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Abstract

Background: Greenhouse gas emissions are changing the Earth’s climate, most directly 

by modifying temperatures and temperature variability (TV). Residents of low- and middle-

income countries (LMICs) are likely more adversely affected, due to lack of air conditioning 

to compensate. To date, there is no local epidemiological evidence documenting the cardio-

respiratory health effects of TV in Dhaka, Bangladesh, one of the most climate change vulnerable 

cities in the world.
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Objectives: We assessed short-term TV associations with daily cardiovascular disease (CVD) 

and respiratory emergency department (ED) visits, as well as effect modification by age and 

season.

Methods: TV was calculated from the standard deviations of the daily minimum and maximum 

temperatures over exposure days. Time-series regression modeling was applied to daily ED visits 

for respiratory and CVD from January 2014 through December 2017. TV effect sizes were 

estimated after controlling for long-term trends and seasonality, day-of-week, holidays, and daily 

mean relative humidity and ambient temperature.

Results: A 1 °C increase in TV was associated with a 1.00% (95 %CI: 0.05%, 1.96%) increase 

in CVD ED visits at lag 0–1 days (TV0–1) and a 2.77% (95 %CI: 0.24%, 5.20%) increase in 

respiratory ED visits at lag 0–7 days (TV0- 7). TV-CVD associations were larger in the monsoon 

and cold seasons. Respiratory ED visit associations varied by age, with older adults more affected 

by the TV across all seasons. A 1 °C increase in TV at lag 0–7 days (TV0–7) was associated with 

a 7.45% (95 %CI: 2.33%, 12.57%) increase in respiratory ED visits among patients above 50 years 

of age.

Conclusion: This study provided novel and important evidence that cardio-pulmonary health in 

Dhaka is adversely affected year-round by day-to-day increases in TV, especially among older 

adults. TV is a key factor that should be considered in evaluating the potential human health 

impacts of climate change induced temperature changes.
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1. Introduction

Climate change has been identified as one of the greatest public health threats of the 

21st century (Watts et al., 2021). Apart from worsening extreme weather events, such 

as hurricanes, typhoons, floods, and droughts, changes in ambient temperatures are the 

most direct way that climate change is expected to directly affect human health. Studies 

conducted in last two decades have shown that extreme hot and cold ambient temperatures, 

such as cold spells and heat waves, are associated with increased risks for a number of health 

outcomes, including cardiovascular and respiratory morbidity and mortality (Armstrong 

et al., 2017; Bobb et al., 2014; Brooke Anderson and Bell, 2011; Han et al., 2017; Lin 

et al., 2009; Ma et al., 2015; Marmor, 1975). The association between temperature and 

morbidity has been considerably less consistent than the association with mortality. For 

example, studies from New York (Dostálová et al., 2005), Michigan (Koken et al., 2003), 

California (Green et al., 2010), Hong Kong (Lam et al., 2018; Tian et al., 2016), 213 US 

countries (Anderson et al., 2013), 12 European cities (Michelozzi et al., 2009), Northern 

Australia (Green et al., 2015; Webb et al., 2014), and Vietnam (Giang et al., 2014) reported 

increased cardiovascular and respiratory hospital admissions and emergency department 

(ED) visits with increased temperature, while studies from Brisbane (Ren et al., 2006), 

Helsinki (Sohail et al., 2020), and Madrid (Linares and Díaz, 2008) reported no association. 

However, most prior studies have been conducted in developed countries, which generally 
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have more temperate climates and home air conditioning. More research is needed in 

low and middle-income countries (LMIC), and in countries with tropical and sub-tropical 

temperatures, where impacts may be much greater.

In addition to an average temperature increase, one of the most frequent impacts of climate 

change is increased variation of temperature due to more unstable weather and climate 

modeling has predicted increased temperature variability (TV) with climate change in 

LMIC (Bathiany et al., 2018). One study examined the impacts of both mean temperature 

and temperature variability in summer and winter simultaneously and concluded that 

excess public health risk of climate change may also stem from changes of within-season 

temperature variability (Shi et al., 2015). Temperature variability reflects rapid temperature 

fluctuations within a certain period (e.g., intraday, inter-day, or within season changes 

in temperature). People can have difficulty with thermoregulation and acclimatization to 

sudden changes in weather (Garrett et al., 2009), irrespective of the time of year. The decline 

in thermoregulation with increasing age has also been well documented, suggesting that 

older adults may be more vulnerable to the effects of climate-related changes in temperature 

than younger adults (Åström et al., 2011; Kenney and Hodgson, 1987; Kenny et al., 2010; 

