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SUMMARY

Background: During our daily routine in laboratory, we noticed that in patients with changes in white blood cell
(WBC) count, which are accompanied by elevated levels of C-reactive protein (CRP), a decrease in the levels of
iron is found, even though the hemoglobin concentration is within the reference range. We aimed to figure out if
low levels of iron are related to infections and whether they are signs of anemia and aimed to evaluate the possible
correlations between iron levels and WBC and CRP.

Methods: We performed a descriptive and retrospective study including 159 outpatients with signs of infections
and with normal concentration of hemoglobin, from January 2023 through December 2024. We used Jamovi Sta-
tistical Software version 2.3.28. We used the Shapiro-Wilk test for normal distribution and F-test for variances.
We tested differences with Mann-Whitney and ANOVA for non-parametric variables between two or more
groups, respectively. We performed Pearson’s correlations and did the linear regression analysis. A two-sided p-
value equal to or less than 0.05 was considered statistically significant.

Results: The study included 70 women (44%) and 89 men (56%), with a median age of 27 years (1 - 91 years) and
32 years (1 - 91 years), respectively. Based on one-way ANOVA or Mann-Whitney test for independent samples,
we found differences in iron levels between children, adults, and elderly (p < 0.001) and differences between nor-
mal and elevated levels of WBC (p = 0.019). We also found correlations between iron and CRP (r = -0.255, p =
0.001), iron and WBC (r =-0.337, p < 0.001), and CRP and WBC (r = 0.189, p = 0.017). Based on regression anal-
ysis, CRP and WBC can both serve as a predictor of serum iron levels, with a probability of 15.2%.

Conclusions: We conclude that there is a correlation between iron levels and CRP and WBC and that low levels of
iron are related to settings of infections.
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Email:  sefadea@gmail.com Iron is a mineral that is naturally present in many foods,

added to some food products, and available as a dietary
supplement. Iron is an essential part of hemoglobin, an
erythrocyte (red blood cell) protein that transfers oxy-
gen from the lungs to the tissues [1]. Hemoglobin con-
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globin per deciliter of blood (g/dL) [2].

The reference ranges for hemoglobin (Hb) concentra-
tions in adults are as follows [3]:

1) Male: 14 - 18 g/dL

2) Female: 12 - 16 g/dL

3) Pregnant female: >11 g/dL

4) Elderly: Slight decrease in values

The reference ranges for Hb concentrations in children
are as follows [3]:

1) Newborn: 14 - 24 g/dL

2) 0 -2 weeks: 12 - 20 g/dL

3) 2 - 6 months: 10 - 17 g/dL

4) 6 months - 1 year: 9.5 - 14 g/dL

5)1-6years: 9.5 - 14 g/dL

6) 6 - 18 years: 10 - 15.5 g/dL

Hemoglobin concentration is used clinically to figure
out the presence of anemia, which is functionally de-
fined as insufficient red blood cell (RBC) mass to ade-
quately deliver oxygen to peripheral tissues [4,5].
Infection is the invasion and growth of germs in the
body. The germs may be bacteria, viruses, yeast, fungi,
or other microorganisms. Infections can begin anywhere
in the body and may spread all the way through it. An
infection can cause fever and other health problems, de-
pending on where it occurs in the body [6].

During our daily routine in the laboratory, we noticed
that in patients with changes in white blood cells
(WBC) count, which are accompanied by elevated lev-
els of C-reactive protein (CRP), a decrease in the levels
of iron was found, even though the hemoglobin concen-
tration was within the reference range.

We aimed to figure out if low levels of iron are related
to infections and whether they are warning signs of ane-
mia and aimed to evaluate the possible correlations be-
tween iron levels with WBC and CRP.

MATERIALS AND METHODS

Our study is a descriptive and retrospective analysis of
outpatients’ medical records. We searched the labora-
tory database of outpatients that presented to the Poly-
clinic Father Luigi Monti and Catholic Hospital “Our
Lady of Good Counsel’’ Tirana, Albania, with signs of
infection and had undergone a complete blood count
(CBC), C reactive protein (CRP), and iron levels be-
tween January 2023 and December 2024.

To keep the confidentiality of participants' data, we cod-
ed the identity of each participant in the study, accord-
ing to the Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki) for experiments in-
volving humans.

