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Abstract
Visceral fat accumulation is known as a cardio-metabolic risk in diabetes mellitus. The aim of the
study was to measure and compare some obesity indices with cardio-metabolic markers in patients
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with diabetes mellitus. Two hundred and forty (240) participants were recruited for the study in a
cross sectional pattern. The participants were categorised into three groups; Group 1 comprised eighty
(80) type 2 diabetic patients not diagnosed with hypertension, Group 2 comprised eighty (80) type 2
diabetic patients diagnosed with hypertension and Group 3 comprised eighty (80) age- and -sex
matched apparently healthy volunteers that served as the control group. Values of measured obesity
indices were documented. Standard laboratory methods were used to assay biochemical analytes.
SPSS wversion 20.0 was used for data analysis with p<0.05 considered as statistically significant. The
values of Body Mass Index (BMI) slightly higher in group 2 with no significant difference between
the groups. Similarly, the Hip Circumference (HC) and Waist Circumference (WC) across the groups
were slightly higher in group 2 with no significant differences recorded between the groups
(p<0.05).BMI correlated with high sensitivity C-reactive protein concentrations across the groups
(Group 1: r 0.029, p 0.080), (Group 2: r 0.394, p <0.001), (Group 3: r 0.458, p <0.001), WC
correlated with serum triglyceride (TG) levels across the groups (Group 1: v 0.360, p 0.001), (Group
2:10.037, p 0.039), (Group 3: r 0.462, p <0.001). In conclusion, waist circumference may serve as a
better gauge for visceral fat accumulation. Age and gender specific cut offs for cardio-metabolic
markers may be considered for assessing cardio-metabolic risk among DM patients in Nigeria.
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INTRODUCTION

The causal relationship between obesity and type 2 diabetes mellitus (T2DM) has been
established in epidemiologic and metabolic studies (Joshi et al., 2005; Bovet et al., 2017).
Diabetes, being the most common metabolic disorder, is linked to significant disease burden
including long-term morbidity and increased mortality risk (Riddle et al., 2011). Obesity is
recognized as amodifiable and independent risk factor for cardio-metabolic diseases (Joshi et
al., 2005) and is known to increase the risk of diabetes mellitus (DM) by about 7-folds
(Abdullah et al., 2010). Life-style and diet changes are known contributors to the growth of
overweight and obese population worldwide which correlates with the global T2DM
pandemic (Abdul-Ghani ef al., 2017). Several medications used for the treatment of T2DM
and its related complications have also been acknowledged to induce a surge in adiposity
hence expanding the vicious cycle (Domecq et al., 2015; Hurren and Dunham, 2018).

Conventionally, obesity is categorized into central obesity or adiposity,which is
characterized by atypical waist circumference (WC), waist-to-height ratio (WhtR) or waist-
to-hip ratio (WHtR) and generalized obesity, as measured by abnormal increase in body
mass index (BMI) (Gezawa et al., 2019). Central obesity seems to be strongly associated with
DM in comparison with generalized obesity (Kaur and Sidhu, 2012) and its measurement
indices, such as WSR, WHtR and WC when compared with BMI have proven to be more
strongly connected with T2DM (Lee et al., 2008; Goh et al., 2014)and metabolic diseases
(Christian et al, 2009; Schneider et al., 2010).

Though, weight gain after adolescence and early obesity have been implicated as risk factors
for T2DM (Schienkiewitz et al., 2006),some obese individuals by virtue of a supranormal B-
cell response have been reported to escape development of T2DM (Martin-Timon et al.,
2014).

For decades, body mass index (BMI) has been the most universally accepted measure of
obesity (Wang and Hoy, 2004) that has been implicated in the incident of T2DM amongst
women and men (Romero-Corral et al., 2006). However, some studies that aimed at T2DM
and weight change have shown that, besides obesity, body weight increase is related to a
higher risk of type 2 diabetes(Ganz et al., 2014; Saleem et al., 2019). Regardless of its wide
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acceptability, BMI measurement does not distinguish between muscle mass and fat
accumulation (Cheng, 2004) and assessment of WC has been hypothesized to provide a
measure of fat distribution that cannot be obtained by measuring BMI (Kaur and Sidhu,
2012).

