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ABSTRACT
Introduction Malaria and malnutrition are key public 
health challenges in India. However, the relationship 
between them is poorly understood. Here, we aimed to 
elucidate the potential interactions between the two health 
conditions by identifying the areas of their spatial overlap.
Methods We have analysed the district- wise 
undernutrition and malaria data of 638 districts of 
India across 28 states and 8 union territories. Data on 
malnutrition parameters viz. stunting, wasting, underweight 
and anaemia, sourced from the fourth National Family 
Health Survey (2015–2016), and malaria Annual Parasite 
Index (API) data of the same year (i.e, 2015), sourced 
from National Center of Vector Borne Diseases Control 
were analysed using local Moran’s I Index and logistic 
regression.
Results Among all the malnutrition parameters, we found 
underweight in children and anaemia in men to co- occur 
with malaria in the districts of Chhattisgarh, Jharkhand, 
Madhya Pradesh and Odisha. Further, districts with more 
than 36% underweight children (OR (95% CI): 2.31 (1.53 
to 3.48)) and/or more than 23.6% male population with 
anaemia (OR (95% CI): 2.06 (1.37 to 3.11)) had higher 
odds of being malaria endemic districts (ie, Annual Parasite 
Index >1).
Conclusion Malaria and malnutrition co- occur in the 
malaria- endemic parts of India. The high prevalence 
of undernutrition in children and anaemia among men 
may contribute to malaria endemicity in a particular 
region. Therefore, future research should be prioritised 
to generate data on the individual level. Further, malaria 
control interventions could be tailored to integrate nutrition 
programmes to disrupt indigenous malaria transmission in 
endemic districts.

INTRODUCTION
Undernutrition is a major risk factor for 
under- 5 mortality and health loss world-
wide. As per WHO estimates, undernutrition 
accounts for ~45% of deaths among under- 5 
children and the burden is most prominent 
in low/middle- income countries.1 Malnu-
trition is fairly widespread in India, with 
more than 68% of deaths in children under 
5 years old attributable to malnutrition.2 As 

per the fourth National Family Health Survey 
(NFHS- 4) conducted during 2015–2016, 
more than 35% of children below 5 years of 
age in India suffered from chronic malnutri-
tion in the form of stunting (low height for 
age) or underweight (low weight for age), 
while more than 20% of them were wasted 
(low weight for height). Over 50% of children 
and women were anaemic across the country.3 
Similarly, a significant proportion of the 
adult population was undernourished (body 
mass index <18.5 kg/m2).3 In the recently 
conducted fifth round of NFHS (NFHS- 5; 
2019–2021), the nationwide prevalence rates 
of stunting, underweight, and wasting are 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Undernutrition compromises immunity and predis-
poses humans to a plethora of infections. Malaria, 
a mosquito borne infectious disease, has been on 
a persistent decline in India. The National Family 
Health Survey round 4, conducted in 2015–2016 
under the aegis of the Ministry of Health and Family 
Welfare, Government of India, reveals that many 
parts of the country are affected by child and adult 
undernutrition. The association between malaria 
and undernutrition has been investigated in several 
malaria- endemic countries, but studies show mixed 
results.

WHAT THIS STUDY ADDS
 ⇒ This study underscores the association between 
malnutrition and malaria in the endemic states 
of India. It is evident that chronic malnutrition and 
anaemia co- occur with malaria and their prevalence 
beyond a certain threshold is likely to enhance the 
risk of persistent malaria in a region/district.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The study provides a path for generating evidence 
to corroborate the malaria–malnutrition association 
and its risks to humans. It further advocates focused 
interventions targeting both undernutrition and ma-
laria in endemic areas.  on M
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35.5%, 32.1%, and 19.3%, respectively.4 Although there 
is a slight improvement in the undernutrition indicators, 
the prevalence of anaemia among children and women 
seems to have risen in a few districts in the last 5 years 
(67.1% of children (age group 6–59 months) and 59.1% 
of all women (age group 15–49 years) were anaemic 
in the NFHS- 5 vs 58.6% children and 54.1% women in 
NFHS- 4).4 Undernutrition is prominent among the rural 
and tribal sections of India, which are also burdened 
with several infectious diseases that include waterborne 
diseases, respiratory infections, pneumonia, reproduc-
tive tract infections, tuberculosis (TB), leprosy and 
malaria.3 5–8

