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Abstract

OBJECTIVES: To assess if baseline iron deficiency, with or without
anemia, is associated with incident infections over 3 years among
community-dwelling older adults.

DESIGN: Prospective secondary analysis of DO-HEALTH, a 3-year
randomized, double-blind controlled trial.

SETTING AND PARTICIPANTS: 2157 community-dwelling adults
age 70+ from 5 European countries with good cognitive function and
mobility and no major health events in the 5 years prior to enrollment
Measurements: Incident infections, their severity and type were
recorded every 3 months throughout the 3-year follow-up. Iron
deficiency was defined as soluble transferrin receptor (sTfR) levels
> 28.1 nmol/l and anemia as hemoglobin levels < 120 g/l for women
and 130 g/l for men. We applied negative binomial mixed effects
regression models with random effects for countries, and controlling
for treatment allocation, age, sex, body mass index, polypharmacy,
number of comorbidities, smoking status, living situation, alcohol
intake, frailty status, and physical activity levels. A pre-defined
stratified analysis was performed to explore if the associations between
iron deficiency and infections were consistent by baseline anemia
status.

RESULTS: In total, 2141 participants were included in the analyses
(mean age 74.9 years, 61.5% of women, 26.8% with iron deficiency).
Across all participants, baseline iron deficiency was not associated
with incident overall infections, but was associated with a 63%
greater rate of incident severe infections requiring hospitalization
(incidence rate ratio [IRR] 1.63, 95% Confidence Interval [CI] 1.11-
241, p=0.01). This association was more pronounced among the 2000
participants who did not have anemia at baseline (IRR=1.80, 95% CI
1.20-2.69, p=0.005).

CONCLUSION: Based on this prospective study among generally
healthy European community-dwelling older adults, iron deficiency
was not associated with the incidence rate of overall infections but
may increase the incidence of severe infections. Intervention studies
are needed to prove the causality of this observation.

Key words: Iron deficiency, anemia, infections, older adults,
DO-HEALTH.
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Introduction

ron deficiency is the most common nutritional deficiency

worldwide and is defined as the depletion of total-body

iron (1). Iron deficiency and iron deficiency anemia
cause an important disease burden, affecting populations of
all ages and sexes (2). While data on their prevalence in the
older population remain scarce, a recent large study reported a
substantial prevalence of iron deficiency (up to 35.3%) among
2141 generally healthy European community-dwelling older
adults (3).

Iron metabolism in the human body is tightly regulated to
avoid both cellular damage associated with iron overload and
anemia associated with iron deficiency (4). Iron also plays an
important role in immunity. In the innate system, macrophages
effectively restrict iron availability to microbial invaders
while in vitro studies report that iron restriction impairs T-cell
proliferation in the acquired system (5, 6). Notably, iron has
been suggested to be essential for the replication of many
pathogens, including viruses, bacteria, some protozoa and
fungi species (4, 7, 8). Creating a state of low serum iron
(“hypoferremia”) in mice by administrating an iron-clearing
agent (hepcidin, the iron-regulatory hormone or a hepcidin
agonist) protects against lethal sepsis caused by certain
extracellular pathogens (9). These findings suggest that iron
may play a supportive role in both the immune defense of
the host, but also the proliferation of the pathogens; this may
explain a U-shaped relationship observed in animal models
indicating both iron deficiency and iron overload may increase
the risk of infection (10).

As people live longer, they are at an increased risk for
infections due to chronic health conditions and the aging of
the immune system, so called immunosenescence (11). Since
infections are key drivers of morbidity and mortality in older
adults (12), reducing their incidence by identifying modifiable
risk factors is of value. However, a limited number of studies
have investigated the association between iron status and the
incidence of infections. While some of these studies suggested
iron deficiency or iron deficiency anemia was associated with
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a lower risk of infections (13), others found a neutral (14) or
increased risk (15-18).

Further, recent reviews highlighted the important burden of
iron deficiency, with or without anemia and its consequences
on functional outcomes, cardiovascular disease, all-cause
mortality, and depression among older adults (2, 19). However,
robust evidence regarding an association between iron
deficiency and infection rates is still lacking (20).

Therefore, the aim of this study was to assess if, and to what
extent, iron deficiency with or without anemia, was associated
with the incidence of infections, their type and severity over
three years in a large cohort of generally healthy older adults
from five European countries.

Methods

Study population

The present study is an observational, prospective, secondary
analysis of the DO-HEALTH trial. The original study was a
three-year randomized, double-blind, placebo-controlled 2x2x2
factorial design clinical trial designed to test the effect of
vitamin D 2000 IU daily, omega-3 1g daily, and a simple home-
based strength exercise program on blood pressure, fractures,
muscle function, cognition, and infections (21). A total of 2157
community-dwelling individuals aged 70 years and older were
recruited from seven centers in five European countries: Zurich,
Basel, Geneva (Switzerland), Berlin (Germany), Innsbruck
(Austria), Toulouse (France) and Coimbra (Portugal). Inclusion
criteria were absence of major health events in the five years
prior to enrollment, sufficient mobility, and good cognitive
status. Further details are provided elsewhere (22).

Outcomes

Incidence of infections was assessed every three months,
during in-person interviews by phone or during yearly clinical
visits. Upon each contact, the participants were asked whether
any infection, with or without fever, had occurred. In case a
participant had experienced an infection, a detailed infection
questionnaire developed in two pilot trials to DO-HEALTH was
applied (23, 24). Verification was conducted by an independent
physician board using all available information, including
symptoms, treatment received, and, if available, general
practitioner diagnosis and hospitalization record (21, 22).

Incident infections were summed for each participant
across the entire three-year follow-up. Infections were further
categorized by severity (requiring a physician visit, requiring
hospitalization), and infection type for the most commonly
occurring infections (lower respiratory, upper respiratory,
gastrointestinal, urinary).

