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Summary. Background: Epidemiologic data from studies of airway diseases, such as asthma,

chronic obstructive pulmonary disease, and cystic fibrosis indicate a gender disparity where

women have worse outcomes. The explanation for this is largely unknown. We hypothesize

that female sex hormones play a role in this gender disparity, predisposing women to more

exacerbations and decreased lung function post-puberty. Objective: In Cystic Fibrosis, to deter-

mine if puberty marks a point of increasing exacerbations and decreasing lung function in

women relative to men. Methods: Using the United States Cystic Fibrosis Foundation Patient

Registry, we used linear regression to compare lung function and rate of pulmonary exacerba-

tions in men versus women before and after puberty. Results: Of 5,137 subjects who met inclu-

sion criteria, 2,689 were male and 2,448 were female. Average age of puberty was found to be

13.2 � 2.2 years in men and 11.2 � 2.0 years of age in women. Percent predicted FEV1 pre-

and post-puberty were no different between males versus females (P ¼ 0.44 pre-puberty and

P ¼ 0.16 post-puberty). In contrast, women had a significantly higher rate of pulmonary exac-

erbations post-puberty than men (1.17 � 1.35 exacerbations per year in women versus

0.95 � 1.27 in men; P < 0.001) despite controlling for morphometrics, co-morbidities, and mi-

crobiologic variables. Conclusion: After puberty, the rate of pulmonary exacerbations increased

in adolescent women relative to men with cystic fibrosis, supporting a role for sex hormones in

the disease process. Further understanding of the mechanisms that modulate sex hormone

receptors in airway disease may serve as future targets for therapy. Pediatr Pulmonol.
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INTRODUCTION

Gender differences in airway diseases such as asth-
ma, chronic obstructive pulmonary disease (COPD),
and bronchiectasis have been well described. In asthma,
males are disproportionately affected during childhood.
This difference disappears around adolescence and
females have a much higher incidence and prevalence
after the onset of puberty.1–7 In the United States, more
than 60% of adult asthmatics are women. Women with
asthma are hospitalized more frequently and have lon-
ger hospitalizations than men and are 40% more likely
to die from asthma than men.7,8 In COPD, women de-
velop evidence of COPD after smoking fewer numbers
of cigarettes per lifetime and women with severe COPD
have a 50% increased risk of death compared to
men.9,10 In 2000, the number of women dying from
COPD surpassed the number in men.11 In non-Cystic
Fibrosis related bronchiectasis, women have been
shown to have a higher prevalence of the disease, par-
ticularly in conjunction with non-tuberculous

mycobacterial infections, despite no known difference
in immunologic susceptibility.12

In Cystic Fibrosis (CF), men and women have an
equal prevalence given its autosomal recessive mode of
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inheritance. However, a gender disparity in CF patients
has been reported where women were found to have a
median life expectancy that was nearly 3 years shorter
than men with a 60% increased risk of death in certain
age groups.13 Women with CF have also been shown to
have earlier acquisition of Pseudomonas aeruginosa,
one of the most common and virulent pathogens in CF,
which is associated with an accelerated rate of decline
once acquired.14 The etiology of this gender gap
remains elusive and several factors such as nutritional
status, CF related diabetes (CFRD), pulmonary func-
tion, airway microbiology, and sex hormones have been
implicated in various studies.13–19

Given that puberty represents the defining point of
sex hormone production in young men and women, we
set out to determine if this marks a point of change in
clinical outcomes between men and women with CF.
The high rate of pulmonary exacerbations in adoles-
cents with CF, and the pre-existing registry of outcomes
in patients with CF allowed for a unique opportunity to
evaluate lung function and exacerbation rate in men
and women pre- and post-puberty. We performed a co-
hort study using the United States Cystic Fibrosis Foun-
dation Patient Registry (CFFPR) to determine if the
decline in lung function or rate of pulmonary exacerba-
tions changes differentially in men versus women with
CF after puberty versus pre-puberty while adjusting for
important variables known to impact outcomes. Our hy-
pothesis was that lung function would decline and rate
of pulmonary exacerbations would increase in CF wom-
en relative to men after puberty.

