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Abstract: We aimed to investigate how body weight fluctuation affects the risk of developing type 2
diabetes by conducting a nationwide cohort study. A total of 3,855,884 participants from the National
Health Insurance System health check-up data from 2012 were included in this study, and follow-up
continued until 2016. Body weight was measured at least thrice between 2009 and 2012. Body weight
variability (BWV) was estimated using average successive variability (ASV) indices. Cox proportional
hazards regression models were used to evaluate the association of BWV with the risk of type 2
diabetes using hazard ratios (HRs) and 95% confidence intervals (Cls). Body weight fluctuation
was associated with a higher risk of incident diabetes after adjustment for confounders (HR 1.10,
95% CI11.07, 1.12 in the highest BWV quartile compared to the lowest). Regardless of the weight
change status, the highest ASV quartile of BWV increased the risk for diabetes. Even subjects with a
normal glucose tolerance status and those aged under 65 years had a higher risk of diabetes if their
body weight highly fluctuated during the follow-up years. Our results suggest that body weight
variability is an independent risk factor for diabetes. It is important to pay attention to frequent body
weight fluctuations.

Keywords: average successive variability; body weight fluctuation; cohort study; weight change;
type 2 diabetes

1. Introduction

Weight fluctuation refers to repeated cycles of weight gain and loss occurring over months or
years [1]. It may be due to underlying illnesses or to unsuccessful weight loss maintenance. Studies on
repeated weight gain and loss have revealed that such fluctuations cause adverse health outcomes
such as stroke, heart disease, bone fractures, and thyroid disease [2-9]. Indeed, highly variable body
weights have reportedly been associated with increased cardiometabolic morbidity or mortality [8-11].

There has been a long-standing debate about the association of weight fluctuation with type
2 diabetes [12-21]. Several early epidemiological studies suggested that weight cycling or weight
fluctuation was associated with an increased risk of diabetes [12,13,17,19,21], but the findings from
further cohort studies have been inconsistent [14-16,18,20]. For example, in a very recent meta-analysis,
unstable body weight was significantly associated with the risk of type 2 diabetes [13]. Another recent
review by Mackie et al. concluded that weight cycling has no effect on the risk of type 2 diabetes [15].
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The lack of a standard definition of weight fluctuation, however, may contribute to these
inconsistent findings. It is difficult to define weight fluctuation because both the frequency and the
amplitude of fluctuation should be taken into consideration [1]. As a result, a wide range of weight
fluctuation measures were used in previous studies [12,18-21]. Only a few studies examined weight
variability using average successive variability (ASV) indices in relation to incident diseases [7,12].
Additionally, few studies were based on body weight measurements in a large cohort.

Therefore, the objective of this study was to evaluate body weight fluctuation by measuring
average successive variability indices and its association with incident diabetes in a nationwide
large-scale population-based cohort derived from the National Health Insurance Service dataset.

2. Materials and Methods

2.1. Source of Data and Study Population

The National Health Insurance Service (NHIS) is the universal coverage health insurance service
in South Korea. Korea’s insurance system was initiated in 1963 on the basis of the National Medical
Insurance Act, which was introduced for companies with over 500 employees in 1977, followed by the
achievement of universal coverage in 1989. The NHIS was launched in 2000 as an efficient single-insurer
system providing disease prevention, diagnosis, and treatment as well as services related to births,
deaths, and health promotion [22]. Accordingly, the NHIS maintains national records for personal
information, sociodemographic variables, health care utilization, health screening, and mortality for
the population of South Korea. In 2012, the NHIS formed the National Health Information Database
(NHID) using information from the existing NHIS database system [23]. The NHID includes data from
2002 to 2016 obtained from a population of over 50 million people who are categorized as insured
employees, self-employed insured individuals, or medical aid beneficiaries. The NHID consists of
the eligibility database, the national health screening database, the health care utilization database,
and the long-term care insurance database. Among these databases, the national health screening
database includes information on health behaviors and biomedical variables obtained through the
National Health Screening Program (NHSP). The NHSP in Korea has provided free general health
check-ups, consisting of various tests and measurements, since 1995. Health screening through the
NHSP is available biennially for adults who subscribe to the NHIS [24].

We used the national health screening database of adults aged 20 years or older in the whole
population of Korea who had been screened in 2012. We recruited 4,365,574 subjects who participated
in at least two health check-ups between 2009 and 2011. From this initial population whose body
weight was measured at least thrice between 2009 and 2012, we excluded 250,068 subjects identified
from the claim database who were prescribed anti-diabetic medication listed under the International
Classification of Diseases, 10th Revision (ICD-10) codes E11, E12, E13, or E14 before enrolment. Subjects
with diabetes in the 2012 health screening with a fasting plasma glucose (FPG) level of 126 mg/dL or
higher (n = 116,796) or those with untreated diabetes identified by an FPG level of 126 mg/dL or higher
at least once before enrolment (1 = 142,826) were also excluded. Therefore, 3,855,884 subjects were
finally included in the baseline cohort in 2012 and were followed-up until 31 December 2016.

This study was approved by the Institutional Review Board of Hanyang University Hospital
(No. 2018-07-044) with permission for the use of data granted from the NHIS (INHIS-2018-1-463).

2.2. Body Weight Variability and Weight Change Status

Systolic and diastolic blood pressure (mmHg), body weight (kg), height (m), and waist
circumference (cm) were measured by trained examiners at each health examination between 2009
and 2012. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of
height in meters.

