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Background smoking status, altitude etc (7). Most recent
estimates of prevalence of anemia in specific age
groups like under five children, WRA, pregnant and
non-pregnant women, for all states in India were
available from the 4th National Family Health survey
(8).

The most convenient way of measuring the
prevalence in such surveys is by using a point of care
testing/diagnostic (POCD/POCT) device as it allows
rapid assessment of hemoglobin using capillary
blood with a high degree of quality and can be
operated using battery or mains electricity.
Reference methods utilize automated hematology
analyzers, these entails extra costs, greater volumes
of venous blood, and a longer turnaround time,
making it unsuitable for prevalence studies.

Wide variety of both invasive and non-invasive
POCDs are available (9). These include Hemocue
system, STAT-Site MHgb (Stanbio Laboratory,
Boerne, TX), Hgb Pro Professional Hemoglobin
Testing System (ITC, Edison, NJ), D-10 Hemoglobin
Testing (Bio-Rad Laboratories, Hercules, CA),
Compolab HB system (Fresenius Kabi AG, Bad
Homburg, Germany), Pronto 7 (Non-invasive (SpHb)

Anemia is highly prevalent disease of global concern.
Childhood anemia can result in irreversible damage
to brain and affect cognitive, intellectual, and
pyscho-motor development. In pregnant women, it
is a significant contributor to adverse maternal
outcome (1-4). In 2011, alone it was responsible for
loss of 42 million Disability adjusted life years and
among the top three causes of disability worldwide
(5). In an attempt to address this huge public health
problem, guidelines have been issued by various
leading international organizations and targets have
been set to monitor progress towards its control.
One such indicator is 50% reduction of anemia in
women in reproductive age group (WRA) between
2011 and 2025 (6). This makes it necessary to carry
out huge population-based anemia prevalence
surveys repeatedly, to measure the progress and
guide policy makers in carrying out specific
interventions needed to reduce its prevalence.

Anemia is often defined employing hemoglobin (Hb)
measurement and world health organization (WHO)
criteria to determine the cut-offs after adjusting for

80


mailto:preetam3879@gmail.com
http://creativecommons.org/licenses/by/4.0/

INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 30 / SUPP ISSUE / APR 2018

rainbow 4D sensor, rev E, Masimo Corp., Irvine, CA,
USA), Sahlis method, WHO Hemoglobin colour scale,
digital hemoglobinometry devices using colorimetry,
indirect cyanmethemoglobin method using elution
techniques, True Hb, Touch Hb etc. We have
provided comparisons with respect to certain limited
variables for some of these devices easily available
for use in India in Table 1.

How to select between different POCDs?

Since a number of POCDs are available in the
market, researchers and policy makers are often
faced with the challenge of recommending and
choosing the most suitable device. Certain
factors are required to be taken into
consideration while comparing the available
options. These include the accuracy parameters
like sensitivity, specificity, predictive values,
likelihood ratios; reliability measures like
Intraclass correlation coefficient for consistency
and agreement, limits of agreement; cost-
effectiveness ratio; ease of operation of the
device; acceptability by consumers and
providers; non-invasive v/s invasive; stability
under different environmental conditions.

We will discuss few of these factors further. The
foremost is agreement between the test device
and gold standard. Since Hb is a continuous
variable, the most suitable method for its
analysis is Bland- Altmann plot which compares
the difference in readings on two devices
plotted on y axis with average of the same two
values on the x axis. Here we can also plot limits
of agreement based on standard error of these
differences and an average line for all such
differences can be computed provided values
are normally distributed. This line gives the
extent of systematic bias that exist. A device is
said to have acceptable reliability if 95% of these
values fall within + 1g/dl of reference values.
Sometimes, the extent of differences between
values measured on two devices vary according
to the underlying true value. For e.g. from an
unpublished report of the first author, it was
seen that values obtained on one such POCD
agreed with minimal differences (Average
difference of -0.2g/dl) for Hb values < 10g/dl| as
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compared to Hb values >10g/dl (Average
difference of -0.4g/dl). So, the extent of
misclassification is unlikely to be consistent for
any possibility of correction and this is certainly
not a very desirable trait. We therefore need
devices that have similar disagreements across
the range of Hb values.

