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bstract

ackground: Decreased hemoglobin levels are known to be associated with an increased risk of coronary mortality and morb
s largely thought to result from the development of left ventricular hypertrophy. Similar remodeling mechanisms of the vessel

ay result in atherosclerosis are likely to be present. We studied whether hemoglobin levels are related to different vascular in
therosclerosis.
ethods and results: This cross-sectional study was performed in the first consecutive 2514 patients with manifest arterial diseas

n the SMART-study (Second Manifestations of ARTerial disease). The relation of hemoglobin levels with common carotid IMT
resence ofa ≥ 50% internal carotid artery stenosis (ICAS) and prevalent peripheral arterial disease (PAD) was assessed with

ogistic regression analyses.
Each mmol/l increase in hemoglobin was associated with a lower CIMT (−0.03 mm [95% CI:−0.04;−0.01]) and a lower prevalence
50% ICAS (odds ratio: 0.84 [95% CI: 0.73; 0.97]) after adjustment for age, gender and potential confounders. Hemoglobin was

o prevalence of peripheral arterial disease (1.02 [95% CI: 0.89; 1.16]).
onclusions: This study shows that in patients with manifest arterial disease, increasing hemoglobin levels are associated wit
everity of atherosclerosis.
2005 Elsevier Ireland Ltd. All rights reserved.

eywords: Hemoglobin; Atherosclerosis; Carotid arteries; Peripheral arterial disease; Intima-media thickness

∗ Corresponding author at: Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Huispostnummer Str.6.131
.O. Box 85060, 3508 BA Utrecht, The Netherlands. Tel.: +31 30 2509352; fax: +31 30 2505485.

E-mail address: m.l.bots@umcutrecht.nl (M.L. Bots).
1 Seehttp://www.juliuscenter.nl.,

2

2 Members of the SMART study group are (alphabetically): A. Algra, Julius Center for Health Sciences and Primary Care and Department of
University Medical Center Utrecht, The Netherlands. J.D. Banga, Department of Vascular Medicine, University Medical Center Utrecht, The Nethends. P.A
Doevendans, Department of Cardiology, University Medical Center Utrecht, The Netherlands. B.C. Eikelboom, Department of Vascular Surgeryrsity
Medical Center Utrecht, The Netherlands. Y. van der Graaf, Julius Center for Health Sciences and Primary Care, University Medical Center Ue
Netherlands. D.E. Grobbee, Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, The Netherlands. L.J. KappelleDepartmen
of Neurology, University Medical Center Utrecht, The Netherlands. H.A. Koomans, Department of Nephrology, University Medical Center Utr
Netherlands. W.P.Th.M. Mali, Department of Radiology, University Medical Center Utrecht, The Netherlands. F.L. Moll, Department of Vasculaery,
University Medical Center Utrecht, The Netherlands. G.E.H.M. Rutten, Julius Center for Health Sciences and Primary Care, University Medical Cenr Utrecht,
The Netherlands. F.L.J. Visseren, Department of Vascular Medicine, University Medical Center Utrecht, The Netherlands.

021-9150/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.atherosclerosis.2005.11.010

ATH-9283; No. of Pages

http://www.juliuscenter.nl/


2 J.M. Dijk et al. / Atherosclerosis xxx (2006) xxx–xxx

1. Introduction

Decreased levels of hemoglobin are related to an increased
risk of cardiac disease and mortality in patients with
end stage renal disease (ESRD)[1,2] or heart failure[3]
and in the general population[4]. Several mechanisms
to explain the association between hemoglobin and car-
diovascular disease have been proposed, mainly focus-
ing on effects on the heart and consequent cardiac dis-
ease[5–7]. Increased cardiac output may be the result of
low hemoglobin levels and this may lead to left ventric-
ular hypertrophy of the heart and subsequent increased
risk of cardiovascular disease[5,6]. A similar adaptive
response of the vessel wall may result in development of
atherosclerosis. Here, increases in blood flow and shear
stress (the force that displaces the endothelium) induce
vasodilatation. Vessel wall thickness is known to increase in
response to the consequently augmented tensile stress, indi-
cating development of atherosclerosis[6,8]. Whether reduced
hemoglobin levels indeed are associated with increased sever-
ity of atherosclerosis, as far as we know, has never been
studied.

