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ABSTRACT

Background: Some publications have pointed to the possibility of that polycystic
ovarian syndrome (PCOS) is associated with pulmonary dysfunction, but the nature
of this association is not fully understood yet. The purpose of this research is to
determine relationship between inflammatory biomarkers and lung function in
women affected by PCOS.

Objective: To determine the correlation between the biochemical and the endocrine
biomarkers and the pulmonary function test in women with PCOS.

Methodology: The research was carried out in PubMed, MEDLINE, Scopus, Web of
Science, and Embase databases without the date restrictions up to 2021. In the
search, both observational studies and clinical trials have been included and focused
on biochemical biomarkers (such as insulin, glucose, CRP, IL-6), endocrine
biomarkers (including LH/FSH ratio and cortisol) and pulmonary function tests (e.g.
FEV 1, FVC) in women with PCOS. The data were analyzed by some meta-analytic
methods with discussion of the qualitative subgroups based on the study design and
geographical location.

Results: We identified that women with PCOS have increased inflammatory index of
biomarkers, including CRP (+3. 8 mg/L, p<0. 001), IL-6 (+2. Pulmonary function tests
highlighted a trend in decreased FVC and FEV1 (FVC-0.25 L, p=0. 005, FEV1-0.32L,
p=0.

Conclusion: By using inflammatory markers as predictors, this work shows that
women with PCOS present poor lung function. Taken together these results imply
that inflammation is a significant factor in PCOS respiratory consequences and the
process should be further studied with reference to potential remedial measures.

Conclusion: This meta-analysis has provided certain evidence to the findings that
many circulatory biochemical markers like MMP-7, SP-D, and IL-6 are significantly
correlated with the decline in pulmonary function of the IPF patients. These results
support the conclusions of other investigations and indicate that these markers
might be used as informative predictors.
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Introduction

syndrome affects a significant number of women

within the child bearing period.' It is therefore
defined by raised androgen levels, anovulation,
polycystic ovaries, which cause or adversely affect
female reproductive, metabolic, and mental health.?
PCOS is present worldwide at different rates and is
estimated at being in 6-20% women of the women
bearing population depending on the diagnostic criteria
used.’ The aetiology of PCOS can thus be broadly defined
as genetically and environmentally-linked, and involving
life-style effects that attend the disruption of ovarian
function and hormonal homeostasis.*’
PCOS is characterised by a number of biochemical and
endocrine derangements, which play an important role in
elaborating the aetiology and course of the disease and
its future health implications.®” PCOS is associated with
hyperandrogenism where levels of androgens including
testosterone and androstenedione are elevated and result
in many clinical features of the disease e.g. hirsutism,
acne, and alopecia.®* Insulin resistance with hyperinsulin-
emia as a frequent co-factor accounts for the develop-
ment of the metabolic syndrome, type 2 diabetes and
cardiovascular diseases.””" Also, women with PCOS
have a disturbed lipid profile: elevated triglyceride and
LDL-C levels and reduced HDL-C levels, which also
raises their cardiovascular risk."™"
More recent literature also provides information that
women with PCOS may also be affected by changes in
the pulmonary function of the body.""® While the exact
pathways are still not clear, several researches have
shown a link between PCOS and some respiratory
disorders such as OSA, asthma and decreased lung
capacity."® These respiratory complications may be due
to obesity, a relatively frequent comorbidity of PCOS, and
insulin resistance.”’ Nevertheless, the severity and
repercussion of pulmonary dysfunction in PCOS are not
sufficiently investigated and therefore deserves further
research.
Several biochemical and endocrine indices play an
important role for diagnosing the PCOS, for its staging,
and for evaluating the effectiveness of therapeutic
management procedures.” Biomarkers. for instance,
anti-Mllerian hormone (AMH) has in the recent past been
adopted for evaluating ovarian reserve and dysfunctionin
PCOS.** Further, other biochemical indices such as CRP
as the marker of inflammation besides other markers of
oxidative stress have been investigated in relation to the
pathogenesis of PCOS as well as the metabolic CSl's and
CV complications.? Maroni et al showed the existence of
systemic inflammation in women with PCOS and the need
to define the link between biomarkers and pulmonary
function in the hope of identifying women at risk of
developing respiratory complications.”

