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Abstract Low hemoglobin concentration is associated
with increased mortality, but there is disagreement with
regard to the clinical definition of anemia. We aimed to
evaluate the prevalence, clinical correlates and association
with total and cause-specific long-term mortality across the
hemoglobin distribution and for previously proposed defi-
nitions of anemia. Blood hemoglobin concentration and
mean corpuscular volume was measured in participants of
the Malmo diet and cancer study—a prospective cohort
study, and related to baseline characteristics and outcomes
during follow-up. Primary endpoints were all-cause mor-
tality, cardiovascular mortality and cancer-related mortal-
ity. A U-shaped association of hemoglobin with total
mortality was observed in spline regression analyses, with
nadir at hemoglobin 150 g/ among men and 130 g/L
among women. Mortality increased steeply with more strict
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definitions of anemia, hazard ratio: 1.36, 1.94 and 2.16 for
hemoglobin <140/130 (men/women), 132/122 and
130/120 g/L, respectively. Similar trends were seen for
both cancer- and cardiovascular mortality. The incidence
of coronary disease and cancer did not differ across groups.
Erythrocyte volume was an independent predictor of
mortality, with the highest mortality observed for macro-
cytic anemia, which was less prevalent than microcytic and
normocytic anemia. Dietary intake of iron and vitamin B12
were significantly lower and use of antithrombotic medi-
cations was significantly higher in subjects with anemia.
The World Health Organisation definition of anemia was
associated with increased mortality (hazard ratio 2.16) but
excess mortality was also observed at higher hemoglobin
levels. Of morphological subtypes, anemia with macrocy-
tosis was rare but associated with the highest mortality.

Keywords Anemia - Epidemiology - Mean-corpuscular
volume - Hemoglobin

Introduction

Anemia, defined as a low blood concentration of hemo-
globin, is a major determinant of morbidity globally.
Anemia is associated with impaired oxygen delivery,
decreased exercise tolerance and a reduced quality of life
in older adults [1, 2]. It can also result in impaired toler-
ance for ischemia and has been associated with worsened
outcomes in several diseases including renal failure, heart
failure, myocardial infarction, and cancer [3-8].

Although many studies have described reference inter-
vals for hemoglobin in healthy individuals, there is sig-
nificant variability in the definition of anemia among
clinical laboratories and few studies have described the
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distribution, clinical correlates and prognostic impact of
hemoglobin concentration in the general population.

The most commonly used definition of anemia is the
World Health Organization’s definition of a hemoglobin
concentration below 130 g/ for men and 120 g/L for
women [9, 10]. However, this definition has been criticized
for largely being based on expert opinion and studies with
potentially flawed measurement techniques. It was derived
from a small study sample of healthy, young individuals
which cannot be extrapolated to middle-aged or elderly
individuals [11]. Furthermore, a recent study observed an
adverse prognosis with a definition of anemia as high as a
hemoglobin below 140 g/L. for men and 130 g/L for
women [12]. On the other hand, one study showed that the
WHO definition might be clinically relevant [13]. Two
surveys of large American databases suggested that a
hemoglobin concentration below 132 g/L. for men and 122
for women might be more clinically relevant with a prev-
alence of about 5 % in the general population [11].

Given the conflicting data of previous studies, we aimed
to evaluate the prevalence, clinical correlates and impact of
anemia on total and cause-specific mortality, using previ-
ously proposed definitions and across the range of the
hemoglobin distribution in a middle-aged Swedish popu-
lation (the Malmo Diet and Cancer Study, MDCS). We
also studied the distribution and prognostic importance of
the major clinical subclassifications of anemia, based on
mean corpuscular volumes; micro-, normo-, and macro-
cytic anemia.

