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ABSTRACT

Objectives To assess the trends in medication use
indicative of physical and psychological morbidity
following the 2010 volcanic eruption in Eyjafjallajokull
immediately after and during a 3-year period following
the eruption.

Design Population-based register study.

Setting Eyjafjallajokull eruption in Iceland, 2007-2013.
Participants All residents in Iceland who received

at least one medication dispensing were identified.
Residents of exposed areas were classified into exposure
groups (individual-level data) and residents in other
parts of Iceland were included as a non-exposed group
(aggregated data).

Intervention/exposure Eyjafjallajokull erupted on 14 April
2010 and continued for 39 days, producing heavy ash fall
in South Iceland.

Main outcome measures Using interrupted time series
analysis, we examined annual and quarterly changes in
medicine use, measured as number of dispensed defined
daily dose (DDD) per 1000 individuals. We calculated

the level shift (immediate change) and change in slope
from pre-eruption to post-eruption (long-term change) in
medication dispensing.

Results Among exposed residents, there was a 6%
decrease (95% Cl -7% to -4%) in the annual number

of dispensed DDDs 1-year post-eruption in the overall
medication class, including analgesics (—5%, 95% Cl -6%
to -3%), hypnotics and sedatives (9%, 95%Cl -11%

to -7%) and respiratory medications (=7%, 95% Cl -9%
t0 -5%; —8%, 95% Cl -11% to -4%). Simultaneously,
there was a 9% decrease (95% Cl -14% to -4%) in the
overall medication class among non-exposed residents.
Moreover, among exposed residents, we observed change
in slope of —4% (95% Cl -7% to -1%) in the overall
medication class, including for analgesics (—6%, 95% Cl
-8% to -3%) and other respiratory drugs (—10%, 95% Cl
-16% to -4%).

Conclusion Our findings indicate that the eruption did
not lead to increases in medication dispensing among
residents of exposed areas, rather decreases for some
medicine classes. The results should be interpreted with
caution since the content of each eruption differs.

Strengths and limitations of this study

= This study defined an exposed population-based
cohort using register data for an exact time-period
of interest (before and after exposure to a volcanic
eruption).

= The outcome of interest (dispensing of respirato-
ry, pain, anxiety, depressive or sleep medications)
was based on data from the Prescription Medicines
Register which contains data on all prescriptions
filled in outpatient care in Iceland.

= Interrupted time series (ITS) approach was used
and is considered among the strongest quasi-
experimental designs for estimating longitudinal
impact following an intervention.

= Generalisability to other volcanic eruptions might be
limited, since each volcanic eruption differs in size,
content and particle size of the ash.

= The ITS approach cannot separate the effects of
concurrent events.

BACKGROUND

Volcanic  eruptions are life-threatening
natural disasters' that occur approximately 50
times every year worldwide.” Due to Iceland’s
geological position on the mid-Atlantic ridge,
the country has frequent volcanic activity,”
with four volcanic eruptions during the past
20 years. The most recent began in March
2021 in the Southwest peninsula in Iceland,
although relatively small and non-threatening
to residential areas. Volcanic eruptions can
cause disruption, severe damage and fatal-
ities in exposed communities.” In addi-
tion, fallout of different airborne pollutants
during eruptions can expose large inhabited
areas to harmful particles.”* Although most
eruptions only last for weeks or months, the
ash can remain in the local environment for
years to decades later, which can adversely
affect people’s health, in particular respira-
tory health.>*” The degree to which volcanic

BM)

Guomundsdottir RB, et al. BMJ Open 2022;12:€059375. doi:10.1136/bmjopen-2021-059375 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1551-8462
http://orcid.org/0000-0003-4730-5584
http://orcid.org/0000-0001-5382-946X
http://orcid.org/0000-0003-1656-9624
http://orcid.org/0000-0003-0761-9028
http://orcid.org/0000-0002-4253-1059
http://dx.doi.org/10.1136/bmjopen-2021-059375
http://dx.doi.org/10.1136/bmjopen-2021-059375
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-059375&domain=pdf&date_stamp=2022-05-09

ash negatively impacts health depends on various factors,
including the content and particle size of the ash, as well
as the extent of exposure.®”

Previous research suggests that the prevalence of both
respiratory and psychiatric conditions is higher among
residents of areas highly exposed to fallout from volcanic
eruptions than those of low exposed areas.” '” Hospital
admissions and emergency room visits for respiratory
conditions have been more common in areas with high
levels of air pollutants from volcanic eruptions.” ' Like-
wise, proximity to disaster has been found to affect individ-
uals’ psychological response, including prescription rates
of medication for psychiatric conditions."" '* Long-term
research also indicates that physical' "* and psychiatric'*®
conditions may persist for years following disasters.

