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Background: Polycystic ovary syndrome (PCOS) is a common clinical disease

often associatedwith insulin resistance (IR). The interaction between PCOS and

IR will promote the progress of PCOS and the risk of related complications,

harm women’s physical and mental health, and increase the social and

economic burden.

Materials and methods: PCOS IR-related works of literature were retrieved

through the Web of Science Core Collection (WoSCC) Database and imported

into VOSviewer and CiteSpace, respectively, in plain text format to conduct the

literature visualization analysis of authors, countries, institutions, highly cited

works of literature, and keywords, aiming to reveal the hot spots and trends of

PCOS IR fields.

Results: A total of 7,244 articles were retrieved from 1900 to 2022.

Among them, the United States has made the largest contribution. Diamanti-

Kandarakis E was the author with the most publications, and the University of

Athens was the institution with most publications. Keyword analysis showed

that PCOS interacts with IR mainly through sex-hormone binding globulin,

luteinizing hormone, insulin-like growth factor, oxidative stress, and other

mechanisms. In addition, the complications of PCOS complicated with IR are

also the focus of researchers’ attention.

Conclusions: Through bibliometric analysis, this paper obtains the research

hotspot and trend of PCOS IR fields, which can provide a reference for

subsequent research.
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Introduction

Polycystic ovary syndrome (PCOS) is a complex disease

with highly heterogeneous clinical manifestations, which affects

about 6–10% of women of reproductive age worldwide,

making them prone to infertility, adverse pregnancy outcomes,

endometrial cancer, and other diseases (1, 2). Studies have shown

that about 35–80% of PCOS patients have insulin resistance

(IR) (3, 4), which means researchers are paying more and more

attention to the role of IR in PCOS. IR can not only aggravate

the hormone disorder and ovulation disorder of PCOS but also

increase the incidence of type 2 diabetes and cardiovascular

disease (5–7), which greatly increases the social and economic

burden and endangers women’s physical and mental health.

Therefore, it is of great significance to clarify the pathological

mechanism between PCOS and IR and to prevent and treat it as

soon as possible.

Bibliometrics analysis is a comprehensive knowledge system

integrating mathematics, statistics, and philology with an

emphasis on quantification (8). It was first defined by

Pritchard in 1969 (9) and has developed rapidly in recent

years, providing great convenience for literature reading. The

CiteSpace V developed by Chaomei Chen of Drexel University

and VOSviewer developed by Van Eck NJ of Leiden University

are commonly used in bibliometrics. Through qualitative

and quantitative analysis of existing database literature, the

contribution of different countries, authors, and institutions,

as well as hotspots and trends in the research field can be

explored. By using the bibliometrics method, combined with

VOSviewer and CiteSpace software, this study has conducted

a visual analysis of the literature in the field of PCOS IR,

tracking research hot spots and trends, to provide a reference

for researchers.

Materials and methods

Data sources and search strategy

The data in this paper are retrieved through the Web

of Science Core Collection (WoSCC) Database, and the

retrieval strategy is as follows: TS = (“Polycystic Ovary

Syndrome” OR “Ovary Syndrome, Polycystic” OR “Syndrome,

Polycystic Ovary” OR “Stein-Leventhal Syndrome” OR “Stein

Leventhal Syndrome” OR “Syndrome, Stein-Leventhal”

OR “Sclerocystic Ovarian Degeneration” OR “Ovarian

Degeneration, Sclerocystic” OR “Sclerocystic Ovary Syndrome”

OR “Polycystic Ovarian Syndrome” OR “Ovarian Syndrome,

Polycystic” OR “Sclerocystic Ovaries” OR “Ovary, Sclerocystic”

OR “Sclerocystic Ovary”) AND TS = (“Insulin resistance”).

The time was set to 1900–2022, and the language chosen was

English. Review and journal articles were included in this study.

The retrieved articles were exported to a plain text file.

FIGURE 1

Literature screening flow chart.

Bibliometric software

In this study, VOSviewer and CiteSpace were used for

bibliometric analysis of PCOS IR. VOS Viewer’s strong graphical

display ability can clearly show the cooperative relationship

between projects (10). In VOSviewer, the node size was

proportional to the co-occurrence times and the color represents

the cluster. Compared with VOSviewer, CiteSpace has a stronger

keyword outburst ability and highlights the trend and change of

research hotspots (8).

Data analysis

Plain text files were imported into VOSviewer software for

visual analysis of authors, institutions, and countries and were

also imported into the Citespace V 5.8 software for keyword

visualization analysis. The Citespace software was used to set the

following parameters: Time slicing (from 1983 to 2022), Node

types (keywords), Pruning (Pathfinder, pruning sliced networks,

pruning the merged networks), Selection Criteria (the value of K

in g-index is changed to 5), and other parameter settings follow

the initial software settings.

