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High Hematocrit Levels Are Associated with Risk of
Cardiovascular Mortality among Middle-Aged Japanese Women:
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In Japan, heart disease and cerebrovascular disease were the second and fourth leading cause of death,
respectively in 2014. Hematocrit, the ratio of the red blood cells to the total volume of blood is known to
play a role in cardiovascular diseases. However, the relationship between elevated hematocrit and the risk
of cardiovascular disease based on sex has not been examined in Asian countries. We analyzed data from
the Ibaraki Prefectural Health Study, a community-based large cohort study, which included 87,533
individuals, aged 40 to 79 years living in 38 municipalities of the Ibaraki Prefecture, who had completed an
annual health checkup in 1993, and were followed until 2013. The hematocrit levels of the subjects were
categorized into 5 quintiles (Q1-Q5), and hazard ratios for cause-specific mortality were calculated using
the Cox proportional hazards regression models. Age and other cardiovascular risk factors were the
covariates in the study. During the follow-up for a mean of 17.9 years, 1,207 deaths (615 men and 592
women) due to acute myocardial infarction (AMI) were reported in this population. The p values for the
trend in the Q3-Q5 groups were 0.661 for men and 0.020 for women. Additionally, these values were
significant in younger (40 to 59 years) women but not in older (60 to 79 years) women. This study is the
first one to demonstrate an association between high hematocrit level and risk of AMI mortality in younger
Japanese women, but not in men and older women.

Keywords: acute myocardial infarction; cardiovascular diseases; cohort studies; hematocrit; Japanese women

Tohoku J. Exp. Med., 2019 September, 249 (1), 65-73.

Introduction

Cardiovascular mortality accounts for 25%-60% of
deaths in industrialized countries, such as the United States,
Germany, Italy, and the Russian Federation (World Health
Organization 2014). In Japan, heart disease and cerebro-
vascular disease were the second and fourth leading cause
of death respectively in 2014 (Ministry of Health, Labour
and Welfare 2016). Therefore, prevention of cardiovascular
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disease (CVD) is important in reducing the overall mortal-
1ty.

Hematocrit, ratio of the volume of red blood cells to
the volume of whole blood, is a major determinant of blood
viscosity, blood pressure, venous return, cardiac output, and
platelet adhesiveness (Guyton and Richardson 1961;
Hellem et al. 1961; Lowe et al. 1985; Vazquez et al. 2010).
Thus, high hematocrit level could burden the cardiovascular
system. The possible mechanism of the independent asso-
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ciation between high hematocrit level and acute myocardial
infarction (AMI) mortality is unclear. However, evidence
shows that hemorheologic factors may play an important
role in the development of cardiovascular events (Nicolaides
et al. 1977; Thomas et al. 1977; Tohgi et al. 1978; Lowe et
al. 1980, Gotoh et al. 2015). Given the correlation between
the hematocrit and thrombotic risk (Eischer et al. 2012),
studies tend to focus on hematocrit level rather than hemo-
globin level.

Previous epidemiological studies have reported that
high hematocrit level can be a risk factor for CVD (Tohgi et
al. 1978; Carter et al. 1983; Kiyohara et al. 1986; Gotoh et
al. 2015). Studies from the United States have shown this
association in women, but not in men (Gagnon et al. 1994;
Brown et al. 2001). The Framingham Heart Study (Gagnon
et al. 1994) found that, for CVD mortality, an increased
multivariable-adjusted odds ratio of the highest versus
intermediate quintiles of hematocrit level was seen in older
(65 to 94 years old) men and younger (35 to 64 years old)
women. Meanwhile, coronary heart disease (CHD) mortal-
ity, showed a significant association with high hematocrit
only in younger women, but not in men. The Second
National Health and Nutrition Examination Survey
(NHANES 1I) indicated no association between hematocrit
in the upper versus lower tertile, and mortality from either
CHD, disease of heart or CVD among men. Women with
hematocrit in the upper tertile, were 1.3 times (95% CI, 0.9-
1.9) more likely to die from CHD than those in the lowest
tertile (Brown et al. 2001).

In the general Japanese population, the association of
high hematocrit level with the risk of CVD mortality, strati-
fied by sex is still not clear. In 2015, Japan had the lowest
rate (3.7%) of obesity in among adults compared to the
United States (38.2%) and other in member countries of the
Organization for Economic Co-operation and Development
(OECD 2017) (19.5%). In this study, we analyzed data
from the Ibaraki Prefectural Health Study (IPHS), the larg-
est Japanese cohort study to examine whether high hemato-
crit level could be a risk factor for cardiovascular mortality,
stratified by sex and age in a population, which has the low-
est obesity rate.

