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STUDY QUESTION: Is female infertility associated with higher risk of cancer?

SUMMARY ANSWER: Although absolute risks are low, infertility is associated with higher risk of cancer compared to a group of non-
infertile women.

WHAT IS KNOWN ALREADY: Infertile women are at higher risk of hormone-sensitive cancers. Information on risk of non-gynecologic
cancers is rare and conflicting, and the effect of pregnancy on these risk associations is known for only a minority of cancer types.

STUDY DESIGN, SIZE, DURATION: Retrospective cohort analysis between 2003 and 2016 using an insurance claims database.

PARTICIPANTS/MATERIALS, SETTING, METHODS: In all, 64 345 infertile women identified by infertility diagnosis, testing or treatment
were compared to 3 128 345 non-infertile patients seeking routine gynecologic care. Women with prior diagnosis of cancer or within 6 months of
index event were excluded. Main outcomes were development of any malignancy and individual cancers as identified by ICD-9/ICD-10 codes.
Results were adjusted for age at index date, index year, nulliparity, race, smoking, obesity, number of visits per year and highest level of education.

MAIN RESULTS AND THE ROLE OF CHANCE: Infertile women had an overall higher risk of developing cancer compared to non-
infertile women (2.0 versus 1.7%, adjusted hazard ratio (aHR) = 1.18; CI: 1.12–1.24). In addition, the risk of uterine cancer (0.10 versus
0.06%, aHR = 1.78; CI: 1.39–2.28), ovarian cancer (0.14 versus 0.09%, aHR 1.64; CI: 1.33–2.01), lung cancer (0.21 versus 0.21%, aHR =
1.38; CI: 1.01–1.88), thyroid cancer (0.21 versus 0.16%, aHR = 1.29; CI: 1.09–1.53), leukemia (0.10 versus 0.06%, aHR = 1.55; CI:
1.21–1.98) and liver and gallbladder cancer (0.05 versus 0.03%, aHR = 1.59; CI: 1.11–2.30) were higher in infertile women compared to
non-infertile women. In a subgroup analysis of women in each cohort who became pregnant and had a delivery during enrollment, the risk of
uterine and ovarian cancer were similar between infertile and non-infertile women. In a subgroup analysis excluding women with PCOS and
endometriosis from both cohorts, the risk of uterine cancer was similar between infertile and non-infertile women.

LIMITATIONS, REASONS FOR CAUTION: Absolute risk of cancer was low, average follow up for each individual was limited, and
average age at index date was limited. Insurance databases have known limitations.

WIDER IMPLICATIONS OF THE FINDINGS: Using claims-based data, we report that infertile women may have a higher risk of certain
cancers in the years after infertility evaluation; continued follow up should be considered after reproductive goals are achieved.

STUDY FUNDING/COMPETING INTEREST(S): None.
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Introduction
The association between infertility and the risk of developing a malig-
nancy is an ongoing concern for both fertility patients and providers.

Several studies suggest that infertile women are at higher risk of cancer
than women from the general population, particularly hormone-
sensitive cancers of the breast, ovaries and endometrium (Brinton
et al., 1989; Rossing et al., 1994; Venn et al., 1995; Meirow and
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Schenker, 1996; Modan et al., 1998; Althius et al., 2005b; Rizzuto
et al., 2013; Practice Committee of ASRM, 2016; Skalkidou et al.,
2017; Williams et al., 2018). There is some conflicting data, however,
from additional studies showing no association between infertility and
risk of breast and ovarian cancer (Venn et al., 1995; Kashyap et al.,
2004; Jensen et al., 2007; van den Belt-Dusebout et al., 2016). Less is
known about risks of non-gynecologic malignancies among infertile
patients (Althius et al., 2005b; Calderon-Margalit et al., 2009). For all
cancer types, the low incidence of malignancy in reproductive age
women limits the conclusions of the majority of studies’ risk associa-
tions. Furthermore, the effect of pregnancy on the risk association
between infertility and cancer has been investigated for only a minority
of cancer types (Nagasue et al., 1986; Dupont and Page, 1987; Adami
et al., 1994; Lambe et al., 1999; Kreuzer et al., 2003; Giannitrapani
et al., 2006).
The objective of our study was to investigate whether infertility was

associated with a subsequent risk of developing a malignancy. In add-
ition, we sought to investigate the effect, if any, of pregnancy on the
risk association between infertility and cancer. In order to overcome
the low incidence of cancer in women of reproductive age, we used a
large database of health insurance claims to examine outcomes in
infertile patients as many insurance organizations offer coverage for
infertility testing and treatment.

Materials andMethods

Patients
We analyzed subjects in the Optum® de-identified Clinformatics©

Datamart between 2003 and 2016. Optum©’s Clinformatics® Data Mart
(CDM) is derived from a database of administrative health claims for mem-
bers of a large national managed care company affiliated with Optum. The
database includes ~17–19 million annual covered lives, for a total of over
57 million unique lives over a 14-year period (1/2003 through 12/2016).
These administrative claims submitted for payment by providers and phar-
macies are verified, adjudicated, adjusted and de-identified prior to inclu-
sion. The Clinformatics® Data Mart data comprises both commercial and
Medicare Advantage health plan data. The population is geographically
diverse, spanning all 50 states. This study was approved by the Stanford
Institutional Review Board.

Given the variation in infertility coding and reimbursement practices in
the USA, we attempted to be as broad as possible. The cohort of infertile
women was comprised of women receiving any of the following: (i) an
infertility diagnosis, (ii) fertility testing or (iii) fertility treatment. Women
with an infertility diagnosis were identified by outpatient claims (ICD9:
628.x, 614.6, V26.89, ICD10: E23.0, N73.6, N97.x, Z31.81). Fertility test-
ing was identified through diagnosis codes (V26.21, Z31.41) or the pres-
ence of a procedure code (CPT) for hysterosalpingogram (HSG) (74740).
HSG was chosen to identify infertile women because it is commonly
ordered as part of an initial fertility evaluation to assess tubal patency but is
not otherwise part of routine gynecologic care (Crosignani and Rubin,
2000). Patients receiving fertility treatment were identified by the presence
of a CPT code for intrauterine artificial insemination (58322), follicular
puncture for oocyte retrieval (58970) or intrauterine embryo transfer
(58974). The presence of a pharmacy claim for a prescription for clomi-
phene citrate or a gonadotropin (FSH, HMG, HCG) was also used to iden-
tify patients receiving fertility treatment. Clomiphene was chosen because
it is routinely used to induce ovulation for women with anovulatory infertil-
ity as well as to promote superovulation for women who are ovulatory,
and is not prescribed for non-fertility indications (Kousta et al., 1997).

Gonadotropins (FSH, HMG, HCG) have comprised the standard approach
for ovulation stimulation and induction for ART since they were first imple-
mented in 1981 and HCG has consistently been used to mimic the mid-
cycle surge in luteinizing hormone that triggers final oocyte maturation in
ART cycles (Lunenfeld, 2012).