Results

Analysis of article numbers and trends

Through screening, a total of 7,244 articles were included in

this study (Figure 1). The first article on the PCOS IR field was

published in 1983. Since 1991, the number of articles published

in the PCOS IR field has continued to increase, reaching a peak

of 597 articles in 2021 (Figure 2). As of May 2022, there are

157 articles in the PCOS IR field, and this number will continue

to increase.

Frontiers in PublicHealth 02 frontiersin.org

https://doi.org/10.3389/fpubh.2022.960965
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Chen et al. 10.3389/fpubh.2022.960965

FIGURE 2

Distribution trend of PCOS IR from 1983 to 2022.

Analysis of national cooperation

Through visual analysis, articles on PCOS IR came from

102 countries (Figure 3). The United States contributed the

most, with 1,630 articles (22.5%), followed by China (12.7%)

and Turkey (7.1%). The national cooperation visualization map

shows that the three countries have very little cooperation, with

the United States conducting in-depth cooperation with Poland,

France, and other Western countries.

Analysis of author cooperation

A total of 25,113 authors participated in PCOS IR

publications (Figure 4). Diamanti-Kandarakis E ranked first

with 64 publications, followed by Escobar-Morreale HF (61) and

Legro RS (59). Although Azziz R ranked sixth in the number

of articles published, Azziz R’s group was at the heart of the

network, working closely with other groups.

Analysis of institutional cooperation

A total of 4,991 institutions participated in PCOS IR, and the

top 10 institutions published 942 articles in total. The University

of Athens ranked first with 146 articles, followed by Monash

University and Aristotle University Thessaloniki (Figure 5).

University of Athens, Aristotle University Thessaloniki,

University of Chile, and the University of Belgrade have

established close cooperation.

Top cited publications

The top 10 highly cited literature types include Guideline

(6), review (3), and clinical research (1) (Table 1). Due to

the heterogeneity of the clinical manifestations of PCOS, the

guidelines formulated by various medical associations are not

uniform. The high citation of the guidelines represents

the demand of researchers for consensus formulation

of PCOS.

Analysis of keyword

As shown in the keyword visualization map (Figure 6),

“insulin resistance” was the most frequent keyword,

followed by “women,” “polycystic ovary syndrome,” “pco,”

“prevalence,” “obesity,” “risk,” “metabolic syndrome,”

“impaired glucose tolerance,” and so on. LLR algorithm

in Citespace is used to cluster keywords. The top five

keywords clusters are “sex-hormone-binding globulin,”

“luteinizing hormone,” “diabetes mellitus,” “quality of life,”

and “metformin.” (Figure 7). Keywords burst detection map

shows that recent focuses of researchers are “oxidative

stress,” “consensus,” criteria,” and “supplementation”

(Figure 8).
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FIGURE 3

National cooperation visualization map.

Discussion

Polycystic ovary syndrome is a reproductive endocrine

disease with menstrual disorder, androgen excess, and polycystic

ovarian changes as the main clinical manifestations and is

the main cause of ovulation dysfunction and infertility. IR

and PCOS have a mutually promoting relationship, which

not only affects the physical and mental health of PCOS

patients but also increases the risk of type 2 diabetes and

cardiovascular disease and the social and economic burden.

Therefore, it is of great significance to clarify the pathological

mechanism between PCOS and IR, and early intervention

and treatment for the treatment of PCOS. Bibliometrics

analysis can excavate research hotspots in a certain field and

display them in the form of network co-occurrence maps,

enabling researchers to intuitively and quickly understand

the data. In this study, literature bibliometric analysis was

conducted on the research field of PCOS IR to explore

its development.

The number of PCOS IR papers has shown a steady increase

to 2021, which indicates that IR, as an important pathological

link in the development of PCOS, continues to receive the

attention of researchers. In the first half of 2022, 157 articles

were published in the PCOS IR field, which may indicate the

number of publications in 2022 will be lower than before. This

may be due to incomplete publication or research bottlenecks.

While all countries are working together on PCOS IR, the

United States made the biggest contribution. This may be related

to the high incidence of PCOS in the United States. According

to statistics, the incidence of PCOS in the United States is

about 5–20%. The annual economic burden caused by PCOS

is as high as 3.7 billion dollars (11), and this figure will be

much higher if combined with insulin resistance and other long-

term complications (12). In addition, it should be noted that

the United States, China, Turkey, and other countries with a

large number of publications conduct in-depth cooperation to

promote the development of this field. Among the authors,

Diamanti-Kandarakis E is the author who has published the
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FIGURE 4

Author cooperation visualization map.

