al- 
lele(s) which had the largest detectable effect on the risk, assuming 
that the majority of the alleles (null) had little or no effect for the risk 
of Type 2 diabetes. In a stepwise fashion, we added the most signifi- 
cant allele while considering all those yet selected as null, until the 
addition of alleles no longer increased the significance of the model. 
Multivariate analysis was performed with consideration of the ef- 
fects o~ other covariates (sex, age, body mass index, and waist/hip 
ratio) on the risk, to estimate the independent association between 
Type 2 diabetes and the genotype of interest. Adjusted odds ratios of 
the relative risk of Type 2 diabetes associated with each risk factor 
(binary in genotype and sex, per year in age, per kg/m 2 in body mass 
index, and per 0.1 increase in waist/hip ratio) were estimated. 

Fig.2. Representative autoradiogram of polymerase chain reaction 
(PCR) amplified DNA containing the dinucleotide (CA)n region at 
the glucokinase locus from ten unrelated individuals. See Figure 1 C 
for the sequence of each allele. Z/Z refers to an individual homozy- 
gous for the Z allele, Z/Z + 2 refers to an individual heterzygous, 
with one Z allele and one Z + 2 allele, etc 

viously [15] as well as sequencing of dinucleotide region in the repre- 
sentative alleles from genomic DNA. When necessary, DNA was 
analysed repeatedly and/or sequenced so that each allele could be 
assigned unambiguously. 

HLA-typing 

Polymerase chain reaction (PCR) products amplified with exon 
2 HLA-DRB primer s [17] were screened with 16 [32p]-labelled 
19 mer probes for HLA-DR typing. The PCR amplification condi- 
tions and sequence-specific oligonucleotide (SSO) hybridization 
procedures were as described previously [18]. For HLA-DQ typing, 
PCR primers and SSOs for DQA1 (11probes) and DQB1 
(14 probes) have been given elsewhere [18]. Oligonucleotides were 
synthesized locally (Australia) on an Applied Biosystems Inc. (ABI, 
Foster City, Calif., USA) Model 380B nucleic acid synthesizer. 
HLA-DR, DQ types were determined in Creoles, for 37 Type 2 
diabetic patients and for 50 control subjects with normal or impaired 
glucose tolerance. Alleles were not assigned in some instances where 
a novel combination of HLA-DR and -DQ SSO patterns were ob- 
served. 

Data analysis 

Genotypic frequencies were calculated for each group and were 
tested for Hardy-Weinberg equilibrium. AUelic frequencies were 
derived from the number of the genotypes. Differences between 
groups in quantitative variables were evaluated by unpaired (two- 
tailed) t-tests and differences in proportions were evaluated by 
Chisquare test. The association of polymorphic alleles with Type 2 
diabetes were analysed by 2 x 2 contingency tables. A Chi-square 
test of independence was performed with Yates' correction applied 
where indicated. Univariate odds ratios were computed to assess the 
magnitudes of effects. In order to assess the effect of obesity, the data 
were further divided into two subgroups according to body mass 

Results 

Polymorphic dinucleotide (CA )~ repeat 

A dinucleot ide (CA)n repea t  e lement  was found  approxi-  
mate ly  10 kilobase 3'  of  the h u m a n  glucokinase gene [15], 
as shown in Figure 1 A.  F r o m  the sequence,  a pair  o f  oligo- 
nucleot ide  pr imers  (Fig. 1 B) were  chosen which f lanked 
the  r epea ted  region in a 195 base pair  f ragment .  Af t e r  
P C R  amplif icat ion of  genomic  D N A ,  four  different  sized 
alleles were found  in the Creoles,  and three  alleles in In- 
dians. As  shown in Figure 2, one  ma jo r  b a n d  was seen in 
h o m o z y g o u s  subjects, and two majo r  bands  in heterozy-  
gous subjects. The  addit ional  minor  bands,  genera ted  dur- 
ing the amplif icat ion reaction,  were  no t  a reflection of  
somat ic  mosaicism [20, 21]. Using an  M13 sequencing lad- 
der, single nucleot ide  (nt) differences in alleles could be  
detected.  R e p e a t e d  analysis showed  that  for  any individ- 
ual  D N A  the pa t te rn  was consistent,  and genotypes  could 
be  unambiguous ly  assigned. 

