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ABSTRACT
Overweight and obesity, associated with type 2 diabetes have been characterized by Body Mass

Index, waist circumference or waist-to-hip ratio. However, because of the limitation of the Body
Mass Index in expressing fat distribution and the fact that visceral obesity has been more
implicated in type 2 diabetes than subcutaneous fat, other diabetes markers are being investigated.
A hospital-based case control study, using convenience sampling techniques, sought to determine
the most appropriate surrogate makers of type 2 diabetes, among Ghanaian diabetics, using thigh
circumference, waist-to-thigh ratio, waist circumference, Body Mass Index, plasma creatinine and
lipid profile. The 134 diabetics and 70 control subjects were enrolled. Demographics were gathered
and  anthropometric  variables  considered were; body weight, measured with scale (Hospibrand
ZT-120, England), waist circumference and thigh circumference, measured with a measuring tape
(Gay Mills, WI), while height measured with stadiometer (Fischer Scientific). About 5 mL of
overnight fasting venous blood sample were drawn for biochemical assays: Plasma glucose, total
cholesterol, high density lipoprotein, low density lipoproteins and triglycerides were determined
by enzymatic methods and the creatinine assessment based on the Jaffé reaction, were all done on
COBAS Intergra 400 Plus auto analyzer (Germany). Data were analysed using Graph Pad Prism
version 5.0 (Graph Pad Software, San Diego, California).  Continuous  variables  expressed  as
Mean±SD. Subjects compared using unpaired t-tests, one-way ANOVA followed by the Bonferroni
test for multiple comparisons. Total body weight, waist circumference, waist-to-thigh ratio and
triglycerides were significantly elevated in the diabetic subjects, while High density lipoprotein was
significantly reduced. Considering gender and the diabetics compared to control group, there was
no significant difference in plasma creatinine levels. Though Waist Circumference (WC), Waist-to-
Thigh Ratio (WTR) and Body Mass Index (BMI) were significantly higher in the diabetics as
compared to the controls, only WC and WTR predicts dysglycaemia in a linear regression analysis.
Waist circumference and waist-to-thigh circumference ratio were better markers of type 2 diabetes
in individuals, who are moderately obese than BMI. 

Key words: Diabetes  mellitus,  fat  distribution,  thigh  circumference, waist circumference,
waist-to-thigh ratio

INTRODUCTION
Diabetes Mellitus (DM) was once thought a rare disease in Africa. But now Africa is

experiencing   one   of   the   most   rapid   epidemiological  transitions,  with   the   burden  of  non-
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communicable diseases and especially diabetes, overwhelming to Africa’s health care systems. This
increasing burden is not paralleled by resources. A decade ago, the prevalence estimates in Rural
Sub Saharan Africa was put at 0-2.2% and that of for Urban Sub Saharan Africa, at 2.2-6.7%
(Sobngwi et al., 2001). There is no substantial data of diabetes prevalence in Ghana. Amoah et al.
(2002) put a crude prevalence at 6%. The identification of factors associated with individuals in
early stages of DM is crucial in order to potentially prevent the occurrence of DM and its related,
systemic complications particular, Cardiovascular Diseases (CVD), the leading cause of morbidity
and mortality for patients suffering from DM (Ryden et al., 2003).

The skeletal muscle is the most important organ in energy expenditure, accounting for 60-80%
of energy expenditure, of which basal metabolic rate comprises 50-80% of daily energy expenditure
(Ravussin et al., 1986). However, this is not exactly the same among individuals due to differences
in body weight and body composition (Bray et al., 2012; Tataranni and Ravussin, 1995). This
variability has been expressed in differences shown in the skeletal muscle metabolism (Zurlo et al.,
1990). Skeletal muscle is one of the major target organs of insulin resistance and metabolic
syndrome (Kelley et al., 1999). 

The development of obesity is associated with increased energy intake and reduced energy
expenditure (Simoneau et al., 1999). Obesity and insulin resistance are well established risk factors
for type 2 diabetes mellitus (Haffner et al., 1990; Hofso et al., 2009). Skeletal muscle is the most
important site of insulin resistance and accounts for approximately 90% of overall glucose disposal
(Ferrannini et al., 1985).

