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Summary. Epidemiologic data suggest that a parental his- 
tory of Type 2 (non-insulin-dependent) diabetes mellitus in- 
creases the risk of Type I (insulin-dependent) diabetes in 
siblings of a Type i diabetes proband. This increase in risk is 
consistent with a shared genetic susceptibility between 
Type 1 and Type 2 diabetes. We have previously reported 
evidence that HLA-DR4-1inked factors may represent a ho- 
mogeneous subset of diabetes susceptibility. First, HLA- 
DR4 frequency was higher in Type 1 diabetic study subjects 
with a Type 2 diabetic parent than in Type i diabetic subjects 
whose parents were not diabetic. Second, a DR4-haplotype 
was transmitted from the Type 2 diabetic parent to the Type 1 
offspring more often than expected. These data are consis- 

tent with the hypothesis that families with a Type 2 diabetic 
parent and Type 1 diabetic child, heavily determined by 
HLA-DR4 linked factors, may represent a homogeneous 
subset of diabetes susceptibility. In this report, we further ex- 
plore the relationship between the high-risk HLA antigen 
(HLA-DR4) in study subjects with differing glycaemic status 
(National Diabetes Data Group criteria). In this community- 
based study, we find evidence that HLA-DR4 is increased in 
study subjects with Type 2 diabetes and may be a marker for 
Type 2 diabetes susceptibility. 

Key words: Genetics, Type2 (non-insulin-dependent) 
diabetes mellitus, HLA. 

The cause of Type 2 (non-insulin-dependent) diabetes is 
likely to be multifactorial in nature, consisting of both 
genetic and familial factors contributing to susceptibility 
and modified by exogenous environmental risk factors. 
The most powerful predictor of risk for Type 2 diabetes is 
being an identical (monozygotic, or MZ) twin of a diabetic 
subject. The MZ twin concordance for Type 2 diabetes 
has a life-time risk that approaches 100 % [1], indicating 
that the susceptibility is highly familial, with disease deter- 
mined by genetic or common environmental factors or a 
combination of the two. Although the MZ twin concord- 
ance may suggest that a few major gene effects could con- 
tribute to the susceptibility to Type 2 diabetes, no single 
genetic contributor has been identified to date which can 
account for more than a few percent of cases. 

Although many investigations operationally consider 
Type 1 (insulin-dependent) diabetes as distinct from 
Type 2 diabetes, it does not necessarily follow that the risk 
factors (genetic or environmental) for Type 1 diabetes are 
distinct from those for Type 2 diabetes. Epidemiologic 
data suggest that having a parent with Type 2 diabetes in- 
creases the risk for Type i diabetes in siblings of a Type 1 
diabetic proband [2, 3]. This increase in risk is consistent 
with a shared genetic susceptibility between Type 1 and 

Type 2 diabetes. We previously evaluated genetic risk fac- 
tors in families having Type i diabetic study subjects only 
and compared them with families having at least one 
Type 1 diabetic child and at least one Type 2 diabetic par- 
ent. We previously found evidence [4] that the frequency 
of a high risk H L A  antigen (HLA-DR3) was lower in 
Type 1 diabetic study subjects with a Type 2 diabetic par- 
ent than in Type 1 diabetic study subjects with non- 
diabetic parents. The increased frequency of HLA-DR4 
was maintained in these families with an increased rate of 
transmission of the HLA-DR4 allele from Type 2 diabetic 
parent to Type i diabetic offspring. These results [4] indi- 
cated that families with a Type 2 diabetic parent and 
Type 1 diabetic child, heavily determined by HLA-DR4 
linked factors, either represent a subset of diabetes sus- 
ceptibility or represent a part of a continuum of the 
diabetic spectrum. 

