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                            Diabetes medications and body 
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     Joanna   Mitri      &    Osama   Hamdy    †     
  † Harvard Medical School, Joslin Diabetes Center, One Joslin Place, Boston, MA 02481, USA                          

 Tight diabetes control sometimes comes with a price: weight gain and 
hypoglycemia. Two of the three major recent trials that looked at the 
relationship between intensive diabetes control and cardiovascular events 
reported significant weight gain among the intensively treated groups. 
There is a growing concern that the weight gain induced by most diabetes 
medications diminishes their clinical benefits. On the other hand, there is a 
claim that treating diabetes with medications that are weight neutral or 
induces weight loss or less weight gain while minimizing those that increase 
body weight may emerge as the future direction for treating overweight 
and obese patients with diabetes. This review clarifies the weight effect of 
each of the currently available diabetes medications, and explains the 
mechanism of action behind this effect. Despite the great variability among 
reviewed clinical trials, the currently available evidence is quite sufficient to 
demonstrate the change in body weight in association with most of the 
currently available medications. This review also provides some guidelines 
on using diabetes medications during weight management programs.  
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  1.   Introduction 

 Weight reduction is fundamental for diabetes management in overweight and 
obese patients with diabetes. It was found to be associated with increased insulin 
sensitivity  [1]  and has potential to lower blood pressure  [2] , serum total cholesterol 
and triglycerides  [3]  and to reduce markers of inflammation, coagulation and 
endothelial dysfunction  [1,4,5] . Consequently, weight reduction may be beneficial in 
reducing cardiovascular risk  [6] . Several trials, including bariatric surgical studies  [4,6,7] , 
showed that diabetes control is significantly better after weight reduction and 
patients with diabetes frequently use fewer medications after weight loss  [8,9] . 
However, diabetes medications have variable effect on body weight. Some of them 
induce significant weight gain while others are either weight neutral, cause weight 
loss or are associated with less weight gain. Recently, the number of adjuvant 
diabetes medications that predominantly induce weight loss and improve glycemic 
control is increasing. The purpose of this review is to clarify the effect of each of the 
currently available diabetes medications on body weight, and to explain the possible 
mechanism of that effect.  

  2.   Metformin 

 Metformin is one of the oldest diabetes medications. It is frequently chosen for 
being generic, well tolerated and for not causing hypoglycemia. It has an advantage 
of being a weight neutral medication. Furthermore, metformin is the only oral 
antidiabetic drug that was proven to reduce cardiovascular risk  [10] . Physicians, in 
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general, are comfortable with metformin selection as their 
first-line therapy for most overweight and obese patients 
with diabetes type 2. This choice is supported by many 
therapeutic guidelines, such as the most recent consensus 
statement of the American Diabetes Association  [11,12] . 
Metformin improves blood glucose by increasing hepatic and 
muscle insulin sensitivity, reducing hepatic glucose produc-
tion, activating AMPK and increasing glucagon like 
peptide-1 (GLP-1) serum level. 

 Several randomized studies showed that metformin has 
neutral effect on body weight  [13-15] . Two other smaller 
non-randomized studies showed that metformin induces sig-
nificant weight loss in patients with type 2 diabetes of differ-
ent ethnicities  [16,17] . In the UK Prospective Diabetes Study 
(UKPDS)  [10] , metformin did not change body weight after 
3 years of continuous use. Patients on metformin gained less 
weight after 6  [18]  and 10 years  [19]  of follow-up in comparison 
to sulfonylureas (SUs) and insulin. Addition of metformin 
to maximum dose of SU therapy in 591 type 2 patients with 
poor glycemic control did not induce significant weight gain 
in that study population  [19] . 

 Although the exact mechanism of action of metformin on 
body weight is not clearly understood, it was found that it 
decreases caloric intake  [20] . One study showed that 88% of the 
metformin-induced weight loss was owing to reduction of adi-
pose tissue, particularly visceral fat  [16] . The effect of metformin 
on GLP-1 and dipeptidyl peptidase-4 (DPP-4) inhibitor is 
controversial. Green and colleagues  [21]  demonstrated that 
metformin is an inhibitor of DPP4. However, another trial 
showed no effect of metformin on DPP4 and hence increased 
GLP1 levels might be related to increased production  [22] . The 
old claims that metformin-induced weight loss is simply related to 
its gastrointestinal adverse events or owing to reduced intestinal 
absorption of carbohydrates have little credibility  [23] .  

