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Background: Many peri- and postmenopausal women use hormone replacement therapy (HRT) to relieve 
menopausal symptoms. However, the side effects of different HRT use (ever/current/former vs. never HRT 
use) on lung cancer risk in women were not completely consistent. Thus, we conducted this meta-analysis to 
examine the connection between current, former or ever HRT use and the incidence of lung cancer among 
women. 
Methods: We systematically searched the PubMed, Web of Science, EMBASE, Cochrane Library, 
SCOPUS, China National Knowledge Infrastructure, Wanfang and VIP databases to identify relevant 
articles published from the inception of the respective databases to February 18, 2022. On the relationship 
between different HRT use and the incidence of lung cancer among women. Relevant risk estimates [relative 
risks (RRs), odds ratio (OR)] were combined based on specific study types. The Newcastle-Ottawa Scale 
was used to evaluate the quality of included studies. This analysis has been registered in the International 
prospective register of systematic reviews (PROSPERO; CRD42020219728). Publication bias was tested 
based on Egger’s and Begg’s tests.
Results: A total of 22 studies (13 prospective cohort studies and 9 case-control studies) were included, 
comprising 911,194 participants and 17,329 patients. Compared to never HRT users, in pooled cohort 
studies, current HRT users had a statistically decreased risk of lung cancer [RR 0.91, 95% confidence interval 
(CI): 0.86–0.97, I2=22.9%], and similar results were found among the postmenopausal women with current 
HRT use (RR 0.91, 95 CI: 0.85–0.98, I2=36%), while in pooled case-control studies, ever HRT users had a 
decreased risk of incidence of lung cancer [odds ratio (OR) 0.75, 95% CI: 0.69–0.81, I2=0%] as did female 
non-smokers with ever HRT use (OR 0.76, 95% CI: 0.66–0.87, I2=36.8%).
Conclusions: Current or ever HRT use is partly correlated with the decreased incidence of lung 
cancer in women. Concerns about the incidence of lung cancer can be reduced when perimenopausal and 
postmenopausal women use current HRT to reduce menopausal symptoms. Meanwhile, given the roles of 
hormone receptors and relevant genes single nucleotide polymorphism (SNPs) among females, HRT use 
should be cautiously administered and individualized.
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Introduction

Lung cancer is a huge global health problem with a 
considerable social and economic burden (1), and it is 
the leading cause of cancer-related mortality worldwide 
(2,3). Epidemiological studies showed that approximately 
1.8 million people died of lung cancer worldwide in 2020 
(2,3). It is estimated that in 2021, about 235,760 new lung 
cancer and bronchus cancer cases will be diagnosed in the 
United States (US) (3). In the US, the proportion of non-
smoking females with lung cancer is 19%, while that of non-
smoking males is only 9% (4). Due to the higher incidence 
rate of lung cancer among female non-smokers than male 
non-smokers (5,6), the role of many reproductive factors, 
especially estrogen and its receptors, has been considered in 
the occurrence and development of lung cancer (7). Hence 
research needs to be conducted to determine whether 
exogenous hormone therapy increases the risk of lung cancer. 
Hormone replacement therapy (HRT), which provides 
an alternative delivery method of endogenous hormones, 
usually consists of estrogen with or without progesterone. 
Many peri- or postmenopausal women use HRT to reduce 
postmenopausal syndromes (e.g., vasomotor symptoms and 
urogenital atrophy) due to ovarian failure (8). In the process 
of relieving postmenopausal symptoms, the benefits and 
risks of HRT should be considered. Cagnacci et al. (9-11) 
noted that HRT appears to be beneficial for coronary disease 
and to reduce all-cause mortality in early postmenopausal 
women. However, research results on the benefits of 
HRT for malignant diseases, especially lung cancer, are 
inconsistent (12,13). Previous studies have shown that ever 
HRT users had a lower risk of lung cancer (14,15); however, 
an increased risk of lung adenocarcinoma has been reported 
in female non-smokers with ever HRT use (16), and there 
is little connection between ever HRT use and the risk of 
lung cancer (17). Meanwhile, HRT therapy can be classified 
based on HRT use (current, former, never, or ever) (13,18). 
A large prospective cohort study comprising 75,587 female 
participants suggested that current HRT use reduced the 
incidence of non-small cell lung cancer (NSCLC) among 
women (19), but some prospective cohort studies have shown 
little connection between current HRT and the incidence 
of non-small cell lung cancer (20,21). Rodriguez et al. (22) 
pointed that Current HRT users were associated with a 
reduced incidence of lung cancer, compared with never users, 
while Former HRT use was not associated with lung cancer 
risk. Considering many large cohort studies have inconsistent 
results about the connection between current/former/eve 
HRT use and the incidence of lung cancer (13,18,20-30), a 

meta-analysis to explore the association is needed. Compared 
with previous studies, in order to eliminate the heterogeneity 
of HRT use states, we divided HRT use into ever, current, 
former and never use, and then analyzed the association 
between different HRT use (current, former, or ever) and 
risk of lung cancer. Hence, to address the conflicting results 
of lung cancer risk in relation to HRT use, we conducted a 
quality meta-analysis to examine the relationship between 
different HRT use and the incidence of lung cancer. To 
exclude the effects of tobacco, research on the association 
between ever HRT use and the incidence of lung cancer 
among female non-smokers was also conducted.

