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though this Iranian patients with type 2 DM had negligible 
weight change over 9.1 years on average, several clinical
and lifestyle characteristics were associated with weight 
change.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 At the time of diagnosis of type 2 diabetes mellitus 
(DM), much attention is directed toward modifying the 
patient’s lifestyle and major DM risk factors, including 
obesity, blood pressure (BP) and cholesterol levels. The 
impact of overweight and obesity on health in type 2 DM 
patients is dramatic, as evidenced by the association of a 
high body mass index (BMI) with morbidity and mortal-
ity  [1, 2] . Fortunately, weight is a potentially modifiable 
risk factor, and weight reduction has been associated with 
changes in DM complications and glycemic control  [3–
8] . Weight control efforts are an important component of 
the clinical management of DM because good glycemic 
control is often achieved at the cost of weight gain  [9] . Al-
though most studies have shown intentional weight re-
duction to be associated with a significant improvement 
in glycemic control  [3–8, 10–12] , no study evaluated long-
term patterns and predictors of weight change in Iranian 

 Key Words 

 Adults  �  Diabetes mellitus  �  Obesity  �  Overweight  �  Weight 
change  

 Abstract 

 This study describes patterns of long-term weight changes 
among patients with type 2 diabetes mellitus (DM) and iden-
tifies factors associated with weight changes. During the 
mean follow-up period of 9.1 (SD 3.6; range 1–15) years, 7,820 
patients with type 2 DM have been examined to determine 
weight changes. Their weight at the last clinic visit was com-
pared with that at the initial visit. The mean age of the par-
ticipants was 51.3 (SD 10.5) years, with a mean DM duration 
of 6.1 (SD 5.6) years at initial registration. Mean weight 
change was –1.9% (95% confidence interval, CI –2.1 to –1.7) 
and varied according to the severity of baseline obesity
(–4.1%; 95% CI –4.6 to –3.6) for normal weight, –8.9% (95% CI 
–13.0 to –4.8) for underweight, –1.7% (95% CI –2.1 to –1.3) for 
overweight and –0.3% (95% CI –0.03 to +0.73) for obese, and 
+0.2% (95% CI –1.8 to +2.1) for morbidly obese patients. Us-
ing a stepwise multiple regression model, higher body mass 
index, follow-up, fasting plasma glucose, systolic blood pres-
sure, triglyceride level and treatment with insulin increased 
the percent weight change, and higher number of follow-
up, cholesterol and smoking significantly decreased it. Al-
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patients with type 2 DM. In light of the known benefits 
of weight reduction on type 2 DM management, as well 
as emerging therapies for weight reduction, deeper in-
sights into patterns of long-term weight change in DM, 
along with patient and treatment characteristics associ-
ated with weight change, are urgently needed. By under-
standing patterns and predictors of long-term weight 
change in patients with type 2 DM, new potential inter-
ventions can be developed.

  The purpose of this study was to describe patterns of 
long-term weight change in patients with type 2 DM and 
to identify factors associated with weight change. 

 Patients and Methods 

 Data Collection 
 The recruitment methods and examination procedures of the 

Isfahan Endocrine and Metabolism Research Center outpatient 
clinics have been described before  [13] . In summary, clinical data 
are collected for all consecutive patients at the first attendance 
and at review consultations (usually annually) using standard en-
counter forms. These include an examination of ocular fundus, 
lens, limbs and BP, and construction of a problem list by the clini-
cian, measurement of height, weight, fasting plasma glucose 
(FPG), glycosylated hemoglobin (HbA 1c ), urine protein, triglycer-
ide, cholesterol and serum creatinine levels, and reporting of 
smoking as part of a completed questionnaire on demography, 
family history and smoking by the patient. A registry clerk of the 
clinic enters the data from these forms into a computer file.

  After the start of therapy, all patients were referred for nutri-
tional and weight management to qualified nutritionists to evalu-
ate the patient and – if necessary – recommend a weight manage-
ment program.

