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Influence of Inflammation on Assessing Iron-Deficiency Anemia

in Cuban Preschool Children

Gisela M. Pita-Rodriguez MD MS, Cristina Chavez-Chong MS, Brenda Lambert-Lamazares, Minerva Montero-Diaz MS PhD,
Rolando Selgas-Lizano, Beatriz Basabe-Tuero MS PhD, Karen Alfonso-Sagué, Maria E. Diaz-Sanchez MS PhD

ABSTRACT

INTRODUCTION Anemia is a public health problem worldwide
and is most prevalent in preschool children, for whom it is
the most frequent cause of nutritional deficits. In turn, iron
deficiency is the main cause of anemia, affecting 43% of
children globally. Previous studies in Cuba show rates of iron
deficiency in preschool children between 38.6% and 57.6%,
higher in infants (71.2% to 81.1%). WHO recommends using
serum ferritin as an indicator of iron deficiency accompanied
by acute (C-reactive protein) and chronic (a1-acid glycoprotein)
inflammation biomarkers.

OBJECTIVE Assess how inflammation affects measuring and
reporting of iron-deficiency anemia rates in Cuban preschool
children.

METHODS Data were obtained from serum samples contained
in the National Anemia and Iron Deficiency Survey, and included
presumably healthy preschool Cuban children (aged 6-59
months). Serum samples were collected from 1375 children
from randomly selected provinces in 4 regions of the country
from 2014 through 2018. We examined the association between
ferritin and two inflammatory biomarkers: C-reactive protein and
al-acid glycoprotein. Individual inflammation-adjusted ferritin
concentrations were calculated using four approaches: 1) a
higher ferritin cut-off point (<30 g/L); 2) exclusion of subjects
showing inflammation (C-reactive protein >5 mg/L or a1-acid
glycoprotein >1 g/L); 3) mathematical correction factor based
on C-reactive protein or a1-acid glycoprotein; and 4) correction
by regression with the method proposed by the Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia
Group. We estimated confidence intervals of differences

INTRODUCTION

Anemia is a public health problem affecting millions of persons
globally. It is most frequent in preschool children,[1] with an
estimated 273 million affected worldwide. Among them, 43%
have iron-deficiency anemia.[2] Previous studies in Cuba show
iron deficiency rates in preschool children between 38.6% and
57.6%,[3-5] while higher rates have been found in infants (71.2%—
81.1%).[6] Iron deficiency occurs mainly in the first two years
of life due to the low iron content and decreased bioavailability

IMPORTANCE

This is the first national study in Cuba that confirms the
usefulness of two inflammation biomarkers for adjusting
ferritin concentrations in preschool children, resulting in a
more accurate determination of iron-deficiency anemia.

between unadjusted prevalence and prevalence adjusted for
inflammation by each method.

RESULTS The proportion of children with inflammation
according to C-reactive protein concentrations >5 mg/L
was lower (11.1%, 153/1375) than the proportion measured
according to the concentrations of a1-acid glycoprotein, at >1
g/L (30.8%, 424/1375). The percentage of children with high
concentrations of at least one of the aforementioned biomarkers
was 32.7% (450/1375). Thus, each correction method
increased the observed prevalence of iron deficiency compared
to unadjusted estimates (23%, 316/1375). This increase was
more pronounced when using the internal regression correction
method (based only on C-reactive protein) or the method based
on a higher cut-off point. Adjustment using all four methods
changed estimated iron deficiency prevalence, increasing it
from 0.1% to 8.8%, compared to unadjusted values.

CONCLUSION One-third of preschool children had biomarkers
indicating elevated inflammation levels. Without adjusting for
inflammation, iron deficiency prevalence was underestimated.
The significant disparity between unadjusted and inflammation-
adjusted ferritin when using some approaches highlights
the importance of selecting the right approach for accurate,
corrected measurement. The internal regression correction
approach is appropriate for epidemiological studies because
it takes into account inflammation severity. However, other
models should be explored that account for inflammation and
also provide better adjusted ferritin concentrations.

KEYWORDS Anemia,
inflammation; Cuba

iron deficiency; child, preschool;

of supplementary foods that do not cover a developing child’s
nutritional requirements, in addition to children’s rapid growth rate
during their first year of life.[7]

WHO considers serum ferritin concentration as the best iron level
indicator.[7] Ferritin, however, is also an acute-phase protein
(APP) that increases during inflammatory processes. Because
inflammation levels cannot be determined through routine clinical
examination in apparently healthy persons, WHO suggests
confirming inflammation by measuring ferritin in addition to other
APPs.[7]

Several approaches have been proposed to correct the bias in
ferritin measurement introduced by inflammation,[8—13] but a
consensus has not been reached on how to use APPs to adjust
for inflammation’s effect on ferritin concentration. The most
common inflammation biomarkers used in clinical practice and
nutritional research include C-reactive protein (CRP) and a-1 acid
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glycoprotein (AGP).[14] In populations with high inflammation
prevalence, failure to assess acute-phase proteins could greatly
impact micronutrient deficiency prevalence measurements,
specifically those pertaining to iron deficiency.[14]