We present the following article in accordance with 
the MOOSE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-48/rc).

Methods

This  meta-analys is  has  been registered with the 
International Prospective Register of Systematic Reviews 
(PROSPERO) (Identifier: CRD42020219728).

Searching strategy

We systematically searched PubMed, Web of Science, 
EMBASE, The Cochrane Library, SCOPUS, China 
National Knowledge Infrastructure, Wanfang and VIP 
databases for articles published from the inception of these 
databases to February 18, 2022. The search was conducted 
using the following relevant terms: “Estrogens”, “Estrogens, 
Conjugated”, “Estrogen replacement therapy”, “Hormone 
replacement therapy”, “Hormones”, “Progestins”, 
“Estrogen Receptor Modulators”, “Hormones, Hormone 
Substitutes, and Hormone Antagonists”, “Gonadal 
Hormones”, “Estradiol”, “Lung Neoplasms”, and “Small 
Cell Lung Carcinoma”, and “Carcinoma, Non-Small-
Cell Lung”. Searching strategy can be seen in Appendix 1.  
Additionally, we manually searched and systematically 
reviewed the reference lists of the included studies. 
Without language restrictions, all searches were conducted 
independently by two reviewers (Lin and Wen). Any 
disagreements were checked by a 3rd reviewer (Sun) and 
resolved through discussion. Inclusion criteria in PICO 
format have been provided in Appendix 2.

Types of studies and participants

Prospective cohorts and case-control trials were included 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-48/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-48/rc
https://cdn.amegroups.cn/static/public/JTD-22-48-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-22-48-Supplementary.pdf
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in this meta-analysis. Inclusion criteria: (I) the minimum 
number of participants in each original document had to 
be >30; (II) studies should evaluate or assess the association 
between HRT use and the incidence of lung cancer; (III) 
the primary exposure of interest in each included article 
should be HRT use [i.e., ever/current/former HRT use 
vs never HRT use]; (IV) the risk estimates [odds ratio 
(OR), relative risk (RR), or hazard ratio (HR)] and 95% 
confidence intervals (CIs) had to be reported in the articles 
or information had to be available that enabled us to 
calculate the relevant risk estimates; (V) The cohort study 
included women of any age without lung cancer before the 
trial; (VI) non-smokers were defined as someone who had 
never smoked or smoked less than 6 months or less than 100 
cigarettes during his/her lifetime. The exclusion criteria: 
(I) studies did not consider the association between HRT 
use and the incidence of lung cancer; (II) without any risk 
estimates (ORs, RRs, or HRs and 95% CIs) information; 
(III) duplicate publications; (IV) participants from the same 
clinical trial; (V) conference abstracts, review articles, letters 
and unpublished manuscripts.

Types of interventions and outcomes

In this analysis, we studied the etiological effects of different 
HRT use on lung cancer. We divided HRT use into 
current use, former use, ever use or never use. The primary 
outcome was the incidence rate of lung cancer in relation to 
different HRT uses (current, former, or ever) compared to 
no HRT use among women. The secondary outcome was 
the incidence of lung cancer among postmenopausal women 
and female non-smokers with ever HRT use compared to 
never HRT use. Lung cancer is usually classified as non-
small cell lung cancer (NSCLC) or small cell lung cancer. 
Current HRT users were defined as those who used HRT 
after the baseline (the baseline was defined as the time at 
which the participants entered into the cohort studies). 
Former users were defined as those who had used HRT at 
any time before the baseline. Ever users were defined as 
those who used HRT but no indication of when they used 
it, and included former users and current users (13,18). All 
retrieved publication references were exported to EndNote 
X9, duplicates were removed based on a combination of 
automated and manual checking. The preliminary screening 
based on the title and abstract evaluation was performed by 
two independent reviewers (Wen and Lin), and then two 
reviewers (Wen and Lin) will independently assess eligible 
articles through the full text against the inclusion and 

exclusion criteria, and any discrepancies will be resolved by 
the third reviewer (Sun).

