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ABSTRACT

Background: Prompt risk assessment and early intervention is essential to improve outcomes in children with anemia. Resource-poor settings mandate the
use of tests that are inexpensive, noninvasive, reliable, and durable. This study aimed to utilize the Noninvasive Screening of Anemia (NISA) color shade
card to present the real-world user experience of medical practitioners in using the tool among children aged 6- 60 months.

Methods: The NISA shade card was used to determine the presence or absence of anemia and grade the severity by comparing the natural color tint of
palpebral conjunctiva with the shade card. A feedback questionnaire was used to assess the experience of using the tool. Descriptive statistics were analyzed
using R software.

Results: Nine pediatricians participated in this user experience and observations from 173 children were included. The sensitivity and specificity of the NISA
shade card for risk assessment of anemia were 80.83% (95% confidence interval [CI], 72.64%-87.44%) and 66.04% (95% CI, 51.73%-78.48%), respectively.
The tool was rated from good to very good by the pediatricians for its utility as an anemia risk assessment shade card. It was agreed that caregivers could
effectively use it with proper training.

Conclusion: The NISA shade card may serve as an additional screening aid to clinicians in their routine practice. The ease of use and simplicity of interpreting
combined with other clinical clues could make it an effective risk assessment tool in identifying children at risk of anemia.

*Corresponding author
Nandhini Kumaran, Senior Pediatrician, Clinic for Children, Coimbatore, Tamil Nadu, Clinic for Children, Coimbatore, 63 Sarojini, St. Ram Nagar,
Coimbatore, Tamil Nadu 641009, India. Tel: 09899056449.

Received: February 28, 2023; Accepted: March 09, 2023; Published: March 20, 2023

Keywords: Anemia, Hemoglobin, Infant, Public health children aged 6—59 months was 39.8% (95% confidence interval
[CI], 36.0%—43.8%) [3]. In India, 67% of children aged 659
Introduction months were anemic (hemoglobin [Hb] levels were below 11.0 g/

Anemia is a severe global public health problem affecting over dL), which was higher than the National Family Health Survey-4
half of preschool children and pregnant women in developing estimate of 59%. Anemia is more prevalent among children
countries [1, 2]. In 2019, the global prevalence of anemia among  younger than 35 months than among older children, with a peak

J Pediatr Res Rev Rep, 2023 Volume 5(2): 1-7



Citation: Gunasekaran S, Raju Subramaniam, Rajesh VT, Navamani Prabakar, Nandhini Kumaran, et al. (2023) Noninvasive Color-Based Shade card for Risk Assessment

of Anemia in Young Children: A Real-World User Experience. Journal of Pediatrics Research Reviews & Reports. SRC/JPRRR-164.

DOI: doi.org/10.47363/JPRRR/2023(5)151

prevalence observed among children aged 12—17 months [4].
During infancy and early childhood, the presence of anemia can
lead to long-term adverse effects on physical and neurocognitive
development [5]. Iron deficiency is the most common type of
mononutrient deficiency seen in children from low- and middle-
income countries. Many preschool children in these countries
remain vulnerable to iron deficiency anemia [6, 7].

Prompt risk assessment and early intervention can improve
outcomes in infants and children with anemia [5]. Point-of-care
diagnostic tests for anemia enable the identification of the condition
among patients presenting at healthcare facilities. However, the
use of such tests in peripheral health units where resources are
scarce as well as in individual homes may not be viable, especially
in low- and middle-income countries [8]. Hence, such settings
mandate the use of tests that are inexpensive, noninvasive, reliable,
durable, and independent of a power source [9, 10]. Multiple such
simple tests have been developed, but they still rely on the use of
either standard reagents or equipment and are often difficult to
use. The Hemoglobin Color Shade card (HCS) developed by the
World Health Organization (WHO) does not require any reagents
but needs either a finger prick or venipuncture to draw blood for
color-matching. This may not be practical when the supply of
instruments and sterilization are not reliable [11]. Moreover, a
noninvasive method is likely to be better received by children.
Kramer’s scale and transcutaneous bilirubinometry are two non-
invasive tools used to diagnose neonatal jaundice. However, their
utility is restricted to a screening method due to subjectivity in
visual assessment [12].

