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Previous studies have shown that a greater number of ovulatory cycles, cumulatively summed as lifetime number of
ovulatory cycles (LOC), increases ovarian cancer risk, but there is no uniform algorithm with which to compute LOC. The
association between LOC and endometrial cancer is less certain. Accordingly, we identified 14 different LOC algorithms in
a literature review and calculated LOCs in the Polish Cancer Study (2001—2003). We evaluated the associations of LOC
with ovarian and endometrial cancer risks using unconditional logistic regression, with and without adjustment for individ-
ual risk factors used in the LOC computations. Our analysis included 302 ovarian cancer cases with 1,356 controls and
532 endometrial cancer cases with 1,286 controls. We found a high correlation between LOC values among the com-
bined controls (r > 0.88) and identified 5 groups of similar LOC algorithms. A LOC value in the highest quartile was as-
sociated with ovarian cancer risk as computed by 2 algorithms (odds ratio (OR) = 2.22 (95% confidence interval (Cl): 1.07,
4.62) and OR = 2.44 (95% CI: 1.22, 4.87)) and with endometrial cancer risk as computed by 1 algorithm (OR = 1.95, 95%
Cl: 1.11, 3.44). LOC algorithms using a core set of variables widely available in epidemiologic studies may be indepen-
dently associated with risk of gynecological cancers beyond the contribution of the individual risk factors, such as ages at
menopause and menarche.

age at menarche; age at menopause; endometrial cancer; incessant ovulation; lifetime ovulatory cycles; ovarian

cancer; ovulation

Abbreviations: Cl, confidence interval; LOC, lifetime number of ovulatory cycles.

Epidemiologic studies have consistently observed protec-
tive associations with increased number of births and use of
oral contraceptives and have provided some evidence for pro-
tective associations with later age at menarche and earlier age
at menopause in relation to risks of ovarian (1) and endome-
trial (2) cancer. In line with this evidence, Fathalla (3), and
subsequently others (4-7), suggested that repeated trauma to
and repair of the ovarian epithelium caused by “incessant ovu-
lation” is a major risk factor for ovarian cancer. The “incessant
ovulation” hypothesis postulates that increased numbers of ac-
tive ovulatory cycles might also be associated with increased
endometrial cancer risk (8).

Supporting this, a greater lifetime number of ovulatory cy-
cles (LOC) has been shown in numerous studies to be associ-
ated with increased risk of ovarian cancer (4, 9-20) and, to a
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lesser degree, endometrial cancer (21, 22). LOC generally es-
timates the cumulative number of a woman’s ovulatory cycles
based on mathematical algorithms that typically take into ac-
count the time between menopause and menarche. Addition-
ally, the duration of any anovulatory cycles during times of
oral contraceptive use, pregnancy, and breastfeeding is sub-
tracted from the menstrual span duration. Thus, the calculated
LOC measure reflects a specific biological process that is cap-
tured in multiple individual variables. However, previous epi-
demiologic studies have shown positive associations between
LOC and ovarian cancer, with a wide range of estimates (odds
ratios ranging from 1.81 (11) to 5.01 (12) when comparing the
highest categories of ovulatory cycles or years of ovulation
with the lowest), and it is unclear whether these variations in
estimates are related to differences between study populations
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or to differences between algorithms used to calculate LOC,
since no uniform LOC algorithm has been established. Fur-
thermore, many of the previous ovarian cancer studies evalu-
ated LOC unadjusted for any of the individual risk factors used
to compute it, such as age at menarche, age at menopause,
ever use of oral contraceptives, and pregnancy history (10—
12, 14-16, 19, 23); while some studies adjusted for at least
1 risk factor, not all of these studies allowed for comparison
of risk estimates before and after adjustments (9, 18, 24).
Thus, it is not well established that LOC is associated with
cancer risk beyond the contributions made by its individual
components.

To further assess these putative relationships, we identified
various LOC algorithms previously employed and then ap-
plied each algorithm to assess the relationship of LOC to
ovarian and endometrial cancer risks in the Polish Cancer
Study (25, 26), which has detailed information on hormonal
and reproductive factors.

METHODS
Identification of LOC algorithms

We identified relevant articles by searching PubMed
through the end of June 2013 using the search terms “lifetime
ovulatory cycles” OR “ovulatory cycles” OR “incessant ovu-
lation” AND “cancer.” The reference lists of relevant articles
were also searched for additional eligible studies. In our eval-
uation of the articles, we included studies that would allow us
to quantify ovulation over a lifetime or total number of years
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of ovulation. We did not limit our evaluation to studies of
ovarian and endometrial cancer. We selected the first article
we found for each unique algorithm.

Calculating LOCs and estimating associations with
cancer risk

Study population. We calculated LOC by means of differ-
ent algorithms identified in the literature review using data
from the Polish Cancer Study, which has been described else-
where in detail (25, 26). Briefly, eligible case women were
diagnosed between June 1, 2001, and December 30, 2003, re-
sided in Warsaw or Lodz, Poland, and were aged 20-74 years
at the time of diagnosis. Incident and invasive endometrial
(n=1551) and ovarian (n = 317) cancer cases were ascertained
through a rapid identification system coordinated by 5 partic-
ipating Polish hospitals that cover approximately 85% of all
cases diagnosed in the 2 cities. Additionally, cancer registries
in Warsaw and Lodz were used to identify cases missed by the
rapid identification system. Eligible controls with no prior
breast or ovarian cancer (for ovarian cancer cases) or no prior
breast or endometrial cancer (for endometrial cancer cases) at
the time of enrollment and with one or both ovaries intact (for
ovarian cancer cases) or with an intact uterus (for endometrial
cancer cases) were randomly selected from a database of all
Polish residents, with some controls being shared between
breast, endometrial, and ovarian cancer cases in the Polish Can-
cer Study. Information on demographic factors, anthropometric
factors, menstrual characteristics, oral contraceptive use, men-
opausal hormone use, and cigarette smoking was collected
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Figure 1. Distributions of lifetime number of ovulatory cycles (LOC) among combined controls (n=1,365) from the Polish Cancer Study (2001—
2003) for 5 LOC algorithms with pairwise correlation less than 0.98. A) Algorithm C: LOC range, 279.5-619.1 (mean = 468.4); B) algorithm D: LOC
range, 176.0-565.7 (mean = 420.1); C) algorithm G: LOC range, 196.3-602.3 (mean =439.3); D) algorithm M: LOC range, 218.8—-611.0 (mean =
446.6); E) algorithm R: LOC range, 183.5-564 (mean =409.5). Other algorithms were highly correlated with one of the above models (r > 0.98):
Algorithm C was correlated with algorithm F; algorithm D was correlated with algorithms E, H, J, N, O, and R; algorithm G was correlated with al-
gorithm B; and algorithm R was correlated with algorithms A, B, D, E, H, J, N, O, and Q.
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Table 1. Association Between Lifetime Number of Ovulatory Cycles, As Calculated by 5 Different Algorithms, and
Ovarian Cancer in the Polish Cancer Study, 2001-2003%

