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Abstract  

Background: While bronchiectasis disproportionately affects post-menopausal women, the role 

of reproductive factors in its pathogenesis is not well characterized. We hypothesized that a 

shorter reproductive lifespan is associated with higher risk of bronchiectasis.  

Methods: We studied postmenopausal women in the Women’s Health Initiative (WHI) 

study. The exposures included ages at menarche and menopause, and time between the 

two (reproductive lifespan). The outcome was the first incidence of bronchiectasis after 

Medicare enrollment, as reflected in the Medicare Claims Data. Incidence rates 

were calculated and a series of Cox proportional hazards models controlling for demographics, 

BMI, smoking, oophorectomy, hormone therapy (HT), oral contraceptives, and comorbid 

conditions were created.   

Results: Cumulative incidence of bronchiectasis in the cohort of 96,996 

women was 2.7%. Shorter reproductive lifespan was associated with higher bronchiectasis risk 

(trend p=0.01). Women with the longest reproductive lifespan (≥40 years) were at 12% lower 

risk than those with the shortest reproductive lifespan (<30 years; aHR=0.88 [95% CI: 0.77, 

0.99]). HT modified this relationship (interaction p=0.04): shorter reproductive lifespan was 

associated with bronchiectasis risk only in the absence of HT (trend p=0.01). Without HT, 

women with the reproductive lifespans ≥40 years were at 22% lower risk of bronchiectasis than 

those with the reproductive lifespans <30 years (aHR=0.78 [95% CI: 0.62, 0.94]). The use of HT 

was associated with a 19% greater risk of bronchiectasis (p<0.01). 

Interpretation: Longer reproductive lifespan is associated with reduced risk of bronchiectasis in 

post-menopausal women – but only in those without history of HT use.  
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Introduction 

Bronchiectasis is a condition characterized by pathologic dilatation of bronchi  associated 

with inflammation, infection, and chronic productive cough1–3. Recent estimates suggest 

approximately 400,000 people in the US have this condition4. Bronchiectasis is almost twice as 

common in women as in men, and its prevalence increases rapidly in the 6th decade of life4,5. The 

median age of natural menopause in women from industrialized countries is around 50-52 years6. 

Yet, whether the increased prevalence of bronchiectasis after menopause is a function of age 

independent of menopause, or whether menopausal transition itself increases the risk of 

bronchiectasis is not known.  

The effects of female reproductive hormones on airway diseases and immunity are 

complex7–9. On the one hand, estrogen exposure may be responsible for the increased disease 

severity observed in post-pubertal females compared to males with Cystic Fibrosis by impairing 

mucociliary clearance or inducing phenotypic conversion of Pseudomonas aeruginosa to a more 

pathogenic mucoid form in the CF airways. On the other hand, cessation of estrogen production 

at menopause is believed to contribute to immune senescence10 and may predispose to airway 

infection. For example, in murine models, ovariectomy-induced estrogen deprivation increases 

pulmonary burden of Mycobacterium avium12, a pathogen frequently associated with (and 

possibly causative of) bronchiectasis, particularly in women. It is conceivable that earlier 

menopausal transition, by reducing the immune-stimulating effects of estrogen and increasing 

the risk of airway infection, contributes to the risk of bronchiectasis development in women. 

Yang and colleagues attempted to address this possibility in a population-based study of 

>1,000,000 Korean women. They found that shorter duration of reproductive lifespan (menarche 

to menopause) was a risk factor for bronchiectasis in post-menopausal Korean women13. 
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No comparable study has been performed in the U.S. Yet significant differences in 

reproductive factors exist between the two populations. For example, early menopause is twice 

as common in Korean women, while early menarche is twice as common in U.S. women14. To 

address a gap in knowledge about population-specific association between reproductive factors 

and the risk of bronchiectasis in post-menopausal women, we performed analysis of a 

prospective cohort of U.S. female participants of the Women’s Health Initiative (WHI).  

The WHI is a long-term national health study of 161,808 postmenopausal women aged 

50 to 79 years old recruited from 40 clinical centers across the United States between 1993 and 

199815. The study cohort included 93,676 women in the observational (OS) arm and 68,132 in 

the interventional arm (overlapping trial participation): hormone therapy (HT) (N=27,347), 

calcium and vitamin D supplementation (N=36,282), and diet modification (N=48,835). WHI 

enrolled a wide range of post-menopausal women with a racial and ethnic make-up similar to the 

U.S. population of the same age range at that time16. Medicare claims data were linked to a large 

fraction of the study participants. The purpose of this study was to determine the association 

between reproductive factors (i.e. duration of the reproductive lifespan and age at menopause) 

and incidence of bronchiectasis in a sample of U.S. postmenopausal women enrolled in the WHI. 

 

METHODS 

Ethics statement 

The study was approved by the UConn Health Internal Review Board.  

Dataset and cohort 

 We examined baseline data from the WHI study to obtain participant demographics, 

reproductive characteristics, and lifestyle habits. We examined Medicare claims data linked to 
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these participants, extracting International Classification of Diseases versions 9 (ICD9) and 10 

(ICD10) diagnosis codes of bronchiectasis, known causes of bronchiectasis, and related 

comorbidities.  

In Figure 1, we summarize the results of our cohort selection procedure. A total of 

161,808 postmenopausal women were enrolled in WHI. Of these, 145,995 had Medicare claims 

data available (enrollment dates between 1991 and 2022). To capture all diagnostic encounters, 

we only included participants with fee-for-service Medicare A or B coverage (N=127,871). To 

avoid missing diagnoses due to lack of coverage, we excluded participants with any coverage 

gap ≥1 year (N=21,322). In addition, we excluded participants <65 years old at Medicare 

enrollment (N=4,685) since early enrollment would indicate the presence of significant physical 

or mental disability, end stage renal disease, or amyotrophic lateral sclerosis, and potentially 

distort our findings. Lastly, we excluded participants with missing reproductive history data at 

baseline (N=6,179). The resulting cohort of 96,996 women was followed from Medicare 

enrollment to the first incidence of bronchiectasis, death, loss to follow-up, disenrollment from 

fee-for-service Medicare or administrative end of follow-up (December 31st, 2022), whichever 

came first. 