  3.   Sulfonylureas 

 Sulfonylureas are effective medications in controlling 
hyperglycemia. They stimulate insulin production from 
pancreatic beta-cells irrespective of the blood glucose level 
and thus may induce hypoglycemia. The most commonly 
used SUs in the US are glyburide, glipizide and glimepiride. All 
of them are generic and cheap. Outside the US, glibenclamide 
and gliclazide are more frequently used. Older SUs such as 
chloropropamide and acetohexamide are rarely used nowadays. 

 In general, SUs are known to induce weight gain; however, 
the amount of weight gain is variable according to the 
compound used and the duration of its exposure. The 3-year 
follow-up report of the UKPDS showed that glibenclamide and 
chloropropamide caused more weight gain in comparison to 
diet intervention  [24] . Regardless of the initial response to diet, 
patients on SUs gain 5 kg (11 lbs) on an average over a 6-year 
period  [18] . Most of this weight gain occurs during the first year 
of treatment with SUs  [18] . On the other hand, glimepiride  [25]  
and other once-daily SUs, such as extended-release 

glipizide  [26]  or gliclazide MR  [27] , are weight neutral at least 
for the first year. The GAME regimen (Glimepiride at night, 
pre-meal insulin Aspart and MEtformin) did not show 
weight gain during the first 3 months of therapy, but weight 
gradually increased after 1 year of treatment  [28,29] . 

 As monotherapy, SUs caused more weight gain than either 
metformin  [30,31]  or repaglinide  [32]  and also caused more weight 
gain when added to other diabetes medications  [33,34] . However, 
the weight gain associated with SUs is similar to that caused 
by pioglitazone  [33]  and less than that caused by insulin  [24] . 

 Being insulinotropics, SUs cause weight gain by the same 
mechanism as insulin. However, at the same level of glycemic 
control, insulin induces more weight gain than SUs  [24] . It is 
not known if SUs, through their effect on beta-cells, enhance 
amylin release. It would be of interest to know the weight effect 
of amylin versus insulin in response to SUs. Other possible 
mechanisms of weight gain in association with SUs may be 
related to increased food intake to compensate for hypo-
glycemia and/or ‘defensive snacking’ for fear of hypoglycemia. 
In the UKPDS study, 27.8% of patients treated with gliben-
clamide monotherapy had hypoglycemic episodes in comparison 
to 1.2% in those treated with diet only  [10] .  

  4.   Meglitinides 

 Meglitinides are short-acting secretagogues that enhance insulin 
synthesis and release. Both repaglinide and nateglinide are 
used as monotherapy or in combination with metformin, 
thiazolidinediones (TZDs) or long-acting insulin. 

 Meglitinides induce weight gain whether used alone or 
in combination with either metformin  [35] , Neutral Protamine 
Hagedorn (NPH) insulin plus metformin or gliclazide  [36,37]  
or in combination with TZDs  [38,39] . In a head-to-head 
comparison over 1 year, repaglinide caused less weight gain 
than glyburide in pharmacotherapy naïve patients but the 
difference was non-significant  [32] . 

 Nateglinide in combination with metformin induced more 
weight gain than metformin used alone after 24 weeks of 
treatment  [40] . This effect on body weight was not observed in 
another shorter study  [41] . Nonetheless, a recently published 
meta-analysis confirmed that patients on nateglinide gained 
weight in comparison to metformin  [42] . Given the insulin-
inducing mechanism of action of meglitinides, it is not surpris-
ing that they induce weight gain in patients with diabetes.  

  5.   Thiazolidinediones 

 Thiazolidinediones improve insulin sensitivity and promote 
differentiation of fat cells through their effect on Peroxisome  
Proliferator-Activated Receptor gamma (PPAR- γ )  [43,44] . When 
PPAR- γ  receptors are activated by a TZD, the expression of 
insulin-dependent glucose transporters, GLUT-4, is enhanced, 
followed by an up-regulation of genes involved in the transport 
and synthesis of fatty acids  [45-47] . Their effect on glycemic 
control lasts longer than metformin and SUs  [48]  .
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 Several randomized, double-blind placebo-controlled studies 
showed that TZDs cause considerable weight gain. In a 
23-week randomized, double-blind clinical trial, pioglitazone 
used as monotherapy was associated with 1.35 kg weight gain 
in comparison to placebo -1.87 kg (p < 0.001)  [49,50] . Weight 
gain was more prominent in patients on higher doses of 
TZDs and in patients with higher body mass index (BMI) 
at baseline. Similar effect on body weight was seen when 
pioglitazone was used in combination with metformin  [51] , 
SUs  [52]  or insulin  [53] . 

