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Abstract 
Background: Obese people, especially females, arc 
known to have high circulating levels of leptin, a 
hormone that increases energy expenditure and also 
regulates glucose metabolism. However, the link 
between obesity and type 2 diabetes (T2DM) through 
leptin is yet to be clearly defined. 
Objectives: This study determined and compared the 
levels of scrum leptin and HOMA-IR scores in obese 
and non-obese females with or without T2DM. We 
also determined the relationship between their scrum 
leptin levels and glycacmic control. 
Methodology: This was a cross scctional study 
involving 60 obese T2DM females, 60 non- obese 
T2DM females and 60 obese non-diabetic female adults 
who met selection criteria. Their demographic data and 
anthropometr ic parameters were obtained using 
standard - ds. Fasting blood samples were collccted 
ascptically from participants for determination of 
plasma glucose, scrum leptin, HbAk and HOMA-IR. 
Results: Scrum leptin levels in obese T2DM, obese 
non-diabetic and non-obese T2DM fcmalcss were 
(15.61 ±10.63), (11.33±14.22) and (5.92±3.68) ng/ 
ml respectively. There were s ignif icant ly much 
higher scrum leptin levels in obese T2DM than in 
obese non-diabetic females (p = 0.035S). In the obese 
T2DM participants, scrum leptin levels had strong 
negative correlation with HOMA-IR (r = -0.293, p 
- 0.023) and HbAK.( r = -0.255, p = 0.049). 
Conclusion: Serum leptin levels were much higher 
in obese females with diabetes than in those without 
diabetes. However, the strong negative correlation 
of scrum leptin levels with improving glycacmic 
control may suggest a therapeutic potential of leptin 
for diabetes which needs to be further explored. 
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Resume 
Contexte : Lcs pcrsonncs obcscs, en particulicr les 
femmcs, sont connucs pour leurs taux c lcvcs 
dc lcptinc en circulation, line hormone qui augmcntc 
la depense encrgctiquc ct rcgulc cgalcmcnt lc 
mctabolismc du glucosc. Ccpcndant, lc lien cntrc 
Pobcsitc ct Icdiabctc dc type 2 (DT2) par lc biais de 
la lcptinc n'est pas encore claircmcnt dcfini. 
ObjectiJ's: Ccttc etude a determine ct compare lcs 
taux dc lcptinc scriquc ct dc scores HOMA-IR chcz 
lcs femmcs obcscs ct non obcscs avee ou sans 
DT2. Nous avons cgalcmcnt determine la relation 
cntrc leurs taux sc r iqucs de l cp t inc ct lc 
contrdlc glyccmiquc. 
Methodologie: II s'agissait d'une etude transversalc 
portant sur 60 fcmcllcs DT2 obcscs, 60 fcmcllcs DT2 
non obcscs ct 60 fcmcllcs obcscs non diabctiqucs qui 
rcpondaicnt aux critercs dc selection. Leurs donnccs 
demographiqu^s t- -iramctres anthropomctriqucs ont 
etc obtcnus en utilisant des mcthodes standard. Des 
cchantilions dc sang a jcun ont etc prclcvcs dc manicrc 
aseptiquc chcz lcs participants pour la determination 
du glucosc plasmatiquc, dc la lcptinc scriquc, dc 
PHbAI t. ct dc FHOMA-IR. 
Resultats: Lcs taux dc lcptinc scriquc des fcmcllcs DT2 
obcscs, obcscs non diabctiqucs ct non obcscs 
DT2 ctaicnt (15,61 + 10,63), (11,33 ± 14,22) ct 
(5,92 + 3,68) ng/ml, rcspcct ivcmcnt . Lcs taux 
dc lcptinc scriquc ctaicnt significativcmcnt plus clcvcs 
chcz lcs fcmcllcs DT2 obcscs que chcz lcs fcmcllcs 
obcscs non diabctiqucs (p = 0,035S). Chcz lcs 
par t i c ipan ts DT2 obcscs, lcs nivcaux dc lcptinc 
scriquc avaicnt unc forte correlation negative avec 
PHOMA-IR (r = -0,293, p = 0,023) ct HbA (r = -
0,255, p = 0,049). 
Conclusion: Lcs taux dc lcptinc scriquc ctaicnt 
beaucoup plus clcvcs chcz lcs fcmcllcs obcscs 
d iabct iqucs que chcz ccllcs non d iabc t iqucs . 
Ccpcndant , la forte correlat ion negat ive 
des nivcaux scriqucs dc lcptinc avee ('amelioration 
du contrdlc glyccmiquc pcut suggcrcr un potcnticl 
thcrapcutiquc dc la lcptinc pour lc diabctc qui doit ctrc 
davantage explore. 