Body weight variability (BWV) was assessed by calculating the ASV indices. The ASV is based
on the average absolute difference between successive values. To calculate the ASV in this study,
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the absolute value of difference between two consecutive measurements of body weight was obtained.
Accordingly, BWV was calculated as (D1 + D2 (or + D3))/2 (or 3), where each D is the absolute difference
between two consecutive measurements of body weight. The analyses were performed in quartile
groups of BWV: <1.00, 1.00-1.66, 1.67-2.65, >2.67 kg.

The subjects were categorized into a weight loss group, a weight-stable group, or a weight gain
group according to the difference in weight between the two time points: the weight obtained from
the initial health check-up in 2009 or 2010 and the weight obtained from the 2012 health check-up.
The weight-stable group included the participants whose weight did not change by +5% between the
initial check-up and the 2012 check-up. The weight loss group and the weight gain group consisted of
those who lost >5% or gained >5% of their initial weight, respectively.

2.3. Definition of Incident Type 2 Diabetes

The subjects were followed through 31 December 2016. The diabetes incidence rates were
calculated as the number of events per 1000 person-years. The diagnosis of diabetes was indicated
by FPG levels of 126 mg/dL or higher from the health check-up database or the presence of claims
from the health care utilization database. Using the claim database, individuals with diabetes were
categorized as such if they were prescribed anti-diabetic medication listed under the ICD-10 codes
E11, E12, E13, or E14 and received a diabetes diagnosis as either principal diagnosis or first to fourth
additional diagnosis at least once per year.

2.4. Covariate Measurements

Medical histories of cardiovascular disease, stroke, and health-related behaviors such as smoking
status, alcohol drinking, and physical activity were obtained through the self-reported questionnaire.
History of cardiovascular disease and stroke was assessed using the following question: “Do you have
a history of stroke or acute myocardial infarction?” Smoking status was categorized as never, former,
or current smoker. Alcohol consumption was categorized based on the frequency of alcohol drinking
per week: none, <twice/week, or >three times/week. Physical activity was classified based on whether
the patient participated in strenuous exercise for at least 20 min a week. Household income level was
dichotomized at the lower 20%.

Laboratory measurements, such as serum levels of FPG and cholesterol, were conducted after
overnight fasting. The criterion for hypertension was systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg, and serum total cholesterol level > 240 mg/dL indicated dyslipidemia.

2.5. Statistical Analysis

The baseline characteristics of the study subjects are presented as numbers and frequencies for
categorical variables and as the mean + standard deviation for continuous variables. For comparisons
between groups of ASV quartiles of body weight, the chi-square test was used for categorical variables,
and an analysis of variance (ANOVA) was used for continuous variables.

By dividing the ASV of body weight into quartiles, the association between body weight
variability and the risk of new-onset diabetes was estimated with the Cox proportional hazards
regression; the results are shown as hazard ratios (HR) and 95% confidence intervals (CI). We ran three
models using the hierarchical regression method: (1) a non-adjusted model, (2) a model adjusted for
age, sex, smoking status, alcohol consumption, physical activity, income, hypertension, dyslipidemia,
and fasting plasma glucose, and (3) a fully adjusted model for the variables in model 2 plus baseline BMI.

For the subgroup analysis, the ASV indices of body weight were categorized into two classes: the
lowest three quartiles for small fluctuation and the highest quartile for large fluctuation. Participants
were categorized according to weight change status, FPG level, age, and sex. Participants with large
fluctuations of body weight were analyzed for their risk of diabetes compared with those in each group
with small fluctuations of body weight.
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To examine the association between diabetes risk and body weight fluctuation in the
large-fluctuation group according to baseline BMI, the subjects were classified into three groups:
a normal group, including subjects with a BMI below 23 kg/m?, an overweight group, composed of
subjects with a BMI between 23.0 and 24.9 kg/m?, and an obese group, with subjects having a BMI of 25
or greater based on the Asia-Pacific guidelines of obesity [25]. The reference group consisted of subjects
with normal BMI and small fluctuation of body weight. Cox proportional hazards regression analysis
was used to estimate the HR of the highest BWV quartile of each BMI group for new-onset diabetes
risk. Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Baseline Characteristics

Table 1 presents the baseline characteristics of the participants according to the quartiles of body
weight fluctuation. At baseline, the participants who were in the highest quartile were slightly younger.
Those in the highest quartile of BWV had a higher body weight and waist circumference at baseline
than those in the other three groups. The metabolic parameters and lifestyle characteristics were
also significantly different among the quartile groups of body weight fluctuation. Compared to the
participants in the three lowest quartiles, a greater proportion of participants in the highest quartile

had hypertension, dyslipidemia, and a history of coronary heart disease and stroke.

Table 1.
weight fluctuation.