Definition of iron deficiency and anemia
Iron parameters and hemoglobin concentration were

measured at baseline using fasting serum samples. We used
soluble transferrin receptor (sTfR) levels as a clinical marker

of iron deficiency since this parameter is not influenced by
inflammation (25), chronic diseases, or age (26, 27). The
threshold of more than 28.1 nmol/L was used to define iron
deficiency as it was previously validated in older adults (28-
30). sTfR levels were measured with Tina-quant Transferrin
ver.2 test on a cobas ¢ 502 analyser (Roche) using an
Immunoturbidimetric assay. Anemia was defined as hemoglobin
levels less than 120 g/L for women and less than 130 g/L for
men according to the WHO guidelines (31).

Baseline covariates

Participants’ characteristics including age, sex, tobacco
consumption, and body mass index (BMI) were collected at
baseline. Alcohol consumption (g/day) was derived from the
Food Frequency Questionnaire (32). Number of comorbidities
were assessed with the self-administered comorbidity
questionnaire (33). Frailty status (robust, at least pre-frail) was
determined according to Fried criteria (34). Polypharmacy was
defined as the use of five or more medications. Physical activity
levels (0, 1-2, =3 times per week) were measured using the
Nurses’ Health Study questionnaire (35).

Statistical analysis

Baseline demographic and clinical characteristics were
compared between iron deficient and non-iron deficient
participants using t tests for continuous variables and Chi-
square tests for categorical variables. Negative binomial mixed
effects regression models were used to assess the association
between iron deficiency and infection rate. All models were
adjusted for treatment allocation (vitamin D, omega-3 fatty
acids, exercise), age (36), BMI (37), sex (38), polypharmacy
(39), number of comorbidities (39), tobacco consumption
(40), living alone, alcohol consumption (41), frailty status
(42), and physical activity levels (43) with a random effect for
country of residence (Switzerland, Germany, Austria, France
and Portugal). An offset of the logarithm of participant follow-
up time was included in all models. Incidence rate ratios (IRR)
were calculated to determine the effect of iron deficiency
on infection rate, interpreted as an IRR below 1 indicating a
protective association, and above 1 indicating a deleterious
association of iron deficiency on infection rate. A pre-defined
stratified analysis was performed to explore if the associations
between iron deficiency and infections were consistent by
baseline anemia status.

All analyses were performed using SAS v9.4. Two-sided
p-values < .05 were considered statistically significant.

Ethics approval and informed consent

The Cantonal Ethical Committee of the Canton of Zurich
approved this ancillary analysis (BASEC N° 2018-01755).
Informed consent was obtained from all individual participants
included in the study.

865



IRON DEFICIENCY AND INFECTIONS IN DO-HEALTH

Table 1. Baseline characteristics of the study participants, overall and by iron status

Characteristic Overall Iron deficiency?® No iron deficiency® P value®
(n=2141) (n=573) (n=1568)

Women, No. (%) 1317 (61.5) 363 (63.4) 954 (60.8) 0.29

Men, No. (%) 824 (38.5) 210 (36.7) 614 (39.2)

Age (years) 749 (4.5) 75.6 (4.7) 74.7 (4.3) <.001

BMI, kg/m? 26.3 (4.3) 27.1 (4.5) 26 (4.2) <.001

Alcohol, g/day* 8.9 (11.7) 7.7 (11.1) 9.3 (11.9) 0.008

Current smokers, No. (%) 125 (5.8) 14 (24) 111 (7.1) <.001

Live alone, No. (%) 897 (41.9) 242 (42.2) 655 (41.8) 0.85

Physical activity, No. (%)* 0.009

None 372 (17.4) 123 (21.5) 249 (15.9)

1-2 times per week 644 (30.1) 170 (29.7) 474 (30.3)

>=3 times per week 1123 (52.5) 280 (48.9) 843 (53.8)

Frailty status, No. (%)® 0.007

Robust 1124 (53.3) 272 (48.4) 852 (55.1)

At least pre-frail 985 (46.7) 290 (51.6) 695 (44.9)

Polypharmacy, No. (%)" 575 (26.9) 191 (33.3) 384 (24.5) <.001

Iron supplementation, No. (%) 120 (5.6) 37 (6.5) 83 (5.3) 0.30

Number of comorbidities? 1.7(1.4) 2(1.5) 1.6 (1.4) <.001

Hemoglobin, g/L 139.8 (12.4) 139.3 (14.2) 1399 (11.7) 0.35

Anemia, No. (%)" 140 (6.5) 63 (11.0) 77 (4.9) <.001

Countries, No. (%)

Austria 198 (9.3) 55(9.6) 143 (9.1) 0.02

France 299 (14) 73 (12.7) 226 (14.4)

Germany 346 (16.2) 92 (16.1) 254 (16.2)

Portugal 293 (13.7) 101 (17.6) 192 (12.2)

Switzerland 1005 (46.9) 252 (44.0) 753 (48.0)

All values are presented as mean (SD), unless otherwise noted; Abbreviations: BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; a. Iron
deficient defined as a soluble transferrin receptor (sTfR) measurement greater than 28.1 nmol/L at the baseline assessment; b. Differences between iron deficient and non iron deficient
participants was assessed by an independent t test for continuous variables and Chi-square test for categorical variables; c. Alcohol consumption (g/day) was derived from the Food
Frequency Questionnaire; d. Frequency of physical activity (0, 1-2,=3 times per week) was measured using the Nurses’ Health Study questionnaire; e. Frailty status was defined using the
Fried Physical Frailty Phenotype which evaluates five criteria: fatigue (self-reported), unintentional weight loss (self-reported loss more than 5% of total body weight), reduced physical
activity (self-reported), slowness (impaired walking speed) and weakness (low grip strength). Participants are classified as at least pre-frail when one or more of the criteria are presented,
and otherwise classified as robust; f. Polypharmacy was defined as the concomitant use of 5 or more medications; g. Self-reported number of comorbidities was assessed by the Sangha
questionnaire, range 0-13; h. Anemia was defined as hemoglobin <130 g/L for men and <120 g/L for women.

