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Context: The bidirectional relationship between low high-density lipoprotein cholesterol (HDL-C)
and glucose intolerance is well established. Recent studies suggested an association of lipid variability
with various health outcomes.

Objective: To investigate the combined effect of HDL-C levels and their variability on the risk of
diabetes.

Design: A population-based cohort study.

Setting and Participants: In all, 5,114,735 adults without known diabetes in the Korean National
Health Insurance System cohort who underwent three or more health examinations from 2009 to
2013 were included. Visit-to-visit HDL-C variability was calculated using variability independent of
the mean (VIM) and the coefficient of variation (CV). Low mean and high variability groups were
defined as the lowest and highest quartiles of HDL-C mean and variability, respectively.

Main Outcome Measures: Newly developed diabetes.

Results: There were 122,192 cases (2.4%) of incident diabetes during the median follow-up of 5.1
years. Lower mean or higher variability of HDL-C was associated with higher risk of diabetes in a
stepwise manner, and an additive effect of the two measures was noted. In the multivariable-
adjusted model, the hazard ratios and 95% CIs for incident diabetes were 1.20 (1.18 to 1.22) in the
high mean/high VIM group, 1.35 (1.33 to 1.37) in the low mean/low VIM group, and 1.40 (1.38 to
1.42) in the lowmean/high VIM group compared with the highmean/low VIM group. Similar results
were observed when modeling the variability using CV and in various subgroup analyses.

Conclusions: Lowmean and high variability in HDL-C were independent predictors of diabetes with
an additive effect. Both elevating and stabilizing HDL-C may be important goals for reducing
diabetes risk. (J Clin Endocrinol Metab 104: 5633–5641, 2019)

Low high-density lipoprotein cholesterol (HDL-C) is
one of the hallmarks of diabetic dyslipidemia and is

also regarded as a risk factor for developing diabetes (1).

Some epidemiological studies demonstrated that low
HDL-C level is associated with greater risk of diabe-
tes, although the causality of the association has been
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questioned (2–4). This bidirectional relationship opens
a new avenue in the understanding of the pathophysi-
ology and therapeutic implications of diabetes. Recent
findings suggest that HDL-C could have a direct role in
glucose metabolism by affecting insulin secretion and
insulin sensitivity (5–7). Therefore, it is important to
untangle the complex interactions between HDL-C and
diabetes.

Recently, a relationship between visit-to-visit cho-
lesterol variability and various diseases was identified,
suggesting lipid variability as a previously unrecog-
nized residual risk factor for various health outcomes
(8–15). Specifically, HDL-C variability is associated
with greater risk of developing cardiovascular events
or mortality in subjects with previous coronary artery
diseases (14–16). HDL-C variability is also linked to
the development of nephropathy in subjects with type 2
diabetes mellitus (17, 18). Of note, these effects were
significant even after adjustments for mean HDL-C
levels, suggesting that both managing the absolute value
and reducing the fluctuation should be targeted to
improve health outcomes. Despite accumulating evi-
dence on the association between lipid variability and
cardiovascular outcomes, the predictive role of lipid var-
iability on the risk of future diabetes is insufficiently un-
derstood. A population-based cohort study showed that
the highest decile group of total cholesterol variability had
;14% increased risk of diabetes comparedwith the lowest
decile group (19). Because the role of HDL-C variability
and its combined contribution with absolute HDL-C levels
in the risk of diabetes has never been studied, we performed
this analysis using a nationwide population-based cohort
of more than 5 million Korean people.

Subjects and Methods

Data source and study population
The National Health Insurance Service (NHIS) is a

single-payer program managed by the government, to
which all residents in Korea subscribe. Because it has
adopted a fee-for-service system to pay health care
providers, the NHIS obtains various information rep-
resenting the entire Korean population. The database
(DB) contains a qualification DB (e.g., age, sex, in-
come rank, location, disability, type of subscription, and
death), a treatment DB [general information on specifi-
cation, consultation statements, diagnosis statements
defined by the International Classification of Diseases,
Tenth Revision (ICD-10), and prescription statements], a
health checkup DB, and a clinic DB. Enrollees in the
NHIS are advised to undergo a standardized medical
examination at least every 2 years. Details about the DB
are presented elsewhere (20, 21).

