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High Prevalence of Dyslipidemia Irrespective of Obesity in the
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Objective: To investigate the relationship between obesity, insulin resistance, and lipid profile in type 2 diabetes patients and nondiabetic
controls in the Cape Coast Metropolis of Ghana. Patients and Methods: Levels of fasting blood glucose (FBG), glycosylated hemoglobin, lipid
profile, insulin resistance, and 3-cell function were measured in 115 diabetes patients and 115 age-matched nondiabetic controls. In addition,
body weight, height, waist circumference (WC), hip circumference, and blood pressure were measured. Body mass index and waist-to-hip
ratio were calculated. Results: Apart from diabetes patients with normal weight who exhibited higher (P < 0.05) FBG but lower systolic
blood pressure than their overweight/obese counterparts, levels of all the other metabolites were comparable between the two weight groups
in both diabetics and nondiabetic controls. Diabetic patients with systolic hypertension had higher (P < 0.05) low-density lipoprotein (LDL)
and WC but nondiabetic hypertensives had lower (P < 0.05) FBG than their respective normotensives. In people with diabetes, dyslipidemia of
total cholesterol (CHOL), LDL, and triglyceride were more prevalent in overweight/obese and systolic hypertensives. In controls, prevalence
dyslipidemia of total and LDL CHOLSs was higher in normal weight and hypertensives than their respective overweight/obese and normotensive
counterparts. Conclusion: Nondiabetic respondents with normal weight may be at higher risk of cardiovascular disease through dyslipidemia
than their overweight/obese counterpart. This metabolic paradox requires further investigations in the Ghanaian population.
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INTRODUCTION the different forms of pathologic fat accumulation observed
in any given populace. The BMI, for instance, provides an
indication of the global weight of an individual without regard
to fat distribution resulting in overestimation of risk for highly
muscular individuals like sportsmen and women. WHR and
WC which are thought to be superior to BMI in predicting
obesity-associated health conditions™ fail to account for
fat composition properly.’! Indeed, various epidemiological
studies® ! have failed to confirm the reported superiority of
central obesity indices such as WHR and WC?7! over BMI in
predicting obesity-related health conditions. Despite the lack of
consensus on the best index for predicting obesity-associated

The global rise in the incidence of type 2 diabetes mellitus
(T2DM) is believed to be driven in part by increased
prevalence of obesity. The excess fat in the body serves as a
major inflammatory source linking obesity to several chronic
noncommunicable diseases such as T2DM. The International
Diabetes Federation has predicted developing countries to
experience a higher incidence of T2DM than developed
economies.!'! This prediction hinges on expected increased
spate of obesity due to urbanization, aging, sedentary lifestyles,
and adoption of westernized diet. Excess fat accumulation in
different populations can be assessed by various anthropometric
1gdlces of obesny. such ?S Wa.ISt circumference (WC), hip Address for correspondence: Dr. Samuel Acquah,
circumference, waist-to-hip ratio (WHR), and the body mass Department of Medical Biochemistry, School of Medical Sciences,
index (BMI). Although each of these techniques has been College of Health and Allied Sciences, University of Cape Coast,
successfully employed to associate obesity with various Cape Coast, Ghana.
health conditions, none of them is ideal in identifying all E-mail: s.acquah@uccsms.edu.gh
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health conditions, BMI remains the preferred index due to
its simplicity, reduced measurement errors, comparability
across populations, and strong correlation with indices of
central obesity.>® Irrespective of the index used, increased
fat accumulation is associated with several adverse health
outcomes. Development of most chronic noncommunicable
diseases known to be mediated by fat accumulation begins as
a gradual process through certain identifiable and measurable
indices that can be used to assess the risk or extent of
development of that chronic disease. In the case of T2DM,
several indices such as insulin resistance, impaired beta cell
function, and abnormal levels of circulating lipids which are
known to be mediated by obesity have been implicated in
different populations. However, the extent to which these
indices are mediated by obesity in the development of T2DM
and its associated complications differ from one population
to the other. Little is known about the extent to which the
above-named indices are linked to obesity and the development
of T2DM in Ghana. Therefore, this study was designed to
investigate the link between overweight/obesity and indices
of insulin resistance, beta cell function, circulating lipid levels,
and blood pressure in type 2 diabetics and nondiabetic controls
in the Cape Coast Metropolis of the Central Region of Ghana.

