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INSULIN THERAPY INDUCED ADIPOSITY EVALUATED
BY COMPUTED TOMOGRAPHY IS NOT VISCERAL

Ahmed Elsayed1, Soliman ElGebely2, Ahmed Galal3

ABSTRACT
Objective: In individuals with type 2 diabetes, weight gain during treatment with insulin and
other agents prevents the attainment of glycemic targets and probably limits the success of
treatment. Studies have attempted to elucidate the mechanisms behind the apparent paradox of
insulin improving glycemic control and cardiovascular risks, while causing weight gain. The aim
of this study is to clarify the influence of insulin therapy on body weight and differential fat
distribution (visceral or peripheral) in newly insulin treated type 2 diabetic male patients.
Patients and Methods: The study was conducted on 26 type 2 diabetic male patients evaluated
at baseline and 12 months after instituting insulin therapy. Body mass index (BMI), absolute
waist circumference (AWC), systolic and diastolic blood pressure, HbA1c% were estimated.
Abdominal Computed tomography was applied to evaluate areas of subcutaneous fat (SF) and
visceral fat (VF) before and after insulin therapy.
Results: There is significant reduction in HbA1c (9.03±0.72 vs. 7.50±0.58, p<0.001) and
significant increase body mass index (BMI =28.92±1.39 vs.  29.81±1.27, p=0.02) .However there
was non significant changes in the AWC 103.27±3.87 Vs 105.14±3.25, P=0.065, VF 121.01±5.84
Vs 123.01±5.55, p=0.213, SF 206.54±9.93 Vs 212.12±11.62, P = 0.069and V/S ratio 0.59±0.03
vs. 0.58±0.03, P=0.365.
Conclusion: Weight gain in the newly insulin treated type 2 diabetic patients during 12 months
duration is equally distributed in both peripheral and visceral fat. So, insulin therapy does not
appear to increase the visceral fat in type 2 diabetic patients which is strongly liked to
atherosclerosis. Longer-term follow up and bigger sample size are necessary to address the issue
of the kinetics of weight gain and to establish the possible correlation with other cardiovascular
risk markers.
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INTRODUCTION

In patients with diabetes, the benefits of tight
glycemic control are unequivocal, delayed on-
set and progression of complications such as
retinopathy, nephropathy, and neuropathy.
Unfortunately intensive insulin therapy and
some oral antidiabetic agents come at the price
of weight gain, a condition that can prevent
attainment of tight glycemic goals and prob-
ably limits success of treatment.1

Weight gain is observed when insulin is in-
troduced after oral agents have failed, but also
when insulin is introduced shortly after the
diagnosis of diabetes. The mechanisms of this
weight gain are incompletely understood, but
reduction of energy lost by glucosuria and
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reduction of energy needed for glucose produc-
tion, anabolic effects of insulin, appetite in-
crease through hypoglycemia, are the main
determinants.2 In the UKPDS, at 10 years of
the study, patients treated with insulin gained
2kg more, i.e. 2.5% of the average weight of
patients included in the trial, than patients
treated with sulfonylurea. The reasons of the
excess of weight gain with insulin as compared
with sulfonylurea remain unclear. Patients
with type 2 diabetes treated with insulin gain
weight only during the first 2-3 years after in-
sulin introduction. The weight stabilizes there-
after. Type 2 diabetes usually remains un-
known for years before diagnosis and patients
may lose weight during this long period of time
preceding diagnosis. It is hypothesized that the
weight gain observed after the introduction of
insulin may simply correspond to the
reexpression of the physiologically controlled
body weight.3

However, obesity is a heterogeneous disorder
in that the storage depot for excess calories dif-
fers widely between individuals, and these dif-
ferences in fat distribution confer differential
health risks. An excess of fat in the abdominal
region is a better predictor of coronary heart
disease (CHD), as well as their risk factors
(dyslipidemia, glucose intolerance, and
hyperinsulinemia), than the total amount of
adipose tissue.4-7

Most studies designed to assess the health
risks of body fat distribution have used anthro-
pometric measures such as waist circumference
or waist-to-hip ratio (WHR) to estimate the
amount of abdominal adipose tissue. Both of
these measures are known independent predic-
tors of metabolic risk factors for CHD in men
and women, and it is likely that this associa-
tion is due to an enlargement of visceral fat
stores. In fact, the associations between risk
factors and visceral adipose tissue (VAT), mea-
sured directly with computed tomography (CT)
or magnetic imaging resonance, are stronger
than the associations observed with WHR or
waist circumference.8-12 In addition, visceral fat
accumulation also contributes to CHD risk
factors in healthy, nonobese individuals.10,13-15

Thus, the amount of VAT may be the best pre-
dictor of obesity-related metabolic complica-
tions and could be more clinically relevant than
the quantity of total body fat for assessment of
risk status.

The aim of this study is to clarify the influ-
ence of insulin therapy on body weight and
differential fat distribution (visceral or periph-
eral) in newly insulin treated type 2 diabetic
patients.