Results

Baseline characteristics of the study population

Of the 2,157 DO-HEALTH trial participants, 2,141 had
recorded baseline sTfR with a median follow-up of 2.99 (IQR
2.97-3.00) years (Table 1). Among those with baseline iron
deficiency, 2.0% of participants (42/2141) did not have any
recorded follow-up. The overall prevalence of iron deficiency
and anemia at baseline was 26.8%, and 6.5% respectively.
The mean age of participants was 74.9 years (SD 4.5), 61.5%
were women, 46.7% were at least pre-frail, and 5.6% were
taking iron supplements. Iron deficient participants were older
(p=0.001), had a higher BMI (p<0.001), more comorbidities
(p<0.001), were more likely to be at least pre-frail (p=0.007),
had a higher prevalence of anemia (p<0.001). No significant

difference between iron and non-iron-deficient participants was
noted in terms of sex, hemoglobin levels, living situation, and
iron supplementation.

Incident infections over the three-year follow-up

A total number of 6,175 infections were documented over the
three-year follow-up. Unadjusted incidence rates indicate that
on average, participants had one infection per year (Incidence
Rate [IR]=1.05 per person year, 95% CI 1.01-1.08), and one
infection requiring a physician visit every two years (IR=0.50,
95% CI 0.48-0.53). Infections requiring hospitalization
occurred in 2.7% of all infections (IR=0.03, 95% CI 0.02-0.03).
There was one death related to an infection.
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Table 2. Baseline iron deficiency and incidence rates of infection, by severity and type

Infection Type® No. of Infections Crude Incidence Rate (95% CI)" Crude IRR Adjusted IRR P value
Iron deficiency® No iron deficiency® Iron deficiency® No iron deficiency® (C4i% (L7 L
(n=573) (n=1568) (n=573) (n=1568)
Opverall infection * 1623 4552 1.03 (0.96, 1.11) 1.05 (1.00, 1.09) 098 (091,1.07)  1.00(0.92,1.08) 091
Severity of infection
Req. physician visit 810 2151 0.52(0.47,0.57) 0.50 (0.47,0.53) 1.04 (093,1.16) 1.03(091,1.15) 0.67
Req. hospitalization 64 105 0.04 (0.03,0.06) 0.02 (0.02,0.03) 172 (1.17,2.51)  1.63(1.11,2.41) 0.01
Type of infection
Lower respiratory 261 810 0.17 (0.14,0.19) 0.19 (0.17,0.20) 0.89(0.75,1.06)  0.89 (0.75, 1.06) 0.19
Upper respiratory 694 2036 0.44 (0.40,0.48) 047 (0.44,0.50) 0.94(0.84,1.05) 0.97 (0.86, 1.08) 0.56
Gastrointestinal 109 288 0.07 (0.06,0.09) 0.07 (0.06,0.08) 1.04 (0.81,1.35)  1.06(0.82,1.38) 0.63
Urinary 169 437 0.11 (0.08,0.14) 0.10 (0.09,0.12) 1.06 (0.80,1.42)  0.96 (0.71,1.29) 0.79

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; Req.: requiring; a. Infections were assessed every 3 months. Participants were asked whether any infection with or without
fever had occurred. Every case of infection was confirmed through medical records; b. Incidence rate per one person year; c. Incidence rate ratio expressed as the ratio of incidence rates
of iron deficient participants compared to non-iron deficient participants. Values less than one indicates a protective association of iron deficiency on infection rate, while values greater
than one indicates a detrimental association of iron deficiency on infection rate; d. Negative binomial regression model adjusted for treatment effects (vitamin D, omega-3 fatty acids,
exercise), age, BMI, sex, polypharmacy, comorbidity count, smoking status, living alone, alcohol, frailty status (robust, at least pre-frail), and activity level (none, 1-2 times per week,
=3 times per week) with a random effect for country. 35 observations were excluded from adjusted models due to missing covariate information; e. Iron deficiency defined as a soluble
transferrin receptor (sTfR) measurement greater than 28.1 nmol/L at the baseline assessment. Person years of follow-up was 1581.1 years for the iron deficient group and 4344.9 years for
non-iron-deficient group

Figure 1. Baseline iron deficiency and incidence rates of infections by baseline anemia status

No. of infections Adjusted IRR P—values
Iron deficiency | No iron deficiency® (95% €D
Participants with anemia at baseline (n=140)®
Any infection® 153 | 239 0.74 (0.56. 0.98) 0.03 ——
Severity of infections
Req. physician visit 911|134 0.81 (0.55.1.19) 0.29 ———
Req. hospitalization 5|10 0.58 (0.15.2.16) 0.41 =
Type of mfections
Lower respiratory 22|47 0.60 (0.33.1.10) 0.10 —_—.——
Upper respiratory 591108 0.63 (0.42. 0.94) 0.02 —_—
Gastrointestinal 8|10 0.94 (0.34.2.64) 0.91 -
Urinary 20|24 0.74 (0.27. 2.00) 0.55 =
Participants without anemia at baseline (n=2000)°
Any infection® 1470 | 4309 1.02 (0.94.1.11) 0.69 ol
Severity of infections
Req. physician visit 719 | 2015 1.04 (0.92.1.17) 0.51 .
Req. hospitalization 59|95 1.80 (1.20. 2.69) 0.005 —
Type of infections
Lower respiratory 239|762 0.92(0.77. 1.09) 0.33 i
Upper respiratory 6351925 1.00(0.89.1.12) 0.99 —_—
Gastrointestinal 101 | 278 1.08 (0.83.1.41) 0.58 ——
Urinary 149 | 413 0.98 (0.72.1.34) 091 ——
T T 1
0.10 1.0 28
IRR (95% CI)

