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Abstract

Objective. To validate hemoglobin (Hb) concentration in
venous blood (VB) using the HemoCue 201+ in a subsample
of children and women from the Mexican National Health
and Nutrition Survey 2022. Materials and methods.
Prior to field work 50 HemoCue 201+ devices were verified
using venous blood. During the field work 57 children (aged

[-11) and 62 women (aged 12-49) donated 3 mL of VB each.

Hb was measured in each device of HemoCue 201+ and in
a hematologic autoanalyzer for the validation. Results. No
significant bias was found in most of the devices. An adjust-
ment criterion was used for 22 devices. Hb mean difference
results were -0.049+0.578 g/dL in children and -0.098+0.628
g/dL in women. Conclusions. The HemoCue 201+ is a valid
tool for estimating Hb concentration to produce reliable
estimates of anemia prevalence when using venous blood.
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Resumen

Objetivo. Validar la metodologia de determinacion de he-
moglobina (Hb) en sangre venosa usando HemoCue 201+ en
una muestra de nifios y mujeres, de la Encuesta Nacional de
Salud y Nutricion 2022. Material y métodos. Previo al
trabajo de campo, 50 HemoCues fueron verificados usando
sangre venosa. Durante el trabajo de campo, 57 nifos (I-11
anos) y 60 mujeres (12-49 anos) donaron 3 mL de sangre
venosa. La Hb se midio en el HemoCue 201+ y en un au-
toanalizador hematoldgico para la validacion. Resultados.
No se encontrd un sesgo significativo en la mayoria de los
HemoCue. Se usé un criterio de ajuste para 22 HemoCues.
La diferencia promedio de Hb fue de -0.049+0.578 g/dL en
ninos y -0.098+0.628 g/dL en mujeres. Conclusiones. El
HemoCue 201+ es un instrumento valido para estimar la con-
centracion de Hb usando sangre venosa y produce resultados
confiables de la prevalencia de anemia a nivel poblacional.

Palabras clave: hemoglobina; sangre venosa; HemoCue; va-
lidacion

Reliable hemoglobin (Hb) measurements are essential
to monitoring anemia and evaluating the effective-
ness of interventions designed to address anemia and
micronutrient deficiencies.! Since 1999, the Encuesta

Nacional de Salud y Nutricion (Ensanut) has been car-
ried out to provide monitoring of anemia and other
nutritional conditions and inform the design of public
health policies which target populations at higher risk.?
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In Mexico, anemia has been recognized as a public
health problem which particularly affects infants, preg-
nant women, and older adults. For years, the Ensanut
has used drops of capillary blood obtained through
finger pricking to measure Hb with HemoCue devices
(B-Hemoglobin and 201+).® The most recent estimates
of the prevalence of anemia reported in the Ensanut
2018-19,% suggest an increase over the past six years
across all population groups.** This pattern is surpris-
ing given an overall improvement of living conditions
and the recent introduction of multiple interventions to
improve nutritional status in the country.

Notable inconsistencies in Hb determination and
anemia estimation have been reported in previous
studies using drop capillary vs. venous blood.>® In
surveys paired by country and time, a substantial dif-
ference from 9 to 31 percentage points was revealed
in the prevalence of anemia measured through drop
capillary vs. venous blood using HemoCue devices
(201+ and 301+).” Previously, we reported increments
in the magnitude of the random variation (imprecision)
in the determination of Hb concentration from capil-
lary blood drops in comparison to pooled capillary
and venous blood using the HemoCue 201+ using an
hemocounter as reference. At the population level, this
has implications when estimating anemia prevalence
and its severity, since larger random variation of the re-
sults from finger-pricked blood translates to increased
anemia misclassification.?

Measurement of Hb concentration through venous
blood using an hematological analyzer is considered the
gold standard for assessing Hb concentration. However,
this method brings challenges in field settings, notably
due to the need to transport blood samples to labora-
tories within short windows of time. The integrity of
blood samples can also be altered by environmental
conditions such as exposure to humidity and extreme
temperatures.’

In preparation for the Ensanut 2022, the objectives
of this study were to: 1) evaluate the accuracy and pre-
cision of 50 HemoCue 201+ devices to be used in field
work, and 2) validate the results of Hb concentration and
estimation of anemia prevalence through venous blood
using the HemoCue 201+ against the gold standard
method in a subsample of children aged 1-11 and women
aged 12-49 who participated in the Ensanut 2022.