Unlike previously thought, besides predictive
values, even the sensitivity and specificity
parameters are expected to vary along with
prevalence of disease (16,17). Other
determinants of sensitivity and specificity would
include the population composition on which
these parameters are estimated, and the
distribution of Hb values in these populations. In
other words, the prevalence of the disease
would determine what proportions of subjects
have Hb values around the clinical cut-off used
for defining anemia for a particular population
sub-group. The possibility of misclassification
(FP v/s FN) as a result of instrument error, both
random as well as systematic is more significant
for subjects having Hb values around the cut-
offs. It is intuitive that if more people have
values around the cut-offs (i.e. high prevalence
situations) more chances of misclassifications
and these will automatically affect the sensitivity
and specificity estimates of that device. A
number of other factors have been identified
(17) which are responsible for variations in
estimation of accuracy parameters like
differences in demographic features (age and
sex composition) of study populations, disease
severity, interobserver variability, availability of
clinical information, test technology, test
execution etc.

Another important consideration while selecting
between different devices is their overall cost-
effectiveness. To determine the same, certain
considerations are important as mentioned
while designing studies on diagnostic test
accuracy, as data needs to be generated to
simultaneously compare various devices. A
community-based study aiming to cover a huge
population would not be complete without an
economic evaluation. Ultimately the decision by
the policy makers depend on the proper
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economic evaluation which should be locally
relevant. There are many ways to do economic
evaluation. One of the way is measuring the cost
effectiveness of two tests. While calculating the
cost bottom to top or top to bottom approach
can be carried out.(18) Discounting factor needs
to considered while calculation.(18) Both direct
and indirect costs to be ideally considered for
better estimation. (18) Sensitivity analysis will
help the investigator to give a comprehensive
picture on what would happen if the dependent
parameters changes.(19) Effectiveness in terms
of QALY(quality adjusted life year) or
DALY(disability adjusted life year) could be
measured using Markov model. (20,21) While
comparing two or methods an incremental cost
and effectiveness will help to determine the
addition effect on changing the diagnostic
tool.(18) for example we can calculate cost and
effectiveness of diagnosing anemia with Sahli’s
haemoglobinometer and now we can calculate
what would happen if the diagnostic tool
changed from Sahli’'s to Hemocue or auto
analyzer at the POCD in terms of incremental
cost and effectiveness in terms of QALY and
DALY. Another way could be calculating the
effective cost of a diagnostic test, which is the
money spent per unit of diagnostic
performance. This can be measured as
diagnostic utility (DU), the probability-weighted
sum of the utilities of the four test outcomes
True Positive (TP), True Negative (TN), False
Positive (FP), and False Negative (FN): DU =
U(TP)P(TP) + U(TN)P(TN) + U(FP)P(FP) +
U(FN)P(FN). In this model of comparing effective
costs compares actual direct cost with clinical
measures of test performance and utility values.
This model offers a more clinically realistic
setting than models based on costs alone.(22)

Having said that, once we narrow down on our
choice about any one particular device and
policy decisions are taken for utilizing a
particular device in disease burden estimation
study, we need to keep in mind two important
factors that can have huge policy implications.
Firstly, the extent of over or under estimation of
true disease burden will depend on the
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underlying sensitivity and specificity of the
measuring device. We will illustrate this with an
example subsequently. Secondly, the sensitivity
and specificity of the selected device will vary
from place to place in the country due to
differences in distribution of underlying clinical
trait i.e. Hb values, and from period to period as
with time continuous efforts to control the
disease will also result in change in prevalence
and thus change in accuracy statistics and thus
also influence the extent of under or over
estimation. Which means we need to estimate
these parameters each time we carry out a
prevalence study and use this information to get
a correct estimate of the disease burden.

What are the implications of accuracy and
reliability on true estimates of anemia
burden?

Whenever, we use a POCD to determine the
prevalence of any disease, the numerator of
prevalence formula (all those diseased/all those
tested) will include all those people tested
positive (i.e. diseased) for a given POCD. This
includes both TP and FP. While the true
prevalence will have TP+FN in the numerator
(figure 1). It is obvious that unless the false
positives are equal to false negatives the
prevalence estimates are unlikely to be
accurate.

