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Introduction. In the past few years, deaths due to asthma appear to decrease at least in Western countries; but there are significant variations between
populations. The aim of this study is to describe the trends in deaths due to asthma between 1993 and 2007 in our community and to analyze any
factors associated with this. Methods. All cases, which had asthma as a cause of death, were included in the study. The mortality data were obtained
from the official death certificate from the Deaths Register. Mortality relative risk, based on the calendar year, sociodemographic variables (age and
gender), seasons, and days of the week, were estimated using a Poisson generalized linear model with a log-link. Results. In the 15 years of the study
period, a total of 1180 people had died due to asthma, mainly in winter (34.5%), women (64.5%), and advanced age (65 years or above; 84.6%). A
tendency of decreased mortality in all age groups was observed during the period of the study, which was significant in both the sexes in the 35- to
64-year-old age group, and in males above 65 years. Conclusion. Death due to asthma is changing favorably in our community, with a tendency to
decrease in the past few years. Advanced age, being female, and the winter period are associated with a higher mortality rate due to asthma.
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INTRODUCTION

Asthma is one of the most common chronic diseases in the
world ( 1 ). In Spain, the prevalence of asthma appears to be
increasing in both children and adults (2, 3). This incurs
increased health costs in Spain, as more than 25% of
asthma sufferers have some period of work incapacity
throughout the year (4). A gradual increase in hospital
admissions due to asthma, particularly in women above
60 years, has also been observed in our community (5).

In the past few years, deaths due to asthma appear to
decrease, at least in Western countries (6-9); but there are
significant variations between countries even with similar
socioeconomic levels (1). Thus, in 2001, in the 5- to 34-
year-old age group, the mortality rate per 100,000 inhabi-
tants was 0.08 in Holland and 0.55 in Canada, which is
seven dmes higher than that in Holland (8). Annual world-
wide deaths from asthma have been esdmated to be
250,000 and the mortality rate does not appear to correlate
well with prevalence and high variability between and
within countries (1). Furthermore, preventing asthma mor-
tality is still within the goals for the successful manage-
ment of asthma (1).

*Corresponding author: F. J. Gonzalez-Barcala, M.D., PH.D., Department of
Respiratory Diseases, University Hospital of Santiago de Compostela,
Santiago de Compostela, Spain; Tel: +34-607819141; E-mail: francisco.
javier.gonzalez.barcala@sergas.es

The analysis of epidemiological data can help to iden-
tify the significant variations in some health characteris-
tics, depending on the research needs, as happened in the
epidemics of deaths to asthma in the 1960s and 1970s,
enabling some causes to be idendfied and to establish
strategies (8, 10).

The aim of this study is to analyze the trends in deaths
due to asthma between 1993 and 2007 in our community
and to analyze any factors associated with this.

METHODS

This study was performed using the data of mortality due
to asthma in the whole populadon of our community,
which in the year 2000 had 2,731,900 inhabitants, of
which 52% were female (11).

The mortality data were obtained from the official death
certificate from the Deaths Register of the Depariment of
Public Health of the Regional Government of Galicia. All
cases which had asthma as a cause of death were included
in the study.

The total populadon of Galicia, for each year of the
study, was obtained from the data published by the
Nadonal Stadsdcs Institute. Using these data, the annual
death rates per 100,000 inhabitants were calculated (11).

Age, sex, month, and day of death were recorded for
each individual.
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The three age groups established were 5-34 years, 35-
64 years, and 65 years and above. Children under 5 years
were excluded due to the difficulty of diagnosing asthma at
these ages (12).

To analyze the period of death, the groups were estab-
lished according to the seasons of the year. They are winter
(January-March), spring (April-June), summer (July-
September), and autumn (October-December).

The days of the week were classified into two cate-
gories, during the week (Monday-Eriday) and weekend
(Saturday and Sunday).

Statistical Analyses

Crude mortality rates, based on age and gender, were
calculated to obtain the estimated risk of death due to
asthma for each year between 1993 and 2007. The 95%
confidence intervals (CIs) were calculated based on the
Poisson distribution.

