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ABSTRACT
Objectives  The lower risk of death in overweight or obese 
patients, compared with normal-weight individuals, has 
caused confusion for patients with diabetes and healthcare 
providers. This study investigated the relationship between 
body mass index (BMI) and mortality in patients with type 
2 diabetes.
Design  A retrospective cohort study.
Setting  We established a national population database by 
merging the Korea National Health Insurance (KNHI) claims 
database, the National Health Check-ups Database and the 
KNHI Qualification Database of South Korea.
Participants  A total of 53 988 patients who were newly 
diagnosed with type 2 diabetes (E11 in International 
Classification of Diseases, 10th Edition) in 2007, had 
available BMI data, lacked a history of any serious 
comorbidity, received diabetes medication and did not die 
during the first 2 years were followed up for a median of 
8.6 years.
Primary outcome measures  All-cause mortality.
Results  The mean BMI was 25.2 (SD 3.24) kg/m2, and 
the largest proportion of patients (29.4%) had a BMI of 
25–27.4 kg/m2. Compared with a BMI of 27.5–29.9 kg/
m2 (the reference), mortality risk continuously increased 
as BMI decreased while the BMI score was under 25 
(BMI <18.5 kg/m2: adjusted HR (aHR) 2.71, 95% CI 2.24 
to 3.27; BMI 18.5–20.9 kg/m2: aHR 1.94, 95% CI 1.70 to 
2.22; BMI 21–22.9 kg/m2: aHR 1.51, 95% CI 1.34 to 1.70; 
and BMI 23–24.9 kg/m2: aHR 1.14, 95% CI 1.01 to 1.28). 
For patients aged ≥65 years, the inverse association was 
connected up to a BMI ≥30 kg/m2 group (aHR 0.76, 95% CI 
0.59 to 0.98). However, the associations for men, patients 
aged <65 years and ever smokers resembled a reverse J 
curve, with a significantly greater risk of death in patients 
with a BMI ≥30 kg/m2.
Conclusions  This study suggests that, for patients 
with type 2 diabetes at a normal weight, distinct 
approaches are needed in terms of promoting muscle 
mass improvement or cardiorespiratory fitness, rather 
than maintaining weight status. Improved early diagnosis 
considering the inverse association between BMI and 
mortality is also needed.

INTRODUCTION
Worldwide, the numbers of people with 
obesity or overweight are increasing. In 

2016, there were estimated to be 650 million 
adults aged ≥18 years with obesity (body mass 
index (BMI) ≥30 kg/m2), which was nearly 
threefold greater than the number in 1975. 
Moreover, the number of adults aged ≥18 
years with overweight (BMI 25–29.9 kg/m2) 
is >1.9 billion, which comprises 39% of adults 
in this age range.1 It has been reported that 
obesity and overweight are major risk factors 
of non-communicable diseases including 
cardiovascular disease, musculoskeletal disor-
ders and cancer. Notably, they are also linked 
to premature death.1

Obesity and overweight statuses are major 
risk factors for diabetes. A person with obesity 
or overweight has a greater risk for diabetes 
than a person with normal-weight BMI. A 
1 kg/m2 increase in BMI is connected with 
a 25% increase in the risk of developing 
diabetes.2–6 Because obesity promotes insulin 
resistance, normal weight is essential for 
diabetes prevention.7

However, recent studies of patients with 
diabetes have demonstrated an ‘obesity 
paradox’, such that patients with diabetes 
who have obesity or overweight have a lower 
risk of death, compared with patients with 

Strengths and limitations of this study

	► We performed a nationally representative 
population-based study using national big data on 
healthcare.

	► This was a long-term, retrospective cohort study 
with a median follow-up time of 8.6 years.

	► We performed a subgroup analysis according to 
smoking status and medication adherence, in addi-
tion to an overall analysis.

	► Adjustments for unmeasured confounders were in-
adequate because of unavailable data.

