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Abstract
Objective: To develop the methods for an extended reporting of anaemia and to
measure the status of the key contextual underlying factors of anaemia.
Design: Statistical appraisal of Hb v. key influencers of anaemia in Bangladesh – the
intake of animal source food (ASF), concentration of Fe in the drinking ground-
water (GWI) and the prevalence of congenital Hb disorder (CH) are conducted.
The primary data of the National Micronutrient Survey 2011–2012 and the
British Geological Survey 2001 are analysed to assess the intake of ASF and the
GWI concentration, respectively. The prevalence of thalassaemia from a national
survey is used to appraise the CH. ASF is evaluated relative to the 97·5th percentile
intake and group scores are assigned. Association of the GWI and Hb is examined
by the linear fit and the mspline fit and the group scores are allocated. Group score
is allocated for the prevalence of thalassaemia. Inflammation-adjusted ferritin is
considered to report Hb.
Setting: A nationwide survey in Bangladesh.
Participants: Preschool children (6–59 months), school-age children (6–14 years)
and non-pregnant non-lactating women (NPNLW, 15–49 years).
Results: The extended reporting to the prevalence of anaemia in Bangladeshi
preschool children, school children and women is – anaemia 33 % (ASF: 2·08;
GWI: 1·75; CH: 2), anaemia 19 % (ASF: 1·98; GWI: 1·56; CH: 2) and anaemia
26 % (ASF: 2·16; GWI: 1·58; CH: 2), respectively.
Conclusion: The extended reporting of anaemia is a useful tool to understand
the status of the key influencers of anaemia, to design the context-customised
intervention and to monitor the intervention.
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Anaemia is one of the most prevalent public health prob-
lems worldwide. A recent estimate suggests nearly 2 billion
people suffer from anaemia globally(1). Public health con-
sequences of anaemia are profound, such as physical
weakness, poor growth and low attention span in children;
low educability and lower productivity in adulthood(1,2).
It causes obstetrical complications during childbirth and
linked with maternal and infant mortality. Causes of anae-
mia are multiple – quantitative and qualitative deficiency of
diet, low animal protein, low intake of micro-nutrients such
as Fe, vitamin A, vitamin B12, Zn, folate and vitamin C(2–4).
Environmental- and disease-associated factors such as
infection and inflammation are the other causes of anae-
mia, so as the congenital Hb disorders such as thalaessae-
mia and Hb E disorders. Malaria is a prominent cause of

anaemia in many settings, particularly in Africa(5,6). In
Bangladesh and some other countries, Fe acquired through
the groundwater source of drinking has emerged as a deter-
minant of Fe and anaemia status in the population(7,8).

Amid the heterogeneous causes of anaemia, it is esti-
mated by one unique standard – the prevalence in popu-
lation, i.e. the proportion of population with Hb
concentration by age, gender and physiological status spe-
cific cut-offs to report anaemia. The prevalence estimate
solely provides the data on the magnitude of the condition
and is insensitive to its diverse causes. Globally, the preva-
lence estimate of anaemia gets the high attention, and it
promptly decides the intervention. This often leads to
the intervention that does not optimise to the dominant fac-
tors of anaemia in a particular setting. Nonetheless, in
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resource-constrained settings where prevalence of anae-
mia and ID is high, Fe supplementation is essentially rec-
ommended for certain groups such as young children
and pregnant women. On the other hand, evidence base
is growing that ID is not a dominant cause of anaemia in
some settings(7,8,9), since these populations are naturally
replete in Fe status from the drinking groundwater sources
which contains a fair amount of bioavailable Fe. In many
settings, thalassaemia is prevalent which is associated with
low prevalence of ID(10,11). In these settings, the blanket Fe
supplementation might lead to excess Fe and the side
effects(12,13). Therefore, it is essential to understand the con-
text-specific determinants underlying anaemia. Reporting
of the prevalence of anaemia supplemented with some
key data predominantly associated in a given context
may enable an objective and judicious way to control anae-
mia. Therefore, in the present study, we attempted to char-
acterise the reporting of anaemia beyond the prevalence
estimate, by supplementing with some select data which
will shed lights into the status of the key correlates of anae-
mia in a given setting. Through inclusion of the key contex-
tual data within a parenthesis next to the prevalence
estimate, the extended reporting would provide the valu-
able information to the policymakers, academicians and
nutrition programme managers for precise planning and
monitoring of the programme actions.