The criterium for being part of the study was serum
CRP level higher than 5 mg/L.

We collected blood samples through venipuncture using
BD Vacutainer k3EDTA 5.4 mg, 3 mL tube for com-
plete blood count and measured on ADVIA 21201 (SIE-
MENS).

For the measurement of C-reactive protein and iron lev-

els, we collected the blood with BD Vacutainer SST II
Advance 3.5 mL tube, and we measured them in Di-
mension EXL 200 (SIEMENS) with turbidimetry and
with bichromatic endpoint method, respectively.

Statistics

We initially organized the data after their collection in
an EXCEL database, which for the purpose of statistical
analysis was imported, and then the statistical analysis
was performed with the program Jamovi Statistical
Software version 2.3.28. We used descriptive statistics
for all variables, and we studied frequencies. We used
the Shapiro-Wilk test for normal distribution. We tested
differences with Mann-Whitney and ANOVA for non-
parametric variables between two or more groups, re-
spectively. We performed Pearson’s correlations; a two-
sided p-value of 0.05 or less was considered statistically
significant. We employed linear regression analysis, and
we used coefficient “t” to measure the statistical signifi-
cance of an independent variable in explaining the de-
pendent variable and r? (coefficient of determination) to
measure the percentage of the variation in the dependent
variable that is explained by variation in the indepen-
dent variable.

RESULTS

From January 2023 through December 2024, 1,836 pa-
tients had at least a CRP test performed in our labora-
tory, out of which 772 patients had a CRP value > 5
mg/L, and only 159 patients also had an iron level test
done and had normal values of hemoglobin according to
age and gender classification. Our study comprised a to-
tal of 159 patients, out of which 70 (44%) were females
and 89 (56%) were males, with a median age of 27
years (1 - 82 years) for females and 32 years (1 - 91
years) for males.

The key characteristics of the patients according to age
group classification are summarized in Table 1. Patients
were divided into three groups: children (< 18 years),
adults (18 - 65 years), and elderly (> 65 years). Since
one of the groups had less than 30 outpatients (n < 30)
and the data were not normally distributed, we used the
median instead of the mean to show the central tenden-
cy and the IQR (interquartile range, 25th percentile and
75th percentile) instead of the standard deviation to
measure the variability.

We found that the most affected age group was children
with 42%, where we found the highest value of white
blood cells and the lowest value of iron, followed by
adults with 41.5% and elderly with 16.5%, where we
found the highest value of CRP.

Notably, the median value of white blood cells was
within the reference range, while the median value of
iron was below the reference for all groups.

We performed one-way ANOVA to test the differences
of iron levels between children, adults, and elderly and
found a statistically significant difference of iron be-
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Table 1. Descriptive statistics according to age group classification.

Groups WBC (x 10°%/L) CRP (mg/L) Iron (umol/L)
adults 66 66 66
n children 67 67 67
elderly 26 26 26
adults 10.3 26.5 6.8
Median children 12.6 23.5 2.86
elderly 9.86 27.8 7.16
adults 3.09 6.5 1.43
Minimum children 4.57 6 0.54
elderly 4.08 7.1 1.97
adults 20.5 220 27.9
Maximum children 32.0 195 17.2
elderly 21.0 273 21.5
adults 7.60 13.1 4.17
25th percentile children 9.84 15.8 1.97
elderly 7.09 15.7 3.63
adults 12.7 50.4 9.4
75th percentile children 18.0 55.5 4.92
elderly 11.1 72.5 11.3
adults 0.101 <0.001 <0.001
Shapiro-Wilk p children 0.006 <0.001 <0.001
elderly 0.030 <0.001 0.017
Table 2. Pearson’s correlation.
CRP Iron WBC
Pearson correlation “r” 1 -0.255 0.189
CRP Sig. (2-tailed) “p” 0.001 0.017
n 159 159 159
Pearson correlation “r” -0.255 1 -0.337
Iron Sig. (2-tailed) “p” 0.001 <0.001
n 159 159 159
Pearson correlation “r” 0.189 -0.337 1
WBC Sig. (2-tailed) “p” 0.017 <0.001
n 159 159 159
Table 3. Regression analysis.

