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Abstract

Background: Obcsc people, especially females, arc
known to have high circulating levels of leptin, a
hormone that increasces 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 serum leptin and HOMA-IR scores in obese
and non-obesc females with or without T2DM. We
also determined the relationship between their serum
leptin levels and glycacmic control.
Methodology: This was a cross scctional study
involving 60 obese T2DM femalces, 60 non- obesc
T2DM females and 60 obese non-diabetic female adults
who met sclection criteria. Their demographic data and
anthropometric paramcters were obtained using
standard me - ds. Fasting blood samplcs were collected
ascptically from participants for determination of
plasma glucose, scrum leptin, HbA, and HOMA-IR.
Resudts: Scrum leptin levels in obese T2DM, obesc
non-diabctic and non-obesec T2DM femaless were
(15.61 +£10.63), (11.33+14.22) and (5.9213.68) ng/
ml respectively. There were significantly much
higher scrum leptin levels in obese T2DM than in
obese non-diabetic females (p = 0.0358S). In the obesc
T2DM participants, scrum leptin levels had strong
ncgative corrclation with HOMA-IR (r = -0.293, p
= 0.023) and HbA .( r=-0.255, p = 0.049).
Conclusion: Serum leptin levels were much higher
in obesc females with diabetes than in those without
diabetes. However, the strong negative corrclation
of serum 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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Résumé

Contexte : Les personnes obéscs, en particulier les
femmes, sont connucs pour leurs taux ¢élevés
de leptine en circulation, une hormone qui augmente
la dépense énergétique ct régule également le
mcétabolisme du glucosc. Cependant, le lien entre
I"obésité et le diabete de type 2 (DT2) par le biais de
la leptine n’est pas encore clairement défini.
Objectifs: Cette ¢tude a déterminé ct comparé les
taux de leptine sérique ct de scores HOMA-IR chez
les femmes obéscs ¢t non obéses avec ou sans
DT2. Nous avons ¢galement déterming la rclation
cntre lcurs taux sériques de leptine ct le
contréle glycémique .

Méthodologie: 1| s’agissait d’unc ¢tude transversale
portant sur 60 femelles DT2 obéses, 60 femelles DT2
non obésces ct 60 femelles obéscs non diabétiques qui
répondaient aux critéres de sélection. Leurs données
démographiques « =aramétres anthropométriques ont
¢t¢ obtenus en utilisant des méthodes standard. Des
¢chantillons de sang a jeun ont été prélevés de manidr
ascptique chez les participants pour la détermination
du glucosc plasmatique, de la leptine sérique, de
I’HbA, . ct dc THOMA-IR.

Résultats: Les taux de leptine sérique des femelles DT2
ob¢ses, obéses non diabétiques ct non obéscs
DT2 étaient (15,61 + 10,63), (11,33 + 14,22) ct
(5,92 + 3,68) ng/ml, respectivement. Les taux
dc leptine sérique ¢taient significativement plus élevés
chez les femelles DT2 obéses que chez les femelles
obéscs non diabétiques (p = 0,035S). Chez les
participantes DT2 obéses, les niveaux de leptine
sériquc avaient unc forte corrélation négative avec
I'THOMA-IR (r = -0,293, p = 0,023) ct HbA . (r= -
0,255, p = 0,049).

Conclusion: Les taux de leptine sérique étaient
beaucoup plus ¢levés chez les femcelles obéses
diab¢tiques que chez celles non diabétiques.
Cependant, la  fortc corrélation négative
des niveaux sériques de leptine avec I’amélioration
du contréle glycémique peut suggérer un potenticl
thérapeutique de la Ieptine pour le diabéte qui doit étre
davantage exploré.

Mots clés: Obésite, diabéte sucré de type
2. leptine sérique, résistance a l'insuline, HOMA-
IR, 11hA
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Introduction

Obesity is defined as an oxeess propmtlon of body
fat relative to lean body mass of sufTicient magnitude
to produce adverse health consequences [ 1. 2] 1tis
associated with many chronic discases including type
2 diabetcs, cardiovascular discase and some cancers
[3]. Type 2 diabetes is the most common mclubqlic
disorder worldwide [4], and its prevalence is growing
atan alarming rate in both developed and developing
countrics | 5, 6]. This increase has been attributed to
the rising prevalence of obesity which of itself, is
also an independent health problem [6]. Worldwide,
approximatcly 90% of pcople with diabetes arc type
2, and of these, 44% arc obese or overweight [7].
Globally, 23% of ischacmic heart discase burden and
7-41% of certain cancer burdens arc also attributable
to overweight and obesity |7].

