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Abstract

Background—Only two case-control studies have examined the associations between
consumption of meat products and endometriosis risk with inconsistent results. Consumption of
animal products has the potential to influence endometriosis risk through effects on steroid

hormones levels.
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Objectives—To determine whether higher intake of red meat, poultry, fish, and seafood are
associated with risk of laparoscopically-confirmed endometriosis

Study Design—381,908 participants of the prospective Nurses’ Health Study IT were followed
from 1991-2013. Diet was assessed via food frequency questionnaire every 4 years. Cox
proportional hazards models were used to calculate rate ratios (RR) and 95% confidence intervals

(ClIs).

Results—During 1,019,294 person-years of follow-up, 3,800 cases of incident laparoscopically-
confirmed endometriosis were reported. Women consuming >2 servings/day of red meat/day had a
56% higher risk in endometriosis (95% CI=1.22-1.99; Py;q<0.0001) compared to those
consuming <l serving/week. This association was strongest for non-processed red meats
(RR=1.57; 95% CI= 1.35-1.83 for 2 servings/day versus <l servings/week; Py¢;q<0.0001),
particularly among women had not reported infertility (Pinteraction=0-0004). Women in the highest
category of processed red meat intake also had a higher risk of endometriosis (RR=1.20; 95%
CI=1.06-1.37 for >5 servings/week versus <1 serving/month; Py.,q=0.02). Intakes of poultry, fish,
shellfish, and eggs were unrelated to endometriosis risk.

Conclusions—Our prospective analysis among premenopausal US nurses suggests that red meat
consumption may be an important modifiable risk factor for endometriosis, particularly among
women with endometriosis who had not reported infertility and thus were more likely to present
with pain symptoms. Well-designed dietary intervention studies among women with endometriosis

could help confirm this observation.
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Introduction

Endometriosis is a benign, estrogen-dependent, gynecologic condition with a prevalence of
~10% in women of reproductive age !. It is characterized by the presence of endometrial
tissue outside of the uterus, causing inflammation and leading to the formation of scars and
adhesions. Endometriosis patients experience a variety of symptoms including chronic
pelvic pain and infertility. Despite that it is the third leading cause of gynecologic
hospitalizations in the US, its etiology is not fully understood 2.

There has been an increased interest in the identification of modifiable risk factors for
endometriosis, such as diet and exercise. Diet may influence endometriosis risk through its
influence on steroidal hormones. For example, red meat has been shown to decrease sex
hormone-binding globulin (SHBG) and increase estradiol concentrations 3, while fish oil has
been associated with lower circulating levels of series 2 prostaglandins and decreased
inflammatory symptoms 4, as well as a decrease in dysmenorrhea 5. Estrogen up-regulates
prostaglandin synthesis and evidence of positive feedback for local estrogen and
prostaglandin may favor the inflammatory and proliferative characteristics of endometriosis
6. Although there is extensive lay literature touting dietary changes to reduce endometriosis
and symptoms, scientific literature in the field remains scant. An Italian case-control study
reported that women with endometriosis had higher consumption of red meat and ham and
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lower intake of fish than women without endometriosis ’. In contrast, a Washington state
based case-control study reported no association between intake of red meat or seafood and
endometriosis diagnosis 8.

In this prospective study, we investigated the association between intake of red meat, poultry,
fish, seafood, and nutrients concentrated in red meats (iron and heme iron) and risk of
laparoscopically-confirmed endometriosis using data from the Nurses’ Health Study II. We
also examined whether these associations differed by fertility status.

Materials and Methods

Study Population

The Nurses’ Health Study I (NHSII) prospective cohort consists of 116,429 female
registered nurses who were ages 26—42 at baseline. This cohort has been followed from
1989 when the baseline questionnaire regarding information on disease history,
demographic, anthropometric, and lifestyle risk factors was completed and subsequently,
biennial questionnaires have been administered. Implied consent was assumed upon
completion and return of the questionnaires. This study was approved by the Institutional
Review Board of Brigham and Women’s Hospital. Follow-up for this analysis include
questionnaire data beginning in 1991 when 97,807 NHSII participants completed the 1991
FFQ and concluded in 2013. Response rates have been approximately 0% for each
questionnaire cycle. We restricted our analyses to premenopausal women with intact uteri,
with no prior diagnosis of endometriosis, or cancer (with the exception of non-melanoma
skin cancer) prior to June 1991. In addition we excluded women with implausible total
energy intake (<800 or >4200kcal/day), or who left more than 70 food items blank on the
1991 FFQ. There were 81,908 participants remaining in the study after these exclusions.