Data extraction and quality assessment

All data were screened and extracted by two reviewers 
(Lin and Wen) from original articles. A 3rd reviewer (Sun) 
cross-observed the data to confirm the accuracy. The 
required data were collected in a standardized observation 
table. The collected information included the journal 
name, name of the first author, publication date, country 
of participants, enrollment period, study type, follow-up 
time, age, HRT use, number of case events, number of 
participants, adjustment variables, adjusted risk estimates, 
Calculated ORs and 95% CIs, relevant information about 
users’ BMI and smoking status. If there were two risk 
estimates for 1 article, we chose the one with the higher 
credibility. The articles included had to qualify under the 
Newcastle-Ottawa Quality Assessment Scale (Newcastle-
Ottawa Scale; NOS). NOS quality scores range from 0 
to 9. Previous studies (31,32) considered a NOS score 
≥6 to indicate high research quality and ≤5 to indicate 
low research quality, which is consistent with our meta-
analysis results. When the quality assessments of the two 
researchers (Lin and Wen) for an article differed, the 
disputed issue was resolved through discussion between 
the two researchers, or, if necessary, the 3rd researcher 
(Sun) intervened. We contacted the original authors of 
included studies for clarification when needed.

Data and statistical analysis

This specific meta-analysis was based on different study 
types; that is, pooled cohort and case-control studies. In 
the pooled cohort studies, we combined the RR estimates 
and 95% CIs for analysis. In data synthesis, the hazard ratio 
(HR) was considered equivalent to RR (33). As results on 
the incidence of lung cancer are relatively rare, the HR was 
considered to be an approximate value of relative risk (RR) 
in this meta-analysis. Fixed- or random-effects models were 
used to estimate the relationship between different HRT 
use and the incidence of lung cancer among women. The 
subgroup analyses examined the risk of lung cancer among 
non-smoking women, postmenopausal women, and women 
over 50 years old with ever HRT use. In the case-control 
studies, we extracted the corresponding original data to 
calculate ORs and then combined them for research. In 
the pooled case-control studies, we studied the relationship 
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Records after duplicates removed
(n=14,415)

Records identified through
Database searching

(n=17,103)

Records excluded after reviewing
titles and abstracts 

(n=14,355)

Records screened
(n=14,415)

Full-text articles excluded due to (n=38)
1. Inappropriate population (n=12)
2. Inappropriate outcome (n=15)
3. Inappropriate risk estimates (n=5)
4. Inappropriate intervention (n=5)
5. Participants from Duplicate trial (n=1)

Full-text articles assessed for eligibility 
(n=60)

Studies included in the
qualitative synthesis (n=22)

Studies included in the quantitative 
synthesis (meta-analysis)

(n=22)

Figure 1 Flow chart of the article screening process.

between ever HRT use and the incidence of lung cancer 
among all women. The subgroup analyses examined the 
relationship between ever use of HRT and the incidence of 
lung cancer among female non-smokers and underweight/
normal/overweight/obese women, Subgroup analysis 
also examined the effect of ever HRT on the incidence 
of non-small cell lung cancer. In these analyses, we used 
Cochrans Q-test and Higgins I2 statistics to evaluate the 
heterogeneity of included studies; when the P<0.1 or 
I2>50%, heterogeneity was assumed, and we combined the 
risk estimates using a random-effects model; otherwise, 
we used a fixed-effects model. Using subgroup and meta-
regression analyses, possible sources of heterogeneity were 
identified. The sensitivity analysis method was used to judge 
the robustness of the results. Every study was removed in 
turn, and the eligible studies were subsequently re-analyzed 
by the meta-analysis to observe whether the total combined 
effect changed significantly. The corresponding publication 
bias was analyzed using Begg’s and Egger’s tests. The 
relevant data were calculated using Stata software Version 
16.0 (Stata Corp, College Station, TX, USA).

Results

Search results and characteristics of eligible studies

Figure 1 provides a flow chart of the process used to screen 
the articles. A total of 17,103 articles were retrieved from 
these 8 databases (the PubMed, Web of Science, EMBASE, 
The Cochrane Library, SCOPUS, China National 
Knowledge Infrastructure, Wanfang and VIP databases). 
After removing duplicate articles and articles based on 
a review of the titles and abstracts, 60 articles remained. 
Based on the inclusion and exclusion criteria, an additional 
38 articles were excluded for the following reasons:  
15 articles reported no relevant outcomes (without 
information about the incidence of lung cancer); the relevant 
risk estimates of 5 articles were not available or could not 
be calculated; 5 studies did not provide relevant HRT 
intervention information; 12 studies included inappropriate 
participants (e.g., with lung cancer before cohort trials); 
and 1 article considered the relevant outcome that current 
HRT use can reduce the incidence of NSLC, but the study 
included participants from duplicate cohort trial—prostate, 
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lung, colorectal, and ovary (PLCO) trial (19). Ultimately,  
13 potentially eligible cohort studies (13,18,20-30) and  
9 case-control studies (34-42), including 17,329 patients 
with lung cancer, were included in the meta-analysis. 