The Wadena City Health Study was established to pro- 
vide further insight into the relationship between pancre- 
atic function, Type 2 diabetes, impaired glucose tolerance 
(IGT), and aging [5] in a population of Northern Euro- 
pean ancestry. The members of the population participat- 
ing in the study include all known diabetic subjects and a 
stratified (by age and gender) random sample of all other 
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Table 1. Distribution of all Wadena City Health Study subjects by 
gender and current glycaemic status 

Gender NGT IGT Type 2 Type 1 
diabetes diabetes 

Male 159 17 38 3 
Female 185 12 59 3 

Total 344 29 97 6 

NGT, Normal glucose tolerance; IGT, impaired glucose tolerance 

res idents  ove r  the  age of  20 years ,  b a s e d  upon  a ci ty wide  
census. The  p reva l ence  of  Type  2 d i abe t e s  (7 .8%)  and 
I G T  (5.2 % )  in this c o m m u n i t y  are  cons is ten t  wi th  esti-  
mates  f rom the N a t i o n a l  H e a l t h  and  Nut r i t i on  Exami -  
na t ion  Survey  II  (6.6 % and  4.6 %, respec t ive ly)  using the  
N a t i o n a l  D i a b e t e s  D a t a  G r o u p  ( N D D G )  cr i ter ia  [6]. A l -  
though  the re  is ev idence  tha t  a subs tan t ia l  p r o p o r t i o n  of  
the p o p u l a t i o n  has some  ev idence  of  hype rg lycaemia ,  the  
c o m m u n i t y  r ep re sen t s  an exce l l en t  r e source  for  eval-  
ua t ing  specific hypo theses  conce rn ing  b o t h  gene t ic  and  
env i ronmen ta l  factors  con t r ibu t ing  to d i abe t e s  and  its 
compl ica t ions .  

In  o r d e r  to inves t iga te  w h e t h e r  t h e r e  is an assoc ia t ion  
b e t w e e n  the  H L A  sys tem and  Type  2 d iabetes ,  we have  
e x a m i n e d  H L A  ant igens  in Type  2 d iabe t i c  subjects  and 
c o m p a r e d  t h e m  wi th  the  H L A  an t igen  f requenc ies  in a 
s t ra t i f ied  r a n d o m  sample  of  n o r m o g l y c a e m i c  individuals .  
This  p a p e r  p rov ides  fu r the r  ev idence  tha t  genes  in the  
H L A  reg ion  m a y  have  some  inf luence  in gene t ic  suscept i -  
bi l i ty  to  Type  2 d iabe tes .  

Subjects and methods 

Subjects 
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24 were identified from the stratified random sample and 5 had pre- 
viously been diagnosed as diabetic. The 97 Type 2 diabetic subjects 
include 24 identified from the stratified random sample, 7 who were 
treated outside of Wadena, and 66 from the previously known group. 
The average age of sampling for those Type 2 diabetic subjects was 
66.0_+ 1.4 years. Six previously identified diabetic study subjects 
were found to have Type 1 diabetes (the prevalence of Type 1 
diabetes in this community is 0.3%). The subjects with Type 1 
diabetes (mean age at diagnosis of 25.2 + 5.7 years) were excluded 
from further analyses. HLA typing was available on five of the six 
Type 1 diabetic subjects; two were HLA-DR4-negative (2/3, 3/10) 
and three were HLA-DR4-positive (1/4, 3/4, 4/4). 

Data collection 

Subjects participated in two mornings of testing and data collection 
within a 10-day period. Diet preparation occurred before each test- 
ing day. Subjects continued taking medications not related to 
diabetes and those subjects taking insulin or oral hypoglycaemic 
agents were requested to delay these medications until after the 
day's tests were completed. Two metabolic tests of carbohydrate 
tolerance, a 75-g oral glucose tolerance test (OGTT) and a standard 
liquid meal, were randomly assigned to two test mornings. The 
standard liquid meal, designated as the Ensure-Plus challenge test 
(EPCT), consisted of 480 ml of Ensure-Plus (Ross Laboratories, 
Columbus, Ohio, USA) containing 710 kcal (53 % carbohydrate, 
15 % protein, and 32 % fat). 