Layton et al., 2020; Martiello and Giacchi, 2010; Shibasaki et al., 2013). There is no 

certain definition of temperature variability. Prior studies examined the short-term health 

effects of intraday TV (e.g., diurnal temperature range) and inter-day TV (e.g., temperature 

change between neighboring days) (Lim et al., 2015, 2012; Lin et al., 2013; Luo et al., 

2013; Vicedo-Cabrera et al., 2016; Yang et al., 2013). All of the above-mentioned studies 

examined intra- and inter-day temperature variability indices separately. TV generally lasts 

for several days, so single TV index may not capture the cumulative effects of TV during 

both intra- and inter-day periods. Guo et al (2016) developed a composite index of intraday 

and inter-day TV by calculating the standard deviation (SD) of the minimum and maximum 

temperatures of the exposure days (Guo et al., 2016). This composite TV was established 

and validated in the previous studies to estimate the combined risk related to intraday and 

inter-day temperature variability and their lagged associations with various health outcomes, 

including all-cause and cause-specific mortality, hospital admissions for cardiovascular 

diseases, respiratory diseases, schizophrenia, cardiac arrhythmia, and asthma (Guo et al., 

2016; Tian et al., 2019; Wu et al., 2021; Yang et al., 2018; Yi et al., 2019; Zhao et al., 2019, 

2018). Among these abovementioned studies, Yi et al. compared TV effect on schizophrenia 

hospitalizations from the composite TV index and conventional intra-day and inter-day TV 

and found lower effect estimates of intra-day and inter-day TV compared to composite TV 

index, under the same model fitting framework (Yi et al., 2019). However, most of the prior 

studies has been conducted in China. Relatively few studies have investigated the effect of 

temperature instability on human health in low income and under-resourced nations like 

Bangladesh.

Cardiovascular and respiratory diseases are the major causes of death and disability 

worldwide. Bangladesh is one of the most vulnerable countries to the impacts of climate 

change due to its unique geographic, socio-economic (e.g., widespread of poverty), and 

physical characteristics (e.g., malnutrition). With the projected 50 cm sea level rise by 2050, 

Bangladesh may lose approximately 11% of its land (Singh et al., 2020). In addition, the 

sixth annual Climate Change Vulnerability Index put Dhaka, the capital of Bangladesh, 
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among the top five most climate vulnerable cities in the world. Thus, local research on the 

impact of temperature variability—one of the most frequent effects of climate change—on 

Dhaka residents’ cardiovascular and respiratory health has potentially important climate 

change and public health policy implications. Moreover, open housing and limited access 

to air conditioning, make it an opportune setting to investigate the effect of temperature 

variability on human health. This study aims to examine short-term effects of temperature 

variability on ED visits for cardiovascular and respiratory diseases in this susceptible 

population, and to investigate effect modification by season and age.

2. Materials and Methods

2.1. Study area

The study was conducted in Dhaka city, which spreads over an area of 360 km2 with a 

population of more than 8.9 million people in 2011 (Bangladesh Bureau of Statistics, 2015). 

In Dhaka, the climate is tropical dry or wet.

2.2. Data sources

As described in more detail previously (Rahman et al., 2021a, 2021b), daily counts of 

cardiovascular disease ED visits were obtained from the National Institute of Cardiovascular 

Diseases (NICVD) for January 1, 2014 to December 31, 2017. The NICVD is the 

preeminent cardiovascular healthcare facility in Dhaka, to which cardiovascular patients 

are most commonly sent. Daily counts of respiratory ED visits at the National Institute of 

Chest Diseases and Hospital (NICDH) were provided by the Directorate General of Health 

Services under the Ministry of Health and Family Welfare, Bangladesh, for the period of 

January 1, 2014 to December 31, 2017. The NICDH is the preeminent respiratory healthcare 

facility in Dhaka to which respiratory patients are most commonly referred. These two 

specialized hospitals receive patients from throughout Dhaka city. Patients were diagnosed 

with cardiovascular and respiratory problems during initial screening by the physicians. 

The common cardiovascular causes for the ED visits were acute myocardial infarction, 

hypertensive heart disease, heart failure, multiple valve disease, atherosclerosis, and 

congestive heart failure and the common respiratory causes for the ED visits were asthma, 

bronchitis, chronic obstructive pulmonary disease, pulmonary tuberculosis, interstitial lung 

disease, pleural effusion, and pneumothorax.