Abbreviations: CI, confidence interval; IRR, incidence rate ratio. Req.: requiring; a. Iron deficiency defined as a soluble transferrin receptor (sTfR) measurement greater than 28.1 nmol/L at
the baseline assessment; b. Anemia was defined as hemoglobin <130 g/L for men and <120 g/L for women; Sample sizes: Anemic, iron deficient (n=63); anemic, non-iron deficient (n=77);
non anemic, iron deficient (n=510); non anemic, non-iron deficient (n=1490). Person years of follow-up: Anemic, iron deficient (174.25 years); anemic, non-iron deficient (203.01 years); non
anemic, iron deficient (1406.81 years); non anemic, non-iron deficient (4138.86 years); One participant was missing anemia status; c. Infections were assessed every 3 months. Participants
were asked whether any infection with or without fever had occurred. Every case of infection was confirmed through medical records; d. Negative binomial regression model adjusted for
treatment effects (vitamin D, omega-3 fatty acids, exercise), age, BMI, sex, polypharmacy, comorbidity count, smoking status, living alone, alcohol, frailty status (robust, at least pre-frail),
and activity level (none, 1-2 times per week, =3 times per week) with a random effect for country. 36 observations were excluded from adjusted models due to missing covariate information;
e. Incidence rate ratio expressed as the ratio of incidence rates of iron deficient participants compared to non-iron deficient participants. Values less than one indicates a protective association
of iron deficiency on infection rate, while values greater than one indicates a detrimental association of iron deficiency on infection rate.
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Baseline iron deficiency and incidence rates of
infection

Overall, iron deficiency was not associated with the
incidence of overall infections (IRR=1.00, 95% CI 0.92-1.08,
p=0.91). When considering the severity of infections, we did
not find any significant association between iron deficiency
and the incidence of infections which required a physician visit
(IRR=1.03, 95% CI 0.91-1.15, p=0.67). However, participants
who were iron deficient at baseline had a 63% greater incidence
rate of infections requiring hospitalization (IRR=1.63, 95% CI
1.11-2.41, p=0.01), compared to non-iron-deficient individuals.
There was no significant difference in the incidence rates of
lower respiratory, upper respiratory, gastrointestinal, or urinary
infections between iron and non-iron deficient participants
(Table 2).

Stratified analysis by baseline anemia status

At baseline, 510 participants (23.8%) were iron deficient
without being anemic, 77 (3.6%) had anemia without iron
deficiency, and 63 (2.9%) had iron deficiency with concomitant
anemia.

Among the 140 participants with anemia at baseline, iron
deficiency was associated with a 26% lower incidence rate
of overall infection (IRR = 0.74, 95% CI 0.56-0.98, P=0.03).
However, we did not find any significant association between
iron deficiency and the incidence of infections requiring a
physician visit or hospitalization. Regarding infection type,
iron deficiency was associated with a 37% lower incidence
rate of upper respiratory infections (IRR = 0.63, 95% CI
0.42-0.94, P=0.02). The incidence rates of lower respiratory,
gastrointestinal, or urinary infections were not statistically
significant between iron deficient and non-iron-deficient
participants (Figure 1).

Among the 2000 participants without anemia at baseline,
iron deficiency was neither associated with the incidence of
overall infection (IRR = 1.02, 95% CI 0.94-1.11, P=0.69) nor
with the incidence of infections requiring a physician (IRR =
1.04, 95% CI 0.92-1.17, P=0.51). However, individuals with
iron deficiency had an 80% greater incidence of infections
requiring hospitalization (IRR = 1.80, 95% CI 1.20-2.69,
P=0.005), compared to their non-iron-deficient counterparts.
Regarding infection type, iron deficiency was not associated
with the incidence of lower respiratory, upper respiratory,
gastrointestinal, or urinary infections (Figure 1).

Discussion

To the best of our knowledge, the present study is the first
to investigate the association between iron deficiency, with
or without anemia, and the severity and types of infections
in a large cohort of generally healthy and active European
community-dwelling older adults. On average, independently
of their baseline iron status, participants had one infection per
year, and one infection requiring a physician visit every two
years. Overall, we found that the presence of iron deficiency

IRON DEFICIENCY AND INFECTIONS IN DO-HEALTH

at baseline was not associated with a greater incidence rate
of overall infection over the three-year follow-up. Similarly,
baseline iron deficiency was not associated with a higher
incidence of a specific type of infection. However, participants
with iron deficiency at baseline had a 63% greater incidence
rate of infections requiring hospitalizations when compared to
their non-iron-deficient counterparts, even after adjustment on
key potential confounders.

While these findings appear to be partly in line with
current knowledge on the relationship between iron status and
susceptibility to infections, their direct comparison remain
limited for several reasons. So far, studies on the association
between disturbances in iron metabolism and infections
reported conflicting results, pointing toward either a decreased
susceptibility to infection in the presence of iron deficiency
(13) or an increased risk of infection in children and adult
populations (16-18). Further, the paucity of clinical evidence
on iron status and infections among adults has been highlighted
in a systematic review published in 2013 including four
studies among 676 individuals admitted to intensive care unit,
who underwent surgery or were pregnant (44). Tansarli et al.
concluded that the limited available evidence suggested that
individuals with iron deficiency might be more susceptible to
different types of infections compared to those with normal
iron status (44). However, the authors highlighted major
limitations in the existing studies including their limited sample
size, the lack of adjustment for possible confounders, and the
heterogeneity in the study populations (44). More recently, a
Norwegian population-based study among 61,852 individuals
with a mean age of 49.8 years investigated the relationship
between iron status and the risk of bloodstream infections
over 15 years of follow-up (45). The authors reported that
iron deficiency defined as serum iron levels below the 2.5th
percentile was associated with a 1.7 increased risk of blood
stream infection, after adjustment on age, sex, BMI and
comorbidities (45). Of note, these results were independent of
anemia status.

The lack of consensus in the definition of iron deficiency
across studies is an additional point that precludes the
comparison of our results with the literature. Iron deficiency is
most commonly assessed by ferritin (46). Over the last years,
this biomarker has been criticized, as it is also influenced by
inflammatory conditions due to its additional function as an
acute-phase protein, which might bias findings when studying
infection susceptibility (47). In this regard, the use of sTfR
levels to define iron deficiency in our study population of older
adults might be more suitable to investigate iron deficiency and
its association with adverse outcomes including infections.