Some epidemiological studies have advocated the use of WC as an inexpensive, easy-to-use,
and dependable measure of obesity (Wang and Hoy, 2004; Ganz et al., 2014) although
accurate measurement of abdominal fat content entails the use of expensive radiological
imaging techniques (Klein et al., 2007).Waist Circumference, as a measure of abdominal
adiposity (subcutaneous and intra-abdominal) has been reported to be a better predictor of
cardiovascular disease risk than waist-to-hip circumference ratio (WHR) or BMI, (Wang and
Hoy, 2004)and this correlates well with cardio-metabolic risks, intra-abdominal fat,
dyslipidemia, increased risk of coronary heart disease (CHD), stroke and prevailing
myocardial infarction even after adjustment for BMI (Chaudhary et al., 2019) among
children, adolescents and adults.

Although, there are evidences that WC is better than BMI, (Chan et al., 2003; Wang and Hoy,
2004; Klein et al., 2007) some studies have reported BMI to be as powerful as WC (Seidell et
al., 2001; Chaudhary et al., 2019).It is still unclear whether WC measurement provides a
better assessment of age and gender specific health risks but may be considered if it can
provide additional information that influences patient management (Klein et al., 2007).
Optimum WC cut points will likely vary according to the demographic factors, population
studied and health outcome interest. The aim of the study was to measure and possibly
relate the obesity indices with cardio-metabolic markers in patients with type 2 diabetes
mellitus in Jigawa, Nigeria.

MATERIALS AND METHODS

Study Area and Population

The study was conducted at Dutse, Jigawa State, North-Western Nigeria. Approval to carry
out the study was obtained from the ethical committee of the RasheedShekoni Specialist
Hospital, Dutse Jigawa State, Nigeria. Ref: RSSH/GEN/226/V.1/36.0ne hundred and
sixtytype 2 diabetic patients attending the Endocrinology Clinic of RasheedShekoni
Specialist Hospital comprisingseventy (70) females and ninety (90) malesand Eighty (80)
apparently healthy individuals matched for age and sexwere recruited consecutively in a
cross sectional pattern. Relevant data were obtained using an interviewer-based
administered questionnaire. Informed consent was obtained verbally and in written from all
study participants preceding enrolment. The participants were classified into three groups;
Group 1 comprised eighty (80) type 2 diabetic patients without hypertension, Group 2
comprised eighty (80) type 2 diabetic patients diagnosed with hypertension and Group 3
comprised eighty (80) apparently healthy volunteers” age and sex matched individuals who
served as controls.

Measurement for Obesity indices

Weight: Body weight was measured without shoes or heavy clothing with a hospital
standard weighing scale and recorded in kilograms (kg).

Height: Height was measured using a weight for height scale and recorded in centimeters
(cm).

Body Mass Index (BMI): The Body Mass Index was calculated using the formula: BMI =
weight in kg/ (height in meters)? and recorded in kg/m?2.

Waist Circumference (WC): Waist circumference was measured thrice,around the
participant’s bare midriff, after exhalation while standing with both feet touching, and arms
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hanging freely using an inelastic non-stretch tape rule at the superior border of the iliac crest
after normal expiration. The mean of the three readings was calculated and recorded to the
nearest 0.1 centimeters (cm).The values 83-98cm and 78-91cm were adjudged normal
formales and females respectively.

Hip Circumference (HC): Hip circumference was measured using an inelastic tape rule at
the level of the greater trochanter, the mean of the three readings was calculated and
recorded to the nearest 0.lcentimeters (cm). The values 94-107cm and 97-108cm were
considered as normal range for males and females.

Sample Collection and Biochemical Analysis

Five milliliters of blood was collected through venipuncture after an overnight fast of eight
hours and transferred into EDTA, plain and fluoride oxalate tubes for biochemical analysis.
Evaluation oftotal homocysteine (tHcy)high sensitivity ~C-reactive protein (hs-
CRP)glycatedhemoglobin (HbAlc)fasting plasma glucose (FPG), total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) was performed using standard laboratory methods. hs-CRP and tHcy
were assayed using Enzyme Linked Immunosorbent Assay method((MonobindInc,
Califonia, USA and Cusabio, Wuhan, Hubei Province, China), HbAlc was measured using
immunoturbidemetric method(Centronic GmbH, Wartenberg, Germany), FPG, TC, TG and
HDL-C were assayed using enzymatic methods(Agappe diagnostics, Cham, Switzerland
GmbH) while LDL-C was calculated using Friedewald’s equation (LDL-C = total cholesterol
- [HDL-C + TG/5]) for TG values less than 4.56 mmol/1.

Statistical Analysis

The data obtained was analysed using SPSS Statistics Version 20.0 software and the results
are presented as Mean * Standard Deviation, one way ANOVA, Unpaired Student t-test and
Pearson’s Linear Correlation.