M o t s c l c s : Obesite, diabete sucre de type 
2. lcptinc serique, resistance d I'insuline, HOMA-
IR, HbA,. 
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Introduction 
Obesity is defined as an excess proportion ol body 
fat relative to lean body mass of sufficient magnitude 
to produce adverse health consequences 11. 2 | . It is 
associated with many chronic diseases including type 
2 diabetes, cardiovascular disease and some cancers 
[3J. Type 2 diabetes is the most common metabolic 
disorder worldwide |4 | , and its prevalence is growing 
at an alarming rate in both developed and developing 
countries |5 ,6] . This increase has been attributed to 
the rising prevalence of obesity which of itscll, is 
also an independent health problem [6|. Worldwide, 
approximately 90% of people with diabetes arc type 
2, and of these, 44% arc obese or overweight (7|. 
Globally, 23% of ischacmic heart disease burden and 
7-41% of certain cancer burdens arc also attributable 
to overweight and obesity [7j. 

T h e i n c i d e n c e of obes i t y is r ap id ly 
increasing in epidemic proportions all over the world 
[6, 8]. One billion of the approximately 6.5 billion 
people in the world are estimated to be overweight 
[body mass index (BMI) > 25 kg/nr] and, of these, 
at least 300 million arc obese (BMI S > 30 kg/nr) 
[7]. In a population study in Ibadan, Nigeria, the 
prevalence of obesity and overweight were found to 
be comparable to rates seen in many industrialized 
c o u n t r i e s , and r a p i d l y e m e r g i n g u rban ized 
populations in Africa [9J. In that study, the prevalence 
of obesity among women was 17.27% and 2.75% 
among men [9]. 

A similar study in Ile-Ifc, a semi urban region 
of Nigeria, also showed higher prevalence of obesity 
among women irrespective of the anthropometric 
indices of adiposity used [ 10]. It can be inferred from 
these findings that more Nigerian women than men 
arc obese and at risk of obesity-related morbidity 
and mortality. There is therefore a need for better 
understanding of the physiological and pathological 
processes that balance energy intake and energy 
expenditure in order to help in combating the menace 
of obesity. 

Lcplin is the first obese gene product known 
to participate in many physiological processes such 
as: regulation of food intake and energy metabolism, 
c a r d i o v a s c u l a r f u n c t i o n , g l u c o s e and lipid 
metabolism [11]. It is a protein hormone produced 
mainly by white adipocytes and it has structural 
similarities with the cytokine family 112]. In obesity, 
leptin looses the ability to inhibit energy intake and 
increase energy expenditure; this is termed leptin 
resistance [2]. There is also a suggestion that leptin 
could be a link between obesity and diabetes 113). 
However, this link has not been clearly defined. It 
has been demonstrated that high serum leptin levels 
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arc associated with insulin r e s i s t ance and the 
metabolic syndrome wliich is mediated by central 
o'besitv, independent of body mass index [14J. 
Studies also showed that plasma leptin levels arc not 
affected by the presence pf type 2 diabetes mellitus 
or by short-term treatment with diet or oral anti-
diabetic drugs nor by the age of patients but rather 
related to glycacmic control in female patients with 
type 2 diabetes mellitus [ 15,16). 

O t h e r p r ev ious s t u d i e s h a v e a l s o 
documented ethnic variations in scrum leptin levels 
117, 18J, which may account for the variation in the 
relationship of circulating levels of leptin with the 
presence or absence of diabetes. In a study among 
non-obese Nigerian women with T2DM, Ajala ct al.. 
showed that plasma leptin levels in poorly-controlled 
d iabe t ic pat ients were s i g n i f i c a n t l y i n c r e a s e d 
compared to those obtained in well c o n t r o l l e d 
diabetic subjects [ 19], though this study used HbAK 

value of less than 6% to determine subjects with 
controlled diabetes. 

