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Abstract

Background and aim Iron deficiency is associated with increased morbidity and mortality in older adults. However, data
on its prevalence and incidence among older adults is limited. The aim of this study was to investigate the prevalence and
incidence of iron deficiency in European community-dwelling older adults aged > 70 years.

Methods Secondary analysis of the DO-HEALTH trial, a 3-year clinical trial including 2157 community-dwelling adults
aged >70 years from Austria, France, Germany, Portugal and Switzerland. Iron deficiency was defined as soluble transferrin
receptor (STfR) >28.1 nmol/L. Prevalence and incidence rate (IR) of iron deficiency per 100 person-years were examined
overall and stratified by sex, age group, and country. Sensitivity analysis for three commonly used definitions of iron defi-
ciency (ferritin <45 pg/L, ferritin <30 pg/L, and sTfR—ferritin index > 1.5) were also performed.

Results Out of 2157 participants, 2141 had sTfR measured at baseline (mean age 74.9 years; 61.5% women). The preva-
lence of iron deficiency at baseline was 26.8%, and did not differ by sex, but by age (35.6% in age group >80, 29.3% in
age group 75-79, 23.2% in age group 70-74); P <0.0001) and country (P =0.02), with the highest prevalence in Portugal
(34.5%) and the lowest in France (24.4%). As for the other definitions of iron deficiency, the prevalence ranged from 4.2%
for ferritin < 30 pg/L to 35.3% for sTfR—ferritin index > 1.5. Occurrences of iron deficiency were observed with IR per 100
person-years of 9.2 (95% CI 8.3-10.1) and did not significantly differ by sex or age group. The highest IR per 100 person-
years was observed in Austria (20.8, 95% CI 16.1-26.9), the lowest in Germany (6.1, 95% CI 4.7-8.0). Regarding the other
definitions of iron deficiency, the IR per 100 person-years was 4.5 (95% CI 4.0-4.9) for ferritin <45 pg/L, 2.4 (95% CI
2.2-2.7) for ferritin <30 pg/L, and 12.2 (95% CI 11.0-13.5) for sTfR—ferritin index > 1.5.

Conclusions Iron deficiency is frequent among relatively healthy European older adults, with people aged > 80 years and
residence in Austria and Portugal associated with the highest risk.
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Introduction

Iron deficiency is the most common nutrient deficiency
worldwide, thus constituting a major health problem [1].
Alenka Stahl-Gugger and Caroline de Godoi Rezende Costa Notably, 1.6 billion people, corresponding to a fifth of the
Molino: Shared first authorship. world population, are iron deficient, of which about 1 billion
have a severe form with subsequent anemia [2]. While iron
deficiency is a major public health problem in developing
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< Heike A. Bischoff-Ferrari countries [3], it also affects high-income countries [4—6].
Heike.Bischoff @usz.ch In Europe, the prevalence in adults (age 16-50 years) has
Extended author information available on the last page of the article been found to range from 4 to 33% [7]. A special risk group
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for iron deficiency are older adults, where a peak of iron
deficiency has been described [8, 9].

Iron deficiency has several adverse effects in the human
body, as iron plays a pivotal role in oxygen transportation
to tissues and in removal of carbon dioxide [10]. Iron defi-
ciency is suggested to be the most important contributor to
nutrient deficiency anemia at older age [4]. Previous studies
among older adults suggest that reduced iron store, inde-
pendent of anemia status, may be associated with inflam-
mation [11], an increased risk of physical and cognitive
impairment [12, 13] and an increased overall morbidity
and mortality [14—17]. In fact, all-cause mortality among
severely iron deficient subjects (aged > 65 years, living in
long-term care facilities) is estimated to be almost twice as
high as in iron sufficient persons of the same age and living
conditions [15].

Regarding reliable prevalence estimates of iron deficiency
among older adults, it is important to note that there is no
consensus about the best marker to diagnose iron deficiency
in this growing segment of the population [8, 18-20]. To
address this bottle-neck, the present study assessed the prev-
alence and incidence of iron deficiency in a large European
cohort of community-dwelling older adults using the four
most common definitions of iron deficiency.

Methods
Participants and study design

This study is a secondary analysis of data collected as
part of the DO-HEALTH clinical trial (NCT01745263).
DO-HEALTH is a multicenter, double-blind, randomized
controlled trial (RCT) designed to support healthy aging
in European seniors. The trial examined the individual and
combined effects of omega-3 fatty acids, vitamin D, and
a simple home exercise program over 3 years of follow-
up. A total of 2157 community-dwelling older adults were
recruited in five European countries (Austria, France, Ger-
many, Portugal, and Switzerland) from seven university
centers (Basel, Berlin, Coimbra, Geneva, Innsbruck, Tou-
louse, and Zurich).

Briefly, DO-HEALTH included relatively healthy adults
aged 70 years or older, with Mini Mental State Examination
score (MMSE) > 24 and sufficiently mobile to come to the
study center. Key exclusion criteria for the present study
were: severe liver disease (such as chronic active hepatitis B,
cirrhosis of the liver or sclerosing cholangitis), severe renal
impairment (creatinine clearance < 15 mL/min) or dialysis,
history of cancer (except non-melanoma skin cancer), or
history of a cardiovascular event in the last 5 years. Details
on the trial are published elsewhere [21].
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Assessments and blood samples

DO-HEALTH participants were followed for 3 years with
four clinical visits (at baseline, after 1, 2, and 3 years) and
phone calls every 3 months. The following variables were
assessed at baseline: sex, age, years of education, smoking
status, the intake of medications or supplements, body mass
index (BMI), and comorbidities with the Self-Administered
Comorbidity Questionnaire (SCQ, range: 0-13) [22].

