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Background-—Anemia is thought to increase mortality risks, but the effects of high hemoglobin concentration on survival are
unclear. The effect of change in hemoglobin concentrations on survival in the general population is also unknown. This study aimed
to examine the effect of hemoglobin concentrations and their changes on cardiovascular and all-cause mortality risks.

Methods and Results-—We retrospectively analyzed a cohort from the NHIS-HEALS (National Health Insurance Service–National
Health Screening Cohort) database, including 170 078 men and 122 116 women without cardiovascular diseases, aged >40 years
at baseline, with hemoglobin concentrations available for both first and second health examinations. We assessed 2 independent
variables: “One-time” hemoglobin concentrations and changes in hemoglobin from first to second examination. Participants were
followed up for a median of 8 years to determine mortality related to myocardial infarction, stroke, all cardiovascular diseases, and
all causes. Hemoglobin concentrations showed a U- or J-shaped association with cardiovascular and all-cause mortality after
adjusting for cardiovascular risk factors. When anemic men achieved normal hemoglobin concentrations, the all-cause mortality risk
decreased, with an adjusted hazard ratio of 0.67 (95% confidence interval, 0.59–0.77), in comparison with those whose anemia
persisted. Both increases and decreases of hemoglobin concentration outside the normal range elevated all-cause mortality risk
(adjusted hazard ratio: 1.39 [95% confidence interval, 1.28–1.49] and 1.10 [95% confidence interval, 1.01–1.20], respectively),
compared with persistent normal hemoglobin concentrations. The trend was similar in women but was less significant.

Conclusions-—Low or high hemoglobin concentrations were associated with elevated cardiovascular and all-cause mortality.
Reaching and maintaining hemoglobin concentrations within the normal range correlated with decreased all-cause mortality. ( J Am
Heart Assoc. 2018;7:e007723. DOI: 10.1161/JAHA.117.007723.)
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A growing body of evidence suggests that anemia affects
cardiovascular disease (CVD) and mortality in chronic

kidney disease or heart failure patients and those undergoing
maintenance hemodialysis.1 However, the effect of hemoglo-
bin concentration on CVD in the general population is less
clear. Chronic anemia could induce ventricular remodeling
and cardiac dysfunction,2 thereby potentially increasing the

risk of CVD or mortality. Because chronic anemia may be
prevalent in the general population, particularly in women and
in older adults,3 the effect of low hemoglobin concentrations
on CVD-related mortality in the general population needs to
be further explored.

The effect of high hemoglobin concentrations on CVD-
related mortality is also unclear. Because red blood cells are
the dominant determinants of blood viscosity, high hematocrit
concentrations significantly slow blood flow throughout the
body.4 Cigarette smokers are known to have higher concen-
trations of hemoglobin, which may increase the oxidative
insults within the cell.5 Some studies have suggested that
high hemoglobin concentrations or hematocrit could elevate
the risk of CVD or mortality.6,7 However, the effect of high
hemoglobin concentrations on CVD varies across various
subtypes of CVD.8 Furthermore, it is also currently unknown
how the change of hemoglobin concentrations alters the risk
of CVD-related death. Whereas improving anemia could lower
the risk of mortality in chronic kidney disease patients,9,10 the
effect of change in hemoglobin concentrations among those
with low CVD risks is unclear.
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In this study, we examined the association of hemoglobin
concentration and its change with CVD and all-cause mortality
within the general population by studying a large Korean
cohort from the NHIS-HEALS (National Health Insurance
Service–National Health Screening Cohort).

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Overview
We analyzed data from the Korean NHIS-HEALS database
recorded from January 1, 2002, to December 31, 2013 (NHIS-
2017-2-457). The Korean national health examination is
conducted biannually: Individuals who were born in an even
year undergo screening in even years, and those who were
born in odd years undergo a screening in odd years. The NHIS-
HEALS database covers all insurance claims data, and about
98% of Koreans are enrolled.11 Attrition over follow-up in this
database is known to be rare, given the nature of the national
administration of the data, which is reported elsewhere.12

Data are collected from a population of �500 000 partici-
pants (10% of the entire population of those who underwent
the national health examination provided by the NHIS) by
simple random sampling and provided after deidentification.12

The NHIS-HEALS database includes clinical data and the date
of hospital visits, admissions, diagnoses, and death informa-
tion. By law, all deaths must be reported to Statistics Korea.
The NHIS database has been used for population-based
epidemiological studies, and its validity has been recognized
elsewhere.13

Study Population
From among the possible participants, 334 437 participants
who were aged >40 years and who had undergone a
medical examination with available hemoglobin concentra-
tions for the first (2002 for those born in an even year, and
2003 for those born in an odd year) and second (2004 or
2005) health examinations were selected. We excluded
1036 participants who died and 40 989 participants who
were diagnosed with myocardial infarction (MI) or stroke,
based on diagnoses coded according to the International
Classification of Diseases, 10th revision (ICD-10) and ques-
tionnaires about their medical history before the index date
(January 1, 2006). We also excluded 151 participants
without sex values and 67 with hemoglobin <5 or ≥20 g/
dL. Finally, 292 194 participants (170 078 men, 122 116
women) were included.

Exposures and Covariates
All participants underwent 2 hemoglobin (g/dL) measure-
ments within a 2-year period. Two sets of exposures were
used (Figure 1). First, one-time hemoglobin concentrations
assessed before the index year were divided into 5 groups
per sex and reflected the World Health Organization criteria
for anemia (hemoglobin <13.0 and <12.0 g/dL in men and
women, respectively).14 We did not use quintiles of
hemoglobin concentration because the first quintile of men
would be 5.0 to 13.9 g/dL, which could not distinguish
anemic from normal status. Second, for establishing change,
the hemoglobin concentrations at the first and second
examinations were divided into 3 groups, with consideration
of the criteria for anemia and highly abnormal concentra-
tions of hemoglobin.

