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Research Aims: A seasonally adjusted measure is needed to help account for seasonal variation
in health outcomes in survey data. To understand how health outcomes and associated risk
factors vary throughout the year, this research has leveraged multiple pooled large-scale cross-
sectional surveys, using Bangladesh as a case study. Using this dataset, a Seasonal Risk Index
(SRI) has been developed, comprising of three domains in which health may be influenced
seasonally, including food security, disease environment and economic pathways. The SRI aims
to address a knowledge gap by capturing the cumulative effect of multiple seasonal risk factors
in each of the seasonal dimensions. This index explores evidence to test the hypothesis that
poor health is most pronounced during the monsoon season in Bangladesh. This study has
captured the concept of seasonality through human behaviour and socio-economic activities
that may increase the seasonal risk of poor health, rather than focusing solely on variation in
climatic conditions. Finally, previous literature generally focuses on rural livelihoods varying
seasonally given the high dependence on agricultural livelihoods, this study contributes new
knowledge about seasonal patterns also observed in urban areas.

Background: In areas with concentrated periods of rainfall, such as Bangladesh, people are
often at their most disadvantaged and experience the poorest health during the monsoon
season. During this time, infections and malnutrition are high, food availability and access are
low and income-generating opportunities are scarce (Devereux et al., 2013). It is believed that
the simultaneous occurrence of multiple seasonal risk factors for poor health can have a
compounding negative impact on health and nutrition at certain points within the year (Vaitla et
al,, 2009; Devereux et al., 2013). However, there is a lack of understanding of how such risk
factors coincide and interact.

A dearth of large-scale, high-frequency survey data has hindered the study of seasonal variation
in health outcomes and associated risk factors in low- and middle-income countries (LMICs).
Cross-sectional data sources, such as Demographic Health Surveys (DHSs) are commonly used
to measure progress in health outcomes. Yet data collection generally spans 3-6 months, which
does not depict the varying seasonal conditions across all the year. This prevents summary
statistics of variables that vary seasonally from being generalisable beyond the months in which
sampling occurred, hence, surveys sampled at different points in the year may produce very
different findings (Pullum, 2008; icddr,b & UNICEF, 2021). Few studies comment on the timing
of survey implementation and how this may impact the generalisability of annual averages
(WHO et al., 2020). Caution is therefore needed to measure progress over time in health
outcomes (and associated determinants) for the 2030 Sustainable Development Goals (SDGs) if
seasonality is not accounted for. Additionally, as seasons are shifting due to human-driven
climatic changes, understanding how seasons influence health has never been so critical.

Various sources have highlighted that a seasonally adjusted measure is needed to study
seasonality in cross-sectional data (Pullum, 2008; icddr,b & UNICEF, 2021; Devereux et al.,
2013; WHO et al,, 2020). To date, no existing literature has attempted to develop such a
measure or to study when multiple risks of poor health are highest during the year, particularly
using cross-sectional data.

Numerous studies have found seasonal variation in a selection of general health outcomes.
These include infectious illnesses, such as diarrhoea, ARI or malaria (Otte im Kampe et al., 2015;
Buchner & Rehfuess, 2015; Pullum, 2008; Few et al., 2013; Bandyopadhyay et al., 2012; Carlton
etal., 2014; Pinfold et al,, 1991). Non-communicable illnesses, such as acute undernutrition, and
hypertension, alongside accidents and injuries also vary seasonally (Mertens et al., 2021;
Branco et al,, 2018; Goyal et al., 2018; Rohwerder, 2016). Finally, seasonal variations in
maternal and newborn health outcomes such as low birthweight and pre-term births are also
observed (Strand et al., 2011; Grace et al., 2015; Dorélien, 2016). Yet even with these seasonal
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variations known, conceptual frameworks (such as the UNICEF framework (UNICEF, 1998) on
maternal and child nutrition) does not account for seasonality.

Previous research studying intra-annual variation in health outcomes tends to focus on a
specific dimension of seasonality, for example, food security, income (and the ability to smooth
consumption), or water quality and infection risk. No previous studies have looked holistically
at dimensions of seasonality and their impacts on health outcomes, thereby ignoring the
multiple drivers and their interactions that may lead to seasonal patterns in the outcome
variable of interest.

Marshak et al., (2021) highlights that local populations describe seasons based on the pattern of
human activities and access to resources, rather than describing climatic conditions. Previous
literature has focused on associations between meteorological conditions and health outcomes,
rather than understanding the proximate changes in risk factors by studying human behaviours
and socio-economic activities.

This study will develop a Seasonal Risk Index (SRI) to understand when in a year the
compounding risk factors of poor health are at their highest during the year. By doing so, the
study aims to shift the focus of seasonality from changing climatic conditions towards variation
in human experiences of seasonal variation that contribute to periods of poor health during the
year. This can be used as a tool to help interpret summary statistics from a cross-sectional
survey, based on when the survey took place within the year. Understanding the timing of
seasonal risks and peaks in poor health will also facilitate well-timed policy interventions to
mitigate the worst consequences of seasonality (Sabates-Wheeler & Devereux, 2013).