Methods

Study population

The IPHS, a community-based large cohort study, was con-
ducted by the Ibaraki prefectural government to obtain data on the
health status of the residents for the purpose of health education and
policy making (Sairenchi et al. 2011). There were 85 municipalities
in the Ibaraki Prefecture in 1993. The cohort included 97,078 indi-
viduals (33,138 men and 63,940 women) aged 40 to 79 years living
in 38 of the 85 municipalities who had completed an annual health
checkup in 1993, and were followed up until 2013.

Of these, 4,506 individuals with incomplete health checkup data
and 5,039 with a history of stroke or heart disease at baseline were
excluded from the study. Finally, we analyzed data from 87,533 indi-
viduals (29,781 men and 57,752 women) in the present study.

Informed consent was obtained from community representatives to
conduct the epidemiological study. The Ethics Committee of the
Ibaraki Prefecture and the Bioethics Committee of Dokkyo Medical
University approved this study.

Baseline measurements

Blood samples were drawn from subjects in a seating position.
Fasting was not needed, hematocrit was measured automatically
(Beckman Coulter S-PLUS and STKR Analyzer, Beckman Coulter
Inc., Tokyo, Japan) using the impedance method. Other biochemical
parameters used in the analyses were measured as previously reported
(Irie et al. 2006; Sairenchi et al. 2011; Nagai et al. 2016).

Follow-up Surveillance

The incidence of death in the cohort was determined by system-
atically reviewing the death certificates. The details regarding the
methods for surveillance have been reported previously (Irie et al.
2006; Sairenchi et al. 2011; Nagai et al. 2016).

The underlying causes of death in this cohort were obtained
from the Ministry of Health, Labor and Welfare database, where they
had been coded for the National Vital Statistics according to the
International Classification of Diseases (ICD), 9th (1993-1994) and
10th (1995-2013) revisions.

Definitions

We categorized the hematocrit levels into 5 quintiles, with 1
(Q1) being the lowest and 5 (Q5) being the highest. Smoking habits
were divided into 4 categories as follows: never smoker, ex-smoker,
currently smoking < 20 cigarettes/d, and currently smoking > 20 ciga-
rettes/d. Alcohol intake was categorized as never, sometimes (not
almost every day), almost every day (< 44 g/d), and almost every day
(> 44 g/d).

We classified cause-specific mortality according to the ICD
code of the underlying cause of death. AMI deaths were identified as
code 410 in the ICD-9 and as code 121 in the ICD-10. Deaths due to
strokes, cerebral infarction, intracerebral hemorrhage, and subarach-
noid hemorrhage were coded as reported previously (Sairenchi et al.
2011).

Statistical analysis

The p values for differences in the baseline characteristics of
individuals categorized into the 5 hematocrit levels were calculated
using the analysis of variance (ANOVA). These characteristics
included age, body mass index (BMI), systolic blood pressure, dia-
stolic blood pressure, serum total cholesterol level, serum high-den-
sity lipoprotein cholesterol level, and serum creatinine level. The chi-
square test was used to analyze data on the use of antihypertensive,
antidyslipidemic, and antidiabetic medications, proteinuria, atrial
fibrillation, ST-T abnormality, left ventricular hypertrophy, Keith-
Wagener-Barker Classification, smoking status, and alcohol intake.

Hazard ratios and 95% confidence intervals (Cls) for all-cause
and cause-specific mortality were calculated with reference to the
intermediate quintile (Q3) using the Cox proportional hazards regres-
sion models. Q3 was chosen as a reference because previous studies
have described a U-shaped association between hematocrit and mor-
tality (Gagnon et al. 1994; Boffetta et al. 2013). The covariates for
analysis included age (continuous), BMI, systolic blood pressure, use
of antihypertensive medications (yes or no), serum total cholesterol
level, serum high-density lipoprotein cholesterol level, use of anti-
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dyslipidemic medications (yes or no), blood glucose status (normal,
prediabetes, and diabetes mellitus), use of antidiabetic medication
(yes or no), serum creatinine level, proteinuria (yes or no), atrial
fibrillation (yes or no), ST-T abnormality (yes or no), left ventricular
hypertrophy (yes or no), smoking status and alcohol intake, and the
Keith-Wagener-Barker Classification (normal, grade 1, grade 2, grade
3). The Keith-Wagener-Barker is criteria which classify hypertensive
retinopathy. According to the Keith-Wagener-Barker classification
(Keith et al. 1974), grade 1 is defined as mild narrowing or sclerosis
of the retinal arterioles.
sclerosis of the retinal arterioles, moderate narrowing of the retinal

Grade 2 is defined as moderate to marked

arterioles, or arteriosclerotic retinopathy or thrombosis of retinal
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veins. Grade 3 is defined as angiospastic retinopathy, characterized
by edema, cotton-wool patches, and hemorrhages in the retina, in
addition to marked sclerosis of the retinal arterioles.

