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ORIGINAL RESEARCH

Effect of Variability in Blood Pressure, 
Glucose and Cholesterol Concentrations, 
and Body Weight on Emergency 
Hospitalization and 30-Day Mortality in the 
General Population
Seung-Hwan Lee , MD, PhD; Kyungdo Han, PhD; Hyuk-Sang Kwon, MD, PhD; Kun-Ho Yoon, MD, PhD; Mee 
Kyoung Kim , MD, PhD

BACKGROUND: Variability in blood pressure, glucose concentration, cholesterol concentration, or body weight is associated 
with a wide range of health outcomes. We hypothesized that high variability in metabolic parameters is associated with an 
increased risk of emergency hospitalization and mortality.

METHODS AND RESULTS: Using a nationally representative database from the Korean National Health Insurance System, 
8 049 228 individuals who underwent 3 or more health examinations during 2005 to 2010 were followed up until the end of 
2016. Variability in fasting blood glucose and total cholesterol concentrations, systolic blood pressure, and body weight was 
measured using the variability independent of the mean (VIM). High variability was defined as the highest quartile of variability. 
Subjects were classified according to the number of high variability parameters. The end points of the study were emergency 
hospitalization and 30-day mortality. There were 733 387 emergency hospitalizations (9.1%) during a median follow-up of 
5.6±1.2 years. For each metabolic parameter, an incrementally higher risk of emergency hospitalization was observed for 
higher VIM quartile groups than for the lowest quartile group. Compared with the group with low variability for all 4 parameters, 
the group with high variability for all 4 parameters had a significantly higher risk for emergency hospitalization (hazard ratio 
[HR], 1.58; 95% CI, 1.54–1.61) and 30-day mortality (HR, 2.44; 95% CI, 1.62–3.69), after adjusting for possible confounding 
factors.

CONCLUSIONS: High variability in metabolic parameters was associated with increased risk of emergency hospitalization and 
short-term mortality.
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In recent years, the visit-to-visit variability in various 
biological parameters has received increasing at-
tention. High variability in blood pressure (BP), glu-

cose concentration, cholesterol concentration, or body 
weight (BW) is associated with a wide range of health 
outcomes, such as cardiovascular events, diabetes 

mellitus (DM), end-stage renal disease, dementia, and 
all-cause mortality.1–10 Moreover, high variability in BP, 
lipid concentration, or BW is also associated with the 
risk of new-onset atrial fibrillation.11–13 Arrhythmia, ce-
rebral infarction, heart failure, and emergency dialysis 
are major causes of emergency room (ER) visits and 
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unplanned hospitalization.14 Previous studies have re-
ported that visit-to-visit variability in BP or cholesterol 
concentration is associated with the development of 
dementia.3,15 Older adults with dementia are frequent 
ER visitors who have greater comorbidity and higher 
mortality after an ER visit.16 Variability in blood glucose 
concentration, BP, or other metabolic parameters 
might not be limited to an increased risk of developing 
certain diseases and could be related to an increased 
risk of ER visits and mortality.

An ER visit is an indicator that reflects acute disease 
flares or complications of underlying diseases and is 
associated with quality of life. There is an increasing 
focus on the importance of identifying and mitigat-
ing various patient risks as a cost-reduction strategy. 
Notably, it is important to identify and mitigate any 
potentially avoidable risks for emergency hospitaliza-
tion. Recently, variability in hemoglobin A1c (HbA1c) 
level was found to be strongly associated with overall 
mortality and emergency hospitalization, which could 
not be explained by average HbA1c level or hypogly-
cemic episodes.17 This finding suggested that for pa-
tients with type 2 DM that have a lower or moderately 
increased average HbA1c level, <9% in the studied 
cohort, the mortality risk could be reduced more by 
promoting stability in HbA1c levels than with reductions 

in chronic hyperglycemia, and even at higher average 
HbA1c levels, stability remains important.17

The effect of the variability in metabolic param-
eters on the risk of emergency hospitalization and 
short-term mortality has not been studied previously 
and remains to be better understood. We conducted 
a large population-based study involving >8  million 
Koreans who had received at least 3 health examina-
tions to evaluate the prognostic effect of increased 
variability in metabolic parameters (fasting blood glu-
cose [FBG] and total cholesterol [TC] concentrations, 
BP, and BW) on the risks of emergency hospitaliza-
tion and mortality.

METHODS
All supporting data are available within the article and 
its online supplementary file.

Data Source and Study Population
We used the Korean National Health Insurance 
Service (NHIS) data sets of claims and health check-
ups from January 2005 to December 2016. The 
Korean NHIS is a single-payer insurance organiza-
tion managed by the Korean government and cov-
ers all residents in Korea. The NHIS claims database 
includes a de-identified research data set of de-
mographic information, primary and secondary di-
agnoses classified according to the International 
Classification of Diseases, Tenth Revision (ICD-10), 
prescriptions, procedures, hospital arrival route, date 
of admission, and duration of hospitalization for all 
residents of Korea.1–4,18–20 The NHIS consists of em-
ployee subscribers and regional insurance subscrib-
ers. All examinees are requested to have biannual 
health checkups, but employee subscribers are re-
quested to have annual examinations. These health 
examination results are compiled into data sets of 
preventive health checkups, which constitute the 
largest-scale, nationwide cohort database with labo-
ratory information in Korea. Details about this data-
base were provided in previous reports.1–4,18–20

In this study, individuals aged ≥20 years who un-
derwent national health checkups between January 
2009 and December 2010 (index year) were se-
lected. Of 17  539  886 individuals, 8  376  754 un-
derwent 3 or more health examinations from 2005 
to the index year. A total of 171 787 individuals with 
missing data for at least one variable were excluded. 
Analysis was performed after excluding subjects with 
end points occurring during the first year of follow-up 
(n=155 739) to account for the possibility of reverse 
causation (Figure  S1). For example, among those 
who had undergone a health examination in 2009 
(index year), we included those who had undergone 

CLINICAL PERSPECTIVE

What Is New?
•	 The risk of emergency hospitalization increased 

by 58%, and short-term mortality increased by 
140% for subjects with high variability of glu-
cose, cholesterol, blood pressure, and body 
weight.