Baseline characteristics of the study participants according to the quartiles of body

Body Weight Variability (ASV) 2

p?
Q1 Q2 Q3 Q4
n 1,125,230 909,697 838,844 982,113
Age (years) 45.62 +£11.25 44.69 +11.02 43.99 +11.62 4132 + 11.51 <0.001
Sex (male, %) 686,313 (60.99) 617,197 (67.85) 577,603 (68.86) 704,187 (71.7) <0.001
Height (cm) © 165.41 + 8.6 166.73 + 8.54 167.3 + 8.64 168.79 + 8.57 <0.001
Body weight (kg) € 63.15 + 10.99 65.36 +11.23 66.79 + 11.57 70.46 +12.71 <0.001
Waist circumference (cm) © 78.21 + 8.66 79.52 + 8.57 80.43 + 8.65 82.44 +9.1 <0.001
BMI (kg/m?) © 23.02 £2.93 23.45+297 23.81 + 3.06 24.67 34 <0.001
Smoking status <0.001
Non-smoker 494,831 (44.05) 366,189 (40.32) 335,965 (40.11) 378,029 (38.55)
Ex-smoker 549,898 (48.95) 470,391 (51.8) 432,733 (51.67) 514,782 (52.49)
Current smoker 78,579 (7) 71,596 (7.88) 68,870 (8.22) 87,830 (8.96)
Alcohol consumption <0.001
None 630,177 (56.05) 459,670 (50.56) 413,663 (49.35) 453,304 (46.18)
<Twice/week 198,285 (17.64) 177,984 (19.58) 162,727 (19.41) 192,835 (19.65)
>Three times/week 295,842 (26.31) 271,424 (29.86) 261,909 (31.24) 335,421 (34.17)
Physical activity (regular) 234,258 (20.83) 193,048 (21.23) 176,553 (21.06) 212,629 (21.66) <0.001
Household income (lower 20%) 191,579 (17.03) 144,372 (15.87) 138,953 (16.56) 153,461 (15.63) <0.001
Hypertension 4 206,915 (18.39) 168,887 (18.57) 159,818 (19.05) 180,666 (18.4) <0.001
Dyslipidemia 4 175,343 (15.58) 141,105 (15.51) 133,160 (15.87) 152,793 (15.56) <0.001
History of heart disease 9807 (1.16) 7550 (1.08) 7750 (1.22) 8176 (1.09) <0.001
History of stroke 3007 (0.36) 2344 (0.34) 2688 (0.42) 3079 (0.41) <0.001
Systolic blood pressure (mmHg) 120.25 + 13.69 120.91 + 13.55 121.34 +13.58 121.9 +13.48 <0.001
Diastolic blood pressure (mmHg) 75.62 + 9.54 76.13 +9.48 76.31 £ 9.5 76.7 +9.49 <0.001
Fasting plasma glucose (mg/dL) 92.42 +10.73 92.61 +10.73 92.64 +10.75 92.48 + 10.84 <0.001
Total cholesterol (mg/dL) 194.26 + 34.61 194.87 + 34.57 195.03 + 34.91 195.28 + 35.56 <0.001

Data are expressed as the mean + standard deviation for continuous variables and as number (%) for categorical
variables. @ Q1, <1.00 kg; Q2, 1.00-1.66 kg; Q3, 1.67-2.65 kg; Q4, >2.67 kg; b p values were obtained by using
the analysis of variance for continuous variables and the chi-square test for categorical variables; © measured in
2012 health check-ups as the point at which follow-up started; ¢ The criterion for hypertension was systolic blood
pressure >140 mmHg or diastolic blood pressure >90 mmHg, and serum total cholesterol level >240 mg/dL indicated

dyslipidemia. ASV, average successive variability; Q, quartiles; BMI, body mass index.
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3.2. Risk of New-Onset Diabetes According to Body Weight Fluctuation

After a median follow-up of 4.4 years, the crude incidences of diabetes were 4.82 per 1000
person-years among the participants with the highest BWV. The highest quartile of BWV was
significantly associated with a higher risk of new-onset diabetes after adjusting for baseline BMI and
other confounders (HR 1.10, 95% CI 1.07, 1.12) (Table 2). Positive associations were also observed in
the analysis of the association between body weight variability and diabetes risk for the variability
calculated by standardized deviation, coefficient of variation, and variability independent of mean as
well as ASV (Supplementary Table S1).

3.3. Subgroup Analysis of the Risk of New-Onset Diabetes for Large Body-Weight Fluctuations

Large body-weight fluctuation increased the risk for diabetes in all three groups of weight change
status: the weight loss group, the stable-weight group, and the weight gain group. Weight loss of at
least 5% of the baseline body weight with large BWV was significantly associated with the risk for
diabetes (HR 1.11, 95% CI 1.06, 1.16). Among those whose body weight was stable, participants with
the largest BWV had a higher risk of diabetes than those in the lowest three quartiles of BWV (HR 1.07,
95% CI1.05, 1.10). The risk of diabetes was significantly higher in the large BWV group when body
weight increased by more than 5% after adjustment for other variables (HR 1.12, 95% CI 1.08, 1.16).

In particular, the association between BWV and diabetes risk was significantly stronger in participants
whose baseline FPG levels were normal (HR 1.24 95% CI 1.21, 1.27), whereas the association was not
significant in those with impaired fasting glucose at baseline (HR 1.00, 95% CI 0.98, 1.02).

Regardless of age, participants with high BWV had a higher risk of diabetes when divided into a
group over 65 years of age and a group under 65 years of age. Finally, both men and women whose
weight fluctuated the most had the higher risk of diabetes. Women with large fluctuations of body
weight had a higher risk for diabetes than men, with HR of 1.08 for men and 1.14 for women (p for
interaction, 0.001) (Table 3).
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Table 2. Risk of new-onset diabetes according to body weight fluctuations.

