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Summary. Type 2 (non-insulin-dependent) diabetes mellitus, a
disease of complex aetiology, has been reported to be non-
randomly associated with several polymorphic markers in
human populations. These data, plus evidence of a high prev-
alence of Type 2 diabetes mellitus in American Indians and
mixed populations, such as Mexican-Americans, which is
only partially attributable to the prevalence of obesity in these
populations, makes it imperative that the nature of such asso-
ciations be clarified in relation to genetic susceptibility to
Type 2 diabetes mellitus. The present paper reports the results
of tests of association between Type 2 diabetes mellitus and
seven polymorphic markers: the blood groups - ABO, Rhe-
sus, Duffy and Kell (K and KP) - haptoglobin and group spe-
cific component; among Anglo and Hispanic populations in
the San Luis Valley of Colorado, USA. The sample popula-
tion consisted of 788 individuals of which 398 were Anglo
subjects (97 Type 2 diabetes mellitus patients and 301 normal

individuals) and 390 Hispanic subjects (191 Type 2 diabetes
mellitus patients and 199 normal individuals). Association be-
tween Type 2 diabetes mellitus and genetic markers in pa-
tients was tested using the G? statistic within each ethnic class
using normal frequencies as a comparison. Results of the tests
indicated that only the Kell blood group was significantly as-
sociated with Type 2 diabetes mellitus at a 5% level among the
Anglo subjects (G?=5.16, 1df). This significant value can be
explained by chance alone, if multiple comparisons are taken
into account. Our tests have not shown the previously re-
ported haptoglobin or Rhesus blood group associations seen
in Mexican-Americans in San Antonio, Texas.
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association, Rhesus blood group, haptoglobin, group specific
component.

Discovery of associations between a disorder and poly-
morphic genetic markers, with a known pattern of in-
heritance, has often provided insights into the inheri-
tance of disease susceptibility. Investigators have thus
attempted to demonstrate non-random associations be-
tween diseases and various blood groups. More recent-
ly, both protein polymorphisms and restriction frag-
ment length polymorphisms have also been used in the
search for disease associations.

Differences in frequencies of phenotypes at marker
loci between Type 2 (non-insulin-dependent) diabetic
patients and control subjects in various populations
have been reported in the literature. Examples include
properdin factor B and glyoxylase, non-HLA markers
present on chromosome 6. Both these showed a signi-
ficant decrease in frequency in Polynesian Type2
diabetic patients [1]. The same trend is also evident in
Micronesians and Melanesians although the differen-

ces are not statistically significant. Berg et al. [2] and
Scholz et al. [3] documented associations in Cauca-
sians between Type 2 diabetes mellitus and the immu-
noglobulin heavy chain polymorphism on chromo-
some 14. Kirk et al. [1] noted that the
6-phosphogluconate dehydrogenase allele, 6PGD*A,
showed a significant increase in Melanesian diabetic
patients. This trend was consistent with the increase in
other populations such as Polynesians, Micronesians
and Fiji Indians, although the increases in these popu-
lations were not significant at the 5% level. Candien et
al. [4] reported that significant differences existed be-
tween diabetic patients and control subjects in Pima
Indians with respect to the distribution of phosphogly-
colate phosphatase phenotypes. This association was
not confirmed by Stern et al. [5] in a population based
study of Mexican-Americans and non-Hispanic Cau-
casian adults.
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Table 1. Results of tests of association between Type 2 (non-insulin-
dependent) diabetes mellitus and erythrocyte antigens

Anglo subjects Hispanic subjects

Mar-  Pheno- Type 2 Nor- G? Type2 Nor- G?
ker type diabetes mal diabetes mal
ABO Ay 36 116 714 62 58 2.77
A; 10 17 5 2
B 6 32 12 12
AB 2 5 3 2
AB 1 0 0 0
(0] 42 131 108 125
RHY CDE 0 0 560 0 2 1020
CDEe 2 7 7 10
CDe 17 60 26 30
CcDe 2 2 3 8
CcDEe 14 47 42 42
CcDe 26 93 38 45
cDE 4 12 18 12
¢DEe 9 33 38 27
cDe - 4 8 6 7
Cce 2 2 0 0
cEe 3 4 0 0
ce 14 33 12 16
Duffy Fy? 14 4 045 36 46 0.87
Fy?Fy® 35 ) 63 70
Fy® 27 85 58 55
Kell K(+)k(-) 0 0 s5.16* 0 0 0.16
(K) K(+)k(+) 1 18 7 6
K(—)k(+) 96 283 183 193
Kell Kp? 0 0 058 1 0 1.39
(Kp) Kp*Kp® 1 1 1 1
Kp® 96 300 188 198