Daily minimum, maximum, and average temperature and daily minimum, maximum, 

and average relative humidity data were obtained from the Bangladesh Meteorological 

Department. Daily 24-hr average fine particulate matter (PM2.5) data from hourly observed 

data was retrieved from the Department of the Environment (DoE, CASE project) in Dhaka, 

Bangladesh. No missing observations were found in weather and air pollution data. The 

meteorological and air quality monitoring stations are located within 2–3 miles of these two 

study hospitals (Fig. S1).

2.3. Calculation of temperature variability

Most previous studies assessed the intra-day and inter-day TV separately, which makes 

difficult to assess the cumulative effect of TV (Lim et al., 2012; Vicedo-Cabrera et 
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al., 2016; Yang et al., 2013).. In this study, we employed this validated composite 

indicator of intra-day and inter-day TV to assess its effects on daily cardiovascular 

and respiratory diseases ED visits (Guo et al., 2016; Tian et al., 2019; Yi et al., 

2019). TV was calculated using the standard deviation (SD) of the daily minimum and 

maximum temperatures over the exposure days. For example, the TV for the previous 

2 exposure days was calculated as follows: TV0 − 1 = SD (Tminlag0, Tmaxlag0, Tminlag1, Tmaxlag1). 
Similarly, TV for the previous 3 exposure days was calculated as follows: 

TV0 − 2 = SD Tminlag0, Tmaxlag0, Tminlag1, Tmaxlag1, Tminlag2, Tmaxlag2 . This TV index 

accounts for both within (intra) day and between (inter) day TV, as well as the 

lagged effect of TV (Guo et al., 2016). Intraday TV (diurnal temperature range, DTR) 

and inter-day TV (temperature change between neighboring days, TCN) were also 

calculated as DTR = Tmax − Tmin (Cheng et al., 2014; Lim et al., 2015; Yi et al., 2019); 

TCN = Tmeant − Tmeant−1 (Lin et al., 2013; Yi et al., 2019; Zhan et al., 2017).The variation 

of daily maximum and minimum temperature over the study time period is shown in 

supplement Fig. 2.

Composite TV Model: log E Yt = α + βTVt + DLNM for daily mean Temperature
ns Timet, 12 df /year + ns RHt, 3 df + DOWt + Holidayst + Shutdownt + Ramadant

2.4. Statistical modelling

The short-term associations of TV with cardiovascular and respiratory ED visits were 

evaluated using a quasi-Poisson time-series generalized regression model, allowing for 

over-dispersion. To adjust for potential confounding by long-term trend and seasonality, 

a natural cubic spline with 12 degrees of freedom (df) per year for time was employed. This 

number of df/year was chosen based on achieving the Z lowest Akaike Information Criterion 

(AIC) value (Aho et al., 2014). An autoregressive term was included in the model when 

autocorrelation was detected. A categorical variable was used to control for the confounding 

effect of day of the week and an indicator variable for local holidays. We also controlled 

for daily mean temperature in order to assess the independent effect of TV. To adjust for 

the nonlinear and delayed confounding effect of daily mean temperature, a distributed lag 

nonlinear model (DLNM) for daily mean temperature was included in the model. We used 

a natural cubic spline with 4 df for the daily mean temperature and for the lags over time 

up to 21 days, to capture the nonlinear and lagged effects of ambient temperature. For daily 

mean temperature, we placed three equally spaced internal knots at 25th, 50th, and 75th 

percentiles of temperature, and, for lag days, we placed

DRT Model : log E Yt = α + βDRTt + DLNM for daily mean Temperature +
ns Timet, 12 df /year + ns RHt, 3 df + DOWt + Holidayst + Shutdownt + Ramadant

TCN Model:Log E Yt = α + βTCNt + DLNM for daily mean Temperature +
ns Timet, 12 df /year + ns RHt, 3 df + DOWt + Holidayst + Shutdownt + Ramadant
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two equally spaced internal knots at approximately 1.4 days and 5.5 days of log-values 

of lag (Guo et al., 2016). The choice of 21 days was based on available evidence from 

previous studies that showed cold temperature had delayed effects and lasted for several 

weeks of exposure, whereas hot temperature effects were more acute (Gasparrini et al., 

2015; Gasparrini and Armstrong, 2013; Guo et al., 2014). We also included 3-day moving 

average of relative humidity with 3 df to control for potential confounding.

As Bangladesh is a Muslim majority country, the analyses included an indicator variable 

denoting the Ramadan period (1-month dawn-to-dusk religious fasting period), when 

hospital visits were lower than any other period of each year (Rahman et al., 2021a, 

2021b). In addition, an indicator variable was included for several societal/political protest 

“shutdown” days (locally called ‘Hartal’) in Dhaka that occurred during the study period. 

