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High rates of diabetes reversal in newly diagnosed 
Asian Indian young adults with type 2 diabetes 
mellitus with intensive lifestyle therapy

Abstract
Aims: There are variable reports on the reversibility of type 2 diabetes mellitus (type 2 DM) with higher rates among younger 
patients with short duration of diabetes. Hence, we studied the reversibility of diabetes among young adults with newly diagnosed 
type 2 DM. Methods: This prospective study included 32 patients with newly diagnosed type 2 DM. All type 2 DM patients were 
initially treated with intensive lifestyle therapy (ILT) (low‑calorie diet [1500 kcal/day] and brisk walking for 1 h/day]). Four patients 
who with HbA1C <9.0% were treated with ILT alone. Except for three patients with concomitant infections who were treated with 
insulin, remaining 25 patients with HbA1C ≥9.0% were treated with metformin (1000–2000 g) in addition to ILT. When fasting 
plasma glucose was <126 mg/dl or HbA1C was <6.5% antidiabetic drug dose was reduced or stopped. The patients were followed 
for a minimum period of 2 years. Results: Reversal/remission rates at 3 months, 1 year, and 2 years were 24 (75%), 24 (75%), 
and 22 (68.75%), respectively. Seventeen (53.1%) patients achieved complete reversal and seven (21.9%) patients achieved 
partial reversal at 3 months. Rates of complete and partial remission at 1 year were 50% and 25% and at 2 years were 46.9% 
and 21.9%, respectively. Conclusion: Young adults with newly diagnosed type 2 DM have high rates of diabetes reversal and 
should receive ILT to achieve reversal of diabetes.
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Initial definitive evidence for reversal of  diabetes was 
demonstrated with bariatric surgery. Biliopancreatic 
diversion confers the highest rates of  remission, followed 
by Roux-en-Y gastric bypass (RYGB), vertical sleeve 
gastrectomy, and adjusted gastric banding.[4] In an Indian 
study, all type 2 DM patients with body mass index (BMI) 
<35 kg/m2 achieved reversal of  diabetes at 3 months after 
the performance of  RYGB procedure.[5]

In 2011, the counterpoint study by Lim et al. demonstrated 
that very low-calorie diet (600 kcal/day) leads to 
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INTRODUCTION

The prevalence of  diabetes mellitus is increasing in India. 
According to the International Diabetes Federation 2015, 
there are around 69.2 million people with diabetes mellitus 
in India.[1] The age of  presentation in Asian Indian diabetics 
is a decade lesser than that in Caucasians.[2] The prevalence 
of  obesity is also increasing in India, especially in children, 
leading to an increased prevalence of  type 2 diabetes 
mellitus (type 2 DM).[3] Recently, there is a shift in the age 
of  onset of  type 2 DM to a younger age in India.[1]
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rapid (1 week) reversal of  fasting hyperglycemia.[6] Outside 
a research setting, motivated patients who followed very 
low-calorie diet achieved reversal of  diabetes in 61% 
with highest rates of  reversal (73%) in those with a short 
duration of  diabetes (<4 years).[7] Remission of  diabetes 
for as long as 8 years has been reported.[8] Hence, we 
have studied the rates of  reversibility among young adults 
with newly diagnosed type 2 DM with intensive lifestyle 
therapy (ILT).

METHODS

This prospective study was conducted at Vydehi Institute 
of  Medical Sciences and Research Center, Bengaluru, India. 
Institutional Ethics Committee permission was obtained, 
and a written informed consent was obtained from all 
participants. Diabetes mellitus was defined according 
to American Diabetes Association (ADA) criteria.[9] All 
newly diagnosed patients with type 2 DM who consulted 
the corresponding author between November 2012 and 
October 2013 were included in the study. Patients with 
gestational diabetes mellitus were excluded from the study.

At recruitment, data on family history of  diabetes, 
symptoms at presentation, anthropometric data (height, 
weight, BMI, waist circumference), calorie intake, and 
glycemic parameters (fasting plasma glucose [FPG], 
postprandial plasma glucose, HbA1c) at diagnosis were 
collected. All patients were counseled regarding the 
possibility of  type 2 DM reversal with ILT. ILT included 
daily calorie intake of  1500 kcal (60% as carbohydrates, 
15% as proteins, and 25% as fat) and brisk walking for 
1 h every day. All patients were advised to follow ILT. 
In addition, subjects with HbA1c ≥9.0% were started 
on metformin 500–2000 mg. Only those patients with 
comorbid conditions requiring early glycemic control 
were started on insulin followed by oral antidiabetic 
agents (metformin ± DPP4 inhibitors). The patients 
were followed-up every month for first 3 months and 
then once in every 2 months. At each visit glycemic 
parameters, weight, and calorie intake were assessed, 
and all patients were counseled for the continued need 
for adherence to ILT to sustain remission. The doses 
of  oral antidiabetic agents were adjusted depending on 
the glycemic parameters and tolerance. When FPG was 
<126 mg/dl or HbA1C was <6.5%, antidiabetic drug dose 
was reduced or stopped. Those with HbA1c ≥7.0% were 
started on additional oral antidiabetic agents preferably, 
DPP4 inhibitors. All except three patients were followed 
up for a minimum period of  2 years. For the three patients 
relocated out of  Bengaluru, the glycemic parameters, and 
anthropometric data at last follow-up was obtained by 
communication through e-mail.

