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Introduction: Ovarian carcinoma is among the leading causes of cancer deaths due to its asymptomatic growth.
Hence, identifying factors affecting ovarian carcinoma incidence is of great significance. Accordingly, the present
study examined the association between pelvic inflammatory disease (PID) and ovarian carcinoma.

Materials and Methods: The PRISMA checklist was used to design the current systematic review and meta-analysis.
Databases, including ProQuest, PubMed, Web of Science, Cochrane, and Google Scholar Search Engine, were
used without a time limit until September 8, 2024. Data was analyzed using the STATA 14 software, and tests with
P values lower than 0.05 (P < 0.05) were considered statistically significant.

Results: A total of 20 studies (13 cohort and seven case-control) conducted from 1995 to 2024 were combined,
and the total number of patients with PID in the studies was 754268. Results revealed that PID increased ovarian
carcinoma risk (HR: 1.33, 95% Cl: 1.19, 1.48) and number of PID episodes (2) increased the risk of ovarian
neoplasm (HR: 1.42, 95% Cl: 1.10, 1.83). However, there was no statistically significant relationship between the
number of PID episodes (1) (HR: 1.09, 95% ClI: 0.98, 1.22) and number of PID episodes (=3) (HR: 1.39, 95% Cl:
0.54, 3.58) and the risk of ovarian carcinoma. PID increased the risk of ovarian carcinoma in age groups 20 to 29
(HR: 1.44, 95% CI: 1.31, 1.59), 30 to 39 (HR: 1.43, 95% Cl: 1.04, 1.97), 40 to 49 (HR: 1.37, 95% Cl: 1.16, 1.63),
and 50 to 59 (HR: 1.39, 95% Cl: 1.07, 1.81). Furthermore, PID raised the risk of serous carcinoma (HR: 1.36,
95% ClI: 1.09, 1.69). Nevertheless, there was no statistically significant relationship between PID and the risk of
endometrioid (HR: 0.87, 95% Cl: 0.65, 1.18), mucinous (HR: 1.06, 95% CI: 0.89, 1.26), and clear cell carcinoma
(HR: 1.05, 95% CI: 0.66, 1.66).

Conclusion: Pelvic inflammatory disease increases the risk of ovarian carcinoma and serous carcinoma. Taiwanese
patients with PID aged 20 to 39 had higher rates of exposure to ovarian carcinoma than other patients.
Registration: This study has been compiled based on the PRISMA checklist, and its protocol was registered on the
PROSPERO (ID: CRD42024590681) and Research Registry (UIN: reviewregistry1885) website.

Introduction (i.e., ovulation, endometriosis) (6). Ovarian
Sexually  transmitted infections cause carcinoma is the third most common cancer
pelvic inflammatory disease (PID) and and the most lethal malignancy of the female
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affect different areas of the upper female
reproductive system, including the uterus,
ovaries, fallopian tubes, and other pelvic and
even abdominal organs(1). According to the
estimates, 20 percent of women in Western
countries experience PID during their lives
(2). Annually, about 800000 women undergo
treatments in the United States due to PID (3).

Pelvic inflammatory disease leads to various
adverse consequences, including infertility
and ovarian cancer (4,5). The ‘inflammation’
hypothesis proposal is suggested as ovarian
carcinoma is associated with conditions and
events related to inflammation and recovery

reproductive system (7). The mean age of
patients at the time of ovarian carcinoma
diagnosis in most developed countries is
approximately 63, and ovarian cancer is
more common in older women than younger
women (8,9).

Ovarian carcinoma has a high mortality
rate due to the asymptomatic tumor growth
and delayed onset of symptoms, as it cannot
be diagnosed in most patients until they
experience manifestations including back
pain, fatigue, constipation, abdominal
discomfort, feeling full after eating, and
urinary symptoms (10,11). Despite the
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Key point

In our A total of 20 studies (13 cohort and seven case-control)
conducted from 1995 to 2024 were combined, and the total number
of patients with pelvic inflammatory disease (PID) in the studies was
754268. We found, PID increases the risk of ovarian carcinoma and
serous carcinoma. Taiwanese patients with PID aged 20 to 39 had
higher rates of exposure to ovarian carcinoma than other patients.

advances in screening technologies and surgical and
chemotherapy methods, most ovarian cancer cases are
diagnosed at advanced stages (12). Hence, identifying
factors related to the incidence of ovarian cancer is of great
significance.

Researchers demonstrated in various studies that there
was no significant relationship between PID and ovarian
cancer incidence (13,14). On the other hand, some of the
authors believed that PID is a significant risk factor for
ovarian carcinoma (15,16). Considering the inconsistency
of the results of previous studies, the present study was
conducted using the systematic review method and meta-
analysis to investigate the association between PID and
ovarian carcinoma and present a general and updated
statistical report.

Materials and Methods

The present systematic review and meta-analysis utilized
Preferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) (17), and its protocol was
registered on the International Prospective Register of
Systematic Reviews (PROSPERO) website.

Search strategy

The databases ProQuest, PubMed, Web of Science,
Cochrane, and Google Scholar Search Engine were
searched using keywords Pelvic Inflammatory Disease,
Adnexitis, Ovarian Neoplasms, Ovary cancer, and their
Medical Subject Headings (MeSH) equivalents without
a time limit until September 8, 2024. The keywords
were combined using operators AND” and ‘OR; and an
advanced search was conducted. The references of the
primary studies were examined using a manual search.
The search strategy of the database Web of Science was
as follows: Pelvic Inflammatory Disease OR Adnexitis (All
Fields) AND Ovarian Neoplasms OR Ovary Cancer (All
Fields).

