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Abstract

Background: Experimental evidence supports a role of lipid dysregulation in ovarian cancer progression. We estimated
associations with ovarian cancer risk for circulating levels of four lipid groups, previously hypothesized to be associated with
ovarian cancer, measured 3-23 years before diagnosis.

Methods: Analyses were conducted among cases (N =252) and matched controls (N =252) from the Nurses’ Health Studies.
We used logistic regression adjusting for risk factors to investigate associations of lysophosphatidylcholines (LPCs),
phosphatidylcholines (PCs), ceramides (CERs), and sphingomyelins (SMs) with ovarian cancer risk overall and by histotype. A
modified Bonferroni approach (0.05/4 =0.0125, four lipid groups) and the permutation-based Westfall and Young approach
were used to account for testing multiple correlated hypotheses. Odds ratios (ORs; 10th-90th percentile), and 95% confidence
intervals of ovarian cancer risk were estimated. All statistical tests were two-sided.

Results: SM sum was statistically significantly associated with ovarian cancer risk (OR = 1.97, 95% CI = 1.16 to 3.32;

P =.01/permutation-adjusted P =.20). C16:0 SM, C18:0 SM, and C16:0 CERs were suggestively associated with risk (OR = 1.95-
2.10; P = .004-.01; permutation-adjusted P = .08-.21). SM sum, C16:0 SM, and C16:0 CER had stronger odds ratios among
postmenopausal women (OR = 2.16-3.22). Odds ratios were similar for serous/poorly differentiated and endometrioid/clear
cell tumors, although C18:1 LPC and LPC to PC ratio were suggestively inversely associated, whereas C18:0 SM was
suggestively positively associated with risk of endometrioid/clear cell tumors. No individual metabolites were associated
with risk when using the permutation-based approach.

Conclusions: Elevated levels of circulating SMs 3-23 years before diagnosis were associated with increased risk of ovarian
cancer, regardless of histotype, with stronger associations among postmenopausal women. Further studies are required to
validate and understand the role of lipid dysregulation in ovarian carcinogenesis.

Ovarian cancer is the fifth leading cause of cancer death for US
women, with four out of five ovarian cancer patients diagnosed
with advanced disease that has spread throughout the abdomi-
nal cavity (1). Identifying new risk factors for ovarian cancer is
important to discover new opportunities for prevention. One
area of interest is lipid metabolism (2).

Laboratory evidence supports a role of lipid dysregulation in
ovarian cancer progression and metastasis (3,4). Several
prospective human studies reported suggestive associations with
complex lipids such as total cholesterol (positive) (5) or high-den-
sity lipoprotein (inverse) (6). However, there have been few com-
prehensive prospective studies of other lipids, such as
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lysophosphatidylcholines (LPCs), phosphatidylcholines (PCs),
ceramides (CERs), and sphingomyelins (SMs), which appear to
be different in ovarian cancer patients, as compared with
healthy women (7-9).

LPCs act as signaling molecules involved in upregulating cell
proliferation, angiogenesis, migration, inflammation, and
wound healing (3,4,10-15). Phospholipase A2 converts PCs to
LPCs, and may influence cell proliferation, invasion, and migra-
tion (3). In multiple case-control studies, ovarian cancer
patients had higher plasma or urine LPC levels compared with
controls (14,16-24). However, because of the retrospective de-
sign of these studies, it is unclear whether alterations in these
biomarkers preceded or followed the appearance of ovarian
cancer.

Another class of lipids that may play a role in ovarian carci-
nogenesis is SMs that have a phosphocholine head group and
CER backbone (3). CERs are proapoptotic signaling molecules in
oocytes and ovarian tumors (25-28) with potential metastasis-
suppressing properties (29). The primary source of CERs in ovar-
ian tumors is via SM metabolism. CER levels are very low in
ovarian tumors (25,28,30), whereas SMs appear to be higher in
ovarian tumors vs normal tissue (31).

We leveraged novel metabolomics assays to measure four
circulating lipid groups that have been previously hypothesized
to be associated with ovarian cancer, LPCs, PCs, CERs, and SMs,
in plasma samples in a study of ovarian cancer risk within two
large prospective cohorts with 23 years of follow-up.

