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ABSTRACT Air pollution has been shown to increase frequency of asthma attacks, as usually measured
by hospitalisation rates. We hypothesise that purchase of asthma reliever medications will reflect a broader
association between the environmental exposure and asthma exacerbations.

In a time series analysis, we estimated the association of dust storms with mild asthma manifestations,
as indicated by medication purchases, during 2005–2011. We compared our results with the estimation of
the association of dust storms with hospitalisations due to asthma and asthma-like symptoms.

We detected 289 dust storms characterised by high levels of particulate matter <10 μm in diameter. We
identified 42 920 children with asthma, wheezing or asthma-like symptoms, of whom 2418 were hospitalised.
We observed a higher risk of asthma medication purchase on the day of a mild dust storm (relative risk 1.05,
95% CI 1.00–1.10). The next peak in drug purchases was 3 days later and was more pronounced among
Bedouin-Arab children. Stratified analyses showed higher risks for hospitalisation among Bedouin-Arab
children; especially among children living in temporary houses (relative risk 1.33, 95% CI 1.04–1.71).

We observed an increased risk of asthma medication purchase associated with mild dust storms. The
risk observed for hospitalisation was more pronounced among the rural Bedouin-Arab population.
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Introduction
Asthma exacerbations can be triggered by a variety of precipitating factors that include environmental
exposures such as anthropogenic air pollution and dust storms [1–5]. Dust storm events are frequent in
arid and semi-arid regions and may induce respiratory illness through a high atmospheric concentration of
respirable particles that contain various chemical compounds [6], and by transporting allergens, bacteria
and fungi along with the dust particles [7].

Children are highly susceptible to adverse effects of air pollution [1, 8–10], because their lungs and
immune system are still developing. Alongside these developmental factors, children are usually more
active outdoors (while playing or participating in sports) and, therefore, are also characterised by different
exposure patterns [11].

BARNETT et al. [1] found an increased risk for asthma hospital admissions among children across seven
cities in Australia and New Zealand, associated with both particulate matter <10 μm in diameter (PM10)
and particulate matter <2.5 μm in diameter (PM2.5). Another study performed among children <15 years
of age found a significant increased risk for asthma hospitalisations associated with PM10 [12].

Southern Israel (Negev region) is an arid region located in the global dust belt, which extends from West
Africa to the Arabian Desert, and is frequently subjected to dust storms. Dust events can increase daily
PM10 in Israel significantly above all air quality guidelines (e.g. 50 μg·m−3 in the World Health
Organization guidelines) [13]. In northern Negev, PM10 concentrations during dust storms can even reach
levels as high as 4200 μg·m−3 [14].

Findings regarding the association between dust storms and asthma are limited and contradictory [15–20]. In
addition, the use of outcomes primarily based on asthma-related hospitalisations poses a serious obstacle for
such studies; mild events are frequently missed from the analyses. By using medication purchase data, which are
reasonably well defined for asthma and asthma-like symptoms [21], the power of such analyses may increase.

We aimed to evaluate the association between dust storms and asthma, wheezing and asthma-like
symptoms among children residing in an arid urban environment.

Methods
Patient selection
This study was approved by the Soroka University Medical Center (SUMC) ethics committee. We analysed
the association between dust storms and asthma manifestations using daily estimates of PM10 and
information on dispensed medications and asthma-related hospitalisations in the paediatric population
(children <18 years of age) of Southern Israel (total population of 700 000 with 423 600 <18 years of age).

We used asthma medication dispensing data for Clalit Health Services (CHS) health maintenance
organisation insured children (70% of the paediatric population) during the years 2005–2011 [22]. CHS is
the largest health maintenance organisation in the Negev region; therefore, CHS insured children are a
representative sample of the total Negev population. The remaining 30% not represented (by the
medication data) in our study are children insured by one of the other three health maintenance
organisations in Israel. The characteristics (e.g. sex and education) of other health maintenance
organisation members are similar, except for a higher percentage of elderly members in CHS [23].