PECO components

o Population: Studies examining the association
between PID and the risk of ovarian carcinoma.

o Exposure: PID.

o Comparison: Individuals without PID.

o Outcomes: The risk of ovarian carcinoma.

Inclusion and exclusion criteria
Studies that examined the relationship between PID and

the risk of ovarian carcinoma entered the meta-analysis.
Duplicate studies, studies that were not observational, those
without sufficient data for analysis, low-quality studies,
case report studies, studies published at conferences, and
those without accessible full texts were removed.

Quality assessment

Two authors evaluated the studies using the Newcastle-
Ottawa Scale. Each question received a maximum of one
star, and only the question regarding the comparison
could receive two stars using the checklist. Accordingly,
the lowest score was zero (i.e., lowest quality), and the
highest score was 10 (i.e., highest quality). Score six was
considered the cutoff point for the present study (18).

Data extraction

Two authors independently conducted the data extraction
step. From each study, information including the
author’s name, indicator, type of study, country of origin,
publication year, number of samples, and the relationship
between PID and the risk of diseases such as ovarian
neoplasm, serous carcinoma, endometrioid, mucinous,
and clear cell carcinoma was extracted. The extracted data
were entered into SPSS 20 software.

Statistical analysis

Logarithms of hazard ratio (HR), odds ratio (OR), and
relative risk (RR) indicators were used for data analysis,
and the studies were combined. The heterogeneity of
the studies was examined using Cochran’s Q test and I*
indicator. Considering the moderate heterogeneity of the
studies, the random effects model was conducted (I’=
65.4%). Subgroup analysis was used to investigate the
association between PID and the risk of ovarian carcinoma
based on the variables study type, age, and country of
origin. Meta-regression, publication bias, and sensitivity
analyses were conducted for further examination. Data
was analyzed using the STATA 14 software, and tests
with P values lower than 0.05 (P < 0.05) were considered
statistically significant.

Results

A total of 253 studies were found by searching the sources;
among these, 91 were duplicates and were removed from
the study. Then, 162 articles entered the next step, and after
examining the information presented in their abstracts,
33 studies were excluded because their full texts were not
accessible or because they lacked the required data for
analysis. From the remaining 92 studies, 72 were removed
due to other exclusion criteria, and eventually, 20 articles
remained (Figure 1).

The present meta-analysis combined the results of 20
studies (13 cohort and 7 case-control studies). The studies
were published from 1995 to 2024 and covered three
decades. The total number of patients in the PID group
was 754 268 (Table 1).
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Figure 1. PRISMA Flowchart of the study selection.

Figure 2 demonstrates that, generally, PID increases the
risk of ovarian carcinoma (HR: 1.33, 95% CI: 1.19, 1.48).

There was no statistically significant relationship
between number of PID episodes (1) (HR: 1.09, 95% CI:
0.98, 1.22) and the number of PID episodes (>3) (HR:
1.39, 95% CI: 0.54, 3.58) and ovarian cancer. However,
number of PID episodes (2) increased the risk of ovarian
cancer (HR: 1.42, 95% CI: 1.10, 1.83).

Subgroup analysis indicated that there was no statistically
significant relationship between PID and ovarian cancer
risk in countries Italy (HR: 0.70, 95% CI: 0.39, 1.26),
Denmark (HR: 1.08, 95% CI: 0.83, 1.4), United States (HR:
1.38, 95% CI: 0.94, 2.04), and Canada (HR: 1.67, 95% CI:
0.88, 3.19). However, in Taiwan (HR: 1.51, 95% CI: 1.21,
1.88), Australia (HR: 1.38, 95% CI: 1.08, 1.77), and Sweden
(HR: 1.43, 95% CI: 1.31, 1.55), PID was a risk factor for
ovarian neoplasm (Figure 3).

As Figure 4 shows, there was no significant relationship
between PID and ovarian carcinoma in case-control

studies (HR: 1.17, 95% CI: 0.94, 1.45). In cohort studies,
however, PID increased the risk of ovarian cancer (HR:
1.42,95% CI: 1.25, 1.61).

Figure 5 demonstrates that in the age groups 20 to 29
(HR: 1.44, 95% CI: 1.31, 1.59), 30 to 39 (HR: 1.43, 95% CI:
1.04, 1.97), 40 to 49 (HR: 1.37, 95% CI: 1.16, 1.63), and
50 to 59 (HR: 1.39, 95% CI: 1.07, 1.81), PID increased the
risk of ovarian carcinoma, and the age group 20 to 29 was
considered a high-risk group.

Examining secondary consequences showed that PID
increased the risk of serous carcinoma (HR: 1.36, 95% CI:
1.09, 1.69) (Figure 6). However, there was no statistically
significant association between PID and the risk of
endometrioid (HR: 0.87, 95% CI: 0.65, 1.18), mucinous
(HR: 1.06, 95% CI: 0.89, 1.26), and clear cell carcinoma
(HR: 1.05, 95% CI: 0.66, 1.66) (Figures 7 to 9).