Case ascertainment

Starting with the 1993 questionnaire, the nurses were asked if they have “ever had physician-
diagnosed endometriosis.” If participants reported “yes”, they were asked if it was
confirmed by laparoscopy, which is considered the “gold standard” for endometriosis
diagnosis. For each subsequent questionnaire cycle, participants were asked diagnosis of
endometriosis in the preceding two years. From the 1766 incident cases that were identified
from the initial questionnaire, a validation study was conducted the following year among
200 randomly selected cases °. A supplemental questionnaire was mailed to these
participants requesting for permission to review their clinical and surgical records. In 96.2%
of the 105 cases in which laparoscopic confirmation was reported and records retrieved,
endometriosis diagnosis was confirmed. Furthermore, requests to review medical records
were also sent to those women who indicated having a hysterectomy during the time of
endometriosis diagnosis. In 79.6% (144/188) of the records retrieved, a diagnosis of
endometriosis at the time of the hysterectomy was confirmed; however, in only 5.5%
(9/163), endometriosis was the primary indication for the surgical procedure. Thus, in order
to minimize the magnitude of misclassification of the outcome and confounding by
indication for hysterectomy, only incident cases that reported a laparoscopic confirmation of
their diagnosis were included in the study.
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Using laparoscopic confirmation to define endometriosis cases results in a complex relation
between endometriosis and fertility status. The baseline prevalence of infertility (defined as
attempting to conceive for >12 months without success) in this cohort is higher among those
with laparoscopically-confirmed endometriosis (20%) compared to those reporting
endometriosis without laparoscopic confirmation (4%). Among women with infertility,
many may have only been diagnosed with endometriosis during an infertility evaluation. In
contrast, women with endometriosis without infertility are more likely to have pain as an
indication for laparoscopic evaluation. Because women with endometriosis with infertility
may have a higher prevalence of asymptomatic disease secondary to other primary causes of
infertility, the risk factors for endometriosis with infertility may differ from those for
endometriosis without infertility. Therefore, we conducted analyses stratified by fertility
status.

Assessment of Dietary Exposures and Covariates

Diet was assessed via the semi-quantitative food frequency questionnaires (FFQ) in 1991
and every four years thereafter. Women were asked to report their usual intake during the
past year on more than 130 food items. Each question had nine possible responses, ranging
from “never or less than once per month” to “six or more times per day.” We calculated the
intakes of total and specific types of meat by multiplying the portion size of a single serving
of each meat item by its reported frequency of intake. The validity of the questionnaire and
of meat intake and related nutrients has been extensively assessed 1012, For intake of meats,
the correlation coefficients comparing the average of prospectively collected 1-week diet
records and the FFQ were 0.67 for chicken without skin, 0.58 for chicken with skin, 0.55 for
processed meats, 0.38 for hamburgers, 0.56 for hot dogs, 0.66 for fish, and 0.77 for eggs 12.
For nutrients concentrated in these foods, the correlation coefficients were 0.68 for zinc with
supplements, 0.52 zinc from foods alone, 0.71 vitamin B1 with supplements, 0.54 vitamin
B1 from foods alone, 0.74 vitamin B12 with supplements, 0.56 vitamin B12 from foods
alone, 0.58 iron with supplements, 0.56 iron from foods alone, and palmitic fatty acid 0.70.

Analyses for meat consumption were conducted using the following categories: red meat
including processed and organ meats (hot dogs, bacon, sliced processed meat, hamburger,
beef/pork/lamb sandwich, pork, beef, liver), unprocessed red meat (hamburger, beef/pork/
lamb sandwich, pork, beef, liver), processed red meat (hotdog, bacon and sliced processed
meat), poultry (chicken, turkey), fish (canned tuna, dark meat fish, other fish), shellfish
(shrimp, lobster, scallops), and eggs.