Patients aND MEeTHODS
Setting and design

Selection of participants for the study, blood pressure, and
anthropometric measurements as well as the laboratory
determination of fasting blood glucose (FBG), glycosylated
hemoglobin (HbA1c), and lipid profile were carried out at the
Cape Coast Teaching Hospital (CCTH). However, measurement
of serum insulin level was done at the laboratory of the School
of Medical Sciences, University of Cape Coast. CCTH is the
only teaching hospital in the Central Region and serves as the
tertiary hospital to which the various health facilities in the
region refer cases. CCTH is located in Cape Coast, the capital
of Central Region and has a well-structured diabetic clinic with
patients from various parts of the region. According to data
from the 2010 Population and Housing Census released by
the Ghana Statistical Service, the region had a population of
2,201,863 with females constituting 52.3%.1 On Cape Coast,
the estimated population of 169,894 was made up of 51.3%
females. With a regional intercensal growth rate of 3.1%, the
estimated population of Cape Coast in 2015 was 197,912,
Cape Coast has a relatively high concentration of educational
institutions in the region and in fact, hosts some top-notch
Senior High Schools in the country. The principal occupations
of inhabitants of Cape Coast include farming and trading in
the informal sector with a relatively small proportion of the
workforce in the formal sector. People with diabetes were
recruited from diabetes patients attending the CCTH diabetic
clinic. People with diabetes who enrolled in the study were
nonsmokers and nonusers of insulin therapy or lipid-lowering
drugs. Nondiabetic control respondents who were age matched
with their diabetic counterpart were selected from the general

inhabitants of the Cape Coast Metropolis and were subjected
to the same inclusion and exclusion criteria as patients. The
study was approved by the Committee on Human Research,
Publications and Ethics of the Kwame Nkrumah University
of Science and Technology, School of Medical Sciences and
Komfo Anokye Teaching Hospital, Kumasi. An informed
written consent was obtained from all study participants.

Methods

Details of participants’ selection, inclusion and exclusion
criteria, blood sample collection, and laboratory measurements
of biochemical indices have been published elsewhere.!!!!]
Anthropometric indices were measured by WHO expert
panel report of 2008.1'2) Levels of FBG, HbAlc, and
lipid profile were determined by standard methods.['%!1:13]
Enzyme-linked immunosorbent assay was used to determine
serum insulin level. Homeostatic models assessment of insulin
resistance (HOMAIR) and homeostatic model assessment of
beta cell secretion (HOMAB) developed by Matthews et al.
were used for estimation of insulin resistance and beta cell
function, respectively.l'¥! All measurements were done after
a 12-h overnight fast. In all, 230 respondents consisting of
115 people with diabetes and an equal number of control
respondents were enrolled in the study. However, for the
current report, only 223 (96.96%) respondents consisting of
113 diabetics and 110 nondiabetic controls had complete data
for FBG, HbAlc, systolic blood pressure (SBP), diastolic
blood pressure (DBP), serum insulin level, HOMAIR,
HOMAB, and lipid profile, for inclusion. In each study
group, females constituted more than 70% of respondents.
Hypertension was diagnosed by the seventh report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure as SBP >140 mmHg
or DBP >90 mmHg. Dyslipidemia was defined according to
Warnick et al.' as follows: total serum cholesterol (CHOL)
>5.2 mmol/L; low-density lipoprotein (LDL) >2.6 mmol/L;
HDL <1.03 mmol/L; and triglycerides (TRGs) >1.7 mmol/L.
Overweight/obesity was defined as BMI >25 kg/m?. Already
diagnosed hypertensives enrolled in the study were on
amlodipine or nifedipine with the people with diabetes using
metformin as the hypoglycemic agent.