The comparison group was composed of women receiving routine
gynecologic care who did not have an infertility diagnosis or procedure
codes for fertility testing or treatment. These patients were identified
through the presence of a claim for a well woman visit (V72.31,
Z01.411, Z01.419), encounter for contraceptive management (V25.0,
V25.01–V25.04, V25.09, Z30.011, Z30.012, Z30.015, Z30.016,
Z30.017, Z30.018, Z30.02, Z30.09), encounter for placement or
removal of an IUD (V25.11–V25.13, Z30.430, Z30.432, Z30.433),
encounter for placement of a contraceptive implant (V25.5, Z30.8),
encounter for bilateral tubal ligation (V25.2, Z30.2), encounter for
contraceptive surveillance (V25.40–V25.43, V25.49, Z30.40, Z30.41,
Z30.42, Z30.431, Z30.436, Z30.44, Z30.45, Z30.49) and encounter
for pap smear (V72.32, Z12.4, 88141–88155, 88164–88167, 88174-5,
Q0091, G0101).

In both groups, women who became pregnant and had a delivery were
identified by diagnosis and procedure codes indicating the end of a preg-
nancy. These diagnosis and procedure codes were obtained from a litera-
ture search of insurance claims data used to identify various pregnancy
outcomes (Bennett et al., 2014; Ailes et al., 2016) and are listed in
Supplementary Table SI.

We recorded the first date of a relevant diagnosis or procedure code as
the index date. For patients in the infertile group, index date was the date
of infertility diagnosis, testing or treatment. For patients in the non-infertile
group, index date was the date of encounter for any of the services listed
above. In order to be included in the study, patients were required to be
enrolled in a plan covered by the database for at least 6 months before
and after the index date. Patients were also required to be between 20
and 45 years old on the index date. In all groups, patients with a prior can-
cer diagnosis or with a cancer diagnosis within the 6 months following the
index date were excluded from the study. This was identified through the
presence of any claim with a diagnosis code for cancer.

Outcome ascertainment
Cancer diagnoses were identified using diagnosis codes on inpatient and
outpatient claims. Diagnosis codes to identify cancer were aligned to the
Surveillance, Epidemiology, and End Results (SEER) definitions. We identi-
fied patients with claims diagnoses indicating the presence of any invasive
cancer excluding non-invasive cancers, skin squamous cell and skin basal
cell cancers (ICD9: 140–209, C00.x-C96.x). We also identified the pres-
ence of specific cancers including upper respiratory (140.x-149.x, 160.x,
161.x, C00.x-C14.x, C30.x, C31.x, C32.x), stomach (151.x, C16.x), colo-
rectal (153.x, 154.0, 154.1, 154.8, C18.x, C218.x, C19.x, C20.x), liver and
gallbladder (155.x, 156.x, C22.x, C23.x), pancreas (157.x, C25.x), lung
(162.x, C33.x, C34.x), melanoma (172.x, C43.x, D03.x), breast (174.x,
C50.019, C50.119, C50.219, C50.319, C50.419, C50.519. C50.619,
C50.819, C50.919), bladder (188.x, C67.x), kidney (189.0, 189.1, C64.9x,
C65.9x), brain and nervous system (191.x, 192.x, C71.x, C72.50x,
C72.1x, C70.0x, C70.1x, C70.9x, C72.9x, C72.0x), thyroid (193.x, C73.
x), non-Hodgkin lymphoma (200.x, 202.x), Hodgkin lymphoma (201.x,
C81.x), leukemia (204.x, 205.x, 206.x, 207.x, 208.x, C91.x, C92.x, C93.x,
C94.x. C95.x), esophagus (150.x, C15.x), uterus (179.x, 182.x, C55.x,
C54.0x, C54.1x, C54.2x, C54.3x, C54.8x, C54.9x), cervix (180.x, C53.0x,
C53.1x, C53.8x, C53.9x), and ovary (183.x, C56.9x, C57.3x, C57.4x,
C57.00x, C57.10x, C57.20x). Outcomes with <11 absolute number of
events are required to be reported as <11 to protect patient privacy per
the data usage agreement with Optum.
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Several subset analyses were performed as follows: including only
women in both infertile and non-infertile cohorts who became pregnant
and had a delivery during the enrollment period, excluding women with
PCOS (identified with diagnosis codes 256.4, 628.0, N97.0, E28.2) and
endometriosis (identified with diagnosis codes 617.0, N80.9) from both
infertile and non-infertile cohorts, and limiting follow up of all women to
>2, >3 and >4 years. For all subset analyses, the incidence of a cancer
diagnosis was compared between infertile and non-infertile cohorts.

Confounder selection
Cancer risk has been attributed in the literature to a variety of demo-
graphic factors including age, year of presentation, reproductive history,
access to care, race, smoking, obesity and highest level of education
(American Cancer Society, 2019). Detection of cancer is also influenced
by screening practices including screening mammography (Tabar et al.,
1985). In the Optum database, several demographic factors are available
including age, year of diagnosis, race and highest level of education are
available and were recorded at the index date. For each patient, diagnosis
codes were then used to identify obesity (278.0, E66.9, E66.01, E66.3,
E66.2), smoking (305.1, V15.82, F17.200, Z87.891), and nulliparity (V22.0,
V23.81, V23.83, O0.95, O0.96). Diagnosis codes entered either at the
index date or during the follow up period were included. As a proxy meas-
ure of access to care, for each patient, the number of outpatient visits after
the index date was determined based on the presence of claims for CPT
codes indicating new and follow up visits, consultations, or preventive
medicine encounters. For patients with a diagnosis of breast cancer, those
who obtained a screening mammogram prior to cancer diagnosis were
identified using codes (ICD-10: Z12.31, ICD-9: V76.11, CPT: 77067,
77066, 77065, 77063, HCPCS: G0202, G0204, G0206).

Statistical analysis
To compare demographics between infertile and non-infertile cohorts, the
Chi-square test was used for categorical variables, Student’s T-test was
used to compare age, and the Wilcoxon rank-sum test was used to com-
pare follow up time and number of visits. Patients accrued at risk time
beginning from their index dates until cancer diagnosis or the last enroll-
ment date in a health plan in the Optum® insurance claims database. The
risk of cancer between infertile patients and the non-infertile group was
assessed using a Cox proportional hazards model while adjusting for age at
index date, index year, nulliparity, race, smoking, obesity, number of visits
per year and highest level of education. Risk of breast cancer was also
adjusted for receiving a screening mammogram. All p values were 2-sided
with P < 0.05 considered statistically significant. Analyses were performed
using SAS (version 9.4, SAS Institute, Inc., Cary, NC, USA).