Covariates were based on the data from the second health
examination and included age, sex, socioeconomic status,
regular exercise (no, 1–2, 3–4, ≥5 times per week), smoking
status (never and ever), alcohol use (none, <3, ≥3 times per
week), body mass index (kg/m2), systolic and diastolic blood
pressures (mm Hg), fasting serum glucose (mg/dL), total
cholesterol (mg/dL), and Charlson Comorbidity Index (CCI).
Although socioeconomic status and CCI are not typically
considered major cardiovascular risk factors, they are
regarded as risk factors for mortality. Effects of socioeco-
nomic status on mortality or health status have been studied
extensively.15 The CCI is the most commonly used comor-
bidity index for predicting mortality.16

Main Outcomes
The main outcomes of the study were MI-related, stroke-
related, CVD-related, and all-cause mortality that occurred
from January 1, 2006, to December 31, 2013. ICD-10 codes

Clinical Perspective

What Is New?

• Low or high hemoglobin concentrations were associated
with subsequently elevated 8-year cardiovascular and all-
cause mortality in individuals in the general population aged
>40 years, without cardiovascular disease at baseline.

• Reaching and maintaining hemoglobin concentrations within
the normal range correlated with decreased subsequent 8-
year all-cause mortality.

What Are the Clinical Implications?

• Our findings suggest that screening and management of
hemoglobin concentrations in the middle-aged and older
adult population could contribute to lowering the risks of
cardiovascular and all-cause mortality.
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were used to identify and classify the outcomes: MI (I21–I24),
total stroke (I60–I69), and all CVD (I10–I99).

Statistical Analyses
Continuous variables were expressed as mean (SD), and
categorical variables were expressed as percentages and
compared between groups using the Pearson v2 test. Based
on hemoglobin concentrations at the second health exami-
nation, the cohort was divided into 5 groups by sex: <13.0,
13.0 to 13.9, 14.0 to 14.9 (normal reference), 15.0 to 15.9,
and ≥16.0 g/dL for men and <11.0, 11.0 to 11.9, 12.0 to
12.9 (normal reference), 13.0 to 13.9, and ≥14.0 g/dL for
women. The criterion for the above-normal range of
hemoglobin concentration is generally 16.0 g/dL; however,
the number of women with hemoglobin ≥16.0 g/dL was too
low in the general population. For this reason, we used a
hemoglobin concentration of 14.0 g/dL in women. Hazard
ratios (HRs) and 95% confidence intervals for each outcome,
based on the 5 groups of hemoglobin concentrations, were
analyzed using Cox proportional hazards regression analyses.
The multivariate-adjusted analysis was adjusted for CVD risk
factors, including age, socioeconomic status, body mass
index, blood pressure, fasting serum glucose, total choles-
terol, regular exercise, smoking status, alcohol use, and CCI.
For subgroup analysis, the hemoglobin concentrations that
had been divided into 5 groups were merged into 3 groups for
each sex: <13.0, 13.0 to 15.9 (reference), and ≥16 g/dL for
men and <12.0, 12.0 to 13.9 (reference), and ≥14.0 g/dL for
women. Sensitivity analysis was performed by excluding
patients diagnosed with cancer and chronic kidney disease.

Because change was rare (0.3%) in women in the group
with a high hemoglobin concentration (≥16.0 g/dL at the first

examination), we did not analyze the HR of change in high
hemoglobin status among women. Statistical significance was
set as a 2-sided P<0.05. Data were collected using SAS 9.3
(SAS Institute), and statistical analyses were conducted using
STATA 15.1 (StataCorp).

Ethics
This study was conducted according to the guidelines in the
Declaration of Helsinki, and all procedures involving
human subjects (patients) were waived by the institutional
review board of the Seoul National University (no. 1703-
039-863). All participants were informed regarding the
objective of the survey and provided consent. The NHIS
database was anonymized according to strict confidentiality
guidelines.

Results

Baseline Characteristics
The study population of 292 194 individuals (170 078 men
and 122 116 women) was observed for a mean of 7.8 years
(SD: 0.9), resulting in 2 279 113 person-years of follow-up.
During follow-up, there were 559 MI-related, 936 stroke-
related, 1985 all-CVD–related, and 12 677 all-cause deaths.

Baseline characteristics for men and women are depicted
in Table 1. The mean age was 54 years, and 42% of the
participants were women. Current smokers (22% of total
participants) were predominantly men. Participants without
any comorbidities accounted for 35%. The mean hemoglobin
concentrations of men and women were 14.8 g/dL (SD: 1.1)
and 12.8 g/dL (SD: 1.1), respectively.

2004
or

2005

2002
or

2003
After 2 years

01/01/2006
(index date)

12/31/2013

(1) The association between 
Hb level and the risk of CVD 
and all-cause mortality

Median 8-year follow-up  of MI, stroke, CVD, 
and all-cause mortality according to
(1) Hb level; (2) change in Hb level

Hb concentration categorization to five groups using the 2nd health examination data

(2) The association between 
change in Hb level and the risk 
of CVD and all-cause mortality

1st Hb concentration:
Classification to 

Anemic 
Normal

Above normal           

2nd Hb concentration: 
Converted to other categories?
Anemic/ Non-anemic
Anemic/ Normal/ Above normal
Above normal/ Non above normal

1st health 
Examination

2nd health 
Examination
(baseline)

Figure 1. Timeline of the study. CVD indicates cardiovascular disease; Hb, hemoglobin; MI, myocardial infarction.
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Table 1. General Characteristics of Participants According to Sex

Total Men Women
P Value (Men
vs Women)