We examined the relation of hemoglobin with carotid
intima-media thickness (CIMT),≥50% internal carotid
artery stenosis (ICAS) and prevalent peripheral arterial dis-
ease (PAD) as separate indicators of atherosclerosis in
p
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2.2. Vascular screening

The vascular screening was conducted on a single-day
at the University Medical Center Utrecht (UMCU). Blood
and urine samples were collected after an overnight fast.
Hemoglobin was measured with a spectrophotometer (Cell-
dyn 4000, Abbott, Abbott Park, Illinois, USA). Glucose,
serum creatinine and albumin in urine were measured. Height
and weight were measured without shoes and heavy cloth-
ing. Mean systolic and diastolic blood pressure (SBP and
DBP) were computed from at least four consecutive mea-
surements at the right brachial artery at 4 min-intervals. The
measurements were performed in supine position with a
semiautomatic oscillometric device (Omega 1400, Invivo
Research Laboratories Inc., Broken Arrow, OK, USA).
Medical history, current use of medication, current and
past cigarette smoking behavior, current alcohol use and
in women menopausal status were derived from a ques-
tionnaire described elsewhere[9]. Women without menses
(self reported) were considered postmenopausal (78% of all
women).

2.3. Vascular disease categories

Participants were classified into disease categories based
on referral diagnosis, medical history and findings at the
v ere-
b l arte-
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2

as
m . The
a l and
m ed
T ith
a ibed
e nts
w teno-
s m/s
( st
o l
a nkle-
b D
[

2

cle-
r MT)
a ree
m age
a per-
f ssion
atients with manifest arterial disease.

. Patients and methods

.1. Study population

We used data from patients enrolled in the SMA
tudy (Secondary Manifestations of ARTerial disease).
MART-study is an ongoing prospective single-center co
tudy in patients with manifest arterial disease or car
ascular risk factors. Starting in 1996, consecutive patie
ged 18–80 years, referred to the University Medical Ce
trecht (UMCU) with manifest arterial disease or a car
ascular risk factor underwent a vascular screening inclu
questionnaire, blood chemistry and ultrasonography.

en informed consent was obtained from all participants.
tudy was approved by the medical ethics committee o
niversity Medical Center Utrecht. The rationale and de
f the SMART-study have been described in detail elsew

9].
For the current study the data of the first consecu

520 men and postmenopausal women with manifest
ial disease (cerebral, coronary or peripheral artery dis
r aneurysm of the abdominal aorta) were considered. O
articipants, hemoglobin levels were missing for logistic
ons, resulting in a study population of 2514 patients.
n intima-media thickness, internal carotid artery sten
50% and peripheral arterial disease were missing in 6
nd 33 patients, respectively.
ascular screening[10]. The disease categories were: c
rovascular disease, coronary artery disease, periphera
ial disease and aneurysm of the abdominal aorta. A pa
ant could be classified into more than one disease cate

.4. Indicators of atherosclerosis

Common carotid intima-media thickness (CIMT) w
easured at the left and right common carotid arteries
rteries were examined in anterolateral, posterolatera
ediolateral direction with an ATL Ultramark 9 (Advanc

echnology Laboratories, Bethel, WA, USA) equipped w
10-MHz linear array transducer as previously descr

lsewhere[9]. The mean CIMT of the six measureme
as calculated in each patient. Internal carotid artery s
is (ICAS) was defined as peak systolic velocity >150 c
diameter reduction of≥50%) in the carotid artery on at lea
ne side, as measured with Duplex scanning[11]. Periphera
rterial disease (PAD) was determined as a resting a
rachial index≤0.9 or a history or referral diagnosis of PA

12].