An important source of knowledge on health effects
following disasters are pharmacoepidemiological studies
on prescription rates, as these outcomes may develop
slowly after a disaster. Therefore, observing changes in
medication utilisation trends following natural disasters
can provide an important evaluation of disaster impact
on population health. Although pharmacoepidemiolog-
ical research on exposure to volcanic eruptions is scarce,
the evidence points towards an increased consumption
of respiratory medication following other types of natural
disasters such as wildfires.!® ' In addition, increased
prescription rates of psychotropic medications have been
reported following natural disasters such as cyclone,”
earthquake'” *' # and even industrial disasters including
fires.” However, some studies have not found any changes
in prescriptions rates following disasters, possibly because
the impact on populations varies between studies, for
example, individuals that have been affected to a greater
degree would perhaps show more changes in the utilisa-
tion of health services.” ** Further studies on medication
prescription rates following disasters would be helpful in
this context.

Thevolcano in Eyjafjallajokull, situated in South Iceland,
erupted on 14 April 2010. Even though the eruption did
not cause direct fatalities, it resulted severe disruption in
everyday life among residents of the exposed areas, as the
civil protection evacuated some areas due to flood risks™ *°
and the close proximity of the volcano to communities
and heavy ashfall*® *® with potentially damaging effects on
residents health*® lead to concerns about negative health
effects. Many residents were provided with psychosocial
support because of the loud explosions from the erup-
tion.”” Our previous questionnaire studies on the health
effects of the Eyjafjallajokull eruption found that individ-
uals exposed to the eruption had increased risk of self-
reported physical and psychological symptoms for up to
4years following the eruption.”” However, response rates
in questionnaire studies may be biased by exposure status,
perceived symptoms and decreasing follow-up rates with
time. Therefore, a study of register data with full popula-
tion coverage, pre-disaster and post-disaster may provide
a more valid estimate of the health consequences among
exposed populations.

The current study used high-quality population-based
register data pre-eruption and post-eruption, to investi-
gate whether exposure to the Eyjafjallajokull eruption
resulted in change in medication use indicative of phys-
ical and psychological morbidity (analgesics, antidepres-
sants, anxiolytics, hypnotics and sedatives and respiratory
medication) during a 3-year period following the erup-
tion, as compared with the 3years prior. We hypothesised
that medication dispensing would increase immediately
following the eruption among the exposed groups (high,
medium and low exposed) and decrease gradually over
the 3-year period following the eruption as compared
with the 3years prior the eruption and compared with
non-exposed.

METHODS AND DATA

Study setting and data source

The volcanic eruption in Eyjafjallajokull began on 14 April
2010, which is defined as a starting point of exposure in
this study. The eruption continued for about 6weeks and
produced heavy ash fall in a populated area.”” ** During
the eruption, an estimated about 8 teragrams (Tg) of
fine ash were emitted, with the most severe effects in the
regions of South and Southeast Iceland.’ " ** During
the first few days, the eruption plume was very active with
explosions and frequent lightnings. The explosive activity
in the eruption tended to fluctuate unlike explosive erup-
tions that peak during the first few days.*® For months
following the eruption ash was resuspended by wind and
human activity, a phenomenon that was reported from
most parts of Iceland.”” However, due to wind conditions
and proximity to the eruption site, the rural communities
south of the volcano experienced the most severe ash fall,
where airborne particles in the townships of Vik i Myrdal
and in Hvolsvollur were measured far above health limits
for air quality in Iceland in early May 2010.% *°

Study population and exposure groups

The cohort included all residents in South Iceland
with legal residence in the exposed communities (see
figure 1) during the study period, 1 January 2007 to
2013 (3 December 2013 for annual analysis and 25 July
2013 for quarterly analysis). We divided the study area
into exposure groups based on data on ash emission rate
from satellite images of the eruption plume® (figure 1
and online supplemental figure S1). Similar distribution
for the ash deposits have been found with measurements
on the ground® and modelling as described in detail in
Thorsteinsson et al®® Residents of Kirkjubaejarklaustur
and Orzefi (population 534 in 2010) were included in the
low exposed group, the medium exposure group included
residents of Hvolsvollur and Hella (population 3478 in
2010), and the high exposure group included residents
of Vik i Myrdal (population 510 in 2010). In 2010, most
residents of the exposed areas lived in small municipal-
ities (<200) (N=2527) or farmlands (N=1995).*" More-
over, we obtained aggregated annual dispensing data for
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Figure 1 Map of Iceland and the study areas (defined

in Carlsen et al.”). Inserted map of Iceland shows the

location of the exposed area in South Iceland. The larger
map of the exposed area shows Eyjafjallajokull (marked

with X). Communities not labelled on the figure are Oraefi,
Kirkjubasjarklaustur and Hella (figure taken from Carlsen et al”
with permission).

