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According to many textbooks, iron deficiency (ID) is associated with reactive
thrombocytosis. In this study, we aimed to investigate the correlation between
serum ferritin levels and platelet counts in a large cohort of healthy blood
donors. We included all whole blood and apheresis donors aged 18 years or older
with at least one ferritin measurement and one platelet count performed at the
same visit between 1996 and 2014. A total of 130 345 blood counts and ferritin
measurements obtained from 22 046 healthy donors were analysed. Overall, no
correlation between serum ferritin and platelet count was observed (r = —0.03,
p = 0.04 for males, and r = 0.01, p = —0.02 for females, respectively). Associa-
tions remained clinically negligible after adjusting for age, time since previous
blood donation, number of donations and restricting the analysis to ferritin dec-
iles. In this large, retrospective single-centre study, correlations between low fer-
ritin and platelet count in a large and homogeneous cohort of healthy donors
were negligible. Further studies in patients with more severe anaemia and
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patients with inflammation are warranted.
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Introduction

Trainees in internal medicine and haematology learn that
iron deficiency (ID) with or without anaemia (iron defi-
ciency anaemia, IDA) is often accompanied by thrombo-
cytosis. Accordingly, most of the textbooks report on this
association. For example, in Harrison’s Principle of Inter-
nal Medicine and Wintrobe’s Clinical Hematology, the
authors describe thrombocytosis as a common finding in
ID and state that the platelet count returns within normal
values after iron substitution [1, 2]. The same is true for
other standard haematology textbooks, that is Williams
Hematology and Postgraduate Haematology, and for dif-
ferent guidelines [3, 4]. The British Committee for Stan-
dards in Haematology lists ID as a common cause of
reactive thrombocytosis and includes the evaluation of
iron status in the diagnostic work-up of patients present-
ing with thrombocytosis [5]. Furthermore, it has been

Correspondence: Andreas Holbro, Blood Transfusion Center, Swiss Red
Cross, Hebelstrasse 10, 4031 Basel, Switzerland
E-mail: andreas.holbro@usb.ch

suggested that reactive thrombocytosis may represent a
risk factor for thromboembolic complications and optimal
management is still a matter of debate [6].

Most of the currently available data are obtained from
patient collectives and small studies, including children
[7]. Recent results show that thrombocytosis seems to
actually occur only in a minority of patients with IDA
[8]. Other authors investigated the occurrence of throm-
bocytosis in patients with inflammatory bowel disease
and IDA [9, 10]. To the best of our knowledge, large stud-
ies analysing the association between thrombocytosis and
ID without anaemia in otherwise healthy individuals have
not been published so far [7].

The pathophysiologic link between ID and thrombocy-
tosis also remains unclear. Cell line and animal studies
suggested that ID leads to megakaryocytic expansion and
stimulates megakaryocytic differentiation, independently
from thrombopoietin, interleukin-6 and interleukin-11
[11, 12].

For the detection of ID and IDA, the most reliable
parameter remains serum ferritin, with low values being
sufficient for the diagnosis [13, 14].
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In this study, we aimed to investigate the correlation
between serum ferritin levels and platelet counts in a
large cohort of healthy blood donors.

Methods

In this single-centre, retrospective study, all whole-blood
and apheresis donors aged 18 years or older, both
first-time and repeat donors, with at least one ferritin
measurement and one platelet count performed at the
same visit between 1996 and 2014 were included in the
analysis.

As of 2004, serum ferritin measurements were routinely
implemented in our centre in order to evaluate iron stores
of repeat donors and improve donor care [15]. Before
2004, serum ferritin was measured only in single cases.
Further iron parameters were not assessed.

All donors gave written informed consent. Donor eligi-
bility criteria in accordance with Swiss regulations and
the Council of Europe blood directives had to be fulfilled.

At each visit, a complete blood count taken from finger
prick samples was run on a haematology analyser (Sys-
mex K-4500, Sysmex Digitana AG, Horgen, Switzerland).
Serum ferritin was routinely determined on a venous
sample either obtained from the predonation diversion
pouch in eligible donors, or by venous puncture in
donors deferred because of low haemoglobin in the capil-
lary measurement. Serum ferritin measurements were
conducted with a chemiluminescence assay (CMIA) on an
integrated serum analyser for photometric, electrochemi-
cal and immunological assays (Architect ci8200, Abbott
Diagnostics Division, Baar, Switzerland).