The p values for trend among Q3-Q5 of hematocrit level were
also calculated via multivariate Cox proportional hazard models.

All statistical tests were 2 sided, and values of p < 0.05 were
considered statistically significant. All statistical analyses were con-
ducted with SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Tables 1 and 2 summarize the baseline characteristics

Table 1. Baseline characteristics according to the quintile of hematocrit levels for men.

Hematocrit (Quintile) Q1 Q2 Q3 Q4 Q5 . f‘f’ef‘e’;ce*
Men
Participants, n 6,047 5,807 5,995 6,059 5,873
Hematocrit (min-max) 17.3-41.5 41.6-43.5 43.6-45.2 45.3-47.2 47.3-64.3
Hematocrit (median) 39.9 42.6 444 46.2 48.7
Age,y 64.9 (8.5) 61.3(9.5) 59.7 (9.8) 58.0 (10.0) 56.4 (10.0) <0.001
Body mass index, kg/m’ 21.9 (2.8) 22.9(2.8) 23.4(2.8) 23.9 (2.8) 24.5(2.9) <0.001
Systolic blood pressure, mm Hg 1358 (17.8) 136.0(17.3) 135.7(17.2) 1362(17.4) 137.7(17.5) <0.001
Diastolic blood pressure, mm Hg 78.5 (10.6) 80.0 (10.3) 80.8 (10.4) 81.8(10.7) 83.9(10.8) <0.001
Use of antihypertensive medications, % 21.3 18.8 19.0 18.7 19.4 0.0017
Serum total cholesterol level, mmol/L 4.7 (0.8) 4.9(0.8) 5.0 (0.8) 5.1(0.9) 5.2(0.9) <0.001
m high-density lipoprotein
?ﬁﬁestergl lgjei nylmgl‘;li ote 1.4 (0.4) 1.4 (0.4) 1.4(0.4) 1.3 (0.4) 1.3 (0.4) <0.001
Use of antidyslipidemic 1.0 11 1.3 1.2 1.4 0302
medications, %
Diabetes mellitus, % 53 4.5 5.0 4.9 7.7 <0.001
Use of antidiabetic medications , % 39 33 34 3.5 4.0 0.145
Serum creatinine level, mmol/L 90.5 (16.4) 88.6 (13.3) 89.0 (13.0) 89.2 (12.3) 90.4 (12.6) <0.001
Proteinuria, % 32 2.5 2.5 2.7 5.0 <0.001
Atrial fibrillation, % 0.5 0.6 0.5 0.6 1.0 0.0018
ST-T abnormality, % 1.8 14 1.7 1.7 1.9 0.434
Left ventricular hypertrophy, % 5.1 3.8 4.0 33 32 <0.001
Retinal photography
(Keith-Wagener-Barker
Classification), %
Normal 69.8 74.5 75.8 77.8 77.3 <0.001
Grade 1 23.9 21.1 20.5 17.8 18.3
Grade 2 6.1 43 3.6 4.2 44
Grade 3 0.2 0.1 0.1 0.1 0.0
Smoking status, %
Never smoker 239 23.5 23.6 21.3 18.3 <0.001
Ex-smoker 28.8 27.9 27.4 25.8 22.6
C“gg:i{t:?gkmg <20 19.2 16.1 14.6 13.5 13.2
C“gg:rtgtzg/‘gkmg =20 28.1 325 345 39.4 459
Alcohol intake, %
Never 43.0 34.4 33.0 31.1 27.8 <0.001
Sometimes 12.9 13.9 13.9 14.2 14.1
Almost every day <44 g/d 39.5 451 46.0 47.0 47.7
Almost every day > 44 g/d 4.6 6.5 7.2 7.8 10.4

For men: Q1, 17.3-41.5; Q2, 41.6-43.5; Q3, 43.6-45.2; Q4, 45.3-47.2; Q5,47.3-64.3.

