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1  |  INTRODUC TION

Ferritin is an iron- binding protein that plays a central role in iron ho-
meostasis.1 The primary role of ferritin is to convert Fe(II) to Fe(III) and 
to sequester it into the ferritin core.2 Ferritin protects the body from 

iron- related free radicals by capturing and buffering the intracellular 
iron pool. Expression of ferritin is regulated by iron- responsive el-
ements such that higher intracellular iron concentrations increase, 
while iron deficiency (ID) decreases, its expression.3 The measurable 
ferritin in the serum is largely derived from macrophages, and low 
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Abstract
Aim: A lack of stored iron, indicated by low serum ferritin, has been associated with 
various clinical symptoms. There are no longitudinal data on the frequency of ferritin 
measurements in children and adolescents.
Methods: A total of 2834 children aged <18 years with serum ferritin and other 
anaemia- related blood parameters taken during an outpatient visit between 2012 and 
2019 were investigated. Patients with acute infections were excluded. Nationwide 
temporal and regional variations and correlations with public information searches 
through Google were analysed.
Results: A significant increase in the frequency of ferritin measurements was seen 
starting in 2018, with a 47- fold rise in 2019 compared to 2012. A simultaneous escala-
tion in Google Search activity was seen. Deficiency of stored iron was relatively com-
mon: 21.6% of children with normal haemoglobin and 14.9% of non- anaemic children 
with normal red cell indices exhibited ferritin levels below 15 μg/L.
Conclusion: Ferritin measurement has increased greatly among children and adoles-
cents. Our results suggest that public interest and popular trends can significantly 
influence health care practices. This calls for further investigation into the causes and 
consequences of such a phenomenon. Prospective randomised intervention studies 
are needed to evaluate the utility of iron supplementation in patients with low iron 
storage levels.
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serum ferritin (SF) concentrations reflect to some extent the degree 
of iron depletion in the body.4,5 In mild forms, ID can be inconspicu-
ous, but as the body becomes more deficient in iron, the signs of 
anaemia escalate, with significant clinical consequences.6 Ferritin is 
also an acute- phase protein, and serum concentrations are increased 
in inflammatory processes.7 In addition, cellular damage from vari-
ous causes will result in ferritin leaking into blood plasma.

Over the past few years, there has been increasing interest 
among laypeople in the association between low ferritin levels and 
various clinical symptoms. This has been supported by recent stud-
ies in adults and children that have found an association between 
low ferritin levels and symptoms such as fatigue, restlessness, be-
havioural issues and cognitive disorders, and symptoms have been, 
to some extent, alleviated by iron supplementation.8– 15 This has 
gained notable public interest and has increased the demand for 
measuring ferritin. It has also spurred the initiation of iron supple-
mentation. Our aim was to investigate temporal trends and regional 
variations in ferritin measurements and to evaluate correlations be-
tween the ferritin, haemoglobin and red cell indices.

2  |  METHODS

This is a nationwide retrospective study based on electronic health 
records (EHR) in a private outpatient clinical setting. Finland provides 
comprehensive, high- quality health services for children, includ-
ing child health clinics and school health care. The primary health 
care includes municipal (public) health care centres where children 
are mostly treated by general practitioners. Approximately, 47% of 
children are covered by private insurance policies. For primary care, 
parents can also choose from a range of private health care services 
such as Terveystalo Healthcare. Terveystalo offers primary and sec-
ondary health care services to corporate and private customers, as 
well as the public sector. The network includes more than 300 clin-
ics across Finland that serve approximately 1.2 million individuals, 
with 3.7 million annual visits to physicians. This constitutes 15% of 
outpatient visits in Finland. All diagnoses, clinical information, labo-
ratory results and drug prescription data were recorded online in a 
centralised EHR system.

All children below 18 years of age who underwent ferritin mea-
surements during a doctor's appointment between 2012 and 2019 
were identified using the EHR. Red cell parameters (haemoglobin, 
mean corpuscular volume MCV and mean corpuscular haemoglobin 
MCH), C- reactive protein (CRP), age, sex and place of residence were 
also recorded. Patients with an acute infection (CRP ≥10 mg/L) were 
excluded from the analysis. Ferritin values were analysed separately 
by age group, sex and region of the outpatient clinic. If several test 
results for ferritin were recorded for an individual patient, only the 
first value was included, as it was presumed to represent the situa-
tion before the interventions.