MATERIALS AND METHODS

Study Population

We studied individuals between the ages of 9 and 19
registered in the CFFPR over a 30-year time period,
between January 1, 1978 through December 31, 2007.
The US CFFPR contains demographic and clinical data
on patients receiving care at CFF-accredited centers in
the United States. A description of the database has
been previously published. Briefly, with patient consent,
CFF-accredited care centers complete standardized data
at every CF patient visit and annually. The CFFPR cap-
tures over 90% of CF patients in the United States.20

Assessment of Age of Puberty

Given the lack of data on age of menarche or tanner
stages in the data base, peak height velocity (PHV) was
used to determine age of puberty as has been described
previously.21,22 The height velocity in centimeters per
year was calculated for each subject using all available
data between the ages of 9 through 19.

Data Collection

Several demographic and clinical characteristics were
examined. Chi-squared or Fisher’s exact test was used
for categorical variables and independent groups t-test
for continuous variables. Mean age of CF diagnosis,
race (Caucasian, other), Cystic Fibrosis Transmembrane
conductance Regulator (CFTR) genotype (homozygous
for F508delta, heterozygous for F508delta, no F508del-
ta), and mean sweat chloride test value were evaluated.
To assess whether advances in CF management impact-
ed post-pubertal decline in lung function, the study pop-
ulation was subdivided into birth cohorts 1978–1987
and 1988–1997. We also looked at possible influences
of CFRD, pancreatic insufficiency, and P. aeruginosa
infection on outcomes given that these variables are
known to impact outcomes in CF. CFRD, pancreatic
insufficiency and P. aeruginosa acquisition after the age
of 19 was considered negative at puberty. A subject
was considered to have CFRD if found to have a posi-
tive response for diabetes or CFRD in annual data set
prior to age 19. P. aeruginosa was defined as positive if
subject ever had two or more positive results entered in
the registry.

Analysis

The primary outcomes of interest were average per-
cent predicted forced expiratory volume in 1 second
(FEV1%). and number of pulmonary exacerbations per
year pre- and post-puberty. FEV1 was analyzed as per-
cent predicted. A pulmonary exacerbation was defined
as a change in respiratory status that required treatment
with intravenous antibiotics and/or was called a ‘‘pul-
monary exacerbation’’ on the CFFPR encounter form.
Lung function 10 years pre- and post-peak height veloc-
ity was examined and FEV1% and rate of exacerbations
before and after puberty were compared between males
and females.

Average lung function and number of exacerbations
per year before and after puberty were calculated for
each subject, respectively. The differences in outcomes
between males and females were determined using line-
ar regression with the primary outcomes adjusted for
covariates including race, age of puberty, CFRD, pan-
creatic insufficiency, mean sweat chloride test, geno-
type, birth cohort, P. aeruginosa acquisition, and BMI
Z-score, which was based on National Center for Health
Statistics reference curves and computed using the an-
thropometric statistical package of the Center for Dis-
ease Control.23

Univariate analysis of each variable for pulmonary
exacerbation was done first. Covariates with P < 0.05
in the univariate analysis were included in the multivar-
iate model. The rate of pulmonary exacerbations was
log transformed due to the non-normal distribution.
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Thus, the exponentiated regression coefficients were the
estimates of rate ratios. The analysis for the rate of pul-
monary exacerbations was reported as rate ratios with a
95% confidence interval (95% CI). Rate ratios of great-
er than one indicate an increase in rate of
exacerbations.

A P-value < 0.05 was considered statistically signifi-
cant for all analyses. Analysis was performed using
SAS 9.1 (SAS Institute Inc., Cary, NC). The Institution-
al Review Board at Washington University and subse-
quently the University of Texas Southwestern Medical
Center approved the study.

