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Haptoglobin 2-2 Phenotype is a Risk Factor for Type 2 Diabetes in

Ghana
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We have investigated the role of haptoglobin gene polymorphisms in 129 type 2 diabetic patients
and 87 non-diabetic subjects, classified by the ADA criteria, in Ghana. The diabetic subjects were re-
cruited consecutively from the National Diabetic Management and Research Center of the University
of Ghana Medical School, Korle-Bu, Accra, Ghana and were categorized by their haptoglobin pheno-
types. The haptoglobin 2 allele was determined to be a risk factor for type 2 diabetes in Ghana
(OR=6.1, 95% CI=1.8-21.2; P=.0.001) while the Hp1 allele appeared protective (OR=0.56, 95%
CI=0.31-1.0; P=.06). The deleterious role of the Hp2 allele was further evidenced by the reduced
risk associated with Hp2-1M mutant heterozygotes, who produce less Hp2 protein than the normal
Hp2-1 heterozygote. (OR=0.52, 95% CI=0.27-1.0; P=0.06). The subjects with the homozygous
Hp2 allele were also hypertensive and overweight. There was no difference (p>0.05) in the levels of
triglycerides, total cholesterol, LDL and HDL between diabetic subjects with different haptoglobin

phenotypes.
We conclude that hypertensive and overweight individuals with the Hp2-2 phenotype in Ghana are

at a high risk of developing type 2 diabetes and may require a more aggressive management.
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Introduction

Diabetes mellitus is a disorder of carbohydrate,
lipid and protein metabolism characterized by hyper-
glycemia® ?. Type 2 diabetes accounts for the greater
percentage of diabetic cases worldwide, due to an in-
creasing prevalence of obesity, hypertension and sed-
entary lifestyles®. In the Greater Accra Region of Gha-
na, where the prevalence of diabetes is 6.3%, type 2
diabetes constitutes 90% of reported cases?. Anecdot-
al reports indicate that the condition is on the increase
in Ghana, as is the trend worldwide3™.

Type 2 diabetes is characterized by insulin resis-
tance, which is caused by a collection of metabolic dis-
orders: hypertension, inflammation, abnormal lipid
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metabolism and a hypercoaguable state®”. The early
stages of endothelial dysfunction and arterial intima
thickening occur in individuals at risk, long before the
appearance of clinical symptoms'?. Underlying the en-
dothelial dysfunction is a low-level chronic inflamma-
tory stimulus that upregulates the expression of acute
phase proteins, cytokines and oxidized LDL'"'?. These
events eventually lead to vascular damage, with the se-
verity differing among ethnic groups and races” '?.

The impact of ethnic and racial differences on
diabetes underscores the need for the identification of
genetic factors that contribute to differences in suscep-
tibility to and the pathology of the disease. Recent
studies in animals and humans have shown that the
haptoglobin (Hp) gene is a major risk factor for diabe-
tes vascular disease'® ', however, the association be-
tween the Hp gene and diabetes varies between popu-
lations'®'®. In African populations, no risk association
data for haptoglobin and diabetes has been reported
to date.

Haptoglobin is involved in all the inflammatory
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Table 1. Haptoglobin (Hp) phenotypes and Hp1 allelic frequencies in the reference and diabetic population

Population Hpl-1 Hp2-1
Reference Population 30 21
Type 2 Diabetics 32 42

Hp2-2 Hp2-1M Hp1 allelic freq
3 22 0.75
24 21 0.54

stimuli associated with diabetes, due to its role as a
scavenger of hemoglobin' 2%, It is involved in IL-6
expression, inhibits LDL-oxidation, and limits hemo-
globin-related oxidative stress*'*?. All populations
have three major haptoglobin phenotypes, Hp1-1 ho-
mozygotes, Hp2-1 heterozygotes, and Hp2-2 homo-
zygotes. A modified form of Hp2-1 resulting from a
single nucleotide polymorphism in the Hp2 gene pro-
moter, (Hp2-1M), is prevalent in African popula-
tions*. Individuals with this phenotype express less
Hp2 polypeptide than their Hp2-1 heterozygous
counterparts*?. Here we show that the Hp2-2 pheno-
type is a risk factor for type 2 diabetes in Ghana while
Hp1-1 and Hp2-1M phenotypes are protective.

Materials and Methods

Subjects

Diabetic patients were recruited consecutively
from the National Diabetes Management and Re-
search Center of the Korle-Bu Teaching Hospital, Ac-
cra, Ghana. A total of 129 type 2 diabetic subjects and
87 healthy non-diabetics were enrolled after providing
informed written consent. All subjects underwent a
standardized medical examination including measure-
ments of blood pressure (BP) and anthropometry.
Subjects were classified as diabetic or non-diabetic us-
ing the diagnostic criteria of the American Diabetes
Association (ADA)?.

