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ORIGINAL ARTICLE

High blood hemoglobin concentration as risk factor of major
atherosclerotic cardiovascular events in 114,159 healthy men and
women in the Apolipoprotein MOrtality RISk study (AMORIS)
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Abstract

Background. Few studies have tested differences in relationships between hemoglobin (Hb) and long-term risk of major
cardiovascular diseases according to age and gender in healthy subjects as opposed to anemia.

Aims. Such relationships were examined and risk-tested in relation to Hb values in the Apolipoprotein MOrtality RISk
(AMORIS) Study.

Methods. Using data from AMORIS and the Swedish hospital discharge and mortality registers, a prospective cohort study
of 114,159 subjects with mean follow-up of 11.8 years, the association between Hb and risk of acute myocardial infarction
(AMI), ischemic stroke (IS), and congestive heart failure (CHF) by Cox regression analysis according to age and gender
was studied.

Results. Elevated Hb levels were associated to acute myocardial infarction (AMI) (HR 1.10 (1.06-1.13) per SD change),
mostly confined to men and younger subjects but with greater sex similarity trends for CHF. Slightly increased risks were
seen for the lowest Hb levels in the elderly and in females. IS risk was positively and more linearly associated to Hb.
Interpretation. In AMORIS the highest AMI and CHEF risks were found in the upper region of the distribution, but different
shapes of relationships according to age and gender were found. IS associated positively with Hb.
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have lower Hb or Htc levels than do healthy subjects
(3). Thus, serious cardiovascular complications or
death may occur in subjects with extremely low or high
Hb levels. In healthy subjects not participating in
sports, without anemia or having any sign of or

Introduction

Hemoglobin (Hb) levels are used by physicians to
diagnose various diseases such as anemia at the lower
end and vascular blood clotting at the higher end of
the distribution. It is also used in sports medicine to

monitor blood oxygen content in athletes performing
in endurance sports. The use of Hb or hematocrit
(Htc) for monitoring risk of patients with congestive
heart failure (CHF) is crucial and well described (1,2).
Similarly, patients with acute coronary syndromes also

acknowledged cardiovascular disease (CVD), the abil-
ity of Hb within normal physiological range to predict
long-term development of CVD has been investigated
by some groups (4—6). However, its close correlate,
Htc, has been explored as a risk factor for CVD by
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Key messages

e Elevated hemoglobin levels were associated
to acute myocardial infarction.

e This was mostly confined to men and younger
subjects.

e Ischemic stroke increased more linearly by
increased hemoglobin levels.

more groups, including the Framingham study, with
somewhat mixed results (7-10). The Framingham
34-year follow-up study reported age and gender-
specific U or J-shaped risk curves by quintile type of
dose-response gradients for a series of end-points and
found high risks for several end-points at both low and
high ends of the distribution within the physiological
range of Htc (7). However, the Puerto Rico study last-
ing 8 years could not demonstrate a U-shaped risk
curve for AMI, only an excess risk at the higher end
of the Htc distribution (8).The Japanese study showed
that low Htc in women was associated with high
adjusted risk of cerebral infarction (9), whereas the
Gothenburg study could not find any association
between Htc and 10-year development of coronary
heart disease (10).

There are several obvious confounders when such
relationships are to be explored. Women have clearly
lower Hb levels than do men, whereas older subjects
have somewhat higher levels (7). Cigarette smoking
is also positively associated to Hb levels (8), whereas
hypertension and atherogenic lipids do not seem to
be strongly associated to Hb in young adults, showing
low-degree correlation coefficients (all » < 0.22) (11).
However, in women, high-density lipoprotein choles-
terol (HDL-C) and iron deficiency anemia seem to
be negatively correlated, and ferritin associated even
positively with HDL-C (12). Diabetics have lower
Hb levels than do non-diabetics (13).

In the Apolipoprotein MOrtality RISk (AMORIS)
study, we measured routine markers such as Hb,
lipids, etc., and even uric acid and haptoglobin (Hp)
(an acute-phase reactant hemoglobin-binding protein
in the plasma) in a large series of healthy subjects
from the Stockholm area whose morbidity and mor-
tality information was followed for 12 years in the
Swedish Hospital Discharge and Cause of Death
Registries (14,15). Htc was, however, not included
in the present version of the database.

Data demonstrate that free hemoglobin and
heme in plasma mediate the oxidative modification
of low-density lipoprotein in vivo. After oxidation of
plasma hemoglobin, release of heme moieties occurs.
In turn, heme is taken up by low-density lipoprotein
and endothelium and promotes oxidative modifica-
tion of low-density lipoprotein and potentiates

Abbreviations

AMI acute myocardial infarction
AMORIS Apolipoprotein MOrtality RISk study
ApoA-1  apolipoprotein A-1

ApoB apolipoprotein B

CALAB Central Automation Laboratory AB
CHF congestive heart failure

CI confidence interval

CV coefficient of variation

CVD cardiovascular disease

Hb hemoglobin

HDL-C  high-density lipoprotein cholesterol
HR hazard ratio

Htc hematocrit

ICD International Classification of Diseases
IS ischemic stroke

LDL-C  low-density lipoprotein cholesterol
MACE major (atherosclerotic) cardiovascular disease
Q quartile

SAS statistical analysis system

SD standard deviation

TC total cholesterol

TG triglycerides

endothelial cell damage (16,17). Some recent data
have also proposed a new possible mode of action
explaining why Hb may be a pro-atherogenic factor.
Thus, data suggest that HDL particles may become
pro-atherogenic at high levels of Hb (12,18). In
addition, other studies have indicated that diabetics
with haplotype 2-2 of the haptoglobin gene are at
excess risk of CVD (19).These ideas merit new stud-
ies to find out if high (or low) Hb levels really are
indicative of increased CVD risk in large long-term
population studies consisting of healthy subjects.