Algorithm and No. of No. of Model 1° Model 2
Quartile of LOC® Cases Controls OR 95% CI OR 95% CI
Algorithm C

Q1 86 301 1.00 Referent 1.00 Referent
Q2 76 333 1.04 0.71, 1.54 1.05 0.64,1.72
Q3 51 314 0.92 0.60, 1.39 1.03 0.53, 2.00
Q4 75 343 1.45 0.98, 2.15 1.75 0.82, 3.75
P value® 0.11 0.13
P for trend" 0.11 0.16
Algorithm D
Q1 86 319 1.00 Referent 1.00 Referent
Q2 67 315 1.02 0.68, 1.52 1.06 0.65, 1.73
Q3 53 315 0.99 0.66, 1.50 1.08 0.58, 2.01
Q4 76 320 1.70 1.14,2.52 2.22 1.07,4.62
P value 0.02 0.03
P for trend 0.02 0.02
Algorithm G
Q1 72 308 1.00 Referent 1.00 Referent
Q2 78 322 1.39 0.92, 2.09 1.44 0.89, 2.33
Q3 59 318 1.46 0.95, 2.26 1.58 0.89, 2.81
Q4 71 315 2.00 1.31, 3.07 2.44 1.22,4.87
Pvalue 0.01 0.02
P for trend 0.002 0.08
Algorithm M
Q1 84 301 1.00 Referent 1.00 Referent
Q2 66 301 0.95 0.64, 1.42 0.89 0.53, 1.47
Q3 49 282 0.94 0.61, 1.45 0.84 0.45, 1.59
Q4 72 325 1.47 0.99, 2.20 1.28 0.60, 2.71
P value 0.09 0.52
P for trend 0.07 0.36
Algorithm R
Q1 80 330 1.00 Referent 1.00 Referent
Q2 75 304 1.19 0.80, 1.77 1.12 0.69, 1.83
Q3 52 311 1.08 0.71, 1.64 0.95 0.52,1.74
Q4 75 323 1.70 1.14,2.53 1.48 0.72,3.04
P value 0.04 0.38
P for trend 0.02 0.31

Abbreviations: Cl, confidence interval; LOC, lifetime ovulatory cycles; OR, odds ratio; Q, quartile.

& Factors were evaluated among cases/controls without missing LOC values for each given algorithm.

® Quartile categories for each LOC algorithm were based on the distribution among the combined controls. Quartile
cutpoints—algorithm C: Q1, 279.5-438; Q2, 439-467; Q3, 468-504; Q4, 505-619.1; algorithm D: Q1, 176.0-389.5;
Q2, 389.6-425.8; Q3, 425.9-453.35; Q4, 453.36-565.7; algorithm G: Q1, 196.3-402; Q2, 403—444.5; Q3, 444.6—
479.9; Q4, 480.0-602.3; algorithm M: Q1, 218.8—412; Q2, 413—-452.5; Q3, 452.6—480; Q4, 481—611; algorithm R:
Qf1, 183.5-377.525; Q2, 377.526—413.525; Q3, 413.526—443.52; Q4, 443.53-564.

¢ Adjusted for age (in 5-year age categories) and study site (Lodz or Warsaw).

d Additionally adjusted for age at menopause (<45, 45-49, 50-54, or >55 years), age at menarche (<13, 13, 14,
15, or >16 years), oral contraceptive use (never, ever), and number of live births (0, 1, 2, or >3).

, ¢ Statistical heterogeneity in the ORs across the categories of the risk factors was assessed using the Wald

¥~ test.

" To test for linear trends, we entered the ordinal values representing categories of risk factors as a continuous
variable in the models.
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Table 2. Association Between Lifetime Number of Ovulatory Cycles, As Calculated by 5 Different Algorithms, and
Endometrial Cancer in the Polish Cancer Study, 2001-2003%

Algorithm and No. of No. of Model 1° Model 2
Quartile of LOC® Cases Controls OR 95% CI OR 95% ClI
Algorithm C

Q1 92 297 1.00 Referent 1.00 Referent
Q2 94 302 1.04 0.71,1.54 0.71 0.46, 1.10
Qs 116 285 0.92 0.60, 1.40 0.68 0.40, 1.16
Q4 208 338 1.45 0.98, 2.15 0.89 0.47,1.57
P value® 0.11 0.98
P for trend 0.07 0.21
Algorithm D
Q1 88 316 1.00 Referent 1.00 Referent
Q2 103 281 1.02 0.69, 1.52 1.07 0.70, 1.63
Q3 106 292 0.99 0.66, 1.50 0.85 0.52, 1.41
Q4 207 312 1.70 1.14,2.52 1.29 0.73, 2.32
P value 0.02 0.44
P for trend 0.08 0.11
Algorithm G
Q1 69 286 1.00 Referent 1.00 Referent
Q2 99 293 1.39 0.92, 2.09 1.30 0.85, 2.00
Qs 129 305 1.46 0.95, 2.26 1.49 0.92,2.42
Q4 205 311 2.00 1.31, 3.07 1.95 1.11, 3.44
P value 0.02 0.02
P for trend 0.10 0.13
Algorithm M
Q1 75 299 1.00 Referent 1.00 Referent
Q2 94 273 0.95 0.64,1.42 0.98 0.63, 1.53
Q3 104 258 0.94 0.61,1.44 0.90 0.54, 1.51
Q4 200 316 1.47 0.99, 2.20 1.09 0.60, 1.98
P value 0.75 0.75
P for trend 0.07 0.75
Algorithm R
Q1 83 327 1.00 Referent 1.00 Referent
Q2 100 273 1.19 0.80, 1.77 1.16 0.76, 1.76
Q3 113 286 1.08 0.71,1.64 1.11 0.69, 1.79
Q4 208 314 1.70 1.14,2.53 1.47 0.84, 2.58
P value 0.21 0.21
P for trend 0.08 0.40