Blood Sampling and Anthropometric Measurements

A fasting blood sample was withdrawn from a
forearm vein into fluoride-oxalate or heparin. The
samples were kept on ice and centrifuged within 15
minutes of their collection. The plasma was aliquoted
into storage vials and stored at =70C until analyzed.
Fasting plasma glucose (FPG) levels were determined
by the glucose oxidase method. Triglyceride levels were
determined by a colorimetric procedure based on glyc-
erol-3-phosphate oxidase. Total cholesterol levels were
determined by the CHOD-PAP method using a kit
from Randox. HDL cholesterol levels were estimated,
following precipitation of LDL and VLDL, using
phosphotungstic acid and Magnesium chloride, ac-
cording to the manufacturer’s instructions (Randox).
LDL cholesterol levels were estimated by calculation.

Weight was measured to the nearest 0.1 kg and height
was measured to the nearest 0.1 centimeter for the de-
termination of body mass index (BMI). Waist girth at
the umbilicus was measured to the nearest 0.1 centi-
meter.

Haptoglobin Phenotyping

Haptoglobin phenotyping was achieved by poly-
acrylamide gel electrophoresis of hemoglobin-supple-
mented sera followed by benzidine staining.

Ethics

The study was approved by the Ethical and Pro-
tocol Review Committee of the University of Ghana
Medical School, and complied with the Helsinki Dec-
laration of 1975 (revised in 1983 and 1989) on hu-

man experimentation.

Statistics

The significance of the association of diabetes
with the haptoglobin allele was determined by the x*
test as were evaluations for agreement with Hardy
Weinberg equilibrium. The ODDs ratio was comput-
ed using Vassar Stats (Http://faculty.vassar.edu/lowry/
odds2x2.html) software. Student’s ztest was used to
determine differences between means after performing

an ANOVA test.

Results
The haptoglobin phenotypic frequencies for the

control and diabetic subjects are presented in Table 1.
The allelic frequencies were consistent with Hardy
Weinberg equilibrium. The frequency of the Hp2 al-
lele was higher in the diabetic population (84%) as
opposed to the Hpl allele with a frequency of 39%.
The ODDs ratio indicates that the Hp2 allele is a risk
factor for type 2 diabetes in homozygous individuals
in Ghana (Table 2). The Hp1 allele appears protective
as was the Hp2-1M phenotype. The non-diabetics
with the Hp2-2 phenotype were leaner within the
group whereas diabetic subjects with this phenotype
were hypertensive and overweight (p<.05) (Table 3).
The fasting plasma glucose level tended to be lower in
Hp2-2 subjects with or without diabetes but this dif-
ference was not statistically significant. The mean se-
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Table 2. ODDs ratio for developing type 2 diabetes with respect to haptoglobin (Hp) gene polymorphisms

Type 2 diabetics/non diabetics Hpl-1
ODD Ratio (95% CI) 0.56 (0.31-1.0)
Pvalue 0.06

Hp2-1 Hp2-2 Hp2-1M
1.4 (0.8-2.0) 6.1(1.8-21.2) 0.52 (.27-1.0)
0.26 0.001 0.06

Table 3. Clinical variables in the control and type 2 diabetic subjects according to haptoglobin (Hp) phenotypes

Control subjects

Clinical variables Hpl-1 Hp2-2 Hp2-1M
Age 43.8+11.9% 46.3+12.3 44594 42.3%9.8
FPGP 33%16 3.9%1.5 29%1.7 3.6%2.1
BMI€ 26.3+6.3 27.5%5.5 20.5+1.4 25.8%6.1
SBpd 122+28 132%26 105+10.1 125+ 16
DBP¢ 86%18 86=11.8 74+8.8 82+13.1
Waist girth 79.5£12.6 79.8+9.2 63.2%£9.0 78.9+£9.0
Type 2 Diabetics

Age 59.5%11.2 54.0%12.2 57.3%11.7 49.7%12.3
FPG 6.3+3.8 7548 5.6%£3.6 9.9+2.8
BMI 24.0%0.3 24.0%4.5 26.2%6.8 21.8+3.2
SBP 135.7+18 135.0x15.5 145.9+ 16 134.7+£23.2
DBP 87.4%12.9 83.6+x7.9 89.1+13.4 83.9+9.8
Waist girth 81.0+x12.1 83.1+10.6 82.8x10.6 77.6x9.7

iMean=S.D., bFl"G, fasting plasma glucose, “BMI, body mass index, dSystolic blood pressure, ¢ Diastolic blood pressure