What Are the Clinical Implications?
•	 High variability in metabolic parameters could 

be used for detecting individuals at high risk.
•	 Stabilizing metabolic parameters may be im-

portant for reducing the emergency hospitali-
zation and short-term mortality in the general 
population.

Nonstandard Abbreviations and Acronyms

ARV	 average real variability
BW	 body weight
CV	 coefficient of variation
DM	 diabetes mellitus
ER	 emergency room
VIM	 variability independent of the mean
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3 or more health examinations from January 2005 
to December 2009; we excluded subjects who were 
hospitalized through the emergency department 
during the first year of follow-up (2010). Among those 
who had undergone a health examination in 2010 
(index year), we included those who had undergone 
3 or more health examinations from January 2006 
to December 2010; we excluded subjects who were 
hospitalized through the emergency department 
during the first year of follow-up (2011) (Figure  S2). 
Finally, 8 049 228 subjects were eligible for inclusion 
in the analysis. The study population was followed 
up from baseline to the date of end point event, or 
the date of the subject’s disqualification from receiv-
ing health services caused by death or emigration, 
or until the end of the study period (December 31, 
2016). This study was approved by the Institutional 
Review Board of the Catholic University of Korea 
(No. SC19ZESI0119). Deidentified information was 
used for analysis; therefore, informed consent was 
not required.

Health Examination
Hospitals in which health examinations were per-
formed were certified by the NHIS and subjected to 
regular quality control. The general medical examina-
tion included surveys for past medical history, family 
history, and lifestyle factors along with BP measure-
ments, blood sampling, and urinalysis. Blood sam-
ples for the measurement of serum glucose and 
lipid levels were obtained after an overnight fast. 
Body mass index (BMI) was calculated as weight in 
kilograms divided by the square of height in meters. 
Information on smoking and alcohol consumption 
(heavy alcohol consumption defined as ≥30  g/day) 
was obtained using a questionnaire. Regular exer-
cise was defined as performing >30 minutes of mod-
erate physical activity at least 5 times per week or 
>20  minutes of strenuous physical activity at least 
3 times per week. Household income assessed by 
the national health insurance premium was classified 
into income quartiles from the lowest to the highest. 
Household income level was dichotomized at the 
lower 25%. The presence of DM was defined accord-
ing to the presence of at least one claim per year 
under ICD-10 codes E10–14 and at least one claim 
per year for the prescription of antidiabetic medica-
tion, or fasting glucose level ≥126  mg/dL.20,21 The 
presence of hypertension was defined according to 
the presence of at least one claim per year under 
ICD-10 codes I10 or I11 and at least one claim per 
year for the prescription of antihypertensive agents, 
or systolic/diastolic BP ≥140/90  mm  Hg. The pres-
ence of dyslipidemia was defined according to the 
presence of at least one claim per year under ICD-10 

code E78 and at least one claim per year for the pre-
scription of a lipid-lowering agent, or TC concentra-
tion ≥240 mg/dL.

Variability Indices and Scoring
Three indices of variability were used: (1) variability 
independent of the mean (VIM), (2) coefficient of vari-
ation (CV), and (3) average real variability (ARV). VIM 
and ARV were calculated in the manner described 
previously.1–4

High variability was defined as the highest quar-
tile (Q4) of variability and low variability as the lower 3 
quartiles (Q1–Q3) of variability. The subjects were clas-
sified further according to the number of high variabil-
ity metabolic parameters (FBG, TC, systolic BP [SBP], 
and BW) using a score range from 0 to 4.2 In this clas-
sification, a score of 0 indicated no high variability pa-
rameter and the scores 1 to 4 indicated the number 
of high variability parameters among the 4 parameters 
(eg, a score of 3 indicated high variability in 3 of the 4 
parameters).2

Study Outcomes
The NHIS database provides the number of hospi-
tal visits, length of hospital stays, and disease codes 
for ER visits. ER visits were defined using the emer-
gency medical care charge code (AC101–AC105), 
which is required while making an insurance claim 
for emergency management. All-cause death was 
identified using the National Death Registry. The end 
points of this study were emergency hospitalization 
and 30-day mortality. Emergency hospitalization (for 
>1  day) was defined as being hospitalized through 
the emergency department. Cause of emergency 
hospitalization was defined using the principal or first 
additional diagnosis at the time of discharge among 
patients who were admitted through the emergency 
department. Among patients admitted to the hospital 
through the emergency department, 30-day mortal-
ity was assessed.

Statistical Analysis
Baseline characteristics of the subjects are pre-
sented as the mean±standard deviation or n (%). 
Subjects were classified into 5 groups according to 
the number of high variability metabolic parameters. 
The incidence rate of primary outcomes was calcu-
lated by dividing the number of incident cases by the 
total follow-up duration (person-years). The cumula-
tive incidence of primary outcomes according to the 
number of parameters with high variability was pre-
sented using unadjusted Kaplan–Meier curves, and 
the log rank test was performed to analyze differ-
ences between groups. The hazard ratio (HR) and 



J Am Heart Assoc. 2020;9:e017475. DOI: 10.1161/JAHA.120.017475� 4

Lee et al� Metabolic Variability and 30-Day Mortality

95% CI for emergency hospitalization and 30-day 
mortality were analyzed using the Cox proportional 
hazards model. The proportional hazards assump-
tion was evaluated using the Schoenfeld residuals 
test with the logarithm of the cumulative hazards 
function based on Kaplan–Meier estimates for quar-
tile groups of variability or groups based on the num-
ber of parameters with high variability. There was no 
significant departure from proportionality in hazards 
over time. A multivariable-adjusted proportional haz-
ards 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, BW, and a history 
of ER visits. The potential effect modification by age, 
sex, DM, hypertension, dyslipidemia, and chronic 
kidney disease (CKD; estimated glomerular filtration 
rate <60 mL/min per 1.73 m2) was evaluated using 
stratified analysis and interaction testing using a like-
lihood ratio test. Statistical analyses were performed 
using SAS software (version 9.4; SAS Institute, Cary, 
NC, USA), and a P<0.05 was considered significant.