In-order to illustrate the impact on disease
burden estimate we will illustrate the concept
discussed thus far with an example from
prevalence estimates for WRA calculated using
Hemocue 201+ for selected states in NFHS 4
survey. Here we will need information on the
sensitivity, specificity for Hemocue 201, which
we have acquired from an unpublished report of
first author for the sake of illustration. Once we
know the sensitivity and specificity we can
derive the true prevalence and estimated
prevalence using an excel calculator and make
comparisons. We have demonstrated the Gaps
in prevalence in figure 2.

Word of caution while interpreting figure 2. The
Gap estimation is based on an assumed fixed
value of sensitivity and specificity across
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different prevalence ranges across different
states for the same population subgroup. We
have already discussed that accuracy
parameters cannot be same across population
subgroup from different geographical locations
due to variations in distribution of underlying Hb
values leading to different true prevalence
values. But we have attempted to demonstrate
that the true picture will vary depending upon
the accuracy parameters of the device being
used.

It has been shown earlier by other researchers
(23) that If the disease prevalence is below 50%,
we will require a device with specificity greater
than sensitivity. Conversely for diseases with
prevalence above 50%, sensitivity will have to be
higher in order to get accurate estimates. With
lower true prevalence, Specificity of the
instrument tends to be higher and the gap
between calculated and true value a bit smaller,
unlike what we see for the state of Manipur in
the figure 2.

So, the solution lies in either choosing
appropriate POCDs for a given true prevalence
or estimating the necessary test statistic each
time on a carefully selected subsample from a
study population of ongoing disease prevalence
study and provide corrected estimates based on
the distribution of variables in figure 1.

We therefore conclude that there is urgent need
to revamp the guidelines for carrying out
prevalence studies in India especially the ones
designed to capture anemia prevalence across
the country in different clinically relevant
subgroups. There is need to estimate the
accuracy parameters of POCDs used for the
study each time a prevalence study is planned,
in order to determine the true anemia
prevalence and guide action accordingly. The
choice of POCDs for this kind of surveys will
mainly depend on the reliability parameters i.e.
extent of fluctuations around the true values;
stability of the instrument across different
climatic conditions; possibility of committing
errors while estimating the value; cost involved,
ease of operation etc. It isimportant to carry out
comparisons within a few shortlisted POCDs on
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paired samples to generate robust evidence,
which has apparently not been attempted till
date and needs to be addressed by the research
agencies of our country. Only then we can
inform key policy decisions with this regard.
Unless we know the truth, we will not achieve
success.
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TABLE 1 DEVICES EASILY AVAILABLE FOR USE IN INDIA

Sl.

Name of the instrument

Battery or

electricity
operated

Invasive or

non-
invasive

HemoCue Hb 201+ System AC adapter /4  Invasive

(10) AA batteries

HemoCue® Hb 301 System AC adapter /4  Invasive

(11) AA batteries

Pronto-7 (12) Electricityand ~ Non -
Battery invasive

WHO Haemoglobin colour Manual Invasive

scale (13)

Sahli’s haemoglobinometer Manual Invasive

(14)

Filter Paper Manual Invasive

Cyanmethemoglobin (15)

84

specimen

Capillary /
venous/arterial
Capillary /
venous/arterial

Capillary

Capillary

Capillary/ Venous
sample

Reading
Direct/ indirect

Direct

(Digital result)
Direct

(Digital result)
Direct

(Digital Result)
Direct (subjective
comparison)
Direct (subjective
assessment)

Indirect method,
but objective
assessment

Point of care (i.e.
place of survey)
Diagnosis

Yes

Yes
Yes
Yes

No (Requires to
be carried out in
a facility)

No (requires
processing in a
Lab)
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FIGURE 1: TWO BY TWO TABLE COMPARING TEST METHOD WITH GOLD STANDARD IN A TYPICAL
DIAGNOSTIC ACCURACY STUDY.
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FIGURE 2: COMPARISON BETWEEN TRUE ANEMIA PREVALENCE AND NFHS 4 CALCULATED
PREVALENCE (USING HEMOCUE 201) AMONG WOMEN BETWEEN 15-49Y IN SELECTED STATES
ASSUMING SENSITIVITY OF 92.82% AND SPECIFICITY OF 75%.
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