 The first incidence of bronchiectasis diagnosis documented in participants’ records as 

either ICD9 494.XX or ICD10 J47.XX was recorded as their index event, resulting in 2,880 

cases. Given our focus on adult onset bronchiectasis, we excluded 186 participants with prior or 

concurrent diagnoses of (1) cystic fibrosis (ICD9: 748.61, 277; ICD10: Q33.4, E84), (2) primary 

ciliary dyskinesia (ICD9: 759.3; ICD10: Q34.8, Q89.3), (3) Mounier-Kuhn syndrome (ICD10: 

Q32.4), (4) allergic bronchopulmonary aspergillosis (ICD10: B44.81) or (5) relevant 

immunodeficiency syndromes (ICD9:042, 279.0-279.53; ICD10: D80-84, B20). Further, to 
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capture only newly occurring bronchiectasis diagnoses (and not the pre-existing diagnoses), we 

excluded 117 bronchiectasis participants who had diagnoses within one year of Medicare 

enrollment. Our final cohort included 2,586 women with incident bronchiectasis and 94,116 

without this condition. 

 

Study variables 

 Demographics included self-reported age at WHI baseline, race (coded as Black or 

African American, White, and other or multiple races), ethnicity, income status, education level, 

and body mass index (BMI; weight in kg/height in m2). We also included the age at Medicare 

enrollment for use in time-to-event analyses. 

 Reproductive characteristics included self-reported age at menarche and age at 

menopause as determined by the WHI algorithm (https://www.whi.org/doc/Algorithm-Age-at-

Menopause.pdf) considering last menstrual bleeding, bilaterial oophorectomy, age at HT, and 

overall age. We calculated reproductive lifespan as the difference between the ages at menopause 

and menarche. We coded age at menarche as <12 and ≥12 years old, and age at menopause as 

<40, 40-44, 45-49, 50-54, and ≥55 years old17. We coded reproductive lifespan as <30, 30-34, 

35-39, ≥40 years old13. Additionally, we defined surgical menopause as bilateral oophorectomy 

prior to, or at, age at menopause. We defined HT as any self-reported use at or within the ten 

years before WHI enrollment, or being enrolled in one of the HT arms of the WHI trial (i.e., 

estrogen or estrogen+progesterone arms). We also assessed self-reported use of any oral 

contraceptives, and parity (no children, one child, multiple children).  

 Lifestyle habits included moderate or rigorous recreational physical activity 

(minutes/week), alcohol use (drinks/week), and smoking behavior (never, former, or current use).  
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 Comorbidities related to bronchiectasis were obtained from Medicare claims (if 

bronchiectasis occurred, we only recorded comorbidities that preceded the bronchiectasis 

diagnosis). Specific conditions and their corresponding ICD 9 and 10 codes are provided in the 

supplemental materials (e-Appendix 1).  

 

Statistical analysis 

 We described study variables using frequencies and proportions for categorical variables 

and medians and interquartile ranges for continuous variables. To compare study variables by 

reproductive lifespan and bronchiectasis occurrence, we utilized chi-squared tests, Kruskal-

Wallis tests, and Wilcoxon Ranked Sum tests where appropriate. To account for multiple 

comparisons, we adjusted p-values using Bonferroni correction. Note, for multiple comparisons 

of variables with more than two groups, we compared single groups (e.g., White race) to all other 

groups (e.g., Black or African American and other races pooled together). 

To describe the time between Medicare enrollment and first bronchiectasis diagnosis (i.e., 

time-to-event), we calculated incidence rates per 1,000 person-years by categorical study 

variables. To compare time-to-event by reproductive lifespan categories, age at menarche and 

menopause categories, we created three Cox proportional hazards models. All models controlled 

for age at Medicare enrollment, race, ethnicity, BMI, smoking behavior, surgical menopause, HT 

use, oral contraceptive use, parity, and comorbid conditions. For each model, we tested the 

proportional hazards assumption using Grambsch-Therneau tests18 and log-minus-log plots. We 

explicitly described and handled any violations dependent on their severity and characteristics. 

For women that did not have an event, we censored their data at the end of their last Medicare 

enrollment period or death if it occurred. We estimated linear and nonlinear trends in 
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bronchiectasis incidence over reproductive characteristic values by creating  three additional 

models, identical to the three above, but utilizing the continuous reproductive variables rather 

than the categorical ones. To remain cautious of possible multicollinearity between reproductive 

characteristics and control variables, we calculated variance inflation factors for continuous 

reproductive characteristics as predicted by control variables. We considered values <2 to 

indicate little to no multicollinearity. As HT use was theorized to modify the hypothetical 

relationship between reproductive factors and bronchiectasis, we conducted the analyses above 

again including an interaction term between the assessed reproductive characteristic and HT use. 

For any models with linear or nonlinear trends between reproductive characteristics and 

bronchiectasis risk that statistically differed by HT use, we calculated trends and categorical 

differences by HT use via simple slopes analysis. 

 Since the rates of missingness were minimal in our study (most <1%; one variable, 

physical activity was 3%), we utilized median replacement. All analyses were conducted in R 

version 4.4.119. Alpha for two-sided tests was set to 0.05. 

 

RESULTS 

 

 In Tables 1 and 2, we summarize cohort characteristics at WHI baseline overall and as 

stratified by reproductive lifespan categories and bronchiectasis occurrence, respectively. 

Participants were 87.9% White, 7.0% Black, and 5.2% reported another race or multiple races. 

Three percent identified as Hispanic ethnicity (3.4%). The median participant age was 63.0 years 

old (IQR=11.0) at WHI baseline and 65.0 years old (IQR=2.3) at Medicare enrollment. Almost 

half of the cohort were former tobacco smokers (42.6%), while far fewer were current smokers 
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(6.4%). Participants had a median reproductive lifespan of 37.0 years (IQR=8.0), median age at 

menarche of 13.0 years (IQR=1.0), and median age at menopause of 50.0 years (IQR=7.0). Over 

half of participants used post-menopausal HT (57.9%), less than half used oral contraceptives 

(41.4%), and around 1-in-6 (15.9%) had a bilateral oophorectomy (i.e., surgical menopause). A 

total of 2,586 women (2.7%) had a bronchiectasis diagnosis during a median of 16 years 

(IQR=14) of follow-up time. Given most p-values of comparisons by reproductive lifespan and 

bronchiectasis occurrence were statistically significant (i.e., p<0.05), we highlight substantial 

differences. All reported differences below had p’s<0.01.  