 The Diabetes Outcome Progression Trial (ADOPT) 
compared the efficacy of rosiglitazone, glyburide and metformin 
in recently diagnosed patients with type 2 diabetes  [48] . Patients 
treated with rosiglitazone gained significantly more weight 
than those treated with either metformin or glyburide  [48] . 
Over 4 years, the rosiglitazone arm gained in average 2.5 kg  [48] . 
Although, their waist circumference also increased signifi-
cantly, their waist-to-hip ratio did not change. Similar results 
were reported in several other trials that used rosiglitazone as 
monotherapy or in combination  [47,54-57] . 

 In a recent 56-week randomized clinical trial, pioglitazone 
induced similar weight gain to glyburide, but it resulted in 
lower incidence of hypoglycemia and cardiac events  [33] . 
After 104 weeks of adding pioglitazone to oral antidiabetics 
(OADs) in poorly controlled patients with type 2 diabetes, 
an average 3 kg weight gain was observed  [58] . Similar 
magnitude of change can be seen over shorter period when 
pioglitazone is added to insulin. In one study, pioglitazone 
added to insulin for 24 weeks induced  ∼  3 kg of weight 
gain  [59] . Thiazolidinediones only induced less weight gain 
when combined with metformin  [54] . 

 The mechanism of weight gain with TZDs is not totally 
clear. It could be related to enhanced differentiation of newer 
fat cells through their effect on PPAR- γ  receptors in the adipose 
tissue  [43,44] . In a randomized, double-blind placebo-controlled 
trial, pioglitazone increased subcutaneous but not visceral fat 
over 24 weeks of intervention  [60] . By the end of the first 
4 weeks, weight increased by 3.88 kg. Weight gain did not 
seem to reach a plateau after 6 months of therapy. Troglitazone, 
the first TZD, was known to decrease circulating leptin 
levels  [61] . Leptin is a known anorexigenic hormone that 
suppresses the hypothalamic feeding centers.  

  6.   Alpha-glucosidase inhibitors 

 These medications slow or limit intestinal absorption of 
carbohydrates. They are generally weak diabetes medications 
and their clinical use is limited, at least in the US, by their 
gastrointestinal adverse events. 

 The effect of alpha-glucosidase inhibitors on body weight 
is controversial. The Essen study  [62]  showed that acarbose 
was weight neutral after 24 weeks of intervention. Later, in 
the Essen II study, acarbose induced 0.8 kg of weight loss 
over 24 weeks of treatment  [63] . The difference between the 
two studies is not completely understood. With longer follow-up, 

acarbose added to other diabetes medications resulted in a 
small but significant weight loss in comparison to placebo  [64] . 
This weight loss was explained in part by the dose reduction 
of other OADs or insulin and by the energy loss owing to 
increased colonic fermentation. The UKPDS 44 randomized 
patients with type 2 diabetes who were already on several 
antidiabetic medications to either acarbose or placebo and 
followed them for 3 years. The results showed no major differ-
ence in body weight, but careful titration was recommended 
giving acarbose gastrointestinal adverse events  [65] . Finally, a 
meta-analysis showed that acarbose significantly decreased 
the BMI, but its effect on body weight was not significant  [66] . 
In conclusion, acarbose clinical trials showed mixed effects 
on body weight, but never weight gain. 

 The effect of miglitol on body weight in comparison to 
glibenclamide and placebo was tested in a 24-week random-
ized clinical trial  [67] . In this trial, miglitol was shown to be 
weight neutral. However, in elderly patients with type 2 
diabetes, miglitol reduced body weight in comparison to 
glyburide but the change was not statistically significant in 
comparison to placebo  [26] . A systematic review confirmed 
the neutral effect of miglitol on body weight  [68] .  