Methods
Study sample

The population-based Malmé Diet and Cancer Study
(MDCS) [14, 15] included 30,447 men and women from a
middle-aged Swedish population (age at inclusion
44-73 years, mean 58.0 years). In brief, all men born
between 1923 and 1945 and women between 1923 and
1950 in the city of Malmo in southern Sweden were invited
to participate, and the participation rate was approximately
40 %. All participants underwent a baseline examination
between 1991 and 1996. Participants filled out a ques-
tionnaire including questions on smoking habits, physical
activity, medical history and use of medications. Blood
samples, anthropometrics and blood pressure measure-
ments were collected at baseline. Hypertension was defined
as either a systolic blood pressure of >140 mmHg, a dia-
stolic blood pressure >90 mmHg, or the use of antihy-
pertensive medication. The dietary intake of folate, vitamin
B12 and iron was assessed in an interview-based, modified
diet history method that combined (1) a 7 day menu-book
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for registration of lunch and dinner meals, cold beverages
including alcohol, drugs and nutrient supplements
(including iron, folate and vitamin B12 supplements); (2) a
168-item questionnaire for assessment of meal pattern,
consumption frequencies, and portion sizes of regularly
eaten foods; and (3) a 45-min complementary interview.
Physical activity was measured as a score, incorporating
different physical activities. The methods and validity of
the methods have been described elsewhere [16—-18]. Blood
samples were analyzed with a Sysmex K-1000 using
electric resistance detection for counting blood cells and
the cyanmethemoglobin method for hemoglobin measure-
ment. Analyses were performed consecutively at screening
using fresh, heparinized blood samples. The representa-
tivity of MDCS for the general population of Malmo has
previously been studied [19]. Participants in MDCS were
on average slightly healthier, with a lower mortality than
non-participants with a similar socio-demographic struc-
ture as the general population.

All individuals provided written, informed consent. The
regional ethics committee approved the study.

Ascertainment of clinical end-points

Information on clinical endpoints was obtained by linkage
of national healthcare registers to the unique personal
identification number that every Swedish citizen receives
upon birth or immigration [20]. Information on time and
cause of death was obtained from the Swedish Cause of
Death Register (CDR) [21] and information on coronary
artery disease and cancer was obtained from the Swedish
Hospital Discharge Register (HDR) [22]. These nation-
wide registers include data on primary and contributory
diagnoses from all hospitals in Sweden. The CDR includes
diagnoses from death certificates since 1952, regardless if
death occurred outside of Sweden. Diagnoses in the CDR
are coded as primary or contributory to cause of death.
Reporting of data to the HDR has been compulsory since
1987 but the Malmo University hospital, which is the only
hospital serving the city, has been reporting since 1969.
Diagnoses in both registers are based upon the Interna-
tional Classification of Disease (ICD), and the 8th edition
(ICD-8) was used until the end of 1986, the 9th edition
(ICD-9) between 1987 and 1996 and the 10th edition (ICD-
10) from 1997 until present. The CDR includes information
about the cause of death in >99 % of the total deaths in
Sweden [23]. The diagnostic validity has been reported to
be high, with positive predictive values of 90 % for neo-
plasms and 87 % for ischemic heart disease [24]. The HDR
includes diagnoses for >99 % of discharged patients [25].
The HDR has been validated with a positive predictive
value of 85-95 % for most diagnoses. Validity is higher for
more severe conditions [e.g. myocardial infarction



Anemia in the general population

491

(>98 %) and malignancies] [22]. There is a high level of
agreement (>90 %) between cause of death in the CDR
and primary diagnosis in the HDR in myocardial infarction
and neoplasms [21].

The predominant specific causes of death were defined
from ICD codes in the CDR: death from cardiovascular
causes (ICD-9: 390-459, ICD-10: 100-199) and cancer-
related death (ICD-9: 140-239, ICD-10: C00-C99). Other
specific causes of death studied included hematologic
causes (ICD-9: 280-289, ICD-10: D50-D77), digestive
causes (ICD-9: 520-579, ICD-10: K), respiratory causes
(ICD-9: 460-519, ICD-10: J), infectious disease (ICD-9:
001-139, ICD-10: A,B), and trauma (ICD-9: 800-999, ICD-
10: V,W,X)Y). Incident coronary event was defined as
myocardial infarction (ICD-9: 410, ICD-10: 121) or death
due to ischemic heart disease (ICD-9: 412 or 414, ICD-10:
122-23 or 125). Cancer was defined as diagnosis codes
140-239 (ICD-9) and CO00-C99 (ICD-10) in the HDR or
CDR.

Statistical methods

The prevalence, clinical characteristics, and prognosis
associated with anemia were evaluated across four previ-
ously proposed cut-off values for hemoglobin: 140/130 g/L
(in men/women), 132/122, 130/120 and <110 [5, 9-11,
13]. Each anemia group was compared with the part of the
population not included in the specific definition of anemia.

