International Journal of Health Research, June 2011; 4(2): 75-82

© Poracom Academic Publishers. All rights reserved.

Available at http://www.ijhr.org

.. . Open Uccess
Original Research Article B ontine toum

j

Lipid and Lipoprotein Levels in Type 2 Diabetes Patients
Attending the Central Regional Hospital in the Cape Coast
Metropolis of Ghana
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Introduction

Diabetes mellitus is a metabolic disorder
resulting  from  various  hereditary  and
environmental factors [1]. It is characterized by
high blood glucose levels [1]. Type 2 diabetes
remains the most predominant form of diabetes in
both developed and developing countries [2]. It is
associated with insulin resistance, obesity,
hypertension and other cardiovascular risk factors
[3,4].

Biochemically, a major cardiovascular risk factor
in type 2 diabetes mellitus is dyslipidaemia
associated with insulin resistance [5]. This pattern
of dyslipidaemia, which transcends race and
geographical location, 1is characterized by
decreased levels of atheroprotective HDL-c,
increased TRG but normal level of LDL-c [6,8].
Qualitatively, this pattern of lipid profile
abnormalities is similar to that observed in HIV
patients as a result of prolonged use of the highly
active anti-retroviral drugs, especially, protease
inhibitors [7]. The different patterns of
dyslipidaemia in type 2 diabetics may result from
varied underlying causes of the disease.

A spectacular global increase in obesity and
diabetes, suitably called diabesity was predicted
almost a decade ago [2]. Since then, the predicted
diabesity trend has been observed in various
countries [8]. In sub-Saharan Africa, including
Ghana, the estimated burden of diabesity is
expected to be greater than that for developed
countries [9]. In spite of the expected
considerable economic, social and health impact
of diabetes in Ghana, country-specific data on
prevalence of the condition are limited. In
addition, the routine laboratory test requested by
physicians for most diabetics is the fasting blood
glucose but not lipid profile. This is because the
major treatment goal for such patients is the
attainment of normoglycemia with little attention
for normolipidaemia, except for diabetic patients
with established hypertension.

Abnormalities in lipid and lipoprotein levels in
diabetics may occur with or without hypertension
[1, 8]. These abnormalities, even in diabetics
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without hypertension, could pose equally
significant morbidity and mortality risks to
patients [5]. This brings to the fore, the need for
information on lipid levels of the diabetic
population in Ghana to ascertain the extent to
which the abnormalities observed elsewhere exist
in the Ghanaian setting. Such information may
have implications on diabetes management to
help improve the quality of life of diabetics in
Ghana. For this reason, we designed this cross-
sectional study to measure the lipid profile of 79
type 2 diabetic patients attending the diabetes
clinic of the Central Regional Hospital (CRH) in
Cape Coast. Specifically, we measured total
cholesterol (TCHOL), TRG, LDL-c and HDL-c
to determine the prevalence of dyslipidaemia and
the associated cardiovascular risk in our sample.

Methods

Study area

The study was carried out in Cape Coast, the
capital of the Central Region of Ghana. Cape
Coast is situated 165km west of Accra on the
Gulf of Guinea. According to the year 2000
Population and Housing Census, the population
of the Cape Coast Metropolis stood at 82,291
with annual growth rate of 2.1% [10]. This gives
an estimated population of 99,217 for the
metropolis in 2009. The Metropolis covers an
area of 122 square kilometers and is the smallest
metropolis in the country. The Cape Coast
Metropolis is located in the littoral anomalous
zone of Ghana, making it experience high
temperatures year round. The hottest months are
February and March, just before the main rainy
season, while the coolest months are between
June and August. The annual rainfall range from
750 mm to 1000 mm. Cape Coast was chosen
because it houses the CRH, the largest referral
hospital in the region where diabetic patients in
the region are referred.

Study design, patients and sample collection

This preliminary study was an out-patient-based
cross-sectional study involving 22 male and 57
female diabetic patients attending CRH between
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September 2008 and May 2009. Inclusion criteria
were confirmed type 2 diabetes and willingness
to take part in the study. All patients included in
the study were advised to fast for at least 12
hours prior to sample collection. Semi-structured
questionnaires were administered to collect
demographic and socio-economic information.
Body weight (nearest 0.1 kg) and height (nearest
0.1 cm) were measured and the body mass index
(BMI) was calculated as the ratio of weight in
kilogrammes to the square of the height in
meters.

