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Agreement assessment between hemoglobin
and hematocrit to detect anemia prevalence in
children less than 5 years old

Avaliagao da concordancia entre hemoglobina e
hemataocrito para detectar prevaléncia de anemia em
criangcas menores de 5 anos

Gisela Soares Brunken', Giovanny Vinicius Araujo de Franca??,
Ronir Raggio Luiz*, Sophia Cornbluth Szarfarc®

Abstract

This study aimed to assess the extent of agreement between hemoglobin (Hb) and hematocrit (Ht), while also verifying whether
anemia prevalence can be determined by hematocrit cut-off points. A hundred pairs of capillary Hb and Ht of children less than
5 years old were analyzed. The Hb and Ht concentrations were measured using HemoCue and microhematocrit centrifuge,
respectively. The Bland and Altman’s method was used to assess the agreement between ‘observed Hb’ and ‘Hb estimated through
Ht’ (Hb = Ht/3). The ROC curve was constructed based on the reference to anemia classification according to Hb. The subjects were
classified according to the status of anemia obtained through the Ht, also evaluating the agreement regarding Hb. The area under
the ROC curve identified that Ht <35% correctly classified 85% of subjects with Hb <11.0 g/dL. However, the cut-off point of <33%
showed higher kappa (k = 0.49 against 0.41) and higher relative agreement (82% vs. 74%) compared to Ht <35%. Our findings
indicate that capillary Hb and Ht could be used either together or separately to assess the prevalence of anemia. Considering the
need to identify iron deficiency anemia with a single indicator in population studies, the use of Ht would be simpler and cost-saving.
Keywords: hematocrit; hemoglobin; reproducibility of results; child preschool; anemia, iron-deficiency.

Resumo

O objetivo deste estudo foi avaliar o grau de concordancia entre a hemoglobina (Hb) e o hematdcrito (Ht), para verificar se a
prevaléncia de anemia pode ser determinada pelo hematdcrito. Cem pares de Hb e Ht capilar de criancas menores de 5 anos
de idade foram analisados. A concentragdo de Ht e Hb foi medida utilizando centrifuga para microhematécrito e HemoCue,
respectivamente. A andlise de Bland e Altman foi utilizada para avaliar as diferengas entre os valores observados de Hb e de Hb
estimada através de hematdcrito (Hb = Ht / 3). A curva ROC foi calculada com referéncia a classificagéo de anemia ferropriva, a
partir dos resultados de Hb. Os individuos foram classificados de acordo com o estado de anemia a partir do Ht, comparando com
a avaliacao obtida a partir da Hb. A area sob a curva ROC permite identificar que Ht <35% corretamente classificava 85% dos
individuos com Hb <11,0 g/dL. No entanto, o ponto de corte Ht <33% apresentou maior kappa (k = 0,49 contra 0,41) e concordancia
relativa mais elevada (82% vs. 74%) em comparagdo com Ht <35%. A hemoglobina e o hematdcrito capilar podem ser usados em
conjunto ou separadamente para avaliar a prevaléncia de anemia. Considerando a necessidade de identificar a anemia ferropriva
com um unico indicador em estudos populacionais, a utilizagao do Ht seria mais simples e econémica.

Palavras-chave: hematdcrito; hemoglobina; reprodutibilidade dos testes; pré-escolar; anemia ferropriva.
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INTRODUCTION

Iron deficiency anemia is the world’s most prevalent
nutritional deficiency, affecting several countries worldwide,
with serious consequences for human health, social development
and economy’. Its etiology is diverse and can be attributed to

nutritional deficiencies of iron, folic acid, vitamin A, Cor B _, as

12
well as numerous diseases, such as malaria, intestinal parasites,
hemoglobinopathy. Iron deficiency has been identified as the
main contributing factor to anemia, so that the terms “anemia”
and “iron deficiency” are often treated as synonyms. As iron
deficiency anemia is the most severe stage of the iron deficiency,
it is estimated that there are about 2.5 times more individuals
that are iron deficient than anemic®’. Studies have shown that
anemia persists over last decades at high levels, during infancy
and childhood**.

Different from anemia driven by vitamin B, or folic acid
deficiency, iron deficiency anemia is microcytic and hypochromic.
There are several well-described laboratory measurements to access
and monitor the nutritional status of iron, but only hemoglobin
and hematocrit are routinely performed in field trials®’.