Malaria is a challenging infectious disease in India 
but has been in a declining phase since 2002. Globally, 
India is the leading contributor to the malaria burden 
in the WHO Southeast Asia Region (SEAR). As per the 
World Malaria Report 2021, India accounted for 83% 
of all malaria cases and 82% of all malaria deaths in the 
WHO SEAR.9 India has a diverse topography, ecology 
and climate which support malaria transmission in 
almost all states/Union Territories (UTs) with varying 
intensities and transmission windows.8 In 2015, there 
were eight states, namely Mizoram, Meghalaya, Odisha, 
Tripura, Chhattisgarh, Arunachal Pradesh, Jharkhand 
and Madhya Pradesh where malaria API was more than 
1 and these contributed to 77% of the total malaria 
burden in India. Incidentally, except for Mizoram, all 
these states also had a large and persistent burden of 
undernutrition.3 As resistance to infections is intricately 
linked to the nutritional status of individuals, it becomes 
important to understand the potential influence of 
malnutrition on malaria morbidity in the Indian context. 
Studies conducted elsewhere highlight a complex rela-
tionship between malaria and undernutrition with diver-
gent findings on the effect of malnutrition on malaria 
and vice- versa. While some suggest protective or no 
effects of undernourishment,10–15 several others high-
light increased susceptibility to malaria in malnourished 
individuals.16–19 Nonetheless, the association between 
chronic malnutrition and disease severity is reported to 
be rather consistent where the former is likely to enhance 
disease severity in terms of parasitaemia and associated 
anaemia.16 20–22

Undernutrition is also shown to lower the anti- malarial 
bioavailability of drugs which may further support 
recurrent and severe infections in malnourished chil-
dren.16 21 22 Prevalence of anaemia in a population is 
also an indicator of its poor nutritional status, and in 
high malaria transmission settings, it has been seen that 
this disease is inevitably associated with some degree of 
anaemia through enhanced removal of circulating red 
blood cells and suppressed erythropoiesis due to bone 
marrow suppression.23 In India, associations between 
malnutrition and malaria are inadequately studied. In a 
preliminary study, Ghosh et al concluded that malnutri-
tion does not palliate malaria in children.24 A few other 
sporadic studies provided indirect and weak evidence 

of the malaria–malnutrition association by assessing the 
serum concentrations of micronutrients such as retinol, 
tocopherol, riboflavin, etc in patients with malaria.25 26

Thus, malnutrition can affect the immunity of individ-
uals by making them more susceptible to the disease or by 
raising disease severity in individuals. Identifying co- oc-
currences of these two factors can enable the national 
programme to target them in conjunction and customise 
the control interventions in areas where malnutrition 
and malaria coexist at the individual level. The present 
study dissects the linkages between malaria and malnu-
trition in India where both malnutrition and malaria are 
important public health challenges.

METHODS
About the data
NFHS is a nationally representative large- scale survey 
conducted under the aegis of the Ministry of Health and 
Family Welfare, Government of India. It was initiated in 
the year 1992–1993 for providing information on key 
aspects of health, family welfare and nutrition. These 
include district and state- level indicators of fertility, infant 
and child mortality, maternal and child health, reproduc-
tive health, nutrition, anaemia, and health and family 
planning services. So far, five rounds of NFHS (NFHS- 1–
NFHS- 5) have been completed. NFHS uses a uniform 
sample design in which districts are stratified into rural 
and urban areas, and primary sampling units (PSUs) in 
each urban/rural stratum are identified. Within each 
PSU, a fixed number of households are selected using 
equal probability systematic sampling for conducting 
surveys.27

In 2019–2021, India implemented the NFHS- 5, but 
complete data were still not in the public domain at the 
time of these analyses. Therefore, data from the NFHS- 4, 
conducted in the year 2015–2016, were used to study the 
association of malnutrition with malaria. Malaria data of 
the same period (ie, 2015) were taken from the National 
Center for Vector Borne Diseases Control (NCVBDC).

