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Neurodevelopmental Outcomes in Children Born to Climate Refugee 
Mothers in Bangladesh: Experiences from Cyclone Aila 

 

*Khan NZ1, Muslima H2, Shilpi AB3, Majumder SK4, Khan AE5 
 

Cyclone Aila hit the South-West coast of Bangladesh in May 2009, when in Dacope Upazilla over 
50,000 people were left homeless as climate refugees (CRs) for over two years. We determined 
neurodevelopmental status of children born as CRs compared to their non-Climate Refugee (NCR) 
counterparts. Pregnant mothers were enrolled from May 2009 to April 2010 in entire Dacope in a 
study which profiled their health conditions. From among these mothers, 12 months post-Aila 267 
CR mother-child dyads, and 552 NCR mother-child dyads were enrolled to assess their children’s 
neurodevelopmental outcomes. There were significantly more landless families among CRs 
compared to NCRs (p value=0.0001; OR=1.86, 95% CI: 1.37-2.51). The mean±SD age at 
assessment of CR children was 8.52±4.57 months compared to a mean age 9.09±4.13 months of the 
NCR children (p=0.610). Neurodevelopmental Impairments (NDIs) were three times higher in the 
former (21.3%), compared to the latter (7.4%) group (p=0.0001; OR 3.83, 95% CI:  2.16 - 5.21). 
Specifically, expressive language (p value 0.002; OR 2.86, 95% CI: 1.46 – 5.57) and gross motor 
functions (p=0.007; OR 2.27, 95%CI 1.22 - 4.20) were the most significantly affected areas of 
impairment. Children born to CR mothers had a three times higher proportion of NDIs. The 
findings are of concern as in Bangladesh large populations are forced to leave their homes and 
become CRs annually. Optimum antenatal care of pregnant women as well as their offsprings 
within refugee situations needs to be ensured to prevent NDIs and poor quality of survival.   
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Introduction 

atural disasters are common in 
Bangladesh, including yearly floods and 
cyclones, especially in coastal areas1. 

Large populations are forced to leave their homes 
and take temporary refuge in safer areas, 
sometimes for substantial lengths of time2. A 
previous study from Bangladesh has reported 
significant rise in post-flood disabilities in 
children3. We report here the neurodevelopmental 
outcomes of children born to climate refugee (CR) 
mothers after a severe cyclone hit a coastal 
population of the country.  
On 25 May 2009, Cyclone Aila hit a south-west 
coastal area of Bangladesh4. In one administrative 
sub-district (i.e. Dacope Upazilla within Khulna 
district) a tidal river embankment broke and the 
entire population (estimated to be over 50,000) had 
to take refuge on another  eastern river 
embankment where the majority remained as CRs 
for over two years; and even till date, remain 
displaced5,6,7.  
During the same month i.e., May 2009, a study was 
undertaken to enroll pregnant women across the 

entire Dacope Upazilla to determine the effects of 
climate change on their overall health8,9.  
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The enrolled population included both CR and non-
CR (NCR) women. It was hypothesized that 
children born to the former group would have 
poorer neurodevelopmental outcomes than the 
latter, based upon reports from other studies on 
maternal stress during pregnancy10 and specifically 
on the after-maths of natural disasters11. The 
objective of this study was to determine 
neurodevelopmental status of children born as CRs 
compared to their NCR counterparts 8 months after 
Cyclone Aila. 
 