.5. Data analysis

The relation of hemoglobin and indicators of atheros
osis was determined with linear regression analysis (CI
nd logistic regression analysis (ICAS and PAD). Th
odels were constructed, the first with adjustment for
nd gender. In model II, additional adjustments were

ormed for factors that in age and gender adjusted regre
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models were related to hemoglobin levels and to either
CIMT or carotid stenosis with ap value of less than <0.157.
These factors were SBP, height, weight, LDL cholesterol,
serum creatinine, diabetes mellitus, microalbuminuria,
current smoking, alcohol consumption, use of angiotensin
converting enzyme (ACE) inhibitor or angiotensin II (AT1)
antagonist and use of diuretics. The variables diastolic blood
pressure, triglycerides, HDL cholesterol, alpha blocking
agents, beta locking agents, calcium antagonists and lipid
lowering medication were not included in the models as they
showed no relation with both haemoglobin and indicators of
atherosclerosis. To optimally adjust for renal function, we
separately adjusted for height, weight and serum creatinine
instead of adjusting for the clearance based on the MDRD
formula[13]. In model III, additional adjustments were made
for vascular disease category. In addition, to evaluate whether
associations were graded, the analyses were repeated for
quartiles of hemoglobin levels with adjustment for the
variables of model II. As other studies reported on different
associations between hemoglobin and cardiovascular disease

between men and women[14,15], an interaction term was
computed for gender. Also, an interaction term was calcu-
lated for creatinine, since some papers reported different
associations for hemoglobin at different levels of creatine
[16,17]. None of these interaction terms were however sta-
tistically significant (p values >0.20). Finally, as in diabetic
subjects ankle-brachial index assessment may be inadequate
because of media sclerosis[18] and because smoking is
known to be an important determinant of both hemoglobin
and PAD [19,20], interaction terms were computed for
diabetes mellitus and for current smoking. The analyses
of the relation of hemoglobin and PAD were repeated in
non-diabetic subjects and in smokers and non-smokers
separately.

3. Results

Table 1shows the general characteristics of the study pop-
ulation. The majority of the patients was male (n = 2016).

Table 1
General characteristics of the study population (n = 2514) by quartile of hemoglobin level

Quartiles of haemoglobin (mmol/l)

4.5–8.4 8.5–8.9 9.0–9.5 9.6–12.4

Mean D.

F 31
A 60
H 8.7
H 41
S 139 19
D 78 9.5
W 79
H 1.7
B 26.6 .56
T 1.8 .51
L 3.3 .00
H 1.2
C 92
K 77 0.1
D 16
M 09
P 20 19.2
c 32
C 67
C 92
C 23

M

C

Mean S.D.

emale gender (%) 47
ge (years) 63 11
amoglobin (mmol/l) 7.9 6
zematocrit (%) 38 03
ystolic pressure (mmHg) 142.80 21.11
iastoli pressure (mmHg) 77.09 9.98
eight (kg) 75 13
eight (m) 1.71 09
ody mass index (kg/m2) 25.69 3.96
riglycerides (mmol/l) 1.86 1.22
DL cholesterol (mmol/l) 3.36 99
DL-cholesterol (mmol/l) 1.23 37
reatine (� mol/l) 125 132
reatinine (bloed) klaring (Cockroft) 66.4 25.6
iabetes mellitus (%) 22
icro albuminuria (%) 20
ackyears 21.48 21.12
urrent smoking (%) 34
urrent alchohol use (%) 57
ommon CIMT (mm) 1.00 36
arotid stenois≥50% (%) 29
edication use
RAS inhibitors 28 19
Lipid lowering drugs 38 44
Alpha-blocking agents 02 01
Beta blocking agents 38 43
Calcium antagonists 23 22
Diuretics 22 11

ardiovascular disease category (%)
Cerebrovascular 34 30
Coronary heart 42 52
Peripheral arterial disease 42 34
Aneurysma abdominal aorta 18 10
S.D. Mean S.D. Mean S.