The medications dispensing data were retrieved from the CHS computerised database. Since 1998, all
pharmacy purchases covered by CHS have been computerised. Each record includes the name and defined
daily dose of the drug purchased, the purchase date and the member’s identification number.

Asthma-like symptoms were identified by purchase of anti-asthma medications indicated for symptom
relief. These medications were classified as “relievers” and included salbutamol, terbutaline and
ipratropium bromide [24].

For the analysis of hospitalisations, we used all hospitalisations for asthma or asthma-like symptoms at
SUMC, the only medical centre in the area, during the same years. We identified all children (<18 years of
age) hospitalised with asthma (International Classification of Diseases, Ninth Revision (ICD-9) 493) or
wheezing (ICD-9 786) as a primary discharge diagnosis. Repeat hospitalisations (hospitalisations within 30
days after the primary hospitalisation) were excluded from the analysis based on the assumption that there
is a high probability that hospitalisations within 30 days can be associated with complications from the
previous hospitalisation or are a result of an early discharge from the previous hospitalisation. Since
reliever medications reflect mild symptoms that can occur independent of the previous exacerbation, and
since the timing of the purchase is also influenced by the parent’s convenience and preferences, repeat
purchase were included in the analysis.
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Air pollution and meteorological data
Daily data on air pollutants (PM10, PM2.5, carbon monoxide (CO), sulfur dioxide (SO2) nitrogen dioxide
(NO2) and ozone (O3)) and meteorological variables (air temperature, and relative humidity) for the
period of 2005–2011 were obtained from the local monitoring station in Beer-Sheva (the largest city in
the Negev area), which records data every 20 min. This was the only monitoring station in the area, which
measured all pollutants simultaneously, throughout the entire exposure period.

A dust storm day was defined as a day with a PM10 concentration that was two standard deviations above
the background value for this area [25]. The background value was calculated using the mean PM10

concentration over 12 h (from 6 am to 6 pm, since the majority of natural dust storms take place during
the daytime) during the summer season (May 31 to September 21) [25, 26], which is the “dust free”
season in the studied region. The resulting threshold value for a dust day was 71 μg·m−3. Days with a
PM10 concentration higher than 200 μg·m−3 were defined as moderate-to-severe dust storms. For further
validation, synoptic systems in the region were reviewed for all the identified days to examine the
association between higher PM pollution and dust events [25].

Statistical analysis
Results are presented as mean±SD, interquartile range (IQR) and range for continuous variables, and as
percentages for categorical data.

To analyse the association between dust storms and asthma medication purchases or hospitalisations, we
performed Poisson and quasi-Poisson regressions (generalised additive models). We used natural splines to
control for time. We chose the number of degrees of freedom by minimising the sum of partial
autocorrelation function [27]. Models were also adjusted for year, dummy variables for day of the week,
and penalised splines for averaged temperature and averaged relative humidity on the same day. Relative
risk of asthma hospitalisation and medication dispensing were estimated using distributed lag models of
mild and moderate-to-severe dust storms, including lags of 0–1 and 0–3, for hospitalisations and
medications, respectively [28]. Results are presented as relative risk (95% confidence interval).

To explore dose–response associations, days were divided into categories based on the IQR of PM10 during
the study period (25 μg·m−3). Days with PM10 concentrations >200 μg·m−3 were grouped together.

To reflect the variability of the association among different subgroups, we performed stratified analyses by
age, sex and ethnicity. The population in Southern Israel comprises diverse ethnic groups with different
residential characteristics and different environmental exposures: Jewish children (40%) are mostly urban
and reside in permanent houses, while the Bedouin-Arab residents are predominantly rural.
Approximately 40% of the Bedouin-Arab population reside in temporary houses, indicating a lower
socioeconomic status, and temporary housing is associated with higher indoor pollution infiltration [29].

To exclude possibility of a misclassification bias in the outcome definition, we repeated the analysis only
among children who were hospitalised with asthma or wheezing without a diagnosis of an upper
respiratory infectious diseases (URI), including acute nasopharyngitis (ICD-9 460), acute sinusitis (ICD-9
461), acute pharyngitis (ICD-9 462), acute tonsillitis (ICD-9 463), acute laryngitis and tracheitis (ICD-9
464), acute upper respiratory infections of multiple or unspecified sites (ICD-9 465), and acute bronchitis
and bronchiolitis (ICD-9 466).