The incidence of obesity is rapidly
increasing in cpidemic proportions all over the world
[6, 8]. Onc billion of the approximatcly 6.5 billion
people in the world are estimated to be overweight
[body mass index (BMI) > 25 kg/m?] and, of thesce,
at Icast 300 million arc obese (BMI § > 30 kg/m?)
[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
countries, and rapidly emerging urbanized
populations in Africa [9]. In that study, the prevalence
of obesity among women was 17.27% and 2.75%
among mcn [9].

A similar study in Ilc-Ife, 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 obesc and at risk of obesity-rclated morbidity
and mortality. There is therefore a need for better
understanding of the physiological and pathological
processes that balance cnergy intake and cnergy
cxpenditure in order to help in combating the menace
of obesity.

Leptin is the first obese gene product known
to participate in many physiological processcs such
as: regulation of food intake and cnergy metabolism,
cardiovascular function, glucose and lipid
mctabolism [11]. It is a protcin hormonc produced
mainly by white adipocytes and it has structural
similaritics with the cytokine family [12]. In obesity,
Ieptin looscs the ability to inhibit cnergy intake and
incrcase cnergy expenditure; this is termed leptin
resistance [2]. There is also a suggestion that leptin
could be a link between obesity and diabetes | 13].
However, this link has not been clearly defined. It
has been demonstrated that high serum leptin levels

arc associated with insulin resistance and the
metabolic syndrome which is mediated by central
obesity, independent of body mass index [14].
Studies also showed that plasma leptin levels arc not
affected by the presence of type 2 diabetes mellitus
or by short-term trecatment with dict or oral anti-
diabetic drugs nor by the age of patients but rather
related to glycaemic control in female paticnts with
type 2 diabetes mellitus [15,16].

Other previous studies have also
documented cthnic variations in serum leptin levels
[17, 18], which may account for the variation in the
rclationship of circulating levels of leptin with the
presence or absence of diabetes. In a study among
non-obesce Nigerian women with T2DM, Ajala ctal.,
showed that plasma leptin levels in poorly-controlled
diabetic patients werce significantly increasced
compared to thosc obtained in well controlled
diabetic subjccts [ 19], though this study used HbA
value of less than 6% to determine subjects with
controlled diabetes.

In Nigeria, there has not been a study
designed purposcly to determine the link between
obcsity, type 2 diabetes and scrum leptin levels and
it is plausible that a distinct rclationship may cxist.
Thercfore, this study determined and compared
levels of serum Ieptin and HOMA-IR scores in three
groups of participants i.c. obese female Nigerians

"~ T2DM, obesc female Nigerians without T2DM
and non-obese female Nigerians with T2DM. We
also determined the relationship between secrum
leptin and glycaemic control levels among the
various groups.

Materials and methods

This was a cross-scctional, comparative hospital-
based study carried out at the Endocrinology.
Diabetes and Mctabolism (EDM) Out-paticnt’s
Clinic of a tertiary hospital in Osun State, South-
western Nigeria, between January and June 2012
following cthical approval from the institutional
Ethics and Rescarch Committee. In addition, signed
informed consent was obtained {from cach participant
after a discussion scssion explaining the required
procedure.

Sixty obese and 60 non-obesc females with
typc 2 diabetes mellitus and age comparable 60 obese
apparently healthy female participants who met the
inclusion criteria as stated below for cach of the 3
groups were recruited consceutively from the EDM
Unit outpatient’s clinic, General Outpatient
Department (GOPD) clinic and the hospital staft
clinic. Inclusion criteria were obese females with
BMI = 30 kg/m* and non-obese female females with
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BMI < 30 kg/m?. type 2 diabetes mellitus was
diagnosed based on the WHO criteria of 1998 [20],
and participants were currently not on insulin
treatment. Apparently healthy obese non-diabetic
female Nigerians with fasting plasma glucose (FPG)
less than 6.1 mmol/l as defined by WHO criteria of
1998 [20]. and adult females aged between 30 years
and 64 ycars based on the age range mostly affected
by type 2 diabetes [21].