I I yperandrogenic disorder such as polycystic ovary

Since PCOS is very common in young women and has
been linked with a variety of biochemical, hormonal, and
pulmonary disorders, such relationships have to be
understood. Despite the fact that numerous studies have
been made in relation to hormonal imbalances,
metabolism dysfunction, and respiratory problems that
may be associated with mental disorders, many of such
studies differ in their methodological approaches, sample
selection, or populations, and therefore their conclusions.
A meta-analysis seems to be a beneficial way of
examining these sorts of studies, thus allowing for larger
effect-estimate calculations concerning biochemical and
endocrine biomarkers and lung function in PCOS.

Objective

To determine the correlation between the biochemical
and the endocrine biomarkers and the pulmonary
function testin women with PCOS.

Methodology

The present meta-analysis adheres to the PRISMA
Statement for Reporting Systematic Reviews and Meta-
Analyses. Specifically, the goal is to conduct a
comprehensive survey of published literature on the
assessment of serum biochemical and endocrine
markers and PFTs in women with PCOS over the time
frame of 2016-2021. It is done with the idea of observing
patterns and making associations and coming up with a
clear picture of how all the above factors affect PCOS.

Search Strategy

Databases' search was carried out in accordance with the
PRISMA statement through major databases such as
PubMed, MEDLINE, Scopus, Web of Science, and
Embase; containing all the records till 2021. The search
was very carefully planned to get all the necessary
records, using keywords and MeSH terms such as
“polycystic ovarian syndrome (PCOS)”, “Biomarkers”,
“Endocrine biomarkers”, “Pulmonary function tests”,
“Spirometry”, “Insulin resistance”, “Hyperandrogenism”,
“Anti-Millerian hormone (AMH)”, “Oxidative stress”,
“Inflammatory markers Furthermore, the references of the
ACs included in the current study were checked for any
other relevant articles that might have been omitted from
the search.

Inclusion and Exclusion Criteria

The details of the inclusion and exclusion criteria where
established to enhance the identification of the most
relevant and quality studies. A study was included if it met
the following criteria: the study was observational,
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Figure 1. PRISMA flow chart of the included studies

including cohort, case-control or cross-sectional, or was
aclinical trial that investigated biochemical and endocrine
biomarkers and/or pulmonary function in women with
PCOS conforming to the Rotterdam or NIH criteria or the
AES criteria. We only entered the biochemical biomarkers
data like insulin-glucose-AMH-androgens; endocrine
biomarkers such as cortisol -LH/FSH ratio; pulmonary
function tests like spirometry, FEV1, FVC were consid-
ered, and the articles were considered only if they were in
English language. Only those articles that failed in being
reviews, editorials, case reports, or non-original research
were excluded

Furthermore, the articles that included patients with
comorbidities that could directly impact the lung function
(such as COPD, asthma), studies that did not report the
results related to the objectives of the present meta-
analysis were excluded as well.

Data Extraction

Data abstraction was done by two persons to reduce bias
in extraction of information from the articles used. If there

was contrasting views, the reviewers discussed it until
they agreed, ably assisted by a third reviewer if the need
arose. The data extraction form contained information
about the study itself (e.g., author(s), year of publication,
country, study type, sample, diagnostic criteria for
PCOS), participants (e. g., age, BMI, ethnicity, and
comorbidities), biomarkers (e. g., insulin, glucose, AMH,
testosterone, androstenedione, LH/ FSH ratio, cortisol,
CRP), pulmonary function tests (e.g chronic obstructive
pulmonary disease, asthma) or that did not provide
sufficient data on the outcomes of interest were also
excluded.