Variables of interest
Malnutrition parameters: stunting, wasting, underweight, 
anaemia in women, anaemia in men and anaemia in chil-
dren were taken from a subset of NFHS- 4 that focused on 
the nutrition status of the population. The API was used 
as an indicator of malaria burden, taken from NCVB-
DC’s data on malaria. The NCVBDC collects data for the 
continuous active and passive surveillance of malaria in 
the country and is meant to be a reliable representation of 
the actual malaria burden. The API can be defined simply 
as the total number of malaria cases per 1000 population. 
Owing to the large variation in malaria incidence across 
the country, NCVBDC stratifies the states and districts in 
India into different phases of malaria control based on 
the API, that is, states with less than 1 API in all districts 
are placed in the elimination phase, states with less than 
1 API but with some districts reporting more than 1 API 
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are placed in the pre- elimination phase and finally, states 
that have more than 1 API are placed in the intensified 
control phase.28 Based on this, we categorised all districts 
of India into two categories of API (<1 and >=1).

Study design
This is an ecological study where data were analysed at 
the district level.

Statistical analysis
The local Moran’s I (Anselin) cluster and outlier analysis 
was performed to assess whether malnutrition parame-
ters are randomly distributed over the country or follow 
some patterns. The local Moran’s I Index is a local spatial 
autocorrelation statistic that can be summarised by the 
equation:

 
Ii = xi−

−
x

S2
i

n∑
j=1,j̸=i

[
wij

(
xi −

−
x
)]

  
where xi is the magnitude of the variable x at location i; 
xj is the value of the variable at all other locations; ẍ is 
the average of x; n is the number of samples; Si

2 is the 
variance of the variable of interest; and wij is the weight 
computed as the inverse distance between locations i 
and j. The Moran’s I divides a geographical region into 
different clusters/outliers as discussed below:
1. High- high clusters or hotspots: hotspot clusters repre-

sent those areas of a geographical region where the 
prevalence of a particular condition (in our case, prev-
alence of malnutrition parameters) is high in that area 
as well as its surroundings (ie, neighbouring districts).

2. Low- low clusters or coldspots: coldspot clusters repre-
sent those areas of a geographical region where the 
prevalence of a particular condition (in our case, prev-
alence of malnutrition parameters) is low in that area 
as well as its surroundings (ie, neighbouring districts).

3. Outliers (high- low or low- high): Moran’s I also marks 
some areas as outliers which implies that the value of 
a particular condition is high in a particular area but 
low in its surrounding areas (called high- low outliers) 
or vice- versa (called low- high outliers).

Further, to assess the association or co- occurrence 
between malaria and malnutrition parameters, we iden-
tified cut- off values for each of the malnutrition parame-
ters taking the malaria status of a district as dichotomous 
(API ≥1 and API <1) by using receiver operating char-
acteristic (ROC) curve. We calculated sensitivity and 
specificity at each point, and the point where sensitivity 
and specificity are fairly comparable was considered the 
cut- off value (online supplemental tables 4–9). Different 
cut- off values were obtained for different malnutrition 
parameters as given below:
1. Stunting (≤37 and >37).
2. Wasting (≤20 and >20).
3. Underweight (≤36 and >36).
4. Anaemia in women (≤54 and 54).
5. Anaemia in men (≤23.6 and 23.6).
6. Anaemia in children (≤60 and 60).

Once the malnutrition parameters were converted 
into binary, the association of each of these malnutrition 
parameters was assessed with malaria endemicity (API ≥1 
and API <1) using simple logistic regression followed by 
multivariable logistic regression. All analyses were carried 
out using Stata V.15.0, R V.3.4.4 and Esri ArcGIS V.10.2 
software, and a p value less than 0.05 was considered 
statistically significant.