Ferritin and complete blood count (CBC) were analysed in 
Synlab's core clinical laboratory using standard protocols. Ferritin 
levels were measured using an immunoassay instrument (ADVIA 

Centaur® XP, Siemens Healthcare Diagnostics), while CBC analy-
sis was performed using the Sysmex XE- 2100 automated blood cell 
counter instrument (Sysmex). For clinical interpretation, Synlab's 
age- adjusted reference values were used for Hb, MCH and MCV 
(Table S1). Cut- offs of 10 and 15 μg/L for ferritin were chosen based 
on previously published literature.16– 18

2.1  |  Statistical analysis

Standard descriptive statistics were used to characterise the study 
cohort. The Mann– Whitney U- test was used to test for differences 
regarding time period. Openly available Google Trends data for the 
search terms ‘Ferritiini (protein)’ in Finnish and ‘Ferritin (protein)’ in 
English (downloaded on 7 Jan 2021) were used to explore regional 
public interest in ferritin (Google, 2021). Line plots were used to 
visualise differences in ferritin measurements by age group, sex and 
region, and they were adjusted for the total number of visits. Scatter 
plots with Pearson's correlation coefficients between ferritin and 
Hb, MCV and MCH were plotted. Receiver operating characteristic 
(ROC) curves were plotted for Hb, MCV and MCH to test for optimal 
points of sensitivity and specificity for low ferritin. Linear regression 
models were fitted for log10- transformed ferritin using Hb, MCV, 
MCH, CRP, age groups and sex as explanatory variables. Both uni-
variate and multivariate models were reported considering multicol-
linearity. Statistical analyses were carried out using R (version 4.0.2). 
All tests were two- tailed, and p- values below 0.05 were considered 
statistically significant.

2.2  |  Ethical considerations

This study was carried out in accordance with national regula-
tions and was approved by the chief medical officer of Terveystalo. 
According to Finnish law, approval from the ethics committee was 
not required. All data were de- identified, and patients were not con-
tacted. Hence, according to Finnish law, informed consent was not 
needed from the subjects and/or their legal guardians.

Key Notes

• Public interest in ferritin as a biological indicator or me-
diator of various symptoms has increased recently; how-
ever, its accuracy for detecting iron deficiency is still not 
well established.

• A 47- fold increase in the ferritin measurement coincided 
with an increase in Google search activity, suggesting 
that public interest and popular trends can significantly 
influence health care practices.

• 21.6% of children with normal haemoglobin exhibited 
ferritin levels below 15 μg/L.
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3  |  RESULTS

3.1  |  Significant increase in ferritin measurements 
over time

A total of 2834 children and adolescents had at least one available 
ferritin measurement during a visit to a physician at Terveystalo 
Healthcare between 2012 and 2019 (Figure 1). The overall frequency 
of ferritin measurements was low from 2012 to 2018 but increased 
dramatically towards the end of the follow- up period; the visit- 
adjusted frequency was 47- fold higher in 2019 compared to 2012 
and sixfold higher compared to 2017 (Figure 2A). Measurements 
increased over time in all age groups, including infants, and were 
slightly more frequent in females (Figure 2B,C). Marked regional dif-
ferences were noted: South Ostrobothnia had an approximately two-
fold higher measurement frequency compared with the Pirkanmaa 
region (Figure 2D and Figure S1). We also investigated whether the 
public interest in ferritin changed over time by analysing the use of 
the search term ‘ferritiini’ or ‘ferritin (protein)’ in the Google Trends 
database. As shown in Figure 2A, the Google Trends plot faithfully 
followed the actual ferritin measurements and showed a steep in-
crease from 2018 onwards (Figure 3). An increasing Google trend 
can be observed in many other countries (Figure S3).