all individuals with legal residence in non-exposed areas
of Iceland who were less affected by the eruption (popu-
lation size in non-exposed areas in 2010 was 308973).

Medication of interest

To evaluate dispensed medication, we used the Prescrip-
tion Medicines Register, which is maintained by the
directorate of health and contains data on all prescrip-
tions filled in outpatient care in Iceland from 2003 and
onwards. The register includes detailed information on
dispensed medications, including date, formulation and
defined daily dose (DDD) dispensed,31 as well as demo-
graphic information on the patient. The register does not
capture over-the-counter medications nor indications for
medication use. For the predefined exposure groups (low,
medium, high), we obtained anonymised individual-level
data on medication dispensing, but aggregate-level data
on the medication dispensing among the non-exposed
group. Additionally, we obtained population data from
Statistics Iceland to calculate medication dispensation
denominators.”

We categorised the medications of interest according
to the WHO Anatomic Therapeutic Chemical (ATC)
classification system.30 The obtained data included infor-
mation on dispensed medications from the following
classes; analgesics (ATC NO2A-N02C), antidepressants
(ATC NO6A), anxiolytics (ATC NO05B), hypnotics and
sedatives (ATC NO5C), respiratory drugs for obstructive
airway diseases (ATC R3), other respiratory drugs (ATC
RO1-R02, R05-R06) and overall medications (including
all medication classes mentioned above). We measured
medication use, as the number of medication dispensings
and number of DDD per 1000 individuals. DDD is the

assumed average daily maintenance dosage for a medica-
tion used for its primary indication in adults.

Patient and public involvement

Our study’s design, conduct, reporting and distribution
plans were not influenced by patients or the general
public.

Statistical analysis
First, we conducted a descriptive analysis of the data on
the six medication classes (defined above). We calculated
the annual and quarterly number of DDD dispensed per
1000 individuals, calculated per exposed (low, medium
and high combined) and non-exposed groups in the
annual analysis, and per exposure group (low, medium
and high) in the quarterly analysis. For the non-exposed
group, we received annual data and therefore could not
assess quarterly dispensing for this group. Thus, the quar-
terly analysis is only assessed for the low, medium and
high exposure groups to gain a better understanding of
the change in time. We used an interrupted time series
(ITS)* analysis to understand the change in trend in
medication utilisation pre-eruption and post-eruption
in 2010. Using quasi-Poisson regression models to calcu-
late the coefficient estimates of the pre-eruption slope,
the level shift at the time of the eruption and the change
in slope from pre-eruption to post-eruption. The level
shift represents the immediate level change following the
eruption, calculated by the difference between observed
and predicted values for the first data point following the
eruption, and the change in slope represents the long-
term impact of the eruption, calculated as the change in
slope from pre-eruption to post—eruption.33

As a primary analysis, we investigated annual time series
of the number of dispensed DDD per 1000 individuals
among exposed and non-exposed group, using the year
of the eruption as the intervention point. As a secondary
analysis we further investigated this trend using quarterly
time-series in each exposure group (low, medium, high),
pre-eruption and post-eruption, using the 3months
following the eruption as an intervention point. To
reduce the impact of underlying time trends and other
concurrent factors, these analyses included data from
1 January 2007 to 25 July 2013 (quarter analysis) or 31
December 2013 (annual analysis). Primary and secondary
analyses included the effects of independent variables for
exposure groups, time (every year/quarter from 2007 to
2014), period (pre-eruption vs post-eruption), and the
interaction term on time and period were calculated. We
fitted the data for both models to three separate gener-
alised linear models, assuming a quasi-Poisson distribu-
tion for the outcome variable. The models were used to
calculate the coefficient estimates of the pre-eruption
slope, the change in level at the time of the eruption and
the change in slope from pre-eruption to post-eruption
(see online supplemental table S1) for specific time
periods used to calculate each coefficient estimate.
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Table 1 Number of medication dispensings from 1 January
Eyjafjallajokull eruption (14 April 2010)