Compared to women with longer reproductive lifespans (e.g., ≥40 years), those with the 

shortest reproductive lifespans (i.e., <30 years) were more likely to use HT (64.2% vs. 53.3%) 

and to have an oophorectomy (29.6% vs. 9.6%). 

Women with a bronchiectasis diagnosis were less likely to be Black (3.7% vs. 7.1% 

without), had lower BMIs (25.0 kg/m2 vs. 27.0 kg/m2 without), and higher rates of pulmonary 

conditions (61.0% vs. 50.4% without). They were also more likely to use HT (61.7% vs. 57.8% 

without).  Neither surgical menopause nor oral contraceptives were associated with an increased 

risk of BE development. 

 In Table 3, we present multivariable-adjusted bronchiectasis risk by reproductive 

characteristics overall and as modified by HT use (See e-Appendix 2 for adjusted bronchiectasis 

incidence rates). A shorter reproductive lifespan was associated with higher bronchiectasis risk 

(trend p=0.01). Women with the longest reproductive lifespans (≥40 years) were at 12% lower 

risk of bronchiectasis than those with the shortest reproductive lifespans (<30 years; aHR=0.88 

[95% CI: 0.77, 0.99]). HT use modified this relationship (interaction p=0.04), such that a shorter 

reproductive lifespan was associated with bronchiectasis risk in women without HT use (trend 
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p=0.01), but not in women who used HT (trend p=0.23). Specifically, among women with no HT, 

the longest reproductive lifespans were associated with a 22% lower risk of bronchiectasis 

compared with the shortest reproductive lifespans (aHR=0.78 [95% CI: 0.62, 0.94]) (Figure 2).  

Comparable results were found for menopause age. The age of menopause was related to 

risk of bronchiectasis (trend p=0.01), whereby women with later ages of menopause were at 14% 

(50-54 years) and 17% (≥55 years) lower risk of bronchiectasis than those with the earliest ages 

(<40 years) (aHRs=0.86 [95% CI: 0.73, 0.99] and 0.83 [95% CI: 0.70, 0.97], respectively). HT 

use did not statistically significantly modify this relationship (interaction p=0.10); however, age 

of menopause was related to a risk of bronchiectasis only among the women who did not use HT 

(trend p=0.01) and not  among those who used HT (trend p=0.11). Among non-HT users, women 

with later ages of menopause (50-54 and ≥55 years) were at lower risk than women with an early 

age of menopause (<40 years; aHRs=0.74 [95% CI: 0.56, 0.92], and 0.76 [95% CI: 0.55, 0.96], 

respectively). Lastly, an earlier age of menarche was related to a higher risk of bronchiectasis 

(trend p<0.01), whereby women with later ages of menarche (≥12 years) were at 15% lower risk 

than women with earlier ages of menarche (<12 years; aHR=0.85 [95% CI: 0.77, 0.93]). HT use 

modified this relationship (interaction p<0.01), such that the age of menarche was associated 

with bronchiectasis risk among the women who did not use HT (trend p<0.01) but not in those 

who used HT (trend p=0.19). Specifically, among women who did not use HT, those with later 

ages of menarche (≥12 years) were at lower risk than women with an earlier age of menarche 

(<12 years; aHRs=0.77 [95% CI: 0.66, 0.89]).  

Across all models, women who used HT were at 19% greater risk of bronchiectasis 

(p’s<0.01; e.g., reproductive lifespan trend model aHR=1.19 [95% CI: 1.08, 1.27]). 

Post hoc analysis 
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 While we defined bronchiectasis cases by the presence of at least one mention of the 

corresponding ICD-9/10 code to increase our sensitivity, some diagnoses may have been 

recorded only for the purpose of further testing, leading to a decreased specificity. Subsequently, 

we re-ran the above analyses requiring two occurrences of the bronchiectasis ICD code  for case 

definition (e-Appendix 3). This cohort contained 95,270 women with 1,154 bronchiectasis cases 

(1.2%).  The associations described above generally persisted, although weakened. The primary 

difference was that the relationship between reproductive lifespan and bronchiectasis risk did not 

reach statistical significance in the overall cohort (trend p=0.07), and reproductive group 

differences were less consistent. 

 

DISCUSSION 

 

We studied a cohort of >100,000 post-menopausal women with a median follow-up of 16 

years enrolled in the Women’s Health Initiative and fee-for-service Medicare and found that, 

among women without HT use, the risk of incident bronchiectasis decreased with longer 

reproductive lifespans. A reproductive lifespan was defined as the difference between the ages of 

menopause and menarche. The observed effect of the reproductive lifespan was driven primarily 

by the age of menopause onset which ranged widely from <40 to >55 years. The risk of 

bronchiectasis decreased as the menopause age increased. The range of age of menarche was 

much narrower and, while earlier menarche age appeared to increase the risk of bronchiectasis, 

the cumulative effect was heavily influenced by the age of menopause. Our findings are 

consistent with those of Yang13 who identified shorter reproductive lifespan as a risk factor for 

bronchiectasis in a population of Korean women. 
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One plausible explanation for this finding is that low post-menopausal estrogen levels 

predispose women to respiratory tract infections by several pathogens, including M. avium, 

which has been closely associated with bronchiectasis in women20. Indeed, women with M. 

avium lung disease have been found to have lower circulating levels of estradiol than healthy 

controls21. Furthermore, ovariectomized mice infected with M. avium demonstrated higher 

pulmonary organism burden than sham-operated controls, and exogenous estrogen replacement 

eliminated this difference12. 