Given the limited evidence on the association between iron
deficiency and susceptibility to infections among generally
healthy older adults, our large multicenter prospective study
contributes valuable insight on the topic. Our findings are
further held mechanistically by the well-established and
important role of iron in innate and acquired immunity (5).
Numerous studies in adults and children have shown that
iron deficient individuals have defective immune function,
particularly T-cell activity (20). In addition, individuals with
iron deficiency were found to have reduced bactericidal activity
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of macrophages and decreased ability to produce inflammatory
cytokines (20). While there is convincing evidence from
pre-clinical and immunological studies that iron deficiency
impairs cell-mediated immunity, further studies are needed to
disentangle the immune-related effects of iron deficiency from
other factors.

Anemia may also play a relevant role in the association
between iron metabolism disturbance and incidence of
infections. In our pre-defined stratified analysis by baseline
anemia status, iron deficiency was associated with a 26%
lower incidence rate of overall infections among participants
with anemia. Clinical evidence on the association between
iron deficiency anemia and infections remains limited and
makes the comparison between studies difficult. The reduction
in the incidence of overall infection among individuals with
iron deficiency anemia was mostly driven by the 37% lower
incidence of upper respiratory infections. This reduction may
be explained from a pathophysiological point of view by a
lactoferrin-mediated mechanism at mucosal surfaces. This is
as part of the innate immune system limits iron availability to
pathogenic microorganisms (4). Further research in this field is
required as in literature, studies examining iron deficiency and
susceptibility to acute respiratory infections have predominantly
focused on young children in developing countries and report
contradictory findings on whether iron deficiency is a risk
(13) or protective (48) factor for acute respiratory infections.
However, the small number of DO-HEALTH participants with
iron deficiency anemia limits the scope of our conclusions.

Overall, our findings suggest that iron deficiency may be
a promotor of severe infections requiring hospitalizations in
generally healthy older adults without anemia. After identifying
the underlying cause of iron deficiency, targeted management
might be initiated such as education on dietary sources of iron
or supplementation (49, 50). Further interventional studies are
needed to investigate whether treating iron deficiency could
efficiently reduce the incidence of severe infections among
older adults.

Our study has several strengths. It took advantage of data
collected in the DO-HEALTH trial, the largest European study
on aging that included and followed 2157 community-dwelling
older adults over three years. Also, the occurrence of infections
were assessed and documented prospectively, with a validated
protocol for each incident infection, ascertained by in-person
interviews every three months, throughout the three-year trial
period and confirmed by an independent physician. Moreover,
we defined iron deficiency using sTfR as a valid and reliable
biomarker which is not influenced by inflammatory states,
chronic diseases, and malignancies. However, a few limitations
need consideration. Since our study was conducted among
generally healthy and physically active community dwelling
older adults, our results may not be generalizable to less active,
more vulnerable, or institutionalized older adults. Consistently,
the prevalence of anemia at baseline was very low. Therefore,
further studies are needed to confirm the associations between
iron disturbance and infection by anemia status. Further, the
potential for false positive results may exist since we did
not adjust for multiple comparison testing. At last, given the
observational design of our study and despite adjustments on

several potential confounders, we cannot exclude the possibility
that the observed associations between iron deficiency and
infections may be explained in part by residual confounding.

Conclusion

Our prospective study suggests that iron deficiency, without
anemia, may be associated with severe infections requiring
hospitalizations among generally healthy European community-
dwelling older adults. Intervention studies are needed to prove
the causality of this observation.

DO-HEALTH Research group: DO-HEALTH Consortium: Sandrine Rival,
PhD, Centre on Aging and Mobility, University of Zurich and City Hospital Zurich,
Waid Zurich, Switzerland; Sophie Guyonnet, PhD, CHU Toulouse and University of
Toulouse III, Toulouse, France; Emmanuel Biver, MD, Geneva University Hospitals and
Faculty of Medicine, Geneva, Switzerland Fanny Merminod, RD, Geneva University
Hospitals and Faculty of Medicine, Geneva, Switzerland; Stephanie Bridenbaugh, MD,
University Department of Geriatric Medicine Felix Platter and University of Basel, Basel,
Switzerland; Prof. Norbert Suhm, Dept. of Traumatology, University Hospital Basel,
Basel, Switzerland; Catia CM Duarte, MD, Centro Hospitalar e Universitdrio de Coimbra,
Coimbra, Portugal; Ana Filipa Pinto, RN, Faculty of Medicine, University of Coimbra,
Coimbra, Portugal; Prof Dieter Felsenberg*, MD, Center for Muscle and Bone Research,
Department of Radiology, Charité Universitdtsmedizin Berlin, Berlin, Germany; Hendrikje
Borst, Dipl.Wiss-org, Charité Universititsmedizin Berlin, Berlin, Germany; Anna Spicher
MD, Medical University of Innsbruck, Innsbruck, Austria; Prof David T Felson, MD,
Manchester Academic Health Science Centre, Manchester, United Kingdom and Boston
University School of Medicine, Boston, MA, USA; Prof Eugene V Mccloskey, MD,
University of Sheffield, Sheffield, United Kingdom; Elena Johansson MD, University of
Sheffield Medical School, Sheffield, United Kingdom and Catholic University of Australia,
Melbourne, Victoria, Australia; Prof Bernhard Watzl, PhD, Max Rubner-Institut, Karlsruhe,
Germany; Manuel Rodriguez Gomez, PhD, Max Rubner-Institut, Karlsruhe, Germany;
FOA Dr. Elena Tsourdi, Dresden University Medical Center and Center for Regenerative
Therapies Dresden, Dresden, Germany; Professor Martina Rauner PhD, Dresden University
Medical Center and Center for Regenerative Therapies Dresden, Dresden, Germany;
Philippe Halbout PhD, IOF; Stephen M Ferrari, Ferrari Data Solutions, Feldmeilen,
Switzerland; Benno Gut, Gut pictures, Horgen, Switzerland; Mariéme Ba, Pharmalys,
Borehamwood, United Kingdom; Jonas Wittwer Schegg, PhD, DSM Nutritional Products,
Kaiseraugst, Switzerland; Stéphane Etheve, DSM Nutritional Products, Kaiseraugst,
Switzerland; Manfred Eggersdorfer, PhD, University Medical Center Groningen,
Gronigen, The Netherlands; Carla Sofia Delannoy, PhD, Nestlé Health Science, Lausanne,
Switzerland; Monika Reuschling, PhD, Roche diagnostiscs, Rotkreuz, Switzerland.
DO-HEALTH Scientific Advisory Board members and collaborators on specific outcomes:
Prof Hannes B Staehelin, MD, University of Basel, Basel, Switzerland; Prof Paul W Walter,
University of Basel, Basel, Switzerland; Prof. Walter Dick, University of Basel, Basel,
Switzerland; Prof Michael Fried, MD, University of Zurich, Zurich, Switzerland; Prof
Arnold von Eckardstein, MD, University of Zurich, Zurich, Switzerland; Prof Hans-Peter
Simmen, MD, University of Zurich, Zurich, Switzerland; Prof Wolfgang Langhans, PhD,
ETH Zurich, Zurich, Switzerland; Prof Annelies Zinkernagel, MD, University Hospital
of Zurich, Zurich, Switzerland; Prof Nicolas Mueller, MD, University Hospital of Zurich,
Zurich, Switzerland; Prof Oliver Distler, MD, University Hospital of Zurich, Zurich,
Switzerland; Prof Klaus Graetz, MD, University Hospital of Zurich, Zurich, Switzerland;
Prof Ina Nitschke, MD, University Hospital of Zurich, Zurich, Switzerland; Prof. Thomas
Dietrich, University of Birmingham, United Kingdom; Prof Walter Baer, MD, University
of Zurich, Zurich, Switzerland; Prof Klara Landau, MD, University Hospital of Zurich,
Zurich, Switzerland; Prof Frank Ruschitzka, MD, University Hospital of Zurich, Zurich,
Switzerland; Prof Markus Manz, MD, University Hospital of Zurich, Zurich, Switzerland;
Prof Peter Burckhardt MD, University of Lausanne, Lausanne, Switzerland. * In Memory
of Dieter Felsenberg, a passionate scientist in clinical muscle and bone research