These days were identified from the national newspaper and records on the US Embassy 

website.

We included TV as a linear term in the model and determined the percent increase of ED 

visits per 1 °C increase in TV, for TV0–1 (preceding two days; same day and 1 day before) to 

TV0–7 (up to preceding 8 days), separately. The final model was as follow:

Stratified analyses were conducted for age to examine effect modification by age (≤50 

years, >50 years). We then performed a two sample test for assessing statistically significant 

differences in the effect sizes between two age categories (e.g., ≤50 years vs. > 50 years), 

based on the point estimate and standard error:

Z = βage > 50 − βage ≤ 50

SE βage > 50
2 + SE βage ≤ 50

2

We also examined whether the effect of TV on ED visits varied by season. The whole year 

was divided into three distinct seasons [Hot and Dry (March – June); Warm and Humid (July 

– October); and Cold (November – February)] and included an interaction term between 

TV and season in the regression to estimate the effect of TV for each season. Seasons were 

defined based on the distribution of monthly average value of Tmax, Tmin, and relative humidity 

(Fig. S3).

To compare the effect estimate among TV indicators, we added DRT and TCN into the 

model, separately, to assess their association with cardiovascular and respiratory ED visits. 

The models were adjusted for the same variables as the composite TV analysis.

Several sensitivity analyses were conducted to investigate the robustness of the association 

to model choice. Analyses were conducted: (i) considering different degrees of freedom 

(6 to 13) for the spline on year; (ii) changing the degree of freedom for the splines on 

temperature (3 to 6) and humidity (3 to 6); (iii) changing maximum lag of daily mean 

temperature from 21 to 28 days; (iv) controlling for the daily maximum and minimum 

temperature instead of daily mean temperature; (vi) adjusting for heatwaves and cold spells. 

Temperature variability can be driven by extreme temperature events. Therefore, we created 

indicator variables for heatwaves and cold spells and included these in the regression 
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model to examine the robustness of the association with TV. Heat waves were defined as 

temperatures > 97th percentile of the daily mean temperature with duration at least 3 days, 

and cold spells were defined as temperatures < 3th percentile of the daily mean temperature 

with duration at least 3 days; (vii) adjusting for the daily mean PM2.5 as a linear term in the 

model to assess whether TV associations were confounded by air pollution.

3. Results

Summary statistics of cardiovascular and respiratory diseases ED visits and meteorological 

parameters are shown in Table 1. From January 2014 through December 2017, there were 

340,758 cardiovascular and 38,233 respiratory disease ED visits, with a daily mean patient 

count 233 for cardiovascular and 26 for respiratory diseases. During the study period, 

54.7% cardiovascular and 53.5% respiratory disease patients were above 50 years old (Table 

1). The correlation of the composite TV index with DRT and TCN were 0.92 and 0.17, 

respectively, suggesting that the composite TV was largely driven by the DRT (e.g., intraday 

TV) (data not shown).

Figs. 1 and 2 show the percent increase in ED visits for cardiovascular and respiratory 

diseases associated with a 1 °C increase in TV on different exposure days. TV had 

significant associations with both health outcomes. A 1 °C increase in TV0–1 was associated 

with an estimated 1.00% (95% CI: 0.05%, 1.96%) increase in cardiovascular ED visits and 

2.77% (95% CI: 0.24%, 5.20%) increase in respiratory diseases ED visits (Figs. 1 and 2). 

Although TV association with cardiovascular ED visits did not show statistically significant 

age differences (Table S1), the central estimate was larger among people aged<50 years 

old [2.49% (95% CI: 0.53%, 4.46%) per 1 °C increase in TV0–2] than among people aged 

over 50 years old [1.74% (95% CI: 0.42%, 3.05%) per 1 °C increase in TV0–2] (Fig. 

1). In contrast, we found statistically significant effect modification by age for respiratory 

diseases ED visits associated with TV in year round data (Table S1). A TV association was 

found among people aged above 50 years, largest for TV 0–7. A 1 °C increase in TV0–7 

was associated with an estimated 7.45% (95% CI: 2.33%, 12.57%) increase in respiratory 

diseases ED visits among older adults (over 50 years) (Fig. 2), whereas the effect size was 

smaller among people aged below 50 years: 1.36% (95% CI: −1.51%, 4.23%) for 1 °C 

increase in TV0–1.

The effect estimates for TV-cardiovascular ED visits association varied by season, with the 

strongest associations occurring in the warmer and rainier summer monsoon season (Fig. 