Erythrocyte volume and hemoglobin content were
evaluated as independent predictors of mortality. The
impact of subclassification into morphological subtypes
(microcytic, normocytic and macrocytic anemia) and sub-
types based on erythrocyte hemoglobin content (hypo-
chromic, normochromic, hyperchromic) was evaluated.
Microcytic anemia was defined as mean corpuscular vol-
ume (MCV) below 80 femtoliters (fL), normocytic anemia
as MCV between 80 and 100 fL, and macrocytic anemia as
MCYV >100 fL. Hypochromic anemia was defined as mean
corpuscular hemoglobin concentration (MCHC) below
320 g/L, normochromic anemia as MCHC between 320
and 360 g/L. and hyperchromic anemia as MCHC above
360 g/L. In both subclassification analyses the group
without anemia by any definition (above hemoglobin
140/130 g/L) was used as control group.

Baseline characteristics were compared between study
participants with and without anemia according to each
definition, using Fisher’s exact test, Student’s ¢ test or
Mann—Whitney’s U test, as appropriate.

The association of each definition of anemia with total
mortality during 10 years of follow-up was evaluated using
sex-stratified Cox proportional hazards regression analyses.
Follow-up was defined as time from baseline examination

to the time of an event or end of follow-up, with censoring
after 10 years. Cox models were adjusted for potential
confounders (determined a priori) including age, body
mass index, hypertension, smoking, alcohol consumption,
and physical activity. The association of anemia, according
to each definition, with the predominant causes of mortality
(coronary artery disease, cancer) and with case fatality in
these diseases was also tested. Models with and without
inclusion of pre-menopausal women were studied, to
evaluate the impact of this healthier group, which could
potentially bias mortality analyses because of lower
hemoglobin levels.

The association of hemoglobin concentration with total
mortality was also evaluated using a restricted cubic spline
with knots at the 10th, 25th, 50th, 75th and 90th percentiles
of hemoglobin.

P values below 0.05 were considered statistically sig-
nificant. Statistical analyses were performed using IBM
SPSS Statistics (version 20.0 IBM Corp., Armonk, NY,
USA) or SAS version 9.3 (SAS Institute Inc., Cary, NC,
USA).

Results
Prevalence of anemia

Hemoglobin measurements were available for 30,330
participants. The distribution of hemoglobin in male and
female participants of the MDCS are shown in Online
Resource 1, and the prevalence of anemia according to
previously proposed definitions are shown in Table 1. A
hemoglobin cut-off of 140 g/L. for men and 130 g/L for
women resulted in 6,713 subjects with anemia (prevalence
22.0 %). Restricting the cut-off to 132 and 122 g/L in men
and women, respectively, resulted in a decline in preva-
lence to 1,719 subjects (5.6 %). Further restriction to 130
and 120 g/L in men and women, respectively, yielded a
prevalence of 1,167 subjects (3.8 %). Finally, restriction to
<110 g/L resulted in a prevalence of 171 subjects (0.6 %).
The 5th percentile for male and female hemoglobin con-
centration was 134 and 121 g/L, respectively.

The distributions of major morphological subclasses of
anemia across definitions are shown in Table 1. The pro-
portion of patients with microcytosis or macrocytosis was
significantly higher for each group of anemic patients
compared to non-anemic patients. Further, the proportion
of anemic individuals with microcytic anemia increased
markedly with the more strict definitions of anemia, from
4.0 % (hemoglobin <140/130 g/L) to 57.9 % (<110 g/L).
The proportion of macrocytic anemia also increased with
more strict definitions, but remained low, from 1.0 %
(<140/130 g/L) to 2.9 % (<110 g/L).
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Table 1 Prevalence of anemia with different diagnostic definitions, and of microcytosis, normocytosis and macrocytosis

Subgroup Hb above Hb less than Hb less than Hb less than Hb less than
140/130 g/L (%)  140/130 g/L (%) 132/122 g/L (%) 130/120 g/L (%) 110 g/L (%)
Prevalence 23,617 (78.0) 6,713 (22.0) 1,719 (5.6) 1,167 (3.8) 171 (0.6)
Microcytosis (MCV less than 80 fL) 134 (0.6) 270 (4.0)* 203 (11.8)* 189 (16.2)* 99 (57.9)*
Normocytosis (MCV between 80 and 100 fL) 23,319 (98.7) 6,376 (95.0)* 1,488 (86.6)* 955 (81.8)* 67 (39.2)*
Macrocytosis (MCV above 100 fL) 181 (0.8) 67 (1.0)* 28 (1.6)* 23 (2.0)* 5(2.9)*