  7.   Insulin 

 Insulin, in most of its forms, has been associated with weight 
gain. Several mechanisms have been considered to be involved 
in the weight gain associated with insulin therapy. Insulin 
stimulates protein synthesis  [69]  and increases intracellular 
amino acid influx  [70] . It also has a direct anabolic effect on 
both muscles  [71]  and adipose tissues  [72] . Long-acting insulin 
creates a pattern of 24-h hyperinsulinemia, which stimulates 
lipogenesis and inhibits lipolysis. Fear of hypoglycemia, 
which is frequently compensated by preemptive increase of 
food intake, was also postulated as a possible cause of weight 
gain. However, food intake and weight gain did not correlate 
in patients with type 1 diabetes enrolled in the Diabetes 
Control and Complication Trail (DCCT)  [73] . Meanwhile, 
few patients freely eat knowing that hyperglycemia could be 
averted by insulin. Other researchers did not find such rela-
tionship  [72] . On the other hand, prolonged insulin exposure 
increases leptin serum level, which is frequently nullified by 
leptin resistance  [74] . 

 It is estimated that 50% of insulin-induced weight gain is 
seen during the first 3 months of its use  [75] . Weight gain 
usually continues at a slower pace beyond the first year, even 
with extensive dietary and behavioral modifications  [65] . 
In the DCCT, 25% of the participants in the intensively 
treated arm reached the obesity range with an average BMI 
of 31 kg/m 2 , an increase of 6.8 kg/m 2  from baseline after 
6.5 years of follow-up  [76] . In the UKPDS 13, participants 
treated with insulin had an average weight gain of 4.8 kg 
compared with participants treated with diet alone over a 
3-year period  [10] . All participants in this study received dietary 
counseling before and during the study. After 10 years of 
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follow-up, insulin had the greatest effect on body weight, 
with a mean increase of 4 kg  [24] . 

 Although some forms of insulin may cause less weight 
gain than others, the timing of insulin injection and the 
regimen used may impact the amount of weight gain. For 
example NPH insulin, given in a single evening dose in 
combination with OADs, induced less weight gain than four 
other regimens that included NPH insulin  [77] . Similarly, 
combining bedtime NPH insulin with SUs has less impact 
on body weight than combining it with pre-meal short-acting 
insulin  [78] . 

 Nichols and colleagues  [68]  studied retrospectively the 
impact of adding a second hypoglycemic medication to an 
established first medication for 1 year in a large sample of 
type 2 patients with diabetes. Addition of NPH insulin 
resulted in an average weight gain of 3.3 kg/year. Insulin 
added to SUs results in an average weight gain of 3 kg. 
Patient treated with metformin lost in average 1.3 kg before 
adding insulin. The addition of insulin to metformin resulted 
in an average 4 kg weight gain. The retrospective nature of 
this study did not account for all other variables that might 
play a role in weight gain  [79] . 

  7.1   Glargine insulin 
 Insulin glargine is one of the most widely prescribed long-
acting insulins. Similar to most other insulin preparations, 
glargine insulin induces weight gain. In comparison to 
NPH insulin, glargine insulin induced significantly less 
weight gain in patients with type 1 diabetes after 16 weeks 
of intervention  [80] . Similar observation was seen in 
patients with type 2 diabetes after 28 weeks of interven-
tion  [81] . However, the difference between the two insulin 
formulations was not seen after 52 weeks of interven-
tion  [82] . Other trials showed no difference between both 
insulins after shorter duration of 24  [83]  and 36 weeks  [84] . 
Many of the previous studies showed that glargine insulin 
did not induce weight gain during the first 4 weeks of its 
use and that most of the weight gain was seen with longer 
duration of use.  

  7.2   Detemir insulin 
 Detemir is a long-acting insulin that induces less weight gain 
than other insulin preparations. In a large trial of > 10,000 
participants with type 1 and type 2 diabetes, body weight 
did not change significantly from baseline after 14.5 weeks of 
its use  [85] . In a 52-week randomized, open-label, multinational 
trial, detemir induced less weight gain in comparison to 
glargine insulin  [86] . Similarly, detemir insulin induced less 
weight gain in comparison to NPH insulin after 24 weeks of 
intervention  [77] . Interestingly, small amount of weight loss was 
seen in patients with type 2 diabetes with BMI > 35 kg/m 2.  
The average weight loss was 0.5 kg  [87] . Other trials in type 1 
diabetes showed that detemir insulin was weight-neutral in 
comparison to NPH insulin after 6 and 12 months of 
intervention  [88,89] . 