Results

Patient demographics: infertile versus
non-infertile patients
Overall, 64 345 patients had a diagnosis of infertility, underwent fertil-
ity testing or underwent fertility treatment. The non-infertile group
was comprised of 3 128 345 patients who were deemed non-infertile.
Patients in the infertile group were older on average at the index date
(34.0 ± 5.7 years) compared to the non-infertile group (32.7 ± 7.4
years) (P < 0.0001). Patients were, on average, followed for 3.8 ± 3.3
years in the infertile group and 3.9 ± 3.3 years in the non-infertile
group. In the study interval, there were 246 485 person-years of follow

up in the infertile group and 12 268 968 person-years of follow up in
the non-infertile group. Infertile patients were more likely to be nul-
liparous, obese and smokers compared to non-infertile patients (P <
0.0001 for all comparisons) (Table I). Infertile patients had a higher
median number of visits per person per year (4.1 visits) compared to
the non-infertile group (2.7 visits) (P < 0.0001). In both groups, the
majority of patients were Caucasian. Education level, income and
geographic distribution were similar between the infertile and non-
infertile groups. Comparison of all demographics between infertile
and non-infertile cohorts was significant (P < 0.001), likely due to the
large sample size.

Patient demographics: subset of patients
with a delivery
Of the 64 345 patients in the infertile group, 22 024 (34.2%) had a
pregnancy and subsequent delivery during the enrollment period
(4.5 ± 3.3 years). Of the 3 128 345 patients in the non-infertile group,
626 532 (20.0%) had a pregnancy and subsequent delivery during the
enrollment period (4.5 ± 3.4 years). A higher proportion of women
became pregnant and delivered in the infertile cohort compared to the
non-infertile cohort. Infertile patients were older on average at time
of follow up (32.6 ± 4.9 years) compared to non-infertile patients
(29.8 ± 5.2 years) (Table I). Infertile patients in the delivery subgroup
were more likely to be nulliparous and obese and less likely to be smo-
kers compared to non-infertile patients.

Overall incidence of cancer across study
cohorts
During follow up, there were 1310 cancer diagnoses in the infertile group
and 53 116 cancer diagnoses in the non-infertile group. In both groups,
the most common cancer diagnosed was breast (329 cases in the infertile
group and 15 348 cases in the non-infertile group) (Table II).

Comparison of infertile and non-infertile cohorts
Women with infertility had an overall higher risk of developing cancer
compared to non-infertile women (2.0 versus 1.7%, adjusted hazard
ratio (aHR) = 1.18; CI: 1.12–1.24). In addition, the risk of uterine can-
cer (0.10 versus 0.06%, aHR = 1.78; CI: 1.39–2.28), ovarian cancer
(0.14 versus 0.09%, aHR = 1.64; CI: 1.33–2.01), lung cancer (0.21 ver-
sus 0.21%, aHR = 1.38; CI: 1.01–1.88), thyroid cancer (0.21 versus
0.16%, aHR = 1.29; CI: 1.09–1.53), leukemia (0.10 versus 0.06%,
aHR = 1.55; CI: 1.21–1.98) and liver and gallbladder cancer (0.05 ver-
sus 0.03%, aHR = 1.59; CI: 1.11–2.30) were higher in infertile women
compared to non-infertile women. The risk of breast cancer was simi-
lar between the infertile and non-infertile groups (0.51 versus 0.49%,
aHR = 1.08; CI: 0.97–1.21). Adjusting for covariates including age at
index date, index year, nulliparity, race, smoking, obesity, number of
visits per year and education did not significantly affect any of the
results. Adjusting the risk of developing breast cancer for receiving a
screening mammogram did not significantly affect the results. A sensi-
tivity analysis was performed excluding obesity and smoking as poten-
tial confounders (Supplementary Table SII) with no significant change
in the point estimates.
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Table I Patient demographics of overall infertile cohort and subset of patients within each cohort with pregnancy and
subsequent delivery during follow up period.

Full cohort Delivery cohort

Infertile Control Infertile Control

Number of patients 64 345 3 128 345 22 024 626 532

Age at index date (years)

Mean (SD) 34.0 (5.7) 32.7 (7.4) 32.6 (4.9) 29.8 (5.2)

20–24 3382 (5.3) 555 690 (17.8) 1088 (4.9) 104 136 (16.6)

25–29 11 669 (18.1) 625 505 (20.0) 4963 (22.5) 207 144 (33.1)

30–34 18 962 (29.5) 604 782 (19.3) 8100 (36.8) 196 510 (31.4)

35–39 18 102 (28.1) 592 800 (19.0) 5980 (27.2) 95 339 (15.2)

40–45 12 230 (19.0) 749 568 (24.0) 1893 (8.6) 23 403 (3.7)

Follow up time (years)b

Mean (SD) 3.8 (3.3) 3.9 (3.3) 4.5 (3.3) 4.5 (3.4)

0–1 10 760 (16.7) 496 814 (15.9) 1261 (5.7) 69 482 (11.1)

1–2 15 401 (23.9) 717 058 (22.9) 4879 (22.2) 122 604 (19.6)

2–3 9246 (14.4) 454 847 (14.5) 3657 (16.6) 89 904 (14.4)

3–4 6346 (9.9) 318 191 (10.2) 2700 (12.3) 69 284 (11.1)

4+ 22 592 (35.1) 1 141 435 (36.5) 9527 (43.3) 275 258 (43.9)

Total 246 484.6 12 268 968.2 98 145.3 2 791 449.2

Nulliparity 11 396 (17.7) 266 843 (8.5) 9421 (42.8) 232 004 (37.0)

Obesity 11 826 (18.4) 425 310 (13.6) 3586 (16.3) 81 826 (13.1)

Smoking 7182 (11.2) 303 955 (9.7) 1559 (7.1) 53 654 (8.6)

Index date

2003 5903 (9.2) 309 940 (9.9) 2179 (9.9) 63 579 (10.2)

2004 7481 (11.6) 334 317 (10.7) 2644 (12.0) 68 067 (10.9)

2005 6154 (9.6) 309 144 (9.9) 2135 (9.7) 62 792 (10.0)

2006 5181 (8.1) 278 365 (8.9) 1777 (8.1) 57 446 (9.2)

2007 4928 (7.7) 261 200 (8.4) 1736 (7.9) 54 314 (8.7)

2008 4675 (7.3) 244 621 (7.8) 1640 (7.5) 52 091 (8.3)

2009 4234 (6.5) 220 298 (7.0) 1552 (7.1) 45 982 (7.3)

2010 3581 (5.6) 184 858 (5.9) 1323 (6.0) 38 196 (6.1)

2011 3702 (5.8) 187 229 (6.0) 1358 (6.2) 38 148 (6.1)

2012 3759 (5.8) 18 1671 (5.8) 1356 (6.2) 36 771 (5.9)

2013 3934 (6.1) 174 377 (5.6) 1368 (6.2) 34 404 (5.5)

2014 3994 (6.2) 168 622 (5.4) 1407 (6.4) 32 262 (5.2)

2015 4367 (6.8) 18 0157 (5.8) 1252 (5.7) 30 109 (4.8)

2016 2452 (3.8) 93 546 (3.0) 297 (1.4) 12 371 (2.0)

