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ARTICLE INFO ABSTRACT 
 The prevalence of diabetes mellitus has increased exponentially over the past 

decade in India and globally. Much has been published on the characteristics of 
type 2 diabetes mellitus and its association with the epidemic of obesity. But 
relatively little is known about the incidence of lean diabetes, progression of 
disease and fate of the patients with low-normal body mass index. This study was 
conducted to determine the prevalence of lean diabetes among diabetic 
individuals of three districts of West Bengal [Kolkata, Hooghly and 24 Pgs (N)]. 
A cross-sectional survey was carried out in three districts of West Bengal during 
January 2022 to August 2022, among adults aged 30-69 years. All diagnosed 
T2DM patients within a period of 5 years were included in the study. Lean 
diabetes was defined as nonketotic diabetes mellitus with a body mass index 
(BMI) < 18.5 kg/m2. Among 66 subjects with diabetes, the proportion of lean 
diabetes was 14% (9 subjects) the mean age of lean diabetics is 48.50 ± 6.30.  
Total cholesterol, LDL cholesterol and triglyceride levels were found to be lower 
in lean diabetics as compared to diabetic individuals with BMI 18.5 - 22.9 or 
BMI>23.0. Among the lean diabetics, tobacco use is very high (67%) as well as 
50% of them are required insulin therapy. 
In conclusion, the prevalence of lean diabetes was high (14%) among the selected 
study population.  
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Introduction 

 
Diabetes Mellitus (DM) is a persistent metabolic disorder characterized primarily by enduring hyperglycemia. 
According to ancient Egyptian manuscripts, it stands as one of the earliest recognized diseases in human 
history, dating back approximately 3000 years based on archaeological evidence. As per the World Health 
Organization's official definition, diabetes is identified as a metabolic disorder with various causes, marked 
by chronic hyperglycemia and disruptions in carbohydrate, fat, and protein metabolism resulting from 
deficiencies in insulin secretion, insulin action, or both (World Health Organization, 2018). The classification 
of DM into Type I and Type II occurred in 1936, and in 1988, Type II DM was initially linked to the metabolic 
syndrome. The global prevalence of DM has witnessed a substantial increase in the past decade (Jayawardena 
et al., 2012).  
 
Diabetes mellitus (DM) is a diverse condition lacking a precise definition, with clinical features exhibiting 
significant variation both within and among populations. It poses a considerable public health challenge. 
According to the International Diabetes Federation (IDF), the projected global diagnosis of type 2 DM 
(T2DM) is expected to reach 784 million people by 2045, compared to 425 million in 2017 (Sun et al., 2022). 
The substantial increase in prevalence is primarily linked to the obesity pandemic, accounting for 80-90% of 
cases (Feeley et al., 2012). Notably, 10-20% of individuals with T2DM are non-obese, excluding latent 
autoimmune diabetes in adults (LADA) and other diabetes forms (Perry et al., 2012). In certain regions, 
particularly in Asian countries, the prevalence of the non-obese variant can constitute 60-80% of the total 
T2DM burden (Perry et al., 2012). Some studies indicate that these non-obese individuals face a higher risk of 
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cardiovascular events compared to their obese counterparts, underscoring the need for a more 
comprehensive understanding of the pathophysiological mechanisms involved (Chaudhary et al., 2013). 
 
The simplified explanation for the pathophysiology of Type 2 Diabetes Mellitus (T2DM) has traditionally 
focused on the interplay between beta-cell dysfunction and insulin resistance. However, the specific defects 
underlying these processes are intricate and not yet fully comprehended. An earlier study (Davies et al., 2018) 
connected the pathophysiology of T2DM to its treatment, introducing a new dimension to our understanding. 
Nonetheless, there remains much to unravel. While insulin resistance overlaying defective insulin secretion 
has been described in T2DM among obese individuals, understanding the pathophysiology in the non-obese 
has posed a challenge, as many proposed models have been conducted primarily in obese subjects (Stefan et 
al., 2017). Some studies indicate that even though these non-obese patients may not meet the technical 
definition of obesity, they exhibit metabolic obesity, implying that similar pathophysiological mechanisms 
may apply. While this holds true to some extent, significant differences in pathophysiology between obese 
and non-obese patients need clarification for more precisely defining the management strategies for these 
individuals (Stefan et al., 2017). 
 
Lean Diabetes (LD) is defined by a BMI less than 18.5 kg/m2 or, in the case of Ketosis Resistant Diabetes of 
the Young (KRDY), a BMI less than 18.0 kg/m2. However, in studies from high-income countries, higher 
cutoff values ranging from 18.0 to 24.9 kg/m2 have been employed (George et al., 2015). Previous research 
has reported that the proportion of lean diabetic participants varied from 7.5% to 21% (Ahuja et al., 1980). 
LD is linked to an elevated risk of hypoglycemia and mortality. Patients typically exhibit lifestyle habits such 
as smoking and alcohol consumption, with cardiovascular comorbidities being less prevalent. Limited 
information is available about lean diabetes, especially in patients with a low-normal body mass index. 
 