Baseline and follow-up blood samples at every visit
(at 1, 2, and 3 years) were collected in all participants to
measure soluble transferrin receptor (sTfR), and ferritin
levels. Hemoglobin level for the diagnosis of anemia was
only assessed at baseline. Anemia was defined as hemo-
globin < 130 g/L for men and < 120 g/L for women, accord-
ing to World Health Organization (WHO) guidelines [23].

The sTfR measurement was done by particle-enhanced
immunoturbidimetric assay, with coefficient of variation of
2.2% at 2.6 mg/L and 1.8% at 7.1 mg/L. Ferritin concentra-
tions were measured with Elecsys Ferritin Test on a cobas
e 801 analyser using ElektroChemiLumineszenz-Immuno-
Assay “ECLIA” technology, with coefficients of variation of
3.5% at 154 pg/L and 4.5% at 947 pg/L. All blood samples
were analyzed centrally in the same laboratory.

Definition of iron deficiency and outcomes

Primary outcomes were the baseline prevalence and inci-
dence rate of iron deficiency. Iron deficiency was assessed
every year over the 3-year follow-up, so that patients could
have anywhere from O to 3 occurrences. For the main defini-
tion of iron deficiency, we used sTfR >28.1 nmol/L, which,
unlike ferritin, is not influenced by chronic diseases or age
[24-26]. In addition, we performed sensitivity analysis for
three commonly used definitions of iron deficiency: fer-
ritin <45 pg/L [8, 18, 27, 28], ferritin < 30 pg/L [19, 29,
30], and sTfR—ferritin index (calculated as sTfR/log ferri-
tin)> 1.5 [31].

Statistical analysis

Prevalence (absolute numbers and proportions) of iron defi-
ciency at baseline and the incidence of iron deficiency were
estimated and compared by sex, age group (70-74, 75-59,
and > 80 years), and country (Austria, France, Germany,
Portugal, and Switzerland). The incidence rate (IR) of iron
deficiency was based on only subjects with iron sufficiency
at baseline. It was calculated as the total number of years
during which iron deficiency was observed to occur, divided
by the total number of years that subjects were followed. A
subject who was followed for 3 years could contribute up to
3 occurrences of iron deficiency. Analyzes were stratified
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by age group and sex, as prior studies found that the preva-
lence of iron deficiency increases with age [32] and is more
frequent in women [5, 17]. We also investigated the preva-
lence and incidence of iron deficiency by country as diet and
potentially iron intake are culturally diverse [21]. Prevalence
of iron deficiency was compared between sex, age group,
and country using a Chi-square test. IRs and 95% confidence
intervals (CI) over the study period were estimated using
over-dispersed Poisson regression models. An offset of the
logarithm of each participant’s time (years) in the study was
included in the models. IR and 95% CI were also estimated
for each subgroup (sex, age group, and country) using over-
dispersed Poisson regression models. Statistical significance
was set at P value of < (.05, and reported P values are two
sided. Statistical analysis was performed using SAS v9.4.

Results
Baseline characteristics

Out of 2157 DO-HEALTH participants, 2141 had sTfR and
ferritin measured at baseline and were included in the study.
Table 1 gives an overview of the baseline characteristics:
61.5% of the participants were women and the mean age
was 74.9 years (SD +4.5). Overall, mean BMI was 26.3 kg/
m? (SD +4.3), mean serum hemoglobin was 139.8 g/L
(SD +12.4), and mean number of comorbidities was 1.7
(SD =+ 1.4). A minority of participants were current smokers
(5.8%, 125/2141), took iron supplements (5.6%, 120/2141),
or had anemia (6.5%, 140/2141).

Prevalence of iron deficiency at baseline

The prevalence of iron deficiency at baseline—according
to the four definitions—is illustrated in Table 2: 26.8%
(573/2141) of the participants had sTfR >28.1 nmol/L,
9.3% (199/2141) had ferritin <45 pg/L, 4.2% (90/2141)
had ferritin < 30 ug/L, and 35.3% (755/2141) had sTfR—fer-
ritin index > 1.5. Compared to men, women had a nearly
three times higher prevalence of ferritin <45 ug/L than men
(12.2% vs. 4.6%; P <0.0001) and a significantly higher
prevalence of sTfR—ferritin index > 1.5 (40.3% vs. 27.2%;
P <0.0001). The oldest age group (80 +) had a significantly
higher prevalence of iron deficiency, except by the definition
ferritin <30 pg/L.

Prevalence of iron deficiency anemia at baseline
Among the iron deficient population (sTfR > 28.1 nmol/L),

we found that 11.0% (63/573) of them had anemia (Fig. 1A).
Among iron deficient men, only 9.1% (19/210) had anemia.
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Table 1 Baseline characteristics
Overall
N 2141
Women, N (%) 1317 (61.5)
Men, N (%) 824 (38.5)
Age, years, mean (SD) 74.9 (4.5)
Years of education, mean (SD) 12.7 (4.3)
Current smokers, N (%) 125 (5.8)
Iron supplement, N (%) 120 (5.6)
BMI, kg/m?, mean (SD) 26.3 (4.3)
Hb, g/L, mean (SD) 139.8 (12.4)
Anemia®, N (%) 140 (6.5)
Number of comorbidities®, mean (SD) 1.7 (1.4)
Self-reported chronic diseases®, N (%)
Osteoarthritis 944 (44.1)
High blood pressure 834 (39.0)
Back pain 762 (35.6)
Heart disease 258 (12.1)
Depression 175 (8.2)
Ulcer or stomach disease 160 (7.5)
Diabetes 149 (7.0)
Rheumatoid arthritis 117 (5.5)
Lung disease 107 (5.0)
Kidney disease 54 (2.5)
Liver disease 35(1.6)
Cancer 26 (1.2)

BMI body mass index, Hb hemoglobin, N number, SD standard devia-
tion
*Definition of anemia: < 130 g/L for men, < 120 g/L for women

SComorbidities were assessed by the Self-Administered Comorbidity
Questionnaire (SCQ) [22]

Among iron deficient women, 12.1% (44/363) had also ane-
mia (Fig. 1B).