2007 to 25 July 2013, before and after the start of the

Pre-eruption

Post-eruption

Medication class Low (%) Medium (%) High (%) Low (%) Medium (%) High (%)
Overall* 3065 (100) 33448 (100) 3386 (100) 4776 (100) 31864 (100) 5392 (100)
Analgesics 850 (27.7) 8072 (24.1) 861 (25.4) 1387 (29) 7574 (23.8) 1673 (31)
Antidepressants 470 (15.3) 5600 (16.7) 673 (19.9) 1008 (21.1) 4772 (15) 902 (16.7)
Anxiolytics 250 (8.2) 5046 (15.1) 291 (8.6) 435 (9.1) 4605 (14.5) 596 (11.1)
Hypnotics and sedatives 760 (24.8) 7833 (23.4) 961 (28.4) 969 (20.3) 8430 (26.5) 1426 (26.4)
Respiratory drugs for 417 (13.6) 3182 (9.5) 290 (8.6) 476 (10) 2812 (8.8) 343 (6.4)
obstructive airway diseases

Other respiratory drugs 318 (10.4) 3715 (11.1) 310 (9.2) 501 (10.5) 3671 (11.5) 452 (8.4)

*Includes analgesics, antidepressants, anxiolytics, hypnotics and sedatives, respiratory drugs for obstructive airway diseases and other

respiratory drugs.

All statistical analyses were performed using RStudio
V.1.3.1093 running R V.4.0.2. Statistical tests were consid-
ered statistically significant at p<0.05.

Supplemental analysis

We carried out supplemental analyses to assess the
robustness of our main findings with different analyt-
ical assumptions. These included additional IST models
accounting for (1) the 2008-2009 global financial crisis
by including a dummy variable for the year 2008 into the
model and (2) regional differences in age and sex distri-
butions by including sex and age as covariates into the
model. Further, to make full use of the available data, we
extended the study time period to include January 2005
until December 2019 for the annual and quarterly anal-
yses of number dispensed DDD per 1000 individuals.

RESULTS

Over the study period, a total of 81931 medications were
dispensed among the exposed groups; 39899 for the
3-year period prior to the eruption and 42032 dispensed
medications in total for the 3-year period following the
eruption (table 1). Prior to the eruption, a total 15645
individuals dispensed at least one medication of interest
every quarter in the exposed groups (high, medium and
low), compared with 16435 individuals post-eruption.
Throughout the study period, medication dispensing
was higher among females than males, both pre-eruption
(62.7% women) and post-eruption (62.3% women).

Pre-eruption slope

The annual number of dispensed DDD per 1000 indi-
viduals during a 3-year period prior the eruption, is
presented in table 2 and figure 2. Prior to the eruption,
there was an annual 5% increase (95% CI 4% to 6%) in
number of dispensed DDD per 1000 in the overall medi-
cation class among the exposed group, with increases
across all six medication classes. Similarly, we observed an
annual 11% increase (95% CI 8% to 15%) in the overall

medication class among residents of non-exposed areas
during the 3-year period prior to the eruption.

The quarterly number of dispensed DDD per 1000
during a 3-year period prior the eruption is presented in
table 3 and figure 3, showing increases especially among
the high and low exposure groups.

Level shift following the eruption

The level shift for the annual number of dispensed DDD
per 1000 individuals is presented in table 2 and figure 2.
Among exposed residents at l-year post-eruption, there
was a 6% decrease (95%CI -7% to -4%) in number of
dispensed DDD per 1000 in the overall medication class,
including decreases among analgesics (-5%, 95% CI -6%
to -3%), hypnotics and sedatives (-9%, 95% CI -11% to
-7%), respiratory drugs for obstructive airway diseases
(=7%, 95% CI 9% to -5%) and other respiratory drugs
(8%, 95% CI-11% to -4%). Decreases were pronounced
among the high exposed group, with an 32% decrease
(95% CI -42% to -21%) in the overall medication class,
driven by analgesics (-42%, 95% CI -51% to -32%), anti-
depressants (-26%, 95% CI -36% to -15%), anxiolytics
(-57%, 95% CI -64% to 48%), hypnotics and sedatives
(-32%, 95% CI-38% to -25%) and other respiratory drugs
(-39%, 95% CI -50% to -26%).

Among residents of non-exposed areas, we observed an
9% decrease (95% CI -14% to -4%) in dispensed number
of DDD per 1000 in the overall medication class, 1year
following the eruption, with most pronounced decreases
in hypnotics and sedatives (-17%, 95% CI -23% to -11%)
(table 2 and figure 2).