Number of subjects and total prevalence of anemia with different diagnostic definitions in the Malmo Diet and Cancer study. Number of subjects
and proportions with microcytosis, normocytosis and macrocytosis are presented for each diagnostic definition and for the population without
anemia. The first hemoglobin value is the cut-off for men and the second is for women. Hb indicates hemoglobin; and MCV, mean corpuscular
volume. * P below 0.05

Table 2 Baseline characteristics of the total population and patients with anemia by different diagnostic definitions

Clinical characteristics Hb above Hb less than Hb less than Hb less than Hb less than
140/130 140/130 g/ 132/122 g/L 130/120 g/ 110 g/
Prevalence 23,734 6,713 1,719 1,167 171
Age 58.3 (58.2-58.4) 57.0 (56.8-57.2)*  56.5 (56.1-56.9)*  56.2 (55.7-56.7)*  53.5 (52.4-54.7)*
Women (%) 18,326 (60.2) 4,822 (71.8)* 1,239 (72.1)* 850 (72.8)* 149 (87.1)*
BMI 26.2 (4.1) 24.7 (3.7)* 24.5 (3.8)* 24.5 (3.9)* 24.7 (3.7)*
Alcohol (g/day) 11,2 (13.2) 9.3 (10.8)* 8.9 (10.6)* 8.6 (10.4)* 7.6 (9.7)*
Smoker, current (%) 7,073 (29.8) 1,687 (25.1)* 421 (24.5)* 281 (24.1)* 46 (26.9)
Hypertension (%) 15,301 (64.5) 3,341 (49.8)* 832 (48.4)* 564 (48.3)* 78 (45.6)*
High physical activity (%) 5,624 (25.4) 1,568 (25.2) 387 (24.6) 252 (23.8) 35 (23.0)
Antithrombotic drug treatment (%) 567 (2.4) 174 (2.8) 56 (3.6)* 40 (3.8)* 2 (1.4)
Warfarin treatment (%) 150 (0.6) 45 (0.7) 14 (0.8) 10 (0.9) 1 (0.6)
Dietary intake of vitamin B12 (pg/day) 7.18 (6.1) 6.68 (5.7)* 6.7 (6.3)* 6.6 (6.0)* 5.7 (4.9)*
Dietary intake of folic acid (pg/day) 251.5 (82.7) 251.5 (82.6) 251.3 (85.4) 250.7 (84.6) 235.2 (80.3)
Dietary intake of iron (mg/day) 16.2 (5.6) 15.6* (5.4) 15.5 (5.3)* 15.5 (5.4)* 13.9 (4.1)*
Mean corpuscular volume (fL) 89.5 (3.9) 88.8 (5.1)* 87.5 (6.9)* 86.6 (7.5)* 79.8 (10.0)*
Mean corpuscular hemoglobin content (g/L) 341 (31.6) 335 (21.6)* 332 (37.2)* 331 (44.6)* 314 (33.8)*
Post menopause (% of the female population) 8,935 (70.9) 2,781 (62.8)* 597 (53.2)* 378 (49.7)* 42 (33.4)*
Prevalence cancer (%) 1,540 (6.5) 587 (8.7)* 158 (9.2)* 113 (9.7)* 19 (11.1)*
History of MI (%) 471 (2.0) 129 (1.9) 35 (2.0) 28 (2.4) 2 (1.2)

Results are shown for patients with anemia using four major proposed definitions: hemoglobin <140/130, <132/122, <130/120 in men/women and <110.
For physical activity, the proportion of subjects in the fourth quartile of the score are presented. * P < 0.05. MI indicates myocardial infarction. Other

abbreviations are explained in Table 1. P values for dietary intake for vitamin B12, folic acid and iron is for log-transformed data

Baseline characteristics

The clinical characteristics at study baseline are presented
in Table 2. We observed significant differences between
the groups with lower age, larger proportion of females and
large proportions of pre- and perimenopausal women for
the more strict definitions of anemia. Subjects with anemia
also had significantly lower BMI, consumed less alcohol,
were less likely to report smoking and less often hyper-
tensive. The dietary intake of iron and vitamin B12 were
significantly lower in subjects with anemia, and in the
groups with the lowest and highest Hb cut-off (<140/130
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and <110) no significant differences in use of antithrom-
botic medications were noted. Pre-menopausal women had
significantly lower hemoglobin (mean 133.2 g/L) than
post-menopausal women (mean 137.5 g/L, P < 0.01).