The medication-based analysis aimed to evaluate the association between dust storms and asthma
including mild symptoms not requiring hospitalisation. By contrast, the hospitalisation-based analysis
aimed to validate findings regarding medications and to add information on moderate and severe
hospitalised cases, to complete the picture of asthma-related morbidity in association with dust storms.

Analyses were performed in SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and R statistical software, version
2.15.3 (The R Project for Statistical Computing, www.r-project.org).

Results
We identified 42 920 children with asthma, wheezing or asthma-like symptoms defined as either purchase
of asthma-related medications or hospitalisation with an asthma or asthma-like diagnosis (2418 children)
during the years 2005–2011. Table 1 shows the characteristics of the study population. The majority of
children were males of Bedouin-Arab origin, 50% of the children were under 1 year of age.

Summary statistics of daily 24-h average concentrations of air pollutants, as well as daily meteorological
factors are presented in table 2. The climate in Southern Israel (the Negev) is hot and dry: the IQR of the
24-h mean temperature ranged between 15.2 and 25.8°C, reaching maximal mean temperature of 34.2°C.
IQR and maximum relative humidity were lower on dust storms days (table 2). The annual average rainfall
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was 180 mm. During the study period 289 (11.9%) days were defined as dust storm days, of which 20%
were defined as moderate-to-severe dust storm days.

We analysed the effect of mild and moderate-to-severe dust storms on frequency of medication purchases
in the CHS-insured population, along with stratified analyses by age, sex and ethnicity. We observed an
increased risk for asthma “relievers” dispensed on the day of a mild storm (relative risk 1.05, 95% CI 1.00–
1.10) and 3 days later (relative risk 1.04, 95% CI 1.00–1.09).

We observed a higher chance of purchasing medications on the day of a mild storm among Jewish
children (relative risk 1.05, 95% CI 0.99–1.11), and 3 days following a mild storm among Bedouin-Arab

TABLE 2 Summary statistics for daily air pollutants and meteorological factors during the
study period (2005–2011)

Dust storm

Yes No p-value

Days n (%) 289 (11.9) 2126 (88.1)
PM10 μg·m−3

Mean±SD 169.98±234.2 38.4±32.9 <0.001
IQR (maximum) 80–159 (2568) 25.7–45.6 (858)

NO2 ppb
Mean±SD 19.3±9.8 18.6±9.6 0.217
IQR (maximum) 12.4–23.9 (64.3) 11.8–22.8 (95)

CO μg·m−3

Mean±SD 1045±315.6 1013.9±320.8 0.084
IQR (maximum) 960–1146.8 (1517.9) 1106–1160 (2476)

SO2 ppb
Mean±SD 5.6±2.1 4.9±2.26 <0.001
IQR (maximum) 4.3–6.8 (13.8) 3.4–6.3 (15.3)

O3 ppb
Mean±SD 70.1±17.2 72.5±17.6 0.028
IQR (maximum) 58.8–82.9 (116.5) 60.8–84.6 (134.6)

Temperature °C
Mean±SD 20.5±5.8 20.3±5.9 0.571
IQR (maximum) 15.2–25.8 (34.2) 15–25.8 (30.9)

Relative humidity %
Mean±SD 50.1±17.2 62.3±14.0 <0.001
IQR (maximum) 36.8–63.6 (96.2) 55–70.6 (100.96)

PM10: particulate matter <10 μm in diameter; IQR: interquartile range.