Methods

Study Population

This analysis was based on data from nested case-control stud-
ies in the Nurses Health Studies (NHS (32) and NHSII (33). The
NHS was established in 1976 among 121700 US female nurses
aged 30-55years, and NHSII was established in 1989 among
116429 female nurses aged 25-42years. Participants have been
followed biennially by questionnaire to update information on
exposure status and disease diagnoses. In 1989-1990, 32826
NHS participants provided blood samples and completed a
short questionnaire (32). Between 1996 and 1999, 29611 NHSII
participants provided blood samples and completed a short
questionnaire. Details are provided in the Supplementary
Materials (available online). Participants provided implied con-
sent to participate by return of questionnaires and biologic
specimens, and the study protocol was approved by the institu-
tional review boards of the Brigham and Women’s Hospital and
Harvard T. H. Chan School of Public Health, and those of partici-
pating registries as required.

Metabolite Profiling

Plasma metabolites were profiled at the Broad Institute of MIT
and Harvard (Cambridge, MA) using a liquid chromatography
tandem mass spectrometry (LC-MS) method described previ-
ously (34-37). Details are provided in the Supplementary
Materials (available online).

Thirty-nine individual metabolites belonging to four metab-
olite classes (11 LPC, 17 PC, 6 SM, and 5 CER) together with the
sum of the measured metabolite values within each class (LPC
sum, PC sum, SM sum, and CER sum) and the ratios of LPC to PC
(LPC:PC) and SM to CER (SM:CER) were analyzed in this study.
Metabolite class sums and ratios were calculated based on raw
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values. The ratio of two metabolite classes was calculated as
the ratio of the class sums. Metabolite values, including sums
and ratios, were transformed to probit scores for all subsequent
analyses to reduce the influence of skewed distributions and
heavy tails on the results and to scale the measured metabolite
values to the same range.

Statistical Analysis

Conditional logistic regression was used to evaluate metabolite
associations with risk of overall ovarian cancer among all par-
ticipants (252 cases and 252 controls), and separately by meno-
pausal status at blood draw (82 premenopausal cases and 82
premenopausal controls; 137 postmenopausal cases and 137
postmenopausal controls). Unconditional logistic regression
was used to evaluate metabolite associations with ovarian can-
cer risk by tumor subtype (176 serous/poorly differentiated [PD]
cases; 34 endometrioid/clear cell[CC] cases). Metabolite values
were used as continuous variables to calculate linear trends.
We estimated the odds ratios (OR) and 95% confidence intervals
for an increase from the 10th to 90th percentile in metabolite
levels (OR = e”?>, g represents the effect estimate from the lo-
gistic regression with metabolites modeled as continuous varia-
bles and transformed to probit scores). Furthermore, we
estimated OR of ovarian cancer and 95% confidence interval for
the SM sum measure across quartiles (based on the distribution
in controls). Additional details are provided in the
Supplementary Materials (available online).

We used a modified Bonferroni approach to account for test-
ing multiple correlated hypotheses by defining the adjusted P
value threshold for statistical significance as .01 (.05/4; four
measured lipid groups). This approach is used to define statisti-
cal significance when assessing the sum of all markers in each
of the four metabolite groups: SM sum, CER sum, LPC sum, and
PC sum. We also calculated permutation-based (N=1000 per-
mutations) adjusted P values using the Westfall and Young ap-
proach (38), which accounts for testing multiple correlated
hypotheses, to define statistical significance (adjusted P <.05)
for individual metabolites. We had 88% power to identify an
odds ratio of 1.5 at alpha equal to 0.001 (.05/45, Bonferroni
threshold) and 97% power at alpha equal to 0.01 (.05/4, modified
Bonferroni threshold) in our main analysis (39).

Results

Study Population

Of the 252 cases analyzed, 176 were diagnosed with serous/PD
tumors, whereas 34 were classified as having endometrioid/CC
tumors (Table 1). The remaining cases were of mucinous or
other types. Mean follow-up time was 12.3years. Distributions
of ovarian cancer risk factors were generally in the expected
directions for cases and controls.