Hence, researchers worldwide have attempted to develop
screening shade cards for anemia that use hue guides to match
the conjunctival pallor [8, 9,13]. Such shade cards are believed
to reduce the subjectivity in the visual estimation of conjunctival
pallor.

One such tool, the Non-Invasive Screening of Anemia (NISA)
color shade card was developed based on the user experience by
Chowdhury et al. as a 13 ordinal shade guide with each shade
denoting a code ranging from nonanemic to severe anemia. Hence,
the objectives of the present study were to evaluate the real-world
experience of medical practitioners in using the NISA shade card
as a risk assessment tool among children between 6 months to
60 months of age and to further provide recommendations to
potentially improve its usability in the Indian setting.

Methodology

The present user experience was conducted in Tamil Nadu, India,
between February 2022 and April 2022. The NISA color shade
card was compared with the routine laboratory Hb estimation,
and its real-world user experience was recorded.

NISA Shade Card

The NISA color shade card consists of a color spectrum that is
matched with the natural color tint of the palpebral conjunctiva of
children with different Hb levels. The color shade card has been
developed based on the criteria provided by Chowdhury et al., who
suggested the inclusion of 13 ordinal shades of pink, ranging from
nearly paper white appearance to deep pink. These were coded 1
to 13 respectively. The shades were developed by mixing specific
proportions of color on Microsoft PowerPoint 97 and printed at a
resolution of 1440 x 720 dpi [9] (Figured as Figure 1).
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Figure 1: Percentages of anemia cases based on severity as per
laboratory investigations and the NISA card method

Usage of NISA Shade Card

The screening was done by comparing the conjunctival pallor
with the NISA color shade card. The lower eyelid was everted,
and the color of the palpebral conjunctiva was matched with the
closest available shade on the card. A corresponding code and its
interpretation were noted. Codes ranged from 1 (paper white color)
denoting severe anemia to 13 (deep pink) denoting non-anemia.

Reference Shade Card
The reference for the NISA shade card was Hb levels estimated
by using an automated blood analyzer (Gold standard test).

Data Collection

A total of nine pediatricians working in private clinical settings
across Tamil Nadu, India, participated in the user experience study
between February 2022 and April 2022. A brief demonstration of
the correct method of use of the NISA shade card was provided.
Pediatricians were provided with NISA cards for use.

Before clinical history taking and physical examination, the
practitioners were asked to use the NISA shade card and determine
the presence or absence of anemia and grade the severity where
relevant. Anonymized information from only those patients
presenting with various anemia etiologies and scheduled to have
their Hb levels measured via a complete blood count as part of
their routine clinical care were considered.

The WHO criteria for grading anemia were used. Children under
the age of 5 years were classified as anemic when their Hb levels
were below 11 g/dL [14]. Severe anemia was defined as Hb levels
below 7.0 g/dL, moderate anemia as Hb levels 7.0-9.9 g/dL, and
mild anemia as Hb levels 10.0-10.9 g/dL [15].

At the end of 2 months, the doctors were revisited, and their
user experience was recorded using a semi-structured, validated,
06-item questionnaire (Annexure 1). The questionnaire recorded
the convenience of use, the feasibility of this shade card when
used by caregivers, challenges in using the NISA shade card, and
recommendations.

Statistical Analysis Plan

Statistical analysis was done using R software version 4.2.1.
Criterion validity in terms of, sensitivity, specificity, positive
predictive value, negative predictive value, positive likelihood
value, negative likelihood value, and accuracy was calculated
with standard formulas using the confusion matrix. The Hb level
estimated using an automated blood analyzer was considered
the gold standard. Different components of the confusion matrix
were defined as:
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*  True Positive: Diagnosed as anemic using the gold standard
test and diagnosed as anemic with the tool used.

e True Negative: Diagnosed as non-anemic using the gold
standard test and diagnosed as non-anemic with the tool used.

