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BACKGROUND: Variability in metabolic parameters, such as fasting 
blood glucose and cholesterol concentrations, blood pressure, and body 
weight can affect health outcomes. We investigated whether variability 
in these metabolic parameters has additive effects on the risk of mortality 
and cardiovascular outcomes in the general population.

METHODS: Using nationally representative data from the Korean 
National Health Insurance System, 6 748 773 people who were free of 
diabetes mellitus, hypertension, and dyslipidemia and who underwent 
≥3 health examinations from 2005 to 2012 were followed to the 
end of 2015. Variability in fasting blood glucose and total cholesterol 
concentrations, systolic blood pressure, and body mass index was 
measured using the coefficient of variation, SD, variability independent 
of the mean, and average real variability. High variability was defined as 
the highest quartile of variability. Participants were classified numerically 
according to the number of high-variability parameters (eg, a score of 4 
indicated high variability in all 4 metabolic parameters). Cox proportional 
hazards models adjusting for age, sex, smoking, alcohol, regular exercise, 
income, and baseline levels of fasting blood glucose, systolic blood 
pressure, total cholesterol, and body mass index were used.

RESULTS: There were 54 785 deaths (0.8%), 22 498 cases of stroke 
(0.3%), and 21 452 myocardial infarctions (0.3%) during a median 
follow-up of 5.5 years. High variability in each metabolic parameter was 
associated with a higher risk for all-cause mortality, myocardial infarction, 
and stroke. Furthermore, the risk of outcomes increased significantly with 
the number of high-variability metabolic parameters. In the multivariable-
adjusted model comparing a score of 0 versus 4, the hazard ratios (95% 
CIs) were 2.27 (2.13–2.42) for all-cause mortality, 1.43 (1.25–1.64) for 
myocardial infarction, and 1.41 (1.25–1.60) for stroke. Similar results 
were obtained when modeling the variability using the SD, variability 
independent of the mean, and average real variability, and in various 
sensitivity analyses.

CONCLUSIONS: High variability of fasting blood glucose and total 
cholesterol levels, systolic blood pressure, and body mass index was an 
independent predictor of mortality and cardiovascular events. There was 
a graded association between the number of high-variability parameters 
and cardiovascular outcomes.
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Dysregulation of homeostasis is a risk factor for 
several diseases and for cardiovascular events 
in particular.1–7 For example, blood pressure (BP) 

variability is an independent cardiovascular risk factor 
regardless of average BP.1–3 BP does not remain steady 
but instead fluctuates continually within a 24-hour 
period, from day to day, and from month to month.8 
These fluctuations are not random and tend to remain 
consistent for a given individual.1–3 Increased BP vari-
ability increases the stress on blood vessels and leads to 
endothelial dysfunction, thereby promoting early target 
organ damage. Similarly, variability in fasting blood glu-
cose (FBG) and cholesterol concentrations is associated 
with future cardiovascular events.4–7 In a recent study, 
we provided evidence that variability in cholesterol 
concentration was an independent risk factor for all-
cause mortality, myocardial infarction (MI), and stroke 
in the Korean population.7 Although the mechanisms 
may differ between parameters, these fluctuations in 
physiological measures such as BP and glucose and lipid 
levels may contribute to, or be predictors of, adverse 
health outcomes.

Variability in BP and glucose and cholesterol concen-
trations may underlie variable compliance with a healthy 
diet or changes in dietary habits or body weight. Previ-
ous studies have reported that body weight variability is 
a risk factor for all-cause mortality and fatal cardiovas-
cular events.9,10 In the Framingham study, people with a 
highly variable body weight had higher total mortality 
and higher coronary heart disease-related mortality.10 
In the current study, we investigated whether the vari-
abilities in several metabolic parameters are interrelated 
and whether they have additive associations with the 
risk of mortality and cardiovascular outcomes. We con-
ducted a large population-based study involving >6.7 

million Koreans who had ≥3 measurements to examine 
the prognostic significance of increased variability of 
metabolic parameters (glucose and cholesterol concen-
trations, BP, and body mass index [BMI]) on the rates of 
all-cause mortality, MI, and stroke.

METHODS
The authors declare that all supporting data are available 
within the article and its online-only Data Supplement.

Data Source and Study Population
The Korean National Health Insurance System (NHIS) com-
prises a complete set of health information pertaining to ≈50 
million Koreans. The NHIS includes an eligibility database (eg, 
age, sex, socioeconomic variables, type of eligibility), a medi-
cal treatment database (based on the accounts submitted 
by medical service providers for medical expenses), a health 
examination database (results of general health examinations 
and questionnaires on lifestyle and behavior), a medical care 
institution database (types of medical care institutions, loca-
tion, equipment, and number of physicians), and death infor-
mation.11–13 In Korea, the NHIS is the single insurer, is managed 
by the government, and includes all Koreans. Enrollees in the 
National Health Insurance Corporation are recommended to 
undergo standardized medical examinations every 2 years. In 
our study, we included those who had undergone a health 
examination between 2009 and 2012 (index year) and ≥2 
health examinations between January 1, 2005, and December 
31, 2008. Of 25 503,802 people ≥20 years of age with health 
examination data in the index year, 11 476 068 underwent ≥3 
health examinations during this period. We excluded 170 921 
people with missing data for ≥1 variable. A total of 4 466 601 
people had diabetes mellitus, hypertension, or dyslipidemia 
(diagnostic criteria are listed later) and had already received 
medical treatment before the index year. Because these treat-
ments can affect body weight and other measurements, 
and to exclude the possible effect of variable compliance 
with drug treatment, these people were excluded from the 
analysis. To avoid confounding by preexisting diseases and to 
minimize the possible effects of reverse causality, those with 
a history of MI (International Classification of Disease, 10th 
Revision [ICD-10] codes: I21, I22) or stroke (ICD-10 codes: 
I63, I64) before the index year were also excluded (n=89 773). 
Ultimately, the study population included 6 748 773 people 
(Figure I in the online-only Data Supplement). This study was 
approved by the Institutional Review Board of The Catholic 
University of Korea (No. KC17ZESI0505). Anonymous and 
deidentified information was used for analysis and, therefore, 
informed consent was not obtained.

Measurements and Definitions
The general medical examination included history taking, BP 
measurement, blood sampling, urinalysis, and chest x-ray 
results. According to the protocol, BP was measured by a 
trained clinician after the participant had been seated for 
5 minutes with an arm in the appropriate position. Blood 
samples for the measurement of serum glucose and lipid lev-
els were drawn after an overnight fast. Hospitals in which 

Clinical Perspective

What Is New?
• High variability in fasting glucose and cholesterol 

levels, systolic blood pressure, and body mass index 
was associated with a higher risk for all-cause mor-
tality, myocardial infarction, and stroke.