We also found that HT use modified the effect of association between reproductive 

lifespan and the risk of bronchiectasis in the full cohort and appeared to nullify this relation 

within women with HT use completely. Furthermore, HT use was associated with greater risk of 

bronchiectasis regardless of reproductive span duration or age at menopause, suggesting that HT 

use may itself be a risk factor. This finding is also consistent with Yang’s study of Korean 

women in which HT for ≥5 years was associated with a higher risk of bronchiectasis13. The 

finding that longer reproductive lifespan (and the correspondingly longer exposure to estrogen) is 

associated with a reduced risk of bronchiectasis while estrogen replacement is associated with an 

increased risk appears paradoxical. One likely explanation for this paradox is the possibility of 

reverse causality, such that the women who had the greatest post-menopausal estrogen deficiency 

(and were most predisposed to bronchiectasis) were also more likely to receive post-menopausal 

HT. 

Alternatively, estrogen may not in fact be protective. In people with cystic fibrosis, the 

risk of exacerbations and disease severity are greater in post-pubertal females vs. age-matched 

males (while the opposite is true prior to puberty)22. This may in part be due to the negative 

effects of estrogen on mucociliary clearance and the increased virulence of P. aeruginosa 
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promoted by estrogen23. If estrogen itself is not protective, and even harmful, in this context, 

perhaps it is not the duration of reproductive hormone (including estrogen) exposure itself that 

reduces the risk of bronchiectasis. Rather, an upstream genetic, epigenetic, or environmental 

process may be responsible for both - the longer reproductive lifespan and the lower risk of 

bronchiectasis. Of note, later onset of menopause is known to be associated with greater 

longevity. While some of the benefits are mediated by estrogen, there is evidence for shared 

genetic determinants of both independent of estrogen exposure. For example, several DNA-

damage response and immune function genes have been associated with age at menopause24. It is 

conceivable (though admittedly a mere speculation) that some of the biologic pathways that 

delay ovarian aging and menopause25, may serve to delay or prevent bronchiectasis independent 

of estrogen exposure.  

Our study has important strengths including a large study sample (>100,000 women), and 

a relatively long duration (median of 16 years). Study participants had exceptionally detailed 

characterization of demographic and lifestyle factors and the rate of data missingness was very 

low (<3%). We also were able to take advantage of rich Medicare claims data with information 

on bronchiectasis and comorbidities.  

There are several limitations to our study. The diagnosis of bronchiectasis was obtained 

from Medicare claims data using ICD-9-CM and ICD-10-CM codes and could not be 

independently verified. ICD codes are primarily used for billing purposes and only secondarily 

for epidemiologic research26. The use of ICD codes for identifying cases of bronchiectasis is not 

formally validated in the U.S. Medicare population, but has been used by previous 

investigators4,5. We used the same case definition as Seitz5: i.e. presence of at least one ICD-9/10 

code in Medicare claims data. This increased the likelihood of detecting most cases, including 
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mild ones, but may have also resulted in including “suspected” diagnoses4,5. Thus, our case 

definition may have provided the “upper bound” of bronchiectasis incidence. Due to this fact, we 

performed a sensitivity analysis requiring two bronchiectasis diagnoses, which dropped 

incidence from 2.7% to 1.2%. Despite this, associations between reproductive characteristics and 

bronchiectasis onset remained mostly unchanged, minimizing our concerns regarding this 

decision.  

Accuracy of diagnostic coding in general27 and for bronchiectasis specifically28 has been 

questioned. For instance, Green and colleagues28 found that ICD-9/10 codes  identified only 34% 

of radiologically-diagnosed bronchiectasis. It should be noted, however, that the currently 

accepted case definition of bronchiectasis includes both symptoms (e.g. cough, mucus 

production, exacerbations) and radiographic confirmation of dilated airways29. In Green’s study, 

however, most of CT-identified bronchiectasis was incidental. When patients’ charts and imaging 

were independently reviewed by 3 separate observers, only 29% met the consensus case 

definition criteria. This suggests that, while ICD codes might underdiagnose bronchiectasis, the 

true sensitivity of ICD codes is likely higher than 34%.   

While, as discussed above, our case definition may be prone to both under- and over-

diagnosis, it is unlikely that the frequency of ICD-9/10 codes was differentially distributed 

among the reproductive span or menopause age quantiles and therefore is unlikely to have biased 

our results. Additionally, without employing insurance claims data, it may be impossible to 

leverage the existing large-scale, informative databases, such as the one used in our study, to 

answer important research questions. Our work and others should be considered in the scope of 

this limitation, as it will likely remain a standing limitation of this type of research. 
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The absence of diagnostic data prior to Medicare enrollment did not allow us to study 

bronchiectasis diagnosed earlier than age 65. It should also be noted that diagnosis of 

bronchiectasis and incidence of disease are not the same and that bronchiectasis was likely 

developing for a number of years prior to the diagnosis. To minimize the risk of mistaking 

prevalent cases of bronchiectasis at the time of Medicare enrollment for incident bronchiectasis, 

we excluded the cases documented for the first time during the first year on Medicare (i.e. prior 

to age 66) from analysis of incidence. This might have resulted in underestimating the total 

number of cases in our cohort. Surprisingly, only 4.1% of all cases of bronchiectasis were 

reported during the first year of Medicare enrollment. This might reflect a truly low prevalence 

rate of this condition in women younger than 66 years of age or underdiagnosis. Alternatively, 

pre-Medicare-enrollment cases may not have been recorded until later, which would result in 

underestimating disease prevalence at the age of 66 and overestimating its incidence after 66. In 

addition, exclusion of women with >1 year gap in fee-for-service Medicare coverage (~17% of 

total) may have introduced selection bias. It is unknown whether Medicare recipients on fee-for-

service Medicare are different from those in Medicare Advantage programs. It seems unlikely, 

however, that there would be a significant difference between the two in terms of reproductive 

span or menopause age. Regarding lack of documentation of preexisting comorbidities and 

possible causes of bronchiectasis prior to Medicare enrollment, there is no known solution when 

utilizing this data source, and this remains a limitation of this study and other studies alike. 

Lastly, many women in our cohort had diagnoses of pulmonary conditions and reported 

either former or current smoking behaviors. While we controlled for both of these factors in our 

models (helping isolate the unique association between reproductive characteristics and 
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bronchiectasis), it is still possible that our findings may not generalize well to populations with 

lower rates of pulmonary conditions and smoking behaviors.  

