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ABSTRACT

ole blood donors, especially frequently donating donors, have a
risk of iron deficiency and low hemoglobin (Hb) levels, which
may affect their health and eligibility to donate. Lifestyle behav-

iors, such as dietary iron intake and physical activity, may influence iron
stores and thereby Hb levels. We aimed to investigate whether dietary iron
intake and questionnaire-based moderate-to-vigorous physical activity
(MVPA) were associated with Hb levels, and whether ferritin levels medi-
ated these associations. In Donor InSight-III, a Dutch cohort study of blood
and plasma donors, data on heme and non-heme iron intake (mg/day),
MVPA (10 minutes/day), Hb levels (mmol/L) and ferritin levels (ug/L) were
available in 2,323 donors (1,074 male). Donors with higher heme iron
intakes [regression coefficients () in men and women: 0.160 and 0.065
mmol/L higher Hb per 1 mg of heme iron, respectively] and lower non-
heme iron intakes (f: -0.014 and -0.017, respectively) had higher Hb levels,
adjusted for relevant confounders. Ferritin levels mediated these associa-
tions [indirect effect (95% confidence interval) in men and women, respec-
tively: 0.074 (0.045; 0.111) and 0.061 (0.030; 0.096) for heme and -0.003
Received: June 13, 2019. (-0.008;0.001) and -0.008 (-0.013;-0.003) for non-heme]. MVPA was nega-
Accepted: November 12, 2019. tively associated with Hb levels in men only (: -0.005), but not mediated
by ferritin levels. In conclusion, higher heme and lower non-heme iron
intake were associated with higher Hb levels in donors, via higher ferritin
levels. This indicates that donors with high heme iron intake may be more
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be due to the fact that for those donors a donation interval
of 56 days, which is the minimum interval in many coun-
tries including the Netherlands, is too short to restore Hb
levels.”®” Several factors, including sex, age, season and
number of donations are established determinants of Hb
levels.** It may be speculated that differences in lifestyle
behaviors between donors, such as dietary iron intake and
physical activity, may influence Hb levels as well.

Iron homeostasis is tightly regulated and maintained by
recycling iron from old erythrocytes, by replacing lost iron
with dietary iron, and by mobilizing stored iron when
necessary.""*"* In blood donors, dietary iron intake may be
even more important in order to maintain iron homeosta-
sis and thereby Hb levels given the iron loss associated
with blood donation. A diet generally contains heme iron
(present in animal foods) with high bioavailability (15-
35%) and non-heme iron (especially present in plant-
based foods) with 1-20% bioavailability."*" Heme iron
generally constitutes only about 15% of the total dietary
iron intake."*" Two previous studies among blood donors
did not find associations between intake of iron-rich food
items and iron stores or Hb levels,'” while one study
among blood donors found mainly meat intake to be asso-
ciated with iron stores.” To our knowledge, it is unknown
whether dietary heme and non-heme iron intake are pos-
itively associated with Hb levels and iron stores in blood
donors. Physical activity may influence Hb levels as well.
Available literature suggests two general hypotheses with
regard to this relation. First, physical activity may decrease
Hb levels through iron loss via sweat, urine, and the gas-
trointestinal tract, as well as by exercise-induced hemoly-
sis or hemodilution.”*" Second, physical activity may
increase Hb levels as physical activity requires increased
amounts of oxygen to be transported throughout the body
by Hb.*** The number of studies investigating the effect
of physical activity on ferritin levels (i.e. a measure repre-
senting iron stores)** are limited, particularly in blood
donors, and the results of these studies are inconclusive.*
29

