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Abstract
Background: A few publications have reported the prevalence of asthma in polycystic ovary syndrome
(PCOS) patients. But it remains debatable whether PCOS is an independent risk factor of asthma. Thus
we carried out this systematic review and meta-analysis to assess the association between PCOS and
asthma.

Methods PubMed, Embase, web of science, Scopus, Cochrane trial register, China National Knowledge
Infrastructure (CNKI) and Wanfang Databases were searched for studies published from inception to
October 2020. We extracted the data and performed the meta-analysis under the guidance of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). We used a random-
effects model and calculated the odds ratios (ORs) and 95% con�dence intervals (95% CIs).

Results A total of 6 articles concerning 26876 PCOS women and 156143 healthy controls were included.
According to the result of the study, PCOS patients have increased risk of asthma (OR=1.75, 95%CI=1.40–
2.19, I2=91.2%, P=0.000, random-effects model). When strati�ed by region, diagnostic cirteria for asthma
and study design, the results did not show signi�cant difference.

Conclusions  PCOS leads to higher asthma risk, and this association is independent to region, diagnostic
cirteria for asthma and study design. 

Background
Polycystic ovary syndrome (PCOS) is characterized by chronic anovulation, insulin resistance and
hyperandrogenism. Its prevalence differs with ethnicity and country, from 5.6%(China)[1] to 16.0%(Middle
Eastern)[2]. Its prevalence increased rapidly from age 12 to 14, peaked between 15 and 24 years old, and
then gradually decreased, reaching the lowest point before menopause[3]. Its pathogenic mechanism is
not yet clear. The possible pathogenic factors including genetic factor, environmental factor, endocrine
factor and other factors.

PCOS patients have a higher risk of metabolic disorders[4] and are more easily to be diagnosed as
hypertension[5], cardiovascular disease[6], diabetes[7] and non-alcoholic fatty liver[8]. Asthma is a chronic
in�ammatory airway disorder symbolized by coughing, wheezing, breath shortness, sharing a lot of
characteristics with PCOS. PCOS is always associated to irregular menstruation cycle and hormone
disorder. Females have a higher asthma prevalence compared with males. Fluctuations of hormones in
menstruation cycle will lead to the alternation of asthma relieve  allergen-mediated airway
in�ammation[9]. Patients have more severe asthma symptoms, and decreased peak �ow rates during
premenstrual phase than in menstrual phase[10]. Asthma symptoms also worsen in menopausal
women[11]. PCOS patients have prolonged premenstrual phase and are more likely to be anovulation, thus
may result in increased asthma risk. Nearly half of PCOS patients suffer from metabolic syndrome. at the
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same time, metabolic syndrome, together with low serum HDL, larger waist circumference, insulin
resistance are all risk factors of asthma[12].

Despite the fact that PCOS has been recognized as a risk factor of various diseases such as hypertension
and diabetes. There are still few articles concerning the prevalence of asthma in PCOS patients, and the
underlying mechanisms of PCOS affecting asthma is still doubtful.

In order to get better understanding on the co-existance of PCOS and asthma,  we performed this meta-
analysis on the prevalence of asthma in PCOS patients. Studies based on different population and
different study type were analysed respectively. In this study, we aim to �gure out whether asthma
prevention and early treatment are bene�cial to improve life quality of PCOS patients.

Materials And Methods
This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)[13]. Ethics approval is not required when human subjects were not involved.

Search strategy
In this meta-analysis, a comprehensive search was performed on PubMed, Embase, web of science,
Scopus, Cochrane trial register, China National Knowledge Infrastructure (CNKI) and Wanfang Databases
from inception to October, 2020. Article was restricted to human studies. language limitation was not
applied. We used a combined search strategy for PCOS and asthma. For PCOS, the following terms were
used "PCOS", "polycystic ovary syndrome", "polycystic ovary",”Stein Leventhal Syndrome”. For asthma,
the following terms were used: "asthma", "wheezing". All Potential studies were browsed by two
independent reviewers, and elementary selection was conducted. If there was a controversy on inclusion
of one article, two additional authors (J.J. and L.D.) will view the article and made the decision. All
studies concerning the difference of the prevalence of asthma between PCOS patients and controls were
included. We also browsed the references of included articles for more potential articles.