& Factors were evaluated among cases/controls without missing LOC values for each given algorithm.

® Quartile categories for each LOC algorithm were based on the distribution among the combined controls.
Quartile cutpoints—algorithm C: Q1, 279.5-438; Q2, 439-467; Q3, 468-504; Q4, 505-619.1; algorithm D: Q1,
176.0-389.5; Q2, 389.6—425.8; Q3, 425.9-453.35; Q4, 453.36-565.7; algorithm G: Q1, 196.3-402; Q2, 403—
444.5; Q3, 444.6-479.9; Q4, 480.0-602.3; algorithm M: Q1, 218.8-412; Q2, 413-452.5; Q3, 452.6—480; Q4,
481-611; algorithm R: Q1, 183.5-377.525; Q2, 377.526—413.525; Q3, 413.526—-443.52; Q4, 443.53-564.

¢ Adjusted for age (in 5-year age categories) and study site (Lodz or Warsaw).

4 Additionally adjusted for age at menopause (<45, 45—49, 50-54, or >55 years), age at menarche (<13, 13,
14, 15, or >16 years), oral contraceptive use (never, ever), and number of live births (0, 1, 2, or >3).

ze Statistical heterogeneity in the ORs across the categories of the risk factors was assessed using the Wald

x° test.

f To test for linear trends, we entered the ordinal values representing categories of risk factors as a continuous
variable in the models.
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Table 3. Associations Between Key Components of the Lifetime Number of Ovulatory Cycles (LOC) Measure (As
Calculated by 5 Different Algorithms) and Ovarian Cancer, With and Without Adjustment for LOC, Polish Cancer

Study, 2001-2003%

Component of LOC No. of No. of Without LOC® With LOC®
Cases Controls OR 95% CI OR 95% Cl
Algorithm C
Age at menopause, years
<45 38 109 1.00 Referent 1.00 Referent
45-49 106 355 1.23 0.71,2.14 1.21 0.65, 2.23
50-54 112 647 1.05 0.62, 1.80 0.86 0.39,1.89
>55 32 180 117 0.62,2.22 0.70 0.27,1.86
P value® 0.97 0.36
P for trend® 0.77 0.46
Age at menarche, years
<13 81 270 1.00 Referent 1.00 Referent
13 61 298 0.68 0.45, 1.01 0.72 0.48,1.07
14 89 347 0.86 0.59, 1.24 0.95 0.64, 1.43
15 29 145 0.71 0.43,1.20 0.82 0.47,1.43
>16 28 231 0.47 0.28,0.77 0.57 0.32, 1.01
Pvalue 0.01 0.16
P for trend 0.03 0.15
Oral contraceptive use
Never 265 1,207 1.00 Referent 1.00 Referent
Ever 20 70 0.87 0.48, 1.59 0.85 0.46, 1.56
No. of live births
0 51 141 1.00 Referent 1.00 Referent
1 114 390 0.90 0.59, 1.36 0.90 0.59,1.37
2 104 564 0.53 0.35, 0.81 0.53 0.35, 0.80
>3 19 196 0.27 0.14,0.49 0.27 0.15, 0.51
Pvalue <0.0001 <0.0001
P for trend <0.0001 <0.0001
Algorithm D
Age at menopause, years
<45 38 104 1.00 Referent 1.00 Referent
45-49 105 351 117 0.68, 2.04 1.14 0.62, 2.09
50-54 107 636 0.98 0.57,1.67 0.73 0.33, 1.56
>55 32 178 1.13 0.60, 2.14 0.54 0.21,1.40
P value 0.84 0.12
P for trend 0.72 0.20

Table continues

through interviewer-administered questionnaires. The study
protocol was reviewed and approved by local Polish and US
National Cancer Institute institutional review boards. All par-
ticipants provided written informed consent.

We focused our analysis on women who reported being
postmenopausal (i.e., no longer having menstrual periods)
in order to evaluate the complete menstrual time span (i.e.,
years between age at menarche and age at menopause). For
women with surgically induced menopause (mean age at sur-
gically induced menopause was 42.9 years; range, 25-52 years),

age at menopause was assigned as the age of surgery if a
woman had undergone bilateral oophorectomy. Age at men-
opause was assigned as 50 years if a woman had undergone
partial oophorectomy or hysterectomy, since she would have
continued to have ovulatory cycles after her surgery. We ex-
cluded women with ages at menopause of <40 years and
>60 years to minimize potential misreporting. The resulting
analytical population consisted of 302 ovarian cancer cases
and 1,356 ovarian controls and 532 endometrial cancer cases
and 1,286 endometrial controls. The combined control set

Am J Epidemiol. 2016;183(9):800-814
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Table 3. Continued