Prevalence of iron deficiency by country

The baseline prevalence of iron deficiency differed sig-
nificantly between countries for all four definitions. The
highest prevalence was in Portugal (range: 8.5% for ferri-
tin < 30 ug/L to 49.8% for sTfR—ferritin index > 1.5), and the
lowest in France (range: 2.0% for ferritin <30 pg/L to 27.1%
for sTfR—ferritin index > 1.5), see Fig. 2A.

Figure 2B illustrates the prevalence of iron deficiency
stratified by country and sex. Among women, Portugal had
the highest prevalence of iron deficiency for the four def-
initions (range: 11.4% for ferritin <30 pg/L to 57.3% for
sTfR—ferritin index > 1.5). Among men, no significant dif-
ference in the prevalence of iron deficiency by country was
observed.
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Table 2 Prevalence of iron deficiency at baseline for the overall sample, by sex and age group

Overall Sex P? Age group P?

Men Women 70-74 75-79 80+
N 2141 824 1317 1227 588 326
sTfR >28.1 nmol/L, N (%) 573(26.8) 210(25.5) 363 (27.6) 0.29 285(23.2) 172(29.3) 116 (35.6)  <0.0001
Ferritin <45 pg/L, N (%) 199 (9.3) 38 (4.6) 161 (12.2)  <0.0001 109 (8.9) 44 (7.5) 46 (14.1) 0.003
Ferritin <30 pg/L, N (%) 90 (4.2) 21 (2.6) 69 (5.2) 0.003 49 (4.0 20 (3.4) 21 (6.4) 0.08
sTfR—ferritin index"> 1.5, N (%) ~ 755(35.3)  224(27.2) 531 (40.3)  <0.0001 402 (32.8) 210(35.7) 143(43.9)  0.0009
N number, P P value, sTfR soluble transferrin receptor
“Differences between groups were assessed using a 3 test
"Definition of sTfR—ferritin index: sTfR/log ferritin
Incidence of iron deficiency over the study period Discussion

Over the 3 years of follow-up, there were 390 occurrences
of iron deficiency (defined by sTfR >28.1 nmol/L) among
participants with iron sufficiency at baseline. This made an
overall IR per 100 person-years of 9.2 (95% CI 8.3-10.1).
For ferritin <45 pg/L, there were 234 occurrences with an
overall IR of 4.5 (95% CI 4.0-4.9). For ferritin < 30 pg/L,
there were 134 occurrences with an overall IR of 2.4 (95%
CI2.2-2.7). There were 452 occurrences using sTfR—ferritin
index > 1.5 with an IRs per 100 person-years of 12.2 (95%
CI 11.0-13.5) (Table 3).

In three out of the four iron deficiency definitions,
women had a significantly higher IR compared to men: fer-
ritin <45 pg/L (IR 5.5 [95% CI 4.8-6.2] vs. 3.0 [95% CI
2.5-3.6], P <0.0001), ferritin <30 pg/L (IR 2.8 [95% CI
2.4-3.2] vs. 1.9 [95% CI 1.6-2.3], P=0.002) and sTfR—ferri-
tin index > 1.5 (IR 13.5 [95% CI 11.8-15.4] vs. 10.5 [95% CI
8.9-12.4], P=0.02). The 80+ age group had a significantly
higher IR when compared to the age group 70-74 years in
the same three out of four definitions (Table 3).

Incidence of iron deficiency by country

For the comparison analysis between different countries,
Switzerland was the reference group as this country had the
highest number of participants (N=1005). The highest IR
of STfR >28.1 nmol/L was found in Austria with 20.8 (95%
CI 16.1-26.9) and the lowest in Germany with 6.1 (95%
CI 4.7-8.0). The same pattern was found for sTfR—ferritin
index. The highest IR of ferritin <45 pg/L was observed in
Portugal with 7.5 (95%CI 5.8-9.7) and the lowest in France
with 2.2 (95% CI 1.6-3.0). Similar pattern was found for
ferritin < 30 pug/L (Table 3).
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This study examined the prevalence and incidence of iron
deficiency among relatively healthy adults aged 70 years
and older recruited in five European countries for the DO-
HEALTH trial. To date, this is the first study to report
incidence rates of iron deficiency (with or without ane-
mia) among community-dwelling older adults in Europe.
Depending on its definition, we found an overall prevalence
of iron deficiency ranging from 4.2% (ferritin <30 pg/L) to
35.3% (sTfR—ferritin index > 1.5). The prevalence of iron
deficiency was higher among women and the oldest age
group (80 +) for all definitions. In addition, the prevalence
of iron deficiency was the highest in Portugal and the lowest
in France for the four definitions. Notably, at baseline, the
vast majority of older adults with prevalent iron deficiency
(sTfR > 28.1 nmol/L) did not present with concomitant ane-
mia (89.0% of iron deficient participants were non-anemic,
87.9% among women, and 90.9% among men). The IR per
100 person-years varied from 2.4 (95% CI 2.2-2.7) to 12.2
(95% CI 11.0-13.5), depending on the definition of iron
deficiency. For the definition sTfR >28.1 nmol/L, the IRs
of iron deficiency were not statistically different by sex or
age group. However, the incidence of iron deficiency was
significantly higher in women compared to men and in the
oldest age group (80 + years) compared to the youngest
group (70-74 years) when taking the other three definitions
of iron deficiency (ferritin <45 pg/L, ferritin < 30 ug/L, and
sTfR—ferritin index > 1.5).