In the cohort studies, each trial used a prospective 
cohort. The included articles were published between 
2005 and 2020, and had a minimum average follow-up 
time of 4.1 years. These relevant cohort studies (18,20-22) 
defined participants as postmenopausal women. HRT use 
was divided into never, current, former or ever use. The 
adjusted risk estimates were extracted from the original 
documents. In the case-control studies, the articles were 
published between 2003 and 2013. The number of relevant 
participants and patients was extracted from the raw data, 
and then we calculated the corresponding ORs. The 
NOS was used to score each included article in relation to  
8 items. All of the articles included in this analysis had a 
score ≥6. Thus, the quality of each article was generally 
high. We presented participant information from the 
included studies and NOS scores for each study’s risk of bias 
assessment in Tables 1,2. Smoking status was divided into 
non-smokers and ever-smokers.

Meta-analysis

As Figure 2 shows, 7 articles were included in the analysis 
to examine the association between current HRT use 
and the incidence of lung cancer. The relative risks were 
combined using a fixed-effects model. Compared with never 
HRT users, current HRT users had a lower risk of lung 
cancer (RR 0.91, 95% CI: 0.86–0.97; Egger’s test P=0.82). 
The subgroup analysis of the risk of lung cancer among 
postmenopausal women showed that there was a statistical 
decrease in the incidence of lung cancer among current 
HRT users (RR 0.91, 95% CI: 0.85–0.98; Egger’s test 
P=0.49). Among all female participants and postmenopausal 
users, the funnel plots for analyses of the association 
between lung cancer incidence and current HRT use 
were symmetrical, indicating no significant evidence for 
publication bias. Egger’s tests did not show statistically 
significant publication bias.

As Figure 3 shows, 9 case-control experiments were 
included in the meta-analysis. Using fixed-effects models, 
the unadjusted odds ratios were combined. Notably, 
Compared with no HRT use, ever HRT using women had 
a low risk of lung cancer (OR 0.75, 95% CI: 0.69–0.81; 
Egger’s test P=0.92), as did female non-smokers (OR 0.76, 
95% CI: 0.66–0.87; Egger’s test P=0.25). As Figure 4 shows, 

the Begg’s funnel plot did not reveal any publication bias in 
the pooled case-control studies in relation to the association 
between ever HRT use and the risk of lung cancer among 
all women. Egger’s tests revealed no evidence of statistically 
significant publication bias in the pooled case-control 
studies for the analyses of the association between lung 
cancer incidence and female ever HRT users or non-
smoking users, Compared with no HRT use.

Table 3 shows the summary risk estimates of the 
association between HRT and lung cancer. Thirteen 
prospective cohort studies were eligible for the meta-
analysis, we found that the current use of HRT has a slight 
effect on reducing lung cancer in postmenopausal women 
and even all women. However, Compared to never HRT 
use, there was no significant correlation between the 
incidence of lung cancer and former or ever HRT use (RR 
0.96, 95% CI: 0.90–1.02, P=0.16; RR 0.96, 95% CI: 0.90–
1.03; P=0.23), or the incidence of lung cancer and female 
non-smokers who were ever HRT users (RR 0.99, 95% CI: 
0.85–1.15; P=0.88). Considering the global mean age of 
menopause is around 50 years (43) and individuals aged over 
50 years old were at high risk of developing cancer (44), we 
pooled cohort articles with participants older than 50 years 
old at the baseline and found that current and ever HRT 
users over 50 years of age had a statistically lower risk of 
lung cancer, compared to no HRT users. And we conducted 
a meta-analysis of 9 case-control studies, compared to no 
HRT use, ever user has a lower incidence in both lung 
cancer and non-small cell lung cancer; In non-smokers with 
ever HRT use, the incidence of lung cancer is reduced. 
Considering the effect of body mass index (BMI) on lung 
cancer incidence (45), we conducted the analyses stratified 
by BMI. We found that ever use of HRT can reduce the 
incidence of lung cancer among female participants with 
BMI <25, compared with no HRT users, but no statistical 
association was found between ever HRT use and the 
incidence of lung cancer among obese/overweight female 
participants. Meanwhile, the pooled univariate analyses 
results need to be interpreted with caution.

Discussion

Cancer risk factors involved intrinsic and non-intrinsic 
factors (46), and the occurrence and development of lung 
cancer is a multi-factor and multi-step process (47). In 
addition to intrinsic risk factors for lung cancer, there are 
also many non-intrinsic risk factors including: tobacco 
smoking (48), environmental pollutants (48-49), second-
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Table 1 Characteristics of included cohort studies

Journal Source Country
Enrollment 

period
Follow-up 

(years)
Age at 

baseline
Study type

HRT status Cases/
participants

HRT 
type

Non-smokers
NOS 

assessment
Adjustment variables

Former HRT use Current HRT use Ever HRT use

International Journal of 
Clinical Oncology 

Omar Abdel-
Rahman 2020

USA 1993–2001 11.34A 55–74 Prospective 
cohort

0.94 (0.81–1.10)b 0.84 (0.74–0.95)b 0.88 (0.78–0.98)b 1,379/77,911 HRT 0.88 (0.66–1.23)b 6 Age, body mass index, study arm, race, cigarette smoking, and family history 
of lung cancer