Insights into associations between lifestyle behaviors
and Hb levels are valuable for blood supply organizations.
Lifestyle behaviors can potentially be taken into account
in order to prevent Hb deferrals, for example through tai-
lored donation intervals or lifestyle advice. In addition,
studying the mediating role of ferritin levels in the associ-
ations between lifestyle behaviors and Hb levels will help
to gain insight into whether iron stores could indeed be
the limiting or enabling factor that links lifestyle behavior
to Hb level recovery after donation. In a Swiss study,
donors who were low in Hb or ferritin levels could choose
one or more of the three following strategies: (i) iron sup-
plementation; (ii) extension of the donation interval;
and/or (iii) suggestions of dietary changes.** This study
found that these measures contributed to an increase in
Hb level.* The Dutch Donor InSight-III (DIS-III) study
provides both questionnaire-based and accelerometry-
derived data on physical activity, as well as data on both
heme and non-heme iron intake using validated question-
naires.”> This, in combination with measurements of Hb
and ferritin levels, provides a unique opportunity to study
how lifestyle behaviors are related to Hb levels in blood
donors. Hence, we investigated: (i) associations between
dietary iron intake and physical activity with Hb levels
and Hb trajectories; and (ii) to what extent these associa-
tions are mediated by ferritin levels. We hypothesized

Lifestyle, ferritin and hemoglobin in donors -

that a higher intake of heme iron, and to a lesser extent of
non-heme iron, is associated with higher ferritin and Hb
levels. Additionally, we hypothesized a potential positive
association between MVPA and ferritin and Hb levels.

Methods

Study population

Data were collected as part of DIS-III (2015-2016), a cohort
study among blood and plasma donors in the Netherlands. DIS-III
aimed at gaining insight into donor characteristics, health and
behavior. Details of DIS-III have been described elsewhere and
information about Hb trajectories is available in the Ounline
Supplementary Methods.?

Participants completed a general questionnaire and food fre-
quency questionnaire (FFQ) one week prior to providing blood
samples for DIS-III. Blood samples were either taken from the
sampling pouch of a blood bag or, if not combined with a regular
donation, through venipuncture. These blood samples were used
to do a full blood count and to store samples to measure ferritin at
a later moment (see Measurements section). A total of 2,552 (42%
response rate) donors provided blood samples and completed the
general questionnaire. For the current analyses, donors with
self-reported diagnosis of hemochromatosis (n=6), who used iron
supplements medication (n=221) and who were pregnant during
DIS-III (n=5) were excluded (n=229, 9% in total), resulting in 2,323
participants. The Medical Ethical Committee of the Academic
Medical Center (AMC) in the Netherlands and Sanquin’s Ethical
Advisory Board approved DIS-III and all participants gave their
written informed consent.

Measurements

Hemoglobin levels and erythrocyte parameters [red blood cell
count (RBC), hematocrit, mean cell volume (MCV), mean cell
hemoglobin (MCH), mean cell hemoglobin concentration
(MCHC) and red cell distribution width (RDW)] were measured
for DIS-III using a hematology analyzer (XT-2000, Sysmex, Kobe,
Japan) in an EDTA whole blood sample within 24 hours (h) after
blood donation.*® Collected lithium heparin tubes were cen-
trifuged within 24 h after DIS-III blood collection and resulting
plasma was subsequently stored at -80°C.** Ferritin levels were
measured within a year after blood collection, using the stored
plasma sample from lithium heparin tubes (Architect Ci8200,
Abbott Laboratories, IL, USA).*

Dietary heme and non-heme iron intake (mg/day) were meas-
ured with a FFQ® adapted to assess iron intake. The FFQ assessed
usual dietary consumption in the past four weeks. Physical activi-
ty and sedentary behavior were questionnaire-based as well as
accelerometry-derived. Questionnaire-based assessments were
done by using the validated International Physical Activity
Questionnaire - Short Form (IPAQ-SF).** Sedentary behavior was
checked for confounding (see Online Supplementary Methods). Time
spent in moderate-to-vigorous physical activity (MVPA) and
sedentary behavior was expressed in minutes/day. In a subset of
DIS-III participants (n=654), these were also objectively measured
with accelerometers (wGT3X-BT and GT3X Actigraph,
Pensacola, FL, USA) and data were handled using Troiano (2008)
cut-off points” See Ounline Supplementary Methods for details on
possible confounders.