TABLE 1 Baseline characteristics of the study population

Characteristic

Subjects n 42 920
Hospitalisations
n (%) 2418 (5.6)
Median (minimum; maximum)# 1 (0; 11)

Reliever medication dispensing¶

n (%) 42 309 (98.6)
Median (minimum; maximum)+ 50 (0; 344)

Age at first admission/dispensing years
Median (minimum; maximum) 1 (0; 18)
Mean±SD 2.6±2.5

Bedouin-Arab origin n (%) 25 575 (59.6)
Male sex n (%) 23 071 (53.8)

#: the median, minimal and maximal values of daily count of hospitalisations during the study period;
¶: ever purchased relievers during the study period; +: the median, minimal and maximal values of daily
count of relievers dispensed during the study period.
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children residing in permanent houses (relative risk 1.08, 95% CI 1.03–1.15). Stratified analysis by age
showed higher chance of purchasing medications among children older than 2 years of age, both on the
same day as a mild storm (relative risk 1.06, 95% CI 1.00–1.12) and 3 days following the storm (relative
risk 1.05, 95% CI 1.00–1.11) (table 3). The effect was not modified by sex.

Moderate-to-severe dust storms were negatively associated with asthma “relievers” dispensed on the day of the
storm and 3 days following the storm among Jewish children (relative risk 0.86, 95% CI 0.77–0.96 and relative
risk 0.87, 95% CI 0.79–0.97, respectively), and among children younger than 2 years of age (relative risk 0.92,
95% CI 0.85–1.00 and relative risk 0.90, 95% CI 0.80–0.98, respectively). Among Bedouin-Arab children living
in temporary houses the negative effect was shown on the first and third days following moderate-to-severe
dust storms (relative risk 0.86, 95% CI 0.76–0.98 and relative risk 0.90, 95% CI 0.80–1.01, respectively). No
other associations were found with moderate-to-severe dust storms (table 3).

The annual rate of hospitalisations ranged between 362 and 598 hospitalisations per year. Overall, asthma
or wheezing hospitalisation rate was significantly higher 1 day after a mild dust storm (relative risk 1.15,
95% CI 1.02–1.30). The association with mild dust storms among children without a discharge diagnosis
of URI (1554 children, 3065 hospitalisations) remained significant and the magnitude of the cumulative
effect was slightly higher (relative risk 1.16, 95% CI 1.01–1.38 and relative risk 1.14, 95% CI 1.01–1.30, on
the day of a mild storm and 1 day after the storm, respectively) as compared with all hospitalisations
available for the analysis.

Among Bedouin-Arab children the risk of hospitalisation was significantly higher on mild dust storm days,
whereas this effect was not shown among Jewish children. The cumulative effect of mild dust storms was

TABLE 3 Relative risks for the association between mild and moderate-to-severe dust storms and dispensing of asthma
medications (“relievers”), estimated from distributed lag models

Mild dust storms# p-value Moderate-to-severe dust storms¶ p-value

All available data
Dust storm day 1.05 (1.00–1.10) 0.029 0.94 (0.86–1.02) 0.162
1 day after the dust storm 1.00 (0.96–1.05) 0.678 0.94 (0.87–1.02) 0.201
2 days after the dust storm 1.00 (0.96–1.05) 0.713 0.96 (0.88–1.04) 0.344
3 days after the dust storm 1.04 (1.00–1.09) 0.035 0.92 (0.85–0.99) 0.041

Jewish ethnicity
Dust storm day 1.05 (0.99–1.11) 0.061 0.86 (0.77–0.96) 0.007
1 day after the dust storm 1.02 (0.96–1.09) 0.343 0.99 (0.89–1.09) 0.888
2 days after the dust storm 1.01 (0.95–1.07) 0.659 0.95 (0.85–1.06) 0.435
3 days after the dust storm 1.00 (0.94–1.06) 0.898 0.87 (0.79–0.97) 0.014

Bedouin-Arab ethnicity (permanent housing)
Dust storm day 1.04 (0.99–1.11) 0.103 0.96 (0.87–1.06) 0.514
1 day after the dust storm 1.00 (0.94–1.06) 0.962 0.93 (0.84–1.03) 0.189
2 days after the dust storm 1.02 (0.96–1.08) 0.470 0.94 (0.85–1.04) 0.290
3 days after the dust storm 1.08 (1.03–1.15) 0.003 0.95 (0.86–1.04) 0.334