Total, n 292 194 170 078 122 116

Total, % 100 58.2 41.8

Age (y), mean (SD) 54.2 (8.9) 53.6 (8.7) 55.1 (9.1) <0.001

40–49, % 38.3 41.3 34.1

50–64, % 35.2 34.9 35.5

65–74, % 19.5 17.7 22.1

≥75, % 7 6.2 8.2

Socioeconomic status, % <0.001

Upper 43.1 36.5 52.3

Lower 56.9 63.5 47.7

Smoking status, % <0.001

Never smoker 64.8 43.7 94.2

Ever smoker 31.2 51.87 2.4

Alcohol use (per wk), % <0.001

None 54.3 35 81.1

<3 times 33.4 46.5 15.2

≥3 times 10.7 17.3 1.5

Regular exercise (per wk), % <0.001

No exercise 48.8 42.6 57.4

1–2 times 26.9 32.1 19.6

3–4 times 12 13.4 10.1

≥5 times 10.2 10.1 10.4

CCI, % <0.001

0 34.6 39.8 27.3

1–2 49.9 46.9 54.1

≥3 15.5 13.3 18.6

BMI (kg/m2),
mean (SD)

23.9 (2.9) 23.9 (2.8) 23.8 (3.0) <0.001

SBP (mm Hg),
mean (SD)

126.1 (17.0) 127.7 (16.4) 123.8 (17.5) <0.001

DBP (mm Hg), mean (SD) 79.0 (11.1) 80.6 (10.9) 76.8 (11.1) <0.001

FSG (mg/dL), mean (SD) 94.4 (28.3) 99.3 (30.3) 94.6 (25.0) <0.001

Total cholesterol, mean (SD) 198.2 (36.6) 196.2 (36.0) 200.9 (37.3) <0.001

Hemoglobin (g/dL), mean (SD) 14.0 (1.5) 14.8 (1.1) 12.8 (1.1) <0.001

<11, % 2.3 0.4 4.9

11 to <12, % 5.1 0.7 11.3

12 to <13, % 17.2 3.4 36.4

13 to <14, % 23 15.6 33.3

14 to <15, % 24.8 34.3 11.7

15 to <16, % 19 31.2 2.1

≥16, % 8.5 14.4 0.3

BMI indicates body mass index; CCI, Charlson comorbidity index; DBP, diastolic blood pressure; FSG, fasting serum glucose; SBP, systolic blood pressure.
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Association Between Baseline Hemoglobin
Concentrations and Cardiovascular Mortality
Figure 2 depicts the relationship between hemoglobin and
mortality for each cardiovascular condition, according to sex,
after adjusting for age, socioeconomic status, physical
activity, smoking status, alcohol use, body mass index, blood
pressure, fasting serum glucose, total cholesterol, and CCI.
Lower hemoglobin concentrations were associated with
increased MI-related mortality, compared with those with
hemoglobin concentrations between 14.0 and 14.9 g/dL for
men and 12.0 and 12.9 g/dL for women. Both lower (men:
<13.0 g/dL; women: <11.0 g/dL) and higher (men: ≥16.0 g/
dL; women: ≥14.0 g/dL) hemoglobin concentrations were
associated with stroke-related, all-CVD–related, and all-cause
mortality, with lower hemoglobin concentrations resulting in
greater risks than higher hemoglobin concentrations. Addi-
tional analysis of the association of quintiles of hemoglobin
concentrations with CVD-related and all-cause mortality
among men and women is shown in Table S1, which was in
line with categories based on clinical criteria.

These J- or U-shaped associations between hemoglobin
and mortality were also shown in subgroups divided by age,
smoking status, and CCI (Table S2). The results of the
sensitivity analysis, conducted by excluding patients with
cancer (Table S3) or chronic kidney disease (Table S4), agreed
with the main results.

Association Between Change in Hemoglobin
Concentrations and Cardiovascular and All-Cause
Mortality
Figure 3 depicts unadjusted cumulative hazard curves for 8-
year all-causemortality by change in hemoglobin concentration
status and by sex. All-cause mortality with improving anemia
was less than with persistent anemia. Conversely, all-cause
mortality with change in anemia was greater than with
persistent normal hemoglobin. Tables 2 and 3 display the
association between change in hemoglobin concentrations
over a 2-year period and each type of CVDmortality by sex after
adjusting for CVD risk factors. Compared with men with
persistent anemia (hemoglobin <13.0 g/dL), men with
improved anemia status (hemoglobin ≥13.0 g/dL) had a
decreased risk of all-cause mortality (HR: 0.67 [95% confidence
interval, 0.59–0.77]). Compared with men with persistent
normal hemoglobin concentrations (hemoglobin: 13.0–
15.9 g/dL), men with both decreasing and increasing hemo-
globin concentrations had elevated risks of CVD mortality. In
particular, reduced hemoglobin concentrations in men were
associated with elevated CVD-related and all-cause mortality,
and increased hemoglobin concentrations were associated
with elevated all-cause mortality. Compared with men with

persistent hemoglobin concentrations above normal (he-
moglobin ≥16.0 g/dL), men with decreased hemoglobin con-
centrations of ≥16.0 g/dL did not have increased risk of CVD
mortality. Compared with women with persistent anemia
(hemoglobin <12.0 g/dL), women with improved anemia
(hemoglobin ≥12.0 g/dL) had decreased all-cause mortality
(HR: 0.80 [95% confidence interval, 0.68–0.93]). Conversely,
compared with women with persistent normal hemoglobin,
women with a change to anemic status had increased all-cause
mortality (HR: 1.13 [95% confidence interval, 1.01–1.26]).

Discussion
In this representative, large, population-based, retrospective,
cohort study, hemoglobin concentrations showed a U- or J-
shaped association with CVD-related and all-cause mortality
after adjusting for CVD risk factors. Similar results were
obtained after excluding patients with chronic kidney disease
or cancer.