  Patients 
 Between 1992 and 2007, a total of 12,971 patients with type 1 

and type 2 DM were registered in the system. However, this study 
uses only the data from 7,820 patients [2,990 (38.2%) men and 
4,830 (61.8%) women] with type 2 DM who had at least one sub-
sequent review since registration at baseline. Tenets of the Decla-
ration of Helsinki were followed, institutional ethical committee 
approval was granted, and an informed consent was signed by 
each patient.

  Predictors of weight change were assessed using the following 
data from the patient’s registration consultation: gender, age, age 
at diagnosis, educational level, duration of DM (the time between 
diagnosis and the baseline examination), BMI (weight/height 2  in 
kg/m 2 ), smoking status (never/current), hemoglobin A 1c  (HbA 1c ) 
(measured by spectrophotometer as an indicator of diabetic con-
trol), FPG, proteinuria, serum creatinine, triglyceride, cholesterol 
and BP (systolic and diastolic) at registration. DM treatment (in-
sulin, oral agent and diet alone) used in the analysis was that re-
corded at the last clinic visit.

  Height and weight were measured with subjects in light clothes 
and without shoes using a standard apparatus. Weight was mea-
sured to the nearest 0.1 kg on a calibrated beam scale. Height was 

measured to the nearest 0.5 cm with a measuring tape. Height was 
assessed at baseline only.

  Definitions 
 BMI is recognized as the measure of overall obesity. The cri-

teria for underweight, normal weight, overweight and class I, II 
and III obesity used in the present study were based on BMI and 
were consistent with the definitions set forth by the World Health 
Organization and the National Heart, Lung and Blood Institute 
as follows: underweight  ! 18.5, normal weight 18.5–24.9, over-
weight 25–29.9, class I obesity 30–34.9, class II obesity 35–39.9 and 
class III obesity  6 40  [14, 15] . Percent weight change was deter-
mined by taking the difference between the baseline and last mea-
sured weight and dividing that by the patient’s baseline weight. 
There was no weight fluctuation during the study period. For out-
come definitions, the individuals were grouped into three weight 
change categories: (a) weight reduction, (b) stable, serving as the 
reference category, and (c) weight gain. Patients were classified as 
having had a clinically significant weight reduction if their weight 
at the last follow-up visit was at least 4% lower than the baseline 
weight. Those who had gained or lost  ! 4% in body weight were 
classified as stable. Those who had gained  6 4% in body weight 
were classified as weight gain  [16] . Smoking was estimated from 
self-report and categorized in current and non-smokers. The phy-
sician defined the type of DM according to the American Diabe-
tes Association criteria  [17] .

  Analysis 
 Statistical methods used included the Student’s t test, the  �  2  

test and stepwise multiple linear regression, to test associations 
between baseline variables and percent weight change. Forward 
stepwise multiple regression analysis was developed to determine 
independent predictors of percent weight change using the SPSS 
for Windows computer package (SPSS, Chicago, Ill., USA), which 
simultaneously adjusted for other covariates. For this analysis, 
number of follow-up visits, age, duration of DM, FPG, HbA 1c , sys-
tolic BP, total cholesterol and BMI were included as continuous 
variables. Percent weight change was included as a continuous 
variable in its original form. The percentage of weight change in 
either direction was used, with weight reduction having a negative 
value and weight gain having a positive value. The purpose was to 
determine the significance of the change over the continuum 
from the maximum weight reduction to the maximum gain. Gen-
der and cigarette smoking (non-smoker and current smoker) were 
entered as dichotomous variables. Therapeutic regimen (diet, oral 
agent and insulin) and educational level (primary or below, sec-
ondary and matriculation or above) were included as trichoto-
mous variables. Age-adjusted means were calculated and com-
pared using general linear models. All statistical tests were two 
sided, and p  !  0.05 was considered statistically significant.