Visits per person year

Median (range) 4.10 (0–92.5) 2.70 (0–236.2) 4.50 (0–61.0) 2.6 (0–236.2)

<1 7973 (12.4) 581 663 (18.6) 1738 (7.9) 111 038 (17.7)

1–2 8209 (12.8) 60 9041 (19.5) 2452 (11.1) 129 154 (20.6)

2+ 48 163 (74.9) 193 7641 (61.9) 17 834 (81.0) 386 340 (61.7)

Race/Ethnicity

White 39 492 (61.4) 2 140 071 (68.4) 14 123 (64.1) 409 673 (65.4)

Asian 6802 (10.6) 165 505 (5.3) 2871 (13.0) 47 970 (7.7)

Black 6610 (10.3) 319 552 (10.2) 1552 (7.1) 57 303 (9.2)

Hispanic 7966 (12.4) 363 712 (11.6) 2220 (10.1) 81 712 (13.0)

Unknown 3475 (5.4) 139 505 (4.5) 1258 (5.7) 29 874 (4.8)

Continued
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Table I Continued

Full cohort Delivery cohort

Infertile Control Infertile Control

Education

Less than 12th grade 520 (0.8) 21 867 (0.7) 84 (0.4) 4766 (0.8)

High School Diploma 14 942 (23.2) 761 574 (24.3) 3746 (17.0) 146 114 (23.3)

Less than Bachelor degree 32 641 (50.7) 1 651 487 (52.8) 10 935 (49.7) 334 771 (53.4)

Bachelor Degree plus 15 868 (24.7) 676 596 (21.6) 7151 (32.5) 137 753 (22.0)

Unknown 374 (0.6) 16 821 (0.5) 108 (0.5) 3128 (0.5)

Income

<50 K 8983 (14.0) 486 152 (15.5) 2235 (10.2) 93 047 (14.9)

50–100 K 14 237 (22.1) 713 358 (22.8) 4856 (22.1) 148 950 (23.8)

100 K+ 17 184 (26.7) 819 841 (26.2) 7765 (35.3) 168 350 (26.9)

Unknown 23 941 (37.2) 1 108 994 (35.5) 7168 (32.6) 216 185 (34.5)

Region of the country

Midwest 15 538 (24.2) 814 816 (26.1) 5467 (24.8) 165 330 (26.4)

Northeast 8285 (12.9) 324 942 (10.4) 3304 (15.0) 61 525 (9.8)

South 26 123 (40.6) 1 426 092 (45.6) 8155 (37.0) 275 633 (44.0)

West 14 187 (22.1) 557 727 (17.8) 5041 (22.9) 123 053 (19.6)

Unknown 212 (0.3) 4768 (0.2) 57 (0.3) 991 (0.2)

Unless stated otherwise all data are n (%).
aComparison of all demographics between infertile and non-infertile cohorts was significant (P < 0.001) likely due to the large sample size.
bFollow-up time was calculated from the index date to the last enrolled date in the database.

.................................................... ...................................................... .................................

.............................................................................................................................................................................................

Table II Absolute incidence, events per person years, hazard ratios and 95% CI for the association between female
infertility and incidence of cancer.

Infertile (246 484 person years) Control (12 268 968 person years) Hazard ratioa (95% CI)

n (%) Events/1 K person years n (%) Events/1 K person years Infertile versus control

All cancer diagnoses 1310 (2.04) 5.31 53 116 (1.70) 4.33 1.18 (1.12–1.24)

Breast 329 (0.51) 1.33 15 348 (0.49) 1.25 1.08 (0.97–1.21)b

Uterus 66 (0.10) 0.27 1779 (0.06) 0.14 1.78 (1.39–2.28)

Cervix 54 (0.08) 0.22 2400 (0.08) 0.20 1.06 (0.81–1.38)

Ovary 93 (0.14) 0.38 2705 (0.09) 0.22 1.64 (1.33–2.01)

Urinary bladder 19 (0.03) 0.08 662 (0.02) 0.05 1.38 (0.87–2.18)

Kidney 19 (0.03) 0.08 972 (0.03) 0.08 0.93 (0.59–1.46)

Lung 133 (0.21) 0.54 6453 (0.21) 0.53 1.38 (1.01–1.88)

Melanoma 133 (0.21) 0.54 6453 (0.21) 0.53 0.996 (0.84–1.18)

Thyroid 138 (0.21) 0.56 4869 (0.16) 0.40 1.29 (1.09–1.53)

Non-Hodgkins Lymphoma 67 (0.10) 0.27 3331 (0.11) 0.27 0.93 (0.73–1.19)

Hodgkins Lymphoma 18 (0.03) 0.07 846 (0.03) 0.07 0.99 (0.62–1.58)

Leukemia 66 (0.1) 0.27 1987 (0.06) 0.16 1.55 (1.21–1.98)

Brain/CNS 43 (0.07) 0.17 1886 (0.06) 0.15 1.08 (0.80–1.47)

Upper digestive tract 35 (0.05) 0.14 1620 (0.05) 0.13 1.02 (0.73–1.43)

Colon and rectum 61 (0.09) 0.25 2621 (0.08) 0.21 1.15 (0.89–1.48)

Liver and gallbladder 30 (0.05) 0.12 889 (0.03) 0.07 1.59 (1.11–2.3)

Pancreas 11 (0.02) 0.04 560 (0.02) 0.05 0.94 (0.52–1.72)

aAdjusted for age at index date, index year, nulliparity, race, smoking, obesity, number of visits per year and highest level of education.
bAdditionally adjusted for screening mammogram.
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Subset analysis of patients with a delivery
during enrollment
A subset analysis of cancer incidence in women who became pregnant
and had a delivery in both the infertile and non-infertile groups was
performed. The overall risk of cancer was higher in the infertile sub-
group (1.78 versus 1.16%, aHR = 1.18; CI: 1.06–1.30), however,
some associations were lower in magnitude (Table III). Specifically, the
risk of uterine (0.04 versus 0.02%, aHR = 1.31; CI: 0.64–2.69), ovarian
cancer (0.09 versus 0.05%, aHR = 1.41; CI: 0.88–2.25), lung (0.04 ver-
sus 0.03%, aHR = 1.18; CI: 0.60–2.31) and liver and gallbladder cancer
(0.04 versus 0.02%, aHR = 1.51; CI: 0.73–3.12) were similar between
the infertile and non-infertile subgroups. No new associations between
infertility and cancer risk were noted in this subset analysis. Adjusting
for the above mentioned covariates did not significantly affect the
results.

Subset analysis excluding patients with PCOS
and endometriosis from both cohorts
In the infertile cohort, 36.3% of patients had a diagnosis of PCOS or
endometriosis. In the non-infertile group, 4.0% of patients had a diag-
nosis of PCOS or endometriosis. A subset analysis was performed
excluding patients with PCOS and endometriosis from both infertile
and non-infertile cohorts. The overall risk of cancer was higher in the
infertile subgroup (1.91 versus 1.63%, aHR = 1.14; CI: 1.06–1.22).
Risk associations of individual cancers followed the same trends as the
overall analysis with the exception of uterine cancer which did not dif-
fer between this infertile and non-infertile subgroup (0.05 versus
0.05%, aHR = 0.99; CI: 0.64–1.55).