Statistical analysis

Descriptive statistics are presented as meantstandard deviation
(SD), or in case of a skewed distribution as median and interquar-
tile range (IQR). Associations between lifestyle behaviors
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® Table 1. Characteristics of the study population.

Males (n=1,074) Females (n=1,249)

Age at DIS-III, years 51.1+13.0 470+13.0
Hb level, mmol/L 93 +0.6 84+0.6
RBC, x10° 497.1 + 36.2 452.8 + 34.1
Het, % 449 +2.7 412+29
MCV, fL 90.5 + 4.6 912 £48
MCH, amol 1875.9 + 106.5 1862.7 + 252.2
MCHC, mmol/L 20.7+ 0.6 204 +2.0
RDW, % 13.6 (13.1 - 14.2) 13.6 (13.1 - 14.4)
Subgroup

Stable Hb trajectory 232 (22%) 433 (35%)

Declining Hb trajectory 468 (44%) 438 (35%)

Random sample 374 (35%) 378 (30%)
Ferritin level, ug/L 56.8 (31.2—95.5) 35.9 (19.3—59.3)
Heme iron intake, mg/day 1.1 (08-15) 0.9 (0.6—1.2)
Non-heme iron intake, mg/day 9.7(719-11.7) 7.9 (64-9.5)

MVPA (questionnaire), min/day
MVPA (accelerometer), min/day

64.3 (31.8— 139.6)
324 (199 - 49.3)

514 (261 - 107.7)
26.7 (173 - 40.3)

Sedentary behavior (questionnaire), min/day
Sedentary behavior (accelerometer), min/day

480.0 (300.0 —720.0)
575.3 (509.6 — 632.3)

420.0 (265.0— 615.0)
532.7 (485.9 — 580.6)

[nitial Hb level*, mmol/L 95+0.6 85+0.6
Number of donations in 2 years before DIS-III 4(0-17) 2(0-4
Donation interval, months 6 (3-25) 9(5-35)
Current smoker
Yes 86 (8%) 94 (8%)
No 917 (85%) 1,060 (85%)
Menstruation in past 6 months
Yes NA 563 (45%)
No NA 671 (54%)

Continuous variables: meansstandard deviation or median (interquartile range) if skewed; dichotomous variables: n (%); NA: not applicable; DIS-II: Donor InSight-Ill; Hb: hemo-
globin; RBC: red blood cell count; Het: hematocrit; MCV: mean cell volume; MCH: mean cell Hb; MCHC: mean cell Hb concentration; RDW: red cell distribution width; MVPA:
moderate-to-vigorous physical activity. Note: due to missing data, numbers might not add up to total for dichotomous variables. Percentages might not add up to 100 because of
rounding. *First capillary Hb measurement available in the blood bank information system.

(heme/non-heme iron intake and questionnaire-based MVPA) and
Hb levels, and mediation analyses of ferritin levels as mediator of
this association were studied using multiple linear regression
analyses. Complete case analyses were performed, and in case of
non-linear associations with skewed variables, the dependent
variables were log-transformed. All models were constructed for
men and women separately and adjusted for relevant confounders
(Online Supplementary Methods and Online Supplementary Table S1).

Results

A total of 1,074 males and 1,249 females were included
with a mean (SD) age of 51.1 (13.0) and 47.0 (18.0) years,
respectively (Table 1). In total, 1,016 males and 1,171
females provided information on heme and non-heme
iron intake, 795 males and 962 females provided informa-
tion on self-reported MVPA, and 313 males and 357
females had information on accelerometry-derived
MVPA. Men had higher median ferritin and mean Hb lev-
els than women: 56.8 versus 35.9 ug/L and 9.3 versus 8.4
mmol/L, respectively. Median heme and non-heme iron

intake were higher in men than in women (heme: 1.1 vs.
0.9 mg/day; non-heme: 9.7 vs. 7.9 mg/day). Higher medi-
ans were seen for questionnaire-based compared with
accelerometry-derived MVPA and these medians were
higher in men compared with women (questionnaire:
64.3 vs. 51.4 minutes/day; accelerometer: 32.4 vs. 26.7
minutes/day).*®” In total, 232 males and 433 females had
a stable Hb trajectory and 468 males and 438 females had
a declining Hb trajectory.