Inclusion criteria
Observational studies, such as cross-sectional studies, case-control studies and cohort studies
comparing the prevalence of asthma in PCOS patients with controls were included in the meta-analysis.
Necessary information must be available in studies to calculate the odds ratio [OR], otherwise a risk ratio
(OR, relative risk [RR], or hazard ratio[RR]) should be directly provided.

Exclusion criteria
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All abstracts, review articles, meta-analyses, letters, case reports and expert opinions were excluded.
Studies without complete data or lack control group were also removed. For articles that based on same
population source, only the latest and most detailed report was included.

Data extraction and quality assessment
Two independent reviewers(S.H.H. and W.X.X.) extracted following data from article texts and tables:
Title, author names, year of publication, study design, geographic region, characteristics of PCOS and
matched control population, diagnostic criteria for PCOS and asthma and the event number of PCOS and
matched control population. Adjusted risk ratio such as adjusted odds ratio [aOR], adjusted relative
risk[aRR] was also collected if given.

The quality of the Included studies were assessed by two investigators (S.H.H. and W.X.X.), using the
Newcastle-Ottawa Scale (NOS) separately. If they have different opinions, two other reviewers (L.D.and
J.J) will resolve the dissagreement. Only high quality (obtaining ≥70% of the highest score) or moderate
quality (obtaining 40-70% of the highest score) articles will be included.

Statistical analysis
The odds ratio (OR) and 95% con�dence intervals (CIs) were used to measure the difference of asthma
prevalence between PCOS patients and matched control group. I2 test, Galbraith plot and funnel plot
analyses were used to detect heterogeneity. Random-effects model was applied due to signi�cantly
heterogeneity was found.We also performed subgroup analyses on geographic region, study design and
diagnostic criteria for PCOS. Begg’s test and Egger’s test were applied to detect potential publication bias.
Statistical analyses were conducted using Stata software version 11.0.

Results

Summary of the literature search
A total of 465 records was identi�ed using our search Strategy as �gure.1 demonstrates. Among these
publications, 144 were excluded due to duplication. Titles and abstracts of 321 articles were reviewed,
307 articles were excluded according to the given inclusion and exclusion criteria. The rest 12 potentially
related articles were assessed by full-text reading. 4 studies based on same population source or did not
have appropriate control group were further excluded[14-17]. 2 articles were removed from the meta-
analysis due to no useful estimate was reported or not enough data was used to calculate it[18, 19]. 6
articles were �nally included in the meta-analysis[20-25].

Study characteristics
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Characteristics of the studies included were summarized in Table 1. Six studies were included capturing
26876 women with PCOS and 156143 controls. Of the 6 studies, 4 were prospective cohort study and 2
were retrospective cohort study. Half of those studies used the Rotterdam criteria for PCOS diagnosis and
another half used the ICD criteria. Subjects included in the meta-analysis were from three different
countries including Australia, Norway and Denmark. The diagnostic cirteria for asthma varied from
articles, in three studies the diagnosis is made based on medical record, and in another one based on
doctor’s diagnosis. Three rest studies were based on questionnaire. There was no substantial publication
bias found in funnel plot and in Begg’s test and Egger’s test. 

Asthma in PCOS patients
6 studies that comparing PCOS patients with matched controls regarding to asthma risk were included.
The random-effects model was applied due to a signi�cant heterogeneity was found (I2=91.2%, P-
heterogeneity=0.000). Comparing to the control group, the PCOS group had a signi�cantly higher risk of
asthma (OR=1.75, 95%CI=1.40–2.19) (Fig.2). Subgroup analyses were also performed grouped by
geographic region, diagnostic criteria for asthma and study design. When classi�ed by geographic region.
We found approximately increased PCOS-associated asthma risk in PCOS patients from all involved
countries such as Australia (OR=1.89, 95% CI=1.10–3.25), Denmark(OR=1.43, 95% CI=1.29–1.58) and
Norway (OR=2.50, 95% CI=1.47–4.25)(Fig.4). Suggesting that PCOS-associated asthma risk is
independent to geographic region. According to the conclusion of subgroup analysis grouped by
diagnostic cirteria for asthma, different diagnostic cirteria did not affect the impact of PCOS on asthma
signi�cantly, whether the diagnosis is based on medical records (OR =1.82, 95% CI=1.30–2.54) or on
questionnaire(OR=1.59, 95% CI=1.15–2.22)(Fig.5). When sorted by study design, both prospective cohort
studies(OR=1.44, 95% CI=1.32–1.57) and retrospect studies (OR =2.46, 95% CI=2.16–2.82)(Fig.6)
believed PCOS is a risk factor of asthma independent to study design.