RESULTS
Baseline Characteristics of the Study 
Population
The characteristics of the subjects grouped according 
to the number of high variability metabolic parameters 
are listed in Table 1. Subjects with a greater number 
of high variability parameters were older, more likely 
to be female, less likely to exercise regularly, and had 
lower income. The highest prevalence of comorbidi-
ties, such as DM, hypertension, and dyslipidemia, 
were observed in subjects with 4 high variability pa-
rameters. Subjects with a greater number of high vari-
ability parameters had a higher rate of previous ER 
visits during the 5 years before the index year.

Risk of All-Cause Emergency 
Hospitalization According to the 
Variability of Each Metabolic Parameter
There were 733  387 emergency hospitalizations 
(9.1%) during a median follow-up of 5.6±1.2  years 
in the entire cohort. For each metabolic parameter, 
an incrementally higher risk of emergency hospitali-
zation was observed for higher VIM quartile groups 
than for the lowest quartile group (Table 2, Figure 1). 
After adjusting for possible confounding factors, 
including previous history of ER visits, the highest 
quartile group of FBG, TC, SBP, and BW variability 
had 16%, 14%, 11%, and 24% increased risk of emer-
gency hospitalization, respectively, compared with 
the lowest quartile group.

Risk of All-Cause Emergency 
Hospitalization According to the Number 
of High Variability Parameters
There was a dose-response relationship between 
the number of high variability parameters and the 
risk of emergency hospitalization (Table 3, Figure 1). 
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 of emergency hospitalization (HR, 1.58; 
95% CI, 1.54–1.61). These associations were con-
firmed even after adjusting for baseline FBG, TC, 
SBP, BMI, and previous history of ER visits (Table 3). 
We further analyzed these associations according to 
the causes of emergency hospitalization (Table  4). 
Multivariable-adjusted HRs for emergency hospi-
talization increased continuously and linearly with 
an increasing number of high variability parameters, 
regardless of causes of hospitalization (P for trend 
<0.0001). The risk of emergency hospitalization due 
to endocrine, nutritional, and metabolic diseases 
(ICD-10 E) increased more than 3-fold (HR, 3.66; 
95% CI, 3.27–4.11), that due to respiratory system 
diseases (ICD-10 J) increased by 83% (HR, 1.83; 95% 
CI, 1.71–1.96), and that due to genitourinary system 
diseases (ICD-10 N) increased by 74% (HR, 1.74; 95% 
CI, 1.60–1.90) for the group with high variability for all 
4 parameters.

Risk of 30-Day Mortality After 
Emergency Hospitalization According 
to the Number of High Variability 
Parameters
We analyzed the relationship between high variability 
in metabolic parameters and 30-day mortality asso-
ciated with ER visit. There were 1029 deaths within 
30  days of emergency hospitalization. The 30-day 
mortality increased progressively with an increasing 
number of high variability parameters (Figure 2). After 
adjusting for possible confounding factors, the HR 
values (95% CI) of 30-day mortality were 1.28 (1.08–
1.51) in subjects with 1 parameter, 1.35 (1.13–1.62) in 
subjects with 2 parameters, 1.77 (1.41–2.22) in sub-
jects with 3 parameters, and 2.44 (1.62–3.69) in sub-
jects with 4 parameters of high variability compared 
with those of subjects with no high variability param-
eters, measured as VIM.

Subgroup and Sensitivity Analyses
We performed stratified analyses by age, sex, and 
the presence of DM, CKD, hypertension, and dys-
lipidemia. The risk of emergency hospitalization in-
creased significantly in subjects with 4 parameters 
of high variability compared with subjects with no 
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high variability parameters in all subgroups (Figure 3). 
Higher adjusted HRs for hospitalization were observed 
in the middle-aged (40–64 years), elderly (≥65 years), 
male, DM, and CKD subgroups. The highest HR for 
emergency hospitalization was observed in the CKD 
subgroup (HR 1.70, 95% CI 1.09–5.08).

The results were similar when the variability of 
parameters was determined using the CV and ARV 
(Tables  S1 and S2). The number of high variabil-
ity parameters, as measured using the CV or ARV, 
was also an independent predictor of emergency 

hospitalization after multivariable adjustment 
(Tables  S1 and S2). Because comorbidities and/or 
treatments might modulate the changes in meta-
bolic parameters during the follow-up, we performed 
a sensitivity analysis after excluding those with DM, 
hypertension, or dyslipidemia, which also revealed 
similar results. The number of high-variability param-
eters was also an independent predictor of emer-
gency hospitalization after excluding subjects with 
DM, hypertension, and dyslipidemia (score 0 versus 
4; HR, 1.49; 95% CI, 1.43–1.55).

Table 1.  Baseline Characteristics of Subjects by the Number of High Variability Metabolic Parameters

0 1 2 3 4

N 2 728 426 3 158 473 1 647 015 458 505 56 809

Age, y 47.1±12.6 47.9±13.6 49.2±14.5 50.8±15.4 52.6±16.0

Sex (male) 1 713 232 (62.8) 1 839 314 (58.2) 901 717 (54.8) 238 358 (52.0) 28 259 (49.7)