60f11

Group n Incident Diabetes Duration Incidence ? Model 1° Model 2 € Model 3 4
Q1 1,125,230 20,793 4,906,440.78 4.24 1.00 1.00 1.00
Body weight Q2 909,697 16,652 3,966,357.77 4.20 1.04 (1.02, 1.06) 1.02 (1.001, 1.04) 0.99 (0.97,1.01)
variability (ASV) € Q3 838,844 16,384 3,647,718.23 4.49 1.13 (1.10, 1.15) 1.09 (1.06, 1.11) 1.01 (0.99, 1.03)
Q4 982,113 20,546 4,262,509.48 4.82 1.39 (1.36, 1.41) 1.29 (1.27,1.32) 1.10 (1.07,1.12)

2 Incidence rate per 1000 person-years; > Model 1 was non-adjusted; © Model 2 was adjusted for age, sex, smoking status, alcohol consumption, physical activity, income, hypertension,
dyslipidemia, and fasting plasma glucose; 4 Model 3 was adjusted for the variables in model 2 plus baseline BMI ¢ Q1, <1.00 kg; Q2, 1.00-1.66 kg; Q3, 1.67-2.65 kg; Q4, >2.67 kg.
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Table 3. Subgroup analysis of the risk of new-onset diabetes for subjects in the highest quartile of body
weight variability compared with those in the lowest three quartiles of variability.

Highest Quartile of BWV
HR (95% CI) 2 p for Interaction

Weight change status (%) 0.43
Loss (=5) 1.11 (1.06, 1.16)
Stable (+<5) 1.07 (1.05, 1.10)
Gain (>5) 1.12 (1.08, 1.16)

Fasting plasma glucose (mg/dL) <0.001

<100 1.24 (1.21,1.27)
>100, <126 1.00 (0.98, 1.02)

Age (years) 0.19
<65 1.10 (1.08, 1.12)
>65 1.09 (1.04, 1.14)

Sex 0.001
Male 1.08 (1.06,1.10)
Female 1.14 (1.10,1.17)

2 Adjusted for age, sex, smoking status, alcohol consumption, physical activity, income, hypertension, dyslipidemia,
fasting plasma glucose, and BMI at baseline; BWV, body weight variability; HR, hazard ratio; CI, confidence interval.

3.4. Risk of New-Onset Diabetes According to Baseline Obesity Status

Figure 1 shows the incidence rate and HR of new-onset diabetes for the highest quartile of BWV
compared with the lowest three quartiles of variability according to baseline BMI divided into three
categories. Participants with a BMI of 25 kg/m? or more at baseline with a large fluctuation of body
weight in the subsequent years had the highest risk of diabetes compared with those with a BMI less
than 23 kg/m? with a small fluctuation of body weight (HR 2.78, 95% CI 2.71, 2.85).

Q4

BMI <23
BMI 23-25

BMI >25

Q1-3 = Q4

Figure 1. Risk of new-onset diabetes for subjects in the highest quartile of body weight variability
compared with those in the lowest three quartiles according to baseline obesity status. Hazard ratio
was adjusted for age, sex, smoking status, alcohol consumption, physical activity, income, hypertension,
dyslipidemia, and fasting plasma glucose. Black squares: hazard ratio, black bars: incidence rate; Q1-3:
the lowest three quartiles of variability; Q4: the highest quartile of variability.

4. Discussion

We observed that body weight fluctuation over 4.4 years was an independent risk factor for
new-onset diabetes after adjusting for possible potential confounders, including baseline BMI. Stable
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weight as well as weight loss and gain of more than 5% were also associated with a higher risk of
incident diabetes if the body weight highly fluctuated during this period. Baseline BMI and fluctuation
of body weight were associated with an increased risk for diabetes. Moreover, normal glucose tolerance
at baseline accompanied by a large fluctuation of body weight during the subsequent years significantly
increased the risk of diabetes. Large BWV was associated with a higher diabetes risk in both participants
aged under 65 years and those aged 65 years or older. Both men and women had a higher risk of
diabetes if their body weight highly fluctuated; the risk was greater for women than for men.

Our results are in agreement with those of previous studies [5,12,13,19,21,26]. French et al. used
root-mean-square error (RMSE), a widely used measurement of body weight variability, to evaluate
the relationship between body weight variability and chronic disease incidence in the IOWA Women's
Health Study [21]. A strong association between weight change categories and incident diabetes
was found in their study. A study of a middle-aged Finnish population also identified a significant
association between weight variability defined as RMSE, measured four times at intervals of one
year, and incident diabetes [19]. In a recent report by Rhee et al., body weight variability measured
with ASV was found to be associated with an increased risk of diabetes [12]. Another study using
ASV as a weight variability measurement demonstrated that the rate of new-onset diabetes increased
with each higher quintile of body weight variability in patients with coronary artery disease; in
particular, the highest quintile of variability had a 78% higher risk of new-onset diabetes than the lowest
quintile [7]. These results are consistent with our findings that measured anthropometric variability by
calculating the ASV.

