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Condensation: This study examined the association between d@amgumption in adolescence
— a potentially critical window of exposure — andbsequent risk of laparoscopically-confirmed

endometriosis diagnosis.

Short Title: Adolescent Dairy and Endometriosis

AJOG at a Glance:

*  Why wasthe study conducted? Higher intake of dairy in adulthood has been assed
with lower risk of endometriosis diagnosis but mevpous studies have examined
whether dairy intake during adolescent influenaegoenetriosis risk.

* What arethekey findings? In the first study to examine the association betwe
adolescent dairy intake and endometriosis risiydriglairy consumption was associated
with a lower risk of laparoscopically-confirmed emaetriosis

* What doesthis study add to what isalready known? These results may be the first
steps in identifying adolescent dietary counsegjuglelines and could be effective in
reducing the number of women affected by this diewmg disease. Future prospective
studies in adolescent populations with detailetadyedata are needed to confirm these

results.
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Abstract

Background: Modifiable risk factors such as diet may be impottin both the etiology and
progression of endometriosis as well as the precalef pain symptoms and infertility
associated with this condition. In adults, hightake of dairy has been associated with lower
risk of endometriosis diagnosis. There is currenthliterature on whether dairy intake during

adolescence - a potentially critical window of egspie - influences endometriosis risk.

Objective: To evaluate the association between consumptidaiof foods in adolescence and

risk of laparoscopically-confirmed endometriosis.

Study Design: A prospective cohort study, the Nurses’ Healtrd8tih (NHSII), which has
prospectively collected data since 1989. In 199&myparticipants were ages 34 to 51, they
completed a 124-item food frequency questionndmuatheir high school diet (HS-FFQ).
Cases were defined as those who self-reporteddapapically-confirmed endometriosis. Cox
proportional hazard models were used to calcularard ratios and 95% confidence intervals

for the association between dairy foods and lagaqmsally-confirmed endometriosis.

Results: Among women who completed the HS-FFQ in 1998, &&ks of laparoscopically-
confirmed endometriosis were diagnosed among 328&8enopausal women from 1998 to
2013. Women who consumed more than four servingsitidairy foods during adolescence had
a 32% lower risk of laparoscopically-confirmed emddriosis during adulthood (95% CI=0.47-
0.96; prend=0.04) compared to women consuming one or feweirggs/day. The association

was similar for low-fat and high-fat dairy foodsogurt and ice cream consumption, specifically,
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were associated with a lower risk of endometrioBgse who consumed two or more servings
of yogurt per week as an adolescent had a 29% logleof endometriosis diagnosis (95%
C1=0.52-0.97; Reng=0.02) compared to those consuming less than ousgeer week. In
addition, women who consumed one or more serviagssflice cream per day during
adolescence had a 38% lower risk of endometriaagndsis (95% CI1=0.40-0.94;K+0.20)

compared to those consuming less than one sereinggek.

Conclusion: Our findings suggest that dairy consumption, dpedly yogurt and ice cream

intake, in adolescence may reduce the risk of gped endometriosis diagnosis. Future studies

in adolescent populations are needed to confirsethesults.

Keywords. endometriosis, diet, adolescence, dairy, yogeetcream
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Introduction

Endometriosis is a common, estrogen-dependentdéischaracterized by endometrial-
like implants located outside of the uterus. & ishronic inflammatory condition associated with
pelvic pain and infertility. The prevalence of enuriosis is estimated to be ~10% in
reproductive aged women, and as high as 50% in wamith infertility> > Endometriosis often
has an early life presentation that can afflictlesicent girls and young women who may suffer
from debilitating pain and risk future infertility

Dietary factors have been implicated in the dewmelent and severity of endometriois
+12 The effect of diet on endometriosis may be dughinges in estrogen, prostaglandin
metabolism, inflammation, or smooth muscle contiiact. To date, the literature relating to diet
and endometriosis has focused primarily on incidisgnosis of endometriosis among women
based on dietary intake in adulthood. However, est@nce may be the critical window for
etiologically-influential exposures. Since theraidelay in diagnosis (average: seven y&rs)
resulting in a reported peak of incidence at 25&s of ag¥, and since case series suggest
endometriosis symptom onset is most often durirmjestenct '6 the true onset of the disease
is likely to occur even earlier in life. Therefoahildhood and adolescence, may be a critical or
sensitive etiologic window for endometriosis onseir] exploration of exposures during this
time period may help identify early predictors aflemetriosis risk. Exposures during
adolescence have been associated with risk of-ada#t estrogen-related conditions, often even
more strongly than those same exposures duringhexha. For example, early body size and
early life exposure to dietary factors have beawshto have effects on the development of
breast cancéf?*and benign breast dised%é”