The level shift for the quarterly number of dispensed
DDD per 1000 individuals varied somewhat between
high, medium and low exposure groups (table 3 and
figure 3). Among the high exposed group at 3months
post-eruption, we observed a 42% decrease (95% CI -62%
to -11%) among the class of respiratory drugs for obstruc-
tive airway diseases. Similarly, among the low exposed
group at the first quarter post-eruption, a 29% decrease
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Table 2 Quasi-Poisson regression models for annual number of dispensed DDD per 1000 individuals by medication class and

level of exposure from 1 January 2007 to 31 December 2013

Medication class

Level of exposure

Pre-eruption slope
(95% Cl)

Level shift
(95% Cl)

Change in slope
(95% Cl)

Overall*

Analgesics

Antidepressants

Anxiolytics

Hypnotics and sedatives

Respiratory drugs for
obstructive airway
diseases

Other respiratory drugs

Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed
Exposed combined

Low

Medium

High
Non-exposed

1.05 (1.04 to 1.06)
1.50 (1.25 to 1.81)
1.01 (1.00 to 1.03)
1.46 (1.32 to 1.61)
1.11 (1.08 to 1.15)
1.08 (1.07 to 1.08)
1.54 (1.22 to 1.96)
1.00 (0.99 to 1.01)
1.61 (1.44 to 1.79)
1.07 (1.04 to 1.10)
1.03 (1.01 to 1.06)
1.40 (1.23 to 1.60)
1.02 (0.99 to 1.05)
1.36 (1.24 to 1.48)
1.09 (1.05 to 1.13)
1.05 (0.99 to 1.11)
1.42 (1.22 to 1.65)
1.00 (0.93 to 1.08)
1.90 (1.68 to 2.14)
1.00 (0.96 to 1.04)
1.06 (1.04 to 1.07)
1.49 (1.25 to 1.76)
1.05 (1.01 to 1.10)
1.40 (1.32 to 1.48)
1.19 (1.14 to 1.24)
1.04 (1.0 to 1.05)
1.56 (1.16 to 2.11)
0.99 (0.97 to 1.00)
1.46 (1.06 to 2.01)
1.04 (1.01 to 1.06)
1.08 (1.06 to 1.10)
1.62 (1.29 to 2.03)
1.02 (0.98 to 1.06)
1.61 (1.42 to 1.83)
1.05 (1.03 to 1.07)

0.94 (0.93 to 0.96)
0.68 (0.51 to 0.91)
0.97 (0.94 to 1.00)
0.68 (0.58 to 0.79)
0.91 (0.86 to 0.96)
0.95 (0.94 to 0.97)
0.68 (0.47 to 0.97)
1.07 (1.05 to 1.09)
0.58 (0.49 to 0.68)
0.97 (0.92 to 1.02)
0.98 (0.94 to 1.03)
0.88 (0.72 to 1.07)
0.98 (0.94 to 1.03)
0.74 (0.64 to 0.85)
0.96 (0.90 to 1.02)
0.95 (0.86 to 1.05)
0.76 (0.61 to 0.96)
0.98 (0.85 to 1.13)
0.43 (0.36 to 0.52)
0.99 (0.92 to 1.06)
0.91 (0.89 to 0.93)
0.57 (0.43 to 0.76)
0.90 (0.84 to 0.97)
0.68 (0.62 to 0.75)
0.83 (0.77 to 0.89)
0.93 (0.91 to 0.95)
0.58 (0.36 to 0.96)
0.96 (0.93 to 0.99)
0.74 (0.43 to 1.28)
0.97 (0.92 to 1.02)
0.92 (0.89 to 0.96)
0.58 (0.41 to 0.83)
0.97 (0.90 to 1.04)
0.61 (0.50 to 0.74)
0.98 (0.94 to 1.01)