By  direct genomic  sequencing of  the repea t  regions, it 
was de te rmined  that  the mos t  c o m m o n  allele, def ined as Z 
with 195 base pairs, was composed  of  five repea t  e lements  
in ter rupted by  three  non- repea t  e lements  (Fig. 1 B). The  
differences in the  sizes of  alleles was derived f rom the  vari- 
ations in the n u m b e r  of  repeats  at two immedia te ly  ad- 
jacent  CT  and C A  repeats  (Fig. 1 C). Thus,  the Z + 2 allele 
differed f rom the Z allele by a net  of  2 nt, the Z + 4 allele 
by a net  of  4 nt, etc. Accord ing  to  the classification o f  
Weber  [22], this was a c o m p o u n d  imperfect  dinucleot ide 
repeat .  

Clinical characteristics of the study population 

The  m e a n  age of  the  diabet ic  and control  groups  was simi- 
lar within bo th  Creoles  and Indians (Table 1). There  ap- 
pea red  to be a p reponde rance  of  females among  the Cre- 
ole diabetic pat ients  (not  significant), and of  males  in the 
Indian  diabetic patients (not  significant), reflecting the 
differences in prevalence  be tween  the sexes observed  in 
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Table 1. Characteristics of the study population 
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Creole Asian Indian 

Type 2 Control subjects Type 2 
diabetes diabetes 

Control subjects 

Number 
Female % 
Age (Years) 
Body mass index (kg/m z) 
Waist/hip ratio 
Family history of diabetes % 
Hypertension % 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mm Hg) 
Fasting plasma triglyceride (mmol/1) 
Total plasma cholesterol (mmol/1) 
Plasma creatinine (gmol/1) 
2-h plasma glucose (mmol/1) 
Fasting plasma glucose (mmol/1) 
2-h serum insulin (~tU/ml) 
Fasting serum insulin (gU/ml) 

40 45 31 32 
73 51 39 47 
58.2• 57.6• 51.4• 54.0• 
26.0• 23.2• 24.2• 23.5• 
0.89 • 0.01 0.86 • 0.01 ~ 0.87 • 0.02 0.88 • 0.01 
17.5 17.8 25.8 25.0 
60.0 17.~ 22.6 18.8 

157.8 • 4.6 139.1 • 3.1 b 135.5 • 3.0 129.4 • 3.2 
89.4• 82.2• 84.5• 78.8• 

1.6• 1.2• a 1.9• 1.2• b 
6.7• 6.3• 6.2• 5.8• 

71.8• 82.5~2.~ 71.0• 77.1• 
15.8• 6.5• c 18.2• 6.2• c 
9.6• 5.6• 10.3• 5.3• 

36.2• 26.8• 23.7• 30.8• 
10.5• 4.4• r 9.0• 5.5• 

p < 0.05, b p < 0.01, c p < 0.001, d mean + standard error. Geometric means for triglycerides and fasting and 2-h glucose and insulin 

the total populat ion [1, 2]. The differences in body mass 
index and waist/hip ratio, previously shown to be inde- 
pendent  risk factors for Type 2 diabetes in the Creoles [2] 
were as expected, although less obvious in the Indian 
sample. The  differences in blood pressure and serum trig- 
lycerides were most  likely secondary to Type 2 diabetes, 
while the differences in the plasma glucose and insulin 
values reflect Type 2 diabetes itself. 

HLA-typing 

H L A - D R  allele distributions are given in Table 2, for 
27 Type 2 diabetic patients and 50 healthy control sub- 
jects. There  was a small increase in frequency of H L A -  
DR5 alleles in Type 2 diabetic patients when compared  
with control subjects, at the expense of H L A - D R w 6  
(DRwl3 ,  DRw14) alleles, but the differences were within 
the expectations of sampling fluctuations. No difference 
was found between the diabetic and control groups. 

rameters  as fisted in Table 1, in the diabetic group accord- 
ing to the presence or absence of Z + 2 alleles, and no dif- 
ference was found between these two subgroups. 

In the Indians, 3 alleles and 5 genotypes were observed 
f rom 63 individuals (Table 3). The Z + 10 allele was not 
found in the Indians. The genotypic frequencies did not 
deviate f rom the predicted frequencies by Hardy-Wein- 
berg equilibrium. No differences in allelic frequencies be- 
tween the diabetic and control groups were observed. 