RESULTS
Table 1.0: Socio-demographic characteristic of the participants
Characteristics Group 1 (n =80) Group 2(n = 80) Group 3(n =80)
Frequency (%) Frequency ( %) Frequency (%)
Age group (years)
<29 6 (7.5) 0 (0.0) 40 (50.0)
30 - 50 36 (45.0) 30 (37.5) 40 (50.0)
51 and above 38 (47.5) 50 (62.5) 0 (0.0)
Mean£SD (age) 49.3 +13.4 years 55.3 £ 9.4 years 30.2 6.1 years
Gender
Male 32 (40.0) 58 (72.5) 36 (45.0)
Female 48 (60.0) 22 (27.5) 44 (55.0)

Key: n=sample size, SD = Standard Deviation
Table 2.0: Biochemical and Anthropometrical Characteristics of the participants

Parameters Group 1 (n = 80) Group 2(n = 80) Group 3(n = 80)
MeantSD MeantSD MeantSD
Systolic Blood Pressure 113.50 +12.94 135.50 £ 22.72 113.50 £ 10.20
(mmHg)
Diastolic Blood Pressure 70.75 £ 8.57 75.38 £12.62 77.00£ 7.19
(mmHg)
BMI(kg/m?) 25.40 +5.34 26.93 + 6.50 24.84 £4.93
Waist circumference (cm) 92.58 £ 11.55 93.65 +18.91 83.15 £ 10.69
Hip circumference (cm) 96.82 £9.01 98.96 +20.33 93.50 £22.05
HbAlc (%) 10.15+4.98 9.07+1.99 5.81+0.86
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FPG (mmol/]) 7.83+3.83 7.74£3.67 4.89+0.99
tHey (nmmol/1) 28.35+100.82 14.85+52.10 0.75+1.44
hs-CRP (ng/ml) 10.00+11.15 6.72+6.78 5.30£6.19
TC (mmol/1) 3.30+0.70 3.40+0.94 3.63+0.55
HDL-C (mmol/I) 1.12+0.30 1.24+0.50 1.26+0.35
TG (mmol/1) 0.79+0.43 0.84+0.56 0.75+0.48
LDL-C (mmol/1) 1.88+0.67 1.81+0.83 2.03+0.55

Key:BMI = Body Mass Index, SD = Standard Deviation, Key: HbAlc: Glycated haemoglobin, FPG: Fasting
plasma glucose, tHcy: total homocysteine, hs-CRP: high sensitivity C - reactive protein, TC: Total cholesterol,
HDL-C: High density lipoprotein-cholesterol, TG: Triglycerides, LDL-C: Low density lipoprotein-cholesterol

Table 3.0: Correlation between Obesity Indices and Biochemical Parameters among
Participants

Obesity Biochemical Parameters
Indices
HbAlc  FPG tHey hs-CRP  TC HDLC TG LDL-C
(%) (mmol/l) (nmmol/1) (pg/ml) (mmol/l) (mmol/l) (mmol/l) (mmol/I)
BMI! r -0.288 -0.238 0.010 0.029 0.162 -0.024 0.162 0.123
p 0.001* 0.034* 0.931 0.080 0.151 0.834 0.153 0.277
WCt r -0.272 -0.236 -0.085 0.111 0.321 -0171 0.360 0.298
p 0.014* 0.035* 0.455 0.327 0.004* 0.130 0.001* 0.007*
HCt r -0.424 -0.285 -0.054 0.079 0.200 -0.046 0.277 0.182
P 0.001* 0.010* 0.634 0.484 0.075 0.683 0.013* 0.106
BMI2 r 0.491 -0.238 0.337 0.394 0.272 -0.048 0.017 0.328
p <0.001*  0.034* 0.002* <0.001*  0.015* 0.627 0.881 0.003*
\Ye r 0.157 0.586 0.200 0.336 0.172 -0.102 0.037 0.232
p 0.171 <0.001* 0.075 0.002* 0.128 0.375 0.039* 0.007*
HC? r 0.089 0.518 0.130 0.258 0.112 -0.135 0.020 0.218
P 0.438 <0.001* 0.250 0.021* 0.321 0.231 0.861 0.052
BMI3 r 0.105 -0.171 -0.361 0.458 -0.042 -0.446 0.431 0.072
p 0.353 0.130 0.001* <0.001* 0.711 <0.001* <0.001* 0.526
WC3 r -0.267 -0.392 -0.209 0.416 0.198 -0.250 0.462 0.159
P 0.017* <0.001* 0.063 <0.001* 0.079 0.025* <0.001* 0.158
HC3 r 0.011 -0.056 -0.078 0.261 0.305 -0.040 0.269 0.212
p 0.424 0.620 0.490 0.020* 0.006* 0.723 0.016* 0.059