The BMI has often been used to quantify the degree of obesity as a marker of insulin resistance
but this could be misleading, because the quantity and the distribution of body fat has been shown
to be the main determinants of insulin resistance in obesity (Taylor et al., 1998; Mazess et al.,
1990). Visceral fat rather than subcutaneous fat has been more implicated in insulin resistance and
the development of type 2 diabetes (Bjorntorp, 1991). Some sports men especially body weight
builders may have BMI greater than 30 kg mG2 but with no sign of insulin resistance or
carbohydrate dysregulation (Witt and Bush, 2005), hence some researchers have rather tried to
look at the total skeletal mass, waist-to-thigh ratio, waist-to-hip ratio and thigh circumference as
indices for the development of insulin resistance or type 2 diabetes rather than BMI (Snijder et al.,
2003). 

Skeletal mass also correlates to the thigh circumference. Muscle mass contains 98% of total
creatinine, which is filtered by the kidney. Creatinine is formed from muscle creatinine. The
amount of creatinine per unit of skeletal muscle is stable and proportional to skeletal mass; hence
plasma creatinine concentration therefore is a direct reflection of skeletal mass. In subjects with
normal  renal  function,  creatinine  measurement  gives  a  good  reflection of muscle mass
(Bonsnes and Taussky, 1945). Low serum creatinine level was found to be associated with a high
risk of type 2 diabetes in non obese middle-aged Japanese men (Harita et al., 2009). In another
study in Japan, whole-body skeletal muscle mass was found not associated with either glucose
tolerance or insulin sensitivity in overweight and obese men and women (Kuk et al., 2008).

Skeletal muscles in obese mice have been shown to have reduced number of mitochondria and
therefore reduced skeletal muscle utilization of glucose and lipids (Bonnard et al., 2008) partly
responsible for the observed insulin resistance in obese subjects. 

If there is association between skeletal muscle mass and type 2 diabetes, then plasma
creatinine must have an association with type 2 diabetes, since plasma creatinine reflects total
body mass. Low skeletal muscle mass is associated with insulin resistance and metabolic syndrome
(Lithell et al., 1981). Serum creatinine may therefore serve as surrogate marker of muscle mass and
provide a possible relationship between low serum creatinine and type 2 diabetes. 
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There is no substantial data on the prevalence of obesity in Bolgataga or Ghana. However, the
sudden proliferation of fast foods and increasing sedentary life styles and as many people are
becoming more affluent due to the improvement of the economy to middle income status, appears
to be increasing the prevalence of obesity in Ghana. It is therefore important to relate skeletal mass
and lipid profile to the occurrence of diabetes mellitus.

In this study we determined the association between thigh circumference, waist-to-thigh ratio
and plasma creatinine level and the lipid profile on type 2 diabetes in diabetic subjects as predictive
markers of type 2 diabetes. 

MATERIALS AND METHODS
A cross-sectional comparative study was carried out at the Diabetic Clinic of the Upper East

regional Hospital (Bolgatanga, Ghana, among diabetic subjects visiting the facility. All procedures
were approved by the Committee on Human Research Publication and Ethics of School of Medical
Sciences, KNUST Kumasi, Ghana (CHRPE/Student/113/09). A written informed consent form was
completed by all the participants who were recruited into the study after the study was explained
in a language they understand.

Subjects: The study population was made up of 134 sequentially enrolled diagnosed type 2
diabetics aged between 25-70 years who reported at the diabetic clinic and 70 non-diabetic healthy
individual volunteers of similar age range some, who accompanied their sick relatives to the centre.
Consent was sort from all subjects, after the project objective was explained to them and they were
issued with a consent form, which was duly completed and signed/thumb-printed. Data was also
obtained from the participants through administered questionnaire. Because life style is known to
have an effect on fat distribution and glucose metabolism, smokers, sedentary subjects, high alcohol
intake were excluded in the study after an interview/questionnaire. However, it was difficult to
determine the degree of inactivity to be considered sedentary and the limitations in the subjects’
ability to give the exact amount of cigarette and alcohol consumption, hence estimations were made
from the questionnaires. For example office workers who never did some form of physical exercise
were considered sedentary and those who took more than an estimated 24 g alcohol per day were
considered high drinkers (Greenfield and Kerr, 2008).

Sample collection: About 5.0 mL of venous blood samples was aseptically collected from the
median antecubital or cephalic veins of the study subjects, after an overnight (12 h) fast was
aseptically collected. The blood was then dispensed into labelled plain BD vacutainer®, tubes and
fluoride oxalate coated tubes (to prevent glycolysis) for fasting blood glucose (Becton Dickenson,
Plymouth, UK). Samples for blood glucose assay were immediately analysed. After clotting, blood
sample in the plain tubes were centrifuged at 3000 g for 3 min and the serum stored at -20°C until
ready for analysis for creatinine and the lipid profile.