  Results 

 Patients had a mean duration of DM of 6.1 (SE 0.06) 
years and a mean age of 51.3 (SE 0.12) years at baseline. 
The average time of follow-up was 9.1 (SE 0.04) years 
(range 1–15 years). The average number of follow-up vis-
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its was 13.1 (SE 0.15; range 2–96 visits); 28.5% of men and 
3.1% of women were smoking at the baseline evaluation. 
The age-adjusted mean BMI was 26.2 (SE 0.07) kg/m 2  in 
men and 28.6 (SE 0.07) in women.

  At baseline, 38.3% (95% confidence interval, CI, 36.5–
40.1) of the men and 21.4% (95% CI 20.2–22.6) of the 
women had normal weights. Nearly two thirds of patients 
were overweight or obese (BMI  6 25; 71.9%; 95% CI 70.9–
72.9). Overall, 61.2% men and 78.5% women were over-
weight or obese, and 15.5% men and 36.3% women were 
obese (BMI  6 30); 1.4% of men and 0.7% of women were 
underweight (BMI  ! 18.5) and 0.4% of men and 1.9% of 
women were morbidly obese (BMI  6 40). The prevalence 
of class I, II and III obesity was greater in women than in 

men, among insulin-treated patients compared with pa-
tients on diet or oral agents, among patients with creati-
nine  ̂  1.2 compared with creatinine  1 1.2 and increased 
with systolic and diastolic BP, and decreased with dura-
tion of DM (data not shown).

  Patient characteristics at baseline and the last follow-
up visit are presented in  table 1 . At the last clinic visit, 
patients had higher weight, BMI, creatinine and systolic/
diastolic BP, and lower FPG, HbA 1c , triglyceride and cho-
lesterol levels than at baseline (p  !  0.001). The frequency 
of insulin use was higher at the last clinic visit. Of all pa-
tients, 64.2% were using hypoglycemic medication by the 
last visit.

Table 1. Characteristics of 7,820 patients with type 2 DM at the baseline and last follow-up visits

Baseline Last follow-up Diff erence (95% CI)

Age, years 51.380.12 60.480.13 9.1 (8.7, 9.4)* 
Weight, kg 69.780.14 70.780.14 1.0 (0.9, 1.2)*
Height, cm 159.180.10 – –
BMI 27.780.05 28.080.05 0.3 (0.2, 0.4)*
Weight change, kg – 1.080.07 –
Systolic BP, mm Hg 122.180.21 133.880.25 11.7 (11.2, 12.1)*
Diastolic BP, mm Hg 74.880.13 83.6813.0 8.8 (8.5, 9.1)*
FPG, mg/dl 203.981.40 166.680.79 –37.3 (–36.4, –32.3)*
HbA1c, % 9.180.04 7.780.04 –1.4 (–1.5, –1.3)*
Creatinine, �M 0.980.01 1.080.01 0.1 (0.03, 0.12)*
Triglyceride, mg/dl 228.781.82 202.481.53 –26.3 (–29.5, –22.6)*
Cholesterol, mg/dl 222.980.60 208.280.60 –14.7 (–15.9, –13.3)*
Gender

Men 38.2% – –
Women 61.8% – –

Therapeutic regimen 
Diet 5.0% 5.0% 0.0 (–0.7, 0.7)
Oral agent 79.6% 64.2% –15.4 (–16.8, –14.0)*
Insulin 15.3% 30.7% 15.4 (14.1, 16.7)*

Weight change
Loss (≥4%) – 28.5% –
Stable – 52.0% –
Gain (≥4%) – 19.5% –

Weight category
Normal weight (BMI 18.5–24.9) 28.0% 26.0% 2.0 (0.4, 3.3)*
Underweight (BMI <18.5) 1.0% 0.8% 0.2 (–0.1, 5.0)
Overweight (BMI 25–29.9) 43.1% 43.6% –0.5 (–2.1, 1.0)
Class I obesity (BMI 30–34.9) 21.8% 22.4% –0.6 (–1.9, 0.7)
Class II obesity (BMI 35–39.9) 4.9% 5.6% –0.7 (–1.5, –0.03)*
Class III obesity (BMI ≥40) 1.3% 1.5% –0.2 (–0.5, 0.2)
Obesity (BMI ≥30) 28.4% 29.9% –1.5 (–3.0, –0.05)*
Overweight and obesity (BMI ≥25) 71.9% 73.8% –1.9 (–3.4, –0.5)*

