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Abstract

Aims: Type 2 diabetes in lean individuals has recently come to attention. We assessed type 2
diabetes prevalence and the associated risk factors in underweight and normal weight individuals
in two ethnic populations.

Methods: We conducted cross-sectional analyses, using representative samples of 4,930 Asian
Indians from the CARRS-Chennai Study and 2,868 Whites from the NHANES Survey. Diabetes
was defined as use of glucose lowering medication, fasting glucose = 126 mg/dl, or 2 hour glucose
> 200 mg/dl. Body mass index (BMI) was classified using WHO standard criteria.

Results: Prevalence of type 2 diabetes by BMI varied by ethnicity and sex. In men, type 2
diabetes prevalence was 5.4% and 23.5% in underweight and normal weight Asian Indians and
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0.0% and 6.1% in underweight and normal weight Whites. In women, the prevalence was 5.6%
and 13.6% in underweight and normal weight Asian Indians and 2.3% and 2.8% in underweight
and normal weight Whites. Adjustment for waist circumference, insulin resistance, and insulin
secretion did not explain the increased prevalence in Asian Indians.

Conclusions: These findings suggest significant ethnic differences in type 2 diabetes prevalence
without overweight or obesity. Future studies should examine the pathophysiology of type 2
diabetes development in lean individuals.
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1. Introduction

Overweight and obesity are well known risk factors for type 2 diabetes [1-5]. However,
some populations (particularly those in or from Asia and Africa) are at risk of type 2
diabetes at much lower levels of body mass indices (BMI) than other ethnic groups [6-8].
Furthermore, type 2 diabetes is increasingly being reported in normal weight and
underweight individuals [9-13]. For example, in a nationally representative sample from
China, type 2 diabetes prevalence was 4.5% in individuals with BMI < 18.5 kg/m? and 7.6%
in individuals with BMI 18.5-24.9 kg/m?2 [10]. Similar results were reported from a more
recent nationally representative survey from mainland China, in which the prevalence of
type 2 diabetes as 7.8% in individuals with BMI < 25 kg/m2[11]. Furthermore, a study
examining the prevalence of type 2 diabetes in Zambia and the Western Cape of South
Africa found that while the prevalence of type 2 diabetes was 2.9% in Zambia, two-thirds of
these cases were in those who were underweight or normal weight [13]. Similarly, while the
overall prevalence of type 2 diabetes was 9.4% in the Western Cape, nearly two-thirds of
these cases were in those with BMI < 25 kg/m? [13].

Investigating type 2 diabetes in non-obese subpopulations may expand knowledge above and
beyond the connection between insulin resistance and type 2 diabetes risk, and may reveal
novel aspects in disease etiology, and pathophysiology, and potentially direct to new
approaches to preventing and managing the disease. Such studies are particularly important
in populations living in or with origin from low- and middle-income countries, such as India,
other parts of Asia, Africa, which are currently experiencing an extremely high burden of
type 2 diabetes in parallel with dual burdens of under and over-nutrition [14-16].

We therefore investigated the prevalence of type 2 diabetes by BMI in a population-based
sample of Asian Indians living in Chennai, India, from the Center for Cardio-Metabolic Risk
Reduction in South Asia (CARRS study) and compared it to Whites from the National
Health and Nutrition Examination Survey (NHANES) in the United States. We also
examined factors associated with the prevalence of type 2 diabetes in underweight/normal
weight compared to overweight/obese individuals.

Diabetes Res Clin Pract. Author manuscript; available in PMC 2019 December 01.



Gujral et al. Page 3

2. Materials and Methods
2.1 Study population
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In brief, CARRS is a multi-site cohort study consisting of two urban cities in India (New
Delhi, and Chennai) and one in Pakistan (Karachi). Recruitment and baseline cross-sectional
data collection was done in 2010-2011 [17]. For the purposes of this study, data were
analyzed from Chennai, India only, as this was the only site to collect both fasting and two
hour plasma glucose samples. Chennai is a large metropolitan city with a population of
approximately 8 million people [18] and is located in the South Indian state of Tamil Nadu.
In order to be representative of Chennai, households were selected for participation using
multi-stage random sampling technique [17]. A total of 6,921 individuals aged = 20 were
screened for participation. For this study we limited our population to the 4,950 (72%)
participants who were either previously diagnosed with type 2 diabetes, or who provided
fasting and two hour post-challenge glucose measurements. While the NHANES classifies
individuals with type 1 diabetes as those who started using insulin within one year of
diabetes diagnosis, were currently using insulin, and were diagnosed prior to the age of 30
[19], CARRS did not collect information on insulin use specifically. Therefore, we also
excluded 39 participants who were diagnosed with diabetes prior to the age of 30 as a best
method to exclude individuals with type 1 diabetes as well as 5 participants with negative
HOMA-B values for a total sample of 4,906 individuals. All participants in CARRS-Chennai
were considered Asian Indian.