Correlations between Metabolites

Metabolites, metabolite sums, and metabolite ratios belonging
to the same class were highly correlated with each other among
controls (Figure 1), although the correlation among the SMs was
slightly weaker than for the other classes. We observed some-
what lower correlations in postmenopausal women compared
with premenopausal at blood draw (Supplementary Figures 1
and 2, available online).
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Table 1. Characteristics of overall, serous/poorly differentiated (PD) a
at time of blood collection

nd endometrioid/clear cell (CC) ovarian cancer (OC) cases, and all controls

All controls ~ OverallOC  Serous/PDOC  Endometrioid/CCOC  Other histotypes

Characteristic (N=252) (N=252) (N=176) (N=34) (N=42)
Age at blood draw*, mean (SD), y 55.6 (7.8) 55.5(7.9) 55.3(7.9) 54 (8.1) 57.8 (7.5)
Time from blood draw to diagnosis, mean (SD), y - 12.3(5.2) 12.8(5.3) 12.1(5.1) 10.9 (4.7)
Fasting >8&h, No. (%) 172 (68.3) 153 (60.7) 100 (56.8) 23 (67.6) 30 (71.4)
Tumor morphology, No. (%)

Invasive - 227 (90.1) 163 (92.6) 33(97.1) 31(73.8)

Borderline - 22 (8.7) 13 (7.4) 1(2.9) 8 (19.0)

Unknown - 3(1.2) 0(0) 0(0) 3(7.1)
Menopausal status blood draw*, No. (%)

Premenopausal 82 (32.5) 82 (32.5) 56 (31.8) 16 (47.1) 10 (23.8)

Postmenopausal, no HT use 71(28.2) 68 (27.0) 47 (26.7) 5(14.7) 16 (38.1)

Postmenopausal, HT use 66 (26.2) 69 (27.4) 48 (27.3) 8(23.5) 13 (31.0)

Unknown 33 (13.1) 33 (13.1) 25 (14.2) 5 (14.7) 3(7.1)
Cohort*, No. (%)

NHS 212 (84.1) 212 (84.1) 147 (83.5) 27 (79.4) 38(90.5)

NHS II 40 (15.9) 40 (15.9) 29 (16.5) 7 (20.6) 4(9.5)
Oral contraceptive use duration, No. (%)

None or <3 months 123 (48.8) 118 (46.8) 81 (46.0) 18 (52.9) 19 (45.2)

3 months to 3 years 33(13.1) 32 (12.7) 22 (12.5) 3(8.8) 7 (16.7)

3to 5 years 45 (17.9) 63 (25.0) 46 (26.1) 8(23.5) 9(21.4)

5+ years 51(20.2) 39 (15.5) 27 (15.3) 5(14.7) 7 (16.7)
Parity, No. (%)

No children 12 (4.8) 24(9.5) 16 (9.1) 5(14.7) 3(7.1)

1 child 11 (4.4) 13 (5.2) 8 (4.5) 1(2.9) 4(9.5)

2 children 72 (28.6) 89 (35.3) 60 (34.1) 15 (44.1) 14 (33.3)

3 children 77 (30.6) 65 (25.8) 45 (25.6) 9(26.5) 11 (26.2)

4+ children 80 (31.7) 61 (24.2) 47 (26.7) 4(11.8) 10 (23.8)
Tubal ligation, No. (%)

Yes 43 (17.1) 39 (15.5) 30 (17.0) 5 (14.7) 4(9.5)

*Matching factor; HT = hormone therapy; NHS = Nurses’ Health Study.

Metabolites Associated With Risk of Ovarian Cancer,
Serous/PD and Endometrioid/CC Tumors