Weight, kg 65.0±11.2 64.4±11.5 63.8±11.8 63.2±12.0 62.2±12.1

BMI, kg/m2 23.7±3.0 23.8±3.1 23.8±3.2 23.8±3.4 23.7±3.5

Systolic BP, mm Hg 122.4±13.0 122.3±14.5 122.5±15.8 122.7±17.1 122.9±18.8

Diastolic BP, mm Hg 76.5±9.3 76.4±9.7 76.3±10.2 76.3±10.7 76.1±11.3

FBG, mg/dL 95.3±16.9 96.7±21.0 98.6±25.4 100.9±29.9 103.8±35.1

TC, mg/dL 196.3±33.2 195.6±35.8 195.2±38.9 194.9±42.3 193.7±45.3

HDL cholesterol, mg/dL 54.8±19.0 55.1±19.8 55.3±20.6 55.5±21.8 55.3±21.5

LDL cholesterol, mg/dL 116.6±44.4 115.2±46.1 114.1±47.9 112.8±48.8 111.1±49.3

Triglyceride, mg/dL* 113.5 (113.4–113.5) 114.5 (114.5–114.6) 116.5 (116.4–116.6) 119.1 (118.9–119.3) 121.1 (120.5–121.7)

eGFR, mL/min per 1.73 m2 86.5±42.3 87.1±40.4 87.2±39.2 87.3±39.5 87.0±39.9

eGFR <60 mL/min per 1.73 m2 163 984 (6.0) 196 946 (6.2) 116 682 (7.1) 38 448 (8.4) 5870 (10.3)

Variability

VIM of FBG 7.11±3.07 9.85±5.71 12.50±6.59 15.34±6.57 18.52±5.43

VIM of TC 13.75±5.63 18.68±10.66 24.62±12.93 30.87±13.09 36.58±11.46

VIM of systolic BP 6.93±2.90 9.27±4.89 11.38±5.50 13.59±5.39 16.37±3.99

VIM of BW 1.32±0.57 1.88±1.28 2.52±1.65 3.23±1.84 3.98±1.87

CV of FBG, % 7.32±3.48 10.33±6.86 13.48±8.73 17.11±10.03 21.54±10.85

CV of TC, % 7.09±2.91 9.63±5.51 12.70±6.68 15.92±6.76 18.86±5.92

CV of systolic BP, % 5.63±2.38 7.52±3.98 9.27±4.55 11.11±4.54 13.45±3.56

CV of BW, % 2.05±0.90 2.93±2.00 3.94±2.58 5.07±2.89 6.26±2.94

Current smoker 700 264 (25.7) 802 866 (25.4) 406 567 (24.7) 108 708 (23.7) 12 908 (22.7)

Heavy alcohol drinker 211 645 (7.8) 239 365 (7.6) 123 279 (7.5) 34 005 (7.4) 4127 (7.3)

Regular exercise 558 755 (20.5) 625 576 (19.8) 314 295 (19.1) 83 379 (18.2) 9735 (17.1)

Income (lower 25%) 500 205 (18.3) 659 449 (20.9) 378 453 (23.0) 111 134 (24.2) 14 374 (25.3)

Diabetes mellitus 133 392 (4.9) 252 274 (8.0) 197 649 (12.0) 78 680 (17.2) 13 605 (24.0)

Hypertension 580 070 (21.3) 812 832 (25.7) 507 914 (30.8) 165 328 (36.1) 23 784 (41.9)

Dyslipidemia 307 518 (11.3) 489 680 (15.5) 332 466 (20.2) 113 098 (24.7) 16 303 (28.7)

Previous ED visit† 118 077 (4.3) 166 783 (5.3) 109 291 (6.6) 39 115 (8.5) 6361 (11.2)

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. 
BMI indicates body mass index; BP, blood pressure; BW, body weight; CV, coefficient of variation; ED, emergency department; eGFR, estimated glomerular 
filtration rate; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; and VIM, variability independent of 
the means.

*Triglycerides are presented as median (Q1–Q3).
†History of ED visit during 5 years before the index year.
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DISCUSSION

In this study, high variability in metabolic parameters 
was not only associated with increased risk of emer-
gency hospitalization but also with 30-day mortality 
in the general population. Especially, the risk of emer-
gency hospitalization due to endocrine, respiratory, or 
genitourinary diseases was strongly associated with 
high variability in metabolic parameters. Stronger as-
sociations were noted in patients with DM or CKD. 
High variability of each metabolic parameter on its own 
is significantly associated with both emergency hospi-
talization and short-term death (except TC variability). 
Further research is needed to determine whether vari-
ability in these biological parameters directly increases 
adverse outcomes.

Recently, it was reported that systolic BP variabil-
ity exceeding 10 to 12 mm Hg or diastolic BP vari-
ability exceeding 8 mm Hg significantly increased the 
risk of hospitalization and all-cause mortality.22 High 
BP variability enhances periodic pressure loading 

and shear stress on the cardiovascular system, and 
the progression of atherosclerosis.9 Multiple adverse 
pathological processes, including cardiac diastolic 
dysfunction, endothelial dysfunction, increased inti-
ma-media thickness, and arterial stiffness, have been 
proposed as potential mechanisms to explain the 
association between the visit-to-visit BP variability 
and cardiovascular outcomes.9 Among the patients 
receiving antihypertensive medications, visit-to-
visit BP variability independently predicted adverse 
events, including acute kidney injury, hypotension, 
and syncope. The exaggerated BP variability could 
be explained by sympathetic nervous system acti-
vation.23 Chronic hypoxia in obstructive sleep apnea 
or chronic lung disease may lead to exaggerated BP 
variability associated with sympathetic nervous sys-
tem activation. Although their BP levels are not par-
ticularly high, patients with lung diseases may show 
large fluctuations of BP, which could be associated 
with a future development of cardiovascular disease 
(CVD).23 Therefore, high BP variability could increase 

Table 2.  Hazard Ratios and 95% CIs of Emergency Hospitalization by Quartiles of Metabolic Parameter Variability

Events (n)
Follow-Up Duration 

(Person-Year)
Incidence Rate (Per 
1000 Person-Years) Model 1 Model 2

Glucose variability (VIM of FBG)

Q1 173 881 11 288 585 15.4 1 (ref.) 1 (ref.)

Q2 173 619 11 402 040 15.2 1.04 (1.03–1.05) 1.04 (1.03–1.04)

Q3 179 457 11 426 983 15.7 1.09 (1.08–1.09) 1.08 (1.07–1.09)

Q4 206 430 11 328 929 18.2 1.20 (1.19–1.20) 1.16 (1.16–1.17)

P for trend <0.001 <0.001

Cholesterol variability (VIM of TC)

Q1 166 079 11 371 977 14.6 1 (ref.) 1 (ref.)