Without LOC® With LOC®
Component of LOC 2‘;’5;’; ngif?’f's OR 95% Cl OR 95% Cl
Age at menarche, years
<13 78 268 1.00 Referent 1.00 Referent
13 60 292 0.68 0.45,1.02 0.74 0.49,1.12
14 88 342 0.88 0.61,1.28 1.04 0.69, 1.54
15 29 139 0.75 0.45,1.26 0.92 0.53, 1.62
>16 27 228 0.48 0.29,0.79 0.63 0.36, 1.11
P value 0.02 0.35
P for trend 0.03 0.21
Oral contraceptive use
Never 263 1,205 1.00 Referent 1.00 Referent
Ever 19 64 0.87 0.47,1.63 0.97 0.50, 1.87
No. of live births
0 48 135 1.00 Referent 1.00 Referent
1 113 383 0.91 0.60, 1.39 0.96 0.63, 1.48
2 103 554 0.55 0.36, 0.83 0.58 0.38, 0.89
>3 18 197 0.27 0.15, 0.50 0.31 0.16, 0.58
P value <0.0001 <0.0001
P for trend <0.0001 <0.0001
Algorithm G
Age at menopause, years
<45 38 103 1.00 Referent 1.00 Referent
45-49 105 349 1.18 0.68, 2.04 0.93 0.50, 1.72
50-54 106 634 0.96 0.56, 1.65 0.59 0.29,1.19
>55 31 177 1.09 0.57,2.06 0.50 0.20, 1.21
P value 0.71 0.04
P for trend 0.69 0.15
Age at menarche, years
<13 77 266 1.00 Referent 1.00 Referent
13 60 290 0.69 0.46, 1.03 0.73 0.48,1.10
14 87 342 0.88 0.60, 1.27 1.02 0.69, 1.52
15 29 139 0.75 0.45,1.26 0.92 0.53, 1.59
>16 27 226 0.49 0.29, 0.80 0.65 0.37,1.12
P value 0.02 0.36
P for trend 0.04 0.22

contained 1,365 women, and 1,277 controls overlapped be-
tween the ovarian and endometrial cancer analyses.
Computation of LOC.  Of the 18 unique algorithms identi-
fied from the literature review, we did not have sufficient data on
the required variables (i.e., “months of postpartum amenor-
rhea,” “months of missed or irregular periods,” and “amenor-
rheic time”) to evaluate 4 algorithms in the Polish Cancer
Study. For the remaining 14 algorithms, we attempted to code
variables as defined in the original report. For example, some
studies specified using the average menstrual cycle length re-
ported in the risk factor questionnaire; others relied on certain
assumptions. Based on an average cycle length of 28 days,

Am J Epidemiol. 2016;183(9):800-814

Table continues

the number of menstrual cycles per year was 13. We were un-
able to calculate a woman’s LOC if she was missing data for
one or more of the variables included in the LOC algorithm.
Duration of ovulation was transformed to number of ovulatory
cycles by dividing the duration of ovulation by average cycle
length, where an average cycle length of 28 days was assumed.

Statistical analysis. In the combined control set, we com-
pared LOCs computed from the different algorithms using
Pearson’s pairwise correlation and used histograms to evalu-
ate the distributions of the LOC values. Quartile categories
(quartiles 1-4) for each LOC were determined on the basis
of the distribution among the combined controls, with the
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Table 3. Continued

Without LOC® With LOC®
Component of LOC gzs:; ngi:’f's OR 95% Cl OR 95% CI
Oral contraceptive use
Never 261 1,199 1.00 Referent 1.00 Referent
Ever 19 64 0.88 0.47,1.64 1.03 0.54,1.97
No. of live births
0 48 134 1.00 Referent 1.00 Referent
1 111 379 0.90 0.59, 1.38 1.00 0.65, 1.54
2 103 554 0.55 0.36, 0.83 0.64 0.41,0.99
>3 18 196 0.27 0.15, 0.50 0.35 0.18, 0.67
Pvalue <0.0001 <0.0001
P for trend <0.0001 0.0003
Algorithm M
Age at menopause, years
<45 37 99 1.00 Referent 1.00 Referent
45-49 105 331 1.24 0.70,2.18 1.32 0.70, 2.49
50-54 100 609 0.94 0.54, 1.64 0.94 0.43, 2.06
>55 29 170 1.09 0.56, 2.11 0.90 0.34, 2.41
P value 0.56 0.57
P for trend 0.46 0.42
Age at menarche, years
<13 76 252 1.00 Referent 1.00 Referent
13 57 281 0.67 0.43, 1.01 0.69 0.45, 1.06
14 83 323 0.83 0.57,1.22 0.88 0.59, 1.33
15 28 136 0.73 0.43,1.23 0.77 0.44,1.37
>16 27 218 0.47 0.28,0.79 0.51 0.29, 0.91
Pvalue 0.02 0.08
P for trend 0.04 0.13
Oral contraceptive use
Never 248 1,132 1.00 Referent 1.00 Referent
Ever 20 64 0.93 0.50, 1.73 0.91 0.49, 1.69
No. of live births
0 50 135 1.00 Referent 1.00 Referent
1 103 356 0.88 0.58,1.35 0.92 0.59, 1.43
2 99 532 0.53 0.35, 0.81 0.56 0.35, 0.88
>3 19 186 0.28 0.15, 0.52 0.30 0.15, 0.58
P value <0.0001 <0.0001
P for trend <0.0001 <0.0001

lowest quartile (quartile 1) used as the referent group. We also
compared the LOC algorithms with key individual risk fac-
tors that were used in LOC computation using Spearman
rank pairwise correlation.