Anthropometric measurement: Body weights were measured (to the nearest 0.5 kg), with the
subject standing on a weighing scale (Hospibrand ZT-120, England), wearing light clothing after
the weighing scale was adjusted to zero kg and calibrated using known weights. Heights were
measured (to the nearest 1.0 cm), with the subject standing in an erect position against a vertical
scale of a stadiometer (Fischer Scientific) and an L-square placed on the head and the head
positioned so that the top of the external auditory meatus was in level with the inferior margin of
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the bony orbit. The measurements of the thigh circumference were taken in the middle point
between the inguinal fold and the proximal border of patella. The waist measurements were taken
from the middle point between the iliac crest and the last rib, as recommended by the World Health
Organization (WHO., 2009). Waist and thigh circumferences were measured twice to the nearest
centimeter and the mean were used for subsequent analysis. All measurements were recorded in
centimeters (cm) but the height was converted to meters. The BMIs were then calculated as weight
in kilograms divided by the height in meter squared. 

Biochemical assay: Serum total cholesterol, HDL, LDL, VLDL cholesterol and triglycerides were
determined by enzymatic assay procedure (on COBAS Intergra 400 Plus auto analyser: Roche).
Interassay coefficient of variation (2.3 and 2.1%) for low and high total cholesterol controls,
respectively  comply with  National  Cholesterol  Education  Programme  recommendation
(National Heart Lung and Blood Institute, 1988). Plasma glucose and serum creatinine were
similarly determined enzymatically on the same automated machine with specific reagent kit
designed for the equipment.

Statistical analysis: Results were expressed as Means±SEM. Data were analysed by one-way
ANOVA followed by the Bonferroni test for multiple comparison using Graph Pad Prism version
5.0 (Graph Pad Software, San Diego California). Unpaired Student t-tests were used to assess for
significance. Statistical significance was set at p-value#0.05 for the various parameters in the
study. A linear regression and univariate regression analyses, was done considering gender and
the measures of fat distribution to find predictors of glucose level from the various parameters.

RESULTS 
Table 1 and 2, show the metabolic changes in diabetics and controls and the effect of gender on

these metabolic changes among the diabetic male and female only. Body weight, BMI, WC, FBS
total cholesterol, WTR, TG and VLDL were significantly higher in the diabetics compared to the
non diabetic population. However, HDL was significantly higher in the normal population than the
diabetics. There was no significant change in creatinine levels. Gender was a factor in obesity,
which  shows  female  diabetics  with  significantly  higher  BMI,  WC,  total cholesterol and LDL

Table 1: General characteristics of the entire population
Parameters  Subjects (n = 134 ) Control (n = 70) p-value
Age (year) 50.63±11.38  49.17±7.89  0.5402
Wt (kg) 66.85±13.96 62.33±10.49  0.0182
BMI (kg mG²)  24.50±5.09 22.46±4.16  0.0043
WC (cm) 90.13±17.09 78.81±10.30 <0.0001
Thigh circumference (cm) 50.63±10.82 51.80±6.11  0.4022
WTR 1.82±0.41 1.53±0.18 <0.0001
FBS (mmol LG1) 12.83±4.08 5.53±0.59 <0.0001
TC (mmol LG1) 3.81±1.24 3.62±0.85  0.2661
TG (mmol LG1) 1.23±0.97 0.53±0.41 <0.0001
HDL-C (mmol LG1) 2.27±2.52 3.45±2.45  0.0016
LDL-C (mmol LG1) 1.96±0.98 2.21±1.51  0.1549
VLDL-C (mmol LG1) 1.33±6.59 0.24±0.19  0.1679
SCRT (µmol LG1) 106.40±7.7 122.50±8.4 0.1866
Data are presented as Mean±SD, Wt: Weight, BMI: Body mass index, WC: Waist circumference, WTR: Waist-to-thigh ratio, FBS: Fasting
blood sugar, TC: Total cholesterol, TG: Triglyceride, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein
cholesterol, VLDL-C: Very low density lipoprotein cholesterol, SCRT: Serum creatinine
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Table 2: Gender characteristics of the entire population distributions
Parameters  Males (n = 33) Females (n = 101) p-value
Age (year) 49.52±11.99 51.00±11.21 0.5172 
Wt (kg) 64.76±14.69 67.53±13.72 0.3231 
BMI (kg mG²) 22.58±5.37 25.13±4.86 0.012 
WC (cm) 82.73±21.13 92.55±14.88  0.0038
Thigh circumference (cm) 48.12±12.68 51.45±10.07 0.1258
WTR 1.735±0.26 1.85±0.45 0.176 
FBS (mmol LG1) 12.47±3.00 12.95±4.38 0.5536
TC (mmol LG1) 3.43±1.30 3.93±1.21 0.0449
TG (mmol LG1) 1.30±0.85 1.20±1.01 0.628 
HDL-C (mmol LG1) 1.82±1.83 2.42±2.70 0.2336
LDL-C (mmol LG1) 1.66±0.99 2.06±0.96 0.0409
VLDL-C (mmol LG1) 2.15±8.96 1.07±5.63 0.414
SCRT (µmol LG1) 119.60±9.86 113.00±10.40 0.5964
Data are presented as Mean±SD, Wt: Weight, BMI: Body mass index, WC: Waist circumference, WTR: Waist-to-thigh ratio, FBS: Fasting
blood sugar, TC: Total cholesterol, TG: Triglyceride, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein
cholesterol, VLDL-C: Very low density lipoprotein cholesterol, SCRT: Serum creatinine