Several theories exist to describe a link betwesrydoods and endometriosis. Women



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

with endometriosis have high peripheral and peesbtevels of several inflammatory factors
including interleukin-6 (IL)-6, IL-8, and tumor nesis factore. (TNFa)?>?”. Studies have
shown that intake of dairy foods and dietary cattisg inversely related to oxidative and
inflammatory stre€8. Vascular endothelial growth factor (VEGF) hasrbind in higher
levels in the peritoneal fluid of women with enddriesis™. High dairy intake has been shown
to reduce vascular inflammatithRetrograde menstruation is postulated to be thengial
etiologic catalyst for endometriodfsand magnesium, which is found at high levelsaimd
foods, relaxes smooth muscle and may reduce retlegnenstruatich The consumption of
dairy foods and associated nutrients during adotiitas been associated with risk of
endometriosi&®. Of the two prior case-control studies that exadiadult dairy intake and
endometriosis risk one generally suggested norifgignt inverse associations between dairy
foods and endometriosis riskvhile the second observed a non-significant deeaisk with
increasing cheese intake, and non-significant as®d risk with increasing milk and butter
intake®. In the only prior prospective study to examinis #ssociation, this same NHSII cohort,
total adult dairy intake was associated with aificant decreased risk of endometridéighis
investigation provides the first data on the relatbetween adolescent dairy consumption and

the subsequent risk of endometriosis diagnosisluttlaood.

Materialsand Methods
Sudy Population

The Nurses’ Health Study Il (NHSII) prospective odiwas established in 1989, when
116 429 US female nurses between the ages of 26mpleted a baseline questionnaire on

demographic, medical history, and lifestyle infotima. Follow-up questionnaires are sent to
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participants every two years to collected updatermation on disease diagnosis, lifestyle
factors, and other health related topics. Thisystuds approved by the institutional review
boards of the Harvard T.H. Chan School of Publialtieand the Brigham and Women'’s
Hospital, Boston, Massachusetts.

In 1997, participants were asked to complete a faegliency questionnaire about diet
during high school (HS-FFQ). Details about the H%3Fare provided elsewheféThe HS-FFQ
was completed by 47 355 women (83% of those serqtlestionnaire) in 1998. For the current
analysis, women were excluded if they had a diagraisendometriosis (with or without
laparoscopic confirmation; n=4727), a diagnosifhiw#ncer other than non-melanoma skin
cancer (n=1290), a hysterectomy (n=2766), or regdoeing postmenopausal (n=4576) prior to
return of the HS-FFQ (1998). In addition, thosewiihplausible daily caloric intake on the HS-
FFQ (<500 or >=5000 kcal; n=980), or who did natire any subsequent questionnaires
(n=148) were also excluded. After exclusions, 32 pérticipants comprised the study

population.

Endometriosis Definition

Starting with the 1993 questionnaire participangsenasked if they “had ever had
physician-diagnosed endometriosis” at each quastios cycle. If they reported “yes”, they
were asked if their endometriosis diagnosis wadiicoad by laparoscopy, which is the gold
standard for diagnosis of endometridsia validation study was conducted among 200
randomly selected cases from the 1766 incidensdasetified from the initial questionnaite
Endometriosis diagnosis was confirmed through nadecord review of surgical reports in

96.2% of women who self-reported laparoscopic cordtion. We also looked at the association
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between dairy consumption and endometriosis indwaiypes of endometriosis patients — those
diagnosed with endometriosis in the context ofrdertility evaluation, and those who never
reported infertility. As women who are diagnosethvendometriosis outside of an infertility
evaluation usually present with pain, they mayespnt a different endometriosis phenotype or

may highlight an impact of diet specific to therpaymptoms of endometriosis.

Dietary Assessment

Adolescent diet was measured using a 124-item H3-$gecifically designed to include
foods that were commonly consumed between 1960880 when the women would have been
in high school. Participants were asked to indit@t& often, on average, they consumed a
specified amount of each food between the age8-dBlyears. Nine responses were possible,
ranging from never to six or more times a day. iBigdnts were between the ages of 34-51 when
they completed the HS-FFQ.

The HS-FFQ has been previously validated in a diffestudy population comparing two
prospectively collected 131-item self-administeYexlith/Adolescent Questionnaires (YAQ) that
were completed when the participants were ages31i8-flecalled adolescent diet using the HS-
FFQ ten years lat& The mean corrected correlation between the HS-&kxthe YAQs was
0.58 (range=0.40-0.88). Calcium and vitamin D weeeonly dairy-specific nutrients examined,
with correlation coefficients of 0.84 and 0.68 pestively. These mean correlations are
comparable to those obtained in validations ofentrdiet assessméfit®. Adult diet was
assessed in 1991 and every four years thereaftiersimilar methods using a food frequency
guestionnaire (FFQ) listing over 130 food itemsvRyus validation studies of the adult diet

FFQ have been reported elsewhere with good caoetabetween foods and nutrients assessed
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126 by the FFQ compared to food recofd?’

127 Analyses for adolescent dairy consumption were gotadl using the following

128 categories: total dairy (milk, yogurt, cheese,anstreakfast, ice cream, milkshake, sherbet,
129  butter), high-fat dairy (whole milk, ice cream, kihake, cream cheese, other cheese, butter) and
130 low-fat dairy (low fat or skim milk, yogurt, cottagcheese, instant breakfast, sherbet).