Associations of lifestyle behaviors with hemoglobin
and ferritin levels

Associations of heme and non-heme iron intake, and
MVPA with Hb levels are presented in Table 2. Age was
found not to be an effect modifier. Adjustments were
made for: (i) age, smoking, menstruation (in women
only); (ii) number of donations in the previous two years,
time since last donation; (iii) sedentary behavior, heme
and non-heme iron intake or MVPA; and (iv) initial Hb
levels. A higher intake of one mg of heme iron per day
was associated with 0.160 and 0.065 mmol/L higher Hb
levels in men and women, respectively. Higher intake of
non-heme iron, however, was associated with slightly
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Table 2. Associations between lifestyle behaviors (heme and non-heme iron intake and moderate-to-vigorous physical activity (MVPA)] and hemo-
globin (Hb) levels.

Independent Crude model Model 1 Model 2 Model 3 Model 4
variable B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
M Heme 0.125 (0.057; 0.193) 0.123 (0.055; 0.191) 0.126 (0.058; 0.194) (.188 (0.103; 0.272) 0.160 (0.083; 0.238)
Non-heme  -0.016 (-0.026;-0.007) ~ -0.017 (-0.026;-0.008)  -0.017 (-0.026;-0.008)  -0.021 (-0.033;-0.008)  -0.014 (-0.025; -0.003)
MVPA -0.005 (-0.009;-0.002)  -0.005 (-0.009;-0.002)  -0.005 (-0.009;-0.001)  -0.006 (-0.009;-0.002)  -0.005 (-0.008; -0.001)
F Heme 0.106 (0.033; 0.178) 0.102 (0.030; 0.174) 0.106 (0.034; 0.178) 0.093 (0.005; 0.181) 0.065 (-0.018; 0.148)
Non-heme  -0.020 (-0.032;-0.008) ~ -0.021 (-0.033;-0.010)  -0.022 (-0.033;-0.010) ~ -0.022 (-0.036;-0.007)  -0.017 (-0.031;-0.003)
MVPA -0.000 (-0.004; 0.004) ~ -0.002 (-0.006; 0.002)  -0.002 (-0.006; 0.002)  -0.003 (-0.007; 0.001)  -0.003 (-0.007; 0.001)

M: males; F: females; p: regression coefficient, 95%CI: 95% confidence interval; MVPA: moderate-to-vigorous physical activity in 10 minutes/day; Hb: hemoglobin in mmol/L.Heme
and non-heme iron in mg/day Model 1: adjusted for age,smoking,and menstruation (women only).Model 2: additionally adjusted for number of donations in the 2 years before
DISHII and donation interval. Model 3: additionally adjusted for sedentary behavior and MVPA in models with heme and non-heme iron intake as independent variables or
sedentary behavior,heme and non-heme iron intake in models with MVPA as independent variable. Model 4: additionally adjusted for initial Hb level. Over 10% of participants
excluded due to missing data in males model 3-4 for heme and non-heme iron intake,and models 1-4 for MVPA, and in females model 14 for heme and non-heme iron intake
and MVPA.

Table 3. Associations between lifestyle behaviors [heme and non-heme iron intake and moderate-to-vigorous physical activity (MVPA)] and hemo-
globin (Hb) levels and mediation by ferritin levels.