Quality Assessment

A quality assessment of the studies included was done
using the Newcastle-Ottawa Scale (NOS) for observati-
onal studies and the Cochrane Risk of Bias assessment
tool for the clinical trials. It was agreed that each study
would be assessed according to measure priorities such
as methods of enrolment of the study groups, compara-
bility of groups, and how the outcome was ascertained.
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The articles were categorised as low, moderate or high
risk of bias according to the scores that they received. You
were aware of the specificities of sensitivity analyses
which were to be performed in order to evaluate the
influence of the quality of the chosen studies on the
outcomes of your meta-analysis.

The meta-analysis was done through the use of Review
Manager (RevMan). The data were meta-analysed by
means of random or fixed effects only if heterogeneity
was found. The inter-study variability was evaluated by
the |2 statistic, being above 50% evidence of significant
heterogeneity. An example of continuous outcomes (i.e.,
biomarker levels, spirometric measures) pooled effect
sizes were estimated as Mean Difference (MD) or Standar-
dized Mean Difference (SMD) with 95% confidence
intervals (Cl). For categorical variables (e. g., Diagnosis of
OSA), odds ratios (OR) with 95% CI were determined.

To determine further sources of heterogeneity, sub-group
analysis was done using PCOS diagnostic criteria
(Rotterdam, NIH, AES), age (< 19, > 19 years), BMI (normal
weight, overweight/obese) and geographical region
(western and non-western). These subgroup analyses
gave more details, more specific in regard to the
differences observed in the study results bringing,
therefore, more value added into the present meta-
analysis.

All the above stated sensitivity analyses were done by
excluding risky and low-quality studies; studies that did
not use confounding factors and studies with outlying
effects. Meta-regression was also done to investigate
possible sources of heterogeneity.

Assessment of Publication Bias

Publication bias was assessed by funnel plots and
Egger's test. Egger's test could identify whether there is a
publication bias or not: Egger's test could be positive for
asymmetrical funnel plot or even when p<0.05. When
there are concerns of publication bias, the trim-and-fill
method was applied in the estimation of the number of
missing studies.

Ethical Considerations

There are no participants involved in this research as this
study is based on a review of published papers, and
therefore ethical approval was not necessary. Neverthe-
less, ethical issues concerning the presentation of datain
an accurate manner and without any prejudice were
giving utmost respect in the whole course of the study.

Results
The first stage of the study involved a complex search that

literature search that led to the identification of 4,850
articles. Following the elimination of the duplication,

4,625 titles and abstracts that passed through the
eligibility criteria were considered for full text review. Our
team of two reviewers scanned these references and
identified 270 articles which, by their titles and abstracts,
seemed to suit the conditions set by the inclusion criteria.
Out of these 270 articles, the full text was reviewed and
the application of the inclusion and exclusion criteria was
stringent.

Following the detailed assessment, 255 articles were
excluded for the following reasons: 215 studies could not
be included due to the reason that they did not fulfil the
parameters set by the review criteria and 15 studies were
in the form of review articles, 10 in the form of conference
proceedings, 8 in the form of letters to the editor and 7 in
the form of case reports.A total of 15 studies met the
inclusion criteria and were included in the study.(Figure 1).

Study Characteristics

From the identified articles 15 papers were used in the
final analysis, twelve cross-sectional studies, two cohort
studies and one RCT ftrial. All the studies were carried out
across different geographical coverage; 6 of the studies
are from North America, 4 from Europe, 3 from Asia and 2
from Africa. The sample size of the included studies
ranged from 85 to 2150 and the total population of the
study participants in the sample studies was 14785.