Bedouin-Arab ethnicity (temporary housing)
Dust storm day 1.05 (0.98–1.12) 0.133 1.02 (0.90–1.15) 0.697
1 day after the dust storm 0.97 (0.90–1.04) 0.477 0.86 (0.76–0.98) 0.023
2 days after the dust storm 0.95 (0.89–1.03) 0.252 0.97 (0.86–1.10) 0.734
3 days after the dust storm 1.09 (1.02–1.16) 0.009 0.90 (0.80–1.01) 0.083

Age 0–2 years
Dust storm day 1.03 (0.99–1.09) 0.108 0.92 (0.85–1.00) 0.076
1 day after the dust storm 1.00 (0.95–1.05) 0.821 0.93 (0.85–1.00) 0.107
2 days after the dust storm 1.00 (0.95–1.05) 0.865 0.97 (0.89–1.06) 0.646
3 days after the dust storm 1.04 (0.99–1.09) 0.087 0.90 (0.80–0.98) 0.018

Age ⩾3 years
Dust storm day 1.06 (1.00–1.12) 0.025 0.97 (0.87–1.08) 0.613
1 day after the dust storm 1.01 (0.95–1.07) 0.651 0.97 (0.87–1.07) 0.578
2 days after the dust storm 1.01 (0.95–1.07) 0.661 0.93 (0.83–1.03) 0.199
3 days after the dust storm 1.05 (1.00–1.11) 0.040 0.94 (0.85–1.04) 0.305

Data are presented as relative risk (95% CI), unless otherwise stated. Relative risks for reliever dispensing were estimated from distributed lag
models, on the same day and on the following 1–3 days of a mild and moderate-to-severe dust storm. #: days with a particulate matter <10 μm
in diameter (PM10) concentration >71 μg·m−3 were defined as mild dust storms; ¶: days with a PM10 concentration >200 μg·m−3 were defined as
moderate-to-severe dust storms.
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more pronounced among Bedouin-Arab children who live in temporary houses as compared with those
who live in permanent settlements (relative risk 1.66 versus relative risk 1.44, respectively). Stratified
analysis by age showed a higher chance of hospitalisation among children older than 2 years of age 1 day
following a mild storm (table 4).

To explore a possible dose–response association we examined the associations between hospitalisations and
medication dispensing with 24-h average PM10 concentrations. We found a dose–response association
with hospitalisation, with a markedly increased risk of health effects associated with PM10 concentrations
between 75–100 μg·m−3. A dose–response association for PM10 concentrations >100 μg·m−3 was only
observed among Bedouin-Arab children residing in temporary houses (fig. 1). Following the dose–
response analysis, we investigated the potential dependence of the effect on the duration of the dust storms
and found no effect on health outcomes.

We found no delayed effect on hospitalisations in the 2–3 days following dust storms. In addition, no
associations were found with moderate-to-severe dust storm events.

Discussion
In this study we estimated the association between dust storms and asthma or wheezing, as assessed by
medication purchases and by hospitalisations. Analysis of the association between dust storms and
“relievers” showed an increased risk of medication purchase, implying an increased risk of mild respiratory
symptoms. The positive associations found for dust storms and asthma- or wheezing-related
hospitalisations added information on moderate and severe cases, and were in tune with the effect found
for mild manifestation of the disease.

The observed association between reliever medication use and air pollution exposure is consistent with
other studies [30–33]. KLOT et al. [30] found an association of PM exposure with increased use of inhaled
medication (as on demand medication). Similar to our main findings, SLAUGHTER et al. [32] reported
increased medication use associated with a 10 μg·m−3 increase in PM10 concentrations on the same day,
and with a 10 μg·m−3 increase in PM2.5 concentration on the day before. OSTRO et al. [33] also showed an
increased risk for the use of medications associated with maximum PM10 concentrations.