	► We excluded people with diabetes with unavailable 
body mass index data because they did not attend 
routine health check-ups.
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diabetes who have normal-weight BMI.2 8–11 These results 
have shown that the maintenance of normal-weight BMI 
is important for diabetes prevention, but normal-weight 
BMI may be a risk factor for mortality among people 
with diabetes, compared with overweight and obesity. 
This is a source of confusion for patients and healthcare 
providers.2 Additionally, some studies have highlighted 
weaknesses in prior investigations, including small sample 
size, short follow-up period and insufficient adjustment 
for confounding factors.12

This study examined the associations between BMI and 
risk of death to determine whether the obesity paradox is 
a stable phenomenon, and to explore its causes by means 
of a large-scale, long-term follow-up study involving 
patients with diabetes in Korea. Because the number 
of patients with diabetes is increasing in Korea due to 
changes in diet and lifestyle, careful investigation of the 
impact of obesity and overweight as a core component of 
diabetes management is expected to provide important 
policy-making guidance.

METHODS
Study design and data source
This retrospective cohort study included patients who were 
newly diagnosed with type 2 diabetes (E11, International 
Classification of Diseases, 10th Edition (ICD-10)) in 2007. 
The patients were followed for up to 8 years (until 2014). 
Newly diagnosed diabetes was defined as the absence of a 
prior record of diagnosis with diabetes (ICD-10 code E10-
14) within the preceding 2 years (2005–2006).

In this study, we established a linked database by 
merging medical procedure information (ie, date of diag-
nosis and prescription drugs) from the Korea National 
Health Insurance (KNHI) claims database, health 
screening information (ie, height, weight, smoking, 
alcohol consumption, physical activity, family history of 
diabetes, blood pressure and total cholesterol) from the 
National Health Check-ups Database and registration 
information (ie, sex, age, residence, income group and 
date of death) from the KNHI Qualification Database 
by using an encrypted resident registration number as a 
unique identifier.

The KNHI programme covers approximately 97% of 
the population as a compulsory social insurance scheme. 
The remaining 3% of the population is protected under 
the Medical Aid programme as public assistance for 
healthcare.13 14 The National Health Insurance Service 
(NHIS) acts as a single insurer and promotes health 
check-ups to detect diseases early and enhance public 
health accordingly.15

Study population
In 2007, a total of 432 665 patients were first diagnosed 
with type 2 diabetes (E11). Of these patients, 81 527 
were excluded because they had no BMI records. More-
over, 294 485 patients were excluded because they had 
limited clinical information: 159 634 patients had ≤2 

outpatient visits; 127 676 patients had no record of medi-
cation prescribed for diabetes in the year 2007; and 7175 
patients were <35 years of age and much more likely 
to have type 1 diabetes.12 16 The KNHI claims database 
contains the information that providers submit to insurers 
when seeking reimbursements. However, the accuracy of 
the medical diagnoses has been questioned. Thus, we 
excluded patients with fewer than two ambulatory visits 
and those with no antidiabetic drug prescriptions.16 Addi-
tionally, 1407 patients were excluded because they had 
been diagnosed with ischaemic heart disease, cardiovas-
cular disease or cancer before their diagnosis of diabetes. 
Finally, 1258 patients were excluded because they died 
during the first 2 years of follow-up.12 Therefore, the 
study population comprised 53 988 patients with type 2 
diabetes.

Study variables
The primary outcome of this study was all-cause mortality. 
Data concerning deaths from 1 January 2007 to 31 
December 2014 were confirmed using the health insur-
ance qualification database. The main independent vari-
able was BMI, which was calculated using measurement 
records for height and weight on dates closest to the 
date of diabetes diagnosis in the health check-ups data-
base (linked to the NHIS claims database of study partic-
ipants). BMI values were categorised into seven groups 
(kg/m2: <18.5, 18.5–20.9, 21.0–22.9, 23.0–24.9, 25.0–27.4, 
27.5–29.9 (reference) and ≥30), in accordance with the 
WHO guidelines.17 18

Covariates consisted of sex (male or female), age 
(35–44, 45–54, 55–64, 65–74 or 75+), income level 
(Medical Aid, deciles 1–2, deciles 3–4, deciles 5–6, deciles 
7–8, deciles 9–10), residence (Seoul, metropolitan, or 
city and county), smoking status (never smoker, former 
smoker or current smoker), alcohol intake (never, 2–3 
times/month, 1–2 times/week, 3–4 times/week or every 
day), physical activity (no activity, 1–2 times/week, 3–4 
times/week, 5–6 times/week or every day), family history 
of diabetes mellitus (yes or no), medication adherence 
(adherence or non-adherence), systolic blood pressure 
(continuous variable) and total cholesterol (contin-
uous variable). Income level, residence, smoking status, 
alcohol intake, physical activity, family history of diabetes 
mellitus, systolic blood pressure and total cholesterol 
data were extracted from health screening information 
collected at the first diagnosis.12