1). During this season, the all-age effect estimates was 1.54% (95% CI: 0.15%, 2.93%) 

per 1 °C increase in TV0–1. In the age-specific seasonal analysis, we found significant TV 

associations with both age groups (above and below 50 years) in warm and humid monsoon 

and cold seasons. No association was found in the hot (dry) season. The effect estimates 

in the warm and humid monsoon season for people aged below and above 50 years were 

6.31% (95% CI: 1.32%, 11.29%) and 3.71% (95% CI: 1.25%, 6.18%), respectively, per 1 

°C increase in TV0–1. In the cold season, the effect estimates for people aged below and 

above 50 years were 3.67% (95% CI: 0.07%, 7.28%) and 2.89% (95% CI: 0.24%, 5.53%), 

respectively, per 1 °C increase in TV0–3.
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For all ages respiratory ED visits, we found a significant TV association in the cold season 

only. The increased risk of respiratory ED visits during the cold season was 2.98% (95% CI: 

0.14%, 5.82%) per 1 °C increase in TV0–7. In contrast, we found significant associations of 

TV with respiratory ED visits among older adult (aged over 50 years) in all three seasons. 

Among people aged over 50 years, 1 °C increase in TV0–7 was associated with 8.91% 

(95% CI: 2.69%, 15.13%), 6.77% (95% CI: 0.51%, 13.02%), and 7.26% (95% CI: 0.09%, 

14.43%) increased respiratory ED visits during hot and dry, warm and humid, and cold 

season, respectively (Fig. 2).

In an analysis with DRT and TCN, we found a significant association between DRT and 

increased ED visits for cardiovascular disease (Table 2). However, the effect estimates of 

DRT on cardiovascular ED visits was smaller than that of composite TV index under the 

same model fitting. A 1 °C increase in same day (i.e., lag-0) DRT was associated with 

an estimated 0.53% (95% CI: 0.17%, 0.88%) increase in cardiovascular ED visits. We 

observed no association between TCN and cardiovascular ED visits. DRT and TCN were not 

associated with respiratory ED visits.

The results of the sensitivity analysis are shown in Supplement Table 2. For both 

cardiovascular and respiratory diseases ED visits, sensitivity analyses indicated that the 

associations were robust to changes in df for time per year, temperature, humidity, or to 

change in maximum lag of temperature (28 days). The TV associations with both health 

outcomes remained unchanged in models further adjusted for heatwave and cold spells. 

The estimates slightly changed in models replacing daily mean temperature with daily 

maximum and minimum temperatures. The TV-respiratory ED visit association remained 

unchanged after adjusting for PM2.5 in the model. However, the TV-cardiovascular ED visits 

associations were attenuated, and were no longer statistically significant upon inclusion of 

PM2.5 in the model. Sensitivity analyses conducted in the above 50 years age group were 

generally consistent with the main models for this age group. The sensitivity analyses for the 

above 50 years age group provided similar pattern of findings as to the sensitivity analyses 

results for the all ages. In summary, except for PM2.5 adjustment in the TV-cardiovascular 

models, the associations were robust to all alternative adjustment.

4. Discussion

Unstable temperature has been recognized as a great challenge to human health and 

wellbeing around the world (Cheng et al., 2017; Guo et al., 2016; Hu et al., 2019; Sun 

et al., 2018; Tian et al., 2019; Yang et al., 2018; Yi et al., 2019; Zhang et al., 2017; Zhao et 

al., 2019). To the best of our knowledge, this is the first study from Bangladesh of effects 

of temperature variability on cardiovascular and respiratory health at a population level. We 

found that short-term temperature variability was associated with increased ED visits for 

cardiovascular and respiratory diseases, after controlling for daily mean temperature. The 

results further showed that respiratory disease ED visits among older adults were markedly 

increased by TV and the TV effects on older adults were statistically significant across all 

seasons. For cardiovascular ED visits, TV exhibited significant association with both age 

group (below and above 50 years) and the associations were statistically significant on warm 

and humid season and cold season. TV associations with respiratory ED visits were robust 
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to all alternative model choice and adjustments. The TV-cardiovascular association was 

attenuated after controlling for PM2.5, consistent with results from research elsewhere (Tian 

et al., 2019) that found that PM2.5 was a confounder of the TV-cardiovascular association.

Many previous epidemiological studies examined intra-day and inter-day TV separately and 

reported significant associations with several health outcomes, including deaths (Cheng et 

al., 2014; Kan et al., 2007; Kim et al., 2016; Lin et al., 2013; Zhan et al., 2017). In this 

study, we also examined intra-day and inter-day TV and found a significant association 

between intra-day TV and increased ED visits for cardiovascular disease. However, the 

effect estimates was smaller than that of composite TV index under the same model fitting. 