Table 3: Classification of diabetic subjects into obese and non-obese using the BMI, WC and WTR
BMI$30 kg mG² WC (IDF criteria) WTR$1.95
-------------------------------------------------- ------------------------------------------------ -------------------------------------------------
Obese Non obese Obese Non obese Obese Non obese

Parameters (n = 14) (n = 120) p-value (n = 69) (n = 65) p-value (n = 33) (n = 101) p-value
Age (year) 49.36±13.92 50.78±11.11 <0.6589 52.42±10.25 48.74±12.26 0.061 50.42±9.17 48.74±11.43 0.0632
C (cm) 110.30±22.19 87.7±14.81  <0.0001 *** *** *** 99.73±8.68 87.00±18.00 0.0001
Thigh circumference 61.79±22.40 49.33±7.72  <0.0001 53.88±11.42 47.17±9.00 0.0002 47.06±8.36 51.79±11.30 0.0286
(cm)
WTR 2.01±0.94 1.80±0.30 0.0649 1.95±0.43 1.69±0.35 0.0002 *** *** ***
BMI (kg mG²) *** *** *** 27.56±4.32 21.25±3.61  0.0001 26.89±3.71 23.72±5.25 0.0017
FBS at diagnosis 8.84±3.70 12.27±5.51 0.0249 13.01±4.18 12.65±4.00 0.6104 11.23±5.95 12.13±5.27 0.4131
(mmol LG1)
TOTAL-C 4.12±1.20 3.77±1.25 0.3313 4.06±1.19 3.54±1.26 0.0152 4.21±1.20 3.68±1.24 0.0308
(mmol LG1)
TG (mmol LG1) 1.13±0.80 1.24±0.99 0.6934 1.30±1.00 1.15±0.94 0.3831 1.34±1.01 1.19±0.95 0.4212
HDL-C (mmol LG1) 2.63±2.62 2.23±2.52 0.5699 2.60±2.82 1.92±2.12 0.1209 2.68±2.74 2.14±2.44 0.2895
LDL-C (mmol LG1) 2.08±0.86 1.95±0.99 0.639 2.03±0.91 1.89±1.05 0.4034 1.98±1.00 1.95±0.98 0.8886
VLDL-C (mmol LG1) 0.51±0.36 1.43±6.96 0.6243 0.56±0.40 2.15±9.42 0.1648 0.61±0.46 1.57±7.58 0.4706
SCRT (µmol LG1) 122.50±4.5 109.60±6.8 0.0449 113.52±9.3  106.0±4.03 0.649 98.08±5.74 120.21±4.67 0.0149
Data are presented as Mean±SD, Wt: Weight, BMI: Body mass index, WC: Waist circumference, WTR: Waist-to-thigh ratio, FBS: Fasting
blood sugar, TC: Total cholesterol, TG: Triglyceride, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein
cholesterol, VLDL-C: Very low density lipoprotein cholesterol, SCRT: Serum creatinine

cholesterol than male diabetics. However, the lipid levels were all within the physiological range:
(Men with lipid levels greater than 5.82, 3.88 mmol LG1 and lower than 0.91 mmol LG1 for TC, LDL
and HDL, respectively and women with lipid levels greater than 6.21, 4.40 mmo LG1 and lower than
1.00 mmol LG1 for TC, LDL and HDL, respectively, according to the Framingham study, constitutes
a cardiovascular risk (Kannel, 1995).