Data are means 8 SE unless indicated otherwise.
* p < 0.001. 
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  Weight change was, on average, minimal. Between the 
baseline and last clinic visits, a mean of 1.0 (SE 0.07) kg 
was lost or gained. Large weight changes were infrequent; 
the percentage of patients that lost or gained  6 15 kg dur-
ing follow-up was  ! 7%. The percentage that lost at least 
5 kg was 19.0%; 7% gained  6 5 kg. Most patients (52.0%) 
were stable in weight, 28.5% had lost  6 4% of their base-
line weight, and 19.5% had weight gain. Only one fourth 
(22.7%) of the patients who lost weight were obese (BMI 
 6 30) at baseline, and at the last clinic visit 39.9% re-
mained obese. The proportion of patients who lost  6 4% 
of their baseline weight decreased with the BMI category 
from 35.2 to 1.1% among patients with normal weight to 
morbidly obese. Initial weight was within the normal 
range in those who lost more weight and highest in those 
who had gained weight.

  As a percentage of total body weight, the average 
weight gain during the 9.1 years was 1.9% (SE 0.12) for 
the entire population, representing approximately 1.0 
kg. The age-adjusted mean weight change varied by lev-
el of obesity ( fig. 1 ): 4.1% (SE 0.2;  � 2.2 kg) weight reduc-
tion for normal weight patients; 1.4% (SE 0.2;  � 0.8 kg) 
weight reduction for overweight patients; 0.3% (SE 0.2; 
 � 0.002 kg) weight reduction for obese patients, and 
0.2% (SE 1.2;  � 0.7 kg) weight gain for morbidly obese 
patients. With increasing BMI categories at baseline, pa-

tients were less likely to lose weight than those with less 
severe obesity.

   Table 2  describes the age-adjusted associations of pa-
tient characteristics with percent weight change. Charac-
teristics associated with a greater weight reduction in-
clude female sex, lower education and longer duration of 
DM, never smokers, insulin treatment regimen and high-
er HbA 1c  at baseline. Characteristics associated with 
greater weight gain included the cases of class II and III 
obesity at baseline. When the patients were classified ac-
cording to different therapeutic regimens, a difference in 
weight change was observed. A higher proportion of 
those who used insulin lost weight. A small increase in 
weight occurred when patients were treated with oral 
agents or diet.

  Percent weight change was slightly positively correlat-
ed with BMI (r = 0.16, p  !  0.001), systolic BP (r = 0.04,
p  !  0.001), diastolic BP (r = 0.04, p  !  0.01) and age at di-
agnosis of DM (r = 0.04, p  !  0.001), and negatively cor-
related with duration of DM (r = –0.09, p  !  0.001), FPG 
(r = –0.14, p  !  0.001), HbA 1c  (r = –0.16, p  !  0.001), follow-
up duration (r = –0.06, p  !  0.001), number of follow-up 
visits (r = –0.24, p  !  0.001) and cholesterol (r = –0.03, p  !  
0.05) at baseline.

  The percent weight change category was also analyzed 
with multivariate regression analysis. Higher BMI ( �  = 

≥4035–39.9930–34.9925–29.9918.5–24.99<18.5

BMI

50.00

25.00

0

–25.00

–50.00

–75.00

Pe
rc

en
t 

w
ei

g
h

t 
ch

an
g

e

  Fig. 1.  Weight change after the 9.1-year fol-
low-up by obesity categories.   
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Table 2. Age-adjusted associations of patient characteristics at baseline with percent weight change after an average follow-up of 9.1 
years in Isfahan, Iran (means 8 SE)

Variables Age-adjusted weight change, %
entire group normal weight overweight class I obesity class II obesity class III obesity