We assessed the association between serum ferritin and
platelet count using Pearson’s product-moment correla-
tion coefficients (r) and Spearman’s rank correlation coef-
ficients (p). The latter are more robust when extreme
values are present or when the association between vari-
ables is not linear but monotonic. Correlation coefficients
below +0-3 were considered negligible [16].

While potential heteroscedasticity and autocorrelation
in our data do not result in biased parameter estimates,
that is correlations, standard errors and hence inference
are likely to be biased. Therefore, we applied a linear
mixed model to further investigate the association
between ferritin and platelet counts with platelet counts
(G/1) as outcome and serum ferritin (ug/l) as predictor.
Age at blood donation (years), a linear and quadratic term
of the time since the previous donation (days), and the
number of donations were added as covariates to the
model. Random intercept and random slope for number
of donations were used to capture the heterogeneity
between donors, that is the different initial platelet counts
and platelet trajectories between individual donors. The

outcome was analysed separately for men and women.
Furthermore, we assessed the association between ferritin
and platelet counts overall and within ferritin deciles. We
compared mean platelet counts and the association
between ferritin levels and platelet counts in 10 similarly
sized groups of donors with progressively lower ferritin
values in order to assess the sensitivity of our findings.
We reported unstandardized regression coefficients (b)
with corresponding 95% confidence intervals and proba-
bility values (p). We employed robust standard errors in
all models.

The linear mixed model for platelet counts of blood
donors can be expressed as following:

Plty = B, + B,Fe; + psTSPDy; + fTSPDZ + f5,NOD;;
+ ﬁSAgeU + Clj + é’szODij + &jj (l)

Eqn 1: overall association of ferritin with platelet
counts adjusting for covariates

Pltj = B, + fp,Fe;j+ B;FeD;; + B, (Fe;; x FeDyj) + B TSPD;;
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(2)

Eqn 2: association of ferritin with platelet counts
within ferritin deciles adjusting for covariates.

Plt: platelet count (G/1); Fe: ferritin level (ug/l); FeD:
ferritin decile; TPSD: time since previous blood donation;
NOD: number of blood donations; age (years).

All statistical analyses were carried out in Stata 14
(StataCorp, College Station, TX). Statistical significance
was established at p < 0-05.

Results

A total of 130,345 blood counts and ferritin measure-
ments obtained from 22,046 healthy volunteers were
analysed. Median donor age at first donation was
30 years (interquartile range: 22-41 years); 52% were
female donors.

Overall, correlations between serum ferritin and platelet
count were negligible (r = —0-03, p = 0-04 for males, and
r =001, p =-0-02 for females, respectively; Fig. 1a,b).
For donors with ID, defined as a serum ferritin level
below 30 pg/l without anaemia (57,429 donations), corre-
lations yielded r = —-0-12 and p = —0-10. In cases with
IDA, defined as haemoglobin <120 g/l in females and
<140 g/l in males and a ferritin value <30 pg/l, the corre-
lations for male donors (3,623 donations) were r = —0-03,
p = —0-03, and for female donors (1,763 donations) were
r=-0-13, p = —0-16 (Fig. 2a,b). Furthermore, if restricted
to donors with a platelet count of >450 G/l (204 dona-
tions) or donors with a ferritin value <15 pg/l (22 863
donations), correlations remained negligible (for donors
with a platelet count >450 G/l r = 0-00, p = —0-09; for
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and donors with IDA and platelet count (b).

donors with serum ferritin levels <15 pg/l r= —0-15,
p =—0-13).