Obesity has been described by several criteria: The BMI, WC and WTR by the WHO and IDF.
The WHO defines obesity as BMI>30 kg mG2, WHR>1 in men and >0.85 in women (WHO., 2000)
and WC>94 cm for men and >80 cm for women agreed by both IDF and WHO (Alberti et al., 2009).
Based on the BMI, only 10.4% of the diabetics were obese and these in addition had significantly
high WC and thigh circumference but surprisingly, this was associated with a significantly low
fasting blood glucose. However, 51.5% of the subjects under the IDF criteria were obese. Thigh
circumference, WTR, BMI and total cholesterol were significantly higher in these diabetics. Based
on the WTR criteria, 25% of the diabetics were obese. The BMI, thigh circumference, waist
circumference and total cholesterol were significantly higher in these obese subjects than in than
non obese (Table 3).
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A linear regression model was used to determine the significance and independence of the
variables in predicting the fasting blood sugar level in the subjects as well as the male and female
subjects exclusively. Men and women differ in body-fat distribution; hence gender was considered
in the analysis. Waist Circumference (WC) and Waist-to-Thigh Circumference Ratio (WTR) were
significant predictors of fasting blood glucose level in the study population (p = 0.0019, p = 0.0038,
respectively) and in the male. Total body weight, Body mass index and thigh circumference and
creatinine were not significant predictors (p = 0.8599, p = 0.6433, p = 0.6327, p = 0.5804,
respectively). Triglyceride was a significant predictor of fasting blood glucose level in the total study
population (p = <0.0001). On the contrary, total cholesterol, high density lipoprotein cholesterol,
low density lipoprotein cholesterol, very low density lipoprotein were not significant predictors of
fasting blood glucose level in the study population. The females population had triglyceride as the
only  lipid  significant  predictor  of  fasting  blood  glucose level (p = 0.0006), whereas the males
had triglyceride  and  HDL-cholesterol as  significant  predictors  of  fasting   blood   glucose  level
(p = 0.0146, p = 0.006, respectively). The regression coefficient of male triglyceride was slightly
higher than that of the female population (β = 0.069±0.027 v β = 0.045 ±0.013, respectively), whilst
the body mass index, waist circumference and waist-to-thigh ratio of the female population were
not significant predictors of fasting blood glucose level (p = 0.2217, p = 0.1536, p = 0.0639,
respectively) but in the males they were significant predictors (p = 0.0315, p = 0.0056, p = 0.0079,
respectively).

DISCUSSION
Overweight and or obesity have been shown to be predisposing factors for the development of

type 2 diabetes mellitus in several studies (Kahn et al., 2006; McTernan et al., 2002). In recent
times concern has been, not only the amount of fat associated with obesity but its distribution.
Waist circumference, waist-to-hip ratio and waist-to-thigh ratio; indicators of visceral adiposity
have been implicated as makers of diabetes in several studies (Snijder et al., 2003). The subjects
in this study presented with a significantly increased body weight, BMI, waist circumference and
higher waist-to-thigh ratio compared to the controls. The higher risk of type 2 diabetes in persons
with a high Waist-to-Hip Ratio (WHR) (WHR>1 in men and >0.85 in women (WHO., 2000) or
Waist-to-Thigh Ratio (WTR) has been attributed to increased visceral fat, however, smaller hip or
thigh circumference may also explain the predictive value of the WHR or WTR for type 2 diabetes
(Seidell et al., 1997). It was observed in the Hoorn Study that the waist-to-hip ratio and not Body
Mass Index (BMI) is an independent predictor of diabetes in the elderly (De Vegt et al., 2001). The
exact mechanism remains unclear. Several other studies have established a low waist-to-hip ratio
as a strong predictor of type 2 diabetes associated with visceral fat adiposity (Bjorntorp, 1991). In
recent times attention has now been shifted to the waist circumference and waist-to-thigh ratio
(Pouliot et al., 1994; Dobbelsteyn et al., 2001). The waist-to-thigh ratio represents an index of fatty
acid disposal and has been used to predict the occurrence of diabetes (Ohlson et al., 1985). A high
WTR is an expression of a larger skeletal mass and an increased capacity for fatty acid and glucose
disposal and is therefore associated with low plasma glucose. The waist-to-thigh ratio in particular
also gives a better prediction of the accumulation of visceral fat (Ohlson et al., 1985; Carey et al.,
1997; Chan et al., 1994; Lundgren et al., 1989), which is assumed to play an important role in the
aetiology of diabetes, because the accumulation of free fatty acids in the liver, results in insulin
resistance  and  hyper  insulinaemia  (Despres  et al., 1995). The predictive value of the WTR for
type 2 diabetes is not only due to abdominal fat accumulation (as indicated by waist circumference)
but its distribution (Snijder et al., 2003). 
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The thigh circumference of the subjects were non significantly higher than in the control and
did not significantly correlate with plasma blood glucose levels. The thigh is potentially a good
indicator of the occurrence of diabetes; people with narrow thighs are more likely to develop
diabetes and heart diseases (Snijder et al., 2003), because of decreased ability to utilize glucose and
fatty acid, the accumulation of which can result in insulin resistance, a marker of diabetes and
cardiovascular diseases (Van Pelt et al., 2002; Despres et al., 1995). 