Baseline Hemoglobin Concentrations and CVD-
Related and All-Cause Mortality
We found that stroke-related, all-CVD–related, and all-cause
mortality risks increased in both lower and higher hemoglobin
concentrations, with lower hemoglobin concentrations show-
ing a stronger increase in risk. In another cohort study of
21 829 participants with stable coronary artery disease, low
hemoglobin concentrations were an independent predictor of
mortality after 4 years.17 The participants consisted of
patients with not only coronary artery disease but also MI,
stroke, and heart failure. The authors did not find any
significance at the highest quintile (hemoglobin >15.2 g/dL)
in the total population, which contains the normal range of
hemoglobin concentrations for men. Another study showed
that anemia is an independent risk factor for CVD among
14 410 individuals from the general population after a follow-
up of 6.1 years.18 A retrospective cohort study with
11.2 years of follow-up of 5888 community-dwelling men
and women showed that lower hemoglobin concentrations
were associated with increased all-cause mortality risk but
not with CVD-related mortality risk, which may be related to
the relatively small number of CVD events.19

Change in Hemoglobin Concentrations and CVD-
Related and All-Cause Mortality
We found that achieving hemoglobin concentrations within
the normal range could decrease the risk of all-cause
mortality, whereas deviating from the normal range could
elevate the risk of all-cause mortality. Few studies have
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Figure 2. Association between hemoglobin concentration and cardiovascular and all-cause
mortality by sex. HR was calculated by Cox proportional hazards regression analysis adjusted for
age, socioeconomic status, physical activity, smoking status, alcohol use, body mass index, blood
pressure, fasting serum glucose, total cholesterol, and Charlson comorbidity index (95%
confidence interval). International Classification of Diseases, 10th Revision codes were used to
identify and classify the outcomes: MI (I21–I24), total stroke (I60–I69), and all CVD (I10–I99). CVD
indicates cardiovascular disease; HR indicates hazard ratio; MI, myocardial infarction.
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evaluated the effects of change in hemoglobin over time in the
general population. A study consisting of patients with
coronary artery disease showed that persistent or new-onset
anemia is a predictor of cardiovascular mortality.17 A
retrospective analysis of patients surviving to at least
6 months after MI events showed that the latest hemoglobin
measurement had the highest prognostic power and that
hemoglobin reduction was associated with an increased risk
of all-cause mortality.20 In our study, we also found that an
increase in hemoglobin concentrations beyond the normal

range was associated with increased all-cause mortality,
whereas achieving a normal hemoglobin level decreased the
risk of all-cause mortality.

Possible Mechanisms
Several potential mechanisms could explain how low hemoglo-
bin concentrations increase the risk of CVD-related and all-
cause mortality. First, anemic status may result in ventricular
remodeling and cardiac dysfunction. Chronic anemia with

0
.0

5
.1

.1
5

.2
.2

5

0 2 4 6 8

A
Cumulative 
hazard in 
men with
Hb < 13 g/dL
at the 1st

examination

Change in Hb (g/dL)
<13 → <13 (reference)
<13 → ≥13

p<0.001

year

0
.0

5
.1

.1
5

0 2 4 6 8

B
Cumulative 
hazard in 
men with Hb
13-15.9 g/dL
at the 1st

examination

13-15.9 → <13
Change in Hb (g/dL)

13-15.9 → 13-15.9 (reference)
13-15.9 → ≥16

p<0.001

p=0.003

0
.0

1
.0

2
.0

3
.0

4

0 2 4 6 8year year

C
Cumulative 
hazard in 
men with
Hb ≥ 16 g/dL
at the 1st

examination

≥16 → <16
Change in Hb (g/dL)

≥16 → ≥16 (reference)

p=0.009

0
.0

1
.0

2
.0

3
.0

4

0 2 4 6 8

Change in Hb (g/dL)
<12 → <12 (reference)
<12 → ≥12

p=0.039

D
Cumulative 
hazard in 
women with
Hb < 12 g/dL
at the 1st

examination

E
Cumulative 
hazard in 
women with
Hb ≥ 12 g/dL
at the 1st

examination

year

0
.0

1
.0

2
.0

3
.0

4

0 2 4 6 8
year

Change in Hb (g/dL)
≥ 12 → <12
≥ 12 → ≥12 (reference)

p<0.001

Figure 3. Unadjusted cumulative hazard curves for 8-year all-cause mortality by change in hemoglobin concentration status and by sex.
Cumulative hazard based on first health examination: (A) men with Hb <13 g/dL, (B) men with Hb 13 to 15.9 g/dL, (C) men with Hb ≥16 g/dL,
(D) women with Hb <12 g/dL, (E) women with Hb ≥12 g/dL. Hb indicates hemoglobin.

Table 2. Association of Change in Hemoglobin Status With Cardiovascular Outcome and Mortality in Men

Men Subtotal

MI Mortality Stroke Mortality CVD Mortality All-Cause Mortality

Events aHR (95% CI) Events aHR (95% CI) Events aHR (95% CI) Events aHR (95% CI)

Hemoglobin <13 g/dL at the first examination

At the second examination

<13 g/dL 2064 16 1.00 (reference) 23 1.00 (reference) 58 1.00 (reference) 471 1.00 (reference)

≥13 g/dL 4538 18 0.71 (0.35–1.42) 34 1.00 (0.58–1.74) 68 0.75 (0.52–1.07) 468 0.67 (0.59–0.77)

Hemoglobin 13 to 15.9 g/dL at the first examination

At the second examination

<13 g/dL 5304 29 1.19 (0.80–1.76) 45 1.30 (0.94–1.78) 97 1.29 (1.04–1.60) 769 1.39 (1.28–1.49)

13–15.9 g/dL 117 099 287 1.00 (reference) 347 1.00 (reference) 833 1.00 (reference) 5882 1.00 (reference)