In Nigeria, there has not been a s t u d y 
designed purposely to determine the link between 
obesity, type 2 diabetes and scrum leptin levels and 
it is plausible that a distinct relationship may exist-
Therefore, this study determined and c o m p a r e d 
levels of scrum leptin and IIOMA-1R scorcs in three 
groups of participants i.e. obese female Niger ians 
w. T2DM, obese female Nigerians without T 2 D M 
and non-obese female Nigerians with T 2 D M . We 
also determined the relationship be tween sc rum 
leptin and glycacmic control levels a m o n g the 
various groups. 

Mater ials and methods 
This was a cross-sectional, comparative hospi ta l -
based study carried out at the E n d o c r i n o l o g y , 
Diabetes and Metabolism (EDM) O u t - p a t i e n t ' s 
Clinic of a tertiary hospital in Osun State, Sou th-
western Nigeria, between January and June 2012 
following ethical approval from the inst i tut ional 
Ethics and Research Committee. In addition, s igned 
informed consent was obtained from each participant 
after a discussion session explaining the required 
procedure. 

Sixty obese and 60 non-obese females wi th 
type 2 diabetes mellitus and age comparable 60 obese 
apparently healthy female participants who met the 
inclusion criteria as stated below for each of the 3 
groups were recruited consccutivcly from the E D M 
Unit o u t p a t i e n t ' s c l in ic . G e n e r a l O u t p a t i e n t 
Department (GOPD) clinic and the hospital s t a f f 
clinic. Inclusion criteria were obese females wi th 
BMI > 30 ku/nr and non-obese female females wi th 
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BMI < 30 k g / n r . lypc 2 d iabe tes mel l i tus was 
diagnosed based on the Wl 10 criteria of 1998 [201, 
and par t i c ipan ts were cur ren t ly not on insulin 
treatment. Apparently healthy obese non-diabetic 
female Nigerians with fasting plasma glucose (I PG) 
less than 6.1 mmol/l as defined by W H O criteria of 
1998 [20], and adult females aged between 30 years 
and 64 years based on the age range mostly affcctcd 
by type 2 diabetes [21). 

T h e e x c l u s i o n c r i t e r i a w e r e u n w i l l i n g 
participants, pregnancy, acute illness within a week 
before the study and par t ic ipants who were known 
or suspected to have chronic debilitating diseases. 
1 cmalcs \\ ho were known or suspected to have other 
endocr ine diseases related to diabetes mellitus or 
o b e s i t y s u c h as C u s h i n g ' s s y n d r o m e , 
h y p o t h y r o i d i s m , po lycys t i c ovar ian s y n d r o m e , 
acromegaly, and those who were on long tern steroid 
u s e or c u r r e n t l y on s te ro id the rapy w e r e a lso 
excluded. 

Demographic data and clinical history were 
obtained with interviewer 's administered structured 
quest ionnaire. Physical examination was performed 
on each eligible participant. Body weight, height, 
waist c i rcumference (WC), hip circumference (HC), 
and blood pressure were measured in all participants 
according to standard protocol. BMI was calculated 
as weight in kilogrammes divided by square of height 
in metre* and waist to hip ratio (WHR) was also 
calculated for each participant. 

F a s t i n g b l o o d s a m p l e s w e r e c o l l c c t c d 
ascptically from each participant after an overnight 
fast of between 8 to 12 hours for all laboratory blood 
tes ts . G l y c o s y l a t e d h a e m o g l o b i n ( H b A | C ) was 
measured only in participants with type 2 diabetes 
as a marker of glycacmic control. Based on HbAK. 
resul t s , type 2 d iabe t ic pa r t i c ipan t s were then 
categorized as controlled diabetic if HbA l (. was <7% 
or poorly controlled diabetics if HbA | C > 7%. All 
part icipants were assessed for insulin resistance 
using the homeostasis model assessment of insulin 
resistance (HOMA-IR) as described by Matthews el 
al. [22 ,23] . 

Fasting plasma glucose was measured with 
the spectrophotometer using the principle ofTr indcr 
reaction [24]. HbA | ( was measured from the blood 
samples by the principle based on boronatc affinity 
chromatography with Biorad in-2-it H b A l c auto-
ana lyse r a u d i t s test ca t t idges a i \ c i \ t I u l i n i t i a l , 
standardization of the analyser with a system check 
cartridge. 