Our study adds to the existing evidence by providing
data on the prevalence of iron deficiency among commu-
nity-dwelling older adults. For instance, most prior Euro-
pean studies on iron status focused on children, premeno-
pausal or pregnant women [33], or young adults [34, 35].
To compare our results, a recently published observational
study among older adults aged > 50 years from England
found a prevalence of non-anemic iron deficiency (ferri-
tin < 30 pg/L) of 10.9% in women and 6.3% in men [17].
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The population-based EMPIRE study among community-
dwelling adults from Portugal found a prevalence of iron
deficiency (ferritin <30 pg/L) of 30.2% among adults
aged 65-79 years (N=1187) and of 42.8% among adults
aged > 80 years (N=430) [36]. These estimates are consid-
erably higher compared with our results, which may be best
explained by the selection of relatively healthy older adults
for the DO-HEALTH trial, which is confirmed by the lower
prevalence of comorbidities than in the EMPIRE popula-
tion (e.g., 18% of the EMPIRE population aged 65-79 years
reported history of diabetes, 34% history of kidney failure,
and 20% history of lung diseases; while in DO-HEALTH,
the prevalence of diabetes was 7%, kidney disease was 2.5%,
and lung diseases was 5%).

Our findings revealed differences in the prevalence and
incidence of iron deficiency among relatively healthy older
adults between the five European countries (Austria, France,
Germany, Portugal, and Switzerland). Based on sTfR
(>28.1 nmol/L), older adults from France had the lowest
prevalence of iron deficiency with 24.4%, and Portugal had
the highest prevalence with 34.5%. Our results about the
iron-deficiency prevalence by country should be interpreted
carefully. Notably, we could not find population-based data
from other cohorts enrolling older European adults, to estab-
lish if our by-country differences among relatively healthy
older adults are maintained at the population level. Partici-
pants in DO-HEALTH were not selected from a random
sample of the population of each country; therefore, our
results might not be representative of the population at large.
Differences in factors affecting self-selection may contribute
to the intercountry differences. In addition, regarding the
difference in iron deficiency by country as a possible indi-
cator of health disparities between countries, there is some
support of an association between iron deficiency and low
socioeconomic status [37-39]. Even though this evidence
is based on children and young women, this could be one of
the factors contributing to the high prevalence and incidence
of iron deficiency in Portugal. However, participants from
Austria, considered a country with a higher socio-economic
status, had a high incidence of iron-deficiency. As dietary
patterns are influenced by cultural behaviors [21] differences
in dietary iron intake can also contribute to the observed
variability of iron deficiency by country.

Similar to a previous population-based study conducted
in the United States (3067 adults aged 70 and older, report-
ing 7% of women and 4% of men with iron deficiency based
on the laboratory tests erythrocyte protoporphyrin, trans-
ferrin saturation, and serum ferritin) [5], we found higher
incidence and prevalence of iron deficiency in women as
compared to men. In younger populations, women have
higher risk for iron deficiency than men due to physiologi-
cal loss with the menstrual period [40, 41]. However, men-
strual blood loss cannot explain those differences, since all

participants were older than 70 years. This difference might
be attributed to a lower dietary intake of iron in women [42],
particularly meat [43, 44]. However, evidence on further
explanations for sex-related differences in iron deficiency
among older adults is still limited.

Interestingly, our findings suggest that age may influence
the prevalence and incidence of iron deficiency in a rela-
tively healthy population. In fact, a peak of iron deficiency
is described in older adults, which is probably due to multi-
factorial reasons: poor diet, risk factors for inadequate iron
absorption (for example medications, such as aspirin), or
unphysiological iron loss (for instance through gastrointes-
tinal diseases and oral anticoagulants) [9]. Similar to our
findings, the EMPIRE study among 6267 adults in Portugal
revealed a statistically significant higher prevalence rate of
iron deficiency in participants aged > 80 years compared to
those aged < 65 and 65-70 years [36].

Based on the literature, among the different definitions
of iron deficiency, low serum ferritin is supported as highly
specific for iron deficiency when compared to the gold
standard of stainable bone marrow iron [45]. On the other
hand, since ferritin is an acute phase protein, its levels can
be elevated in inflammatory states, chronic diseases, and
malignancies, meaning that a normal ferritin may not always
exclude iron deficiency [46]. That is why the definition based
on ferritin alone might underestimate the prevalence of iron
deficiency. Therefore, it is important that clinicians take into
account an additional measurement, such as the sTfR and
the sTfR-index. The fact that the large majority of our iron
deficient study population did not have anemia highlights
the need for iron assessment independent of hemoglobin
levels. This further investigation of iron status is important,
first because iron deficient people without anemia can suf-
fer from a variety of physical symptoms in the same way or
even worse as anemic people do [47], and second there is
evidence that non-anemic iron deficiency is associated with
increased overall mortality [17].

Our study has several strengths. First, we used four differ-
ent definitions of iron deficiency. This spectrum makes the
study results comparable to other studies at the measurement
level, which may help to find a consensus on how to define
iron deficiency among older adults in the future. Second, all
blood samples were analyzed centrally in the same labora-
tory, contributing to a high reliability. Third, to the best of
our knowledge, our study contributes unique data on iron
deficiency among relatively healthy community-dwelling
older adults from five Europe countries, both at the preva-
lence and the incidence level, over 3 years, and among 2157
participants.