w: Rhesus blood group; x: significant at the 5% level with 1df

Stern et al. [5] reported significant associations of
Type 2 diabetes mellitus with the Rhesus (RH) blood
group and the haptoglobin (HP) phenotypes in Mexi-
can-Americans of San Antonio, Texas, USA. A similar
association with the RH blood group had been pre-
viously noted be Berg et al. [2] in Norway and by
Scholz et al. 3] in Germany. Berg also noticed an as-
sociation of Type 2 diabetes mellitus with HP. In Mex-
ican-Americans, the HP association is interesting
because of an apparent gene dosage effect. Heterozy-
gosity for the HP*1 allele is associated with a 50% in-
crease and homozygosity for the allele is associated
with a 100% increase in prevalence of Type 2 diabetes
mellitus [5]. However, other studies failed to find any
significant association of Type 2 diabetes mellitus with
HP [3, 6, 7].

Finally, several studies have suggested a non-ran-
dom association between Type 2 diabetes mellitus and
the group specific component (GC), which is the serum
vitamin D binding protein. Kirk et al. [1, 8] noted a
higher frequency of the GC*1 allele in a group of
Polynesians with Type 2 diabetes mellitus compared to
control subjects. Jorgensen and Hopfer [7] and Cleve [9]
have reported similar observations in European popu-
lations. Szathmary’s studies of subarctic Amerindians
showed the GC*1S allele to be associated with higher
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levels of plasma glucose [10]. Measures of fasting in-
sulin levels in Dogrib Indians indicated that homozy-
gotes for the GC*1F allele had the lowest levels of fast-
ing insulin [11].

The present study focuses on association between
Type2 diabetes mellitus and erythrocyte antigens
and protein polymorphisms in a population of Anglo
and Hispanic subjects in the San Luis Valley of South-
ern Colorado, USA, particularly the HP, GC and RH
loci.

Materials and methods

Sample

The San Luis Valley Diabetes Study (SLVDS) is a population based
case-control study of risk factors for Type 2 diabetes mellitus and its
complications among non-Hispanic Caucasian (Anglo) and Hispanic
residents of Alamosa and Conejos counties of the San Luis Valley,
Colorado. Each individual who participated in the study was ques-
tioned with reference to their Hispanic ethnicity and their diabetic
status was determined using a 75 g oral glucose tolerance test [12]. De-
tails of the criteria used for such definitions as well as methods used to
determine other variables are presented in Hamman et al. [13]. The
total sample included 9350 individuals [13]. Individuals classified as
having impaired glucose tolerance [12] (n=118), Type 1 (insulin-de-
pendent) diabetes mellitus patients (n=26), prior ‘diabetic individ-
uals’ with normal glucose tolerance (n = 15) and subjects on whom in-
formation was incomplete (n =3) were excluded, leaving a sample of
788 subjects for analysis.

Genetic marker studies

Blood samples were collected by venipuncture in § ml vacutainers
containing citric acid-dextrose as an anticoagulant. Samples were
shipped from the field to the laboratory on a weekly basis by express
mail. Typing of the antigens for the blood groups -~ ABO, Rhesus,
Duffy, and Kell (K and KP) - and HP was carried out as described
previously [14]. GC subtyping was done by the method of Kamboh et
al. [15].

Statistical analysis

Data on five blood groups (ABO, RH, FY, K and KP) and two protein
polymorphisms (HP and GC) were used in the tests of association. In-
formation on a few individuals was incomplete at some of the laci due
to problems associated with typing blood groups and protein poly-
morphisms. Thus, in some of the categories there were fewer than 788
individuals present.