In summary, our study demonstrated that longer reproductive life span duration (or later 

menopause age) was associated with a lower risk of bronchiectasis diagnosis in women after the 

age of 66, especially without HT use. To our knowledge, this is the first such study in the U.S. 

Additional studies are needed to answer such questions as (1) whether there is a genetic or 

environmental predisposition to both a shorter reproductive lifespan and bronchiectasis25; (2) by 

what mechanisms might estrogen, progesterone or other ovarian hormones affect airway biology 

relevant to bronchiectasis, such as effects on mucociliary clearance or immune response to 

infection; and (3) whether the use, type, and/or duration of HT might reduce or exacerbate the 

risk and severity of bronchiectasis in post-menopausal women. 

 

Take-Home Points  

Study Question: Is longer reproductive lifespan and/or later age of menopause associated with 

lower risk of bronchiectasis in post-menopausal women?  

Results: In WHI, women with the reproductive lifespans ≥40 years were at 22% lower risk of 

bronchiectasis than those with the reproductive lifespans <30 years (aHR=0.78 [95% CI: 0.68, 

0.89]).  

Interpretation: Longer reproductive lifespan is associated with reduced risk of bronchiectasis in 

post-menopausal women – but only in those without history of HT use. 
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Table 1. Cohort characteristics overall and by reproductive lifespan. 

 Reproductive lifespan  

Variable Total cohort <30 yrs 30-34 yrs 35-39 yrs ≥40 yrs p 

Age at WHI baseline, y, med (IQR) 63.0 (11.0) 64.0 (11.0) 64.0 (12.0) 62.0 (12.0) 64.0 (10.0) <0.01 
Race, % (n)      <0.01 
    Black or African American 7.0 (6735) 11.2 (1797) 6.9 (1299) 5.9 (2061) 5.9 (1578)  
    Other race or multiple 5.2 (4985) 5.7 (911) 5.5 (1036) 5.1 (1787) 4.7 (1251)  
    White  87.9 (84982) 83.2 (13404) 87.7 (16588) 89.0 (31064) 89.4 (23926)  
Ethnicity (Hispanic or Latina), % (n) 3.4 (3291) 3.9 (623) 3.6 (683) 3.4 (1185) 3.0 (800) 0.01 
Education, % (n)      <0.01 
    No school <0.1 (45) 0.1 (14) NR NR NR  
    Grade school 1.0 (981) 1.6 (262) NR NR NR  
    High school 29.8 (28793) 37.2 (5987) 31.4 (5934) 27.8 (9695) 26.8 (7177)  
    College degree 39.1 (37779) 39.2 (6320) 39.8 (7539) 39.3 (13716) 38.1 (10204)  
    Advanced degree 30.1 (29104) 21.9 (3529) 27.6 (5225) 32.1 (11211) 34.2 (9139)  
Family income, % (n)      <0.01 
    $0 to $19,999 13.0 (12598) 17.7 (2846) 13.7 (2592) 11.4 (3974) 11.9 (3186)  
    $20,000 to $49,999 45.3 (43780) 48.0 (7731) 45.7 (8639) 43.8 (15304) 45.2 (12106)  
    $50,000 to $99,999 28.9 (27988) 24.4 (3937) 28.7 (5423) 30.7 (10703) 29.6 (7925)  
    $100,000 or more 10.3 (10006) 7.4 (1199) 9.6 (1811) 11.8 (4115) 10.8 (2881)  
    Don't know 2.4 (2330) 2.5 (399) 2.4 (458) 2.3 (816) 2.5 (657)  
Body mass index, kg/m2, med (IQR) 26.9 (7.1) 27.5 (7.1) 26.7 (7.0) 26.6 (6.9) 27.1 (7.3) <0.01 
Physical activity, min/wk, med (IQR) 145.0 (210.0) 135.0 (215.0) 145.0 (210.0) 145.0 (215.0) 150.0 (210.0) <0.01 
Alcohol use, drinks/wk, med (IQR) 0.4 (2.8) 0.2 (2.0) 0.4 (2.7) 0.4 (3.2) 0.4 (3.1) <0.01 
Smoking behavior, % (n)      <0.01 
    Former 42.6 (41212) 42.3 (6817) 43.0 (8143) 43.3 (15103) 41.7 (11149)  
    Current 6.4 (6215) 8.7 (1398) 7.6 (1437) 6.3 (2202) 4.4 (1178)  
Surgical menopause, % (n) 15.9 (15339) 29.6 (4764) 20.4 (3864) 11.9 (4154) 9.6 (2557) <0.01 
HT, % (n) 57.9 (55967) 64.2 (10336) 61.4 (11625) 56.6 (19754) 53.3 (14252) <0.01 
Oral contraceptive, % (n) 41.4 (40054) 36.7 (5914) 42.4 (8026) 45.0 (15721) 38.8 (10393) <0.01 
Parity, % (n)      <0.01 
    One child 8.5 (8264) 10.2 (1649) 9.0 (1694) 8.4 (2942) 7.4 (1979)  
    Multiple children 79.6 (76944) 75.5 (12167) 78.3 (14819) 79.6 (27800) 82.8 (22158)  
Comorbidities, % (n)       
    Pulmonary 50.7 (49043) 54.0 (8700) 50.7 (9597) 48.7 (17008) 51.3 (13738) <0.01 
    Gastrointestinal 35.9 (34706) 39.3 (6328) 36.5 (6902) 35.1 (12265) 34.4 (9211) <0.01 
    Autoimmune 12.8 (12416) 14.1 (2272) 12.8 (2415) 12.2 (4271) 12.9 (3458) <0.01 
    Hematologic malignancy 20.1 (19417) 20.0 (3215) 20.0 (3776) 19.5 (6805) 21.0 (5621) >0.99 
Note. NR=Not reported to comply with WHI reporting standards regarding small sample size. IQR=Interquartile range. 
HT= Hormone therapy.  
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Table 2. Cohort characteristics overall and by bronchiectasis occurrence. 