3.2  |  Levels of ferritin in children and adolescents

The median ferritin concentration was 24.4 (IQR 15.3– 38.1), with 
males having higher median levels compared with females (27.9 
vs. 22.5, p < 0.001) (Table 1). Children 1– 5 years old had a lower 
median ferritin level compared with older age groups (p < 0.001) 
(Table 1, Table 2 and Figure S2). The median ferritin value increased 
slightly from the period before 2018 to the period after 2018 (23.4 
vs. 24.7, p = 0.04), and the rise was more notable in females (20.8 
vs. 22.9, p = 0.004). Out of all ferritin measurements, 24% were 
below 15 μg/L and 12% were below 10 μg/L. The multivariate model 
reached a moderate r2 of 32% (Table 2).

The proportion of anaemia decreased by two- thirds between the 
two time periods: 12.2% (66/539) of patients with ferritin measure-
ment were anaemic from 2012 to 2017, while only 4.2% (66/1570) 

had low Hb during 2018 and 2019 (p < 0.001). On the contrary, 
21.6% of subjects with normal Hb (n = 1978) had ferritin levels 
below 15 μg/L, and 14.9% of subjects with normal Hb and other pa-
rameters of anaemia (MCV and MCH) (n = 1734) had low ferritin 
levels (Figure 4).

3.3  |  Correlation of ferritin values to 
parameters of anaemia

We evaluated the correlation of ferritin levels with the parameters 
of anaemia; only weak- to- moderate correlations with age- adjusted 
Hb, MCV and MCH values were noted (see Figure 5 and Table S1 for 
reference values). Likewise, the ROC curves for ferritin values below 
15 μg/L showed modest performance: AUC for Hb was 72.7% (95% 
CI 70.2%– 75.3%); for MCV, it was 66.9% (95% CI 64.1%– 69.8%); and 
for MCH, it was 72.6% (95% CI 69.9%– 75.3%) (Figure 5).

4  |  DISCUSSION

Public interest in ferritin as a biological indicator or mediator of 
various symptoms has increased recently. We utilised nationwide 
outpatient clinic data to evaluate trends in ferritin measurements 
in children and adolescents and found a 47- fold increase in the fer-
ritin measurement rate during the study period, coinciding with an 
increase in Google Search activity. Marked regional differences in 
ferritin measurements were observed. In addition, 21.6% of children 
with normal Hb and 14.9% of non- anaemic children with normal red 
cell indices had ferritin levels below 15 μg/L.

The level of SF in a steady- state condition correlates with stores 
of iron; thus, ferritin measurement can be a convenient laboratory 
test for estimating iron stores in the body.2,19 When anaemia is sus-
pected, SF is often evaluated along with red cell parameters, such 
as haemoglobin, MCV and MCH. Bone marrow sampling, the gold 
standard for measuring stored iron, is generally not attainable for 
practical and ethical reasons. Hence, the lower reference limit for 
SF is typically based on the diagnosis of anaemia rather than verified 
iron deficiency and varies considerably, from 5 to 30 μg/L.16– 18,20– 22 
The commonly reported threshold of 15 μg/L is likely to be specific, 

F I G U R E  1  Flow chart of the exclusions 
and the final study cohort. The depicted 
cohort was used primarily when analysing 
trends (Figure 2) and represents the upper 
limit of the sample size in our study. In the 
ROC curves, scatter plots and regression 
analyses, the subjects were required to 
have studied all laboratory measurements 
available (Hb, MCV, MCH and CRP) as 
well, resulting in slightly (<10%) smaller 
sample sizes