Complete reversal at 3 months was defined as normalization 
of  FPG (<100 mg/dl) and partial reversal at 3 months 
was defined as FPG between 100 and 125 mg/dl. Partial 
remission was defined as FPG of  100–125 mg/dl and 
HbA1C of  5.7–6.4% in the prediabetic range at 1 year or 
later and complete remission as normal FPG <100 mg/dl 
and HbA1C <5.7% at 1 year or later.

Statistical analysis
Statistical analyses were performed using SPSS software 
version 21.0 (SPSS, IL, Chicago, USA). Data are presented 
as mean ± standard deviation. Comparison of  glycemic 
parameters, weight, and calorie intake between patients 
who achieved reversal at 3 months and those who did not 
perform using a two-tailed Student’s t-test. P < 0.05 was 
considered as statistically significant.

RESULTS

The study included 32 subjects. Mean age at diagnosis of  
diabetes was 24.97 ± 3.81 years. Parental history of  diabetes 
was present in 78.1% patients with maternal history in 
13 (40.6%) patients and paternal history in 12 (37.5%) with 
five (15.6%) having a history of  diabetes in both parents. 
Acanthosis and/or skin tags were present in 12 (37.5%) 
patients.

Twenty-eight patients with type 2 DM presented with 
osmotic symptoms and weight loss had an HbA1C 
9.0% at the time of  diagnosis. Except three patients 
with concomitant infections (acute paronychia in one 
patient, hidradenitis suppurativa in one, and urinary 
tract infection in one), all 25 patients were treated with 
medical nutrition therapy, regular physical exercise, and 
metformin (1000–2000 g). All four patients who presented 
with HbA1C <9.0% were treated with low-calorie diet 
and regular physical exercise. Of  the total 32 patients 
with type 2 DM, the remission rates at 3 months, 1 year, 
and 2 years were 24 (75%), 24 (75%), and 22 (68.75%), 
respectively. Seventeen (53.1%) patients achieved complete 
reversal and seven (21.9%) patients achieved partial reversal 
at 3 months. Rates of  complete and partial remission at 
1 year were 50% and 25% and at 2 years were 46.9% and 
21.9%, respectively. Glycemic parameters, drugs required 
and weight of  subjects at baseline and follow-up visits are 
summarized in Table 1.

Comparison of  glycemic parameters, weight, and calorie 
intake between patients who achieved reversal and those 
who did not is summarized in Table 2. Patients who 
achieved reversal of  diabetes at 3 months were consuming 
significantly lesser calories and had significantly higher 
weight loss than those who did not. None of  the patients 
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who maintained or further decreased the weight at 
3 months had a recurrence of  DM at 2 years whereas two 
patients who had regained 3–4 kg weight between 1 year 
and 2 years of  follow-up had a recurrence of  DM.

DISCUSSION

Majority (75%) of  the type 2 DM patients in our cohort 
achieved partial/complete reversal of  diabetes at 3 months. 
All patients were compliant to therapy and followed the 
dietary and exercise advice regularly.

Lim et al. reported normalization of  FPG as early as 
1 week after administration of  a very low-calorie diet in 
diabetics.[6] The reversal was associated with reduction in 
hepatic triglycerides content by 30% with concomitant 
reduction in insulin resistance. Over 8 week’s period, very 
low-calorie diet lead to decrease in pancreatic fat and 
normalization of  the first phase insulin secretion.[6] In our 
study, majority achieved reversal at 3 months after diagnosis. 
This is probably due to relatively liberal calorie intake in 
our cohort. The mechanisms of  reversal of  diabetes in our 
cohort are probably due to same mechanisms as described 
above, but occurring at a slower rate.

In a recent study, Steven et al. reported higher rates (87%) 
of  reversal in type 2 DM with short-duration group than 
that (50%) in the long-duration group after 8 weeks of  
very low-calorie diet. Younger age, lower fasting glucose 
and less treatment requirement at baseline were the other 
predictors of  response. There was no effect of  weight on 

degree of  response.[10] In our study, none of  the baseline 
glycemic parameters, weight, or calorie intake were different 
between patients who achieved reversal and those who did 
not. However, weight reduction and decrease in calorie intake 
at 3 months were significantly higher among those who 
achieved remission suggesting that restriction of  calories and 
weight loss predict reversal irrespective of  baseline glycemic 
parameters. Two patients who had regained 3–4 kg weight 
between 1 year and 2 years of  follow-up had recurrence 
of  DM; hence, avoidance of  weight regain is essential to 
prevent recurrence of  DM. This would require continued 
supervision by the clinical practitioner and the nutritionist.