• Variabilities in several metabolic parameters had 
additive associations with the risk of mortality and 
cardiovascular outcomes in the general population.

What Are the Clinical Implications?
• Variability in metabolic parameters may have a 

role in predicting mortality and cardiovascular 
outcomes.

• Treatment strategies to reduce fluctuations in met-
abolic parameters should be another goal to pre-
vent adverse health outcomes.
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these health examinations were performed were certified by 
the NHIS and subjected to regular quality control. The pres-
ence of diabetes mellitus was defined according to the pres-
ence of ≥1 claim per year under ICD-10 codes E10-14 and 
≥1 claim per year for the prescription of antidiabetic medica-
tion or fasting glucose level ≥126 mg/dL. The presence of 
hypertension was defined according to the presence of ≥1 
claim per year under ICD-10 codes I10 or I11 and ≥1 claim 
per year for the prescription of antihypertensive agents or 
systolic/diastolic BP ≥140/90 mm Hg. The presence of dys-
lipidemia was defined according to the presence of ≥1 claim 
per year under ICD-10 code E78 and ≥1claim per year for 
the prescription of a lipid-lowering agent or TC ≥240 mg/
dL. BMI was calculated as weight in kilograms divided by the 
square of height in meters. Obesity was defined as BMI ≥25 
kg/m2.14,15 Information on current smoking and alcohol con-
sumption (heavy alcohol consumption defined as ≥30 g/day) 
was obtained by questionnaire. Regular exercise was defined 
as performing >30 minutes of moderate physical activity ≥5 
times per week or >20 minutes of strenuous physical activ-
ity ≥3 times per week. Household income level was dichoto-
mized at the lower 25%.

Definition of Parameter Variability and 
Scoring
Variability was defined as intraindividual variability in FBG, TC, 
systolic BP (SBP), or BMI values recorded in the health exami-
nations. Four indices of variability were used: (1) coefficient of 
variation (CV), (2) SD, (3) variability independent of the mean, 
and (4) average real variability (ARV). Variability independent 
of the mean is SD divided by the mean to the power x. Power 
x is modeled as SD = k × meanx and was derived from fit-
ting curves by nonlinear regression analysis as implemented 
in the PROC NLIN procedure of the SAS package.16,17 ARV is 
the average of the absolute differences between consecutive 
values and was calculated using the following formula, where 
N denotes the number of measurements of the metabolic 
parameters.18

ARV
N

Value Value
k

N

K K=
−

−
=

−

+∑1
1 1

1

1

The number of measurements per participant ranged as 
follows: 3 measurements (n=4 626 146 or 68%), four mea-
surements (n=999 872 or 15%), and 5 measurements 
(n=1 122 755 or 17%). High variability was defined as the 
highest quartile (Q4) of variability, and low variability was 
defined as the lower 3 quartiles (Q1–Q3) of variability. The 
participants were classified further according to the number 
of high-variability metabolic parameters (FBG, TC, SBP, and 
BMI) using a score range from 0 to 4. In this classification, 
a score of 0 indicated no high-variability parameter, and the 
scores 1 to 4 indicated the number of high-variability param-
eters of the 4 total parameters (eg, a score of 3 indicated high 
variability in 3 of 4 parameters).

To consolidate our findings, we also used another scor-
ing system of variability. We defined the variability score by 
assigning 0 points to Q1 (lowest quartile of variability), 1 
point to Q2, 2 points to Q3, and 3 points to Q4 (highest quar-
tile of variability) for each of the 4 parameters (FBG, TC, SBP, 
and BMI). We then summed these to give a variability score 

ranging from 0 to 12 points, in which a person with 12 points 
was in the Q4 group and a person with 0 points was in the Q1 
group for all 4 parameters.

Study Outcomes and Follow-Up
The end points of the study were newly diagnosed MI, stroke, 
or death. MI was defined as the recording of ICD-10 codes 
I21 or I22 during hospitalization or these codes having been 
recorded ≥2 times. Stroke was defined as the recording of 
ICD-10 codes I63 or I64 during hospitalization with claims 
for brain MRI or brain computerized tomography. Participants 
without MI or stroke during their follow-up were considered 
to have completed the study at the date of their death or at 
the end of follow-up, whichever came first. The study popu-
lation was followed from baseline to the date of death or 
cardiovascular events, or until December 31, 2015, whichever 
came first.

Statistical Analysis
Baseline characteristics are presented as the mean±SD or 
n (%). Participants were classified into 5 groups accord-
ing to the number of high-variability metabolic parameters. 
The incidence rate of primary outcomes was calculated by 
dividing the number of incident cases by the total follow-up 
duration (person-years). The cumulative incidence of primary 
outcomes according to the number of parameters with high 
variability was presented using unadjusted Kaplan–Meier 
curves because of the  large sample size and relatively bal-
anced distribution of baseline covariates, and the log-rank 
test was performed to analyze differences between groups. 
The hazard ratio (HR) and 95% CI for all-cause mortality, MI, 
and stroke were analyzed using the Cox proportional-hazards 
model. The proportional-hazards assumption was evaluated 
using the Schoenfeld residuals test with the logarithm of the 
cumulative hazards function based on Kaplan–Meier esti-
mates for quartile groups of variability or groups based on 
the number of high-variability parameters. There was no sig-
nificant departure from proportionality in hazards over time. 
A multivariable-adjusted proportional-hazards model was 
applied. Model 1 was adjusted for age, sex, smoking, alcohol 
consumption, regular exercise, and income status. Model 2 
was adjusted further for baseline FBG, SBP, TC, and BMI. To 
account for the possible changes in FBG, SBP, TC, and BMI 
levels before the index year, we also adjusted for the mean 
values instead of baseline values in model 2 of the Cox pro-
portional-hazards model. A sensitivity analysis was performed 
to exclude participants with end points occurring in ≤3 years 
of the follow-up to account for the possibility of reverse cau-
sation. In addition, analysis using another criterion for high 
variability, being >1 SD of variability indices, was performed. 
To account for the possible influence of incident diabetes mel-
litus, hypertension, and dyslipidemia during follow-up on the 
outcomes, analysis censoring these subjects and time-depen-
dent Cox regression analysis were performed. The potential 
effect modification by age, sex, BMI categories, and pres-
ence of malignancy was evaluated using stratified analysis 
and interaction testing using a likelihood ratio test. Statistical 
analyses were performed using SAS version 9.4 (SAS Institute 
Inc), and a P value <0.05 indicated significance.
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RESULTS
Baseline Characteristics of the Study 
Population
The characteristics of the participants grouped according 
to the number of high-variability metabolic parameters 
are listed in Table 1. Participants with more high-variability 
parameters were older and more likely to be female. The 
highest baseline FBG, TC, SBP, and BMI values as well as the 
highest prevalence of metabolic syndrome were observed 
in participants with 4 high-variability parameters. The CV 
of each parameter increased gradually with the number 
of high-variability parameters. For trend values, P<0.0001 
for all variables because of the large study population.