Key: HbAlc: Glycated haemoglobin, FPG: Fasting plasma glucose, tHcy: total homocysteine, hs-CRP: high
sensitivity C - reactive protein, TC: Total cholesterol, HDL-C: High density lipoprotein-cholesterol, TG:
Triglycerides, LDL-C: Low density lipoprotein-cholesterol, BMI: Body Mass Index, WC: Waist Circumference,
HC: Hip Circumference,superscript 1,2 and 3 indicated participating groups, r: Correlation coefficient, p-
value<0.05, *Pearson’s correlation coefficients statistically significant (p<0.05).
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Table 4.0: Variation in Biochemical Parameters by Age groups in Group 1

Parameters Age (years) Mean +SD f -value p-value
HbA1lc (%) <29 11.27 +£3.54 0.217 0.906
30-50 9.86 +4.32
251 10.26 £5.38
tHcy (nmmol/1) <29 0.66 + 6.64 0.599 0.552
30-50  20.36£50.17
251 40.28 £137.79
hs-CRP (pg/ml) <29 18.67 +17.82 2.130 0.126
30-50 8.61+8.93
251 9.96 £11.54
TG (mmol/1) <29 0.67 +0.10 0.260 0.772
30-50 0.78 +0.44
=51 0.81 + 0.46

Key: HbAlc: Glycated haemoglobin, tHcy: total homocysteine, hs-CRP: high sensitivity C-reactive protein, TG:
Triglycerides, p-value<0.05, SD = Standard Deviation,

Table 5.0: Comparison of Biochemical Parameters between Age groups inGroup 2 and 3

Parameters Age (years) Mean =£SD t-value p-value
HbAlc(%)?2 30-50 9.04 £216 -0.115 0.909

251 9.09£191

tHcy (nmmol/1)2 30 -50 31.33+£81.50  2.249 0.027%
>51 4.95 +14.58

hs-CRP (ng/ml)? 30 -50 8.49+£9.77 1.832 0.079
>51 5.66 +£3.81

TG (mmol/1)2 30 -50 0.84 £ 0.46 -0.077 0.939
>51 0.85+0.61

HbAlc(%)3 <29 597+0.86  1.744 0.085
30-50 5.64+0.84

tHecy (nmmol/1)3 <29 0.45+0.36 -1.881 0.064
30 -50 1.05+1.97

hs- CRP (ug/ml)? <29 6.57 £7.25 1.855 0.067
30 -50 4.04 +4.69

TG (mmol/1)3 <29 0.79 £0.56 0.747 0.458
30-50 0.71+£0.38

Key:HbA1lc: Glycated haemoglobin, tHcy: total homocysteine, hs-CRP: high sensitivity C-reactive protein, TG:
Triglycerides, superscript 2 and 3 indicated participating groups,* Significant difference(p-value<0.05), SD =

Standard Deviation,

Table 6.0:Comparison of Biochemical Parameters betweenGenders across the Groups

Parameters Sex Mean + SD t-value p-value

HbA1lc (%)! Male 10.82+5.75 0.974 0.333
Female 9.71+441

tHcy (nmmol /1) Male 69.87 £151.44 3.179 0.002*
Female 0.66 + 0.83

hs-CRP (pug/ml)! Male 11.00+12.20 0.654 0.515
Female 9.34+10.47

TG (mmol/1)! Male 0.80 + 0.56 0.199 0.834
Female 0.78 £0.33

HbAlc (%)? Male 8.88 +1.39 -1.410 0.163
Female 9.58 £2.10

tHey (nmmol/1)2 Male 14.99+£59.63  0.041 0.967
Female 14.45+23.66

hs-CRP (ng/ml)? Male 6.69+741  -0.072 0.943
Female 6.81 +4.85

TG (mmol/1)2 Male 0.80 + 0.42 -1.212 0.229
Female 0.97+0.82

HbAlc (%)3 Male 6.14+1.09 3.413 0.001*
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Female 523+0.73

tHcy (nmmol/1)3 Male 029+0.17 -2.696 0.009*
Female 1.13+1.86

hs-CRP (ng/ml)3 Male 8.08 + 8.02 3.943 <0.001*
Female 3.03 £2.56

TG (mmol/1)3 Male 0.88 + 0.562.216 0.030*

Female 0.65 + 0.37

Key:HbA1lc: Glycated haemoglobin, tHcy: total homocysteine, hs-CRP: high sensitivity C - reactive protein, TG:
Triglycerides, superscripts 1,2 and 3 indicated participating groups, , *Significant difference(p-value<0.05), SD =
Standard Deviation