We selected 5,632,394 subjects who underwent
health examination in 2012 and 2013 (index year) and
two or more health examinations in the preceding 3
years. Subjects who were younger than 20 years (n 5

435), had missing data (n 5 38,270), had a previous
diagnosis of diabetes (n 5 461,940), and had been
diagnosed with diabetes in the first year of follow-up
(n 5 17,014) were excluded. Ultimately, the study
population consisted of 5,114,735 subjects. The
number of health examinations per subject was three
(n 5 2,683,989; 52.5%) or four (n 5 2,430,746;
47.5%). This study was approved by the institu-
tional review board of Seoul St. Mary’s Hospital (no.
KC18EESI0429). Informed consent was waived because
anonymous and deidentified information was used for the
analysis.

Measurements and definitions
Body mass index (BMI) was calculated as the weight

(in kilograms) divided by the height (in meters) squared,
and obesity was defined as a BMI $25 kg/m2. In-
formation on smoking history and alcohol consumption
was obtained by questionnaires. Regular exercise was
defined as performing more than 20 minutes of stren-
uous physical activity at least three times per week or
more than 30 minutes of moderate physical activity at
least five times per week. Income level was dichotomized
at the lowest 25%. Hypertension was defined as having
at least one claim per year under ICD-10 code I10-13 or
I15 and at least one claim per year for the prescription of
antihypertensive agents or a systolic/diastolic blood
pressure (BP) reading $140/90 mm Hg. A previous
diagnosis of diabetes was defined by a combination of
disease code (ICD-10 codes E10 to E14) and the pre-
scription of antidiabetic medication or by a fasting
glucose level $126 mg/dL in a health examination.
Subjects with fasting glucose values between 100 and
125 mg/dL were defined as having impaired fasting
glucose. Blood samples for the measurement of serum
glucose and lipid levels were drawn after an overnight
fast. Hospitals where these health examinations were
performed were certified by the NHIS and subjected to
regular quality control.

Definition of low mean HDL-C and high
HDL-C variability

The low mean HDL-C group was defined as subjects
in the lowest quartile (Q1) range of mean HDL-C,
whereas the other three quartile groups (Q2 to Q4)
were defined as having high mean HDL-C values. Visit-
to-visit variability in HDL-C was defined as variability
in the values measured at health checkups. Two indices of
variability were used: coefficient of variation and variability
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independent of the mean (VIM). The VIMwas calculated
as 100 3 SD/meanbeta, where beta is the regression
coefficient based on the natural logarithm of the SD over
the natural logarithm of the mean. The high variability
group was defined as subjects in the highest quartile
(Q4) range of HDL-C variability, whereas the other
three quartile groups (Q1 to Q3) were defined as having
low variability. Because HDL-C levels are different
between males and females, a sex-specific cutoff value
was used.

Study outcomes and follow-up
The end point of the study was newly diagnosed

diabetes, which was defined on the basis of at least one
claim per year under ICD-10 codes E10 to E14 and at
least one claim per year for the prescription of antidi-
abetic medication. This operational definition of di-
abetes with use of the claims DB was recommended and
validated by an expert committee from the Korean
Diabetes Association (22). The study population was
followed up from baseline to the date of incident di-
abetes or until 31 December 2017, whichever came
first.

Statistical analysis
Baseline characteristics are presented as mean6 SD,

median (25% to 75%), or n (%). The incidence rate of
diabetes was calculated by dividing the number of
incident cases by the total follow-up duration (person-
years). Hazard ratios (HRs) and 95% CI values were
analyzed using the Cox proportional hazards model.
The proportional hazards assumption was evaluated
by the Schoenfeld residuals test with the logarithm of
the cumulative hazards function based on Kaplan-
Meier estimates for decile groups of baseline, mean
or variability of HDL-C, or groups based on the
combination of mean and variability. There was no
significant departure from proportionality in hazards
over time. The multivariable-adjusted proportional
hazards model was applied: Model 1 was adjusted for
age, sex, BMI, alcohol drinking, smoking, regular
exercise, income status, and hypertension. Model 2
was further adjusted for glucose and triglyceride levels
and use of lipid-lowering agents. Model 3 was adjusted
for glucose and triglyceride variability (VIM) instead
of glucose and triglyceride levels. Sensitivity analyses
were also performed, excluding subjects who developed
diabetes within 3 years of follow-up. The potential
effect modification by age, sex, smoking, alcohol
drinking, exercise, obesity, impaired fasting glucose,
hypertension, lipid-lowering medication, and malig-
nancy was evaluated through stratified analysis and in-
teraction testing using a likelihood ratio test. Statistical

analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, NC), and a P value ,0.05 indicated
statistical significance.

