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bstract

Lipid abnormalities are strongly linked with coronary heart disease and are common in type 2 diabetes. However, little is kno
he genetic determinants of serum lipids in African populations. An autosomal genome scan was performed for linkage to five pl
henotypes (total cholesterol, triglycerides (TG), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and VLDL-cholesterol (VLD

n the Africa–America Diabetes Mellitus (AADM) study. Two hundred and ninety-five affected sibling pairs with type 2 diabetes
nrolled from Ghana and Nigeria were genotyped for 390 microsatellite markers with an average inter-marker distance of 9 cM.
ariance components linkage analysis showed that HDL-C had a LOD score of 4.34 near marker D7S3061 and 3.00 near marker D7
lustering of linkage evidence to several lipid phenotypes was observed on chromosomes 5 (LDL-C, total cholesterol, VLDL-C), chr
(HDL-C, TG) and chromosome 19 (total cholesterol, LDL-C, TG). Principal component analysis of the five phenotypes yielded tw
ne (TG, HDL-C and VLDL) of which was linked to QTLs on chromosomes 2, 5 and 7, while the other (total cholesterol and LDL

inked to a different set of QTLs on chromosomes 2, 5 and 18. Several of these regions have been reported to be linked to lipi
tudies. Follow up investigations are warranted in view of the central role serum lipids play in the aetiopathogenesis of cardiovascu
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Serum lipids play a major role in the pathogenesis of coro-
ary heart disease. It is now well established that the risk

∗ Corresponding author. Tel.: +1 202 806 5419; fax: +1 202 265 2254.
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of CHD is positively correlated with serums levels of to
cholesterol, triglycerides (TG) and LDL-cholesterol (LD
C) and is inversely correlated with HDL-cholesterol (HD
C) levels[1–6]. More subtle abnormalities, such as part
size, have also been shown to be risk factors for CHD
example, LDL particle size has been shown to be assoc
with the risk of CHD, with small LDL particles being co

021-9150/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
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sidered a component of an atherogenic lipoprotein phenotype
[7,8]. Due to the important role played by dyslipidaemia in
CHD, the Third Adult Treatment Panel Guidelines of the
US National Cholesterol Education Program (ATP III) rec-
ommended a full fasting lipoprotein profile to include total
cholesterol, LDL-C, HDL-C and triglyceride levels as the ini-
tial lipid measurement in all individuals for CHD risk assess-
ment[9]. Lipid abnormalities are known to be more common
among individuals with type 2 diabetes mellitus (T2DM) and
their relatives[10–12]. These lipid abnormalities, including
high triglyceride and low HDL-C, predate the onset of glu-
cose intolerance[13] and further increase the risk of CHD in
this population subgroup. Therefore, detection and control of
dyslipidaemia in this specific group can reduce myocardial
infarction, coronary deaths and overall mortality in T2DM
[14].

Several intermediate measures of lipid metabolism (in-
cluding total cholesterol, TG, HDL-C and LDL-C) have been
shown to have a significant genetic component with estimates
of heritability ranging between 30% and 80%[15–17]. While
numerous candidate genes have been tested for linkage and/or
association to these traits, most of the known candidate genes
explain very little of the variation in these lipid measures. In-
creasingly, genome scans are being used to investigate the
issue further since it is likely that several (or many) genes
of small effect influence serum lipid levels. Because genome
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at the same time identifying regions that are linked to two
or more phenotypes (i.e. genomic regions with pleiotropic
effects). Finally, we compare the areas of suggestive or sig-
nificant linkage found in this study, which have been reported
in other geographic populations.

2. Subjects and methods

The participants in this study were all enrolled from the
Africa–America Diabetes Study, which has been described
more fully elsewhere[23]. The protocol was approved by the
institutional review board (IRB) of each participating insti-
tution and written informed consent was obtained from each
participant.

2.1. Enrollment procedures

The design of the AADM study is that of an affected sib
pair (ASP) study with both siblings having T2DM. Briefly,
participants were enrolled from three centers in Nigeria
(Enugu, Ibadan and Lagos) and two centers in Ghana (Ku-
masi and Accra). Eligible probands were required to: be older
than 25 years at the time of diagnosis of type 2 diabetes, have
at least one full sibling with T2DM, not have classical fea-
tures of type 1 diabetes (i.e., insulin dependence, repeated
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ocation of these genes, there is a greater likelihood that
ill shed more light on the genomic regions influencing
ariation of these lipid measures.