Data: This study used cross-sectional DHS data in Bangladesh. Six rounds of DHS were pooled
together between 1999 and 2018. DHS data lacked information about food security and
consumption, therefore monthly WFP rice food price data at the Division level was linked to
observations given that 80% of calories consumed from rice in Bangladesh (FAOSTAT, 2018).
Additional data sources to be linked are still being explored.

The data was pooled together, which required harmonization of variables that have changed
over the multiple surveys. The dataset was required to have (relatively even) coverage over the
year to study seasonality, with sampling in each DHS round simultaneously taking place in
parallel in different regions to ensure it is representative over space and time. Comprehensive
checks and geo-spatial plotting of PSU GPS coordinates was conducted to ensure this is the case.

Methodology: Variables for the SRI were selected based on a theory-driven approach, drawing
on existing literature about seasonality and health. Three domains were defined signifying
different pathways that seasonal variation may influence health: food security, disease
environment and economic conditions. An important point is that a household’s resilience to
seasonal changes may be influenced by underlying variables that do not vary seasonally.
However, this index has only selected variables where previous literature has shown seasonal
variation and have a negative impact on health (to stop positive impacts cancelling out the effect
in the index).

The SRI is constructed by aggregating individual-level responses from the pooled dataset
(disaggregated by month), which were then normalized at Division-level (or national, urban, or
rural levels). Monthly z-scores to measure the relative risk of poor health throughout the year
were then calculated. A 1-month temporal lag is introduced for the economic and food domains.
To combine the indicators within each domain, an unweighted mean was taken of the z-scores
for each domain. To combine the domains into a singular index value for each month, the
arithmetic mean score is calculated based on the mean domain value.

It is hypothesised that (to show causality), the risk of poor health (the SRI) may increase prior
to a peak in poor health. The SRI was then compared with seasonal variation in selected child
health outcomes from the DHS data, including wasting (an indicator for acute undernutrition),
diarrhoea and Acute Respiratory Infections (ARI).
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The SRl is calculated at various levels, including national, urban, rural, and Division levels,
which helps uncover spatial and temporal variations in seasonal risk factors of poor health.
Temporal variations were also explored using 10-day intervals (dekads) to shift away from a
western conceptualisation of time through months. This study also utilized nightingale (radar)
plots to visualise the results of the SRI to reflect the cyclical nature of seasonal variation.

Results: Descriptive statistics by month from the cross-sectional pooled dataset showed clear
seasonal variation in many risk factors. The seasonal timing of some of the associations aligned
with hypothesised seasonal patterns discussed in literature, while other patterns did not.

Figure 1 shows that the SRI observed a peak in relative risk between March and May, at the end
of the dry season when intense rainfall begins (from March to May). Conversely, the lowest risk
of poor health was during the monsoon season (in June and July). Figure 2 shows that the SRI
was highly associated with the prevalence of ARI, with a correlation coefficient of 0.86. The
increase of risk in the disease environment domain coincides with a rapid increase in diarrhoea
and wasting prevalence, suggesting that risk factors relating to disease environment are most
important for determining seasonal variation for infections and undernutrition.
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Figure 1: Seasonal Risk Index & Domains by Figure 2: Seasonal Risk Index & Health
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The seasonal variation within each domain has also been shown in the nightingale plots in
figure 3. The plots show that each domain does not directly coincide with others, which
contradicts existing literature about multiple risk factors coinciding during the monsoon period
(June to October).
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Figure 3: Nightingale Plots of Seasonal Risk Index & Domains by Month (National-Level)
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A separate SRI for urban and rural areas showed very similar results, although slight differences
in the risk associated with the disease environment pathway. This highlights the need to better
understand intra-year variation in health in urban areas, particularly in relation to drinking
water sources and sanitation facilities.

Conclusion: Country-level progress for SDGs is currently monitored using annual summary
statistics, attention should shift towards monitoring and reducing intra-annual variation beyond
2030. The SRI developed in this paper helps to understand how multiple risk factors may
coincide and interact seasonally to influence the health outcomes. This research serves as a
proof of concept for studying seasonal risk factors with cross-sectional data that can be
extended to other countries and regions to enhance our understanding of the complex
relationship between seasonality and health with limited high-frequency data availability.



University of
Southampton
References:

Bandyopadhyay, S., Kanji, S. & Wang, L. (2012). The impact of rainfall and temperature variation
on diarrheal prevalence in Sub-Saharan Africa. Applied Geography. 33. p.pp. 63-72.

Branco, A.E.C., Assuncdo, ].L.S., Filho, G.C., Bassi, D. & Silva, F.B. (2018). Correlation between
water salinity and arterial hypertension. Ciéncia e Natura. 40. p.pp. 112-122.

Buchner, H. & Rehfuess, E.A. (2015). Cooking and Season as Risk Factors for Acute Lower
Respiratory Infections in African Children: A Cross-Sectional Multi-Country Analysis.
PLOS ONE. 10 (6). p.p. e0128933.