Results

Characteristics of study subjects
According to the calculation of the mean and vari-

ability of HDL-C, 12.6% of participants had high var-
iability only, 12.2% had low mean only, and 12.5% had
both high variability and low mean. Characteristics of
subjects according to the mean and variability of HDL-C
are presented in Table 1. The subjects in the high
mean/low variability group were younger, were less
obese, and had lower BP levels than the other groups. The
subjects in the low mean groups had higher BMI and
waist circumference and lower rates of alcohol drinking
and regular exercise. The proportion of subjects on lipid-
lowering agents was higher in the high variability group,
although it was ,10% of the subjects. Fasting glucose
levels were numerically similar in all four groups.
P values for the trend were ,0.001 for all variables
because of the large size of the study population.

Because abnormalities in HDL-C levels are frequently
accompanied by obesity or metabolic syndrome, we
performed correlation analysis between HDL-C vari-
ability and variabilities in other metabolic parameters.
The correlations between the VIM of HDL-C and the
VIM of glucose (r5 0.047), the VIM of triglycerides (r5
0.064), the VIM of BMI (r 5 0.017), and the VIM of
waist circumference (r 5 0.008) were not robust.

Risk of incident diabetes according to the mean
and variability of HDL-C

During 5.1 6 0.6 years of follow-up, there were
122,192 cases (2.4%) of incident diabetes. We first ex-
amined the risk of incident diabetes according to the decile
groups of baseline, mean, and variability of HDL-C. An
incrementally higher risk of diabetes was observed with
lower baseline or mean and higher VIM of HDL-C in both
males and females (Fig. 1).When subjects were categorized
into quartile groups, both lowmean and high variability of
HDL-C were associated with a higher incidence rate and
HR (95% CI) of diabetes compared with high mean and
low variability, respectively. In the multivariable model
adjusting for age, sex, BMI, alcohol drinking, smoking,
regular exercise, income status, hypertension, glucose and
triglyceride levels, and use of lipid-lowering agents (model
2), the HR (95%CI) values for incident diabetes were 1.20
(1.18 to 1.22) in the high mean/high VIM group, 1.35
(1.33 to 1.37) in the low mean/low VIM group, and 1.40
(1.38 to 1.42) in the low mean/high VIM group compared
with the high mean/lowVIMgroup, suggesting an additive
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effect of the two measures. The results were largely con-
sistent when adjusted for waist circumference instead of
BMI (data not shown) or when variability was determined
using the coefficient of variation. Similar patterns were also
noted in model 3, in which the VIMs of glucose and tri-
glyceride were adjusted instead of glucose and triglyceride
levels (Table 2).

Sensitivity analysis
To account for the possibility of reverse causation,

sensitivity analysis was performed excluding subjects with

the occurrence of diabetes within 3 years of follow-up.
Similar to the original analysis, both low mean and
high variability of HDL-C were associated with higher
incidence rate and HR (95% CI) of diabetes compared
with high mean and low variability, respectively. In the
multivariable-adjusted model (model 2), the HR (95%
CI) values for incident diabetes were 1.19 (1.17 to 1.22)
in the high mean/high VIM group, 1.35 (1.33 to 1.38) in
the lowmean/lowVIM group, and 1.38 (1.36 to 1.41) in
the low mean/high VIM group compared with the high
mean/low VIM group (Table 3).

Table 1. Baseline Characteristics of Subjects According to the Mean and Variability (VIM) of HDL-C

High Mean/Low
Variability

High Mean/High
Variability

Low Mean/Low
Variability

Low Mean/High
Variability

(n 5 3,211,282) (n 5 641,778) (n 5 624,768) (n 5 636,907)

