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Abstract: This study was undertaken to examine whether there is an association between
age at first birth and parity and risk of asthma death. The study cohort consisted of
1,292,462 women in Taiwan who had a first live birth between 1 January 1978 and
31 December 1987. We tracked each woman from the date of their first childbirth to
31 December 2009, and their vital status was ascertained by linking records with the
computerized mortality database. Cox proportional hazard regression models were used to
estimate hazard ratios of death from asthma associated with parity and age at first birth.
A trend of increasing risk of asthma death was seen with increasing age at first birth.
The adjusted hazard ratio was 0.75 (95% confidence interval (CI) = 0.53-1.08)
among women with two live births and 0.53 (95% CI = 0.36-0.78) among those with three
or more births, compared with women who had one live birth. There was a significant
decreasing trend in adjusted hazard ratios of asthma death with increasing parity.
This study is the first to provide evidences to support an association between reproductive
factors (parity and early age at first birth) and the risk of asthma death.
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1. Introduction

Asthma prevalence and severity are higher among boys than girls before puberty, about the same in
both sexes during teenage years, and thereafter asthma predominates among females [1,2].
This pattern continues until menopause, when asthma incidence among women decreases [3]
to become equal to that of men [2]. In addition, asthma severity has been shown to vary during the
menstrual cycle and pregnancy [4]. These findings suggest that reproductive hormones influence the
development of asthma and asthma severity [5].

Several mechanisms have been proposed to explain the role of female hormones in asthma risk.
Several animal studies have reported increased susceptibility to allergic airway disease in female mice
compared to male mice. Estrogens appear to exert most of their effects through estrogen receptors
alpha and beta, both of which are present in the lung [6]. Sex hormone concentrations increase
markedly after puberty. Women with early menarche have higher estrogen levels and are exposed to
a greater cumulative estrogen and progesterone concentrations than women with later onset of
menarche [7]. Estrogens has been shown to activate endothelial nitric oxide synthase [8,9].
Nitric oxide has been implicated in the pathogenesis of asthma [10] and levels vary with the
menstrual cycle [11].

To our knowledge, there is only one study that investigated a possible link between age at first birth
and parity and the risk of asthma. Jenkins et al. reported that the risk of later-onset asthma among
women who had no asthma by age seven was associated with increased parity. However, the risk of
asthma decreased with increasing age at first birth [12].

We have now studied a cohort of women who experienced a first and singleton childbirth
between 1 January 1978 and 31 December 1987 to explore further the association between age
at first birth and parity and the risk of asthma death in Taiwan.

2. Experimental Section
2.1. Data Source

Registration of births is required by law in Taiwan. It is the responsibility of the parents or the
family to register infant births at a local household registration office within 15 days.
The Birth Registration System, which is managed by the Department of Interior, released computerized
data on live births since 1978. The registration form, which requests information on maternal age,
education, parity, gestational age, date of delivery, infant gender, and birth weight, is completed by the
physician attending the delivery. Because most deliveries in Taiwan take place in either a hospital or
clinic and the birth certificates are completed by physicians attending the delivery and it is mandatory
to register all live births at local household registration offices; therefore the birth registration data are
considered complete, reliable and accurate [13,14].
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2.2. Study Population

The study cohort consisted of all women with a record of a first and singleton childbirth in the
Birth Register between 1 January 1978 and 31 December 1987. There were 1,292,462 first and
singleton births occurred in Taiwan between 1978—1987. Information on any subsequent births was
also retrieved from the Birth Register.

2.3. Follow-up

Each woman has her own unique personal identification number. Using this number, we tracked
each woman from the time of their first childbirth to 31 December 2009, and their vital status was
ascertained by linking records with the computerized mortality database, identifying the date of any
deaths occurring in this cohort. Since it is mandatory to register death certificates at local household
registration offices, the mortality statistics in Taiwan were considered to be highly accurate and
complete [13,14].