We evaluated the LOC from each algorithm in relation to
ovarian and endometrial cancer risk by calculating odds ra-
tios and 95% confidence intervals using adjusted uncondi-
tional logistic regression. Statistical heterogeneity in the
odds ratios across the categories of individual risk factors

Table continues

was assessed using the Wald x? test (P value). To test for lin-
ear trends, we entered the ordinal values representing catego-
ries of risk factors as a continuous variable in the models (P
for trend). We also evaluated whether individual risk factors
in the LOC algorithms, particularly age at menopause, age at
menarche, oral contraceptive use, and number of live births,
would remain statistically significant after adjustment for
LOC. The likelihood ratio test was used to determine the sig-
nificance of the model results with and without the LOC term

Am J Epidemiol. 2016;183(9):800-814
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Table 3. Continued

Without LOC® With LOC®
Component of LOC gzs:; ngi:’f's OR 95% Cl OR 95% CI
Algorithm R
Age at menopause, years
<45 38 106 1.00 Referent 1.00 Referent
45-49 105 350 1.23 0.71,2.14 1.18 0.63,2.18
50-54 108 634 1.03 0.60, 1.77 0.89 0.42,1.90
>55 31 178 1.13 0.60, 2.15 0.81 0.32,2.07
Pvalue 0.85 0.45
P for trend 0.73 0.61
Age at menarche, years
<13 78 267 1.00 Referent 1.00 Referent
13 61 290 0.69 0.46, 1.04 0.72 0.48, 1.09
14 87 344 0.86 0.59,1.25 0.93 0.62, 1.38
15 29 140 0.74 0.44,1.24 0.80 0.46, 1.39
>16 27 227 0.48 0.29, 0.79 0.54 0.31,0.95
P value 0.02 0.10
P for trend 0.04 0.15
Oral contraceptive use
Never 263 1,202 1.00 Referent 1.00 Referent
Ever 19 66 0.86 0.45,1.59 0.89 0.47,1.69
No. of live births
0 50 139 1.00 Referent 1.00 Referent
1 111 379 0.89 0.58, 1.34 0.93 0.61, 1.41
2 103 554 0.54 0.35, 0.81 0.57 0.37,0.89
>3 18 196 0.27 0.14,0.49 0.29 0.15, 0.57
P value <0.0001 <0.0001
P for trend <0.0001 <0.0001

@ Factors were evaluated among cases/controls without missing LOC values for each given algorithm.
b Adjusted for age (in 5-year age categories) and study site (Lodz or Warsaw), age at menopause (<45, 45-49, 50-54,
or >55 years), age at menarche (<13, 13, 14, 15, or >16 years), oral contraceptive use (never, ever), and number of live

births (0, 1, 2, or >3).

¢ Additionally adjusted for LOC (quartiles among combined controls). Quartile cutpoints—algorithm C: Q1, 279.5—
438; Q2, 439-467; Q3, 468-504; Q4, 505-619.1; algorithm D: Q1, 176.0-389.5; Q2, 389.6—425.8; Q3, 425.9-453.35;
Q4, 453.36-565.7; algorithm G: Q1, 196.3—-402; Q2, 403—-444.5; Q3, 444.6—479.9; Q4, 480.0-602.3; algorithm M: Q1,
218.8-412; Q2, 413-452.5; Q3, 452.6—480; Q4, 481-611; algorithm R: Q1, 183.5-377.525; Q2, 377.526—413.525; Q3,

413.526-443.52; Q4, 443.53-564.

d Statistical heterogeneity in the ORs across the categories of the risk factors was assessed using the Wald 2 test.
¢ To test for linear trends, we entered the ordinal values representing categories of risk factors as a continuous

variable in the models.

(P for heterogeneity). For all analyses, P values less than 0.05
were considered statistically significant. All statistical tests
(P values presented) were 2-sided. Statistical analyses were per-
formed in Stata 13.1 (StataCorp LP, College Station, Texas)
and SAS 9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS
Identifying LOC algorithms

The primary literature search identified 449 articles. After
review of the abstracts and the Methods sections, we identified

Am J Epidemiol. 2016;183(9):800-814

18 unique LOC algorithms using different variables, with
different definitions for one or more of the factors (4, 9-12,
14-17, 19, 21-24, 27-30). For example, the period after
childbirth, generally considered a period when women are
not ovulating, was captured differently across algorithms.
Some studies reported this period as the 12 months after
any full-term birth, regardless of breastfeeding duration (9,
24). Other studies relied on information collected on duration
of breastfeeding (9, 11, 12, 14-17, 19, 23, 29) or on postpar-
tum amenorrheic time (10, 12, 30). We present the 18 LOC
algorithms (labeled A-R) and the variables used in each
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Table 4. Associations Between Key Components of the Lifetime Ovulatory Cycles (LOC) Measure (As Calculated by
5 Different Algorithms) and Endometrial Cancer, With and Without Adjustment for LOC, Polish Cancer Study, 2001-2003%

Component of LOC go_ of No. of Without LOC® With LOC®
ases Controls OR 95% Cl OR 95% CI
Algorithm C
Age at menopause, years
<45 33 110 1.00 Referent 1.00 Referent
45-49 111 355 1.19 0.72, 1.96 1.44 0.83,2.48
50-54 252 579 2.04 1.27,3.27 2.71 1.38,5.35
>55 114 179 3.00 1.80, 5.00 3.59 1.62,7.96
P value® <0.0001 0.001
P for trend® <0.0001 0.006
Age at menarche, years
<13 143 256 1.00 Referent 1.00 Referent
13 128 280 0.77 0.56, 1.04 0.77 0.56, 1.05
14 123 327 0.66 0.49, 0.90 0.67 0.48,0.92
15 54 138 0.73 0.49,1.07 0.73 0.48,1.12
>16 62 222 0.50 0.35,0.72 0.49 0.32,0.76
P value <0.0001 0.002
P for trend 0.003 0.02
Oral contraceptive use
Never 480 1,146 1.00 Referent 1.00 Referent
Ever 27 63 0.97 0.59, 1.58 0.95 0.58, 1.55
No. of live births
0 94 140 1.00 Referent 1.00 Referent
1 169 359 0.71 0.51,0.99 0.71 0.51,0.99
2 201 536 0.57 0.41,0.78 0.57 0.41,0.78
>3 46 188 0.36 0.23, 0.56 0.35 0.23, 0.55
P value <0.0001 <0.0001
P for trend <0.0001 <0.0001
Algorithm D
Age at menopause, years
<45 33 105 1.00 Referent 1.00 Referent
45-49 109 351 1.13 0.69, 1.87 1.13 0.65, 1.96
50-54 249 569 1.95 1.21,38.12 1.57 0.98, 3.58
>55 113 176 2.89 1.73, 4.83 2.30 1.07, 4.96
P value <0.0001 0.02
P for trend <0.0001 0.05

Table continues

calculation in Web Tables 1 and 2 (available at http:/aje.
oxfordjournals.org/). Fourteen different variables were re-
ported across the algorithms, and 6 variables were used in
at least half of the models. All of the models contained the
variables age at menopause and age at menarche.