* De la Cruz-Géngora V, Shamah-Levy T, Villalpando S. Overview
of trends in anemia and iron deficiency in the Mexican population
from 1999 to 2018-19. In press, 2023.
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Materials and methods

Ensanut 2022 data was collected from July to Decem-
ber 2022. The procedures, indicators, and scope of the
survey have been published elsewhere.!’

Study I. Precision and accuracy of the
HemoCue 201+

InJune 2022, performance (accuracy and precision) of 50
HemoCue 201+ devices was verified and further calibrat-
ed. Our methodology was based on the determination of
Hb concentration in venous blood samples of five adults
(=20 y) participants, who each donated 8 mL of venous
blood that was collected in two vacutainer tubes of 4 mL
each with ethylenediaminetetraaceticacid (EDTA) as the
anticoagulant. Tubes were inverted 10 times until blood
was well mixed with the EDTA. One tube was used for
the determination of Hb in each of the 50 HemoCue 201+
devices, and the other was sent to a laboratory for the
determination of Hb in a certified hematology analyzer
(SYSMEX XS-1000i, Norderstedt, Germany).

A trained phlebotomist performed venipuncture
and venous blood collection, as well as Hb measure-
ment, in all five participants in each of the 50 HemoCues.
For each HemoCue, a different cuvette was used with
the blood sample. Pasteur pipettes were used to transfer
venous blood from the vacutainers to the HemoCue
cuvettes in batches of 10 each. The HemoCues were
numbered from 1 to 50.

To control for the effect of time on Hb determination
in the blood sample (i.e., coagulation) in addition to us-
ing different HemoCue 201+ devices, each participant’s
measurements were initiated in different order. Partici-
pant 1 samples were measured starting with HemoCue
1 and ending with HemoCue 50. Participant 2 samples
were measured starting with HemoCue 11 and ending
with HemoCue 10. Participant 3 samples were measured
starting with HemoCue 21 and ending with HemoCue
20. Participant 4 samples were measured starting with
HemoCue 31 and ending with HemoCue 30. Participant
5 samples were measured starting with HemoCue 41
and ending with HemoCue 40. An assistant helped
record this information.

Study 2. HemoCue performance in the
field

For the field validation study, a subsample from three
states of Mexico was selected from the ongoing Ensanut
survey to evaluate the performance of the HemoCue de-
vices. States were selected to account for variability in al-
titude, temperature, and humidity, and included Nuevo
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Ledn, Morelos, and Yucatédn. For this subsample, 3 mL
of venous blood were collected in vacutainers contain-
ing EDTA for 57 children aged 1-11 and 60 women aged
12-49. The tube was inverted 10 times until the blood
was homogenized with the anticoagulant. Subsequently,
a Pasteur pipette was introduced to take a sample and
place a drop (~15 mcL) in the microcuvette to be placed
in one HemoCue 201+ device. The Hb reading was
recorded in g/dL. The remaining venous blood in the
vacutainer tube was stored at a temperature of 5-10° C
until it was transferred to a state-certified laboratory for
subsequent Hb analysis in a conventional hematology
autoanalyzer on the same day of sample acquisition.
Only eight HemoCues were used for this subsample.

As per prior agreement with the health laboratories
of each state, samples were analyzed the same day of
blood collection and the resulting Hb concentrations
were considered reference values. In Nuevo Léon, the
CELLDYN 1800 ABBOTT was used; in Morelos the XN-
10 Automated Hematology Analyzer, and in Yucatdn
the XS 1000i™ Automated Hematology Analyzer and
WIENER LAB COUNTER 19.