2.4. Statistics

The person-years of follow-up for each woman was calculated from the date of first childbirth to
the date of death or 31 December 2009. Death rates were calculated by dividing the number of deaths
from asthma by the number of person-years of follow-up. Cox proportional hazard regression models
were used to estimate hazard ratios (HRs) of death from asthma associated with parity (the number of
children recorded in the last childbirth record of each woman registered during follow-up) and age at
first childbirth. The 95% confidence intervals (ClIs) for HRs were also calculated. Asthma is defined
according to the International Classification of Disease, Injury, and Causes of Death (9th revision)
(ICD code 493). The variables in the final model included age at first childbirth (<25, 26-30,
>3(0 years), parity (one, two, three or more), marital status (married, unmarried), years of schooling
(<9, >9 years), and birth place (hospital/clinic, home). The above mentioned variables were included in
the final model because they were potential confounders. The proportional hazards assumption was
assessed for all above-mentioned variables, and no violations were observed. Analyses were performed
using the SAS statistical package (version 9.1, SAS Institute Inc., Cary, NC, USA).
All statistical tests were two-sided; p values of less than 0.05 were considered to be
statistically significant.

3. Results and Discussion

Altogether 1,292,462 primiparous women with complete information were included in the analysis.
A total of 34,980,246 person-years were observed during the follow-up period from the time of their
first childbirth to 31 December 2009. There were 237 asthma deaths, yielding a mortality rate of
0.68 cases per 100,000 person-years.

Table 1 gives the numbers of person-years of follow-up and asthma deaths by age at recruitment
(age at first birth), parity, marital status, years of schooling, and birth place. The mortality rate was
1.17 among women who had given birth to one child, 0.69 among those who had had two children,
and 0.54 among those who had given birth to 3 or more children.
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Table 1. Demographic characteristics of the study cohort.
No. of Follow-up No. of Mortality Rate
Parameters Variables ) Deaths from (Per 100,000
Subjects Person-Years
Asthma Person-Years)
Age at <25 859,942 23,576,614.50 137 0.58
recruitment 26-30 372,895 9,873,247.00 70 0.71
(1st birth) >30 59,625 1,530,384.50 30 1.96
1 157,207 4,170,772.33 49 1.17
Parity 2 564,727 15,124,112.33 104 0.69
>3 570,528 15,685,361.33 84 0.54
Marital Married 1,260,615 34,115,479.25 222 0.65
status Not married 31,847 864,766.75 15 1.73
Years of <9 722,518 19,850,938.17 167 0.84
schooling >9 569,944 15,129,307.83 70 0.46
Birth place Hospital/clinic 1,245,925 33,638,862.83 218 0.65
Home 46,537 1,341,383.17 19 1.42

The multivariate-adjusted hazard ratios and 95% Cls are shown in Table 2. An older age at first
birth was associated with an increased risk of asthma death. The adjusted hazard ratio was 1.14
(95% CI = 1.05-1.91) for women who gave birth between 26 and 30, and 3.15 (95% CI = 2.06—4.82)
for women who gave birth after 30 years of age, respectively, when compared with women who gave
birth before age 25. A trend of increasing risk of asthma death was seen with increasing age
at first birth (p for trend <0.0001).

Table 2. Association between parity, age at first birth, and relative risk of death from
asthma over a 32-year follow-up period.

Multivariate-adjusted RR *

Parameters

Variables

Crude RR (95% CI)

(95% CT)

1.00

1.00

Age at recruitment 26-30 1.25(0.93-1.66) 1.14 (1.05-1.91)
(1st birth) >30 3.50 (2.36-5.20) 3.15 (2.06-4.82)
p <0.0001 for linear trend p < 0.0001 for linear trend
1.00 1.00
0.58 (0.42-0.82 0.75 (0.53-1.08
Parity ( ) ( )

0.45 (0.32-0.34)
p <0.0001 for linear trend

0.53 (0.36-0.78)
p = 0.0009 for linear trend

_ Married 1.00 1.00
Marital status .