Estimating LOC

The simplest LOC models (algorithms C and F), which
incorporated 3 variables (age at menarche, age at menopause,
and parity (calculated as the product of number of births

and 1.5 in algorithm C and as months of pregnancy in algo-
rithm F)), and the most complex model (algorithm O), which
included 9 variables (additionally included: duration of oral
contraceptive use, average cycle length, duration of breast-
feeding, and numbers of abortions, miscarriages, and still-
births), produced similar ranges of LOC with high correlation
(r=0.93; Web Table 3) in the controls of the Polish Cancer
Study.

In Figure 1, we present the LOC distribution among
controls from the Polish Cancer Study (n=1,365) as com-
puted by the 5 major groups of algorithms (represented by

Am J Epidemiol. 2016;183(9):800-814
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Table 4. Continued

Without LOC® With LOC®
Component of LOC gzs:; ngi:’f's OR 95% Cl OR 95% CI
Age at menarche, years
<13 142 253 1.00 Referent 1.00 Referent
13 127 275 0.77 0.57,1.05 0.80 0.58, 1.09
14 121 322 0.67 0.49, 0.91 0.71 0.51,0.98
15 53 132 0.73 0.49, 1.08 0.77 0.51,1.18
>16 61 219 0.50 0.35,0.72 0.54 0.36, 0.83
Pvalue <0.001 0.009
P for trend 0.003 0.07
Oral contraceptive use
Never 478 1,144 1.00 Referent 1.00 Referent
Ever 26 57 1.05 0.63,1.74 1.08 0.63, 1.85
No. of live births
0 93 134 1.00 Referent 1.00 Referent
1 168 353 0.70 0.50, 0.98 0.72 0.52, 1.01
2 199 526 0.56 0.40,0.77 0.57 0.41,0.79
>3 44 188 0.34 0.22, 0.53 0.36 0.23, 0.57
Pvalue <0.0001 <0.0001
P for trend <0.0001 <0.0001
Algorithm G
Age at menopause, years
<45 32 104 1.00 Referent 1.00 Referent
45-49 109 349 1.17 0.71,1.95 0.98 0.55,1.72
50-54 249 567 2.00 1.24, 3.23 1.31 0.70, 2.46
>55 112 175 2.93 1.74, 4.94 1.60 0.76, 3.34
Pvalue <0.0001 0.08
P for trend <0.0001 0.28
Age at menarche, years
<13 141 251 1.00 Referent 1.00 Referent
13 127 273 0.77 0.57,1.06 0.82 0.60, 1.12
14 120 322 0.66 0.49, 0.91 0.75 0.54,1.03
15 53 132 0.73 0.49, 1.09 0.85 0.56, 1.29
>16 61 217 0.50 0.35,0.72 0.62 0.41,0.94
P value <0.0001 0.04
P for trend 0.004 0.21
Oral contraceptive use
Never 476 1,138 1.00 Referent 1.00 Referent
Ever 26 57 1.05 0.63,1.75 1.25 0.73,2.12

algorithms C, D, G, M, and R) with pairwise correlation less
than 0.98. LOC values ranged from 176.0 to 565.7 for algo-
rithm D and from 279.5 to 619.1 for algorithm C. All other
models were highly correlated with one of these 5 algorithms
(r >0.98; Web Table 3). Correlation between key individual
risk factors used to compute LOCs and LOC values from the
5 major groups were also evaluated (Web Table 4). In gene-
ral, individual correlation was low (p range: —0.04 to —0.30),
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Table continues

except for age at menopause, which was positively correlated
with LOC (p > 0.72).

Estimating cancer risk related to LOC

Web Table 5 shows the distribution of selected character-
istics among ovarian and endometrial cancer cases and con-
trols. Characteristics significantly differed between cases and
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Table 4. Continued

Without LOC® With LOC®
Component of LOC 2‘;’5;’; ngif?’f's OR 95% Cl OR 95% Cl
No. of live births
0 93 133 1.00 Referent 1.00 Referent
1 167 349 0.71 0.51,0.99 0.74 0.52,1.05
2 198 526 0.56 0.40, 0.77 0.61 0.44,0.86
>3 44 187 0.35 0.22, 0.54 0.41 0.26, 0.65
P value <0.0001 <0.0001
P for trend <0.0001 0.001
Algorithm M
Age at menopause, years
<45 28 100 1.00 Referent 1.00 Referent
45-49 101 331 1.23 0.72,2.10 1.26 0.70, 2.29
50-54 239 547 2.21 1.33, 3.68 2.23 1.11,4.46
>55 105 168 3.21 1.85,5.58 3.04 1.35, 6.84
P value <0.0001 0.002
P for trend <0.0001 0.01
Age at menarche, years
<13 134 236 1.00 Referent 1.00 Referent
13 120 263 0.76 0.51,1.04 0.77 0.55,1.07
14 114 306 0.64 0.47,0.88 0.66 0.47,0.91
15 49 130 0.69 0.46, 1.03 0.71 0.46,1.10
>16 56 211 0.47 0.32, 0.69 0.49 0.32,0.76
P value <0.0001 0.002
P for trend 0.002 0.02
Oral contraceptive use
Never 443 1,076 1.00 Referent 1.00 Referent
Ever 27 58 1.07 0.65,1.77 1.07 0.64,1.77
No. of live births
0 92 134 1.00 Referent 1.00 Referent
1 155 330 0.71 0.51, 1.00 0.72 0.51,1.038
2 186 505 0.56 0.40,0.78 0.57 0.40, 0.80
>3 40 177 0.33 0.21,0.52 0.34 0.21,0.55
P value <0.0001 <0.0001
P for trend <0.0001 <0.0001

controls for several factors. For the most part, both endome-
trial and ovarian cancer cases tended to have had younger
ages at menarche and fewer pregnancies and births than
controls.