Hormones and Cancer Marianne Holm 
2018

Denmark 1993–1997 15.9B 50–64 Prospective 
cohort 

0.96 (0.78–1.18)b 0.99 (0.83–1.17)b – 694/29,152 HRT – 6 Age, age at menarche; parity and age at first childbirth, history of oral 
contraceptive pill use; adult attained height, education level; baseline alcohol 
intake, BMI; physical activity, smoking and diet

J Thorac Oncol Ann G. Schwartz 
2015**

USA 1993–1998 14B 50–79 Prospective 
cohort

1.02 (0.90–1.16)b 0.91 (0.81–1.03)b – 2,467/160,855 HRT – 8 Age at screening (continuous), race/ethnicity, pack-years of smoking 
(categories), education, US region, history of emphysema, history of asthma, 
BMI, and family history of cancer; Models were stratified by a 5-year age 
group, baseline hysterectomy status, study type (OS or trial arm for clinical 
trial participants), and WHI extension study participation

Lung Cancer Hui Shan Tan 2015 Singapore 1994–1997 15.8A 50–64 Prospective 
cohort

– – 0.88 (0.62–1.25)b 311/28,222 HRT 0.86 (0.59–1.26)b 8 Age at entry (continuous), ethnicity (Chinese, Malay, Indian, others), BMI 
(continuous), smoking status (never smokers, ex-smokers, occasional 
smokers, current smokers)

Cancer Causes Control Louise A. Brinton 
2012

USA 1996–1997 5.4A 50–72 Prospective 
Cohort

0.98 (0.83–1.14)a 0.96 (0.84–1.10)a 0.97 (0.86–1.09)a 2,097/118,008 ET 0.90 (0.59–1.38)a 8 Age, race, age at menarche, menopausal type and age, BMI, emphysema 
diagnosis, cigarette smoking status and number of cigarettes/day, and other 
hormone therapy formulations

Cancer Epidemiol 
Biomarkers Prevention

Jessica Clague 
2011**

USA 1995–1996 11 NG Prospective 
cohort

0.98 (0.79–1.21)a 0.94 (0.78–1.13)a 0.95 (0.80–1.13)a 727/60,592 HRT 1.06 (0.76–1.50)a 6 Age at baseline, race, smoking status/pack-years combination (never, former 
light, former heavy, current light, current heavy), type of menopause, and BMI

Cancer Epidemiol 
Biomarkers Prevention

Christina S. Baik 
2010**

USA 1984+ 22 38–87 Prospective 
cohort

0.91 (0.79–1.04)b 0.99 (0.86–1.14)b – 1,729/107,171 HRT – 6 Age at menopause, age at menarche, parity, PMH use, OCP use, smoking 
status, age at start smoking, cigarettes per day, time since quitting, fruit/
vegetable intake, BMI, and environmental smoking exposure

Cancer Epidemiol 
Biomarkers Prevention

Adeline Seow 2009 Singapore 1993–1998 9.6A 45–74 Prospective 
cohort

– – 1.38 (0.76–2.49)a 298/35,298 HRT 1.38 (0.76–2.49)a 8 Age at interview, year of interview, dialect group (Cantonese, Hokkien), 
educational level (none, primary, secondary, or higher), body mass index, total 
vegetable intake, total fruit/juice intake, β-cryptoxanthin, total isothiocyanates, 
and (except for non-smokers), duration of smoking (years), cigarettes per day, 
and number of years since quitting

Menopause Joshua R. Smith 
2009

USA 1972–1974 31 31–79 Prospective 
cohort

– – 1.13 (0.73–1.73)b 87/2,861 HRT – 7 Adjusted for age, BMI, education category, marital status, and smoking status

Cancer Epidemiol 
Biomarkers Prevention 

Carmen Rodriguez 
2008**

USA 1992+ 11 50–74 Prospective 
cohort

0.89 (0.73–1.07)a 0.76 (0.62–0.92)a – 659/72,772 HRT – 8 Age at interview, smoking status, spousal tobacco exposure in 1992, BMI in 
1992, age at menopause, education, weekly servings of fruit, physical activity, 
total β-carotene intake, and oral contraceptive use

American Journal of 
Epidemiol 

Jocelyn M. Weiss 
2008

China 1996–2000 4.1A 40–70 Prospective 
cohort

– – 0.5 (0.16–1.56)b 220/71,314 HRT 0.5 (0.16–1.56)b 8 Passive smoke exposure

International journal of 
Cancer 

Geoffrey C. Kabat 
2007

Canada 1980–1985 16.4A 40–59 Prospective 
cohort

– – 1.07 (0.90–1.26)b 750/89,812 HRT 0.95 (0.58–1.55)b 7 Parity(4 levels), age at menarche (4 levels), age at first birth (4 levels), 
menopausal status (pre-, peri- and postmenopausal), oral contraceptive 
use (ever/never), hormone replacement use (ever/never), body mass index 
(continuous), education (3 categories), smoking status (never, former smoker 
and current smoker), pack-years of smoking (continuous), study center and 
randomization group 