Correlations Between Variability in 
Metabolic Parameters
The correlations between FBG variability and TC vari-
ability (r=0.071), SBP variability (r=0.021), and BMI 
variability (r=0.036) were not robust (Table I in the on-
line-only Data Supplement). The maximum correlation 
coefficient was observed between TC variability and 
BMI variability (r=0.105) but was not strong.

Risk of All-Cause Mortality, MI, and 
Stroke According to the Variability for 
Each Parameter
There were 84 625 deaths (2.3%) during a median (5% 
to 95%) follow-up of 5.5 (3.2–6.7) years in the entire 
cohort. For each metabolic parameter, an incrementally 
higher risk of all-cause mortality, MI, and stroke was ob-
served for higher CV quartiles compared with the lowest 
quartile group (Table 2). The associations between vari-
ability for each parameter and outcomes were confirmed 
after adjusting for baseline FBG, TC, SBP, and BMI. For 
the highest quartile in FBG variability compared with the 
lowest quartile, the risk of all-cause mortality increased 
by 20% (HR, 1.20; 95% CI, 1.18–1.23), MI by 16% (HR, 
1.16; 95% CI, 1.12–1.21), and stroke by 13% (HR, 1.13; 
95% CI, 1.09–1.17). For the highest quartile in TC vari-
ability compared with the lowest quartile, the risk of all-
cause mortality increased by 31% (HR, 1.31; 95% CI, 
1.28–1.34), MI by 10% (HR, 1.10; 95% CI, 1.06–1.14), 
and stroke by 6% (HR, 1.06; 95% CI, 1.03–1.10). For 
the highest quartile in systolic BP variability compared 
with the lowest quartile, the risk of all-cause mortal-
ity increased by 19% (HR, 1.19; 95% CI, 1.16–1.22), 

Table 1. Baseline Characteristics of Subjects by the Number of High Variability in the Metabolic Parameters (Fasting Blood Glucose, Total 
Cholesterol Levels, Systolic Blood Pressures, and Body Weight)

Variable 0 1 2 3 4 

N 2 274 176 2 676 353 1 384 775 370 761 42 708

Age, y 42.7±11.5 42.7±12.1 42.8±12.7 43.1±13.5 43.8±14.3

Sex, m 1 365 674 (60.1) 1 529 956 (57.2) 759 710 (54.9) 195 571 (52.8) 22 066 (51.7)

Fasting blood glucose, mg/dL 92.6±9.8 93.8±12.4 95.0±14.4 96.3±16.1 97.9±18.0

TC, mg/dL 191.2±28.3 191.8±29.7 193.0±31.7 194.3±33.9 195.3±35.9

HDL cholesterol, mg/dL 55.6±17.4 55.9±18.2 56.0±18.5 56.1±19.3 56.1±20.2

LDL cholesterol, mg/dL 110.1±41.8 109.1±42.9 108.2±43.7 107.2±44.6 106.3±45.8

Triglyceride, mg/dL 101 (100.7, 100.8) 101 (101.3, 101.4) 102 (102.3, 102.4) 103 (103.2, 103.6) 104 (103.9, 105)

Systolic blood pressure, mm Hg 119.7±11.1 119.9±12.1 120.2±13.0 120.5±14.0 121.0±15.2

Diastolic blood pressure, mm Hg 75.4±8.3 75.4±8.6 75.4±8.9 75.4±9.2 75.5±9.7

Body mass index, kg/m2 23.2±2.9 23.3±3.0 23.4±3.2 23.4±3.3 23.5±3.4

Waist circumferences, cm 78.4±8.6 78.3±8.7 78.3±8.8 78.3±8.9 78.3±9

Variability, coefficient of variation

                Fasting blood glucose, % 6.7±2.8 9.3±5.7 11.8±6.6 14.4±6.7 17.2±6.0

                Total cholesterol, % 6.6±2.7 8.7±4.6 11.4±5.6 14.1±5.7 16.6±5.0

                Systolic blood pressure, % 5.3±2.2 7.0±3.7 8.5±4.0 10.1±3.9 12.1±2.8

                Diastolic blood pressure, % 7.3±3.9 8.2±4.4 9.1±4.7 10±4.9 11.2±4.9

                Body mass index, % 2.2±0.9 3.1±2.0 4.1±2.6 5.3±2.8 6.4±2.8

Current smoker, yes 610 955 (26.9) 740 750 (27.7) 388 509 (28.1) 103 514 (27.9) 11 938 (28.0)

Heavy alcohol drinker, yes 157 794 (6.9) 190 713 (7.1) 101 722 (7.4) 28 247 (7.6) 3361 (7.9)

Regular exercise 426 009 (18.7) 487 705 (18.2) 244 861 (17.7) 63 552 (17.1) 7062 (16.5)

Household income, lower 25% 324 096 (14.3) 427 962 (16.0) 240 159(17.3) 68 193 (18.4) 8116 (19.0)

Metabolic syndrome, yes 268 513 (11.8) 335 318 (12.5) 185 409 (13.4) 53 118 (14.3) 6816 (16.0)

Data are expressed as the means±SD or n (%). P values for the trend were <0.0001 for all variables because of the large size of the study population. 
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MI by 7% (HR, 1.07; 95% CI, 1.03–1.11), and stroke 
by 14% (HR, 1.14; 95% CI, 1.10–1.18). For the high-
est quartile in BMI variability compared with the lowest 
quartile, the risk of all-cause mortality increased by 53% 
(HR, 1.53; 95% CI, 1.50–1.57), MI by 14% (HR, 1.14; 
95% CI, 1.09–1.18), and stroke by 14% (HR, 1.14; 95% 
CI, 1.10–1.18). When the variability index was used as a 
continuous variable, 5% increase in CV of each metabol-
ic parameter was associated with significantly increased 
risk for outcomes after full multivariable adjustment (Ta-
ble II in the online-only Data Supplement).