» False Positive: Diagnosed as non-anemic using the gold
standard test and diagnosed as anemic with the tool used.

»  False Negative: Diagnosed as anemic using the gold standard
test and diagnosed as non-anemic with the tool used.

Results

Nine pediatricians participated in this user experience. Information
from a total of 173 children was included. The average age was
25.24+14.1 months (6 months—60 months). Among the included
173 children, 101 (58%) were males and 73 (42%) were females.
The mean Hb concentration was 9.84 g/dL. Hb estimation with
laboratory investigation indicated that 7.5% of the children
presented with severe anemia, 24.9% had mild anemia, and 37%
had moderate anemia. Around 30.6% of the user experience
population was found to be nonanemic (Table 1).

Table 1: Patient-related characteristics

Parameters Value

Age (Years) Mean £+ SD; Median | 25.2+14.1; 24
Range 6-60

Gender N(%) Male/Female 101(58)/72(42)

Hemoglobin (g/dl) Mean + SD; Median | 9.84+1.92; 10.2
Range 3.8-14.9

Anemia N (%) Nonanaemic 53(30.6)
Mild anemia 43(24.9)
Moderate anemia 64(37.0)
Severe anemia 13(7.5)

SD — standard deviation

Risk assessment of anemia with NISA color shade card

A risk assessment by the NISA color shade card revealed that the
percentage of cases presenting with severe anemia was lowest
(6.9%), followed by moderate anemia (20.3%) and mild anemia
(39.3%). Approximately 33% of the population was found to be
nonanemic.

Comparison of anemia cases as per laboratory tests and NISA
Shade Card

Laboratory tests in the user experience population revealed that the
percentage of non-anemia, mild, moderate, and severe anemia was
30.6%, 24.9%, 37%, and 7.5%, respectively. On the other hand,
the percentage of nonanemic cases was a little higher in subjects
evaluated with the NISA shade card, that is, 33.5%. The percentage
of anemia cases classified as mild and moderate were 39.3% and
20.3%, respectively. However, the percentage of cases classified
as severe anemia by the NISA shade card was only 6.9% (Figure
1) Around 3% of the cases were wrongly diagnosed as non-anemic
by the NISA shade card. However, while distinguishing the cases
based on severity, there was a difference of 15% in mild cases
and around 17% in moderate cases compared to the gold standard
test values. The NISA shade card diagnosed cases in concordance
with the gold standard test for severe cases.

Diagnostic Validity
«  Table 3 provides the sensitivity, specificity, positive predictive
value, negative predictive value, likelihood ratio (positive and

negative), and accuracy of the NISA shade card based on the
values obtained from table 2

Table 2: Compares the diagnosis of anemia cases as per
laboratory tests and NISA Shade Card

NISA color Hb levels estimated by using Total
shade an automated blood analyzer
diagnosis (Gold Standard test)

Anemia Anemia

Present absent
Anemia 97 (TP) 18 (FP) 115
present
Anemia absent 23 (FN) 35 (TN) 58
Total 120 53 173

Table 3: Sensitivity, specificity, likelihood ratio, and predictive
value of NISA shade card

Parameter Value 95% CI
Sensitivity 80.83% 72.64%—87.44%
Specificity 66.04% 51.73%-78.48%
Positive likelihood ratio 2.38 1.62-3.50
Negative likelihood ratio 0.29 0.19-0.44
Positive predictive value 84.35% 78.57%—88.79%
Negative predictive value 60.34% 50.12%—69.74%
Accuracy 76.30% 69.25%-82.42%
CI: Confidence interval

»  The sensitivity and specificity of the NISA shade card for the
diagnosis of anemia were 80.83% (95% CI, 72.64%—87.44%)
and 66.04% (95% CI, 51.73%—78.48%), respectively.