*Age, body mass index, systolic blood pressure, diastolic blood pressure, serum total cholesterol level, serum high-
density lipoprotein cholesterol level, and serum creatinine level were calculated via ANOVA, while use of antihyper-
tensive, antidyslipidemic, and antidiabetic medications, diabetes mellitus, proteinuria, atrial fibrillation, ST-T abnor-
mality, left ventricular hypertrophy, Keith-Wagener-Barker Classification, smoking status, and alcohol intake were
calculated via x? test. Values are presented as mean (SD) when appropriate.
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Table 2. Baseline characteristics according to the quintile of hematocrit levels for women.

. o for
Hematocrit (Quintile) Ql Q Q3 Q4 Qs Differonce”
Women

Participants, n 11,415 11,925 11,073 11,859 11,480
Hematocrit (min-max) 13.7-36.7 36.8-38.6 38.740.0 40.141.7 41.8-53.8
Hematocrit (median) 352 37.8 394 40.8 43.0
Age,y 57.0(11.3) 58.0(10.2) 57.5(10.0) 573(09.7) 57.8(9.5) <0.001
Body mass index, kg/m’ 227 (3.0) 232(3.0) 236(3.1) 239(32) 24.6(3.3) <0.001
Systolic blood pressure, mm Hg 1286(17.7)  1302(17.5)  1313(17.6)  1326(17.7)  1358(17.9) <0.001
Diastolic blood pressure, mm Hg 749 (10.2) 76.5(10.3) 776 (10.3) 78.7(10.2) 81.1(10.6) <0.001
Use of antihypertensive medications, % 14.1 174 183 20.0 26.0 <0.001
Serum total cholesterol level, mmol/L 5.1(0.8) 53(0.9) 54(0.9) 5.5(0.9) 5.6(0.9) <0.001
Serum high-density lipoprotein
Cholesterflhlevel, tni’mgl/i 1.5(04) 1.5(04) 1.5(04) 1.5(04) 1.5(04) 0.002
Use of antidyslipidemic medications, % 2.0 3.0 33 33 42 <0.001
Diabetes mellitus, % 1.3 1.5 2.0 29 53 <0.001
Use of antidiabetic medications, % 12 1.5 1.9 22 3.6 <0.001
Serum creatinine level, mmol/L 69.8 (14.0) 69.7(11.3) 69.6 (11.1) 69.8 (10.8) 703 (11.1) <0.001
Proteinuria, % 1.8 14 1.5 1.5 24 <0.001
Atrial fibrillation, % 0.1 0.1 0.1 0.1 02 0.0138
ST-T abnormality, % 1.8 1.8 21 23 3.0 <0.001
Left ventricular hypertrophy, % 22 1.8 14 13 13 <0.001
Retinal photography
(Keith-Wagener-Barker
Classification), %

Normal 80.9 79.2 79.1 78.7 76.8 <0.001

Grade 1 155 17.1 17.1 174 18.7

Grade 2 35 3.7 3.6 39 44

Grade 3 0.1 0.1 0.1 0.1 0.1
Smoking status, %

Never smoker 96.0 95.7 95.1 94.1 912 <0.001

Ex-smoker 0.6 0.6 0.7 0.8 0.9

Currently smoking < 20 cigarettes/d 2.6 2.6 29 33 45

Currently smoking > 20 cigarettes/d 0.8 1.1 13 1.8 35
Alcohol intake, %

Never 91.9 91.0 90.1 89.6 88.9 <0.001

Sometimes 5.6 5.7 6.3 6.5 6.7

Almost every day <44 g/d 24 33 35 3.7 42

Almost every day >44 g/d 0.1 0.1 0.1 0.1 02

For women: Q1, 13.7-36.7; Q2, 36.8-38.6; Q3, 38.7-40.0; Q4, 40.1-41.7; Q5, 41.8-53.8.
*Age, body mass index, systolic blood pressure, diastolic blood pressure, serum total cholesterol level, serum
high-density lipoprotein cholesterol level, and serum creatinine level were calculated via ANOVA, while use of
antihypertensive medication, antidyslipidemic, and antidiabetic medications, diabetes mellitus, proteinuria, atrial
fibrillation, ST-T abnormality, left ventricular hypertrophy, Keith-Wagener-Barker Classification, smoking status,
and alcohol intake were calculated via x? test. Values are presented as mean (SD) when appropriate.

for men and women on the basis of their hematocrit levels.
Statistically significant differences according to these 5 cat-
egories were found for all covariables at baseline, except
for the use of antidyslipidemic medications, antidiabetic
medications use, and ST-T abnormality in men.