131

132 Satistical Analysis

133 In our primary analysis, follow-up time began 908 with completion of the HS-FFQ

134  and continued until self-report of laparoscopicabnfirmed endometriosis, diagnosis of cancer,
135 death, loss to follow-up, hysterectomy, menopaasend of follow-up on June 1, 2013,

136  whichever occurred first (described hereafter agptiospective analysis). This analysis only

137 includes cases of endometriosis diagnosed aftenref the HS-FFQ. In secondary analyses,
138  follow-up started in 1989 with return of the baselguestionnaire and continued until self-

139  report of laparoscopically-confirmed endometriodiagnosis of cancer, death, loss to follow-up,
140 hysterectomy, menopause, or end of follow-up oredyr2013, whichever occurred first

141  (described hereafter as the combined analysis}. ditmlysis combined cases of endometriosis
142  diagnosed before and after return of the HS-FHQwalg for greater power to examine

143 subtypes of endometriosis defined by fertility sgatin both analyses, participants who reported
144  physician-diagnosed endometriosis with no lapanpiscconfirmation were censored at the time
145  of that report but were allowed to reenter the wsialpopulation if they reported laparoscopic
146  confirmation on a subsequent questionnaire. We Geedproportional hazards models to

147  estimate hazard ratios (HR) and 95% confidencewvalte (Cl), using the lowest category of

148 intake as the reference category. Tests for litread across intake categories were performed
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by assigning the median intake value of each cayetgaall participants in that group and
including as a continuous variable in the regressiodels. We priori adjusted for
characteristics that would have occurred priorrtoamtemporaneous with adolescent dietary
intake: age, BMI at age 18, age at menarche, atmiéphysical activity, smoking in
adolescence, adolescent hormonal contraceptiveandeptal high school caloric intake.
Missing data were handled with the missing indicatethod, with categories created for
missing data included in the regression mtdéldolescent physical activity had 5% missing
and all other adjustment variables had <0.8% ngss$tatistical analyses were performed using

SAS Version 9.4 (SAS Institute Inc, Cary, NC).

Results

During 584 086 person years of follow-up from 199013, 581 NHSII participants
reported a laparoscopically-confirmed endometride&agnosis. The average age of participants
at the time of completion of the HS-FFQ in 1998 was/ears (Table 1). Women who consumed
greater amounts of total dairy as an adolescerd vedler, consumed more calories, and had a
higher level of adolescent physical activity.

Adolescent intake of total dairy foods was assedatith a lower risk of endometriosis
in adulthood in the prospective analysis. Afteruatinent for covariates, women who consumed
>four servings/day of total dairy foods as an aslcéat has a 32% lower risk of
laparoscopically-confirmed endometriosis compace@@men consumingone servings/day
(95% CI1=0.47-0.96; pn0.04)(Figure 1; Table 2). When low-fat dairy foadsl high-fat dairy
foods were included in the same model there wadifferences in the associations between

these two dairy types (p=0.56). No variation beitifity status was observed (all
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Preterogeneity 0.20) in this prospective analysis. However, th@gle size in the concurrently
infertile group was very small (n=36). The assaoiad between adolescent dairy intake and
endometriosis remained the same after adjustingdalt dairy intake (results not shown).

When the association between consumption of indalidairy foods as an adolescent
and risk of endometriosis was examined in the motsge analysis (Table 3), a lower risk of
endometriosis was seen with higher consumptiorogtist. After adjusting for intake of all other
dairy foods, those who consumetivo servings of yogurt per week were 29% less yikelbe
diagnosed with endometriosis as an adult (95% GR=0.97; pene=0.02) than those consuming
<one serving/week. There was also a lower riskndbenetriosis with increasing ice cream
consumption. Women consuming one or more servireggttad a 38% (95% CI=0.40-0.94;
Preni=0.20) lower risk of endometriosis compared to ¢hosnsuming <one serving/week. We
examined the effect of total dairy food consumptiath yogurt and ice cream removed from the
total dairy calculation, to see if either of théseds was driving the inverse association between
total dairy consumption and endometriosis diagndsiese who consumed >four servings of
total dairy (with yogurt and ice cream removed) g@y as an adolescent had a 21% (95%
C1=0.58-1.08; pend=0.29) lower risk of laparoscopically-confirmed engetriosis than those
who consumegione serving of total dairy per day.

Focusing on micronutrients that are rich in déyds, consumption as an adolescent of
calcium from all sources was suggestively assotiaiéh a lower risk of endometriosis as an
adult (Table 4). Milk was by far the largest cootrior to calcium intake (40%) and vitamin D
intake (42%), with all other individual foods cabtiting <10%. The association was similar
when calcium from dairy and non-dairy sources wassidered. No associations were observed

with vitamin D intake (Table 4). We also examineldether dairy fat intake could explain the
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195 association between total dairy, yogurt, and/orcieam intake and endometriosis risk by

196 including dairy fat in the model and did not obseany material changes in the effect estimates.
197 In the combined analysis that included women dagd with endometriosis beginning
198 in 1989 (40 874 eligible participants; 2412 lapaogscally-confirmed endometriosis cases)