Lipid analysis was performed on sera collected
after 12 hours of fasting using the ATAC 8000
Random Access Chemistry System (Elan
Diagnostics, Smithfield, RI, USA). The reagents
used in the analysis were made by the same
manufacturer. LDL-c was calculated according to
the Friedewald equation: LDL-c = TCHOL —
HDL-c — (TRG/2.19) [11]. Dyslipidaemia was
defined as serum total cholesterol >5.2 mmol/L;
serum LDL >2.6 mmol/L; serum triglycerides
>1.7 mmol/L; and serum HDL <1.03 mmol/L
[12]. Overweight/obesity was defined as BMI
>25 kg/m2 [11]. Cardiovascular risks were
estimated by calculating the ratio of LDL-c,
HDL-c and TCHOL [12]

Ethical Approval

The study was approved by the hospital authority.
Informed consent was obtained from all the study
patients. All protocols followed were in line with
the ethical standards of the Ministry of Health,
Ghana.

Statistical analysis

Data obtained were analyzed with the SPSS
version 19.0 statistical software. Values were
reported as mean * standard deviation (sd) and
percentages where appropriate. Mean values
between the sexes were compared with one-way
analysis of variance (ANOVA). Chi-square test
was used to compare proportional data while
Pearson correlation was used to assess the
existence of linear association among the
measured lipid parameters. A p-value of <0.05
was considered statistically significant.
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Results

The mean age of the males did not differ
significantly from that of the females but the
females had significantly (P <0.001) higher mean
BMI than the males (Table 1). The mean levels of
the various components of lipid profile did not
differ (P>0.05) between the sexes. However, a
significantly (P <0.05) higher proportion of
females than males were overweight/obese
(54.43% vs 12.66%; - 14.75; P < 0.001), had
higher levels of TCHOL (31.7% vs 6.3%; -
4.57; P = 0.033) and TRG (22.79 vs 8.86;
¥*210.646; P =0.001). Comparable proportions of
males and females (P> 0.05) had higher level of
LDL-c (54.54% vs 61.40%; x> = 2.965; P =
0.085) but lower level of HDL-c (13.63% vs
5.26%; x> =2.972; P = 0.09) (Figure 1).
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Figure 1: Percentage overweight/obesity and dyslipidaemia
according to gender

The calculated artheriogenic indices for the
components of lipid profile are shown in Table
2). As indicated, the indices did not differ
significantly (P>0.05) between the males and
females. As expected, BMI correlated positively
with weight (r = 0.74; p<0.001) but negatively
with height (r = -0.55; P < 0.001) for the entire
sample (Table 3). A significant positive
correlation was observed between BMI and TRG
levels in the females (r = 0.289; P= 0.03) but not
in the males (r = 0.093; P = 0.681) or the entire
sample (r =0.162; P = 0.154). However, the levels
of TRG correlated negatively with HDL-c in the
entire sample (r = - 0.235; P = 0.037). In addition,
height correlated positively with HDL-c in males
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Table 1: Age, BMI and lipid profile of participants by gender
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Mean = S.D 95% C.1 Range Ref. range P-value
Age
Male 60.00 £9.12 59.62 - 63.81 44 - 81 - 0.134
Female 55.63 £12.28 52.44 - 58.82 27-90 -
BMI
Male 24.46 £3.51 22.99-25.93 18.96 - 29.79 18.50 - 24.90 0.001*
Female 30.00 +6.87 28.22-31.78 20.96 - 30.00 18.50 - 24.90
TCHOL
Male 4.74 £ 091 4.36-5.12 323-6.71 <52 0.098
Female 523+1.28 4.90-5.56 1.99 - 8.55 <52
TRG
Male 1.68 +£1.04 1.24-2.12 0.62-4.42 <1.7 0.673
Female 1.59 £0.78 1.39-1.79 0.43-4.85 <1.7
LDL-c
Male 271 £0.96 2.31-3.11 0.87-4.44 <26 0.253
Female 3.05+1.24 2.73-3.37 0.76 - 7.03 <2.6
HDL-c
Male 1.46 £0.45 1.27 - 1.65 037-2.4 >1.03 0.238
Female 1.60 + 0.49 1.47-1.73 0.65 - 2.76 >1.03

LDL-c = low-density lipoprotein, HDL-c = high-density lipoprotein, TCHOL = total cholesterol, TRG triglycerides, S.D =

standard deviation, C. 1. = confidence interval, BMI = body mass index, ref. = reference. P-value was computed by comparing

mean values of the sexes. * = P-value is significant.