Data analysis and statistics

Data analysis was done by the SPSS software version 17 (SPSS
Inc., Chicago, USA). Data are presented as mean + standard
deviation. In each study group, respondents were divided
into two: normal and overweight/obese according to BMI
classification to obtain a total of four categories. Mean
levels of the various measured parameters were compared
across categories by one-way ANOVA with Tukey’s post
hoc honest significant difference (HSD) test. Subsequently,
respondents were further categorized into normotensive and
hypertensive groups based on systolic or DBP values. For these
categorizations, mean levels of the various indices in each
study group were compared by two-tailed independent sample
t-test. Prevalence dyslipidemia was compared between groups
by Chi-square test. Bivariate correlation, simple and stepwise
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linear regression analyses were carried out. In all analyses,
P < 0.05 was considered statistically significant.

Each study group was subdivided based on BMI, SBP, or DBP
for comparison of indices. With respect to BMI, respondents
were initially categorized into three weight groups: normal
weight (BMI <25), overweight (BMI = 25-30), and obese
(BMI >30) weight groups, for comparison of measured
indices. Subsequently, respondents were recategorized into two
weight groups: normal-weight and overweight/obese groups,
because the overweight and obese respondents did not differ
significantly (P> 0.05) in mean levels of any of the measured

indices (data not shown) in both the person with diabetes and
the nondiabetic control respondents.

ResuLts

The mean levels of the measured parameters according to BMI
are shown in Table 1. Apart from the mean levels of CHOL, TRG,
serum insulin, and DBP that were comparable (P> 0.05) across
groups, all the other measured parameters differed significantly
(P < 0.05) between normal-weight and overweight/obese
respondents. Diabetic patients with normal weight exhibited
the highest mean levels of FBG, HbAlc, and HOMAIR but

Table 1: Blood pressure and biochemical indices of diabetic and nondiabetic respondents according to body mass index

classification
Parameter Diabetic patients Nondiabetic controls F P
BMI <25 (n=53) BMI >25 (n=60) BMI <25 (n=55) BMI >25 (n=55)
Age (years) 56.9£9.3 56.9+8.3 54.2+10.3 51.6£10.4 3.064 0.030%
FBG (mmol/L) 8.5+4.5 6.842.6 4.5+0.8 4.7+0.7 23.8 <0.001*
HbA ¢ (mmol/L) 5.0+1.6 4.5+1.6 43+1.8 3.97+0.41 4.144 0.007*
LDL (mmol/L) 3.3+0.9 3.2+1.1 3.8+1.1 3.2+0.9 2.672 0.049%*
HDL (mmol/L) 1.1+0.4 1.1£0.5 1.3+0.1 1.3+0.1 4.893 0.003*
Total cholesterol (mmol/L) 5.4+1.2 5.3+1.3 5.6%1.1 5.0+0.9 1.608 0.189
TRG (mmol/L) 1.240.7 1.3£0.6 1.1+0.4 1.240.6 1.664 0.177
Insulin 5.1+1.7 5.8+1.6 4.6+1.4 5.9+1.9 2.188 0.092
HOMAIR 1.73+2.38 1.58+1.81 1.06+1.76 1.10+1.85 4.999 0.003*
HOMAB 36.19+2.03 46.32+2.73 121.62+2.26 114.03+2.14 16.127 <0.001*
Systolic (mmHg) 13020 143422 133+26 130424 2.302 0.002%
Diastolic (mmHg) 81+14 82+10 83+16 80+16 1.455 0.127
Hip (cm) 103£10 105+10 104+12 105+11 1.342 0.096
WC (cm) 95426 97424 96+29 97+43 1.659 0.18
WHR 0.93+0.05 0.92+0.06 0.92+0.07 0.92.41+0.09 1.596 0.21
Tukey HSD Diabetic individuals P Nondiabetic controls P
BMI <25 BMI >25 BMI <25 BMI >25
Age (years) 56.9£9.3 56.9+8.3 0.995 54.2+10.3 51.6£10.4 0.2
FBG (mmol/L) 8.5+4.5 6.8+2.6 0.020%* 4.5+0.8 4.7+0.7 0.993
HbAlc 4.5+1.6 5.0+1.6 0.707 43+1.8 4.0+0.4 0.504
LDL 3.3+0.9 3.2+1.1 0.983 3.8+1.1 3.2+0.9 0.092
HDL 1.1440.41 1.07+0.47 0.708 1.27+0.12 1.3+0.1 0.999
HOMAIR 1.73+2.38 1.58+1.81 0.956 1.06+1.76 1.10+1.85 0.992
HOMAB 36.19+2.03 46.32+2.73 0.764 121.62+2.26 114.03+2.14 0.988
Systolic 13020 143422 0.038* 133£26 130+24 0.602
Tukey HSD BMI <25 P BMI >25 P
DM ND DM ND
Age (years) 56.9+9.29 54.23+10.30 0.491 56.89+8.29 51.57+10.37 0.016*
FBG (mmol/L) 8.46+4.46 4.50+0.77 <0.001* 6.79+2.64 4.66+0.73 <0.001*
HbAlc 4.54+1.64 4.34+1.84 0.974 4.95+1.57 3.97+0.41 0.004*
LDL 3.33+0.88 3.78+1.12 0.375 3.23+1.13 3.23+0.92 0.999
HDL 1.14+0.41 1.27+0.12 0.884 1.07+0.47 1.27+0.11 0.002
HOMAIR 1.73+2.38 1.06+1.76 0.048* 1.58+1.81 1.10+1.85 0.030%
HOMAB 36.19+2.03 121.62+2.26 <0.001* 46.3242.73 114.03+2.14 <0.001*
Systolic 13020 133426 0.578 143422 130424 0.025*