The income distributions of patients insured by the 
National Health Insurance (NHI) were divided into equal 
deciles (1–10), with the highest decile associated with the 
highest income level, apart from Medical Aid beneficia-
ries. Adherence to diabetes medication was evaluated by 
medication possession ratio (MPR). The MPR score for 
diabetes was expressed as the proportion of aggregate 
days a patient had access to diabetes medications during 
the study period (MPR=number of days in the study 
period covered by the supply of medication/number of 
days in the study period).16 MPR scores were calculated 
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using individual medication records prescribed for 
diabetes during a period of 1 year (365 days) since the 
first diagnosis, according to information in the NHIS 
claims database. The medication adherence group was 
defined as patients with MPR ≥0.80.16

Statistical analysis
Χ2 tests and analysis of variance were performed to 
examine whether patients were differentially distrib-
uted in terms of socioeconomic status (sex, age, income 
and residence), health behavioural characteristics 
(smoking, drinking and physical activity) and medical 
care characteristics (MPR, family history, systolic blood 
pressure and total cholesterol) according to BMI 
category.

The relationship between BMI and mortality was eval-
uated through Cox proportional hazards analysis with 
adjustment for covariates. Additionally, a stratified anal-
ysis was performed according to sex (male or female), 
age (<65 or ≥65 years), smoking status (never smoker or 
ever smoker) and medication adherence (adherence or 
non-adherence). The results are shown as HRs and 95% 
CIs with two-tailed p values. All statistical analyses were 
performed using SAS V.9.3 (SAS).

RESULTS
Patient characteristics according to BMI
The mean BMI was 25.2±3.24 kg/m2 overall (n=53 988; 
25.0±3.04 kg/m2 in men and 25.6±3.46 kg/m2 in women). 
When stratified according to BMI category the largest 
proportion of patients (29.4%; n=15 847) had a BMI of 
25–27.4 kg/m2. Additionally, 25.5% of patients (n=13 761) 
had a BMI of 23–24.9 kg/m2 (table 1).

The BMI <18.5 kg/m2 group contained a higher 
proportion of men (67.4%) than women, whereas the 
BMI ≥30 kg/m2 group contained a higher proportion of 
women (57.7%) than men. Among patients with a BMI 
<18.5 kg/m2, most were aged ≥65 years. The proportions 
of younger adults and women were higher in the high 
BMI groups. Patients in low-income families (Medical Aid, 
income deciles 1–2) (21.7%) made up a larger propor-
tion of patients with BMI <18.5 kg/m2 and patients in 
high-income families (income deciles 9–10) (30%) made 
up a larger proportion of patients with BMI 23–24.9 kg/
m2. The proportions of patients who resided in city and 
county, never drank alcohol and had no physical activity 
were highest among those with BMI <18.5 or ≥30 kg/m2. 
With increasing BMI, the proportions of patients who 
were never smokers and who had MPR >80% increased. 
Mean systolic blood pressure (mm Hg) and mean total 
cholesterol (mg/dL) also increased with increasing BMI. 
Furthermore, patients with a family history of diabetes 
constituted the largest proportion among patients with 
BMI 21–22.9 kg/m2 (22.5%) (table 1).

Relationship between BMI and mortality
During the median 8.6 years of follow-up (452 951 person-
years), 4215 participants died. Our findings suggested an 
inverse association between BMI and mortality in patients 

with type 2 diabetes and BMI <25 kg/m2 (figure  1 and 
table 2). After adjusting for sex, age, income, residence, 
smoking status, alcohol intake, physical activity, family 
history of diabetes mellitus, medication adherence, 
systolic blood pressure and total cholesterol level, the 
mortality risk relative to a reference group (BMI 27.5–
29.9 kg/m2) increased as the BMI decreased while the 
BMI score was under 25 (BMI <18.5 kg/m2: HR 2.71, 95% 
CI 2.24 to 3.27; BMI 18.5–20.9 kg/m2: HR 1.94, 95% CI 
1.70 to 2.22; BMI 21–22.9 kg/m2: HR 1.51, 95% CI 1.34 
to 1.70; and BMI 23–24.9 kg/m2: HR 1.14, 95% CI 1.01 
to 1.28), but the trend was not significant afterwards 
(BMI 25–27.4 kg/m2: HR 1.10, 95% CI 0.98 to 1.24; BMI 
≥30 kg/m2: HR 1.04, 95% CI 0.88 to 1.24) (table 2).