Setting
The study is conducted in Bangladesh a South Asian low-
mid-income country with a medium Human Development
Index. Prevalence of anaemia in under-five children is 30–
33 % according to different national micronutrient status
surveys(14,15). The prevalence of stunting in the under-five
children is 28 %(16). Traditional dietary practice is predomi-
nantly cereal based which provides approximately 70 % of
the calories,(17) and the bio-availability of Fe is sub-opti-
mum(18). Intake of animal source food (ASF) has been
increasing over the last decade but still it is remaining
below the optimum intake. Thalassaemia is prevalent as
the country lies within the thalassaemia belt regions.
Thalassaemia is a congenital disorder of Hb synthesis, char-
acterised by anaemia which often remains non-responsive
to Fe intervention(19). Groundwater is the principal source
of drinking water of Bangladeshi population, and it con-
tains a fair-to-high amount of high absorbable Fe. It has
been shown that the groundwater Fe v. Fe and Hb status
is positively associated in different population
groups(7,8,9,14,20,21,22). Magnitude of the infection burden,
such as the acute respiratory infection and the concentra-
tion of Hb, are associated(23). The burden of common infec-
tion is present but acceptable given that Bangladesh is a
densely populated subtropical country. At the national
level, the CRP> 5 mg/l is 4·9–9·5 % across the population
groups signifies that the overall infection burden is

low(14,24) compared with settings which have a high infec-
tion burden and/or malaria is endemic.

On this background setting, the methods for the
extended reporting of anaemia using the published data
of the national micronutrient survey 2011–2012 are devel-
oped(14). The national prevalence of anaemia in
Bangladesh – 33 % in preschool-age children (PSC) (6–59
months), 19 % in school-age children (SAC) (6–14 years)
and 26 % in non-pregnant non-lactating women
(NPNLW) (15–49 years)(8,14). The prevalence is supple-
mented with the extended reporting on the status of the
prevailing correlates of the Hb status in population.

Methods

Taking into consideration the prominent determinants of
Hb status, the three factors in Bangladesh context need
assessment for possible inclusion in the extended reporting
of anaemia. These are diet, groundwater Fe and congenital
Hb disorders.

The basis for the dietary factor
Hb has two parts – he haeme moiety containing four atoms
of Fe and the protein component globin containing two
polypeptide chains(25). ASF is the source of first-class pro-
tein,(26) which is important for the synthesis of globin chain
of Hb. ASF contains haeme-Fe, retinol, Zn and vitamin B12,
which have documented haemopoetic potential(26).
Haeme Fe has a high bioavailability among the sources
of dietary Fe(18). Fe is needed for the synthesis of haeme
molecule of Hb. Retinol has a higher bio-conversion among
different genres of vitamin As(26). A positive association of
serum vitamin A status and Hb is documented in
Bangladesh(8). Vitamin B12 is essential for the synthesis
of the globin component of Hb and is found exclusively
in ASF(26). These essential nutrients of haemopoietic poten-
tial contained in the ASF make the latter a suitable dietary
component for assessment for inclusion in the extended
reporting of anaemia.

ASF-derived micro-nutrients are not considered, as the
Kendall’s tau b correlation reveals that the coefficients of
Hb v. animal source Fe, Hb v. animal source vitamin A
and Hb v. animal source Zn are very small and statistically
non-significant in PSC and NPNLW (see online
Supplementar Table 1), precluding them from selection
for the extended reporting. Second, to avoid the difficulties
in the estimation of micro-nutrient intake which might be
cumbersome in the settings with limited technical resour-
ces, including the paucity of local food-based food compo-
sition tables.

The rationale for the groundwater iron and
congenital Hb disorders
Groundwater Fe is explored for the extended reporting
as the water source is the predominant type of drinking
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water in Bangladesh(27). Furthermore, several studies have
shown the favourable association of groundwater Fe and
Hb and/or anaemia(7,8,9,14,20,22).

Globally, thalassaemia accounts for over 17 % of the
330 000 infants born annually with congenital Hb disor-
ders. It accounts for nearly 3·4 % of deaths in children less
than 5 years of age(28). The prevalence is higher in the par-
ticular regions – the Mediterranean, North Africa, the Mid-
East and the North-East of the Indian Sub-Continent and the
Indo-China peninsula(29). Unfavourable association of the
congenital Hb disorders, e.g. thalassaemia, Hb E conditions
and anaemia/Hb concentration is documented in
Bangladesh(30). Merrill et al. have shown that thalassaemia
is independently associated with anaemia in Bangladeshi
women of reproductive age after controlling for the
confounders (adjusted OR: 2·48, 95 % CI (1·24, 4·94),
P< 0·05)(30).