Subset analysis limiting follow up time in
both cohorts
The mean follow up time for both infertile and non-infertile cohorts
was 3.9 years. A subset analysis was performed limiting follow up time
to >2, >3 and >4 years in both infertile and non-infertile cohorts. The
overall risk of any malignancy and risks of individual cancers was
unchanged between the infertile and non-infertile subgroups com-
pared to the overall analysis (data not shown).

Discussion
Although the overall incidence of cancer is low for all women in the
cohort, we identify an association between infertility and higher risk of
cancer compared to a group of non-infertile women.

Comparison of infertile and non-infertile
cohorts
Higher risk of cancer in infertile women compared to the general
population has been demonstrated in several prior studies. In particu-
lar, the risk of developing hormone-sensitive cancers of the breast,
ovaries and uterus has previously been reported in infertile patients
and attributed to anovulation and dysregulation of estradiol and pro-
gesterone levels (Brinton et al., 1989; Rossing et al., 1994; Venn et al.,
1995; Meirow and Schenker, 1996; Modan et al., 1998). During fertility
treatment, estradiol and progesterone levels are upregulated above
physiologic levels (Joo et al., 2010); therefore, concern has also been

raised regarding fertility treatment and the risk of developing hormone-
sensitive cancers. For example, the incidence of uterine cancer was
found to be higher after clomiphene treatment, with the strongest cor-
relation in obese and nulliparous women (Althius et al., 2005a).
In both infertile and non-infertile patients, we report a low, overall

absolute risk of cancer (2.04 and 1.70%, respectively). Comparison of
cancer risk between infertile and non-infertile groups reveals an 18%
higher risk of cancer among infertile patients compared to non-infertile
patients. The low overall incidence, however, translates into a very
modest increase in absolute risk of 1/49 compared to 1/59 for infer-
tile and non-infertile patients, respectively. Given the overall risk asso-
ciation, we then sought to identify individual cancers risk associations.
Among infertile patients, we report a higher risk of ovarian and uterine
cancers and a similar risk of breast cancer compared to non-infertile
patients. Furthermore, we report a higher risk of non-hormonal can-
cers including lung cancer, thyroid cancer, liver and gallbladder cancer
and leukemia in the infertile group compared to non-infertile patients.
While several associations were significant, absolute increases in risk
were modest due to the low overall incidence of cancer in our patient
cohort.

Subset analyses
Cancers typically develop over several years, and occult carcinomas
may impair fertility for several years before clinical detection (Levanon
et al., 2008). Cancer risk has also been widely associated with several
demographic factors (American Cancer Society, 2019). Infertile
patients had higher rates of obesity and smoking compared to non-
infertile patients, both of which can increase the risk of cancer
(Bianchini et al., 2002; Bach et al., 2003) and therefore were controlled
for in our statistical analysis. A secondary analysis in which obesity and
smoking were excluded as potential confounders resulted in similar
point estimates to the overall analysis. Infertile patients were, on aver-
age, older than non-infertile patients at the index date, however, the
mean age difference of 1.3 years is unlikely to be clinically significant.
Patients in the infertile group did have a higher number of visits per
year compared to the non-infertile group, and perhaps were more
likely to report symptoms that eventually led to a cancer diagnosis.
Infertile patients may also have additional comorbidities that were
not controlled for in the analysis and may result in higher risk of can-
cer. For example, PCOS has been consistently associated with
increased risk of uterine cancer and sporadically associated with
increased risk of breast and ovarian cancer (Balen, 2001; Dumesic
and Lobo, 2013; Barry et al., 2014). Endometriosis has been asso-
ciated with increased risk of ovarian cancer (Somigliana et al., 2006).
In a subgroup analysis excluding patients with PCOS and endometri-
osis, we identified similar point estimates for the overall risk of malig-
nancy and for individual cancers with the exception of uterine cancer.
This loss of a risk association with uterine cancer suggests that
PCOS/endometriosis may confound the relationship between infer-
tility and uterine cancer. Another potential common mechanism
between cancer and infertility is the presence of mutations in genes
associated with DNA repair (e.g. BRCA) that may increase the risk
of both conditions (Giordano et al., 2016; Johnson et al., 2017). In
summary, our findings suggest an association between infertility and
higher risk of cancer compared to a population deemed by claims-
based criteria to be non-infertile.
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In a subset analysis, we compared outcomes of women in each
cohort who became pregnant and had a delivery during the enrollment
period. A higher proportion of the infertile cohort underwent preg-
nancy and delivery during the enrollment period than the non-infertile
cohort. This is likely multifactorial in nature and may be due to non-
infertile women already completing their family prior to the index date
and/or not attempting to become pregnant during the enrollment per-
iod. In addition, a higher proportion of both the infertile cohort and
non-infertile cohort who had a child during the enrollment period
were nulliparous compared to the overall cohort. This subset of
patients were younger than the overall cohort and likely had a higher
prevalence of primary infertility. In patients who became pregnant and
had a delivery, several risk associations that were noted in the overall
comparison were diminished. Namely, the risk of developing ovarian,
uterine, lung, liver and gallbladder cancer were similar between the
subset of infertile and non-infertile patients who became pregnant with
a subsequent delivery but were elevated in the overall comparison of
infertile women to non-infertile women. As some of these cancers are
hormone mediated, it does suggest a possible mechanism behind the
seemingly protective effect of childbearing among infertile women who
succeed in fertility treatment. It is important to note that cancers in
reproductive age women are, overall, rare events and the conclusions
of our subgroup analysis are limited by the low incidence of the out-
comes of interest. Our findings are in accordance with previous
reports that parity is associated with a reduction in the risk of ovarian
and uterine cancer (Adami et al., 1994; Lambe et al., 1999). Pregnancy

resulting in delivery has also been shown to be protective against
breast cancer (Dupont and Page, 1987). We report no association
between breast cancer risk in either the overall infertile cohort or the
subset of infertile patients with a delivery. The effect of pregnancy on
non-hormone sensitive cancers is not as clearly established. No clear
association has been reported between prior live births and lung can-
cer risk (Kreuzer et al., 2003). The role of estrogen in the development
of hepatic adenomas has been well established and by extension the
role of reproductive hormones in development of liver cancer has
been hypothesized but not clearly demonstrated (Nagasue et al.,
1986; Giannitrapani et al., 2006). In order to elucidate if infertility
treatment or childbearing are responsible for reducing risk associations
with cancer, future studies would examine outcomes of infertile
patients who conceive spontaneously versus with fertility treatment.

Study limitations
While the number of patients and total person-years of follow up was
high, one of the limitations of the study is the low incidence of cancer
outcomes in reproductive age women. Furthermore, population
health level databases are subject to a variety of limitations. While the
number of total person years of follow up is large, the average number
of years of follow up for each patient and their age at index date were
limited. It is of note, however, that several significant risk associations
were noted in a short duration of follow up. It is not known whether
factors related to population turnover in the database are related to

................................................... ..................................................... .................................