Age, y 43.2 6 11.7 45.7 6 12.4 45.2 6 11.4 46.8 6 12.1
Sex, male 2,079,780 (64.8) 428,749 (66.8) 414,143 (66.3) 402,556 (63.2)
Body mass index, kg/m2 23.2 6 3.1 23.9 6 3.2 24.7 6 3.2 24.8 6 3.2
Waist circumference, cm 78.9 6 8.9 80.9 6 8.9 82.7 6 8.8 82.9 6 8.7
Systolic BP, mm Hg 120.4 6 13.6 121.9 6 13.8 121.7 6 13.5 122.2 6 13.7
Diastolic BP, mm Hg 75.7 6 9.5 76.6 6 9.6 76.5 6 9.5 76.7 6 9.5
Fasting glucose, mg/dL 92.4 6 10.8 93.1 6 11.3 93.6 6 10.8 93.6 6 11.2
Total cholesterol, mg/dL 196.0 6 34.3 195.1 6 36.9 191.0 6 34.6 188.9 6 35.8
Triglycerides, mg/dL 111 (91–133) 112 (91–134) 115 (95–137) 112 (91–134)
LDL-cholesterol, mg/dL 113.1 6 32.8 113.9 6 35.6 117.2 6 34.7 114.1 6 36.9
HDL-cholesterol, mg/dL 60.8 6 13.3 55.0 6 20.1 43.2 6 5.3 41.7 6 8.3
HDL-cholesterol mean, mg/dL 60.8 6 11.3 55.2 6 11.0 43.2 6 4.5 41.6 6 5.2
HDL-cholesterol CV, % 10.1 6 6.1 23.8 6 12.5 7.0 6 2.7 17.1 6 6.6
HDL-cholesterol VIM, % 4.8 6 2.3 13.1 6 3.9 6.0 6 2.3 16.0 6 14.1
Current smoker 917,956 (28.6) 196,944 (30.7) 198,332 (31.7) 196,607 (30.9)
Alcohol drinking 277,723 (8.7) 53,900 (8.4) 32,747 (5.2) 33,771 (5.3)
Regular exercise 687,029 (21.4) 135,279 (21.1) 119,559 (19.1) 123,335 (19.4)
Income (lower 25%) 523,238 (16.3) 126,832 (19.8) 100,769 (16.1) 123,796 (19.4)
Impaired fasting glucose 739,108 (23.0) 167,273 (26.1) 166,100 (26.6) 174,568 (27.4)
Hypertension 539,268 (16.8) 143,247 (22.3) 132,593 (21.2) 155,372 (24.4)
Taking lipid-lowering agent 207,474 (6.5) 58,988 (9.2) 51,179 (8.2) 63,703 (10.0)
Any malignancy 46,712 (1.5) 11,689 (1.8) 10,917 (1.8) 13,249 (2.1)

Data are expressed as the mean 6 SD, median (25%–75%), or n (%). P values for the trend were ,0.001 for all variables. Low mean, first quartile
(male:,45.0 mg/dL, female:,52.3 mg/dL); high mean, second to fourth quartiles; low variability, first to third quartiles; high variability, fourth quartile
(male: $10.2%, female: $8.3%).

Abbreviations: CV, coefficient of variation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Figure 1. The risk of incident diabetes according to the decile groups of baseline, mean, and variability (VIM) of HDL-cholesterol in males and
females. The decile groups (D1: lowest, D10: highest) were classified on the basis of the cutoff values of each parameter as demonstrated on
the x-axis. Adjustments were made for age, sex, body mass index, alcohol drinking, smoking, regular exercise, income status, hypertension,
glucose, triglycerides, and use of lipid-lowering agents.
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Subgroup analysis
Significant associations of low mean and high vari-

ability of HDL-C with the risk of diabetes were present
in all subgroups. In addition, compared with the high
mean/low VIM group, the low mean/high VIM group
showed significantly higher risk of diabetes in all sub-
groups. Higher adjusted HRs of diabetes were noted in
low-risk groups, such as those who were younger or
nonobese or had normal glucose tolerance, no hyper-
tension or malignancy, or no use of lipid-lowering agents
(Fig. 2).

Discussion

Using a large-scale nationwide cohort DB of the general
population, we examined the association of HDL-C and
its variability with the risk of developing diabetes. A
linear association between low mean or high variability
of HDL-C and risk of future diabetes was clearly ob-
served. An additive effect of these two parameters was

noted, and consistency was confirmed by sensitivity and
subgroup analyses.