The exclusion criteria were unwilling
participants, pregnancy. acute illness within a weck
before the study and participantts who were known
or suspected to have chronic debilitating discascs.
Females who were known or suspected to have other
endocrine discases related to diabetes mellitus or
obesity  such  as Cushing’s  syndromc,
hypothyroidism, polycystic ovarian syndrome,
acromegaly, and thosc who were on long tern steroid
usc or currently on steroid therapy were also
excluded.

Demographic data and clinical history were
obtained with intervicwer’s administered structured
questionnaire. Physical examination was performed
on cach cligible participant. Body weight, height,
waist circumference (WC), hip circumference (HO),
and blood pressure were measured in all participants
according to standard protocol. BMI was calculated
as weight in kilogrammes divided by squarc of height
in metres and waist to hip ratio (WHR) was also
calculated for cach participant.

Fasting blood samples were collected
ascptically from cach participant after an overnight
fast of between 8 to 12 hours for all laboratory blood
tests. Glycosylated hacmoglobin (HbA ) was
mcasurcd only in participants with type 2 diabetes
as a marker of glycacmic control. Bascd on HbA .
results, type 2 diabetic participants were then
categorized as controlled diabetic if HbA, . was <7%
or poorly controlled diabetics if HbA,. > 7%. All
participants were asscssed for insulin resistance
using the homceostasis model assessment of insulin
resistance (HOMA-IR) as described by Matthews ef
al.[22, 23].

Fasting plasma glucosc was mcasured with
the spectrophotometer using the principle of Trinder
rcaction [24]. HbA, . was measured from the blood
samples by the principle based on boronate affinity
chromatography with Biorad in-2-it HbA . auto-
analyser and its test catridges after. lh.(Lmuml
standardization of the analyser with a system check
cartridge.

Fasting scrum leptin levels were measured
by double assay from the scra of subjects as total
scrum leptin. This quantitative estimation of human

-
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serum Ieptin assay was done using the human leptin
test kit on a Chemwell 2910 microwell enzyme
linked immunosorbent assay (ELISA) analyscr.
Assay sensitivity was 0.3 ng/ml and specificity of
antibodics for human leptin was 100%. Intra assay
cocflicient of variation (CV) was 6.42% while the
inter assay cocflicient 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
donc by a quantitative method with microwell ELISA
human insulin test kits on Chemwell 2910 Auto-
analyscr. The test kit laboratory reference values for
normal adults range from 0.7 to 9.0 plU/ml and
valucs for adults with type 2 diabetes mellitus range
from 0.7 to 25 plU/ml. The sensitivity of this assay
was 0.75 plU/ml and the test has no cross reactivity
with C-peptide, proinsulin and glucagon. The
HOMA-IR estimatc for insulin resistance is as
follows: HOMA-IR = Fasting Glucose (mmol/l) x
Fasting Insulin (ulU/ml)/22.5 [22]. HOMA-IR scores
of > 2 was uscd to define individuals with insulin
resistance as previously described by Oli et al. for
Nigerians [25].

Data analysis

This was denc using statistical package for social
sciences (SPSS) version 17.0 (SPSS Inc. Chicago
Illinois). The data were tested for normality using
Kolmogorov-Smimov 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, serum 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).

Scrum leptin levels, insulin and HOMA-IR
levels were also compared between two groups using
Mann-Whitncy-U test while other normally
distributed continuous variables were compared
between participants with controlled and poorly
controlled diabetes using Student’s t-test. Spearman’s
correlation cocfficient was used to determine the
relationship betweenscrum Ieptin levels, ‘HbA, .and
other continuous variables. Proportion of pdl’thlpdnts
based on diabetes control status of the obese and
non-obese type 2 diabetic groups and other
catcgorical variables were also compared using Chi-
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squarc test, Level of statistical significance was sct
as p-valuc <0.05.