The OGTT followed the procedure recommended by the 
NDDG with blood drawn 5 min and 1 min before the 75-g glucose 
challenge, and at 30, 60, 90, and 120 min after ingestion [7]. Fasting 
and 90-min post-meal blood samples for glucose and C-peptide were 
taken for the EPCT. 

Typing for HLA-DR antigens was performed in an unbiased, 
blinded protocol without regard to glycaemic state. HLA-DR anti- 
gens were determined on all available subjects. Based upon initial as- 
certainment of study subjects, HLA typing was performed on 90.8 % 
of subjects with normal glucose tolerance and 88.7 % of subjects with 
Type 2 diabetes. All HLA typing was performed in the HLA labora- 
tory of the University of Minnesota Hospitals and Clinics by publish- 
ed methods [8]. 

Study subjects were selected from a sampling frame including all 
physician-diagnosed diabetic residents of Wadena, Minnesota 
(population 4699, 1980 census), and all other residents who were 
20 years of age or older. The population of Wadena, Minnesota, is al- 
most exclusively derived from Northern European ancestry. In our 
sample, 99.2 % are Caucasian, 0.4 % Native American, and 0.4 % 
Oriental. Of the Caucasian subjects, the major ethnic backgrounds 
are reported to be German (47%), Norwegian (15%), English 
(9 %), Swedish (8 % ), Irish (4 % ) and Finnish (4 % ). 

All physician-diagnosed diabetic subjects were invited to partici- 
pate in the study, and a stratified random sample of all other resi- 
dents was asked to participate. Standard study procedures that had 
been approved by the University of Minnesota Committee on the 
Use of Human Subjects in Research were followed in recruiting all 
study subjects. 

The original study design differentiated the study subjects ac- 
cording to the source of sampling; i.e. each subject was a member 
identified as either a previously diagnosed diabetic or a member of a 
stratified random sample [5]. For this study, the subjects were 
grouped into four distinct groups: "normal" glucose tolerance, im- 
paired glucose tolerance (IGT), Type2 diabetes, and Type 1 
diabetes. The distribution of the study subjects by gender and four 
groups of glycaemic status is shown in Table 1. The 344 subjects with 
normal glucose tolerance include 334 subjects from the stratified 
random sample and 10 subjects (mean age 78.9 _+3.4 years) who 
were originally diagnosed as diabetic but had normal glucose toler- 
ance by current testing and NDDG criteria. The mean age at sam- 
pling for those subjects with normal glucose tolerance was 
47.1 _+ 1.1 years. Within the group of 29 study subjects with IGT, 

Diagnostic criteria 

NDDG criteria, modified for an epidemiologic setting, were used to 
assess the current diabetic status for both previously diagnosed 
diabetic patients and subjects from the stratified random sample [7, 
9]. Subjects with fasting glucose concentrations in venous plasma 
greater than 7.8 mmol/1 (140 mg/dl) or a sustained glucose elevation 
greater than 11.1 mmol/l (200 mg/dl) were considered diabetic by 
NDDG standards. A glucose concentration greater than 
11.1 mmol/1 at both 2-h after challenge, and at 30, 60, or 90 rain after 
glucose challenge was considered sustained elevation. Those with a 
2-h post-challenge glucose concentration between 7.8 and 
11.1 mmol/1, but with a glucose concentration greater than 
11.1 mmol/1 at 30, 60, or 90 rain post-challenge were considered to 
have IGT by NDDG standards. 

Previously diagnosed diabetic subjects were classified as Type 1 
diabetic if they had been identified with definite or probable Type 1 
diabetes in medical records and had a plasma C-peptide level less 
than 0.2 nmol/1 90 rain after the mixed meal challenge test (EPCT). 
This C-peptide concentration is consistent with the definition of 
Type 1 diabetes for the Diabetes Control and Clinical Trial [10]. 