The hemoglobin concentration lower than 11 g/dL indicates
anemia, regardless the etiology® Venous blood measurement
is well standardized®’, however practical issues limit its use in
epidemiological studies. Therefore, Hb concentration is commonly
measured in capillary blood, using an accurate point-of-care test
such as the HemoCue (HemoCue AB, Angelholm, Sweden)?.
Collecting a drop of blood using a finger stick, rather than
collecting venous blood using a syringe, is a significant advantage
in the field research. Moreover, it is fast, portable, shows directly
the WHO anemia indicator and it is safer because it does not
require aspiration or syringe. Unfortunately the cost of using
HemoCue is high when compared to laboratory tests* and, once
the seal is removed, the tubes with 50 micro cuvettes have a shelf
life of only three months. The Agabé device® is also available
since 2009, which is developed and produced in Brazil (M-Exa
Biomedical Instrumentation). It allows dosing hemoglobin in
a much more cost efficient manner. As the HemoCue device,
it informs the hemoglobin concentration in capillary sample
in real time, but requires dilution of the blood drop on the
reagent, demanding cautious for treatment and evaluation of
the sample in the field.

The hematocrit (or packed cell volume) is the percentage of
volume occupied by red blood cells compared to the total blood
volume. It is obtained using a centrifuge microhaematocrit,
a simple and cost-saving approach®, which is a portable and

At July 2014

a HemoCue = R$ 4,850.00; Case with 200 microcuvettes = R$ 880.00
(R$ 4.40 / microcuvette).

b Agabé = R$ 120.00.

¢ Centrifug for microhematocrit, capacity for 24 capillary tubes,
Centribio = R$ 2,900.00.

practical equipment for use in field work. It requires a simple
and short training period to operate, and a stable power source.
It requires about 0.5 mL of blood, equivalent to a drop, extracted
in a capillary tube, closed at one end and centrifuged®”. As in
portable hemoglobinometers (HemoCue and Agabé), it does not
require transportation of samples and the results are released
in a few minutes. The same method is used by blood banks to
identify donors feasibility. One limitation is the need of a high
centrifugal force to prevent a significant amount of plasma being
trapped between the red blood cells. This can be eliminated by
the use of a stable power source’.

The hematocrit below 33% is an acceptable indicator for
evaluation and identification of anemic patients with hemoglobin
in place®. There is a standard conversion between the two
measures (Hb = Ht/3) which is commonly used to define cut-off
points for estimating the prevalence of anemia’. Health services
has been using this indicator for anemia screening, since it is
less expensive and more practical, but reliability studies are
needed. In this study, we aimed to assess the agreement between
hemoglobin and hematocrit capillary under field conditions in
children less than 5 years old, in order to identify a cut-off point
with adequate psychometric characteristics for the outcome
of hematocrit sensitive to identify individuals with microcytic
anemia. It is important to investigate the advantage of using the
hematocrit instead of hemoglobin. In fact, it is not to say that
one method is better than another, but knowing that the two
are consistent and, judging by the hematocrit, has its validity.

MATERIALS AND METHODS

This is a cross sectional study carried out in 2008 including
100 children less than 5 years old who attended three public
day care centers in the city of Cuiab4, a city located in the
Center-West region of Brazil, state of Mato Grosso, with an
estimated population of 569.830 inhabitants. A previous study
showed high prevalence (63%) of anemia among children aged
less than 36 months in public day care centers of Cuiaba™.

Weight was measured on an electronic scale (capacity:
150 kg; precision: 50 g) and height using an anthropometric
scale (precision: 0.5 cm). Nutritional status was classified as:
underweight — weight for age <-2 standard deviations (SD) of
the WHO Child Growth Standards median'' —; stunting - height
for age <-2 SD - and overweight — weight-for-height >+2 SD.
The associations between presence of anemia with sex, age and
nutritional status were investigated using the qui-squared test.

Samples of capillary hematocrit and hemoglobin were collected
using the methodology recommended by the manual of the
HemoCue equipment®. Participants were classified according to
the status of anemia from hemoglobin concentrations, according
to the cut-off point recommended by WHO?. Regarding the
cut-off points, we applied international recommendations on
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the diagnosis and classification of anemia?, classifying as normal
hemoglobin values lower than 11.0 g/dL and hematocrit lower
than 33%. The prevalence of anemia was estimated according
to nutritional status and age.

The Bland and Altman method'* was used to assess the
agreement between the two estimates of anemia status -
‘hemoglobin observed” and ‘estimated hemoglobin’ (Hb = Ht/3),
estimating the 95% limits of agreement from the differences
observed. The Receiver Operating Characteristic curve (ROC)
was constructed in order to identify the hematocrit value that
maximizes the sensitivity and specificity in screening for anemia,
with reference to the classification obtained from the capillary
hemoglobin, comparing the ‘crude’ and ‘adjusted for age and sex’
ROC area. Subjects were also classified according to the status
of anemia from hematocrit, using the cut-off point proposed by
WHO? and identified from the ROC curve by calculating the
kappa coeflicient to verify the degree of agreement in relation
to the classification by hemoglobin.