Various epidemiological studies conducted over the
hree decades suggest that the serum lipid profiles of
opulations in sub Saharan Africa differ substantially f
hat is known of other geographical populations. For ex
le, studies in Nigeria, Ghana, Zimbabwe and other c

ries in the region show lower levels of total choleste
riglycerides and LDL-C with higher levels of HDL-C wh
ompared with populations of Europe and North Ame
18–21]. However, little is known about the genetic deter
ants of serum lipid levels in African populations. The
andidate gene studies that have been conducted show
olymorphisms influencing lipid levels do exist in Afric
opulations. For example, a recent study found that se
poD polymorphisms, some unique to African populati
ere associated with various lipid measures[22]. However

o our knowledge, no genome scan has been done for
itative trait loci (QTL) linked to serum lipids in Africa
opulation. In the present study, we report the findings
enome scan for lipids conducted in the Africa–America
etes (AADM) Mellitus Study. We investigate linkage to fi
erum lipid measures: total cholesterol, triglycerides, H
, LDL-C and VLDL-C. In addition, we construct compo

te phenotypes using principal components analysis an
hese as traits in a second set of linkage analyses. We de
n this strategy because it is the strategy most likely to d
enomic regions that are linked to each phenotype, w
t

pisodes of ketoacidosis), have no cases of type 1 diabe
rst degree relatives and have no more than one parent w
known diabetic patient. The diagnosis of diabetes was b
n the America Diabetes Association (1999) criteria[24]. A
linic examination was conducted that included a med
istory, anthropometric measurements and blood samp
eight was measured in light clothes on an electronic s

o the nearest 0.1 kg, and height was measured with a
iometer to the nearest 0.1 cm. The other clinical mea
ents done have been described elsewhere[23]. Body mas

ndex (BMI) was computed as weight in kg divided by
quare of the height in metres. Body composition was
ated using bioelectric impedance analysis (BIA). All B
easurements were made using a single-frequency (50
attery-operated bioimpedance analyzer (model BIA 10
JL Systems Inc., Clinton Township, MI, USA). From
easured resistance, impedance was calculated and th

al body water, fat-free mass (FFM) and fat mass (FM) w
ubsequently computed using validated population-sp
quations[25]. Percent body fat (PBF) was calculated as
ass/weight)× 100.

.2. Measurement of serum lipids

Lipid measurements were done on samples obtained
articipants after an overnight fast of at least 8 h. Total ch

erol and TG were determined enzymatically on an Ab
pectrum Multichromatic Analyzer—using methods, wh
re standardized to in-house Reference Methods and
enters for Disease Control Reference Methods. Pre
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tions of HDL-C assay were obtained by the treatment of
whole plasma with dextran sulfate-magnesium (MW 50,000)
followed by centrifugation in the microfuge. This precip-
itates the lipid-rich particles of VLDL and LDL, leaving
HDL in the supernate. Supernates were screened for turbid-
ity and filtered, if necessary, to remove particles that can
interfere with the accuracy of the assay. LDL-cholesterol
was estimated by the Derived Beta Quantification method
which utilizes the Friedewald algorithm: LDL = total choles-
terol− HDL − TG/5. Performance in assay of total choles-
terol and HDL-cholesterol was consistent with an intra-assay
coefficient of variation (CV) < 1.5% and <3.0% for triglyc-
erides.

2.3. Genotyping

Genotyping was done at the Center for Inherited Disease
Research (CIDR). The CIDR marker set is composed primar-
ily of trinucleotide and tetranucleotide repeats and consists
of 392 primer pairs with average spacing of 8.9 cM through-
out the genome. There are no gaps in the map larger than
18 cM. The average marker heterozygosity is 0.76. Approxi-
mately 10% of the marker loci are different between the cur-
rent CIDR marker set and the Marshfield Genetics screening
set Version 8. Almost all reverse primer sequences have been
modified from the Version 8 sequences in order to reduce
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each trait. Of the five traits studied, only total cholesterol was
normally distributed. The other four were not and were trans-
formed to normality before analysis as follows: TG (square
root transformation), HDL-C (log-transformation), LDL-C
(log-transformation) and VLDL (inverse square root trans-
formation). Analysis of variance of the transformed variables
was carried out with age, sex, BMI, PBF, waist circumference
and waist–hip ratio (WHR) in order to identify significant co-
variates. The effect of significant covariates was removed by
regression. The standardized residuals of the regression mod-
els that included the significant covariates for each trait were
then used in the linkage analyses. Trait-specific values that
fell beyond four S.D. from the mean of the trait were consid-
ered as outliers and excluded from further analysis. This led
to the exclusion of the following numbers for each trait: total
cholesterol (3), TG (2), HDL-C (1), LDL-C (2) and VLDL-C
(2).