Meta-regression indicated that there was no statistically
significant relationship between the effect of PID on the
risk of ovarian cancer, the publication year of the articles
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Table 1. Characteristics of observational studies

Relationship between PID and

Total number in Mean age in Total number ~ Mean age . :
Author, year Index Country Design Duration of study PID group PID group  in compare  in compare ovarian carcinoma
(year) group group (year) Risk  Low limit Up limit

Jonsson S, 2024 (16) OR Sweden Case-control between 1999 and 2020 15072 43.3 141322 41.8 1.39 1.17 1.66
Lo HW, 2022 (15) HR Taiwan Cohort between Jan 1, 2000 and Dec 31, 2015 130852 34.56 NR NR 2.11 1.52 2.92
Falconer H, 2021 (19) HR Sweden Cohort between 1973 and 2010 93242 29.1 NR NR 1.44 1.31 1.59
Chang CY, 2021 (20) HR Taiwan Cohort 2000 till 2012 64925 35.43 129850 35.38 1.49 1.21 1.84
Huang JY, 2021 (14) HR Taiwan Cohort between 1 Jan 2002 and 31 Dec 2014 114726 NR 135236 NR 1.17 0.87 1.56
Huang CY, 2020 (13) HR Taiwan Cohort between 2001 and 2010 11620 >20 NR NR 0.76 0.3 1.92
Stewart LM, 2018 (21) HR Australia Cohort 1945-2014 454 54.4 NR NR 1.47 1.04 2.07
Park HK, 2018 (22) OR USA Case-control between Dec 1, 2010 and Dec 31, 2015 600 58.1 752 55 1.33 0.82 2.16
Rasmussen CB, 2017 (23) HR Denmark Cohort 1978-2012 81281 30.51 1318929 29.5 1.05 0.92 1.2
Shen CC, 2016 (24) HR Taiwan Cohort Jan 1st, 2000 and Dec 31st, 2002 32268 34.48 32268 34.48 1.33 0.78 2.27
Rasmussen CB, 2016 (25) HR Denmark Cohort 1978-2012 81263 NR NR NR 1.39 1.19 1.61
McAlpine JN, 2014 (26) OR Canada Cohort between Jan 1, 1981, and Dec 31, 2012 888 >20 552 >20 5.56 0.52 59.4
Rasmussen CB, 2013 (27) OR Denmark Case-control between Jan 1995 and May 1999 554 35-79 1564 35-79 0.83 0.65 1.05
Stewart LM, 2013 (28) HR Australia Cohort 1982-2002 21646 46 NR NR 1.02 0.42 2.43
Lin HW, 2011 (5) HR Taiwan Cohort between Jan 1, 2004, and Dec 31, 2005 67936 13-65 135872 13-65 1.92 1.27 2.92
Wu AH, 2009 (29) RR USA Case-control 1998 to 2002 609 18-74 688 18-74 1.48 0.78 2.82
Merritt MA, 2008 (30) OR Australia Case-control between Jan 2002 and Jun 2005 1576 18-79 1509 18-79 1.15 0.85 1.57
Parazzini F, 1996 (31) RR Italy Case-control between 1983-1991 971 54 2758 52 0.7 0.4 1.3
Risch HA, 1995(32) OR Canada Case-control 1989-1992 450 57.2 564 57.5 1.53 1.1 2.13
Stewart LM, 2020 (33) HR Australia Cohort between 1 Jan 1980 and 30 Jun 2014 33335 52 NR NR 1.95 1.22 3.1

NR: Not reported; OR: Odds ratio; RR: Risk Ratio; HR: Hazard Ratio; PID: Pelvic inflammatory disease.
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Pelvic inflammatory disease

%

Author (Country) exp(b) (95% Cl) Weight
Parazzini F, 1996 (ltaly) —_— 0.70(0.39,1.26) 2,64
Huang CY, 2020 (Taiwan) —0-—|— 076(0.30,1.92) 125
Rasmussen CB, 2013 (Denmark) i 0.83(0.65,1.05) 6.97
Stewart LM, 2013 (Australia) —_— 1.02(0.42,2.45) 1.38
Rasmussen CB, 2017 (Denmark) > 1.05(0.92,1.20) 9.00
Merritt MA, 2008 (Australia) -~:— 1.15(0.85,1.56) 5.77
Huang JY, 2021 (Taiwan) T— 1.17(0.87,1.57) 6.02
Park HK, 2018 (USA) - 133(0.82,2.16) 348
Shen CC, 2016 (Taiwan) ——+— 1.33(0.78,2.27) 3.04
Jonsson S, 2024 (Sweden) -~ 139 (1.17,1.66) 822
Rasmussen CB, 2016 (Denmark) > 1.39(1.20,1.62) 867
Falconer H, 2021 (Sweden) . 144 (131,1.59) 958
Stewart LM, 2018 (Australia) -%0— 1.47 (1.04,2.07) 5.18
Wu AH, 2009 (USA) —— 148(0.78,2.81) 231
Chang CY, 2021 (Taiwan) -~ 149(1.21,1.84) 755
Risch HA, 1995 (Canada) -i-— 153(1.10,2.13) 539
Lin HW, 2011 (Taiwan) T—‘— 192(1.27,291) 4.21
Stewart LM, 2020 (Australia) —.— 195(1.22,3.11) 366
Lo HW, 2022 (Taiwan) |—— 211(152,2.92) 545
McAlpine JN, 2014 (Canada) . 556 (0.52, 59.42) 0.21
Overall, DL (I’ = 65.4%, p = 0.000) 0 1.33(1.19, 1.48) 100.00
T T
.015625 1 64

NOTE: Weights are from random-effects model

Figure 2. Forest plot showing the associations between pelvic inflammatory disease and the
risk of ovarian carcinoma.