0.96 (0.93 to 0.99)
0.60 (0.36 to 1.02)
1.05 (1.00 to 1.12)
0.62 (0.47 t0 0.82)
1.01 (0.91 to 1.12)
0.94 (0.92 to 0.97)
0.64 (0.34 to 1.24)
0.99 (0.96 to 1.03)
0.64 (0.48 to 0.85)
0.98 (0.90 to 1.08)
0.98 (0.90 to 1.06)
0.68 (0.47 to 1.00)
1.09 (1.00 to 1.19)
0.71 (0.56 to 0.92)
1.05 (0.94 to 1.19)
0.89 (0.75 to 1.07)
0.74 (0.48 to 1.13)
0.89 (0.70 to 1.15)
0.40 (0.30 to 0.54)
1.05 (0.92 to 1.21)
1.00 (0.96 to 1.05)
0.60 (0.37 to 0.97)
1.14 (0.99 to 1.30)
0.66 (0.56 to 0.78)
0.96 (0.84 to 1.09)
0.96 (0.92 to 1.00)
0.51 (0.22 to 1.19)
1.06 (1.00 to 1.13)
0.50 (0.20 to 1.28)
1.00 (0.92 to 1.10)
0.90 (0.84 to 0.96)
0.56 (0.31 to 1.03)
1.02 (0.89 to 1.17)
0.56 (0.40 to 0.78)
1.02 (0.96 to 1.09)

*Includes analgesics, antidepressants, anxiolytics, hypnotics and sedatives, respiratory drugs for obstructive airway diseases and other

respiratory drugs.
DDD, defined daily dose.

was observed for antidepressants (95% CI -47% to -4%)
and 20% increase (95% CI 9% to 31%) in the medium
exposure group in the dispensing of hypnotics and seda-
tives. No other significant changes were found in the
quarterly number of dispensed DDD per 1000 during the
first quarter following the start of the eruption.

Change in slope

The change in slope for the annual number of dispensed
DDD per 1000 individuals in the exposed and non-
exposed groups are presented in table 2 and figure 2.
Among the exposed group we observed a change in slope
of -4% (95% CI -7% to -1%) in the slope post-eruption
for the overall medication class, including analgesics
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(6%, 95% CI -8% to -3%) and other respiratory drugs
(-10%, 95% CI -16% to -4%). While the change in slope
for the overall medication class was minimal for the
medium exposure group (5%, 95% CI 0% to 12%), it was
-38% (95% CI -53% to -18%) among the high exposure
group and varied by medication class. We did not observe
any substantial change in slope among residents of non-
exposed areas.

In the quarterly analyses (table 3 and figure 3), we observed
a change in slope of -11% for the overall medication class
every quarter during the 3-year period post-eruption among
the high (95%CI -14% to -9%) and low (95%CI -15% to
-8%) exposure groups, including decreases for all medica-
tion classes. No change in slope was observed for the medium
exposure group.

Supplemental results

Additional analysis accounting for the (1) global financial
crises, (2) age and sex, and (3) using data from January 2005
until December 2019 revealed little additional information
(online supplemental tables S2-S6 and figures S2-S5).

DISCUSSION

The results of this population-based register study on
the long-term health effects following the 2010 erup-
tion in Eyjafjallajokull indicate an immediate decrease
in dispensing of the overall medication class, analgesics,
hypnotics and sedatives, respiratory drugs for obstruc-
tive airway diseases and other respiratory drugs for the
exposed group. We also observed a change in slope for
dispensing of the overall medication class, analgesics
and other respiratory drugs. Among the non-exposed
group, an immediate decrease in the overall medication
class and hypnotics and sedatives was also observed. Our
findings indicate that the 2010 volcanic eruption did not
lead to increases in medication dispensing among people
living in exposed areas, rather decreases for some medi-
cine classes.

Asstrength of this study is the ability to define an exposed
population-based cohort using register data for an exact
time period of interest. The ITS approach is considered
among the strongest quasi-experimental designs for esti-
mating the longitudinal impact following an intervention
such as exposure to volcanic eruption.” ** However, ITS
analysis cannot separate the effects of concurrent events,
though we conducted an analysis accounting for the
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Table 3 Quasi-Poisson regression models for the quarterly number of dispensed DDD per 1000 individuals by medication
class and level of exposure from 1 January 2007 to 25 July 2013

Medication class

Level of exposure

Pre-eruption slope
(95% ClI)

Level shift
(95% CI)

Change in slope
(95% ClI)