No association was found with respiratory ED visits. One previous study also found that 

composite TV index outperforms conventional intra-day and inter-day TV indices (Yi et al., 

2019). Because of potential collinearity of the intra-day and inter-day TV, their associations 

with health outcomes were examined separately, which makes it difficult to assess the 

overall effects of TV. In addition, the true effect of TV can be underestimated by using only 

intra-day or inter-day TV as these indices do not account for the delayed and lagged effects 

of temperature variation (Guo et al., 2016; Hu et al., 2019; Tian et al., 2019). In recent years, 

the composite TV indicator has been found in other settings to be associated with various 

health outcomes (Guo et al., 2016; Tian et al., 2019; Wu et al., 2021; Yang et al., 2018; Yi et 

al., 2019; Zhao et al., 2019, 2018).

Although, the underlying biological mechanism of TV time effect on human health is not 

fully understood, physiological studies show that unstable temperature can disturb human 

thermoregulation and reduce a person’s ability to adapt to sudden temperature change 

(Garrett et al., 2009). Sudden changes in temperature have been shown to be associated 

with heart rate, blood cholesterol levels, blood pressure, peripheral vasoconstriction, platelet 

viscosity, plasma fibrinogen concentrations, and the immune system’s ability to resist 

infectious agents (Graudenz et al., 2006; Halonen et al., 2011, 2010; Martinez-Nicolas et al., 

2015). CVD and respiratory events can be triggered by the alteration of these physiological 

indexes.

In the literature, the adverse effect of daily mean temperature have been found to be 

larger in respiratory than cardiovascular health outcomes (Hu et al., 2019; Khanjani and 

Bahrampour, 2013; Liu et al., 2011; Michelozzi et al., 2009; Song et al., 2017; Turner et 

al., 2012). There were not enough TV effect studies that considered both cardiovascular 

and respiratory health outcomes, to the best our knowledge, only three TV effect studies 

considered both and they reported larger effect of TV on respiratory than cardiovascular 

health outcomes (Hu et al., 2019; Yang et al., 2018; Zhao et al., 2018). Consistent with these 

studies, we also found a larger TV effect on respiratory ED visits than cardiovascular ED 

visits. Our study found TV association with cardiovascular was strongest at lag 0–1 days 

and TV-association with respiratory was strongest at lag 0–7 days. One study conducted in 

China also reported the strongest association of TV with cardiovascular hospital admissions 

at lag 0–1 days (Tian et al., 2019). One study from Brazil examined the short-term effect 

of TV on respiratory diseases hospital admissions and reported strongest TV association 

at longer lag days (lag 0–7 days) (Zhao et al., 2018).. We also did not find many studies 

with same health outcome to compare our estimated TV effect size. Among seven previous 
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composite TV effect studies, mortality was outcome for two (Guo et al., 2016; Zhang et 

al., 2017), hospitalizations for cardiac arrhythmia was outcome for one (Zhao et al., 2019), 

hospitalizations for schizophrenia was outcome for one (Yi et al., 2019), hospitalizations 

for asthma was the outcome for one, cardiovascular hospital admission was outcome for 

one (Tian et al., 2019), and respiratory hospital admission was outcome for one (Zhao et 

al., 2018). Our estimated TV-cardiovascular ED visits effect size was larger than Tian et 

al (2019) reported TV-cardiovascular hospitalization effect size [0.44% (95% CI: 0.32%–

0.55%) per 1 °C TV increase] and our estimated TV-respiratory ED visits effect size was 

somewhat smaller than reported in Zhao et al (2018) [approx. 3.80% (95% CI: 3.60%–

4.00% per 1 °C TV increase].

In this study, TV association with cardiovascular ED visits did not exhibit significant age 

differences, which is not in-line with prior studies. Prior studies reported larger effects of 

temperature variability on older people. We stratified the sample at age 50 years because it is 

a young population with limited sample size at older ages to identify stable effect estimates. 

The smaller proportion of elderly adults in this older population could limit our ability to 

find larger effect among our older population.