Methods 
This was a follow-up cross-sectional study to 
assess neurodevelopment of a cohort of children 
born to CR-mothers (i.e., cases) compared to those 
born to their NCR counterparts (i.e., controls).  
The base population of the study were pregnant 
mothers who were enrolled from May 2009 to 
April 2010 from 2nd trimester of pregnancy in a 
study which profiled their socio-demographic 
history, general health status and pregnancy-related 
health conditions in the entire Dacope Upazilla8,9. 
All children born to enrolled mothers (not 
inclusive, as many mothers had not yet delivered), 
were assessed for their neurodevelopment in their 
homes, between May to June, 2010, by Health 
Assistants, i.e., the government frontline health 
workers. This included a large sub-population of 
children who were conceived and born as CRs as 
their mothers had to leave their homes after 
Cyclone Aila and take refuge on another river 
embankment for over two years.  
The Rapid Neurodevelopmental Assessment (RNDA) 
tool (12) was administered to all enrolled children in 
their homes by government frontline workers, i.e., 
Health Assistants (HAs). The tool was developed for 
use in children aged 0 to 24 months, and validated for 
use by generic child care professionals. The RNDA 
records neurodevelopmental impairments (NDIs), 
with severity ratings (not reported in this paper) under 
the following developmental domains: primitive 
reflexes (for 0 to 1 month), gross motor, fine motor, 
vision, hearing, expressive language, cognition, 
behavior, and seizures.  
A short peri-natal history of the children was also 
recorded during the assessment.  
Health Assistants (HAs) (i.e., government frontline 
health workers with minimum 12 years of 
schooling and a high school degree) were recruited 

to conduct home-based neurodevelopmental 
assessments by administering the RNDA.  A10-day 
training was provided to 9 HAs (2 males, 7 
females), and 2 supervisors with college degrees, in 
Dhaka city by the Child Development Center, 
Department of Pediatric Neuroscience, Dhaka 
Shishu (Children’s) Hospital.    
All findings were computed on the SPSS database 
version 8. Mother’s socio-demographic data was 
obtained from the original study database and 
merged with the perinatal and children’s data 
collected for the present study. ‘Any NDI’ was 
computed if the child had a NDI in = >1 of the nine 
developmental domains.   
Ethical clearance was obtained from the Ethical 
Research Committee of the Bangladesh Institute of 
Child Health, Dhaka Shishu (Children’s) Hospital, 
Dhaka, Bangladesh. A written consent was taken 
from all mothers prior to interview and assessment 
of their children. All children found to have a NDI 
were referred to the Child Development Center 
(“Shishu Bikash Kendra’ in Bangla) in the nearest 
government tertiary hospital, i.e., Khulna Medical 
College Hospital, Khulna, Bangladesh. 
 
Results  
Two hundred and sixty seven (267) CR mother-
child dyads and 552 non-CR mother-child dyads 
were assessed (Table I). Mean ages of the mothers 
(23.13 years vs. 23.30 years, respectively) and 
children (5. 59 months vs. 5.75 months, 
respectively) were comparable. Maternal 
education, land ownership and ownership of a TV 
in their homes were significantly lower in the CR 
group (p values 0.0001, 0.0001 and 0.0001, 
respectively). 
More CR mothers had had home-delivered babies 
(p value 0.006); by traditional birth attendants (p 
value 0.0001). Post-delivery, more numbers of CR 
newborns had difficulty in breathing with poor cry 
(p value 0.024); and/or were lethargic in the first 
week of life (p value 0.039) (Table I).  
NDIs in CR children versus NCR children are 
compared in Table II. Any NDI (=>1 NDI) was 
found in 21.3% CR children compared to 7.4% in 
NCRs (p value 0.0001; OR 3.83, 95% CI 2.16 - 
5.21). Within specific impairments, impairments in 
expressive language (7.9% in CRs vs. 2.9% in 
NCRs; p value 0.002; OR 2.86, 95% CI 1.46-5.57) 
and gross motor functions (8.2% vs. 3.2%, p value 
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0.007; OR 2.27, 95% CI 1.22 - 4.20) were more 
prevalent in CR children. NDIs in other specific 

functional domains were comparable and similar in 
the two groups.  