The SM sum (OR [95% CI] =1.97 [1.16 to 3.32]; P =.01) was statisti-
cally significantly positively associated with risk of overall ovar-
ian cancer when using the modified Bonferroni threshold
(Figure 2; Supplementary Table 2, available online); the
permutation-adjusted P value was .20. Two individual SMs,
C18:0 SM (OR [95% CI] = 2.10 [1.26 to 3.49]; P=.004, adjusted
P=.08), and C16:0 SM (OR [95% CI] = 2.06 [1.19 to 3.56]; P =.009,
adjusted P=.17), as well as C16:0 CER (OR [95% CI] = 1.95 [1.16 to
3.30]; P=.01, adjusted P =.21) were suggestively positively asso-
ciated with risk of overall ovarian cancer (Figure 2;
Supplementary Table 2, available online). No individual metab-
olites were statistically significantly associated with ovarian
cancer risk overall when using the Westfall and Young ap-
proach for multiple comparison testing. Further, no metabolites
were statistically significantly associated with risk of serous/PD
disease after the Westfall and Young permutation testing, al-
though the risk estimates were similar to the overall results.
Notably, C20:0 SM (OR [95% CI] = 1.80 [1.06 to 3.08]), C16:0 SM
(OR [95% CI] = 1.73 [1.00 to 3.01]) and the sum of all SMs (OR
[95% CI] = 1.77 [1.02 to 3.10]) were positively associated with risk
of serous/PD ovarian cancer on the nominal scale (P <.05). For
endometrioid/CC disease, C18:1 LPC (OR [95% CI] = 0.24 [0.07 to
0.69]; P=.01, adjusted P=.15) and LPC:PC (OR [95% CI] = 0.24
[0.08 to 0.71]; P=.01, adjusted P=.15) were suggestively in-
versely associated, whereas C18:0 SM (OR [95% CI] = 4.06 [1.44 to
12.60]; P=.01, adjusted P =.15) was suggestively positively

associated with risk. SM sum (and SMs) showed similar odds ra-
tios when comparing tumors diagnosed soon after blood collec-
tion (3-1lyears) with tumors diagnosed later (12-23 years;
Supplementary Table 4, available online) and when comparing
rapidly fatal (defined as death occurring within 3years of diag-
nosis) to less-aggressive tumors (defined as death occurring at
least 3years after diagnosis; Supplementary Table 5, available
online).

Metabolites Associated with Risk of Ovarian Cancer by
Menopausal Status at Blood Draw

The SM sum (OR [95% CI] = 3.22 [1.51 to 6.86], P =.003) was sta-
tistically significantly associated with ovarian cancer risk
among postmenopausal women at blood collection when using
the modified Bonferroni threshold. Two individual markers
were nominally positively associated with risk of ovarian cancer
among postmenopausal women at blood collection (Figure 3;
Supplementary Table 3, available online): C22:1 SM (OR [95% CI]
= 3.11 [1.46 to 6.62]; P=.003), and C16:0 SM (OR [95% CI] = 2.98
[1.37 to 6.51]; P=.006), but did not meet the Westfall and Young
threshold. SM sum, C22:1 SM, C16:0 SM, and C16:0 CER had
stronger associations with risk of ovarian cancer among post-
menopausal women (OR = 2.16-3.22) compared with overall
ovarian cancer risk (OR = 1.65-2.06). No metabolites were asso-
ciated with risk of overall ovarian cancer among premenopausal
women at blood collection. However, five out of six SMs and SM
sum had odds ratios below 1.0 among premenopausal women
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Figure 1. Metabolite correlations among controls. Pearson correlation was calculated for all pairs of individual metabolites, metabolite sums, and metabolite ratios.
Positive correlation coefficients are shown in shades of red, and negative coefficients are shown in shades of blue.

and risk estimates above one among postmenopausal women
at blood collection.

Sphingomyelins

To better understand the dose-response relationship between
SM (analyzed as the sum of all measured SMs) and risk of ovar-
ian cancer, we calculated odds ratios for the three highest quar-
tiles compared with the first quartile (Table 2). We observed a
dose-response association for overall ovarian cancer among
postmenopausal women at blood draw with an OR of 1.68 (95%
CI=0.77 to 3.64) for quartile 2, 1.89 (95% CI=0.87 to 4.12) for
quartile 3, and 2.92 (95% CI=1.36 to 6.27) for quartile 4 com-
pared with the lowest quartile, with a P trend equal to .003.
Suggestive trends (OR, top vs bottom quartile) were observed for
serous/PD disease (OR=1.58, P trend =.05) and overall ovarian
cancer risk (OR=1.67, P trend =.01).