During follow-up through 2013, for a mean of 17.9
years (17.0 years in men and 18.3 years in women), 1,207
AMI deaths (615 men and 592 women), 2,716 total stroke
deaths (1,219 men and 1,497 women), 1,612 cerebral
infarction deaths (800 men and 812 women), 668 intracere-
bral hemorrhage deaths (297 men and 371 women), and
380 subarachnoid hemorrhage deaths (98 men and 282
women) were observed.

Table 3 shows the hazard ratios of AMI mortality
based on the hematocrit levels. The multivariable hazard
ratio for the highest quintile was marginally significantly
higher in women, but not in men. The p value for the trend
among intermediate to highest hematocrit levels (Q3-Q5)
was significant in women (p = 0.020), but not in men (p =
0.661). Meanwhile, by age group, the p value for the trend
among intermediate to highest hematocrit levels (Q3-Q5)
was significant in younger (40 to 59) women (p = 0.028),
but not in older (60 to 79) women (p = 0.103) (Table 4).

Table 5 shows the multivariable hazard ratios for
stroke and stroke type mortality based on the quintiles of
hematocrit levels among all study subjects. No significant



High Hematocrit and Cardiovascular Mortality 69
Table 3. Hazard ratios of acute myocardial infarction mortality according to the quintile of hematocrit levels.
Person years No. of deaths Age-adjusted HR p Multivariable-adjusted HRT p
Men All 507,056.7 615
Ql 93,365.4 160 1.17 (0.91-1.49) 0.215 1.21 (0.94-1.56) 0.133
Q2 98,531.9 118 1.02 (0.79-1.32) 0.886 1.05 (0.81-1.36) 0.718
Q3 104,292.0 109 1 (reference) 1 (reference)
Q4 107,080.3 115 1.17 (0.90-1.52) 0.254 1.11 (0.86-1.45) 0.430
Q5 103,787.1 113 1.35 (1.04-1.76) 0.025 1.16 (0.89-1.52) 0.269
p for trend” 0.033 0.661
‘Women All 1,058,018.3 592
Q1 206,196.1 121 1.14 (0.87-1.49) 0.333 1.20 (0.92-1.57) 0.184
Q2 218,685.1 120 1.06 (0.81-1.39) 0.663 1.09 (0.84-1.42) 0.528
Q3 204,421.3 99 1 (reference) 1 (reference)
Q4 218,990.3 113 1.13 (0.86-1.47) 0.391 1.09 (0.83-1.43) 0.517
Q5 209,725.5 139 1.43 (1.10-1.84) 0.007 1.26 (0.97-1.64) 0.084
p for trend” <0.001 0.020

For men: QI, 17.3-41.5; Q2, 41.6-43.5; Q3, 43.6-45.2; Q4, 45.3-47.2; Q5, 47.3-64.3.
For women: Q1, 13.7-36.7; Q2, 36.8-38.6; Q3, 38.7-40.0; Q4, 40.1-41.7; QS5, 41.8-53.8.

HR, hazard ratio.

fAdjusted for age, body mass index systolic blood pressure, use of antihypertensive medication (yes or no), serum total cholesterol level,
serum high-density lipoprotein cholesterol level, use of antidyslipidemic medication (yes or no), glycometabolic status (normal, predia-
betes, and diabetes mellitus), use of antidiabetic medication (yes or no), serum creatinine level, proteinuria (yes or no), atrial fibrillation
(yes or no), ST-T abnormality (yes or no), left ventricular hypertrophy (yes or no), Keith-Wagener-Barker Classification (normal, grade
1, grade 2, and grade 3), smoking status (never smoker, ex-smoker, currently smoking < 20 cigarettes/d, currently smoking > 20 ciga-
rettes/d), and alcohol intake (never, sometimes, < 44 g/d almost every day, and > 44 g/d almost every day).

*p for trend: Calculated for subjects of Q3-QS5.

associations were found between hematocrit levels and
risks of mortality from stroke or stroke types.

Discussion

To the best of our knowledge, this is the first study to
show the association between high hematocrit levels and
the risk of AMI mortality in a general population of
Japanese women, but not men.