Statistical analyses

Participants were followed from return of the baseline FFQ (1991) until self-report of
laparoscopically confirmed endometriosis, death, diagnosis of cancer (excluding non-
melanoma skin cancer), hysterectomy, menopause, loss to follow-up or June 1, 2013, which
ever occurred first. Participants who reported physician-diagnosed endometriosis with no
laparoscopic confirmation were censored at the time of that report but were allowed to
reenter the analysis population if they reported laparoscopic confirmation on a subsequent
questionnaire. Time-varying Cox proportional hazard regression models with age in months
and the 2-year questionnaire cycle as the time scales were used to calculate incidence rate
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ratios (RR) and 95% confidence intervals (95% CI), using the lowest category of each food
or nutrient as the reference. Since the temporal relation between diet and endometriosis is
uncertain, we examined timing of dietary exposure in three ways. First, in the baseline diet
analysis (1991), we examined only diet reported in 1991 in relation to cases reported
throughout the follow-up period (1991-2013). Next, in the simple update analysis, 1991
intake was assigned to the 1991-1995 follow-up period, 1995 intake was assigned to the
1995-1999 follow-period, 1999 intake was assigned to 1999-2003 follow-up period, and so
forth. Finally, for cumulative averaged intake analysis, 1991 intake was assigned to follow-
up through 1995, the average of 1991 and 1995 intakes was assigned to the 1995-1999
follow-up period, the average of 1991, 1995, and 1999 intakes was assigned to the 1999—
2003 follow-up period, and so forth. As the results for each approach were similar we
present results for only the cumulative averaged models, which minimizes measurement
error due to random within-person variability and is representative of long-term intake !3.
We estimated the effect of substituting one meat for another by simultaneously including
terms for all meats in the same model and using the differences between regression
coeficients as the estimated substitution effect!#. To explore if the effect of meat intake was
explained by nutrient(s) concentrated in these foods we simultaneously included the meat
(e.g., red meat) and nutrient (e.g., iron) variables in a regression model.

The multivariable model was adjusted for potential confounders that were chosen a priori
due to their association with endometriosis including race (Caucasian vs. women of color),
parity (nulliparous, 1, 2, 3, 4+ pregnancies lasting >6 months), BMI (<19, 19-20.4, 20.5—
21.9,22-24.9,25-29.9, 3O+kg/m2), length of menstrual cycle between ages 18-22 (<26,
26-31, 32-50, 51+ days and irregular), age at menarche (<10 years, 10, 11, 12, 13, 14, 15,
15, 16, >16), pelvic or breast exam in the past year, and total caloric intake. The following
covariates were updated throughout the analysis whenever new information was available
from the biennial questionnaires: parity, BMI, pelvic/breast exam, and total caloric intake.
Oral contraceptive use and cigarette smoking were also evaluated as potential confounders
but did not materially influence the effect estimates so were not included in the final models.
Tests for linear trend in ordinal categorical exposures were calculated by assigning a median
value of each category to all participants in that group.

Since some risk factors for endometriosis may differ by fertility status (defined as attempting
to conceive for >12 months without success), we examined report of infertility as an effect
modifier using likelihood ratio tests comparing models with both the main effects and the
cross-product term between the exposure variable and fertility status to those with the main
effects only. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc,
Cary, North Carolina).

We documented 3,800 cases of laparoscopically-confirmed diagnosis of endometriosis
during 1,019,294 person-years of follow-up. Based on baseline (1991) characteristics,
women with the highest red meat intake were more likely to be overweight or obese, more
likely to be current smokers, and to have used oral contraceptives. They were less likely to
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be nulliparous, to have had a recent gynecologic exam and had a greater total caloric intake
(Table 1).

Red meat intake was associated with a higher risk of endometriosis (Table 2). Women
consuming more than two servings of red meat per day had a 56% higher risk of
laparoscopically-confirmed endometriosis compared to women consuming <l serving per
week (95% CI=1.22—-1.99; Py;eng<0.0001). This risk was driven primarily by the association
with non-processed red meats but women in the highest category of processed red meat
intake also had a significantly higher risk of endometriosis. Non-processed red meat was
associated with a 57% increase in risk (95% CI=1.35-1.83; Py,enq<0.0001) for persons
consuming X servings/day versus <1 servings/week while processed red meat was
associated with a 20% increased risk (95% CI=1.06—1.37; Py;nq=0.02 for 5 servings/week
versus <1 serving/month). There was a statistically significant linear trend towards higher
risk of endometriosis with increasing intake of poultry (Py,g=0.03). However, none of the
estimates for specific categories of intake were significant and there was not a clear overall
pattern of association. No associations were observed with fish, shellfish, or eggs (Table 2).
Substitution analyses suggested that consuming fish, shellfish, or eggs instead of red meat
was associated with a lower risk of endometriosis (Figure 1).