≥16 g/dL 13 938 33 1.11 (0.77–1.60) 49 1.29 (1.04–1.60) 101 1.21 (0.99–1.50) 618 1.10 (1.01–1.20)

Hemoglobin ≥16 g/dL at the first examination

At the second examination

≥16 g/dL 10 401 17 1.00 (reference) 27 1.00 (reference) 59 1.00 (reference) 377 1.00 (reference)

<16 g/dL 16 734 27 0.96 (0.52–1.77) 39 0.72 (0.44–1.19) 89 0.84 (0.60–1.17) 714 0.99 (0.85–1.10)

International Classification of Diseases, 10th Revision codes were used to identify and classify the outcomes: MI (I21–I24), total stroke (I60–I69), and all CVD (I10–I99). Hazard ratio was
calculated by Cox proportional hazards regression analysis adjusted for age, socioeconomic status, physical activity, smoking status, alcohol use, body mass index, blood pressure, fasting
serum glucose, and total cholesterol. aHR indicates adjusted hazard ratio; CI, confidence interval; CVD, cardiovascular disease; MI, myocardial infarction.
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hemoglobin <10 g/dL is known to result in increased cardiac
output that may lead to left ventricular hypertrophy,2 which is
well-noted among chronic kidney disease patients who are
anemic.21 In our study, after excluding patients with chronic
kidney disease, we found that anemia was associated with
increased risk of CVD and mortality. Second, anemia may be a
marker for an underlying inflammatory process, which would
lead to increased risk of CVD events.22

The viscosity of blood is primarily determined by red blood
cells. Greater hematocrit concentrations would thus signifi-
cantly thicken the blood, slowing its flow rate throughout the
body, raising the peripheral resistance, and reducing blood
flow and perfusion to various tissues including the brain.4,23 In
addition, elevated hematocrit concentrations increase periph-
eral platelet activation and oxidative stress by releasing ADP
in response to the accumulation of iron.24,25 Increased
hemoglobin concentrations in cigarette smokers, for example,
has been suggested to perpetuate the oxidative insult within
the cell further.5 When a subgroup analysis was performed by
smoking status, we found that smokers with high hemoglobin
(>16.0 g/dL) had a significantly increased risk of MI and all-
cause mortality compared with smokers with normal
hemoglobin concentrations (13.0–15.9 g/dL). However, non-
smokers with high hemoglobin were also at significantly
increased risk of CVD and mortality compared with nonsmok-
ers with normal hemoglobin concentrations. Although we
could not differentiate between the effect of cigarette
smoking and high hemoglobin concentrations, the latter
might be a risk factor for CVD and mortality regardless of
smoking status.

Study Limitations
This study has some limitations. First, abnormal hemoglobin
concentrations in older adults may be caused by subclinical

CVD rather than anemia with predisposition to CVD; however,
we selected participants without any CVD at baseline to
minimize this possibility. Second, chronic obstructive pul-
monary disease could be a covariate that may be regarded as
a possible comorbidity of anemia, simultaneously associated
with smoking, which could have induced high hemoglobin
concentration26,27; however, we could not access separate
comorbidity. Because of the retrospective study design, we
did not fully capture these covariates; alternatively, we used
the CCI, which is the most commonly used comorbidity
index.16 Third, specific causes of anemia in these participants
could be diverse and may have included iron-deficiency
anemia, anemia due to chronic disease, hemoglobinopathy, or
prior gastrointestinal bleeding; however, we were unable to
distinguish them. Last, although anemia could be related to
inflammatory processes, according to a previous study,22 we
could not assess inflammatory markers in this study. Further
studies on whether hemoglobin concentration or its change is
an independent risk factor for CVD, in which various
covariates are considered, are required. Despite these
limitations, the NHIS database is a nationwide representative
database.13,24 Furthermore, the 2 279 113 person-years of
follow-up make this study the largest to date on hemoglobin
concentrations, the change in hemoglobin concentrations,
and CVD.

Conclusions
We showed a J- or U-shaped association between hemoglobin
concentrations and cardiovascular mortality in both men and
women after adjusting for CVD risk factors. Furthermore, we
showed that achieving and maintaining hemoglobin concen-
trations within the normal range was related to decreased
mortality in the general population.

Table 3. Association of Change in Hemoglobin Status With Cardiovascular Outcome and Mortality in Women

Women Subtotal

MI Mortality Stroke Mortality CVD Mortality All-Cause Mortality

Events aHR (95% CI) Events aHR (95% CI) Events aHR (95% CI) Events aHR (95% CI)

Hemoglobin <12 g/dL at the first examination

At the second examination

<12 g/dL 8476 12 1.00 (reference) 28 1.00 (reference) 56 1.00 (reference) 302 1.00 (reference)

≥12 g/dL 10 627 10 0.63 (0.27–1.48) 31 0.87 (0.52–1.47) 61 0.83 (0.58–1.21) 321 0.80 (0.68–0.93)

Hemoglobin ≥12 g/dL at the first examination

At the second examination

≥12 g/dL 91 717 91 1.00 (reference) 279 1.00 (reference) 487 1.00 (reference) 2384 1.00 (reference)

<12 g/dL 11 296 19 1.56 (0.94–2.57) 34 0.86 (0.60–1.24) 76 0.80 (0.68–0.93) 371 1.13 (1.01–1.26)

International Classification of Diseases, 10th Revision codes were used to identify and classify the outcomes: MI (I21–I24), total stroke (I60–I69), and all CVD (I10–I99). Hazard ratio was
calculated by Cox proportional hazards regression analysis adjusted for age, socioeconomic status, physical activity, smoking status, alcohol use, body mass index, blood pressure, fasting
serum glucose, and total cholesterol. aHR indicates adjusted hazard ratio; CI, confidence interval; CVD, cardiovascular disease; MI, myocardial infarction.
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Table S1. Association of baseline hemoglobin status with cardiovascular and all-cause mortality according to sex. 