The common infectious diseases (e.g. diarrhoea and
common cold) are not considered as these are within the
acceptable level consistent with a developing country con-
text, e.g. prevalence of diarrhoea ∼5 %(31). Moreover, the
magnitude of the infection burden is not large(14) as inmany
other settings(32). Malaria is not considered as it is non-
endemic in Bangladesh.

The consumption of ASF is analysed from Bangladesh
national micronutrient status survey 2011–2012 (NMS
2011–2012). Groundwater Fe data of a nationally represen-
tative hydrology survey(27) are extrapolated to the NMS
2011–2012 data to analyse the water Fe component. The
prevalence data of congenital Hb disorders of a nationally
representative survey are used to develop the thalassaemia
component(33).

Specific approaches and statistical analysis

Animal source food and Hb
The non-parametric correlational analysis – Kendall’s tau b
is used to assess the association of the intake of ASF and Hb
concentrations in the populations.

Mean daily intake of ASF is estimated by a validated
semi-quantitative FFQ used in the national micronutrient
survey 2011–2012. Commonly consumed ASF in
Bangladesh are considered, e.g. small fish, large fish,
chicken, beef, mutton, eggs, milk, butter and cheese. The
data on the absolute number of times that the particular
food is consumed over the preceding week and the aver-
age amount each time the food is consumed are collected.
The measured amount of weekly food consumption (i.e.
cooked food) is converted to daily average intake(34).
The 97·5th percentile of the daily intake is estimated. The
97·5th percentile of the intake of ASF does not refer to
the RDA, as there is no RDA for ASF. In Bangladesh,
70 % of calories are consumed from the cereal-based
foods(17). The content of protein in Bangladeshi ASF (fish,
meat and eggs) ranges from ∼13 to 22 g/100 g of raw
weight(35). The content of protein in the cereals and

legumes, two plant-foods with high consumption, range
∼12–25 g/100 g of raw weight. Considering the revised
dietary reference of protein intakes – children 1·3–0·8 g/
kg body weight and adults 0·8 g/kg body weight(36) and
the average body weight of 12·5 kg in 2–5 year-old chil-
dren(9) and 49 kg in non-pregnant women(14), this translates
a requirement of protein of 10–16·25 g/d and 39·2 g/d,
respectively. Hence, the calculated 97·5th percentile intake
(395–449 g/d) of the measured (i.e. cooked) ASF states an
upper ceiling of sufficient intake against which the actual
intake will be measured in the extended reporting of
anaemia.

Calculation of the pre-defined sub-groups of ASF intake
is done sorted by ranges of proportions relative to the 97·5th

percentile. The range of the proportion, i.e. 0–100 % rela-
tive to the 97·5th percentile intake is sub-grouped, and each
group is allocated with a numerical score; <25 %= 1; 25–
37·5 %= 2; 37·5–50 %= 3; 50–62·5 %= 4; 62·5–75 % = 5;
75–87·5 %= 6 and >87·5 %= 7.

Kruskall–Wallis Equality of Population Rank Test is per-
formed to assess the relative magnitude of the sub-groups.
For the intake of ASF, the fweight command in STATA
(STATA 13) is used to calculate the weighted average of
the group scores (i.e. - score). A higher weighted average
score (on a scale 1–7) is indicative of a higher intake of ASF
relative to the 97·5th percentile.

Groundwater iron and Hb
The primary data set of the NMS 2011–2012 lacks the data
of groundwater Fe concentration. The groundwater Fe data
of Bangladesh are curated from the British Geological
Survey 2001. The mean concentration of groundwater Fe
is estimated at the sub-district level (results not shown),
and the mean is extrapolated to the sub-district level of
the NMS 2011–2012 data. Therefore, the data of the drink-
ing water Fe concentration of the participants are not the
direct data of their drinking source, but an approximated
average of the sub-district. Sub-districts are sub-grouped
into three categories, classified by the groundwater Fe con-
centration – <2 mg/l, 2–10 mg/l and ≥10 mg/l(27).
Spearman rank correlation coefficient (rho) of ground-
water Fe concentration and Hb is estimated to assess the
association. The linear fit is constructed for the ground-
water Fe concentration on the x-axis and Hb concentration
on the y-axis. Furthermore, mspline line graphs are com-
puted. The mspline is the interpolated cross-medians of
the groundwater Fe and Hb concentrations grouped by
ten bands (i.e. regions) on the x-axis. This provides a spe-
cific zone-wise relationship of the variables which is often
not captured in the linear-fit model. The mspilne line
graphs categorised by the water Fe concentrations is uti-
lised to allocate numerical scores – 1, 2 and 3 over the
sub-groups – <2 mg/l, 2–10 mg/l and >10 mg/l.
Weighted mean score is calculated for the association of
groundwater Fe concentration and Hb on a scale 1–3.
A higher weighted average score suggests favourable
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influence of the water Fe, thus a protective role against the
low level of Hb.