Terveystalo paediatric patients (0-17.99y 
individuals) during their first doctor’s 

appointment from Jan 2012 to  Dec 2019

383 513

Unique subjects with ferritin measurement

2 834

0 - 0.99 years

17

1 - 4.99 years

427

5 - 11.99 years

680

12 - 17.99 years

1 710

Excluded:
1) No ferritin measurement (380 614 subjects)
2) Referral date before 30th Sept 2011 (1 subject)
3) Patient is a test patient or data was corrupted (59 subjects)
4) Measurement result not a number (5 subjects)
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but may miss non- anaemic cases with iron deficiency. In our data 
set, 14.9% of the non- anaemic patients with normal red cell indi-
ces had ferritin levels below that threshold. These represent cases 

that have decreased stored iron reserves, yet have sufficient eryth-
ropoiesis, but are at increased risk for developing iron- deficiency 
anaemia (IDA) without interventions. The critical questions here 
are whether a low ferritin level independently associates with the 
patients' symptoms and whether it could be relieved by iron supple-
mentation. We did not have the data available regarding the reasons 
for seeking a doctor's appointment, which would have been rele-
vant to understanding the potential association between low ferritin 
levels and their symptoms. In the future, non- anaemic children with 
low ferritin and various symptoms should be further investigated in 
a randomised study that incorporates interventions with oral iron 
supplementation.

The major finding was a dramatic increase in the frequency of 
ferritin measurements towards the end of the study period. This co-
incided with a decrease in the proportion of low age- adjusted Hb 
values, suggesting that the increase was due to increased public in-
terest and awareness through, for example, social media. This no-
tion was supported by the simultaneous activity in Google searches. 
Our study setting did not allow for the evaluation of the necessity 
and utility of ferritin measurements in the study population, but the 
proportional decrease in anaemia findings suggests that the reasons 

F I G U R E  2  Visit- adjusted line plots of serum ferritin 
measurements in Finland. (A) Smoothed (moving average, 3 mo) 
numbers of serum ferritin measurements for the full cohort (red) 
with overlaid smoothed (moving average, 3 mo) Google Trends 
interest (yellow). The crude number of measurements with higher 
variance is shown with a black dashed line. (B) Smoothed (moving 
average, 3 mo) number of serum ferritin measurements for different 
age groups. (C) Smoothed (moving average, 3 mo) number of serum 
ferritin measurements for both sexes. (D) Smoothed (moving 
average, 3 mo) number of serum ferritin measurements for three 
large Finnish regions (Uusimaa, Southwest Finland, Pirkanmaa) 
and one smaller region with a higher measurement rate (South 
Ostrobothnia)
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F I G U R E  3  Google Trends popularity for the term ‘ferritin’ and 
‘ferritiini’ in the USA, UK, Germany and Finland. The line plots were 
smoothed using a 3- month moving average

2012 2014 2016 2018 2020

0
20

40
60

80
10

0

Year

G
oo

gl
e 

Tr
en

ds
 p

op
ul

ar
ity

USA
UK
Germany
Finland



    |  1937Nikkilä et al.

for sampling were not entirely based on the current official recom-
mendations. Results from adult studies have suggested that various 
symptoms may be alleviated by supplemental iron,8,10 but sound 
data are lacking in the underage population. However, the notion 
of the possible unfavourable effect of ID and the supposed bene-
ficial effects of iron supplementation may have contributed to the 
increased interest in measuring ferritin in children. This carries the 
risk of excessive or inappropriate utilisation of health care resources.

There was also marked regional variation in the rate of SF mea-
surements. The reasons for this are not known but may be related 
to differences in the proportion of physicians' specialities, doc-
tor's habits, activity of regional lay influencers or general attitudes 

towards health- related issues. There were more SF measurements in 
females throughout the study period, although only 47.5% of all phy-
sician visits were for females. This may be related to the expected 
more common occurrence of IDA in teen females.23

Our study has several strengths. It comes from an outpatient 
setting and represents the general population better than the re-
spective hospital data. We excluded cases with acute infections by 
using CRP as a surrogate marker of infection. The study population 
came from the whole country, and laboratory tests were carried out 
in a single centralised laboratory. Our study also has limitations. The 
data are retrospective and may not be generalisable to the whole 
population of Finland or to other populations outside of Finland. We 

TA B L E  1  Median ferritin concentration by age group and sex

TOTAL 1/2012– 12/2017 1/2018– 12/2019

p- ValueMedian (IQR) N Median (IQR) N Median (IQR) N

Total 24.4 (15.3, 38.1) 2834 23.4 (13.0, 39.3) 692 24.7 (15.7, 37.8) 2142 0.04*

Age groups (years)