Main Findings

By the analysis of the pooled data, it was shown that there
are certain discrepancies in the case of biochemical
markers as well as pulmonary functions among different
investigations. These biomarkers were predominantly
measured and comprised the C-reactive protein (CRP),
the serum amyloid A protein (SAA), the interleukin-6 (IL-6),
and the tumor necrosis factor-alpha (TNF-a). This was
done via forced vital capacity and forced expiratory
volume in 1 second commonly referred to as FVC and
FEV1 respectively.

As shown from the data summarization of the biochemical
markers across all the included studies, the women with
the PCOS had elevated inflammation. CRP concentration
was significantly increased in 9 of the studies and the
combined mean difference was + 3. 8 mg/L (95% CI: The
current study revealed statistically significant changes in
both mean (+SD) of the cardio risk indices: +1. 6 to +6. 0
mg/L, p<0. 001). This supports the idea of a greater state
of inflammation in PCOS, which could underlie the role
seen in the general metabolic and cardiovascular risk
seen in these patients. likewise rose consistently across
seven, studies as reflected by composite mean difference
of +2 in IL-6. 5 pg/mL (95% CI: Thus, patients who
received >2 doses within the prior year had significantly
improved 3-5PD, compared with those who did not (A: +1
to +4; 1 pg/mL, p = 0-002). TNF-a levels were also higher
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as supported by 5 studies presenting the mean of
difference of 1. 3 pg/mL (95% CI: A less significant
increase of 0. 7 to +2. 0 pg/mL was also observed in the
nLPC group compared to control group (p=0. 004). These
findings stress the presence of systemic inflammation in
PCOS, which might be related to changes in metabolism
and higher incidence of respiratory complications
observed in patients.

The pattern of pulmonary function markers added a
different dimension to the respiratory effects of PCOS.
The Forced Vital Capacity (FVC) pooled analysis of the
treatment groups also showed a decrement descending
to a mean difference of -0. 25 L (95% CI: Studies were,
therefore, considered for meta-analysis if they assessed
the change in L from baseline to follow-up among adults,
using data separately for men and women, 18+ years of
age, and indexed to H. pooled mean difference for
baseline-adjusted changes: -0. 42 to -0. 08 L, p=0. 005)
across 10 studies. This lowering of FVC may be seen as
an indication of restrictive pattern in lung function in
women with PCOS. In the same way, Forced Expiratory
Volume in the first second (FEV1) mean values signific-
antly decreased and were less by a mean of -0. 32 L (95%
Cl: A moderate level of heterogeneity was found for the
association between damaging GN and case-fatality rate:
inverse correlation, ranging from -0. 54 to -0. 11 L, p=0.
003) across 11 studies. The deterioration of FEV1 gives
raise to the suspicion regarding impaired spirometry,
which may be induced by the systemic inflammation and
metabolic disorders in PCOS.

Classification by the type of study and by region extended
these analyses and offered a more specific view of the
results. The sort of research study architecture yielded a
larger effect for inflammatory markers like the CRP and IL-
6 of + 4 in cohort research studies compared to cross-
sectional investigations. The corresponding new cut
points values were determined as follows: 1 mg/L for CRP
and +2. 9 pg/mL for IL-6. This indicates that perhaps, the
use of longitudinal data may be more appropriate for
capturing more of the chronic inflammatory feature of
PCOS as against the cross-sectional data. In terms of
geographical distribution, it was observed that particip-
ants from North America had elevated inflammatory
marker levels than from Europe and Asia; average
increment in CRP was found to be +5.

Such geographic difference may be due to demogra-
phical, ecological or genetic and lifestyle practices which
may affect the 'inflammatory milieu' of women with PCOS
inthose regions.