%

Country and Author (Country) exp(b) (95% Cl) Weight
Italy
Parazzini F, 1996 (ltaly) - 0.70 (0.39, 1.26) 100.00
Subgroup, DL (I = 0.0%, p = .) 3» 0.70 (0.39, 1.26) 100.00
Taiwan
Huang CY, 2020 (Taiwan) —tl 0.76 (0.30,1.92)  4.88
Huang JY, 2021 (Taiwan) {-oJl 117 (0.87,1.57) 21.68
Shen CC, 2016 (Taiwan) -1 1.33(0.78,2.27) 11.49
Chang CY, 2021 (Taiwan) - 149 (1.21,1.84) 26.54
Lin HW, 2011 (Taiwan) - 1.92(1.27,2.91) 15.60
Lo HW, 2022 (Taiwan) —— 2.11(1.52,2.92) 19.81
Subgroup, DL (I° = 52.7%, p = 0.060) é 1.51(1.21,1.88) 100.00
Denmark
Rasmussen CB, 2013 (Denmark) 0.83 (0.65, 1.05) 29.61
Rasmussen CB, 2017 (Denmark) > 1.05(0.92, 1.20) 35.66
Rasmussen CB, 2016 (Denmark) o 1.39(1.20, 1.62) 34.73
Subgroup, DL (I° = 86.4%, p = 0.001) <b 1.08 (0.83, 1.41) 100.00
Australia
Stewart LM, 2013 (Australia) —— 1.02(0.42,2.45) 7.2
Merritt MA, 2008 (Australia) q«- 1.15(0.85, 1.56) 38.25
Stewart LM, 2018 (Australia) o 1.47 (1.04,2.07) 33.12
Stewart LM, 2020 (Australia) — 1.95(1.22,3.11) 2142
Subgroup, DL (I° = 25.9%, p = 0.256) <b 1.38(1.08, 1.77) 100.00
USA
Park HK, 2018 (USA) ﬂ-‘— 1.33(0.82,2.16) 63.78
Wu AH, 2009 (USA) o 148(0.78,2.81) 36.22
Subgroup, DL (I° = 0.0%, p = 0.795) ‘¢ 1.38 (0.94, 2.04) 100.00
Sweden
Jonsson S, 2024 (Sweden) - 1.39(1.17,1.66) 23.47
Falconer H, 2021 (Sweden) 1.44 (1.31,1.59) 76.53
Subgroup, DL (I = 0.0%, p = 0.729) 1.43 (1.31, 1.55) 100.00
Canada
Risch HA, 1995 (Canada) —— 1.53 (1.10,2.13) 93.02
McAlpine JN, 2014 (Canada) = 5.56 (0.52,59.42) 6.98
Subgroup, DL (I° = 10.5%, p = 0.290) -o 1.67 (0.88, 3.19) 100.00
Heterogeneity between groups: p = 0.127

T T

015625

64

NOTE: Weights and bety bgroup test are from random-effects model

Figure 3. Forest plot showing the associations between pelvic inflammatory disease and the
risk of ovarian carcinoma by country.
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(P =0.277), and the number of patients in the PID group
(0.167) (Figures 10 and 11).

Furthermore, there was no publication bias in the
resource search stage, and the searches were conducted
thoroughly (P = 0.902). Sensitivity analysis showed that
studies Lo et al (15) and Rasmussen et al (27) had the
highest impact on the final result of the present meta-
analysis (Figures 12 and 13).

Type of Study and Author (Country)

Discussion

Results revealed that PID increased the risk of ovarian
carcinoma (33%) and serous carcinoma (36%), and
number of PID episodes (2) increased the risk of ovarian
carcinoma (42%).PID increased the risk of ovarian
cancer in age groups 20 to 29 (44%), 30 to 39 (43%), 40
to 49 (37%), and 50 to 59 (39%). However, there was no
statistically significant relationship between PID and the
risk of endometrioid, mucinous, or clear cell carcinoma.

