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Objective: To examine the association between hemoglobin (Hb) levels and cardiovascular risk factors in a
large community-dwelling cohort.

Methods: A total of 4,186 women and 4,851 men were enrolled in the study. Data on personal history,
physical examination and biochemical parameters were collected. Subjects were categorized by gender and
divided into different group according to the level of Hb or blood pressure, and the association between Hb
levels and cardiovascular risk factors was examined using Pearson’s correlation analysis.

Results: In both men and women even with normal Hb level, tertiles of Hb levels were positively
associated with body mass index (BMI), total-cholesterol (T'C), triglyceride (T'G), uric acid (UA), diastolic
blood pressures (DBP) and fasting plasma glucose (FPG) (all P=0.000 in men and women). Furthermore,
significantly increased incidence of hyperuricemia (P=0.000 both in men and women) and obesity (P=0.000
both in men and women) were observed with the gradually increased Hb level. In addition, Pearson’s
correlation analysis revealed obvious correlation between Hb level and various cardiovascular risk factors
including blood pressure and UA. Binary logistic regression analysis further demonstrated that the level of
Hb was an important risk factor for elevated blood pressure (OR =1.216; 95% CI: 1.138-1.293, P=0.000 in
men; OR =1.287; 95% CI: 1.229-1.363, P=0.000 in women).

Conclusions: Increasing Hb levels, even in subjects with normal level were associated with increasing
prevalence of cardiovascular risk factors, suggesting that a slightly low Hb level might be beneficial to

Chinese community-dwelling individuals.
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Introduction as the most important risk factor and underlying cause of

cardiovascular disease (1-3). Furthermore, such risk factors
Cardiovascular disease is the leading cause of mortality in as high level of serum total cholesterol (TC), triglycerides
the world, which accounts for about 30% of all causes of (TG), low-density lipoprotein cholesterol (LDL-C), uric

deaths. Of these deaths, high blood pressure is regarded acid (UA) and diabetic mellitus contributed greatly to the
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development of the cardiovascular disease. Therefore,
to maintain the blood pressure values at an appropriate
level and decrease the risk factors to the minimal level are
especially important. And it is imperative for us to obtain
enough knowledge about factors that are associated with
blood pressure or those cardiovascular risk factors.

Previous reports indicate that systolic blood pressure
(SBP) and diastolic blood pressure (DBP) may increase
with increasing hemoglobin (Hb) levels not only in
hypertensive patients, but also in healthy patients (4,5).
In addition, increased Hb values often accompany insulin
resistance and compensatory hyperinsulinemia in humans
(6-8). Conversely, anemia has also been suggested to be
responsible for insulin resistance (9), thus suggesting a
reasonable postulation that J- or U-shaped relationship might
exist between the level of Hb and other cardiovascular risk
factors. However, to our knowledge, studies that demonstrate
a relationship between hematological parameters such as
Hb and blood pressure and other cardiovascular risk factors
are very few. And drawbacks of these earlier studies were
too small individuals included or the lack of adjustment
for potential confounding factors, such as age, gender and
heart rate (4,10). In that, this study aimed to investigate the
relationship between Hb and the traditional cardiovascular
risk factors such as hypertension, hyperglycemia, and
dyslipidemia by using cross-sectional data in large
community-dwelling subjects.

Materials and methods
Subjects

Participants were recruited at the time of their health
examination in a single community. All of the visits in the
period from Jun. 1, 2012, to Nov. 30, 2012, were eligible
for inclusion in the study. Information on medical history,
present conditions, and drugs was obtained by interview.
All of enrolled participants have no knowledge of their
blood pressure previously and none of them had received
any anti-hypertension medication before enrollment.
During the physical examination, TC, TG, LDL-C, high-
density lipoprotein cholesterol (HDL-C), fasting plasma
glucose (FPG) and UA were measured. Eligibility criteria
include a body weight 240 kg, regular pulse, an SBP
of 290 and <200 mmHg and a DBP of 250 and <110 mmHg,
and an Hb level of 284 mmol/L for men and 278 g/L for

women.
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Blood pressure measurements

Blood pressure measurements were obtained by manual
auscultation with a mercury-gravity manometer via a
standardized protocol by trained physicians. Three blood
pressure readings were obtained after the participant had
been seated, with feet on the ground and back supported, and
resting quietly for =5 minutes. Each reading was obtained
30 seconds apart, and a fourth reading was obtained if 21 of
the previous readings had been interrupted (11,12). Mean
SBP and DBP for each participant were calculated from
the recorded readings. Because we only obtained blood
pressure measurements at a single study visit, and thus, a
formal diagnosis of hypertension is not possible, participants
were characterized as having “elevated blood pressure”
if the mean SBP 2140 mmHg and/or DBP 290 mmHg,
and “normal blood pressure” if the mean SBP/DBP
were <140/90 mmHg. Furthermore, we recorded such
information as date of birth, sex, height and weight. We
calculated the body mass index (BMI) by dividing weight (in
kilograms) by height squared (in meters squared). All of the
participants gave written informed consent before they were
included in the study.