Limitation
A limitation of this study is its design, that is, it is an 
ecological study. The association which was assessed in 
this study is at the district level and may not be applicable 
to the individual level. Still, this work remains very impor-
tant as it identifies regions where a significant burden of 
both these health conditions coexists. This analysis will 
be helpful in the context of malaria elimination.

RESULTS
The NFHS- 4 (2015–2016) was carried out in all 29 states 
and 6 UTs of India, with a total sample size of 568 200 
households constituting 625 014 women, 93 065 men and 
265 653 children below the age of 5 years.3 The NFHS- 4 
data revealed that malnutrition was widespread in India 
in 2015–2016, with a large part of the country having 
‘very high’ levels of stunting, wasting and underweight 
children as per the cut- offs for public health significance 
defined by the WHO29 and provided in the online supple-
mental table 1.

Out of all the states, Jharkhand was the most affected by 
malnutrition with a very high prevalence of the malnutri-
tion parameters, that is, stunting (45.3%), wasting (29%) 
and underweight (43.9%). Jharkhand was also highly 
endemic for malaria, and despite significant reduction 
still ranked among the most malarious states (online 
supplemental table 2). Chronic malnutrition manifesting 
as stunting and underweight among under- 5 children 
was also fairly widespread in the states of Bihar (48.3% 
and 43.9%, respectively), Uttar Pradesh (46.3% and 
39.6%), Gujarat (38.5% and 39.3%), Madhya Pradesh 
(42% and 42.8%) and Rajasthan (39% and 36.7%) 
(figure 1A,C). On the other hand, wasting was most prev-
alent in Karnataka (26.1%), Maharashtra (25.6%), Rajas-
than (23%) and West Bengal (20.3%), besides Jharkhand 
(figure 1B). Jharkhand and Bihar also had a signifi-
cantly large proportion of children (69.9% and 63.5%, 
respectively), women (65.2% and 60.3%) and men with 
anaemia (29.9% and 32.2%). Similarly, Haryana had a 
high incidence of anaemia in both children (71.7%) 
and women (62.7%), whereas West Bengal and Andhra 
Pradesh had a high incidence of anaemia in women 
(62.5% and 60%, respectively) and men (30.3% and 
26.9%) (figure 1D–F). The south Indian state of Kerala 
as well as the northeastern states, particularly Mizoram 
and Manipur, fared the best in terms of malnutrition and 
anaemia, with less than 25% of the population affected. A 
noticeable deviation from this trend was observed in the 
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northeastern state of Meghalaya which had a fairly high 
level of stunting (43.8%). Among the northeastern states, 
Meghalaya was the second most endemic for malaria in 
2015 (online supplemental table 3).

Since 2002, India has achieved a steady decline in its 
malaria burden and by the year 2015, high endemicity 
for malaria was restricted to only a few states. By 2015, a 
major part of the country fell under the pre- elimination 
or elimination phase of malaria control, with an overall 
state malaria API of less than 1. By 2015, only 10 states 
were classified as category 3 for malaria control (state API 
≥1), namely: Maharashtra, Madhya Pradesh, Chhattis-
garh, Odisha, Jharkhand, Meghalaya, Tripura, Mizoram, 
Arunachal Pradesh, and Andaman & Nicobar Islands. 
However, despite the gains in malaria control, five of 
these states were still endemic for Malaria (Chhattisgarh, 
Odisha, Tripura, Meghalaya and Mizoram) and regularly 
reported higher APIs .28 A probable cause for the high 
endemicity in these states could be the prevalence of 
certain chronic conditions that may render the populace 
more vulnerable.16 It has been observed from our analyses 
that every district with high malnutrition status does not 
necessarily have a high incidence of malaria; however, the 
converse is often true, that is, highly malarious regions 
often have moderate to high levels of stunting, wasting, 
underweight and anaemia status.