Independent variable b m t r? P Dependent variable
CRP 7.33 -0.0254 -3.30 0.065 0.001 Iron
WBC 9.93 -0.316 -4.49 0.114 <0.001 Iron

CRP and WBC 10.39 -0.02 and -0.28 -3.99 0.152 <0.001 Iron
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tween those age groups (p < 0.001). In the same way,
we used the Mann-Whitney test and found differences
in iron levels between normal and elevated white blood
cells levels (p = 0.019).

According to Pearson’s correlation (Table 2), we can
state the following: iron had a negative correlation with
CRP (r =-0.255, p = 0.001) and WBC (r = -0.337, p <
0.001). The magnitude, or strength, of the association
was weak (0 < |r| < 0.4) between both iron and CRP and
iron and WBC.

Similarly, CRP and WBC shared a positive correlation
(r=10.189, p = 0.017), and the magnitude, or strength,
of the association was also weak (0 < |r| < 0.4).

For the correlation of iron with CRP and WBC that had
turned out to be statistically significant, we performed
the regression analysis procedure to see if the variables
had a predictive effect on each other (Table 3).
According to Table 3, CRP, as an independent variable,
can serve as a predictor of iron (t = -3.30, p = 0.001).
By estimating 12, we quantified the percentage of this
predictive effect. This means that if we find an in-
creased value of CRP, the probability of finding a de-
creased value of iron is calculated to be 6.5%. Mean-
while, WBC (t = -4.49, p < 0.001), as independent vari-
able, can serve as predictor of iron with a probability of
11.4%. And if both variables (CRP and WBC) are used,
the predictor effect increases by 15.2%.

Linear regression also provides an equation that can be
used to predict the value of a response variable based on
the value of the predictor variable.

The formula for simple linear regression is Y = mX + b,
where Y is the response (dependent) variable, X is the
predictor (independent) variable, m is the estimated
slope, and b is the estimated intercept.

Based on that, we can predict the possible iron serum
level based on the measured CRP level, WBC values,
and both variables through the formulas:

Iron = [(-0.0254) x CRP] + 7.33

Iron =[(-0.316) x WBC] +9.93

Iron = [(-0.02) x CRP] + [(-0.28) x WBC] + 10.39.

DISCUSSION

In our daily routine, we encountered many cases of pa-
tients who, due to a viral or bacterial infection, present-
ed to a clinician, who, along with the clinical evalua-
tion, also requests other, more extensive, laboratory ex-
aminations to better assess the patients’ health status.
We have noticed that in patients with signs of viral or
bacterial infection, serum iron levels are reduced, and
hemoglobin levels are normal according to age and gen-
der classification. This led us to conduct this study; to
evaluate the possible correlations between serum iron
levels and CRP to see if low serum iron levels are warn-
ing signs of anemia or if it is the infection that lowers
the serum iron levels in the blood.

Various articles in the literature have concluded that the
use of iron as a cofactor in basic metabolic pathways is

essential to both pathogenic microorganisms and their
host [7]. Another finding is that to combat invading bac-
teria, animals go into an iron-withholding mode, and
some invading bacteria respond by producing specific
iron chelators-siderophores that remove the iron from
the host sources [8]. Crucial cellular processes such as
DNA synthesis and the generation of ATP require iron.
Viruses depend on iron to efficiently replicate within
living host cells. Some viruses selectively infect iron-
acquiring cells or influence the cellular iron metabolism
via human hemochromatosis protein (HFE) or hepcidin
[9,10].

In our study, the female-male distribution was almost
the same, 44% and 56% respectively; a result that re-
flects the lack of gender differences in the prevalence of
infections and their association with reduced serum iron
levels, in contrast to the prevalence of iron deficiency
anemia, where a female predominance is seen. The
Global Burden of Disease Study 2021 reported that the
prevalence of anemia was 17.5% in men and 31.2% in
women [11], and the National Health and Nutrition Ex-
amination Survey published in December 2024 reported
that the prevalence of anemia was higher in females
(13.0%) than it was in males (5.5%) [12].

The median age of the study population was relatively
young, 27 years for females and 32 years for males. Re-
sults from the Gutenberg Health Study show that the
prevalence of iron deficiency is markedly increased in
younger, menopausal women and older men [13].