Mortality relative risks (RRs), based on the calendar
year, sociodemographic variables (age and gender), sea-
sons, and days of the week, were estimated using a
Poisson generalized linear model with a log-link. The
multivariate analysis was performed in two steps. Eirst,
the age, gender, and season variables were included in
the multivariate model. The two-way interactions were
tested on the basis of the likelihood ratio test. The results
of the final model were summarized by presenting the
relative risk of death due to asthma in each age group
separately. Temporal trends in RRs were explored
further, with adjustment for age and gender. In this
case, specific counts for each calendar year, age, and
gender were used as the unit of observation. A possible
non-linear effect of calendar year was investigated using
a Poisson generalized additive model. The two- and
three-way interactions were also tested on the basis of
the likelihood ratio test. The results of the final model
assuming a linear change over time were summarized by
presenting the relative risk of death due to asthma in each
age group separately.

All the analyses were performed using the R Software,
version 2.14 (R Development Core Team. R: A Language
and Environment for Statistical Computing. Vienna: R
Foundation for Statistical Computing; 2011).

RESULTS

In the 15 years of the study period, a total of 1180 people
had died due to asthma, mainly in winter (34.5%), women
(64.5%), and advanced age (more than half of the deceased
people were older than 80 years) (Table 1).

It should be pointed out that, in the years 2000, 2003,
and 2007, there was no death due to asthma in the 5- to 34-
year-old age group.

The highest death rates were found to be 0.37/100,000
inhabitants in 1996 for the 5- to 34-year-old age group;
1.91/100,000 in 1993 for the 35-to 64-year-old group, and
17.64/100,000 in 1995 for the older age group (65 years
and above) (Table 2).

TABLE 1.—Asthma mortality, descriptive data.

n (%)

Gender
Male 419(35.5)
Female 761 (64.5)

Age group
5-34 years 27 (2.3)
35-64 years 155(13.1)
65-79 years 385 (32.6)
80-1-years 613(51.9)

Season
Winter 407 (34.5)
Spring 254(21.5)
Summer 223(18.9)
Autumn 296(25.1)

TABLE 2.—Crude mortality rate per 100,000 subjects (95% CI) according
to age groups.

Year

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

Global sample

3.442
(2.767,4.230)
3.328
(2.666,4.106)
3.830
(3.117,4.659)
3.684
(2.984, 4.499)
3.345
(2.679,4.126)
3.235
(2.581,4.006)
3.702
(2.999,4.521)
2.503
(1.932,3.190)
2.576
(1.996,3.271)
2.230
(1.693,2.883)
3.109
(2.469, 3.864)
2.645
(2.058, 3.347)
3.099
(2.461,3.852)
2.178
(1.650,2.822)
2.363
(1.812,3.029)

5-34 years

0.349
(0.095, 0.893)
0.265
(0.055, 0.775)
0.180
(0.022, 0.649)
0.366
(0.100,0.936)
0.186
(0.023, 0.672)
0.284
(0.059, 0.830)
0.096
(0.002, 0.537)

-

0.198
(0.024,0.715)
0.201
(0.024, 0.726)

-

0.103
(0.003, 0.575)
0.105
(0.003, 0.583)
0.212
(0.026,0.766)

-

Age group

35-64 years

1.909
(1.149,2.981)
1.100
(0.549, 1.967)
1.095
(0.547, 1.959)
1.488
(0.833, 2.455)
1.286
(0.685, 2.200)
1.678
(0.977, 2.686)
1.083
(0.541, 1.937)
1.174
(0.607,2.051)
0.777
(0.335, 1.530)
1.059
(0.528, 1.894)
0.666
(0.268, 1.372)
0.469
(0.152, 1.095)
0.370
(0.101,0.948)
0.639
(0.257, 1.317)
0.361
(0.098, 0.923)

65-1- years

14.168
(10.980, 17.993)
15.121
(11.853, 19.013)
17.643
(14.131,21.762)
15.282
(12.06, 19.100)
13.981
(10.94, 17.607)
12.150
(9.357, 15.516)
15.589
(12.434, 19.300)
9.628
(7.212, 12.594)
10.175
(7.707, 13.184)
7.940
(5.791, 10.624)
12.958
(10.175, 16.268)
10.972
(8.431, 14.038)
13.185
(10.388, 16.503)
8.291
(6.113, 10.992)
9.953
(7.558, 12.866)

A tendency for decreased mortality in all age groups
was observed during the period of the study, which was
significant in both the sexes in the 35- to 64-year-old age
group and in males above 65 years (Figure 1).