Stat&tical analys& 

Prevalence ratios and associated chi-square tests were used to assess 
the association between HLA-DR4 and the glycaemic status of dif- 
ferent groups of subjects from the Wadena City Health Study [11]. 
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Table 2. HLA-DR4 antigen status in Wadena City Health Study 
subjects with Type 2 diabetes or with normal glucose tolerance 
(NGT) 

HLA-DR4 Glycaemic status 

NGT Type 2 diabetes 

Absent 166 (73 %) 50 (58 %) 
Present 62 (27 %) 36 (42 %) 

Prevalence ratio = 1.93. Z 2 = 5.59, with continuity correction 
(p = 0.02) 

Table 3. Frequencies of HLA-DR antigens in Wadena City Health 
Study subjects with normal glucose tolerance (NGT) or Type 2 
diabetes 

HLA antigen Glycaemic status 

NGT Type 2 diabetes 

DR1 53 (23 %) 22 (26%) 
DR2 63 (28 % ) 28 (33 % ) 
DR3 53 (23 %) 13 (15 %) 
DR4 62 (27 %) 36 (42 % )a 
DR5 34 (15 %) 10 (12%) 
DR6 59 (26%) 19 (22%) 
DR7 53 (23%) 16 (19%) 
all others 40 (18 % ) 13 (15 %) 

~p<0.05 

The statistical software used for these analyses was SPSS [12]. Since 
previous results suggested that HLA-DR4 was implicated in 
diabetic susceptibility, all analyses were performed on the basis of 
presence or absence of this antigen; thus, no corrections for analyses 
using multiple antigens were required. 
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Profiles of each group of subjects by C-peptide, body 
mass index (BMI), fasting plasma glucose, and family his- 
tory of diabetes were evaluated with respect to H LA-DR 4  
status (Table 4). Within the group of 228 subjects with 
normal glucose tolerance, there was no difference in 
C-peptide (2.9 + 0.1 nmol/1 vs 2.9 + 0.2 nmol/1), BMI 
(26.5 + 0.4 kg/m 2 vs 26.2 + 0.6 kg/m2), fasting plasma glu- 
cose (5.2 + 0.0 mmol/l vs 5.3 + 0.1 mmol/1), or percentage 
of subjects reporting a family history of diabetes (30.3 % 
vs 22.2 %) with respect to absence or presence of HLA-  
DR4, respectively. Within the Type 2 diabetic patients, 
there was no difference in C-peptide (3.6 + 0.3 nmol/1 vs 
3.4 + 0.4 nmol/1), BMI (30.8 + 1.0 kg/m 2 vs 29.7 _+ 1.0 kg/ 
m2), fasting plasma glucose (8.8 +_0.5 mmol/1 vs 9.4 + 
0.5 mmol/1) or family history (60.5 % vs 59.4 % ) with re- 
spect to absence or presence of HLA-DR4,  respectively. 

The Type 2 diabetic subjects had, on average, higher 
mean C-peptide levels, greater BMI, and higher fasting 
plasma glucose levels than the subjects with normal glu- 
cose tolerance, as expected. The group of Type 2 diabetic 
subjects reported a markedly increased frequency of 
either a parent or sibling with diabetes (60 % ) in contrast 
to the observed in the normal glucose tolerance subjects 
(30.3%). Although HLA-DR4 is increased in Type 2 
diabetic subjects vs subjects with normal glucose toler- 
ance, the clinical correlates presented here are not signifi- 
cantly influenced by the presence or absence of the HLA- 
DR4 allele. 