 

Table I: Comparison of socio-demographic characteristics and perinatal histories of climate refugee (CR) 
versus non-climate refugees (NCR) mother-child dyads  
 

Sociodemographic Variables  Climate 
Refugee 

(CR) 
Total = 267 

(100%) 

Non Climate 
Refugee 
(NCR) 

Total = 552 
(100%) 

F  P value OR (95% CI) 

Mean maternal age (±SD) 23.13±4.33 23.30±4.46 0.260  0.610 NC 
Mean children’s age (±SD) 05.59±3.41 05.75±3.66 0.377  0.539 NC 
   Chi-square df   
Maternal Education: none or 
primary school vs. > primary 

114 (43.69) 165 (29.89) 50.256 1 0.0001 0.57 (0.42-0.77) 

Land ownership: none vs. some 175 (65.5) 279 (50.5) 16.389 1 0.0001 1.86 (1.37-2.51) 
TV ownership: none vs. owns  236 (88.4) 389 (70.5) 31.964 1 0.0001 3.19 (2.10-4.83) 
Perinatal History  
Home delivered  206 (76,8) 373 (67.6) 14.619 4 0.006  
Delivered by traditional birth 
attendant  

186 (69.7) 288 (52.2) 33.320 4 0.0001  

<12 hours taken to deliver 178 (66.7) 364 (65.9) 1.052 2 0.591  
Normal vaginal delivery  237 (88.8) 466 (84.4) 4.119 5 0.532  
Normal color of the newborn 255 (95.5) 533 (96.6) 1.470 2 0.480  
Difficult breathing and poor cry 
immediately after birth  

19 (7.1) 20 (3.6) 4.841 1 0.024 2.03 (1.06-3.88) 

Resuscitation needed 14 (5.2) 23 (4.2) 0.484 1 0.298 0.78 (0,39-1.55) 
Baby lethargic in first week 16 (6.0) 17 (3.1) 3.948 1 0.039 0.49 (0.24-1.00) 
Baby breast fed 265 (99,3) 547 (99.1) 0.052 1 0.588 0.83 (0.15-4.28) 

 

NC = Not calculable 
 

Table II: Comparison of neurodevelopmental impairments (NDIs) in children born as climate refugees 
(CR) (N=267; 100%) and non climate refugees (NCR) (N=552; 100%) 
 

Neurodevelopmental 
impairments (NDIs) 

CR children (N=267; 100%); NCR children (N=552; 100%) 
Group Number (%) P value OR (95% CI) 

Gross motor CR 22 (08.2) 0.007 2.27 (1.22-4.20) 
NCR 21 (03.8) 

Fine motor  CR 06 (02.2) 0.357 1.38 (0.48-3.93) 
NCR 09 (01.6) 

Vision  CR 01 (00.4) 0.276 0.34 (0.04-2.85) 
NCR 06 (01.1) 

Hearing  CR 03 (01.1) 0.606 1.03 (0.25-4.16) 
NCR 06 (01.1) 

Expressive language  CR 21 (07.9) 0.002 2.86 (1.46-5.57) 
NCR 16 (02.9) 

Cognition  CR 14 (05.2) 0.149 1.55 (0.76-3.14) 
NCR 19 (03.4) 

Behavior CR 03 (01.1) 0.579 0.88 (0.22-3.44) 
NCR 07 (01.3) 

Seizures  CR 05 (01.9) 0.133 2.61 (0.69-9.81) 
NCR 04 (00.7) 