FIGURE 5

Institution cooperation visualization map.
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TABLE 1 Top 20 cited references of PCOS IR fields.

Ranking Counts Centrality Publication year Author Journal Vol Page

1 338 0 2004 Rotterdam

ESHRE/ASRM-

Sponsored PCOS

consensus workshop

group

Hum. Reprod 19 41

2 306 0 2004 Chang, J Fertil. Steril 81 19

3 235 0.02 2012 Diamanti-Kandarakis, E Endocr. Rev 33 981

4 216 0.02 2013 Legro, R.S J. Clin. Endocr. Metab 98 4565

5 203 0.06 2012 Fauser, B.C.J.M Fertil. Steril 97 28

6 191 0 2005 Ehrmann, D.A New. Engl. j. Med 352 1223

7 180 0 2004 Azziz, R J. Clin. Endocr. Metab 89 2745

8 179 0.02 2010 Wild, R.A J. Clin. Endocr. Metab 95 2038

9 168 0 2018 Escobar-Morreale, H.F Nat. Rev. Endocrinol 14 270

10 164 0.02 2009 Azziz, R Fertil. Steril 91 456

11 158 0 2016 Azziz, R Nat. Rev. Dis. Primers 2 16057

12 153 0.03 2016 Rosenfield, R.L Endocr. Rev 37 467

13 153 0.09 2010 March, W.A Hum. Reprod 25 544

14 151 0.02 2006 Azziz, R J. Clin. Endocr. Metab 91 4237

15 147 0 1997 Dunaif, A Endocr. Rev 18 774

16 147 0.02 2013 Stepto, N.K Hum. Reprod 28 777

17 146 0.01 2016 Bozdag, G Hum. Reprod 31 2841

18 141 0.01 2005 Apridonidze T J. Clin. Endocr. Metab 90 1929

19 140 0.01 1999 Legro, R.S J. Clin. Endocr. Metab 84 165

20 134 0.01 2011 Goodarzi, M.O Nat. Rev. Endocrinol 7 219

FIGURE 6

Keyword visualization map.
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FIGURE 7

Keywords cluster map.

most, while Azziz R has cooperated the most with other author

groups and was in the core position. Surprisingly, educational

institutions such as universities are more interested in PCOS IR

research than hospitals.

Among the top 10 cited works of literature, there are six

works of literature about guidelines that were formulated by

Rotterdam European Society of Human Reproduction and

Embryology (ESHRE)/American Society for Reproductive

Medicine (ASRM)-Sponsored PCOS consensus workshop

group, Endocrine Society, Androgen Excess and Polycystic

Ovary Syndrome (AE-PCOS) Society. ESHRE/ASRM group

thinks two Oligo—and/or anovulation, clinical and/or

biochemical signs of hyperandrogenism, and polycystic ovaries

to be diagnostic of PCOS, but the role of IR in PCOS has not

been emphasized. Endocrine Society endorses ESHRE/ASRM

group’s diagnostic criteria for PCOS; the AE-PCOS Society

has a different opinion, it thinks clinical and/or biochemical

signs of hyperandrogenism are the necessary criterion for

diagnosis. In addition, both the AE-PCOS Society and

the Endocrine Society pay attention to the role of insulin

resistance in PCOS and recommend routine screening of

glucose tolerance and early treatment. In addition, the only

clinical study with top 10 cited references was published by

Azziz R in 2004 (13). This clinical study included 400 women

aged 18–45 who participated in pre-employment physical

examination; the research found that the cumulative prevalence

of PCOS was 6.6%, which provided an epidemiological basis

for PCOS.

Keyword analysis showed that the pathological mechanism

between PCOS and IR was one of the hot spots of researchers’

attention. “Sex-hormone-binding globulin,” and “luteinizing

hormone” are the top two clusters, representing two common

mechanisms of IR increasing PCOS free testosterone level

(14, 15): First, insulin receptors in the pituitary gland are

triggered to release luteinizing hormone, and second, the

synthesis of sex hormone-binding globulin (SHBG) in the

liver is inhibited. Increased androgen can also promote the

decomposition of adipose tissue, increase the production of

free fatty acids and inflammatory factors, and further aggravate

IR, causing a vicious cycle (16). According to Figures 6, 8,

“Obesity” and “body fat distribution” are also the focus of

researchers. Obesity aggravates hyperandrogenemia and insulin

resistance, which is the intermediate link between PCOS

and IR (17). It is worth noting that thin PCOS is also

accompanied by insulin resistance, and the occurrence of IR

resistance may be mainly related to visceral fat accumulation

(18, 19). According to Figure 8, the heat of “growth factor

i” lasted from 1991 to 2006, and the burst intensity was

37.73. The research (20, 21) showed that the serum level of

free insulin-like growth factor-1(IGF-1) increases, and insulin-

like growth factor-binding protein-1(IGFBP-1) is low in PCOS

IR patients; such alternation may drive PCOS follicles to
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FIGURE 8