Results

Table 1 presents the socio-demographic and clinical
characteristics of study participants in cach 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 ycars. A large

proportion (96.1%) of our participants were of

Yoruba cthnicity.
Inaccordance to BMI grading by WHO [26],
obesity class I, [Tand 11 were present in 41 (68.3%),

15 (25.0%) and 4 (6.7%) of the obese type 2 pM
participants respectively. Among the obese non-
diabetic participants, 27 (45.0%) had class | obesity.
18 (30.0%) had class H obesity and 15 (25.0%) had
class [T obesity. In the non-obesc type 2 DM group.
21 (35.0%) participants had normal BMI and 39
(65.0%) participants were overweight. Central
obesity as defined by waist circumference (WC) of
at least 88 em was present in all the obese T2DM
participants, 59 (98.3 %) of the obese non-diabetic
participants and in 43 (71.7%) of the non-obese
T2DM participants. The anthropometric indices of
participants arc as shown in Table 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
Known HTN

Antilipid drug use

DM Duration(Years)

27 (45.0%)
46 (76.7%)
19(31.7%)
3.8+33

27 (45.0%) 14 (23.3%) 0.001*
21 (35.0%) 38 (63.3%) 0.0001*
0(0.0%) 13(21.7%) 0.0001*

NA 5.5+4.3 0.017*

HTN = Hypertension, DM — Diabetes Mellitus, T2DM = Tipe 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 (¢) (aVbVc) (aVb)
Ht(cm) 157.245.1 157.6110.6 160.3+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/m?) 34.5+3.4 36.5+5.1 259+ 2.3 0.0001* 0.044*
WC(cm) 106.31+7.5 105.6410.4 91.3+6.4 0.0001* 0.969
HC(cm) 113.748.9 19.9410.4 D1.9+55 0.0001* 0.003*
WHR 0.94+0.06 0.88+0.06 0.9340.05 0.0001* 0.0001*
SBP(mmHg) 133.3 +19.2 124.8418.7 130.2421.2 0.51 0.068
DBP(mmHg) 79.2 £11.1 78.3411.8 78.7+10.8 0.908 0.900
FPG (mmol/l) 8.142.9 5.440.5 8.3+2.9 0.0001* 0.0001*
HbAC (%) 8.342.9 NA 8.743.0 0.457 NA
Serum leptindng/ml) 15.61 +10.63 11.334+14.22 5.92+3.68 . 0.0001* 0.035*
Serum Insulin (pIU/ml 13.37+ 12.94 12.20+ 2.37 6.7241.42 0.0001 * 0.003*
HOMA-IR 5.23+4.38 2.9040.86 2.25+1.18 0.0001* 0.0001*

Prevalence of IR

60 (100.0%)

59 (98.3%)

40 (66.7%)

WC = Waist Circumference, HC = Hip Circumference. He= Heighe, Wi

Weight, WHR = Waist to Hip Circumference Ratio, BMI

= Body Mass Index. SBP = Svstolic Blood Pressure, DBP = Diastolic Blood Pressure. FPG =Fasting Plasmal Glucase. HM €
= Glveosviated Hacmoglobm, HOMA-IR = Homeostasis Model Assessment of Insuln Resistance, NA = Not Applicable. IK
Insulin Resistance, *p value < 0.05 is statistically significant
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Comparison of biochemical paramceters
between the obese type 2 diabetic and obese non-
diabetic temale participants arc also shawn in Table
2. Scrum leptin levels were significantly higher
among obese T2DM participants than in obese non-
diabetic participants (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 WC, and scrum insulin levels but a strong
negative correlation with HOMA-IR and HbA .
Among the obese non-diabetic participants, scrum
leptin levels had strong positive corrclation with
BMI, scrum insulin and HOMA-IR but a wcak
positive correlation with WC. Among the non-obese
type 2 DM participants, serum leptin levels had weak
corrclation with BMI, WC, scrum insulin levels,
HOMA-IR, and HbA . .Further detail on the
relationship of serum leptin and HOMA-IR levels
with BMI, WC, scrum insulin levels and HbAIC in
all the three study groups are 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
participants with controlled diabetes were not
significantly higher than the serum leptin levels in
thosc with poorly- controtled diabetes (16.41+22.85
ng/ml vs.15.1149.50 ng/ml, p = 0.092). The scrum
insulin levels of obese T2DM participants with
controlled diabetes were significantly higher than
the serum insulin levels in those with poorly-
controlled diabetes (14.03 +32.66 plU/ml vs.12.93
+5.36 plU/ml, p = 0.036). The HOMA-IR levels of
the obesec T2DM participants with controlled
diabetes were not significantly lower than the
HOMA-IR levels in those with poorly-controlled
diabetes (5.01+48.71 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 . by group.