The aims of the present study were to investigate
the detailed relationships between a single measure-
ment of Hb covering a wide range and different
major atherosclerotic CVD events in healthy sub-
jects, and to formally test to what extent such rela-
tionships, adjusted for other risk factors, differed
between genders and age-groups, taking into account
the occurrence of other cardiovascular events after
blood sampling but prior to analyzed end-point. In
addition, we wanted to test if there was an interac-
tion between Hb and HDL-C and between Hp and
Hb levels on CVD end-points in AMORIS.

Patients and methods
Study population and data collection

The AMORIS study (1985-1996) contains 689,588
men and women, mainly from the greater Stockholm
area. They were either healthy individuals referred for
clinical laboratory testing as part of health check-ups
or were out-patients referred for laboratory testing.
The number of requested biochemical variables
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varied widely per subject depending on the purpose
of the blood sample examination. All laboratory
analyses were done at the Central Automation Lab-
oratory (CALAB), Stockholm. No individuals were
excluded from the database for any possible mani-
festation of disease or because of treatment. How-
ever, patients discharged from hospital prior to blood
sampling with hospital-recorded diagnoses of AMI,
IS, or CHF were excluded from our analysis popula-
tion. More detailed descriptions of the AMORIS
study are given elsewhere (20-22).

Incident cases of ischemic stroke (IS) (ICD-7:
332;1CD-8:432-434;1CD-9:433-434;and ICD-10:
163), acute myocardial infarction (AMI) (ICD-8 and
ICD-9: 410 and ICD-10: 121), and CHF (ICD-7:
422, 434.1, 434.2, 434.4, 782.4; ICD-8: 427.0, 428,
429, 782.4; ICD-9: 428; and ICD 10: I50) as well as
cause of death were ascertained by record linkage to
the Swedish Hospital Discharge register and the
Swedish Cause of Death register. The validity of the
Swedish Hospital Discharge and Cause of Death data
for these diagnoses has previously been evaluated
(23,24). Persons with non-fatal stroke, AMI, or CHF
as primary or secondary diagnosis prior to blood sam-
pling were excluded. We also analyzed a composite
end-point of the three listed with ICD codes above,
called major (atherosclerotic) cardiovascular event
(MACE). Follow-up time was then defined as the
time from blood sampling until first occurrence of IS,
AMI, CHF, or MACE (whichever of the components
that came first), death, or study closing date (31
December 2002) and was on average 11.8 years.

The analyses for this study were based on 114,159
persons aged 30-85 years who had measurements of
Hb, as well as total cholesterol (TC) and triglycer-
ides (T'G) recorded at the same date. The AMORIS
study did not include Htc as measurement in its cur-
rent database version. In a subgroup analysis, con-
sisting of 46,691 (41%) subjects, also measurements
of apolipoprotein B (apoB) and apolipoprotein A-1
(apoA-1) were available. Since prescriptions could
vary widely in the number of variables asked for
between subjects, joint measurements were often
available only in a more limited number of subjects.
In addition, all variables including Hb, lipids, lipo-
proteins, and apolipoproteins had to be taken at the
first visit to the physician. In another subgroup
(67%) Hp and uric acid measurements were also
available.

Hb was analyzed with routinely used hematology
analyzers STKS (Coulter®, Japan). Hp was mea-
sured with an immunoturbidimetric method
(reagents from Orion Diagnostics, Finland), applied
to an automated Hitachi-analyzer (Boehringer, Man-
nheim, Germany). The total imprecision, calculated
with the coefficient of variation (CV), was 5.6% at

Hp level 1.1 g/L. Uric acid was measured by enzy-
matic uricase method. Coefficients of variation for
uric acid determinations were less than 2.8% at 164
umol/LL (2.76 mg/dL), 2.3% at 470 umol/L. (7.90
mg/dL), and 1.8% at 624 umol/L. (10.49 mg/dL).
TC and TG were measured enzymatically as
described previously (25,26). In the subgroup with
available measurements of apoB and apoA-1 low-
density lipoprotein cholesterol (LDL-C) and HDL-C
were calculated (20), and the validation procedures
have been reported previously (20,27).To assess dia-
betes, we also used information on glucose levels
when available, which was measured enzymatically
with a glucose oxidase/peroxidase method. ApoB
and apoA-1 were measured by immunoturbidimetric
methods with CV < 7% (25,26). All methods were
fully automated with automatic calibration and
laboratory facilities accredited (26).

Hypertension status was not recorded in these
subjects. However, based on hospital discharge data
1,218 (1.1%) subjects were hospitalized at any time
prior to blood sampling with a primary or secondary
diagnosis of hypertension ICD-8: 400-404; ICD-9:
401-405; and ICD-10: I10-115). Since these are
only hospitalized cases with a hypertension diagno-
sis, this information most likely accounts only for a
small proportion of all subjects with hypertension in
the study population. Diabetes was considered pres-
ent in those with fasting glucose >7.0 mmol/LL at
base-line or with a hospital discharge diagnosis of
diabetes (ICD-7: 260; ICD-8: 250.0-259.9; ICD-9:
250; and ICD-10: E10-E14) prior to blood sam-
pling, accounting for 4,867 (4.3%) subjects classi-
fied as diabetics. Height and weight were not
mandatory information on the lab referral form,
were missing for the majority of subjects (>80%),
and were not used for analyses in this study, since
joint measurements of all variables then would have
limited the statistical power too much.