The association between red meat intake and endometriosis were modified by fertility status
(Table 2). Specifically, the association between red meat and non-processed red meat intake
and endometriosis risk was strongest among women who had not reported infertility (RR for
red meat=1.52 comparing >2/day versus <l/week; 95% CI=1.16—1.98; P;¢,q<0.0001 and
RR for non-processed red meat=1.58 comparing 2/day versus <l/week; 95% CI=1.34—
1.88; Piend<0.0001). The corresponding RRs for those reporting infertility was 1.21 for red
meat (95% CI=0.64-2.29; Pieng=0.89) and 1.08 for non-processed red meat (95% CI=0.74—
1.57; Pyreng=0.57).

Last, we evaluated whether the association of red meat intake with endometriosis was
explained by nutrients highly concentrated in red meats (iron, heme iron, zinc, vitamin B1,
vitamin B12, animal fat, and palmitic acid). Intake of heme iron was associated with a
significantly increased risk of endometriosis (RR=1.30, 95% CI=1.17-1.44, comparing
quintile (Q) 5 vs. QI; Piend<0.0001) (Supplemental Table 1). When red meat and heme iron
were simultaneously included in the regression models, the associations for both were
attenuated but remained significant (RR=1.36, 95% CI=1.04-1.77 >2 servings of red
meat/day vs. <l serving of red meat/week and RR=1.17, 95% CI=1.03-1.33 comparing
heme iron Q5 to Q1). Adjustment for zinc, vitamin B1, and vitamin B12 did not materially
influence the results while adjustment for animal fat and palmitic acid strengthened the
results for red meat (Table 3) but did not appreciably alter the results for other meat
categories (data not shown).

In this prospective cohort of premenopausal women, we observed that red meat, both
processed and non-processed, was associated with an increased risk of laparoscopically-
confirmed endometriosis. This association was strongest among women who had never
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reported infertility. Heme iron intake was also associated with endometriosis risk and
explained part, but not all, of the association between red meat intake and endometriosis.

Our results suggest that higher intake of red meat increases the risk of endometriosis
diagnosis in a dose response manner. Red meat consumption has been linked to numerous
chronic diseases including diabetes, cardiovascular disease, some cancers and recently, has
been linked to total, CVD and cancer mortality 13. Prior to this study, only two case-control
studies had investigated the association between consumption of meat products and
endometriosis risk 7. An Italian case-control study observed a significant increase in
endometriosis risk for women in the highest tertile of red meat (OR=2.0, 95% CI=1.4-2.8;
Piend=0.0004) and ham (OR=1.8, 95% Cl= 1.3-2.5, P¢;q=0.001) consumption compared to
those in the lowest 7. In contrast, a Washington state based case-control study reported no
association with red meat intake (RR=0.9, 95% CI=0.6—1.4; P;,q=0.74 for >4 servings/day
vs < servings/day) 8. Similar to our results, neither study reported an association with fish
intake and endometriosis risk.

Although the physiological mechanism of how diet affects endometriosis is not fully
understood, it has been hypothesized to involve circulating steroid hormones 1°.
Endometriosis may be affected by the animal fat present in meat, which is supported by the
positive association previously observed between palmitic acid and endometriosis risk in the
NHSII !7, and evidence that reduction in fat consumption leads to a decrease in endogenous
estrogens 1819, Red meat may also influence estrogen levels directly as a result of
exogenous hormone exposure from sex steroid hormone-treated animals 20 and
epidemiologic studies have demonstrated that the consumption of non-processed red meat is
associated with decreased SHBG and increased estradiol concentrations 3. Increased
endogenous estrogen can also stimulate the formation of prostaglandins, inducing the release
of aromatase P450, increasing estrogen and prostaglandin concentrations, and favoring the
inflammatory nature of endometriosis ©. In our sensitivity analyses, we separately controlled
for animal fat and palmitic acid and in both models the relative risk estimates for red meat
were enhanced, suggesting that increased intake of red meat may have effects independent of
palmitic acid or animal fat.

The finding that the effect estimates were attenuated when heme iron was included in the
multivariable model may suggest that heme iron itself is associated with an increased
endometriosis risk and that increasing intake of red meat is associated with increased
endometriosis risk at least partially independent of heme iron. However, since red meat was
the largest contributor to heme iron intake in this cohort it is difficult to completely
disentangle these two nutritional variables. Heme iron is a form of iron that is present in
hemoglobin and myoglobin of animal sources, whereas non-heme iron comes primarily
from plants sources. While heme iron contributes to a smaller proportion of overall iron
intake, its absorption rate is much higher and thus, it could contribute to as much as X0% of
total absorbed iron 2123, These associations we observed with heme iron are consistent with
the inflammatory state and oxidative stress mechanisms that have been proposed as potential
contributors to the pathophysiology of the endometriosis 2420, It is known that erythrocytes
release hemoglobin, and its by-products, iron and heme into the peritoneal cavity as a result
of retrograde menstruation, and if iron and heme are not chelated, they form harmful
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reactive oxygen species, a form of oxidative stress. Further, it has been observed that women
with endometriosis have lower concentrations of hemoplexin, a major transporter protein for
heme iron 27,