Studies conducted in developing countries indicate that these patients often have a history of childhood 
malnutrition, a lower socioeconomic status, and an early age of onset without ketosis (Ahuja et al., 1980; 
Akombi et al. 2017). Recent research in the United States has revealed that lean, normal-weight diabetes is 
not uncommon, particularly among minority populations. These patients are predominantly male and exhibit 
a higher prevalence of insulin use, suggesting rapid beta cell failure. Additionally, they may experience 
increased overall, cardiovascular, and non-cardiovascular mortality compared to obese diabetic patients. The 
potential causal mechanisms of this type of diabetes may involve genetic, acquired, and behavioral factors. 

 
Methodology 

 
A cross-sectional survey was conducted in three districts of West Bengal—Hooghly, 24 Parganas (N), and 
Kolkata—from January 2022 to August 2022. The study focused on adults aged 30 to 69 years. A total of 66 
individuals, representing diverse socio-economic statuses and job profiles, were deemed suitable for analysis. 
Importantly, all subjects included in the study had been diagnosed with diabetes within the last 5 years. 
 
Data for the questionnaire were gathered both through in-home visits and digital means, utilizing messaging 
applications online. Consent was obtained manually and digitally in the relevant settings.  
 
Biochemical measurements were obtained in two distinct manners: 
1. Individuals who already possessed recent basic health data, having been diligent about monitoring their 

health conditions. However, they lacked certain parameters necessary for our study, as those were not 
prescribed by their physicians. 

2. Subjects were invited to our college for sample collection, involving an overnight fast of 8 hours before the 
analysis. Subsequently, the samples were analyzed in our laboratory. 

 
For anthropometric data: 
1. The participants' weight was measured using a digital weighing machine, and their height was assessed 

using a stadiometer. Body Mass Index (BMI) was calculated using Quetelet index (Davies and Lucas, 1989). 
 
Regarding health parameters: 

• Fasting plasma glucose (FPG) was utilized to screen for diabetes, following the WHO STEPS survey 
recommendations. 

• Diabetes was defined as FPG ≥ 126 g/dl or being on medication. 

• Dyslipidemia was characterized by being on medication or meeting one of the following criteria: Total 
cholesterol ≥ 200 mg/dl, triglycerides ≥ 180 mg/dl, low HDL (<40 mg/dl for males, <50 mg/dl for 
females), or LDL cholesterol ≥ 100 mg/dl. 

 
Specifically for lean diabetes: 

• Lean diabetes was defined as having diabetes and a BMI of < 18.5 kg/m2. 
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Considerations 

• Body weight was measured in light clothing without shoes, using the SECA 877 scale, rounded to the nearest 
0.1 kg. Participants were asked to empty their pockets of any accessories or gadgets before measurement. 

• Heights were measured without shoes, employing a portable stadiometer, rounded to the nearest 0.1 cm. 

• BMI was calculated as weight (kg) divided by height squared (m2). 

• Biochemical analysis included concentrations of total cholesterol, low-density lipoprotein (LDL)-
cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides, measured using colorimetric test 
kits (mmol/L). 

• Hypercholesterolemia was defined as total cholesterol ≥200 mg/dl, LDL cholesterol ≥160 mg/dl, HDL 
cholesterol ≤40 mg/dl, triglycerides ≥150 mg/dl, or medication with lipid-lowering drugs. 

• HbA1C <7% (53 mmol/mol) was used to indicate optimal blood glucose control in individuals with type 2 
diabetes for the preceding two to three years. 

Statistical analysis 
Descriptive statistics were done. Lipid profile data were presented as Mean±SD. Student’s t test was used to 
analyze lipid profile data. P-value less than 0.05 was considered statistically significant for all tests. 
 

Results 
 
Demographic variables were presented in Table 1. Age (Mean±SD) of the individuals in BMI<18.5, BMI 18.5-
22.9 and BMI>23.0 were 48.5±6.3, 52.6±7.2, 50.4±5.1, respectively. Results further revealed that 55.56% of 
diabetic individuals of BMI<18.5 were in the age group>50 years. In comparison, more than 50% diabetic 
individuals of BMI 18.5-22.9 and BMI>23.0 group were in the age group <50 years.  
Prevalence of lean diabetes was demonstrated in Figure 1. It was noted that 14% of diabetic study participants 
showed BMI<18.5 (9 out 66 study participants). Lipid profile data of study participants were presented in 
Figure 2. Notably, total cholesterol, triglyceride and HDL cholesterol did not show significant changes in 
between BMI<18.5 and BMI≥18.5. However, LDL cholesterol was found to significantly higher in diabetic 
subjects having BMI≥18.5.  
 