Table 2: Artheriogenic indices by gender

Variable Mean = S.D 95% C.1 Range P-value
LDL-c/HDL-c
Male 228 +0.41 2.11-245 0.69-9.78 0.573
Female 2.08 £0.15 2.04-2.12 0.65-6.89
HDL-c/LDL-c
Male 0.63 +0.33 049-7.7 0.10-1.45 0.906
Female 0.62+0.33 0.53-7.1 0.15-1.5
TCHOL/HDL-c
Male 11.18 £10.13 6.95-15.41 2.80-49.21 0.839
Female 11.66 £9.30 9.25-14.07 2.0-58.93
HDL-c/TCHOL
Male 0.32+0.10 0.28-0.35 0.07 - 0.50 0.752
Female 0.33+0.15 0.29-0.36 0.12-1.13
LDL-c/TCHOL
Male 0.61 +£0.14 0.55-0.67 0.39-1.01 0.291
Female 0.56 +0.18 0.51-0.61 0.12-1.19
TCHOL/LDL-c
Male 1.73 £0.40 1.71-1.75 0.99-2.55 0.209
Female 2.02+1.02 1.75-2.29 0.84 - 8.09
TRG/HDL-c
Male 1.09+£0.8 0.76 — 1.42 0.34 - 3.08 0.481
Female 1.29+1.19 0.98 -1.60 0.33-6.16

LDL-c = low-density lipoprotein, HDL-c = high-density lipoprotein, TCHOL = total cholesterol, TRG triglycerides, S.D =

standard deviation, C. 1. = confidence interval, BMI = body mass index, ref. = reference. P-value was computed by comparing

mean values of the sexes. * = P-value is significant.

(r = 0.443; P = 0.039) but not in females (r=
0.069; P = 0.61) or the entire sample (r = -0.033;
P = 0.77). A significant positive correlation was
found between TCHOL and LDL-c in the entire
sample (r = 0.774; P <0.001) and in both sexes (P
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< 0.001). No significant correlation was observed
between TCHOL and HDL-c in either the sexes
or the entire sample (P>0.05).
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Table 3: Correlations among measured parameters

Correlation P-value
coefficient , r

BMI and Weight

Entire sample 0.74 <0.001%*

Male 0.86 <0.001%*

Female 0.778 <0.001%*
BMI and Height

Entire sample -0.55 <0.001%*

Male 0.156 0.487

Female -0.551 <0.001*
BMI and TRG

Entire sample 0.162 0.154

Males 0.093 0.681

Females 0.287 0.03*
Height and HDL-c

Entire sample -0.033 0.77

Males 0.443 0.039*

Females 0.069 0.61
TCHOL and LDL-c

Entire sample 0.743 <0.001*

Male 0.693 <0.001*

Female 0.747 <0.001*
TRG and HDL-c

Entire sample -0.235 0.037*

Male -0.295 0.182

Female -0.206 0.125

LDL-¢c = low-density lipoprotein, HDL-c = high-density
lipoprotein, TCHOL = total cholesterol, TRG triglycerides,
BMI = body mass index, * = P-value is significant.

Discussion

The most common lipid and lipoprotein disorders
found in patients with type 2 diabetes are high
serum TRG and lower HDL-c levels [1,8]. In this
study, higher levels of LDL-c and TCHOL were
rather predominant. The deviation from the
expected trend could be attributed to possible
differences in adherence to treatment regimens
and duration of disease condition of respondents
in our study compared with previous ones [1,8].

The observed mean TCHOL level (4.74 mmol &
5.23 mmol for males and females respectively)
was slightly lower than that observed by previous
studies in Nigeria [1, 13] and diabetics with
microvascular and macrovascular complications
in Ghana [14] but higher than diabetics without
complications [14]. The difference could be
attributed to variations in characteristics of study
participants in relation to age, duration of the
diabetic condition, compliance with prescribed
treatment regimen and dietary and lifestyle
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factors [15]. Indeed, participants in the present
study were older than those in previous studies
[1, 14]. On the other hand, the relatively higher
level of TCHOL found in the present study
compared to diabetics without complications [14]
may reflect the presence of micro- and macro-
vascular complications.