We found that the TV effect varies by season, especially for cardiovascular ED visits. The 

risk was most prominent in the two most extreme seasons: the warm and humid monsoon 

and the cold season. In contrast, we found a significant association of TV with increased 

respiratory ED visits in all three seasons. The absence of a TV effect on cardiovascular 

health outcomes during the hot and dry season was consistent with prior studies conducted 

in UK, USA, Spain, China, and Taiwan (Braga et al., 2002; Goggins et al., 2013; Kovats 

et al., 2004; Lam et al., 2018; Martínez-Solanas and Basagaña, 2019; Michelozzi et al., 

2009; Shi et al., 2015; Song et al., 2017). A European multi-countries study restricted their 

analysis only during summer and reported a significant increase in respiratory admissions 

by temperature, while the association for cardiovascular admissions was negative, and did 

not reach statistical significance (Michelozzi et al., 2009). Another study conducted in 

China also reported increased hospital admissions for myocardial infraction associated with 

temperature change in the cold season, but not in the hot and dry season (Lam et al., 2018). 

A study from Spain reported significant association of cardiovascular hospital, with only 

cold temperature whereas respiratory hospital admissions was impacted by both cold and hot 

temperature (Martínez-Solanas and Basagaña, 2019).

Like other time-series analyses, the current study has limitations. First, we did not have 

detailed personal information for patients’ socioeconomic status, smoking status, status of 

home air conditioning use, medication usage, or presence of co-morbid conditions, but these 

characteristics of the population do not change from day to day, and are unlikely to confound 

a time-series analyses (Bell et al., 2004). Second, the data used for this research were 

obtained from two major healthcare facilities. Although these two are specialized hospitals 

(one for CVD, and the other for respiratory diseases) and receive patients from all around 

the city, they may not be a complete representation of morbidity in other hospitals in Dhaka. 

However, for the time-series analysis the population covered by these two hospitals will 

serve their own control (Bell et al., 2004), and the population coverage should not change 

from day to day, and so is unlikely to affect the results of the time-series analyses we 
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conducted. Third, we also count information for specific cardiovascular and respiratory EDV 

sub-diagnoses were not available on a daily basis, so we were unable examine the effects 

of TV on cause-specific cardiovascular and respiratory EDV subcategories (e.g., Ischemic 

Heart Diseases). It also restricted our ability to exclude some causes of cardiovascular 

and respiratory EDV that are not solely related to temperature, which may introduce error 

would likely bias effect estimates towards the null (Sheppard et al., 2012; Winquist et 

al., 2012). Despite this potential downward effect bias, a significant association was still 

found with TV. Future research with more detailed health data that incorporate International 

Classification of Diseases (ICD) codes is needed from LMIC settings. Finally, the spatial 

heterogeneity of the effect of TV can be addressed in future research, including other cities 

from Bangladesh.

It is known that climate change will exacerbate heat effects on temperatures in the warmer 

seasons, and it is assumed that warmer temperatures in winter will largely offset those 

summertime adverse effects, but this study provides an important example as to how climate 

induced increased temperature variability can adversely affect human health throughout 

the year, even in the cold season. Specifically, this study demonstrates that increased 

temperature variability is adversely associated with respiratory and cardiovascular health 

among Dhaka residents on a year-round basis. This study further indicates that older adults 

are disproportionately affected by temperature variability, especially for respiratory diseases. 

Overall, this study adds to accumulating evidence that it is not just extreme heat episodes 

that will adversely affect health from climate change, but increased climate change induced 

day-to-day temperature variability will also have significant year-round adverse effects 

on human health. This year-round increased variability of atmospheric temperature is an 

underappreciated factor in the potential health impacts of climate change that needs to 

be considered in global climate change impact assessments and policies, in addition to 

increased extreme temperatures.
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Fig. 1. 
Percentage increase (95% confidence interval) in cardiovascular diseases emergency 

department visits per 1 °C increase in temperature variability at different exposure days, 

stratified by age and season. Models were adjusted for long-term trends and seasonality, 

day-of-week, holidays, Ramadan, blockade days and the mean temperature and relative 

humidity.
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Fig. 2. 
Percentage increase (95% confidence interval) in respiratory diseases emergency department 

visits per 1 °C increase in temperature variability at different exposure days, stratified by 

age and season. Models were adjusted for long-term trends and seasonality, day-of-week, 

holidays, Ramadan, blockade days and the mean temperature and relative humidity.
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Table 1

Summary table of descriptive statistics of cardiovascular and respiratory emergency department visits, 

weather, and fine particulate matter (PM2.5) variables from January 2014 to December 2017.