Although small, reversal of  diabetes is also reported in 
routine clinic settings. In diabetes and aging study, partial 
and complete remission was reported in 1.47% and 0.14% 
of  type 2 DM patients with high rates (4.6%) of  remission 
in the subgroup with new-onset diabetes (<2 years since 
diagnosis).[11] Nearly, 11–50% of  youth with type 2 DM are 
reported to be managed with lifestyle modification alone.[12-14]

A high rate (53%) of  dropout was observed among youth 
who were managed with lifestyle changes alone.[11] Even 
in those patients who regularly follow-up, greater self-care 
adherence predicts long-term remission of  diabetes.[15] 
In our study, the follow-up and adherence to therapy 
was almost 100%. This is probably because of  intensive 
counseling at each follow-up.

Previous studies have documented benefits of  early 
intensive insulin therapy in newly diagnosed type 2 DM 

Table 1: Glycemic parameters, drugs required, and weight of patients with type 2 diabetes at baseline 
and follow‑up visits

Baseline 3 months 1 year 2 years
Fasting plasma glucose (mg/dl) 223.78±52.56 99.31±14.26 100.53±14.64 94.71±9.59
Postprandial plasma glucose (mg/dl) 345.37±67.24 133.12±25.19 135.59±13.45 140.31±18.87
Glycated hemoglobin % 10.6±1.5 6.1±0.3 5.9±0.4 5.9±0.5
Drugs (no drugs/metformin/insulin/
metformin + dipeptidyl peptidase 4 inhibitors)

4/25/3/0 24/6/0/2 24/6/0/2 22/8/0/2

Weight (kg) 73.84±9.25 68.87±8.8 67.28±6.32 66.18±5.91

Table 2: Comparison of glycemic parameters, weight, and calorie intake between patients who achieved 
reversal and those who did not

Reversal (n=24) No reversal (n=8) P
Age (years) 24.83±3.34 25.37±2.82 0.66
Fasting plasma glucose (mg/dl) at diagnosis 222.84±57.42 225.9±36.9 0.839
Postprandial plasma glucose (mg/dl) at diagnosis 338.22±73.08 366.48±41.94 0.193
Glycated hemoglobin % at diagnosis 10.7±1.3 10.6±0.9 0.897
Calorie intake (kcal) at diagnosis 2452.08±310.86 2358.75±299.87 0.464
Calorie intake (kcal) at 3 months 1339.58±178.65 1785.75±228.89 0.003
Change in calorie intake (kcal) at 3 months 1112.50±257.67 450.00±68.11 <0.001
Weight (kg) at diagnosis 76.75±10.15 72.87±14.71 0.5
Weight (kg) at 3 months 69.33±10.4 67.62±13.62 0.7
Change in weight (kg) at 3 months 7.41±2.1 4.25±1.16 <0.001
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with increased chances of  remission.[16] Remission rates 
after 1 year are significantly higher in the insulin 
groups (51.1% in continuous subcutaneous insulin infusion 
group and 44.9% in multiple dose insulin group) than in 
the oral hypoglycemic agents group (26.7%).[17] Whether 
initial intensive insulin therapy followed by low-calorie diet 
would have resulted in higher rates of  reversal of  diabetes 
in our type 2, DM cohort remains questionable.

ADA recommends initiation of  insulin in symptomatic 
type 2 DM with HbA1C >9.0% at diagnosis.[18] However, 
in our study, all newly diagnosed type 2 DM were initiated 
on low-calorie diet, exercise and metformin with which 
almost all achieved glycemic control by 1–3 months. 
Initial use of  insulin or oral combination therapy in our 
patients might have resulted in a faster achievement of  
euglycemia. The attempts for reducing the dose of  or 
stopping oral hypoglycemic agents at HbA1c <6.5% left 
the patients often at prediabetic range which would still 
put them at some risk for diabetic complications. Keeping 
a stringent cut-off  of  HbA1C (<5.7%) to reduce the dose 
or stop ADD would be better to minimize the diabetic 
complications on long-term basis.

Most of  the young type 2 DM subjects in our cohort had 
HbA1C ≥9.0% at presentation. This is likely due to referral 
bias with only those with very high glycemic parameters 
getting referred to our institute.

CONCLUSION

Seventy-five percent of  the young adults with newly 
diagnosed type 2 DM achieve remission of  diabetes at 
1 year and 68.75% at 2 years with low-calorie diet and 
regular physical exercise. Hence, we suggest that all young, 
newly diagnosed patients with type 2 DM should receive 
ILT to achieve remission of  diabetes.
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