Linkage analysis was done using the multipoint variance
components linkage analysis approach[27–29] as imple-
mented in the MERLIN program[30]. In variance com-
ponents linkage analysis, the variance of a trait is decom-
posed into locus-specific effects determined by the identity-
by-descent (IBD) relationships (additive QTL variance), the
residual additive genetic effects (additive polygenic variance)
and individual specific random environmental effects (ran-
dom environmental variance). The null hypothesis is that the
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+A’ artifacts. The resulting PCR products are sized usin
apillary sequencing platform. Data for the markers are
rated with 218 PCR reactions (41 triplex reactions, 92 du
eactions and 85 single reactions). Each primer pair ha
ergone extensive optimization to improve performance
eliability.

For this study, 390 short tandem repeat markers were g
yped for an average sex-equal distance of 9 cM and wi
aps greater than 18 cM. Error rate was 0.1% per geno

nconsistency rate was 0.11%. Extensive quality checks
arried out to verify consistency of marker genotyping
tated pedigree relationships. First, we used the 390 ma
o check pedigree errors by means of the RELTEST prog
n statistical analysis for genetic epidemiology (SAGE)
ease 4.0, which uses a likelihood method to check the d
f biological relatedness for each sib-pair and classifie
iology relationship for each sib pair. Then, PEDCHE

26] was used to check for Mendelian inconsistencies.
rrors identified in PEDCHECK were assumed to have
urred in the genotyping process and the associated m
ere set to missing among the appropriate pedigree mem
ardy–Weinberg equilibrium at each locus was assess

heX2-test.

.4. Data analysis

Descriptive statistics were calculated using Stata Ver
(Stata Corp, College Station, TX). Because of the s

ivity of the variance components method to assumption
ormality, we first examined the distribution of the value
.

dditive QTL variance equals zero (no linkage) and this
ested by comparing the likelihood of the restricted mo
ith that of a model, in which the additive QTL variance
stimated. The difference between the two log likeliho
roduces a logarithm of odds (LOD) score. Twice the di
nce between the two log likelihoods of these models yie

est statistic that is asymptotically distributed as a 50:50
ure of aX2 variable and a point mass at zero. One unit L
upport intervals were obtained by identifying the peak
he maximum LOD score on the plot of the multipoint resu
ropping down one LOD unit and finding the chromoso
egion defined by the shoulders of the curve[31]. Firstly,
ach phenotype was analyzed for evidence of linkage
TL. Then, the principal component factor analysis (PC

echnique was used to extract the underlying factors o
ve traits. PCFA is a data-reduction technique that redu
umber of correlated variables into fewer uncorrelated

ors and has been applied to linkage analysis for corre
raits [17]. The technique was used as follows: (1) princ
omponents analysis was used to reduce the original
bles to linear combinations (components) that accoun

he maximum amount of total variance in the original v
bles; the number of significant components was determ
ased on eigenvalues which represent the amount of
nce attributable to each factor. (2) Factors with eigenva
1.0 were extracted using varimax rotation to produce

erpretable scores (3) Factor loadings, which are the co
ions between each variable and the factor in question,
sed to interpret the factors as well as characterize the
tructure. Two factors were extracted, together accountin
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81% of the variance of the traits. The scores of each factor
were then used in a separate set of linkage analyses. A LOD
score > 3.3 was taken as evidence of significant linkage and a
LOD score >1.9, but <3.3 as evidence of suggestive linkage
[32]. The Marshfield age- and sex-averaged maps were used
in the linkage analyses.

To estimate the probability of obtaining false positive ev-
idence of linkage, we conducted gene-dropping simulations
using MERLIN[30]. Marker data were simulated under the
null hypothesis of no linkage or association to observed phe-
notypes, while retaining the same pedigree structures, maps,
marker allele frequencies and missing data patterns. We sim-
ulated 1000 replicates for each of the traits and then con-
ducted the same linkage analyses described above on each of
the replicates. The probability of obtaining a false positive
result was defined as the proportion of replicates for which
we obtained a specified LOD score or higher.