 

Discussion
Currently, the incidence of asthma among PCOS patients still remains controversial. In recent years, more
than a dozen articles from different countries have reported the prevalence of asthma in PCOS
patients[26-28]. However, due to the differences in race, population, patient age, BMI and other factors, the
results were not consistent. Therefore, we performed this meta-analysis. To our knowledge, it is the �rst
systematic evaluation of asthma incidence in polycystic ovary syndrome. Six articles were included
including 26876 cases of PCOS women and 156143 cases of control. The incidence of asthma was
found to be 1.75 fold higher in PCOS women, suggesting that PCOS is a risk factor for asthma.

The underlying mechanism of the co-existence of PCOS with asthma may be explained from the
following aspects: 1. Both PCOS and asthma are associated with hormonal abnormalities and menstrual
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cycle disorders. 2. PCOS leads to a series of metabolic disorders, such as hyperandrogen, insulin
resistance, obesity and hypertension, which are susceptible factors for asthma; 3. Asthma usually co-
exsits with systemic in�ammation, which may result in cytokine disorders. Hormone disorder and
menstrual cycle disorder are important symptoms of PCOS. Various studies found that asthma is
associated with menstrual disorders and hormone disturbance. Asthma symptoms varies with
menstruation cycle[10]. The cyclic deterioration of asthma symptoms during the luteal phase or during the
first days of menstruation were termed premenstrual asthma (PMA)[29]. Asthma attacks happen more
frequently in premenstrual phase. Asthmatic girls have earlier menstruation than healthy girls, and the
severity of asthma changes with the age of menarche. Asthmatic girls(50.0%) were more likely to have
menstrual disorders than healthy girls(27.8%). while few of asthmatic girls(68.0%) show the symptom of
algomenorrhea than healthy girls(80.6%)[30]. In addition, the forced vital capacity (FVC) of women with
menstrual irregularity or oligo menorrhea was signi�cantly lower than that of women with regular
menstruations[31]. Another population-based study also showed that oligomenorrhea is risk factor of
asthma symptoms (OR:1.76; 95% CI:1.29-2.40), oligomenorrhea and BMI positively correlate with asthma
symptoms and negatively correlate with FVC and forced Expiratory Volume in the �rst second (FEV1)[32].

Metabolic syndrome is a syndrome characterized by dyslipidemia, hypertension, insulin resistance, and
abdominal obesity. It is estimated that around half of PCOS patients suffer from the metabolic
syndrome[33]. Metabolic syndrome[34] and obesity[35] are both risk factors for asthma, asthma symptoms
worsen with the degree of  metabolic syndrome. Obese individuals have a higher risk of developing
asthma over time, and have a poorer response to asthma treatment. At the same time weight loss
improves the symptoms of asthma in those patients. Supposing that metabolic syndrome may act as a
linking center between PCOS and asthma, metabolic syndrome co-exists with PCOS aggravate asthma
syndrome.

PCOS usually co-exists with systematic in�ammation. Excessive activation of in�ammatory cytokines
will lead to airway hyper responsiveness and may �nally result in asthma. High levels of CRP are found in
both lean and obese PCOS patients[36]. IL-18 is another important cytokine in PCOS which can stimulate
TNF, IL-6 and CRP. IL-18 and CRP levels are raised in PCOS patients [37]. Moreover, IL-17 and TNF are well
known markers of low grade systemic inflammation among patients with PCOS. As for asthma, serum
levels of IL-17, IL-18, TNF and CRP are associated with asthma symptoms and impaired lung function[38]

. Systematic in�ammation may be another center of the crosstalk between PCOS and asthma .