Fasting serum leptin levels were measured 
by double assay from the sera of subjects as total 
scrum leptin. This quantitative estimation of human 
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serum leptin assay was done using the human leptin 
test kit on a Chcmwcll 2910 microwcll enzyme 
linked immunosorbent assay ( l iLISA) analyser. 
Assay sensitivity was 0.3 ng/ml and specificity of 
antibodies for human leptin was 100%. Intra assay 
coefficient of variation (CV) was 6.42% while the 
inter assay coefficient of variation (CV) was 10.11 
%. The test kit laboratory reference values for a 
normal weight male = 3.84 ± 1.79 ng/ml and for a 
normal weight female = 7.36 ± 3.73 ng/ml. 

Double assay for scrum insulin were also 
done by a quantitative method with microwcll ELISA 
human insulin test kits on Chcmwcll 2910 Auto-
analyser. The test kit laboratory reference values for 
normal adults range from 0.7 to 9.0 filU/ml and 
values for adults with lypc 2 diabetes mellitus range 
from 0.7 to 25 j.tIU/ml. The sensitivity of this assay 
was 0.75 j.tIU/ml and the test has no cross reactivity 
with C-pcpt idc , proinsul in and g lucagon . T h e 
HOMA-IR estimate for insulin resis tance is as 
follows: HOMA-IR = Fasting Glucose (mmol/l) x 
Fasting Insulin (f.dU/ml)/22.5 [22]. HOMA-IR scorcs 
of >_2 was used to define individuals with insulin 
resistance as previously described by Oli ct al. for 
Nigerians [25]. 

Data analysis 
This was done using statistical package for social 
sciences (SPSS) version 17.0 (SPSS Inc. Chicago 
Illinois). The data were tested for normality using 
Kolmogorov-Smirnov test. Except where otherwise 
stated, results were expressed as mean + standard 
deviation (SD) and number count (N) with proportions 
(%). Median ± Interquartile Range (IQR) were used to 
express the result of serum leptin, scrum insulin and 
HOMA-IR data which were not normally distributed. 
Scrum leptin levels, insulin and HOMA-IR levels of 
the three groups were compared using Kruskal-Wallis-
H- test while other normally distributed continuous 
variables were compared among the three groups with 
Analysis of Variance (ANOVA). 

Serum leptin levels, insulin and HOMA-IR 
levels were also compared between two groups using 
M a n n - W h i t n c y - U test w h i l e o t h e r n o r m a l l y 
distributed continuous variables were compared 
between participants with controlled and poorly 
controlled diabetes using Student's t-tcst. Spearman's 
correlation coefficient was used to determine the 
relationship betwccivscrum leptin levels, HbA | (. and 
other continuous variables. Proportion of participants 
based on diabetes control status of the obese and 
n o n - o b e s e type 2 d i a b e t i c g r o u p s and o t h e r 
categorical variables were also compared using Chi-
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square test. Level of statistical s ignif icance was set 
as p-value <_0.05. 

Results 
Table I presents the socio-dcmographic and clinical 
characterist ics of study participants in each group. 
A total of 180 females participated in the study with 
60 participants in cach of the three groups. The age 
range for all participants was between 34 and 64 
years with mean age of 52.0 ± 7.3 years. A large 
p ropor t ion (96 .1%) of our par t ic ipants were of 
Yoruba ethnicity. 

In accordance to BMI grading by W H O [26], 
obesity class I, II and III were present in 41 (68.3%), 

15 (25.0%) and 4 (6.7%) of the obese type 2 DM 
par t ic ipants respectively. Among the obese non-
diabetic participants, 27 (45.0%) had class I obesity* 
18 (30 .0%) had class II obesity and 15 (25.0%) had 
class III obesity. In the non-obese type 2 DM group. 
21 (35 .0%) part icipants had normal BMI and 39 
( 6 5 . 0 % ) pa r t i c ipan t s w e r e overweight. Central 
obesi ty as def ined by waist circumfcrcncc (WC)of 
at least 88 cm was present in all the obese T2DM 
participants, 59 (98.3 %) of the obese non-diabclic 
par t ic ipants and in 43 (71.7%) of the non-obese 
T 2 D M participants. The anthropometric indiccs of 
part icipants arc as shown in Tabic 2. 