3. Results

Two hundred and ninety-five siblings pairs were studied.
Characteristics of this study sample are shown inTable 1.
The mean age was about 53 years and did not differ between
men and women. Women had greater adiposity than men

did, as evidenced by a greater mean BMI, FM and PBF. One-
quarter of the women had a BMI≥ 30 kg2 in contrast to only
11% of the men. More than one-half of the participants had
hypertension (Table 1).

The descriptive statistics, covariates and sib–sib correla-
tions of the five lipid phenotypes are shown inTable 2. All the
traits with the exception of HDL-C showed low (<0.3), but
significant correlations with the measures of adiposity (data
not shown). Again, all the traits with the exception of HDL-C
had age and at least one measure of adiposity as significant
covariates on multiple linear regression modeling. However,
the significant covariates accounted for only a small propor-
tion of the variance and modelr2 did not exceed 10% for any
trait. Sib–sib trait correlations ranged between 0.27 (for TG
and VLDL-C) and 0.36 for LDL-C and heritability exceeded
50% for all traits, indicating a significant genetic component
to the variance of each trait. The heritability estimates were
71% for total cholesterol, 52% for TG, 56% for HDL-C, 72%
for LDL-C and 54% for VLDL-C.

Significant linkage of HDL-C was found to a QTL on
chromosome 7 at 128 cM from p-ter (LOD 4.34), near marker
D7S3061 (Table 3). This was the only LOD score in the study
that exceeded the Lander–Kruglyak criterion for significant
linkage of a LOD of at least 3.3. However, several other QTL
met the criteria for suggestive linkage as shown inTable 4,
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aist circumference (cm) 90.8 (11.3)
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ll figures are mean (S.D.) unless otherwise indicated.
a Hypertension defined as blood pressure≥140/90 mmHg or on anti-tre
∗ Significant male–female differences atp< 0.001.

able 2
ummary statistics, significant covariates and sib–sib correlations of

ipid fraction Men, median
(IQ range)

Women, median
(IQ range)

otal cholesterol 173 (152, 202) 197 (194, 228)
riglycerides 76 (53, 101) 82 (60, 110)

DL-cholesterol 41 (34, 51) 44 (37, 54)

DL-cholesterol 114 (91, 143) 129 (104, 156) Ag
LDL-cholesterol 16 (11, 22) 17(12, 22) Age

waist–
circum

edians and interquartile (IQ) ranges used to describe the data since most
a Trait used in model is the transformed variable.
b Covariate-adjusted transformed variable used.
Women All
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34.9 (9.1) 29.0 (11.1)
58.6 55.2
25.8 19.4
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lipids measured

cant covariatesa r2 (%) for model
with covariatesa

Sib–sib correlationb

e, percent fat mass 10.4 0.35
e, percent fat mass,
hip ratio

5.2 0.27

ne – 0.29

e, percent fat mass 9.7 0.36
, percent fat mass,
hip ratio, waist
ference

8.4 0.27

of the traits were not normally distributed.
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Fig. 1. Figure showing LOD scores on all autosomes for the five lipid phenotypes studied.
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Table 3
Genomic regions showing significant or suggestive linkage with the lipid phenotypes studied

Cytogenetic region Location (cM) Phenotype LOD Score Nearest marker 1-LOD unit support
interval (cM)

LOD score for the other traits
at the same location if > 1

Significant linkage
7q31 128 at 7 HDL-C 4.34 D7S3061 122–135 TG 3.26

Suggestive linkage
1q25 212 at 1 HDL-C 2.48 D1S1660 206–215
3p14 79 at 3 TG 1.89 D3S1766 69–86 VLDL-C1.33
5q33 169 at 5 LDL-C 3.01 D5S1471 163–179 Cholesterol 2.55
7p21 21.5 M at 7 HDL-C 3.0 D7S513 7–34 VLDL-C1.56
11q13 76 at 11 LDL-C 2.19 D11S2371 63–84 Cholesterol 1.64
13q11 15.5 at 13 TG 2.02 D13S217 9–60
15q11.2 32 at 15 HDL-C 2.90 D15S1012 17–41
18p11.32 4 at 18 TG 2.34 D18S818 3–27
18q21 89 at 18 TG 2.12 D18S862 76–99 HDL-C 1.47
19q13.1 69.5 at19 LDL-C 2.57 D19S178 61–78 Cholesterol 1.43 TG 1.00