Obese T2DM 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
wC 0.025 -0.249 +0.237 0.068 +0.058 0.660
Serum 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 -0.255 0.049* NA NA -0.170 0.195

BMI = Body Mass Index, WC= Waist Circumference, r= Spearman's simple correlation coefjicient, *p < 0.05 is statistically

significant, NA = Not Applicable.

Table 4: Relationship of HOMA-IR with BMI, WC, scrum insulin levels, and HbA1C by Group.

Obese T2DM

Obese Non-DM Non-Obese T2DM

Paramcter r-value p- value r-value p- value r-value p- value
BMI -0.10S 0.424 +0.432 0.001* -0.011 0.932
wW(C +0.008 0.951 +0.454 0.0001* -0.007 0.956
Serum insulin +0.483 0.0001* +0.385 0.002* +0.279 0.031*
HbA, +0.196 0.134 NA NA +0.163 0.214

BMI = Body Mass Index, WC= Wuaist Circumference, r = Spearman's simple corrvelation coefficient. *p<0.05 is

statistically significant, NA = Not Applicable

The total number of the diabetic participants
was 120 of whom 40% were assessed to have
controlled diabetes with a mean HbA, of 5.09 +
0.7%. Among the obese T2DM participant group,

between the non-obese diabetic females with
controlled and poorly-controlled diabetes in their
levels of scrum leptin, insulin and HOMA-IR as
shown inTablc §.
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Tahle §: Comparison of biochemical parameters between non-obese T2DM participants with controlled and poorly-

controlled diabetes.

Parameters Controlled DM Poorly- Controlled DM p-value
n (%)= 23 (38.3%) n (%) = 37 (61.7%)

HbA (%) 5.940.7 10.4+2.4 0.0001*

Serum leptin(ng/ml) 6.331-4.38 5.6342.81 0.407

Serum Insulin(plU/ml) 6.53+1.62 6.93+1.35 0.964

IHOMA-IR 2.0740.80 2.40 +1.29 0.058

T2DM = Type 2 Diabetes Mellitus, n = number of subjects. DM = Diabetes Mellitus, HOMA-IR = Homeostasis Model Assessment

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-obcse
T2DM participants had over timic been subjected to
life style modification and other diabetes trecatment
modalitics that could have resulted in their present
lower body mass index. More than 50% of all
diabetic participants werc known to be hypertensive
whilc about onc third of the obese non-diabetic
participants were also found to be hypertensive.
These finding are suggestive of the presence of
metabolic syndrome in our participants.
Hypertension, obesity and T2DM arc essential
componcnts of metabolic syndrome [27], which is
known to be associated 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
participants. Similarly, participants with family
history of obesity were morc among the obese
participants comparcd with non-obese participants.
These findings give credence to the familial
tendencices of these non-communicable discascs.
Twin studics have demonstrated that familial
aggrcgation of obesity has a genctic component and
is not only duc to cultural or cnvironmental factors
clustered in familics [28]. In addition, linkage studics
have also identificd markers and genes related to
obesity in virtually all human chromosomes [28].
Majority of the participants in cach of the groups

had documented eviderice of central obesity by waist’

circumference irrespective of their BML The high
prevalence of central obesity among diabetic
participants was similar to that reported by
Fasanmadc ct al. [29] in Lagos among Nigerian
females with T2DM. Central obesity is particularly
recognized as an independent risk factor for
incrcased cardiovascular morbidity and mortality.