Due to various reasons, this study still has some shortages and limitations. Up to now, the reports on the
incidence of asthma in PCOS patients were limited. And this meta analysis only contains studies from
three countries, prevalence data from other countries were absent. In addition, most of the asthma
diagnosis in included studies were made based on "case record" or "self-report", without clear and uni�ed
diagnostic criteria. Futher more, there is no subgroup analysis of different asthma types, whether they are
drug-induced or allergic, and whether the age of onset is in childhood or in adulthood. In addition, only 2
articles adjusted the odds ratio by age, BMI and other factors, while the others only provided rough odds
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ratio. Thus, high-quality studies on the association between PCOS and asthma were still needed to
resolve the dispute.

Conclusions
The results of the current study show that PCOS is an independent risk factor of asthma, regardless to
region, diagnostic cirteria for asthma and study design.

Abbreviations
PCOS: polycystic ovary syndrome; CI: con�dence interval; PRISMA: Preferred reporting items for
systematic reviews and meta-analyses; OR: odds ratio; RR: relative risk.

Declarations

Acknowledgements
None

Authors’ contributions
Xiuxia Wang and Da Li designed the study, Honghao Sun and Jiao jiao contributed to literature search,
data extraction and statistics, Qing Liu and Jiansu Bian prepared the manuscript. All authors read and
approved the �nal manuscript.

Funding
This work was supported by the National Natural Science Foundation of China (No. 81671423, No.
81402130, and No. 81501247), the Fok Ying Tung Education Foundation (No. 151039), and
Distinguished Talent Program of Shengjing Hospital (No. ME76).

Availability of data and materials
The datasets analysed in the current study are available from the corresponding author if required.

Ethics approval and consent to participate
Not applicable.



Page 8/29

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

References
1. Li R, Zhang Q, Yang D, et al. Prevalence of polycystic ovary syndrome in women in China: a large

community-based study. Hum Reprod. 2013. 28(9): 2562-9.

2. Ding T, Hardiman PJ, Petersen I, Wang FF, Qu F, Baio G. The prevalence of polycystic ovary syndrome
in reproductive-aged women of different ethnicity: a systematic review and meta-analysis.
Oncotarget. 2017. 8(56): 96351-96358.

3. Zhuang J, Liu Y, Xu L, et al. Prevalence of the polycystic ovary syndrome in female residents of
Chengdu, China. Gynecol Obstet Invest. 2014. 77(4): 217-23.

4. Sam S, Scoccia B, Yalamanchi S, Mazzone T. Metabolic dysfunction in obese Hispanic women with
polycystic ovary syndrome. Hum Reprod. 2015. 30(6): 1358-64.

5. Joham AE, Boyle JA, Zoungas S, Teede HJ. Hypertension in Reproductive-Aged Women With
Polycystic Ovary Syndrome and Association With Obesity. Am J Hypertens. 2015. 28(7): 847-51.

�. Wekker V, van Dammen L, Koning A, et al. Long-term cardiometabolic disease risk in women with
PCOS: a systematic review and meta-analysis. Hum Reprod Update. 2020 .

7. Condorelli RA, Calogero AE, Di MM, La Vignera S. PCOS and diabetes mellitus: from insulin
resistance to altered beta pancreatic function, a link in evolution. Gynecol Endocrinol. 2017. 33(9):
665-667.

�. Asfari MM, Sarmini MT, Baidoun F, et al. Association of non-alcoholic fatty liver disease and
polycystic ovarian syndrome. BMJ Open Gastroenterol. 2020. 7(1).

9. Yung JA, Fuseini H, Newcomb DC. Hormones, sex, and asthma. Ann Allergy Asthma Immunol. 2018.
120(5): 488-494.

10. Murphy VE, Gibson PG. Premenstrual asthma: prevalence, cycle-to-cycle variability and relationship
to oral contraceptive use and menstrual symptoms. J Asthma. 2008. 45(8): 696-704.

11. Macsali F, Svanes C, Sothern RB, et al. Menstrual cycle and respiratory symptoms in a general
Nordic-Baltic population. Am J Respir Crit Care Med. 2013. 187(4): 366-73.

12. Park S, Choi NK, Kim S, Lee CH. The relationship between metabolic syndrome and asthma in the
elderly. Sci Rep. 2018. 8(1): 9378.

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Int J Surg. 2010. 8(5): 336-41.



Page 9/29

14. Htet TD, Teede HJ, de Courten B, et al. Asthma in reproductive-aged women with polycystic ovary
syndrome and association with obesity. LID - 1601334 [pii] LID - 10.1183/13993003.01334-2016
[doi]. Eur Respir J. 2017. 49(5).