Using medication data, we were able to detect the delayed effect of dust storms. The behavioural
component, emphasised especially in medication dispensing habits, may have contributed to the
differences found in the time interval between exposure and outcome occurrence in the two outcome
definitions. In addition, the effect of air pollution on asthma symptoms may not be detected if the

TABLE 4 Relative risks for the association between mild and moderate-to-severe dust storms and hospitalisations, estimated
from distributed lag models

Mild dust storm# p-value Moderate-to-severe dust storm¶ p-value

All available data
Dust storm day 1.10 (0.97–1.25) 0.145 1.01 (0.80–1.28) 0.889
1 day after the dust storm 1.15 (1.02–1.30) 0.021 0.88 (0.69–1.13) 0.338

Jewish ethnicity
Dust storm day 0.95 (0.77–1.17) 0.643 0.79 (0.53–1.19) 0.266
1 day after the dust storm 1.10 (0.90–1.34) 0.319 0.80 (0.53–1.22) 0.314

Bedouin-Arab ethnicity (permanent housing)
Dust storm day 1.15 (0.91–1.44) 0.216 1.01 (0.68–1.51) 0.929
1 day after the dust storm 1.25 (1.00–1.55) 0.043 1.14 (0.77–1.69) 0.508

Bedouin-Arab ethnicity (temporary housing)
Dust storm day 1.33 (1.04–1.71) 0.022 1.25 (0.79–1.95) 0.327
1 day after the dust storm 1.24 (0.98–1.58) 0.065 0.73 (0.43–1.24) 0.255

Age 0–2 years
Dust storm day 1.07 (0.90–1.26) 0.412 1.11 (0.83–1.48) 0.452
1 day after the dust storm 1.08 (0.92–1.27) 0.325 0.83 (0.60–1.42) 0.257

Age ⩾3 years
Dust storm day 1.16 (0.95–1.41) 0.129 0.89 (0.59–1.33) 0.579
1 day after the dust storm 1.27 (1.05–1.54) 0.012 0.98 (0.66–1.44) 0.919

Relative risks for asthma hospitalisation, were estimated from distributed lag models, on the same day and on the day following a mild and
moderate-to-severe dust storm. #: days with a particulate matter <10μm in diameter (PM10) concentration >71 μg·m−3 were defined as mild
dust storms; ¶: days with a PM10 concentration >200 μg·m−3 were defined as moderate-to-severe dust storms.
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symptoms are effectively compensated by medication use [30]. Therefore, the use of medications as a
proxy for symptoms, in our study, may have revealed associations that would not have been found when
defining asthma based on hospitalisations alone.

We observed a weaker association with medication purchase, in comparison to hospitalisation. The fact that
an on demand medication might be stored at home and is not necessarily purchased during the occurrence of
an exacerbation (if at all), might have caused a misclassification in definition of the outcome and as a result
may explain the weaker effect found for medication purchases. However, the misclassification is expected to be
minor, as most of the asthmatic children suffer from mild intermediate disease [34], and many of them might
not have medications in stock and will have to purchase a new medication in a case of exacerbation [30].

The differences in inference, explained by population health behaviour, are also shown in the significant
negative effect of moderate-to-severe dust storms found among Jewish children and among younger children.
Since the Ministry of Health recommendations for susceptible people, to stay indoors during highly polluted
days, are announced in the media, this effect may be a result of parental decisions to stay indoors during
massive dust storms. In addition, a “moderate-to-severe” dust storm event is more evident to the public,
compared with “mild” dust storms, which might be not that apparent. As a result, the population would be
more exposed to mild dust storms and be more likely to stay indoors during severe dust storm events.

The existing evidence regarding the association of dust storms with asthma hospitalisations is contradictory
[15, 17, 35, 36]. Similar to our findings, THALIB et al. [15] reported an increased risk of same-day asthma and
respiratory admission. In the International Study of Asthma and Allergies in Childhood (ISAAC), by contrast,
the authors found no association of PM10 with the prevalence of childhood asthma [35]. A number of factors
may explain the differences between our results and those of the ISAAC study. First, we used medical records
to identify asthma while in the ISAAC study medical data were obtained from a questionnaire completed by
the children or their parents. Secondly, in the ISAAC study exposure was assigned as annual PM10

concentration, while in our study daily average concentrations were obtained.