Asthma mortality decreased in the analyzed period,
with the relative risk of 0.97 (95% CI: 0.96-0.98)
(Table 3). Female gender, advanced age, autumn, and
winter season were associated with higher mortality rates
(Table 3).
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FIGURE 1.—Trends in relative risk of mortality, adjusted by age and gender.

TABLE 3.—Results of the univariate Poisson regression analysis of
asthma mortality.

Crude RR (95%CI)

TABLE 4.—Results of the multivadate Poisson regression analysis of asthma
mortality.

Gender
Men
Women

Age (years)
5-34
35-64
65-h

Year
Season

Summer
Spring
Autumn
Winter

Reference
1.68(1.49, 1.89)

Reference
5.71 (3.87, 8.78)
70.64(49.25,106.11)

0.97 (0.96, 0.98)

Reference
1.14(0.95, 1.36)
1.33(1.12, 1.58)
1.83(1.55,2.15)

Note: RR: relative risk; CI: confidence interval.

In the multivariate analysis, it could be seen that
advanced age, being female (only in the group above
65 years), and in the autumn-winter time period were
associated with a higher mortality (Table 4). No differ-
ences were observed in the mortality rates between week
days and the weekend (data not shown).

Variable

Age, by gender
Male

5-34
35-64
65-1-

Female
5-34
35-64
65-h

Gender, by age-group
5-34

Male
Female

35-64
Male
Female

65-F
Male
Female

Season
Summer
Spring
Autumn
Winter

Adjusted RR (95% CI)

Reference
4.34 (2.6, 7.26)
42.7 (26.56, 68.63)

Reference
8.45(4.24, 16.85)
119.38(61.85,230.45)

Reference
0.51 (0.23, 1.14)

Reference
1.00(0.73, 1.37)

Reference
1.44(1.26, 1.64)

Reference
1.14(0.95, 1.36)
1.33(1.12, 1.58)
1.83(1.55,2.15)

DISCUSSION

The trend in mortality due to asthma is favorable in our
population, with a gradual decrease being observed in the
15 years analyzed.

This favorable trend seems to be confirmed if our mor-
tality rates are compared with neighboring countries. To do

this, focusing the analysis on the 5- to 34-year-old age
group, where deaths due to asthma are considered to be
more accurate (13), mortality rates between 0.10 and 0.21
per 100,000 inhabitants are observed, similar to other
countries in Western Europe (8).

This reduction in the death rate due to asthma, along
with the trend observed in our country for an increase in
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asthma prevalence (2), reinforces the possibility that the
management of asthma is improving, as has been observed
in other countries (10, 14). In this context, the publication
of guidelines in the management of the disease and the
availability of new drugs, seem to have led to an improved
asthma prognosis (10, 15). Thus, in a recent prospective
study, it was observed that patients with asthma had a
lower mortality rate than the general population. Due to
this finding, it is suggested that inhaled corticosteroids
could reduce pulmonary as well as systemic infiammation,
with a subsequent improvement in the prognosis of other
inflammatory diseases (16).

This tendency for asthma mortality to decrease agrees
with that observed in the majority of Western countries,
although it is not homologous in all populations or in age
groups (7-9, 17-22).

The higher mortality rate in asthmatics of advanced age
is a constant finding in the literature (12, 17, 19, 23),
although it is also the group, where more inaccuracies are
found in the diagnosis obtained from the death certificate
(13, 24).

Mortality due to asthma is significantly higher among
older women, while in the 5- to 34-year-old age group, and
there is a non-significant higher rate in males.

Different authors report similar findings, with mortality
being higher in the young male population (20, 23-26);
while at advanced ages, mortality due to asthma is higher
in females (6,7, 9, 17, 20, 23, 27, 28). Although this is not
homogeneous between all studies, as some authors report a
higher mortality rate in males at any age (24, 29). In a
recent study, carried out in five European countries, the
mortality due to asthma was higher in males in France,
Italy, and Germany and higher in women in Spain and the
United Kingdom (19).