15. Hart RJ, Doherty DA. Associations of a diagnosis of PCOS with general medical health using data
linkage. Fertility and SterilityFertil. Steril.. 2013. 100(3): S360-S361.

1�. Joham AE, DeCourten B, Moran LJ, Loxton D, Teede HJ. Prevalence of asthma in reproductive-aged
women with polycystic ovary syndrome: New results from the Australian longitudinal study on
women's health. Endocrine ReviewsEndocr. Rev.. 2016. 37(2): -.

17. Doherty DA, Newnham JP, Bower C, Hart R. Implications of polycystic ovary syndrome for pregnancy
and for the health of offspring. Obstetrics and GynecologyObstet. Gynecol.. 2015. 125(6): 1397-
1406.

1�.  Zein JG, Yaqoob Z, Al-Kindi SG, et al. Polycystic ovary syndrome is associated with a higher risk for
asthma. American Journal of Respiratory and Critical Care MedicineAm. J. Respir. Crit. Care Med..
2017. 195: -.

19. Karjula S, Morin-Papunen L, Tapanainen JS, Piltonen TT. Women with PCOS report decreased health
status and present with several BMI-independent comorbidities from reproductive age on-a 15-year
population based cohort study. Human ReproductionHum. Reprod.. 2015. 30: i406-i407.

20. Underdal MO, Salvesen O, Henriksen AH, Andersen M, Vanky E. Impaired Respiratory Function in
Women With PCOS Compared With Matched Controls From a Population-Based Study. LID - dgz053
[pii] LID - 10.1210/clinem/dgz053 [doi]. J Clin Endocrinol Metab. 2020. 105(1).

21. Zierau L, Meteran H, Backer V, Lindenberg S, Skytthe A, Thomsen SF. The risk of asthma is increased
among women with polycystic ovary syndrome: a twin study. LID - 00018-2018 [pii] LID -
10.1183/23120541.00018-2018 [doi]. ERJ Open Res. 2019. 5(3).

22. Grieger JA, Hodge A, Mishra G, Joham AE, Moran LJ. The Association between Dietary Intake,
Asthma, and PCOS in Women from the Australian Longitudinal Study on Women's Health. LID - E233
[pii] LID - 10.3390/jcm9010233 [doi]. J Clin Med. 2020. 9(1).

23. Zierau L, Cortes R, Thomsen SF, Jimenez-Solem E, Lindenberg S, Backer V. Asthma severity and
fertility outcome in women with polycystic ovary syndrome: a registry-based study. LID - 00138-2017
[pii] LID - 10.1183/23120541.00138-2017 [doi]. ERJ Open Res. 2018. 4(4).

24. Glintborg D, Hass RK, Nybo M, Abrahamsen B, Andersen M. Morbidity and medicine prescriptions in a
nationwide Danish population of patients diagnosed with polycystic ovary syndrome. Eur J
Endocrinol. 2015. 172(5): 627-38.

25. Hart R, Doherty DA. The potential implications of a PCOS diagnosis on a woman's long-term health
using data linkage. J Clin Endocrinol Metab. 2015. 100(3): 911-9.

2�.  Zierau L, Gade EJ, Lindenberg S, Backer V, Thomsen SF. Coexistence of asthma and polycystic ovary
syndrome: A concise review. Respir Med. 2016. 119: 155-159.

27. Glintborg D, Andersen M. Medical comorbidity in polycystic ovary syndrome with special focus on
cardiometabolic, autoimmune, hepatic and cancer diseases: an updated review. Curr Opin Obstet



Page 10/29

Gynecol. 2017. 29(6): 390-396.

2�. Nasser HA, NZA E, Abdel-Mageed HM, Radwan RA. Body Mass Index and C-reactive Protein Are
Potential Predictors of Asthma Development in Egyptian Polycystic Ovary Syndrome Patients. J Med
Biochem. 2019. 38(4): 427-436.

29. Sánchez-Ramos JL, Pereira-Vega AR, Alvarado-Gómez F, Maldonado-Pérez JA, Svanes C, Gómez-
Real F. Risk factors for premenstrual asthma: a systematic review and meta-analysis. Expert Rev
Respir Med. 2017. 11(1): 57-72.