DISCUSSION

Although, the evident effect of obesity on metabolic control is not clear, it is well known
thatit increases cardiovascular, metabolic and inflammatory disease risks and worsen
glycemic control (Abdul-Ghani et al., 2017 Sonmez et al., 2019). Prospective and
epidemiological studies have implicated obesity and anthropometric indices as cardio-
metabolic disease risk factors for metabolic disorders such as dyslipidemia, hypertension
and hyperglycemia but their predictive significance in terms of adverse outcomes still
remains largely controversial(Da Costa et al., 2012; Schneider et al., 2010).

In our study we found an increase in obesity indices and elevations in cardio-metabolic
markers occurring concurrently which is similar to the report of Lukicet al.(2014). Body Mass
Index (BMI) in comparison to Waist Circumference (WC) and Hip Circumference (HC)
showed a weaker association with serum triglyceride levels among T2D patients proposing
that increased BMI may not serve as an ideal independent risk predictor for type 2 diabetes,
rather possible future cardiovascular events among apparently healthy individuals. The
findings of our study is in concordance with the reports of Da Costa et al. (2012); Ganz et al.
(2014) and Palhares et al. (2017) but contrary to the report made by Wang and Hoy(2004) that
there is a weak association between BMI, WC and HC to serum triglyceride.

Regardless of known sources of error for measuring WC including the lack of standardized
protocols (Wang, 2006), systematic bias from self-reported measurements (Bigaard et al.,
2005), interferences from inter and intra-observer variations (Wang et al., 2016), and definite
population-specific cut-offs (Misra et al., 2005) were observed. There was a strong linear
correlation and association between WC and serum triglycerides levels amongst type 2
diabetic patients irrespective of the presence of hypertension as well as controls. Finding
from this studyasserts the hypothesis that WC may be directly linked with surplus
deposition of triglycerides in abdominal fat depots bearing in mind the anatomical location
of visceral fat as stated by Cheng (2004).The finding of our study is similar to Seidell et al.
(2001) andChristainet al.(2009)who reported thatWC was associated with abdominal
triglycerides (TG) deposit, but dissimilar toWang and Hoy(2004) that found no existing
relationship with TG. HC exhibited a comparable trend with BMI signifying that WC may
likely provide a better representation of visceral fat and serve as a gauge for central
adiposity compared to BMI and HC among type 2 diabetic patients and apparently healthy
individuals. Our finding is in concordance with that of Seidell ef al. (2001), Wang and Hoy
(2004) and Lee et al. (2008) that also reported the existing relationship between HC, WC and
visceral fat.

Our study found an inverse relationship between BMI and glycaemic markers among
patients with T2DM and a linear relationship amongst T2DM patients with hypertension.
This suggested that hypertension may be a stronger and independent correlate of BMI than
hyperglycaemia as reported in some studies (Da Costa et al., 2012; Saleem et al.,
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2019).However, T2DM patients diagnosed with hypertension may be taking oral anti-
inflammatory drugs as part of their drugs regimen which may be responsible for the mild
elevations in this group of patients. Although, Agarwal et al. (2009) reported that fasting
state and meal intake is linked with variations in WC measurements at particular anatomical
positions. WC and HC exhibited analogous inclination with fasting plasma glucose (FPG)
compared to BMI in our study but we can’t conclude that the measurement of WC at the
anatomical position we deployed in our study is responsible for our findings. Yet,
measurement of waist circumference at the level of the iliac crest has been reported to be
more precise (Klein et al., 2007).

Age and gender are recognized as independent correlates of obesity and T2DM (Wang et al.,
2016; Yang and Wang, 2017; Gezawa et al., 2019; Sonmez et al., 2019). Though, our study was
inclined to age and gender specific variations of cardio-metabolic markers, there is an
observed marked gender- and -age specific variations in the levels of cardio-metabolic
markers among T2DM patients suggesting gender and age specific cut-off points for some
cardio-metabolic risk markers for type 2 diabetic patients as well as apparently healthy
individuals.

CONCLUSION

The outcomes of our study proposes the consideration of WC measurement as part of the
cardio-metabolic risk assessment screening tool for patients with T2D regardless of the
presence of hypertension as well as apparently healthy individual sparticularly in clinical
practicein Nigeria.
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