Figures represent mean+SD. *Significant P value, insulin is measured in pIU/mL. BMI: Body mass index, WHR: Waist-to-hip ratio, WC: Waist circumference,
LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, TRG: Triglyceride, FBG: Fasting blood glucose, HbAlc: Glycosylated
hemoglobin, HOMAIR: Homeostatic model assessment of insulin resistance, HOMAB: Homeostatic model assessment of beta cell secretion, SD: Standard
deviation, DM: Diabetes mellitus, HSD: Honest significant difference, ND: Nondiabetic
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the lowest level of HOMAB [P < 0.05; Table 1]. With respect
to SBP, people with diabetes who were overweight/obese
exhibited the highest mean level. However, Tukey post hoc
HSD comparison of means revealed that respondents in
the diabetic group with normal weight had significantly
[P < 0.05; Table 1] higher mean level of FBG but lower
SBP than their overweight/obese counterpart. Mean levels
of all the other parameters did not differ [P > 0.05; Table 1]
between the groups. In the nondiabetic study group, no
significant [P>0.05; Table 1] difference was observed between
normal-weight and overweight/obese individuals in any of
the measured parameters. In a bivariate Pearson correlational
test in controls with normal weight, HOMAIR correlated
negatively with WC (R = —0.441; P = 0.007) but positively
with SBP (R =+0.375; P=0.024). HbA 1c correlated positively
with TRG (R = +0.293; P = 0.041). A similar analysis in the
overweight/obese nondiabetic controls revealed HOMAIR
correlating negatively with WC (R =—0.516; P <0.001) and
SBP (R =-0.401; P=0.005). LDL associated positively with
WC (R =+0.295; P = 0.04) while HDL exhibited a negative
correlation with hip circumference (R =—-0.353; P =0.016).
WC associated positively with SBP (R =+0.488; P <0.001).
In a subsequent multiple stepwise regression analysis with
HOMAIR as the dependent variable, none of the variables
emerged as an independent predictor of HOMAIR in either
of the weight-based study groups.

In the individuals with diabetes with normal weight, FBG
correlated negatively with WC (R = —0.474; P = 0.041) as
HbAlc positively correlated with HOMAIR (R = +0.602;
P = 0.014) but negatively with LDL (R = —0.6; P = 0.007)
and DBP (R = —0.456; P = 0.049). In their overweight/obese
counterpart, positive correlation was observed between FBG
and insulin (R = +0.394; P = 0.07) and HOMAB (R = +0.289;
P = 0.036). Furthermore, insulin correlated positively with
HOMAB (R =+0.428; P=0.003). A stepwise multiple regression
analysis with HOMAIR as the dependent variable showed that
in the diabetics with normal-weight category, HbAlc was the
only significant (R?> = 0.763, adjusted R?> = 0.736; P < 0.001)
independent predictor of HOMAIR with the model explaining
73.6% of the observed variation. No significant predictor of
HOMAIR was found in the diabetics who were overweight/obese.