Discuss ion  

Results  

A total of 425 of 476 subjects were typed for H L A - D R  
antigens. H L A - D R  typing was available for 228 of 
251 subjects with normal glucose tolerance from our 
stratified random sample and on 86 of 97 Type 2 diabetic 
patients. Thus, 314 of the 476 subjects with either normal 
glucose tolerance (n = 228) or with Type 2 diabetes (n = 
86) were typed for H L A - D R  antigens and used in these 
analyses. We compared the  presence or absence of HLA-  
DR4 in subjects with normal glucose tolerance with 
Type 2 diabetic subjects (Table 2). Of the 86 subjects with 
Type 2 diabetes, 36 (42 %) were HLA-DR4 positive. Of 
the 228 subjects with normal glucose tolerance, 62 (27 %) 
were positive for the HLA-DR4  antigen. The prevalence 
of the HLA-DR4 antigen was significantly higher in 
Type 2 diabetic patients relative to subjects with normal 
glucose tolerance (prevalence ratio of 1.9, chi-square = 
6.59 with continuity correction, p = 0.02). In light of this 
finding, we then determined the presence or absence of 
other common H L A - D R  specificities in this population. 
There was no other antigen tested that was significantly 
more or less frequent in the Type 2 diabetic patients than 
in the subjects with normal glucose tolerance, although 
HLA-DR3 appeared to be at reduced frequency in the 
Type 2 diabetic patients (Table 3). These data provide evi- 
dence that genes in the H L A  region may influence in 
genetic susceptibility to Type 2 diabetes. 

Type i diabetes is thought to be aetiologically distinct 
from Type 2 diabetes. Type i diabetes is considered to be 
autoimmune in origin and is clearly associated with spe- 
cific H L A  antigens and demonstrates linkage of a major 
susceptibility locus with the H L A  complex [13]. Type 2 
diabetes is thought not to be autoimmune and has not 
shown a consistent association or linkage with genes in the 

Table 4. HLA-DR4 antigen status in Wadena City Health Study 
subjects by mean plasma C-peptide, body mass index (BMI), fasting 
plasma glucose (FPG) and reported family history of diabetes 

HLA-DR4 Glycaemic status 

Normal Type 2 diabetes 

C-peptide Absent 2.9 (0.1) 3.6 (0.3) 
90-min 
post-meal Present 2.9 (0.2) 3.4 (0.4) 
(nmol/1) 

BMI Absent 26.5 (0.4) 30.8 (1.0) 
(kg/m 2) 

Present 26.2 (0.6) 29.7 (1.0) 

FPG Absent 5.2 (0.0) 8.8 (0.5) 

Present 5.3 (0.1) 9.4 (0.5) 

Family Absent 30.3 % 60.5 % 
history 

Present 22.2 % 59.1% 

FPG, mean of two values taken on the day of oral glucose tolerance 
testing (mmol/1). Mean ( + SEM) 
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HLA region. On the other hand, there is an increased risk 
for Type i diabetes in siblings when a Type 1 diabetic 
proband has a Type 2 diabetic parent [2, 3]. Taken 
together, there is evidence of a genetic relationship be- 
tween Type 1 and Type 2 diabetes that is mediated, in 
part, through genes in the HLA region. 

Separate major genes have been hypothesized as being 
responsible for Type I and Type 2 diabetes susceptibility. 
These major locus models are attractive for several rea- 
sons. The primary reason is that a major locus has a high 
probability of being mapped to a chromosomal location. 
Although genetic susceptibility to Type 1 diabetes is 
strongly influenced by genes in the HLA region of human 
chromosome 6, not all of the susceptibility is explained by 
this one region. When two siblings have Type 1 diabetes, 
55 % will have the same HLA region genes (haplotypes), 
40 % of the sibling pairs will have only one haplotype in 
common, while 5 % of the sibling pairs will have no HLA 
haplotypes in common [14]. Although a multifactorial 
source of genetic liability to either Type 1 or Type 2 
diabetes or both is a concern for gene mapping, there is no 
need to imply that multifactorial inheritance implies hun- 
dreds of loci. Rather, there remains the more likely out- 
come that Type 1 and Type 2 diabetes are each the result 
of the actions of a limited number of genes (a major gene 
and some genes with small effect). Thus, some overlap 
may occur in the loci required for at least some forms of 
Type 1 diabetes and Type 2 diabetes [15]. 