Q2 165 894 11 485 533 14.4 1.03 (1.02–1.03) 1.02 (1.02–1.03)

Q3 177 620 11 432 471 15.5 1.07 (1.06–1.08) 1.06 (1.06–1.07)

Q4 223 794 11 156 555 20.1 1.19 (1.18–1.20) 1.14 (1.14–1.15)

P for trend <0.001 <0.001

BP variability (VIM of systolic BP)

Q1 174 946 11 531 883 15.2 1 (ref.) 1 (ref.)

Q2 162 624 11 282 797 14.4 1.01 (1.00–1.01) 1.01 (1.01–1.02)

Q3 179 676 11 404 823 15.8 1.04 (1.03–1.04) 1.03 (1.03–1.04)

Q4 216 141 11 227 032 19.3 1.12 (1.11–1.12) 1.11 (1.10–1.12)

P for trend <0.001 <0.001

BW variability (VIM of BW)

Q1 173 183 11 376 582 15.2 1 (ref.) 1 (ref.)

Q2 172 919 11 454 747 15.1 1.03 (1.03–1.04) 1.03 (1.02–1.04)

Q3 180 788 11 404 361 15.9 1.10 (1.09–1.11) 1.09 (1.08–1.09)

Q4 206 497 11 210 846 18.4 1.28 (1.27–1.28) 1.24 (1.23–1.25)

P for trend <0.001 <0.001

Model 1: adjusted for age, sex, smoking, alcohol drinking, regular exercise, and income status. Model 2: adjusted for model 1 plus baseline fasting glucose 
levels, total cholesterol, systolic blood pressure, and body weight, and a history of emergency room visits. BP indicates blood pressure; BW, body weight; FBG, 
fasting blood glucose; TC, total cholesterol; and VIM, variability independent of the mean.
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emergency hospitalizations and mortality associated 
with conditions such as acute kidney injury, hypoten-
sion, syncope, falls, and hypoxia.

High glucose variability was associated with longer 
hospitalization and increased mortality in hospitalized 
patients, regardless of the presence of DM.24 Glucose 
variability could potentially constitute a risk factor 
for falls and injuries. We found that high variability in 
metabolic parameters was an independent predictor 
of emergency hospitalization due to injury (ICD-10 S 

codes). Moreover, high glucose variability is an inde-
pendent risk factor of severe hypoglycemia and sub-
sequent hospitalization in patients with DM.25,26 The 
incidence and duration of hypoglycemia are associ-
ated with glucose variability.25,26 There was a J-shaped 
association between HbA1c levels and the incidence 
rate of hypoglycemia.27 Therefore, high glucose vari-
ability, independent of mean glucose levels, is associ-
ated with hypoglycemic events in patients with varying 
levels of glycemia.

Figure 1.  Kaplan–Meier estimates of cumulative incidence of emergency hospitalization according to the variability (Q1–
Q4) of each metabolic parameter and the number of high variability parameters.
High variability was defined as the highest quartile (Q4) of variability independent of the mean (VIM). BW indicates body weight; FBG, 
fasting blood glucose; SBP, systolic blood pressure; and TC, total cholesterol.
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Table 3.  Hazard Ratios and 95% CIs of Emergency Hospitalizations by the Number of High Variability Metabolic 
Parameters

Events (n)
Follow-Up Duration 

(Person-Years)
Incidence Rate (Per 1000 

Person-Years) Model 1 Model 2

Variability score

0 206 407 15 608 093 13.2 1 (ref.) 1 (ref.)

1 280 489 17 858 477 15.7 1.12 (1.11–1.13) 1.10 (1.10–1.11)

2 176 398 9 176 413 19.2 1.28 (1.27–1.28) 1.23 (1.22–1.24)

3 60 795 2 502 156 24.3 1.49 (1.47–1.50) 1.40 (1.38–1.41)

4 9298 301 397 30.8 1.73 (1.69–1.77) 1.58 (1.54–1.61)

P for trend <0.0001 <0.0001

Model 1: adjusted for age, sex, smoking, alcohol drinking, regular exercise, and income status. Model 2: adjusted for model 1 plus baseline fasting glucose 
levels, total cholesterol, systolic blood pressure, and body weight, and a history of emergency room visits.
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High visit-to-visit cholesterol variability was also as-
sociated with increased CVD in both patients with cor-
onary artery disease and in the general population.1,5,10 
A recent study showed that cholesterol variability was 
significantly associated with coronary atheroma pro-
gression and clinical outcomes, providing a plausi-
ble mechanism for association between cholesterol 
variability and cardiovascular events,10 although the 
association between achieved cholesterol levels and 
atheroma progression was stronger. It is reported that 
cholesterol variability is a risk factor for atrial fibrilla-
tion development. Cholesterol is a main component of 
the cell membrane and changes in cholesterol levels 
can cause changes in membrane properties through 
effects on membrane permeability and membrane 
proteins, such as ion channels, pumps, and recep-
tors.11–13 This may affect electrical gradient and rest-
ing potential across the membranes and potentiate 
the development of arrhythmias. Lipoproteins may 
also affect the course of sepsis by binding to bacterial 
endotoxins and attenuating the harmful excessive in-
flammatory responses.28 Both low-density lipoprotein 

Table 4.  Hazard Ratios and 95% CIs of Cause-Specific 
Emergency Hospitalizations by the Number of High 
Variability Metabolic Parameters

Events (n)
Incidence Rate (Per 
1000 Person-Years) HR (95% CI)

Diseases of circulatory system (ICD-10 I)

0 31 667 2.03 1 (ref.)

1 45 061 2.52 1.10 (1.09–1.12)

2 29 592 3.22 1.22 (1.20–1.24)

3 10 618 4.24 1.37 (1.34–1.40)

4 1670 5.54 1.52 (1.45–1.60)

Injury & poisoning (ICD-10 S)

0 41 694 2.67 1 (ref.)