.............................................................................................................................................................................................

Table III Absolute incidence, events per person years, hazard ratios and 95% CI for the association between female
infertility and incidence of cancer in the subset of patients with pregnancy and subsequent delivery during follow up.

Infertile subset (98 036 person years) Control subset (2 787 915 person years) Hazard ratioa (95% CI)

n (%) Events/1 K person years n (%) Events/1 K person years Infertile versus control

All cancer diagnoses 393 (1.78) 4.00 7275 (1.16) 2.61 1.18 (1.06–1.30)

Breast 102 (0.46) 1.04 1876 (0.30) 0.67 1.03 (0.85–1.26)b

Uterusc <11 0.08 135 (0.02) 0.05 1.31 (0.64–2.69)

Cervix 12 (0.05) 0.12 342 (0.05) 0.12 0.90 (0.51–1.61)

Ovary 19 (0.09) 0.19 295 (0.05) 0.11 1.41 (0.88–2.25)

Urinary bladderc <11 0.04 71 (0.01) 0.03 1.12 (0.41–3.09)

Kidneyc <11 0.04 111 (0.02) 0.04 0.81 (0.30–2.20)

Lungc <11 0.09 172 (0.03) 0.06 1.18 (0.60–2.31)

Melanoma 45 (0.20) 0.46 1049 (0.17) 0.38 0.98 (0.72–1.32)

Thyroid 57 (0.26) 0.58 906 (0.14) 0.32 1.40 (1.07–1.84)

Non-Hodgkins Lymphoma 19 (0.09) 0.19 455 (0.07) 0.16 0.94 (0.59–1.50)

Hodgkins Lymphomac <11 0.08 116 (0.02) 0.04 1.75 (0.85–3.61)

Leukemia 19 (0.09) 0.19 257 (0.04) 0.09 1.78 (1.11–2.85)

Brain/CNS 11 (0.05) 0.11 257 (0.04) 0.09 0.97 (0.53–1.78)

Upper digestive tractc <11 0.04 228 (0.04) 0.08 0.40 (0.15–1.09)

Colon and rectum 13 (0.06) 0.13 327 (0.05) 0.12 0.83 (0.48–1.46)

Liver and gallbladderc <11 0.08 108 (0.02) 0.04 1.51 (0.73–3.12)

Pancreasc <11 0.02 61 (0.01) 0.02 0.75 (0.18–3.09)

aAdjusted for age at index date, index year, nulliparity, race, smoking, obesity, number of visits per year and highest level of education.
bAdditionally adjusted for screening mammogram.
cAbsolute number of events not reported. Outcome instead reported as <11 to protect patient privacy per data usage agreement.
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cancer risk, and thus is a source of potential bias. We did perform a
sensitivity analysis limited to women with progressively longer follow
up to determine how shorter follow up affected results. We identified
similar point estimates in these analyses. Furthermore, the limited fol-
low up time in our study inadvertently selects for the subset of cancers
that present at an early age. Future studies would incorporate longer
term follow up after infertility diagnosis or initiation of fertility treat-
ment in order to more effectively capture these rare outcomes. While
we controlled for several covariates in our data analysis, our ability to
capture some was limited. For example, nulliparous status is not con-
sistently identified by insurance claims data. In addition, we could not
distinguish between a history of smoking and current smoking status.
While the Optum® Data Mart data comprises both commercial and
Medicare Advantage health plan data from a geographically diverse
population, there is selection bias of the population as a whole as they
are all insured. The selection of patients for the infertile and non-
infertile cohorts is subject to some limitations. Estimates of the preva-
lence of infertility are around 10% (Chandra et al., 2013), while in our
study population ~2% of women were infertile. Infertility may have
been undercounted, for example, among nulliparous women in the
non-infertile cohort who were utilizing contraception and therefore do
not have proven fertility. In addition, while the majority of insemina-
tions included are likely utilizing partner sperm, we are unable to dis-
tinguish these from donor insemination cycles in which only a portion
of women are infertile. We expect, however, that misclassification
would be non-differential which would shift results towards the null so
any association we identify is likely to be underestimated. Future stud-
ies would separately examine the incidence of cancer in women diag-
nosed with infertility compared to infertile women who subsequently
undergo fertility treatment. Details regarding infertility diagnosis and
treatment are not fully captured in insurance claims data, therefore we
did not separately analyze risk associations with infertility diagnosis
versus treatment. For example, patients could have sought fertility
treatment outside of insurance coverage. This would have not been
captured in our database and led to non-differential misclassification
with a regression to a null finding. Despite this likely underestimate of
associations, we still found differences between the overall infertile
and non-infertile cohorts. While we included women utilizing contra-
ception in the non-infertile cohort, we did not account for potential
risk modification associated with IUD and oral contraceptive use
(Cramer, 2012). Future studies would control for potential confoun-
ders including oral and long-acting contraceptive use, BRCA diagnosis,
age at first birth, and oligomenorrhea, which may affect both fertility
and cancer risk. As the database we utilized was de-identified, linkage
to national registries and death certificates was not possible. While we
did include inpatient and outpatient claims data, care received outside
the insurance system or care that was incorrectly coded would be
missed. The limitations of claims-based data have been previously
described (Roos et al., 1993); in the absence of linkage to a
population-based registry, we are unable to distinguish subject mis-
identification or loss of continuity. For example, we were not able to
separately identify women diagnosed with infertility who then conceive
spontaneously. This would require linking ART treatment records to
birth certificates, a level of granularity that we were not able to access
in the de-identified database, and thus is a potential source of detec-
tion bias. Finally, due to the high number of cancer outcomes investi-
gated, there is a possibility that a small fraction of the results are false

positives due to the role of chance. We investigated 17 individual can-
cers and found 6 positive associations. Chance alone may account for
one false positive but would be unlikely to explain all of them.
Using claims-based data, we report that infertility is associated with

a higher risk of cancer compared to a group of non-infertile women.
From a subset analysis, we report that infertile women who conceive
may have a lower risk of certain malignancies, namely uterine and
ovarian cancers. While the absolute increase in cancer risk with infer-
tility is small, this increase was seen within only 4 years of infertility
diagnosis, strongly supporting the need for further study to determine
what factors influence the long-term cancer risk for infertile women.

Supplementary data
Supplementary data are available at Human Reproduction online.
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SUPPLEMENTARY DATA

Supplementary Table SI ICD-9/10, CPT and DRG codes used to identify pregnancy with subsequent delivery.