Gender
Men –1.380.2*** –3.180.3*** –5.480.2*** +0.380.5* +2.781.2 +0.482.7
Women –2.280.1 –5.180.4 –1.980.2 –0.980.2 +0.480.5 +0.0981.1

Age at registration
<40 years –1.880.3* –4.080.7* –1.580.4 +0.380.6 +1.481.2 +3.183.0

40–49 years –1.680.2 –4.080.5 –1.480.3 –0.480.4 +0.680.8 +0.581.5
50–59 years –2.480.2 –5.180.4 –1.680.3 –1.080.4 +0.280.8 –1.681.7
60–69 years –1.880.3 –3.380.5 –1.180.3 –1.280.5 +1.581.4 +0.183.3

≥70 years –1.380.5 –2.380.9 –0.980.7 +0.481.3 +2.384.1 +9.4810.0
Age at diagnosis

<30 years –2.180.5* –4.981.1 –0.980.7* –0.480.9 +0.182.3 +7.987.1
30–59 years –2.080.1 –4.280.3 –1.580.2 –0.880.2 +0.680.5 –0.0781.0

≥60 years –1.080.3 –2.980.7 –0.180.5 +0.580.8 +3.782.1 +0.684.5 
Duration of diabetes

<5 years –1.180.2*** –3.380.4* –0.980.3*** –0.00680.3** +1.580.6* +1.281.1
5–9 years –1.980.2 –4.180.5 –1.180.3 –1.080.4 –0.181.0 –1.882.7

≥10 years –3.580.2 –5.080.4 –2.880.3 –2.280.5 –2.181.3 –5.783.2
FPG

<100 mg/dl –2.380.6*** –4.681.4*** –2.080.8*** –0.0281.2*** +0.282.7 +2.285.2
100–124 mg/dl –0.680.3 –2.080.9 –0.680.5 +0.180.6 +2.081.4 +4.184.5
125–139 mg/dl –0.680.4 –3.081.0 –0.680.5 +1.480.7 +1.681.5 –7.583.8
140–199 mg/dl –0.880.2 –2.280.5 –0.680.2 –0.0380.4 +1.080.8 +0.0181.7

≥200 mg/dl –3.280.2 –5.680.3 –2.380.2 –1.880.4 –0.380.8 +0.681.5
HbA1

≤7% –0.880.4*** –3.181.0* –0.780.5*** +1.080.7*** +0.0781.6 –7.784.6
7.1–9.0% –1.680.3 –5.380.8 –1.580.4 –0.180.5 +1.781.1 +2.283.5
9.1–11.0% –2.980.3 –5.880.8 –2.880.5 –1.080.6 +0.281.7 –0.283.2
11.1–13.0% –3.580.5 –5.981.0 –3.380.7 –0.480.9 +1.782.0 –3.184.3

>13% –7.480.7 –8.981.4 –6.381.0 –8.181.4 +1.182.9 –2.7813.1
Systolic BP

<140 mm Hg –2.080.1 –4.280.3 –1.380.2 –0.580.2 +0.480.6 –0.481.2
140–159 mm Hg –1.780.3 –3.780.7 –2.080.4 –0.880.5 +2.181.2 +2.882.7

≥160 mm Hg –1.380.4 –2.981.1 –1.080.6 –1.080.9 +0.681.6 +0.183.2
Diastolic BP

<70 mm Hg –2.380.2* –4.280.5 –1.380.3 +0.680.5* –0.0581.3 –8.183.1*
70–90 mm Hg –2.080.1 –4.280.3 –1.480.2 –1.080.3 +0.580.6 +1.581.2

≥90 mm Hg –1.380.3 –3.480.7 –1.380.4 –0.680.5 +1.781.0 +0.281.9
Therapeutic regimen

Diet alone +0.780.5*** +0.281.2*** +0.280.6*** +0.980.8*** +2.681.6*** +5.284.5
Oral agent +0.180.1 –1.080.3 +0.380.2 +0.780.3 +1.680.6 –0.281.2
Insulin –6.680.2 –8.980.4 –5.780.3 –4.680.4 –3.181.0 +0.182.2