In Figure 1, the prevalence dyslipidemia observed in respondents
of the current study according to BMI categorization is
presented. Interestingly, dyslipidemia of TRG was lower, but
those of LDL and CHOL were higher (P <0.001) in nondiabetic
controls with normal weight than their overweight/obese
counterpart. In the diabetic group, overweight/obese diabetics
exhibited higher prevalence of the various forms of dyslipidemia
than their counterpart with normal weight.

In systolic normotensive nondiabetic controls, FBG was higher
[P = 0.004; Table 2] than their hypertensive counterpart.
However, in the diabetics, levels of LDL and WC were higher
in systolic hypertensives [P < 0.05; Table 2]. In a similar
analysis according to DBP, nondiabetic hypertensives exhibited
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60 - 57.4
50 -
m normal weight
.g overweight/obese
o 40 -
] 36.8
2
®
o | P<0001
8 30 27.8
=
<@
©
® 211 P=0.004
& 20 158 167
) I
0 - T
High LDL High CHOL High TRG
P <0.001
704 653
60 -
m normal weight
.g P <0.001
S 504 overweight/obese
e} 42.9
3
2 40 36.7
©
[0}
2
2 30 26.5
g
o P =0.001
& 20|
12.2
101 4.1
ol m
High LDL High CHOL High TRG

Figure 1: Prevalence dyslipidemia in diabetic respondents above and in
nondiabetic respondents below.

lower [P < 0.05; Table 3] mean BMI and hip circumference
than their diastolic normotensive counterpart.

Pearson correlational test revealed that in the systolic
hypertensive diabetics, HOMAIR associated positively with
FBG (R = +0.487; P = 0.03) and HOMAB (R = +0.468;
P =0.032). In addition, WC correlated negatively with LDL
(R=-0.567; P=0.003) and CHOL (R=-0.501; P=0.009) but
age correlated positively with TRG (R = +0.438; P =0.033).
Above all, HbAlc exhibited a negative correlation with HDL
(R =-0.438; P = 0.025). In their normotensive counterpart,
HOMAIR rather correlated positively with DBP (R =+0.348;
P=0.024) and duration of the diabetic condition (R =+0.321;
P =0.038). HbAlc correlated positively with TRG and FBG
(R=+0.31; P=0.027) but negatively with HDL (R = —0.32;
P=0.022). Insulin associated positively with LDL (R =+0.34;
P =0.026) and HOMAB (R = +0.52; P = 0.001). Above
all, CHOL exhibited a negative correlation with DBP but
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Table 2: Mean values of the various parameters based on systolic blood pressure classification

Parameter Nondiabetic P Diabetic P
<140 (n=72) >140 (n=38) <140 (n=60) >140 (n=53)

Age (years) 52.154£9.86 55.56+10.48 0.12 55.34+10.14 58.69+7.38 0.104
Duration (years) - - - 7.05+5.25 6.35+4.52 0.528
FBG (mmol/L) 4.75+0.78 4.28+0.63 0.004* 7.30+£3.23 7.08+£2.97 0.734
HbAlc (mmol/L) 4.45+2.23 4.03+0.53 0.136 5.49+2.32 4.85+1.39 0.139
LDL (mmol/L) 3.45+1.09 3.66+0.96 0.35 2.96+0.79 3.55+1.05 0.003*
HDL (mmol/L) 1.26+0.11 1.26+0.13 0.885 1.25+0.16 1.22+0.11 0.308
Total cholesterol (mmol/L) 5.25+1.09 5.42+0.86 0.44 5.39+1.47 5.50+1.06 0.692
TRG (mmol/L) 1.11£0.53 1.10+0.33 0.854 1.27+0.65 1.23+0.58 0.79
Insulin 5.68+1.86 4.59+1.25 0.077 5.54+1.61 5.49+1.59 0.93
HOMAIR 1.08+1.84 1.08+1.76 0.982 1.54+2.08 1.64+1.80 0.709
HOMAB 114.95+2.30 120.87+1.93 0.785 43.36+2.20 44.47+2.96 0.909
BMI (kg/m2) 26.5+5.8 25.2440.1 0.241 28.9+6.4 30.4+6.7 0.328
Hip (cm) 104.79+10.51 101.35+10.63 0.594 100.66+12.30 96.51+13.42 0.71
WC (cm) 100.60+9.22 98.36+20.48 0.144 93.42449.43 85.90+39.31 0.006*
WHR 0.96+0.07 0.97+0.08 0.64 0.92.81+0.06 0.89+0.09 0.389