ICD-9 diagnosis code

644.21 Early onset of delivery, delivered, with or without mention of antepartum condition

645.11 Post term pregnancy, delivered, with or without mention of antepartum condition

645.21 Prolonged pregnancy, delivered, with or without mention of antepartum condition

649.81 Onset (spontaneous) of labor after 37 completed weeks of gestation but before 39 completed weeks gestation, with delivery
by (planned) cesarean section, delivered, with or without mention of antepartum condition

649.82 Onset (spontaneous) of labor after 37 completed weeks of gestation but before 39 completed weeks gestation, with delivery
by (planned) cesarean section, delivered, with mention of postpartum complication

650 Normal delivery

651.01 Twin pregnancy, delivered, with or without mention of antepartum condition

651.11 Triplet pregnancy, delivered, with or without mention of antepartum condition

651.21 Quadruplet pregnancy, delivered, with or without mention of antepartum condition

651.31 Twin pregnancy with fetal loss and retention of one fetus, delivered, with or without mention of antepartum condition

651.41 Triplet pregnancy with fetal loss and retention of one or more fetus(es), delivered, with or without mention of antepartum
condition

651.51 Quadruplet pregnancy with fetal loss and retention of one or more fetus(es), delivered, with or without mention of antepartum
condition

656.4X Intrauterine death, affecting management of mother, delivered, with or without mention of antepartum condition

669.7 Cesarean delivery, without mention of indication, unspecified as to episode of care or not applicable

669.71 Cesarean delivery, without mention of indication, delivered, with or without mention of antepartum condition

V270 Outcome of delivery, single liveborn

V27.1 Outcome of delivery, single stillborn

V27.2 Outcome of delivery, twins, both liveborn

V27.3 Outcome of delivery, twins, one liveborn and one stillborn

V27.4 Outcome of delivery, twins, both stillborn

V27.5 Outcome of delivery, other multiple birth, all liveborn

V27.6 Outcome of delivery, other multiple birth, some liveborn

V27.7 Outcome of delivery, other multiple birth, all stillborn

V30.0c Single liveborn-in hospital

V30.00c Single liveborn, born in hospital, delivered without mention of cesarean section

V30.01c Single liveborn, born in hospital, delivered by cesarean section

V31.0c Twin, mate lb-in hospital

V31.00c Twin birth, mate liveborn, born in hospital, delivered without mention of cesarean section

V31.01c Twin birth, mate liveborn, born in hospital, delivered by cesarean section

V32.0c Twin, mate sb-in hospital

V32.00c Twin birth, mate stillborn, born in hospital, delivered without mention of cesarean section

V32.01c Twin birth, mate stillborn, born in hospital, delivered by cesarean section

V33c Twin NOS

V33.0c Twin NOS-in hospital

V33.00c Twin birth, unspecified whether mate liveborn or stillborn, born in hospital, delivered without mention of cesarean section

V33.01c Twin birth, unspecified whether mate liveborn or stillborn, born in hospital, delivered by cesarean section

V34.0c Other multiple nb-in hospital

V34.00c Other multiple birth (three or more), mates all liveborn, born in hospital, delivered without mention of cesarean section

V34.01c Other multiple birth (three or more), mates all liveborn, born in hospital, delivered by cesarean section

V35.0c Other multiple sb-in hospital
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V35.00c Other multiple birth (three or more), mates all stillborn, born in hospital, delivered without mention of cesarean section

V35.01c Other multiple birth (three or more), mates all stillborn, born in hospital, delivered by cesarean section

V36.0c Multiple nb/sb-in hospital

V36.00c Other multiple birth (three or more), mates liveborn and stillborn, born in hospital, delivered without mention of cesarean section

V36.01c Other multiple birth (three or more), mates liveborn and stillborn, born in hospital, delivered without mention of cesarean section

V37c Other/unspecified multiple births

V37.0c Multiple birth NOS-in hospital

V37.00c Other multiple birth (three or more), unspecified whether mates liveborn or stillborn, born in hospital, delivered without mention
of cesarean section

V37.01 Other multiple birth (three or more), unspecified whether mates liveborn or stillborn, born in hospital, delivered by cesarean
section

V39.0c Liveborn NOS-in hospital

V39.00c Liveborn, unspecified whether single, twin or multiple, born in hospital, delivered without mention of cesarean section

V39.01c Liveborn, unspecified whether single, twin or multiple, born in hospital, delivered by cesarean section

ICD-10 diagnosis code

O75.9 Delivery (childbirth) (labor)

O75.82 Onset (spontaneous) of labor after 37 completed weeks of gestation but before 39 completed weeks gestation,with delivery by
(planned) cesarean section

O80 Encounter for full-term uncomplicated delivery

O82 Encounter for cesarean delivery without indication

Z37 Outcome of delivery

Z37.0 Single live birth

Z37.1 Single stillbirth

Z37.2 Twins, both liveborn

Z37.3 Twins, one liveborn and one stillborn

Z37.4 Twins, both stillborn

Z37.5 Other multiple births, all liveborn

Z37.6 Other multiple births, some liveborn

Z37.7 Other multiple births, all stillborn

Z37.9 Outcome of delivery, unspecified

Z37.50 Multiple births, unspecified, all liveborn

Z37.51 Triplets, all liveborn

Z37.52 Quadruplets, all liveborn

Z37.53 Quintuplets, all liveborn

Z37.54 Sextuplets, all liveborn

Z38.0 Single liveborn infant, born in hospital

Z38.1 Single liveborn infant, born outside hospital

Z38.2 Single liveborn infant, unspecified as to place of birth

Z38.3 Twin liveborn infant, born in hospital

Z38.4 Twin liveborn infant, born outside hospital

Z38.5 Twin liveborn infant, unspecified as to place of birth

Z38.6 Other multiple liveborn infant, born in hospital

Z38.7 Other multiple liveborn infant, born outside hospital

Z38.8 Other multiple liveborn infant, unspecified as to place of birth

Z38.00 Single liveborn infant, delivered vaginally

Z38.01 Single liveborn infant, delivered by cesarean

Z38.30 Twin liveborn infant, delivered vaginally

Z38.31 Twin liveborn infant, delivered by cesarean

Z38.61 Triplet liveborn infant, delivered vaginally
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Z38.62 Triplet liveborn infant, delivered by cesarean

Z38.63 Quadruplet liveborn infant, delivered vaginally

Z38.64 Quadruplet liveborn infant, delivered by cesarean

Z38.65 Quintuplet liveborn infant, delivered vaginally

Z38.66 Quintuplet liveborn infant, delivered by cesarean

Z38.68 Other multiple liveborn infant, delivered vaginally

Z38.69 Other multiple liveborn infant, delivered by cesarean

Z37.50 Multiple births, unspecified, all liveborn

Z37.60 Other multiple births, some liveborn

Z37.30 Twins, one liveborn and one stillborn

Z37.2 Twins, both liveborn

Z37.59 Other multiple births, all liveborn

Z37.69 Other multiple births, some liveborn

CPT

59400 Routine obstetric case and vaginal delivery

59510 Routine obstetric case and cesarean delivery

59610 Routine obstetric care, VBAC

59618 Routine obstetric care, cesarean delivery after failed VBAC

59612 Vaginal delivery only, after previous cesarean delivery (with or without episiotomy and/or forceps)

59614 Vaginal delivery only, after previous cesarean delivery (with or without episiotomy and/or forceps) including postpartum care