Stanistical analysis

Hb was categorized both by quartiles and deciles to
get more detailed CVD risk information at the far
ends of its distribution. Differences of biomarkers by
Hb quartiles were evaluated with an analysis of vari-
ance with linear contrasts for continuous variables
and chi-square tests of trend for categorical vari-
ables. We then analyzed the association between time
from blood sampling to first event of IS, AMI, CHF,
or MACE and Hb with Cox proportional regression
models. Analysis of one of the three end-points used
occurrence of the other two prior to analyzed event
as time-dependent binary coded covariates. Hazard
ratios (HR) for continuous variables were expressed for
a one standard deviation (SD) difference, including



95% confidence intervals (95% CI). Analyses with
decile categories used lowest decile as reference,
and HRs were then calculated for the other deciles.
Differences in hazard ratios were evaluated with
Z tests for two group comparisons. Interaction tests
between Hb and gender (or age-groups) on out-
come were done by a likelihood ratio chi-square test
with nine degrees of freedom of product terms
between Hb deciles and gender (age-group) vari-
ables. Similar tests of interaction were done between
Hb deciles and Hp in the total data set and between
Hb deciles and HDL-C in the subgroup with mea-
sured levels of apolipoproteins. In addition, interac-
tion tests (Wald) were also done treating Hb as a
continuous variable with a single product term
between Hb and each of HDL-C and Hp. In the
latter analysis LDL-C was used as adjustment vari-
able for atherogenic lipoproteins. All models were
adjusted for age, gender, TG, hospital-diagnosed
hypertension, and diabetes status, and TC in the
total data set (LDL-C in the subset). In the sub-
group analyses with available measurements of apoB
and apoA-1, apoB/apoA-1 was used as adjustment
variable instead of TC. In another subgroup analysis
with available measurements of uric acid and Hp,
these were additionally adjusted for in the decile
analysis of Hb versus CVD end-points. All analyses
were conducted with SAS version 8.1.

Ethics and approvals

This study complied with the Declaration of Helsinki,
and the Ethics Review Board of the Karolinska
Institutet approved the study.

Results

Hb levels according to 5-year age-groups per gender
are given in Figure 1. Males had clearly higher Hb
levels than did women in all age-groups, and Hb
levels stayed about stable until age 65 and then fell
off. Hb levels in females increased until 65 years and
then declined gradually, though to a smaller degree
than that of men. In Table I risk factors and propor-
tions of atherosclerotic cardiovascular events are
given by quartiles (Q) of Hb for all included subjects
and in a 41% subsample where also apolipoproteins
apoB and apoA-1 were measured. Due to a large
sample size all variables were highly significantly
associated to increased levels of Hb, except for Hp
(P = 0.80), with an inverse direction for HDL-C and
apoA-1. Relative differences in risk factor levels
between Q4 and Q1 were most pronounced for TG
(59%), uric acid (34%), TC/HDL-C (29%), and
apoB/apoA-1 (25%). Prevalence of hospital-recorded
diabetes was more than doubled from Q1 to Q4,
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Figure 1. Mean levels of hemoglobin (g/L.) by 5-year age-groups
and gender.

whereas hospital-recorded hypertension differred
clearly less. The incidence of new cases of AMI was
98% higher in Q4 than in Q1, 123% higher for IS,
and only 9% higher for CHF, showing only weak
signs of a J-shaped form. For total MACE the ratio
was 51%.

To get insight into the importance of the more
extreme levels (high or low) of Hb on cardiovascular
risk, Hb was split into deciles. Table II gives hazard
ratios of AMI by such deciles, with the lowest as
reference, adjusting for age, gender, TC, TG, hospi-
tal-diagnosed hypertension, and diabetes and pos-
sible occurrence of IS or CHF prior to an AMI by
time-dependent Cox regression analysis. In addition,
age and gender-specific splits of Hb deciles were
used since Hb correlated strongly with gender and
also with age. In total, the lowest risk of AMI was
observed in decile 3 (130.9-134.2 g/L)) and the high-
est in the two upper deciles. On average the risk of
AMI increased 11% per SD (13.1 g/L) difference.
This gradient was clearly different between younger
and elderly subjects (test of interaction P <0.001),
and there was likewise a significant interaction
between gender and Hb on AMI (P <0.001). In the
elderly subgroup there was no detectable association
between increased Hb levels and AMI risk. There
were also marked differences between genders when
separate deciles per gender were used. In females
deciles 2 and 4 had nominally significant lower risk
than decile 1 and decile 10, but there was no linear
association across the whole Hb distribution range
or any increased risk at the high end of the distribu-
tion as compared to decile 1. This was different as
compared to males where deciles 9 and 10 had ele-
vated such risk. In a small subgroup consisting of
5,046 subjects, among whom 339 experienced a
MACE, additional adjustments for body mass index
and creatinine were made. In a quartile split of Hb,
hazard ratio comparing fourth quartile with first was
1.87 (1.32-2.65) when these factors were additionally
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Table I. Gender-adjusted least square means (SE) of continuous and gender-specific categorical risk factors and atherosclerotic
cardiovascular events by quartiles of hemoglobin. Total and subgroup with measured apolipoproteins.?