Risk of All-Cause Mortality, MI, and 
Stroke According to the Number of High-
Variability Parameters
The number of high-variability parameters was linearly 
related to the outcome measures (Figure 1 and Table 3). 
Compared with the group with low variability for all 
4 parameters (reference group), the group with high 
variability for all 4 parameters had a significantly higher 
risk for all-cause mortality (HR, 2.27; 95% CI, 2.13–
2.42), MI (HR, 1.43; 95% CI, 1.25–1.64), and stroke 

Table 2. Hazard Ratios and 95% Confidence Intervals of All-Cause Mortality, Myocardial Infarction, and Stroke, by Quartiles of Metabolic 
Parameters Variability

All-Cause Mortality Myocardial Infarction Stroke

Events 
(n)

Follow-Up 
Duration 
(Person-

Year)

Incidence 
Rate (per 

1000)

Hazard 
Ratio  

(95% CI)
Events 

(n)

Follow-Up 
Duration 
(Person-

Year)

Incidence 
Rate (per 

1000)

Hazard 
Ratio

(95% CI)
Events 

(n)

Follow-Up 
Duration 
(Person-

Year)

Incidence 
Rate (per 

1000)

Hazard 
Ratio  

(95% CI)

Glucose variability (coefficient of variation of fasting blood glucose)

 Q1 11 798 8 806 171 1.34 1 (ref.) 4860 8 794 426 0.55 1 (ref.) 5161 8 794 570 0.59 1 (ref.)

 Q2 12 159 9 050 500 1.34 1.02  
(1.00‒1.05)

4880 9 038 635 0.54 1.00  
(0.96‒1.04)

5267 9 038 599 0.58 1.03  
(1.00‒1.07)

 Q3 13 270 9 150 610 1.45 1.07  
(1.04‒1.09)

5250 9 137 697 0.57 1.04  
(1.01‒1.08)

5504 9 138 182 0.60 1.06  
(1.02‒1.10)

 Q4 17 558 9 160 473 1.92 1.20  
(1.18‒1.23)

6462 9 145 139 0.71 1.16  
(1.12‒1.21)

6566 9 145 806 0.72 1.13  
(1.09‒1.17)

P for trend   <0.0001    <0.0001    <0.0001

Cholesterol variability (coefficient of variation of total cholesterol)

 Q1 11 930 8 916 927 1.34 1 (ref.) 5045 8 904 617 0.57 1 (ref.) 5423 8 904 649 0.61 1 (ref.)

 Q2 12 034 9 127 654 1.32 1.03  
(1.00‒1.05)

5079 9 115 212 0.56 1.00  
(0.96‒1.04)

5251 9 115 814 0.58 0.98  
(0.95‒1.02)

 Q3 13 262 9 135 125 1.45 1.11  
(1.08‒1.13)

5328 9 122 124 0.58 1.03  
(0.99‒1.07)

5409 9 122 853 0.59 0.99  
(0.95‒1.03)

 Q4 17 559 8 988 047 1.95 1.31  
(1.28‒1.34)

6000 8 973 944 0.67 1.10  
(1.06‒1.14)

6415 8 973 841 0.71 1.06  
(1.03‒1.10)

P for trend   <0.0001    <0.0001    <0.0001

Blood pressure variability (coefficient of variation of systolic blood pressure)

 Q1 11 552 8 944 443 1.29 1 (ref.) 5031 8 932 185 0.56 1 (ref.) 4962 8 933 234 0.56 1 (ref.)

 Q2 11 776 9 042 206 1.30 1.04  
(1.01‒1.06)

4762 9 030 495 0.53 0.97  
(0.94‒1.01)

4744 9 031 404 0.53 1.00  
(0.96‒1.04)

 Q3 13 320 9 307 861 1.43 1.06  
(1.03‒1.08)

5382 9 294 869 0.58 1.01  
(0.96‒1.04)

5522 9 295 488 0.59 1.04  
(1.00‒1.08)

 Q4 18 137 8 873 243 2.04 1.19  
(1.16‒1.22)

6277 8 858 350 0.71 1.07  
(1.03‒1.11)

7270 8 857 030 0.82 1.14  
(1.10‒1.18)

P for trend   <0.0001    <0.0001    <0.0001

Body mass index variability (coefficient of variation of body mass index)

 Q1 11 931 8 994 236 1.32 1 (ref.) 5457 8 981 011 0.61 1 (ref.) 5614 8 981 449 0.63 1 (ref.)

 Q2 12 265 9 147 736 1.34 1.06  
(1.03‒1.08)

5413 9 134 474 0.59 1.02  
(0.98‒1.06)

5415 9 135 406 0.59 1.00  
(0.96‒1.04)

 Q3 13 371 9 103 773 1.47 1.17  
(1.15‒1.20)

5238 9 090 890 0.58 1.03  
(0.99‒1.07)

5622 9 091 145 0.62 1.07  
(1.03‒1.11)

 Q4 17 218 8 922 009 1.93 1.53  
(1.50‒1.57)

5344 8 909 522 0.60 1.14  
(1.09‒1.18)

5847 8 909 156 0.66 1.14  
(1.10‒1.18)

P for trend   <0.0001    <0.0001    <0.0001

Adjusted for age, sex, alcohol drinking, smoking, regular exercise, income status, baseline fasting glucose levels, total cholesterol, systolic blood pressure, and 
body mass index. 
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(HR, 1.41; 95%, CI 1.25–1.60). Given a variability score 
from 0 to 12 points, multivariable-adjusted HRs for all-
cause mortality, MI, and stroke increased continuously 
and linearly with increasing variability score (Figure 2).

Sensitivity Analysis
The results were similar when the variability of param-
eters was determined using the SD, variability inde-

pendent of the mean, and ARV. The number of high-
variability parameters as measured by the SD, variability 
independent of the mean, or ARV was also an inde-
pendent predictor of all-cause mortality, MI, and stroke 
after multivariable adjustment (Table III through V in the 
online-only Data Supplement). Excluding participants 
with end points that occurred in ≤3 years of the follow-
up produced incrementally higher incidence rates and 
HRs (95% CI) for all-cause mortality, MI, and stroke 

Figure 1. Kaplan‒Meier estimates of cumulative incidence of all-cause mortality, myocardial infarction, and stroke by the number of high variability 
in the metabolic parameters. 
High variability was defined as the highest quartile (Q4) of coefficient of variation. Unadjusted Kaplan–Meier curves are presented because of the large sample size 
and relatively balanced distribution of baseline covariates.

Table 3. Hazard Ratios and 95% CIs of All-Cause Mortality, Myocardial Infarction, and Stroke by the Number of High Variability in the Metabolic 
Parameters

Variable
No. of 
Events

Follow-Up Duration 
(Person-Years)

Incidence Rate  
(per 1000 Person-Years) Model 1 Model 2

All-cause mortality

0 13 192 12 238 820 1.08 1 (ref.) 1 (ref.)