The Cuban population is thought to have low levels of
inflammation[15] since it does not have case reports of infection
due to malaria and schistosomiasis and it benefits from safe
drinking water and sanitation. However, assessing inflammation
when analyzing the population’s iron status is important, as
there are other risk or morbidity factors in Cuba associated with
inflammation such as obesity, asthma, acute diarrheal diseases
(ADD), acute respiratory infections (ARI) and other infections.[14]

Cuba’s National Hygiene, Epidemiology and Microbiology Institute
(INHEM) has been in charge of the design, implementation and
surveillance of varying prevention and control programs for iron
status since 1987. The Comprehensive Plan for Prevention
and Control of Iron-deficiency Anemia was established in 2008
by the Council of Ministers.[16] It includes programs for food
supplements, fortified foods and diet diversity, plus program
surveillance. In spite of this, iron-deficiency anemia prevalence
remains high in preschool children.

Correctly assessing iron deficiency and the factors associated
with it (inflammation; nutritional status; related comorbidities; and
genetic, physiologic and socio-demographic factors) would help
create more effective prevention strategies better able to respond
to the causes of anemia in Cuba.

The aim of this paper is to assess how inflammation may influence
the measurement and reporting of iron status in Cuban preschool
children.

METHODS

INHEM carried out a cross-sectional study in Cuban preschool
children during February through April annually from 2015 to 2018.
Data from the National Survey of Anemia and Iron Deficiency in
Cuban Preschool Children (as yet unpublished) were used for
analysis.

Sample selection The study universe included children aged
6-59 months. The sample consisted of 1400 children. The sample
size was calculated assuming an overall anemia prevalence of
20% in the country in this age group, a predicted sample size
reduction of 10% due to non-response, a confidence level of 95%,
a relative precision of <3% and a design effect of 2%.

Cuba has 15 provinces and one Special Municipality. The sample
was stratified by region: west, central, east (northeast and
southeast) and the province of Havana, the latter considered a
region in itself. Each region was represented by either one or
two provinces. Two provinces were selected at random in the
western and central regions: Mayabeque Province and the Isle of
Youth Special Municipality, considered here as a province, in the
west; and Sancti Spiritus and Cienfuegos Provinces in the central
region. For the northeast and southeast regions, we randomly
selected only one province per region: Holguin Province for the
northeast, and Santiago de Cuba province for the southeast. We
randomly selected 30% of municipalities from each province,
which included the municipal capital.

Primary health care in Cuba is organized under municipal health
departments, under which multispecialty community polyclinics act
as hubs and supervise the work of family doctor-and-nurse offices
located in the surrounding geographic health areas. The entire
population in each health area is served by both the local polyclinic
and family doctor-and-nurse offices.[17] In consideration of this
structure, we used two-stage cluster sampling, in which health areas
were the primary selection units in each municipality, and family
doctor-and-nurse offices were secondary units. Using this method,
200 children were studied in each of the selected provinces.

We selected the minimum number of doctors’ offices required to
reach the specific sample size, considering the average number
of children served by the offices in each municipality. All children
aged 6-59 months in the catchment area of the selected family
doctor’s office were included in the sample.

The study included presumably healthy children, free of chronic
disease (sickle cell anemia, diabetes, kidney disease, epilepsy,
severe or moderate asthma, or any other disease requiring
treatment or specialized medical care). Based on these criteria,
we enrolled 1417 children in the survey database. A total of 1375
children with complete records on serum ferritin and inflammation
(CRP and AGP) were finally included.

Biochemical data Three mL of blood were taken through
antecubital puncture. Samples were centrifuged the same day
as extraction, and blood serum was stored at —40 °C for later
analysis for ferritin and inflammation indicators. Iron deficiency
was measured through ferritin concentration, and inflammation
was measured through high-sensitivity CRP and AGP in the
serum. Indicators for ferritin and inflammation were determined
by the immuno-turbidmetric method using INLAB 240 equipment
(CPM Scientifica Tecnologie Biomediche, Italy). The limit of
detection (LOD) reported for CRP, AGP and ferritin was 0.1
mg/L, 0.04 g/L and 5.2 pg/L respectively. When the CRP, AGP
or ferritin concentrations were lower than that of the LOD, they
were set equal to their respective LOD’s and reported as such
by the laboratories. These determinations were made by trained
personnel at INHEM’s Nutritional Anemia Laboratory using quality
control reference guides from CPM. The National Metrology
Research Institute calibrated the equipment.

Defining cases Iron deficiency was defined as ferritin
concentrations <12 ug/L, a cut-off point recommended by WHO.
[8] Inflammation was declared when CRP concentrations were >5
mg/L, AGP concentrations were >1 g/L, or both.[18]

Statistical analysis Data management and statistical analyses
used R software version 3.5.3 (Free Software Foundation,
USA).[19] Simple statistics and histograms were used to study
distribution of biochemical variables. All variables showed some
type of positive asymmetry and were transformed logarithmically.