Any (=>1) NDI CR 57 (21.3) 0.0001 3.83 (2.16-5.21) 
NCR 41 (07.4) 
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Discussion  
This study was the outcome of a severe cyclone 
(Cyclone Aila) which hit, among other areas, the 
Dacope Upazilla of Bangladesh in May 2009, 
resulting in the migration of thousands of villagers 
living within the safety of a river embankment to 
another river embankment where they had to 
remain for at least two years, many still displaced 
till date.  Children who were conceived and given 
birth to as CRs were compared to their NCR 
counterparts at a mean age of 8 and 9 months, 
respectively, for their neurodevelopment. The 
significantly higher rates of poor 
neurodevelopmental outcomes in CR children 
highlight the need to address the plight of women 
who conceive as CRs and the subsequent well-
being of their offspring.   
NDIs were found to be over three times higher in 
CR children compared to NCRs (OR 3.83); and 
specifically in expressive language (OR 2.86) and 
gross motor functions (OR 2.27). These findings of 
poor neurodevelopmental outcomes of children 
born to CR mothers correspond with studies of 
antenatal stress in mothers and poor outcomes in 
their babies found in studies elsewhere. In a review 
of over 22 studies Talge et al.13 conclude that if a 
mother is stressed while pregnant, her child is 
substantially more likely to have emotional or 
cognitive problems, including an increased risk of 
attentional deficit/hyperactivity, anxiety, and 
language delay. Talge et al.’s review findings were 
independent of effects due to maternal postnatal 
depression and anxiety. Our study findings of 
expressive language delay are similar to Talge’s 
review findings. High rates of gross motor delays 
could be more related to perinatal complications 
which were two times higher (OR 2.03) in CR 
children and could signify a number of underlying 
causes such as preterm deliveries14, etc; but which 
could not be specified in this study which was 
based upon maternal recall. Moreover, more CR 
mothers belonged to landless families (OR 1.86), 
i.e., an indicator of poverty, and which has been 
found to be a risk factor for later disability in 
children in a previous study in Bangladesh15.   
We still do not know what forms of anxiety or 
stress are most detrimental, but several factors can 
be considered. One socio-demographic study on 
the consequences of cyclones found that the richer 

families left for the city or found better living 
conditions leaving the poor in refugee-like 
situations16; and even among poor families, males 
migrated to cities to find a living, leaving the 
female to cope for her and their children2. As stated 
in the previous paragraph, our study found CR-
mothers to be poorer, with significantly more 
deliveries at ‘home’ (a euphemism for the refugee 
shacks) by traditional birth attendants (or’ dais’) 
and with more perinatal complications in their 
newborns. Both poverty17 and relationship with 
partner13,18 have been shown to be sources of 
maternal stress which influences outcomes of 
child’s well being subsequently.    
The study had limitations. Firstly, more detailed 
information on children’s perinatal history would 
have provided a better insight into their later 
neurodevelopment, For example, gestational age, 
birth weight, and severity of perinatal asphyxia 
could not be accurately determined. Secondly, 
more information regarding perinatal deaths was 
unavailable. Lastly, maternal stress was not 
measured, which could have led to more 
conclusive correlations with children’s 
neurodevelopment as we have found in some of 
our previous studies3,19. 
Although with limitations, the strength of the study 
as a ‘natural experiment’ lies in the fact that  
infants’ neurodevelopment was assessed of a CR 
cohort in comparison to a NCR cohort after a 
catastrophic cyclone made homeless thousands of 
women who subsequently conceived and gave birth 
to them, cannot be over emphasized. 
 
Conclusion 
This study was a ‘natural experiment’ after 
Cyclone Aila in the Dacope Upazilla of 
Bangladesh, where children’s neurodevelopment 
was compared at a mean age of 8 and 9 months, 
respectively, between those born to CR-mothers, 
compared to their NCR counterparts. Overall NDIs 
were three times more prevalent in the CR cohort. 
Specifically, language and gross motor functions 
were most impaired. Significantly more CRs were 
poorer, delivered by untrained personnel and had 
had more perinatal complications, i.e., factors 
which could have added to the stress of their 
mother’s delivering as CRs. The study has 
important implications for thousands of 
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Bangladeshi women of reproductive age, and 
pregnant women and their offspring, whose plight 
and stress need special attention by refugee 
rehabilitators and policy makers to provide them 
with a safer and more sensitive environment, 
optimum antenatal care, safe delivery, and a 
nurturing environment of their offspring, if their 
long-term quality of survival is to be ensured.  
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