With respect to the gender effect, the females had lager thigh circumference although not
significant. A similar trend but significant results were obtained in the Hoorn Study for both hip
and thigh circumferences (Snijder et al., 2003). Though, the thigh circumference of the females were
higher than in the male (non significantly), which should have expressed a corresponding improved
glucose handling over the male, considering the thigh circumference as an independent diabetes
risk factor. Probably, the associated higher WC, LDL and total cholesterol (known to be
diabetogenic) over the male value seems to offset the better glucose handling in the females in the
Ghanaian population contrary to what has been observed in the Caucasian women (Snijder et al.,
2003). Ghanaian women have a higher WC than their male counterparts (Owiredu et al., 2008).
This however, may also be due to the fact that measurement of hip circumference may differ
between men and women. Whereas, gluteal fat mass and pelvic width may be the main
determinants of hip circumference in women, pelvic width and muscle mass may be the main
determinants in men (Snijder et al., 2003). 

Creatinine levels, is also an expression of skeletal mass, in subjects with normal renal function
(Bonsnes and Taussky, 1945). Creatinine levels in the diabetics were similarly not significantly
increased over the controls and between the male and female (Table 1). Furthermore, creatinine
did not also predict fasting blood glucose levels, suggesting that these parameters did not directly
influence the observed significant plasma glucose difference between the normal and the diabetic
subjects (Table 4). In a study in Japan, skeletal muscle mass was similarly found not to be
associated with either glucose tolerance or insulin sensitivity in overweight and obese men and
women (Kuk et al., 2008). However, the rate of fatty acid oxidation in another study was found to
be reduced in obese and type 2 diabetes (Kelley and Simoneau, 1994; Mandarino et al., 1993)
subjects, who had lower creatinine compared to the controls. It therefore seems that ethnicity or
some genetic factors may predispose skeletal muscle to glucose utilization. In a study in rodents,
skeletal muscle in obese mice were shown to have reduced number of mitochondria and therefore 

Table 4: Gender and measures of fat distribution to predict the glucose level when used singly in a linear regression model
Total (n = 204) Female (n = 142) Male (n = 62)
----------------------------------------------- ----------------------------------------------- ----------------------------------------------