NHANES is a cross-sectional survey conducted by the US Centers for Disease Control and
Prevention’s National Center for Health Statistics. The survey is designed to be
representative of the US civilian, non-institutionalized population on the basis of a complex
multi-stage, biennial probability sample [20]. After completing an in home questionnaire,
participants attended a mobile examination clinic where they received a questionnaire in
addition to physical and laboratory examinations. In order to be in accordance with the time
frame of CARRS, cycles 2007-2008, 2009-2010, and 2011-2012 were combined for
analysis. We limited the analysis to adults aged 20 years and older. Including all ethnicity/
ethnic groups, a total of 24,731 were screened for participation. Of those, 17,713 (72%)
provided questionnaire data, and 17,085 (69%) participated in the mobile examination.
Participants who self-reported as “other ethnicity,” Mexican American (Hispanic), Other
Hispanic (Hispanic), or Non-Hispanic Black (Black), (9,935 (56%)) or who were currently
pregnant (34 (0.4%)) were excluded from analysis. We also excluded 1,266 (16%)
participants who were over the age of 75 to remain in concordance with the upper age group
included in CARRS, as well as 26 participants who started insulin therapy within one year
of diabetes diagnosis, were currently using insulin, and were diagnosed with diabetes prior
to the age of 30 to ensure that we excluded individuals with type 1 diabetes [19] In addition,
we excluded 6 individuals who had negative values of HOMA-. Of the remaining 6,452
participants, 580 participants (9%) were previously diagnosed with diabetes. We excluded
3,579 individuals who had missing values for two hour post challenge glucose or for
previously diagnosed diabetes. We thus limited our population to the 2,873 individuals who
met inclusion criteria and had either a previous diabetes diagnosis or either fasting or two
hour post challenge glucose measurements, and self-identified as White. Details regarding
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the eligibility criteria, questionnaire, and examination components in NHANES and CARRS
are listed in Table 1. Additional details of each study have been previously published
[17,20].

2.2 Definitions and Measurements

In both the CARRS and NHANES studies, type 2 diabetes was defined by previous
physician diagnosis, the use of glucose lowering medication, or fasting plasma glucose =
126 mg/dl and/or two hour post-challenge glucose = 200 mg/dl, and by exclusion of possible
type 1 diabetes from clinical presentation [21]. In CARRS individuals with a diabetes
diagnosis prior to the age of 30 were excluded, while in NHANES, participants who started
insulin therapy within one year of diabetes diagnosis, were currently using insulin, and were
diagnosed with diabetes prior to the age of 30 were excluded to ensure only individuals with
type 2 diabetes were included in the study [19]. Plasma glucose was analyzed using the
hexokinase method in both studies. Estimates of inherent insulin resistance and insulin
secretion in participants were generated using HOMA modeling [15]. HOMA-B was used to
measure insulin secretion and was calculated as [20*1o(uIU/ml) / Gg (mmol/I)- 3.5]. HOMA-
IR was used to measure insulin resistance and was calculated as [lo(ulU/ml) * Gg (mmaol/l)/
22.5][22].

For both Asian Indian and White participants, BMI was classified according to World Health
Organization (WHO) standard cut-points for underweight (BMI < 18.5 kg/m?2) normal
weight (BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/m?2), and obesity (BMI =30
kg/m?) [23]. When comparing characteristics of those with type 2 diabetes by BMI status
and ethnicity/ethnicity, the underweight and normal weight categories were combined as
were the overweight and obese categories due to the small number of underweight
individuals in the NHANES sample. We also conducted a sensitivity analysis using WHO-
Asian cut-points for underweight (BMI < 18.5 kg/m?) normal weight (BMI 18.5-22.9 kg/
m?2), overweight (BMI 23.0-27.4 kg/m?), and obesity (BMI >27.5 kg/m?) [24] in Asian
Indian participants.