PATIENTS AND METHODS

    This study was conducted in Amiri and
Mubarak Al kabeer hospitals,Kuwait on 26
Type 2 diabetic male patients . The evaluation
was carried out before and after 12 months of
their insulin therapy. The body weight of pa-
tients was stable over the preceding 6 months,
being within ±1kg. The patients were treated
with two or three injections of insulin per day
(1.2±0.3U/Kg/day) to obtain glycaemic and
HbA1c levels close to those recommended (less
than 7%). Exclusion criteria included Drugs
known to increase body weight  or affect  fat
distribution especially thiazolidindiones
(TZDs)and steroids or any condition leading
to water and salt retention (heart failure, liver
failure or severe kidney failure). All patients
were advised by a physician and a dietitian
regarding their diet and physical activity. All
patients were fully informed of the purpose of
the study and gave informed voluntary con-
sent according to the protocol approved by the
local ethics committee and in accordance with
the ethical standards laid down in the Helsinki
declaration.

Each patient was studied at a single consul-
tation, on two separate occasions under iden-
tical conditions and separated by 12-months.
Each evaluation comprised of a full clinical
examination (weight, height, body mass index,
absolute waist circumference), biochemical
measurements (Blood glycated hemoglobin,
urea, creatinine).

Height, weight and body mass index (BMI):
Standing height and weight were measured
with the subjects in light clothing and without
shoes. Height was recorded to the nearest
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Table-I: Clinical characteristics of study population

No. 26
Age (years) 50.23±4.23
Sex male
BMI(kg/m2) 28.92±1.39
Duration of diabetes (years) 7.23±1.61
Insulin dose (U/Kg / Day) 1.2±0.3 U/Kg/day

Table-II:   Mean changes of BMI, AWC, BP,
HbA1c, VF, SF and V/S ratio

Pre insulin post insulin P Value
    therapy    therapy

BMI(kg/m2) 28.92±1.39 29.81±1.27 0.02*
AWC(cm) 103.27±3.87 105.14±3.25 0.065
SBP 125.81±8.53 125±8.33 0.731
DBP 76.88±5.89 77.65±5.56 0.630
HbA1c (%) 9.03±0.72 7.50±0.58 <0.001**
VF(cm2) 121.01±5.84 123.01±5.55 0.213
SF(cm2) 206.54±9.93 212.12±11.62 0.069
V/S 0.59±0.03 0.58±0.03 0.365

* Significant.      ** Highly significant          BMI: Body mass index
AWC: Absolute waist circumference   SBP&DBP: Systolic &
Diastolic blood pressure HbA1c: glycated hemoglobin
VF&SF: visceral & Subcutaneous fat
V/S: visceral/Subcutaneous ratio

Insulin and weight gain

centimeters and weight to the nearest 0.1 kg.
The weighing scales (Detecto-Medic, New
York, USA) were standardized daily using
standard weights of 20 and 70 kg. BMI, de-
fined as weight in kilograms per height (in
meters) squared was calculated and used as
an index for obesity.

Blood glycated hemoglobin (HbA1c): was
measured on a DCA 2000 analyzer with
dedicated reagent cartridges supplied by Bayer
Corporation (Elkhart, IN, USA).

Computed tomography (CT) was applied to
evaluate areas of subcutaneous (SF) and Vis-
ceral fat (VF) before and after insulin therapy.
The CT scan was performed at the umbilical
level with the subject resting in the supine po-
sition .The total area of the cross sectional-fat
region (i.e., including both SC and VF) at the
umbilical level was traced inside the skin to
calculate the total number of pixel showing CT
values between – 50 and -150 Hounsfield units.
These respective areas (centimeters squared)
were measured by tracing object contours on
the films of each individual scan using the com-
puterized planimetric method. The subcutane-
ous fat was clearly defined between the skin
and muscles, the visceral fat area was traced
manually along the inside of the abdominal
wall, and the number of pixels showing the
same range of CT values was calculated for
this region.

The ratio of the visceral to subcutaneous fat
was calculated as follows (visceral fat area)/
(total fat area –visceral fat area) ×100(%).

Statistical analysis: The data are presented as
mean ± SD. Independent sample t-test was
used to compare clinical, biochemical, and fat
distribution   before and after insulin therapy.
The statistical analysis was carried out using
the SPSS 12 for windows.

RESULTS

Table-I summarizes the clinical characteris-
tics of the study population at baseline before
instituting insulin therapy. All patients were
males to eliminate the sex differences in the
propensity to store fat in the abdominal
region, Mean age 50.23±4.23 years,
BMI 28.92±1.39kg/m2,  duration of diabetes
7.23±1.61 years and the average daily insulin
dose was 1.2±0.3 U/Kg/day.

Table-II showed significant reduction in
HbA1c (9.03±0.72 vs. 7.50±0.58, p<0.001)
(fig-1) and significant increase body mass
index (BMI =28.92±1.39 vs 29.81±1.27, p=0.02)
(fig-1). However there was non significant
changes in the AWC 103.27±3.87 Vs
105.14±3.25, P=0.065, VF 121.01±5.84 Vs
123.01±5.55, p=0.213, SF 206.54±9.93 Vs
212.12±11.62, P = 0.069 (fig-2) and V/S ratio
0.59±0.03 vs. 0.58±0.03, P=0.365.