Table 4
The lipid factors identified by PCA in this study and the genomic regions showing suggestive linkage with the factors

Factor (% variance explained) Traits loading
highly on factor

Heritability (%) Location (cM) LOD Score Nearest
marker

1-LOD unit support
interval (cM)

Factor 1 (48.3) TG, HDL-C, VLDL 43.7 261 at 2 2.05 D2S125 235–261
38.5 at 5 2.00 D5S2848 26–83
128 at 7 1.98 D7S3061 119–147
7.5 at 18 2.66 D18S976 3–26

Factor 2 (32.8) Cholesterol, LDL-C 68.9 136 at 2 2.08 D2S1328 128–148
169.5 at 5 2.21 D5S1471 162–181

Fig. 2. Figure showing LOD scores on all autosomes for the two composite lipid factors.



A.A. Adeyemo et al. / Atherosclerosis 181 (2005) 389–397 395

with three of them (location 128 cM on chromosome 7 for TG,
location 169 cM on chromosome 5 for LDL-C and location
21.5 cM on chromosome 7 for HDL-C) reaching a LOD of at
least 3.0. Significant or suggestive linkage was found for two
of the five traits at the same locus for a QTL on chromosome
7 (at 128 cM) and chromosome 5 (at 169 cM). LOD scores
on all the chromosomes for all five phenotypes are shown in
(Fig. 1).

The two lipid factors extracted showed maximum LOD
scores of between 2 and 2.2 to QTLs on chromosomes 2
and 5 (Fig. 2). The QTL on chromosome 7 (at 128 cM) that
showed suggestive evidence of linkage with HDL-C and TG
also showed a LOD score of 2.05 with factor 1 (Fig. 2). Lipid
factor 2’s highest LOD score was at 7.5 cM on chromosome
18, which is 3.5 cM away from the QTL found for TG on the
same chromosome during single trait linkage analyses.

Based on the simulations conducted, the genome wide
empirical probability of obtaining a LOD score of 4 or higher
for total cholesterol, TG, HDL-C, LDL-C and VLDL-C was
0.002, 0.026, 0.044, 0.021 and 0.001, respectively; while the
probability of obtaining a LOD score of 3 or higher was 0.074,
0.219, 0.275, 0.123 and 0.003, respectively.

4. Discussion
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example, to investigate insulin resistant syndrome-related
phenotypes[17].

Significant or suggestive linkage signals were found for at
least one of the studied lipid phenotypes on several chro-
mosomes, including chromosomes 1, 3, 5, 7, 11, 13, 15,
18 and 19. The strongest linkage signal in this study was
on chromosome 7q31 (at 128 cM from p-ter) near marker
D7S3061 where HDL-C had a LOD score of 4.34 and TG
had a LOD score of 3.26. This is very close to a linkage sig-
nal (LOD = 3.2) for a “lipid factor” (comprising HDL and
In TG) in Mexican–Americans[17]. In addition, two other
studies found evidence of linkage of the same region—one
in Pima Indians[35] to a lipid factor in the first study, the
other in Mexican–Americans[16] to TG (LOD = 2.1) and
HDL (LOD = 1.7). This suggests that this region is likely to
harbor genes that influence HDL-C and TG levels. While
several known candidate genes exist in this region, such as
the paraoxonase (PON1) and plasminogen activator inhibitor
(PAH) genes, the possibility of the existence of novel candi-
date genes in this region cannot be excluded. The finding of a
genomic region showing significant linkage to both TG and
HDL-C as a principal component factor, but not to individ-
ual phenotypes is consistent with earlier findings that suggest
that the two traits are influenced by both shared and unshared
genes[36].