Not married 2.66 (1.58-4.48) 1.94 (1.14-3.31)

. <9 1.00 1.00

Years of schooling

>9 0.56 (0.42-0.74) 0.48 (0.36-0.65)

) Hospital/clinic 1.00 1.00

Birth place

Home 2.12 (1.33-3.40) 2.05 (1.27-3.31)

After adjustment for age at first birth, marital status, years of schooling, and birth place,
the adjusted hazard ratio was 0.75 (95% CI = 0.53-1.08) among women with two live births and
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0.53 (95% CI = 0.36-0.78) among those with three or more births, compared with women who had
given birth to only one child. There was a statistically significant decreasing trend in the adjusted
hazard ratio for asthma death with increasing parity (p for trend < 0.0001).

To our knowledge, this is the first prospective study to examine the relationship between reproductive
factors (parity and age at first birth) and the risk of asthma death. Previous study used cross-sectional
design to determine the relationship between a woman’s reproductive history and adult-onset
asthma [12]. In this prospective cohort study, we found that there is a significant protective effect of
parity on the subsequent risk of death from asthma. Our finding of a reduced risk of death from asthma
associated with higher parity is not in agreement with a previous study conducted in Australia,
which reported an increased risk of later-onset asthma associated with higher parity [12].

The mechanism by which increased parity may confer protection against the future development of
asthma in women remains unclear. Regulatory T cells (Tregs) have been shown to play an important
role in moderating allergic asthma [15] and may be involved in the increased susceptibility of female
mice for asthma [16]. Female mice have fewer Tregs and therefore have less protection against
inflammatory stimuli such as allergens [16]. There is experimental evidence that estrogens have
an antiinflammatory effects. In mice, in vivo administration of estrogen in pregnancy-like concentrations
was found to expand the pool of Tregs and to enhance their antiinflammatory function [17].
Pregnancy elevates serum estrogen levels about 100 fold [18]. Increasing parity is associated with an
overall increase in lifetime exposure of sex hormones (including estrogen). Thus, if estrogens are
associated with a reduced risk of death from asthma, we would expect pregnancy to offer some
protection from asthma death. Our data provide support for this hypothesis.

Contrary to a previous study [12], in the present prospective cohort study, we found that risk of
death from asthma increased with increasing age at first birth after adjusting for parity.
To our knowledge, this is the first study to find a significant positive association between age at first
birth and risk of death from asthma. The reasons are unknown. It may be that an earlier age at first
birth played a protective role in asthma risk via elevated levels of some hormones
(including estrogens) during pregnancy. Moreover, it has been found that age at menarche
(and thus exposure to period estrogens stimulation) is related to age at which a woman delivers her
first child [19]. Experimental evidence pointing to estrogens as suppressors of allergic airway
inflammation by increasing the number of Tregs suggests that estrogens could be the crucial hormone
responsible for the positive association between age at first birth and risk of asthma death [17].
However, because there is no evidence to date for an association between age at first birth and risk of
death from asthma, the possibility that this is a chance finding also needs to be considered.
Clearly, more work will be needed before the influence of age at first birth on the risk of death
from asthma is understood.

The completeness and accuracy of the death registration system should be evaluated before any
conclusion based on the mortality analysis is made. In the event of a death in Taiwan, the decedent’s
family is required to obtain a death certificate from the hospital or local community clinic,
which then must be submitted to the household registration office in order to cancel
the decedent’s household registration. The death certificate is required in order to have the decedent’s
body buried or cremated. Death certificates must be completed by physicians in Taiwan.
It is also mandatory to register all deaths at local household registration offices, the death registration
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is accurate, reliable and complete. The complete population coverage and follow-up made possible by
the national identification number has left the study without selection bias. Information bias is also
unlikely to be important for parity and age at first birth.

Taiwan inaugurated its National Health Insurance (NHI) program in 1995 to finance healthcare for
all citizens of Taiwan. As of 2007, the NHI program provided coverage for 22.60 million out of
22.96 million Taiwanese (coverage rate 98.4%) [20]. Taiwan is a small island with a convenient
communication network. It is believed that all asthma cases had access to medical care.
Furthermore, it seems unlikely that medical utilization would be correlated with parity. We therefore
believe that medical utilization should not have a substantive effect on the associations we observed.