199 results were similar but slightly attenuated fdataairy, yogurt, and ice cream (Supplemental
200 Tables 1, 2, and 3). When the associations wereatea by case subtype, the lower risk for
201 total dairy intake was observed only among women tdd never reported infertility (HR=0.74
202 for >four servings/day; 95% CI=0.61-0.91.p~0.001) with a Reterogencif€tween case subtypes
203  of 0.06. The lower risk with increasing yogurt comgption was limited to women who had

204  never reported infertility (HR=0.70 fetwo servings/week; 95% Cl=0.57-0.8%RF~0.0001;

205  Preterogeneir0.02). When total dairy intake was examined remgyiogurt or ice cream from the
206 total dairy calculation the results were not matérichanged. In regards to nutrients

207 concentrated in dairy foods, in the combined amslgdolescent intake of calcium, particularly
208 dairy calcium, was associated with a lower risledlometriosis (Supplemental Table 3) and this
209 association was robust to adjustment for totalyd@iod intake.

210

211 Comment

212 In this longitudinal cohort study, we observed éowates of laparoscopically-confirmed
213  endometriosis diagnosis during adulthood amongetid®, in adolescence, consumed greater
214  amounts of total dairy foods, yogurt, or ice cre&@vinen results were examined in an expanded
215  population that included retrospective cases, veeed that the associations between total
216  dairy foods, yogurt, and ice cream were strongestrey women who had never reported

217  infertility, suggesting that at least part of thessociations may be driven by symptom
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remediation. However, case numbers of those wonigmoancurrent infertility in the primary
analysis were small and robust associations caatlth@ inferred from the data within this
stratum.

Overall, the results of this study were similapto previous evaluation in this cohort of
diet during adulthood where greater consumption of total dairy foodsrdpadulthood (HR for
>three servings/day=0.82; 95% CI=0.71-0.95;,0.03) was associated with a lower incidence
of endometriosis diagnosis. That association aoktar be driven primarily by consumption of
skim/reduced-fat milk, which was not associatechwotver endometriosis risk in our adolescent
diet analysis. We observed lower risk with adolescensumption of yogurt or ice cream that
were not observed for adult consumption. Calciusmffood sources in adulthood was also
associated with lower endometriosis risk, whichaasistent with results for calcium from food
sources in adolescence. In sensitivity analysessom&rolled for dairy fat and did not observe
material change in the effect estimates which ssigidpat it is not dairy fat that is driving our
observed associations.

To our knowledge, this is the first study to evéduine relation between dairy intake and
related nutrients during adolescence and risk dbeetriosis diagnosis. In addition to the
analyses of dairy intake during adulthood withiis tNurses’ cohort that are described above,
two other studies have evaluated adult dairy copsiom and endometriosis. Trabert et al.
performed a case-control study in the United Statetuding 284 cases with endometriosis and
660 control& This study showed a trend toward lower odds dbemetriosis with greater adult
consumption of dairy (odds ratio [OR]=0.7; 95% CK-Q.2; pene0.13) and calcium (OR=0.7;
95% CI=0.4-1.2; p:ne0.41), but the confidence intervals included P&razzini et al.

conducted two case-control studies in Italy betwEe84-1999, that included 504 cases with
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endometriosis and 504 contrdlFhe findings suggested a trend toward higher emdidosis

odds with greater consumption of milk (OR=1.4; 96%60.9-2.0), butter (OR=1.5; 95%
CI=1.0-2.0), and margarine (OR=1.2; 95% CI=0.7-1a® a trend toward lower endometriosis
odds with greater consumption of cheese (OR=0.% @5=0.6-1.2), however but the
confidence intervals included 1.0 and total calarteke was not accounted for.

There are several hypotheses regarding the paltémichemical and physiologic impact
that dairy products, vitamin D, and calcium havhjclt may confer lower risk of endometriosis.
Endometriosis is an inflammatory conditfoit has been postulated that dairy and calcium may
reduce oxidative and inflammatory stress. Zemead).elemonstrated that inflammatory factors
such as reactive oxygen species (ROS), d;Ni¥Rd IL-6 were all decreased by high calcium and
high dairy diet&. Similarly, inverse relationships between vitarbimnd levels of C-reactive
protein (CRP) have been seen in several condisook as diabetes mellitus and atherosclerotic
vascular diseade

The adolescent dietary exposure window may be \Réyle the association between total
dairy consumption and incidence of endometrioaagiaosis was similar in adult and adolescent
diet, earlier exposure could impact disease pregrasWhile there are no published studies
evaluating the effect of adolescent diet on theettgyment of endometriosis, there are several
studies linking adolescent diet to breast cancedinithood, utilizing the HS-FFE&? 4344 |n
the combined analysis we observed that the asgowawith total dairy, yogurt, and ice cream
were strongest among women who had never repartediiity, the case group most likely to
have pain as the indication for their laparoscewialuation. This suggests that adolescent diet
may influence incidence of a more painful subtypermlometriosis and/or increase pain

symptoms that lead to endometriosis diagnosis.uRegonsumption of yogurt has been
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264  suggested to beneficially influence the intestimairobiota due to its probiotic propertfés

265  Some studies have demonstrated the potential édnqtics to improve symptoms among

266  patients with irritable bowel syndrome (IB%$2 a condition that often overlaps with, or is

267 misdiagnosed for, endometriosis. While speculaiivs,plausible that adolescent dairy

268  consumption, particularly yogurt and ice cream¢lema more beneficial microbiome, resulting
269 in the dampening of endometriosis related pelvio paring a critical window (adolescence),
270  reducing the risk of visceral hypersensiti¢ftywhich may amplify symptoms of endometriosis
271 over the lifetimé.