Statistical analysis
Study 1. Precision and accuracy of the HemoCue 201+

A concordance analysis was performed to study the
precision and accuracy of measurements based on 50
HemoCue devices against the gold standard. Bland
Altman’s analysis was used to study the observed dif-
ferences between Hb determinations.™

Since the 50 HemoCues were to be used in the sur-
vey, the mean of the differences of the Hb concentration
in each HemoCue represented the estimated bias of each
device. A random intercept model was used, the fixed
part was used to estimate the mean difference of each
HemoCue device with respect to the gold standard. The
random part separates the variability due to the subjects,
called the random intercept, and the residual variability
represents the measurement error.!> The mathematical
representation of the model is:

k
Hbi=ﬁo+2Bchj+M0:+ W,
Where:

B, is the intercept of the linear model representing the
mean Hb for the gold standard

p; is the mean difference of HemoCue with respect to
the gold standard

He; is the dummy variable for the HemoCue

i, is the random intercept for the subject

i is the residual error
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A Bonferroni’s multiple comparison technique
was used to identify whether any HemoCue had a
significant deviation from the gold standard. Bias
correction is evaluated as an alternative for those
HemoCues that presented relatively large mean differ-
ences. Bias adjustment was tested using the estimated
mean differences from the model, centering the mean
only for HemoCues with absolute differences higher
than 0.1 g/dL.

Study 2. HemoCue performance in the field

A concordance analysis was performed to study the preci-
sion and accuracy of measurements for the subsamples
of 57 children (aged 1-11) and 60 women (aged 12-49).
Bland Altman’s analysis was used to compare uncor-
rected and corrected HemoCue measurements obtained
in the field, according to the results of study 1. Simple
regression models were used to identify any differences in
temperature and humidity between subsample localities.

Ethical considerations

The Ensanut 2022 and its venous blood validation
component were approved by the Committee of Ethics
in Research and Biosafety commissions of the National
Institute of Public Health of Mexico. Participants pro-
vided written informed consent and children’s parents
authorized their child’s participation.

Results

Study I. Precision and accuracy of the 50
HemoCue 201+

Hemoglobin concentration measurements using the He-
moCue for the five participants showed a mean Hb con-
centration of g/dL, range 13.2 to 18.4 g/dL. Laboratory
analysis showed a mean of g/dL, range 13.6 t0 17.7 g/ dL.

Figure 1 shows the mean Hb concentration of the
five blood samples analyzed in the 50 HemoCues. These
results suggest that the same blood sample for measur-
ing Hb concentration using different HemoCue devices
may show differences up to 10.5] g/dL, and in a few
cases to an even larger magnitude. This implies that the
results of some HemoCue devices should be adjusted
to produce accurate results.

Bonferroni’s multiple comparison test (not shown)
only identified one device with a significant difference.
In our study, we applied a bias adjustment if the mean
difference was 0.1 g/dL or larger, based on the stan-
dard error of mean differences of 0.114 g/dL from the
model. Twenty-two HemoCues (44%) were adjusted
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A) Observed
-0.066+0.268, 95%Cl (-0.592,0.460)

Difference of Hb V201 and VREF (g/dL)

B) Adjusted*
-0.066+0.227, 95%Cl (-0.451,0.438)
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FiGURE |. MEAN DIFFERENCES OBSERVED BETWEEN MEASUREMENTS BY 50 HEMoCuEe 201+ DEVICES AMONG
FIVE PARTICIPANTS PRIOR TO FIELD WORK. MEXico, 2022

adding or subtracting the mean difference to the ob-
served measurements.

Figure 2 shows the model mean Hb estimates for
the five blood samples measured with the 50 HemoCues.
Left image shows the unadjusted estimates, it is clear
that the results depend on the device’s performance. The
right image shows the adjusted HemoCue results. In this
case, the results are very consistent and homogeneous,
which demonstrates that once the devices are verified
and adjusted, they can produce similar results as the
gold standard. The right panel of figures 1 and 2 show
the adjusted results.

We decided to t-test as a cutoff point for device
correction, one standard deviation (in this case, 10.111)
for the average difference of Hb concentration using He-
moCue devices, based on the model-estimated standard
error, as a strict criterion to determine when is necessary
to introduce device adjustments.

Nontheless, HemoCues that produce mean dif-
ferences greater than 10.31 g/dL (99% percentile) are
considered influential and should not be used without
bias correction, and devices with lower differences may
still be useful without bias correction, depending on the
chosen cut off point.

Study 2. HemoCue 201+ performance in the field
Study aimed to determine whether bias adjustment was
necessary for population-level studies in the field setting.