Hemoglobin 
Quintile 
(g/dL) 

Men Women 

Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5 

5.0-13.9 14.0-14.5 14.6-15.0 15.1-15.7 15.8-19.9 5.0-12.0 12.1-12.6 12.7-13.1 13.2-13.7 13.8-19.4 

Total N 34,152 34,127 33,918 36,518 31,363 25,453 24,992 24,908 24,542 22,221 

MI death 146 78 68 77 58 39 28 21 22 22 

aHR 1.35 1.01 1.00 1.14 1.04 1.65 1.26 1.00 1.07 1.08 

95% CI 1.01-1.81 0.73-1.39 reference 0.82-1.58 0.73-1.47 0.97-2.82 0.72-2.23 reference 0.59-1.94 0.59-1.96 

Stroke death 194 108 85 81 96 81 65 79 67 80 

aHR 1.20 1.04 1.00 0.99 1.48 0.91 0.79 1.00 0.88 1.11 

95% CI 0.92-1.56 0.78-1.39 reference 0.73-1.35 1.10-1.98 0.66-1.24 0.57-1.09 reference 0.64-1.23 0.81-1.52 

CVD death 444 246 208 208 199 174 119 134 115 138 

aHR 1.24 1.01 1.00 1.02 1.20 1.13 0.84 1.00 0.89 1.12 

95% CI 1.05-1.47 0.84-1.21 reference 0.84-1.23 0.99-1.46 0.90-1.42 0.66-1.08 reference 0.69-1.14 0.88-1.42 

All death 3,340 1,790 1,499 1,419 1,251 857 655 635 644 587 

aHR 1.26 1.02 1.00 0.98 1.09 1.22 0.98 1.00 1.04 1.01 

95% CI 1.18-1.34 0.95-1.09 reference 0.92-1.06 1.02-1.18 1.10-1.35 0.88-1.09 reference 0.93-1.16 0.91-1.14 

Abbreviations: Q, quintile; N, number; MI, Myocardial infarction; aHR, adjusted hazard ratio; CI, confidence interval, CVD, cardiovascular disease. 

Hazard ratio was calculated by Cox proportional hazards regression analysis adjusted for age, socioeconomic status, physical activity, smoking status, alcohol habit, body 

mass index, blood pressure, fasting serum glucose, total cholesterol. 

 

 

  



Table S2. Subgroup analysis of association between hemoglobin concentration and cardiovascular mortality stratified by age, smoking status, or CCI. 