%
exp(b) (95% Cl) Weight

Case-control
Parazzini F, 1996 (ltaly) —— 0.70(0.39,1.26) 8.84
Rasmussen CB, 2013 (Denmark) : 0.83(0.65, 1.05) 18.86
Merritt MA, 2008 (Australia) -QI— 1.15(0.85, 1.56)  16.50
Park HK, 2018 (USA) —T— 1.33(0.82,2.16) 11.14
Jonsson S, 2024 (Sweden) - 1.39(1.17,1.66) 21.09
Wu AH, 2009 (USA) —o 1.48(0.78,2.81) 7.89
Risch HA, 1995 (Canada) :—0— 1.53(1.10,2.13) 15.69
Subgroup, DL (I* = 66.2%, p = 0.007) o 1.17 (0.94, 1.45) 100.00
Cohort
Huang CY, 2020 (Taiwan) : 0.76 (0.30, 1.92) 1.75
Stewart LM, 2013 (Australia) ——:— 1.02 (0.42, 2.45) 1.93
Rasmussen CB, 2017 (Denmark) > | 1.05(0.92,1.20) 14.36
Huang JY, 2021 (Taiwan) -0':- 1.17(0.87,1.57)  9.09
Shen CC, 2016 (Taiwan) -QI— 1.33(0.78,2.27) 4.36
Rasmussen CB, 2016 (Denmark) -+- 1.39(1.20,1.62) 13.75
Falconer H, 2021 (Sweden) + 1.44(1.31,1.59) 15.45
Stewart LM, 2018 (Australia) —— 1.47(1.04,2.07) 7.7
Chang CY, 2021 (Taiwan) - 149 (121,1.84) 11.72
Lin HW, 2011 (Taiwan) —— 1.92(127,2.91) 6.5
Stewart LM, 2020 (Australia) —— 1.95(1.22,3.11)  5.30
Lo HW, 2022 (Taiwan) |—— 211(152,2.92) 815
McAlpine JN, 2014 (Canada) —:—0— 5.56 (0.52,59.42) 0.29
Subgroup, DL (I° = 63.7%, p = 0.001) 1) 1.42(1.25,1.61) 100.00
Heterogeneity between groups: p = 0.137
T T

.015625 64

NOTE: Weight bg test are from random-effects model

Figure 4. Forest plot showing the associations between pelvic inflammatory disease and the risk of ovarian carcinoma by study design.

Age (Case) and Author (Country)

50-59

Parazzini F, 1996 (ltaly)

Park HK, 2018 (USA)

Stewart LM, 2018 (Australia)

Risch HA, 1995 (Canada)

Stewart LM, 2020 (Australia)
Subgroup, DL (IZ =47.5%, p=0.107)

40-49
Stewart LM, 2013 (Australi:

%
exp(b) (95% Cl) Weight

0.70 (0.39, 1.26) 13.65
1.33(0.82,2.16) 17.54
1.47 (1.04,2.07) 24.82
1.53(1.10,2.13) 2567
1.95(1.22,3.11) 18.33
1.39 (1.07, 1.81) 100.00

Jonsson S, 2024 (Sweden)
Subgroup, DL (I2 =0.0%, p = 0.498)

30-39
Rasmussen CB, 2017 (Denmark)
Shen CC, 2016 (Taiwan)

1.02 (0.42,2.45) 3.82
1.39(1.17,1.66) 96.18
1.37 (1.16, 1.63) 100.00

— | 1.05(0.92, 1.20) 30.53
|

1.33(0.78,2.27) 17.01

Chang CY, 2021 (Taiwan) —— 1.49 (1.21,1.84) 28.32
Lo HW, 2022 (Taiwan) | — 2.11(1.52,2.92) 24.15
Subgroup, DL (I’ = 84.4%, p = 0.000) e 1.43 (1.04, 1.97) 100.00
20-29
Falconer H, 2021 (Sweden) —- 44 (131, 1.59) 100.00
Subgroup, DL ( = 100.0%, p =) <> 1.44 (1.31, 1.59) 100.00
Heterogeneity between groups: p = 0.969
T T

25 4

NOTE: Weights and p test are from model

Figure 5. Forest plot showing the associations between pelvic inflammatory disease and the risk of ovarian carcinoma by age group.
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According to the results of a meta-analysis by Piao
et al, PID was associated with an increase in the risk of
ovarian carcinoma (HR 1.18,95% CI: 1.13 to 1.22) (34). In
another meta-analysis by Zhou et al on 13 observational
studies, PID increased the risk of ovarian cancer (RR:

Pelvic inflammatory disease

1.24, 95% CI: 1.06, 1.44) (35). The results of a systematic
review by Ingerslev et al on seven studies indicated a
potentially significant relationship between PID and
ovarian neoplasm (36). The results of these studies were
consistent with the present study, indicating that PID was

%

Author (Country) exp(b) (95% Cl) Weight
Merritt MA, 2008 (Australia) —=— 0.96 (0.66, 1.39) 13.50
Rasmussen CB, 2013 (Denmark) —_— 0.97 (0.73, 1.29) 15.94
Rasmussen CB, 2017 (Denmark) —0—. 1.19(1.00, 1.41) 19.18
Jonsson S, 2024 (Sweden) —Q'— 1.46 (1.18, 1.80) 18.11
Park HK, 2018 (USA) —_— 1.65(0.98,2.78) 9.76
Rasmussen CB, 2016 (Denmark) ; —_ 1.85(1.52, 2.25) 18.59
Stewart LM, 2020 (Australia) —;—o— 2.90 (1.21,6.95) 4.92
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Figure 6. Forest plot showing the associations between pelvic inflammatory disease and the risk of serous carcinoma.
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Figure 7. Forest plot showing the associations between pelvic inflammatory disease and the risk of endometrioid.
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Figure 9. Forest plot showing the associations between pelvic inflammatory disease and the risk of clear cell carcinoma.
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a risk factor for ovarian carcinoma.

A cohort study by Falconer et al investigating the
relationship between PID and subsequent salpingectomy
and the risk of ovarian carcinoma indicated a significant
relationship between PID and ovarian cancer (HR: 1.44,
95% CI: 1.31, 1.59) (19). Based on the findings of a cohort
study by Lo et al, the risk of ovarian cancer in female
patients with endometriosis followed by PID was higher
than those who only had PID (HR: 8.07, 95% CI: 4.53,
14.37) (15). The results of these studies were consistent
with the present study, as in our study, the combination
of the results of cohort studies showed that PID was a risk
factor leading to an increased risk of ovarian cancer.