We used four approaches to eliminate inflammation’s influence
on ferritin concentration: 1) an increase in the cut-off point;[7]
2) exclusion of subjects with inflammation from the analysis,
as explained;[20] 3) an inflammation correction factor;[18] and
4) correction by linear regression via the method proposed by
Biomarkers Reflecting Inflammation and Nutritional Determinants
of Anemia (BRINDA).[20]
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To evaluate the influence of each inflammation biomarker (CRP
and AGP) on ferritin concentration, all analyses were made
using both individual and combined biomarkers. We estimated
iron deficiency prevalence and referenced these estimates
as non-proportional estimations on sampling. We calculated
95% confidence intervals (Cl) of the differences between the
unadjusted prevalences and those adjusted for inflammation, by
each method.

To identify potential relationships between inflammation and age,
the study also obtained separate results for two age groups:
children aged 6-23 months (<2 years) and children aged 24-59
months (=2 years).

Inflammation Correction Approaches

Increasing the cut-off point This approach classifies those
individuals with inflammation (concentrations of CRP >5 mg/L
or AGP >1 g/L), as having iron deficiency when serum ferritin
concentrations are <30 g/L.

Subject exclusion This discards individuals with high levels of
inflammation biomarker concentrations (concentrations of CRP
>5 mg/L or AGP 1 g/L) and calculates the prevalence of iron
deficiency for individuals without inflammation.

Correction factor The internal correction factor (ICF) approach,
proposed by Thurnham,[18] uses mathematical correction factors.
Individuals are classified into four groups by states of inflammation:
1) reference (CRP <5 mg/L and AGP <1 g/L); 2) incubation (CRP
>5 mg/L and AGP <1 g/L); 3) early convalescence (CRP >5 mg/L
and AGP >1 g/L); and 4) late convalescence (CRP <5 mg/L and
AGP >1 g/L).

Additionally, we calculated ICF for two groups (those with
inflammation and those without inflammation) for each biomarker
(CRP and AGP), separately.

Internal Correction Factors Based on internal survey-specific data,
internal correction factors were then generated by dividing the
geometric mean (GM) of ferritin values of the non-inflammation
group by GM ferritin values of each inflammation group:

ICF =GMyrer /GMinfiam

Where ref and inflam are the reference and the inflammation
groups, respectively.

Correction factors are defined as the ratio between the ferritin GM
of the reference group and the ferritin GM for each inflammation

group.

Ferritin values for those in the groups with high inflammation
biomarker concentrations are multiplied by the ICF corresponding
to their inflammation group to obtain adjusted ferritin values. To
compare ferritin concentrations between the subgroup without
inflammation and each subgroup with inflammation, we used the
Student t-test to compare geometric means, and we obtained
95% Cl for the ratio of geometric means.

Correction by regression This approach (internal regression
correction, IRC) is based on linear regression models used to
adjust for ferritin concentrations in the presence of inflammation.

Following methodology proposed by BRINDA,[20] we used
regression coefficients of models where the response variable
is the logarithm of the ferritin concentrations, and where the
transformed variables In(CRP) and In(AGP) are included as
continuous predictors.

Multivariate regression that considers both biomarkers (AGP
and CRP) was used to show different stages of inflammation. To
adjust for individual concentrations of ferritin, in the multivariate
case, the influence of CRP and AGP is subtracted:

Inferriting; = Inferriting,,q4; — B1[InCRPyps — INCRP, ¢]
— B2[InAGP,,. — InAGP, ],

Where the subindexes adj and unadj refer to adjusted and
unadjusted values of ferritin concentration, and f, and B, are
regression coefficients for CRP and AGP, respectively. The
subindex obs refers to the values observed for the independent
variables and the subindex ref refers to the inflammation
reference values assuming that these mark the cut-off points for
the CRP and AGP biomarkers, which show the increase in ferritin
concentrations.

The reference value is defined as the maximum value of the
lowest decile of the specific marker (AGP or CRP). The reference
values we obtained were CRP = 0.10 mg/L and AGP = 0.54 g/L.
Adjustments were applied only in the case of CRP >InCRP™, AGP
>InAGP™, or both.

A multi-colinearity test was performed between In(CRP) and
In(AGP), on the basis of a tolerance test (>0.1) and a variance
inflation factor (<5) to determine whether it was appropriate to
include both variables in the model. To avoid over-adjustment,
the correction was applied only to the ferritin concentrations that
corresponded to individuals with values of CRP or AGP that were
greater than the reference values.

The analysis also eliminated individuals with censored data (CRP
<LOD), taking into account that adjustment of the regression
models with censored variables may produce bias when
estimating the model’s coefficients.[21]

Ethics The study was authorized by the Maternal—Child
Division of the Ministry of Public Health, after reviewing
the research’s ethical aspects. All mothers gave informed
consent to include their children in the study. Our work was
conducted according to principles for conducting research in
human subjects outlined by the Helsinki Declaration,[22] and
the protocol was approved by the research ethics committee
assigned to this project.

RESULTS

Participant characteristics The sample distribution was as
follows, by age and sex: 36.4% (500/1375) aged <2 years;
63.6% (875/1375) aged 22 years; 51.1% (703/1375) male; 48.9%
(672/1375) female.