2.3 Statistical Analysis

All analyses were performed using SAS Version 9.3 (SAS Institute, Cary, NC) or SAS
callable SUDAAN (version 9, Research Triangle Institute) software. Data from CARRS and
NHANES were set together into a single dataset for analysis. Sampling weights for each
survey were created independently in order to maximize the representativeness of each
sample and were maintained upon combined analysis. Participant characteristics were
stratified by ethnicity and BMI and were compared using conditional marginal distributions
and Wald chi-squared tests. Weighted crude type 2 diabetes prevalence values and 95%
confidence intervals were estimated by ethnicity and sex. Prevalence ratios of type 2
diabetes were estimated using log binomial regression models for underweight/normal
weight individuals and for overweight/obese individuals separately. Multivariate regression
models were adjusted for age, sex, waist circumference, standardized HOMA-IR, and
standardized HOMA-.
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3. Results

The total sample of 7,774 participants was comprised of 4,906 Asian Indian and 2,868
White participants. The weighted BMI composition of the sample by ethnicity was 5.8%
underweight, 38.5% normal weight, 38.2% overweight and 17.6% obese in Asian Indians;
and 1.2% underweight, 30.4% normal weight, 34.0% overweight, and 34.3% obese in
Whites. In sensitivity analyses using the WHO-Asian cut-points for BMI, 5.8% of Asian
Indians were classified as underweight, 22.6% were normal weight, 37.5% were classified as
overweight, and 34.1% were obese.

The prevalence of type 2 diabetes by BMI category varied by ethnicity and sex (Figure 1). In
underweight men, the prevalence of type 2 diabetes was 5.4% in Asian Indians. However, no
White men who were underweight had type 2 diabetes. In normal weight men, the
prevalence of type 2 diabetes was 23.5% and 6.1% in Asian Indians and Whites respectively.
In underweight women, the prevalence of type 2 diabetes was 5.6% in Asian Indians and
2.3% in Whites. In normal weight women, the prevalence of type 2 diabetes was 13.6% and
2.8% in Asian Indians and Whites respectively. In both sexes, Asian Indians also had a
greater prevalence of type 2 diabetes in the overweight and obese categories compared to
White individuals.

Regarding the prevalence ratios of type 2 diabetes, among men, Asian Indians who were
underweight had 5.4 times greater prevalence of type 2 diabetes than their White
counterparts. Asian Indian men who were normal weight, overweight, or obese had a 3.9
times, 3.7 times, and 1.8 times significantly greater prevalence of type 2 diabetes than White
men who were normal weight overweight, or obese. Among women, Asian Indians who
were underweight normal weight, overweight or obese had 2.2 times, 5.2 times, 3.5 times,
and 1.4 times greater prevalence of type 2 diabetes respectively compared to White women
who were underweight, normal weight, overweight, and obese respectively. Similar trends
were found in sensitivity analyses using the WHO Asian BMI cut-points for the Asian
Indian population (Figure 1b).

Table 1 details the characteristics of individuals with type 2 diabetes by ethnicity and BMI
category. The categories of underweight and normal weight were combined as were the
categories of overweight and obese due to the small number of underweight participants in
the NHANES sample. In Asian Indians, those with type 2 diabetes who were underweight/
normal weight were significantly older, taller, and had smaller waist circumference measures
than those who were overweight/obese. Asian Indians with type 2 diabetes who were
underweight/normal weight also had significantly higher fasting glucose measures, lower
fasting insulin, poorer p-cell function, and a greater prevalence of previously diagnosed
diabetes compared to those who were overweight/obese. In Whites, those with type 2
diabetes who were underweight/normal weight had significantly smaller mean waist
circumference measures, lower fasting insulin, poorer p-cell function, less insulin resistance,
and greater prevalence of previously diagnosed type 2 diabetes compared to those who were
overweight/obese. Similar results were found using the WHO-Asian cut-points for BMI
(Supplemental Table 1).
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In multivariable log binomial regression models (Table 2), in underweight/normal weight
individuals, after adjusting for age, sex, waist circumference, HOMA-IR and HOMA-B,
there Asian Indians were 1.8 times more likely to have type 2 diabetes compared to Whites.
When using ages 20-29 years as the referent, those who were 30-39 years old had a greater
prevalence of type 2 diabetes compared to those who were 40-59 years or those who were
aged 60 and above. Male sex was associated with increased prevalence of type 2 diabetes, as
was increasing waist circumference and quartile of HOMA-IR. Decreased HOMA-f was
also associated with increased prevalence of type 2 diabetes in those who were underweight
or normal weight. Amongst those who were overweight or obese, after adjusting for age
group, sex, quartile of waist circumference, quartile of HOMA-IR and quartile of HOMA-$,
Asian Indians had a decreased prevalence of type 2 diabetes compared to Whites. The
prevalence of type 2 diabetes increased sequentially with each age category, as well as with
each quartile of waist circumference, and HOMA-IR. Decreased HOMA-B was also
associated with greater prevalence of type 2 diabetes.