59620 Cesarean delivery only, following attempted vaginal delivery after previous cesarean delivery

DRG

790c Extreme immaturity or respiratory distress syndrome, neonate

791c Prematurity with major problems

792c Prematurity without major problems

793c Full-term neonate with major problems

795c Normal newborn

765 Cesarean section with cc/mcc

766 Cesarean section without cc/mcc

767 Vaginal delivery with sterilization and/or dilation and curettage

768 Vaginal delivery w O.R. procedure except sterilization and/or dilation and curettage

774 Vaginal delivery with complicating diagnoses

775 Vaginal delivery without complicating diagnoses

789 Neonatal death or transfer to acute care facility

794 Neonate with significant problems

ICD-9 procedure code

74.9 Cesarean section of unspecified type

74.99 Other cesarean section of unspecified type

72 Low forceps operation

72.1 Low forceps operation with episiotomy

72.2 Mid forceps operation

72.21 Mid forceps operation with episiotomy

72.29 Other mid forceps operation

72.3 High forceps operation

72.31 High forceps operation with episiotomy

72.39 Other high forceps operation

72.4 Forceps rotation of fetal head
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72.5 Breech extraction

72.51 Partial breech extraction with forceps to after coming head

72.52 Other partial breech extraction

72.53 Total breech extraction with forceps to after coming head

72.54 Other total breech extraction

72.6 Forceps application to after coming head

72.7 Vacuum extraction

72.71 Vacuum extraction with episiotomy

72.79 Other vacuum extraction

72.8 Other specified instrumental delivery

72.9 Unspecified instrumental delivery

73 Artificial rupture of membrane

73.01 Induction of labor by artificial rupture of membranes

73.09 Other artificial rupture of membranes

73.1 Other surgical induction of labor

73.2 Internal and combined version and extraction

73.22 Internal and combined version with extraction

73.3 Failed forceps

73.4 Medical induction of labor

73.5 Manually assisted delivery

73.51 Manual rotation of fetal head

73.59 Other manually assisted delivery

73.6 Episiotomy

73.8 Operations on fetus to facilitate delivery

73.9 Other operations assisting delivery

73.91 External version assisting delivery

73.92 Replacement of prolapsed umbilical cord

73.93 Incision of cervix to assist delivery

73.94 Pubiotomy to assist delivery

73.99 Other operations assisting delivery

74 Classical cesarean section, transperitoneal

74 Classical cesarean section

74.1 Low cervical cesarean section

74.2 Extraperitoneal cesarean section

74.4 Cesarean section of other specified type

74.9 Cesarean section of unspecified type

74.99 Other cesarean section of unspecified type

ICD-10 delivery code

10D00Z0 Extraction of products of conception, classical, open approach

10D00Z1 Extraction of products of conception, low cervical, open approach

10D00Z2 Extraction of products of conception, extraperitoneal, open approach

10D07Z3 Extraction of products of conception, low forceps, via natural or artificial opening

10D07Z4 Extraction of products of conception, mid forceps, via natural or artificial opening

10D07Z5 Extraction of products of conception, high forceps, via natural or artificial opening

10D07Z6 Extraction of products of conception, vacuum, via natural or artificial opening

10D07Z7 Extraction of products of conception, internal version, via natural or artificial opening

10D07Z8 Extraction of products of conception, other, via natural or artificial opening

10E0XZZ Delivery of products of conception, external approach
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0W8NXZZ Division of female perineum, external approach

O60 Preterm labor

O61 Failed induction of labor

O62 Abnormalities of forces of labor

O63 Long labor

O64 Obstructed labor due to malposition and malpresentation of fetus

O65 Obstructed labor due to maternal pelvic abnormality

O66 Other obstructed labor

O67 Labor and delivery complicated by intrapartum hemorrhage, not elsewhere classified

O68 Labor and delivery complicated by abnormality of fetal acid–base balance

O69 Labor and delivery complicated by umbilical cord complications

O70 Perineal laceration during delivery

O71 Other obstetric trauma

O72 Postpartum hemorrhage

O73 Retained placenta and membranes, without hemorrhage

O74 Complications of anesthesia during labor and delivery

O75 Other complications of labor and delivery, not elsewhere classified

O76 Abnormality in fetal heart rate and rhythm complicating labor and delivery

O77 Other fetal stress complicating labor and delivery
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Supplementary Table SII Absolute incidence, events per person years, hazard ratios and 95% CI for the association
between female infertility and incidence of cancer, unadjusted for smoking and obesity.

Infertile (246 485 person years) Control (12 268 968 person years) Hazard ratioa (95% CI)

n (%) Events/1 K person years n (%) Events/1 K person years Infertile versus control

All cancer diagnoses 1310 (2.04) 5.31 53 116 (1.70) 4.33 1.19 (1.12–1.26)

Breast 329 (0.51) 1.33 15 348 (0.49) 1.25 1.09 (0.98–1.22)b

Uterus 66 (0.1) 0.27 1779 (0.06) 0.14 1.80 (1.41–2.30)

Cervix 54 (0.08) 0.22 2400 (0.08) 0.20 1.07 (0.82–1.41)

Ovary 93 (0.14) 0.38 2705 (0.09) 0.22 1.65 (1.34–2.03)

Urinary bladder 19 (0.03) 0.08 662 (0.02) 0.05 1.41 (0.89–2.23)

Kidney 19 (0.03) 0.08 972 (0.03) 0.08 0.94 (0.60–1.49)

Lung 133 (0.21) 0.54 6453 (0.21) 0.53 1.44 (1.06–1.96)

Melanoma 133 (0.21) 0.54 6453 (0.21) 0.53 0.997 (0.84–1.18)

Thyroid 138 (0.21) 0.56 4869 (0.16) 0.40 1.30 (1.09–1.53)

Non-Hodgkins Lymphoma 67 (0.1) 0.27 3331 (0.11) 0.27 0.96 (0.74–1.20)

Hodgkins Lymphoma 18 (0.03) 0.07 846 (0.03) 0.07 0.997 (0.63–1.59)

Leukemia 66 (0.10) 0.27 1987 (0.06) 0.16 1.57 (1.22–2.00)

Brain/CNS 43 (0.07) 0.17 1886 (0.06) 0.15 1.10 (0.81–1.49)

Upper digestive tract 35 (0.05) 0.14 1620 (0.05) 0.13 1.04 (0.74–1.45)

Colon and rectum 61 (0.09) 0.25 2621 (0.08) 0.21 1.17 (0.90–1.50)

Liver and gallbladder 30 (0.05) 0.12 889 (0.03) 0.07 1.63 (1.13–2.35)

Pancreas 11 (0.02) 0.04 560 (0.02) 0.05 0.97 (0.53–1.76)

aAdjusted for age at index date, index year, nulliparity, race, number of visits per year and highest level of education.
bAdditionally adjusted for screening mammogram.
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