1 20 429 14 338 740 1.42 1.23 (1.20‒1.25) 1.21 (1.18‒1.23)

2 14 458 7 391 614 1.96 1.51 (1.47‒1.54) 1.45 (1.42‒1.49)

3 5697 1 972 516 2.89 1.93 (1.87‒1.99) 1.81 (1.76‒1.87)

4 1009 226 063 4.46 2.48 (2.33‒2.65) 2.27 (2.13‒2.42)

P for trend   <0.0001 <0.0001

Myocardial infarction

0 6316 12 223 050 0.52 1 (ref.) 1 (ref.)

1 8272 14 318 717 0.58 1.07 (1.04‒1.11) 1.07 (1.04‒1.11)

2 5004 7 379 724 0.68 1.18 (1.14‒1.23) 1.19 (1.14‒1.23)

3 1637 1 968 835 0.83 1.33 (1.26‒1.41) 1.34 (1.27‒1.42)

4 223 225 570 0.99 1.41 (1.23‒1.61) 1.43 (1.25‒1.64)

P for trend   <0.0001 <0.0001

Stroke

0 6292 12 224 423 0.51 1 (ref.) 1 (ref.)

1 8710 14 319 108 0.61 1.09 (1.08‒1.13) 1.09 (1.06‒1.13)

2 5366 7 379 664 0.73 1.17 (1.13‒1.21) 1.17 (1.13‒1.22)

3 1864 1 968 450 0.95 1.33 (1.26‒1.40) 1.34 (1.27‒1.41)

4 266 225 511 1.18 1.40 (1.24‒1.58) 1.41 (1.25‒1.60)

P for trend   <0.0001 <0.0001

Model 1 was adjusted for age, sex, alcohol drinking, smoking, regular exercise. and income status. 
Model 2 was adjusted for model 1 plus baseline fasting glucose levels, total cholesterol, systolic blood pressure, and body mass index.
Ref. indicates reference.
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with an increasing number of high-variability param-
eters (Table VI in the online-only Data Supplement). Ap-
plying a different criterion for defining high variability, 
being >1 SD, produced similar results (Table VII in the 
online-only Data Supplement). The results were nearly 
identical when the mean levels of metabolic parameters 
were adjusted instead of the baseline levels in the Cox 

proportional-hazards model (Table VIII in the online-on-
ly Data Supplement). During follow-up, 1 905 262 sub-
jects (28% of the study population) developed diabetes 
mellitus (n=240 816), hypertension (n=1 506 974), or 
dyslipidemia (n=1 195 030). Analyses censoring these 
subjects and incorporating incident metabolic diseases 
as time-varying covariates showed similar results (Table 
IX and X in the online-only Data Supplement).

Subgroup Analyses
We performed stratified analyses by age, sex, and BMI 
category (Figure 3). The risks of all-cause mortality, MI, 
and stroke increased significantly with the number 
of high-variability metabolic parameters in all study 
subgroups. Higher adjusted HRs for all-cause mortal-
ity were observed in the middle-aged (40–64 years), 
elderly (≥65 years), and male subgroups. The number 
of high-variability parameters was significantly asso-
ciated with the incidence of MI and stroke in various 
subgroups. The highest HR for MI was observed in the 
underweight group (HR, 1.91; 95% CI, 1.24–2.94). The 
highest HR for stroke was observed in the severe obe-
sity group (BMI >30 kg/m2; HR, 2.35; 95% CI, 1.09–
5.08). To account for a possible influence of survival, we 
performed another subgroup analysis according to the 
history of malignancy (Table XI in the online-only Data 
Supplement). The associations between the number of 
high-variability parameters and all-cause mortality were 
similar in participants with or without malignancy.

Next, we calculated the percentage of changes be-
tween the first and last values of each metabolic param-
eter. Subjects with >5% of improvement or worsening 
were designated as improved group and worsened 
group, respectively. Changes <5% were classified as 
unchanged. Individuals with high variability for each 
metabolic parameter showed a significantly higher HR 
(95% CI) for all-cause mortality compared with those 
with low variability, in both the improved group and in 
the worsened group (Table XII in the online-only Data 
Supplement).

DISCUSSION
In this nationwide population-based cohort study, we 
found that high variability in FBG and TC concentra-
tions, SBP, and BMI was associated with a higher risk 
for mortality, MI, and stroke development during a 5.5-
year follow-up period. We also found a graded associa-
tion between the number of high-variability parameters 
and the primary outcomes. These associations persisted 
after multivariable adjustment, including baseline FBG 
and TC concentrations, SBP, and BMI.

Variability in BMI was an independent predictor of 
the outcomes studied. In a previous study, women re-
porting ever having lost >10 pounds (4.5 kg) of weight 

Figure 2. Incidence rate, hazard ratios, and 95% CIs of all-cause  
mortality, myocardial infarction, and stroke according to the vari-
ability score. 
0 points were assigned for lowest quartile of variability (Q1), 1 point for 
Q2, 2 points for Q3, and 3 points for highest quartile of variability (Q4) for 
each of the 4 parameters (FBG, TC, systolic BP, and BMI). These points were 
summed to calculate the variability score, which ranged from 0 to 12. Ad-
justed for age, sex, alcohol drinking, smoking, regular exercise, income sta-
tus, baseline FBG, TC, systolic BP, and BMI. BMI indicates body mass index; 
BP, blood pressure; FBG, fasting blood glucose; and TC, total cholesterol.
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had lower natural killer cell cytotoxicity,19 and the mag-
nitude of the effect on immune function was increased 
by increased frequency of intentional weight loss.19 
Weight fluctuation is also associated with lower high-
density lipoprotein cholesterol concentration in wom-
en.20 Unfavorable health effects of weight fluctuation 
have been attributed to an increase in body fat mass, a 
decrease in resting energy expenditure, and an increase 
in abdominal fat.21 In contrast, some researchers have 
argued that the negative effects of weight fluctuation 
can be overcome by the positive effects of weight re-
duction.22 However, a reverse J-shaped curve between 
the change in body weight over a 4-year period and 
all-cause mortality, independent of BMI status, was 
reported recently.21 Both weight loss and weight gain 
were associated with increased mortality, and weight 
loss was associated with a higher risk of mortality.21

Increased glucose variability is related to increased 
mortality in people with and without diabetes mel-
litus.23–26 Studies of critically ill patients have demon-
strated consistently that increased glucose variability is 
independently associated with higher mortality.23 This 

association was particularly strong among patients in 
the euglycemic range (mean glucose concentration of 
70–99 mg/dL), as shown by the 5-fold mortality differ-
ence comparing patients between the lowest and high-
est quartiles of glucose variability.23 Increasing glucose 
variability is independently associated with >90-day 
mortality in noncritically ill hospitalized patients.24 It is 
evident that the effects on endothelial function and 
oxidation stress are greater in the presence of an os-
cillation of glucose levels compared with a stable high 
glucose level.27 FBG variability, as assessed by the CV of 
FBG over a period of several years, was also an inde-
pendent predictor of all-cause mortality in patients with 
type 2 diabetes mellitus.4 Another possible mechanism 
is that glycemic variability might be an indicator of the 
development of poor health, morbidity, or complica-
tions.23,24 Although low FBG concentration may indi-
cate poor general health, we found that even after ex-
cluding individuals with end points occurring within the 
first 3 years of follow-up (ie, those who may have been 
ill at the baseline), individuals with high FBG variability 
were still at risk of death from all causes. Our findings 