14 4
10 60 10 58 11
1 9.2 2 9.9 4

02 43 02 47 02
.90 20.25 140.84 19.61 141.86

.51 9.34 80.32 9.54 82.29
13 82 13 85 13

3 09 1.75 08 1.77 07
7 3.73 26.49 3.66 26.97 3
5 1.22 1.97 1.45 2.27 2
6 99 3.43 97 3.51 1
1 37 1.18 35 1.11 31

43 92 21 95 22
.4 19.4 78.2 20.1 79.7 2

14 12
14 19

.14 19.14 23.80 20.26 23.89
34 39
73 74

26 96 31 93 32
25 20
18 18
39 36
01 01
39 39
22 19

11 08

32 31
50 51

36 35
15 14
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Table 2
Relation of haemoglobin with measures of atherosclerosis

Model CIMT (mm) ICAS≥ 50% PAD

B (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Haemoglobin (mmol/l)
I −0.02 (−0.04,−0.01) 0.90 (0.80, 1.02) 1.03 (0.93, 1.14)
II −0.03 (−0.04,−0.01) 0.84 (0.73, 0.97) 1.02 (0.89, 1.16)
III −0.03 (−0.05,−0.01) 0.75 (0.64, 0.86) 1.01 (0.88, 1.16)

CIMT, carotid intima-media thickness; ICAS, internal carotid artery stenosis; PAD, peripheral arterial disease; B, regression coefficient; 95% CI, 95% confidence
interval. CIMT, B indicates the absolute change in CIMT (mm) associated with 1 mmol/l increase in hemoglobin; ICAS, the odds ratio indicates the risk of a
prevalent≥50% of the ICAS associated with 1 mmol/l increase in hemoglobin; PAD, the odds ratio indicates the risk of a prevalent PAD associated with 1 mmol/l
increase in hemoglobin. Model I, adjusted for age and gender; Model II, additionally adjusted for systolic pressure, height, weight, LDL cholesterol, serum
creatinine, diabetes mellitus, microalbuminuria, current smoking, alcohol consumption, use of angiotensin converting enzyme (ACE) inhibitor orangiotensin
II (AT1) antagonist and use of diuretics; Model III, additionally adjusted for current diagnosis: cerebrovascular disease, coronary heart diseaseand aneurysm
of the abdominal aorta.

Table 3
Adjusted differencse in atherosclerosis between quartiles of haemoglobin

Quartile CIMT (mm) B (95% CI) ICAS≥ 50% Odds ratio (95% CI) PAD Odds ratio (95% CI)

Haemoglobin (mmol/l)
I 0 1 1
II −0.06 (−0.10,−0.03) 0.82 (0.61, 1.09) 0.90 (0.69, 1.19)
III −0.04 (−0.07,−0.00) 0.77 (0.58, 1.02) 0.84 (0.64, 1.09)
IV −0.05 (−0.09,−0.01) 0.67 (0.50, 0.90) 1.04 (0.79, 1.36)

CIMT, carotid intima-media thickness; ICAS, internal carotid artery stenosis; PAD, peripheral arterial disease; B, regression coefficient; 95% CI, 95% confidence
interval. Haemoglobin quartile in men, <8.7; 8.7–9.2; 9.3–9.7;≥9.7. Haemoglobin quartile in women, <8.1; 8.1–8.5; 8.5–8.9; >8.9. CIMT, B indicates the
absolute change in CIMT (mm) associated with 1 mmol/l increase in hemoglobin. ICAS, the odds ratio indicates the risk of a prevalent≥50% of the ICAS
associated with 1 mmol/l increase in hemoglobin. PAD, the odds ratio indicates the risk of a prevalent PAD associated with 1 mmol/l increase in hemoglobin.
Adjusted for age and gender, systolic pressure, height, weight, LDL cholesterol, serum creatinine, diabetes mellitus, microalbuminuria, currentsmoking, alcohol
consumption, use of angiotensin converting enzyme (ACE) inhibitor or angiotensin II (AT1) antagonist and use of diuretics.

Mean hemoglobin levels were 9.1 mmol/l for men and
8.4 mmol/l for women. The relation between hemoglobin
and the separate indicators of atherosclerosis is shown in
Table 2. After adjustment for potential confounders, increas-
ing hemoglobin levels were associated with a lower CIMT
(model II: −0.03, [95% confidence interval (CI)−0.04;
−0.01]) and decreased prevalence ofa ≥ 50% internal carotid
artery stenosis (0.84 [95% CI: 0.73; 0.97]) while no associa-
tion with prevalence of peripheral arterial disease (1.02 [95%
CI: 0.89; 1.16]) was observed. Adjustment for history or cur-
rent diagnosis of different types of vascular disease (model
III) did not materially change the results.