In patients aged ≥65 years, the inverse association 
between BMI and mortality risk was more evident. The 
mortality risk compared with the reference group (BMI 
of 27.5–29.9) in all groups with BMI less than 27.5 
decreased as the BMI increased (BMI <18.5 kg/m2: HR 
2.43, 95% CI 1.90 to 3.10; BMI 18.5–20.9 kg/m2: HR 1.84, 
95% CI 1.56 to 2.18; BMI 21–22.9 kg/m2: HR 1.42, 95% 
CI 1.22 to 1.66; BMI 23–24.9 kg/m2: HR 1.16, 95% CI 1.00 
to 1.34; and BMI 25–27.4 kg/m2: HR 1.07, 95% CI 0.92 
to 1.24), and thus the mortality risk in the highest BMI 
group was lowest (BMI ≥30 kg/m2: HR 0.76, 95% CI 0.59 
to 0.98). However, the associations for men and patients 
aged <65 years resembled a reverse J curve, with a signifi-
cantly greater risk of death in patients with a BMI ≥30 kg/
m2 (men: HR 1.37, 95% CI 1.08 to 1.74; patients aged 
<65 years: HR 1.37, 95% CI 1.06 to 1.77) (table  2 and 
figure 1).

Subgroup analysis of the association between BMI and 
mortality according to smoking status (never or ever) and 
medication adherence (adherence or non-adherence) 
also showed similar inverse or reverse J curve associa-
tion patterns (figure 2 and table 3). In the never smoker 
group, compared with BMI of 27.5–29.9, only while the 
BMI was under 23, mortality risk decreased significantly 
as BMI increased (BMI <18.5 kg/m2: HR 2.65, 95% CI 
2.06 to 3.42; BMI 18.5–20.9 kg/m2: HR 1.70, 95% CI 1.44 
to 2.02; and BMI 21–22.9 kg/m2: HR 1.41, 95% CI 1.22 to 
1.63). The mortality risk was lowest in a BMI ≥30 kg/m2 
but was not significant (HR 0.94, 95% CI 0.76 to 1.16). 
However, in ever smokers, a reverse J curve of mortality 
risk was observed, with the risk for patients with BMI 
≥30 kg/m2 compared with BMI of 27.5–29.9 increased 
(HR 1.40, 95% CI 1.01 to 1.92) (table 3 and figure 2). 
In both the adherence group and the non-adherence 
group, the inverse association between BMI and mortality 
was significant only for the lower BMI groups than the 
reference group (adherence: BMI <18.5 kg/m2: HR 2.06, 
95% CI 1.43 to 2.97; BMI 18.5–20.9 kg/m2: HR 1.87, 95% 
CI 1.51 to 2.31; and BMI 21–22.9 kg/m2: HR 1.44, 95% CI 
1.20 to 1.74; non-adherence: BMI <18.5 kg/m2: HR 3.03, 
95% CI 2.42 to 3.80; BMI 18.5–20.9 kg/m2: HR 2.00, 95% 
CI 1.69 to 2.38; BMI 21–22.9 kg/m2: HR 1.56, 95% CI 1.33 
to 1.83; and BMI 23–24.9 kg/m2: HR 1.22, 95% CI 1.04 to 
1.42). Although there were no statistical significances, the 
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adherence group showed the tendency for inverse associ-
ation while the non-adherence group the tendency for a 
reverse J curve (adherence: HR 0.96, 95% CI 0.73 to 1.26; 
non-adherence: HR 1.10, 95% CI 0.87 to 1.39) (table 3 
and figure 2).

DISCUSSION
Overweight and obesity have been reported as major risk 
factors for type 2 diabetes worldwide.19 20 Although there 
is general agreement concerning their effects on diabetes 
incidence, there is controversy regarding their impacts 
on mortality risk among people with diabetes. Some 
studies have reported an inverse association between BMI 
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participants with incident type 2 diabetes, according to 
different levels of body mass index (BMI) at baseline.
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and mortality, while other studies have shown U-shaped 
or V-shaped associations indicative of higher mortality 
in individuals with both lower and higher BMIs.21 Linear 
positive associations have also been described.12 Since 
2010, the obesity paradox has become evident in that 
better outcomes are present in overweight and obese 
patients with type 2 diabetes than in normal-weight 
patients with type 2 diabetes, and has been repeatedly 
published.2 22–24

Some relatively recent studies have suggested that 
problems with research design contribute to the obesity 
paradox.2 12 These problems include short follow-up 
periods, small sample sizes and insufficient risk adjust-
ment.2 12 Therefore, the present study investigated the 
obesity paradox in patients with type 2 diabetes using a 
long-term follow-up period of 8 years, and by controlling 
for major confounding variables to limit the problems 
involved in previous studies.