Carlton, E.J., Eisenberg, ].N., Goldstick, ]., Cevallos, W., Trostle, . & Levy, K. (2014). Heavy rainfall
events and diarrhea incidence: the role of social and environmental factors. American
journal of epidemiology. 179 (3). p.pp. 344-352.

Devereus, S., Sabates-Wheeler, R. & Longhurst, R. (2013). Seasonality revisited: new
perspectives on seasonal poverty. In: Seasonality, Rural Livelihoods and Development.
Routledge, pp. 18-38.

Dorélien, A.M. (2016). Birth seasonality in sub-Saharan Africa. Demographic Research. 34. p.pp.
761-796.

FAOSTAT (2018). FAOSTAT: New Food Balance Sheets. [Online]. 2018. Available from:
http://www.fao.org/faostat/en/#data/FBS. [Accessed: 7 July 2020].

Few, R, Lake, [, Hunter, P.R. & Tran, P.G. (2013). Seasonality, disease and behavior: Using
multiple methods to explore socio-environmental health risks in the Mekong Delta.
Social Science & Medicine. 80. p.pp. 1-9.

Goyal, A., Aslam, N,, Kaur, S., Soni, RK.,, Midha, V., Chaudhary, A., Dhaliwal, L.K,, Singh, B.,
Chhabra, S.T., Mohan, B., Anand, L.S. & Wander, G.S. (2018). Factors affecting seasonal
changes in blood pressure in North India: A population based four-seasons study. Indian
Heart Journal. 70 (3). p.pp. 360-367.

Grace, K., Davenport, F., Hanson, H., Funk, C. & Shukla, S. (2015). Linking climate change and
health outcomes: Examining the relationship between temperature, precipitation and
birth weight in Africa. Global Environmental Change. 35. p.pp. 125-137.

icddr,b & UNICEF (2021). Bangladesh MICS 2019: Water Quality Thematic Report. [Online].
Available from: https://psb.gov.bd/policies/wqtr2019.pdf.

Marshak, A., Venkat, A., Young, H. & Naumova, E.N. (2021). How Seasonality of Malnutrition Is
Measured and Analyzed. International Journal of Environmental Research and Public
Health. 18 (4). p.p. 1828.

Mertens, A., Benjamin-Chung, |, Colford, ].M., Hubbard, A.E., Laan, M.]. van der, Coyle, ]., Sofrygin,
0., Cai, W,, Jilek, W., Rosete, S., Nguyen, A., Pokpongkiat, N.N., Djajadi, S., Seth, A, Jung, E.,
Chung, E.O., Malenica, I, Hejazi, N., Li, H., Hafen, R., Subramoney, V., Higgstrom, J.,
Norman, T., Christian, P., Brown, K.H., Arnold, B.F. & Consortium, members of the ki C.G.
(2021). Child wasting and concurrent stunting in low- and middle-income countries.
[Online]. p.p. 2020.06.09.20126979. Available from:
https://www.medrxiv.org/content/10.1101/2020.06.09.20126979v2. [Accessed: 9
March 2022].



University of
@Southampton

Otte im Kampe, E., Miiller, O., Sie, A. & Becher, H. (2015). Seasonal and temporal trends in all-
cause and malaria mortality in rural Burkina Faso, 1998-2007. Malaria Journal. 14 (1).
p-p- 300.

Pinfold, ].V., Horan, N.]. & MARA, D.D. (1991). Seasonal effects on the reported incidence of acute
diarrhoeal disease in northeast Thailand. International Journal of Epidemiology. 20 (3).
p-pp.- 777-786.

Pullum, T.W. (2008). An assessment of the quality of data on health and nutrition in the DHS
surveys, 1993-2003. [Online]. Available from:
https://dhsprogram.com/publications/publication-mr6-methodological-reports.cfm.
[Accessed: 9 February 2022].

Rohwerder, B. (2016). Seasonal vulnerability and risk calendar in Nepal. Helpdesk Research
Report). Applied Knowledge Services. Governance Social ....

Sabates-Wheeler, R. & Devereuy, S. (2013). From seasonal lives towards a-seasonal living:
building seasonality into risk management response. In: Seasonality, Rural Livelihoods
and Development. Routledge, pp. 292-309.

Strand, L.B., Barnett, A.G. & Tong, S. (2011). The influence of season and ambient temperature
on birth outcomes: A review of the epidemiological literature. Environmental Research.
111 (3). p.pp. 451-462.

UNICEF (1998). State of the World’s Children: Focus on nutrition. Oxford: Oxford University Press
for UNICEF.

Vaitla, B., Devereux, S. & Swan, S.H. (2009). Seasonal Hunger: A Neglected Problem with Proven
Solutions. PLoS Medicine. 6 (6). p.p. €1000101.

WHO, UNICEF & World Bank (2020). Levels and trends in child malnutrition. Joint child
malnutrition estimates: key findings of the 2021 edition. [Online]. Available from:
https://www.who.int/publications-detail-redirect/9789240025257. [Accessed: 9
February 2023].