Keywords burst detection map.

produce excessive sheath androgen. The heat of “oxidative

stress” lasted from 2018 to now, and the burst intensity is

35.22. Oxidative stress is a common pathological mechanism

of PCOS and IR. Oxidative stress can reduce glucose uptake

in musculoskeletal muscle and insulin secretion in pancreatic

beta cells to induce IR (22, 23), increase androgen level (24),

destroy follicular microenvironment (25), and promote the

progress of PCOS and IR. Researchers found that antioxidant

therapy can significantly improve the reproductive metabolic

disorder of PCOS (26, 27). Metformin has been recommended

for these pathological mechanisms, not only because of its

ability to increase insulin sensitivity (28), but also because it

increases IGF-1 (21, 29), reduces oxidative stress, and partially

restores PCOSmetabolic and hormonal disorders. Certainly, the

pathological mechanism and treatment of PCOS and IR are still

worthy of further exploration.

Metabolic disorders and complications secondary to PCOS

IR are another hot topic of researchers’ attention. “Risk,”

“metabolic syndrome,” and “impaired glucose tolerance” in

Figure 6, and “diabetes mellitus” and “cardiovascular disease”

in Figure 7 are all associated with disease risk. Due to the

mutual promotion and crosstalk between IR and androgen

overload, patients with PCOS IR have significantly increased

risks of diabetes and cardiovascular diseases. It is well known

that chronic pancreatic stress under IR can cause impaired

glucose tolerance and damage to islet β cells, leading to the

occurrence of type 2 diabetes (30, 31). Excessive androgen of

PCOS can lead to abnormal vasoconstriction and relaxation

function (32, 33), resulting in vascular endothelial dysfunction

and aggravating the occurrence of cardiovascular diseases.

Guidelines developed by somemedical associations began to pay

attention to the harm caused by PCOS complications, suggesting
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screening of glucose tolerance tests, glycated hemoglobin,

cardiometabolic risk factors, etc. (34–36). In addition, infertility,

irregular menstruation, acne, hirsuteness, obesity, and other

manifestations are more common in PCOS IR patients, which

makes patients easily complicated with anxiety and depression,

resulting in decreased quality of life (37, 38), which should also

be given importance by researchers. According to Figure 8, there

are also “consensus,” “criteria,” and “supplementation” that have

continued since 2018, which reminds researchers of the urgent

need for unified standards and consensus development in the

field of PCOS IR.

In conclusion, current research focuses on the pathological

mechanism between PCOS and IR and the prevention and

treatment of long-term risks. The mechanism of PCOS IR

is the mutual promotion of hyperandrogenemia and IR, the

increase of IGF-1 and the enhancement of oxidative stress,

etc. Among them, oxidative stress may be the focus of future

research on the mechanism between PCOS and IR. The long-

term complications of PCOS IR include diabetes, cardiovascular

disease, metabolic syndrome, etc. Early administration of

metformin may have positive effects on the treatment of PCOS

and the prevention and treatment of its complications, which

requires more rigorous clinical trials. It is still the goal of future

research to further explore the mechanism between PCOS and

IR and to develop therapeutic drugs that can take into account

both reproductive and metabolic disorders and psychological

abnormalities of PCOS. In addition, it is very necessary

to strengthen the cooperative relationship between authors

and regions and develop uniform standards and consensus

recognized by the industry, which has also been the focus of

research in the recent 4 years.

Through bibliometrics, this paper presents the cooperative

relationships among authors, countries, and institutions, as

well as research hotspots and trends in the field of PCOS

IR research, which provides benefits for many researchers.

Researchers should optimize their research according to research

hotspots, continue to explore the pathological mechanism of

PCOS IR, and make continuous efforts to block the disease

progression and related complications of patients, maintain the

physical and mental health of patients, and reduce the social and

economic burden.

However, some limitations of this article have to be

considered. First, Since WoS has the most complete citation

information, this study only included works of literature in

the WoSCC database, which made the literature collection

incomplete. Second, there is no unified standard for CiteSpace

and VOSviewer software settings, which may cause some

deviations in visual analysis.
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