Table 4. Lipid profiles of control and diabetic subjects according to their haptoglobin phenotypes (Values are the

mean = SD, and the units are mmol/l)

Control Subjects

Hpl-1 Hp2-2 Hp2-1M
gbollem.rzl 480+1.19 48+1.07 4.77+0.68 5.12+0.94
Hri)gg:e“ . 0.84£0.21 0.92£0.29 0.77%0.20 0.8%0.11
DL 1.95%0.41 1.25%0.57 1.87%0.40 2.13%0.52
Disberic Subicct 2.86%0.88 3.3+1.03 2.5%0.29 2.92%0.90
c;la le ‘tc ‘1”“ * 5.04%1.35 5.61.25 5.51%1.03 575%1.15
T .OICS e.rz 1.90 £0.44 2.38+0.87 2.0+0.30 1.95%0.89
HrgLy““ es 1.79+0.78 1.96+0.94 2.06%1.21 2.14%1.24
DL 2.46% 1.48 2.55+1.6 2.44%1.43 2.66%1.64
*LDL- Low Density Lipoprotein, **HDL- High Density Lipoprotein

rum cholesterol, triglycerides and LDL cholesterol lev- . .

&Y v Discussion

els did not differ between subjects with different
haptoglobin phenotypes in either the control group or
diabetic group. However, HDL cholesterol levels were
significantly lower in control subjects with the Hp2-1
phenotype, compared to the rest of the subject catego-
ries (Table 4). Between the diabetic and control sub-
jects, the major difference was in the serum triglycer-
ide level, which was two times higher in the diabetic
subjects (p<0.001).

This study has shown that the Hp2 allele is a
high risk factor for type 2 diabetes in Ghana and that
the Hp1 allele is protective. The finding contrasts with
previous observations in Amerindians and Mexican
Americans'® 2%, where the Hp1 allele was observed to
be a risk factor. These differences highlight the role of
genetic and ethnic variation in determining suscepti-

bility to type 2 diabetes.
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The risk associated with the Hp2 allele in the
Ghanaian population appears to be directly associated
with the amount of Hp2 polypeptide produced. Pa-
tients with the Hp2-1M allele, who express less Hp2
protein than Hp2-1 individuals®®, exhibited protection
equivalent to that for the Hp1-1 homozygotes. This
result is significant as it represents the first example of
a beneficial mutation with regards to the risk of devel-
oping diabetes.

Diabetic subjects with the Hp2 phenotype were
also hypertensive and overweight. This contrasts with
the non-diabetics of the same phenotype, who were
leaner than their counterparts with other phenotypes.
It is generally recognized that diabetes is a risk factor
for hypertension and vice versa®”. Together, these re-
sults suggest that the Hp2 allele increases the risk of
type 2 diabetes in patients who are overweight and
have hypertension but not in those who have normal
weight and blood pressure.

We propose that the role of haptoglobin in diabe-
tes risk is directly related to its function as an antioxi-
dant. The hemoglobin-binding capacity and antioxi-
dative function of Hp2 is less than that of Hp1' %39,
Mechanistically, this is attributed to a more efficient
scavenging of the Hp1-1-Hb complex by CD163 than
of the Hp2-2-Hb complex?"3?. Free hemoglobin pro-
motes damage to LDL within the blood vessel through
the Fenton reaction® *, leading to the early stages of
endothelial dysfunction characteristic of type 2 diabe-
tes. The situation is aggravated as the diabetes pro-
gresses and the turnover of blood cells is increased,
making hemoglobin available for glycosylation®¥. Gly-
cosylated hemoglobin (GlycHDb) is even more difficult
for CD163 to scavenge, reducing the antioxidative
function of the complex further®”. The lack of differ-
ence in the lipoprotein levels of diabetic subjects with
different haptoglobin phenotypes also points to the
fact that homozygosity for the Hp2 allele is an inde-
pendent risk factor for diabetes in the population
studied. Further studies into the precise role of the
Hp2-2 phenotype in diabetes would be informative.

We conclude that the Hp2 allele is a risk factor
for type 2 diabetes in Ghana, whereas the Hp1 allele
appears protective. This observation is strongly sup-
ported by the protection that is also afforded by the
Hp2-IM phenotype. Diabetic subjects with the
Hp2-2 phenotype in Ghana may require more aggres-
sive management.
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