* A sensitivity of 80.83% implies that the NISA shade card
correctly identified 80.83% of the children who had anemia
but missed diagnosing 19.17% of positive cases (false negative
cases). While the specificity of 66.04% suggested that the
NISA shade card correctly identified 66.04% of children
who did not have anemia but missed excluding 33.96% of
children not having anemia (false positive).

e True Positive (TP): Diagnosed as anemic using the gold
standard and diagnosed as anemic with the tool used.

e True Negative (TN): Diagnosed as non-anemic using the
gold standard and diagnosed as non-anemic with the tool used

e False Positive (FP): Diagnosed as non-anemic using the
gold standard and diagnosed as anemic with the tool used.

¢ False Negative (FN): Diagnosed as anemic using the gold
standard and diagnosed as non-anemic with the tool used.

The positive predictive value was 82.85% (95% CI, 76.67%—
87.66%), suggesting that participants with a positive test truly
have anemia and false-positive outcomes are minimal. The
negative predictive value was 62.92% (95% CI, 52.84%—-71.99%),
suggesting participants with negative tests do not have anemia.
The true positive rate was 84.37%.

The accuracy of the test was 75.95% (95% ClI, 68.88%—82.11%),
indicating the ability of this test to fairly detect a condition when
it is present.

Table 4 indicated that below 12 months of age, the sensitivity
was lower than the overall sensitivity, whereas it had a higher
specificity. Above 12 months of age, the sensitivity improved,
whereas the specificity decreased.
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Table 4: Sensitivity and specificity of the NISA shade card in children below and above 1 year of age

Age Below 1 year Above 1 year

(in months) (Value [CI]) (Value [CI])

Sensitivity 73.08% 82.98%
(52.21%—-88.43%) (73.84%—-89.95%)

Specificity 80.00% 60.53%
(51.91%-95.67%) (43.39%—75.96%)

CI: Confidence interval

Feedback Questionnaire

Eight of nine pediatricians participated in the feedback survey. All the pediatricians agreed that the NISA shade card was user-friendly
in assessing the risk of anemia among children. They also reported that shades given in the card helped differentiate between anemia
categories.

One of eight pediatricians opined that the older age of the child, especially those with illnesses, may limit the use of NISA cards. All
the pediatricians rated the NISA card from “very good” to “good” and agreed that caregivers will be able to screen their child for
anemia following the instructions printed on the NISA card. Among recommendations for improving the efficacy of the NISA card,
the pediatricians suggested that the shape of the card could be modified for ease of use. Another suggestion was to add additional
parameters to assess palmar pallor. Table 5 presents the user experience of the included pediatricians.

Table 5: User experience of pediatricians

Question Response Comments

Do you think that the NISA card is user-friendly in assessing
the risk of anemia in infants?

Yes 08 Nil
No 0
Not applicable -

Were the shades given in the card helpful in differentiating
between the anemia categories?

Yes 08 Nil
No 0
Not applicable -

Did you experience any patient-related challenges that limited
the anemia screening ability of the NISA card?

The skin color of the child

Yes 0 Nil

No 07

Not Applicable 01

Age of the child

Yes 01

No 04 Experienced difficulty in older children with diseases
Not applicable 03

Please rate the NISA card in terms of its utility as an anemia
risk assessment shade card

Poor

Average

Good

Very good 04
Excellent 04

Do you think that caregivers will be able to assess the risk of
anemia in their child by following the instructions printed on

the NISA card?

Yes 08

No 00

Any recommendations for improving the efficacy of the NISA | 02 Modify the shape of the card/reduce the size of the
card? card.
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01 Include palmar pallor along with conjunctival pallor
01 Difficulty in crying infants
01 Well-designed and easy to use