Analyses were performed using Stata, version 11.0. The study
protocol was approved by the Ethics Committee in Research
of Hospital Universitario Julio Muller, Universidade Federal
do Mato Grosso.

RESULTS

The average age was 35 months (range 13-56) among the
100 children evaluated (53 girls), and the mean weight and
height were similar to their median: 13.5 kg (median 13.6) and
91.6 cm (median 91.8). The mean concentrations of hemoglobin
and hematocrit were 11.7 g/dL (median 11.9) and 36.2%
(median 36.0), respectively (Table 1). The presence of anemia
was significantly associated only with age (Table 2).

The Bland and Altman plot (Figure 1) presents the differences
between observed and estimated hemoglobin from hematocrit.
The differences were inversely associated with the mean of
measured and estimated Hb (r = -0.445, p <0.001), and the
95% limits of agreement were -3.645 to 2.959 g/dL.

Table 1. Sample description of 100 children less than 5 years old assessed in public nurseries. Cuiaba — Mato Grosso, 2008

Descriptive Statistics

Variables N Mean Stal}da}rd Median Range
Deviation

Age (months) 91 35.1 11.3 34.2 13-56
Weight for Height (scores z) 100 0.23 0.91 0.20 -2.46-2.44
Height for Age (scores z) 91 -0.53 1.17 -0.47 -4.45-4.66
Weight for Age (scores z) 91 -0.13 0.94 -0.16 -2.62-2.68
BMI for Age (scores z) 91 0.28 0.96 0.23 -2.61-2.6
Hemoglobin (g/dl) 100 11.7 1.2 11.9 7.9-14.7
Hematocrit (%) 100 36.2 5.5 36.0 19.0-55.7

Table 2. Prevalence of anemia of 100 children less than 5 years old assessed in public nurseries, according to sex, age and nutritional status.

Cuiaba — Mato Grosso, 2008

Prevalence of anaemia*

Variable p-value**
N % CI 95%
Overall (n=100) 23 23.0 15.7-32.4 -
Sex (n=100)
Male 13 27.7 10.3-32.0 0.297
Female 10 18.9 16.6-42.4
Age (n=91)
<24 months 8 47.1 24.7-70.6 0.002
>24 months 10 13.5 7.3-23.6
Underweight (n=91)
No 16 18.4 11.5-28.1 0.121
Yes 2 50.0 9.2-90.8
Stunting (n=91)
No 16 19.1 11.9-29.1 0.543
Yes 2 28.6 6.2-70.7
Overweight (n=100)
No 21 21.9 14.6-31.4 0.190
Yes 2 50.0 9.2-90.8
“Hb<11g/dL

**Pearson’s chi-squared test
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The area under the ROC curve was high (85%) and significant
(p <0.001), so the hematocrit value below 35% seems to correctly
identify 85% of hemoglobin below 11.0 g/dl (Figure 2). This cut-oft
point (35%) presents a sensitivity of 78.3% to identify children
with Hb <11.0 (actually anemic) and 72.5% of non-anemic

Hb and ht in field work

(specificity) (Table 3). There were no differences among crude
and adjusted curves for age and sex (p>0.05).

Table 3 compares the sensitivity and specificity in predicting
hematocrit anemia according to the two cut-oft points: Ht <33%?
and Ht <35% (this study). The specificity was higher (88.3%

LO_
o) o
I
= D ettt eeeeeeeeeeeeeeeaeeeeeeaeeaea -
8]
@ ° o © 0° °
g o @ o
= o o e o ® )
a o o o °© 0% o000 © o
o 4 o . %0 0
'8 e —————— o — ;——oa—a—-o-g »—————— —— — -
© o oo °°oo°oq’° o°;
el o oo o
9] ° ° 5 o oo

o

= ° o °
® Y+ SR L
(0]
£ v 5
(o]
(0]
&}
c ) ) o
o Concordance correlation coefficient: 0.40 (95%Cl: 0.26-0.55)
(]
=
o

o

=

T
10

T |
12 14 16

Mean of measured and estimated Hb

Observed average agreement

95% limits of agreement

r=-0.445, p <0.001

Figure 1. Bland and Altman graph about the difference among hemoglobin measured and estimated from the hematocrit (Hb = H/3), by their average
values in children less than 5 years old. Cuiaba — Mato Grosso, 2008. Diferences among crude and ajusted curves (X? = 1.75; Prob>X2 = 0.1864)
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Figure 2. ROC curve of Hematocrit and diagnosis of anemia in children less than 5 years old, adjusted for age and sex. Cuiaba — Mato Grosso, 2008