International journal of 
Cancer 

Ying Liu 2005 Japan 1990–1994 8–12 40–69 Prospective 
cohort

– – 1.46 (0.92–2.32)a 153/44,677 HRT 1.46 (0.92–2.32)a 7 Age, public health center (PHC) area, and passive smoking during childhood 
or in the workplace

Author**, all the participants in these 4 cohort studies were postmenopausal women. NG/–, not given; A–C: A = risk estimate; B = lower confidence interval level; C = upper confidence interval level. a, relative risk; b, hazard ratio; A, mean/average; B, median. NOS, Newcastle-Ottawa Assessment Scale; BMI, 
body mass index; HRT, hormone replacement therapy; ET, estrogen replacement therapy; Newcastle-Ottawa Assessment Scale; OS, overall survival; PMH, postmenopausal hormone; OCP, oral contraceptive.
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Table 2 Characteristics of the included case-control studies

Journal
Author and 

publication date
Country

Enrollment 
period

Study type

Lung cancer
Female HRT 

users
Female never 

smokers Nos 
assessment

S or Non Non
Ever HRT use vs. 

never use
Ever HRT use vs. 

never use

Cancer Causes 
Control

Yen-Li Lo 2013 China 2002–2009 Case-control All – 0.75 (0.63–0.91) 0.75 (0.63–0.91) 8

International 
Journal of 
Cancer

Angela Cecilia 
Pesatori 2013

Italy 2002–2005 Case-control All – 0.59 (0.42–0.84) – 6

International 
Journal of 
Cancer 

Cari L. 
Meinhold 2011

USA 1998–2008 Case-control – Non 0.79 (0.62–1.02) 1.18 (0.60–2.32) 6

Cancer Kuan-Yu Chen 
2007

China 2002–2006 Case-control All – 0.63 (0.48–0.82) 0.63 (0.48–0.83) 7

Oncology N. Ramnath 
2007

USA 1982–1998 Case-control – Non 0.72 (0.57–0.91) - 7

Journal 
of Clinical 
Oncology

Ann G. 
Schwartz 2007

USA 2001–2005 Case-control – Non 0.89 (0.69–1.14) – 6

Clinical Cancer 
Research

Matthew B. 
Schabath 2004

USA NG Case-control All – 0.78 (0.61–1.00) 1.23 (0.71–2.13) 8

Contraception Alison M. Elliott 
2006

UK 1968–2004 Nested case-
control

All – 0.92 (0.47–1.79) – 6

International 
Journal of 
Epidemiol

Michaela 
Kreuzer 2003

Germany 1990–1996 Case-control All – 0.75 (0.60–0.93) 0.78 (0.42–1.45) 7

NG/–, not given; All, small cell lung cancer or non-small lung cancer; Non, non-small lung cancer; S, small lung cancer; HRT, hormone 
replacement therapy; NOS, Newcastle-Ottawa Assessment Scale.

hand smoke (50), and other factors [e.g., oncogenes (51),  
Oncogenic viruses (52), Radon (53)]. Meanwhile, A 
significantly higher incidence of lung cancer in female 
non-smokers than male non-smokers (5,6). Yin et al. 
suggest that gender-associated factors might also play a 
role in lung cancer risk (54). Research on the effects of sex 
steroid hormones in lung cancer risk might explain the sex 
differences of lung cancer (55). The relationship between 
exogenous hormones and the incidence of lung cancer 
needs to be explored.

HRT is a general term used to describe exogenous 
estrogen therapy, estrogen plus progesterone therapy or 
other hormone therapy. HRT has been recognized as 
an effective method to alleviate peri- or postmenopausal 
symptoms. HRT can also benefit early postmenopausal 
women by preventing postmenopausal osteoporosis and 
reducing all-cause mortality. However, the effects of HRT 

on malignant tumors are mixed, A large multicentre study 
reported HRT use was inversely associated with the risk 
of colorectal cancer in women over 50 years old (56), and 
women with current HRT use had lower risks of overall 
mortality and colorectal cancer-specific mortality compared 
with women who had not previously used HRT (57). A 
large Swedish cohort study showed an overall reduced 
risk of esophageal adenocarcinoma in women with ever 
HRT use (58), which is the same as the research result 
by Lagergren et al. (59). Compared to no HRT use, ever 
users of HRT had a statistically decreased risk of primary 
liver cancer (60). For postmenopausal women treated with 
HRT, a reduced risk of developing cervical squamous cell 
carcinoma has been reported (61). The risk of kidney cancer 
can be reduced with up to 12 to 18 years of HRT use (62). 
Effects of HRT use might also reduce the risk of stomach 
cancer (63). However, results of the study on the effects of 
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Figure 2 Forest plots of the association between current HRT use and the risk of lung cancer in pooled cohort studies. (A) The association among 
all participants; (B) the association among postmenopausal women. RR, relative risk; CI, confidence interval; HRT, hormone replacement therapy.