Table 1: Demographic and physiological variables of study participants 

Variables  BMI<18.5 kg/m2  BMI 18.5 -22.9 kg/m2  BMI>23.0 kg/m2  

n  9 (14%)  27 (41%)  30 (45%)  

Age in years (SD) 48.5 (6.3) 52.6 (7.2) 50.4(5.1) 

Age group, n (%)  

30-39 2 (22.22%)  7 (25.93%)  4 (13.33%)  

40-49 2 (22.22%)  10 (37.03%)  11 (36.67%)  

50-59 3 (33.34%)  4 (14.81%)  6 (20%)  

60-69 2 (22.22%)  6 (22.22%)  9 (30%)  
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Discussion 

 
Occurrence of complications and increased rate of mortality in certain normal weight diabetes patients in 
comparison to their obese counterparts. This phenomenon is called the “obesity paradox” (George et al., 
2015). This “obesity paradox” has also been previously noted in other studies on diabetics and in various 
other chronic conditions such as hypertension, end stage renal disease and heart failure. It is likely that lower 
body weight in the presence of obesity related metabolic disorders may just be a reflection of preexisting 
illness that may predispose to mortality (Carnethon et al., 2012). It is also known that despite having a leaner 
body mass, cigarette smokers are more insulin resistant, more likely to develop diabetes, and have a higher 
mortality from chronic lung disease and malignancies as compared with non-smokers (George et al., 2015). 
This study aims to document the prevalence of lean diabetes at the population level in the West Bengal, a 
state in India. The study's strength lies in obtaining estimates of the population with lean diabetes through a 
community-based approach that identifies individuals diagnosed with diabetes within the last 5 years. The 
findings reveal that lean diabetes is more prevalent among individuals who tend to be older compared to non-
lean diabetic individuals. On the other hand, in the case of obese individuals, they tend to lead a sedentary 
lifestyle and have occupations that involve moderate to high levels of deskwork (Grams et al., 2015). Certain 
metabolic characteristics associated with lean diabetes, such as lower levels of hyperlipidemia and a reduced 
triglycerides/HDL ratio, do not reach statistical significance in this study. This may be attributed to the low 
number of lean diabetic individuals identified in the cross-sectional survey, comprising only 9 out of 66 
individuals, accounting for 14% of the total population. 
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Contrastingly hypertension was observed to be higher in individuals with lean diabetes compared to their 
lean counterparts without diabetes. This suggests that, within the lean group, these risk factors were 
independent of body weight and may be influenced by other factors (Wallace et al., 2004). It was observed 
earlier that leaner individuals exhibited worse beta cell failure. This leads to the postulation that lean diabetes 
might represent a distinct variant of Type II diabetes, wherein the failing beta cell struggles to cope even with 
the modest insulin resistance associated with a lean body weight (Mohan et al., 1997). Similarly, a study 
conducted across Germany indicated that Lean Diabetes is associated with an elevated risk of hypoglycemia 
and death (Hartman et al., 2017). These patients are characterized by being male, engaging in lifestyle habits 
such as smoking and alcohol consumption, while cardiovascular comorbidities are less prominent. These 
findings are well aligned with the current study as use of tobacco and alcohol found to be higher in diabetic 
individuals having BMI<18.5.  
Compared to patients in other weight groups, those with lean diabetes are more frequently treated with 
insulin and less frequently with metformin. In type 2 diabetes, beta cells genetically predisposed to fail 
gradually over the years struggle to cope with increasing insulin resistance associated with obesity. Lean 
diabetes might be considered a variant of these primary pathogenic mechanisms, characterized by more 
pronounced and earlier-onset beta cell failure leading to rapid exhaustion. Various potential mechanisms 
could contribute to beta cell failure, beginning with adverse intrauterine or early postnatal environments that 
result in a smaller beta cell mass. Genetic predisposition toward a more fragile beta cell mass may lead to 
early destruction and apoptosis, with studies suggesting that genetic markers of such fragility are more 
common in lean individuals with diabetes than in their obese counterparts. Higher percentage of insulin 
users among diabetic individuals of BMI<18.5 group in this study further strengthen these earlier findings.  
Furthermore, in developed countries such as the United States, acquired insults like cigarette smoking and 
alcoholism may represent newly identified and significant contributors to beta cell weakening. In these 
scenarios, even the minimal insulin resistance associated with a lean body weight could trigger the onset of 
diabetes. Recent research has also indicated that genetically determined insulin resistance may play a role in 
the pathogenesis of lean diabetes (Boffetta et al., 2011). Despite the fact that the highest risk of diabetes was 
observed among the obese individuals, those who were underweight are more likely to have untreated 
diabetes compared to all other groups. This suggests that lean diabetes is less likely to be detected when 
compared to individuals who are traditionally considered to be at risk, such as the overweight and the obese. 
In conclusion, the present study focused on the prevalence of lean diabetes among individuals diagnosed with 
diabetes within the last 5 years. One notable finding highlighted in this study is that lean individuals with 
diabetes required insulin therapy at an earlier stage compared to individuals with normal or obese diabetes. 
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