Figure 3 shows Hb differences of HemoCue mea-
surements in children and women, respectively. The
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variation in the difference of mean Hb was greater than
that observed in study 1 in both population groups.
The mean difference of Hb was -0.049+0.578 g/dL in
children and -0.098+0.628 g/ dL in women, which were
reduced to -0.029+0.594 and -0.065+0.647, respectively,
after applying the bias adjustments.

Figure 4 shows the same results using a correla-
tion of concordance analysis. Although the results
improved after adjustment, those were not very dif-
ferent because variation is attributable to the blood
sample and the technical skills of our field personnel,
and not to the performance of the HemoCue devices.
As expected, the variation of the results was larger in
the field than in the calibration that took place under
more controlled conditions. The dispersion of Hb
data in the field (CI95%) using HemoCue was around
1.2 g/dL against 0.5 g/dL under laboratory settings.
This variation may be acceptable for population
studies, but it may be too large for anemia diagnose
in individuals. For the latter, a more intense training
of the sampling personnel is needed to produce reli-
able determinations with a total variation of Hb 0.5
g/dL or lower.

Environmental conditions of our study did not
contribute to the mean differences in Hb measurements.
The humidity values were in the range 26 to 98%, and
temperature were in the range 10 to 33°C. In the re-
gression model, changes in one unit of humidity (coef:
-0.0024, p=0.462) or temperature (coef: -0.007, p= 0.566)
were not associated with changes in the mean difference
between Hb values (data not shown).
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a) Before adjustment

Women
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FiGURE 4. CONCORDANCE ANALYSIS OF HEMOCUE 20 | + PERFORMANCE IN CHILDREN AND WOMEN. MEXico, 2022

Due to limited sample size, zero children and four
women had anemia according to the reference venous
blood in this subsample. Using the HemoCue, anemia
prevalence was identified in one child and eight women
before bias adjustment, and one child and six women
after bias adjustment.

Performance of the adjustment of Hb in the overall sample of
Ensanut participants

The adjustment criteria calculated in the study 1 was
applied to the Hb data in the overall Ensanut 2022
sample to assess potential differences in anemia clas-
sification. Through venous blood the values were not

salud piiblica de méxico | vol. 65, no. 6, noviembre-diciembre de 2023

statistically significant (p< 0.05), although anemia
prevalence was slightly lower after bias adjustment
in 22 HemoCues (table I). These results suggest that
for population-level studies, the use of venous blood
when analyzed in point-of-use hemoglobinometers
may perform acceptably in the classification of anemia.
Bias adjustment may only be needed for those devices
with larger differences (= 10.3| g/L) as compared to
the gold standard.

Discussion

The present study offers two major findings: 1) perfor-
mance of the HemoCue 201+ using venous blood in
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the field setting is able to acceptably estimate anemia
prevalence with no evidence of bias, and 2) adjustment
of systematic errors may be needed for select HemoCue
devices in cases when the difference of measured values
against the gold standard is high (e.g, >10.31 g/dL). In
population-level studies, variability among Hb measure-
ments often depends on the quality of the blood sample
and the skills handling by the technician to collect and
process the blood sample and the use of the method
rather than the point-of-use device. Using venous blood,
variations as large as 0.5 g/ dL in laboratory setting, and
as larger as 1.2 g/dL in the field may be expected. This
variation may be acceptable at the population level, but
is not recommendable for diagnosing anemia in individu-
als. Precision of Hb measurements using the HemoCue
201+ was good, and most devices (95% or more) showed
strong accuracy in Hb measurement from venous blood
as compared to the gold standard. Our results suggest
that for population studies devices with an average dif-
ference above 10.3| g/dL (99" percentile) should either
be discarded or adjusted for bias as previously described.
For individuals, adjustment for bias may be needed if it is
larger than 10.11 g/dL for a precise diagnose of anemia.