Education 
Primary or below –2.380.1*** –5.180.3*** –1.880.2*** –0.880.3 +0.580.5 –0.181.1
Secondary –1.180.2 –2.880.5 –0.680.3 +0.280.5 +2.081.2 +1.583.1
Matriculation or above –0.880.4 –1.580.7 –0.280.5 –0.0981.0 +0.0983.1 –0.285.8

Smoking
Non-smoker –2.180.1** –4.580.3** –1.680.2*** –8.480.2 +0.580.5 +1.880.7
Current smoker –1.080.3 –2.680.6 +0.0980.4 +0.680.8 +1.882.6 +0.383.0

Age-adjusted means were calculated using general linear models. Category definitions are based on the  cutoffs of the World Health 
Organization and the National Heart, Lung and Blood Institute [14, 15]. Normal weight = 18.5–24.9, overweight = BMI 25–29.9, class 
I obesity = BMI 30–34.9, class II obesity = BMI 35–39.9 and class III obesity = BMI ≥40. * p < 0.05, ** p < 0.01, *** p < 0.001.
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0.133, p  !  0.001), follow-up ( �  = 0.042, p  !  0.01), FPG
( �  = 0.133, p  !  0.001), systolic BP ( �  = 0.034, p  !  0.01), 
triglyceride level ( �  = 0.064, p  !  0.001) and treatment 
with insulin ( �  = 0.260, p  !  0.001) increased, and higher 
number of follow-up visits ( �  = –0.184, p  !  0.001), cho-
lesterol ( �  = –0.044, p  !  0.01) and smoking ( �  = –0.044, 
p  !  0.01) significantly decreased the percent weight 
change. The overall contribution (R 2 ) of these factors was 
 ! 18%, therefore the predictors for a percent weight change 
during the mean 9.1-year follow-up are yet unresolved.

  Discussion 

 Despite the well-recognized effect of weight reduction 
on glycemic control in patients with DM, this is the first 
study to describe patterns and predictors associated with 
long-term weight change in Iranian patients with type 2 
DM. As expected, our study of patients with type 2 DM 
found a higher prevalence of overweight and obesity than 
in the general population  [18] . Only 28.4% of our patients 
with type 2 DM lost a clinically significant amount of 
weight during an average of 9.1 years. In addition, in the 
cohort of patients with type 2 DM, all of whom are in 
need of long-term weight management to reduce the car-
diovascular risk by improving insulin sensitivity and 
control of DM, dyslipidemia and hypertension, there was 
only a slight decrease in weight after a mean follow-up of 
9.1 years, with the most significant weight reduction ob-
served in normal weight patients and the least weight re-
duction in severely obese patients at baseline. In addition, 
we found that long-term weight change was associated 
with a number of factors, including the number of follow-
up visits, cholesterol, FPG, systolic BP, triglyceride and 
cholesterol levels, treatment regimen, smoking status and 
BMI. These factors remained significant even after ad-
justing for a wide range of patient characteristics. These 
data may help to alert physicians regarding the minimal 
weight reduction accomplished in most patients with 
type 2 DM and to design interventions to support weight 
reduction after DM diagnosis.

  Although interventional studies have shown that 
weight reduction produces short-term improvement in 
glycemic control in patients with type 2 DM, few pub-
lished data describe the natural history of weight changes 
after the diagnosis of type 2 DM in patients receiving 
standard care  [19, 20] . Chaudhry et al.  [19]  reported that 
over the course of at least 5 years, modest weight gain is 
the norm in men with type 2 DM. In contrast, Looker et 
al.  [20]  reported that the general pattern of weight change 

after diagnosis of type 2 DM in Pima Indians of Arizona, 
USA, was weight loss, with the mean change in BMI rang-
ing between –0.61 and +0.22 kg/m 2  per year. The most 
extensive clinical trial to study weight changes was the 
UK Prospective Diabetes Study (UKPDS). They exam-
ined weight changes for various intention-to-treat groups. 
Over a 3-year follow-up, people in all treatment groups 
generally gained weight. Weight gain was most pro-
nounced in those on intensive therapy with sulfonylureas 
or insulin  [21] . However, their study populations are very 
different from that of the present study with regard to age, 
gender, methodology and genetic background. There-
fore, it is difficult to compare our results with those of 
their study. Nevertheless, in agreement with the above-
mentioned studies  [19–21] , in our patients long-term 
weight change was, on average, minimal. However, the 
pattern of weight change in type 2 DM is not well recog-
nized and may be quite variable according to patients’ 
characteristics. 