Mortality data rather than data on inpatient cases was used to assess the association between parity,
age at first birth, and risk of death from asthma in this study. The mortality of a disease is a function of
its incidence and fatality. No previous study has investigated the differences in survival rates of asthma
between high and low parity. Thus, this is a limitation that should be considered.

Our data takes into account the effect of the number of children on the risk of mortality from
asthma. The risk progressively declines with each additional birth. The birth registration system in
Taiwan covers only live births. We were unable to examine the possible role of nulliparity on the risk
of asthma death. The generalizability of our findings is thus limited. Further study in independent
cohorts with the inclusion of non-parous women for follow-up studies of the association between
parity and the risk of asthma death are needed.

Selection effects are also likely to be an important explanation for this association. Women with
severe asthma in their reproductive years may affect opportunities for marriage, motherhood,
age of the first childbirth and decisions about subsequent childbearing. We do not know how asthma
status may have affected a woman’s decision to have more children. If women with severe asthma
opted to have no more children or may have had reduced fertility as a result of their severe asthma
status, our results may be biased.

Of the studies that have evaluated the use of oral contraceptives (OCs) and the risk of developing
asthma, one study reported a decreased risk [12], two studies showed an increased risk [21,22],
and one has failed to find statistically significant association [23]. Regarding menopausal hormone
therapy (MHT), previous studies have largely reported a positive association between the use of MHT
and asthma risk. Three cross-sectional studies have reported an association between prevalent asthma
and asthma-like symptoms and the use of MHT in women [23-25] and three prospective studies have
suggested that MHT use was associated with an increased risk of newly diagnoses of asthma [3,5,26].

We were unable to adjust for these two hormonal factors in the current study due to the lack of
available data. Since the use of OCs and MHT are low in Taiwan compared with Western
countries [27,28], the confounding effect resulting from these two factors should be small, if existed at all.
Furthermore, if the association between these two potential confounding variables and the risk of
asthma death is not as strong as the one that has been observed for parity and age at first birth,
adjustment of these variables will not qualitatively change the conclusion.

Breastfeeding causes hormonal changes, possibly reduced estrogen and increased prolactin production,
which inhibits the initiation or growth of breast cancer [29-31]. This phenomenon (low-estrogen
environment) possibly could increase the risk of asthma death if the hypothesis that estrogen exposure
confer a protective effect on the risk of asthma death is correct. No previous study has investigated
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the impact of lactation on the risk of asthma. Data were also not available in this study to adjust for
the effect of this factor for asthma death. However, additional studies are needed to evaluate the effect
of breastfeeding on asthma risk especially among premenopausal women and explore further the role
of estrogen in the etiology of asthma. Furthermore, length of breastfeeding as well as the number of
children is often considered dependent on socioeconomic conditions. There is no information available
on income levels for the study subjects. However, years of schooling was used as a proxy for
socioeconomic status and this factor was adjusted for in the multiple regression analysis.

4. Conclusions

In summary, we found that there was a trend for increasing parity to be associated with decreasing
risk for asthma death. In addition, we found that risk of asthma death increased with increasing age
at first birth. This study is the first to suggest that reproductive factors (parity and early age
at first birth) may confer a protective effect on the risk of asthma death.

Acknowledgments

This study was partly supported by a grant from the National Science Council, Executive Yuan,
Taiwan (NSC-102-2314-B-037-065-MY?2).

Author Contributions

Chih-Cheng Chen wrote the manuscript. Hui-Fen Chiu provided essential insight into the
interpretation of the results. Chun-Yuh Yang contributed to study design and interpretation of the data.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. De Marco, R.; Locatelli, F.; Sunyer, J.; Burney, P. Differences in incidence of reported asthma
related to age in men and women. A retrospective analysis of the data of the European Respiratory
Health Survey. Amer. J. Respir. Crit. Care Med. 2000, 162, 68—74.