The Ensanut 2022 data used for this validation
study was collected in real-time. Protocols required
phlebotomists with previous experience, and new
personnel were thoroughly trained. Standardization
and training of personnel who measured Hb concen-
tration using HemoCues were checked against the
quality criteria established in the present study, where
the total variation of results must be lower than 1.0
g/dL when compared against the results of a hematol-
ogy autoanalyzer. However, differences between the
HemoCue values and those of the gold standard were

Table |
ANEMIA PREVALENCE IN THE MEXICAN POPULATION
BY AGE GROUP, BY BIAS ADJUSTMENT.
MEexico, ENsaNuT 2022

Before adjustment After adjustment™®

Delta
Age group inyears o, 95%Cl % osucr (PP
Children 1-4 693 (4590033 679 (4481018 014
Children 5-11 39 (IS719 379 (01704 017

Adolescents 1219 1053 (6.8,16) 011 (68147) 042

Women 20-49 16.04  (12.98,19.67) 1598  (12.84,19.71)  0.06

Older adults =60 1039 (7.29,14.60) 1031 (7.2,14.55) 0.08

* Adjustment was performed for 22 HemoCue devices

(pp): Percentage points (pp)
Ensanut: Encuesta Nacional de Salud y Nutricion.
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much larger (1.1-1.2 g /dL 95%ClI) in the field than those
obtained in the laboratory with the reference blood
samples (0.5 g/dL 95%CI) and in our prior study,* the
use of bias adjustment (for most devices between 10.11
and 10.21 g/dL, and for a few devices between 10.3
and 10,51 g/dL) had a small influence on population-
level results. Most variation among results is dependent
on the quality of blood samples and their handling
by technicians.”*!> These results suggest the need for
more care towards reducing variation associated with
the collection and processing of blood samples in the
field and the use of the HemoCue's. Prior to start a
field study, it is important to ensure that the variation
of results using venous blood is lower than 11.01 g/dL
against results obtained with the same blood samples
in a hematology analyzer. If higher precision is required
the hematology autoanalyzer should be considered as
the superior measurement tool. Using capillary blood
drops the variation of results can increase two-fold or
more compared to venous blood.® Therefore, values
measured through capillary blood drops have a higher
probability of being erroneous.

Environmental factors such as temperature and
humidity affect microcuvettes and, hence, Hb estima-
tion. In the present study, temperature and humidity
were not found to be associated with variations in Hb
concentration.’ The range of temperatures within study
areas was 10 to 33°C and humidity from 26 to 98%.
Within this ranges, the HemoCue has demonstrated
good performance when microcuvettes are kept closed
in storage and until and the device is kept at a stable
temperature (not exposed to sunlight).!®

Even despite the limited sample size used for ane-
mia classification, the low proportion of anemia found
in this subsample was unexpected. When analyzing all
population groups, anemia prevalence was low in com-
parison with previous surveys.!” Anemia classification
results using venous blood did not change significantly
after the bias adjustment.

In the present Ensanut survey, some states of the
Mexican Republic have population representativeness.
In the study Primera Infancia, data on Hb concentration
through pooled capillary blood was collected in 559
children, while in Ensanut, Hb was measured in 46
children using venous blood. Both samples were inde-
pendent and representative of children aged 1-4 years
from Nuevo Leén. Anemia, as measured through Hb
in pooled capillary blood was classified in 5.6% (3.1,
10.1)'® while in venous blood it was 5.3% (1.3,19.6).
These results confirm, as reported previously,® that
pooled capillary blood and venous blood yield similar
Hb estimates and the results obtained in the present
survey are dependable.
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Regarding the subsample of participants who do-
nated venous blood, one limitation is that results may
be related to response propensity, biasing towards those
who are more willing to participate. The Ensanut 2022
response rate (around 48%) was similar to previous
Ensanut surveys.

To our knowledge, the present study is the first
validation of Hb measurement in an Ensanut survey.
Verification and, when needed, bias identification and
adjustment of HemoCue devices is a useful procedure
that should be done for each survey prior to field work.
Systematic errors may occur using HemoCue devices and
should be corrected for with bias adjustment to improve
the accuracy of Hb measurements. The use of a random
intercept model is an appropriated way to adjust the
devices based on the estimated the mean differences.

The current validation study confirms that the
HemoCue 201+ allows reliable Hb measurements when
using venous blood for anemia classification. Further
studies will allow a better understanding of the main
causes, determinants, and drivers of anemia to target
interventions and monitor progress for population
groups at higher risk.!

Conclusions

The performance of the HemoCue 201+ using venous
blood samples was acceptable to estimate Hb concen-
tration in the Ensanut and produce reliable estimations
of anemia prevalence. Measurement accuracy was
improved after the adjustment of minor systematic
error found in some HemoCue devices. In subsequent
surveys, the performance of HemoCue devices should
be routinely analyzed and calibrated.