An additional sensitivity analysis upheld these results.
The exclusion of individual studies did not affect the
pooled estimates making it very reliable since it was the
same with the other analysis. Also, it was necessary to
conduct Egger's test to analyse the presence of the
publication bias, and it results were also insignificant with
the p-value of 0.075 making it reasonable to conclude that
the observed effects are real and not the outcome of the

selective reporting of the data.
Discussion

The outcomes of this systematic review and meta-
analysis will make significant contribution to under-
standing role of circulatory biochemical marker in IPF and
their correlation with pulmonary function. To situate the
findings of the study, it is useful to make a reference to
other salient pieces of research in the existing literature.
Our findings coincide with some of the prior studies in
which the importance of biochemical markers in context
to IPF has been described. For example, high levels of
MMP- 7 and SP-D were significantly related to disease
activity and poor lung function in patients of IPF as
depicted by Hamai et al. (2016).” This is in line with what
we found out where we noticed these markers had raised
acute levels in the IPF patients and was coupled with
reduced FVC and DLCO.

Papiris et al, (2018) showed that serum concentrations of
interleukin-6 (IL-6) were associated with greater decline in
lung function in individuals with IPF.* Similar to the above,
the authors' systemic review also showed elevated IL-6
levels to be a determinant of less ideal lung function of the
patients, therefore pointing toward IL-6 being a key player
in inflammatory reactions implicated in IPF.

The main limitation in the present meta-analysis was that
there was heterogeneity observed on the available data
among the studies, to a similar extent to other meta-
analyses focused on this particular topic. For instance,
Zhang et al. (2021) published a meta-analysis where
considerable deviation of biomarkers include, Krebs von
den Lungen-6 (KL-6) across cohorts was observed,
probably because of the differences in assay methodolo-
gies and patient characteristics. We also encounter
considerable variation in biomarker concentrations that
could be attributed to the methodological and popula-
tions' variability of the analysed studies.

It is worth stressing that such heterogeneity has been
claimed in the literature consistently. In a review by
Gramont et al., (2015) highlighted that biomarker
consistency across studies is difficult to achieve, since
factors which include sample processing, storage
conditions, and assay methods have been shown to
affect the results.”’ These challenges show that often
studied protocols should have standard procedures in the
subsequent research activity for the sake of comparability
of outcomes.

In the present analysis, we were able to establish a
significant simple regression between raised biochemical
marker and pulmonary function, results which align with
previous studies. For example, Adegunsoye et al (2020)
find increased MMP-7 levels in IPF patient correlate with
greater annualised rate of FVC decrease.” In the present
work, we have also observed significant direct relation-
ship between MMP-7 and FVC Thus, the present findings
can be taken to support the hypothesis that this marker
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may serve a prognostic function for disease progression.
In another study by Zheng et al. (2021) the authors
reported on the correlation between the level of surfactant
protein D and the decline in lung function where SP-D was
noted to predict a faster decline of lung function and
adverse prognosis.” This was also observed in our study
wherein association between the raised SP-D concentr-
ations and the impaired pulmonary function was delinea-
ted further; hence, supporting the significance of this
biomarker in assessing the disease progression in IPF.
Indices such as MMP-7, SP-D and IL-6, which were found
elevated in the current study and others, have demonst-
rated a constant relationship with deterioration in
pulmonary function in IPF. They could be used in clinic for
the assignment of higher risk patients with quick disease
course toreceive intervention at the right time.

However, the variability in biomarker needs to be used
with caution depending on the studies that have been
conducted. This is supported by Aarsand et al (2018) who
noted that due to variation in biomarker values, they
should be affirmed in more extensive, homogenous
populations before routine use.* More studies should be
conducted in the development of unified methods for
biomarker assessment, as well as the identification of
pathways by which these biomarkers are associated with
IPF advancement.

Conclusion

This meta-analysis has provided certain evidence to the
findings that many circulatory biochemical markers like
MMP-7, SP-D, and IL-6 are significantly correlated with
the decline in pulmonary function of the IPF patients.
These results support the conclusions of other investiga-
tions and indicate that these markers might be used as
informative predictors. Nevertheless, the obtained
interstudy differences suggest that additional research is
required to optimise biomarkers' measurement proce-
dures and confirm the results in more extensive samples
of the population.
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