Biochemical analysis

Hyperuricemia was defined as serum UA 2420 pmol/L
in men or 2360 pmol/L in women (13). Diabetes was defined
as FPG 27.0 mmol/L, and/or diabetes history with an
antidiabetic drug treatment. Impaired fasting glucose (IFG)
was defined as subjects without previously confirmed or
treated diabetes but with FPG from 5.6 to below 7.0 mmol/L.
General obesity was defined as BMI >25 kg/m’. Dyslipidemia
was defined as subjects with TG level 21.7 mmol/L and/or
high TC 25.2 mmol/L (14).

Statistical analysis

All data analyses were conducted using SPSS 13.0. Pearson
¥ test was used for the comparison of categorical variables,
and continuous data was assessed using analysis of variance
(ANOVA). All values are expressed as mean + standard
deviation (SD), unless otherwise specified. Differences
based on quartiles of Hb status within gender were analyzed
by one-way ANOVA or Kruskal-Wallis H test. Correlation
analysis was used for continuous variables between Hb
level and various confounding cardiovascular risk factors
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including blood pressure with adjustment of age. Binary
logistic regression analysis was used to determine the factors
associated with blood pressure in the entire population,
and the results are presented with p for trend. Statistical
significance was set at a two-tailed P<0.05.

Results
Baseline characteristics

The subjects comprised 4,851 men and 4,186 women, and
all the patients were divided into six groups based on their
Hb levels and categorized by gender. The individuals were
divided into the following groups according to the quartiles
of Hb status and gender. Men: Group 1, <119 g/L; Group 2,
120-129 g/L; Group 3, 130-139 g/L; Group 4, 140-149 g/L;
Group 5, 150-159 g/L; and Group 6, 2160 g/L.. Women: Group 1,
<109 g/L; Group 2, 110-119 g/dL; Group 3, 120-129 g/L;
Group 4, 130-139g/L; Group 5, 140-149 g/L; and Group
6, 2150 g/L. Both in men and woman, the Hb level in 6th
group were above the upper limit of normal range and
the level of Hb in 1th group was under the normal range.
The whole patients were evaluated at baseline and found
to be eligible for the present analysis. The demographic
characteristics of these people are summarized in Table 1.

Associations of blood pressure and other cardiovascular risk
factors with the titre of Hb

Table 2 shows that whether in men or women, elevated Hb
levels were positively associated with DBP, MBP, UA, TC,
TG, fasting GLU, BMI and age (P=0.00 from Ist tertile to
the highest Hb level). Meanwhile, no significant difference
in SBP level was observed among the groups of Hb in men
(P=0.14). Furthermore, the incidence of hyperuricemia and
obesity gradually increased with the increase level of Hb,
and Chi-square test demonstrated that significant difference
can be seen in different Hb groups (both P=0.00 in women
and men for hyperuricemia and obesity). Those benefits,
however, seem to be disappeared in patients with anemia.

The relationship of blood pressure and other risk factors
including Hb

To evaluate the association between Hb and the blood
pressure, the enrolled individuals were divided into two
group of normal and elevated blood pressure group (described
in subjects and data collection section). The binary logistic
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regression analysis demonstrated that whether in men or
women, the level of Hb was an important independent
risk factor for elevated blood pressure (OR =1.216; 95% CI:
1.138-1.293, P=0.000 in men; OR =1.287; 95% CI: 1.229-1.363,
P=0.000 in women), as shown in Table 3.

Discussion

The current study for the first time showed that increasing
Hb were associated with consistent increased levels of
a range of cardiovascular risk factors, including general
obesity, adverse lipid profile, higher blood pressure, IFG
and high UA and increased blood pressure, and this positive
association still can be seen in patients within normal Hb
levels.