Declaration of conflict of interests. The authors declare that they have no
conflict of interests.

References

I. Organizacion Mundial de la Salud. Marco global de vigilancia en
nutricion: directrices operacionales para el seguimiento de los pro-
gresos hacia el logro de las metas para 2025. Geneva: OMS, 2018 [cited
April 24,2016]. Available from: https://www.who.int/es/publications/i/
item/9789241513609

2.Rivera JA, Sotres-Alvarez D, Habicht JP, Shamah-Levy T,Villalpando

S. Impact of the Mexican program for education, health, and nutrition
(Progresa) on rates of growth and anemia in infants and young children.A
randomized effectiveness study.] Am Med Assoc. 2004;291(21):2563-70.
https://doi.org/10.1001/jama.291.21.2563

3. Shamah-Levy T,Vielma-Orozco E, Heredia-Hernandez O, Romero-Martinez
M, Mojica-Cuevas ), Cuevas-Nasu L, et al. Encuesta Nacional de Salud y
Nutricion 2018-19: Resultados Nacionales. Cuernavaca: Instituto Nacional de
Salud Publica, 2020 [cited April 24,2016].Available from: https://ensanut.insp.
mx/encuestas/ensanut20 | 8/doctos/informes/ensanut_2018_informe_final.pdf

salud piiblica de méxico | vol. 65, no. 6, noviembre-diciembre de 2023

4. Gutiérrez JP, Rivera-Dommarco JA, Shamah-Levy T, Villalpando-
Hernandez S, Franco A, Cuevas-Nasu L, et al. Encuesta Nacional de Salud y
Nutricion 2012. Resultados Nacionales. Cuernavaca: Instituto Nacional de
Salud Publica, 2012 [cited April 24,2016]. Available from: https://ensanut.
insp.mx/encuestas/ensanut20 | 2/doctos/informes/ENSANUT20 1 2Resul-
tadosNacionales.pdf

5. Rappaport Al, Karakochuk CD, Hess SY, Whitehead RD, Namaste SML,
Dary O, et al.Variability in haemoglobin concentration by measurement
tool and blood source:An analysis from seven countries. ] Clin Pathol.
2021;74(10):657-63. https://doi.org/10.1 136/jclinpath-2020-2067 17

6. Larson LM, Braat S, Hasan MI, Mwangi MN, Estepa F, Hossain §J, et al.
Preanalytic and analytic factors affecting the measurement of haemoglobin
concentration: Impact on global estimates of anaemia prevalence. BM|
Glob Health.2021;6. https://doi.org/10.1 136/bmijgh-2021-005756
7.Hruschka DJ,Williams AM, Mei Z, Leidman E, Suchdev PS,Young MF, et al.
Comparing hemoglobin distributions between population-based surveys
matched by country and time. BMC Public Health. 2020;20. https://doi.
org/10.1186/s12889-020-08537-4

8.De la Cruz-GongoraV, Méndez-Gomez-Humaran |, Gaona-Pineda EB,
Shamah-Levy T, Dary O. Drops of capillary blood are not appropriate for
hemoglobin measurement with point-of-care devices:a comparative study
using drop capillary, pooled capillary, and venous blood samples. Nutrients.
2022;14(24). https://doi.org/10.3390/nu 14245346

9.Whitehead RD, Zhang M, Sternberg MR, Schleicher RL, Drammeh B, Ma-
pango C, et al. Effects of preanalytical factors on hemoglobin measurement:
A comparison of two HemoCue point-of-care analyzers. Clin Biochem.
2017;50(9):513-20. https://doi.org/10.1016/j.clinbiochem.2017.04.006

10. Romero-Martinez M, Barrientos-Gutiérrez T, Cuevas-Nasu L, Bautista-
Arrendondo S, Colchero MA, Gaona-Pineda EB, et al. Metodologia de la
Encuesta Nacional de Salud y Nutricion 2022 y Planeacion y disefio de la
Ensanut Continua 2020-2024. Salud Publica Mex. 2022;64(5):522-9. https:/
doi.org/10.21149/14186