2. Becklake, M.R.; Kauffmann, F. Gender differences in airway behavior over the human life span.
Thorax 1999, 54, 1119-1138.

3. Troisi, RJ.; Speizer, F.E.; Willet, W.C.; Trichopoulos, D.; Rosner, B. Menopause, postmenopausal
estrogen preparations, and the risk of adult-onset asthma: A prospective cohort study.
Amer. J. Respir. Crit. Care Med. 1995, 152, 1183—-1188.

4. Postma, D.S. Gender differences in asthma development and progression. Gender Med. 2007, 4,
S133-S146.

5. Barr, R.G.; Wentowski, C.C.; Grodstein, F.; Somers, S.C.; Stampfer, M.J.; Schwartz, J.; Speizer, F.E.;
Camargo, C.A., Jr. Prospective study of postmenopausal hormone use and newly diagnosed
asthma and chronic obstructive pulmonary disease. Arch. Intern. Med. 2004, 164, 379-386.



Int. J. Environ. Res. Public Health 2014, 11 6154

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Carey, M.A.; Card, J.W.; Bradbury, J.A.; Moorman, M.P.; Haykal-Coates, N.; Gavett, S.H.;
Graves, J.P.; Walker, V.R.; Flake, G.P.; Voltz, J.W.; et al. Spontaneous airway hyperresponsiveness
in estrogen receptor-alpha-deficient mice. Amer. J. Respir. Crit. Care Med. 2007, 175, 126—135.
Apter, D.; Reinila, M.; Vihko, R. Some endocrine characteristics of early menarche, a risk factor
for breast cancer, are preserved into adulthood. /nt. J. Cancer 1989, 44, 783—787.

Kirsch, E.A.; Yuhanna, 1.S.; Chen, Z.; German, Z.; Sherman, T.S.; Shaul, P.W. Estrogen acutely
stimulates endothelial nitric oxide synthase in H441 human airway epithelial cells.
Amer. J. Respir. Cell. Mol. Biol. 1999, 20, 658—666.

Chambliss, K.L.; Shaul, P.W. Estrogen modulation of endothelial nitric oxide synthase.
Endocr. Rev. 2002, 23, 665-686.

Alving, K.E.; Weitzberg, E.; Lundberg, J.M. Increased amount of nitric oxide in exhaled air
of asthmatics. Eur. Respir. J. 1993, 6, 1368—1370.

Kharitonov, S.A.; Logan-Sinclair, R.B.; Busset, C.M.; Shinebourne, E.A. Peak expiratory nitric oxide
differences in men and women: Relation to the menstrual cycle. Brit. Heart J. 1994, 72, 243-245.
Jenkins, M.A.; Dharmage, S.C.; Flander, L.B.; Douglass, J.A.; Ugoni, A.M.; Carlin, J.B.;
Sawyer, S.M.; Giles, G.G.; Hopper, J.L.; et al. Parity and decreased use of oral contraceptives
aspredictors of asthma in young women. Clin. Exp. Allergy 2006, 36, 609—613.

Yang, C.Y.; Kuo, HW.; Chiu, H.F. Age at first birth, parity, and risk of death from ovarian
cancer in Taiwan: A country of low incidence of ovarian cancer. Int. J. Gynecol. Cancer 2007, 17,
32-36.

Chang, C.C.; Chiu, H.F.; Yang, C.Y. Parity, age at first birth, and risk of death from pancreatic cancer:
Evidence from a cohort in Taiwan. Pancreas 2010, 39, 567-571.

Ostroukhova, M.; Ray, A. CD25+ T cells and regulation of allergic-induced responses.
Curr. Allergy Asthma Rep. 20085, 5, 35-41.