Risk factors Q1 (n = 28457) Q2 (n = 28878) Q3 (n = 28712) Q4 (n = 28112) Total (n = 114159)
Female/male 25893/2564 21767/7111 11509/17203 3594/24518 62763/51396
Age, years 50.1 (0.09) 51.3 (0.08) 51.5 (0.08) 50.6 (0.09) 50.9 (0.04)
Males, % 9.0 24.7 59.9 87.2 45.0
Hb, g/LL 125.3 (0.03) 137.3 (0.03) 145.6 (0.03) 157.2 (0.04) 141.3 (0.001)
TC, mmol/L 5.37 (0.007) 5.65 (0.007) 5.84 (0.007) 6.00 (0.008) 5.72 (0.003)
TG, mmol/L 1.11 (0.006) 1.24 (0.006) 1.40 (0.006) 1.63 (0.007) 1.34 (0.001)
Hp, g/L 1.09 (0.003) 1.08 (0.002) 1.08 (0.002) 1.09 (0.003) 1.09 (0.001)
Uric acid, pmol/LL 266.8 (0.4) 278.5 (0.4) 290.9 (0.4) 302.9 (0.5) 284.6 (0.23)
Diabetes, n (%) 818 (2.9) 980 (3.4) 1256 (4.4) 1813 (6.4) 4867 (4.3)
F 628 (2.4) 655 (3.0) 478 (4.2) 349 (9.7) 2110 (3.4)
M 190 (7.4) 325 (4.6) 778 (4.5) 1464 (6.0) 2757 (5.4)
Hypertension, n (%) 271 (1.0) 276 (1.0) 308 (1.1) 363 (1.3) 1218 (1.1)
F 223 (0.9) 195 (0.9) 159 (1.4) 102 (2.8) 679 (1.1)
M 48 (1.9) 81 (1.1) 149 (0.9) 261 (1.1) 539 (1.0)
Events:
AMI, n (%) 943 (3.3) 1076 (3.7) 1413 (4.9) 1843 (6.6) 5275 (4.6)
F 706 (2.7) 692 (3.2) 492 (4.3) 269 (7.5) 2159 (3.4)
M 237 (9.2) 384 (5.4) 921 (5.4) 1574 (6.4) 3116 (6.1)
IS, n (%) 791 (2.8) 932 (3.2) 1034 (3.6) 1102 (3.9) 3859 (3.4)
F 648 (2.5) 672 (3.1) 477 (4.1) 222 (6.2) 2019 (3.2)
M 143 (5.6) 260 (3.7) 557 (3.2) 880 (3.6) 1840 (3.6)
CHEF, n (%) 924 (3.2) 864 (3.0) 889 (3.1) 992 (3.5) 3669 (3.2)
F 731 (2.8) 616 (2.8) 420 (3.6) 252 (7.0) 2019 (3.2)
M 193 (7.5) 248 (3.5) 469 (2.7) 740 (3.0) 1650 (3.2)
MACE, n (%) 2208 (7.8) 2417 (8.4) 2805 (9.8) 3300 (11.7) 10730 (9.4)
F 1742 (6.7) 1678 (7.7) 1176 (10.2) 602 (16.8) 5198 (8.3)
M 466 (18.2) 739 (10.4) 1629 (9.5) 2698 (11.0) 5532 (10.8)

Subgroup with

apolipoproteins: Q1 (n = 11001) Q2 (n = 11910)
ApoB, g/L 1.14 (0.003) 1.21 (0.003)
ApoA-1, g/LL 1.42 (0.002) 1.44 (0.002)
ApoB/apoA-1 0.82 (0.003) 0.86 (0.003)
LDL-C, mmol/L 3.47 (0.01) 3.66 (0.01)
HDL-C, mmol/L. 1.58 (0.004) 1.58 (0.004)
TC/HDL-C 3.77 (0.02) 3.92 (0.01)

Q3 (n = 12141) Q4 (n = 11639) Total (n = 46691)

1.28 (0.003) 1.34 (0.003) 1.24 (0.002)
1.44 (0.992) 1.44 (0.002) 1.44 (0.001)
0.91 (0.002) 0.95 (0.003) 0.89 (0.001)
3.81 (0.01) 3.90 (0.01) 3.72 (0.005)
1.55 (0.004) 1.51 (0.004) 1.55 (0.002)
4.17 (0.01) 4.46 (0.02) 4.09 (0.008)

2All variables had a significant test of trend across the Hb quartiles (P < 0.001) except for Hp (P = 0.80).

SE = standard error of the mean; Hb = hemoglobin; Q = quartile; TC = total serum cholesterol; TG = triglycerides; Hp = haptoglobin;
AMI = acute myocardial infarction; IS = ischemic stroke; CHF = congestive heart failure; MACE = major atherosclerotic cardiovascular
event; apoB = apolipoprotein B; apoA-1 = apolipoprotein A-1; LDL-C = low-density lipoprotein; HDL-C = high-density lipoprotein;

M = male; F = female.

adjusted for, whereas it was 1.86 (1.32-2.63) when
they were not. This indicates a small impact of added
adjustments for these factors. We had no information
on smoking in any subject, so this factor could not
be investigated in a similar way.