Discussion

The results of this user experience indicate that the NISA card had
a sensitivity of nearly 80% and a specificity of 66% in identifying
children at risk of anemia. The overall user experience of the NISA
card ranged from “good” to “very good,” and most doctors felt
that the card can be used by caregivers to screen for anemia. It
is reported that in children aged 28 days to 5 years, 1.8 million
deaths may be avoided each year if their Hb levels are raised
by 1 g/dL [14]. Timely detection of these cases is important to
initiate early intervention. Accurate diagnostic tests can confirm
the diagnosis of anemia; however, in resource-poor settings, these
may not be viable as they require constant quality control by staff,
the use of reagents, and consumables. To overcome this, the WHO
introduced the HCS. Under ideal settings, this shade card was
found to improve the diagnosis of anemia with a sensitivity of
85%-99%. Nevertheless, the diagnostic accuracy was found to
be lower when the same shade card was studied under real-world
conditions (sensitivity, 76%—88%). Moreover, the test is invasive,
reducing its utility among the child population. Considering the
variation in the diagnostic accuracy of the test when deployed
in ideal and real-world settings, it was decided to investigate the
user experience and diagnostic accuracy of the NISA shade card
in the real-world setting [16].

Several studies have reported the use of a color shade card against
pallor in the estimation of anemia [8, 9, 13]. Chowdhury et al.
developed a color shade card to assist in the clinical assessment of
anemia by measuring conjunctival pallor. They found that using the
color shade card in assessing conjunctival pallor added an objective
element to the screening of anemia. When used to detect pallor at
multiple anatomic sites along with a detailed medical history of
physical symptoms, it further helped to improve both sensitivity and
specificity of the assessment. The color shade card was also found
to be useful in raising the interobserver agreement (Chowdhury,
2002). Kalicki et al. investigated the usefulness of “HemoHue
HH1”—a calibrated hue shade card for the noninvasive assessment
of anemia by matching the pallor of the conjunctiva with the visual
shade card. They reported discrepancies between the estimated
and the measured Hb level and attributed this to varying degrees
of degenerative ocular condition and vascular dysfunction seen in
their user experience population who were principally aged and were
on chronic hemodialysis [13]. Ugashoro et al. evaluated the ability
of parents to recognize pallor using a simple Home-Based Anemia
(HB-Anae) screening shade card. They reported that when parents,
after brief training, used the home-based screening shade card, they
could identify pallor better. Hence, among parents, the ability to
detect pallor while using the shade card matched positively with
the clinical detection of pallor by healthcare workers [8].

In the present user experience, the NISA color card was used to
compare the conjunctival pallor with the shade guide and detect
anemia in children. The results suggested that the NISA shade card
was able to detect anemia with around 80% sensitivity and 76%
accuracy, suggesting that the shade card can reasonably identify
true-positive cases of anemia.

Clinical examination of anatomic sites where the capillary bed is
visible through the skin or mucous membranes is a viable option
for the detection of pallor [10]. Conjunctival pallor alone or in
combination with palmar pallor may be used to predict severe

anemia with high precision [17]. Trained healthcare workers
can readily identify pallor, and physicians often utilize clinical
assessment of pallor as a screening test and ask for a Hb test if
any of the sites indicate the presence of pallor. This is a common
practice in low-resource settings or crowded departments of
public hospitals [18]. Severe anemia may be identified by visual
inspection for the presence of significant skin pallor, pale nail beds,
and palms. The conjunctiva provides a more sensitive and accurate
estimation independent of skin pigmentation. However, this is
mostly observer-dependent because the intensity of the conjunctiva
color is not often matched with a reference hue [13]. In the present
user experience, pallor in the palpebral conjunctiva was compared
with the NISA color shade card. While most pediatricians were
comfortable with the use of the card against conjunctival pallor,
one practitioner suggested the incorporation of palmar pallor
for improved detection. Stoltzfus et al. suggested that although
imperfect, the use of pallor to screen for anemia is still a plausible
test in areas of severe anemia. Furthermore, the authors ascertained
that the sensitivity of examination can be improved by increasing
the number of sites assessed for pallor, for example, palmar and
conjunctival, which may be easily achievable [19].