Variability in metabolic parameters is linked to vari-
ous adverse health outcomes. However, in contrast to
ample evidence on the associations of glucose, BP,
cholesterol, and body weight variability with the risk of
cardiovascular outcomes (8–10, 12, 23–25), their role in
the risk of diabetes is only beginning to be elucidated. A
recent study showed a 24% increased risk of type 2
diabetes mellitus with a 1-SD increase in fasting plasma
glucose variability in a nondiabetic population (26).
Changes or fluctuations in body weight are also known
to affect the risk of incident diabetes (27, 28). A meta-
analysis of eight studies concluded that the risk of type 2
diabetes mellitus was increased by 33% in the least stable
group compared with the most stable group in body
weight, although between-study heterogeneity was sta-
tistically significant (28). Total cholesterol variability
was also associated with increased risk of diabetes re-
gardless of the use of lipid-lowering agents and baseline

Table 2. Risk of Incident Diabetes According to the Mean and Variability of HDL-C

Events
(n)

Follow-Up
Duration

(Person-Years)
Incidence
Ratea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Crude Model Model 1 Model 2 Model 3

Mean
Q2–Q4 (high) 73,534 15,831,444 4.64 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q1 (low) 48,658 5,147,382 9.45 2.04 (2.01, 2.06) 1.44 (1.42, 1.46) 1.31 (1.30, 1.33) 1.45 (1.43, 1.47)

Variability (VIM)
Q1–Q3 (low) 77,259 15,765,550 4.90 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q4 (high) 44,933 5,213,277 8.62 1.76 (1.74, 1.78) 1.29 (1.28, 1.31) 1.20 (1.18, 1.21) 1.28 (1.26, 1.29)

Variability (CV)
Q1–Q3 (low) 85,461 15,764,901 5.42 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q4 (high) 36,731 5,213,925 7.05 1.30 (1.29, 1.32) 1.10 (1.09, 1.12) 1.07 (1.05, 1.08) 1.08 (1.07, 1.10)

Combination (VIM)
High mean/low
variability

55,174 13,213,762 4.18 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

High mean/high
variability

18,360 2,617,682 7.01 1.68 (1.66, 1.71) 1.27 (1.25, 1.29) 1.20 (1.18, 1.22) 1.25 (1.23, 1.27)

Low mean/low
variability

22,085 2,551,788 8.66 2.08 (2.04, 2.11) 1.48 (1.45, 1.50) 1.35 (1.33, 1.37) 1.49 (1.47, 1.51)

Low mean/high
variability

26,573 2,595,594 10.24 2.45 (2.42, 2.49) 1.57 (1.54, 1.59) 1.40 (1.38, 1.42) 1.56 (1.54, 1.59)

Combination (CV)
High mean/low
variability

50,133 11,878,989 4.22 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

High mean/high
variability

23,401 3,952,455 5.92 1.41 (1.38, 1.43) 1.17 (1.15, 1.19) 1.12 (1.10, 1.14) 1.14 (1.13, 1.16)

Low mean/low
variability

35,328 3,885,912 9.09 2.16 (2.13, 2.19) 1.49 (1.47, 1.52) 1.36 (1.34, 1.37) 1.50 (1.48, 1.53)

Low mean/high
variability

13,330 1,261,471 10.57 2.51 (2.46, 2.56) 1.55 (1.52, 1.58) 1.38 (1.35, 1.40) 1.53 (1.50, 1.56)

Model 1: adjusted for age, sex, body mass index, alcohol drinking, smoking, regular exercise, income status, and hypertension. Model 2: adjusted for
model 1 plus glucose, triglycerides, and use of lipid-lowering agents. Model 3: adjusted for model 1 plus glucose variability (VIM), triglyceride variability
(VIM), and use of lipid-lowering agents. Lowmean, Q1 (male:,45.0mg/dL, female:,52.3mg/dL); high VIM, Q4 (male:$10.2%, female:$8.3%); high
CV, Q4 (male: $15.4%, female: $16.0%).

Abbreviations: CV, coefficient of variation; HDL, high-density lipoprotein.
aPer 1000 person-y.
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total cholesterol level. The highest decile group of total
cholesterol variability had a 1.14-fold increase in the HR
for incident diabetes compared with the lowest decile
group after adjustments for confounding variables (19).