Funding sources: This analysis of the DO-HEALTH data set was funded by an
independent and investigator-initiated grant funded by Vifor Pharma. The DO-HEALTH
study was funded by the Seventh Research Framework Program of the European
Commission (Grant Agreement n°278588; PI Prof. Heike A. Bischoff-Ferrari, MD, DrPH),
and within this framework, also by the University of Zurich (Chair for Geriatric Medicine
and Aging Research), DNP, Roche, NESTEC, Pfizer and Streuli. 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.

Conflicts of interest: DRS reports personal fees from Danube University of Krems, US
Department of Defense, European Society of Anesthesiology, Korean Society for Patient
Blood Management, Korean Society of Anesthesiologists, Network for the Advancement
of Patient Blood Management, Haemostasis and Thrombosis, Bayer AG, Ziirich, B.
Braun Melsungen AG, Boehringer Ingelheim GmbH, Bristol-Myers-Squibb, CSL Behring
GmbH, Celgene International II Sarl, Daiichi Sankyo AG, Haemonetics, Instrumentation
Laboratory (Werfen), LFB Biomédicaments, Merck Sharp & Dohme, PAION Deutschland

869



GmbH, Pharmacosmos A/S, Pfzer AG, Pierre Fabre Pharma, Portola Schweiz GmbH,
Roche Diagnostics International Ltd, Sarstedt AG & Co., Shire Switzerland GmbH, Tem
International GmbH, Vifor Pharma, Vifor (International) AG, Zuellig Pharma Holdings.
DRS’s academic department is receiving grant support from the Swiss National Science
Foundation, the Swiss Society of Anesthesiology and Reanimation (SGAR), the Swiss
Foundation for Anesthesia Research, Vifor SA and Vifor (International) AG. DRS is
co-chair of the ABC-Trauma Faculty, sponsored by unrestricted educational grants
from Novo Nordisk Health Care AG, CSL Behring GmbH, LFB Biomédicaments, and
Octapharma AG. LA is currently an employee of MSD, Switzerland. As part of the
DO-HEALTH independent and investigator-initiated clinical trial, HABF reports as the
PI of the DOHEALTH trial, grants from European Commission, from University of
Zurich, from NESTEC, from PFIZER Consumer Healthcare, from Streuli Pharma, plus
nonfinancial support from DSM Nutritional Products and nonfinancial support from Roche
Diagnostics. Further, Prof. Bischoff-Ferrari reports speaker fees from Wild, Pfzer, Vifor,
Mylan, Roche Diagnostics, and independent and investigator-initiated grants from Pfizer
and from Vifor. All other authors declare no competing interests.

Acknowledgements: We thank all the members of the DO-HEALTH Research Group,

and we are grateful to the patients for their participation in, and commitment to, this study

References

20.

Umbreit J. Iron deficiency: a concise review. Am J Hematol. 2005;78(3):225-31,
doi:10.1002/ajh.20249.

Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. Lancet.
2020, doi:10.1016/S0140-6736(20)32594-0.

Stahl-Gugger A, de Godoi Rezende Costa Molino C, Wieczorek M, Chocano-Bedoya
PO, Abderhalden LA, Schaer DJ, et al. Prevalence and incidence of iron deficiency
in European community-dwelling older adults: an observational analysis of the
DO-HEALTH trial. Aging Clin Exp Res. 2022, doi:10.1007/540520-022-02093-0.
Cassat JE, Skaar EP. Iron in infection and immunity. Cell host & microbe.
2013;13(5):509-19, doi:10.1016/j.chom.2013.04.010.

Joynson DH, Walker DM, Jacobs A, Dolby AE. Defect of cell-mediated immunity in
patients with iron-deficiency anaemia. Lancet. 1972;2(7786):1058-9, doi:10.1016/
80140-6736(72)92340-9.

Ganz T. Iron in innate immunity: starve the invaders. Curr Opin Immunol.
2009;21(1):63-7, doi:10.1016/j.c0i.2009.01.011.