Mediator  Dependent Total Effect Effect Direct Indirect
variahle effect of lifestyle of ferritin effect effect
(c path)* behaviors levels on (c’ path) (a path * b path)
on ferritin levels Hb levels
(a path) (b path)
B (95%Cl) LN(B (95% CI)) B (95% CI) B (95% CI) B (95% CI)
M
Heme Ferritin* ~ Hblevels  0.160 (0.083; 0.238)  0.288 (0.192; 0.383) 0.090 (0.014; 0.165)  0.074 (0.045; 0.111)
Non-heme -0.014 (-0.025; -0.003)  -0.012 (-0.027;0.002) ~ 0.256 (0.198;0.314)  -0.011 (-0.022;-0.000) -0.003 (-0.008; 0.001)
MVPA -0.005 (-0.008; -0.001)  -0.000 (-0.005; 0.004) -0.005 (-0.009;-0.002)  -0.000 (-0.001; 0.001)
F
Heme Ferritin* ~ Hblevels  0.065 (-0.018; 0.148) 0222 (0.115; 0.328) 0.002 (-0.077; 0.080)  0.061 (0.030; 0.096)
Non-heme -0.017 (-0.031; -0.003) -0.028 (-0.046; -0.010)  0.276 (0.225;0.327)  -0.010 (-0.023; 0.004) -0.008 (-0.013;-0.003)
MVPA -0.003 (-0.007; 0.001)  0.001 (-0.004; 0.006) -0.003 (-0.007; 0.000)  0.000 (-0.001; 0.002)

M: males; F: females; B: regression coefficient, 95%Cl: 95% confidence interval; BCI: bootstrapped confidence interval; MVPA: moderate-to-vigorous physical activity in 10 min-
utes/day; heme and non-heme iron intake in mg/day; ferritin levels in ug/L; Hb level in mmol/L. *Residuals of ferritin levels were not normally distributed and therefore log trans-
formed; this table presents log transformed data. jThese results are identical to the results of model 4 in Table 2.Total effect (c path): association between heme and non-heme
iron intake or MVPA and Hb level;a path: association between heme and non-heme iron intake or MVPA and mediating variable ferritin levels; b path: association between medi-
ating variable ferritin levels and Hb level; direct effect (¢’ path): association between heme and non-heme iron intake or MVPA and Hb level adjusted for mediating variable fer-
ritin levels; indirect effect: indirect effect of heme and non-heme iron intake or MVPA on Hb level through mediating variable ferritin levels. Adjusted for age, smoking, menstru-

ation (in models with women only), number of donations,donation interval,sedentary behavior, MVPA in models with heme and non-heme iron intake as independent variables
or heme and non-heme iron intake in models with MVPA as independent variable, and initial Hb level.

lower Hb levels in men and women (-0.014 and -0.017
mmol/L, respectively). Spending more time per day on
MVPA was associated with lower Hb levels, but these
results were only statistically significant in men [
(95%CI): -0.005 (-0.008 to -0.001)] (Table 2).

Both, heme and non-heme iron intake, showed posi-
tive associations with ferritin levels. Table 3 (a path)
shows log transformed results, as ferritin levels were not
normally distributed. Back-transformation of these
results showed 1.334 and 1.249 mmol/L higher ferritin
levels per mg higher heme iron intake in men and
women, respectively. For non-heme iron intake, these
values were 0.988 and 0.972 for males and females,
respectively. MVPA showed no statistically significant
association with ferritin levels in either men [B (95 % CI):
1.000 (0.995 to 1.004)) nor women (f (95%CI): 1.001
(0.996 to 1.006)]. Lifestyle behaviors and Hb trajectories
showed similar, but less pronounced, associations as
those with Hb levels as outcome (Online Supplementary
Table 52).

Mediation by ferritin levels

Associations between dietary iron intake and Hb levels
were mediated by ferritin levels (Table 3). In both men and
women, higher intake of heme iron was significantly asso-
ciated with higher ferritin levels, and higher ferritin levels
with higher Hb levels [b path: 0.256 (0.198; 0.314) in men
and 0.276 (0.225; 0.327) in women]. The association
between heme iron intake was largely mediated by fer-
ritin, showing indirect effects of 0.074 (0.045; 0.111) in
men and 0.061 (0.030; 0.096) in women. The direct, non-
mediated effect of heme iron intake on Hb levels was only
statistically significant in men. Higher intake of non-heme
iron was associated with lower ferritin and Hb levels. The
association between non-heme iron intake and Hb levels
was also mediated by ferritin, but only significantly in
women [indirect effect: -0.003 (-0.008; 0.001) in men and
-0.008 (-0.013; -0.003) in women)].