1 54 975 3.08 1.09 (1.08–1.11)

2 33 192 3.62 1.19 (1.18–1.21)

3 11 205 4.48 1.36 (1.33–1.39)

4 1530 5.08 1.40 (1.33–1.48)

Disease of digestive system (ICD-10 K)

0 29 470 1.89 1 (ref.)

1 38 440 2.15 1.09 (1.07–1.10)

2 23 451 2.56 1.20 (1.18–1.22)

3 7879 3.15 1.36 (1.33–1.39)

4 1215 4.03 1.58 (1.49–1.67)

Disease of respiratory system (ICD-10 J)

0 14 170 0.91 1 (ref.)

1 20 818 1.17 1.16 (1.13–1.18)

2 14 510 1.58 1.37 (1.34–1.40)

3 5398 2.16 1.59 (1.54–1.64)

4 888 2.95 1.83 (1.71–1.96)

Neoplasm (ICD-10 C)

0 13 809 0.88 1 (ref.)

1 19 363 1.08 1.08 (1.06–1.11)

2 12 562 1.37 1.17 (1.14–1.20)

3 4371 1.75 1.27 (1.22–1.31)

4 641 2.13 1.30 (1.20–1.41)

Infectious diseases (ICD-10 A)

0 11 109 0.71 1 (ref.)

1 15 358 0.86 1.13 (1.10–1.16)

2 9490 1.03 1.25 (1.22–1.29)

3 3210 1.28 1.42 (1.37–1.48)

4 487 1.62 1.62 (1.48–1.77)

Diseases of genitourinary system (ICD-10 N)

0 12 073 0.77 1 (ref.)

1 16 011 0.90 1.08 (1.05–1.10)

2 10 068 1.10 1.21 (1.18–1.25)

3 3574 1.43 1.44 (1.39–1.50)

4 576 1.91 1.74 (1.60–1.90)

Endocrine, nutritional & metabolic diseases (ICD-10 E)

0 1782 0.11 1 (ref.)

1 3525 0.20 1.37 (1.30–1.45)

2 3421 0.37 1.98 (1.87–2.10)

Figure 2.  Hazard ratios and 95% CIs of 30-day mortality 
according to the variability (Q1–Q4) of each metabolic 
parameter and the number of high variability parameters.
High variability was defined as the highest quartile (Q4) of 
variability independent of the mean (VIM). BW indicates body 
weight; FBG, fasting blood glucose; SBP, systolic blood pressure; 
and TC, total cholesterol.

Events (n)
Incidence Rate (Per 
1000 Person-Years) HR (95% CI)

3 1616 0.65 2.61 (2.44–2.80)

4 368 1.22 3.66 (3.27–4.11)

Adjusted for age, sex, smoking, alcohol drinking, regular exercise, income 
status, baseline fasting glucose levels, total cholesterol, systolic blood 
pressure, and body weight, and a history of emergency room visits. ICD-10 
indicates International Classification of Diseases, Tenth Revision. ICD-10 A, 
infectious diseases; ICD-10 C, neoplasm; ICD-10 E, endocrine, nutritional 
& metabolic diseases; ICD-10 I, diseases of circulatory system; ICD-10 J, 
disease of respiratory system; ICD-10 K, disease of digestive system; ICD-10 
N, diseases of genitourinary system; ICD-10 S, injury & poisoning.

Table 4.  Continued
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(LDL) and high-density lipoprotein (HDL) cholesterol 
play a proven role in the clearance of bacterial toxins, 
lipopolysaccharide from Gram-negative bacteria, and 
lipoteichoic acid from Gram-positive bacteria.28 The 
alterations in lipids correlate with the severity of the 
underlying infection. Moreover, epidemiologic studies 
have suggested that low cholesterol levels increase the 
chance of developing an infection.

Individuals with weight fluctuation showed ≈24% 
higher emergency hospitalization and 61% higher 30-
day mortality than those maintaining a stable weight 
over time (highest quartile group versus lowest quartile 
group); this observation is in line with the hypothesis that 
sarcopenia and intercurrent protein energy wasting may 
underlie the increased risk for hospitalization.29 High 
variation in BW negatively impacts lipid metabolism by 
lowering HDL cholesterol and increasing the abdominal 
fat proportion. In an analysis from the Framingham Heart 
Study involving patients without known CVD, highly vari-
able BWs were associated with higher mortality and 
morbidity related to coronary heart disease.30 Among 
subjects with coronary artery disease, fluctuation in BW 
was associated with higher mortality independent of tra-
ditional cardiovascular risk factors.6

Another factor that may increase variability in met-
abolic parameters could be poor social support. It 
was recently reported that income variability and de-
creases during a 15-year period of formative earning 
years were associated with a nearly 2-fold risk of CVD 
and all-cause mortality.31 Unpredictable and episodic 
low income was associated with an array of unhealthy 
behaviors, such as alcohol use, smoking, and inade-
quate physical activity. Stress was another mediating 
factor implicated in the relationship between income 
variability and adverse health outcomes.31 Income vari-
ability has been shown to be associated with increases 
in BP, which can also be induced by stress and are 
associated with CVD and mortality.31

The association between increased variability and 
emergency hospitalization was more prominent in 
men, individuals without dyslipidemia, and those with 
CKD, as shown in the subgroup analysis (P for in-
teraction <0.001). This finding suggests that utility of 
high variability in metabolic parameters as a predic-
tor of emergency hospitalization may be more valid in 
these subpopulations. The reasons why men are more 
vulnerable to high variability are not known. Previous 
studies showed that the association between high 
variability in metabolic parameters and adverse health 
outcomes was also more significant in men rather 
than in women.1–3,15 This sex disparity might be due 
to differences in estradiol, which is thought to a have 
protective role in vascular disease, or from differences 
in social stress or health behaviors. The association 
between high variability and emergency hospitalization 
was attenuated in subjects with dyslipidemia. We pre-
viously reported the association between cholesterol 
variability and cardiovascular outcomes.1 In that study, 
the association between high TC variability and the risk 
of CVD was weakened in the subjects using lipid-low-
ering agents compared with subjects not using lip-
id-lowering agents.1 New use of lipid-lowering agents 
in patients with dyslipidemia might be related to high 
TC variability, but it is likely that the beneficial effects 
of the use of lipid-lowering agents mitigated the impact 
of high TC variability on adverse health outcomes.1 
Increased BP variability is more common in patients 
with CKD and worsens with advancing CKD stages.32 
BP variability has been reported to independently 
predict cardiovascular outcomes as well as hypoten-
sion, syncope, and acute kidney injury in patients with 
CKD.32 High variability in metabolic parameters might 
be closely related to emergency hospitalization in pa-
tients with CKD.