The overall sensitivity of the NISA shade card was around 80%.
On the one hand, laboratory tests in the user experience population
revealed that the percentage of non-anemia, mild, moderate, and
severe anemia was 30.6%, 24.9%, 37%, and 7.5%, respectively.
On the other hand, the NISA shade card detected 33.5%, 39.3%,
20.2%, and 6.9% of cases with non-anemia, mild, moderate, and
severe anemia, respectively. The difference in percentages of mild,
moderate, and severe cases may be attributed to possible variations
in the classification of positive anemia cases when using the NISA
shade card. The color shade card developed by Chaudhary et al.
when used along with clinical assessment offered a sensitivity
and specificity of 83% and 91%, respectively [9]. The sensitivity
and specificity of the HemoHue HH1 test were 50% and 73%,
respectively [13]. Ughasoro et al. reported that the sensitivity and
specificity of the home-based Anemia (HB-Anae) screening shade
card used by parents when compared to the detection of anemia
by healthcare workers were 77% and 84.7%, respectively [8].

Importantly, the sensitivity of clinical assessment of conjunctival
pallor in diagnosing anemia was found to be 47.6%, whereas the
sensitivity of the NISA card was substantially higher (80%) in
this user experience [6].

With this card, the accurate assessment of the severity of anemia
may not be as critical as the assessment of the presence of anemia
itself. Here, over-screening cases as mild may be acceptable
(24.9% of mild cases detected by laboratory test vs. 39.3% detected
by NISA card) as the final decision of treatment still lies with the
healthcare practitioner. Systematic reviews have substantiated our
findings by concluding that most color shade cards are reasonably
accurate in diagnosing mild and moderate anemia, particularly in
circumstances where there is no access to a laboratory [2, 15].

It was found that the sensitivity of the test improved in children
aged above 12 months. The National Family Health Survey of
India-5 suggested that the peak prevalence of anemia is observed
in 12—-17 months. However, the improvement in sensitivity may be
attributed to the child’s cooperation during physical examination.
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Strengths and Limitations

The present user experience was performed in real-world settings
to explore the user experience of the color shade card. While
instructions for use were shared with the doctors, no attempt was
made to standardize lighting to keep it as a real-world experience.
It was insisted that the NISA card be used before any history taking
or examinations were performed, to eliminate a potential source of
bias like spectrum, review, and double gold-standard bias. There
could be other reasons for the pallor of the conjunctiva like trauma,
sepsis, viral suppression of bone marrow, lead poisoning, and
metabolic-inherited or acquired diseases. These conditions limit
the use of the NISA shade card. The healthcare practitioners were
appraised and educated regarding the same. Another limitation
could be the small sample size which may not give an adequate
representation of the reference population. Sub-group analysis
for age and severity of anemia was not performed. The user
experience was assessed among pediatricians with the help of a
06-item questionnaire. Suggestions for change in the design of
the card for greater dexterity and incorporation of palmar pallor
were received. We believe this will enable future researchers to
modify and assess the feasibility of this shade card in caregivers.

Recommendations

1. The NISA shade card appears to be user-friendly and could
be used by healthcare providers as an auxiliary measure after
evidence-based short training. The applicability of the tool
in screening the condition by the caregivers can be further
studied and evaluated.

2. As the physical examination of various clinical sites can be
achieved very quickly, it was suggested to add palmar pallor to
conjunctival pallor in determining anemia. However, further
evidence is required to include palmar pallor or pallor at other
sites in combination with conjunctival pallor in diagnosing
anemia.

3. The shape of the card may be modified to enable greater
dexterity and allow better visual evaluation of colors.

4. The card may be designed in local languages for greater
acceptability and ease of use.

5. Ttisadvisable to print the NISA cards with due consideration
to the specifications offered by the authors to ensure
standardization. Printed cards may be distributed among
healthcare providers after brief training and calibration
sessions.

Conclusion

The NISA card serves as an additional aid to clinicians as an
assessment tool in identifying children at risk of anemia in
routine practice. The ease of use and simplicity in interpreting
could make it an ideal screening shade for primary healthcare
providers, in low-resource settings. It is, however, reiterated that
it does not substitute clinical laboratory investigations, which
remain the basis for the diagnosis and treatment of anemia. The
screening validity of the NISA shade card can be validated by
further studies with greater sample sizes and robust study designs
in different populations. Sub-group analysis based on the severity
of anemia and the age of children can provide more insight into
the applicability of the tool.
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