Since, inflammation affects adversely the concentration
of Hb(37,38), ferritin which is closely associated with Hb is
adjusted for inflammation by excluding the cases of Hb
from analysis when C-reactive protein (CRP) is >1 mg/l(24).

Congenital Hb disorder and Hb
In Bangladesh, various studies indicated varied prevalence
of the condition — 2·9–16 %(39), 17·2 %(40), 13·1 %(9) and
28 %(7). A recent nationally representative survey reported
the combined prevalence ofHb E (ETT) and thalassaemia B
traits (BTT) was 11 %(33). A review of the global burden of
thalassaemia reported that the dominant frequencies of β-
thalassaemia carrier and Hb-E disorders were <10 % and
10–25 % over most of the countries. A few of the countries
exceeded the prevalence>25 %(41). Hence, we propose the
following operational grade score for the effect of the con-
genital Hb disorders on Hb status – prevalence<10 %= 1,
prevalence 10–25 %= 2 and prevalence>25 %= 3. If the
area-representative prevalence studies are conducted over
multiple areas within the country, the weighted grade
scores need to be calculated. A higher grade-score or the
higher weighted grade-score (on the scale 1–3) is indicative
of the burden of the congenital Hb disorders suggesting a
low protection from the low Hb level.

Hb is measured by a portable photometer, Hemocue
301 (Hemocue AB, Angleholm, Sweden) on venous blood
sample. Ferritin and CRP is measured by Sandwich ELISA at
the Nutritional Biochemistry Laboratory of the International
Centre of Diarrhoeal Diseases Research, Bangladesh
(ICDDR,B). Ferritin is adjusted for inflammation following
the method shown by Rahman et al.(24) Groundwater Fe
concentration is measured by the inductively coupled
plasma atomic emission spectrophotometry (ICP-AES)(27).

The primary data of the national micronutrient survey
2011–2012 is obtained through permission of the
National Nutrition Services, Directorate General of Health
Services, Ministry of Health, Government of Bangladesh.
Ethical clearance for the survey is provided by the
Institutional Review Board of ICDDR,B. Written informed
consent of the parents of the children is taken prior to data
collection. For the appraisal of the groundwater Fe concen-
tration in Bangladesh, the primary data of the British

Geological Survey 2001 is used upon permission of the
British Geological Survey(27).

Results

Animal source food v. Hb
Table 1 shows the intake of ASF and Hb are positively cor-
related when ferritin is unadjusted for inflammation. There
is a slight modification of the association, but still remains
statistically significant when ferritin is adjusted for
inflammation.

Intake of animal source food at the 97·5th and 100th

percentiles in the Bangladeshi populations
The 97·5th percentiles of intake of ASF are 449·34 g/d,
426·43 g/d and 395·07 g/d in Pre-School Children,
School Age Children and Non-Pregnant Non-Lactating
Women, respectively (see online Supplemental Table 2).

Table 2 presents the sub-groups by proportion ranges
relative to the 97·5th percentile intake of ASF in PSC, SAC
and NPNLW. Sub-groups with progressively higher intake
of ASF are allocated with higher grade-scores on a scale
from 1 to 7. Size of the sub-groups differs with statistical sig-
nificance at P < 0·000.

Table 3 shows the weighted scores of the intake of ASF
in Bangladeshi populations. The mean scores are
2·08 ± 1·72, 1·98 ± 1·65 and 2·16 ± 1·73 in PSC, SAC and
NPNLW, respectively.

Groundwater iron and Hb
Figure 1(a) shows the linear fit for the groundwater Fe con-
centration and Hb in PSC. There is no linear association
(coefficient: 0·004, P = 0·8). The mspline cross-medians
(Fig. 1(b)) for the groundwater Fe concentration and Hb
shows the relatively low trend of Hb up to the groundwater
Fe concentration 2 mg/l. Over the water Fe concentration
2–8 mg/l, the trend of Hb is upwards and downwards. At
around the water Fe concentration 10 mg/l, there is an
increasing trend of Hb concentration.