It is unclear if triglyceride fluctuation is also important
because the significant association between change in
triglyceride levels and the risk of diabetes was abolished
after adjustment for BMI in a population-based study

Table 3. Risk of Incident Diabetes According to the Mean and Variability of HDL-C (Sensitivity Analysis
Excluding Subjects With the Occurrence of Diabetes Mellitus Within 3 Years of Follow-Up)

Events
(n)

Follow-Up
Duration

(Person-Years)
Incidence
Ratea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Crude Model Model 1 Model 2 Model 3

Mean
Q2–Q4 (high) 45,872 8,161,331 5.62 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q1 (low) 30,296 2,645,261 11.45 2.04 (2.01, 2.07) 1.44 (1.42, 1.46) 1.31 (1.29, 1.33) 1.45 (1.43, 1.47)

Variability (VIM)
Q1–Q3 (low) 48,494 8,129,397 5.97 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q4 (high) 27,674 2,677,196 10.34 1.74 (1.71, 1.76) 1.28 (1.26, 1.30) 1.19 (1.17, 1.20) 1.27 (1.25, 1.29)

Variability (CV)
Q1–Q3 (low) 53,746 8,131,410 6.61 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Q4 (high) 22,422 2,675,182 8.38 1.27 (1.25, 1.29) 1.09 (1.07, 1.11) 1.05 (1.03, 1.07) 1.07 (1.05, 1.09)

Combination (VIM)
High mean/low
variability

34,581 6,817,938 5.07 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

High mean/high
variability

11,291 1,343,394 8.41 1.66 (1.62, 1.69) 1.26 (1.24, 1.29) 1.19 (1.17, 1.22) 1.24 (1.22, 1.27)

Low mean/low
variability

13,913 1,311,459 10.61 2.09 (2.05, 2.13) 1.48 (1.45, 1.51) 1.35 (1.33, 1.38) 1.50 (1.47, 1.53)

Low mean/high
variability

16,383 1,333,802 12.28 2.42 (2.38, 2.47) 1.56 (1.53, 1.59) 1.38 (1.36, 1.41) 1.55 (1.52, 1.58)

Combination (CV)
High mean/low
variability

31,526 6,132,109 5.14 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

High mean/high
variability

14,346 2,029,222 7.07 1.38 (1.35, 1.40) 1.15 (1.13, 1.18) 1.11 (1.09, 1.13) 1.13 (1.11, 1.16)

Low mean/low
variability

22,220 1,999,301 11.11 2.16 (2.13, 2.20) 1.50 (1.47, 1.53) 1.35 (1.33, 1.38) 1.51 (1.48, 1.53)

Low mean/high
variability

8076 645,960 12.50 2.43 (2.37, 2.49) 1.52 (1.49, 1.56) 1.35 (1.31, 1.38) 1.51 (1.47, 1.54)

Model 1: adjusted for age, sex, body mass index, alcohol drinking, smoking, regular exercise, income status, and hypertension. Model 2: adjusted for
model 1 plus glucose, triglycerides, and use of lipid-lowering agents. Model 3: adjusted for model 1 plus glucose variability (VIM), triglyceride variability
(VIM), and use of lipid-lowering agents. Lowmean, Q1 (male:,45.0mg/dL, female:,52.3mg/dL); high VIM, Q4 (male:$10.2%, female:$8.3%); high
CV, Q4 (male: $15.4%, female: $16.0%).

Abbreviations: CV, coefficient of variation; HDL, high-density lipoprotein.
aPer 1000 person-y.

Figure 2. The risk of incident diabetes mellitus according to the mean (Q2 to Q4 vs Q1), the variability (Q1 to Q3 vs Q4), and the combination
of mean and variability (high mean/low variability vs low mean/high variability) of HDL-C. Adjustments were made for age, sex, body mass index,
alcohol drinking, smoking, regular exercise, income status, hypertension, glucose, triglycerides, and use of lipid-lowering agents. Data are HR
(95% CI). HTN, hypertension; IFG, impaired fasting glucose; medi, medication; NGT, normal glucose tolerance.
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using health checkup data (29). Our findings add evidence
that high HDL-C variability is independently associated
with the risk of developing diabetes and has an additive
effect with low HDL-C levels.

Low HDL-C level has long been known as an in-
dependent and powerful predictor of increased car-
diovascular risk (30). Beyond its protective role against
atherosclerotic vascular diseases by reverse cholesterol
transport from peripheral cells, current evidence sug-
gests that HDL-C has both direct and indirect effects
on glucose metabolism. Earlier epidemiologic studies
demonstrated that low HDL-C levels were a risk factor
for the onset or progression of type 2 diabetes mellitus
(2–4). For example, low HDL-C level was a major
component of the prediction model, with more than a
twofold higher risk for type 2 diabetes mellitus in the
Framingham offspring study (4). Although questions
about the causality or possibility of confounding in this
association remain, potential mechanisms by which
HDL-C may influence glucose homeostasis are being
unraveled.