The median CRP value was 0.91 mg/L (quartile 1 = 0.52; quartile
3 = 1.83), far below the cut-off point. The median AGP value was
0.86 g/L (quartile 1 = 0.69; quartile 3 = 1.07), indicating that more
than 25% of children had values above the cut-off point.

MEDICC Review, July—October 2021, Vol 23, No 3-4

Peer Reviewed 39



Original Research

Inflammation prevalence assessed by CRP concentrations
>5 mg/L was less (at 11.1%, 153/1375) than that assessed by
AGP concentrations >1 g/L (30.8%, 424/1375). The proportion of
children with high concentrations of at least one biomarker was
32.7% (450/1375).The highest inflammation prevalence was
found in those aged <2 years (n = 500) for all 3 inflammation
conditions (CRP 11.8%, 59/500; AGP 33.4%, 167/500; or both
34.6%, 173/500), with no significant differences between age
groups (CRP p = 0.610, AGP p = 0.156, both p = 0.325).

Inflammation correction approaches

Increasing the cut-off point Iron deficiency prevalence increased
in the entire sample from 23% (316/1375) to 31.8% (437/1375).
For children aged <2 years, it increased by 9.8 percentage points
and in those aged =2 years, it increased by 8.3 percentage points
(Table 1).

Subject exclusion Eliminating cases where inflammation was
present resulted in a 32.7% (450/1375) reduction in cases. Ferritin
values before and after these exclusions yielded a slight reduction
in median concentrations, both in the whole sample and in the two
age groups, with no significant differences between the two age
groups. The decrease in concentration was about 3 pg/L (Table 2).

Iron deficiency prevalence values ranged from 23% (316/1375)
before excluding cases, to 26% (240/925) for the entire sample.
Iron deficiency increased from 25% (125/500) to 28.4% (93/327)
for the group aged <2 years and from 21.8% (191/875) to 24.6%
(147/598) for those aged =2 years, after excluding subjects with
inflammation (Table 1).

Internal Correction Factor Ferritin concentration in the reference
group was compared to each of the three inflammation groups in
each age category. The geometric mean of ferritin was lower in
children without inflammation compared to those with inflammation
in all groups (Table 3).

Considering the entire sample, the ratio of the ferritin concentration
geometric means for each inflammation group and the reference
group produced values >1 for the five comparison scenarios. In
other words, the quotient of ferritin’s geometric mean was higher in
the corresponding inflammation group than in the reference group
(Table 3). Specifically, the geometric mean of ferritin was 84%
(39.76/21.57) higher in the incubation group than in the reference
group, 67% (36.09/21.57) higher in the early convalescence group
than in the reference group, and only 19% (25.68/21.57) higher in
the late convalescence group. The ratio of geometric means was

Table 1: Prevalence of iron deficiency and confidence interval by age group, without adjustment and after adjusting for ferritin
concentrations in the presence of inflammation

Approach

<2 years old 22 years old

% (95% Cl)
23.0 (20.8-25.3)

316/1375

% (95% CI) % (95% CI)

125/500 25.0 (21.4-29) 191/875 21.8 (19.2-24.7)

Unadjusted

Higher cut-off ferritin <30 pg/L

CRP >5 mg/L 347/1375 25.2(23.0-27.6)  140/500 28.0 (24.2-32.1)  207/875 23.7 (21.0-26.6)
AGP >1 g/L 430/1375 31.3(28.9-33.8)  173/500 34.6 (30.6-38.9)  257/875 29.4 (26.5-32.5)
CRP >5 mg/L or AGP >1 g/L 437/1375 31.8(29.4-34.3)  174/500 34.8 (30.8-39.1)  263/875 30.1 (27.1-33.2)
CRP >5 mg/L 300/1222 24.6 (22.2-27.0) 118/441 26.8 (22.8-31.1)  182/781 23.3 (20.5-26.4)
AGP >1 g/L 242/951 25.5(22.8-28.3) 94/333 28.2 (23.7-33.3)  148/618 24.0 (20.8-27.5)
CRP >5 mg/L or AGP >1 g/L 240/925 26.0 (23.2-28.9) 93/327 28.4 (23.8-33.6)  147/598 24.6 (21.3-28.2)

Internal Correction Factor

ICF-CRP 333/1375 242 (21.9-27.5)  134/500 26.8 (23.0-30.7)  199/875 22.7 (20.2-25.5)
ICF-AGP 336/1375 24.4 (22.2-26.7)  136/500 27.2(23.3-31.1)  200/875 22.9 (20.1-25.6)
ICF-CRP + AGP 342/1375 249 (22.9-27.2)  138/500 27.6 (23.7-31.5)  204/875 23.3 (20.5-26.1)

Internal Regression Correction

IRC-CRP 409/1375 29.8 148/500 2906  258/875 29.5
IRC-AGP 317/1375 231 125/500 25.0 194/875 22.2
IRC-CRP + AGP 394/1375 28.7 143/500 28.6  248/875 28.3
IRC-CRP* 337/1210 27.9 134/429 31.2 199/781 25.5
IRC-CRP + AGP* 294/1210 243 114/429 26.6 182/781 23.3