HRT use on BC (breast cancer) have shown that the use of 
HRT increases the risk of BC recurrence (64), especially in 
hormone receptor-positive patients.

Considering the effects of HRT use on lung cancer, 
similar to previous studies (14,15), the results of our pooled 
case-control studies showed that ever HRT use can reduce 
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Figure 3 Forest plots of the association between the use of ever HRT and the risk of lung cancer in pooled case-control studies. (A) The 
association among all participants; (B) the association among female non-smokers. OR, odds ratio; CI, confidence interval; HRT, hormone 
replacement therapy. 
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Figure 4 Funnel plots of the association between the use of ever 
HRT and the incidence of lung cancer in pooled case-control 
studies. HRT, hormone replacement therapy; OR, odds ratio.

Table 3 Summary RE and 95% CI for the association between HRT and the risk of lung cancer

Pooled studies No. of included studies RE and 95% CI I2 (%) Model P for test

Study design 22

Cohort studies 13

Ever HRT vs. never HRT 9

Among all participants 9 0.96 (0.90–1.03)a 23.9 Fixed-effects model 0.23

Among female non-smokers 8 0.99 (0.85–1.15)a 0 Fixed-effects model 0.88

Among participants ≥50 years old 3 0.92 (0.85-1.00)a 0 Fixed-effects model 0.04*

Current HRT vs. never HRT 7

Among all participants 7 0.91 (0.86–0.97)a 22.9 Fixed-effects model <0.01**

Among postmenopausal women 4 0.91 (0.85–0.98)a 36 Fixed-effects model 0.02*

Among participants ≥50 years old 5 0.90 (0.84-0.95)a 34.1 Fixed-effects model <0.01**

Former HRT vs. never HRT 7

Among all participants 7 0.96 (0.90–1.02)a 0 Fixed-effects model 0.16

Among postmenopausal women 4 0.96 (0.88–1.03)a 0 Fixed-effects model 0.26

Among participants ≥50 years old 5 0.97 (0.90-1.04)a 0 Fixed-effects model 0.37

Case-control studies 9

Ever HRT vs. never HRT 9

Among all women 9 0.75 (0.69–0.81)b 0 Fixed-effects model <0.01**

Among female non-smokers 5 0.76 (0.66–0.87)b 36.8 Fixed-effects model <0.01**

In non-small lung cancer 3 0.79 (0.69–0.91)b 0 Fixed-effects model <0.01**

BMI <25 3 0.67 (0.55-0.81)b 0 Fixed-effects model <0.01**

25≤ BMI <30 3 0.77 (0.59-1.01)b 0 Fixed-effects model 0.06

30≤ BMI 3 0.80 (0.54-1.17)b 0 Fixed-effects model 0.25
a, pooled relative risk; b, pooled odds ratio; *, P≤0.05; **, P≤0.01. RE, risk estimates; BMI, body mass index; BMI <25, normal/underweight; 
25≤ BMI <30, overweight; HRT, hormone replacement therapy; 30≤ BMI, obese.

the incidence of lung cancer. However, in our pooled 
cohort studies, we did not find any statistical differences 
between ever HRT use and the incidence of lung cancer 
among all participants. This may be because of the different 
hormone receptor expression statuses and relevant genes 
SNPs of the participants. Schwartz et al. noted that HRT 
can reduce the risk of NSLC among estrogen receptor 
alpha (ER-α) and estrogen receptor beta (ER-β) positive 
patients (36). Cheng et al. pointed that women with higher 
nuclear ER- β expression in the lung may be less likely to 
develop hormone-associated lung cancer (65). IGF-I is a 
peptide factor with mitotic activity, which is involved in 
regulating the proliferation, differentiation of many normal 
and cancer cells. Compared with never-HRT users, HRT 
users have lower plasma levels of insulin-like growth factor 
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I (39). Meanwhile, the EGFR SNP genotypes (rs7776830; 
rs4947995) have a cumulative effect on decreasing the risk 
of lung adenocarcinoma in female never smokers with HRT 
use (66).

Our pooled cohort studies suggested that the current 
use of HRT reduces the incidence of lung cancer. Thus, 
the concerns of peri- or postmenopausal women using 
current HRT to relieve peri- or postmenopausal syndromes 
about the incidence of lung cancer should be alleviated; 
however, considering the current HRT use was related to 
an increased risk of BC (67,68), clinically multidisciplinary 
treatment decisions and joint decision-making for patients 
are required. Early and regular medical examinations still 
need to be conducted.