Similar analyses were done for IS, displayed in
Table III. In this case there was no reduced risk in
any deciles as compared to reference. In total, the IS
risk gradient was at least as strong as for AMI. This
was mainly due to the fact that elderly subjects also
had a significant increased risk by increased Hb
levels. The somewhat U-shaped risk curve in females,
as seen for AMI, was not present for IS, and gradi-
ents were largely similar in the two genders. When
CHF was used as end-point, only a weak U-shaped
risk curve was observed in the total material

(Table IV). These shapes were present within both
age-groups with about similar and significant risk
gradients on average per SD of Hb difference. Again,
as for IS, CHF gradients did not differ much between
genders. The combined end-point, MACE, showed
no major difference between genders but had a sig-
nificantly steeper gradient in younger as compared
to elderly subjects (test of interaction P <0.001), as
shown in Table V. Thus, the optimal range seems to
vary by age and gender and even end-point. For
MACE it seems to be in the range between 20th and
30th percentile.

Analyses were also repeated on a subgroup (67%)
of subjects with available information on uric acid
and haptoglobin since they could be potential con-
founders of Hb in multivariate analyses. Additional



Table II. HR (95% CI) of first occurrence of AMI by age and gender and by deciles of Hb, adjusted for risk factors?® and adjusted for time-dependent occurrence of IS or CHF prior to AMI.

Per SD

D3 D4 D5 D6 D7 D8 D9 D10

D2

Ref

Factors

1.11
(1.07-1.14)

1.40
(1.23-1.59)

1.18
(1.04-1.35)

1.05
(0.92-1.20)

0.99 1.08
(0.94-1.23)

(0.86-1.13)

0.92
(0.81-1.05)

0.97
(0.85-1.11)

0.89

(0.78-1.03)

0.93
(0.81-1.07)

1.0

Total

(AMI = 5275)
Age:®

1.24
(1.18-1.30)

1.92
(1.51-2.43)

1.54
(1.21-1.96)

1.50
(1.18-1.91)

1.34
(1.05-1.70)

1.24

(0.97-1.59)

1.10
(0.86-1.41)

0.98 1.22
(0.94-1.58)

(0.75-1.28)

1.03
(0.78-1.35)

1.0

<65

(AMI = 2441)

1.01
(0.97-1.05)

1.05
(0.89-1.24)

0.88
(0.74-1.05)

0.92
(0.77-1.08)

0.90
(0.77-1.07)

0.92
(0.77-1.09)

0.89
(0.75-1.05)

0.88
(0.74-1.05)

0.82
(0.69-0.98)

0.90
(0.76-1.07)

1.0

(AMI = 2834)

Gender:*©

1.10
(1.06-1.13)

1.44
(1.25-1.65)

1.31
(1.13-1.52)

1.15
(0.99-1.34)

1.10
(0.95-1.28)

1.09
(0.92-1.29)

1.00

(0.86-1.16)

1.01
(0.86-1.13)

0.99

(0.85-1.15)

0.89
(0.77-1.04)

1.0

Male

(AMI = 3116)
Female

1.04
(1.00-1.08)

1.05
(0.89-1.25)

0.97
(0.80-1.17)

0.88
(0.73-1.07)

0.92
(0.76-1.11)

0.90
0.73-1.11)

0.84
(0.70-1.02)

0.72
(0.85-0.90)

0.90
(0.57-1.10)

0.77
(0.63-0.94)

1.0

(AMI = 2159)

2Adjustment factors: age, gender, total cholesterol, triglycerides, hospital recorded hypertension, and diabetes.

bAge-group-specific deciles (Age <65 splits at: 126, 131, 135, 138, 142, 145, 149, 153, 158 g/L; Age =65 splits at: 124, 129, 133, 136.1, 139.1, 142.2, 146, 150, 155.9 g/L).

¢Gender-specific deciles (Male splits at: 137, 142, 145, 147.7, 150, 152, 155, 158, 162 g/L; Female splits at: 122, 127, 130, 132, 135, 137, 140, 143, 147 g/L).

HR = hazard ratio; CI = confidence interval; AMI

group (first decile); SD = standard deviation.

decile; Ref = reference

acute myocardial infarction; Hb = hemoglobin; IS = ischemic stroke; CHF = congestive heart failure; D =
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adjustments for these two factors did not noteworthily
alter associations between Hb and outcomes (data not
shown). Another sub-analysis was done when subjects
with available measurements of apolipoproteins were
included, now adjusting for apoB/apoA-1 instead of
TC, since the ratio in previous AMORIS analyses has
been found to be the best lipid predictor for AMI and
IS (14,15). In these cases, the J-shape at the lower end
of the Hb risk curve was somewhat more pronounced
for AMI and CHF compared to the total data set
analyses, whereas the IS results remained the same.
Additionally, the risk increase at the higher end of Hb
was slightly less for AMI and CHF than in the main
analyses but not for IS (data not shown). We tested if
there was an interaction between HDL-C and hemo-
globin deciles in the subgroup with available informa-
tion of HDL-C. For neither of the end-points was
there any significant such interaction when LDL-C
was used as adjustment factor together with TG, uric
acid, hospital-recorded hypertension, and diabetes,
for each gender separately or together, adjusting for
gender (all P > 0.20).

Interactions between Hb and Hp

Age and gender-specific interaction tests between Hp
and Hb were done for each end-point adjusted for the
confounding factors as above. For AMI a border-line
significant interaction was found in men, chi-
square(9) = 16.03, P = 0.066, but not in women. For
IS, both men and women showed a significant inter-
action between Hb and Hp, chi-square(9) = 26.29
(P <0.001) and chi-square(9) = 22.85 (P <0.01),
respectively. Interactions were positive in the sense
that effect sizes increased monotonically and more
than additively on the relative risk scale when both
factors increased. When CHF was analyzed similarly,
interaction was only found in women. For the com-
bined end-point MACE interactions were again found
in both genders, chi-square(9) = 27.94 (P <0.001)
in men and chi-square(9) = 22.09 (P <0.01) in
women. Analyses by age <65 and =65 years sepa-
rately (adjusted for gender) did not show any signifi-
cant interaction. Additional age and gender-specific
monotonic interaction analyses confirmed some of
the findings above but had clearly lower sample sizes
within subgroups.