Melgert, B.N.; Postma, D.S.; Kuipers, I.; Geerlings, M.; Luinge, M.A.; van der Strate, B.W_;
Kerstjens, H.A.; Timens, W.; Hylkema, M.N. Female mine are more susceptible to the development
of allergic airway inflammation than male mice. Clin. Exp. Allergy 2005, 35, 1496—-1503.
Polanczyk, M.J.; Carson, B.D.; Subramanian, S.; Afentoulis, M.; Vandenbark, A.A.; Ziegler, S.F.;
Offner, H. Cutting edge: Estrogen drives expansion of the CD4+CD25+regulatory T cell
compartment. J. Immunol. 2004, 173, 2227-2230.

Yen, S.S. Endocrinology of Pregnancy. In Maternal-Fetal Medicine: Principles and Practice,
3rd ed.; Creasy, R.K., Resnik, R., Eds.; Saunders: Philadelphia, PA, USA, 1994; pp. 382—412.
Sandler, D.P.; Wilcox, A.J.; Horney, L.F. Age at menarche and subsequent reproductive events.
Amer. J. Epidemiol. 1984, 119, 765-774.

Chen, Y.H.; Chen, K.Y.; Lin, H.C. Non-alcoholic cirrhosis and the risk of stroke: A 5-year
follow-up study. Liver Int. 2011, 31, 354-360.

Macsali, F.; Real, F.G.; Omenaas, E.R.; Bjorge, L.; Janson, C.; Franklin, K.; Svanes, C.
Oral contraception, body mass index, and asthma: A cross-sectional Nordic-Baltic
population survey. J. Allergy Clin. Immunol. 2009, 123, 391-397.

Salam, M.T.; Wenten, M.; Gilliland, F.D. Endogenous and exogenous sex steroid hormones and
asthma and wheeze in young women. J. Allergy Clin. Immunol. 2006, 117, 1001-1007.



Int. J. Environ. Res. Public Health 2014, 11 6155

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lange, P.; Parner, J.; Prescott, E.; Ulrik, C.S.; Vestbo, J. Exogenous female sex steroid hormones
and risk of asthma and asthma-like symptoms: A cross sectional study of the general population.
Thorax 2001, 56, 613—-616.

Real, G.F.; Svanes, C.; Bjornsson, E.H.; Franklin, K.A.; Gislason, D.; Gislason, T.; Gulsvik, A.;
Janson, C.; Jogi, R.; Kiserud, T.; et al. Hormone replacement therapy, body mass index and asthma
in perimenopausal women: A cross sectional survey. Thorax 2006, 61, 34—40.

Jarvis, D.; Leynaert, B. The association of asthma, atopy and lung function with hormone
replacement therapy and surgical cessation of menstruation in a population-based sample of
English women. Allergy 2008, 63, 95-102.

Romieu, I.; Fabre, A.; Fournier, A.; Kauffmann, F.; Varraso, R.; Mesrine, S.; Leynaert, B.;
Clavel-Chapelon, F. Postmenopausal hormone therapy and asthma onset in the E3N cohort.
Thorax 2010, 65, 292-297.

Chie, W.C.; Chung, Y.L.; Huang, C.S.; Chang, K.J.; Yen, M.L.; Lin, R.S. Oral contraceptives and
breast cancer risk in Taiwan, a country of low incidence of breast cancer and low use of
oral contraceptives. Int. J. Cancer 1998, 77, 219-223.

Yen, M.L.; Yen, B.L.; Bai, C.H.; Lin, R.S. Risk factors for ovarian cancer in Taiwan: A case-control
study in a low- incidence population. Gynecol. Oncol. 2003, 89, 318-324.

Byers, T.; Graham, S.; Ezepka, T.; Marshall, J. Lactation and breast cancer. Evidence for
a negative association in premenopausal women. Amer. J. Epidemiol. 1985, 12, 664—674.

Key, T.J.; Pike, M.C. The role of estrogens and progestagens in the epidemiology and prevention
of breast cancer. Eur. J. Cancer Clin. Oncol. 1988, 24, 29-34.

Lipworth, L.; Bailey, L.R.; Trichopoulos, D. History of breast-feeding in relation to breast cancer risk:
A review of the epidemiologic literature. J. Natl. Cancer Inst. 2000, 92, 302-312.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