AGP: 0-1 acid glycoprotein  Cl: confidence interval CRP: C-reactive protein  ICF: Internal Correction Factor IRC: Internal Regression Correction  LOD: limit of detection
n: number of individuals with inflammation; N: number of total individuals in the group. The increase in the cut-off point approach (higher cut-off; AGP + CRP) considers
individuals with high concentrations of inflammation biomarkers (CRP >5 mg/L and AGP >1 g/L) to be iron deficienct if ferritin concentrations are <30 pg/L. The exclusion
approach (exclusion, AGP + CRP) discards individuals with high inflammation biomarker concentrations (CRP >5mg/L and AGP >1 g/L) and calculates the prevalence of iron
deficiency for individuals without inflammation. The correction factor approach (ICF-AGP + CRP) uses correction factors. Correction factors are defined as the ratio between
the geometric mean of the ferritin values of the reference group (CRP and AGP are not increased) and ferritin’s geometric mean for each inflammation group. The correc-
tion by regression approach (IRC-AGP + CRP) uses linear regression to adjust serum ferritin concentrations using CRP and AGP concentrations as continuous predictors.

* The exclusion approach excludes individuals with censored CRP values (CRP <0.1 mg/L than the LOD). Regression coefficients depend on the sample so they are different
for each study group and for the sample in its entirety, therefore the sum of number of individuals with iron deficiency after adjusting for inflammation using ICR on each study
group does not necessarily equal the number of individuals with iron deficiency after adjusting for inflammation using ICR on the entire sample. Values indicate prevalence, %
(95% CI, where applicable); 95% Cls are not reported for the internal correction regression method because they do not take into account variability in the estimates for the

regression coefficients of the slopes used to derive adjusted ferritin values.

40 Peer Reviewed MEDICC Review, July—October 2021, Vol 23, No 3—4



Original Research

Table 2: Median ferritin concentration (ug/L) before and after excluding subjects with high CRP/AGP concentrations

Median ferritin concentration (Quartile 1-Quartile 3)

After excluding subjects

Age group

<2 years 500  23.6(12.1-50.7) 441 21.9 (11.3-48.3) 333 20.7 (10.5-46.9) 327 20.0 (10.3-46.7)
2 years 875  26.6(13.7-47.7) 781 25.0 (13.0-44.2) 618 24.0 (12.7-43.6) 598 23.6 (12.5-42)
Total 1375  25.4(13.1-48.8) 1222 24.1 (12.4-45.9) 951 23.0 (11.7-44.4) 925 22.8 (11.6-43.6)

AGP: a-1 acid glycoprotein  CRP: C-reactive protein

Table 3: Ferritin adjusted for inflammation using the correction factor approach

Children
With Without
inflammation | inflammation
n n

for all: 0.132 vs. 0.189) indicating that exclusion of
censored data may bias coefficient estimation, and
increase the effect of inflammation on ferritin. The
SN exclusion reduced sample size by 12% from 1375 to
1210.

EVLE

(95% Cl)

Exploratory analysis and descriptive statistics (not

:;z:::zz:j gi :;1 1'2‘; 8"2‘(1):3'82; <g'gg1 g'gg considered in this paper) show that children with
A p— p— 163 (1:41_1:89) <0'001 0'61 undetected CRP values tend, on average, to be less
: : iron deficient.
<2 years old 167 333 1.30 (1.08-1.55) 0.004 0.77  The estimated regression coefficient in multivariate
22 years old 257 618 1.30 (1.15-1.47) <0.001 0.77  analysis for the association between In(ferritin)
All 424 951 1.29 (1.17-143) <0.001 0.77 and In(CRP) concentrations was higher than the
corresponding values in the univariate analysis (the
<2 years old 6 327 178 (0.82-3.83) 0.143 056  entire sample, excluding children with CRP <LOD:
>2 years old 20 598 1.85 (1.27-2.69) 0.0014 0.54 0.158 vs. 0.189). This indicates that this relationship
All 26 925 1.84 (1.31-2.59) 00005 0.54 is better adjusted by including In(AGP) in the model,
which, because of its negative effect, tends to balance
<2 years old 53 327 160 (1.22-210) 0.0008 062  the effectof IN(CRP).
22 years old 74 598 1.74 (1.42-2.13) <0.001 0.58 ) , .
Al 127 925 1.67 (1.42-1.97) <0.001 060 Estimating prgvalence .Use _of thls_ metho_dglogy
produced an increase in estimated iron deficiency
prevalence in the entire sample, from 23% (316/1375)
ezl s 827 1.19 (0.98-1.47) 0085 083  ; 5g 70, (394/1375) when the censored values were
22 years old 183 598 1.19 (1.03-1.37) 0.016 0.84  jycluded and to 24.3% (294/1210) when they were
All 297 925 1.19 (1.06-1.33) 0.003 0.84  excluded (Table 1). Prevalence ranges obtained from