Some earlier cross-sectional studies found significant
Pearson correlations between Hb level and arterial blood
pressure, T'C and UA in healthy or hypertensive persons.
A recent study has demonstrated that Hb levels were
positively related to the level of blood pressure in a large
cohort of healthy blood donors (5). In accordance with
their results, our results also demonstrated that the blood
pressure is increased with the increasing of Hb level both
in SBP and DBP in normal individuals. In addition, our
results demonstrated that the level of Hb was an important
risk factor for hypertension both in men and women
participants, and positive correlation remained between Hb
and blood pressure when adjusted with age whether in SBP
or DBP in women. Although significant difference between
Hb and blood pressure can be observed in our study and
reported elsewhere, the exact mechanisms for Hb lead to
an elevated blood pressure are not entirely known. Present
viewpoints indicate that Hb can have direct or indirect
effects on vascular system. Studies have demonstrated that
several biological mechanisms for the Hb-blood pressure
association might partial explain their relationship. Firstly,
Hb may be a scavenger of NO, which is produced in
endothelial cells. As the NO can relax the muscle cells
surroundings the vessel, the changed levels of Hb may then
control the blood pressure (15). Furthermore, Hb has been
reported to be strongly related to arterial stiffness which, in
turn, can increase SBP and DBP (10). Another explanation
for blood pressure increase with increased Hb levels
would be increased blood viscosity. It has been reported
that elevation of hematocrit and Hb levels increases blood
viscosity and that increased viscosity partly through an effect
on blood pressure may worsen cardiovascular function (16).

Besides with relationship to blood pressure, our study

www.jthoracdis.com F Thorac Dis 2014;6(5):477-482



480 Ren et al. Hemoglobin level and cardiovascular risk factors

Table 1 Characteristics of subjects categorized by gender and hemoglobin status

Hemoglobin level (g/L)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 P
Men
Number 45 153 554 1,490 1,733 876 -
Characteristic <119 120-129 130-139 140-149 150-159 >160 -
Age (y) 60.9+13.1 60.9+14.2 56.2+14.3 52.2+13.7 48.8+13.7 47.2+14.2 0.000
Current smoking (%) 29.8 28.7 27.4 29.3 30.4 29.8 0.860
DM (%) 6.7 6.5 7.1 7.8 8.8 10.1 0.269
Hyperuricemia (%) 20.9 18.2 20.6 25.0 27.2 31.3 0.000
Obesity (%) 37.8 26.1 30.1 36.8 41.3 45.7 0.000
SBP (mmHg) 128.5+19.4 127.7+19.2 126.5+17.0 125.5+17.0 125.2+17.0 126.6+17.1  0.140
DBP (mmHg) 77.2£9.5 78.1+11.7 78.1+11.3 79.2+10.4 80.2+10.6 82.2+10.6  0.000
MBP (mmHg) 94.3+11.0 94.6+12.4 94.2+12.5 94.7+11.3 95.2+11.4 97.0+11.7  0.000
HR (beat/min) 68+9 67+9 70+11 67+10 719 68+9 0.270
TG (mmol/L) 1.1 (0.8-1.6) 1.4 (1.0-1.8) 1.3 (1.0-1.9) 1.5(1.0-2.2) 1.6 (1.2-2.3) 1.8(1.3-2.6) 0.000
TC (mmol/L) 4.4+1.0 4.5+0.9 4.6+1.0 4.8+1.0 4.9+1.0 5.0+1.0 0.000
UA (umol/L) 356.2+91.9 337.5+92.3 353.1+89.6 369.6+85.5 378.4+83.2 383.8+84.8  0.000
Glu (mmol/L) 5.1+0.9 5.4+1.6 5.2+1.1 5.2+1.1 5.2+1.3 5.4+1.5 0.010
H (cm) 165.3+6.1 165.9+6.1 167.2+6.4 169.1+5.9 169.6+5.9 169.8+5.8 0.000
W (kg) 65.5+9.8 64.4+10.7 66.2+9.5 68.8+9.1 70.3+9.3 71.7+9.1 0.000
BMI (kg/m®) 23.9+3.2 23.4+4 1 23.7+3.0 24.0+2.8 24.4+2.9 24.9+3.0 0.000
Women