Figures represent mean+SD. *Significant P value, insulin is measured in pIU/mL. BMI: Body mass index, WHR: Waist-to-hip ratio, WC: Waist circumference,
LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, TRG: Triglyceride, FBG: Fasting blood glucose, HbA Ic: Glycosylated
hemoglobin, HOMAIR: Homeostatic model assessment of insulin resistance, HOMAB: Homeostatic model assessment of beta cell secretion, SD: Standard

deviation

Table 3: Mean values of the various parameters based on diastolic blood pressure classification

Parameter Nondiabetic P Diabetic P
<90 (n=76) >90 (n=34) <90 (n=70) >90 (n=43)

Age (years) 53.03+10.63 53.89+8.98 0.706 57.98+9.07 55+8.65 0.169
Duration (years) - - - 6.75+4.63 6.58+5.42 0.884
FBG (mmol/L) 4.67+0.80 4.41+0.63 0.119 7.32+3.09 6.92+3.26 0.591
HbA lc (mmol/L) 4.06+0.53 4.43+2.39 0.21 5.38+2.16 4.84+1.59 0.255
LDL (mmol/L) 3.54+1.08 3.46+0.98 0.751 3.11+0.88 3.42+1.09 0.157
HDL (mmol/L) 1.26+0.11 1.27+0.14 0.841 1.24+0.15 1.23+0.12 0.804
Total cholesterol (mmol/L) 5.30+1.07 5.32+0.95 0.953 5.45+1.40 5.37+1.09 0.796
TRG (mmol/L) 1.09+0.50 1.15+0.39 0.575 1.25+0.65 1.25+0.56 0.976
Insulin 5.39+1.72 5.01+1.64 0.57 5.77+1.68 4.95+1.68 0.192
HOMAIR 1.08+1.84 1.10+1.77 0.928 1.56+1.96 1.66+1.92 0.714
HOMAB 116.36+2.28 118.28+1.93 0.932 46.19+2.26 39+3.26 0.483
BMI (kg/m2) 26.77+5.76 24.38+3.64 0.045% 29.43+6.21 30.17+7.29 0.328
Hip (cm) 105.1£10.5 101.2+10.4 0.044* 105.6+13.6 105.7+12.4 0.981
WC (cm) 100.9+28.8 94.1+20.8 0.42 96.1+49.0 94.1+43.1 0.697
WHR 0.96+0.08 0.93+0.06 0.116 0.91+0.07 0.89+0.09 0.308

Figures represent mean+SD. *Significant P value, insulin is measured in unIU/mL. BMI: Body mass index, WHR: Waist-to-hip ratio, WC: Waist
circumference, LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, TRG: Triglyceride, FBG: Fasting blood glucose,
HbA lc: Glycosylated hemoglobin, HOMAIR: Homeostatic model assessment of insulin resistance, HOMAB: Homeostatic model assessment of beta cell

secretion, SD: Standard deviation

HOMAB showed a positive association with hip circumference
(R=+0.386; P=0.022) and WHR (R =+0.309; P = 0.046).