AGP: a-1 acid glycoprotein  CF: correction factor Cl: confidence interval

CRP: C-reactive protein

The ratio column indicates the ratio of the geometric means of ferritin concentrations (95% ClI)
in ug/L for: ' groups with and without inflammation as indicated by CRP or AGP concentration

2 inflammation group versus reference group comparisons; reference: CRP concentration <5
mg/L and AGP concentration <1 g/L; incubation: CRP concentration >5 mg/L and AGP concen-
tration <1 g/L; early convalescence: CRP concentration >5 mg/L and AGP concentration >1g/L;
late convalescence: AGP concentration >1 g/L and CRP concentration <5 mg/L; p: p values

models with significant coefficients varied between
24.3% (294/1210) (IRC-CRP + AGP, excluding children
with CRP <LOD), and 29.8% (409/1375) (IRC—CRP),
which represents an underestimation (from 1.3% to
6.8%) of the prevalence observed without adjustment.

associated to a test for comparing geometric means

significantly higher than 1 (p <0.05) in all variants, except for the
group aged <2 years in incubation and late convalescence groups.

Estimated iron deficiency prevalence for the entire sample with ICF
increased from 23% (316/1375) to 24.4% (336/1375), adjusted only
for AGP, while estimated prevalence for AGP and CRP increased
from 23% (316/1375) to 24.9% (342/1375) (Table 1).

Internal Regression Correction Results of this analysis are shown
in Table 4. For CRP, the reference value calculated (0.1 mg/L) was
the same in each group. For AGP, the reference values were 0.51
g/L, 0.55 g/L and 0.54 g/L for the two age groups and the entire
sample, respectively. Excluding children with censored values of
CRP (CRP <LOD) produced an increase in the value of the slope
between concentrations of In(ferritin) and In(CRP) in both models
(univariate analysis for all: 0.105 vs. 0.158; multivariate analysis

Before making decisions based on these results, it is
important to consider the margin of error in relation to a
specific estimation of differences between unadjusted prevalences
and those adjusted for inflamation. Figure 1 summarizes the CI
of such differences, as estimated by each method. For example,
in studies considering all children in the sample, the specific
estimation of the difference between the unadjusted prevalence
and the prevalence adjusted by the higher cut-off (CRP) approach
is 0.02 and a 95% CI ensures us that the population difference is
in the range of —0.01-0.056.

Intervals corresponding to the higher cut-off point approach,
where AGP is considered either alone or combined with CRP, do
not contain the zero value. This indicates that the unadjusted iron
deficiency prevalence is significantly different from the adjusted
prevalence (95% CIl). In all intervals corresponding to differences
between unadjusted and adjusted prevalences by exclusion or
ICF approaches, the range of values includes differences that are
not significant. Differences between the unadjusted prevalence
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Table 4: Univariate and multivariate regression models of In(ferritin) concentrations
and inflammation markers, by subpopulation

I 0 ] 2 W

Univariate analysis (by age group)

<2 years 500 3.136 0.077 0.011 -
22 years 875 3.190 0.123  <0.001 -
All 1375 3.171 0.105  <0.001 -
<2 years 500 3.131 - - <0.011
22 years 875 3.197 - - 0.046
All 1375 3.172 - - 0.020
Excluding children

with CRP <LOD 429 3.075 0.153  <0.001 -
<2 years

Excluding children

with CRP <LOD 781 3.167 0.162  <0.001 -
22 years

Excluding children 1210 3131  0.158  <0.001 -

with CRP <LOD All

Cuba is a Caribbean island country in the
tropics, with high temperatures and high relative
humidity, which favors development of infectious
disease.[24,25] Children aged <5 years show
the highest rates of ADD and ARI.[26] The
main causes of ADD in Cuba are rotaviruses

i 8:8;; and noroviruses;[27] for ARI the main cause is
) 0025 _rhino_virus, and human sincitial respiratory virus
0.907 0002 N children aged <1 year.[28]
0.521 0.001 The norovirus as a cause of inflammation was
L 0.001  gescribed in a longitudinal study in infected
adults.[29] A paper on preschool children in
) 0.030 Gambia[30] observed that iron-deficiency
anemia was associated even with the low
) 0.044 degree of inflammation produced by respiratory
infections. These viral infections should therefore
be considered in assessing inflammation and
- 0.038

estimating iron deficiency.