Scrum leptin levels were significantly higher
in both obesc participants with or without type 2
diabetes mellitus than in non-obesc type 2 diabetic
participants. Higher scrum leptin levels in obese
participants have been previously reported [14, 16].
The higher levels of leptin in obesc participants
reflects the fact that Ieptin is produced by adiposc
tissuc and in proportion to thc amount of the adipose
tissuc in the body [30, 31]. The scrum Ieptin levels
in our participants werc lower when compared to
the levels reported in other populations [ 18, 32]. This
could be duc to cthnic variations in scrum levels of
Icptin and possibly to variations in the severity of
obesity [17, 18]. Luke ct al. [18] have carlier
demonstrated that scrum leptin levels in Nigerians
were lower when compared to that of Jamaicans and
Americans respectively.

Our study showed that levels of secrum leptin
in obesec T2DM participants were significantly much
higher than the levels in the obesc non-diabetic
participants. Liuzzi ct al. [16] found similar scrum
leptin levels in obese diabetic participants and obese
non-diabetics, while Guler ct al. [15] reported that
Ieptin levels were not affected by the presence or
absence of type 2 diabetes mellitus among Turkish
women. However, Buyukbesc et al. [33], in another
study among Turkish obesec women with and without
type 2 diabetes mellitus demonstrated significantly
higher serum levels of leptin in the group without
type 2 diabetes mellitus. This disparity could beasa
result of variation in insulin secretion and sensitivity
in T2DM sincce insulin is also known to incrcase

"leptin production [34]. The Ieptin Iévels in our non-

obese T2DM participants were also similar to the
levels previously reported for non -obese females
with typce 2 diabetes mellitus in Nigeria [ 19], perhaps
because of their common cthnic background.

Many investigators demonstrated that lepuin
had a significant correlation with BMI [33, 35.36 ]
In this study, leptin corrclated 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 serum insulin,
However among the obese diabetic participants.
there were poor correlations between serum leptin
levels, BMIand serum insulin levels. These may be
because of ongoing therapeutic intervention such as
festyle modifications and usc of anti-diabetes
agents for our diabetic participants which may
modulate insulin seeretion and also influence leptin
secretion [15]. Serum leptin levels were mversely
related to HOMA-IR in obese T2DM participants
and itdid not correlate with HOMA-IR in non-obese
T2DM participants whilc 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 reduce insulin
resistance in obese T2DM patients and therefore be
a potential therapeutic agent if it can be augmented
from an exogenous source or by any another
physiological mcans.

The potential therapeutic role of leptin for
diabetes mellitus is further supported by higher
serum leptin levels in the obese type 2 diabetic
participants with controlled diabetes than the levels
in those with poorly-controlled diabetes, though
these differences in leptin levels had no statistical
significancc. There was also a significant ncgative
correlation between serum leptin levels ana HbA
levels among obesc diabetic participants. The HbA,
is an cstablished marker of long term glycacmic
control and its Icvels reduce with improving
glycacmic control. The findings of this study arc
similar to that of Buyukbesc ¢r «l. [33] who reported
clevated levels of Ieptin in obese females with
controlled diabetes. Another previous study similarly
demonstrated a weak but significant negative
corrclation between scrum levels of leptin and

glycacmic control before and after a period of

trcatment of diabetes [15]. Even among our non-
obese T2DM participants, those with controlled
diabetes also had clevation in their serum leptin
levels than their poorly-controlled diabetes
counterparts. The elevated scrum leptin levels in
participants with controlled diabetes and the
significant negative correlation of serum leptin levels
with glycosylated hacmoglobin levels among obese
diabcetic participants may be attributable to the known
regulatory function of leptin on glucose metabolism
[11. 15]. Elevated scrum leptin levels therefore
appcar to be good for glycacmic control cither as a
therapeutic agent or as a biochemical marker of
glycacmic control.

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

There were no significant correlations
between BMI or WC with HOMA~IR in both obese
T2DM participants and non-obesc T2DM
participants unlike their statistically significant
corrclations in obese non-diabetic participants.
Liuzzi ctal. [16] similarly demonstrated a significant
positive correlation between HOMA-IR and BMI in
a population of obese non-diabetic Italians. The weak
corrclation between BMI and WC with HOMA-IR
in all our diabetic participants may be duc to the
modulatory cffeet of therapy on insulin resistance
and body weight control in diabetic patients.