Overall* Low 1.14 (1.10to 1.17) 0.75 (0.56 to 1.00) 0.89 (0.85 to 0.92)
Medium 1.00 (1.00 to 1.01) 1.05 (0.99 to 1.11) 1.00 (0.99 to 1.00)
High 1.12 (1.09 to 1.14) 0.89 (0.73 to 1.08) 0.89 (0.86 to 0.91)
Analgesics Low 1.15 (1.11 to 1.20) 0.74 (0.53 to 1.04) 0.89 (0.84 to 0.93)
Medium 1.00 (0.99 to 1.01) 0.93 (0.85 to 1.01) 1.01 (1.00 to 1.02)
High 1.15(1.12t0 1.19) 0.94 (0.73 to 1.21) 0.86 (0.83 to 0.89)
Antidepressants Low 1.11 (1.07 to 1.15) 0.71 (0.53 to 0.96) 0.94 (0.91 to0 0.98)
Medium 1.01 (1.00 to 1.01) 1.03 (0.94 to 1.13) 1.00 (0.99 to 1.01)
High 1.08 (1.06 to 1.11) 1.02 (0.80 to 1.29) 0.92 (0.89 to 0.95)
Anxiolytics Low 1.12 (1.08 to 1.16) 0.78 (0.56 to 1.09) 0.92 (0.88 to 0.96)
Medium 1.00 (0.99 to 1.01) 1.01 (0.87 to 1.17) 0.99 (0.97 to 1.01)
High 1.19 (1.14 to 1.25) 1.11 (0.80 to 1.56) 0.78 (0.74 to 0.82)
Hypnotics and sedatives Low 1.13 (1.09 to 1.16) 0.87 (0.66 to 1.16) 0.86 (0.82 to 0.90)
Medium 1.01 (1.00 to 1.02) 1.20 (1.09 to 1.31) 0.99 (0.98 to 1.00)
High 1.10 (1.07 to 1.14) 0.90 (0.68 to 1.17) 0.90 (0.86 to 0.93)
Respiratory drugs for Low 1.16 (1.10 to 1.22) 0.69 (0.44 to 1.06) 0.85 (0.80 to 0.91)
gibs?ét;::‘s“’e airway Medium 1.00 (0.98 to 1.01) 1.03 (0.86 to 1.23) 0.99 (0.97 to 1.01)
High 1.14 (1.09 to 1.20) 0.58 (0.38 to 0.89) 0.88 (0.83 to 0.94)
Other respiratory drugs  Low 1.16 (1.09 to 1.23) 0.86 (0.51 to 1.43) 0.85 (0.79 to 0.92)
Medium 1.00 (0.99 to 1.02) 1.05 (0.90 to 1.24) 0.99 (0.97 to 1.01)
High 1.14 (1.11 to0 1.18) 0.90 (0.69 to 1.18) 0.87 (0.83 to 0.90)

*Includes analgesics, antidepressants, anxiolytics, hypnotics and sedatives, respiratory drugs for obstructive airway diseases and other

respiratory drugs.
DDD, defined daily dose.

global financial crisis in 2008 that showed little differ-
ence to the main analysis (online supplemental figures
S$2,S3 and tables S2,S3). Other limitations that should
be considered when interpreting the results include for
example, that the data did not include over-the-counter
medication dispensing. In addition, some individuals may
have dispensed medications in other places than in their
registered legal residence, meaning that individuals could
have been staying elsewhere and therefore they may not
have been as impacted by the eruption as expected based
on their defined exposure status. Therefore, the data may
notreflecta complete picture of the medication utilisation
among residents. Also, despite this being a population-
based study, the low and high exposure groups were rela-
tively small (total population in 2010 was 510 in the high
exposed group and 534 in the low exposure group) which
might have limited the statistical power of our analyses,
however, we addressed this by combining the three expo-
sure groups. The small sizes in the high and low exposure
groups could also explain the different trends among the
high, medium and low exposure groups seen in online
supplemental figures 2,3,52-S6.

Long-term health studies on volcanic eruptions and
health effects are important, as associated diseases may
not become evident until several years after the expo-
sure.' Our findings that the eruption did not lead to any
increases in medication dispensing among people living
in exposed areas, rather decreases for some outcomes,
came as a surprise. Our previous questionnaire studies
on the health effects of the 2010 Eyjafjallajokull volcanic
eruption, indicated an increased likelihood of experi-
encing physical and psychological symptoms, and utili-
sation of psychotropic, pain and respiratory medication
among the exposed population and for some individuals
the reported symptoms persisted for up to 4years." ° 718355
Also, previous studies from other countries in Asia, Europe
and Australia have shown increased medication utilisa-
tion, including psychotropic, pain and respiratory medi-
cation, for up to 4years post—disaster.16 17202123 Therefore,
the findings of the current study are not in line with these
results. Our findings raise the question of potential health
improvements in the population following the eruption,
given patterns observed, for example, in annual analysis
for analgesics and anxiolytics among the highly exposed.
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Figure 3 Three-month average daily dispensed number of DDD per 1000 individuals by medication class from 1 January 2007

to 25 July 2013. Observed data and ITS predictions. Dashed lines represent the time between the start of the eruption and the

first datapoint after.
DDD, defined daily dose; ITS, interrupted time series.