Multivariate analysis (by age group)

<2 years 500 3.107  0.106 0.003 <0.169
22 years 875 3.156 0.147 <0.001 <0.177
All 1375 3.137 0.132 <0.001 <0.178
Excluding children

with CRP <LOD 429 3.033 0.19  <0.001 <0.205
<2 years

Excluding children

with CRP <LOD 781 3.129 0.186  <0.001 <0.152
>2 years

Excluding children 1210 3.094 0.189 <0.001 <0.177

with CRP <LOD All

AGP: a-1 acid glycoprotein
LOD: limit of detection

CF: correction factor  Cl: confidence interval

The values of the columns named intercept, In(CRP, mg/L) and In(AGP, g/L) are specific estimations of
each model’s coefficients. AGP (g/L); CRP (mg/L); LOD of the CRP (0.1 mg/L). CRP and AGP were includ-
ed in the models as log-transformed covariables. The regression coefficients (except for the intercept),

CRP: C-reactive protein

Iron deficiency rates estimated in this study,

0108 0014 - . ,
without adjusting for inflammation, are lower
0.026 0.039 . . . .
0.005 0.030 than in previous studies. This may be due to
: : the effect of food and nutritional intervention
0.079 0.034 programs existing in Cuba.[31,32] In studies of
’ ’ preschool children in Havana[3] and in Cuba’s
eastern provinces[4,5] iron deficiency was found
0.079 0.046 to. be one 'of the main risk factorg associated
with anemia (ferritin <10 mg/L in 41.8% of
those in Havana, 38.6% in the provinces of
0.011 0.043

Santiago de Cuba, Holguin, Granma and Las
Tunas, and 57.6% in Guantdanamo). However,
the cut-off point used to define iron deficiency
through ferritin was lower, and in those studies
inflammation was not assessed as a factor
influencing increased serum ferritin levels.

indicate the change in In(ferritin) associated with the change in In(CRP) or In(AGP) per one unit, since the

rest of the variables remain constant. Column p contains the values associated with the significance tests

of the regression coefficients.

and prevalences adjusted by the IRC method (whether
considering CRP alone, or CRP + AGP, as explanatory variables)
are significant.

Stratified analyses yield very wide Cls for the whole sample and
for both age groups.

DISCUSSION

Chronic inflammation (assessed by AGP) was more frequent than
acute inflammation, although with concentrations only slightly
above the cut-off point. The highest inflammation rates diagnosed
by AGP have been reported in Asian and African countries by the
BRINDA study.[23]

Nonetheless, even though high CRP levels were found only in
about 10% of children in the study, some had concentrations much
higher than the cut-off point. Chronic inflammation, assessed by
AGP, is associated with a higher frequency of obesity and asthma
in children[18] and high CRP values are associated with systemic
bacterial infections, tissue damage and allergies.[14] Asymptomatic
infections in children can also increase CRP and AGP.[18]

Approximately 50% of main acute-phase proteins
(such as ferritin) are related to transportation of
nutrients or regulation of nutrient concentration.[18]
At times or conditions in which there is asymptomatic inflammation,
a protective mechanism involving nutrient sequestering has
been proposed. In this case, increased ferritin levels will limit the
availability of iron for pathogen growth or function.[33] Evaluating
the relationship between inflammation and ferritin is fundamental for
more accurate estimations of iron deficiency in the population.

Inflammation-adjusted ferritin concentrations increased iron
deficiency prevalence in Cuban preschool children. Adjusted
prevalence showed high variability among different approaches,
ranging from 0.1 to 8.8 percentage points, similar to that obtained
in a previous study.[34] As discussed in BRINDA, each approach
has advantages and disadvantages.[20]

We found that correcting ferritin levels for inflammation using
an increased cut-off point yielded an important change in
the estimation of iron deficiency prevalence as compared to
unadjusted estimations. In this approach, AGP exerts the highest
influence, since almost one third of the sample had high AGP
values. Note that increasing the cut-off point may lead to a
reduction in biomarker specificity by increasing the proportion of
false negatives.[35]
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Figure 1: Diferences in proportions and confidence intervals (95%) between the methods with

unadjusted values. Cuba 2015-2018

Coefficient (slope) estimations of
univariate regression models with

AGP as a single predictor were all

Al l l Upto 2 years l | Above 2 years non-significant, suggesting that
Fligher cut-off (CRP) | i . . AGP does not have a linear effect

Higher cut-off (AGP) 1 —— —_— — o .
Higher cut-off (CRP+AGP) 1 — \ . . — on ferritin concentration. When
Exclusion (CRF) 1 —t—s —_——— —t—— AGP is included in the multivariate
Exclusion (AGP) 4 [ e B | model (IRC, CRP and AGP), iron
3 Exclusion (CRP+AGP)1 T _T T deficiency prevalence differs by
£ Al I T T only 1.1% compared to the univar-
2 A N D 1 o iate model (IRC-CRP) (29.8%).
IRC (CRP)1 ———t ‘. — This result differs from the litera-
IRC (AGP)]{  +—$— — —h— ture concerning the expected pos-
IRC (CRP+AGP) 1 —— ——— —— itive relationship between ferritin
IRC (CRP)"{ — i e — ! and AGP as an indicator of inflam-
IRC (CRP+AGPY__ —p— A — A — mation.[20,21] Before making

005 0.00 0.05 0.10 0.15-0.05 0.00 0.05 0.10 0.15-0.05 0.00 0.05 0.10 0.15
95% Confidence Interval