Several studies have analyzed the associations between
high hematocrit level and CVD, CHD, and stroke. While
six studies (Sorlie et al. 1981; Carter et al. 1983; Gagnon et
al. 1994; Kunnas et al. 2009; Boffetta et al. 2013; Gotoh et
al. 2015) found significant associations between high hema-
tocrit levels and the incidence as well as mortality related to
CVD, CHD, or MI, one study (Brown et al. 2001) found no
such associations. Of these, the Framingham Heart Study
(Gagnon et al. 1994) investigated the association between
high hematocrit level and CVD mortality with a 34-year
follow-up, and reported differences in the effect of high
hematocrit based on sex and age. It also found that for
CVD mortality, an increased multivariable-adjusted odds
ratio of the highest versus intermediate quintile of hemato-
crit level was seen in older (65 to 94 years old, p = 0.05)
men and younger (35 to 64 years old, p = 0.02) women.
Meanwhile, no significant association was seen with the
incidence of MI. The Golestan Cohort Study in Iran
(Boffetta et al. 2013) investigated the association between

high hematocrit and CVD mortality for a mean follow-up
period of 5 years. Values were categorized into units of
5%, except for the lowest and highest categories. The study
found that, for the CVD mortality in women, the adjusted
hazard ratio for the highest hematocrit group compared to
the third-lowest hematocrit group was 2.87 (95% CI, 1.49-
5.52). In men, the adjusted hazard ratio in the highest
hematocrit group compared to the intermediate hematocrit
group was 1.70 (95% CI, 0.75-3.85). The study of the
Japanese-American men in Hawaii (Honolulu Heart
Program) (Carter et al. 1983), the Framingham Heart Study
(Gagnon et al. 1994), and the Tampere adult population car-
diovascular risk study (TAMRISK) (Kunnas et al. 2009) in
Finland found significant associations between high hema-
tocrit levels and CHD mortality, while the NHANES II
Mortality Study (Brown et al. 2001) did not find any signif-
icant association.

The Hisayama Study (Gotoh et al. 2015) found that
using the third quartile of hematocrit as a reference, the
highest quartiles significantly increased the multivariable
risk ratio for the incidence of CVD and CHD, in men and
women combined. Our analysis based on sex revealed high
hematocrit level might be an independent risk factor of
AMI mortality among women.

A Puerto Rican cohort study (Sorlie et al. 1981) found
that the incidence of death related to MI and CHD was
more than double in the high hematocrit group. However,



70 N. Takaoka et al.

Table 4. Hazard ratios of acute myocardial mortality according to the quintile of hematocrit levels by age group.

Age group Person Deaths AAHR 95% CI p MAHR f 95% CI p
Years n
Men

Total 507,056.7 615

40-59 All 230,872.7 91
Ql 45,370.4 17 1.13 (0.55-2.29) 0.745 128 (0.62-2.63) 0.509
Q2 452514 16 1.16 (0.57-2.38) 0.687 127 (0.62-2.61) 0.513
Q3 48,896.8 14 1 (reference) 1 (reference)
Q4 45463.7 16 131 (0.64-2.69) 0461 126 (0.61-2.58) 0.535
Q5  45890.4 28 229 (1.20-4.35) 0.012 1.88 (0.98-3.63) 0.058

p for trend” 0.009 0.238

60-79 All  276,184.0 524
Q1 50,679.1 109  1.10 (0.84-1.43) 0512 1.09 (0.83-1.43) 0.547
Q2 53,431.9 95 096 (0.73-1.27) 0.079 097 (0.73-1.28) 0.801
Q3 57,863.8 104 1 (reference) 1 (reference)
Q4 57,3913 104 1.06 (0.81-1.39) 0.671 1.00 (0.76-1.31) 0.985
Q5 56,817.9 112 1.19 (0.91-1.56) 0.200 1.04 (0.79-1.37) 0.787

p for trend” 0.198 0494

‘Women

Total 1,058,018.3 592

40-59 All 592,553.9 60
Q1 118,633.1 10 147 (0.59-3.62) 0407 1.66 (0.67-4.14) 0.278
Q2 118,356.2 8 0.94 (0.36-2.43) 0.892 1.01 (0.39-2.62) 0.987
Q3 122,652.1 9 1 (reference) 1 (reference)
Q4 116,362.4 10 1.17 (0.47-2.87) 0.736  1.08 (0.44-2.67) 0.866
Qs 116,550.1 23 2.56 (1.19-5.54) 0.017 1.88 (0.85-4.16) 0.118

p for trend” 0.009 0.028

60-79 All  465,464.4 532
Q1 87,563.0 111 111 (0.84-1.46) 0462 1.15 (0.87-1.52) 0.330
Q2 94,2222 105 1.06 (0.81-1.40) 0.658 1.09 (0.83-1.44) 0.549
Q3 95,951.4 97 1 (reference) 1 (reference)
Q4 945524 103 113 (0.86-1.49) 0394 1.10 (0.83-1.46) 0.494
Q5 93,175.4 116 131 (1.00-1.72) 0.049 1.19 (0.90-1.56) 0.218

p for trend” 0.047 0.103

For men: Q1, 17.3-42.8; Q2, 40.8-44.5; Q3, 42.8-46.1; Q4, 44.6-47.9; Q5, 46.6-64.3.