Parameters β p-value R2 β p-value R2 β p-value R2

Wt (kg) -0.030±0.171 0.8599 0.0002 -0.204±0.190 0.2832 0.0082 0.807±0.464 0.0871 0.0480
BMI 0.030±0.064 0.6433 0.001 -0.084±0.069 0.2217 0.0107 0.363±0.165 0.0315 0.0748
WC (cm) 0.645±0.205 0.0019 0.0465 0.309±0.216 0.1536 0.0145 1.652±0.575 0.0056 0.1210
Thigh circumference -0.060±0.124 0.6327 0.0011 -0.203±0.132 0.1257 0.0167 0.379±0.362 0.3 0.0179
(cm)
WTR 0.014±0.005 0.0038 0.0406 0.012±0.006 0.0639 0.0243 0.022±0.008 0.0079 0.1119
TC (mmol LG1) 0.020±0.015 0.1827 0.0088 0.012±0.016 0.4539 0.0040 0.002±0.041 0.9577 4.73E-05
TG (mmol LG1) 0.047±0.011 <0.0001 0.0783 0.045±0.013 0.0006 0.0808 0.069±0.027 0.0146 0.0954
HDL-C (mmol LG1) -0.040±0.033 0.2398 0.0068 -0.027±0.040 0.5038 0.0032 -0.203±0.071 0.006 0.119
LDL-C (mmol LG1) -0.008±0.016 0.6001 0.0014 -0.011±0.016 0.5219 0.0029 -0.033±0.049 0.5113 0.0072
VLDL-C (mmol LG1) 0.075±0.070 0.2896 0.0056 0.033±0.069 0.6311 0.0017 0.446±0.238 0.0652 0.0555
SCRT (µmol LG1) 0.072±0.391 0.5804 0.0037 0.655±2.228 0.7703 0.0023 0.841±1.76 0.6369 0.0051
Data are presented as Mean±Standard deviation, Wt: Weight, BMI: Body mass index, WC: Waist circumference, WTR: Waist to thigh ratio,
TC:  Total  cholesterol,  TG:  Triglyceride,  HDL-C:  High  density  lipoprotein  cholesterol,  LDL-C:  Low  density  lipoprotein cholesterol,
VLDL-C: Very low density lipoprotein cholesterol, SCRT: Serum creatinine . β: Regression gradient, R2: Square of the univariate coefficient
of regression, p-value significance of the association of the variable with the fasting blood sugar level
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reduced skeletal muscle utilization of glucose and lipids (Bonnard et al., 2008) which was partly
responsible for the observed insulin resistance in obese subjects. Similar results have also been
observed in a human study (Kelley et al., 2002). In obese subjects the skeletal mass is
proportionally lower compared to the total body mass and subjects predisposed to diabetes than in
lean  individual  who  tend  to  have  a  higher  skeletal  mass  ratio  to the total body mass, in
which case  the skeletal mass is protective against metabolic dysregulation of glucose and fatty
acids (Park et al., 2009).

The mean BMI of the subjects (Table 1) though significantly higher than the control level, was
within the normal range. Even, when the obese diabetic subjects were classified based on WC or
WTR (IDF) criteria (Table 3), the mean BMI of the obese was 27.56±4.32 kg mG2, more of
overweight than obese by the WHO definition of obesity (BMI$30 kg mG2) (WHO., 2000). It was not
surprising therefore that BMI was not correlated to the fasting blood glucose as has been reported
in several studies. This also asserts the fact that the distribution of the fat plays a major role in its
effect as well as the actual quantity. The WC and the WTR were significantly higher in the obese,
hence the waist circumference and the WTR correlated with the plasma blood glucose. However,
BMI, significantly predicts blood glucose levels in the obese male subject (p = 0.0315) (Table 4). The
ability  of these obesity indicators to predict diabetes may differ with ethnicity, age and sex
(Resnick et al., 1998; Nakagami et al., 2003).

Lipid profile and insulin resistance: As expected, triglycerides were also raised in the diabetic
subjects due to increased lipolysis (Table 1) probably due to increased dependence on fatty acid as
an alternative energy source (Mooradian, 2009). This is a common phenomenon particularly in
poorly controlled diabetes. In the absence of glucose cells utilize triglycerides from the adipose
tissue as a source of energy (Goldberg, 2001). The HDL, the reverse transport cholesterol
lipoprotein was significantly reduced in the subjects. When the results were subjected to univariate
analysis to predict the effect of these parameters in glyaceamic control (Table 4), triglyceride was
a significant predictor of fasting blood sugar level in the total study population (p = <0.0001).
Contrarily, total cholesterol, high density lipoprotein cholesterol, low density lipoprotein
cholesterol, very low density lipoprotein were not significant predictors of fasting blood sugar level
in the study population. This observation may be credible, because even though some of the lipid
parameters were statistically significantly different between the subjects and the controls, however
these were all within the physiological range and therefore have very minimal diabetogenic effect. 

CONCLUSION
Waist circumference and waist-to-thigh circumference ratio were better markers of type 2

diabetics, than BMI. The WC and WTR were significantly increased in the diabetic subjects and
were predictors of plasma glucose as shown from the regression analysis. Plasma creatinine was
a poor predictor of fasting blood glucose possibly because of the low prevalence obese subjects in 
Bolgatanga. 
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