Patient mortality is impacted by disease severity and 
insufficient risk adjustment is likely to generate biased 
results in explorations of causal relationships with death. 
This study endeavoured to control for the effects of related 
risk factors. First, the cohort was limited to patients with 
newly diagnosed type 2 diabetes because it has been chal-
lenging to control for the differential impacts of disease 

severity linked to different durations of illness in patients 
with an existing diagnosis.8 12 16 Second, this study excluded 
patients with severe comorbidities (eg, ischaemic heart 
disease, cardiovascular disease or cancer)2 and patients 
who died within 2 years after diagnosis.12 25 Third, this 
study used an improved risk adjustment approach. In 
the model of association between BMI and mortality in 
patients with type 2 diabetes, disease severity character-
istics (eg, systolic blood pressure and total cholesterol) 
were considered, as were sociodemographic (eg, sex, 
age and income group), health behavioural (eg, region, 
smoking status, drinking habits and physical activity) and 
health medical care (eg, prescription compliance and 
family history) characteristics.12 25 The results showed an 
inverse association between BMI and mortality, thereby 
confirming the existence of an obesity paradox in which 
the risk of death in patients with type 2 diabetes was 
lower in overweight (BMI 25.0–29.9 kg/m2) and obese 
(BMI ≥30 kg/m2) patients, compared with normal-weight 
patients (BMI 18.5–24.9 kg/m2).12 This tendency was 
more evident in patients with type 2 diabetes who were 
female, aged ≥65 years and non-smokers.

The highest risk of death was observed in patients with 
BMI <18.5 kg/m2. This high mortality rate was previously 
reported to be influenced by various underlying diseases 
and smoking status.2 25 Underweight patients were more 
likely to have comorbidities in addition to diabetes,25 
or to be smokers (a major risk factor for death).9 11 The 
BMI <18.5 kg/m2 group contained larger proportions of 
smokers, patients aged ≥65 years, those with a low income 
(Medical Aid, income deciles 1–2) and those exhibiting 
medication non-adherence compared with the other 
groups.

There have been various reported causes for lower 
mortality among patients with diabetes who have over-
weight or obese BMI, compared with those who have 
normal-weight BMI. First, overweight or obese patients 
with diabetes could achieve a degree of disease control 
by improving their lifestyle (eg, by losing weight).8 9 
The most frequently used approach to manage type 2 
diabetes involves weight control through dietary modifi-
cation and physical activity.8 Weight loss for blood sugar 
control should be a goal of disease management for over-
weight or obese patients with type 2 diabetes, but is not 
considered appropriate for patients with normal-weight 
BMI. Thus, distinct strategies are needed for normal-
weight individuals with diabetes, but these are difficult to 
develop and implement.8 Second, earlier diabetes detec-
tion could be more likely in overweight or obese indi-
viduals than in normal-weight individuals2 9 10 because 
of a greater tendency to undergo health screenings to 
relieve concerns about overweight or obesity-related 
health problems, which could lead to early interven-
tion.2 9 Third, genetic factors may play a role. Normal-
weight patients with type 2 diabetes may be genetically 
susceptible to more severe disease, higher mortality risk 
or both.26 In particular, single nucleotide polymorphism 
variants in TCF7L2 and CDKAL1 reportedly have some 

Figure 2  The adjusted HR for all-cause mortality among 
participants with incident type 2 diabetes, according to 
different levels of body mass index (BMI) at baseline, by 
smoking status and medication adherence.
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associations with increasing risk of cancer in people 
with diabetes, primarily in the context of low BMI.10 27 28 
Notably, patients with type 2 diabetes and BMI <25 kg/m2 
have greater disease severity, are more likely to require 
insulin therapy and experience higher mortality.2 29 
Among overweight patients, the presence of overweight 
itself could lower the risk of mortality by stimulating 
metabolic reserve and preventing frailty, malnutrition 
and osteoporosis.9