Figure 3. Subgroup analyses of association between the number of high variability parameters and all-cause mortality, myocardial infarction, and 
stroke stratified by age, sex, and BMI category. 
Hazard ratios and 95% CIs of all-cause mortality, myocardial infarction, and stroke by the number of high variability parameters. Adjusted for age, sex, alcohol 
drinking, smoking, regular exercise, income status, baseline FBG, TC, systolic BP, and BMI. BMI indicates body mass index; BP, blood pressure; FBG, fasting blood 
glucose; and TC, total cholesterol.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 2, 2018



Kim et al Metabolic Parameter Variability and Cardiovascular Outcomes

Circulation. 2018;138:00–00. DOI: 10.1161/CIRCULATIONAHA.118.034978 xxx xxx, 2018 9

ORIGINAL RESEARCH 
ARTICLE

suggest that careful consideration of the variability in 
metabolic parameters is important when characterizing 
the population at risk of death, even among individuals 
without diagnosed comorbidities.

In our study, the risk of cardiovascular outcomes and 
particularly stroke was increased with greater variability 
in SBP. High variability of BP is a marker for the per-
centage of time that BP is not within the target range, 
which can contribute to a higher incidence of stroke 
and other cardiovascular outcomes.28 Greater BP vari-
ability leads to greater cardiac and vascular damage as 
well as progression of the left ventricular mass index.29 
In patients with a history of MI, those with high vari-
ability for both low-density lipoprotein cholesterol and 
SBP had a significantly higher risk of any cardiovascular 
events, including death, compared with patients with 
low variability for both measures.28 Higher visit-to-visit 
variability in low-density lipoprotein cholesterol con-
centration and BP may be an epiphenomenon of other 
systemic conditions, such as frailty. However, in that re-
port, not all patients with greater variability in low-den-
sity lipoprotein cholesterol also had greater variability in 
BP, and the correlation between low-density lipoprotein 
cholesterol variability and BP variability was low.28 In our 
study, the correlations between the variability of meta-
bolic parameters were also low. The risks of all-cause 
mortality, MI, and stroke increased with an increasing 
number of high-variability parameters, which suggests 
that the associations of variability of each parameter 
with the cardiovascular outcomes were additive.

It is important to note that the relationship between 
the number of high-variability parameters and all-cause 
mortality was greater than the relationship for MI or 
stroke. This finding implies that both cardiovascular and 
noncardiovascular causes of death might be affected 
by variability in metabolic parameters. Although the 
specific cause of death could not be assessed with this 
database, cardiac disease, cerebrovascular disease, dia-
betes mellitus, and hypertensive disease were ranked 
as the 2nd, 3rd, 6th, and 10th causes of death, respec-
tively, according to the Cause of Death Statistics 2015 
released by the Korean government.30 Furthermore, 
metabolic abnormality and its fluctuation are impli-
cated in the progression of liver, kidney, and infectious 
diseases or associated mortality.6,31–33 This finding sug-
gests that a large proportion of death might have pos-
sible links with metabolic parameter variability in their 
underlying pathophysiology. Another interesting point 
is the directionality of changes, which causes increased 
variability. The effect of improvement or worsening of 
risk variables might be different, although both will re-
sult in increased variability. Our data, however, suggest 
that high variability is an independent predictor of all-
cause mortality regardless of the directionality.

The current study has several strengths. First, this 
is the first study to examine the variability of various 

metabolic parameters and cardiovascular outcomes in 
a large general population using a well-established and 
validated longitudinal national database over 5 years. 
Second, we excluded those with diabetes mellitus, hy-
pertension, or dyslipidemia because these conditions 
and treatments might affect body weight and changes 
in metabolic parameters during the follow-up. We also 
performed a time-dependent Cox regression analysis 
to account for incident metabolic diseases during the 
follow-up period. Third, most studies of the association 
between longitudinal weight changes and outcomes 
have used questionnaires to identify self-reported 
body weight or past weight loss episodes and were 
not free from information bias. Our study used actual 
measurements of weight variables because these data 
were based on the physical examination in the health 
checkups of study participants. Fourth, we conducted 
a number of sensitivity analyses. Consistency between 
the results of the original analyses and the sensitivity 
analyses strengthens the conclusions and credibility of 
our findings.

We also acknowledge several limitations of our 
study. First, we did not know whether body weight 
changes were intentional or unintentional. Intentional 
weight loss in people with obesity is associated with 
lower mortality.22 Weight loss in elderly people mainly 
results from preexisting or new onset of disease, and 
weight gain may cause few adverse effects on mortal-
ity in elderly people. Therefore, we performed stratified 
analyses according to BMI and age categories, and we 
found that the association between greater variability 
and mortality was consistent regardless of the BMI and 
age categories. Second, this study was observational 
and, therefore, the association found between vari-
ability and end points may not be causal. To minimize 
the possible effects of reverse causality, we excluded 
those with previous MI or stroke. The sensitivity analysis 
that excluded people with outcomes occurring in the 
first 3 years of follow-up also revealed similar results. 
Third, selection of study subjects based on the number 
of health examinations might be a source of bias be-
cause men, and employee subscribers were more likely 
to participate in the regular health checkup.11 Last, vari-
ability in cardiovascular risk factors may be affected by 
time-varying factors such as diet and physical activity 
during follow-up.

In previous studies, most variability measures were 
obtained from randomized controlled trials and co-
hort studies of populations with hypertension or dia-
betes mellitus or high-risk patients. By contrast, our 
data were extracted from a database of healthy peo-
ple without heart disease, cerebrovascular disease, 
diabetes mellitus, hypertension, or dyslipidemia, and 
they showed that greater variability in various physi-
ological parameters was associated with an increased 
risk of future cardiovascular outcomes and mortality 
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in this low-risk population. Our results add evidence 
that high variability in metabolic parameters is associ-
ated with adverse health outcomes not only in dis-
eased populations but also in relatively healthy popu-
lations, although the mechanism could be somewhat 
different. These findings suggest that variability in 
metabolic parameters may be a prognostic surrogate 
marker for predicting mortality and cardiovascular 
outcomes.