Discussion

This is the first large-scale prospective study to examine the re-
lationship of circulating LPCs, PCs, SMs, and CERs, previously
hypothesized to be associated with ovarian cancer in experi-
mental studies and retrospective studies comparing ovarian
cancer patients to controls (3,4,7-24), with risk of ovarian can-
cer. Higher levels of SMs (SM sum) were statistically signifi-
cantly (modified Bonferroni threshold) associated with a two-

fold increased risk of ovarian cancer for an increase from the
10th to 90th percentile of the distribution. Whereas no individ-
ual metabolites met the Westfall and Young permutation
threshold for statistical significance, higher levels of two spe-
cific SMs and a CER were suggestively associated with about a
two-fold increased risk of ovarian cancer overall, with nominal
P values ranging from .004 to .01. No statistically significant dif-
ferences in association were observed by histotype, although,
similar odds ratios were observed for serous/PD tumors as for
overall ovarian cancer risk. One SM was suggestively associated
with a 4.06-fold increased risk of endometrioid/CC tumors,
whereas an LPC and the LPC:PC ratio were suggestively associ-
ated with a 0.2-fold lower risk of endometrioid/CC tumors for an
increase in levels from the 10th to the 90th percentile, although
the overall sample size was limited for this subtype. SMs and
SM sum showed similar odds ratios when comparing tumors di-
agnosed soon after blood collection with tumors diagnosed later
and when comparing rapidly fatal with less-aggressive tumors.
Notably, more associations were observed among women who
were postmenopausal at blood draw, with a nearly three-fold
increased risk for the top vs bottom quartile of the SM sum, rep-
resenting a potentially novel and strong risk factor.

The only other prospective study investigating these four
groups of lipids assessed their associations with risk of three
cancers (40). Similar to our results for ovarian cancer risk, posi-
tive associations, although not statistically significant, were ob-
served for several SMs with risk of breast cancer (C16:0 SM,
C18:0 SM, C20:2 SM, and C24:0; 4/7 measured SM) (40).
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Figure 2. Odds ratios (OR) of overall, serous/poorly differentiated (PD) and endometrioid/clear cell (CC) OC for an increase from the 10th to the 90th percentile in metab-
olite levels. Odds ratios greater than one are shown in shades of red, and odds ratios less than 1 are shown in shades of blue. P values of .05 or less are overlaid on the
plot. Estimates were adjusted for risk factors (duration of oral contraceptive use [none or <3 months, 3months to 3years, 3years to 5 years, more than 5 years], tubal li-
gation [yes/no], and parity [no children, one child, two children, three children, or four or more children]) and additionally for matching factors (cohort [NHS, NHSII];
menopausal status and hormone therapy use at blood draw [premenopausal, postmenopausal and hormone therapy use, postmenopausal and no hormone therapy
use, and missing/unknown|; menopausal status at diagnosis [premenopausal, postmenopausal, or unknown]; age [+1year]; date of blood collection [+1month]; time
of day of blood draw [+2hours];and fasting status [>8hours or <8hours]) in subtype analyses. CER = ceramide; NHS = Nurses’ Health Study; NHSII = Nurses’ Health
Study II; LPC = lysophosphatidylcholine; OC = ovarian cancer; PC = phosphatidylcholine; SM = sphingomyelin.

Additionally, two of seven measured SMs were nominally posi-
tively associated with risk of prostate cancer, and five of seven
SMs were nominally positively associated with colorectal
cancer.

SMs are the most abundant class of sphingolipids in the cell,
essential elements of the cell membrane, and critical players in
cell function. SM are de novo synthesized from CERs and hydro-
lyzed into CERs, which are involved in cellular proliferation,
growth, and apoptosis (41). SMs were higher in ovarian tumors
compared with healthy tissue (31,42), and increased levels of
SMs were also reported in taxol-resistant human ovarian cancer
cell lines (43). Additionally, acid sphingomyelinase (the enzyme