In our pooled case-control studies, non-smokers with ever 
HRT use had a low risk of lung cancer than no-HRT non-
smoking users, Cheng et al. pointed Smoking is associated 
with the increase of ER-α and ER-β in the cytoplasm, 
hence non-smoking women may be less susceptible to 
hormone-related lung cancer for their hormone receptors’  
integrity (65), however, no relevant statistical differences 
were found in the pooled cohort studies. A reason for this 
contradiction may be related to genes. The sex hormone 
regulation-related SNP rs12233719 (Single Nucleotide 
Polymorphism), which is located in candidate gene UGT2B7, 
may change SHBG(Sex Hormone-Binding Globulin) 
concentration and lead to NSCLC among Chinese never-
smoking women (69). ER gene SNPs combined with HRT 
use could affect the risk of lung cancer in never-smoking 
women (70). It was necessary to test hormone receptor 
expression status, IGF-I level, relevant genes SNPs of each 
participant and find potential associations. 

The effect of HRT on lung cancer mortality also remains 
controversial. A post hoc analysis showed that ever HRT 
use can reduce lung cancer mortality, compared with no 
HRT use (13). A follow-up study of 485 women showed 
that HRT use, especially estrogen plus progesterone use 
and long-term HRT use, was associated with the reduced 
risk in NSCLC among non-smokers and smokers (71).  
However, a post-hoc analysis of a randomized controlled 
tr ia l  showed that  Estrogen plus  progesterone in 
postmenopausal women can increase lung cancer deaths, 
especially in non-small cell lung cancer (72). Zhang et al. 
believed that HRT use was associated with increased lung 
cancer mortality (73). Progesterones are often considered as 
a component of HRT. In the progesterone receptor-positive 
NSCLC cells, progesterone can inhibit cell proliferation in 
a dose-dependent manner (74). Meanwhile, progesterone 

receptor (PR) polyproline domain (PPD) inhibited 
EGFR signaling in NSCLC (75). High nuclear ER-β 
expression is correlated with non-small lung cancer EGFR  
mutations (76). Therefore, Different expressions in estrogen 
and progesterone receptor levels in female HRT users may 
lead to different outcomes.

More and more cancer survivors are seeking endocrine 
help in form of HRT; however, we are of the view that 
HRT use should be discontinued in patients diagnosed 
with lung cancer (77). Huang et al. (78) noted that the high 
expression of interleukin-6 stimulated by estrogen through 
the ER-β pathway, which promotes the development of lung 
adenocarcinoma. Additionally, ER-α promotes macrophage 
infiltration, which increases the invasion of non-small 
lung cancer cells (79). Fan et al. (80) noted that estrogen 
promotes the metastasis of NSCLC by Toll-like receptor 
4 upregulation through the ER-β. Thus, HRT should be 
prohibited in patients with lung cancer. Taking hormone-
antagonizing drugs may improve the survival rate of lung 
cancer patients (81), and understanding estrogen biosynthesis 
genetic information may lead to the identification of novel 
ways to treat lung cancer (82). Meanwhile, the underlying 
mechanism also needs to be examined.

HRT can be administered by skin patches, injections or 
orally, and the administration of HRT may be continuous 
(every day), sequential (for part of each month), or less 
frequent. However, a large number of the original studies 
did not mention the type and frequency of administration. 
Thus, the effects of different types of HRT administration 
on lung cancer also need to be examined.

The pooled case-control studies showed that the 
concerns of women who ever use HRT to alleviate peri- 
or postmenopausal symptoms about the risk of lung cancer 
can be alleviated. The pooled cohort studies showed that 
current HRT use in women reduces the incidence of lung 
cancer, the same result in postmenopausal women with 
current HRT use. Due to the role of hormone receptors, 
hormone-related genes SNPs, and BC risk, clinical 
treatment decisions under a multidisciplinary approach will 
be more important and clinicians should pay more attention 
to individualized and targeted treatment.

This meta-analysis had some potential limitations. 
First, after the early termination of the Women’s Health 
Initiative (WHI) trial in 2002 and the publication of 
the original WHI results on BC (83), although we have 
searched as many databases as possible, there might be 
a publication bias that could affect the results of our 
systematic review. Second, although we included a large 
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number of prospective cohort trials but no randomized 
controlled trials were involved, the evidence of this meta-
analysis might be weak or lacking. Hence, the associations 
should be further made by using data from randomized 
controlled studies. Third, a limitation of this analysis is that 
few published studies provided detailed information about 
HRT use and participants. Therefore, further research 
needs to be conducted on HRT administration types and 
the dosage of hormones among participants with different 
hormone receptors, IGF-I levels and relevant genes SNPs 
information.

Conclusions

Our meta-analysis showed that different HRT use can 
reduce the incidence of lung cancer to some extent. When 
perimenopausal and postmenopausal women use current 
HRT to reduce menopausal symptoms, concerns about 
the risk of lung cancer can be reduced. In our pooled case-
control studies, we found ever HRT use was associated 
with the reduced incidence of lung cancer among female 
non-smokers and participants with BMI ≤25. Meanwhile, 
given the roles of hormone receptors, increased incidence 
of BC, and relevant genes SNPs, multidisciplinary clinical 
treatment decisions are required.
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