An inverse relationship between pancreatic fat content
and b-cell function has been demonstrated in nondiabetic
subjects and subjects with prediabetes, suggesting that
ectopic fat accumulation in the pancreas may contribute
to the progression of glucose intolerance at earlier stages
(31, 32). Lipid accumulation and lipotoxicity lead to
inflammation, endoplasmic reticulum stress, and apo-
ptosis in pancreatic b-cells, resulting in impaired insulin
production and secretion (5, 6). Therefore, the proper
function of high-density lipoprotein (HDL), taking up
lipids from peripheral tissues and transporting them to
the liver, would be crucial. Genetic variation in the ATP-
binding cassette subfamily A member 1 (ABCA1), a
major cellular cholesterol transporter, leads to impaired
cholesterol efflux and is associated with low HDL-C
levels and increased risk of type 2 diabetes mellitus in
humans (33, 34). Of note, 4 hours of acute treatment
with HDL increased insulin secretion and decreased
plasma glucose levels in patients with type 2 diabetes
mellitus (7). In addition, HDL increases glucose uptake in
primary human skeletal muscle cells, which is mediated
by the stimulation of ABCA1 and the activation of
the AMP-activated protein kinase pathway but is in-
dependent of insulin stimulation (7). In addition, anti-
inflammatory and antioxidant properties of HDL-C are
suggested to have potential for improving insulin sensi-
tivity (35). Although the precise mechanism for the effect
of HDL-C fluctuation on glucose tolerance remains to
be elucidated, maintaining a constant and appropriate
HDL-C level and functionality seems to be important.
In a study using isolated islets from low-density lipo-
protein receptor knockout mice, the removal of excess

cholesterol from islets by treatment with methyl-
b-cyclodextrin normalized glucose-stimulated insulin secre-
tion, and calcium handling. Of note, cholesterol removal
from wild-type mice impaired insulin secretion, and
higher doses of methyl-b-cyclodextrin induced loss of
membrane integrity and higher DNA fragmentation (36).
These data suggest that both low and high cholesterol
content in islets may be harmful, and the maintenance of
b-cell cholesterol homeostasis is important for preventing
b-cell dysfunction and the development of type 2 diabetes
mellitus (37).

A strength of our study was the utilization of a large-
scale nationwide DB of a general population with more
than 5 years of follow-up. In addition, our study iden-
tified the role of HDL-C variability as a previously un-
known risk factor for incident diabetes. However,
limitations should also be acknowledged. First, because
of the lack of HbA1c and postprandial glucose data,
incident diabetes may have been underestimated. We
tried to increase the accuracy of diagnosing diabetes by
combining disease codes and prescription statements.
Second, C-peptide, insulin, and autoantibody levels were
not measured in this health examination. Although it is
difficult to specify the type of diabetes, we assume that
most incident diabetes is type 2 on the basis of data
showing very low prevalence and incidence of type 1
diabetes mellitus in Korea (38). It would also be in-
teresting to examine the relationship between the degree
of HDL-C variability and b-cell function in the future.
Third, although we excluded those with incident diabetes
in the first year of follow-up, there still might be a
possibility of reverse causation. To overcome this issue,
we performed a sensitivity analysis excluding subjects
who developed diabetes within 3 years of follow-up and
showed consistent results. Our data also show a strong
correlation between low HDL-C or high HDL-C vari-
ability and development of diabetes with a dose-response
relationship, which strengthened the temporal relation-
ship (39). Fourth, information on the use of medications
that could alter HDL-C levels, such as glucocorticoids,
sex steroids, or atypical antipsychotic agents, was lacking.
Finally, this finding cannot be extrapolated to people of other
ethnicities because only aKorean population was included,
warranting further investigation in other ethnicities.

In conclusion, we propose that low HDL-C variability
and high HDL-C variability are independent predictors
for developing diabetes. These findings suggest that both
elevating and stabilizing HDL-C levels may be important
for reducing the risk of diabetes in the general pop-
ulation. Future prospective or interventional studies should
examine whether raising HDL-C levels or reducing
variability has a beneficial effect on the prevention of
diabetes.
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