Table 1: Comparison of some clinical parameters of the study participants 

Parameter Obese T2DM Obese Non- DM Non-Obese T2DM p-value 

Age (Years) 52.8+7.3 50.7+7.3 52.6+7.4 0.224 
Family history of DM 25(41.7%) 17(28.3%) 16(26.7%) 0.036* 
Family history of HTN 28 (46.7%) 21 (35.0%) 22 (36.7%) 0.286 
Family history of obesity 50 (83.3%) 45 (75.0%) 25 (41.7%) 0.001* 
Childhood history of obesity 27 (45.0%) 27 (45.0%) 14(23.3%) 0.001* 
Known HTN 46 (76.7%) 21 (35.0%) 38 (63.3%) 0.0001* 
Antilipid drug use 19(31.7%) 0(0.0%) 13(21.7%) 0.0001* 
DM Duration(Years) 3.8+3.3 NA 5.5 +4.3 0.017* 

//7/V = Hypertension, DM Diabetes Mellitus, T2DM = Type 2 DM. NA = Not Applicable. *p value <0.05 is statistically 
significant 

Table 2: Comparison of the anthropometric and biochemical parameters of the Study participants 

N = 180 
Parameter Obese Obese Non- Non-Obese p-value p-value 

T2DM (a) DM (b) T2DM (c) (aVbVc) (aVb) 

Hl(cm) 157.2+5.1 157.6±10.6 160.3+5.5 0.540 0.963 
Wt (Kg) 85.6+10.1 92.1 ±14.0 66.1 ±7.6 0.0001* 0.014* 
BMI (Kg/nr) 34.5+3.4 36.5±5.1 25.9± 2.3 0.0001* 0.044* 
VVC(cm) 106.3+7.5 105.6±10.4 91.3±6.4 0.0001* 0.969 
I IC(cm) 113.7+8.9 I9.9±l 0.4 97.9±5.5 0.0001* 0.003* 
WHR 0.94+0.06 0.88±0.06 0.93±0.05 0.0001* 0.0001* 
SBP(mmHg) 133.3 ±19.2 124.8±l 8.7 I30.2±21.2 0.51 0.068 
DBP(mmllg) 79.2 ±11.1 78.3+11.8 78.7±10.8 0.908 0.900 
FPG (mmol/l) 8.1 ±2.9 5.4±0.5 8.3±2.9 0.0001* 0.0001* 
I lbA,C (%) 8.3±2.9 NA 8.7±3.0 0.457 NA 
Serum lcptin<ng/ml) 15.61 ±10.63 11.33 + 14.22 5.92±3.68 • 0.0001* 0.035* 
Serum Insulin (filU/ml 13.37+ 12.94 I2.20± 2.37 6.72±1.42 0.0001 * 0.003* 
IIOMA-IR 5.23±4.38 2.90±0.86 2.25±l. 18 0.0001* 0.0001* 
Prevalence of IR 60 (100.0%) 59 (9X.3%) 40(66.7%) 

irC = It'aist Circumference, HC = Hip Circumference. llt= Height, li t Height, WHR — Waist to Hip Ciixum/emiccRatio, BMI 
- Body Mass Index. SBP = Systolic Blood Pressure. DBP = Diastolic Blood Pressure. FPU -Pasting Plasma! Glucose. //M < 

Glycosylated Haemoglobin, HOMA-IR = Homeostasis Model Assessment of Insulin Resistance. i\'A = Mot Applicable. IR 
Insulin Resistance, "p value < 0.05 is statistically significant 
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Compar i son of b iochemical parameters 
between the obese type 2 diabetic and obese non-
diabctic female participants are also shown in Table 
2. Serum leptin levels were significantly higher 
among obese T2DM participants than in obese non-
d iabe t i c pa r t i c ipan t s (15 .61+ 10.63 ng/ml vs. 
11.33+14.22 ng/ml, p ~ 0.035). In the obese T2DM 
participants, scrum leptin' levels had weak correlation 
with BMI, VVC, and scrum insulin levels but a strong 
negative correlation with HOMA-IR and H b A i r 

Among the obese non-diabetic participants, scrum 
leptin levels had strong positive correlation with 
BMI, scrum insulin and HOMA-IR but a weak 
positive correlation with WC. Among the non-obese 
type 2 DM participants, scrum leptin levels had weak 
correlation with BMI, WC, scrum insulin levels, 
H O M A - I R , and HbA | ( . . F u r t h e r deta i l on the 
relationship of scrum leptin and HOMA-IR levels 
with BMI, WC, scrum insulin levels and HbAlC in 
all the three study groups arc as shown in Tables 3 
and 4. 