Discussion

This study showed that the pattern of risk according
to different levels of Hb varied according to end-point,
age, and gender. An elevated risk of CVD at the lower
end of the Hb distribution is well known for patients
with CHF or in those with acute coronary syndromes
(1-3). The elevated risk at the high end of Hb as
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Table III. HR (95% CI) of first occurrence of IS by age and gender and by deciles of Hb, adjusted for risk factors* and adjusted for time-dependent occurrence of AMI or CHF prior to IS.

D3 D4 D5 D6 D7 D8 D9 D10 Per SD

D2

Ref

Factors

1.14
(1.10-1.18)

1.64
(1.40-1.91)

1.28
(1.09-1.49)

1.34
(1.15-1.56)

1.28
(1.09-1.50)

1.23
(1.05-1.44)

1.30
(1.13-1.51)

1.20
(1.03-1.39)

1.11
(0.95-1.30)

1.06
(0.91-1.24)

1.0

Total

(IS = 3859)

Age:®

1.20
(1.13-1.28)

1.80
(1.37-2.35)

1.53
(1.16-2.02)

1.54
(1.18-2.02)

1.41
(1.09-1.84)

1.22
(0.92-1.61)

1.33

(1.02-1.74)

1.20
(0.90-1.60)

1.12

(0.85-1.49)

0.98
(0.73-1.33)

1.0

<65

(IS = 1576)

1.08
(1.03-1.13)

1.37
(1.12-1.67)

1.22
(1.00-1.50)

1.18
(0.97-1.43)

1.21
(1.00-1.47)

1.33
(1.09-1.62)

1.29
(1.06-1.57)

1.28
(1.05-1.56)

1.17
(0.96-1.43)

1.28
(1.06-1.56)

1.0

(IS = 2283)

Gender:?

1.10
(1.05-1.15)

1.47
(1.22-1.76)

1.22
(1.01-1.48)

0.91
(0.74-1.12)

1.09
(0.90-1.33)

1.18
(0.96-1.46)

1.18
(0.98-1.42)

0.98 0.98
(0.79-1.21)

(0.81-1.19)

1.02
(0.84-1.23)

1.0

Male

(IS = 1840)

Female

1.12
(1.07-1.17)

1.47
(1.20-1.79)

1.33
(1.07-1.64)

1.48
(1.20-1.83)

1.35
(1.10-1.66)

1.17
(0.93-1.47)

1.26
(1.02-1.55)

1.19
(0.94-1.51)

1.22
(0.98-1.52)

1.17
(0.94-1.46)

1.0

(IS = 2019)

aSame adjustment factors as in Table II.
bSee footnote to Table II.

HR = hazard ratio; CI

deviation.

decile; SD = standard

confidence interval; AMI = acute myocardial infarction; Hb = hemoglobin; IS = ischemic stroke; CHF = congestive heart failure; D =

found in AMORIS has also been observed in healthy
subjects when Htc has been used as biomarker (7-9).
The major exception of pattern in AMORIS was
found for IS as end-point, which had the lowest risk
at the lowest Hb levels and had a more positively lin-
ear shape of the risk curve. This was at variance with
the findings in women in the Framingham study (7),
which showed a U-shaped risk curve for total stroke
or transient ischemic attacks (IS was not reported),
but again only according to Htc in both age-groups
(<65 and =65 years). However, in the men a similar
linearly increased risk as in AMORIS was observed.
In a Japanese study Kiyohara et al. also reported
increased stroke incidence comparing fifth and third
quintiles of Hb in elderly men, and there was a linearly
increased stroke risk by increasing Hb levels for all
subjects in those <65 years. In older women a
U-shaped stroke risk curve was indicated (9). The
AMI risk gradient in AMORIS women was more pro-
nounced U-shaped than that of men, with the lowest
risks somewhere between the second and fourth
deciles. These results are consistent with the gender-
specific associations of the Framingham study myo-
cardial infarction end-point. However, CHF as
end-point had only weakly U-shaped risk curves, not
as marked as those of the Framingham study. This
could possibly be due to a more precise measurement
schedule of Htc across time than a single value mea-
sured at base-line in AMORIS. The Hb levels with the
lowest risks in AMORIS seemed to be about 135 g/L.
for women and 145 g/L for men.

Direct comparisons with the Framingham data
must be made with caution since length of follow-up
was clearly different (34 versus 12 years), and the
possible occurrence of other cardiovascular events
after blood sampling but prior to analyzed end-point
were adjusted for completely only in AMORIS. Fur-
thermore, Framingham had semi-annual measure-
ments of Htc and not Hb, a more extended set of
base-line adjustment factors, and they analyzed data
by logistic instead of Cox proportional regression,
resulting in slightly exaggerated estimates of relative
risks by their odds ratios. In AMORIS, due to its
size, a decile type of analysis was made as compared
to quintiles in Framingham. However, despite these
discrepancies in primary variables, design, and sta-
tistical analyses, the main trends of results were
essentially similar for the end-points compared.