In the present study, if weight change was characterized by large weight fluctuations, weight
loss, stable weight, and weight gain were associated with an increased risk of diabetes. In previous
studies, weight loss was associated with a decreased risk of diabetes [27-30], whereas weight gain
was associated with an increased risk of diabetes [29,31]. Interestingly, weight loss characterized
by large weight fluctuations was revealed to increase the risk of diabetes in our study. Only a few
studies have examined weight loss accompanied by large weight fluctuations as one of the risk factors
associated with incident diabetes [19,21]. One study demonstrated that the risk of diabetes was
twofold higher in participants whose weight fluctuated compared with those with stable weight or
moderate fluctuation in a short-term follow-up [21]. Another cross-sectional study examined the
association between weight loss and diabetes, demonstrating a relative risk of 1.99 in participants
with large body weight fluctuations compared with those who were weight-stable [19]. The results
underscore that minimizing weight fluctuation regardless of the weight change status is important for
diabetes prevention. However, further studies are needed concerning whether long-term weight loss
accompanied by weight fluctuation may lead to the development of diabetes.

Although the mechanism by which body weight fluctuation leads to the development of diabetes
is not clear, it seems to be related to hyperinsulinemia and insulin resistance [1]. Weight gain results in
the disruption of the metabolic steady state, which indicates a state of hyperglycemia with reactive
hyperinsulinemia. If weight loss follows this gain, hyperinsulinemia may be even more pronounced
due to the decreased basal metabolic rate [1]. Long-term weight fluctuation interferes with glucose
homeostasis, resulting in increased triglyceride and glucose levels. In addition, repeated weight loss
and gain may have adverse effects on body fat distribution [26,32,33]. Weight cycling may cause an
accumulation of trunk or visceral fat that would explain the increased metabolic risk independent
of total adiposity [33]. In one study comparing weight cyclers with non-cyclers, fat cell size and
lipoprotein lipase activity were different in the abdomen but not in other parts of the body [32]. A more
rapid growth of the adipose tissues and its increased production of leptin, cytokines, and adiponectin
could ultimately damage the mechanisms of glucose homeostasis [34].

A comparison of normal glucose tolerance and impaired fasting glucose in evaluating the incident
diabetes risk in relation to weight fluctuation was also included in our analysis. In persons with normal
glucose tolerance, the risk of diabetes increased even more than in those with impaired fasting glucose,
which can be explained by an exaggerated adaptive immune response in the adipose tissue leading to
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metabolic dysfunction during weight cycling [35]. Studies of the role of hyperinsulinemia have shown
that hyperinsulinemia in normoglycemic adults was the strongest predictor of type 2 diabetes [36].
Additionally, this may affect people younger than 65 years of age rather than the elderly in terms of the
association between weight fluctuation and diabetes risk. Our results are in line with those of another
study that found that weight fluctuation between the ages of 40 and 60 significantly increased diabetes
rate (RR = 1.7, p < 0.01) [37]. Even non-diabetic middle-aged people should be cautious of the risk of
diabetes if they are likely to undergo repetitive weight fluctuation.

However, these results should be interpreted considering several limitations. First, because of the
retrospective nature of the study, it is difficult to infer causality. Also, given that the study included
at least three observations of body weight measurement throughout four years, different intervals
separated the measurements in the study design. Therefore, the results should be carefully interpreted.
Second, diabetes incidence could have been underestimated [38]. Information on postprandial glucose
and hemoglobin Alc were not available in the NHIS database, and thus, those who might have been
diagnosed as having diabetes by high postprandial glucose levels or hemoglobin Alc could be omitted
from the data. Third, the study did not examine whether the body weight changes were intentional or
unintentional. Unintentional weight change may be attributed to some underlying diseases, but we
assumed that body weights of patients with such diseases would not increase again within a relatively
short period of time. Fourth, lack of information on dietary habits and educational levels due to
lack of data from the NHIS is a further limitation of this study. These factors can have a different
effect on the association between weight cycling and diabetes. Fifth, ASV may have been unable
to detect body weight variations occurring over a short period of time of less than a year, and the
follow-up duration of 4.4 years was relatively short as well. Finally, we could not measure an index of
insulin resistance because of the lack of laboratory information, which would have allowed us to better
understand the pathophysiologic relationship of anthropometric adiposity variability with the risk of
diabetes. However, to the best of our knowledge, this is the first nationwide cohort study exploring
the relationship between body weight fluctuation and diabetes incidence. This study also used directly
measured anthropometric data rather than self-reported recall data.

In conclusion, normal and stable body weight maintenance is needed to lower the risk of incident
diabetes. This applies to anyone with normal glucose tolerance regardless of sex and age. It is also
important to pay attention to weight loss, which can cause weight cycling. Further studies to explore
the effect of long-term weight change as well as the variability of obesity parameters on incident
diabetes are needed.

5. Conclusions

Body weight fluctuations have reportedly been associated with a variety of adverse health
outcomes. Our results confirm that large body weight fluctuations are independent risk factors for
type 2 diabetes. Large fluctuation of body weight was associated with a higher risk of incident diabetes
regardless of weight change status during follow-up periods. Subgroup findings suggested that even
subjects with a normal glucose tolerance status and those aged under 65 years at baseline accompanied
by large fluctuation of body weight had a higher risk of diabetes. These findings underscore that
maintaining a stable body weight is important for diabetes prevention.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/7/950/s1,
Table S1: Risk of new-onset diabetes according to different indices of body weight variability.