DISCUSSION

In the present study, body weight increased
significantly one year after instituting insulin
treatment. However, there are non significant
changes in SF, VF and V/S ratio measured by
abdominal CT before and after insulin therapy.
So, insulin therapy does not appear to increase
the visceral fat in type 2 diabetic patients which
is strongly liked to atherosclerosis.

Treatment of diabetes mellitus with medica-
tions, including insulin, often leads to weight
gain through a variety of mechanisms.16,17
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Weight gain can have adverse consequences
for patients with type 2 diabetes, many of
whom are overweight or obese, because obe-
sity is linked to insulin resistance syndrome and
its related medical consequences. It has been
suggested that insulin-induced weight gain
may increase absolute cardiovascular risk, al-
though this issue has not yet been resolved.
Most studies investigating body composition
changes suggested that this weight gain is
made of fat.16 Though insulin prevents
microangiopathic complications, its effects on
macroangiopathic complications such as heart
disease and stroke remain controversial. Insu-
lin may exacerbate hyperinsulinemia, espe-
cially in obese type 2 diabetics, which is an
independent risk factor for atherosclerosis.18

Insulin-induced body composition changes
have been particularly well studied in Type 1
diabetic patients. In this population group, the
weight gain is predominantly composed of fat-
free mass.19 When optimal glycaemic control
is achieved, the fat-free mass of Type 1 diabetic
patients is significantly greater than that of non-
diabetic control subjects .However, in Type 2
diabetic patients the question addressing body
composition and differential fat distribution is
not fully answered. There are well-known and
physically obvious sex differences in the pro-
pensity to store fat in the abdominal region.
On average, men have twice as much visceral
fat as premenopausal women when matched
for total body fat.20,21

Our study showed the benefit of one-year in-
sulin therapy in type 2 diabetic male patients
on glycemic control with significant reduction
in HbA1c. Although this improvement in gly-
cemic control was at the expense of the signifi-
cant increase in body mass index, there was
non significant changes in the AWC, VF, SF
and V/S ratio (Table-II). Weight gain in our
insulin treated diabetic patients could be
explained by the anabolic effect on both adi-
pose and muscles together with the
antinaturetic effect of the insulin that leads to
water and sodium retention.22,23

This in agreement with another 6-month
study in patients with type 2 diabetes showed
that a weight gain of 3.2kg with intensive
therapy (n = 43) was approximately equally
distributed between lean and fat mass, and the
fat was proportionately distributed to central
and peripheral regions.24 In other study of type
2 diabetics showed that   body weight increased
significantly after instituting insulin treatment.
However, the visceral to subcutaneous fat (V/
S) ratio decreased significantly due to a marked
increase in S-fat without a change in V-fat.25

On the other hand, Sinha et al. reported a
study of 15 individuals with type 2 diabetes
who gained 4kg, mostly as truncal fat, when
treated with insulin for 6 months.16 If this is
the case, the predominant increase in abdomi-
nal fat mass may partially offset the overall
benefit of insulin in glycemic control and the
prevention of cardiovascular complications,

Fig-1: Comparison of BMI and HbA1c
pre and psotinsulin therapy

 

0

5

10

15

20

25

30

BMI                      HbA1c

Fig 1 Comparison of BMI and HbA1c 
pre and postinsulin therapy

Fig-2: Comparison of VF, SF and WC
pre and postinsulin therapy
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and the distribution of added weight may be
relevant to insulin resistance and cardiovascu-
lar risk.

Other studies showed the adverse effect of
insulin therapy on blood pressure and lipids.
Yki-Jarvinen et al, reported that weight gain
at 12 months in patients with insulin-treated
type 2 diabetes was associated with increments
in blood pressure and LDL-cholesterol, changes
that could potentially increase cardiovascular
risk.26 For type 1 diabetes, Purnell et al. re-
ported that patients who gained excessive
weight following intensive insulin therapy
were likely to experience an increase in blood
pressure and changes in lipid levels similar to
those observed in the insulin resistance syn-
drome, a condition recognized to increase the
risk for coronary heart disease over time.27

Multiple strategies can be used for weight
control in patients with type 2 diabetes, but
many current approaches have shortcomings.
A metformin/insulin combination therapy is
a useful approach which limits weight gain.
New insulin analogs may offer comparable ben-
efits, but further study is needed to define these
with precision.

CONCLUSION

The present study showed that weight gain
in the newly insulin treated Type 2 diabetic pa-
tients during 12 months duration is equally
distributed in both peripheral and visceral fat,
therefore reducing the fear of gaining weight
on cardiovascular risk, especially in light of the
improvement brought about by a decreased
HbA1c., suggesting that patients with the
greatest improvement in metabolic control
should also be those who require the most ag-
gressive nutritional advice. Longer-term follow
up and bigger sample size are necessary to
address the issue of the kinetics of weight gain
and to establish the possible correlation with
other cardiovascular risk markers.
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