Compared to those who were underweight/overweight, those who were overweight/obese
had less prevalence of type 2 diabetes in the 30—39 age group, but increased prevalence in
those who were aged 60 and older. Increasing waist circumference had a greater associated
with type 2 diabetes prevalence in those who were underweight/normal weight compared to
those who were overweight or obese in the third and fourth quartiles, as did all quartiles of
HOMA-IR. Similar results were also found when using the WHO-Asian cut-points for BMI,
in multivariable log-binomial regression models (Supplemental Table 2).

4. Discussion

In this cross-sectional study of two large population-based cohorts, we found that Asian
Indians had a greater prevalence of type 2 diabetes in all BMI categories compared to White
individuals. We also noted that while type 2 diabetes was present in individuals who were
underweight and normal weight, in both Asian Indian and White populations, Asian Indians
had a 2.8 times greater prevalence of type 2 diabetes in the underweight category of BMI,
and a 4.6 time greater prevalence in the normal weight category than did White individuals,
and both Asian Indian men and women exhibited a higher prevalence of type 2 diabetes at
lower levels of BMI than their White counterparts.

Overweight and obesity are well known risk factors for type 2 diabetes. However, our study
findings indicate that there is a large proportion of individuals with type 2 diabetes even in
the absence of elevated body mass index. Furthermore, the prevalence of type 2 diabetes in
normal weight Asian Indians was even higher than that of overweight Whites. The results of
our study are in accordance with a study estimating the prevalence of diabetes in White,
African-American, Native Hawaiian, Japanese and Latino Americans by BMI category.
Results of this study noted that while there was a proportion of individuals from all ethnic
groups who were underweight and had diabetes, the prevalence of type 2 diabetes in
underweight individuals was higher in all ethnic groups compared to Whites [25]. Similarly,
a study analyzing data on US immigrant adults from the National Health Interview Survey to
determine the prevalence of diabetes across 9 geographical regions of birth, found that
diabetes prevalence among normal weight immigrants from Africa and the Indian
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subcontinent was higher than that of obese immigrants from Europe and South America
[26]. Our results add additional evidence to the notion that type 2 diabetes exists in a
substantial proportion of individuals who are without the traditional risk factor of increased
body weight. It is possible that individuals who are underweight/normal weight may develop
type 2 diabetes through a differing pathophysiological pathway than those who are
overweight/obese. In our study, both Asian Indian and White participants with type 2
diabetes who were underweight had lower fasting insulin, and poorer insulin secretion as
measured by HOMA-B compared to those with type two diabetes who were overweight or
obese. These results were similar to earlier studies from India that found significantly higher
fasting plasma glucose and lower fasting insulin in lean individuals with type 2 diabetes
compared to those who were overweight or obese [27,28]. In our study, there were no
differences in insulin resistance as measured by HOMA-IR in Asian Indians with type 2
diabetes who were underweight/normal weight compared to those who were overweight/
obese. However, in White individuals, those with type 2 diabetes who were overweight/
obese were also more insulin resistant than those who were underweight or normal weight.
We also found that after adjusting for additional risk factors, Asian Indians no longer had an
increased prevalence of type 2 diabetes compared to Whites in those who were overweight
or obese. However, adjustment for age, sex, waist circumference, HOMA-IR and HOMA-$
did not completely explain the increased prevalence of type 2 diabetes in Asian Indians
compared to Whites, thereby suggesting that additional factors may play an important role.
Furthermore, being in the second or third quartile of waist circumference or having
increased measures of HOMA-IR was more strongly associated with diabetes risk in those
who were underweight or normal weight compared to those who were overweight or obese,
thereby suggesting that individuals with type 2 diabetes who are lean may have a phenotype
that is more susceptible to metabolic disturbances. However, given that our study was cross-
sectional in nature, it is not clear as to the relative contributions of insulin secretion and
insulin resistance on diabetes development much earlier in the natural history, and whether
this varies by BMI status. Therefore, further studies are needed to explore these differences.