272 A limitation of this study is that it depends omdpterm recall of the participants.

273  Participants were asked, in adulthood, to recailr ttiietary intake from adolescence. While
274  some misclassification is likely, in the absenc@mispective data collected during adolescence
275 followed by decades of follow-up, this previousilidated methatt 2 provides an important
276  opportunity to begin to examine adolescent dieteamibmetriosis risk. Also, the make-up and
277  intake of dairy products in the period queried, 19882, was different than what is currently
278 available. When considering micronutrient evaluatiwe were limited by the inability to

279  quantify the contribution of sun exposure to vitarbi intake and were not able to examine
280  magnesium intake. In future studies, we would biefreim validated biomarkers of dietary

281  exposures, which would help to reduce exposurelassidication and may further clarify the
282  underlying etiologic mechanism for the impact oirg@an endometriosis diagnosis.

283 A particular strength of this study is that in giramary analyses, only those cases who
284  were laparoscopically diagnosed after the HS-FF® euanpleted in 1998 were included in the
285  primarily analysis. While it is unlikely that womeliagnosed with endometriosis prior to

286  completion of the HS-FFQ would be subject to rebelk and report their high school dietary



287

288

289

290

291

292

293

294

295

17

intake differently due to the endometriosis diagsais analysis maintained the prospective
nature of the cohort and avoids recall bias. Anogitreength of the study is the utilization of the
large, longitudinal NHSII cohort. The extensivealabllected in this cohort allowed for the
adjustment of multiple confounders, including athusnt for adult dietary intake.

These results may be the first steps in identifdglescent dietary counseling
guidelines and could be effective in reducing theher of women affected by this devastating
disease. Future prospective studies in adolesogniig@ions with detailed dietary data are

needed to confirm these results.
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Table1l. Age-adjusted adolescent and adult characteristit897 by total adolescent dairy intake among ewoim the Nurses’ Health Study Il

No. of servings of Total Dairy Foods

<1/day (n=2,387)

2/day (n=6,698)

3/day (n=6,288)

4/day (n=7,308)

>4/day (n=9,924)

Age (years), Mean (SD) 41.5 (4.5) 41.1 (4.6) 41.1 (4.5) 41.5 (4.5) 41.7 (4.5)
Total adolescent calories/day 1992 (657) 2328 (656) 2640 (689) 2786 (673) 3228 (717)
(kcal), Mean (SD)
Adolescent Physical Activity 45.9 (34.6) 49.3 (35.3) 51.7 (36.2) 52.9 (36.0) 57.1(38.0)
(MET hrs/week), Mean (SD) °
BMI at age 18, Mean (SD) ° 21.2(3.4) 21.3(3.3) 21.2(3.2) 21.1(3.1) 21.1(3.2)
Height in inches, Mean (SD) 64.5 (2.7) 64.7 (2.6) 64.8 (2.6) 65.0 (2.6) 65.1 (2.6)
BMI in 1997, Mean (SD) 25.8 (6.0) 25.9 (6.1) 25.6 (5.9) 25.5 (5.8) 25.6 (5.8)
Age at menarche (%)
<12 years 23 24 23 23 23
12 years 31 31 31 30 30
13 years 28 27 28 28 29
>13 years 18 18 18 19 19
Menstrual cycle length
between ages 18-22, %
<26 days 13 11 10 10 9
26-31 days 64 67 66 65 66
32-50 days 18 17 18 19 20
>50 days or irregular 5 5 6 6 6
Adolescent cigarette 20.9 22.8 23.6 20.9 22.9
smoking, %"
Adult cigarette smoking (%)
Current smoker 8.0 9.5 8.6 8.2 7.8
Past smoker 23.3 24.3 25.1 22.6 24.7
Adolescent Hormonal 22.0 23.1 21.5 20.8 22.0
Contraceptive Use, %°
Ever used oral 85 86 86 84 85
contraceptives, %
Nulliparous, % 22 21 20 18 17
Adult dairy consumption 1.5(1.0) 2.0(1.1) 2.3(1.2) 2.6(1.2) 3.1(1.4)

(servings/day), Mean (SD)

2Grades 9 — 12, MET=Metabolic Equivalent of Task

®Body Mass Index, weight (kg)/height (tn)

“Ages 15-19 years

23



dAge 18 years or below
Values are standardized to the age distributigh®ftudy population (value of age is not age a€éil)s
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Table 2. Hazard ratios and 95% Cls for laparoscopicallyficored endometriosis according to adolescent dairy
intake among 32,868 women in the Nurses’ Healtllytl 1998-2013