Prognosis of anemia

During up to 10 years of follow-up, a total of 2,651 (8.7 %)
participants died, 912 (3.1 %) died from cardiovascular
disease and 1,218 (4.1 %) from cancer-related causes.
1,473 subjects (5.0 %) were diagnosed with coronary
artery disease and 1,426 (4.8 %) were diagnosed with
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cancer during follow-up. Other important causes of death
were less common, as shown in Online Resource 2.

The adjusted relative risk of total mortality across the
range of hemoglobin is illustrated in Fig. 1. An inverse
U shaped association with mortality was observed in both
men and women. Mortality risk was lowest for hemoglobin
150 in men and 130 in women and increased as hemo-
globin deviated from around 145-165 g/L for men and
120-145 g/l for women. This relative risk increase was
particularly marked for a hemoglobin concentration below
130 g/ for men and 120 g/L. for women. The results
of the unadjusted cubic spline were similar, as shown in
Online Resource 3.

All diagnostic definitions of anemia were associated
with a higher total mortality compared to no anemia as
shown in Table 3. All diagnostic definitions were also
associated with an increased risk of cardiovascular mor-
tality and the risk increased proportionally with increas-
ingly strict definition. All definitions were also significantly
associated with increased risk of cancer mortality, except
for subjects with hemoglobin <110 in whom confidence
intervals were wide. An expanded model with inclusion of

Hemoglobin concentration (g/L)

prevalent heart failure to the model yielded similar results
(Online Resource 4). Other important causes of death were
too rare for statistical analyses, but rates of death from non-
malignant gastrointestinal diseases and infectious diseases
were numerically higher in subjects with anemia, as shown
in Online Resource 2. Inclusion of premenopausal women
did not significantly change the results (data not shown).

Anemia was associated with an increased risk of mor-
tality related to renal disease for two of the definitions of
anemia (132/122 and 130/120, with HR 8.08 and HR 13.22
respectively, both P < 0.01) but was not significant for the
most lenient definition (140/130, HR 2.34, P = 0.13) as
shown in Online resource 6. However, renal mortality was
rare (n = 4 for the 132/122 and 130/120 groups, n = 6 for
the 140/130 group) and no cases of renal mortality were
noticed in the group with the lowest Hb.

A total of 1,473 participants were diagnosed with an
incident coronary event (4.8 %). The incidence of coronary
events and incident cancer were similar in all groups, and
no significant risk increase was seen with anemia by any
definition. The distribution of major organ-specific cancers
associated with anemia is illustrated in Online Resource 5.
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Table 3 10-year mortality with
different diagnostic definitions
of anemia

Impact of diagnostic definition
of anemia on absolute and
relative risk of total and major
causes of mortality, and of
incident coronary and cancer
events. Absolute risk of
mortality is presented as total
number of events and
unadjusted Kaplan—-Meier
estimates during 10 years
follow-up. Relative risk
compared to individuals without
anemia by the stated definition
is presented as hazard ratios
from Cox proportional hazards
regression with 95 %
confidence intervals and

P value, adjusted for age, sex,
BMI, hypertension, smoking,
physical activity and alcohol
consumption. Premenopausal
women were excluded from all
analyses