(Cad. Saude Colet., 2016, Rio de Janeiro, 24 (1): 118-123 121



Gisela Soares Brunke, Giovanny Vinicius Aradjo de Franga, Ronir Raggio Luiz, Sophia Cornbluth Szarfarc

Table 3. Psychometric characteristics and agreement on the classification of anemia with hematocrit compared to that obtained by capillary
hemoglobin in children less than 5 years old. Cuiaba — Mato Grosso, 2008

Anemia by hemoglobin

Anemia by Hematocrit (Hb<11g/dl)
Anemic Not anemic

Ht<33%

Anemic 14 9

Not anemic 9 68
Ht<35%

Anemic 18 21

Not anemic 5 56

L a0 Relative
Sens;blllty Specificity Kappa Concordance
(%) (%)
(%)
60.9 88.3 0.49 82.0
78.3 72.5 0.41 74.0

r=-0.445, p <0.001

versus 72.5%) for the cut-off point <33%, but the sensitivity
was lower (60.9% versus 78.3). The cut-off point <33% showed
a better but moderate kappa coefficient (k = 0.49 against
0.41)*. The relative agreement between the estimate of anemia
(Hb <11.0 g/dl) using a cut-off of hematocrit <33% was also
better (82% vs. 74%) when compared to the cut-off of <35%.

DISCUSSION

The cut-off for hematocrit <33% had higher relative
agreement and kappa coefficient in relation to the concentration
of hemoglobin. It is important to remember that the relative
agreement and kappa evaluate repeatability, but not necessarily
validity. In addition, the kappa is strongly influenced by
prevalence, as well as by positive and negative predictive values'.
To assess validity, psychometric measurements - sensitivity and
specificity — are more appropriate, verifying the best checking
point that maximizes both'®. Therefore, it is reasonable to use a
cut-oft <35% due to the need for attracting more individuals at
risk of deficiency. In addition, we found little variation on the
relative agreement, less than 10%, as well as a moderate kappa
between the two cut-off points".

Considering the Bland and Altman graphic (Figure 1),
the bias seems to occur between proportional values close
to the mean hemoglobin: 10 and 14 g/dL. That is, in a range
close to the central values probably it will not occur medium
estimation errors, in the case of using hematocrit to estimate
the concentration of hemoglobin.

This study small sample size has limited power to predict the
hemoglobin from hematocrit, but is sufficient to investigate the
correlation between these two capillary measures. Surely the
ideal is always to use more than two capillary measures, for
better assessment of the nutritional status, as measured by
the hematocrit and hemoglobin hypochromic microcytosis.
However in field work, and also to track individuals and to have
arapid diagnosis, the health manager and the researcher often
have to choose only one measure or instrument. In this case,

the hematocrit seems to be a good option even if used alone.
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Other researchers have used the hematocrit to estimate
the prevalence of anemia in malaria endemic areas, reporting
that the hematocrit underestimates the prevalence of anemia
assessed by hemoglobin'®". Graitcer et al.'® studied more than
10,000 pairs of examinations in children under 2 years of age
and concluded that hemoglobin usually detects higher rates of
anemia than hematocrit, as they identified more false negatives
using the hematocrit <33%. The suggestion of this study to
increase the cut-off of hematocrit <33% to <35% is one more
argument to better assess its prevalence.

Quinté et al.'’, studying paired values from almost
3,500 children under 5 years of age living in malaria-endemic
areas in sub-Saharan Africa, observed that the Hb/Ht ratio
was not exactly 1/3 and it varies during the first years of life.
They also pointed out that the commonly assumed ‘equivalent’
cut-off points for anemia definition need to be re-evaluated.
Flores-Torres et al.?, studying 6,004 individuals, observed an
overestimation of hemoglobin levels estimated from hematocrit
levels and, therefore, an underestimation of the prevalence
of anemia. This is another argument for adopting a higher
cut-off point (<35%) to estimate the presence of anemia from
the hematocrit levels. Increasing the cut-oft point from 33%
to 35% would allow identifying more individuals at risk of
iron deficiency.

The Brazilian Ministry of Health has implemented several
programs to prevent and treat iron deficiency anemia. It is
crucial to have fast and cost-saving approaches to estimate
the prevalence of anemia, especially in Brazil where universal
intervention are being used, such as supplementation and
fortification of foods with iron?'.

CONCLUSION

Hemoglobin and hematocrit capillary can be used together
or separately to track and assess the prevalence of anemia.
In Brazil, where the prevalence of iron deficiency anemia in
children reaches epidemic proportions, Ht could be easily assessed
in different settings, providing estimates of the prevalence of
anemia and helping designing and implementing strategies to
prevent and treat anemia.
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