It is important to acknowledge that the excess risks
at both tails of the Hb distribution lie completely
within physiological ranges. Subjects in AMORIS
were probably not anemic, since they were referred
from out-patient clinics or for health check-up reasons.
Also, end-point cases, usually above 40 years of age,
were hardly competitive athletes in endurance sports,
so pathological Hb levels occurring in such sports



Table IV. HR (95% CI) of first occurrence of CHF by age and gender and by deciles of Hb, adjusted for risk factors? and adjusted for time-dependent occurrence of AMI or IS prior to CHF.

D2 D3 D4 D5 D6 D7 D8 D9 D10 Per SD

Ref

Factors

1.10
(1.06-1.14)

1.33
(1.15-1.54)

1.13
(0.98-1.31)

1.07
(0.93-1.24)

0.95
(0.81-1.11)

0.92
(0.79-1.07)

0.99
(0.87-1.14)

0.84
(0.73-0.97)

0.90
(0.78-1.05)

86

0.
(0.75-0.99)

1.0 O

Total

(CHF = 3669)

Age:®

1.13
(1.04-1.22)

1.39
(1.01-1.91)

1.05
(0.75-1.47)

1.05
(0.76-1.45)

0.88
(0.63-1.23)

0.96
(0.69-1.35)

0.99
(0.72-1.37)

1.10
(0.78-1.54)

0.72
(0.50-1.03)

97

0.
(0.68-1.38)

1.0 O

< 65

(CHF = 1012)
=65

1.05
(1.01-1.10)

1.10
(0.93-1.30)

1.04
(0.88-1.24)

1.02
(0.86-1.21)

0.90
(0.76-1.06)

0.95
(0.80-1.12)

0.89
(0.75-1.06)

0.80
(0.67-0.96)

0.85
(0.72-1.01)

0.94
(0.80-1.10)

1.0 O

(CHF = 2657)

Gender:?

1.07
(1.02-1.12)

1.25

(1.04-1.50)

1.27
(1.04-1.54)

1.08 1.04
(0.84-1.29)

(0.89-1.32)

0.94
(0.74-1.18)

0.91

(0.75-1.11)

0.92
(0.74-1.14)

0.91
(0.75-1.11)

0.95
(0.78-1.14)

1.0 O

Male

(CHF = 1650)
Female

1.08
(1.03-1.12)

1.17
(0.99-1.39)

0.90
(0.74-1.09)

0.90
(0.74-1.10)

0.98
(0.81-1.18)

0.86
(0.69-1.07)

0.70
(0.58-0.86)

0.82
(0.66-1.03)

0.86
(0.70-1.04)

80

0.
(0.66-0.98)

1.0 ()

(CHF = 2019)

a2Same adjustment factors as in Table II.

bSee footnote to Table II.

decile; SD = standard

HR = hazard ratio; CI = confidence interval; AMI = acute myocardial infarction; Hb = hemoglobin; IS = ischemic stroke; CHF = congestive heart failure; D

deviation.
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probably did not confound the relationships. At the
high end of Hb, blood viscosity is increased with
increased peripheral resistance and diminishing cardiac
output. Increased viscosity has an impact on coronary,
cerebral, as well as peripheral blood flow and perfusion
(28-31). High Hb levels may also stimulate atherogen-
esis by erythrocyte aggregation, leading to platelet
aggregation, adhesion, and aggregation to the arterial
wall (31-33). Blood rheology is especially important
in the brain microcirculation. Thus, even a small
reduction in blood flow may have a huge impact on
cerebral function (34).This is consistent with the more
linear increase in IS by increasing Hb levels found in
AMORIS. There is also a relatively new theory that
small amounts of free Hb in plasma may be taken up
by the HDL-C particles, thereby changing the anti-
atherogenic property of HDL-C to become pro-
atherogenic (18). However, in our interaction analyses
between HDL-C and Hb deciles on the various end-
points, we could not detect any trend towards such
interactions. It has also been proposed that high Hb
levels may lead to infiltration of small amounts of Hb
into the arterial wall where its components heme and
other constituents may contribute to increased oxida-
tion of intra-arterial lipids and perhaps also proteins,
thereby accelerating the development of plaques (35).
Furthermore, the intra-arterial plaque and its debris
may be more prone to bleeding and to rupture, which
may increase the risk of formation of thrombus mate-
rial and its clinical consequences (36,37). Since no
haplotyping of the haptoglobin gene was done in
AMORIS, we could not verify the high CVD risk in
diabetics with haplotype 2-2 as suggested by Levy et
al. (19). However, since the Hp haplotype 2-2 has a
prevalence of about 40% and has clearly higher CVD
risk than types 1-1 and 1-2 (19), it should be possible
to detect excess CVD risk (of diabetic origin) in a large
data set such as in AMORIS. In our interaction tests
it was indicated that the combination of high Hp and
Hb levels may increase risk on CVD end-points, but
it is still unclear whether disturbances in the Hb—Hp
complexes could be an explanatory link.

At the low end of Hb an increased risk of AMI
or CHF was observed even within physiological
ranges. It is known that when Hb is very low, oxygen
delivery capacity is not satisfactory, and this anemic
deficiency is especially important in patients with
acute coronary syndromes or CHF (3). Lipid distur-
bances may also be involved in anemic subjects (12).
In AMORIS we cannot exclude the possibility that
non-hospitalized lower-degree CHF or silent AMI
may have been present in some subjects, contributing
to the elevated J-formed risk at low Hb levels.

The clinical utility of these findings must be put
in perspective of proving causality of low and/or high
Hb levels. For that purpose randomized controlled
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Table V. HR (95% CI) of first occurrence of MACE by age and gender and by deciles of Hb, adjusted for risk factors.?