RESULTS

Cohort Characteristics

This study was done to assess whether puberty
impacts lung function decline in CF patients and to
compare rates of exacerbation pre- versus post-puberty.
The cohort contained 38,360 patients registered in the
CF database between January 1, 1978 through
December 31, 2007 (Fig. 1). Since peak height velocity
was the primary marker for determining age of puberty,
we excluded patients with no height data for any visits
(205) and those with no visits during the ages of 9–19
(13,208). Of the remaining 24,947 patients, we then ex-
cluded those who entered the registry after age 9
(8,540) or those who were not followed through 19 years
of age (10,523) in order to capture those with early or
late onset puberty. We also excluded patients with more
than 2 years between visits (734) and those that did not
have at least 10 visits between ages 9–19 (13) in order
to ensure sufficient height information between the ages
of 9 and 19 to accurately assess age of puberty. Lastly,
because we excluded subjects without data between the
ages of 9–19, severely ill patients who died in the teen-
age years may have been excluded. Given that the me-
dian survival in CF in 1966 was age 10 and in 1972
was 17, we excluded the earliest cohort in the registry,
those entered prior to January 1, 1978.24 The final study
group consisted of 4,665 patients, with 2,444 males and
2,221 females.

The demographic and clinical characteristics of the
study population are shown (Table 1). In comparing
men versus women, there was no significant difference
in age of CF diagnosis, race, mean sweat test value,
genotype, prevalence of pancreatic insufficiency, or
birth cohort distribution. However, rate of CFRD was
significantly higher in females affecting 13.9% while
only 8.4% of the males were diabetic. Interestingly, the
prevalence of P. aeruginosa was higher in women and
men. Finally, the Body Mass Index (BMI) Z-score post-
puberty was found to be significantly lower in the wom-
en relative to the men.

Distribution of Peak Height Velocity

Using peak height velocity as the marker of puberty,
average age of puberty in males with cystic fibrosis was
13.1 � 2.1 and that in females was 11.1 � 1.9 (Fig. 2).
There was a significant difference in the average ages
of puberty between the two genders, however this is
similar to the ages of puberty for males and females in
the general population found in other reports to be 13.4
in boys and 11.8 in girls using peak height velocity.25,26

Lung Function and Pulmonary Exacerbation Rate
Before and After Puberty

FEV1% and average number of pulmonary exacerba-
tions in men versus women were examined before and
after the onset of puberty (Fig. 3). Time 0 marks the
age of puberty. FEV1% was similar in both genders
pre-puberty and did not change significantly after pu-
berty (87.0 in males and 86.6 in females pre-puberty,
P ¼ 0.42; 72.5 in males and 72.5 in females post-

Fig. 1. Flow chart of male and female cohorts from the Cystic

Fibrosis Foundation Patient Registry.
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puberty, P ¼ 0.16; Table 2). The rate of FEV1% de-
cline did become more steep in the women post-puberty
than pre-puberty relative to then men, changing from
�0.62 to �2.27 in males to �0.27 to �2.37 in females,
but was not statistically different. In addition, females
demonstrated a significantly higher number of exacer-
bations after puberty with a mean of 1.23 � 1.46

exacerbations per year, as opposed to 0.99 � 1.38 exac-
erbations per year in males.

Univariate Analysis of Pulmonary Exacerbations

Annual number of pulmonary exacerbations before
and after puberty was calculated for each subject based
on the individual’s age of puberty. The difference in
outcomes between males and females was determined
using linear regression. In males, the number of exacer-
bations per year post puberty was 0.24 lower than that
seen in females (Table 2). There was no association be-
tween annual number of exacerbations and race, pan-
creatic insufficiency or genotype (Table 3). The rate of
exacerbations for cystic fibrosis patients with diabetes
was higher annually compared to those without diabetes
(2.32, 95% CI: 1.94–2.77, P < 0.001). A significantly
higher rate of exacerbations was also noted in patients
infected with P. aeruginosa (7.1, 95% CI: 5.61–8.99).
The study population was divided into two birth cohorts
at 10-year intervals; 1978–1987 and 1988–1997. Using
the 1968–1977 cohort as the reference group, it was
noted that the annual rate of exacerbation was lower in
the later birth cohort. This could represent the advances
in management of cystic fibrosis over time. A higher
BMI was associated with fewer numbers of exacerba-
tions per year. We also found that a higher number of
exacerbations pre-puberty was a potential predictor of
higher rate of exacerbations in the post-pubertal period.