Our study directly compared the prevalence of type 2 diabetes by BMI and ethnicity/
ethnicity using two large, population based surveys using both self-report and laboratory
measures. However, the results of our study should be interpreted in the context of several
limitations. While glucose and insulin were analyzed in different laboratories, both used the
same assays for analysis, thereby reducing intra-laboratory bias. Additionally, assays from
the laboratory in Chennai have been run against a reference laboratory in the US and show a
high concordance of r=0.945. Furthermore, while there were differences in the sampling
frames, both studies are large, population-based samples that are representative either of the
US, or an urban city in India. While the results of this study cannot be generalized to the
entire Indian population, results from a recent nationally representative study from India
reported an overall type 2 diabetes prevalence of 7.3%. However, mean BMI in the
population was 22.1 kg/m? thereby indicating a high disease burden in a country with
relatively low mean BMI [29]. Furthermore, many rural areas of India are now starting to
urbanize and experience dual burdens of over and underweight, as well as increases in
diabetes prevalence [29-33]. Lastly, the cross sectional nature of our study does not allow us
to assess the relative contributions of insulin resistance and insulin secretion throughout the
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natural history of diabetes progression in individuals who are normal weight/underweight
compared to those who are overweight/obese. While elevated insulin resistance appears to
be strongly associated with diabetes prevalence in both underweight/normal weight and
overweight/obese populations, it is not clear as to whether the level of insulin secretion was
sufficient to compensate for increased insulin resistance early in the natural history, and
whether this differed by BMI status or ethnicity/ethnicity.

In conclusion, we found that type 2 diabetes is present in underweight and normal weight
individuals in both White and Asian Indian populations. However, the prevalence of type 2
diabetes in underweight and normal weight groups was significantly higher in Asian Indians
compared to Whites. Elevated measures of waist circumference and insulin resistance and
decreased insulin secretion were associated with increased diabetes prevalence in both the
underweight/normal weight, as well as the overweight/obese groups. However, adjustment
for these factors did not explain the increased diabetes prevalence in Asian Indians
compared to Whites in the underweight/normal weight category. Therefore further research
is needed to determine the etiology behind the increased risk of type 2 diabetes underweight
and normal weight populations, particularly with regards to pathophysiological pathways of
development.
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Highlights

. It is possible that a substantial proportion of individuals develop type 2
diabetes in the absence of overweight or obesity.

. Compared to Whites, a large proportion of Asian Indians have a high type 2
diabetes prevalence even in the underweight and normal weight categories of
body mass index.

. The differences in type 2 diabetes prevalence in lean individuals between
groups were not explained by differences in waist circumference, insulin
resistance, or insulin secretion.

. Additional studies should examine the pathophysiological mechanisms
leading to type 2 diabetes development in lean individuals.
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Figure 1.
Prevalence of Type 2 Diabetes by BMI and Ethnicity in CARRS and MASALA
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Table 2.

Multivariate Adjusted Prevalence Ratios of Type 2 Diabetes Among Underweight/Normal Weight and
Overweight/Obese Individuals

Underweight/Normal Weight Overweight/Obese
Prevalence Ratio (95% CI) Prevalence Ratio (95% CI)

Demographic, Behavioral, Or Body Fat Covariate Multivariate Adjusted” Multivariate Adjusted”

Race/Ethnicity

White 1.0 (Reference) 1.0 (Reference)
Asian Indian 1.8(1.7,1.8) 0.9 (0.9,0.9)
Age (years)
20-29 1.0 (Reference) 1.0 (Reference)
30-39 32(3.1,3.2) 2.2(2.2,2.2)
40-59 2.6 (2.6, 2.6) 2.9(2.9,2.9)
60+ 2.9(2.8,2.9) 6.1 (6.1, 6.1)
Sex
Men 1.0 (Reference) 1.0 (Reference)
Women 1.1(1.1,1.1) 1.2(1.2,1.2)
Waist Circumference (cm)
40-73 1.0 (Reference) 1.0 (Reference)
73-80 1.2(1.2,1.2) 1.3(1.1,1.4)
80-87.0 1.9 (1.9, 1.9) 1.4 (1.3,15)
87+ 3.0 (3.0, 3.0) 1.8 (1.6, 1.9)
HOMA-IR (Standardized)
0.08-0.53 1.0 (Reference) 1.0 (Reference)
0.53-0.75 1.3(1.3,1.3) 0.8 (0.8, 0.8)
0.75-1.09 2.8(2.8,2.8) 1.6 (1.6, 1.6)
1.09+ 9.5 (9.5, 9.5) 8.2(8.1,8.2)
HOMA-B (Standardized)
0.06-1.07 1.0 (Reference) 1.0 (Reference)
1.07-15 0.4 (0.4, 0.4) 0.4 (0.4, 0.4)
1.5-2.18 0.2 (0.2,0.2) 0.2 (0.2,0.2)
2.18+ 0.1(0.1,0.1) 0.2(0.2,0.2)

*
Each factor is adjusted for every other factor in the table
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