N.S indicates not significant,
other abbreviations are
explained in Table 1

Total events (%) Hazard ratio Confidence interval P value

All-cause mortality

Total cohort 2,651 (8.7 %) - - -

Hb below 140/130 623 (9.3 %) 1.357 1.225-1.504 <0.001

Hb below 132/122 216 (12.6 %) 1.942 1.659-2.274 <0.001

Hb below 130/120 156 (13.4 %) 2.162 1.799-2.600 <0.001

Hb below 110 13 (7.6 %) 1.532 0.765-3.068 N.S
Cardiovascular mortality

Total cohort 912 (3.1 %) - - -

Hb below 140/130 207 (3.2 %) 1.288 1.075-1.543 0.006

Hb below 132/122 68 (4.2 %) 1.600 1.195-2.142 0.002

Hb below 130/120 50 (4.5 %) 1.725 1.221-2.437 0.002

Hb below 110 8 (4.7 %) 3.061 1.270-7.382 0.013
Cardiovascular events

Total cohort 1,473 (5.0 %) - - -

Hb below 140/130 137 2.1 %) 0.907 0.767-1.071 N.S

Hb below 132/122 46 (2.8 %) 0.995 0.733-1.351 N.S

Hb below 130/120 36 (3.3 %) 1.151 0.805-1.646 N.S

Hb below 110 5 (3.0 %) 1.569 0.588—-4.189 N.S
Malignancy mortality

Total cohort 1,218 (4.1 %) - - -

Hb below 140/130 289 (4.4 %) 1.375 1.185-1.594 <0.001

Hb below 132/122 110 (6.6 %) 2.246 1.808-2.791 <0.001

Hb below 130/120 79 (7.0 %) 2.550 1.984-3.277 <0.001

Hb below 110 5 (3.0 %) 1.178 0.379-3.660 N.S
Cancer incidence

Total cohort 1,426 (4.8 %) - - -

Hb below 140/130 313 (4.8 %) 1.035 0.896-1.195 N.S

Hb below 132/122 91 (5.5 %) 1.182 0.913-1.531 N.S

Hb below 130/120 63 (5.7 %) 1.223 0.892-1.677 N.S

Hb below 110 10 (6.0 %) 0.985 0.317-3.059 N.S

Subclassification by erythrocyte volume
and hemoglobin content

Hemoglobin concentration and MCV were independently
associated with all-cause mortality in the MDCS, while a
multiplicative interaction term was not significant.
Mortality risks of patients with anemia subclassified by
erythrocyte volume are shown in Table 4. Risk of total
mortality was increased in all groups compared to subjects
without anemia and was highest in subjects with macro-
cytosis for all definitions of anemia, except for the group
with the lowest hemoglobin, which was not statistically
significant. The risk of cancer mortality was also highest in
subjects with macrocytosis, and a similar non-significant
trend was observed for cardiovascular mortality although
confidence intervals were wide. Risk of cardiovascular
mortality and cancer mortality was higher in subjects with
normocytosis compared to subjects without anemia, but
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was not significantly higher in the smaller group with
microcytosis. The group with hemoglobin <110 was too
small to observe any significant increase in mortality.

Compared to subjects with anemia and normocytosis,
risk of total mortality and cancer mortality was higher in
subjects with macrocytosis, as shown in Online Resources
7. In contrast, mortality was not significantly different with
microcytosis as compared to subjects with normocytosis
for any definition of anemia.

Hemoglobin concentration and MCHC were also inde-
pendently associated with all-cause mortality in the MDCS,
while a multiplicative interaction term was not significant.
The distributions of MCHC in the non-anemic population
and in participants with anemia across definitions are
shown in Online Resource 8. The proportion of anemic
subjects with hypochromic anemia increased with a more
strict definition of anemia while the proportion with
hyperchromic anemia declined. Associations of MCHC
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Table 4 The prognostic impact
of mean corpuscular volume on
outcome using different
diagnostic definitions for
anemia

Relative risk compared to
individuals without anemia by
any definition (hemoglobin
>140 in men and >130 in
women) is presented as hazard
ratios from Cox proportional
hazards regression with 95 %
confidence intervals, adjusted
for age, sex, BMI, hypertension,
smoking, physical activity and
alcohol consumption.
Premenopausal women were
excluded from all analyses.

Microcytosis (MCV
less than 80 fL)

Normocytosis (MCV

between 80 and 100 fL)

Macrocytosis
(MCV above 100 fL)

All-cause mortality
Hb below 140/130
Hb below 132/122
Hb below 130/120
Hb below 110

Cardiovascular mortality

Hb below 140/130
Hb below 132/122
Hb below 130/120
Hb below 110
Cancer mortality
Hb below 140/130
Hb below 132/122
Hb below 130/120

2.076 (1.226-3.516)*
2.190 (1.137-4.218)*
2.102 (1.049-4.213)*
NA

1.934 (0.801-4.671)
2.407 (0.899-6.447)
1.973 (0.634-6.141)
NA

1.963 (0.878-4.386)
2.173 (0.813-5.808)
2.345 (0.877-6.268)

1.310 (1.179-1.455)*
1.916 (1.621-2.266)*
2.177 (1.786-2.652)*
2.015 (0.959-4.234)

1.267 (1.053-1.523)*
1.561 (1.142-2.133)*
1.704 (1.171-2.479)*
3.509 (1.311-9.394)*

1.321 (1.135-1.538)*
2.208 (1.754-2.779)*
2.592 (1.985-3.384)*

3.522 (2.210-5.614)*
4.678 (2.429-9.011)*
4.527 (2.154-9.513)*
2.024 (0.285-14.381)

1.677 (0.538-5.226)