 The reason(s) for the detemir weight neutrality is not clear. 
In comparison to NPH, detemir caused less hypo-glycemic 
episodes  [90]  and hence reduced defense eating or overcorrec-
tion  [91] . Detemir insulin was also shown to have a high 
signaling level in the hypothalamic tissue of experimental animals. 
Its lipophilic characteristics and ability to cross the blood brain 
barrier differentiate it from other insulins  [92] . It is not clear if this 
central access has any relation to its effect on body weight.  

  7.3   Insulin lispro 
 Insulin lispro is short-acting insulin with duration of action 
significantly shorter than regular insulin. However, it induces 
similar weight gain to regular insulin in both type 1  [93]  and 
type 2 diabetics  [94] . On the other hand, insulin lispro as single 
agent induced less weight gain when compared to glibencl-
amide in an open-label study of 26-week duration. In this 
study, insulin lispro was associated with a 0.7 kg weight loss in 
comparison to a 0.3 kg weight gain with glibenclamide  [95] . 
Insulin lispro in a mixed combination with the long-acting 
form (75/25) induced an average of 1 kg of weight gain in 
comparison to glyburide, which induced an average of -0.85 kg 
of weight loss in an elderly population in the age range of 
60 – 80 years  [96] . In comparison to glargine insulin, 75/25 
insulin added to metformin resulted in more weight gain over 
a 16-week period. Insulin lispro mix induced a weight gain 
of 2.3 kg in comparison to 1.6 kg weight gain with glargine 
insulin  [97] .  

  7.4   Insulin aspart 
 Insulin aspart is short-acting insulin that causes weight gain. 
When used as monotherapy, it caused an average of 0.4 kg 
of weight gain after 10 weeks of treatment  [98] . This effect 
was also seen after its long-term use for 2 years  [99] . Insulin 
aspart in combination with its long-acting form (70/30) 
induced more weight gain in comparison to glargine insulin 
after 28 weeks of intervention. More hypoglycemic episodes 
occurred with the mixed insulin; that may explain the 
excess weight gain  [100] . When insulin aspart was used as 
monotherapy, it induced less weight gain than when it was 
combined with TZDs or SUs  [101] .  

  7.5   Insulin glulisine 
 Similar to the other two short-acting insulins, insulin glulisine 
induced weight gain similar to regular insulin when both 
were injected pre-meal  [102] . However, in patients with type 1 
diabetes, post-meal injection of insulin glulisine was shown 
to induce less weight gain than pre-meal regular insulin  [103] . 
Further comparisons in randomized trials are needed to explore 
the effect of insulin glulisine on body weight when it is 
injected after meals in both type 1 and type 2 diabetics.   

  8.   Pramlintide 

 Pramlintide is an amylin analogue. It slows gastric 
emptying  [104] , suppresses postprandial glucagon secretion  [105]  
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and reduces caloric intake through a central appetite-
suppressing action  [106] . Pramlintide was approved for use in 
combination with pre-prandial insulin to improve postprandial 
blood glucose levels. After 52 weeks of adding pramlintide 
to stable insulin therapy in a large sample of patients with 
type 2 diabetes, the pramlintide group lost significant 
amount of weight using 120 mcg dose before each meal  [107] . 
Smaller doses did not show similar effect. 

 Similarly, patients with type 1 diabetes who were treated 
with pramlintide 60 mcg 3 or 4 times daily in combination 
with insulin showed an average of 1.3 kg weight loss versus 
0.7 kg weight gain in the placebo group after 26 weeks of 
intervention  [108] . 

 Phase II studies have shown a potential anti-obesity effect 
of pramlintide when combined with leptin. Long-term trials 
investigating the role of pramlintide with or without leptin 
in treatment of obesity are continuing.  