In a meta-analysis of 13 case-control studies by
Rasmussen et al, there was no significant relationship
between PID and ovarian carcinoma risk (OR: 0.99, 95%
CI: 0.83, 1.19) (37). This study was consistent with the
present meta-analysis, as no significant relationship was
reported between PID and the risk of ovarian cancer in
case-control studies.

In a case-control study by Jonsson et al aimed at
examining the relationship between PID and the risk of
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Figure 10. Meta-regression of the associations between PID and the risk of
ovarian carcinoma with year of publication.
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Figure 11. Meta-regression of the associations between PID and the risk of
ovarian carcinoma with total number in PID group

epithelial ovarian carcinoma, findings demonstrated that
PID was associated with an increase in the risk of epithelial
ovarian carcinoma (OR: 1.39, 95% CI: 1.17, 1.66) (16).
This study was inconsistent with ours because the present
meta-analysis showed no significant relationship between
PID and ovarian cancer in case-control studies. However,
it must be noted that the former study merely examined
epithelial ovarian carcinoma, while the current study
investigated every form of ovarian carcinomas.

Results of a retrospective cohort study by Yang et al
investigating the risk of endometrial cancer in female
patients with PID demonstrated that the risk of endometrial
cancer in the PID group was 1.79 times higher (HR: 1.79,
95% CI: 1.25, 2.56) than the group without PID (38).
The study was inconsistent with the present study, as we
concluded that PID did not affect the risk of endometrioid.
The difference between the type of studies and the number
of samples in the present study and Yang et al may be
among the causes of the discrepancies between the two
studies.

In a meta-analysis by Ye et al examining the relationship
between PID and the risk of endometriosis, findings
indicated that PID was related to an increase in the risk of
endometriosis (OR: 2.70, 95% CI: 1.87, 3.90) (39). Based
on the results of a cohort study by Hsu et al investigating
the risk of colorectal cancer in female patients with PID,
the hazard ratio of colorectal cancer during a follow-
up period of five years for patients with PID compared

Begg's funnel plot with pseudo 95% confidence limits

Relationship between PID and ovarian cancer

.5 1
s.e. of: Relationship between PID and ovarian cancer

Figure 12. Diagram of publication bias.
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to the women of the control group was (HR: 2, 95% CIL:
1.30, 3.08) (40). These studies confirmed the results of the
current study, as in the present study, we concluded that
PID is an aggravating factor for cancer incidence.

Limitations of the study

Some studies did not specify the number of women in the
comparison group; hence, the total number of women in
the comparison group was unclear. Merely one study was
conducted on patients aged 20 to 29. The examined studies
did not mention the duration of PID; accordingly, we did
not conduct any subgroup analysis based on the duration
of the disease.

Conclusion

Pelvic inflammatory disease increases the risk of ovarian
carcinoma and serous carcinoma. Furthermore, Taiwanese
patients with PID aged 20 to 39 were at higher risk of
ovarian neoplasm than other patients. Generally, it is
recommended to screen women aged 20 to 39 for PID, and
controlling PID in them will help take a preventive step to
stop ovarian carcinoma incidence.

Acknowledgments

The authors would like to thanks Mehrdad Zahmatkesh and Diana
Sarokhani for guidance and editing of manuscript registration on the
PROSPERO website.

Authors’ contribution

Conceptualization: Elham Saffarieh, Fahimeh Nokhostin and
Seyedeh Reyhaneh Yousefi Sharami.

Data curation: Fahimeh Nokhostin.

Formal analysis: Fahimeh Nokhostin.

Funding acquisition: Elham Saffarieh and Seyedeh Reyhaneh
Yousefi Sharami.

Investigation: Elham Saffarieh.

Methodology: Azadeh Yousefnezhad, and Fahimeh Nokhostin.
Project administration: Elham Saffarieh and Fahimeh Nokhostin.
Resources: Elham Saffarieh, Azadeh Yousefnezhad and Fahimeh
Nokhostin.

Supervision: Azadeh Yousefnezhad, Seyedeh Reyhaneh Yousefi
Sharami.

Validation: All authors.

Visualization: Elham Saffarieh and Seyedeh Reyhaneh Yousefi
Sharami.

Writing-original draft: Seyedeh Reyhaneh Yousefi Sharami.
Writing-review and editing: Elham Saffarieh, Azadeh Yousefnezhad
and Fahimeh Nokhostin.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues

This study has been compiled based on the PRISMA checklist, and its
protocol was registered on the PROSPERO (ID: CRD42024590681)
and Research Registry website with (Unique Identifying Number
(UIN) reviewregistry1885). Besides, ethical issues (including
plagiarism, data fabrication, double publication) have been
completely observed by the authors.

Funding/Support
None.

Pelvic inflammatory disease

References

1. Workowski K, Bolan G, Centers for Disease Control and
Prevention. Sexually transmitted diseases treatment guidelines,
2015. MMWR Recomm Rep. 2015;64:1-137.

2. Leichliter J, Chandra A, Aral S. Correlates of self-reported
pelvic inflammatory disease treatment in sexually experienced
reproductive-aged women in the United States, 1995 and
2006-2010. Sex Transm Dis. 2013;40:413-8. doi: 10.1097/
OLQ.0b013e318285ce46.