Analysis with logistic regression model 

In the Creoles, the Z + 2 allele appeared to be the only al- 
lele which carried a strong risk for Type 2 diabetes with a 
univariate odds ratio of 3.08 (p = 0.0416), as shown in 
Table 5. The Z, Z + 4, and Z + 10 alleles showed no effect 
on the risk for Type 2 diabetes, in accordance with our 
original assumption. Among  the various risk factors 
(Z  + 2, sex, BMI, and waist/hip ratio), Z + 2 carried the 

Analysis of genotypic and allelic frequency 

After  typing 85 Creoles, 4 alleles and 8 genotypes were 
identified (Table 3). The  observed genotypic frequencies 
did not deviate f rom that predicted by Hardy-Weinberg 
equilibrium. The frequency of the Z + 2 allele was greater  
in the diabetic group compared  to that in the control 
group (23.8 % vs 8 . 9 % , p  = 0.008). The frequency of the 
Z allele was greater  in the control group compared  to that 
in the diabetic group (75.6 % vs 60.0 % , p  = 0.03), Further  
analysis of the Creole data according to the presence of 
central obesity, defined by waist/hip ratio, revealed that  
Z + 2 allele was associated with obese Type 2 diabetes 
(28.6 % vs 5.9 % , p  = 0.019 with Yates '  correction) but not 
lean Type 2 diabetes (Table 4). This association was not 
observed if the obesity was defined by BMI  (data not 
shown). Furthermore,  we also examined the clinical pa- 

Table 2. HLA-DR allele distributions in Creole Type 2 diabetic pa- 
tients and control subjects 

HLA-DR Type 2 diabetes Control subjects 
allele (n = 37) (n = 50) 

n % n % 

DR1 6 8.1 14 14.0 
DR2 14 18.9 15 15.0 
DR3 6 8.1 11 11.0 
DR4 6 8.1 7 7.0 
DR5 13 17.6 10 10.0 
DRw13 2 2.7 7 7.0 
DRwl4 ' 3 4.1 8 8.0 
DR7 10 13.5 8 8.0 
DRw8 5 6.8 9 9.0 
DR9 2 2.7 2 2.0 
DRwl0 2 . . . .  2.7 2 2.0 
Unassigned 5 6.8 7 7.0 

X 2 = 8.2207, degree of freedom = l l ,p  = 0.693 
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Table 3. Genotypic frequency 

Creole Indian 

Diabetes Control Diabetes Control 

Z/Z 14 35.0% 24 53.3% 
Z/Z + 2 10 25.0 % 8 17.8 % 
Z/Z+4 6 15.0% 5 11.1% 
Z/Z+10 4 10.0% 7 15.6% 
Z+2/Z+2 3 7.5% 0 - 
Z+2/Z+4 1 2.5% 0 - 
Z+2/Z+10 2 5.0% 0 - 
Z+4/Z+4 0 - 1 2.2% 

Total 40 45 

20 64.5% 17 53.1% 
7 22.6% 9 28.1% 
0 - 6 18.8% 
0 -  0 -  
1 3.2% 0 - 
3 9.7% 0 - 
0 - 0 - 
0 - 0 - 

31 32 

Allelic frequency 

Creole Indian 

Diabetes Control Diabetes Control 

Z 48 60.0% a 68 75.6% 47 75.8% 49 76.6% 
Z+2 19 23.8% b 8 8.9% 12 19.4% 9 14.1% 
Z+4 7 8.8% 7 7.8% 3 4.8% 6 9.4% 
Z+10 6 7.5% 7 7.8% 0 - 0 - 

Total 80 90 62 64 

In the Creole, when compared between diabetic and control groups: 
Z vs non-Z, X ~ = 4.7283, degree of freedom = 1,p = 0.03; 

b Z + 2 vs non-Z + 2, X 2 = 7.0014, degree of freedom = 1, p = 0.008 

Table 4. Allelic frequencies according to diabetes status and 
waist/hip ratio in the Creoles 

Obese a Lean 

Type 2 Control Type 2 Control 
diabetes subjects diabetes subjects 

Z 30 57.7% 26 76.5% 18 64.3% 42 75.0% 
Z+2 15 28.6% b 2 5.9% 4 14.3% 6 10.7% 
Z+4 4 7.7% 4 11.8% 3 10.7% 3 5.4% 
Z+10 3 5.8% 2 5.9% 3 10.7% 5 8.9% 