that converts SMs into CERs) has been associated with cisplatin
resistance in ovarian tumors (44) and was lower in human ovar-
ian cancer cells compared to human primary ovarian cells (45).
A recent study showed that sphingomyelin in microdomains of
the plasma membrane regulates amino acid-stimulated mTOR
signal activation (46), which is essential for cell growth and pro-
liferation (47). Another link between SMs and ovarian cancer is
that statins, which can decrease circulating levels of SM (48), re-
duced serous intraepithelial carcinoma (STIC) development in
ovarian cancer mouse models (49). Although a large study of the
Danish cancer registry found no association of statin use with
ovarian cancer risk overall, a suggestive inverse relationship
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Figure 3. Odds ratios (odds ratios) of overall OC and by menopausal status at blood draw for an increase from the 10th to the 90th percentile in metabolite levels. Odds
ratios greater than one are shown in shades of red and odds ratios less than one are shown in shades of blue. P values of .05 or less are overlaid on the plot. Estimates
were adjusted for risk factors (duration of oral contraceptive use [none or <3months, 3months to 3years, 3years to 5years, or more than 5 years], tubal ligation [yes/
no], and parity [no children, one child, two children, three children, or four or more children]) and additionally for matching factors (cohort [NHS, NHSII]; menopausal
status and hormone therapy use at blood draw [premenopausal, postmenopausal and hormone therapy use, postmenopausal and no hormone therapy use, and miss-
ing/unknown); menopausal status at diagnosis [premenopausal, postmenopausal, or unknown]; age [+1year]; date of blood collection [+ month]; time of day of blood
draw [+2hours]; and fasting status [>8hours or <8hours]) in stratified analyses. CER = ceramide; NHS = Nurses’ Health Study; NHSII = Nurses’ Health Study II; LPC =
lysophosphatidylcholine; OC = ovarian cancer; PC = phosphatidylcholine; SM = sphingomyelin.

was noted for mucinous tumors (50). However, statin use has
been associated with improved survival (51). Our results did not
change when excluding participants (n=16) reporting statin or
other cholesterol-lowering drugs from the main analysis (data
not shown). Our data, in conjunction with the already existing
literature, strongly support further examination of SMs as a risk
factor for ovarian cancer, including larger nested case-control
studies and biologic work to assess if this is a causal relation-
ship or if SM levels reflect other biological processes involved in
ovarian carcinogenesis.

Additionally, we observed several similar patterns of asso-
ciations by lipid group, although not statistically significant,

comparing our results with results from Kiihn et al. (40). In
addition to SMs, LPCs were nominally associated with lower
risk of breast, colorectal, and prostate in that study and with
both endometrioid/CC ovarian tumors and serous/PD ovarian
tumors in our study; C18:0 LPC was a specific marker that
was inversely associated with risk across multiple cancers.
PCs were nominally associated with higher risk of colorectal,
breast, and endometrioid ovarian tumors. These findings sug-
gest that systematic lipid changes, many years before diagno-
sis, may be related to increased risk of several cancers;
notably cancer cell lines and tumors have altered lipid pro-
files (52).
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Table 2. Odds ratio (OR) and 95% confidence intervals of ovarian cancer (OC), according to histotype, and by menopausal status at blood draw
by quartiles (based on the distribution in controls) of the sum of all sphingomyelins

Quartile (range)

%
=
a
a
tm

Quartile 1 Quartile 2 Quartile 3 Quartile 4
ocC (—2.88, —0.74) (-0.74, —0.12) (-0.12,0.54) (0.54, 2.88) P trend*
Overall OC
OR (95% CI) 1.00 (referent) 0.95 (0.53 to 1.7) 1.45 (0.83 to 2.51) 1.67 (0.96 t0 2.92) 01
No. of controls 63 63 63 63
No. of cases 54 44 68 84
Serous/PD OC
OR (95% CI) 1.00 (referent) 1.02 (0.54 to 1.91) 1.40 (0.77 t0 2.57) 1.58 (0.87 to0 2.89) .05
No. of controls 63 63 63 63
No. of cases 38 32 48 56
Endometrioid/clear cell OC
OR (95% CI) 1.00 (referent) 1.35 (0.43 to 4.26) 1.76 (0.61 to 5.29) 0.88 (0.25 to 2.98) 83
No. of controls 63 63 63 63
No. of cases 8 8 12 6
Premenopausal OC
OR (95% CI) 1.00 (referent) 0.68 (0.24 to 1.95) 1.05 (0.38 to 2.87) 0.42 (0.14 to 1.24) 35
No. of controls 21 20 20 21
No. of cases 23 20 24 14
Postmenopausal OC
OR (95% CI) 1.00 (referent) 1.68 (0.77 to 3.64) 1.89 (0.87 to 4.12) 2.92 (1.36 t0 6.27) .003
No. of controls 35 34 34 34
No. of cases 21 28 33 54