The most affected age group was children with 42%,
with more than 1/3 of them, 28 from 67 patients, being
children under 2 years old, which reflects their vulner-
ability to infections, whether bacterial or viral. Earlier
articles confirm our results that infections are the most
common cause of acute illness in children. The most
common ones are respiratory infections, which peak
when the child starts to go to school or out-of-home day
care [14].

In the elderly age group, we found the maximum value
of CRP and the median of CRP higher compared to the
other two age groups, children and adults. We believe
that these results are related to the fact that the serum
values of C-reactive protein increase with increasing
age [15]. Low-grade inflammation also takes part in the
aging process (Vasto et al., 2007) [16], and CRP levels
rise with age, even when no acute illness is present
(Ferrucci et al., 2005) [17].

The results of this study highlight statistically signifi-
cant differences between the group of patients with nor-
mal WBC values and those with increased WBC. This
supports our hypothesis that infections are associated
with decreased serum iron levels. The hypoferremia of
infection was documented in seminal studies by
Cartwright et al. in the 1940s, who noted a precipitous
drop in plasma iron levels upon intramuscular inocula-
tion of canines with Staphylococcus aureus [18]. During
the acute phase of an infection, a pro-inflammatory cy-
tokine response causes a decrease in intestinal iron ab-
sorption and decreased release from body iron stores.
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This is called functional iron deficiency (FID) [19]. Ac-
cording to Patteril et al., FID was independently asso-
ciated only with abnormal white blood cell count (WBC
<4 or> 11 x 10° /L) at admission to ICU, p = 0.007,
but not with positive cultures [20].

The correlation found by us between iron levels and
CRP was also reported in Hashimoto et al.’s Japanese
study, who showed that a small elevation in CRP within
its normal range was associated with a significant de-
crease in serum iron [21]. Another article of 2012 re-
vealed a negative correlation of CRP and iron levels in
children with severe pneumonia [22]. More recent stud-
ies confirm the negative correlation of CRP and iron
levels [23], and the regression analysis made by them
showed that CRP contributed significantly to the predic-
tion of serum iron levels [24], when the prediction ef-
fect was 6.5%.

This study showed that there is a weak statistically sig-
nificant negative correlation between iron and WBC,
where in 11.4% of patients iron values can be predicted
by WBC. These findings had also been reported by
Moro et al. [25] and Ghio et al. [26].

The correlation between CRP and WBC is known in the
literature, because both variables are considered indirect
markers of generalized body response to inflammatory
cytokine stimulation [27]. This is why these variables
correlate with each other in different infections from
orofacial infections [28] to pneumonia [29], acute pan-
creatitis [30], acute appendicitis [31], even in apparently
healthy populations [32], and in critically ill patients
with functional iron deficiency [33].

CONCLUSION

We found correlations between iron levels and WBC
and CRP and concluded that low levels of iron are re-
lated to infections and that they are no sign of anemia.
The results of our study indicate that when performing
laboratory tests to evaluate a viral or bacterial infection,
we should not use that same blood sample to perform
other laboratory examinations, especially not when re-
lated to anemia.

Source of Funds:
Personal savings of the authors were used for this study.

Declaration of Interest:
The authors have no conflicts of interest to declare.

Clin. Lab. 12/2025

References:

10.

12.

15.

16.

National Institute of Health. Iron. Fact Sheet for Consumers. Nat
Institute Health 2025.
https://ods.od.nih.gov/factsheets/Iron-HealthProfessional %20/

Billett HH. Hemoglobin and Hematocrit. In: Walker HK, Hall
WD, Hurst JW (editors). Clinical Methods: The History, Physi-
cal, and Laboratory Examinations. 3rd edition. Butterworths
1990:151.

https://www.ncbi.nlm.nih.gov/books/NBK259/

Chong K. Hemoglobin Concentration (Hb). Medscape 2025.
https://emedicine.medscape.com/article/20856 14-overview

Turner J, Parsi M, Badireddy M. Anemia. StatPearls Publishing
2025.
https://www.ncbi.nlm.nih.gov/books/NBK499994/

Freeman AM, Zubair M. Anemia Screening. StatPearls Publish-
ing 2025.
https://www.ncbi.nlm.nih.gov/books/NBK499905/