The increase in mortality due to asthma in females with
the increase in age coincides with the higher prevalence and
severity of the asthma in women observed from adolescence
(30, 31). Hormonal factors (32, 33), occupational and envir-
onmental factors (34), comorbidities such as obesity (35),
and even psychological factors (36) have been implicated in
this worse progression of asthma with age in females.

In some studies, it has been put forward that the possi-
bility and the management was different, as such, that
women were likely to be under-treated and under-
diagnosed (Yentl syndrome) more often than males, until
they were present with severe forms of the disease (37).

A marked seasonality in deaths due to asthma was also
observed in our study. Given that almost 85% of the deaths
due to asthma in our population occurred in patients over
65 years of age, it seems reasonable that the peak mortality
has reached in the winter period, agreeing with the season-
ality observed in acute exacerbations of asthma, which
increase significantly in winter, particularly in the popula-
tion of advanced age (38-40).

As per the studies in other countries, no difference was
observed in asthma mortality at weekends (12).

Our study has the intrinsic limitations of data obtained
from official sources, where the only information avail-
able is that obtained from the death certificate, which

may have diagnostic inaccuracies. In this context, var-
ious studies have shown that the information on the
death certificate is of acceptable validity in both children
and adults. In a study on children from 0 to 19-years old
in Finland, five pediatricians reviewed the clinical his-
tories of those patients whose death certificate indicated
asthma as the cause of death and concluded that only in
7% of cases the cause of death was not asthma (25). In a
UK study on adults, all admissions of patients aged 16-
64 years with a primary diagnosis of asthma on dis-
charge from the hospital were identified from the inpa-
tient database. The complete medical records of
decedents were reviewed by an expert panel to assess
the proportion of asthma deaths which were attributed to
another cause on the death certificate (false negative)
and, on the contrary, deaths wrongly certified as due to
asthma (false positive). The death certificates due to
asthma showed a sensitivity of 82% and a specificity of
97% (41). Another study, using similar methodology,
has assessed the accuracy with which asthma is entered
on death certificates, in New Zealand. In total, 66.9% of
all cases certified as asthma deaths were accepted as true
asthma deaths. The precision decreased with increasing
age, since the acceptance was highest in young age
(98.6% in the 15- to 34-year-old age group), and fell
progressively with increasing age, being only 38.7% of
certified cases in patients above 70 years (13).

CONCLUSIONS

Death due to asthma is changing favorably in our
community, with a tendency to decrease in the past
few years. Advanced age, being female, and the winter
period are associated with a higher mortality due to
asthma.

ACKNOWLEDGMENTS

The authors thank the Department of Public Health of the
Regional Government of Galicia.

DECLARATION OF INTEREST

The authors declared that they have no competing
interests.

REFERENCES

1. Global Initiative for Asthma (GINA). GINA Report, Global Strategy for
Asthma Management and Prevention 2010. Accessed December 29,
2011.

2. Urrutia I, Aguirre U, Sunyer J, Plana E, Muniozguren N, Martinez-
Moratalla J, Payo F, Maldonado JA, Anto JM. Changes in the prevalence
of asthma in the Spanish cohort of the European Community Respiratory
Health Survey (ECRHS-II)l. Arch Bronconeumol 2007; 43:425^30.

3. García-Marcos L, Quires AB, Hernández GG, Guillen-Grima F, Díaz
CG, Ureña IC, Pena AA, Moiige RB, Suárez-Várela MM, Várela AL,
Cabanillas PG, Garrido JB. Stabilization of asthma prevalence among
adolescents and increase among schoolchildren (ISAAC phases I and III)
in Spain. Allergy 2004; 59:1301-1307.

4. Gonzalez Barcala FJ, La Fuente-Cid RD, Alvarez-Gil R, Tafalla M,
Nuevo J, Caamaño-Isoma F. Factors associated with a higher prevalence



1020 F. J. GONZALEZ-BARCALA ET AL.

of work disability among asthmatic patients. J Asthma 2011; 48:
194-199.