Ferritin levels did not mediate the association between
MVPA and Hb levels (Table 3). MVPA was not associated
with ferritin levels (Table 3, a path) and accordingly, the
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® Table 4. Associations between erythrocyte parameters and lifestyle behaviors [heme and non-heme iron intake and moderate-to-vigorous physical
activity (MVPA)].
Independent RBC Het Mcv MCH MCHC RDW*
ariable B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) LNB (95% CI)
M
Heme 4.242 (-0.397; 8.881) 0.681 (0.330; 1.033)  0.612 (0.005; 1.220)  16.284 (1.833; 30.736)  0.043 (-0.036; 0.122)  -0.004 (-0.014; 0.006)

Nonheme — -0.484 (-1.166;0.198)  -0.076 (:0.128;-0.025) -0.072 (-0.162;0.017) -1.137 (-3.260;0.987)  0.004 (-0.008;0.015)  -0.001 (-0.002; 0.001)
MVPA 0.248 (0457, -0.040)  -0.023 (-0.03%; -0.007) -0.002 (-0.029; 0.025) -0.094 (-0.744; 0.556)  0.000 (-0.004; 0.003)  0.000 (-0.001; 0.000)
F

Heme 4600 (0.791;9.991) 0465 (0.022;0.908) 0099 (10.624; 0.822) 1.786 (-14.487; 18.058)" -0.019 (:0.109; 0.071)"  0.003 (-0.010; 0.016)
Non-heme  -0.573 (-1477;0.330)  -0.082(-0.156;-0.008) -0.073 (-0.194; 0.048) -2.076 (-4.799; 0.647)" -0.005 (-0.020; 0.010)° -0.001 (-0.003; 0.001)
MVPA 0.083 (-0.329;0.163)  -0.016 (-0.037;0.004) -0.021 (0.054;0.012) -0.236 (-0.977; 0.506)" 0.002 (-0.002; 0.006)°  0.000 (-0.001; 0.000)

M: males; F: females; f: regression coefficient,95%CI: 95% confidence interval; MCH: mean cell hemolgobin (Hb) in umol; MVPA: moderate-to-vigorous physical activity in 10 min-
utes/day; heme and non-heme iron intake in mg/day; RBC: red blood cell count in x10* Hct: hematocrit in %; MCV: mean cell volume in fL; MCH: mean cell Hb in amol; MCHC:
mean cell Hb concentration in mmol/L; RDW: red cell distribution width in %; ferritin levels in ug/L. *Residuals of ferritin levels and RDW were not normally distributed and
therefore log transformed; this table presents log transformed data.Adjusted for age, smoking, menstruation (in models with women only),number of donations, donation inter
val,sedentary behavior, MVPA in models with heme and non-heme iron intake as independent variables or heme and non-heme iron intake in models with MVPA as independ-
ent variable, and initial Hb. 'Results with outlier removed, without outlier removed: heme [-29.812 (-77.210 to 17.585)], non-heme [-0.534 (-8.474 to 7.407)] and MVPA [-0.864 (-
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3.025 to 1.297)] for MCH and heme [0.292 (-0.688 to 0.103)], non-heme [0.009 (:0.058 to 0.075)] and MVPA [-0.003 (-0.021 to 0.015)] for MCHC.

indirect effects were close to zero. The direct effect (¢’
path) of MVPA on Hb level was statistically significant in
men only [B (95%CI): -0.005 (-0.009 to -0.002)]. With
regard to Hb trajectories, a significant indirect effect was
found for heme and non-heme iron intake in women only
(0.094 (0.013; 0.203) for heme iron and -0.011 (-0.026;
-0.002) for non-heme iron). Ferritin did not mediate the
other associations between lifestyle behaviors and Hb
trajectories (Online Supplementary Table S3).