There are also some limitations. The outcomes were
measured on a yearly basis for only three consecutive years.
Our results cannot be considered population-based as par-
ticipants have been pre-selected to be relatively healthy older

@ Springer
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a ——— > With anemia: N = 63 (11.0%)
N =573

26.8%

————> No anemia: N =510 (89.0%)

= sTfR >28.1
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[ lIron deficiency (sTfR >28.1 nmol/L)

N = 2140

[0 No iron deficiency (sTfR <28.1 nmol/L)

Men ~» With anemia: N = 19 (9.1%)

N = 824 N =210
255% ————

— No anemia: N =191 (90.9%)

Women ———» With anemia: N =44 (12.1%)
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———» No anemia: N = 319 (87.9%)

" lIron deficiency (sTfR >28.1 nmol/L)

. No iron deficiency (sTfR <28.1 nmol/L)
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«Fig. 1 Prevalence of iron deficiency (sTfR>28.1 nmol/L) with or
without anemia at baseline, overall (A) and by sex (B). There is one
missing hemoglobin level among women without iron deficiency.
Therefore, the sample size is 2140

adults. However, this introduces a conservative bias on the
prevalence and incidence of iron deficiency observed in our
study.
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Conclusions

Our study shows that iron deficiency is frequent in rela-
tively healthy European community-dwelling adults age 70
and older. Most vulnerable to iron deficiency in this target
population were women, adults aged 80+, and older adults
from Portugal and Austria. Our findings at the methodologi-
cal level comparing four measures of iron deficiency also
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Fig.2 Prevalence (%) of iron deficiency (sTfR > 28.1 nmol/L, ferritin <45 pg/L, ferritin <30 pg/L, and sTfR—ferritin index > 1.5) by country (A)

and by country and sex at baseline (B). P values are from Chi-square test
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suggest that ferritin alone may underestimate the prevalence
of iron deficiency among older adults. Therefore, clinicians
may be warranted to base their diagnosis of iron deficiency
also on sTfR.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40520-022-02093-0.

Acknowledgements The members of DO-HEALTH Research Group
are listed here: Heike A. Bischoff-Ferrari, Andreas Egli, Sandrine
Rival, Bruno Vellas, Sophie Guyonnet, René Rizzoli, Emmanuel Biver,
Fanny Merminod, Reto W Kressig, Stephanie Bridenbaugh, Norbert
Suhm, José AP Da Silva, Catia CM Duarte, Ana Filipa Pinto, Dieter
Felsenberg, Hendrikje Borst, Gabriele Armbrecht, Michael Blauth,
Anna Spicher, David T Felson, John A Kanis, Eugene V Mccloskey,
Elena Johansson, Bernhard Watzl, Manuel Rodriguez Gomez, Lorenz
Hofbauer, FOA. Elena Tsourdi, Martina Rauner, Uwe Siebert, John A
Kanis, Philippe Halbout, Stephen M Ferrari, Benno Gut, Marieéme Ba,
Jonas Wittwer Schegg, Stéphane Etheve, Manfred Eggersdorfer, Carla
Sofia Delannoy, Monika Reuschling, Endel J Orav, Walter C Willett,
JoAnn E Manson, Bess Dawson-Hughes, Hannes B Stachelin, Paul W
Walter, Walter Dick, Michael Fried, Arnold von Eckardstein, Robert
Theiler, Hans-Peter Simmen, Wolfgang Langhans, Annelies Zinker-
nagel, Nicolas Mueller, Oliver Distler, Klaus Graetz, Ina Nitschke,
Thomas Dietrich, Walter Baer, Klara Landau, Frank Ruschitzka,
Markus Manz, Peter Burckhardt.

Funding Open access funding provided by University of Zurich. This
analysis was funded by an independent and investigator-initiated grant
by Vifor Pharma. DO-HEALTH was funded under the 7 framework
program of the European Union (EC-GA Ne 278588), and within this
framework, also by the University of Zurich (Chair for Geriatric Medi-
cine and Aging Research), DSM nutritional products AG, ROCHE
Diagnostics (Switzerland) AG, NESTEC S.A, Pfizer Consumer
Healthcare GmbH and STREULI Pharma AG. The funding/supporting
organizations had no role in the design and conduct of DO-HEALTH,
including collection, management, analysis, and interpretation of the
data, as well as preparation, review, or approval of the manuscript, or
decision to submit the manuscript for publication.

Declarations

Conflict of interest HABF received as the PI of this study independent
and investigator-initiated funding by Vifor Pharma. LAA is currently
an employee of MSD, Switzerland. DRS’s academic department is re-
ceiving grant support from the Swiss National Science Foundation,
Berne, Switzerland, the Swiss Society of Anesthesiology and Reani-
mation (SGAR), Berne, Switzerland, the Swiss Foundation for An-
esthesia Research, Zurich, Switzerland, Vifor SA, Villars-sur-Glane,
Switzerland and Vifor (International) AG, St. Gallen, Switzerland.
DRS is co-chair of the ABC-Trauma Faculty, sponsored by unrestrict-
ed educational grants from Novo Nordisk Health Care AG, Zurich,
Switzerland, CSL Behring GmbH, Marburg, Germany, LFB Biomé-
dicaments, Courtaboeuf Cedex, France and Octapharma AG, Lachen,
Switzerland. DRS received honoraria / travel support for consulting or
lecturing from: Danube University of Krems, Austria, US Department
of Defense, Washington, USA, European Society of Anesthesiology,
Brussels, BE, Korean Society for Patient Blood Management, Seoul,
Korea, Korean Society of Anesthesiologists, Seoul, Korea, Network
for the Advancement of Patient Blood Management, Haemostasis and
Thrombosis, Paris, France, Alexion Pharmaceuticals Inc., Boston,
MA, Baxalta Switzerland AG, Volketswil, Switzerland, Bayer AG,
Ziirich, Switzerland, B. Braun Melsungen AG, Melsungen, Germany,

Boehringer Ingelheim GmbH, Basel, Switzerland, Bristol-Myers-
Squibb, Rueil-Malmaison Cedex, France and Baar, Switzerland, CSL
Behring GmbH, Hattersheim am Main, Germany and Berne, Switzer-
land, Celgene International II Sarl, Couvet, Switzerland, Daiichi San-
kyo AG, Thalwil, Switzerland, Haemonetics, Braintree, MA, USA,
Instrumentation Laboratory (Werfen), Bedford, MA, USA, LFB Bio-
médicaments, Courtaboeuf Cedex, France, Merck Sharp & Dohme,
Kenilworth, New Jersey, USA, Novo Nordisk Health Care AG, Zurich,
Switzerland, PAION Deutschland GmbH, Aachen, Germany, Phar-
macosmos A/S, Holbaek, Denmark, Pfizer AG, Ziirich, Switzerland,
Pierre Fabre Pharma, Alschwil, Switzerland, Portola Schweiz GmbH,
Aarau, Switzerland, Roche Diagnostics International Ltd, Reinach,
Switzerland, Sarstedt AG & Co., Sevelen, Switzerland and Niimbre-
cht, Germany, Shire Switzerland GmbH, Zug, Switzerland, Tem Inter-
national GmbH, Munich, Germany, Vifor Pharma, Munich, Germany,
Neuilly sur Seine, France and Villars-sur-Glane, Switzerland, Vifor
(International) AG, St. Gallen, Switzerland, Zuellig Pharma Holdings,
Singapore, Singapore.