41.7% had controlled diabetes while 38.3% of the 
non-obese T2DM group had controlled diabetes. 
There were no statistically significant differences in 
the proportion of participants with controlled and 
poorly-controlled diabetes in both groups (X : = 1.39, 
p = 0.709). 

The scrum leptin levels of the obese T2DM 
par t ic ipants with control led d iabe tes were not 
significantly higher than the serum leptin levels in 
those with poorly- controlled diabetes (16.41+22.85 
ng/ml vs. 15.11+9.50 ng/ml, p = 0.092). The scrum 
insulin levels of obese T2DM participants with 
controlled diabetes were significantly higher than 
the scrum insulin levels in those with poorly-
controlled diabetes (14.03 + 32.66 jjIU/ml vs. 12.93 
+ 5.36 nIU/ml, p = 0.036). The HOMA-IR levels of 
the obese T2DM par t ic ipants with control led 
diabetes were not s ignif icant ly lower than the 
HOMA-IR levels in those with poorly-controllcd 
diabetes (5.01+8.71 vs. 5.51 ±2.81, p = 0.333S). 
There were no statistical significant differences 

Table 3 : Relationship of serum leptin levels with BMI, WC, scrum insulin levels, HOMA-IR, and HbA | t. by group. 

Obese T 2 D M Obese Non-DM Non-ObeseT2DM 
Parameter r-value p- value r-value p- value r-value p- value 

BMI +0.038 0.776 +0.281 0.030* +0.039 0.769 
W C 0.025 -0.849 +0.237 0.068 +0.058 0.660 
Scrum insulin -0 .077 0.558 +0.446 0.0001* +0.030 0.821 
HOMA-IR -0.293 0.023* +0.385 0.002* 0.000 0.996 
HbA (C -0 .255 0.049* NA NA -0.170 0.195 

BMI = Body Mass Index. IVC= Waist Circumference, r- Spearman's simple correlation coefficient, *p < 0.05 is statistically 
significant. NA = Not Applicable. 

Table 4: Relationship of HOMA-IR with BMI, WC, serum insulin levels, and H b A I C by Group. 

Obese T2DM Obese Non-DM Non-Obese T2DM 
Parameter r-value p- value r-value p- value r-value p- value 

BMI -0.105 0.424 +0.432 0.001* -0.011 0.932 
WC -K).008 0.951 +0.454 0.0001* -0.007 0.956 
Scrum insulin +0.483 0.0001* +0.385 0.002* +0.279 0.031* 
nbAu +0.196 0.134 NA NA +0.163 0.214 

BMI - Body Mass Index. WC- Hoist Circumference, r = Spearman s simple correlation coefficient. *p<0.()5 is 
statistically significant, NA = Not Applicable 

The total number of the diabetic participants 
was 120 of whom 4 0 % were assessed to have 
controlled diabetes with a mean HbAu of 5.09 + 
0.7%. Among the obese T2DM participant group. 

be tween the non-obese d iabe t ic females with 
controlled and poorly-controllcd diabetes in their 
levels of scrum leptin, insulin and HOMA-IR as 
shown inTablc 5. 
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Tah lc 5: Comparison of biochemical parameters between non-obese "12DM participants with controlled and poorly-
controlled diabetes. 

Parameters Control led DM Poorly-Control led DM p-\alue 
n (%) - 23 (38.3%) n (%) - 37 (61.7%) 

HbAK . (%) 5 .9+0.7 10.4+2.4 0.0001 
Serum leptin(ng/ml) 6 .33+4.38 5.63+2.81 0.407 
Serum Insulin(plU/ml) 6.53 + 1.62 6.93+1.35 0.964 
IIOMA-IR 2 .07+0.80 2.40 +1.29 0.058 

T2DM = Type 2 Diabetes Mcllilus. n = number of subjects. DM = 
of Insulin Resistance. *p < 0.05 is statistically significant 

Discussion 
The mean duration of T2DM was shorter in obese 
T2DM participants compared to non-obese T2DM 
participants. This may suggest that the non-obese 
T 2 D M participants had over time been subjected to 
life style modification and other diabetes treatment 
modalities that could have resulted in their present 
lower body mass index. More than 50% of all 
diabetic participants were known to be hypertensive 
whi le about one third of the obese non-diabetic 
part icipants were also found to be hypertensive. 
These f inding are suggestive of the presence of 
m e t a b o l i c s y n d r o m e in o u r p a r t i c i p a n t s . 
Hyper t ens ion , obesi ty and T 2 D M arc essential 
components of metabolic syndrome [27], which is 
k n o w n to be assoc ia ted with increased risk of 
cardiovascular morbidity and mortality. 