In the controls, HOMAB correlated positively with HOMAIR
(R=+0.552; P=0.005) but negatively with WC (R=-0.503;
P =0.012) in the systolic hypertensives. Furthermore,
HOMAIR correlated negatively with WC (R = —0.827;
P <0.001). Meanwhile, age positively correlated with WHR
(R = +0.438; P = 0.047) and LDL associated negatively

with BMI (R =—0.445; P=0.018) and HbAlc (R =—0.401;
P = 0.035). BMI correlated negatively with CHOL
(R=-0.422; P=0.025). Finally, HDL correlated negatively
with insulin (R = —0.422; P = 0.036). Similar analysis in
the systolic normotensive nondiabetic controls showed a
negative correlation between WC and HOMAIR (R =-0.426;
P =0.001) and between LDL and hip circumference
(R=-0.255; P=0.042).
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Further categorization based on DBP revealed that in the
nondiabetic normotensive respondents, HOMAIR negatively
correlated with SBP (R=-0.322; P=0.006) and WC (R=—0.425;
P <0.001). Furthermore, SBP associated positively with WC
(R=+0.339; P=10.003), CHOL (R =+0.238; P=0.029), and
LDL (R=+0.278; P=0.01). CHOL negatively correlated with
BMI (R=-0.267; P=0.015). In their hypertensive counterpart,
HOMAIR negatively correlated with WC (R = —0.875;
P <0.001) but positively with SBP (R=+0.71; P=0.014), HDL
(R=+0.64; P=0.034), and HOMAB (R=+0.755; P=10.007).
WC correlated negatively with HDL (R =—0.578; P=0.039)
and HOMAB (R =-0.799; P=0.003) but HOMAB positively
correlated with SBP (R =+0.754; P=0.007). FBG on the other
hand exhibited a negative correlation with BMI (R = —0.568;
P=0.043) and age (R =—0.579; P=0.038).

In the diabetic group, diabetic diastolic normotensives
showed a direct correlation between HOMAIR and duration
(R=+0.292; P=0.034). Furthermore, SBP correlated positively
with LDL (R = +0.336; P = 0.006) and hip circumference
(R = +0.345; P = 0.011). HDL positively correlated with
BMI (R = +0.261; P = 0.039) and insulin (R = +0.281;
P = 0.034) as HOMAB associated with hip circumference
(R=+0.378; P=0.007) and insulin (R = +0.479; P < 0.001).
With respect to the diabetic diastolic hypertensives, HOMAIR
positively correlated with FBG (R = +0.744; P = 0.021) and
HOMAB (+0.721; P = 0.044). A negative correlation was
observed between WC and SBP (R =—0.721; P=0.044). Age
correlated positively with HbAlc (R =+0.729; P=0.026) and
WHR (R =+0.748; P = 0.033). Above all, insulin correlated
positively with BMI (R = +0.759; P = 0.048) as did HbAlc
and TRG (R = +0.669; P = 0.049). However, multiple linear
regression analyses failed to demonstrate any of the measured
variables as a significant (P > 0.05) predictor of HOMAIR
as far as DBP or SBP classification of respondents was
concerned. The prevalence of various forms of dyslipidemia
differed significantly between normotensive and hypertensive
respondents [P < 0.05; Figures 2 and 3] of the current study.

Discussion

The observed higher FBG in diabetics with normal weight
than their overweight/obese counterpart contradicts previous
studies!'®!”l that demonstrated raised FBG levels with increased
BMI in overweight/obese respondents and points to improved
glucose homeostasis in our overweight/obese respondents in
support of Arnlov et al.'® The contradiction could be ascribed
to variation in study design, race, ethnicity, and sample size
between the current study and the earlier ones.['*!”) Thus, our
overweight/obese diabetic respondents appear to respond
better to the given treatment regimen than their normal-weight
counterpart in accordance with the concept of obesity paradox.!'!
The obesity paradox which postulates that some individuals
who are overweight/obese appear to have better prognosis than
their normal-weight counterpart with similar cardiovascular
disease risk or health condition has been reported in various
obesity-associated cardiovascular diseases and risk factors.!*2"!
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Figure 2: Prevalence dyslipidemia in diabetic respondents above and in
nondiabetic respondents below according to systolic blood pressure.

Indeed, the positive association exhibited by insulin with FBG
and HOMARB in the overweight/obese but not the normal-weight
diabetic respondents gives further credence to the improved
metabolic status of our overweight/obese diabetic respondents.