Sensitivity and post-hoc analyses

Table 4 shows the results of post-hoc analyses on associ-
ations between lifestyle behaviors and erythrocyte param-
eters. Heme iron intake, non-heme iron intake and MVPA
were mainly associated with hematocrit. In men, associa-
tions were also found between heme iron intake and
MCV and MCH, and between MVPA and RBC.

In sensitivity analyses in a subset of the study popula-
tion with accelerometry-derived MVPA, the direct effect
of MVPA on Hb levels in men was no longer statistically
significant in any model (Online Supplementary Table S4).

Post-hoc analyses in which additional adjustments for
phytate-rich and polyphenol-rich food items were made
showed similar associations with heme iron intake [0.145
(0.066; 0.225) and 0.079 (-0.007; 0.165) in men and women,
respectively], while associations with non-heme iron
intake diminished [ (95%CI): 0.000 (-0.018; 0.018) and -
0.015 (-0.036; 0.006) in men and women, respectively].

Discussion

In this study among Dutch blood donors, we found that
dietary iron intake was associated with Hb levels of blood
donors via ferritin levels. Heme iron intake showed a pos-
itive and non-heme iron intake a negative association with
Hb levels. To put this amount of iron into perspective, 1
mg higher heme iron intake, equivalent to 58 grams of
prepared beef or 700 grams of prepared chicken filet," was
associated with 0.160 mmol/L higher Hb levels in men.
With regard to non-heme iron, 1 mg higher non-heme iron
intake, equivalent to 60 grams of cooked whole wheat

pasta or 2.5 salty herring (187.5 grams),” was associated
with -0.014 mmol/L lower Hb levels in men. A statistically
significant, but rather small (-0.015 mmol/L for 30
min/day MVPA in men), negative association between
questionnaire-based but not accelerometry-derived physi-
cal activity and Hb levels was found in men only. This
association was independent of ferritin levels. Results
were independent of frequency of previous donations as
we adjusted for number of donations in the 2 years before
DIS-III and donation interval.

As hypothesized, a positive association was found
between heme iron intake and Hb and ferritin levels. It
seems that donors who consume more heme iron can
restore their iron stores better, resulting in higher ferritin
and Hb levels. Further analyses in which lifestyle behav-
iors were associated with erythrocyte parameters showed
that heme iron intake increases the volume of blood that
is occupied by red blood cells (higher Hct) and vice versa
(lower Hct) for non-heme iron intake and MVPA. In men,
higher heme iron intake was also associated with higher
MCV and MCH, indicating that, in men, in addition to a
larger volume of red blood cells, these cells also contain
more Hb. Interestingly, higher intake of non-heme iron
was associated with lower Hb levels, independent of
heme iron intake. An explanation might be that with high-
er intake of non-heme iron, more phytate-rich and
polyphenol-rich foods and beverages (e.g., legumes, grains
and coffee) are consumed, preventing absorption of non-
heme iron.”* Indeed, post-hoc analyses with additional
adjustments for phytate-rich and polyphenol-rich food
items (i.e., legumes, bread, pasta, cereals, nuts and coffee)
diminished the negative associations between non-heme
iron intake and Hb levels. More precise measurements of
total phytate and polyphenol intake, rather than the con-
sumption of food items, would enable more accurate
adjustments for these substances. With regard to MVPA,
the negative association with Hb levels may be due to
exercise-induced hemolysis; however, this has mainly
been found in studies investigating endurance ath-
letes.”"”* 1In the additional analyses of MVPA with ery-
throcyte parameters, we did find that more MVPA was
associated with lower numbers of erythrocytes. Another



potential explanation could be hemodilution, caused by
exercise-induced plasma volume expansion.” This phe-
nomenon is often seen in athletes and is also known as
sports anemia.””” However, based on the results of this
study, no firm conclusions on mechanisms behind the
association of MVPA with Hb levels can be drawn. In con-
trast to our findings on associations with Hb levels, there
was only one statistically significant association between
lifestyle behaviors and Hb trajectories (Online
Supplementary Table S2). An explanation could be the loss
of power to detect an association due to the dichotomiza-
tion of the Hb level measurements into Hb trajectories
(stable/declining) and the lower number of participants
with a known Hb trajectory.”