This study did have some limitations. First, this 
was an observational study and, therefore, the as-
sociation found between variability and end points 
may not be causal. To minimize the possible ef-
fects of reverse causality, we excluded those with 
emergency hospitalization during the first year of 

Figure 3.  Subgroup analyses of the association between 
the number of high variability parameters (4 versus 0) and 
emergency hospitalization stratified by age, sex, diabetes 
mellitus (DM), hypertension (HTN), dyslipidemia, and chronic 
kidney disease (CKD).
Hazard ratios and 95% CIs of emergency hospitalization in 
subjects with 4 parameters of high variability (variability score 
4) compared with subjects with no high variability parameters 
(variability score 0). CI indicates confidence interval; CKD, 
chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio; 
and HTN, hypertension.
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follow-up. In our study, high variability in metabolic 
parameters was associated with emergency hospi-
talization due to injury and poisoning. This finding for 
injury and poisoning may also suggest that variability 
is not a causal relationship, but an indicator of the 
unstable health status of these patients. High vari-
ability in metabolic parameters may reflect something 
else about a patient’s interactions with the healthcare 
system or about other health conditions. Therefore, 
this study did not reveal a direct causal relationship 
between high variability and emergency hospitaliza-
tion. Second, excluding participants with fewer than 
3 health examinations might have been a source of 
selection bias. Third, although the NHIS contains in-
formation on a wide range of confounding factors, re-
sidual confounding cannot be completely excluded. 
Variability in metabolic parameters may be affected 
by time-varying behavioral variables, changes in di-
agnosis, and treatments during follow-up. Fourth, 
variables for health behavior are limited since those 
data were obtained from self-reporting in nationwide 
health screenings. However, considering the large 
number of participants, we believe that misclassifica-
tion of alcohol, smoking, or physical activity had only 
a limited influence on the results obtained. Lastly, 
because the optimal method of calculating variability 
is unknown, the results might differ according to the 
definition of variability. There is a lack of consensus 
about the appropriate metrics to define high variabil-
ity. In our study, high variability was defined as the 
highest quartile of variability, based on the distribu-
tion of variability in the cohort. It is unknown whether 
these findings would be replicated in populations 
with different distributions and underlying causes of 
variability.

One major strength of this study is its popula-
tion-based design. Thus, it includes all patients visit-
ing the ER and being hospitalized in this region, which 
minimizes selection bias and allows for a complete 
follow-up. Second, the cause of emergency hospi-
talization could be analyzed. The association of high 
metabolic parameter variability with the risk of emer-
gency hospitalization due to malignancy was rela-
tively weak; however, the association with the risk of 
emergency hospitalization due to endocrine, respira-
tory, or genitourinary diseases was strong. Variability 
in metabolic parameters may possibly be a marker of 
poor health status, with variations in blood glucose 
or BP levels reflecting changes in renal, adrenal, or 
liver dysfunction. This also has important implica-
tions in that high variability in metabolic parameters 
could be used for detecting individuals at high risk 
of emergency hospitalization and short-term mortal-
ity. Variability is a calculated variable not intuitively 
obvious to the clinician. With the use of electronic 

medical records, a variability index can be calculated 
and presented to the clinician relatively easily. Our 
findings suggest alerting clinicians about variability 
in metabolic parameters, which is an important but 
largely ignored risk factor.

CONCLUSIONS
The impact of variability in metabolic parameters is 
not limited to certain diseases. Our study indicates 
that variability in metabolic parameters was not 
only associated with emergency hospitalization but 
also with 30-day mortality, regardless of the causes 
of hospitalization. ER visits serve as the source for 
most of the unscheduled hospitalizations. ER vis-
its and hospitalizations are often considered to be 
costly. Stabilizing metabolic parameters may be im-
portant for reducing ER visits, emergency hospitali-
zation, and short-term mortality. Before reaching this 
conclusion, further research identifying the under-
lying causes of high variability are warranted. More 
research is needed to see if reducing variability in 
metabolic parameters can improve long-term health 
outcomes.
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Table S1. Hazard ratios and 95% confidence intervals of emergency hospitalization by 

quartiles of metabolic parameter variability and by the number of high variability 

metabolic parameters (measured by CV). 

Model 1: adjusted for age, sex, smoking, alcohol drinking, regular exercise, and income 

status 

Model 2: adjusted for model 1 plus baseline fasting glucose levels, total cholesterol, systolic 

blood pressure and body weight and a history of emergency room visits 

BP, blood pressure; BW, body weight; CV, coefficient of variation; FBG, fasting blood 

glucose; TC, total cholesterol 

Events (n) 

Follow-up 

duration 

(person-year) 

Incidence 

rate (per 

1000 

person-

years) 

Model 1 Model 2 

Glucose variability (CV of FBG) 

Q1 165311 11331010 14.6 1 (ref.) 1 (ref.) 

Q2 167062 11438539 14.6 1.04 (1.03,1.05) 1.04 (1.03,1.04) 

Q3 176452 11434182 15.4 1.08 (1.07,1.09) 1.07 (1.06,1.08) 

Q4 224562 11242806 20.0 1.24 (1.23,1.25) 1.18 (1.17,1.18) 

P for trend <0.001 <0.001 

Cholesterol variability (CV of TC) 

Q1 165863 11372388 14.6 1 (ref.) 1 (ref.) 