TABLE 1—Baseline Characteristics of Male and Female Cohorts

Males (n ¼ 2,444) Females (n ¼ 2,221) P-value

Caucasian, n (%) 2,340 (95.7) 2,125 (95.7) 0.91

Sweat test, mean � SD 103 � 17 103 � 18 0.32

Age of diagnosis, mean � SD1 18.0 � 32.2 18.5 � 32.9 0.56

Genotype, n (%) 0.44

No F508delta 169 (8.3) 165 (8.7)

Heterozygous for F508delta 741 (36.3) 648 (34.3)

Homozygous for F508delta 1,134 (55.4) 1,075 (56.9)

Date of birth, n (%) 0.78

1988–1997 237 (9.7) 210 (9.5)

1978–1987 2,207 (90.3) 2,011 (90.5)

Pancreatic insufficient, n (%)2 2,186 (89.4) 1,985 (89.4) 0.94

P. aeruginosa, n (%)2 2,287 (93.6) 2,108 (94.9) 0.05

Body mass index (Z-score), mean � SD3

Pre-puberty �0.33 � 0.87 �0.36 � 0.85 0.33

Post-puberty4 �0.78 � 1.35 �0.42 � 0.91 <0.001

CF-related diabetes, n (%)2 204 (8.4) 308 (13.9) <0.001

FEV1%, n (%)4 0.55

�90% 1,136 (47.2) 1,021 (47.0)

70–89% 868 (36.1) 764 (35.1)

40–69% 376 (15.6) 357 (16.4)

<40% 26 (1.1) 32 (1.5)

1Age of diagnosis in months.
2Pancreatic insufficient, P. aeruginosa, CF-related diabetes diagnosed after age 19 were considered negative at puberty.
3Body mass index Z-scores calculated using the anthropometric statistical package of the Centers for Disease Control pre- and post-puberty.
4FEV1%, percent predicted forced expiratory volume in the first second pre-puberty.

Fig. 2. Distribution of peak height velocity. Shown is height

velocity (cm/year) in males versus females from age 2 through

24 years of age.
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Multivariate Analysis of Pulmonary Exacerbations

All potential risk factors that were found to be signif-
icant were then analyzed using a multivariate model.
Adjustment for all of the other risk factors, alone or in
combination, did not reduce the gender-related relative
risk for pulmonary exacerbations from its unadjusted

value. In this fully adjusted model, age of puberty,
CFRD, P. aeruginosa infection, average BMI pre-
puberty and average number of exacerbations pre-puberty
were all significantly associated with an increase in the
number of exacerbations per year (Table 4).

DISCUSSION

Our data show a significant increase in rate of pulmo-
nary exacerbations in CF women post-puberty relative
to men. The separation appears to begin approximately
6 years after the onset of puberty. We did not find a
change in FEV1% in women post-puberty, which may
be due to the fact that the difference in rate of decline
in FEV1% over time is not sufficient to detect a differ-
ence in FEV1% over a 10-year observation period. We
did, however, note a trend toward a steeper decline in
FEV1% over time post-puberty in women relative to
men. We also showed that the prevalence of
P. aeruginosa, a major contributor to morbidity and
mortality in CF, was higher in women relative to men,
as has been suggested previously.14 Finally, we show
that the age of puberty in CF patients is not notably
different than that of the general population when peak
height velocity is used as the marker of puberty.26