Our finding that iron intake was associated with Hb and
ferritin levels is in contrast with previous studies conduct-
ed among blood donors.'*” However, these previous stud-
ies assessed consumption of iron-containing food items.
Since the majority of iron in food is consumed as non-
heme iron, and we found this to be negatively associated
with Hb levels, heme iron needs to be distinguished from
non-heme iron in order to recognize the positive effect on
Hb levels of heme iron intake. Research among a general
population of Dutch adults supports our findings; they
also found that heme iron intake was positively, and non-
heme iron intake negatively associated with iron status.*
With regard to physical activity, our results are in agree-
ment with another study among Danish blood donors
that also found a negative association for questionnaire-
based physical activity (hours/week) with Hb levels in
men only [f (95%CI) of -0.09 (-0.11 to -0.06) for non-
smokers and -0.11 (-0.18 to -0.05) for smokers]."”

Strengths of this study include the large study popula-
tion and the detailed assessment of lifestyle behaviors,
erythrocyte parameters and ferritin levels. As the FFQ
enabled us to calculate both heme and non-heme iron
intake rather than assessing total iron intake, we were able
to show that there are important differences in the direc-
tion and magnitude of the associations between heme and
non-heme iron intake and Hb levels. A limitation of the
FFQ, however, is that it does not measure when and in
which combination food items are consumed.” Another
limitation of this study is the use of questionnaire-based
MVPA, which is prone to social desirability and recall bias,
and the validity is known to differ across respondents
from different socio-economic strata, but it is also the
most cost-effective way to measure physical activity in a
large sample and enables differentiation between types of
activity.”** We did, however, use a validated question-
naire,”* and were able to perform sensitivity analyses
with accelerometry-derived data in a subgroup of the par-
ticipants. Results were similar but not significant in the
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accelerometry sub-group, probably due to the smaller
study population. Next, it could be argued that including
menstruating women in the analyses could have altered
associations between heme and non-heme iron intake and
Hb levels in this subpopulation. However, analyses
showed that menstrual status was not an effect modifier
of the association between iron intake and Hb levels, indi-
cating that the association between iron intake and Hb
levels is similar for menstruating versus non-menstruating
women. Last, analyses of this study were cross-sectional,
and we are therefore unable to infer causation.

The results from this observational study do not impli-
cate that blood donors will benefit from dietary advice. A
review regarding solutions to iron deficiency in young
women living in industrialized countries showed that
dietary advice was not associated with an increase in Hb
levels in two studies, but these studies showed conflicting
results with regard to the effect of dietary advice on fer-
ritin levels. A study among Swiss donors found that iron
supplementation, extension of the donation interval,
and/or suggestions of dietary changes resulted in a
decrease in the prevalence of anemia and iron deficiency.”
However, this study was limited by the fact that donors
were not randomized to one of the three interventions
and no standardized information was handed out to the
donor.* Lastly, a study among blood donors conducted by
our research group found that dietary advice did not
reduce the risk of low-Hb deferral” Tailored donation
intervals might be useful in preventing low Hb levels in
blood donors®*” however, the usefulness of dietary infor-
mation in tailoring these intervals should first be investi-
gated further.

In conclusion, blood donors with a higher intake of
heme iron and lower intake of non-heme iron generally
had higher Hb levels, and this was mediated by higher fer-
ritin levels. In men, more time spent in MVPA was associ-
ated with lower Hb levels, independent of ferritin. Giving
separate consideration to heme iron intake and non-heme
iron intake may be useful in the prevention of low Hb lev-
els in blood donors.
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