*P trend was calculated with a two-sided Wald test as part of a logistic regression model of OC, with the SM sum as a continuous exposure, adjusted for risk factors (du-
ration of oral contraceptive use [none or <3 months, 3months to 3years, 3years to 5years, or more than 5years], tubal ligation [yes/no] and parity [no children, one
child, two children, three children, four or more children]) and additionally for matching factors (cohort [NHS, NHSII]; menopausal status and hormone therapy use at
blood draw [premenopausal, postmenopausal, and hormone therapy use; postmenopausal and no hormone therapy use; and missing or unknown]; menopausal status
at diagnosis [premenopausal, postmenopausal, or unknown]; age [+1year], date of blood collection [+1month]; time of day of blood draw [+2hours]; fasting status
[>8hours or <8hours]) in subtype analyses. CI = confidence interval; NHS = Nurses’ Health Study; NHSII = Nurses’ Health Study II; OC = ovarian cancer; PD = poorly dif-

ferentiated; SM = sphingomyelin.

The current model for ovarian carcinogenesis distinguishes
two tumor types. Type I carcinomas develop from benign precur-
sor lesions (borderline or atypical proliferative tumors), whereas
type II tumors develop from a STIC in the fallopian tube (53).
Endometrioid/CC tumors are characterized as type I tumors and
are associated with endometriosis (53). Interestingly, in a recent
lipidomic study of endometrial fluid in women with ovarian en-
dometriosis, lysophospholipids, calculated as the sum of LPCs
and LPEs, were lower in endometriosis cases compared to healthy
controls (54). Additionally, the lipidomics study found CERs to be
down-regulated in endometriosis cases. In our analysis, two of
the five measured CERs were associated with lower risk of endo-
metrioid/CC and three CERs were associated with lower risk of
ovarian cancer in premenopausal women, who were younger at
blood collection, and represent the most similar subgroup to the
women in the endometriosis study. Additionally, several LPCs
were inversely associated with type I tumors in our study. Larger
studies are needed to assess CERs and LPCs as potential risk bio-
markers for endometrioid tumors, particularly in younger
women.

Our study has several strengths and limitations. To the best
of our knowledge, this is the first study assessing the associa-
tions of these lipids with ovarian cancer risk overall, by histo-
type and by menopausal status at blood collection. Given the
low incidence rate of ovarian cancer, our study has a relatively
large sample size with 252 ovarian cancer cases and 252
matched controls. However, we were still limited in some analy-
ses, including examining primary associations for linear effects

only and having limited power in the stratified analyses, possi-
bly leading to an overestimation of effects. Strengths include
the long follow-up time and detailed covariate information.
Another limitation is represented by the one-point-in-time
blood samples analyzed here. To address this limitation, we
conducted a pilot study showing that the majority of the mea-
sured metabolites have a high within-person stability over time
(intraclass correlation coefficient or Spearman correlations
were higher than 0.65) (37).

In this study we found SMs to be associated with increased
risk of ovarian cancer, particularly among postmenopausal
women. We observed elevated levels of SMs in ovarian cancer
cases 3-23years before diagnosis. Additionally, C18:1 LPC and
LPC:PC ratio were associated with lower risk of endometrioid/
CC tumors. These results provide new and promising candi-
dates for risk biomarkers. Experimental studies may help iden-
tify the mechanisms through which a dysregulated lipid
metabolism supports carcinogenesis, potentially leading to the
development of new therapeutic targets for prevention and
treatment of ovarian cancer. Population studies are needed to
validate these findings and further characterize their potential
as risk biomarkers. If confirmed, these markers may be used to
identify high-risk women who can benefit from preventive
interventions. Additional studies are needed to identify biologi-
cal predictors of circulating SMs, the underlying biological rela-
tionship with ovarian tumors and the ovaries, and, ultimately,
how higher levels of circulating SMs may be involved in ovarian
carcinogenesis.
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