LOC values in the highest quartile were significantly asso-
ciated with increased ovarian cancer risk as computed by 2 of
the 5 major groups of algorithms (odds ratios ranged from
2.22 (95% confidence interval (CI): 1.07, 4.62) for algorithm
D to 2.44 (95% CI: 1.22, 4.87) for algorithm G) and with en-
dometrial cancer risk as computed by 1 (algorithm G) of the 5
major groups of algorithms (odds ratio =1.95, 95% CI: 1.11,
3.44) in models that adjusted for key risk factors used to
compute LOC, including age at menopause (Tables 1 and 2).

Table continues

Being in the highest LOC quartile category for the other
groups (algorithms C, M, and R for ovarian cancer risk and
algorithms D, M, and R for endometrial cancer risk) was as-
sociated with elevated cancer risk, albeit not significantly.
Furthermore, we observed overall similar associations for
both ovarian and endometrial cancer risk only after adjusting
for age and site, though the associations tended to be gener-
ally attenuated before full adjustment for ovarian cancer risk
and attenuated after full adjustment for endometrial cancer
risk. Risk factor associations for individual risk factors
used to compute LOC, including ages at menopause and
menarche, oral contraceptive use, and number of live births,
changed most noticeably after results were adjusted for LOC

Am J Epidemiol. 2016;183(9):800-814
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Table 4. Continued

Without LOC® With LOC®
Component of LOC 2‘;’5;’; ngif?’f's OR 95% Cl OR 95% Cl
Algorithm R
Age at menopause, years
<45 32 107 1.00 Referent 1.00 Referent
45-49 110 350 1.24 0.75, 2.05 1.15 0.65, 2.00
50-54 250 567 2.10 1.30, 3.39 1.71 0.90, 3.24
>55 112 176 3.05 1.82,5.13 2.16 1.01,4.58
P value <0.0001 0.02
P for trend <0.0001 0.10
Age at menarche, years
<13 141 252 1.00 Referent 1.00 Referent
13 127 273 0.78 0.57,1.06 0.81 0.60, 1.11
14 120 324 0.66 0.49, 0.90 0.71 0.52,0.99
15 54 133 0.74 0.50,1.10 0.82 0.54,1.24
>16 62 218 0.51 0.35,0.73 0.58 0.38,0.88
P value <0.0001 0.02
P for trend 0.004 0.11
Oral contraceptive use
Never 478 1,141 1.00 Referent 1.00 Referent
Ever 26 59 1.01 0.61,1.67 1.10 0.65, 1.87
No. of live births
0 94 138 1.00 Referent 1.00 Referent
1 167 349 0.72 0.52, 1.00 0.75 0.53, 1.05
2 198 526 0.57 0.41,0.78 0.61 0.43,0.85
>3 45 187 0.36 0.23, 0.56 0.40 0.25, 0.64
P value <0.0001 <0.0001
P for trend <0.0001 0.001

2 Factors were evaluated among cases/controls without missing LOC values for each given algorithm.
® Adjusted for age (in 5-year age categories) and study site (Lodz or Warsaw), age at menopause (<45, 45-49, 50—
54, or >55 years), age at menarche (<13, 13, 14, 15, or >16 years), oral contraceptive use (never, ever), and number of

live births (0, 1, 2, or >3).

¢ Additionally adjusted for LOC (quartiles among combined controls). Quartile cutpoints—algorithm C: Q1, 279.5—
438; Q2, 439-467; Q3, 468-504; Q4, 505-619.1; algorithm D: Q1, 176.0-389.5; Q2, 389.6-425.8; Q3, 425.9-453.35;
Q4, 453.36-565.7; algorithm G: Q1, 196.3-402; Q2, 403-444.5; Q3, 444.6—-479.9; Q4, 480.0-602.3; algorithm M: Q1,
218.8-412; Q2, 413-452.5; Q3, 452.6-480; Q4, 481-611; algorithm R: Q1, 183.5-377.525; Q2, 377.526—413.525;

Q3, 413.526-443.52; Q4, 443.53-564.

d Statistical heterogeneity in the ORs across the categories of the risk factors was assessed using the Wald x? test.
¢ To test for linear trends, we entered the ordinal values representing categories of risk factors as a continuous

variable in the models.

as computed by algorithms D (P for heterogeneity = 0.02) and
G (P for heterogeneity = 0.08) for ovarian cancer risk and as
computed by algorithm D for endometrial cancer risk (P for
heterogeneity = 0.12), albeit not statistically significantly for
all of the algorithms (Tables 3 and 4). Furthermore, in general,
ovarian and endometrial cancer risk associations with each in-
dividual component of LOC seemed to be slightly attenuated
after adjustment for LOC. The exception was age at meno-
pause, a risk factor positively correlated with LOC; we ob-
served qualitative changes in the association from increased
to decreased risk with increase age at menopause.

Am J Epidemiol. 2016;183(9):800-814

DISCUSSION

Despite differences in computation and data interpretation,
LOC values calculated in our analysis using different algo-
rithms were highly correlated, with similar LOC rankings
(i.e., quartiles 1, 2, and 3 vs. quartile 4) across algorithms.
The LOC values for the combined controls in the Polish Can-
cer Study ranged from 176.0 to 565.7 on the lower end and
from 279.5 to 619.1 on the higher end. These LOC ranges
are similar to the quartiles of LOC values presented in the
largest LOC—ovarian cancer study to date, based on data
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from 2 case-control studies with 1,822 pre- and postmeno-
pausal ovarian cancer cases: <357, 357428, 429-480, and
>481 (11).