We acknowledge that there may be several explana-
tions for our findings to consider. First, women may
seek care more commonly than men resulting in an in-
creased rate of diagnosis of exacerbations, and not a
true difference in disease. However, we did assess num-
ber of visits in men versus women and found both
groups to have a median number of 10 visits in the
10 years post-puberty. Second morphometric features
including body habitus and airway size may lead to dif-
ferences in outcome, however, we have controlled for
BMI using Z-scores and still found a predisposition to-
ward exacerbations in women. Third, differences in ad-
herence to medical therapy that occurs particularly
during late adolescence and early adulthood may result
in the increased rate of pulmonary exacerbations in
women. CF studies have not thoroughly addressed gen-
der based differences in adherence, however, a previous
study did show that gender was not a significant factor
for treatment adherence in CF.27 Finally, though we
cannot infer a causal relationship from our study, there
remains the possibility that sex hormones modulate
components of the mucociliary apparatus and immune
function, contributing to a gender disparity in rate of
pulmonary exacerbations remains.

Though the mechanism by which women with CF
have increased pulmonary exacerbations and worse out-
comes than men is unknown, the role of sex hormones
including estrogen and progesterone remains a viable
explanation. There is a host of in vitro data and
some in vivo data to suggesting that estrogen and

Fig. 3. Lung function and pulmonary exacerbation rate before

and after puberty. (A) Average percent predicted FEV1 in

males and females 10 years before puberty and 10 years after

puberty. Time 0 marks age of puberty per subject per cohort.

(B) Mean number of pulmonary exacerbations per year in

males and females 10 years before puberty and 10 years after

puberty. Time 0 marks age of puberty per subject per cohort.

TABLE 2—Lung Function and Pulmonary Exacerbation
Rate Pre- and Post-Puberty

Males

(n ¼ 2,444)

Females

(n ¼ 2,221) P-value

FEV1%, n

Pre-puberty 87.0 � 17.6 86.6 � 18.7 0.42

Post-puberty 72.5 � 21.4 72.5 � 20.5 0.16

Change in FEV% per year

Pre-puberty �0.62 � 2.96 �0.27 � 3.90 0.002

Post-puberty �2.27 � 4.40 �2.37 � 5.00 0.49

Pulmonary exacerbations, n (%)

Pre-puberty 0.41 � 0.73 0.45 � 0.76 0.10

Post-puberty 0.99 � 1.38 1.23 � 1.46 < 0.001
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progesterone modulate factors involved in airway clear-
ance and host defense. Estrogen and progesterone
receptors are known to be present in the lungs. Estrogen
has been shown to decrease airway surface liquid in
airway epithelium via modulation of CFTR, non CFTR
chloride channels, ENaC (Epithelial sodium channel)
and other sodium channels on airway epithelial cells.28–

31 Estrogen has also been shown to increase mucin ex-
pression the airways, particulary Muc 5B.32 Recent
work also showed that estrogen promotes conversion of
P. aeruginosa from a non-mucoid to mucoid phenotype
and that CF exacerbations in women peak at point of
high estrogen in the ovulatory cycle.19 In addition, pro-
gesterone has been shown to decrease cilia beat fre-
quency in human airway epithelial cells by
approximately 40%, all of which may contribute to im-
paired mucociliary clearance.33 While estrogen may act
as a proinflammatory agent by increasing IL-17 and
neutrophil counts in the lungs of mice infected with
P. aeruginosa, conflicting data has shown a decrease in
IL-8 production from airway epithelium in the presence
of estrogen.34 Recent human studies have also shown
incongruent outcome data on use of oral contraceptive

pills in women with CF.19,35,36 Therefore, the direct re-
lationship between sex hormones such as estrogen and
progesterone on respiratory indices remains unknown
without a prospective study evaluating this in detail.