Consistent with the findings described above, no sub-
stantial overall association was found between ferritin
levels and platelet counts adjusting for all covariates in
our linear mixed model (b= 0-01, p = 0-000 for men;
b = 0-00, p = 0-749 for women). The large sample size is
responsible for the highly significant p-value in male
donors. However, the overall effect is negligible (i.e.
increase in platelet counts of 1 G/l for an increase of
100 pg/l in ferritin) and hence clinically insignificant.
Mean platelet counts varied only marginally between fer-
ritin deciles (Fig. 3). For women, mean platelet counts
were between 10 and 15 G/l lower in the 2nd to 10th
deciles as compared to the 1st ferritin decile. For men,
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this difference was smaller, with mean platelet counts
between —5 G/l and +2 G/l from the 1st ferritin decile.
Figure 3 clearly illustrates that in men, mean platelet
counts between ferritin deciles are not statistically differ-
ent from each other (overlapping 95% CI). On the other
hand, for women we observe a statistically significant dif-
ference in the mean platelet count only between the 1st
decile and the remaining deciles. Furthermore, the latter
are not statistically different from each other. In order to
better understand the correlation, we analysed the associ-
ation between ferritin and platelet counts within the build
ferritin deciles. Within each ferritin decile, associations
between ferritin levels and platelet counts were also not
substantial (Fig. 4) and the association between ferritin
and platelet counts was statistically significant in only 4
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out of 10 deciles for both gender (men: 1st, 5th, 8th and
10th deciles; women: 1st, 2nd, 3rd and 10th deciles).
The association between ferritin level and platelet counts
was negative and more pronounced in the first decile
(men: b = —1-4, p = 0-000; women: b = —5-0, p = 0-000).
Given the range of observed ferritin values in the first
decile (men: 0-2-13-6 pg/l; women: 0-4-8-0 pg/l), the
expected reduction in platelet counts due to ferritin level
ranged from —2-0 to —39-9 G/l for women and from —
0-3 to —19-1 G/l for men, respectively. Corresponding
expected reductions in platelet counts at the mean fer-
ritin level in the first decile was —29-5 G/I for women
and —13-8 G/l for men. However, reductions in platelet
counts due to increasing ferritin levels were relatively
small as compared to estimated initial platelet counts.

Consequently, mean platelet counts differed only

marginally between ferritin deciles and were in the
range of 239-254 G/l for women and 213-220 G/l for
men (Fig. 3).

With respect to the covariates, platelet counts tended
to slightly increase with the number of donations on
average for men (b= 0-28; p=0-000) and women
(b = 0-64; p = 0-000). However, the individual donors’
platelet counts trajectory over several donations varied
considerably for men (-1-11 <b<1-62) and women
(-1-67 < b < 2-31), indicating different courses of platelet
counts over time (increasing, decreasing or stable). More-
over, intraclass correlations were 0-64 for women and
0-66 for men, that is platelet counts of donations from
individual blood donors were moderately correlated
adjusting for ferritin and all covariates. In other words,
differences in platelet counts between donors were more
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pronounced than differences of platelet counts within
individual donors’ blood donations.

The time since the last donation showed a weak nega-
tive association with platelet counts resulting in a reduc-
tion of less than 3 G/l for all donors returning within
548 days after their last donation. Similarly, platelet
counts tended to be lower with increasing age in both
genders. Compared with the values at the age of 18, pla-
telet counts at age 70 years were 6:6 G/l lower for
women and 4-8 G/l lower for men, respectively.

Discussion

The association between ID with or without anaemia and
reactive thrombocytosis is described in many textbooks
and distinguished guidelines [2-5]. However, data sug-
gesting this correlation derive from works performed in
the seventies and on small patient populations, including
children [7]. More recent data have been obtained from
patient groups with additional underlying diseases,
mainly inflammatory bowel disease [10]. In this large, ret-
rospective single-centre study, we aimed to investigate
whether there is an association between serum ferritin val-
ues and platelet counts in healthy individuals. Correlations
between low ferritin and platelet count were negligible,
even if the analysis was restricted to donors with ID with-
out anaemia, IDA, and donors with high platelet counts. In
a linear mixed model, accounting for age, number and
interval of donations and ferritin decile, the lack of sub-
stantial association was confirmed. Based on our results,
one may speculate that there is a potentially nonlinear
association and only when ferritin levels are very low, we
would observe a statistically significant effect. Latter
should however be confirmed in a larger cohort of subjects
with very low ferritin values and perhaps IDA.

An interesting finding of our analysis is that platelet
counts show variable trends in the course of repeated
blood donations. Irrespective of ferritin levels, and thus
also in subjects with ID, platelet count can increase,
remain stable or even decrease. This observation suggests
that factors other than iron levels influence changes in
platelet count and that probably the degree of ID or even
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