There were many participants with combined 
family history of T2DM and obesity among the obese 
T2DM participants compared with non-obese T2DM 
par t ic ipants . Similarly, par t ic ipants with family 
h is tory of obes i ty were more among the obese 
participants compared with non-obese participants. 
T h e s e f i n d i n g s g ive c r c d c n c c to the fami l ia l 
tendencies of these non-communicable diseases. 
Twin s tud i e s have d e m o n s t r a t e d that famil ia l 
aggregation of obesity has a gcnctic component and 
is not only due to cultural or environmental factors 
clustered in families [28], In addition, linkage studies 
have also identified markers and genes related to 
obesity in virtually all human chromosomes [28]. 
Majori ty of the participants in cach of the groups 
had documented cvidciicc of central obesify by waist 
circumference irrespective of their BMI The high 
p r c v a l c n c c of cen t ra l o b e s i t y a m o n g d iabe t i c 
p a r t i c i p a n t s w a s s i m i l a r to tha t r e p o r t e d by 
Fasanmadc ct al. [29] in Lagos among Nigerian 
females with T2DM. Central obesity is particularly 
r e c o g n i z e d as an i n d e p e n d e n t risk fac tor for 
increased cardiovascular morbidity and mortality. 

Diabetes Mcllilus, HOMA-IR = Homeostasis Model Assessment 

Scrum leptin levels were significantly higher 
in both obese participants with or without type 2 
diabetes mcllilus than in non-obese type 2 diabetic 
participants. Higher scrum leptin levels in obese 
participants have been previously reported [14, 16]. 
The higher levels of leptin in obese participants 
reflects the fact that leptin is produced by adipose 
tissue and in proportion to the amount of the adipose 
tissue in the body [30, 31]. The scrum leptin levels 
in our participants were lower when compared to 
the levels reported in other populations [ 18,32]. This 
could be due to ethnic variations in scrum levels of 
leptin and possibly to variations in the severity of 
obesi ty [17, 18]. Luke ct al. [18] have ear l ier 
demonstrated that scrum leptin levels in Nigerians 
\> ere lower when compared to that of Jamaicans and 
Americans respectively. 

Our study showed that levels of scrum leptin 
in obese T2DM participants were significantly much 
higher than the levels in the obese non-diabet ic 
participants. Liuzzi ct al. [16] found similar scrum 
leptin levels in obese diabetic participants and obese 
non-diabetics, while G u l c r c t al. [15] reported that 
leptin levels were not affected by the presence or 
absence of type 2 diabetes mcllitus among Turkish 
women. However, Buyukbcsc ct al. [33], in another 
study among Turkish obese women with and without 
type 2 diabetes mcllilus demonstrated significantly 
higher scrum levels of leptin in the group without 
type 2 diabetes mcllitus. This disparity could be as a 
result of variation in insulin secretion and sensitivity 
in T2DM sincc insulin is also known to increase 

* leptin production [34]. The leptin levels in oiir non-
obese T2DM participants were also similar to the 
levels previously reported for non -obese females 
with type 2 diabetes mcllitus in Nigeria [ 19], perhaps 
bccausc of their common cthnic background 

Many investigators demonstrated that leptin 
had a significant correlation with BMI [33, 35. 36 ] 
In this study, leptin correlated significantly with BMI 
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only in obese non-diabetic participants. This positive 
correlation was also observed in the relationship 
between their serum leptin and scrum insulin. 
However among the obese diabetic participants, 
there were poor correlations between scrum leptin 
levels, BMI and scrum insulin levels. These may be 
because of ongoing therapeutic intervention such as 
lifestyle modif icat ions and use of anti-diabetes 
agents for our diabetic part icipants which may 
modulate insulin secretion and also influcncc leptin 
secretion (15]. Scrum leptin levels were inversely 
related to HOMA-IR in obese T2DM participants 
and it did not correlate with HOMA-IR in non-obese 
T2DM participants while it had had a significant 
positive correlation with HOMA-IR in obese non 
diabetic participants. This suggests that increase in 
endogenous scrum leptin levels may rcducc insulin 
resistance in obese T2DM patients and therefore be 
a potential thcrapcutic agent il it can be augmented 
Irom an e x o g e n o u s sourcc or by any another 
physiological means. 