Figure 2(a) shows the linear fit for groundwater Fe con-
centration on Hb in SAC. There is no significant association
(coefficient: -0·0012, P = 0·27). The mspline, i.e. cross
medians of water Fe concentration andHb (Fig. 2(b)) show

Table 1 Association of the intake of animal source food (ASF) and Hb concentration in Bangladeshi population

Population

Hb with the ferritin unadjusted for inflammation Hb with the ferritin adjusted for inflammation*

n Kendall’s tau b P value n Kendall’s tau b P value

PSC† 569 0·15 0·0000 297 0·13 0·001
SAC‡ 1323 0·06 0·0011 1066 0·05 0·02
NPNLW§ 1036 0·05 0·05 497 0·035 0·06

*The exclusion of the cases of Hb from analysis when C-reactive protein (CRP) was >1 mg/l(24).
†Preschool children.
‡School-age children.
§Non-pregnant non-lactating women.
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that there is a steady trend of Hb concentration up to the
groundwater Fe concentration 7 mg/l. Around the 8–10
mg/l range, the Hb concentration shows a rising trend.

Figure 3 shows the linear fit for the groundwater Fe
and Hb concentrations in NPNLW. There is a statistical
non-significant association (coefficient: 0·013, P= 0·49;
Fig. 3(a)). The mspline cross-medians (Fig. 3(b)) for the
groundwater Fe concentration andHbdepicts a rising trend
of Hb concentration over the 2–4 mg/l range followed by a
drop; and a rise over the 6–8 mg/l mark. At around 10 mg/l,
the trend of the concentration of Hb is observed to be
rising.

Table 4 depicts the Spearman Rank correlation of the
groundwater Fe and Hb concentrations, the provision of
the group-scores; and the estimation of theweighted scores
for the association of groundwater Fe and Hb. Spearman
Rank correlation coefficient (rho) is small and statistically
non-significant.

The average weighted scores for the association of the
groundwater Fe and Hb are 1·75, 1·56 and 1·58 in PSC, SAC
and NPNLW, respectively. A higher weighted score under-
scores the higher degree of favourable influence of the
groundwater Fe on Hb.

Thalassaemia and Hb
Taking into consideration of the national prevalence of the
carrier state of 11 %(33) and the ranges of the burden of the
condition (in theMethods section), the grade score 2 is allo-
cated for congenital Hb disorders (CH) for Bangladesh.

Table 5 shows the extended reporting to the prevalence
of anaemia in Bangladesh setting. In PSC, the weighted
scores for the intake of ASF and groundwater Fe concentra-
tion are 2·08 and 1·75, respectively. In SAC, the respective
scores are 1·98 and 1·56; while in NPNLW, the scores are
2·16 and 1·58, respectively. The score for the congenital
Hb disorder is 2 in all the population groups.

Discussion

The study attempts to provide an extended reporting of
anaemia beyond the prevalence estimate. The intent is to
report the relative status of the key underlying factors
(favourable or unfavourable) of anaemia in Bangladeshi
population. Methods to assess the status of the three key
correlates that have documented association with anaemia
in Bangladeshi population are developed, and the status of
the factors is evaluated.

Interpretation of the extended reporting

Animal source food v. Hb
A higher weighted score on ASF (on a scale of 1–7) is
indicative of the relative protection from the low level of
Hb. In PSC, the weighted score 2·08 suggests that the intake
of ASF is above 37·5 % relative to the 97·5th percentile. In
SAC, the score of 1·98 indicates that the intake is short of
37·5 % relative to the 97·5th percentile. In NPNLW, the
weighted score 2·16 suggests that the intake is 40·5 % rela-
tive to the 97·5th percentile. The results are revelatory of
sub-optimum intake of ASF across the population groups.

Groundwater iron concentration v. Hb
The observation of predominantly high trend of Hb at
around the water Fe concentration 10 mg/l, a mix up over
the middle range and a flatter trend of Hb at the ground-
water Fe concentration <2 mg/l (Fig. 1(b) and 3(b)) are
considered for the allocation of the group scores. This is
complemented by the rising and/or higher trend of the

Table 2 Assessment of the relative size of the sub-groups of the
animal source food (ASF) intake in the Bangladeshi populations

ASF
sub-
groups

Sub-groups by propor-
tion ranges relative to
the 97·5th percentile
intake of ASF

Group
score n†

χ2 with
ties

P
value

PSC
ASF1* <25% 1 496 570·74 0·0001
ASF2 25–37·5% 2 95
ASF3 37·5–50% 3 49
ASF4 50–62·5% 4 36
ASF5 62·5–75% 5 32
ASF6 75–87·5% 6 33
ASF7 >87·5% 7 35