Q2 165891 11486503 14.4 1.02 (1.02,1.03) 1.02 (1.02,1.03) 

Q3 177601 11432002 15.5 1.07 (1.06,1.08) 1.06 (1.05,1.07) 

Q4 224032 11155643 20.1 1.18 (1.18,1.19) 1.14 (1.13,1.15) 

P for trend <0.001 <0.001 

BP variability (CV of systolic BP) 

Q1 167607 11363470 14.7 1 (ref.) 1 (ref.) 

Q2 161254 11503374 14.0 1.01 (1.00,1.01) 1.01 (1.00,1.01) 

Q3 178199 11416928 15.6 1.04 (1.03,1.04) 1.03 (1.03,1.04) 

Q4 226327 11162763 20.3 1.13 (1.12,1.13) 1.11 (1.10,1.12) 

P for trend <0.001 <0.001 

BW variability (CV of BW) 

Q1 172894 11377934 15.2 1 (ref.) 1 (ref.) 

Q2 172913 11476766 15.1 1.03 (1.02,1.04) 1.03 (1.02,1.03) 

Q3 180249 11403330 15.8 1.10 (1.09,1.10) 1.09 (1.08,1.09) 

Q4 207331 11188507 18.5 1.28 (1.27,1.28) 1.24 (1.23,1.25) 

P for trend <0.001 <0.001 

Variability Score 

0 199956 15846215 12.6 1 (ref.) 1 (ref.) 

1 274232 17636851 15.5 1.13 (1.12,1.13) 1.10 (1.10,1.11) 

2 180936 9098436 19.9 1.29 (1.28,1.30) 1.24 (1.23,1.24) 

3 66904 2544143 26.3 1.52 (1.51,1.53) 1.41 (1.39,1.42) 

4 11359 320891 35.4 1.81 (1.78,1.84) 1.61 (1.58,1.64) 

P for trend <0.001 <0.001 



Table S2. Hazard ratios and 95% confidence intervals of emergency hospitalization by 

quartiles of metabolic parameter variability and by the number of high variability 

metabolic parameters (measured by ARV). 

Model 1: adjusted for age, sex, smoking, alcohol drinking, regular exercise, and income 

status 

Model 2: adjusted for model 1 plus baseline fasting glucose levels, total cholesterol, systolic 

blood pressure and body weight and a history of emergency room visits 

ARV, average real variability; BP, blood pressure; BW, body weight; FBG, fasting blood 

glucose; TC, total cholesterol 

 

 

 Events (n) 

Follow-up 

duration 

(person-year) 

Incidence 

rate (per 

1000  

person-

years) 

Model 1 Model 2 

Glucose variability (ARV of FBG)    

Q1 151312 10840196 13.9 1 (ref.) 1 (ref.) 

Q2 178504 12377238 14.4 1.03 (1.03,1.04 1.03 (1.02,1.03) 

Q3 167041 10855156 15.4 1.07 (1.06,1.07) 1.05 (1.05,1.06) 

Q4 236530 11373947 20.8 1.23 (1.23,1.24) 1.17 (1.16,1.17) 

P for trend   <0.001 <0.001 

Cholesterol variability (ARV of TC)    

Q1 159706 11264359 14.2 1 (ref.) 1 (ref.) 

Q2 173365 11842992 14.6 1.02 (1.01,1.03) 1.03 (1.02,1.03) 

Q3 178455 11209048 15.9 1.05 (1.04,1.05) 1.06 (1.05,1.06) 

Q4 221861 11130136 19.9 1.12 (1.11,1.13) 1.12 (1.11,1.13) 

P for trend   <0.001 <0.001 

BP variability (ARV of systolic BP)    

Q1 167390 11887899 14.1 1 (ref.) 1 (ref.) 

Q2 131347 9615158 13.7 0.98 (0.97,0.99) 0.98 (0.97,0.99) 

Q3 192216 12451943 15.4 1.03 (1.02,1.03) 1.02 (1.01,1.03) 

Q4 242434 11491537 21.1 1.13 (1.12,1.13) 1.10 (1.09,1.11) 

P for trend   <0.001 <0.001 

BW variability (ARV of BW)    

Q1 196243 12816378 15.3 1 (ref.) 1 (ref.) 

Q2 146813 10007554 14.7 1.03 (1.03,1.04) 1.03 (1.03,1.04) 

Q3 186857 11507643 16.2 1.09 (1.08,1.10) 1.08 (1.07,1.09) 

Q4 203474 11114961 18.3 1.26 (1.25,1.26) 1.23 (1.22,1.23) 

P for trend   <0.001 <0.001 

Variability Score      

0 194589 15894636 12.2 1 (ref.) 1 (ref.) 

1 269667 17377650 15.5 1.11 (1.10,1.11) 1.09 (1.09,1.10) 

2 185277 9147086 20.3 1.26 (1.25,1.27) 1.22 (1.21,1.23) 

3 71338 2669896 26.7 1.46 (1.45,1.47) 1.37 (1.36,1.38) 

4 12516 357267 35.0 1.72 (1.69,1.75) 1.56 (1.53,1.59) 

P for trend   <0.001 <0.001 



Figure S1. Flowchart of the study population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

9,163,132 were excluded: less than 3 
health examinations from 2005 

171,787 subjects were excluded with 
missing data on at least one variable 

155,739 subjects who were hospitalized in emergency 
department within the first year after the index were 
excluded (1-year lag period) 

 

Died within 30 days 
n = 1,029 

Did not die within 30 days 
n = 732,358 

No emergency hospitalization 
n = 7,315,841 

n = 8,376,754 
Subjects who underwent ≥ 3 health examinations 

from January 2005 to December 2010 

n = 8,049,228 
Subjects eligible for inclusion 

Followed from index year to the date of emergency hospitalization or until Dec 31, 2016 

17,539,886 

Participants (≥ 20yrs) who had undergone a 

health examination during 2009-2010 

Emergency hospitalization 
n = 733,387 



Figure S2. Study design. 
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