5. Gonzalez-Barcala FJ, Aboal J, Valdes L, Carreira JM, Alvarez-Dobaño
JM, Puga A, Garcia-Sanz MT, Takkouche B. Trends in adult asthma
hospitalization: gender-age effect. Multidiscip Resp Med 2011; 6:
82-86.

6. Sly RM. Continuing decreases in asthma mortality in the United States.
Ann Allergy Asthma Immunol 2004; 92:313-318.

7. Chatkin G, Chatkin JM, Fritscher CC, Cavalet-Blanco D, Bittencourt
HR, Sears MR. Asthma mortality in southern Brazil: is there a changing
trend? J Asthma 2007; 44:133-136.

8. Wijesinghe M, Weatherall M, Perrin K, Crane J, Beasley R. International
trends in asthma mortality rates in the 5-34-year age group: a call for
closer surveillance. Chest 2009; 135:1045-1049.

9. Wilson DH, Tucker G, Frith P, Appleton S, Ruffin RE, Adams RJ.
Trends in hospital admissions and mortality from asthma and chronic
obstructive pulmonary disease in Australia, 1993-2003. Med J Aust
2007; 186:408^11.

10. Szefler SJ. Advancing asthma care: the glass is only half full! J Allergy
Clin Immunol 2011; 128:485-494.

11. Available at: www.ine.es. Accessed November 12, 2011.
12. Krishnan V, Diette GB, Rand CS, Bilderback AL, Merriman B, Hansel

NN, Krishnan JA. Mortality in patients hospitalized for asthma exacer-
bations in the United States. Am J Respir Crit Care Med 2006;
174:633-638.

13. Sears MR, Rea HH, de Boer G, Beaglehole R, Gillies AJ, Hoist PE,
OsDonnell TV, Rothwell RP. Accuracy of certification of deaths due to
asthma. A National study. Am J Epidemiol 1986; 124:1004-1011.

14. Haahtela T, Tuomisto LE, Pietinalho A, Klaukka T, Erhola M, Kaila M,
Nieminen MM, Kontula E, Laitinen LA. A 10 year asthma programme in
Finland: major change for the better. Thorax 2006; 61:663-670.

15. Guía española para el manejo del asma (GEMA 2009). Plaza Moral V,
Fernandez Benitez M, Gomez Ruiz F, Lopez Viña A, Molina Paris J,
Navarro Rubio D, Quintano Jimenez JA, Quirce Gancedo S, Soler
Vilarrasa R, Villa Asensi JR. Comité Ejecutivo de la Guia Española
para el Manejo del Asma. (GEMA2009). Arch Bronconeumol 2009;45
(Suppl 7):l-35.

16. Finkelstein MM, Chapman KR, Mclvor RA, Sears MR. Mortality among
subjects with chronic obstructive pulmonary disease or asthma at two
respiratory disease clinics in Ontario. Can Respir J 2011; 18:327-332.

17. Bartolomei-Diaz JA, Amill-Rosario A, Claudio L, Hernandez W.
Asthma mortality in Puerto Rico: 1980-2007. J Asthma 2011; 48:
202-209.

18. Neffen H, Baena-Cagnani C, Passalacqua G, Canónica GW, Rocco D.
Asthma mortality, inhaled steroids, and changing asthma therapy in
Argentina (1990-1999). Respir Med 2006; 100:1431-1435.

19. Chatenoud L, Malvezzi M, Pitrelli A, La Vecchia C, Bamfi F. Asthma
mortality and long-acting beta2-agonists in five major European coun-
tries, 1994-2004. J Asthma. 2009; 46:546-551.

20. Getahun D, Demissie K, Rhoads GG. Recent trends in asthma hospi-
talization and mortality in the United States. J Asthma 2005; 42:
373-378.

21. Gupta RS, Carrión-Carire V, Weiss KB. The widening black/white gap
in asthma hospitalizations and mortality. J Allergy Clin Immunol 2006;
117:351-358.