I . Martin-Bland J,Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. The Lancet.
1986;327(8476):307-10. https://doi.org/ 10.1016/S0140-6736(86)90837-8
12. Ziegel ER, Brown H, Prescott R.Applied mixed models in medicine.
Technometrics. 2000;42(4):442-3. https://doi.org/10.2307/1270978

I3. Conway AM, Hinchliffe RF, Earland J,Anderson LM. Measurement of hae-
moglobin using single drops of skin puncture blood: Is precision acceptable?
J Clin Pathol. 1998;51(3):248-250. https://doi.org/ 0.1 136/jcp.51.3.248

|4. Mazariegos DI, Martinez C.Validation of reliable methodologies for
hemoglobin and micronutrient assays in Honduras. Guatemala: Instituto
de Nutricion de Centro América y Panama, 2019.

I5. Instituto de Nutricion de Centro América y Panama, Organizacion
Panamericana de la Salud, U.S.Agency for International Develpment. Informe
Fase A:Verificacion de la confiabilidad de los equipos HemoCue y el tipo de
extraccion sanguinea en la determinacion de hemoglobina. Proyecto “Gener-
acion de informacion valida y confiable sobre deficiencias de micronutrientes
en nifos de 6-59 meses y mujeres en edad fértil residentes en siete comuni-
dades del departamento de Intibuca en Honduras.Tegucigalpa: INCAP, 2019.
16. HemoCue. HemoCue Hb 201 + Operating Manual Manuel
d'utilisation. Angelholm, 2023 [cited April 24, 2016]. Available from: https://
www.michigan.gov/documents/mdhhs/hemocue_operating_manual_
app_d_hb20Imanual_543516_7.pdf

I7. Mejia-Rodriguez F, Mundo-RosasV, Garcia-Guerra A, Mauricio-Lopez
ER, Shamah-Levy T,Villalpando S, et al. Prevalence of anemia in the Mexican
population: the analysis of Ensanut Continua 2022. Salud Publica Mex.
2023;65(suppl 1):225-30. https://doi.org/10.21149/14771

18.De la Cruz Gongora V,Villalpando S, Garcia-Guerra A, Shamah-Levy
T.Anemia en preescolares y escolares. En: Encuesta Nacional de Salud y
Nutricion Continua 2022 e indicadores para la primera infancia. Resul-
tados de Nuevo Leon. Cuernavaca: Instituto Nacional de Salud Pblica,
2023.Available from: https://www.insp.mx/resources/images/stories/2023/
docs/230920_Nvoleon22_Ensanut.pdf

619


https://www.who.int/es/publications/i/item/9789241513609
https://www.who.int/es/publications/i/item/9789241513609
https://doi.org/10.1001/jama.291.21.2563
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_informe_final.pdf
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_informe_final.pdf
https://ensanut.insp.mx/encuestas/ensanut2012/doctos/informes/ENSANUT2012ResultadosNacionales.pdf
https://ensanut.insp.mx/encuestas/ensanut2012/doctos/informes/ENSANUT2012ResultadosNacionales.pdf
https://ensanut.insp.mx/encuestas/ensanut2012/doctos/informes/ENSANUT2012ResultadosNacionales.pdf
https://doi.org/10.1136/jclinpath-2020-206717
https://doi.org/10.1136/bmjgh-2021-005756
https://doi.org/10.1186/s12889-020-08537-4
https://doi.org/10.1186/s12889-020-08537-4
https://doi.org/10.3390/nu14245346
https://doi.org/10.1016/j.clinbiochem.2017.04.006
https://doi.org/10.21149/14186
https://doi.org/10.21149/14186
https://doi.org/10.1016/S0140-6736(86)90837-8
https://doi.org/10.2307/1270978
https://doi.org/10.1136/jcp.51.3.248
https://www.michigan.gov/documents/mdhhs/hemocue_operating_manual_app_d_hb201manual_543516_7.pdf
https://www.michigan.gov/documents/mdhhs/hemocue_operating_manual_app_d_hb201manual_543516_7.pdf
https://www.michigan.gov/documents/mdhhs/hemocue_operating_manual_app_d_hb201manual_543516_7.pdf
https://doi.org/10.21149/14771
https://www.insp.mx/resources/images/stories/2023/docs/230920_NvoLeon22_Ensanut.pdf
https://www.insp.mx/resources/images/stories/2023/docs/230920_NvoLeon22_Ensanut.pdf