 Developed bronchiectasis  

Variable Total cohort Yes No p 

Age at WHI baseline, y, med (IQR) 63.0 (11.0) 64.0 (10.0) 63.0 (11.0) <0.01 
Race, % (n)    <0.01 
    Black or African American 7.0 (6735) 3.7 (95) 7.1 (6640)  
    Other race or multiple 5.2 (4985) 5.3 (138) 5.2 (4847)  
    White  87.9 (84982) 91.0 (2353) 87.8 (82629)  
Ethnicity (Hispanic or Latina), % (n) 3.4 (3291) 2.4 (63) 3.4 (3228) 0.13 
Education, % (n)    <0.01 
    No school <0.1 (45) NR NR  
    Grade school 1.0 (981) NR NR  
    High school 29.8 (28793) 26.6 (687) 29.9 (28106)  
    College degree 39.1 (37779) 38.4 (994) 39.1 (36785)  
    Advanced degree 30.1 (29104) 34.3 (887) 30.0 (28217)  
Family income, % (n)    <0.01 
    $0 to $19,999 13.0 (12598) 8.1 (209) 13.2 (12389)  
    $20,000 to $49,999 45.3 (43780) 42.8 (1107) 45.3 (42673)  
    $50,000 to $99,999 28.9 (27988) 33.3 (861) 28.8 (27127)  
    $100,000 or more 10.3 (10006) 12.9 (334) 10.3 (9672)  
    Don't know 2.4 (2330) 2.9 (75) 2.4 (2255)  
Body mass index, kg/m2, med (IQR) 26.9 (7.1) 25.0 (6.2) 27.0 (7.1) <0.01 
Physical activity, min/wk, med (IQR) 145.0 (210.0) 150.0 (210.0) 145.0 (212.5) <0.01 
Alcohol use, drinks/wk, med (IQR) 0.4 (2.8) 0.4 (3.6) 0.4 (2.7) <0.01 
Smoking behavior, % (n)    <0.01 
    Former 42.6 (41212) 48.8 (1261) 42.4 (39951)  
    Current 6.4 (6215) 5.5 (141) 6.5 (6074)  
Reproductive lifespan, y, % (n)    >0.99 
    <30 16.7 (16112) 16.2 (418) 16.7 (15694)  
    30-34 19.6 (18923) 19.8 (513) 19.6 (18410)  
    35-39 36.1 (34912) 37.0 (958) 36.1 (33954)  
    ≥40 27.7 (26755) 27.0 (697) 27.7 (26058)  
Surgical menopause, % (n) 15.9 (15339) 14.9 (385) 15.9 (14954) >0.99 
HT, % (n) 57.9 (55967) 61.7 (1595) 57.8 (54372) <0.01 
Oral contraceptive, % (n) 41.4 (40054) 40.2 (1040) 41.5 (39014) >0.99 
Parity, % (n)    >0.99 
    One child 8.5 (8264) 7.3 (189) 8.6 (8075)  
    Multiple children 79.6 (76944) 80.5 (2082) 79.5 (74862)  
Comorbidities, % (n)     
    Pulmonary 50.7 (49043) 61.0 (1578) 50.4 (47465) <0.01 
    Gastrointestinal 35.9 (34706) 38.6 (999) 35.8 (33707) 0.06 
    Autoimmune 12.8 (12416) 16.5 (426) 12.7 (11990) <0.01 
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    Hematologic malignancy 20.1 (19417) 21.3 (551) 20.0 (18866) >0.99 
Note. NR=Not reported to comply with WHI reporting standards regarding small sample 
size. IQR=Interquartile range. HT=Hormone therapy. 
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Table 3. Multivariable-adjusted bronchiectasis risk by reproductive characteristics overall and as 

modified by HT use. 

     HT use 

  Total cohort  No  Yes 

  aHR p  aHR p  aHR p 
Reproductive 
lifespan, 
years 

  0.01   0.01   0.23 

    <30  Reference   Reference   Reference  

    30-34  0.98 (0.86, 1.11)   0.90 (0.70, 1.10)   1.02 (0.86, 1.19)  

    35-39  0.98 (0.87, 1.10)   0.92 (0.74, 1.10)   1.01 (0.87, 1.16)  

    ≥40  0.88 (0.77, 0.99)   0.78 (0.62, 0.94)   0.95 (0.80, 1.09)  
Menopause 
age, years   0.01   0.01   0.11 

    <40  Reference   Reference   Reference  

    40-44  0.89 (0.74, 1.04)   0.82 (0.59, 1.06)   0.91 (0.72, 1.10)  

    45-49  0.94 (0.80, 1.08)   0.81 (0.60, 1.01)   1.02 (0.83, 1.20)  

    50-54  0.86 (0.73, 0.99)   0.74 (0.56, 0.92)   0.93 (0.76, 1.10)  

    ≥55  0.83 (0.70, 0.97)   0.76 (0.55, 0.96)   0.87 (0.69, 1.05)  
Menarche 
age, years   <0.01†   <0.01†   0.19 

    <12  Reference   Reference   Reference  

    ≥12  0.85 (0.77, 0.93)    0.77 (0.66, 0.89)    0.91 (0.80, 1.01)   
Note. aHR=Adjusted approximate hazard ratio. †both linear and non-linear ps<0.01. HT=Hormone therapy. All 
models were adjusted for age at Medicare enrollment, race, ethnicity, body mass index, smoking behaviors, surgical 
menopause, HT, oral contraceptive use, parity, and medical comorbidities (pulmonary, gastrointestinal, autoimmune, 
and malignancy). 

 
  

https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2025.0740


PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF 

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2026 
Published online June 3, 2026     https://doi.org/10.15326/jcopdf.2025.0740 

Figure 1 
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Figure 2 
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e-Appendix 1: Comorbidities related to bronchiectasis obtained from Medicare claims. 