In the controls, the metabolic profile of overweight/obese and
normal-weight respondents was comparable with respect to the
level of a number of the measured parameters. However, the
higher prevalence of dyslipidemia of total and LDL CHOLSs in
normal weight than overweight/obese respondents points to a
likely higher risk of dyslipidemia-related cardiovascular disease
in normal-weight control respondents of the current study and
portrays the overweight/obese respondents as metabolically
healthier. This observation which corroborates Voulgari et al.
2 has been ascribed to differences in body fat content whereby
normal-weight individuals with high body fat exhibit higher
prevalence of dyslipidemia, metabolic syndrome, and other
cardiovascular risk factors.?? The finding is further buttressed
by the negative correlation observed between HOMAIR and
WC in normal-weight control respondents in the current
study, suggesting that, in this group, reduction of WC would
rather result in increased HOMAIR instead of a decrease as
widely acknowledged.?* This observation, which requires
further and larger studies for confirmation, particularly, in
the Ghanaian setting, is quite significant because it may shift
the paradigm of current educational campaigns that target
overweight/obese individuals as the only group at risk of
dyslipidemia-related cardiovascular disease.
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Figure 3: Prevalence dyslipidemia in diabetic respondents above and in
nondiabetic respondents below according to diastolic blood pressure.

The observed trend of higher SBP in overweight/obese diabetics
compared with their normal-weight counterpart appears to
support earlier reports!'®? and confirms the well-known role of
excess adiposity in blood pressure dysregulation. Dyslipidemia
predates and drives the development of hypertension through
endothelial damage.**” In the current study, mean levels of the
various parameters were comparable between normotensives
and hypertensives with the exception of higher LDL and
WC in hypertensive diabetics but lower FBG, BMI, and
hip circumference in nondiabetic hypertensives compared
to their respective normotensive counterparts. Whereas the
observation for the diabetic hypertensives appears to support
the already acknowledged role of visceral adiposity and LDL
in the development of hypertension,?5?” that of the nondiabetic
respondents seems to suggest that global fat accumulation
per se or circulating glucose has little or no effect on the
development of hypertension. Rather, it is the abdominal fat
accumulation that seems to have the potential to drive increased
blood pressure levels. This finding which appears to validate
earlier reports®>7 that questioned the reliability of BMI over
WC or WHR in detecting obesity-related health conditions
requires further investigation in the Ghanaian populace,
particularly, for confirmation, so as to devise appropriate
remedial measures to avert its negative health consequences.
Meanwhile, the reciprocal association exhibited by SBP and
HOMAIR in nondiabetic diastolic normotensives compared

with their hypertensive counterpart in the present study suggests
that other cellular conditions greatly influence how HOMAIR
associates with SBP. As observed, in diastolic hypertensives,
HOMAIR drives SBP and vice versa. This observation supports
a number of earlier reports that showed improved insulin
sensitivity, glucose uptake, and protection of -cells against
hyperglycemia-induced apoptosis by nifedipine,?®*’! a major
antihypertensive drug used by hypertensive respondents in the
current study. To this end, the comparable level of HOMAIR
and a number of measured indices between hypertensives and
normotensives or between respondents with normal-weight
and their overweight/obese counterpart observed in the current
study could be partly ascribed to treatment effect.

However, the negative correlation between HOMAIR and WC
observed in control respondents irrespective of hypertensive
status contradicts several reports that associated insulin
resistance with visceral adiposity.’®*! Visceral fat is more
active metabolically®? and hydrolyzes readily to nonesterified
fatty acids to release inflammatory cytokines.**** These
features are thought to link visceral adiposity, measured as
WC, to insulin resistance such that increased WC should result
in an increased HOMALIR instead of a decrease that our data
seem to portray. This paradox requires further and larger study
to better understand it in the Ghanaian context to pave way for
appropriate remedial measures to be developed for adoption in
the light of varied degrees of dyslipidemia in both hypertensive
and normotensive respondents of the current study.

CONCLUSION

Dyslipidemia of total and LDL CHOLs was more prevalent
in normal-weight and normotensive nondiabetic controls
than their respective overweight/obese and hypertensive
counterparts. Further studies are required to better understand
the paradox in the Ghanaian context. Public education
on dyslipidemia and hypertension should target both
overweight/obese and normal-weight individuals.
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