Type of Dairy No. of | Hazard Ratio (95% confidence interval)

Foodand No. | Cases Age-Adjusted MV?
of Servings
Total dairy foods

<1/day 48 1.00 (Referent) 1.00 (Referent)
2/day 125 0.84(0.60,1.18) | 0.83(0.59, 1.16)
3/day 105 0.69 (0.49, 0.99) 0.69 (0.48, 0.98)
4/day 119 0.67 (0.47,0.95) | 0.66(0.46,0.93)
>4/day 184 0.68 (0.48, 0.97) 0.68 (0.47, 0.96)
I:)trendb 0.04 0.04

High-fat dairy foods

<1/day 174 1.00 (Referent) 1.00 (Referent)

2/day 156 0.81 (0.65, 1.02) 0.81 (0.65, 1.02)
3/day 79 0.80(0.61,1.06) | 0.81(0.61, 1.06)
4/day 75 0.73 (0.55, 0.97) 0.73 (0.55, 0.97)
>4/day 97 0.83 (0.63, 1.10) 0.84 (0.64, 1.11)
Ptrend 0.17 0.20

Low-fat dairy foods

<1/week 59 1.00 (Referent) 1.00 (Referent)
1/week 161 1.07 (0.79, 1.44) 1.06 (0.79, 1.44)

2-6/week 153 0.97 (0.71, 1.31) 0.95 (0.70, 1.28)
1-2/day 110 0.99 (0.72, 1.36) 0.97 (0.70, 1.34)
>2/day 98 0.90 (0.64,1.25) | 0.88(0.63,1.22)
Pirend 0.59 0.66

Abbreviations: Cl, Confidence Interval; MV, multiable; HR, hazard ratio.

*Multivariable model adjusted for adolescent chamastics: BMI at age 18<(19.0, 19.0-20.4,
20.5-21.9, 22.0-24.9, 25.0-29580 kg/nf), age at menarche (<10, 10, 11,

12, 13, 14, 15, azl6 years), adolescent physical activity (<21, 21935

36-53.9, 54-80.9281 MET hours/week), smoking in adolescence (no),yes

adolescent hormonal contraceptive use (no, yed)eaargy intake

(kcal/day; continuous).

Determined using category median values.



26

Figure 1. Association between total adolescent dairy intake laparoscopically confirmed endometriosis among
32,868 women in the Nurses’ Health Study Il, 19982 Dots represent hazard ratios, whiskers rept&&so
confidence intervals.
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Table 3. Multivariable adjusted hazard ratios and 95% ClI fo
laparoscopically confirmed endometriosis according
adolescent intake of specific dairy foods amon@&2 women

in the Nurses’ Health Study 11, 1998-2013

Dairy Food and No. of a
No. of Servings Cases MV HR
Total milk
<1/day 155 1.00 (Referent)
1/day 96 0.87 (0.67,1.12)
2/day 100 1.01 (0.78, 1.30)
3/day 175 0.78 (0.62, 0.98)
>4/day 55 0.97 (0.70, 1.35)
Pirend 0.27
Whole Milk
<1/month 264 1.00 (Referent)
1/month-6/week 75 1.42 (1.01, 2.00)
1-2/day 112 1.10 (0.80, 1.52)
>2/day 130 0.98 (0.71, 1.35)
Puend” 0.12
Reduced fat/Skim Milk
<1/month 377 1.00 (Referent)
1/month-6/week 37 1.12 (0.74, 1.70)
1-2/day 80 1.24 (0.88, 1.74)
>2/day 87 0.96 (0.68, 1.34)
Puend” 0.15
Butter
<1/month 263 1.00 (Referent)
1/month-6/week 174 1.01 (0.83, 1.22)
1-2/day 75 0.80 (0.62, 1.05)
>2/day 69 1.20 (0.91, 1.59)
Puend” 0.47
Cheese
<5/week 139 1.00 (Referent)
5-6/week 218 1.05(0.84, 1.31)
1/day 123 1.00 (0.77, 1.29)
>2/day 101 0.92 (0.69, 1.21)
Pirend 0.41
Yogurt
<1/week 407 1.00 (Referent)
1/week 128 0.84 (0.69, 1.04)
>2/week 46 0.71(0.52,0.97)
Puend” 0.02
Ice Cream
<1/week 47 1.00 (Referent)
1/week 318 0.68 (0.49, 0.93)
2-6/week 163 0.66 (0.47,0.93)
>1/day 53 0.62 (0.40, 0.94)
Perend” 0.20

Abbreviations: Cl, Confidence Interval; MV, multivable; HR, hazard ratio.
aMultivariable model was adjusted for BMI at age(¥89.0, 19.0-20.4, 20.5-21.9, 22.0-24.9, 25.0-2838), kg/nf),
age at
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menarche (<10, 10, 11, 12, 13, 14, 15218 years), adolescent physical activity (<21, 219386-53.9, 54-80.9,
>81 MET hours/week), smoking in adolescence (na), ylescent hormonal contraceptive use (no, yes),
energy intake (kcal/day; continuous). In additiathfoods/food groups are mutually adjusted forheaiher.
Determined using category median values.
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Table 4. Multivariable adjusted hazard ratios and 95% ClI fo
laparoscopically confirmed endometriosis accordingdolescent nutrient
intake among 32,868 women in the Nurses’ Healtllystl 1998-2013