Ethical approval The Cantonal Ethical Committee of the Canton of
Zurich approved this ancillary analysis (BASEC N° 2018-01755).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zimmermann MB, Hurrell RF (2007) Nutritional iron deficiency.
Lancet 370:511-520. https://doi.org/10.1016/s0140-6736(07)
61235-5

2. World Health Organization (2008) Worldwide prevalence of anae-
mia 1993-2005: WHO global database on anaemia. World Health
Organization. http://www.who.int/iris/handle/10665/43894.
Accessed 21 March 2021

3. Berger J, Dillon JC (2002) Control of iron deficiency in develop-
ing countries. Sante 12:22-30

4. Hallberg L (1995) Results of surveys to assess iron status in
Europe. Nutr Rev 53:314-322. https://doi.org/10.1111/j.1753-
4887.1995.tb01485.x

5. Looker AC, Dallman PR, Carroll MD et al (1997) Prevalence of
iron deficiency in the United States. JAMA 277:973-976. https://
doi.org/10.1001/jama.1997.03540360041028

6. Marx JJ (1997) Iron deficiency in developed countries: prevalence,
influence of lifestyle factors and hazards of prevention. Eur J Clin
Nutr 51:491-494. https://doi.org/10.1038/sj.ejcn. 1600440

7. Hercberg S, Preziosi P, Galan P (2007) Iron deficiency in Europe.
Public Health Nutr 4:537-545. https://doi.org/10.1079/PHN20
01139

@ Springer


https://doi.org/10.1007/s40520-022-02093-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0140-6736(07)61235-5
https://doi.org/10.1016/s0140-6736(07)61235-5
http://www.who.int/iris/handle/10665/43894
https://doi.org/10.1111/j.1753-4887.1995.tb01485.x
https://doi.org/10.1111/j.1753-4887.1995.tb01485.x
https://doi.org/10.1001/jama.1997.03540360041028
https://doi.org/10.1001/jama.1997.03540360041028
https://doi.org/10.1038/sj.ejcn.1600440
https://doi.org/10.1079/PHN2001139
https://doi.org/10.1079/PHN2001139

2214

Aging Clinical and Experimental Research (2022) 34:2205-2215

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Guyatt GH, Patterson C, Ali M et al (1990) Diagnosis of iron-
deficiency anemia in the elderly. Am J Med 88:205-2009. https://
doi.org/10.1016/0002-9343(90)90143-2

Fairweather-Tait SJ, Wawer AA, Gillings R et al (2014) Iron status
in the elderly. Mech Ageing Dev 136-137:22-28. https://doi.org/
10.1016/j.mad.2013.11.005

Duck KA, Connor JR (2016) Iron uptake and transport across
physiological barriers. Biometals 29:573-591. https://doi.org/10.
1007/510534-016-9952-2

Wieczorek M, Schwarz F, Sadlon A et al (2021) Iron deficiency
and biomarkers of inflammation: a three-year observational analy-
sis of the DO-HEALTH trial. Aging Clin Exp Res. https://doi.org/
10.1007/s40520-021-01955-3

Yavuz BB, Cankurtaran M, Haznedaroglu IC et al (2012) Iron
deficiency can cause cognitive impairment in geriatric patients.
J Nutr Health Aging 16:220-224. https://doi.org/10.1007/
$12603-011-0351-7

Ortega RM, Requejo AM, Andres P et al (1997) Dietary intake
and cognitive function in a group of elderly people. Am J Clin
Nutr 66:803-809. https://doi.org/10.1093/ajcn/66.4.803
Gonzalez-D’Gregorio J, Minana G, Nunez J et al (2018) Iron
deficiency and long-term mortality in elderly patients with acute
coronary syndrome. Biomark Med 12:987-999. https://doi.org/
10.2217/bmm-2018-0021

Hsu HS, Li CI, Liu CS et al (2013) Iron deficiency is associated
with increased risk for cardiovascular disease and all-cause mor-
tality in the elderly living in long-term care facilities. Nutrition
(Burbank, Los Angeles County, California) 29:737-743. https://
doi.org/10.1016/j.nut.2012.10.015

Morkedal B, Laugsand LE, Romundstad PR et al (2011) Mortality
from ischaemic heart disease: sex-specific effects of transferrin
saturation, serum iron, and total iron binding capacity. The HUNT
study. Eur J Cardiovasc Prev Rehabil 18:687-694. https://doi.org/
10.1177/1741826710390134

Philip KEJ, Sadaka AS, Polkey MI et al (2020) The prevalence
and associated mortality of non-anaemic iron deficiency in older
adults: a 14 years observational cohort study. Br J] Haematol.
https://doi.org/10.1111/bjh.16409

Holyoake TL, Stott DJ, McKay PJ et al (1993) Use of plasma fer-
ritin concentration to diagnose iron deficiency in elderly patients.
J Clin Pathol 46:857-860. https://doi.org/10.1136/jcp.46.9.857
Yu D, Huo J, Xie L et al (2013) Meta-analysis of studies on cut-off
value of serum ferritin for identifying iron deficiency. J] Hyg Res
42:228-235