 Increasing duration of DM was associated with pro-
gressively lower BMI and increasing weight change. Since 
type 2 DM often has an insidious onset, it is difficult to 
establish weight change patterns with respect to duration 
of DM. However, we were not able to determine whether 
weight loss was voluntary, for example in response to 
medically prescribed dietary therapy, or involuntary, 
perhaps due to catabolic effects of severe hyperglycemia.

  Another interesting observation in the present study 
is that the most obese patients gained the highest weight. 
It is not possible from this observational study to define 
what mediates the observed associations with weight 
change. However, previous studies suggest that some of 
our observed associations are complex, whereas others 
may be more straightforward. For example, patients who 
were more obese were less likely to lose weight than less 
obese patients, despite greater social pressures to lose 
weight. Another complex finding is the effect of gender 
on weight reduction, with women having a greater per-
centage of weight reduction than men. Body composition 
differs considerably by gender, with women having less 
fat-free mass. This might be responsible for the gender 
differences in weight changes. This gender difference 
should be addressed in future studies.

  Patterns of weight changes between the initial and last 
clinic visits were not known in our population. Contro-
versy exists regarding the impact of weight cycling on 
chronic diseases  [22, 23] , and its effect on glycemic con-
trol has not been demonstrated  [24] . Changes in medica-
tion use, such as type and dosage, may override any effect 
of a previous weight change.
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  Our study has several strengths and limitations. The 
strengths of this study include the prospective design; 
large sample size; long-term follow-up, weight determi-
nation with a well-functioning, validly calibrated scale, 
and detailed information on potential confounding fac-
tors, such as smoking, body size, DM duration, FPG, 
HbA 1c , systolic and diastolic BP and total cholesterol lev-
els. Selection and information bias were unlikely because 
of the prospective design and high rate of follow-up. Sev-
eral limitations of this study should be considered when 
interpreting our results. First, we used patient weights 
only at the baseline and last follow-up visits. An addi-
tional limitation stems from our use of BMI to categorize 
obesity levels. Some may argue that the use of BMI is not 
as accurate as the waist-hip ratio for assessing adiposity 
and cardiovascular risks  [25] . However, weight is an eas-
ily measurable and commonly understood risk factor, 
and our use of clinically accepted categories for BMI is 
likely to be more directly relevant to patients and physi-
cians in routine clinical care. Individuals in the different 
categories of weight changes are also likely to differ in 
several other aspects, such as certain lifestyle and dietary 
factors. We could not rule out the possibility of residual 
confounding because of unmeasured or inaccurately 
measured covariates. For example, information on fam-

ily history of DM was not collected in the study. People 
with a family history of DM are likely to pursue a healthy 
lifestyle. In addition, a large weight reduction, particu-
larly among underweight subjects, may result from the 
presence of serious comorbidities. Nevertheless, this 
study provides new data from Iran, a developing country, 
which has been underrepresented in past studies.

  In conclusion, this study highlights the difficult chal-
lenges physicians face when treating their patients with 
type 2 DM, such as the low frequency of achieving a clin-
ically significant amount of weight reduction over a mean 
follow-up of 9.1 years. Given the importance of weight 
management in reducing cardiovascular risks by improv-
ing insulin sensitivity and control of DM, dyslipidemia 
and hypertension  [26] , identifying potentially modifiable 
factors can serve as an important stimulus for designing 
new interventions to support weight loss in vulnerable 
patients with type 2 DM.
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