The QTL on chromosome 1 (at 1q25 near marker
D to
a EN
s TL
l h
a
D e-
t at
a o-
s found
l pids
p link-
a ak at
1 rom
p d
i n to
b ts in
a id
m sent
t

inci-
p r re-
g the
fi those
o s on
c me 2
w his
s ite or
m with
s nal-
y a
Serum lipid abnormalities have major public health
ificance, being some of the most potent risk factors for C
nd occurring in association with T2DM and the metab
yndrome. For these reasons, delineating their environm
nd genetic determinants has been a major focus of se

eams of investigators over several decades. The geog
opulation studied is of particular interest because se

ipid profiles of many populations in sub Saharan Africa
er substantially from what is known of other geograph
opulations (as noted above) and this difference is para
y a lower incidence of coronary heart disease and ty
iabetes, among other chronic diseases[33,34]. The avail-
bility of better and more affordable genotyping tools
nabled the study of the genetic determinants move in
ra, where candidate gene polymorphisms and genome
ith anonymous markers are typed in samples in se
opulations. In the present study, we conducted a gen
can for serum lipids in T2DM in an African populatio
ur examination of covariates show that age and ob
re significant covariates of most of the studied serum

evels, although in no case do they account for more
0% of the variance of the trait. We used two complem

ary approaches in evaluating linkage evidence. Firstly
xamined single phenotypes for evidence of linkage.
ndly, since it is likely that these lipid phenotypes are
elated and may (at least in part) be under the contr
he same genes, we constructed multivariate or comp
henotypes using principal component factor analysis.

atter approach is being increasingly used to investigate
elated phenotypes and/or to detect pleiotropic QTLs
l

s

1S1660) linked to HDL-C in this study is very close
QTL for the same phenotype reported from the HyperG
tudy with a LOD score of 2.13 in whites and to the Q
inked to the “lipid factor” (comprising HDL and ln TG) wit
LOD score of 1.9 among Mexican–Americans[17]. Finally,
uggirala et al.[16] found a QTL on chromosome 15 (b

ween markers GABRB3 and D15S165) linked to log TG
location very close to the one linked to HDL-C on chrom
ome 15q in the present study. Thus, the present study
inkage signals very close to those reported for multiple li
henotypes in several other major studies. Two of the
ge regions in this study are novel—the 5q33 region (pe
69 cM from p-ter) and the 7p21 region (peak 21.5 cM f
-ter). Interestingly, the interleukin-6 (IL-6) gene is locate

n the 7p21 region. IL-6 polymorphisms have been show
e associated with lipid abnormalities in healthy subjec
t least one study[41]. No candidate genes involved in lip
etabolism are known to map to 5q33 region at the pre

ime.
The composite phenotype constructs obtained by pr

al component factor analysis showed linkage to fewe
ions than on univariate linkage analysis with each of
ve phenotypes. Some of these regions were similar to
btained on univariate linkage analysis (e.g. the QTL
hromosomes 5 and 7), while the ones on chromoso
ere not significantly linked to any single phenotype. T
uggests, as in other studies, that analysis of compos
ultivariate phenotypes may detect genomic regions

ignificant linkage in situations where single phenotype a
sis may fail to do so. In a recent study[37], the use of
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TG-total cholesterol factor identified two loci with sugges-
tive evidence of linkage that the individual traits did not,
suggesting that principal component factor analysis can help
dissect the genetic basis of tightly correlated traits. However,
this does not mean that the analysis of single traits is unnec-
essary since it has been shown that the fact that two traits
are correlated does not mean that their LOD scores are and
a LOD peak at a given location does not necessarily imply
that a correlated trait has a LOD peak at the same location
[38]. It should be noted that the maximum LOD scores of
the composite phenotypes were lower than those obtained
with univariate phenotype linkage analysis. This may reflect
several factors, including: the pleiotropic effect of the QTLs
may be very small, the sample size of the study may be
too small to detect pleiotropic effects with confidence and
the composite phenotype may have more complex charac-
teristics than can be described using this method of linkage
analysis.

One potential limitation of this study is that all partici-
pants have T2DM and if loci that influence lipid levels in
diabetic persons are different from those in nondiabetic indi-
viduals, the findings may be applicable only to participants
with diabetes since serum lipid levels are altered in diabetes.
However, there is good evidence that familial determinants
of cholesterol, TG and HDL are the same in both diabetic and
nondiabetic individuals[39] and that the genetic predisposi-
t als
s e are
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p ari-
a t for
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s tech-
n ere
n al of
t ther
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lipids, which play major roles in the etiology and pathogen-
esis of CHD. Finally, this study provides valuable data from
a population in an under-studied geographical region: sub
Saharan Africa.
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