Author Contributions: Conceptualization, H.-S.H., K.-H.C. and Y.-G.P,; Data curation, K.H. and Y.-G.P.; Formal
analysis, K.H. and Y.-G.P.,; Investigation, K-Y.P., G.E.N., YHK,, and Y.K.; Methodology, K.H. and Y.-G.P;
Supervision, H.-S.H., K.-H.C., and Y.-G.P.; Writing—original draft, K.-Y.P.; Writing—review & editing, K.-Y.P,,
H.-SH. K-H.C.,, KH., G.EN., YK, and Y.-G.P.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/2077-0383/8/7/950/s1

J. Clin. Med. 2019, 8, 950 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Morris, R.D.; Rimm, A.A. Long-term weight fluctuation and non-insulin-dependent diabetes mellitus in
white women. Ann. Epidemiol. 1992, 2, 657-664. [CrossRef]

Schotte, D.E.; Cohen, E.; Singh, S.P. Effects of weight cycling on metabolic control in male outpatients with
non-insulin-dependent diabetes mellitus. Health Psychol. 1990, 9, 599-605. [CrossRef] [PubMed]

Lissner, L.; Odell, PM.; D’Agostino, R.B.; Stokes, J., III; Kreger, B.E.; Belanger, A.J.; Brownell, K.D. Variability
of body weight and health out- comes in the Framingham population. N. Engl. J. Med. 1991, 324, 1839-1844.
[CrossRef] [PubMed]

Mehta, T.; Smith, D.L.; Muhammad, J.; Casazza, K. Impact of weight cycling on risk of morbidity and
mortality. Obes. Rev. 2014, 15, 870-881. [CrossRef] [PubMed]

Delahanty, L.M.; Pan, Q.; Jablonski, K.A.; Aroda, V.R,; Watson, K.E.; Bray, G.A.; Kahn, S.E; Florez, ].C; Perreault, L.;
Franks, PW. Effects of weight loss, weight cycling, and weight loss maintenance on diabetes incidence and change in
cardiometabolic traits in the diabetes prevention program. Diabetes Care 2014, 37, 2738-2745. [CrossRef] [PubMed]
Montani, ].P; Schutz, Y.; Dulloo, A.G. Dieting and weight cycling as risk factors for cardiometabolic diseases:
Who is really at risk? Obes. Rev. 2015, 16, 7-18. [CrossRef] [PubMed]

Bangalore, S.; Fayyad, R.; Laskey, R.; DeMicco, D.A.; Messerli, EH.; Waters, D.D. Body-Weight Fluctuations
and Outcomes in Coronary Disease. N. Engl. J. Med. 2017, 376, 1332-1340. [CrossRef]

Madigan, C.D.; Pavey, T.; Daley, A.].; Jolly, K.; Brown, W.J. Is weight cycling associated with adverse health
outcomes? A cohort study. Prev. Med. (Baltim). 2018, 108, 47-52. [CrossRef]

Nam, G.E.; Cho, KH.; Han, K;; Han, B.; Cho, S.J.; Roh, Y.K.; Kim, S.M.; Choi, Y.S.; Kim, D.H.; Kim, Y.H.; et al.
Impact of body mass index and body weight variabilities on mortality: A nationwide cohort study. Int. J. Obes.
2019, 43, 412—423. [CrossRef]

Taylor, C.B.; Jatulis, D.E.; Fortmann, S.P.; Kraemer, H.C. Weight variability effects: A prospective analysis
from the Stanford Five-City Project. Am. J. Epidemiol. 1995, 141, 461-465. [CrossRef]

Lissner, L.; Andres, R.; Muller, D.C.; Shimokata, H. Body weight variability in men: Metabolic rate, health
and longevity. Int. . Obes. 1990, 14, 373-383. [PubMed]

Rhee, E.J.; Cho, J.H.; Kwon, H.; Park, S.E.; Park, C.Y.; Oh, KW.; Park, S.W.; Lee, W.Y. Increased risk of diabetes
development in individuals with weight cycling over 4 years: The Kangbuk Samsung Health study. Diabetes
Res. Clin. Pract. 2018, 139, 230-238. [CrossRef] [PubMed]

Kodama, S.; Fujihara, K.; Ishiguro, H.; Horikawa, C.; Ohara, N.; Yachi, Y,; Tanaka, S.; Shimano, H.; Kato, K,;
Hanyu, O.; et al. Unstable bodyweight and incident type 2 diabetes mellitus: A meta-analysis. ]. Diabetes Investig.
2017, 8, 501-509. [CrossRef] [PubMed]

Zhang, Y,; Yatsuya, H.; Li, Y,; Chiang, C.; Hirakawa, Y.; Kawazoe, N.; Tamakoshi, K.; Toyoshima, H.; Aoyama, A.
Long-term weight-change slope, weight fluctuation and risk of type 2 diabetes mellitus in middle-aged Japanese
men and women: Findings of Aichi Workers” Cohort Study. Nutr. Diabetes 2017, 7, 1-5. [CrossRef] [PubMed]
Mackie, G.M.; Samocha-Bonet, D.; Tam, C.S. Does weight cycling promote obesity and metabolic risk factors?
Obes. Res. Clin. Pract. 2017, 11, 131-139. [CrossRef] [PubMed]

Yokomichi, H.; Ohde, S.; Takahashi, O.; Mochizuki, M.; Takahashi, A.; Yoda, Y.; Tsuji, M.; Akiyama, Y,;
Yamagata, Z. Weight cycling and the subsequent onset of type 2 diabetes mellitus: 10-year cohort studies in
urban and rural Japan. BMJ Open 2017, 7, 1-9. [CrossRef] [PubMed]