SAC
ASF1* <25% 1 863
ASF2 25–37·5% 2 237
ASF3 37·5–50% 3 98
ASF4 50–62·5% 4 51 1074·07 0·0001
ASF5 62·5–75% 5 54
ASF6 75–87·5% 6 44
ASF7 >87·5% 7 60

NPNLW
ASF1* <25% 1 767
ASF2 25–37·5% 2 257
ASF3 37·5–50% 3 127
ASF4 50–62·5% 4 62 1158·75 0·0001
ASF5 62·5–75% 5 69
ASF6 75–87·5% 6 51
ASF7 >87·5% 7 67

PSC, preschool children (2–5 years old); SAC, school-age children (6–14 years);
NPNLW, non-pregnant non-lactating women (15–49 years).
*ASF1–7: Seven categories of ASF intake determined by the percentile ranges
relative to the 97·5th percentile intake.
†Kruskall–Wallis equality of population rank test was performed to assess the
relative magnitude of the sub-groups.

Table 3 Weighted score of intake of animal source food (ASF) in
Bangladeshi populations

Population

Weighted score*,† of intake of ASF

n Mean SD

PSC 816 2·08 1·72
SAC 1407 1·98 1·65
NPNLW 1400 2·16 1·73

ASF, animal source food; PSC, preschool children (2–5 years old); SAC, school-age
children (6–14 years); NPNLW, non-pregnant non-lactating women (15–49 years).
*On a scale of 1–7.
†fweight command in STATA was used to calculate the weighted average of the
group scores.
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inflammation adjusted ferritin starting at around the 8–11
mg/l mark (see online Supplemental Fig. 1). A higher
weighted score for groundwater Fe is suggestive of higher
relative protection from the low level of Hb. In PSC, the
weighted score 1·75 suggests that the children are fairly
protected from the low level of Hb. In SAC and in the
NPNLW, the scores (1·56 and 1·58, respectively) indicate
a fair degree of protection; nonetheless, the scores are
somewhat lower than in the PSC. The difference is difficult
to explain. However, at the groundwater Fe (GWI) concen-
tration ≥10 mg/l, there is a high trend of Hb concentration.
To complement this, the proportion of the subjects
exposed to the water Fe concentration ≥10 mg/l is slightly
higher in PSC (13·5 %) than in the SAC (9·79 %) andNPNLW
(9·84 %) (Table 4). This possibly accounts for higher score
for the water–Fe in the PSC. The preschool age children
drinkmuch lower amount of drinkingwater comparedwith
women or older children. This hints that their intake of Fe
from groundwater is lesser, and thus they might have rela-
tively a lower reserve of body Fe than in the older children
or adult women. The lower reserve of body Fe possibly

induces an efficient hepcidin-mediated absorption of
Fe(43,44). Hence, in PSC compared with other two groups,
the Hb concentration can be slightly higher responsive to
GWI concentration, which may confer a better protection.

TheGWI influencing theHb concentration is a structural
issue in the population. Natural Fe content in groundwater
is a fixed geological phenomenon, as such that the protec-
tion from the low level of Hb in the population is likely to
continue over the time. The profoundness of this associa-
tion is evident from the findings that the presence of any
level of Fe in groundwater is associated with Hb concentra-
tions mostly above the cutoff for anaemia in all three pop-
ulation groups (Fig. 1(b), 2(b) and 3(b)). However, the
probable cause of the small coefficient of association of
GWI and Hb concentrations (Fig. 1(a) and 3(a), Table 4)
can be a fair preexisting level of Hb, so much so, that
the additional exposure to the GWI yields a subtle effect
on Hb. The analysis from one of our different projects sug-
gests that in preschool children at a very low concentration
of Fe in groundwater (<0·8 mg/l), Hb is maintained above
the cut-off for anaemia.
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Groundwater Fe conc. (mg/L)

II. Groundwater iron and haemoglobin

12
11

∙8
11

∙6
11

∙4
11

∙2

0 2 4 6 8 10

95% CI Fitted values

6
8

10
12

14

0 2 4 6 8 10

Median spline

Linear fit mspline fit
H

ae
m

og
lo

bi
n 

(g
/d

l) 

Groundwater Fe conc. (mg/L)

H
ae

m
og

lo
bi

n 
(g

/d
l)

Haemoglobin

(a) (b)

Fig. 1 The regression association of the concentration of the groundwater iron and Hb in preschool children (PSC)
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Congenital Hb disorders and Hb concentration
A higher score for congenital Hb disorders is indicative of
lesser protection from the low level of Hb. The score
reported in the present study suggests an intermediate
degree of influence with which the Hb level is at the risk
of getting low.