To investigate further, spatial clustering in malnu-
trition parameters and malaria was identified using 
Moran’s I statistic which signifies the co- occurrence 
of two malnutrition parameters (viz. underweight and 
anaemia in men) and malaria. In most parts of India, 
high incidence of malaria (≥1 API) co- occurs with high- 
high clusters and some low- high outliers of underweight, 
whereas the results are quite contrary in the northeast, 
where high malaria incidence (≥1 API) coincides with 
low- low clusters and high- low outliers of underweight. 
High- high clusters of underweight are observed in most 

parts of Gangetic Plains, Central Highlands, semiarid/
arid desert regions as well as the northern parts of the 
Deccan Plateau. Among these Madhya Pradesh, Chhat-
tisgarh, Odisha and Jharkhand are the major states 
which are highly malaria endemic. On the other hand, 
the southern peninsular region, Northern Himalayan 
regions, Punjab, Haryana and the northeastern parts 
of the country exhibit low- low clusters of underweight. 
Apart from the northeastern region, the malaria API is 
low (API <1) in all the low- low clusters of underweight. 
Several districts in northern India (such as Bikaner, 
Kaithal, Saharanpur, Ambala, Panipat, Balaghat, Muzaf-
farnagar, Tehri Garhwal and Uttarkashi) as well as a 
few in the northeastern parts (namely Dhubri, Barpeta, 
Bongaigaon, Goalpara, Darrang, Tinsukia, Dibrugarh) 
are outliers and have a high incidence of underweight 
in children despite significantly lower incidence in the 
neighbouring districts. As similar to underweight, high 
malaria endemicity coincides with high- high clusters of 
anaemia in men as well, with northeastern states once 
again behaving differently, that is, despite the low preva-
lence of anaemia in men, endemicity for malaria is fairly 
high in this region (figure 2).

To establish a robust statistical association between 
malnutrition parameters and malaria burden, we cate-
gorised each of the malnutrition parameters into two 
categories based on the ROC curve and then logistic 
regression was implemented to assess the relationship 
between malaria and malnutrition parameters. The 
malnutrition parameters show a significant association 
with malaria endemicity at the district level in the bivari-
able analysis and multivariable analysis using simple 
logistic regression and step wise logistic regression respec-
tively (table 1). At the end of the multivariable analysis, 
only two malnutrition parameters viz. underweight in 
children and anaemia in men were found to be statis-
tically associated with malaria API. A district with more 
than 36% underweight prevalence status is likely to have 
2.46 (95% CI 1.53 to 3.48) times higher odds of having 
a high incidence of malaria (API >1) as compared with 

Figure 2 Co- occurrence of malaria (API >1) and 
malnutrition parameters: (A) underweight and (B) anaemia 
in men in India by clusters creation using Moran’s I statistic. 
API, Annual Parasite Index.Figure 1 Distribution of malnutrition parameters: (A) 

stunting, (B) wasting, (C) underweight, (D) anaemia in 
children, (E) anaemia in women and (F) anaemia in men in 
India.
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districts where underweight prevalence is below or equal 
to 36%. Similarly, if the prevalence of anaemia in males 
in a district is more than 23.6%, it is likely to have almost 
two times higher odds of having high malaria (OR (95% 
CI): 2.06 (1.37 to 3.11)) (table 1 and figure 3).

Among the 272 Indian districts (out of 638; 42.6%) 
where the prevalence of underweight is 36% or more, 80 
of these districts (ie, 31%) had malaria API of 1 or more. 
These 80 districts predominantly belong to four states, 
namely Chhattisgarh, Jharkhand, Madhya Pradesh and 
Odisha. On the other hand, 188 out of the 638 districts 

(equivalent to 57.4%) of India had an underweight 
prevalence lower than or equal to 36%, and among 
these only 52 (ie, 15.4%) districts have malaria API 1 or 
more. These districts belong to over 14 different states 
in India and out of these, Arunachal Pradesh, Megha-
laya and Mizoram are endemic to malaria. The second 
malnutrition parameter, which was statistically associ-
ated with malaria, is anaemia in men. A high prevalence 
of anaemia in men can be observed in central eastern 
parts of the country such as the eastern part of Madhya 
Pradesh, the southeastern part of Uttar Pradesh, Bihar 
and Odisha, some parts of Andhra Pradesh and West 
Bengal. Among these, the majority of the regions/states 
are highly malaria endemic.