Drakesmith H, Prentice A. Viral infection and iron metabolism. Nature reviews
Microbiology. 2008;6(7):541-52, doi:10.1038/nrmicro1930.

Schaible UE, Kaufmann SH. Iron and microbial infection. Nature reviews
Microbiology. 2004;2(12):946-53, doi:10.1038/nrmicro1046.

Stefanova D, Raychev A, Arezes J, Ruchala P, Gabayan V, Skurnik M, et al.
Endogenous hepcidin and its agonist mediate resistance to selected infections by
clearing non-transferrin-bound iron. Blood. 2017;130(3):245-57, doi:10.1182/blood-
2017-03-772715.

Drakesmith H, Prentice AM. Hepcidin and the iron-infection axis. Science.
2012;338(6108):768-72, doi:10.1126/science.1224577.

Yousefzadeh MJ, Flores RR, Zhu Y, Schmiechen ZC, Brooks RW, Trussoni CE, et
al. An aged immune system drives senescence and ageing of solid organs. Nature.
2021;594(7861):100-5, doi:10.1038/s41586-021-03547-7.

Louria DB, Sen P, Sherer CB, Farrer WE. Infections in older patients: a systematic
clinical approach. Geriatrics. 1993;48(1):28-34

Stepan D, Dop D, Morosanu A, Vintilescu B, Niculescu C. Implications of the Iron
Deficiency in Lower Tract Respiratory Acute Infections in Toddlers. Current health
sciences journal. 2018:;44(4):362-7, doi:10.12865/chsj.44.04.07.

Patteril MV, Davey-Quinn AP, Gedney JA, Murdoch SD, Bellamy MC.
Functional iron deficiency, infection and systemic inflammatory response
syndrome in critical illness. Anaesthesia and intensive care. 2001;29(5):473-8,
doi:10.1177/0310057x0102900504.

Fernandez R, Tubau I, Masip J, Munoz L, Roig I, Artigas A. Low reticulocyte
hemoglobin content is associated with a higher blood transfusion rate in critically
ill patients: a cohort study. Anesthesiology. 2010;112(5):1211-5, doi:10.1097/
ALN.0b013e3181d74f87.

Harju E. Empty iron stores as a significant risk factor in abdominal surgery. JPEN
Journal of parenteral and enteral nutrition. 1988;12(3):282-5, doi:10.1177/0148607188
012003282.

Myers E, O’Grady P, Dolan AM. The influence of preclinical anaemia on outcome
following total hip replacement. Archives of orthopaedic and trauma surgery.
2004;124(10):699-701, doi: 10.1007/s00402-004-0754-6.

Levy A, Fraser D, Rosen SD, Dagan R, Deckelbaum RJ, Coles C, et al. Anemia as a
risk factor for infectious diseases in infants and toddlers: results from a prospective
study. European journal of epidemiology. 2005;20(3):277-84, doi:10.1007/s10654-
004-6515-6.

Wawer AA, Jennings A, Fairweather-Tait SJ. Iron status in the elderly: A review
of recent evidence. Mechanisms of ageing and development. 2018;175:55-73,
doi:10.1016/j.mad.2018.07.003.

Musallam KM, Taher AT. Iron deficiency beyond erythropoiesis: should we be
concerned? Current Medical Research and Opinion. 2018;34(1):81-93, doi:10.1080/03

IRON DEFICIENCY AND INFECTIONS IN DO-HEALTH

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

33.

35.

41.

42.

43.

870

007995.2017.1394833.

Bischoff-Ferrari HA, Vellas B, Rizzoli R, Kressig RW, da Silva JAP, Blauth M, et
al. Effect of Vitamin D Supplementation, Omega-3 Fatty Acid Supplementation,
or a Strength-Training Exercise Program on Clinical Outcomes in Older Adults:
The DO-HEALTH Randomized Clinical Trial. JAMA. 2020;324(18):1855-68,
doi:10.1001/jama.2020.16909.

Bischoff-Ferrari HA, Molino C, Rival S, Vellas B, Rizzoli R, Kressig RW, et al.
DO-HEALTH: Vitamin D3 - Omega3 - Home exercise - Healthy aging and longevity
trial - Design of a multinational clinical trial on healthy aging among European
seniors. Contemporary clinical trials. 2020:106124, doi:10.1016/j.cct.2020.106124.
Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, Staechelin HB, Meyer OW, Theiler
R, et al. Monthly High-Dose Vitamin D Treatment for the Prevention of Functional
Decline: A Randomized Clinical Trial. JAMA Intern Med. 2016;176(2):175-83,
doi:10.1001/jamainternmed.2015.7148.

Bischoff-Ferrari HA, Orav EJ, Egli A, Dawson-Hughes B, Fischer K, Stachelin HB,
et al. Recovery after unilateral knee replacement due to severe osteoarthritis and
progression in the contralateral knee: a randomised clinical trial comparing daily
2000 IU versus 800 IU vitamin D. RMD Open. 2018;4(2):e000678, doi:10.1136/
rmdopen-2018-000678.

Fullenbach C, Stein P, Glaser P, Triphaus C, Lindau S, Choorapoikayil S, et al.
Screening for iron deficiency in surgical patients based on noninvasive zinc
protoporphyrin measurements. Transfusion. 2020;60(1):62-72, doi:10.1111/trf.15577.
Means RT, Jr., Allen J, Sears DA, Schuster SJ. Serum soluble transferrin receptor and
the prediction of marrow aspirate iron results in a heterogeneous group of patients.
Clin Lab Haematol. 1999;21(3):161-7, doi:10.1046/j.1365-2257.1999.00224 x.
Koulaouzidis A, Said E, Cottier R, Saeed AA. Soluble transferrin receptors and iron
deficiency, a step beyond ferritin. A systematic review. J Gastrointestin Liver Dis.
2009;18(3):345-52

Joosten E, Van Loon R, Billen J, Blanckaert N, Fabri R, Pelemans W. Serum
transferrin receptor in the evaluation of the iron status in elderly hospitalized patients
with anemia. Am J Hematol. 2002;69(1):1-6, doi:10.1002/ajh.10014.