Neamat-Allah, J.; Barrdahl, M.; Hiising, A.; Katzke, V.A.; Bachlechner, U.; Steffen, A.; Kaaks, R.; Schulze, M.B.;
Boeing, H.; Kiihn, T. Weight cycling and the risk of type 2 diabetes in the EPIC-Germany cohort. Diabetologia
2015, 58, 2718-2725. [CrossRef] [PubMed]

Waring, M.E.; Eaton, C.B.; Lasater, T.M.; Lapane, K.L. Incident diabetes in relation to weight patterns during
middle age. Am. J. Epidemiol. 2010, 171, 550-556. [CrossRef] [PubMed]

Kataja-Tuomola, M.; Sundell, J.; Méannisto, S.; Virtanen, M.].; Kontto, J.; Albanes, D.; Virtamo, J. Short-term
weight change and fluctuation as risk factors for type 2 diabetes in Finnish male smokers. Eur. ]. Epidemiol.
2010, 25, 333-339. [CrossRef]

Field, A.E.; Manson, J.E.; Laird, N.; Williamson, D.F,; Willett, W.C.; Colditz, G.A. Weight cycling and the
risk of developing type 2 diabetes among adult women in the United States. Obes. Res. 2004, 12, 267-274.
[CrossRef]


http://dx.doi.org/10.1016/1047-2797(92)90010-N
http://dx.doi.org/10.1037/0278-6133.9.5.599
http://www.ncbi.nlm.nih.gov/pubmed/2226388
http://dx.doi.org/10.1056/NEJM199106273242602
http://www.ncbi.nlm.nih.gov/pubmed/2041550
http://dx.doi.org/10.1111/obr.12222
http://www.ncbi.nlm.nih.gov/pubmed/25263568
http://dx.doi.org/10.2337/dc14-0018
http://www.ncbi.nlm.nih.gov/pubmed/25024396
http://dx.doi.org/10.1111/obr.12251
http://www.ncbi.nlm.nih.gov/pubmed/25614199
http://dx.doi.org/10.1056/NEJMoa1606148
http://dx.doi.org/10.1016/j.ypmed.2017.12.010
http://dx.doi.org/10.1038/s41366-018-0079-0
http://dx.doi.org/10.1093/oxfordjournals.aje.a117448
http://www.ncbi.nlm.nih.gov/pubmed/2361814
http://dx.doi.org/10.1016/j.diabres.2018.03.018
http://www.ncbi.nlm.nih.gov/pubmed/29574105
http://dx.doi.org/10.1111/jdi.12623
http://www.ncbi.nlm.nih.gov/pubmed/28083921
http://dx.doi.org/10.1038/nutd.2017.5
http://www.ncbi.nlm.nih.gov/pubmed/28319107
http://dx.doi.org/10.1016/j.orcp.2016.10.284
http://www.ncbi.nlm.nih.gov/pubmed/27773644
http://dx.doi.org/10.1136/bmjopen-2016-014684
http://www.ncbi.nlm.nih.gov/pubmed/28596244
http://dx.doi.org/10.1007/s00125-015-3755-9
http://www.ncbi.nlm.nih.gov/pubmed/26376796
http://dx.doi.org/10.1093/aje/kwp433
http://www.ncbi.nlm.nih.gov/pubmed/20110286
http://dx.doi.org/10.1007/s10654-010-9444-6
http://dx.doi.org/10.1038/oby.2004.34

J. Clin. Med. 2019, 8, 950 11 0f 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

French, S.A ; Folsom, A.R; Jeffery, RW.; Zheng, W.; Mink, PJ.; Baxter, J.E. Weight variability and incident
disease in older women: The Jowa women'’s health study. Int. |. Obes. 1997, 21, 217-223. [CrossRef]

Korea National Health Insurance Service. National Health Insurance System of Korea.
Available online: http://www.kobia kr/skin/bbs/downloads_e2/download.php?tbl=policy_report&no=401
(accessed on 25 February 2019).

Cheol Seong, S.; Kim, Y.-Y.; Khang, Y.-H.; Heon Park, J.; Kang, H.-].; Lee, H.; Do, C.-H.; Song, J.-S.; Hyon
Bang, J.; Ha, S.; et al. Data Resource Profile: The National Health Information Database of the National
Health Insurance Service in South Korea. Int. ]. Epidemiol. 2017, 46, 799-800. [CrossRef] [PubMed]

Lee, W.-C.; Lee, S.-Y. National health screening program of Korea. J. Korean Med. Assoc. 2010, 53, 363-370.
[CrossRef]

Weisell, R.C. Body mass index as an indicator of obesity. Asia Pac. ]. Clin. Nutr. 2002, 11, S681-S684.
[CrossRef]

Cereda, E.; Malavazos, A.E.; Caccialanza, R.; Rondanelli, M.; Fatati, G.; Barichella, M. Weight cycling is
associated with body weight excess and abdominal fat accumulation: A cross-sectional study. Clin. Nutr.
2011, 30, 718-723. [CrossRef] [PubMed]

Will, J.C.; Williamson, D.E; Ford, E.S.; Calle, E.E.; Thun, M.J. Intentional weight loss and 13-year diabetes
incidence in overweight adults. Am. J. Public Health 2002, 92, 1245-1248. [CrossRef]