We observed from our study that the associations with non-processed and processed red
meat were strongest among women who had not reported infertility. Although in this study
we cannot tease apart the influence of dietary factors on disease establishment/progression
from the influence of these components on the experience of pain which influences the
likelihood of diagnosis, the fact that the associations were not observed in those reporting
infertility suggests that the association may be due to an influence on pain symptoms.
Therefore, if red meat consumption increases pain symptoms, then this could manifest as a
increase in the incidence of endometriosis diagnosis, while the incidence of disease itself
may be unaltered. A previous cross-over study in women with dysmenorrhea reported that a
low-fat vegetarian diet increased SHBG concentrations and decreased pain 28. This provides
a potential pathway through which red meat, which has been shown to decrease SHBG
levels and increase estradiol 3, might influence pain in women with endometriosis.

As with all studies, limitations need to be considered. The NHSII cohort utilized self-
reported information, and thus, outcome misclassification is a possibility but is reduced due
restricting our case definition to laparoscopically diagnosed endometriosis which have a
high level of validity (>95%) 2°. While some women with undiagnosed endometriosis are
undoubtedly present in the cohort, the prevalence of endometriosis in an asymptomatic
population is estimated to be <2% 3°. Thus, among our population of over 81,000 women,
any influence of these undiagnosed cases on results is likely minimal. In addition, a
limitation of the FFQ is that it can misclassify individuals with unusual diets and may
introduce systematic error. This measurement error would likely bias effect estimates
towards the null; however, the use of repeated questionnaires minimizes this bias.
Nevertheless, the FFQ is useful in measuring average intake over an extended period, which
is of interest to most epidemiological studies. Furthermore, comparison of the FFQ and other
self-report methods such as repeated 24-hour recalls and repeated 7-day diet records against
objective biomarkers of intake suggest that the latter offer no meaningful advantage over the
FFQ for assessment of diet in epidemiologic studies !°. Finally, residual or unmeasured
confounding by factors that are associated with dietary habits and laparoscopic diagnosis of
endometriosis is a possibility. However, we were able to adjust for lifestyle factors including
access to health care (e.g., recency of pelvic/breast exam) as established endometriosis risk
factors.

The prospective design of our study is a substantial strength, especially compared to case-
control designs with dietary exposures due to the potential for recall bias and the influence
of disease symptoms on current dietary choices in case-control studies. In addition, unlike
some previous studies that used an unvalidated food questionnaire to collect dietary
information, which did not allow for quantification and control for total energy intake in
their analyses, we were able to adjust for total calories which minimizes correlated errors
and decreases between-person variation 3!, This is especially important for diseases such as

endometriosis where an association between body size and disease risk has been observed
9,32-34
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Our prospective analysis among premenopausal US registered nurses suggest that decreasing
red meat intake may be important modifiable risk factor for endometriosis, particularly in
regards to women presenting with pain symptoms. Future dietary intervention studies among
women with endometriosis could help confirm this observation and provide further insight
the differential associations observed by fertility status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications and Contributions

Only two case-control studies have examined the associations between consumption of
meat products and endometriosis risk with inconsistent results. Thus we sought to
examine the association between intake of red meat, poultry, fish, and seafood and risk of
laparoscopically-confirmed endometriosis in a prospective setting. We observed that red
meat, both processed and non-processed, was associated with an increased risk of
laparoscopically-confirmed endometriosis and this association was strongest among
women who had never reported infertility. The stronger association among women who
had not reported infertility suggests that the association may be due to an influence of

diet on pain symptoms.

Am J Obstet Gynecol. Author manuscript; available in PMC 2019 August O1.



1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

YAMAMOTO et al.

1
(@]
X
wn
o Poultry Fish, poultry, shellfish,
o 0.98 (0.86-1.11) ® and eggs
= Fish
i\ 0.93 (0.85-1.03
o« 0.92 (0.77-1.09) ( )
-g Eggs
N 0.83 (0.68-1.01)
T
Shellfish
0.79 (0.42-1.48)
0

Figure 1.

Page 13

Risk of endometriosis associated with replacement of 1 serving/day of red meat with other

animal protein sources
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