30. Drosdzol A, Skrzypulec V, Wilk K, Rachel M. The in�uence of bronchial asthma on menstrual cycle. J
Physiol Pharmacol. 2007. 58 Suppl 5(Pt 1): 165-73.

31. Thornton J, Lewis J, Lebrun CM, Licskai CJ. Clinical characteristics of women with menstrual-linked
asthma. Respir Med. 2012. 106(9): 1236-43.

32. Real FG, Svanes C, Omenaas ER, et al. Menstrual irregularity and asthma and lung function. J Allergy
Clin Immunol. 2007. 120(3): 557-64.

33. Ranasinha S, Joham AE, Norman RJ, et al. The association between Polycystic Ovary Syndrome
(PCOS) and metabolic syndrome: a statistical modelling approach. Clin Endocrinol (Oxf). 2015.
83(6): 879-87.

34. Singh M, Gupta N, Kumar R. Effect of obesity and metabolic syndrome on severity, quality of life,
sleep quality and in�ammatory markers in patients of asthma in India. Pneumonol Alergol Pol. 2016.
84(5): 258-64.

35. Tomita Y, Fukutomi Y, Irie M, et al. Obesity, but not metabolic syndrome, as a risk factor for late-onset
asthma in Japanese women. Allergol Int. 2019. 68(2): 240-246.

3�. Ganie MA, Hassan S, Nisar S, et al. High-sensitivity C-reactive protein (hs-CRP) levels and its
relationship with components of polycystic ovary syndrome in Indian adolescent women with
polycystic ovary syndrome (PCOS). Gynecol Endocrinol. 2014. 30(11): 781-4.

37. Khashchenko E, Vysokikh M, Uvarova E, et al. Activation of Systemic In�ammation and Oxidative
Stress in Adolescent Girls with Polycystic Ovary Syndrome in Combination with Metabolic Disorders
and Excessive Body Weight. J Clin Med. 2020. 9(5).

3�. Kubysheva N, Boldina M, Eliseeva T, et al. Relationship of Serum Levels of IL-17, IL-18, TNF-α, and
Lung Function Parameters in Patients with COPD, Asthma-COPD Overlap, and Bronchial Asthma.
Mediators In�amm. 2020. 2020: 4652898.

Table
Due to technical limitations, table 1 is only available as a download in the Supplemental Files section.

Figures



Page 11/29

Figure 1

References searched and selection of studies in the meta–analysis.
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Figure 1

References searched and selection of studies in the meta–analysis.
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Figure 1

References searched and selection of studies in the meta–analysis.
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Figure 2

Forest plot comparing the odds of asthma in PCOS patients and in controls
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Figure 2

Forest plot comparing the odds of asthma in PCOS patients and in controls
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Figure 2

Forest plot comparing the odds of asthma in PCOS patients and in controls
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Figure 3

Funnel plot of the included studies in the meta-analysis
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Figure 3

Funnel plot of the included studies in the meta-analysis
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Figure 3

Funnel plot of the included studies in the meta-analysis
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Figure 4

Forest plot of subgroup analysis grouped by geographic region: 1. Australia 2.Denmark 3. Norway
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Figure 4

Forest plot of subgroup analysis grouped by geographic region: 1. Australia 2.Denmark 3. Norway
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Figure 4

Forest plot of subgroup analysis grouped by geographic region: 1. Australia 2.Denmark 3. Norway
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Figure 5

Forest plot of subgroup analysis grouped by diagnostic cirteria for asthma: 1. Questionnaire 2. Medical
record
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Figure 5

Forest plot of subgroup analysis grouped by diagnostic cirteria for asthma: 1. Questionnaire 2. Medical
record
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Figure 5

Forest plot of subgroup analysis grouped by diagnostic cirteria for asthma: 1. Questionnaire 2. Medical
record
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Figure 6

Forest plot of subgroup analysis grouped by study design: 1.Prospective cohort study 2. Retrospective
cohort study
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Figure 6

Forest plot of subgroup analysis grouped by study design: 1.Prospective cohort study 2. Retrospective
cohort study
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Figure 6

Forest plot of subgroup analysis grouped by study design: 1.Prospective cohort study 2. Retrospective
cohort study
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