  9.   Exenatide 

 Exenatide is a GLP-1 analogue. It is currently used as adjuvant 
therapy to metformin, SUs or TZDs. It stimulates insulin 
production and secretion from pancreatic beta-cells and sup-
presses glucagon production from pancreatic alpha-cells. This 
glucose-dependent dual mechanism in addition to delaying 
gastric emptying improves postprandial blood glucose level. 
Exenatide also induces weight loss through central suppression 
of appetite. Three Phase III clinical trials labeled the ‘AC2993: 
Diabetes Management for Improving Glucose Outcomes’ 
(AMIGO) evaluated the effect of exenatide added to oral hypo-
glycemic therapy. Over 30 weeks, addition of exenatide to 
metformin, SUs or combination of both resulted in significant 
weight loss  [109-111] . Weight reduction was more prominent 
with 10 mcg twice daily in comparison to 5 mcg twice daily. 
When exenatide was combined with metformin, it induced 
more weight loss than when it was combined with SUs. 
Open-label extension of the AMIGO trial showed progressive 
reduction in body weight with an average of -4.7 kg (-5.4, -4) 
after 2 years  [112] . 

 Adding exenatide to TZDs for 16 weeks resulted in 1.5 kg 
weight loss in comparison to placebo  [113] . In comparison to 
glargine insulin added to OADs, participants on exenatide 
lost in average 1.8 kg and those on glargine insulin gained 
in average 1.8 kg after 26 weeks of follow-up  [114] . A pooled 
 post hoc  analysis showed that exenatide added to OADs 
resulted in weight loss in most patients (73%, average 3 kg 
weight loss) when compared with insulin added to OADs 
(76%, average 3 kg weight gain)  [115] . In the previous trials, 
a small percentage of patients on exenatide did not lose 
weight and some gained weight, while few others were not 
able to tolerate its side events. The link between the weight 
loss that follows exenatide use and the degree of diabetes 
control needs further evaluation. So far it is not clear if the 
improvement in glycemic control is consequent to weight 
loss or the two effects are entirely independent.  

  10.   DPP-4 inhibitors 

 There are two approved DPP-4 inhibitors in the global market, 
sitagliptin and vildagliptin, with many others lined up for 
FDA approval. So far, sitagliptin is the only FDA-approved 
DPP-4 inhibitor in the US market. The mechanism of 
action of DPP-4 inhibitors involves an increase in GLP-1 
concentrations by 2 – 3 times and subsequent enhancement 
of insulin secretion from beta-cells in response to food 
intake. However, this mechanism is debated as peripheral 
infusion of GLP-1 at concentrations similar to those resulting 
from DPP-4 inhibition did not improve glycemic control 
and raised the possibility that having GLP-1 peripherally 
may not produce the same glycemic effect as having the 
same concentration in the portal circulation  [116] . 

 Similar to exenatide, sitagliptin also improves postprandial 
blood glucose level through suppression of glucagon secretion. 
However, sitagliptin does not cause weight loss. Its effect on 
body weight was shown to be neutral in few studies. In a 
randomized, controlled study, Nauck and colleagues  [117]  
studied the difference in body weight between adding sitaglip-
tin or glipizide to a stable dose of metformin. After 52 weeks 
of follow-up, the sitagliptin group experienced -1.5 kg weight 
loss in comparison to 1.1 kg weight gain in the glipizide 
group. Similarly, adding sitagliptin to pioglitazone did not 
show any further weight gain in comparison to placebo after 
24 weeks of intervention  [118] . Sitagliptin stabilizes postprandial 
GLP-1 levels; hence its net effect is mostly preventive of weight 
gain rather than inductive of weight loss  [119] . 

 Vildagliptin was also shown to be weight neutral in two 
24-week placebo-controlled randomized trials  [120,121] . A more 
recent randomized, placebo-controlled European study showed 
that vildagliptin was associated with minimal weight loss 
(-0.5 kg) after 50 weeks of follow-up  [122] . In a 104-week 
randomized trial versus metformin  [123]  or rosiglitazone  [124] , 
vildagliptin showed weight neutrality while metformin was 
associated with weight loss and rosiglitazone with weight gain.  

  11.   Conclusion 

 Newer trends in managing diabetes are emerging with more 
emphasis on minimizing the negative effect of antidiabetic 
medications on body weight without compromising on 
glycemic control. Current efforts are continuing to include 
agents in combination that have effective hypoglycemic action 
without inducing weight gain. Clinicians have in their arma-
mentarium several newer and effective medications with novel 
mechanisms of action and distinct weight-altering profiles. 
However, sound judgment is necessary to effectively use 
these resources within the scope of the current knowledge. 
Weight reduction that may result from combining such 
adjustments of antidiabetic medications with an appropriate 
lifestyle showed significant impact on several metabolic and 
cardiovascular parameters that may exceed the benefits from 
progressively adding those antidiabetic medications that have 
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weight gain potentials. Further research is warranted to 
explain ways to conduct individualized therapy for patient 
with diabetes with the aim of reducing body weight while 
achieving the target glycemic control.  