A recent study [16] has demonstrated an increased 
serum viscosity in Type 2 diabetic patients with microvas- 
cular disease that has been linked to changes in serum pro- 
tein composition. The major change observed is a decline 
in albumin and in increase in the levels of acute-phase pro- 
teins (including haptoglobin). Acute-phase proteins were 
also increased in advanced glucose intolerance as well as 
in established Type 2 diabetes, although there was no rela- 
tionship with degree of control or duration of diabetes. 
Although this effect may be due to metabolic changes (in- 
creased blood glucose), the examination of families with 
both Type 2 and Type I diabetes with respect to genetic 
markers could be highly informative in defining mutual 
risk factors. 

In a series of studies [17, 18], islet cell antibodies (ICA) 
and thyrogastric antibodies were determined in 204 pa- 
tients with Type 2 diabetes treated with diet or oral hypo- 
glycaemic agents or both (non-insulin-requiring, NIR) 
and in 108 age-matched patients who were being treated 
with insulin (insulin-requiring, IR). HLA-DR antigens 
were determined in only 127 NIR and 69 IR patients. The 
IR patients differed from the NIR patients with respect to 
higher frequency of ICA, thyroid antibodies, and HLA- 
DR4 frequency. Patients who were heterozygous for 
HLA-DR3/DR4 showed significantly higher frequency of 
ICA and complement-fixing ICA than patients without 
the heterozygous form DR3/DR4, although no correc- 
tions for multiple antigens tested were made. These data 
suggest that Type 2 diabetes is a heterogeneous disorder 
including at least two major subgroups, characterized by 
HLA-DR antigens and organ-specific antibodies. 

The role of genetic markers other than HLA in contri- 
buting to susceptibility to both Type i diabetes and Type 2 
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diabetes has been equivocal. In a Mexican American 
population randomly selected from three San Antonio 
neighbourhoods, statistically significant associations were 
found between Type 2 diabetes and the Rh blood type and 
haptoglobin phenotype [19, 20]. The haptoglobin associ- 
ation showed a dose effect with a single dose of the hapto- 
globin-1 allele associated with a 50 % increase in Type 2 
diabetes prevalence and a haptoglobin 1-1 homozygote 
was associated with a 100 % increase in Type 2 diabetes 
prevalence. In a separate study of Type 2 diabetes and 
seven polymorphic markers using 398 Caucasian subjects 
(97 Type 2 diabetic subjects and 301 subjects with normal 
glucose tolerance) and 390 Hispanic subjects (191 Type 2 
diabetic subjects and 199 subjects with normal glucose 
tolerance), there was no association with either hapto- 
globin or Rh [21]. In families with at least one Type 2 
diabetic parent and a Type 1 diabetic child, the hapto- 
globin genotype does not appear to be a significant con- 
tributor to diabetes susceptibility, either with respect to 
association with diabetes or with respect to linkage with a 
secondary susceptibility locus [4]. 

In summary, we present data that are consistent with an 
HLA-DR4 effect in the susceptibility to Type 2 diabetes, 
thereby providing a common shared factor responsible for 
genetic susceptibility at least in a portion of families. The 
supporting data include the previously reported signifi- 
cantly cumulative risk for Type 1 diabetes in siblings of 
Type 1 diabetic probands with a Type 2 diabetic parent 
and the increased relative risk in these families for Type 1 
diabetes associated with HLA-DR4 but not HLA-DR3. 
These results provide evidence that HLA-DR4 linked fac- 
tors may represent a major component of general diabetes 
susceptibility. The evidence is particularly cogent, since it 
comes from a population-based sample, rather than se- 
lected patients seen at a referral (medical) centre. These 
data, therefore, support the possibility of better assessing 
the relative contribution of hereditary and environmental 
determinants in the aetiology of Type 2 diabetes. 
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