Among the three factors considered, GWI and thalassae-
mia disorders exert the fixed structural influence on Hb
concentration/anaemia. The former affects favourably
and the latter affects adversely. Given the low weighted
score of the ASF, the ASF is the potential area where
increasing the intake has the scope to improve the score,
and thus may improve the prevalence of anaemia.

Supplementation/fortification of Fe is not considered in
this reporting, as the focus is on the key structural and pri-
mary influencing factors pertaining to anaemia.
Nonetheless, the use of supplements/fortification may be
guided by the findings of the extended report. Such as in

the cases of the presence of the structural factors, i.e.
GWI and congenital Hb disorders which have strong influ-
ence on anaemia; caution should be exercised implement-
ing the supplementation/fortification programmes. In the
presence of the structural factors, the supplemental/forti-
fied Fe may induce excess load of Fe, which is associated
with side effects emanated from the unhealthy composition
of gut microbiome(45,46). The Fe supplementation pro-
grammemay be implemented in the particular areas where
the baseline Fe status of population is sub-optimum, or the
programme intervention may be modified, e.g. changing
the dose of the iron supplements according to Fe status
in population and/or the groundwater iron concentration.

In the countries/settings where malaria is endemic, the
proportion estimate of the global caseload(47) can be
graded to derive a score for malaria. Globally, this propor-
tion of the global caseload is highly variable. In some coun-
tries of Africa, this estimate is over 25 %, while in other
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Fig. 3 The regression association of the concentrations of groundwater iron and Hb in non-pregnant non-lactating women (NPNLW)

Table 4 Correlation of the groundwater iron and Hb concentrations and the estimation of the weighted scores

Sub-groups by iron
concentration in
groundwater*

Correlation GWI conc v. Hb

Group scores†

Weight estimation

Spearman rho, n1 P value N2 Weighted-average score‡

PSC
<2 −0·06, 150 0·47 1 286
2–10 −0·10, 106 0·27 2 362 1313/749 1·75
>10 −0·36, 28 0·05 3 101

SAC
<2 −0·09, 535 0·04 1 722
2–10 −0·02, 374 0·67 2 505 2134/1361 1·56
>10 −0·16, 104 0·1 3 134

NPNLW
<2 −0·05, 225 0·40 1 701 2125/1347 1·58
2–10 −0·003, 191 0·96 2 514
>10 −0·03, 48 0·80 3 132

PSC, preschool children (2–5 years old); SAC, school-age children (6–14 years); NPNLW, non-pregnant non-lactating women (15–49 years).
*The groundwater levels are sub-grouped into three categories determined by the groundwater Fe (GWI) concentration – <2 mg/l, 2–10 mg/l and ≥10 mg/l(27).
†The group scores are the operational allocation of scores to the categories of the GWI concentration.
‡Weighted average scores on the GWI concentration are derived by two steps – a. multiplying the group size by the corresponding allocated group scores followed by
summation of the product [X], b. summation of the groups size [Y]. Weighted average score = X/Y(42). It determines a weighted average of the group scores for the
effect of GWI concentration on Hb.
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countries it is around 5 %(47). Hence, we suggest the follow-
ing operational cut-offs for the grade scoring—case burden
in the country <2 %=1, 2–5 %=2, >5 %=3. In the extended
reporting format, malaria can be reported as ‘M’ in the
short form.

Guidelines for usage

• The underlying principle of selection of the factors in a
particular setting is the factor that show the local evi-
dence of association with anaemia, and these should
be the structural/key influencing factors. For a given
setting, if groundwater is a significant source of drink-
ing, GWI should be measured and included in the
extended reporting of anaemia. Fe concentration in
water can be measured either by the portable colouri-
metric devices or atomic absorption spectrophotom-
etry. Regarding the CH, in case of any anaemia
assessment study or anaemia intervention pro-
gramme, the prevalence of CH needs to be assessed
since the prevalence might be largely variable espe-
cially if the country is large geographically or popula-
tion wise. In case of a nationally representative priori
data on the prevalence is available and the screening
of CH in a prospective study is infeasible, the nation-
ally representative data may be used as the proxy.
Prevalence score should be deducted as described
in the methods section.