National Cancer Institute. Infection. Nat Cancer Institute.
https://www.cancer.gov/publications/dictionaries/cancer-terms/
def/infection

Schaible UE, Kaufmann SHE. Iron and microbial infection. Nat
Rev Microbiol 2004;2(12):946-53. Erratum in: Nat Rev Micro-
biol 2005;3(3):268. (PMID: 15550940)

Ratledge C, Dover LG. Iron metabolism in pathogenic bacteria.
Annu Rev Microbiol 2000;54:881-941. (PMID: 11018148)

Drakesmith H, Prentice A. Viral infection and iron metabolism.
Nat Rev Microbiol 2008;6(7):541-52. (PMID: 18552864)

Schmidt SM. The role of iron in viral infections. Front Biosci
(Landmark Ed) 2020;25(5):893-911. (PMID: 31585922)

. GBD 2021 Anaemia Collaborators. Prevalence, years lived with

disability, and trends in anaemia burden by severity and cause,
1990 - 2021: findings from the Global Burden of Disease Study
2021. Lancet Haematol 2023;10(9):¢713-34. Erratum in: Lancet
Haematol 2023;10(10):€796. Erratum in: Lancet Haematol 2024;
11(1):e10. (PMID: 37536353)

Williams AM, Ansai N, Ahluwalia N, Nguyen DT. Anemia prev-
alence: United States, August 2021-August 2023. NCHS Data
Brief, no 519. Nat Center Health Stat 2024.
https://dx.doi.org/10.15620/cdc/168890

. Schrage B, Rubsamen N, Schulz A, et al. Iron deficiency is a

common disorder in general population and independently pre-
dicts all-cause mortality: results from the Gutenberg Health
Study. Clin Res Cardiol 2020;109(11):1352-7.

(PMID: 32215702)

. Musmar S, Fitian H. Infectious Diseases of Children. In: Paulman

PM, Taylor RB, Paulman AA, Nasir LS (editors). Family Medi-
cine: Principles and Practice. 7th Edition. Springer 2016;241-53.
https://doi.org/10.1007/978-3-319-04414-9 18

Wyczalkowska-Tomasik A, Czarkowska-Paczek B, Zielenkie-
wicz M, Paczek L. Inflammatory Markers Change with Age, but
do not Fall Beyond Reported Normal Ranges. Arch Immunol
Ther Exp (Warsz) 2016;64(3):249-54. (PMID: 26283530)

Vasto S, Candore G, Balistreri CR, et al. Inflammatory networks
in ageing, age-related diseases and longevity. Mech Ageing Dev
2007;128(1):83-91. (PMID: 17118425)


https://ods.od.nih.gov/factsheets/Iron-HealthProfessional%20/
https://www.ncbi.nlm.nih.gov/books/NBK259/
https://emedicine.medscape.com/article/2085614-overview
https://www.ncbi.nlm.nih.gov/books/NBK499994/
https://www.ncbi.nlm.nih.gov/books/NBK499905/
https://www.cancer.gov/publications/dictionaries/cancer-terms/%20def/infection
https://www.cancer.gov/publications/dictionaries/cancer-terms/%20def/infection
https://dx.doi.org/10.15620/cdc/168890
https://doi.org/10.1007/978-3-319-04414-9_18

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hamide Shllaku-Sefa et al.

Ferrucci L, Corsi A, Lauretani F, et al. The origins of age-related
proinflammatory state. Blood 2005;105(6):2294-9.
(PMID: 15572589)

Cassat JE, Skaar EP. Iron in infection and immunity. Cell Host
Microbe 2013;13(5):509-19. (PMID: 23684303)

Trey JE, Kushner I. The acute phase response and the hemato-
poietic system: the role of cytokines. Crit Rev Oncol Hematol
1995;21(1-3):1-18. (PMID: 8822494)

Patteril MV, Davey-Quinn AP, Gedney JA, Murdoch SD, Bel-
lamy MC. Functional iron deficiency, infection and systemic in-
flammatory response syndrome in critical illness. Anaesth Inten-
sive Care 2001;29(5):473-8. (PMID: 11669426)