Footnote: Differences in proportions and confidence intervals (95%) to test the proportion comparison hypothesis for the
prevalence of iron deficiency without adjustment and after applying the methods used to adjust the ferritin concentrations in
the presence of inflammation. The approach using the increase of the cut-off point (Higher cut-off; AGP + CRP) considers
individuals with high concentrations of the inflammation biomarkers (concentrations of CRP >5 mg/L and AGP >1 g/L) with
iron deficiency if the ferritin concentrations are <30 mg/L. The exclusion approach (Exclusion; AGP + CRP) discards the
individuals with high concentrations of inflammation biomarkers (concentrations of CRP >5 mg/L and AGP >1 g/L) and it cal-

decisions that may lead to errone-
ous judgments, non-linear regres-
sion models must be assessed
in future studies, as the effect of
inflammation biomarkers on fer-
ritin measurements could change
when AGP values increase.

culates the prevalence of iron deficiency for individuals without inflammation. The internal correction factor (ICF-AGP+CRP)

uses mathematical correction factors. The correction factors are defined as the ratio between the geometric mean of the
values of ferritin in the reference group (CRP and AGP are not high) and the geometric mean of ferritin of each inflammation
group. The correction through regression approach (IRC-AGP + CRP) uses linear regression to adjust the concentration of
serum ferritin with the concentrations of CRP and AGP as continuous predictors. The asterisk (*) denotes the exclusion from

the analysis of the individuals censored by CRP (Values of CRP <0.1 mg/L, LOD).

The exclusion approach increased iron deficiency prevalence
estimation but resulted in a loss of precision due to an almost
one-third reduction in sample size (by excluding children with
high CRP + AGP). Iron deficiency rates obtained by using
either CRP or AGP alone yielded very similar prevalence
estimates to those obtained when using the biomarkers
together.

ICF has the advantage of using correction factors calculated
specifically for Cuban preschool children. Sample sizes in the
study separated by inflammation group (or by groups in which
CRP and AGP were analyzed separately) were large enough
to accurately estimate correction factors for inflammation.

Ferritin concentrations increased during periods of inflammation,
mainly during the incubation period and early convalescence.
During late convalescence, ferritin concentration decreased
slightly when compared to the group where there was no
inflammation. Hence, in the ICF approach, AGP has a smaller
effect on iron deficiency prevalence adjustment.

IRC uses linear regression to adjust ferritin according to CRP
and AGP concentrations on a continuous scale. It also has the
advantage of using internal reference values calculated from
the sample of Cuban preschool children. This approach led to
an important decrease in ferritin concentration estimations.
The IRC approach yielded higher estimates of iron deficiency
prevalence than the ICF approach.

In contrast, the IRC approach requires more careful analytical
interpretation. The quality of the models should be evaluated by
how well they describe the relationship between inflammation
biomarkers (CRP and AGP) and ferritin values.

Iron deficiency prevalence esti-
mates were lower when censored
data was excluded, but slightly
higher than the unadjusted value.
This contrasts with other find-
ings,[21] where ignoring censored data of CRP <LOD produced a
substantial bias in iron deficiency estimates.

The difference between unadjusted and adjusted prevalences for
inflammation by the highest cutoff approach showed statistically
non-significant differences when ferritin concentrations were
adjusted for CRP alone. When considering AGP in the analysis,
the intervals for AGP and CRP + AGP are practically equal,
therefore including CRP will not provide any benefit to the
adjusted prevalence. Using the exclusion approach, no significant
differences were found in any case, but before making decisions
based on the statistical results, it should be taken into account
that the interval corresponding to the CRP + AGP case includes
positive differences with important practical implications that must
be evaluated.

Inthe IRC approach, differences between adjusted and unadjusted
prevalences are statistically significant, both when considering
CRP alone or with CRP + AGP. However, significant results would
not justify the use of adjusted prevalences or efforts to measure
and include AGP. It should be noted that when both biomarkers
were included in the linear regression model, both coefficients
were significant, but AGP’s effect turned negative.

As shown in other studies,[14,18] this research supports the
hypothesis that the magnitude of ferritin concentration change
depends on inflammation stage. From these results we concluded
that it was necessary to adjust ferritin concentrations according
to inflammation, since, if unadjusted, iron deficiency prevalence
may be underestimated.[34] However, the results also support
the conclusion that we should search for other models that
enable the study of the effects of inflammation at higher ferritin
concentrations. This study is the first time that measurements of
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both inflammation biomarkers (CRP and AGP) and iron deficiency
(by ferritin) in Cuban preschool children are included. Information
on the prevalence of these factors in Cuba provides new insights
that could allow decision-makers to adjust Cuba’s childhood
nutrition programs.

One study limitation is that data were taken from a national sample
from selected provinces. In addition, its cross-sectional nature
precludes the analysis of any seasonal influence of inflammation
on ferritin concentrations .

CONCLUSIONS

One third of preschool children in the sample had elevated
indicators of inflammation. This study confirms that
inflammation is a confounding factor in estimating iron status
during the first four years of life. Ignoring inflammation would
result in underestimating iron deficiency prevalence in Cuban
preschool children. The IRC approach would be appropriate
in epidemiological studies because it takes into account
inflammation severity. This study is a first step in the search for

models that could better account for the effects of inflammation
in estimating ferritin concentrations.
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