Number 112 296 1,222 1,650 781 125 -
Characteristic <109 110-119 120-129 130-139 140-149 =150 -
Age (y) 44.9+13.6 45.5+14.2 46.5+14.1 48.5+13.7 52.5+13.0 53.8+11.6  0.000
Current smoking (%) 6.8 8.5 7.4 6.6 5.8 6.1 0.645
DM (%) 5.9 5.8 6.3 6.9 7.7 9.2 0.617
Hyperuricemia (%) 8.0 7.4 10.0 11.9 17.9 24.0 0.000
Obesity (%) 19.6 14.5 18.9 28.4 35.3 48.0 0.000
SBP (mmHg) 118.5+16.7 116.5+16.6 117.1£17.9 121.0+18.6 124.8+18.4 131.8+18.8  0.000
DBP (mmHg) 71.7£11.6 72.5+10.2 73.6+10.7 76.1+£11.1 78.4+10.9 97.9+12.9  0.000
MBP (mmHg) 87.3+12.9 87.0+11.4 88.1+11.9 91.1+12.3 93.9+12.1 97.0+11.7  0.000
HR (beat/min) 7111 68+9 73+10 72+9 68+10 65+10 0.330
TG (mmol/L) 1.0 (0.7-1.5) 1.1 (0.8-1.5) 0.8 (1.1-1.6) 1.3 (0.9-1.9) 1.4 (1.0-2.0) 1.6 (1.3-2.4)  0.000
TC (mmol/L) 4.5+0.9 4.5+0.9 4.7+1.0 5.0+1.0 5.1+1.0 5.2+0.9 0.000
UA (umol/L) 252.7+70.3 246.8+68.6 266.6+69.6 279.5+70.0 298.0+73.0 317.2+71.2  0.000
Glu (mmol/L) 4.5+0.9 4.5+1.6 4.7+1.0 5.0+1.0 5.1+1.0 5.2+0.9 0.000
H (cm) 158.7+6.4 158.7+6.0 158.2+5.9 157.9+5.4 157.5+5.5 160.0+5.7 0.080
BW (kg) 54.7+6.9 55.5+7.1 56.2+8.0 58.2+8.2 60.4+9.4 63.4+7.9 0.000
BMI (kg/m®) 21.7£2.6 22.3+3.2 22.5+3.1 23.4+3.3 24.4+3.5 25.2+3.1 0.000

Data are presented as mean + SD unless otherwise indicated. Abbreviations: DM, diabetes mellitus; SBP, systolic blood pressure;
DBP, diastolic blood pressure; MBP, mean blood pressure; HR, heart rate; TG, triglyceride; TC, total cholesterol; Glu, glucose; UA,
uric acid; H, height; BW, body weight; BMI, body mass index.
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further demonstrated that even modestly elevated levels of
Hb were associated with well recognized cardiovascular risk
factors such as diabetes mellitus, hypertension and obesity,
and the association is a continuum. Interestingly, Kawamoto
et al. (10) also found that Hb per se was associated with
other confounding factors such as increased BMI, blood
pressure, and TG. Furthermore, our results demonstrated
that high levels of Hb were associated with high incidence
of obesity and hyperuricemia, even the incidence of diabetes

Table 2 Relationship between hemoglobin and various
confounding factors including blood pressure of subjects

categorized by gender

Age-adjusted Pearson’s correlation

Characteristic Men (N=4,851) Women (N=4,186)
r P r P
SBP (mmHg) 0.062 0.070 0.107 0.000
DBP (mmHg) 0.146 0.000 0.158 0.000
MBP (mmHg) 0.122 0.000 0.151 0.000
UA (umol/L) 0.106 0.000 0.159 0.000
TC (mmol/L) 0.156 0.000 0.130 0.000
TG (mmol/L) 0.131 0.000 0.130 0.000
Glu (mmol/L) 0.101 0.000 0.155 0.000
BMI (kg/m?) 0.163 0.000 0.179 0.000
BW (kg) 0.180 0.000 0.181 0.000

SBP, systolic blood pressure; DBP, diastolic blood pressure;
MBP, mean blood pressure; UA, uric acid; TG, triglyceride;
TC, total cholesterol; Glu, glucose; BW, body weight; BMI,
body mass index.
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mellitus also has the trend to increase with Hb level.
Hyperuricemia has been well proved to link to endothelial
cells dysfunction, inflammatory cytokines release and thus
increase blood pressure, which is an independent predictor
for cardiovascular death (17-19). Although the exact
mechanisms between such cardiovascular risk factors and
the level of Hb remain unknown, we still may tentatively
say that slightly decreased level of Hb within normal range
may be beneficial to Chinese community-dwellings.

The limitations in our study still should be noted. The
first limitation was the cross-sectional nature of the data.
We therefore could not assess the temporal relationship
between Hb level and the cardiovascular risk factors.
Furthermore, Hb levels and blood pressure values were
measured within the same visits. Consequently, drawing
conclusions about causality is difficult. However compared
to most previous studies, our study has a large sample size,
allowing the data to be analyzed separately for men and
women. We also controlled for a wide range of potential
confounders. In conclusion, there was a significant dose-
response association between a wide range of cardiovascular
risk factors, especially the blood pressure with Hb level even
in subjects with both normal blood pressure and normal
Hb levels. Therefore, further studies are thus warranted to
quantify the clinical significance in those subjects with high
Hb state.
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