Hamman, R.F; Wing, RR.; Edelstein, S.L.; Lachin, ].M.; Bray, G.A.; Delahanty, L.; Hoskin, M.; Kriska, A.M.;
Mayer-Davis, E.J.; Pi-Sunyer, X. Effect of weight loss with lifestyle intervention on risk of diabetes. Diabetes Care
2006, 29, 2102-2107. [CrossRef] [PubMed]

Colditz, G.A.; Willett, W.C.; Rotnitzky, A.; Manson, J.E. Weight gain as a risk factor for clinical diabetes
mellitus in women. Ann. Intern. Med. 1995, 122, 481-486. [CrossRef]

Tuomilehto, J.; Lindstrom, J.; Eriksson, J.G.; Valle, T.T., Hamaildinen, H.; Ilanne-Parikka, P.;
Keindnen-Kiukaanniemi, S.; Laakso, M.; Louheranta, A.; Rastas, M. Prevention of type 2 diabetes mellitus by
changes in lifestyle among subjects with impaired glucose tolerance. N. Engl. ]. Med. 2001, 344, 1343-1350.
[CrossRef]

Chan, ] M.; Rimm, E.B.; Colditz, G.A.; Stampfer, M.].; Willett, W.C. Obesity, fat distribution, and weight gain
as risk factors for clinical diabetes in men. Diabetes Care 1994, 17, 961-969. [CrossRef]

Rodin, J.; Radke-Sharpe, N.; Rebuffé-Scrive, M.; Greenwood, M.R. Weight cycling and fat distribution. Int. ]. Obes.
1990, 14, 303-310. [PubMed]

Wallner, SJ.; Luschnigg, N.; Schnedl, WJ.; Lahousen, T.; Sudi, K.; Crailsheim, K.; M6ller, R ; Tafeit, E.; Horejsi, R. Body
fat distribution of overweight females with a history of weight cycling. Int. ]. Obes. 2004, 28, 1143-1148. [CrossRef]
[PubMed]

Kershaw, E.E.; Flier, ].S. Adipose tissue as an endocrine organ. J. Clin. Endocrinol. Metab. 2004, 89, 2548-2556.
[CrossRef] [PubMed]

Anderson, E.K,; Gutierrez, D.A.; Kennedy, A.; Hasty, A.H. Weight cycling increases T-cell accumulation in
adipose tissue and impairs systemic glucose tolerance. Diabetes 2013, 62, 3180-3188. [CrossRef] [PubMed]
Dankner, R.; Chetrit, A.; Shanik, M.H.; Raz, I; Roth, ]. Basal-state hyperinsulinemia in healthy normoglycemic adults
is predictive of type 2 diabetes over a 24-year follow-up: A preliminary report. Diabetes Care 2009, 32, 1464-1466.
[CrossRef] [PubMed]

Holbrook, T.L.; Barrett-Connor, E.; Wingard, D.L. The association of lifetime weight and weight control
patterns with diabetes among men and women in an adult community. Int. ]. Obes. 1989, 13, 723-729.
[PubMed]

Martinez-Millana, A.; Argente-Pla, M.; Valdivieso Martinez, B.; Traver Salcedo, V.; Merino-Torres, J. Driving
Type 2 Diabetes Risk Scores into Clinical Practice: Performance Analysis in Hospital Settings. J. Clin. Med.
2019, 8, 107. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/sj.ijo.0800390
http://www.kobia.kr/skin/bbs/downloads_e2/download.php?tbl=policy_report&no=401
http://dx.doi.org/10.1093/ije/dyw253
http://www.ncbi.nlm.nih.gov/pubmed/27794523
http://dx.doi.org/10.5124/jkma.2010.53.5.363
http://dx.doi.org/10.1046/j.1440-6047.11.s8.5.x
http://dx.doi.org/10.1016/j.clnu.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/21764186
http://dx.doi.org/10.2105/AJPH.92.8.1245
http://dx.doi.org/10.2337/dc06-0560
http://www.ncbi.nlm.nih.gov/pubmed/16936160
http://dx.doi.org/10.7326/0003-4819-122-7-199504010-00001
http://dx.doi.org/10.1056/NEJM200105033441801
http://dx.doi.org/10.2337/diacare.17.9.961
http://www.ncbi.nlm.nih.gov/pubmed/2361807
http://dx.doi.org/10.1038/sj.ijo.0802736
http://www.ncbi.nlm.nih.gov/pubmed/15263924
http://dx.doi.org/10.1210/jc.2004-0395
http://www.ncbi.nlm.nih.gov/pubmed/15181022
http://dx.doi.org/10.2337/db12-1076
http://www.ncbi.nlm.nih.gov/pubmed/23733197
http://dx.doi.org/10.2337/dc09-0153
http://www.ncbi.nlm.nih.gov/pubmed/19435961
http://www.ncbi.nlm.nih.gov/pubmed/2583926
http://dx.doi.org/10.3390/jcm8010107
http://www.ncbi.nlm.nih.gov/pubmed/30658456
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Source of Data and Study Population 
	Body Weight Variability and Weight Change Status 
	Definition of Incident Type 2 Diabetes 
	Covariate Measurements 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Risk of New-Onset Diabetes According to Body Weight Fluctuation 
	Subgroup Analysis of the Risk of New-Onset Diabetes for Large Body-Weight Fluctuations 
	Risk of New-Onset Diabetes According to Baseline Obesity Status 

	Discussion 
	Conclusions 
	References