Conclusion

Serum Ieptin 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. Serum levels of leptin appear to be higher.in
obese participants with controlled diabetes than in
those with poorly-controlled diabetes. In particular,
serum leptin levels had a significant negative
correlation with HbA, levels among the obese
diabetic participants thus suggesting a potential role
for Ieptin cither as a marker of glycacmic control
and or as a therapeutic agent for diabetes mellitus.
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HOMA-IR showed that the severity of
insulin resistance worsened with obesity and more
so when obesity and T2DM co-exist. This finding
therefore gives additional evidence in support ofthe
fact that both non pharmacological and
pharmacological interventions that can reduce
insulin resistance should continue to form part of
the management plan for obese patients with or
without T2DM.

References

I. Zamboni M, Mazzali G, Zoico E, et al. Health

conscquences of obesity in the clderly: a review

of four unresolved questions. Int J Obes (Lond)
2005:29(9):1011-1029.

Enriori PJ, Evans AE, Sinnayah P and Cowley

MA. Leptin resistance and obesity. Obesity

(Silver Spring) 2006; 14 Suppl 5:254S5-258S. 3.

Dyson PA. The therapeutics of lifestyle

management on obesity. Diabetes Obes

Mctab 2010:12(11):941-946.

4. Goldstein BJ. Insulin resistance: from benign to
type 2 diabetes mellitus. Rev Cardiovasc Med
2003; 4 Suppl 6:S3-10.

5. Wild S, Roglic G, Green A, Sicree R and King H.
Global prevalence of diabetes: estimatcs for the
year 2000 and projections for 2030. Diabetes
Carc 2004; 27(5):1047-1053.

6. Yach D, Stuckler D and Browncll KD.
Epidemiologic and economic conscquences of
the global epidemics of obcsity and diabetes. Nat
Med 2006; 12(1):62-66.

7. World Hecalth Organization. Global health risks:
mortality and burden of discasc attributable to
selected major risks. Geneva, Switzerland:
World Health Organization; 2009.

8. Djianc J and Attig L. Role of leptin during
perinatal metabolic programming and obesity. J
Physiol Pharmacol 2008; 59 Suppl 1:55-63. 9.
Olatunbosun ST, Kaufman JS and Bella AF.
Prevalence of obesity and overweight in urban

- adult Nigerians. Obes Rev 20113 12:233-241.

10. Akintomide AO, Adedoyin RA, Adcbayo RA, et
al. Relationship between adiposity and blood
pressurc among scmi-urban adult of Odo-Ogbe
community in Ile-Ife, Nigeria. Nig Journal of
Health Sc¢ 2009; 9 (2):11-18.

11. Dong F and Ren J. Fitness or fatness—the dcbate
continues for the role of leptin in obesity-
associated heart dysfunction. Curr Diabetes Rev
2007:3(3):159-164.

12 de Luis DA. Perez Castrillon JL and Ducnas A.
Leptin and obesity. Minerva Med 2009;
100(3):229- 236.

to

GOD Ajani', BA Kolawole', O Okunola, ¢t al.

13. Girard J. Is leptin the link between obesity and

14.

15.

16.

18.

19.

23.

insulin resistance? Diabetes Mctab 1997; 23
Suppl 3:16-24.

Esteghamati A. Khalilzadeh O, Anvari M, er al.
Association of scrum lcptin levels with
homcostasis modcl asscssment-estimated insulin
resistance and metabolic syndrome: the key role
of centra~obesity. Mctab Syndr Relat Disord
2009; 7(5):447- 452.

Guicr S, Cakir B, Demirbas B, er al.  Leptin
concentrations arc rclated to glycacmic control,
but do not changc with short-tcrm oral
antidiabetic therapy in female patients with type
2 diabetes mellitus. Diabetes Obes Mctab

2000:2(5):313-316.

Liuzzi A, Savia G, Tagliaferri M, et al. Serum
leptin concentration in moderate and severe
obesity: relationship  with  clinical,
anthropometric and metabolic factors. Int J Obes
Relat Mctab Disord 1999:23(10):1066-1073.

Perez F. Santos JL, Albala C, Calvillan M and

Carrasco E. Obesity and leptin association in
three Chilcan aboriginal populations. Rev Med
Chil 2000; 128(1):45-52.

Luke AH, Rotimi CN, Cooper RS, et al. Leptin
and body composition of Nigerians, Jamaicans
and US blacks. Am J Clin Nutr 1998; 67:391-
396.