Total 52 34 28 56 

a Obese was defined by waist/hip ratio; for women > 0.838, for men 
> 0.913; 
b When compared between diabetic and control group: Z + 2 vs non- 
Z+ 2;Yates' X 2 = 5.4632,p = 0.019 

highest odds ratio (3.08,p = 0.0416) for Type 2 diabetes in 
both  univariate and multivariate analysis (Table 5). How-  
ever, in the multivariate odds ratio of 2.88 for the Z + 2 al- 
lele as an independent  risk factor had marginal  signifi- 
cance (p = 0.0551). In the case of Z, Z + 4, and Z + 10, 
multivariate analysis has little effect on their odds ratios 
(data not show). 

For  the Indians, neither glucokinase alleles nor other 
factors were significant risk factors for Type 2 diabetes in 
this study sample (Table 5). The sample size was too small 
for further analysis with respect to obesity. 

Discussion 

The results of the present  study showed that  the Z + 2 al- 
lele is associated with Type 2 diabetes in Mauri t ian Cre- 
oles. This risk factor needs to be  examined relative to 
other  previously defined risk factors. Family history of 
Type 2 diabetes, earlier noted to be an independent  risk 
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factor for the disease in Mauritians [2], was excluded f rom 
the multivariate analysis since we were looking for a 
genetic marker.  For the group as a whole however, the fre- 
quencies of  glucokinase alleles did not differ between 
those with and those without a positive family history of 
diabetes in the present  study. 

Caution must  be exercised when drawing conclusions 
about  disease-susceptibility genes in mixed populations, 
especially when the degree of genetic admixture might be 
different in the disease and control groups. For example,  
differences in the degree of genetic admixture were readi- 
ly apparent  be tween South Pacific Type 2 diabetic pa- 
tients and control subjects when the frequencies of H L A  
alleles were compared  in these groups [23]. In the current 
study, however, the Mauri t ian Creole subjects were typed 
at the H L A  locus, and the frequencies of H L A  alleles 
were found to not differ be tween Type 2 diabetic patients 
and control subjects. Based on this data, it is less likely that  
differences in genetic admixture between the two groups 
can account for the differences in glucokinase allele fre- 
quencies observed. 

Obesity is a well-known risk factor for Type 2 diabetes, 
andprevious  studies have shown that both  body mass index 
and waist/hip ratio were independent  predictors of the dis- 
ease in Mauritians [2]. Further, the diabetic and control 
groups differed by both  BMI  and waist/hip ratio. Accord- 
ingly, we extended the analysis to determine the frequency 
of glucokinase alleles with respect to obesity in Type 2 
diabetes and control subjects. In the lean subgroup, either 
defined by B M I  (<_ 25.768 kg/m 2 for women, <_ 24.267 
kg/m 2 for men)  or waist/hip ratio ( <  0.838 for women,  
< 0.913 for men),  no difference in allelic frequency was 
noted between the Type 2 diabetic and the control subjects. 
In the obese subgroup however, defined by waist/hip ratio 
(but not by BMI),  the Z + 2 allele was positively associated 
with Type 2 diabetes (28.8 % vs 5.9 %, p = 0.019, after 
Yates '  correction). High waist/hip ratio has been  repor ted 
to be  a bet ter  predictor  for Type 2 diabetes than BMI, par- 
ticularly in women [2]. However ,  Z + 2 allele was not asso- 
ciated with high waist/hip ratio. These results suggest that a 
glucokinase allele in linkage disequilibrium with the Z + 2 
marker,  may be associated with an obese phenotype  in 
Type 2 diabetic patients. This observation must be con- 
f irmed in a larger population, however, as the current anal- 
ysis of subgroups considerably reduced the sample sizes. 
The  relationship between obesity, Type 2 diabetes, and 
glucokinase alleles should also be  evaluated in other popu- 
lations. I t  is interesting to speculate that  a defective hepatic 
glucokinase might favour  peripheral  glucose disposal in 
skeletal muscle and adipose tissue. 