  Men  Women 

Hb concentration (g/dL)  <13 13-15.9 ≥16  11-11.9 12-13.9 ≥14 

MI-related mortality 

Age: 40-64 years (N)   25630  98730  22596    16193  70238  14116  

Events (n)  50  145  28    3  19  5  

Adjusted HR  1.17  1.00  0.84    0.93  1.00  1.14  

95% CI  0.84-1.63 reference 0.56-1.26   0.27-3.17 reference 0.42-3.07 

Age: ≥65 years (N)  8522  12642  1958    3579  14912  3078  

Events (n)  96  86  22    28  64  13  

Adjusted HR  1.48  1.00  1.60    1.67  1.00  0.94  

95% CI  1.09-2.00 reference 1.00-2.57   1.07-2.63 reference 0.52-1.72 

Age: 40-49 years (N)   9951 48248 12016   8584 27955 5148 

Events (n)  6 39 12   0 3 0 

Adjusted HR  0.82  1.00  1.10    N/A 1.00  N/A 

95% CI  0.35-1.95 reference 0.57-2.11     reference   

Age: ≥50 years (N)  24201 63124 12538   11188 57195 12046 

Events (n)  140 192 38   31 80 18 

Adjusted HR  1.36  1.00  1.06    1.58  1.00  1.04  

95% CI  1.08-1.70 reference 0.75-1.51   1.04-2.40 reference 0.62-1.75 

Smoking: never (N)  16390  48276  9612    18625  80269  16102  

Events (n)  67  77  20    28  76  16  

Adjusted HR  1.54  1.00  1.56    1.50  1.00  0.99  

95% CI  1.10-2.17 reference 0.95-2.55   0.96-2.32 reference 0.58-1.71 

Smoking: ever (N)  16088  58201  13926    431  1973  529  

Events (n)  70  145  28    3  5  1  

Adjusted HR  1.16  1.00  0.87    N/A 1.00  N/A 

95% CI  0.86-1.56 reference 0.58-1.30    reference  

CCI=0 (N)  11951  45557  10219    5844  23068  4461  

Events (n)  29  87  18    4  13  5  

Adjusted HR  0.94  1.00  0.98    N/A 1.00  2.17  

95% CI  0.61-1.45 reference 0.58-1.63    reference 0.75-6.33 

CCI≥1 (N)  22201  65815  14335    13928  62082  12733  

Events (n)  117  144  32    27  70  13  

Adjusted HR  1.50  1.00  1.14    1.60  1.00  0.82  

95% CI  1.16-1.93 reference 0.77-1.67   1.02-2.50 reference 0.45-1.49 

Stroke-related mortality 



Age: 40-64 years (N)   25630  98730  22596    16193  70238  14116  

Events (n)  47  127  38    14  63  23  

Adjusted HR  1.17  1.00  1.35    1.20  1.00  1.64  

95% CI  0.83-1.65 reference 0.94-1.95   0.67-2.16 reference 1.01-2.66 

Age: ≥65 years (N)  8522  12642  1958    3579  14912  3078  

Events (n)  147  164  41    48  184  40  

Adjusted HR  1.17  1.00  1.61    0.91  1.00  1.08  

95% CI  0.93-1.48 reference 1.14-2.27   0.66-1.26 reference 0.76-1.52 

Age: 40-49 years (N)   9951 48248 12016   8584 27955 5148 

Events (n)  8 25 5   7 13 2 

Adjusted HR  1.60  1.00  0.74    1.83  1.00  N/A 

95% CI  0.72-3.59 reference 0.28-1.94   0.73-4.61 reference   

Age: ≥50 years (N)  24201 63124 12538   11188 57195 12046 

Events (n)  186 266 74   55 234 61 

Adjusted HR  1.16  1.00  1.59    0.92  1.00  1.26  

95% CI  0.95-1.41 reference 1.23-2.06   0.68-1.24 reference 0.95-1.68 

Smoking: never (N)  16390  48276  9612    18625  80269  16102  

Events (n)  93  119  37    53  227  56  

Adjusted HR  1.15  1.00  2.07    0.93  1.00  1.22  

95% CI  0.87-1.53 reference 1.43-3.00   0.69-1.26 reference 0.91-1.64 

Smoking: ever (N)  16088  58201  13926    431  1973  529  

Events (n)  92  158  40    4  8  6  

Adjusted HR  1.22  1.00  1.18    N/A 1.00  2.98  

95% CI  0.93-1.59 reference 0.83-1.67    reference 0.98-9.05 

CCI=0  11951  45557  10219    5844  23068  4461  

Events (n)  44  97  23    7  35  14  

Adjusted HR  0.97  1.00  1.31    0.92  1.00  1.94  

95% CI  0.67-1.41 reference 0.82-2.07   0.41-2.08 reference 1.04-3.64 

CCI≥1  22201  65815  14335    13928  62082  12733  

Events (n)  150  194  56    55  212  49  

Adjusted HR  1.26  1.00  1.58    1.00  1.00  1.12  

95% CI  1.01-1.57 reference 1.17-2.13   0.74-1.35 reference 0.82-1.53 

CVD-related mortality 

Age: 40-64 years (N)   25630  98730  22596    16193  70238  14116  

Events (n)  130  380  89    21  103  32  

Adjusted HR  1.15  1.00  1.02    1.17  1.00  1.35  

95% CI  0.94-1.41 reference 0.81-.129   0.73-1.87 reference 0.91-2.02 



Age: ≥65 years (N)  8522  12642  1958    3579  14912  3078  

Events (n)  314  318  74    111  333  80  

Adjusted HR  1.29  1.00  1.49    1.18  1.00  1.19  

95% CI  1.10-1.51 reference 1.16-1.92   0.95-1.47 reference 0.93-1.52 

Age: 40-49 years (N)   9951 48248 12016   8584 27955 5148 

Events (n)  20 93 26   8 16 2 

Adjusted HR  1.10  1.00  1.02    1.80  1.00  N/A 

95% CI  0.68-1.79 reference 0.66-1.58   0.76-4.22 reference   

Age: ≥50 years (N)  24201 63124 12538   11188 57195 12046 

Events (n)  424 605 137   124 420 110 

Adjusted HR  1.24  1.00  1.25    1.16  1.00  1.26  

95% CI  1.09-1.41 reference 1.04-1.50   0.94-1.42 reference 1.02-1.56 

Smoking: never (N)  16390  48276  9612    18625  80269  16102  

Events (n)  211  267  66    117  398  96  

Adjusted HR  1.30  1.00  1.55    1.16  1.00  1.18  

95% CI  1.08-1.57 reference 1.18-2.03   0.94-1.43 reference 0.94-1.48 

Smoking: ever (N)  16088  58201  13926    431  1973  529  

Events (n)  208  399  93    8  21  12  

Adjusted HR  1.19  1.00  1.06    1.87  1.00  1.87  

95% CI  1.00-1.41 reference 0.84-1.33   0.80-4.37 reference 0.90-3.88 

CCI=0  11951  45557  10219    5844  23068  4461  

Events (n)  95  242  47    15  64  23  

Adjusted HR  0.97  1.00  0.98    1.12  1.00  1.68  

95% CI  0.76-1.24 reference 0.72-1.35   0.64-1.98 reference 1.04-2.73 