For women: Q1, 13.7-36.7; Q2, 36.8-38.6; Q3, 38.6-40.1; Q4, 40.1-41.7; Q5, 41.8-53.8.

AAHR, age-adjusted hazard ratio, MAHR, multivariable adjusted hazard ratio; CI, confidence interval.

fAdjusted for age, body mass index, systolic blood pressure, use of antihypertensive medications (yes or no),
serum total cholesterol level, serum high-density lipoprotein cholesterol level, use of antidyslipidemic medica-
tions (yes or no), glycometabolic status (normal, prediabetes, and diabetes mellitus), use of antidiabetic medica-
tions (yes or no), serum creatinine level, proteinuria (yes or no), atrial fibrillation (yes or no), ST-T abnormality
(yes or no), left ventricular hypertrophy (yes or no), Keith-Wagener-Barker Classification (normal, grade 1, grade
2, and grade 3), smoking status (never smoker, ex-smoker, currently smoking < 20 cigarettes/d, currently
smoking > 20 cigarettes/d), and alcohol intake (never, sometimes, < 44 g/d almost every day, and > 44 g/d almost

every day).
*p for trend: Calculated for subjects of Q3-Q5.

three studies (Gagnon et al. 1994; Brown et al. 2001; Gotoh
et al. 2015) have reported varying effects of high hematocrit
based on sex and different age groups.

Concurrently, some studies (Beltrame et al. 1999;
Pristipino et al. 2000) indicated that differences in coronary
artery vasomotor reactivity may exist among races. In
addition to the racial differences, a pathological study on
MI reported differences between Japanese men in rural
(Akita) and urban (Osaka) areas (Konishi et al. 1992).
While massive-type infarction was less common in the rural
area compared to the urban area, the opposite trend was

seen for scattered-type infarction (Konishi et al. 1992). The
Ni-Hon-San (Nippon, Honolulu, San Francisco) project
showed that old cerebral infarcts and intraparenchymal
artery sclerosis of the Japanese subjects (Hiroshima) were
significantly more frequent than the Honolulu subjects
(Mitsuyama et al. 1979). This study indicates that differ-
ences in race and lifestyle could cause inconsistent findings.

Our study examined whether high hematocrit level
could be a risk factor for cardiovascular mortality, stratified
by sex in a general Japanese population. The results indi-
cated that multivariable hazard ratio of AMI for high hema-
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Table 5. Multivariable hazard ratios of cause-specific mortality according to the quintile of hematocrit levels.

Hematocrit (Quintile) Q1 Q2 Q3 Q4 Q5
Men
Person-years 93,365.4 98,531.9 104,292.0 107,080.3 103,787.1
Stroke
Deaths,n 368 246 242 196 167
Multivariable HRY 1.10 0.93 1 0.90 0.89
95% CI 0.93-1.30 0.78-1.11 reference 0.75-1.09 0.73-1.09
Cerebral infarction
Deaths,n 239 163 165 133 100
Multivariable HRY 1.00 0.89 1 0.92 0.81
95% CI 0.82-1.22 0.72-1.11 reference 0.73-1.15 0.63-1.04
Cerebral hemorrhage
Deaths,n 90 57 52 47 51
Multivariable HRY 1.28 1.00 1 0.99 1.25
95% CI 0.90-1.82 0.68-1.46 reference 0.67-1.47 0.85-1.86
Subarachnoid hemorrhage
Deaths,n 32 22 19 10 15
Multivariable HRY 1.57 1.17 1 0.53 0.82
95% CI 0.87-2.84 0.63-2.16 reference 0.25-1.15 0.41-1.64
Women
Person-years 206,196.1 218,685.1 204,421.3 218,990.3 209,725.5
Stroke
Deaths,n 385 280 261 283 288
Multivariable HR' 1.37 0.94 1 1.04 1.03
95% CI 1.17-1.61 0.80-1.12 reference 0.87-1.23 0.87-1.23
Cerebral infarction
Deaths,n 198 150 136 161 167
Multivariable HR' 1.31 0.95 1 1.14 1.16
95% CI 1.05-1.64 0.76-1.20 reference 0.90-1.43 0.92-1.46
Cerebral hemorrhage
Deaths,n 111 68 67 67 58
Multivariable HR' 1.54 0.90 1 0.96 0.81
95% CI 1.13-2.09 0.64-1.26 reference 0.68-1.35 0.57-1.16
Subarachnoid hemorrhage
Deaths,n 71 56 54 49 52
Multivariable HR' 1.31 0.95 1 0.86 0.89
95% CI 0.92-1.88 0.65-1.38 reference 0.58-1.26 0.60-1.30