Hypercholesterolemia is considered as a risk
factor for coronary heart disease and the ratio of
TCHOL to HDL-c is considered the best lipid
index for predicting cardiovascular event in
various studies [15]. The observed mean level
was higher compared with those reported earlier
[1, 14]. The relatively higher ratio suggests
increased risk of cardiovascular disease in the
study group irrespective of the normal levels of
HDL-c. There is a long-held view that high HDL-
¢ is cardioprotective with intensive efforts being
made to increase HDL-c levels to positively
affect patients with atherosclerotic heart disease
and reduce the risk of those with increased risk of
atherosclerosis [16]. Recent evidence, however,
suggests that raising HDL-c levels per se may not
result in decreased risk of cardiovascular disease
[17] but rather the functional quality of HDL-c
should be of major concern [17]. Moreover, the
functional quality of HDL-c in diabetics has been
found to be lower than that of healthy controls as
HDL-c of diabetics is unable to reverse-transport
cholesterol, has impaired anti-inflammatory and
anti-oxidative properties and may even be
proarteriogenic [18]. As such, the seeming
normal levels of HDL-c found in the present
study may not imply a reduced risk of
cardiovascular incidence.

Serum LDL-c, viewed as the most atherogenic
lipoprotein, has been found to range from normal
to high levels in diabetics [15]. In a cross-
sectional study in the general population of
Kumasi, Ghana, Eghan and Acheampong [11]
found comparable levels of LDL-c between
diabetics and  healthy controls.  Similar
observations have been made by other researchers
[6]. As expected in this study, the observed mean
level of LDL-c was higher than the upper
reference value, suggesting that respondents were
at increased risk of cardiovascular attack.
However, the observed LDL-c level was lower
than the levels found in diabetics by previous
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studies in Ghana [11, 14] and Nigeria [1, 13].
This finding may be ascribed to stricter adherence
of respondents in the present study to treatment
regimen than those of previous works [1, 11-14].

High level of TRG is one of the most common
abnormalities in type 2 diabetes [6,13]. In the
present study, the mean levels of TRG for both
sexes fell within normal limit although about
28% of respondents had hypertriglyceridemia.
Unlike previous studies [19, 20] which found
positive correlation between TRG and LDL-c, the
present study, rather observed TRG correlating
negatively with HDL-c in the entire sample but
positively with BMI in female respondents only.
The negative correlation between HDL-c and
TRG has been reported elsewhere [19] and may
be related to the action of cholesteryl ester
transfer protein (CETP), an enzyme which
catalyses the transfer of cholesteryl ester (CE)
and triglycerides between HDL-c and
triglyceride-rich lipoproteins such as very low-
density lipoprotein (VLDL) [21]. As the level of
VLDL rises, more triglyceride from VLDL is
exchanged for CE from HDL-c under the
influence of CETP. The resultant triglyceride-rich
HDL-c becomes more susceptible to hepatic
lipase-dependent degradation and subsequent
clearance from plasma [22]. As such,
hypertriglyceridemia, with time, should lead to
decreased level of HDL-c. In this study, normal
levels of both TRG and HDL-c were observed,
possibly due to treatment effect and/or reduced
duration of diabetic condition. Nonetheless,
approximately 28% and 8% of respondents
suffered hypertriglyceridemia and low level of
HDL-c respectively.

The observed positive correlation between height
and HDL-c levels in male respondents but not in
females or the entire sample requires further
investigation involving a large sample to
ascertain its medical relevance.

An association of obesity with diabetes has long
been established [8]. The observed positive
correlation between BMI and TRG in females
agrees with the findings of previous studies [23,
24]. Indeed, the females in the current study had
higher BMI than the male respondents and were
either overweight or obese. Recently, Taskinen et
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al. [25] established that increased triglycerides in
obese men was due to increased secretion and
severely impaired clearance of triglyceride-rich
VLDL. Although the study of Taskinen et al. [25]
did not include obese females, it might be
possible that a similar mechanism might have
been at play with respect to overweight or obese
females. Hence, the normal triglyceride level of
males in the present study could be ascribed to
their normal BMI, an indication that the men had
normal metabolism of triglyceride-rich VLDL.

Conclusion

The study has wunveiled the presence of
dyslipidaemia in the diabetic population of the
Cape Coast Metropolis. The observed prevalence
of dyslipidaemia ranged from 8% to 56%. As a
result, health professionals involved in the
management of diabetes in the Cape Coast
Metropolis need to pay attention to the lipid
levels instead of the current focus on only
normoglycemia. Lipid profile should be a routine
test for diabetics in the Cape Coast Metropolis
and indeed in Ghana.
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