CCI≥1  22201  65815  14335    13928  62082  12733  

Events (n)  349  456  116    117  372  89  

Adjusted HR  1.35  1.00  1.34    1.20  1.00  1.15  

95% CI  1.17-1.57 reference 1.09-1.65   0.97-1.49 reference 0.91-1.45 

All-cause mortality 

Age: 40-64 years (N)   25630  98730  22596    16193  70238  14116  

Events (n)  1254  2756  623    203  869  181  

Adjusted HR  1.37  1.00  1.06    1.16  1.00  0.97  

95% CI  1.28-1.46 reference 0.97-1.16   0.99-1.35 reference 0.83-1.14 

Age: ≥65 years (N)  8522  12642  1958    3579  14912  3078  

Events (n)  2086  2191  389    470  1374  281  

Adjusted HR  1.18  1.00  1.20    1.23  1.00  1.02  

95% CI  1.11-1.26 reference 1.07-1.33   1.11-1.37 reference 0.90-1.16 



Age: 40-49 years (N)   9951 48248 12016   8584 27955 5148 

Events (n)  218 696 188   66 202 29 

Adjusted HR  1.35  1.00  1.10    1.10  1.00  0.73  

95% CI  1.16-1.58 reference 0.94-1.30   0.84-1.46 reference 0.49-1.08 

Age: ≥50 years (N)  24201 63124 12538   11188 57195 12046 

Events (n)  3,122 4,251 824   607 2,041 433 

Adjusted HR  1.25  1.00  1.12    1.23  1.00  1.03  

95% CI  1.19-1.31 reference 1.03-1.20   1.12-1.35 reference 0.93-1.14 

Smoking: never (N)  16390  48276  9612    18625  80269  16102  

Events (n)  1522  2020  370    606  2008  411  

Adjusted HR  1.27  1.00  1.14    1.25  1.00  1.01  

95% CI  1.18-1.36 reference 1.02-1.28   1.14-1.37 reference 0.91-1.13 

Smoking: ever (N)  16088  58201  13926    431  1973  529  

Events (n)  1621  2674  598    37  150  41  

Adjusted HR  1.26  1.00  1.10    1.07  1.00  1.00  

95% CI  1.18-1.34 reference 1.01-1.21   0.74-1.54 reference 0.70-1.42 

CCI=0  11951  45557  10219    5844  23068  4461  

Events (n)  652  1432  298    86  383  82  

Adjusted HR  1.12  1.00  1.09    1.01  1.00  1.09  

95% CI  1.02-1.23 reference 0.96-1.24   0.80-1.28 reference 0.86-1.39 

CCI≥1  22201  65815  14335    13928  62082  12733  

Events (n)  2688  3515  714    587  1860  380  

Adjusted HR  1.30  1.00  1.12    1.28  1.00  0.98  

95% CI  1.24-1.37 reference 1.03-1.21   1.17-1.41 reference 0.88-1.10 

Abbreviation: HR, hazard ratio. 

Hazard ratio calculated by Cox proportional hazards regression analysis adjusted for age, socioeconomic status, physical activity, smoking status, alcohol habit, body mass 

index, blood pressure, fasting serum glucose, total cholesterol. 

 

 

  



Table S3. Sensitivity analysis of excluding patients with cancer. 

 Men  Women 

Hb concentration (g/dL) <13 13-13.9 14-14.9 15-15.9 ≥16  <11 11-11.9 12-12.9 13-13.9 ≥14 

Excepting patients with cancer, N 6815  25035  55841  51170  23744   5683  13125  42456  38877  16418  

MI-related mortality, n 42  88  122  98  47   10  21  41  35  16  

Adjusted HR 1.46  1.23  1.00  1.00  1.06   2.48  1.46  1.00  1.00  0.97  

95% CI 1.02-2.10 0.94-1.63 reference 0.77-1.31 0.75-1.48  1.23-4.97 0.86-2.47 reference 0.63-1.57 0.54-1.74 

Stroke-related mortality, n 62  116  141  124  76   21  37  123  108  62  

Adjusted HR 1.45  1.26  1.00  1.19  1.68   1.63  0.84  1.00  1.04  1.33  

95% CI 1.06-1.97 0.98-1.62 reference 0.94-1.52 1.27-2.23  1.02-2.60 0.58-1.22 reference 0.81-1.36 0.98-1.82 

All-CVD-related mortality, n 141  262  356  299  157   43  79  222  183  106  

Adjusted HR 1.51  1.20  1.00  1.09  1.28   1.86  0.99  1.00  0.98  1.24  

95% CI 1.23-1.84 1.02-1.41 reference 0.93-1.27 1.06-1.55  1.34-2.58 0.77-1.29 reference 0.81-1.20 0.98-1.57 

All-cause mortality, n 985  1756  2484  1891  924   183  397  1047  940  411  

Adjusted HR 1.46  1.13  1.00  1.00  1.13   1.73  1.10  1.00  1.05  1.04  

95% CI 1.35-1.58 1.06-1.20 reference 0.94-1.06 1.05-1.22  1.48-2.03 0.98-1.24 reference 0.96-1.15 0.92-1.16 

Abbreviations: Hb, hemoglobin; CKD, chronic kidney disease; MI, myocardial infarction; CVD, cardiovascular disease. 

  



Table S4. Sensitivity analysis of excluding patients with chronic kidney disease. 

 Men  Women 

Hb concentration (g/dL) <13 13-13.9 14-14.9 15-15.9 ≥16  <11 11-11.9 12-12.9 13-13.9 ≥14 

Excepting patients with CKD, N 7526  26445  58200  53032  24524   5943  13751  44432  40605  17175  

MI-related mortality, n 45 101 127 104 49  10  21  45  38  18  

Adjusted HR 1.40  1.32  1.00  1.04  1.09   2.21  1.34  1.00  0.98  0.97  

95% CI 0.98-1.98 1.02-1.73 reference 0.80-1.35 0.78-1.52  1.11-4.42 0.79-2.25 reference 0.63-1.51 0.56-1.69 

Stroke-related mortality, n 66  125  159  132  79   22 40 130 117 63 

Adjusted HR 1.31  1.18  1.00  1.14  1.59   1.58  0.87  1.00  1.07  1.27  

95% CI 0.97-1.76 0.93-1.50 reference 0.90-1.44 1.21-2.08  1.00-2.49 0.61-1.24 reference 0.83-1.37 0.93-1.72 

All-CVD-related mortality, n 150  288  384  314  162   46  86  237  197  112  

Adjusted HR 1.41  1.20  1.00  1.07  1.25   1.81  1.02  1.00  0.99  1.22  

95% CI 1.16-1.71 1.03-1.40 reference 0.92-1.24 1.04-1.51  1.32-2.49 0.80-1.31 reference 0.81-1.19 0.97-1.53 

All-cause mortality, n 1238  2063  2846  2093  1009   212  447  1190  1046  462  

Adjusted HR 1.50  1.14  1.00  0.98  1.11   1.69  1.10  1.00  1.03  1.02  

95% CI 1.40-1.60 1.07-1.20 reference 0.93-1.04 1.03-1.19  1.45-1.95 0.99-1.23 reference 0.95-1.12 0.91-1.14 

Abbreviations: Hb, hemoglobin; CKD, chronic kidney disease; MI, myocardial infarction; CVD, cardiovascular disease. 

 