Additional analysis was performed to examine the 
differences in the relationship between BMI and 
mortality according to patient characteristics (eg, sex, 
age at diagnosis, smoking status and medication adher-
ence).12 21 The results demonstrated a reverse association 
for all classified groups, as described above. However, 
these results do not imply that weight control or weight 
loss is not essential for diabetes management or that 
weight gain is necessary.11 21 Obesity is reportedly associ-
ated with the onset of various diseases (eg, cancer and 
cardiocerebrovascular disease).30 31 Weight control or 
loss remains important because of the increased risk of 
mortality linked to related diseases associated with obesity 
in patients with diabetes.11 21 Obese patients who were 
male, aged <65 years and were smokers showed higher 
risks of death in our study. Thus, at early stages after the 
diagnosis of diabetes, even weight control alone could 
be effective for diabetes control, but failure to address 
obesity could increase the risk of death. Overall, over-
weight or obese patients with type 2 diabetes were likely to 
have a lower risk of mortality than normal-weight patients 
because people with overweight and obesity have greater 
accessibility to early diagnosis and effective disease 
management. Thus, weight loss alone is insufficient for 
the management of diabetes in normal-weight individuals 
and a tailored approach is needed for these patients.2 8

Enhanced muscle mass is considered important for 
diabetes management,2 because sarcopenic obesity has 
been observed in normal-weight patients with diabetes.10 
Among normal-weight individuals, reduced muscle mass 
might increase the risk of death.2 Greater muscle strength 
is associated with lower risk of death. Therefore, the main-
tenance of normal weight among patients with diabetes 
should also involve efforts to increase muscle mass. 
Although these individuals would experience slight weight 
gain due to the increased muscle mass, the risk of death 
would be reduced.2 Furthermore, normal-weight patients 
with diabetes should strive to improve their cardiorespi-
ratory fitness through aerobic activities.8 32 Cardiorespira-
tory fitness reportedly has a greater impact on the risk of 
death, compared with weight status.33 Therefore, efforts 
to maintain normal weight should involve both calorie 
supplementation and continued cardiorespiratory fitness 
through aerobic activities.8 Finally, genetic factors influ-
encing diabetes must be considered.8 The risk of diabetes 
is associated with family history, and overweight or obese 
patients are more likely to undergo screening if they have 
a family history of diabetes.2 9 Despite the maintenance of 
normal weight, patients with a family history of diabetes 

should focus on early diagnosis and management through 
periodic screening tests.