3.008 (0.750-12.062)
3.555 (0.887-14.253)
5.902 (0.826-42.147)

4.391 (2.348-8.213)*
5.874 (2.436-14.161)*
4.465 (1.436-13.882)*

* P < 0.05. Abbreviations are Hb below 110 NA

1.801 (0.579-5.600) NA

explained in Table 1

subgroups with mortality are shown in Online Resource 9.
Increased cardiovascular mortality was observed when the
anemia was hypochromic (HR 1.97, 2.61, 3.77 and 0.71 for
140/130, 132/122, 130/120 and <110 respectively) as
compared to normochromic anemia. No case of hyper-
chromic anemia was noticed in the group with the most
strict definition of anemia (<110).

Discussion

The present study evaluated the prevalence, clinical cor-
relates and prognostic impact of anemia across the entire
range of the hemoglobin distribution and using previously
proposed definitions in a middle-aged population. Our
results provide several important insights on the epidemi-
ology of anemia in middle-aged subjects.

First, we observed a U-shaped association of hemoglo-
bin with total mortality over 10 years, with the lowest risk
for hemoglobin 150 g/L for men and 130 g/L for women.
Anemia as defined according to the WHO was associated
with a hazard ratio of 2.16 (95 % confidence interval
1.80-2.60), but excess mortality was observed at even
higher hemoglobin (as high as 140 g/LL for men and
130 g/l for women). However, the relative hazard ratio
increased the lower cutoff points that were used. The
lowest proposed hemoglobin cut-off of 110 g/L resulted in
a very small group, smaller than in some previous studies,
likely reflecting the population-based study design. Prev-
alence estimates were otherwise similar to the few previous
studies in middle-aged subjects, ranging from 4 % for the
WHO definition to 22 % for the least strict definition (Hb
<140/130 g/L), and consistent with observations in elderly

subjects [5]. Thus, anemia definitions that include indi-
viduals with a slightly increased mortality risk come at the
price of a markedly higher prevalence of over one fifth of
the middle-aged population. However, our findings indicate
that hemoglobin concentrations <140 g/ in men and
<130 g/L in women merit some degree of monitoring and
evaluation. These findings were consistent when including
premenopausal women.

Second, anemia by all definitions was associated with
excess risk of both cancer-related and cardiovascular
mortality—the two major causes of death in the western
population. The risk of incident cancer was not signifi-
cantly different between groups. The incidence of coronary
disease was also not increased compared to individuals
without anemia. This observation indicates an effect on
case fatality rate in myocardial infarction rather than dis-
ease incidence per se, possibly due to effects of reduced
oxygen transport to ischemic tissues. Another possibility is
that anemia, despite not being directly related to the
pathophysiology of coronary artery disease per se, might be
associated with other factors such as inflammation, which
could influence case-fatality. Several studies have reported
increased mortality in patients hospitalized for coronary
artery disease with anemia and in heart failure patients with
anemia [3-5, 26], and there is ongoing debate about the
benefits and risks of blood transfusion in such patient
groups. Our study observed substantially increased case
fatality and is the first, as far as we are aware, to provide
prospective data on case fatality rate in coronary disease in
the general population with information on both hospital-
ized subjects and subjects who died before reaching the
hospital. Mortality related to renal disease was also greatly
increased for two of the definitions of anemia (132/122 and
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130/120). This likely reflects the close relationship between
kidney disease and anemia. However, renal mortality was
rare and confidence intervals were wide.

Third, erythrocyte volume predicted mortality indepen-
dently of hemoglobin, with the highest mortality observed
for macrocytic anemia, which was less prevalent than
microcytic and normocytic anemia. This unexpected
observation has not previously been reported. The principal
causes of macrocytic anemia are considered to be defi-
ciency of folic acid or vitamin B12, hypothyroidism,
alcohol abuse, and hematologic malignancies [27]. Partic-
ularly the latter would be expected to also substantially
impact survival, which is also further corroborated by the
considerably increased risk of cancer-related mortality in
subjects with anemia. Our findings therefore highlight the
importance of careful evaluation of subjects with macro-
cytic anemia. Total mortality was similarly increased with
microcytic and normocytic anemia as compared to subjects
without anemia. The most common cause of microcytic
anemia in this population is likely to be iron-deficiency
anemia, often resulting from gastrointestinal bleeding/
cancer, and perhaps anemia on the basis of chronic disease,
as the prevalence of thalassemia is low in Sweden.
Normocytic anemia most likely reflects inflammation,
chronic disease or renal failure [28]. No significant dif-
ferences were noted between mortality risk for microcytic
anemia and normocytic anemia.