Nutrient intake No. of MV HR?
Cases
Calcium
1 114 1.00 (Referent)
2 127 0.95(0.74, 1.23)
3 112 0.82 (0.63, 1.07)
4 115 0.80(0.61, 1.04)
5 113 0.81(0.62, 1.06)
Puend” 0.07
Dairy Calcium
1 124 1.00 (Referent)
2 124 0.93(0.72, 1.19)
3 107 0.80(0.62, 1.04)
4 113 0.80(0.61, 1.03)
5 113 0.87 (0.67, 1.12)
Purend” 0.18
Non-Dairy Calcium
1 88 1.00 (Referent)
2 104 0.96 (0.72, 1.28)
3 106 0.84 (0.62, 1.13)
4 123 0.82 (0.61, 1.10)
5 160 0.91(0.69, 1.22)
Pirend. 0.54
Vitamin D
1 106 1.00 (Referent)
2 120 1.11 (0.85, 1.44)
3 104 0.88 (0.67, 1.16)
4 111 1.01(0.77, 1.32)
5 140 1.27 (0.98, 1.64)
Puend” 0.09
Dairy Vitamin D
1 125 1.00 (Referent)
p 134 1.10(0.86, 1.41)
3 113 0.94 (0.73, 1.22)
4 104 0.81(0.62, 1.06)
5 105 0.94 (0.72, 1.23)
Puend” 0.18
Vitamin D from foods
1 118 1.00 (Referent)
2 120 0.98 (0.76, 1.27)
3 120 0.91(0.70, 1.18)
4 102 0.81(0.62, 1.06)
5 121 1.03 (0.79, 1.33)
Purend” 0.80

Abbreviations: Cl, Confidence Interval; MV, multiiable; HR, hazard ratio.
aMultivariable model was adjusted for BMI at age(¥89.0, 19.0-20.4, 20.5-21.9, 22.0-24.9, 25.0-2838), kg/nf),
age at menarche (<10, 10, 11, 12, 13, 14, 181 6ryears), adolescent physical activity (<21, 219386-53.9, 54-
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80.9,281 MET hours/week), smoking in adolescence (no), yolescent hormonal contraceptive use (no, yes),
and energy intake (kcal/day; continuous).
®Determined using category median values.
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Supplemental Table 1. Multivariable adjusted hazard ratios and 95% Cls for laparoscopically confirmed endometriosis according to
adolescent dairy intake among 40,874 women in the Nurses’ Health Study Il, 1989-2013, overall and by fertility status

Type of Dairy All women (n=2412) Never Infertile (n=1744) Concurrent Infertility (n=549)° Phetero, eneih,b
Food and No. | No. of MV No. of MV No. of MV
of Servings Cases HR® 95% Cl Cases | HR® 95% Cl Cases HR® 95% Cl
Total dairy foods
<1/day 186 1.00 Referent 144 1.00 Referent 30 1.00 Referent 0.06
1/day 505 0.94 0.80,1.12 357 0.87 0.71, 1.06 118 1.36 0.90, 2.03
2/day 470 0.89 0.74,1.05 345 0.84 0.69, 1.03 105 1.24 0.81, 1.87
3/day 483 0.77 0.65, 0.92 343 0.70 0.57,0.86 121 1.25 0.83,1.90
>4/day 768 0.81 0.68, 0.97 555 0.74 0.61,0.91 175 1.28 0.85, 1.95
Pirend” 0.002 0.001 0.75
High-fat dairy foods
<1/day 642 1.00 Referent 461 1.00 Referent 151 1.00 Referent 0.79
2/day 676 0.96 0.85, 1.07 471 0.93 0.81, 1.06 171 1.04 0.83, 1.30
3/day 381 1.00 0.87,1.14 277 0.99 0.84,1.15 85 1.00 0.76,1.32
4/day 319 0.78 0.68, 0.90 242 0.78 0.67,0.92 64 0.76 0.56, 1.03
>4/day 394 0.83 0.72,0.95 293 0.81 0.69, 0.95 78 0.83 0.61,1.12
Ptrendd 0.0008 0.003 0.06
Low-fat dairy foods
>1/week 282 1.00 Referent 216 1.00 Referent 56 1.00 Referent 0.68
1/week 649 0.97 0.85,1.12 483 0.96 0.81,1.13 130 0.98 0.71,1.34
2-6/week 688 1.03 0.89, 1.19 507 1.01 0.86, 1.19 141 1.05 0.76,1.43
1-2/day 408 0.99 0.85, 1.16 276 0.93 0.78,1.12 111 1.19 0.85, 1.65
>2/day 385 0.96 0.82,1.13 262 0.92 0.76,1.10 111 1.22 0.87,1.70
Pirend” 0.45 0.39 0.32

Abbreviations: Cl, Confidence Interval; MV, multivariable; HR, hazard ratio.