Hashimoto Y, Futamura A. Relationship between serum level of
iron and that of C-reactive protein within its normal range-Anal-
ysis of data obtained from Ningen Dock. Japan Soc Ningen Dock
2010;24:39-41.

https://www jstage.jst.go.jp/article/ningendock/24/6/24 39/ pdf

Purnawan IGON, Subanada IB, Mulatsih S. Correlation between
C-reactive protein and serum iron levels in children with pneumo-
nia. Peadiatr Indonesiana [Internet] 2012;52(1):38-2.
https://paediatricaindonesiana.org/index.php/paediatrica-indone-
siana/article/view/297

Laudisio D, de Alteriis G, Vetrani C, et al. Iron Levels and Mark-
ers of Inflammation in a Population of Adults with Severe Obe-
sity, a Cross-Sectional Study. Nutrients 2023;15(21):4702.
(PMID: 37960355)

Ndevahoma F, Nkambule BB, Dludla PV, Mukesi M, Natanael
KN, Nyambuya TM. The effect of underlying inflammation on
iron metabolism, cardiovascular risk and renal function in pa-
tients with type 2 diabetes. EJHaem 2021;2(3):357-65.

(PMID: 35844722)

Moro H, Bamba Y, Nagano K, et al. Dynamics of iron metabo-
lism in patients with bloodstream infections: a time-course clini-
cal study. Sci Rep 2023;13(1):19143. (PMID: 37932342)

Ghio AJ, Schreinemachers DM. Heme Oxygenase Activity Cor-
relates with Serum Indices of Iron Homeostasis in Healthy Non-
smokers. Biomark Insights 2016;11:49-54. (PMID: 27199547)

Wittel UA, Rau B, Gansauge F, et al. Influence of PMN leuko-
cyte-mediated pancreatic damage on the systemic immune re-
sponse in severe acute pancreatitis in rats. Dig Dis Sci 2004;49(7-
8):1348-57. (PMID: 15387367)

Muna AM, ALhameed RA. The Role of C-Reactive Protein and
White Blood Cell Count as Diagnostic, Prognostic, and Monitor-
ing Markers in Bacterial Orofacial Infections. J Oral Maxillofac
Surg 2022;80(3):530-6. (PMID: 34571045)

Wang Y. Analysis of the clinical value of WBC count, C-reactive
protein and erythrocyte sedimentation in children with pneumo-
nia. Chinese J Prim Med Pharm 2020;(12):2694-7.
https://pesquisa.bvsalud.org/portal/resource/pt/wpr-866669

Naskalski JW, Maziarz B, Kusnierz-Cabala B, Dumnicka P,
Panek J. Monocyte and neutrophil direct counts correlate with C-
reactive protein plasma concentration in patients with acute pan-
creatitis. Central Eur J] Med 2007;2(1):26-36.
https://doi.org/10.2478/s11536-007-0008-4

Xharra S, Gashi-Luci L, Xharra K, et al. Correlation of serum C-
reactive protein, white blood count and neutrophil percentage
with histopathology findings in acute appendicitis. World J
Emerg Surg 2012;7(1):27. (PMID: 22866907)

32.

33.

Ziv-Baran T, Wasserman A, Goldiner I, et al. The association be-
tween C-reactive protein and common blood tests in apparently
healthy individuals undergoing a routine health examination. Clin
Chim Acta 2020;501:33-41. (PMID: 31816288)

Munoz M, Romero A, Morales M, Campos A, Garcia-Erce JA,
Ramirez G. Iron metabolism, inflammation and anemia in criti-
cally ill patients. A cross-sectional study. Nutr Hosp 2005;20(2):
115-20. (PMID: 15813395)

Clin. Lab. 12/2025


https://www.jstage.jst.go.jp/article/ningendock/24/6/24_39/_pdf
https://paediatricaindonesiana.org/index.php/paediatrica-indone-siana/article/view/297
https://paediatricaindonesiana.org/index.php/paediatrica-indone-siana/article/view/297
http://portal.revistas.bvs.br/pt/journals/?q=short_title:%22Chinese%20Journal%20of%20Primary%20Medicine%20and%20Pharmacy%22
https://pesquisa.bvsalud.org/portal/resource/pt/wpr-866669
https://doi.org/10.2478/s11536-007-0008-4