Ajala MO, Ogunro PS, Idogun SE and Osundcko
0. Rclationship between plasma antioxidant
status and leptin in controlled and non-controlled
type 2 diabetic non-obese women. Int J
Endocrinol Mctab 2009; 4:214-221.

. Alberti KG and Zimmet Pl. Definition, diagnosis

and classification of diabctes mellitus and its
complications. Part 1: diagnosis and
classification of diabetes mellitus provisional
report of a WHO consultation. Diabet Med 1998;
15(7):539-553.

. International Diabetes Federation. IDF diabetes

atlas: diabetes and Impaired glucose tolerance
4th cd. Sicree R, Shaw J, Zimmet P, Baker IDI
Heart and Diabetes Institute, editors. Bglgium:
International Diabetes Federation; 2011.

. Mathews DR, HoskerlP, Rudenski AS, ¢t al.

Homecostasis model assessment: insulin.
resistance and beta-cell function from fasting
plasma glucose and insulin concentrations n
man. Diabetologia 1985;28(7):412-419.

Estcghamati A. Ashraf H, Khalilzadeh O, et al.
Optimal cut-off of homcostasis modcl
assessment of insulin resistance (HOMA-IR) tor
the diagnosis of metabolic syndrome: third



eptin link for obesity and type 2 diabetes

national surveillance of risk factors of non-
communicable discascs in Iran (SURFNCD-
2007). Nutr Metab (Lond) 2010; 7:26.

- Trinder P. Determination of blood glucose using

4-aminohenzone as oxygen acceptor. Ann Clin
Biochem.1969; 22:26.

. Oli JM, Adeyemo AA, Okafor GO, et al. Basal

insulin resistance and sceretion in Nigerians with
type 2 diabetes mellitus. Mctab Syndr Relat
Disord 2009;7(6):595-599.

- World Health Organization. Obesity: preventing

and managing the global cpidemic: report of a
WHO consultation. Geneva: World Health
Organization; 2000.

. Alberti KG, Zimmet P and Shaw J. Mctabolic

syndrome—a new world-wide definition. A
conscnsus statement from the International
Diabctes Federation. Diabet Med 2006:
23(5):469-480.

. Santos JL, Martinez JA, Perez F and Albala C.

Gencetic epidemiology of obesity: family studics.
Rev Med Chil 2005; 133(3):349-361.

. Fasanmade OA and Okubadejo NU. Magnitude

and gender distribution of obesity and abdominal
adiposity in Nigerians with type 2 diabctes
mellitus. Niger J Clin Pract 2007; 10(1):52-57.

30.

3.

32.

33

34.

35.

36.

131

Wilborn C, Beckham J, Campbell B, ¢t al.
Obesity: prevalence, theorics, medical
conscquences, management, and rescarch
dircctions. J Int Soc Sports Nutr 2005; 2:4-31.
Oshodi T, Ebuchi OA, Ojewunmi O, Udenze |
and Soriyan T. Circulating adipokinc levels in
type 2 diabetes mellitus in Lagos, Nigeria. Nig
QJ Hosp Mcd 2012; 22(1):25-28.

Fricdman JM. Leptin and the regulation of body
weight. Harvey Lect 1999; 95:107-136.

. Buyukbese MA, Cetinkaya A, Kocabas R, Guven

A and Tarakcioglu M. Leptin levels in obesc
women with and without type 2 diabetes
mellitus. Mediators Inflamm [Rescarch Support!
Non-U.S. Gov’t]. 2004; 13(5-6):321-325.
Wabitsch. M, Jensen PJ, Blum WE, ef al. Insulin
and cortisol promotc leptin Production in
cultured human fat ccll. Diabetcs 1996;
45(10):1435-1438.

Considine RV, Sinha MK, Heiman; Mark. L, et
al. Serum. immunorcactive-leptin concentrations
in normal-weight and obese humans. N Engl J
Mecd 1996; 334(5):292-295.

Suzuki K, Ito V, Ochiai J, et al. Relationship
between obesity and serum markers of oxidative
stress and inflammation in Japanese. Asian Pac
J Cancer Prevent 2003; 4(3):259-266.