DISCUSSION
Malaria is a declining infectious disease in India with foci 
of stable disease transmission often coinciding with the 
rural and tribal belts where communities are socioeco-
nomically marginalised. Using retrospective data anal-
ysis, we demonstrate that malaria and malnutrition are 
highly correlated in endemic regions. We first examined 
the distribution of malnutrition parameters viz. stunting, 
wasting, underweight and anaemia among children, 
men and women across the Indian states. We found that 
many parts of India are affected by varying degrees of 
adult and child malnutrition. It is important to note that 
many central, eastern and a majority of western states 

Table 1 Malnutrition parameters associated with endemicity of malaria using logistic regression analysis

Malnutrition 
parameters N

API <1 API ≥1 Unadjusted Adjusted

(N=470) (N=130) OR (95% CI) P value OR (95% CI) P value

Stunting

  ≤37 316 257 (81.3) 59 (18.7) Ref –

  >37 294 217 (73.8) 77 (26.2) 1.54 (1.05 to 2.27) 0.026 –

Wasting

  ≤20 359 300 (83.6) 59 (16.4) Ref

  >20 251 174 (69.3) 77 (30.7) 2.25 (1.52 to 3.31) <0.001 – –

Underweight

  ≤36 338 286 (84.6) 52 (15.4) Ref Ref

  >36 272 188 (69.1) 84 (30.9) 2.46 (1.66 to 363) <0.001 2.31 (1.53 to 3.48) <0.001

Anaemia in women

  ≤54 325 272 (83.7) 53 (16.3) Ref

  >54 275 198 (72.0) 7 (28.0) 2.00 (1.34 to 2.96) 0.001 – –

Anaemia in men

  ≤23.6 343 292 (85.1) 51 (14.9) Ref Ref

  >23.6 264 179 (67.8) 85 (32.5) 2.72 (1.83 to 4.03) <0.001 2.06 (1.37 to 3.11) <0.001

Anaemia in children

  ≤60 324 266 (82.1) 58 (17.9) Ref

  >60 276 204 (73.9) 72 (26.1) 1.62 (1.09 to 2.39) 0.016 – –

Data are expressed as n (%); here, percentages are calculated row- wise.
API, Annual Parasite Index.

Figure 3 Cross- classification of malaria API (≥1 and <1) and 
malnutrition parameters: (A) underweight (≥36, <36) and (B) 
anaemia in men (≥23.6, <23.6), in India.
API, Annual Parasite Index.
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had the highest prevalence of chronic undernutrition 
(stunting and underweight prevalence >30%) vis-à-vis 
remaining parts of India. Several states in these regions, 
which include Jharkhand, Chhattisgarh, Odisha, Madhya 
Pradesh and Maharashtra, are highly malaria endemic 
and cumulatively reported more than 0.743 million cases 
in the year 2015. A significant prevalence of wasting was 
also observed in these states. The malaria- endemic states 
of the northeast, however, were better nourished despite 
perennial malaria transmission. Except for Meghalaya, 
the levels of malnutrition were comparatively low in 
Arunachal Pradesh, Mizoram and Tripura. Cultural and 
dietary differences may account for better nutrition 
in the northeast.30 Further, Meghalaya, Mizoram and 
Tripura share international borders with Bangladesh 
and Myanmar which are malaria endemic. Cross- border 
malaria along with poor surveillance and high climatic 
suitability are major drivers of malaria transmission in 
these states.31 Recent studies have been unable to find 
a clear association between malnutrition and malaria in 
high malaria- endemic districts in the northeast.32