 

Comorbidity ICD9 ICD10 
Pulmonary conditions   
    Asthma 493 J45 
    COPD 491, 492 J43, J44 
    Interstitial lung disease 515, 516 J82, J84, E70.331 
    Inhalational and other lung disorders due 

to external agents 500-508 J60-J70 

    Sarcoidosis 135 D86 
    Tuberculosis 011.9 A15, Z86.11 
    Non-tuberculous mycobacterial lung 

disease 031.0 A31.0 

Gastrointestinal conditions   
    GERD 530.81 K21 
    Inflammatory bowel disease 555, 556 K50, K51 
Autoimmune conditions   
    Rheumatoid arthritis 714 M05, M06, M08 
    Systemic connective tissue disorders 710 M30-M36 
Hematologic malignancy   
    Cancers of lymphatic or hematopoietic 

tissue 
200-209, V10.6, 
V10.7 

C81-C96, Z85.6, 
Z85.7 

Note. ICD=International Classification of Diseases. 
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e-Appendix 2. Multivariable-adjusted bronchiectasis incidence rates by reproductive 

characteristics overall and as modified by HT use. 

 

  HT use  

 Total cohort No Yes 

 aIR (/1000 PY) aIR (/1000 PY) aIR (/1000 PY) 
Reproductive lifespan, years    

    <30 1.73 1.61 1.79 

    30-34 1.70 1.45 1.83 

    35-39 1.70 1.48 1.82 

    ≥40 1.53 1.25 1.70 

Menopause age, years    

    <40 1.78 1.70 1.82 

    40-44 1.58 1.40 1.66 

    45-49 1.68 1.37 1.85 

    50-54 1.53 1.25 1.69 

    ≥55 1.49 1.28 1.58 

Menarche age, years    

    <12 1.82 1.72 1.89 

    ≥12 1.55 1.33 1.71 
Note. aIR = Adjusted incidence rate. PY=Person-years. HT=Hormone therapy. All 
models were adjusted for age at Medicare enrollment, race, ethnicity, body mass index, 
smoking behaviors, surgical menopause, HT, oral contraceptive use, parity, and 
medical comorbidities (pulmonary, gastrointestinal, autoimmune, and malignancy). 
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e-Appendix 3: Study analyses utilizing two bronchiectasis diagnoses for case 
ascertainment as opposed to one 

Table 1. Cohort characteristics overall and by reproductive lifespan. 

 

 Reproductive lifespan  

Variable Total cohort <30 yrs 30-34 yrs 35-39 yrs ≥40 yrs p 
Age at WHI baseline, y, med (IQR) 63.0 (11.0) 64.0 (11.0) 64.0 (12.0) 62.0 (12.0) 64.0 (10.0) <0.01 
Race, % (n)      <0.01 
    Black or African American 7.0 (6675) 11.2 (1784) 6.9 (1282) 6.0 (2045) 5.9 (1564)  
    Other race 5.2 (4912) 5.7 (900) 5.5 (1022) 5.1 (1755) 4.7 (1235)  
    White or Caucasian 87.8 (83683) 83.1 (13201) 87.6 (16325) 88.9 (30568) 89.4 (23589)  
Ethnicity (Hispanic or Latina), % (n) 3.4 (3255) 3.9 (617)* 3.6 (674) 3.4 (1174) 3.0 (790) 0.01 
Education, % (n)      <0.01 
    No school <0.1 (44) 0.1 (14) NR NR NR  
    Grade school 1.0 (972) 1.6 (260) NR NR NR  
    High school 29.8 (28401) 37.2 (5912) 31.4 (5848) 27.8 (9551) 26.9 (7090)  
    College degree 39.1 (37220) 39.3 (6235) 39.8 (7419) 39.3 (13508) 38.1 (10058)  
    Advanced degree 30.1 (28633) 21.8 (3464) 27.6 (5138) 32.1 (11026) 34.1 (9005)  
Family income, % (n)      <0.01 
    $0 to $19,999 13.1 (12488) 17.8 (2826) 13.8 (2573) 11.4 (3935) 12.0 (3154)  
    $20,000 to $49,999 45.3 (43129) 47.9 (7614) 45.7 (8506) 43.8 (15053) 45.3 (11956)  
    $50,000 to $99,999 28.9 (27522) 24.4 (3869) 28.6 (5320) 30.7 (10541) 29.5 (7792)  
    $100,000 or more 10.3 (9836) 7.4 (1182) 9.5 (1778) 11.8 (4041) 10.7 (2835)  
    Don't know 2.4 (2295) 2.5 (394) 2.4 (452) 2.3 (798) 2.5 (651)  
Body mass index, kg/m2, med (IQR) 26.9 (7.1) 27.5 (7.1) 26.8 (7.0) 26.6 (6.9) 27.1 (7.3) <0.01 
Physical activity, min/wk, med (IQR) 145.0 (210.0) 135.0 (215.0) 145.0 (210.0) 145.0 (220.0) 150.0 (210.0) <0.01 
Alcohol use, drinks/wk, med (IQR) 0.4 (2.8) 0.2 (2.0) 0.4 (2.7) 0.4 (3.2) 0.4 (3.0) <0.01 
Smoking behavior, % (n)      <0.01 
    Former 42.5 (40519) 42.2 (6708) 43.0 (8008) 43.1 (14827) 41.6 (10976)  
    Current 6.4 (6125) 8.7 (1380) 7.6 (1413) 6.3 (2173) 4.4 (1159)  
Surgical menopause, % (n) 15.9 (15113) 29.6 (4701) 20.4 (3802) 11.9 (4082) 9.6 (2528) <0.01 
HT, % (n) 57.8 (55104) 64.1 (10190) 61.4 (11437) 56.5 (19435) 53.2 (14042) <0.01 
Oral contraceptive, % (n) 41.5 (39491) 36.7 (5833) 42.5 (7911) 45.1 (15503) 38.8 (10244) <0.01 
Parity, % (n)      <0.01 
    One Child 8.6 (8174) 10.3 (1633) 9.0 (1672) 8.5 (2906) 7.4 (1963)  
    Multiple Children 79.5 (75775) 75.4 (11978) 78.3 (14595) 79.6 (27355) 82.8 (21847)  
Comorbidities, % (n)       
    Pulmonary 50.6 (48182) 53.9 (8564) 50.5 (9406) 48.6 (16689) 51.2 (13523) <0.01 
    Gastrointestinal 35.8 (34128) 39.2 (6219) 36.4 (6773) 35.1 (12055) 34.4 (9081) <0.01 
    Autoimmune 12.8 (12169) 14.0 (2229) 12.7 (2369) 12.1 (4171) 12.9 (3400) <0.01 
    Malignancy 20.0 (19097) 19.9 (3167) 20.0 (3719) 19.4 (6681) 21.0 (5530) >0.99 
Note. NR=Not reported to comply with WHI reporting standards regarding small sample size. IQR=Interquartile range. HT=Hormone 
therapy. 
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Table 2. Cohort characteristics overall and by bronchiectasis occurrence. 2 