Cankurtaran M, Yavuz BB, Halil M et al (2012) Increased ferritin
levels could reflect ongoing aging-associated inflammation and
may obscure underlying iron deficiency in the geriatric popula-
tion. Eur Geriatr Med 3:277-280. https://doi.org/10.1016/j.eurger.
2012.06.005

Bischoft-Ferrari HA, Molino CDGRC, Rival S et al (2012) DO-
HEALTH: Vitamin D3 - Omega3 - Home exercise - Healthy
aging and longevity trial. Design of a multinational clinical trial
on healthy aging among European seniors. Contemp Clin Trials.
https://doi.org/10.1016/j.cct.2020.106124

Sangha O, Stucki G, Liang MH et al (2003) The Self-Adminis-
tered Comorbidity Questionnaire: a new method to assess comor-
bidity for clinical and health services research. Arthritis Rheum
49:156-163. https://doi.org/10.1002/art.10993

Blanc B (1968) Nutritional anemias. Report of a WHO Scientific
Group. WHO Tech Rep Ser 405:1-40

Means RT Jr, Allen J, Sears DA et al (1999) Serum soluble trans-
ferrin receptor and the prediction of marrow aspirate iron results
in a heterogeneous group of patients. Clin Lab Haematol 21:161—
167. https://doi.org/10.1046/j.1365-2257.1999.00224.x

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Koulaouzidis A, Said E, Cottier R et al (2009) Soluble transferrin
receptors and iron deficiency, a step beyond ferritin. A systematic
review. J Gastroint Liver Dis 18:345-352

Fiillenbach C, Stein P, Glaser P et al (2020) Screening for iron
deficiency in surgical patients based on noninvasive zinc proto-
porphyrin measurements. Transfusion 60:62—72. https://doi.org/
10.1111/trf. 15577

Karlsson T (2015) Mass spectrometry evaluation of the hepci-
din-25 assay in the differential diagnosis of iron deficiency anae-
mia with concurrent inflammation and anaemia of inflammation
in elderly patients. Eur J Haematol 95:467-471. https://doi.org/
10.1111/ejh.12518

Girelli D, Marchi G, Camaschella C (2018) Anemia in the elderly.
HemaSphere 2:e40. https://doi.org/10.1097/hs9.0000000000
000040

Clenin GE (2017) The treatment of iron deficiency without anae-
mia (in otherwise healthy persons). Swiss Med Wkly 147:w14434.
https://doi.org/10.4414/smw.2017.14434

Cappellini MD, Comin-Colet J, de Francisco A et al (2017) Iron
deficiency across chronic inflammatory conditions: international
expert opinion on definition, diagnosis, and management. Am J
Hematol 92:1068—1078. https://doi.org/10.1002/ajh.24820

Choi CW, Park KH, Choi IK et al (2005) Prevalence of iron defi-
ciency anemia in community-dwelling older persons as measured
by the transferrin receptor-ferritin index. Acta Haematol 114:180-
182. https://doi.org/10.1159/000087897

Robalo Nunes A, Tata M (2017) The impact of anaemia and iron
deficiency in chronic obstructive pulmonary disease: a clinical
overview. Rev Port Pneumol 23:146-155. https://doi.org/10.
1016/j.rppnen.2016.12.005

Hercberg S, Preziosi P, Galan P (2001) Public health nutrition.
Iron Defic Eur 4:537-545. https://doi.org/10.1079/phn2001139
Suominen P, Punnonen K, Rajamaki A et al (1998) Serum
transferrin receptor and transferrin receptor-ferritin index
identify healthy subjects with subclinical iron deficits. Blood
92:2934-2939

Schuepbach RA, Bestmann L, Béchir M et al (2011) High preva-
lence of iron deficiency among educated hospital employees in
Switzerland. Int J Biomed Sci 7:150-157

Robalo Nunes A, Fonseca C, Marques F et al (2017) Prevalence
of anemia and iron deficiency in older Portuguese adults: an
EMPIRE substudy. Geriatr Gerontol Int 17:1814—1822. https://
doi.org/10.1111/ggi.12966

Verga M-E, Widmeier-Pasche V, Beck-Popovic M et al (2014)
Iron deficiency in infancy: is an immigrant more at risk? Swiss
Med Wkly. https://doi.org/10.4414/smw.2014.14065
Thankachan P, Muthayya S, Walczyk T et al (2007) An analysis
of the etiology of anemia and iron deficiency in young women
of low socioeconomic status in Bangalore. India Food Nutr Bull
28:328-336. https://doi.org/10.1177/156482650702800309
Gompakis N, Economou M, Tsantali C et al (2007) The effect
of dietary habits and socioeconomic status on the prevalence of
iron deficiency in children of Northern Greece. Acta Haematol
117:200-204. https://doi.org/10.1159/000098273

Milman N, Taylor CL, Merkel J et al (2017) Iron status in pregnant
women and women of reproductive age in Europe. Am J Clin Nutr
106:1655s-s1662. https://doi.org/10.3945/ajcn.117.156000
Breymann C (2015) Seminars in hematology. Iron Def Anemia
Pregnancy 52:339-47. https://doi.org/10.1053/j.seminhematol.
2015.07.003