The differences in measures of atherosclerosis according
to quartiles of hemoglobin are depicted inTable 3. Rela-
tive to the quartile with the lowest hemoglobin levels (Q1),
lower CIMT values and lower risk of presence of≥50%
ICAS were seen in the other three quartiles. Additional anal-
ysis of the relation of hemoglobin with prevalence of PAD
in patients without diabetes mellitus (n = 2090) showed no
relation (model II: 1.09 [95% CI: 0.94; 1.27],p interaction
0.16). A negative, but non-significant relation was shown for
hemoglobin and PAD in the 1636 patients who did not smoke
at the time of inclusion (model II: 0.91 [95% CI: 0.77; 1.08]),
whereas the risk of prevalent PAD increased with increasing
hemoglobin levels in smokers (1.24 [95% CI: 1.01; 1.52],p
interaction 0.06).

4. Discussion

The results of our study show that in persons with manifest
arterial disease, increasing hemoglobin levels are associated
with decreased severity of atherosclerosis, assessed as CIMT
and presence of a≥50% ICAS. Before discussing these find-
ings in more detail, some methodological issues need to be
addressed. First, this is a cross-sectional study, which implies
that no conclusions can be drawn about cause and effect.
Thus, whether increased hemoglobin levels protect a person
from development of atherosclerosis or whether decreased
hemoglobin levels result from more advanced atherosclero-
sis and as such are a marker of disease severity could not
be ascertained. Furthermore, because of within-subject vari-
ation, the single-measurement of hemoglobin and several risk
factors will reflect long-term averages less precisely than
repeated measurements. This misclassification is likely to be
random and thus will lead to an underestimation of the associ-
ations. Finally, we used heterogenous non-invasive vascular
measures as indicators of atherosclerosis. Common carotid
intima-media thickness and internal carotid artery stenosis
have been shown to be adequate indicators of atherosclerosis
in the carotid artery[21,22], as is prevalence and severity of
peripheral arterial disease[23,24].

In patients with ESRD and heart failure, low hemoglobin
levels are thought to decrease cardiac afterload, which results
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in increased cardiac output. This may lead to or exaggerate
left ventricular hypertrophy and is considered to contribute
to the increased coronary mortality in these patients[6,7].
Adaptation of the vessel wall to the resulting increased blood
flow may lead to atherosclerosis[6]. Only relatively severe
anemia causes an increase in cardiac output in resting con-
ditions, therefore, other mechanisms must play a role[6].
An effect on shear stress may be involved. Shear stress is
the force that displaces the endothelium and the inner lay-
ers of the wall in the direction of the flow and is a function
of blood viscosity, blood flow velocity and lumen diameter
(constant× viscositiy× flow velocity/diameter)[25]. But as
decrease in hemoglobin may decrease viscosity and increase
systolic velocity (via increasing blood flow), the net effect
is unclear. On the one hand shear induced vasodilatation
promoting endothelial NO production and release is consid-
ered essential for a healthy vessel wall, by mechanisms such
as inhibition of platelet adherence and leukocyte attraction
[26,27]. On the other hand, an increased shear stress results
in vasodilatation with compensatory increased CIMT, which
is indicative of increased atherogenesis[8]. Yet, since we have
not been able to study this hypothesis, it remains speculative.
Another explanation for the association of hemoglobin levels
and severity of atherosclerosis is renal insufficiency. Levels
of hemoglobin decline with increasing renal insufficiency
and subsequent impaired erythropoietin (epo) production.
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failure, treatment of anemia appeared to reduce vascular risk
[31,32]. To fully appreciate the pathophysiological impor-
tance of hemoglobin in relation to atherosclerosis in patients
with manifest vascular disease, the association of hemoglobin
with the occurrence of (non-cardiac) vascular events should
be confirmed prospectively.

In conclusion, this study shows that increasing
hemoglobin levels are associated with decreasing severity
of atherosclerosis in men and postmenopausal women with
manifest vascular disease, independent of renal function.
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