Choi CW, Cho WR, Park KH, Choi IK, Seo JH, Kim BS, et al. The cutoff value
of serum ferritin for the diagnosis of iron deficiency in community-residing older
persons. Ann Hematol. 2005;84(6):358-61, doi:10.1007/s00277-005-1033-5.
Lopez-Sierra M, Calderon S, Gomez J, Pilleux L. Prevalence of Anaemia and
Evaluation of Transferrin Receptor (sTfR) in the Diagnosis of Iron Deficiency
in the Hospitalized Elderly Patients: Anaemia Clinical Studies in Chile. Anemia.
2012;2012:646201, doi:10.1155/2012/646201.

Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity
[Internet]. 2011. Available from: https://www.who.int/vmnis/indicators/haemoglobin/
en/.

Chocano-Bedoya PO, Bischoff-Ferrari HA. DO-HEALTH: Vitamin D3-Omega-
3-Home Exercise-Healthy Aging and Longevity Trial —Dietary Patterns in Five
European Countries. In: Weaver CM, Bischoff-Ferrari H, Daly RM, Wong M-S,
editors. Nutritional Influences on Bone Health: 10th International Symposium. Cham:
Springer International Publishing; 2019. p. 3-10.

Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered
Comorbidity Questionnaire: a new method to assess comorbidity for clinical and
health services research. Arthritis Rheum. 2003:49(2):156-63, doi:10.1002/art.10993.
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
2001;56(3):M146-56, doi:10.1093/gerona/56.3.m146.

Wolf AM, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Corsano KA, et al.
Reproducibility and validity of a self-administered physical activity questionnaire. Int
J Epidemiol. 1994;23(5):991-9, doi:10.1093/ije/23.5.991.

Michener A, Heath B, Crnich CJ, Moehring R, Schmader K, Mody L, et al. Infections
in Older Adults: A Case-Based Discussion Series Emphasizing Antibiotic Stewardship.
MedEdPORTAL : the journal of teaching and learning resources. 2018;14:10754,
doi:10.15766/mep_2374-8265.10754.

Yang WS, Chang YC, Chang CH, Wu LC, Wang JL, Lin HH. The Association
Between Body Mass Index and the Risk of Hospitalization and Mortality due
to Infection: A Prospective Cohort Study. Open forum infectious diseases.
2021;8(1):0faa545, doi:10.1093/ofid/ofaa545.

Wang JL, Shaw NS. Iron status of the Taiwanese elderly: the prevalence of iron
deficiency and elevated iron stores. Asia Pac J Clin Nutr. 2005;14(3):278-84

Busti F, Campostrini N, Martinelli N, Girelli D. Iron deficiency in the elderly
population, revisited in the hepcidin era. Frontiers in Pharmacology. 2014;5:83
Huttunen R, Heikkinen T, Syrjdnen J. Smoking and the outcome of infection. Journal
of internal medicine. 2011;269(3):258-69, doi:10.1111/§.1365-2796.2010.02332 x.
Seitz HK, Bataller R, Cortez-Pinto H, Gao B, Gual A, Lackner C, et al. Alcoholic liver
disease. Nature reviews Disease primers. 2018:4(1):16, doi:10.1038/s41572-018-0014-
7.

Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, cardiovascular
disease, and frailty. Nature reviews Cardiology. 2018;15(9):505-22, doi:10.1038/
541569-018-0064-2.

Romeo J, Wirnberg J, Pozo T, Marcos A. Physical activity, immunity and infection.
The Proceedings of the Nutrition Society. 2010;69(3):390-9, doi:10.1017/



JNHA - Volume 26, Number 9, 2022

44.

45.

46.

47.

50029665110001795.

Tansarli GS, Karageorgopoulos DE, Kapaskelis A, Gkegkes I, Falagas ME. Iron
deficiency and susceptibility to infections: evaluation of the clinical evidence. Eur J
Clin Microbiol Infect Dis. 2013;32(10):1253-8, doi:10.1007/s10096-013-1877-x.
Mohus RM, Paulsen J, Gustad L, Askim A, Mehl A, DeWan AT, et al. Association
of iron status with the risk of bloodstream infections: results from the prospective
population-based HUNT Study in Norway. Intensive Care Med. 2018;44(8):1276-83,
doi:10.1007/s00134-018-5320-8.

Yu D, Huo J, Xie L, Wang L. [Meta-analysis of studies on cut-off value of serum
ferritin for identifying iron deficiency]. Wei Sheng Yan Jiu. 2013;42(2):228-35
Dignass A, Farrag K, Stein J. Limitations of Serum Ferritin in Diagnosing Iron
Deficiency in Inflammatory Conditions. Int J Chronic Dis. 2018;2018:9394060,
doi:10.1155/2018/9394060.

48.

49.

50.

Wander K, Shell-Duncan B, Brindle E. Lower incidence of respiratory infections
among iron-deficient children in Kilimanjaro, Tanzania. Evol Med Public Health.
2017;2017(1):109-19, doi: 10.1093/emph/eox010.

Kaspersen KA, Dinh KM, Mikkelsen S, Petersen MS, Erikstrup LT, Pedersen OB,
et al. Oral iron supplementation is not associated with short-term risk of infections:
results from the Danish Blood Donor Study. Transfusion. 2019;59(6):2030-8,
doi:10.1111/trf.15221.

Rimon E, Kagansky N, Kagansky M, Mechnick L, Mashiah T, Namir M, et al. Are
we giving too much iron? Low-dose iron therapy is effective in octogenarians. The
American Journal of Medicine. 2005;118(10):1142-7, doi:https://doi.org/10.1016/].
amjmed.2005.01.065.

How to cite this article: P. Lanz, M. Wieczorek, A. Sadlon, et al. Iron Deficiency and
Incident Infections among Community-Dwelling Adults Age 70 Years and Older:
Results from the DO-HEALTH Study. J Nutr Health Aging.2022;26(9):864-871; https://
doi.org/10.1007/512603-022-1836-2

871