Finally, our results confirm a substantial role for men-
opause on the population distribution of hemoglobin in
middle-aged subjects. Female sex, lower age, and pre- or
perimenopause were strongly associated with anemia. No
significant association was observed with use of anti-
thrombotic medications in the groups with the highest and
lowest hemoglobin, which might indicate a modest con-
tribution to anemia in the middle-aged population. Alcohol
consumption was lower in participants with anemia. This
association was independent of age, only significant in
male participants and remained significant after exclusion
of participants reporting no alcohol consumption. This
observation could potentially reflect male anemic partici-
pants being less healthy, treated as outpatients and less
inclined to consume alcohol. Other important factors
associated with increased risk of anemia included low
dietary intake of vitamin B12 and iron—underscoring
benefits with improved population interventions to provide
dietary recommendations. However, our study provides no
direct information with regard to the benefits and risks of
correcting anemia. Studies have also shown an association
between blood transfusion and adverse outcomes [29, 30],
which have motivated careful and conservative treatment
strategy, with blood transfusions withheld for very low
hemoglobin concentrations in critically ill patients. This
treatment strategy is therefore unlikely to be appropriate
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for these individuals who seem to be at a high risk even
though they lack other comorbidities. Other treatment
options for anemia have been developed, including eryth-
ropoietin therapy and iron infusions that might be benefi-
cial for patients with less severe anemia [31, 32] although
these treatments might have other drawbacks that need to
be taken into consideration [33]. Improved diagnostics and
attempts to correct nutritional deficiencies, alcohol over-
consumption and optimized therapy for any chronic dis-
eases associated with anemia would therefore likely be the
most effective ways to reduce the disease burden of anemia
in the population. Indeed, it has previously been shown that
clinical anemia is one of the last manifestations of iron
deficiency and one of the first to get corrected when ade-
quate supplementation and treatment is initiated. It may
however be important to continue treatment even after the
hemoglobin concentration has normalized, to replenish
body stores of iron [34, 35].

Our study was a large, contemporary, population-based
cohort study of middle-aged subjects. However, our study
also has limitations which merit consideration. First, this
study was based on a single laboratory hemoglobin value,
why we are unable to further characterize measurement
errors and transient anemia, which has previously been
shown to have a small impact on outcomes [26]. However,
the assay used for measurement was used clinically at the
time and has been shown to have low intra-reader variabil-
ity, and the impact of transient anemia, if any, is expected to
bias our results to the null and unlikely to positively con-
found our results. Further, even though several potential
confounding factors were included in the multivariate
models, we did not have data on to what extent smoking,
alcohol intake and other confounding factors changed during
the 10-year follow-up period. Finally, measures of renal
function, inflammation, bleeding disorders and hematologic
disorders were not available in this study, and adjustment for
these important determinants of anemia was therefore not
possible. However, a random subgroup of MDCS partici-
pants (n = 5,413) underwent further testing including high-
sensitive C-reactive protein (CRP) and creatinine measure-
ments from which estimated glomerular filtration rate
(eGFR) could be calculated using the Cockcroft-Gault for-
mula. In that subcohort, only 5 (<0.1 %) participants had
severely reduced renal function (eGFR below 30), and 695
participants (13 %) had moderately reduced renal function
(eGFR between 30 and 60). Increasing prevalence of mod-
erately reduced eGFR with stricter definitions of anemia was
noticed (17, 20, 21 and 39 % for 140/130, 132/122, 130/120
and <110 respectively). CRP was not significantly different
between the different definitions of anemia compared to the
non-anemic subjects except in the most lenient anemic
definition (140/130 g/L), which had lower CRP than non-
anemic participants.
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In conclusion, the present study found that the prevalence
of anemia in a general, middle-aged Swedish population was
common, ranging from between 0.6 and 22 % depending on
the definition. Anemia by all definitions was associated with
an increased risk of all-cause, cardiovascular and cancer-
related mortality, particularly with the less prevalent mac-
rocytic anemia. The upper diagnostic cut-off below which
excess mortality was evident was 140 g/l in men and
130 g/L in women. Our results provide novel information on
the epidemiology of anemia and highlight the importance of
careful evaluation and follow-up of middle-aged individuals
with anemia even with a lenient definition, particularly in
the context of macrocytic anemia.
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