  12.   Expert opinion 

 Targeting body weight, as an alternative model to primarily 
targeting hemoglobin A1c, is emerging as a viable and 
potentially cost-effective approach to managing type 2 diabetes 
in clinical practice. Understanding the weight effect of each 
diabetes medication ( Figure 1  and  Table 1 ) may help clinicians 
to wisely select the best combination that may help in achieving 
weight loss without compromising on diabetes control during 
weight management programs. 

 To enhance weight reduction, metformin should be initiated 
or increased unless there is a contraindication to its use. A 
maximal dose of 2,550 mg may be reached, as hypoglycemia 
rarely occurs. Sulfonylureas, in general, cause significant weight 
gain and should be reduced or eliminated during weight 
management. Reduction of caloric intake may also result in 
hypoglycemia in patients treated with SUs and may conse-
quently retard further weight loss. If SUs are selected, 
extended-release formulations (glipizide XL or gliclazide MR) 
are preferred. Glimepride causes less weight gain in compari-
son to glyburide. Meglitinides, similar to SUs, are barriers to 
weight reduction in overweight and obese patients with diabetes. 
However, repaglinide induces less weight gain than glyburide. 
Meglitinides should be eliminated or their doses reduced 
during weight management. Thiazolidinediones are strong 
insulin sensitizers but they generally cause significant weight 
gain. Similar to metformin, they don’t cause hypoglycemia. 
Their dose should be significantly reduced during weight 

management but there is no need to discontinue them for 
their long-lasting glycemic benefit. Sitagliptin is weight 
neutral and its use together with metformin is preferred 
during weight management. 

 If long-acting insulin is indicated, detemir insulin is 
preferred as it causes less weight gain than NPH and glargine 
insulin  [14,15] . Short-acting insulin may be injected immediately 
after meals or within 20 min from the start of the meal. By 
administering the short-acting insulin after meals, patients 
had the opportunity to calculate the short-acting insulin 
dose based on the food that they actually consumed and not 
on the amount of food that they presumed to eat. This tactic 
minimizes the hypoglycemic risk and limits the consumption 
of the unneeded extra calories presumed to cover the pre-
planned prandial insulin. Glulisine insulin is preferred in such 
scenario for being relatively quicker in its onset of action  [13] . 
Exenatide and pramlintide are the only injectable medications 
that induce weight loss. Their use is encouraged during weight 
management. Maximal weight loss is seen when exenatide is 
used in combination with metformin. Our clinical experience 
showed that weight loss is maximal when exenatide is 
injected 1 h before meals. 

 In patients treated with pramlintide and prandial insulin, 
injecting the pramlintide before meals and the short-acting 
insulin immediately after meals was preferred. As appetite is 
frequently suppressed by pramlintide, patients usually eat much 
less than expected. Nausea is not common with pramlintide 
use in patients with type 2 diabetes in comparison to its use in 
patients with type 1 diabetes. Its use enables most patients to 
reduce prandial insulin dose and consequently enhance further 
weight reduction. Pramlintide is of particular importance for 
weight management in obese patients with type 1 diabetes. 
Although prevalence of obesity is not high in patients with 
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  Figure 1     . Range of weight change (in kilograms) in response to diabetes medications.     
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type 1 diabetes, it is of particular concern among young or 
middle-aged women who intentionally reduce their insulin 
intake to limit weight gain. Pramlintide use would allow them 
to reduce insulin dose without scarifying diabetes control. 
The central effect of pramlintide on appetite together with 
the concomitant reduction in insulin enhances weight loss. 

 This model of intervention was tested in clinical practice 
through the Weight Achievement and Intensive Treatment 
program (Why WAIT) at the Joslin Diabetes Center in Boston, 
Massachusetts, US  [8,125] . This 12-week multidisciplinary 
program for weight control and intensive diabetes management 
was specifically designed for application in routine diabetes 
practice. This model was effective in improving key metabolic 
abnormalities seen in patients with diabetes with an extra 
benefit of reducing the dose and number of antidiabetic 
medications. In this program, diabetes medications were 
classified into two groups: those known to promote weight 
gain and those associated with weight loss or that are weight 
neutral or associated with minimal weight gain ( Table 2 ). 
Without compromising diabetes control, medication regimens 

  Table 1     . Weight-specifi c effects of available classes of diabetes medications.   