For men: Q1,17.3-41.5; Q2, 41.6-43.5; Q3, 43.6-45.2; Q4, 45.3-47.2; Q5, 47.3-64.3.
For women: Q1, 13.7-36.7; Q2, 36.8-38.6; Q3, 38.7-40.0; Q4, 40.1-41.7; QS5, 41.8-53.8.

HR, hazard ratio; CI, confidence interval.

fAdjusted for age, body mass index, systolic blood pressure, use of antihypertensive medications (yes or no), serum
total cholesterol level, serum high-density lipoprotein cholesterol level, use of antidyslipidemic medications (yes or
no), glycometabolic status (normal, prediabetes, and diabetes mellitus), use of antidiabetic medications (yes or no),
serum creatinine level, proteinuria (yes or no), atrial fibrillation (yes or no), ST-T abnormality (yes or no), left
ventricular hypertrophy (yes or no), Keith-Wagener-Barker Classification (normal, grade 1, grade 2, and grade 3),
smoking status (never smoker, ex-smoker, currently smoking < 20 cigarettes/d, currently smoking > 20 cigarettes/d),
and alcohol intake (never, sometimes, < 44 g/d almost every day, and > 44 g/d almost every day).

tocrit was marginally significant in women, but not in men,
though the mechanism underlying this association is
unclear. However, several studies show that hemorheologic
factors may play an important role in the development of
cardiovascular events (Nicolaides et al. 1977; Thomas et al.
1977; Tohgi et al. 1978; Lowe et al. 1980; Gotoh et al.
2015). Hematocrit, the proportion of blood volume by red
blood cell, is a major determinant of blood viscosity and
may have serious effects on organ perfusion. The associa-

tion of hematocrit with other hematologic factors, such as
platelets or fibrinogen, may influence the development of
cardiovascular events (Harrison et al. 1984; Lowe and
Forbes 1985; Lowe 1998; Lowe et al. 2002). An Austrian
cohort study (Eischer et al. 2012) found a strong association
between hematocrit and the risk of recurrent venous throm-
bosis (VTE) in women, but not in men. In the current
study, we found a significant association between high
hematocrit level and AMI mortality only in younger
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women. The mechanism by which sex and age affect the
association between hematocrit level and AMI is unknown.
The sex hormone estrogen is known to increase arterial
vasodilation, inhibit the cellular response to vascular injury,
as well as prevents atherosclerosis, menopause and the for-
mation of coronary artery plaques, all of which might be
the influential factors. The Framingham study found that
the risk factors for CVD significantly increased in the fifth
decade of women’s life, which is 10 years later than that in
men (Kannel et al. 1976). Several studies have suggested
that the onset of menopause is an influential factor for the
varying results based on age and sex (Kannel et al. 1976;
Skafar et al. 1997; Mendelsohn and Karas 1999; Barrett-
Connor 2013). Furthermore, a review suggested that the
direct action of estrogen on blood vessels provides a cardio-
vascular protective effect (Mendelsohn and Karas 1999).
Therefore, during menopause (45 to 55 years of age), the
decrease in estrogen levels could lead to increased risk for
cardiac events. Another study indicated a difference in the
composition of the coronary artery plaques between men
and women (Davies 1997). As the group of younger
women in our study comprised of those aged from 40 to 59
years, menopause transition and differences in plaque com-
position might have produced varying results based on sex
and age.

The strength of the present study is the use of a longi-
tudinal large population-based cohort for sex-stratified and
cause-specific analysis. In addition, all blood samples were
measured using the same devices, reagents, and quality
control programs. This study has some limitations. First,
while several studies have indicated circadian and seasonal
variations in the hematocrit (Touitou et al. 1986; Kubota et
al. 1987; Pocock et al. 1989; Sennels et al. 2011), we could
not adjust for these variations because the health checkups
were conducted throughout the year. Second, information
on the history and status of menstruation, gynecological
disorders, and treatment for anemia was not obtained.

In conclusion, high hematocrit levels are associated
with risk of mortality from AMI among younger Japanese
women, but not men and older women.
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