Such improvement could be related to unity in the popu-
lation while dealing with the aftermath of the eruption,
hence stronger social cohesion. Further examination of
this would require more detailed data (eg, collected by
survey or qualitatively) than available in this study. The
psychosocial support that was provided for residents®’
might also have played part in this regard. Although
there is growing literature on the harmful health conse-
quences of disasters, there is evidence suggesting that
the majority of disaster exposed individuals prove to be
resilient and continue to function normally in the after-
math of disasters.'” * *® Bradshaw et af® for example,
used questionnaire data from 1392 participants to inves-
tigate the prevalence of respiratory symptoms following
exposure to airborne volcanic ash particles following the
Mount Ruapehu eruption in New Zealand in 1995. They
concluded no link between proximity of the volcano
and having asthma symptoms or using asthma medica-
tion. Another study conducted by Bryant et al” assessed
psychological outcomes 3-4years following a bushfire
in Australia. They found that the majority of exposed
individuals demonstrated resilience without indicators
of psychological distress, although, there was a minority
in the high exposed group that reported persistent

psychological difficulties. Some research has also reported
fewer suicides and reductions in unhealthy behaviour in
the difficult times following crisis. 24 %7 Although, not all
studies have found such optimistic results, for example,
Karanikolos et al’’ performed a systematic narrative review
on the health effects of the global financial crisis in 2008
in high-income countries. They reported increased prev-
alence of poor mental health with the greatest impact on
the countries that suffered the largest economic impact
and vulnerable groups with pre-existing problems. This
might explain, atleast in part, the high dispensed number
of DDD prior the eruption in 2010.

Although many studies indicate increased medication
utilisation following disasters, the impact on populations
differ between events and studies. This study provided an
evaluation of the total population including groups with
varying exposure to the eruption. While some shorter-
term health effects were exposed following the erup-
tion,” ™ it is possible that the long-term health impact
of the volcanic eruption was minimal or at least not to
a level that resulted in increased medication dispensing.
These studies were based on different data sources, the
questionnaire studies included self-reported and subjec-
tive measurements on different health outcomes, while
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the current study is based on healthcare utilisation data,
more specifically on the dispensing of medication for a
specific outcome. Thus, the increased symptoms detected
in our prior research following the Eyjafjallajokull erup-
tion' ®”** did not necessarily equate to a level of severity
that required medication. Another possible explanation
is that exposed individuals do not seek treatment for the
mental distress they may have experienced following the
eruption. According to a study by Van der Velden et af* on
mental health services utilisation after a firework disaster
in the Netherlands disaster survivors with mental health
problems were less willing to seek mental health treat-
ments than they would be under normal circumstances.
In addition, it may also have been difficult for residents
too access pharmacies or other services to dispense medi-
cation at the time of the eruption. Some individuals could
also have left the area shortly after exposure and might
therefore not be included in our analysis on the exposed
areas. This trend could also be a natural development
on medication dispensing in Iceland after the increased
dispensing over a long period of time. Lastly, composi-
tion of the ash from the Eyjafjallajokull eruption is also
of importance here. Most ash samples were found to have
little potential for damaging health*” and the utilisation
of protective equipment and staying indoors during the
heaviest ash fall may have prevented more harmful or
long-term respiratory symptoms.’ *’

Our findings indicate that the 2010 volcanic eruption
in Iceland did not lead to any substantial increases in
medication dispensing among people living in exposed
areas. While these findings are encouraging and positive
for populations that are frequently exposed to volcanic
eruptions, the results should be interpreted with caution
since each volcanic eruption differs in size, content and
particle size of the ash, as well as the extent of exposure
individuals experience. The 2010 eruption caused no
fatalities or severe destruction of houses, and the subse-
quent surge in tourists to the area brought economic
benefits, which could also alleviate the acute mental
health reported in previous papers. Further studies inves-
tigating changes in prescription rates of different types of
medication in exposed areas following volcanic eruptions
are necessary. In addition, it is important to investigate
this association for other long-term outcomes and identify
possible predictive factors for seeking treatment in larger
populations. Since volcanic eruptions are uncontrollable,
destructive and might threaten health of exposed popu-
lations in many ways, both directly and indirectly, this
knowledge base needs to be strengthened and enlarged
even further.
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