Given the retrospective nature of this study, it does
have inherent limitations. There was not information
available regarding age of menarche, tanner stages, or
hormone levels in females or males to confirm age of
puberty. We defined puberty as the point of peak height
velocity (PHV) between the ages of 9 through 19, based
on previous studies.37,38 Timing of puberty has a 4- to
5-year variation in the general population and the mark-
er used to define this has been varied.39,40 In girls, re-
cording breast development can be imprecise as breast
development may be stimulated independent of pitui-
tary-gonadal activation.40 Age of menarche has been
shown to only moderately correlate with breast and pu-
bic hair development and is therefore also imprecise.41

In boys, enlargement of the testicular volume to greater
than 4 ml is traditionally the first marker of puberty,
however this measurement has inherent inter-observer
variability. Self estimation questionnaires have also
been relatively inaccurate.42 PHV is an objective bio-
logical maturity indicator and reflects the maximum ve-
locity in stature during adolescence. CF patients have
historically been reported to have a delay in average
age of puberty relative to other adolescents. This puber-
tal delay is most marked in patients homozygous for
F508delta and those with abnormal oral glucose toler-
ance tests.43 This maturational lag has also been corre-
lated with a delay in attaining pubertal levels of insulin-
like growth factor, luteinizing hormone, follicle-stimu-
lating hormone, poor nutritional status, and sex steroid
hormones.44 We found the average age of puberty in
this CF cohort to be very similar to the general popula-
tion.21 Because we aimed to focus this study on the
impact of puberty on CF exacerbations and lung

TABLE 3—Univariate Analysis of Pulmonary Exacerbations Per Year After Puberty

Rate ratio (95% CI) P-value

Gender: female 1.40 (1.25–1.57) <0.001

Caucasian race 1.31 (0.99–1.73) 0.06

Sweat test 1.006 (1.003–1.010) <0.001

Age of CF diagnosis 0.996 (0.994–0.998) <0.001

Genotype

No F508delta Ref.

Heterozygous F508delta 1.21 (0.95–1.53) 0.12

Homozygous F508delta 1.25 (1.00–1.57) 0.05

Date of birth cohort (1988–1997 vs. 1978–1987) 0.74 (0.61–0.89) 0.002

Pancreatic insufficiency 1.17 (0.98–1.41) 0.09

P. aeruginosa infection 7.1 (5.61–8.99) <0.001

Pre-puberty BMI Z-score 0.68 (0.63–0.72) <0.001

CFRD 2.32 (1.94–2.77) <0.001

Age of puberty 1.04 (1.01–1.06) 0.006

Pre-puberty pulmonary exacerbations per year 1.59 (1.56–1.64) <0.001

TABLE 4—Multivariate Analysis of Pulmonary Exacerba-
tions Per Year After Puberty

Rate ratio (95% CI) P-value

Gender: female 1.48 (1.32–1.66) <0.001

Sweat test 1.003 (1.000–1.006) 0.039

Age of CF diagnosis, month 0.997 (0.995–0.999) 0.002

Age of puberty, years 1.04 (1.01–1.07) 0.004

CF-related diabetes 1.72 (1.46–2.02) <0.001

P. aeruginosa 4.20 (3.38–5.23) <0.001

BMI Z-score, pre-puberty 0.80 (0.75–0.85) <0.001

Pre-puberty pulmonary

exacerbations per year

1.53 (1.49–1.57) <0.001
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function, we excluded patients not followed through
ages 9–19 in the registry. This may have created a bias
in the data by excluding evaluation of very sick patients
who died before the age of 19 and should be noted in
the interpretation of these data.

Despite the limitations, our data shows a higher rate
of pulmonary exacerbations in CF women relative to
men that begins after puberty as well as a higher preva-
lence of P. aeruginosa, which has been shown to con-
tribute to worse pulmonary outcomes.45 In fact, patients
with frequent exacerbations (>1 per year) have an in-
creased 3-year risk of death or lung transplant.46 In ad-
dition, adolescence and early adulthood is known to be
a time of decline in health in CF.47 Therefore, as
patients are approaching this very dynamic and difficult
period, it is important for CF providers to keep this
health disparity in mind. Understanding the mecha-
nisms behind this gender disparity and whether or not
sex hormones directly alter host defense is an important
question remaining to be answered that may affect use
of oral contraceptive in CF women and serve as a target
for developing new therapies.
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