This study had a few limitations. First, obesity was 
defined as BMI ≥30 kg/m2. If that broad categorisation 
were stratified into a few subgroups, the risk of death 
would presumably increase more among patients with 
severe obesity.21 However, because patients with BMI 
≥30 kg/m2 only constituted 7.5% of the patients with 
diabetes in this study and had the lowest risk of death, 
this subgrouping is not expected to drastically influence 
the results. Second, we could not identify the causes of 
death among the participants. NHIS data solely include 
information related to the retention or loss (death or 
immigration) of eligibility status as beneficiaries, but 
not causes of death. Many previous studies have used all-
cause mortality as an outcome variable.12 21 25 In future 
studies, more detailed analysis is needed to determine 
clearly why normal-weight patients with diabetes had 
comparatively higher mortality. Third, this study did not 
consider changes in BMI. Notably, we used BMI informa-
tion at the time of diagnosis. In the future, examining the 
risk of death according to changes in BMI after diabetes 
diagnosis might clarify whether the reduced risk of death 
in overweight or obese patients with diabetes is attrib-
utable to weight loss or other factors. Fourth, although 
we controlled for many covariates, residual confounding 
may still exist. Collider bias attributable to unmeasured 
factors may explain the inverse association between 
BMI and death in people with diabetes.34 Two previous 
studies considered that the obesity paradox in people 
with diabetes is a reverse association caused by insuffi-
cient adjustment for potential confounding variables 
(including smoking status); the obesity paradox disap-
peared after controlling for the unmeasured factors.12 35 
In an effort to resolve this problem, we included various 
confounding factors (eg, smoking status) in the analysis, 
but these factors did not include diabetes-related genes 
or fat accumulation in the liver or pancreas; additional 
analysis may be required.36 However, our argument is 
not that obesity protects against mortality in people with 
diabetes but rather that people with diabetes who are not 
obese require more appropriate management compared 
with current management strategies. We found that 
patients in the lowest BMI category (<18.5 kg/m2) exhib-
ited the lowest rate of medication adherence (33.8%); 
thus, they require better management. In contrast, adher-
ence was better in patients with a higher BMI (27.5–29.9: 
47.4%; ≥30 kg/m2: 48.6%). Connectedly, we had no 
HbA1c test results to assess the adequacy of diabetes 
management, so we were not able to confirm whether 
the higher risk of death in lower BMI groups compared 
with the reference group was due to inadequate control 
of diabetes. However, that lower BMI groups had low 
adherence suggested there could have been gaps with 
effective management of diabetes as aforementioned 
(table  1). Fifth, people with diabetes with unavailable 
BMI data (because they did not attend national health 
check-ups) were excluded. This may have distorted the 
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association between BMI and mortality risk. However, 
when comparing demographic characteristics between 
those who did and those who did not attend check-ups, 
the proportions of women and patients aged 34–44 and 
≥65 years were only slightly higher among attendees than 
non-attendees. Thus, we have no evidence of large-scale 
exclusion of a specific group. We suggest that exclusion 
of the non-attendees did not greatly affect the results. 
Sixth, Our study basically referred to the WHO expert 
consultation on population-specific cut-off points for 
BMI in use.18 A WHO expert consultation suggested that 
Asian populations have different associations between 
BMI, percentage of body fat and health risks than do 
European populations and recommended to make a 
decision of adding further potential points of 23, 27.5, 
32.5 and 37.5 kg/m2 to the WHO cut-off points under 
each country’s context.18 In this study, we did not simply 
use 18.5–24.9 kg/m2 for the BMI range of normal weight 
but subdivided into 18.5–20.9, 21.0–22.9 and 23.0–24.9. 
For the BMI range of overweight as well, by dividing into 
25.0–27.4 and 27.5–29.9 instead of 25.0–29.9, we tried to 
apply more appropriate cut-off points for BMI of Asians. 
Therefore, we think it is difficult to question that the cut-
off points for BMI in this study would have been biasing 
the results on the inverse association between BMI and 
mortality in Korea diabetics. Last, we did not diagnose the 
proportional hazard (PH) assumption based on the spec-
ificity of our data because this model had mostly time-
dependent covariates which were associated with chronic 
care management, and would change the risk for death 
as outcome during the follow-up period. If censoring is 
absent or censoring is independent of tested covariates, 
average HRs are valid and interpretable as such because 
PH violation alone could not automatically lead to biased 
estimates and non-proportionality would not be an 
issue.37 In this study, censoring was independent because 
all patients were followed up by the NHI administrative 
data. In addition, we transformed all covariates into strati-
fied variables and did subgroup analysis for main interest 
covariates. Nevertheless, it might still be that HRs due to 
higher mortality associated with lower BMI groups might 
be higher in the earlier years of the follow-up period such 
that estimates would represent underestimates in the 
earlier and overestimates in the later.

Despite these limitations, our findings are meaningful 
because we are the first to investigate the long-term rela-
tionship between BMI and mortality in patients with type 
2 diabetes; we used information from a national insur-
ance database. Few similar studies have been performed 
in Asia. We controlled for various confounders and 
performed subgroup analyses. Few studies have evaluated 
the association between BMI category and mortality in 
different subgroups.

CONCLUSION
In conclusion, this study shows an inverse association 
between BMI and mortality in patients with type 2 diabetes. 

However, we do not suggest that weight gain is appro-
priate when seeking to reduce mortality risk in people 
with diabetes. We simply suggest that people with diabetes 
who are not obese require more appropriate manage-
ment. Therefore, disease management for normal-weight 
patients should not simply follow the approach used for 
overweight or obese patients. For normal-weight patients, 
tailored approaches should be implemented to focus on 
early diagnosis and promote improvement of muscle mass 
or cardiorespiratory fitness, rather than maintenance of 
weight status. Importantly, normal-weight patients with 
diabetes had lower medication adherence, which suggests 
that more thorough medication guidance is needed. The 
reverse J curve indicated that the mortality risk was higher 
for men with a BMI ≥30 kg/m2, patients aged <65 years 
and smokers. Weight management remains important for 
people with diabetes.
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