3. Sutton M, Sternberg M, Zaidi A, Louis M, Markowitz L.
Trends in pelvic inflammatory disease hospital discharges and
ambulatory visits, United States, 1985-2001. Sex Transm Dis.
2005;32:778-84. doi: 10.1097/01.0lq.0000175375.60973.cb

4. Wentzensen N, Poole E, Trabert B, White E, Arslan A, Patel
A, et al. Ovarian cancer risk factors by histologic subtype: an
analysis from the ovarian cancer cohort consortium. ] Clin
Oncol. 2016;34:2888-98. doi: 10.1200/CO.2016.66.8178.

5. LinH, TuY, LinS, Su W, Lin W, Lin W, et al. Risk of ovarian
cancer in women with pelvic inflammatory disease: a
population-based study. Lancet Oncol. 2011;12:900-4. doi:
10.1016/51470-2045(11)70165-6.

6. Ness R, Cottreau C. Possible role of ovarian epithelial
inflammation in ovarian cancer. J Natl Cancer Inst.
1999;91:1459-67. doi: 10.1093/jnci/91.17.1459.

7. Cortez A, Tudrej P, Kujawa K, Lisowska K. Advances in ovarian
cancer therapy. Cancer Chemother Pharmacol. 2018;81:17-
38. doi: 10.1007/s00280-017-3501-8.

8. Feeney L, Harley I, McCluggage W, Mullan P, Beirne J. Liquid
biopsy in ovarian cancer: Catching the silent killer before it
strikes. World J Clin Oncol. 2020;11:868-89. doi: 10.5306/
wjco.v11.i11.868.

9. Siegel R, Miller K, Jemal A. Cancer statistics, 2020 CA Cancer
J Clin. 2020;70:7-30. doi: 10.3322/caac.21590.

10. Goff B, Mandel L, Melancon C, Muntz H. Frequency of
symptoms of ovarian cancer in women presenting to primary
care clinics. JAMA. 2004;291:2705-12. doi: 10.1001/
jama.291.22.2705.

11. Rossing M, Wicklund K, Cushing-Haugen K, Weiss N.
Predictive value of symptoms for early detection of ovarian
cancer. J Natl Cancer Inst. 2010;102:222-9. doi: 10.1093/jnci/
djp500.

12. Ali A. Towards prevention of ovarian cancer. Curr Cancer Drug
Targets. 2018;18:522-37. doi: 10.2174/15680096186661801
02103008.

13. Huang C, Chang W, Huang H, Guo C, Chou Y, Huang N, et
al. Subsequent development of epithelial ovarian cancer after
ovarian surgery for benign ovarian tumor: a population-based
cohort study. Clin Epidemiol. 2020;12:637-49. doi: 10.2147/
CLEP.S199349.

14. Huang J, Yang S, Wu P, Wang C, Tang C, Wang P. Different
influences of endometriosis and pelvic inflammatory disease
on the occurrence of ovarian cancer. Int J Environ Res Public
Health. 2021;18:8754. doi: 10.3390/ijerph18168754.

15. Lo H, Weng S, Chen H, Tsai E. Pelvic inflammatory disease
is associated with ovarian cancer development in women
with endometriosis: A cohort study in Taiwan. Int ] Gynaecol
Obstet. 2022;158:145-52. doi: 10.1002/ijgo.13935.

16. Jonsson S, Jonsson H, Lundin E, Haggstrom C, Idahl A. Pelvic
inflammatory disease and risk of epithelial ovarian cancer:
a national population-based case-control study in Sweden.
Am ] Obstet Gynecol. 2024;230:75.e1-.e15. doi: 10.1016/j.
2j0g.2023.09.094.

17. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A,
al e. Preferred reporting items for systematic review and
metaanalysis protocols (PRISMA-P) 2015 statement. Syst Rev
J. 2015;4:1e9.

Immunopathologia Persa Volume x, Issue x, 2025 | 9


https://www.crd.york.ac.uk/PROSPERO/view/CRD42024590681
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/66e57e5a34342e02c8d18db9/

Saffarieh E et al

18.

Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur ] Epidemiol. 2010;25:603e5.

Falconer H, Yin L, Salehi S, Altman D. Association between
pelvic inflammatory disease and subsequent salpingectomy on
the risk for ovarian cancer. Eur ] Cancer. 2021;145:38-43. doi:
10.1016/j.ejca.2020.11.046.

30.

inflammation and risk of ovarian cancer in Los Angeles County.
Int] Cancer. 2009;124:1409-15. doi: 10.1002/ijc.24091

MA M, AC G, CM N, PM W, Australian Cancer Study (Ovarian
Cancer) and Australian Ovarian Cancer Study Group. Talcum
powder, chronic pelvic inflammation and NSAIDs in relation
to risk of epithelial ovarian cancer. IntJ Cancer. 2008;122:170-
6. doi: 10.1002/ijc.23017

20. Chang C, Lin K, Huang C, Lin W. Association of pelvic 31. Parazzini F, La Vecchia C, Negri E, Moroni S, dal Pino D,
inflammatory disease (PID) with ovarian cancer: a nationwide Fedele L. Pelvic inflammatory disease and risk of ovarian
population-based retrospective cohort study from Taiwan. cancer. Cancer Epidemiol Biomarkers Prev. 1996;5:667-9.
BMC Womens Health. 2021;21:274. doi: 10.1186/s12905- 32. Risch H, Howe G. Pelvic inflammatory disease and the risk of
021-01413-2. epithelial ovarian cancer. Cancer Epidemiol Biomarkers Prev.