 Developed bronchiectasis  
Variable Total cohort Yes No p 
Age at WHI baseline, y, med (IQR) 63.0 (11.0) 64.0 (9.0) 63.0 (11.0) >0.99 
Race, % (n)    <0.01 
    Black or African American 7.0 (6675) 3.0 (35) 7.1 (6640)  
    Other race 5.2 (4912) 5.6 (65) 5.2 (4847)  
    White or Caucasian 87.8 (83683) 91.3 (1054) 87.8 (82629)  
Ethnicity (Hispanic or Latina), % (n) 3.4 (3255) 2.3 (27) 3.4 (3228) 0.93 
Education, % (n)    <0.01 
    No school <0.1 (44) NR NR  
    Grade school 1.0 (972) NR NR  
    High school 29.8 (28401) 25.6 (295) 29.9 (28106)  
    College degree 39.1 (37220) 37.7 (435) 39.1 (36785)  
    Advanced degree 30.1 (28633) 36.0 (416) 30.0 (28217)  
Family income, % (n)    <0.01 
    $0 to $19,999 13.1 (12488) 8.6 (99) 13.2 (12389)  
    $20,000 to $49,999 45.3 (43129) 39.5 (456) 45.3 (42673)  
    $50,000 to $99,999 28.9 (27522) 34.2 (395) 28.8 (27127)  
    $100,000 or more 10.3 (9836) 14.2 (164) 10.3 (9672)  
    Don't know 2.4 (2295) 3.5 (40) 2.4 (2255)  
Body mass index, kg/m2, med (IQR) 26.9 (7.1) 24.3 (6.0) 27.0 (7.1) <0.01 
Physical activity, min/wk, med (IQR) 145.0 (210.0) 150.0 (205.0) 145.0 (212.5) 0.03 
Alcohol use, drinks/wk, med (IQR) 0.4 (2.8) 0.5 (3.7) 0.4 (2.7) <0.01 
Smoking behavior, % (n)    <0.01 
    Former 42.5 (40519) 49.2 (568) 42.4 (39951)  
    Current 6.4 (6125) 4.4 (51) 6.5 (6074)  
Reproductive lifespan, y, % (n)    >0.99 
    <30 16.7 (15885) 16.6 (191) 16.7 (15694)  
    30-34 19.6 (18629) 19.0 (219) 19.6 (18410)  
    35-39 36.1 (34368) 35.9 (414) 36.1 (33954)  
    ≥40 27.7 (26388) 28.6 (330) 27.7 (26058)  
Surgical menopause, % (n) 15.9 (15113) 13.8 (159) 15.9 (14954) >0.99 
HT, % (n) 57.8 (55104) 63.4 (732) 57.8 (54372) <0.01 
Oral contraceptive, % (n) 41.5 (39491) 41.3 (477) 41.5 (39014) >0.99 
Parity, % (n)    >0.99 
    One Child 8.6 (8174) 8.6 (99) 8.6 (8075)  
    Multiple Children 79.5 (75775) 79.1 (913) 79.5 (74862)  
Comorbidities, % (n)     
    Pulmonary 50.6 (48182) 62.1 (717) 50.4 (47465) <0.01 
    Gastrointestinal 35.8 (34128) 36.5 (421) 35.8 (33707) >0.99 
    Autoimmune 12.8 (12169) 15.5 (179) 12.7 (11990) 0.10 
    Malignancy 20.0 (19097) 20.0 (231) 20.0 (18866) >0.99 
Note. NR=Not reported to comply with WHI reporting standards regarding small sample size. IQR=Interquartile 
range. HT=Hormone therapy. 
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Table 3. Multivariable-adjusted bronchiectasis risk by reproductive characteristics overall and by hormone therapy use. 4 

 5 

     HT use  

  Total cohort  No  Yes 

  aHR p  aHR p  aHR p 
Reproductive 
lifespan, years   0.07   0.03   0.48 

    <30  Reference   Reference   Reference  

    30-34  0.90 (0.72, 1.07)   0.84 (0.56, 1.13)   0.92 (0.70, 1.14)  

    35-39  0.89 (0.74, 1.05)   0.86 (0.60, 1.11)   0.90 (0.71, 1.09)  

    ≥40  0.89 (0.73, 1.06)   0.74 (0.51, 0.98)   0.99 (0.77, 1.21)  

Menopause 
age, years   0.04   0.02   0.30 

    <40  Reference   Reference   Reference  

    40-44  0.89 (0.67, 1.11)   0.87 (0.48, 1.27)   0.89 (0.62, 1.16)  

    45-49  0.85 (0.66, 1.04)   0.83 (0.50, 1.17)   0.85 (0.62, 1.08)  

    50-54  0.85 (0.66, 1.03)   0.74 (0.46, 1.03)   0.90 (0.67, 1.14)  

    ≥55  0.79 (0.60, 0.99)   0.74 (0.42, 1.06)   0.82 (0.57, 1.06)  

Menarche age, 
years   0.04†   <0.01†   0.69 

    <12  Reference   Reference   Reference  

    ≥12  0.83 (0.72, 0.95)    0.74 (0.57, 0.91)    0.89 (0.74, 1.05)   
Note. aHR=Adjusted approximate hazard ratio. HT=Hormone therapy. PY=Person-years. †both linear and non-linear 
ps<0.05. All models were adjusted for age at Medicare enrollment, race, ethnicity, body mass index, smoking 
behaviors, surgical menopause, hormone therapy, oral contraceptive use, and medical comorbidities (pulmonary, 
gastrointestinal, autoimmune, and malignancy). 
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