It  is not surprising that  a positive association of a gluco- 
kinase allele with Type 2 diabetes was found in the Cre- 
oles, but  not in the Indians, since different genetic factors 
are likely to play a role in various ethnic groups [24]. As 
part  of the genetic admixture in Creoles was contributed 
by Maurit ian Indians, lack of association be tween this 
genetic marker  and Type 2 diabetes in the Indians sug- 
gests that Creoles did not acquire this genetic trait f rom 
Indians. Thus, the source for this genetic marker  would 
more  likely be  the African Blacks or Eu ropean  Caucasian 
background.  
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Table 5. Risk of Type 2 diabetes by glucokinase genotype and other 
risk factors in the Mauritian population 

Creole 

Univariate Multivariate 

Risk factor Odds 95 % C.I. Odds 95 % C.I. 
ratio ratio 

At least one Z + 2 Allele 3.08 1.14-8.35 a 2.88 0.98-8.50 

Female 2.58 1.08-6.19 a 2.86 0.85-9.58 
Age (years) 1.01 0.97-1.04 1.01 0.96-1.06 
Body mass index (kg/m 2) 1.19 1.06-1.33" 1.07 0.92-1.23 
Waist/hip ratio (1/10) 2.50 1.24-5.03 a 2.43 1.02-5.79 a 

At least one Z Allele 0.13 0.015-1.12 
At least one Z + 4 Allele 1.38 0.42 -4.51 
At least one Z + 10 Allele 0 .96 0.29 -3.13 

Indian 

Univariate Multivariate 

Riskfactor Odds 95% C.I. Odds 95% C.I. 
ratio ratio 

At least one Z + 2 Allele 1.41 0.4~4.08 1.17 0.37-3.73 

Female 0.72 0.26-1.95 0.37 0.07-2.12 
Age (years) 0.98 0.93-1.02 0.99 0.94-1.05 
Body mass index (kg/m 2) 1.04 0.92-1.18 1.10 0.95-1.27 
Waist/hip ratio (1/10) 0.89 0.48-1.65 0.52 0.1%1.59 

At least one Z Allele N/A N/A 
At least one Z + 4 Allele 0.46 0.11-2.05 

a p < 0.05; C. I., confidence interval; N/A, Not available, since all sub- 
jects have at least one Z allele 

We have evaluated the frequency of glucokinase alleles 
in a population of American Black Type 2 diabetic pa- 
tients and control subjects (unpublished data). America 
Blacks, like Mauritian Creoles, brought from Africa be- 
tween 1710-1810, also share genetic admixture with Euro- 
pean Caucasians. Interestingly, the most common allele 
(Z) was noted to have a negative association with Type 2 
diabetes in both American Blacks and Mauritian Creoles. 
This finding suggests that perhaps the Z allele represents 
the "wild type" allele (normal, not defective) of the gluco- 
kinase gene. Further, the Z allele has highest frequency in 
these two populations regardless the diabetic phenotype. 
In the American Black study the Z + 4 allele, in contrast to 
the Z + 2 allele in Mauritius Creoles, was found to be asso- 
ciated with Type 2 diabetes. For American Blacks Z + 4 
was an independent risk factor with odds ratio of 2.85 (p = 
0.0018), after adjusting for age, sex, and BMI. These two 
ethnic groups differ in that American Blacks originated 
from West Africa, predominantly Nigeria, while the Cre- 
oles were originally from Madagascar and the French Af- 
rican colonies. The different alleles associated with Type 2 
diabetes in the two ethnic groups suggest that two differ- 
ent biological variants of glucokinase may be operating. 
This hypothesis can be tested, once the sequence of the 
structural portions and regulatory regions of the normal 
glucokinase gene have been defined in these two ethnic 
groups. 

In addition to the environmental factors reported pre- 
viously [1, 2], the results of the current study lend further 
support to the prospect that genetic factors also play a role 
in the pathogenesis of Type 2 diabetes. As shown by the 
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genotypic frequencies, one can calculate that 40% of 
Mauritius Creole Type 2 diabetic patients had at least one 
Z + 2 allele, compared to 17.8 % of control subjects (X 2 = 
5.1609, degree of freedom = 1,p = 0.023). In conclusion, 
the glucokinase gene might be involved in the pathogen- 
esis of Type 2 diabetes in Mauritian Creoles, but not in In- 
dians. This remains to be determined, as glucokinase ac- 
tivity has not been shown to be defective in islet-Beta cells 
or liver of Type 2 diabetic patients. The results of the cur- 
rent study, however, suggest that this locus could serve as a 
marker for a subtype of Type 2 diabetes which would have 
profound implications for the epidemiology and preven- 
tion/treatment of this disease. 
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