ARTICLE INFORMATION
The online-only Data Supplement is available with this article at https://www.
ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.118.034978.

Correspondence
Seung-Hwan Lee, MD, PhD, Department of Internal Medicine, Division of En-
docrinology and Metabolism, Seoul St Mary’s Hospital, College of Medicine, 
The Catholic University of Korea, #222 Banpo-daero, Seocho-gu, Seoul 06591, 
Korea. Email hwanx2@catholic.ac.kr

Affiliations
Department of Internal Medicine, Division of Endocrinology and Metabolism, 
Yeouido St Mary’s Hospital (M.K.K., H.-S.K.), Department of Medical Statistics 
(K.H.), Department of Internal Medicine, Division of Endocrinology and Metab-
olism, Seoul St Mary’s Hospital (K.-H.Y., S.-H.L.), Department of Medical Infor-
matics (K.-H.Y.), College of Medicine, The Catholic University of Korea, Seoul. 
Epidemiology Branch, National Institute of Environmental Health Sciences, Na-
tional Institutes of Health, Research Triangle Park, NC (Y.-M.P.). Department of 
Statistics and Actuarial Science, Soongsil University, Seoul, Korea (G.K.).

Acknowledgments
This study was performed using the database from the National Health Insur-
ance System (NHIS-2017-1-282), and the results do not necessarily represent 
the opinion of the National Health Insurance Corporation.

Sources of Funding
This work was supported in part by a National Research Foundation of Korea 
grant funded by the Korean government (NRF-2016R1C1B1009972).

Disclosures
None.

REFERENCES
 1. Gosmanova EO, Mikkelsen MK, Molnar MZ, Lu JL, Yessayan LT, Kalantar-

Zadeh K, Kovesdy CP. Association of systolic blood pressure variability with 
mortality, coronary heart disease, stroke, and renal disease. J Am Coll Car-
diol. 2016;68:1375–1386. doi: 10.1016/j.jacc.2016.06.054

 2. Muntner P, Shimbo D, Tonelli M, Reynolds K, Arnett DK, Oparil S. The 
relationship between visit-to-visit variability in systolic blood pres-
sure and all-cause mortality in the general population: findings from 
NHANES III, 1988 to 1994. Hypertension. 2011;57:160–166. doi: 
10.1161/HYPERTENSIONAHA.110.162255

 3. Choi S, Shin J, Choi SY, Sung KC, Ihm SH, Kim KI, Kim YM. Impact of visit-
to-visit variability in systolic blood pressure on cardiovascular outcomes in 
Korean National Health Insurance Service-National Sample Cohort. Am J 
Hypertens. 2017;30:577–586. doi: 10.1093/ajh/hpw157

 4. Xu D, Fang H, Xu W, Yan Y, Liu Y, Yao B. Fasting plasma glucose variability 
and all-cause mortality among type 2 diabetes patients: a dynamic cohort 
study in Shanghai, China. Sci Rep. 2016;6:39633. doi: 10.1038/srep39633

 5. Bangalore S, Breazna A, DeMicco DA, Wun CC, Messerli FH; TNT 
Steering Committee and Investigators. Visit-to-visit low-density lipo-
protein cholesterol variability and risk of cardiovascular outcomes: in-

sights from the TNT trial. J Am Coll Cardiol. 2015;65:1539–1548. doi: 
10.1016/j.jacc.2015.02.017

 6. Kim MK, Han K, Koh ES, Kim HS, Kwon HS, Park YM, Yoon KH, Lee SH. 
Variability in total cholesterol is associated with the risk of end-stage renal 
disease: a nationwide population-based study. Arterioscler Thromb Vasc 
Biol. 2017;37:1963–1970.

 7. Kim MK, Han K, Kim HS, Park YM, Kwon HS, Yoon KH, Lee SH. Choles-
terol variability and the risk of mortality, myocardial infarction, and stroke: 
a nationwide population-based study. Eur Heart J. 2017;38:3560–3566. 
doi: 10.1093/eurheartj/ehx585

 8. Parati G, Ochoa JE, Salvi P, Lombardi C, Bilo G. Prognostic value of blood 
pressure variability and average blood pressure levels in patients with hy-
pertension and diabetes. Diabetes Care. 2013;36(Suppl 2):S312–S324. 
doi: 10.2337/dcS13-2043

 9. Rzehak P, Meisinger C, Woelke G, Brasche S, Strube G, Heinrich J. Weight 
change, weight cycling and mortality in the ERFORT Male Cohort Study. 
Eur J Epidemiol. 2007;22:665–673. doi: 10.1007/s10654-007-9167-5

 10. Lissner L, Odell PM, D’Agostino RB, Stokes J III, Kreger BE, Belanger 
AJ, Brownell KD. Variability of body weight and health outcomes in 
the Framingham population. N Engl J Med. 1991;324:1839–1844. doi: 
10.1056/NEJM199106273242602

 11. Lee YH, Han K, Ko SH, Ko KS, Lee KU; Taskforce Team of Diabetes Fact 
Sheet of the Korean Diabetes Association. Data analytic process of a na-
tionwide population-based study using National Health Information Data-
base established by National Health Insurance Service. Diabetes Metab J. 
2016;40:79–82. doi: 10.4093/dmj.2016.40.1.79

 12. Yang HK, Han K, Kwon HS, Park YM, Cho JH, Yoon KH, Kang MI, Cha 
BY, Lee SH. Obesity, metabolic health, and mortality in adults: a nation-
wide population-based study in Korea. Sci Rep. 2016;6:30329. doi: 
10.1038/srep30329

 13. Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: the National Health 
Insurance Service-National Sample Cohort (NHIS-NSC), South Korea. Int J 
Epidemiol. 2017;46:e15. doi: 10.1093/ije/dyv319

 14. Lee MK, Rhee EJ, Kim MC, Moon BS, Lee JI, Song YS, Han EN, Lee HS, 
Son Y, Park SE, Park CY, Oh KW, Park SW, Lee WY. Metabolic health is 
more important than obesity in the development of nonalcoholic fatty 
liver disease: a 4-year retrospective study. Endocrinol Metab (Seoul). 
2015;30:522–530. doi: 10.3803/EnM.2015.30.4.522

 15. Kim MK, Lee WY, Kang JH, Kang JH, Kim BT, Kim SM, Kim EM, Suh SH, 
Shin HJ, Lee KR, Lee KY, Lee SY, Lee SY, Lee SK, Lee CB, Chung S, Jeong IK, 
Hur KY, Kim SS, Woo JT; Committee of Clinical Practice Guidelines; Korean 
Society for the Study of Obesity. 2014 clinical practice guidelines for over-
weight and obesity in Korea. Endocrinol Metab (Seoul). 2014;29:405–
409. doi: 10.3803/EnM.2014.29.4.405