The endemic states exhibited considerable district- 
wise heterogeneity in their malaria caseload/API. We 
observed that underweight children form high- high 
clusters and these clusters were spread uniformly in the 
eastern, central and western states of India, and over-
lapped with highly malaria- endemic districts (API >1)—
Chhattisgarh, Jharkhand, Madhya Pradesh, Maharashtra 
and Odisha. Anaemia among men exhibited spatial clus-
tering in the eastern and to some extent in the north-
eastern states of the country. Strikingly, several districts 
within these states are highly endemic for malaria. As 
malnutrition remains prevalent in India, this analysis 
enabled us to specifically identify the districts where 
malaria and malnutrition co- occur. In districts where 
the levels of underweight or anaemia in men crossed 
particular cut- offs (36% for underweight and 23.6% for 
anaemia among men), the odds of having high malaria 
(API >1) doubled. In other words, the high prevalence of 
underweight and anaemia among men emerged as risk 
factors for high malaria in a district. Our findings are in 
line with previous studies which showed that stunting and 
being underweight enhanced malaria risk in malnour-
ished children.20 33 34 Underweight can arise from both 
acute and chronic malnutrition. While chronic malnutri-
tion is demonstrated to increase susceptibility to clinical 
malaria and relapses, acute malnutrition may promote 
fatal outcomes and mortality in malnourished chil-
dren.14 16 17 35 Consequently, underweight children may 
be more vulnerable to malaria infections and increased 
malaria incidence due to their weak immune systems.36 37 
Malnutrition, both acute and chronic, is known to affect 
innate and adaptive immunity, and the immune system 
in malnourished individuals may be compromised at 
various levels. Severe acute malnutrition in infants and 
under- 5 children is associated with thymus atrophy 
resulting in reduced T cell numbers and consequently 
maldevelopment of peripheral lymphoid organs, that 

is, spleen and lymph nodes.38–40 Innate immune defects 
such as impaired skin and gut immunity, defective 
antigen presentation due to reduced numbers of circu-
lating dendritic cells, reduced microbicidal activity of 
granulocytes etc are observed in malnourished individ-
uals.38 41 On the other hand, reduced levels of soluble 
IgA, low numbers of circulating B cells, atrophy of 
lymphoid organs and reduced delayed- type hypersensi-
tivity responses constitute some of the adaptive immune 
defects attributed to malnutrition.41 With chronic 
malnutrition, long- term immunological defects such 
as reduction in the number of white cell count (leuco-
penia), decreased ratio of CD4/CD8 functional T cells, 
excess of undifferentiated lymphocyte numbers and low 
serum complement activity are observed.42 A deficiency 
of micronutrients such as vitamins A, B, C and E, zinc, 
carotenoids and folic acid is also shown to tip the balance 
in favour of malaria pathology.43 Therefore, underweight 
children may exhibit multiple immunological defects 
and consequently may not be able to mount appropriate 
immune responses to defend against malaria parasites. 
On the other hand, anaemia is mostly present as an 
obligatory manifestation of malaria in high- transmission 
settings.44 Anaemia is usually well described in children 
and women; however, its high prevalence among men 
residing in endemic districts is particularly intriguing and 
thus far is an overlooked public health issue. In India, 
the prevalence of anaemia is high in the age group 15–54 
years.45 Anaemia among men in India is multifactorial 
with age, poverty, poor diet, tobacco consumption and 
being underweight as some of the contributing factors 
among many.45 A rural residence is also a risk factor and 
we speculate that the occupational practices such as agri-
culture, labourers, etc in such areas might enhance expo-
sure to vectors and finally lead to malaria and associated 
anaemia.45

This is a pioneering study that highlights existing knowl-
edge gaps in our understanding of malaria and malnu-
trition correlations in the Indian context. The current 
analysis indicates that all districts with malaria had a signif-
icant proportion of undernutrition. The populations are 
trapped in the well- known vicious cycle of malnutrition 
and infectious diseases, which is reflected in this analysis 
as well. There is an urgent need to generate evidence on 
the predisposition of malnourished people to malaria 
and their therapeutic responses to standard doses of anti- 
malarial drugs. In addition, the public health national 
programme needs to take into cognisance the presence 
of malnutrition in malaria- endemic areas and take steps 
to address both simultaneously as is being done in TB in 
the Indian TB programme.

Overall, the study underscores malnutrition and 
anaemia as important confounders influencing malaria 
epidemiology in the endemic states of central and eastern 
India. The mal–mal relationship dissected here calls for a 
comprehensive approach to malaria control that includes 
integrating nutrition programmes with disease control 
interventions in these regions.
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