Our results are generally consistent with previous studies
showing that there are increases in ovarian and endometrial
cancer risk with increasing LOC (4, 9-19, 21, 22), although
not all of the LOC algorithms resulted in LOCs that were sta-
tistically significantly associated with the 2 gynecological
cancers. In our study, LOC values from algorithms D and G
showed positive associations with ovarian cancer risk and
LOC from algorithm G showed positive associations with endo-
metrial cancer risk. In comparing the algorithms that showed
strong associations with cancer risk (i.e., algorithms D and
G) with those that did not, the main difference was the use
of pregnancy durations by algorithms D and G versus number
of births by others. It is unclear whether incomplete pregnan-
cies have certain implications for mechanisms or for better
estimation of anovulatory cycles.

We also evaluated LOC in relation to risk of these tumors
while adjusting for several key risk factors in the LOC com-
putation (namely age at menopause, age at menarche, oral
contraceptive use, and number of live births), albeit not all
risk factors. The estimates for LOC did not change. This
indicates that LOC contributes information in addition to
the individual components and provides justification for eval-
uating LOC as an exposure separately from individual com-
ponents of LOC. Conversely, associations with individual
factors were attenuated, except for age at menopause, when
LOC was added to the model. Age at menopause is most
likely the central component of LOC, and its biological effect
may be fully explained through LOC, which could lead to
problems when adjusting for 2 highly correlated variables
that are both strongly associated with the outcome. Other in-
dividual components, such as oral contraceptive use, may
work through non-LOC-related mechanisms like the hor-
monal pathway. Additional LOC analyses in other studies
with different population characteristics (e.g., higher preva-
lence of oral contraceptive use) are needed to fully under-
stand the extent to which individual components of LOC
should be included in the model in addition to the LOC
measure.

In examining LOC as a covariate, the inclusion of the LOC
variable may be an efficient way, by increasing statistical
power (i.e., saving degrees of freedom), to adjust for several
important reproductive factors in a single variable in a biolog-
ically meaningful manner. In our study, additional adjustment
for age at menopause, age at menarche, and oral contraceptive
use could have been avoided by including LOC in the model.
The caveat is that in models without individual LOC compo-
nents, it is not possible to distinguish whether an individual
risk factor is an effect modifier, since 2 women with the
same LOC value could have very different risk profiles (e.g.,
one could have had a longer duration of oral contraceptive use
while the other had a longer duration of pregnancy). However,
these questions can be addressed in more focused secondary
analyses.

We limited our analysis to postmenopausal women, which
allowed us to compute reliable estimates of the lifetime num-
ber of menstrual cycles. Investigators in some previous studies
have reported that lifetime years of ovulation were more

strongly associated with ovarian cancer among premenopausal
women than among postmenopausal women (12, 18). Thus,
we cannot exclude the possibility that we did not observe sta-
tistically significant associations with all the LOCs as computed
by the algorithms we identified in our literature review, because
our analysis was limited to postmenopausal women. Larger
studies of pre- and postmenopausal women are needed to ex-
plore whether ovulation may be more important in the eti-
ology of premenopausal cancer.

Several underlying mechanisms have been proposed to
explain the relationship between incessant ovulation and
ovarian cancer, including the development of genetically
damaged cells caused by proliferation of ovarian surface ep-
ithelial cells to repair the ruptured ovarian surface and the
production of stromal inclusion cysts, which undergo carci-
nogenic transformation (8, 14, 31). For endometrial cancer,
the proposed mechanism is that incessant ovulation largely
equates with incessant menstruation and that the increased
number of cycles may increase the probability of random ge-
netic mutations associated with repeated disruption and re-
generation of the uterine lining (8). It is well established
that endometrial cancer risk is associated with unopposed es-
trogen stimulation (2); thus, it is possible that LOC is a com-
posite variable reflecting lifetime endogenous estrogen
exposure instead of the amount of genotoxic insults associ-
ated with repeated disruption and regeneration of the uterine
lining.

The major strength of our study was the availability of a
detailed study questionnaire, which allowed us to examine
many of the LOC algorithms in 1 target population with a
limited number of women with surgically induced meno-
pause. However, a potential limitation of using this study
population is the low level of oral contraceptive use in Poland.
The frequency of some exposures may vary between popula-
tions and may differentially impact LOC estimates from differ-
ent models and limit the generalizability of the results. In
addition, we relied on self-reported data, so misclassification
may have occurred in our estimation of LOC. Misclassification
error may have also been present because of the absence of
other important details on each woman’s menstrual character-
istics, such as menstrual cycle length and bleeding patterns.
Both short (<26 days) and long (>35 days) cycles, as compared
with normal-length cycles (26-35 days), were associated with
an increased probability of anovulation in the BioCycle Study,
a prospective cohort study of 259 regularly menstruating
healthy women aged 18—44 years (32). Additionally, in the
same study, it was reported that bleeding duration and volume
were reduced after anovulatory cycles as compared with ovu-
latory cycles (33). However, any approach to calculating the
number of ovulations will inherently be imprecise, because
not all menstrual cycles are ovulatory, and there is variation
in menstrual cycles within and between women according to
age and other characteristics (34).

In conclusion, LOC algorithms using a core set of vari-
ables widely available in epidemiologic studies may be inde-
pendently associated with risk of gynecological cancers
beyond the contribution by the individual risk factors such
as age at menopause and age at menarche, although interpre-
tation of risk estimates for individual factors, such as age
at menopause, must be done cautiously. We also observed
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similar risk associations for LOC in risk models that did not
additionally include individual components of LOC. The in-
clusion of the LOC variable could be an efficient way to ad-
just for several important reproductive factors in a single
variable in a biologically meaningful manner. The methods
used in this analysis should be repeated in a larger pooled
data set. Pooling efforts among studies with detailed repro-
ductive and menstrual history data for large numbers of
pre- and postmenopausal women might help to further char-
acterize how these reproductive factors mediate gynecologi-
cal cancer risks. However, the utility of LOC algorithms in
epidemiologic studies ultimately depends on the assumption
that these measures are correlated with more direct measures
of LOC that would account for which cycles might truly be
ovulatory (10). Further evaluation of better assessment of cu-
mulative length of ovulatory cycling is needed to evaluate
whether LOC itself increases the risks of ovarian and endo-
metrial cancer.
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