0 -  <1 32.9 (20.2, 46.4) 17 37.8 (33.4, 42.1) 2 32.9 (19.0, 46.4) 15 0.72

1 -  <5 18.6 (12.3, 28.3) 427 15.0 (9.2, 25.8) 72 19.3 (12.7, 28.4) 355 0.006*

5 -  <12 25.4 (17.7, 36.0) 680 24.0 (14.2, 37.0) 89 25.4 (17.9, 35.9) 591 0.481

12 -  <18 26.1 (15.3, 42.4) 1710 24.6 (13.6, 42.0) 529 26.7 (15.7, 42.4) 1181 0.04*

Sex

Male 27.9 (17.7, 43.3) 1183 29.4 (16.2, 45.5) 275 27.8 (17.8, 42.3) 908 0.69

Female 22.5 (13.4, 34.2) 1651 20.8 (11.0, 32.1) 417 22.9 (14.2, 34.6) 1234 0.004*

Note: p- values for the difference in ferritin levels between the two different time intervals were calculated using Mann– Whitney U- test. Statistically 
significant values (p < 0.05) were marked with an asterisk (*). No correction for multiple testing was used.
Abbreviation: IQR, interquartile range.

Multivariate Univariate

Coeff 95% CI p Coeff 95% CI p

Hb (g/l) 0.008 0.006 0.011 <0.001 0.012 0.011, 0.013 <0.001

MCV (fl) 0.021 0.019, 0.024 <0.001

MCH (pg) 0.048 0.034 0.061 <0.001 0.065 0.059, 0.070 <0.001

CRP (mg/l) 0.010 0.006 0.013 <0.001 0.005 0.001, 0.010 0.007

Age groups (years)

0 -  <1 0a 0a

1 -  <5 −0.250 −0.488 - 0.013 0.04 −0.341 −0.519, −0.164 <0.001

5 -  <12 −0.281 −0.517 - 0.045 0.02 −0.204 −0.380, −0.027 0.023

12 -  <18 −0.406 −0.639 - 0.172 <0.001 −0.215 −0.389, −0.040 0.016

Sex

Male 0a 0a

Female −0.033 −0.082 0.017 0.20 −0.092 −0.121, −0.064 <0.001

Note: The ferritin concentration was log10- transformed for normality and better fit. Hb, MCV, MCH 
and CRP were treated as continuous variables. Age groups and sex were treated as categorical 
variables. MCV was excluded from the multivariate model due to multicollinearity. The multivariate 
model reached a moderate r2 of 32%. For the categorical variables, the reference categories were 
marked with a.

TA B L E  2  Multivariate and univariate 
log- linear regression modelling of the 
serum ferritin (log10) concentration
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did not have data on the symptoms and on whether the patients 
were already receiving iron supplementation during the first sam-
pling of ferritin. Moreover, the data come from the private sector 
and may not fully represent the whole population.

To conclude, the popularity of ferritin measurement has re-
cently increased dramatically among children and adolescents. The 
reasons for this increase are not clear, but may be strongly driven 

by public interest and social media activity. This calls for further in-
vestigation into the causes and consequences of such a phenom-
enon. Nonetheless, children and adolescents with low ferritin and 
normal red cell parameters and haemoglobin sought a doctor's ap-
pointment due to various symptoms and may represent a poorly rec-
ognised group of patients with a medical need that warrants further 
investigation.

F I G U R E  4  Scatter plots of the natural logarithm of serum ferritin against Hb, MCV and MCH for all subjects, males and females. 
Panels (A– C) are for all subjects; panels (D– F) are for males and G, H and I are for females. The red points show the subjects with anaemia 
in all panels. The percentages in the upper and lower right- hand corners of the first (Hb) panel represent the distribution of low ferritin 
(<15 μg/L) among subjects with or without anaemia. The red percentage is for subjects with anaemia, and the black percentage is for those 
without. The horizontal dashed blue line in all panels represents a serum ferritin value of 15 μg/L. The Pearson correlation coefficients with 
respective p- values are reported in the upper right corners for all panels
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