In each ethnic group the phenotype frequencies among the
diabetic patients were compared to those among the normal subjects.
The statistical significance of the association between Type 2 diabetes
mellitus and the phenotypes was assessed using the G? statistic [16],
which is defined as:

G*=2 ajln [ag;/¢;
where a;; and ej; denote, respectively, the observed and expected fre-
quencies (under the null hypothesis) of the ij-th cell in the contingency
table. Under the null hypothesis of no association, the G2 statistic fol-
lows a chi-square distribution with (r-1) (¢c-1) degrees of freedom
(where r=number of phenotypes and c=2=number of groups
[Type 2 diabetes mellitus and normal)).
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Table 2. Results of tests of associations between Type 2 (non-insulin-
dependent) diabetes mellitus and protein polymorphisms

Anglo subjects Hispanic subjects

Mar- Pheno- Type2 Nor- G  Type2 Nor- G?
ker type diabetes mal diabetes mal
Hapto” 1-1 19 46 125 39 43 0.92

1-2 46 148 103 98

2-2 30 106 49 58
GC: 18-18 34 111 515 53 49 5.57

1S-1F 14 50 66 67

1F-1F 3 9 16 12

1S-2 33 89 30 43

1F-2 6 31 25 20

2-2 7 9 2 6

y: hapto =haptoglobin
z: GC =plasma Vitamin D binding protein

Results

The sample sizes and G? values for testing association
between diabetic status and phenotypes are presented
in Tables 1 and 2 for erythrocyte antigens and protein
polymorphisms. The only statistically significant associ-
ation that was noted was between Type 2 diabetes mel-
litus and the Kell blood group (G*=5.16, 2df, p< 0.05)
among the Anglo subjects. No significant associations
with Type 2 diabetes mellitus were observed for the
various loci among the Hispanic subjects. Since
multiple tests of significance were performed, one sig-
nificant G? value is not unexpected because the ex-
pected number of significant G? values out of 14 com-
puted is 0.7 at the 5% level. Thus, this value could be
significant by chance alone. Additionally, allelic tests of
association were not significant for the alleles at the
Kell locus.

Discussion

Diabetes mellitus is a heterogenous disease of which
Type 2 diabetes mellitus and Type 1 diabetes mellitus
are the major subgroups [12). Type 2 diabetes mellitus
can be differentiated from Type 1 on the basis of a later
age-at-onset, its association with obesity and by the fact
that exogenous insulin is often not required to achieve
glucose control. Genetically, Type 2 diabetes mellitus
has a high concordance rate in monozygotic twins [17],
and elevated risk is associated with positive family his-
tory. The finding that Type 1 diabetes mellitus is strong-
ly associated with the HLA antigens DR3 and DR4 has
contributed significantly to our current understanding
of the genetics of Type 1 diabetes mellitus [18, 19]. How-
ever, no such marker has yet been identified for Type 2
diabetes mellitus. The discovery of such a marker
would facilitate studies of the role of genes in this com-
mon disorder.

Our analysis of association between Type 2 diabetes
mellitus and several polymorphic markers, previously
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suggested to be nonrandomly associated with Type 2
diabetes mellitus, using the G? statistic as a measure of
association, did not reveal any evidence of significant
association. The lack of consistency in association
studies of Type 2 diabetes mellitus in similar popula-
tions, Mexican-American subjects of Colorado and
Texas, as well as across populations suggests that we
have yet to identify a locus that is causally involved in
or tightly linked to Type 2 diabetes mellitus suscepti-
bility. Several of the populations where evidence of as-
sociation between genetic markers and Type 2 diabetes
mellitus has been found are hybrid populations formed
by recent mixing of parental populations which are
genetically distinct [1, 5, 8, 20]. This admixture has fre-
quently involved parental populations which differ sig-
nificantly with respect to the frequency of several
genetic markers as well as the background rates of
Type 2 diabetes mellitus. This situation complicates the
interpretation of any association which may be ob-
served. Thus, consistency of associations across studies
may be the only way of distinguishing between real and
random association. Despite these problems, the con-
tinuing search for association between Type 2 diabetes
mellitus and specific genetic markers is worthwhile be-
cause of the potential usefulness of a highly associated
genetic marker in studies of Type2 diabetes mellitus
susceptibility.
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