Daily Mean ± SD P25 Median P75 Min-Max

Health Outcomes

CVD ED Visits (N = 340,758) 233 ± 47 201 233 265 102 – 392

< 50 years* (54.7%) 114 ± 24 99 114 130 52 – 192

> 50 years* 139 ± 28 129 140 159 49 – 221

Respiratory ED Visits (N = 38,233) 26 ± 8 21 25 30 10 – 85

< 50 years (53.5%) 12 ± 5 9 12 15 4 – 56

> 50 years 14 ± 5 11 13 17 4 – 46

Air Pollution

PM2.5 (μg/m3) 87.4 ± 69.5 30.3 57.5 139 7.87 – 311

Weather (All Year)

Mean Temperature (°C) 26. 4 ± 4.12 20.2 27.6 29.6 14.1 – 34.4

Mean Relative Humidity 72.2 ± 10.8 66.0 73.0 80.0 34.0 – 97.0

TV0–1 5.07 ± 1.49 3.89 5.05 6.24 0.962 – 8.97

TV0–7 4.74 ± 1.22 3.69 4.84 5.65 2.27 – 7.33

Weather (Hot and Dry Season)

Mean Temperature (°C) 28.6 ± 2.46 27.07 29.0 30.5 20.0 – 34.4

Mean Relative Humidity 68.8 ± 11.7 63.0 70.0 76.0 34.0 – 97.0

TV0–1 5.31 ± 1.34 4.41 5.31 6.26 1.54 – 8.55

TV0–7 5.03 ± 0.950 4.35 5.04 5.68 2.27 – 7.33

Weather (Warm and Humid Season)

Mean Temperature (°C) 28.6 ± 1.49 27.9 29.0 29.8 21.9 – 31.8

Mean Relative Humidity 79.2 ± 7.15 74.0 79.0 84.0 57.0 – 96.0

TV0–1 3.84 ± 0.91 3.25 3.79 4.40 0.963 – 6.52

TV0–7 3.58 ± 0.54 3.21 3.50 3.84 2.27 – 5.39

Weather (Cold Season)

Mean Temperature (°C) 20.9 ± 2.91 19.7 21.2 23.7 14.1 – 29.5

Mean Relative Humidity 68.5 ± 9.50 63.0 68.0 74.0 36.0 – 95.0

TV0–1 6.13 ± 1.15 5.55 6.21 6.85 2.14 – 8.97

TV0–7 5.62 ± 0.60 5.23 5.64 6.07 4.00 – 7.12

Abbreviations: CVD, Cardiovascular Diseases; ED, Emergency Department; PM2.5, Fine Particulate Matter; Q1, 1st Quartile, Q3, 3rd Quartile; 

SD, Standard Deviation; TV0–1, Temperature Variability at 0–1 days; TV0–7, Temperature Variability at 0–7 days.

*
Age-specific data for emergency department visits due to cardiovascular diseases is available for only 2016 and 2017.
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Table 2

Percentage increase (95% confidence interval) in all age cardiovascular and respiratory emergency department 

visits per 1 °C increase in DRT (intra-day TV) and TCN (inter-day TV) at different exposure days.

Lag days Cardiovascular ED Visits (All age) Respiratory ED Visits (All age)

DRT TCN DRT TCN

Lag-0 0.53 (0.17, 0.88) 0.77 (−0.64, 2.19) 0.69 (−0.25, 1.64) 1.89 (−1.83, 5.61)

Lag-1 0.05 (−0.28, 0.37) −0.23 (−0.73, 0.27) 0.64 (−0.22, 1.49) −0.74 (−2.06, 0.57)

Lag-2 0.04 (−0.29, 0.36) −0.08 (−0.59, 0.43) 0.03 (−0.84, 0.89) 0.55 (−0.80, 1.89)

Lag-3 0.13 (−0.19, 0.44) 0.2 (−0.27, 0.66) − 0.56 (−1.38, 0.26) −0.09 (−1.32, 1.15)

Lag-4 0.06 (−0.22, 0.35) 0.24 (−0.20, 0.67) 0.32 (−0.44, 1.09) 0.57 (−0.59, 1.73)

Lag-5 0.01 (−0.27, 0.30) −0.03 (−0.47, 0.40) − 0.26 (−1.01, 0.50) −1.01 (−2.16, 0.14)

Lag-6 −0.24 (−0.52, 0.05) −0.39 (−0.82, 0.05) 0.59 (−0.17, 1.34) 0.32 (−0.83, 1.48)

Lag-7 −0.09 (−0.37, 0.19) 0.19 (−0.25, 0.62) 0.41 (−0.34, 1.16) 0.52 (−0.64, 1.68)

Models were adjusted for long-term trends and seasonality, day-of-week, holidays, Ramadan, blockade days and the mean temperature and relative 
humidity.
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