21. Stewart L, Spilsbury K, Jordan S, Stewart C, Holman C, 1995;4:447-51.

Powell A, et al. Risk of high-grade serous ovarian cancer 33. Stewart L, Stewart C, Spilsbury K, Cohen P, Jordan S.
associated with pelvic inflammatory disease, parity and breast Association between pelvic inflammatory disease, infertility,
cancer. Cancer Epidemiol 2018;55:110-6. doi: 10.1016/j. ectopic pregnancy and the development of ovarian serous
canep.2018.05.011 . borderline tumor, mucinous borderline tumor and low-grade

22. Park H, Schildkraut J, Alberg A, Bandera E, Barnholtz-Sloan J, serous carcinoma. Gynecol Oncol. 2020;156:611-5. doi:
Bondy M, et al. Benign gynecologic conditions are associated 10.1016/j.ygyno.2020.01.027
with ovarian cancer risk in African-American women: a case— 34. Piao]J, Lee E, Lee M. Association between pelvic inflammatory
control study. Cancer Causes Control. 2018;29:1081-91. doi: disease and risk of ovarian cancer: An updated meta-
10.1007/s10552-018-1082-4. analysis. Gynecol Oncol. 2020;157:542-8. doi: 10.1016/j.

23. Rasmussen C, Jensen A, Albieri V, Andersen K, Kjaer S. Is ygyno.2020.02.002
pelvic inflammatory disease a risk factor for ovarian cancer? 35. Zhou Z, Zeng F, Yuan J, Tang J, Colditz G, Tworoger S, et al.
Cancer Epidemiol Biomarkers Prev. 2017;26:104-9. doi: Pelvic inflammatory disease and the risk of ovarian cancer: a
10.1158/1055-9965.EPI-16-0459. meta-analysis. Cancer Causes Control. 2017;28:415-28. doi:

24. Shen C, Hu L, Yang A, ChiangY, Hung J, Tsai S. Risk of uterine, 10.1007/510552-017-0873-3
ovarian and breast cancer following pelvic inflammatory 36. Ingerslev K, Hogdall E, Schnack T, Skovrider-Ruminski W,
disease: a nationwide population-based retrospective cohort Hogdall C, Blaakaer J. The potential role of infectious agents
study. BMC Cancer. 2016;16:839. doi: 10.1186/512885-016- and pelvic inflammatory disease in ovarian carcinogenesis.
2857-1. Infect Agent Cancer. 2017;12:25. doi: 10.1186/s13027-017-

25. Rasmussen C, Jensen A, AlbieriV, Andersen K, Kjaer S. Increased 0134-9
risk of borderline ovarian tumors in women with a history 37. Rasmussen C, Kjaer S, AlbieriV, Bandera E, Doherty ], Hogdall
of pelvic inflammatory disease: A nationwide population- E, et al. Pelvic inflammatory disease and the risk of ovarian
based cohort study. Gynecol Oncol. 2016;143:346-51. doi: cancer and borderline ovarian tumors: a pooled analysis of
10.1016/j.ygyno.2016.08.318. 13 case-control studies. Am J Epidemiol. 2017;185:8-20. doi:

26. McAlpine ], Lisonkova S, Joseph K, McComb P. Pelvic 10.1093/aje/kww161.
inflammation and the pathogenesis of ovarian cancer: a cohort 38. Yang T, Chung C, Chung S, Muo C, Chang C, Huang C. Risk
study. Int ] Gynecol Cancer. 2014;24:1406-13. doi: 10.1097/ of endometrial cancer in women with pelvic inflammatory
IGC.0000000000000235. disease: a nationwide population-based retrospective cohort

27. Rasmussen C, Faber M, Jensen A, Hogdall E, Hogdall C, study. Medicine (Baltimore). 2015;94:e1278. doi: 10.1097/
Blaakeer ], et al. Pelvic inflammatory disease and risk of MD.0000000000001278.
invasive ovarian cancer and ovarian borderline tumors. Cancer 39. Ye H, Tian ¥, Yu X, Li L, Hou M. Association Between Pelvic
Causes Control. 2013;27:1459-64. doi: 10.1007/s10552-013- Inflammatory Disease and Risk of Endometriosis: A Systematic
0216-y . Review and Meta-Analysis. ] Womens Health (Larchmt).

28. Stewart L, Holman C, Aboagye-Sarfo P, Finn ], Preen D, Hart 2024;33:73-9. doi: 10.1089/jwh.2023.0300.

R. In vitro fertilization, endometriosis, nulliparity and ovarian 40. Hsu M, Lin H. Risk of colorectal cancer in women with
cancer risk. Gynecol Oncol. 2013;128:260-4. doi: 10.1016/j. pelvic inflammatory disease: a matched cohort study. BJOG.
ygyno.2012.10.023 2014;121:337-42. doi: 10.1111/1471-0528.12420.

29. Wu A, Pearce C, Tseng C, Templeman C, Pike M. Markers of

10 | Immunopathologia Persa Volume x, Issue x, 2025