• If malaria is endemic over a large part of the country/
population, the country-specific proportion of the
global malaria caseload based on annual global
malaria report of the WHO needs to be referred,
and the corresponding score for malaria should be
included in the extended reporting.

• In any study/survey that estimates anaemia, the quan-
titative measurement of commonly eaten ASF (i.e.
cooked) in the setting is recommended. To measure

the intake, any validated assessment method can be
used according to suitability to the context and resour-
ces, e.g. 7-d semi quantitative FFQ, 24-h recall with
multiple passes and dietary weighing method.

• Consideration of the factors for the extended reporting
will vary according to the context. The intake of ASF is
a ubiquitous element for Hb status; therefore, it should
be considered irrespective of the settings. Similarly,
congenital Hb disorders need consideration in any
setting due to its presence across the countries with
varied magnitude and for its profound negative influ-
ence on Hb status. Other factors for the reporting, e.g.
malaria, GWI need consideration, in the cases they are
recognised as significant factors for anaemia in the
setting.

• For the ASF assessment, it is important to avoid iso-
lated extreme values of consumption, as these might
influence the estimates of the 97·5th percentile intake.
The 97·5th percentile intake is the basis of the calcula-
tion of the proportion ranges of the sub-groups. The
isolated extreme values might influence the position-
ing of the weighted-mean intake over the sub-groups,
thus might pose difficulties in comparison of the ASF
scores between the settings or in the same setting over
the temporal time points. Imputation of the isolated
extreme values with the mean value of the intake
may redress this somewhat(48).

• Blood sample collection for Hb measurement should
be consistent, as there is a wide variation in the esti-
mates of anaemia between capillary and venous sam-
pling of the blood sample. The capillary sampling is
usually linked with overestimation of the prevalence
of anaemia(20,49). Inconsistency of blood sampling
over the temporal time points or between the settings
would likely to make the interpretation of the
extended reporting difficult.

Table 5 Extended reporting of anaemia in Bangladesh

Population
Prevalence of
anaemia*

Weighted score†
on the ASF§

Weighted score‡ on the
groundwater iron‖

Score§ on congenital
Hb disorders¶

Extended reporting of anae-
mia

PSC 33% 2·08 1·75 2 Anaemia 33% (ASF: 2·08;
GWI: 1·75; CH: 2)

SAC 19% 1·98 1·56 2 Anaemia 19% (ASF: 1·98;
GWI: 1·56; CH: 2)

NPNLW 26% 2·16 1·58 2 Anaemia 26% (ASF: 2·16;
GWI: 1·58; CH: 2)

PSC, preschool children (2–5 years old); SAC, school-age children (6–14 years); NPNLW, non-pregnant non-lactating women (15–49 years); ASF, animal source food; GWI,
groundwater Fe; CH, congenital Hb disorders.
*NMS 2011–2012.
†fweight command in STATA was used to calculate the weighted average scores on the ASF.
‡Weighted average scores on the GWI concentration are derived by two steps – a. multiplying the group size by the corresponding allocated group scores followed by
summation of the product [X], b. summation of the groups size [Y]. Weighted average score = X/Y(42). It determines a weighted average of the group scores for the
effect of GWI concentration on Hb.
§On a scale 1–7.
‖On a scale 1–3.
¶On a scale 1–3.
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Strength/limitation
Strength of the study is that it is conducted analysing two
nationally representative data and three population
groups that are considered. The findings across the pop-
ulation groups are consistent. The usage of Hb values
linked with the inflammation adjusted ferritin reduces
the possibility of inflammation to affect the Hbwhich adds
to the strength of the study. Studies have shown that the
capillary methods of blood sampling overestimate anae-
mia prevalence(20,49). The usage of venous blood to mea-
sure Hb is an additional strength of the study. The
measured concentration of GWI is not from the direct/
actual source of drinking of the survey participants (i.e.
tube wells of the households), but is the average concen-
tration of the sub-districts where they reside. This consti-
tutes a limitation of the study.

Conclusion

An extended reporting of anaemia beyond the prevalence
estimate can inform the status of the context-specific prin-
cipal influencing factors of anaemia. In Bangladesh, the
measurement of the intake of ASF, GWI concentration
and the magnitude of congenital Hb disorders are useful
components of the reporting. The caseload of malaria in
settings where malaria is endemic can be included. The
reporting may suggest the key actions to control anaemia,
identify the actions needing priority as well as the actions
needing a cautious approach and adjustment. The report-
ing is potentially useful to compare different settings in
terms of the key correlates of anaemia and can be used
to monitor the progress of the intervention for anaemia
control in a given setting.
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