The potential thcrapcutic role of leptin for 
diabetes melli tus is fur ther supported by higher 
serum leptin levels in the obese type 2 diabctic 
participants with controlled diabetes than the levels 
in those with poorly-controllcd diabetes, though 
these differences in leptin levels had no statistical 
significance. There was also a significant negative 
correlation between scrum leptin levels ana HbA | ( 

levels among obese diabctic participants. The HbA | ( 

is an established marker of long term glycacmic 
control and its levels r educe with improving 
glycacmic control. The findings of this study arc 
similar to that of Buyukbcsc et al. [33] who reported 
elevated levels of leptin in obese females with 
controlled diabetes. Another previous study similarly 
demons t ra ted a weak but s ignif icant negative 
correlation between scrum levels of leptin and 
glycacmic control be fore and af ter a period of 
treatment of diabetes [15]. Even among our non-
obese T2DM participants, those with controlled 
diabetes also had elevation in their serum leptin 
levels than the i r p o o r l y - c o n t r o l l c d d i a b e t e s 
counterparts. The elevated scrum leptin levels in 
par t i c ipan ts with cont ro l led d iabetes and the 
significant negative correlation of scrum leptin levels 
with glycosylated haemoglobin levels among obese 
diabctic participants may be attributable to the known 
regulatory function of leptin on glucosc metabolism 
|11. 15]. Elevated scrum leptin levels therefore 
appear to be good for glycacmic control either as a 
therapeutic agent or as a biochemical marker of 
glycacmic control. 

HOMA-IR is a surrogate marker of insulin 
resistance that has been found to be well correlated 
with the measure of insulin resistance determined 
by cuglycacmic clamp which is the gold standard 
122]. The higher the HOMA-IR score, the higher the 
severity of insulin resistance [22, 23]. In this study, 
HOMA-IR scores increased across the groups with 
the lowest scores recorded in non-obese T2DM 
participants and the highest scores recorded in obese 
T2DM participants. In addition, the proportions of 
participants with insulin rcsistancc were 100% 
among obese T2DM participants, 98.3 % among 
obese non-diabetic participants, and 66.7% among 
non-obese T2DM participants. This finding further 
illustrates the fact that obesity is strongly associated 
with insulin resistance which is a known cause of 
type 2 diabetes mellitus. Oli ct al. [25] in Enugu, 
Nigeria previously reported that insulin rcsistancc 
estimated by IIOMA-IR is a major feature of lypc 2 
diabetes mellitus in Nigerians and that obesity 
consistently correlates with and predicts insulin 
rcsistancc. The higher degree of insulin resistance 
among obese non -diabctic participants in this present 
study also suggests that obese individuals should be 
rout inely investigated and treated for insulin 
rcsis tancc in order to prevent or delay future 
occurrence of T2DM in them. 

There were no s ign i f i can t co r re l a t ions 
between BMI or WC with HOMA-IR in both obese 
T2DM par t i c ipan t s and non -obese T2DM 
participants unlike their statistically significant 
correlations in obese non-diabetic participants. 
Liuzzi ct al. [ 16] similarly demonstrated a significant 
positive correlation between HOMA-IR and BMI in 
a population of obese non-diabetic Italians. The weak 
correlation between BMI and WC with HOMA-IR 
in all our diabetic participants may be due to the 
modulatory effect of therapy on insulin resistance 
and body weight control in diabctic patients. 

Conclusion 
Serum leptin levels were significantly higher in obese 
participants than in non-obese participants and there 
were significantly much higher serum leptin levels 
in obese women with T2DM than in those without 
T2DM. Scrum levels of leptin appear to be higher in 
obese participants with controlled diabetes than in 
those with poorly-controllcd diabetes. In particular, 
scrum leptin levels had a s ignif icant negative 
correlation with HbA | ( levels among the obese 
diabetic participants thus suggesting a potential role 
for leptin either as a marker of glycacmic control 
and or as a therapeutic agent for diabetes mellitus. 
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' HOMA-IR showed thai lite severity ol 
i n s u l i n resistance worsened with obesity and more 
so when bbesity and T2DM co-cxisi. 1 his finding 
therefore gives additional evidence in support ol the 
fact that both non pharmacologica l and 
pharmacological interventions that can reduce 
insulin resistance should continue lo form pari ol 
the management plan for obese patients with or 
without T2DM. 
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