 16. Asayama K, Kikuya M, Schutte R, Thijs L, Hosaka M, Satoh M, Hara 
A, Obara T, Inoue R, Metoki H, Hirose T, Ohkubo T, Staessen JA, Imai 
Y. Home blood pressure variability as cardiovascular risk factor in 
the population of Ohasama. Hypertension. 2013;61:61–69. doi: 
10.1161/HYPERTENSIONAHA.111.00138

 17. Fukuda K, Kai H, Kamouchi M, Hata J, Ago T, Nakane H, Imaizumi T, 
Kitazono T; FSR Investigators; Steering committee of the Fukuoka Stroke 
Registry. Day-by-day blood pressure variability and functional outcome af-
ter acute ischemic stroke: Fukuoka Stroke Registry. Stroke. 2015;46:1832–
1839. doi: 10.1161/STROKEAHA.115.009076

 18. Mena L, Pintos S, Queipo NV, Aizpúrua JA, Maestre G, Sulbarán T. A re-
liable index for the prognostic significance of blood pressure variability.  
J Hypertens. 2005;23:505–511.

 19. Shade ED, Ulrich CM, Wener MH, Wood B, Yasui Y, Lacroix K, Potter JD, 
McTiernan A. Frequent intentional weight loss is associated with lower 
natural killer cell cytotoxicity in postmenopausal women: possible long-
term immune effects. J Am Diet Assoc. 2004;104:903–912.

 20. Olson MB, Kelsey SF, Bittner V, Reis SE, Reichek N, Handberg EM, Merz 
CN. Weight cycling and high-density lipoprotein cholesterol in women: 
evidence of an adverse effect: a report from the NHLBI-sponsored WISE 
study. Women’s Ischemia Syndrome Evaluation Study Group. J Am Coll 
Cardiol. 2000;36:1565–1571.

 21. Kim YH, Kim SM, Han KD, Son JW, Lee SS, Oh SW, Lee WY, Yoo SJ; Task-
force Team of the Obesity Fact Sheet of the Korean Society for the Study 
of Obesity. Change in weight and body mass index associated with all-
cause mortality in Korea: a nationwide longitudinal study. J Clin Endocri-
nol Metab. 2017;102:4041–4050. doi: 10.1210/jc.2017-00787

 22. Gregg EW, Gerzoff RB, Thompson TJ, Williamson DF. Intentional weight 
loss and death in overweight and obese U.S. adults 35 years of age and 
older. Ann Intern Med. 2003;138:383–389.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 2, 2018

mailto:hwanx2@catholic.ac.kr


Kim et al Metabolic Parameter Variability and Cardiovascular Outcomes

Circulation. 2018;138:00–00. DOI: 10.1161/CIRCULATIONAHA.118.034978 xxx xxx, 2018 11

ORIGINAL RESEARCH 
ARTICLE

 23. Krinsley JS. Glycemic variability: a strong independent predictor of mor-
tality in critically ill patients. Crit Care Med. 2008;36:3008–3013. doi: 
10.1097/CCM.0b013e31818b38d2

 24. Mendez CE, Mok KT, Ata A, Tanenberg RJ, Calles-Escandon J, Umpierrez 
GE. Increased glycemic variability is independently associated with length 
of stay and mortality in noncritically ill hospitalized patients. Diabetes 
Care. 2013;36:4091–4097. doi: 10.2337/dc12-2430

 25. Hirakawa Y, Arima H, Zoungas S, Ninomiya T, Cooper M, Hamet P, Mancia 
G, Poulter N, Harrap S, Woodward M, Chalmers J. Impact of visit-to-visit 
glycemic variability on the risks of macrovascular and microvascular events 
and all-cause mortality in type 2 diabetes: the ADVANCE trial. Diabetes 
Care. 2014;37:2359–2365. doi: 10.2337/dc14-0199

 26. Ceriello A, Ihnat MA. “Glycaemic variability”: a new therapeutic challenge 
in diabetes and the critical care setting. Diabet Med. 2010;27:862–867. 
doi: 10.1111/j.1464-5491.2010.02967.x

 27. Ceriello A, Esposito K, Piconi L, Ihnat MA, Thorpe JE, Testa R, Bo-
emi M, Giugliano D. Oscillating glucose is more deleterious to en-
dothelial function and oxidative stress than mean glucose in normal 
and type 2 diabetic patients. Diabetes. 2008;57:1349–1354. doi: 
10.2337/db08-0063

 28. Bangalore S, Fayyad R, Messerli FH, Laskey R, DeMicco DA, Kastelein 
JJ, Waters DD. Relation of variability of low-density lipoprotein choles-
terol and blood pressure to events in patients with previous myocardial 

infarction from the IDEAL Trial. Am J Cardiol. 2017;119:379–387. doi: 
10.1016/j.amjcard.2016.10.037

 29. Mancia G. Short- and long-term blood pressure variabil-
ity: present and future. Hypertension. 2012;60:512–517. doi: 
10.1161/HYPERTENSIONAHA.112.194340

 30. Statistics Korea. Birth and Death. http://kostat.go.kr/portal/eng/press 
Releases/8/10/index.board?bmode=read&bSeq=&aSeq=357968&pageN
o=1&rowNum=10&navCount=10&currPg=&sTarget=title&sTxt. Accessed 
September 18, 2018.

 31. Hashiba M, Ono M, Hyogo H, Ikeda Y, Masuda K, Yoshioka R, Ishikawa 
Y, Nagata Y, Munekage K, Ochi T, Hirose A, Nozaki-Fujimura Y, Nogu-
chi S, Okamoto N, Chayama K, Suganuma N, Saibara T. Glycemic vari-
ability is an independent predictive factor for development of hepatic 
fibrosis in nonalcoholic fatty liver disease. PLoS One. 2013;8:e76161. doi: 
10.1371/journal.pone.0076161

 32. Di Iorio B, Pota A, Sirico ML, Torraca S, Di Micco L, Rubino R, Guastaferro P, 
Bellasi A. Blood pressure variability and outcomes in chronic kidney disease. 
Nephrol Dial Transplant. 2012;27:4404–4410. doi: 10.1093/ndt/gfs328

 33. Takeishi S, Mori A, Hachiya H, Yumura T, Ito S, Shibuya T, Hayashi S, 
Fushimi N, Ohashi N, Kawai H. Hypoglycemia and glycemic variability are 
associated with mortality in non-intensive care unit hospitalized infectious 
disease patients with diabetes mellitus. J Diabetes Investig. 2016;7:429–
435. doi: 10.1111/jdi.12436

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 2, 2018