Rushton DH, Barth JH (2010) What is the evidence for gender
differences in ferritin and haemoglobin? Crit Rev Oncol Hematol
73:1-9. https://doi.org/10.1016/j.critrevonc.2009.03.010
Layrisse M, Cook JD, Martinez C et al (1969) Food iron
absorption: a comparison of vegetable and animal foods. Blood
33:430-443


https://doi.org/10.1016/0002-9343(90)90143-2
https://doi.org/10.1016/0002-9343(90)90143-2
https://doi.org/10.1016/j.mad.2013.11.005
https://doi.org/10.1016/j.mad.2013.11.005
https://doi.org/10.1007/s10534-016-9952-2
https://doi.org/10.1007/s10534-016-9952-2
https://doi.org/10.1007/s40520-021-01955-3
https://doi.org/10.1007/s40520-021-01955-3
https://doi.org/10.1007/s12603-011-0351-7
https://doi.org/10.1007/s12603-011-0351-7
https://doi.org/10.1093/ajcn/66.4.803
https://doi.org/10.2217/bmm-2018-0021
https://doi.org/10.2217/bmm-2018-0021
https://doi.org/10.1016/j.nut.2012.10.015
https://doi.org/10.1016/j.nut.2012.10.015
https://doi.org/10.1177/1741826710390134
https://doi.org/10.1177/1741826710390134
https://doi.org/10.1111/bjh.16409
https://doi.org/10.1136/jcp.46.9.857
https://doi.org/10.1016/j.eurger.2012.06.005
https://doi.org/10.1016/j.eurger.2012.06.005
https://doi.org/10.1016/j.cct.2020.106124
https://doi.org/10.1002/art.10993
https://doi.org/10.1046/j.1365-2257.1999.00224.x
https://doi.org/10.1111/trf.15577
https://doi.org/10.1111/trf.15577
https://doi.org/10.1111/ejh.12518
https://doi.org/10.1111/ejh.12518
https://doi.org/10.1097/hs9.0000000000000040
https://doi.org/10.1097/hs9.0000000000000040
https://doi.org/10.4414/smw.2017.14434
https://doi.org/10.1002/ajh.24820
https://doi.org/10.1159/000087897
https://doi.org/10.1016/j.rppnen.2016.12.005
https://doi.org/10.1016/j.rppnen.2016.12.005
https://doi.org/10.1079/phn2001139
https://doi.org/10.1111/ggi.12966
https://doi.org/10.1111/ggi.12966
https://doi.org/10.4414/smw.2014.14065
https://doi.org/10.1177/156482650702800309
https://doi.org/10.1159/000098273
https://doi.org/10.3945/ajcn.117.156000
https://doi.org/10.1053/j.seminhematol.2015.07.003
https://doi.org/10.1053/j.seminhematol.2015.07.003
https://doi.org/10.1016/j.critrevonc.2009.03.010

Aging Clinical and Experimental Research (2022) 34:2205-2215

2215

44,

45.

46.

Carpenter CE, Mahoney AW (1992) Contributions of heme and
nonheme iron to human nutrition. Crit Rev Food Sci Nutr 31:333—
367. https://doi.org/10.1080/10408399209527576

Guyatt GH, Oxman AD, Ali M et al (1992) Laboratory diagnosis
of iron-deficiency anemia: an overview. J Gen Intern Med 7:145—
153. https://doi.org/10.1007/bf02598003

Wang W, Knovich MA, Coffman LG et al (2010) Serum ferri-
tin: past, present and future. Biochem Biophys Acta 8:760-769.
https://doi.org/10.1016/j.bbagen.2010.03.011

Authors and Affiliations

47. Soppi ET (2018) Iron deficiency without anemia: a clinical chal-

lenge. Clin Case Rep 6:1082-1086. https://doi.org/10.1002/ccr3.
1529

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Alenka Stahl-Gugger''2 . Caroline de Godoi Rezende Costa Molino"'? - Maud Wieczorek''2 .
Patricia O. Chocano-Bedoya'?3 - Lauren A. Abderhalden''? . Dominik J. Schaer* - Donat R. Spahn® - E. John Orav® -

Bruno Vellas’® - José A. P. da Silva®'? . Reto W. Kressig'" - Andreas Egli''? - Heike A. Bischoff-Ferrari''%'3

DO-HEALTH Research Group

Center on Aging and Mobility, University Hospital Zurich,
Zurich City Hospital-Waid and University of Zurich, Zurich,
Switzerland

Institute of Primary Health Care (BIHAM), University
of Bern, Bern, Switzerland

Population Health Lab, University of Fribourg, Fribourg,
Switzerland

Clinic for Internal Medicine, University Hospital Zurich,
Zurich, Switzerland

Institute of Anesthesiology, University Hospital Zurich
and University of Zurich, Zurich, Switzerland

Department of Biostatistics, Harvard School of Public
Health, Boston, USA

Gérontopole de Toulouse, Institut du Vieillissement, Center
Hospitalo-Universitaire de Toulouse, Toulouse, France

- for the

UMR INSERM 1027, University of Toulouse III, Toulouse,
France

Institute for Clinical and Biomedical Research (iCBR),
Faculty of Medicine, University of Coimbra, Coimbra,
Portugal

Centro Hospitalar e Universitario de Coimbra, Coimbra,
Portugal

University Department of Geriatric Medicine FELIX
PLATTER, and University of Basel, Basel, Switzerland

Present Address: Department of Aging Medicine and Aging
Research, University Hospital Zurich and University
of Zurich, Raemistrasse 101, 8091 Zurich, Switzerland

University Clinic for Aging Medicine, Zurich City
Hospital-Waid, Zurich, Switzerland

@ Springer


https://doi.org/10.1080/10408399209527576
https://doi.org/10.1007/bf02598003
https://doi.org/10.1016/j.bbagen.2010.03.011
https://doi.org/10.1002/ccr3.1529
https://doi.org/10.1002/ccr3.1529
http://orcid.org/0000-0002-4554-658X

	Prevalence and incidence of iron deficiency in European community-dwelling older adults: an observational analysis of the DO-HEALTH trial
	Abstract
	Background and aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants and study design
	Assessments and blood samples
	Definition of iron deficiency and outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Prevalence of iron deficiency at baseline
	Prevalence of iron deficiency anemia at baseline
	Prevalence of iron deficiency by country
	Incidence of iron deficiency over the study period
	Incidence of iron deficiency by country

	Discussion
	Conclusions
	Acknowledgements 
	References