Per SD

D3 D4 D5 D6 D7 D8 D9 D10

D2

Ref

Factors

1.14
(1.12-1.17)

1.55
(1.42-1.70)

1.29
(1.18-1.41)

1.23
(1.12-1.34)

1.16
(1.05-1.27)

1.08
(0.98-1.19)

1.06

(0.98-1.16)

1.10
(0.92-1.10)

0.96

(0.87-1.05)

0.98
(0.89-1.07)

1.0 O

Total

(MACE = 10628)

Age:®

1.23
(1.19-1.28)

1.85
(1.57-2.18)

1.56
(1.32-1.85)

1.44

(1.22-1.71)

1.32
(1.12-1.56)

1.20
(1.01-1.43)

1.17
(0.99-1.39)

0.95 1.15
(0.96-1.38)

(0.80-1.14)

1.00
(0.83-1.20)

1.0 O

<65

(MACE = 4364)

=65

1.07
(1.04-1.10)

1.27
(1.13-1.42)

1.09
(0.97-1.22)

1.15
(1.02-1.28)

1.02
(0.92-1.14)

1.03
(0.92-1.15)

1.03
0.92-1.15)

0.98
(0.87-1.10)

0.94
(0.84-1.05)

1.05
(0.94-1.18)

1.0 ()

(MACE = 6264)

Gender:?

1.11
(1.08-1.13)

1.43
(1.28-1.58)

1.29
(1.15-1.44)

1.14
(1.01-1.28)

1.09
(0.98-1.22)

1.08
(0.96-1.22)

0.97 0.98 1.06
(0.87-1.11)  (0.95-1.18)

(0.87-1.09)

0.90
(0.81-1.00)

1.0 ()

Male

(MACE = 5483)
Female

1.11
(1.08-1.14)

1.32
(1.18-1.48)

1.09
(0.96-1.23)

0.86 0.95 0.94 1.08 1.04
(0.84-1.07) (0.82-1.08) (0.96-1.22) (0.92-1.18)

(0.74-0.99)

0.86 0.99
(0.85-1.05)

(0.75-0.98)

1.0

(MACE = 5145)

aSame adjustment factors as in Table II.

bSee footnote to Table II.

hazard ratio; CI = confidence interval; Hb = hemoglobin; AMI = acute myocardial infarction; IS = ischemic stroke; CHF = congestive heart failure; MACE = major atherosclerotic

cardiovascular events, including AMI, IS, or CHF; D = decile; SD = standard deviation.

HR =

trials where manipulations of Hb are investigated
versus clinical outcomes are needed. In special pop-
ulations, such as in anemia or heart failure, some
trial results have been published showing promising
results (38—41). However, more trials are needed for
subjects with high Hb levels.

Study strengths and limitations

The major strength of this analysis is the large num-
ber of major cardiovascular end-points in AMORIS.
However, major drops in number of subjects may
take place in AMORIS when several biomarkers are
to be included simultaneously. Special runs on single
factor univariate analyses in larger populations did
not give substantially different estimates of HRs
when compared to those found when the same anal-
yses were made on a much more limited number of
subjects due to joint inclusion of many risk factors.
Thus, severe selections were probably not involved
when analyses with joint inclusion of risk factors
were needed. During the study period the all-cause
mortality was about 14% lower in the AMORIS
population than in the general population of Stock-
holm county, when taking age, gender, and calendar
year into account (21). This ‘healthy cohort effect’
may influence the generalizability of the results, but
not the internal validity, i.e. the hazard ratios given
for different levels of, for example, Hb. In addition,
the impact on the generalizability is likely to be
minor since it has been shown that the AMORIS
cohort is similar to the general working population
of Stockholm county in terms of socio-economic
class and ethnicity. A major limitation of this study
is the lack of more important risk factors such as
body mass index, creatinine, smoking, and more
classically derived proportions of hypertension and
diabetes. We investigated in a small subgroup the
effects of additional adjustments for body mass index
and creatinine but found no such effects when
MACE was used as end-point. For smoking we had
no subgroup data. However, adjustment for these
factors, and more as done in the Framingham study,
did not change odds ratios markedly as compared to
the crude age-adjusted risk gradients per gender (7).
Since AMORIS also adjusted for lipids and apolipo-
proteins, we believe that such extra adjustments
would only have changed risk estimates marginally,
especially since degree of correlation between smok-
ing, blood pressure, and Hb is relatively low.
However, as shown in Table I, many risk factors
were associated to Hb, and we cannot rule out the
possibility of a residual confounding in these analy-
ses. The quality of AMI classifications in the Swedish
Hospital Discharge Register has been evaluated
several times and was shown to be of good quality



for epidemiological purposes (24). The quality of
routine stroke diagnoses in Sweden has been evalu-
ated less extensively and with less consistent results
(21). For CHF it is known from a Danish study that
the specificity is high but the sensitivity is low, so that
an under-reporting of less severe cases may have
occurred in our study (42).

Conclusions

This study showed that in healthy persons a single
measurement of Hb within a wide range was associ-
ated with major atherosclerotic cardiovascular events
during 12 years of follow-up. The AMI risk was
clearly highest at the upper end of the Hb region,
but that was only found in men and in the younger
part of the population. The trends were weaker for
CHF and more similar between genders. There were
slight trends towards increased risk in the lower as
compared to the middle Hb region for AMI and
CHF in women and in the elderly. Conversely, the
IS risk increased more linearly by increased levels of
Hb in both genders. There were interactions between
Hp and Hb on CVD end-points, requiring further
research.
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