 Medication  Weight effect  Remarks 

 Metformin   
 Sulfonylureas   
Glyburide  
Glipizide  
Glimepiride  
Glipizide XL  
Gliclazide MR  
 Glinides   
Nateglinide  
Repaglinide  
 Thiazolidinediones   

Pioglitazone  
Rosiglitazone  
 Alpha-glucosidase inhibitors   
Acarbose  
Miglitol  
 DPP-4 inhibitor   
Sitagliptin  
 Insulins   

NPH  

Glargine  
Detemir  
Aspart, Aspart 70/30  

Lispro, Lispro 75/25  

Glulisine  
 Amylin analogue   
Pramlintide  

 GLP-1 receptor agonist   
Exenatide

 ±   ↓   
 
↑   ↑   
 ↑   ↑   
 ±   ↑   
 ±   ↓   
 ±   ↓   
 
↑   
 ↑   
 

↑   ↑   
 ↑   ↑   
 
±   ↓    
±   ↓   
 
±   
 

↑   ↑   ↑   

 ↑   ↑   ↑   
 ±   ↑   
 ↑   ↑   ↑   
 
↑   ↑   ↑    

↑   ↑   ↑   
 
↓   ↓   
 

↓   ↓ 

  
5 kg weight gain over 6 years; most weight gain occurs in the fi rst year  

Weight increases gradually after the fi rst year  

Causes less weight gain than glyburide  
Weight gain is only seen on long-term use  
Weight gain increases with increasing daily dose: 3 kg over 56 and 24 weeks 
when used with insulin  

Weight loss is seen on long-term use  

4.8 – 7.8 kg after 6 months to 3 years; more weight gain with intensive 
insulin therapy; 50% of weight gain is seen in the fi rst 3 months  
Less weight gain if given as single evening dose is association with oral 
antidiabetic medications  
3.3 kg/year; less weight gain than NPH on short-term, but similar after 1 year  
No weight gain on short term; less weight gain than glargine insulin after 1 year  
0.4 – 2.6 kg weight gain after 6 – 10 weeks; 70/30 induces more weight gain 
than glargine insulin  
Weight gain similar to glyburide if used as single agent in combination with 
metformin, but more weight gain in elderly  
May cause weight loss if injected post-meal in type 1  

Weight loss is more signifi cant with higher doses; weight regain occurs in 
type 1 after 1 year of use  

Weight loss is more signifi cant with higher doses; weight loss is increased 
when combined with metformin

    ↑ : Increased;  ↓ : Decreased.   

  Table 2     . Use of diabetes medications during weight 
management.   

 Medications to be 
reduced (weight fury) 

 Medications to be added or 
increased (weight friendly) 

 Insulins   
NPH  
Glargine  
Aspart, Aspart 70/30  
Lispro, Lispro 75/25  
Glulisine (pre-meal)  

 Sulfonylureas   
Glyburide  
Glipizide  
Glimepiride  
 Glinides   
Nateglinide  
Repaglinide  
 Thiazolidinediones   
Pioglitazone  
Rosiglitazone

 Metformin   
 DPP-4 inhibitor   
Sitagliptin   
Alpha-glucosidase inhibitors   
Acarbose  
Miglitol   
Amylin analogue   
Pramlintide  
 GLP-1 receptor agonist   
Exenatide   
Insulin   
Detemir  
Glulisine (post-meal)
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were adjusted to facilitate weight loss by using more of 
the weight-friendly diabetes medications and reducing or 
eliminating those that promote weight gain. Participants treated 
with insulin and with good diabetes control (HbA1c < 7%) 
were advised to reduce their prandial insulin by  ∼  20 – 30% 
at the start of the weight management program. Exenatide 
was frequently added to oral medications for its weight benefit, 
and pramlintide was frequently added to meal-time insulin 
for the same reason when appropriate. The average weight 
loss of 11.2 kg after 12 weeks of intervention was associated 
with significant reduction in HbA1c. Participants maintained 

an average 8.3 kg weight loss after 1 year and 8.5 kg at 
18 months.       
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