22. Anderson HR, Gupta R, Strachan DP, Limb ES. 50 years of asthma: UK
trends from 1955 to 2004. Thorax 2007; 62:85-90.

23. Lane WG, Newman D, Edwards M, Blaisdell C. Disparities in the
circumstances of asthma deaths in Maryland. J Asthma 2006; 43:
777-782.

24. Ng TP, Tan WC. Temporal trends and ethnic variations in asthma
mortality in Singapore, 1976-1995. Thorax 1999; 54:990-994.

25. Malmström K, Kaila M, Kajosaari M, Syvanen P, Juntunen-Backman K.
Fatal asthma in Finnish children and adolescents 1976-1998: validity of
death certificates and a clinical description. Pediatr Pulmonol 2007;
42:210-215.

26. J0rgensen IM, Jensen VB, Bülow S, Dahm TL, Prahl P, Juel K. Asthma
mortality in the Danish child population: risk factors and causes of
asthma death. Pediatr Pulmonol 2003; 36:142-147.

27. Rodrigo GJ, Plaza V, Foms SB, Tordera MP, Salas J. Factors associated
with mortality in patients hospitalized in Spain and Latin America for
acute severe asthma in 1994, 1999, and 2004. J Bras Pneumol 2008;
34:546-551.

28. Almeida JP, Lwebuga-Mukasa JS. Geographic variations in asthma
mortality in Erie and Niagara counties, western New York, 1991-
1996. Am J Public Health 2001; 91:1394-1395.

29. Pesut DP, Bulajic MV, Nagomi-Obradovic LM, Grgurevic AD,
Gledovic ZB, Ponomarev DR, Blanka AZ. Asthma mortality in Serbia:
a 30-year analysis. Respir Med 2011; 105(Suppl I):S50-3.

30. Schatz M, Clark S, Camargo CA Jr. Sex differences in the presentation
and course of asthma hospitalizations. Chest 2006; 129:50-55.

31. Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR, Flannery
EM, Cowan JO, Herbison GP, Silva PA, Poulton R. A longitudinal,
population-based, cohort study of childhood asthma followed to
adulthood. N Engl J Med. 2003; 349:1414-1422.

32. Jensen-Jarolim E, Untersmayr E. Gender-medicine aspects in allergo-
logy. Allergy 2008; 63:610-615.

33. Siroux V, Curt F, Oryszczyn MP, Maccario J, Kauffmann F. Role of
gender and hormone-related events on IgE, atopy, and eosinophils in the
Epidemiological Study on the Genetics and Environment of Asthma,
bronchial hyperresponsiveness and atopy. J Allergy Clin Immunol 2004;
114:491-498.

34. Almqvist C, Worm M, Leynaert B; working group of GA2LEN WP 2.5
Gender. Impact of gender on asthma in childhood and adolescence: a
GA2LEN review. Allergy 2008; 63:47-57.

35. Camargo CA Jr, Weiss ST, Zhang S, Willett WC, Speizer FE.
Prospective study of body mass index, weight change, and risk of
adult-onset asthma in women. Arch Intern Med 1999; 159:
2582-2588.

36. Sundberg R, Toren K, Franklin KA, Gislason T, Omenaas E, Svanes C,
Janson C. Asthma in men and women: treatment adherence, anxiety, and
quality of sleep. Respir Med 2010; 104:337-344.

37. Healy B. The Yentl syndrome. N Engl J Med 1991; 325:274-276.
38. Johnston NW. The similarities and differences of epidemic cycles of

chronic obstructive pulmonary disease and asthma exacerbations. Proc
Am Thorac Soc 2007; 4:591-596.

39. Chen CH, Xirasagar S, Lin HC. Seasonality in adult asthma admissions,
air pollutant levels, and climate: a population-based study. J Asthma
2006; 43:287-292.

40. Jackson DJ, Sykes A, Mallia P, Johnston SL. Asthma exacerbations:
origin, effect, and prevention. J Allergy Clin Immunol 2011; 128:
1165-1174.

41. Guite HF, Bumey PG. Accuracy of recording of deaths from asthma in
the UK: the false negative rate. Thorax 1996; 51:924-928.



Copyright of Journal of Asthma is the property of Taylor & Francis Ltd and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