We found no association between moderate-to-severe dust storms and hospitalisations, nor did we find a
higher risk associated with PM10 concentrations >200 μg·m−3. Since only 2.2% of the days in our study
period were defined as moderate-to-severe dust storms, the statistical power of our study was not sufficient
to detect a potential weak or moderate association.

Aside from different dust storm characteristics, the source of the impact variation may be different types of
housing, time spent outdoors and other population characteristics [15]. The Bedouin-Arab residents are
predominantly rural. Approximately 40% of them reside in temporary houses, indicating a lower
socioeconomic status, and temporary housing is associated with higher indoor pollution infiltration [29].
In a stratified analysis, by child ethnicity, we found a significant risk for hospitalisations only among
Bedouin-Arab children. In addition, delayed medication purchase was observed only among Bedouin-Arab
children. When comparing Bedouin-Arab children by residence type we found a higher risk for
hospitalisation among those who live in temporary houses compared with those who live in permanent
settlements. Similarly, the dose–response analysis showed an increased risk associated with PM10

concentrations >200 μg·m−3 only among Bedouin-Arab children who reside in temporary houses.
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FIGURE 1 The association between average 24-h particulate matter <10 μm in diameter (PM10) concentration and asthma or
wheezing hospitalisations. The bars represent relative risks and 95% confidence intervals for the association between asthma or
wheezing hospitalisations and average 24-h PM10 concentration. PM10 concentrations were divided into categories based on the
interquartile range of PM10 during the study period (25 μg·m−3). PM10 concentrations >200 μg·m−3 were grouped due to low
frequencies. PM10 average concentrations were between 25–50 μg·m−3 during 51.1% of the days, 50–75 μg·m−3 during 15.1% of the
days, 75–100 μg·m−3 during 4.6% of the days, 100–200 μg·m−3 during 5.1% of the days and >200 μg·m−3 during 2.2% of the days.
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Due to lower socioeconomic status and a poor compliance rate for treatment among the Bedouin-Arab
population [37] dose–response associations were not found with medication purchases. However, the
delayed effect of medication purchase found only among the Bedouin-Arab population may have been
contributed to by the higher magnitude of outdoor and indoor air pollution exposure, requiring a
prolonged period of treatment. The different response among Jewish and Bedouin-Arab children might
also be related to ethnicity, similar to the differences in asthma status found among African-American and
Hispanic children in the USA [38, 39]. In addition, Bedouin-Arab children may be more vulnerable due to
the lower compliance rate, which is also reflected in asthma preventive treatment [37].

Our study had several notable strengths. First, the northern Negev climate allowed us to examine the dust
storms effect under extreme environmental conditions. Second, the unique set-up of the medical system
ensured completeness of the medical information collected. Lastly, by using a large sample size we were
able to detect the effect of dust storms on both hospitalisations and respiratory medication purchases.

Our study had a few limitations. First, the possible nondifferential exposure measurement error, as a result
of the use of ambient pollutant data retrieved from monitoring stations. However, the error would
probably reduce the effect towards the null hypothesis. Second, due to the ecological nature of our study
we were not able to adjust for individual characteristics. Although we attempted to reflect the variability by
performing stratified analyses, some residual confounding might still be present. In addition, the use of
medication purchase as a proxy for asthma symptoms is influenced by population behaviour. The timing
of the purchase is influenced by the parent’s convenience and preferences. Therefore, delayed effects may
represent delayed purchase and not delayed symptoms. However, since the majority of children suffer
from mild intermittent asthma they might stop the usage of medications if they feel well, and their routine
medications are often expired. The dust storm may be a “reminder” for many patients to return to their
medications.

In conclusion, we observed an association between exposure to high PM10 concentrations during mild dust
storms and asthma reliever dispensing. The association found with hospitalisation provides further support
to our findings. Bedouin-Arab children appear to be at particular risk, partly due to residing in temporary
houses. The importance of our results is emphasised in light of the extent of dust storm exposure in the
Negev region and the high prevalence of asthma among Bedouin-Arab children.
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