®Infertility is defined as attempting to become pregnant for >1 year without success. Cases who are classified as ‘never infertile’ are
women who never reported infertility. Cases with ‘concurrent infertility’ are women who reported an infertility evaluation in the
same follow-up cycle as laparoscopic-confirmation of endometriosis.

®Test for heterogeneity comparing the effect of dietary consumption among women with no past or current infertility to those with
concurrent infertility.

“‘Multivariable model was adjusted for BMI at age 18 (<19.0, 19.0-20.4, 20.5-21.9, 22.0-24.9, 25.0-29.9, =30 kg/mz), age at menarche
(<10, 10, 11, 12, 13, 14, 15, or =16 years), adolescent physical activity (<21, 21-35.9, 36-53.9, 54-80.9, =81 MET hours/week),
smoking in adolescence (no, yes), adolescent hormonal contraceptive use (no, yes), and energy intake (kcal/day; continuous).
Determined using category median values.



Supplemental Table 2. Multivariable adjusted hazard ratios and 95% Cls for laparoscopically confirmed endometriosis according to

adolescent intake of specific dairy foods among 40,874 women in the Nurses’ Health Study I, 1989-2013, overall and by fertility

status
Dairy Food All women (n=2412) Never Infertile (n=1744) Concurrent Infertility (n=549)° Pheterogeneityb
and No. of No. of mMv No. of mMv No. of mMv
Servings Cases HR® 95% Cl Cases | HR‘ 95% Cl Cases HR® 95% Cl
Total milk
<1/day 679 1.00 Referent 482 1.00 Referent 152 1.00 Referent 0.46
1/day 376 0.81 0.71,0.92 269 0.82 0.71, 0.96 91 0.85 0.65, 1.11
2/day 379 0.88 0.78, 1.00 271 0.90 0.77,1.04 88 0.90 0.68, 1.17
3/day 757 0.80 0.71, 0.89 548 0.80 0.71,0.91 180 0.88 0.70, 1.10
>4/day 221 0.90 0.76, 1.05 174 0.97 0.80, 1.16 38 0.75 0.52, 1.09
Pirend” 0.02 0.20 0.19
Whole Milk
<1/month 1050 1.00 Referent 726 1.00 Referent 276 1.00 Referent 0.40
1/month- 318 1.08 0.92, 1.27 223 1.02 0.85, 1.23 74 1.22 0.87,1.71
6/week
1-2/day 476 0.86 0.74, 0.99 352 0.86 0.73, 1.02 99 0.85 0.62,1.17
>2/day 568 0.80 0.69, 0.92 443 0.82 0.69, 0.97 100 0.73 0.53,1.01
Pirend” 0.0003 0.01 0.01
Reduced fat/Skim Milk
<1/month 1675 1.00 Referent 1246 1.00 Referent 341 1.00 Referent 0.16
1/month- 146 0.98 0.80, 1.19 98 0.94 0.74, 1.20 39 1.07 0.71, 1.59
6/week
1-2/day 241 0.86 0.73, 1.02 164 0.86 0.70, 1.05 66 0.94 0.68, 1.33
>2/day 350 0.87 0.74,1.01 236 0.84 0.69, 1.01 103 1.09 0.79, 1.49
Pirend” 0.01 0.03 0.98
Butter
<1/month 1085 1.00 Referent 789 1.00 Referent 248 1.00 Referent 0.24
1/month- 672 0.97 0.87, 1.06 489 0.97 0.87, 1.09 149 0.94 0.77, 1.16
6/week
1-2/day 406 1.01 0.90, 1.14 285 0.96 0.83, 1.10 104 1.23 0.97, 1.55
>2/day 249 0.92 0.80, 1.07 181 0.87 0.73, 1.03 48 0.97 0.70, 1.33
Pirend” 0.47 0.11 0.53
Cheese
<5/week 591 1.00 Referent 447 1.00 Referent 119 1.00 Referent 0.13
5-6/week 896 1.08 0.97, 1.20 655 1.06 0.93, 1.19 189 1.10 0.87, 1.39
1/day 499 1.07 0.94, 1.21 358 1.05 0.91, 1.21 120 1.18 0.90, 1.54
>2/day 426 1.07 0.93,1.22 284 0.98 0.83, 1.15 121 1.35 1.02,1.79
Pirend” 0.59 0.66 0.04
Yogurt
<1/week 1785 1.00 Referent 1335 1.00 Referent 371 1.00 Referent 0.02
1/week 447 0.81 0.73,0.90 299 0.78 0.69, 0.89 118 0.81 0.65, 1.00
>2/week 180 0.78 0.67,0.91 110 0.70 0.57, 0.85 60 0.98 0.74, 1.30
Ptrendd 0.001 0.0001 0.92
Ice Cream
<1/week 156 1.00 Referent 120 1.00 Referent 27 1.00 Referent 0.11
1/week 1382 0.88 0.75, 1.05 1016 0.83 0.69, 1.01 308 1.17 0.79, 1.75
2-6/week 687 0.88 0.73, 1.05 479 0.77 0.63, 0.95 173 1.36 0.89, 2.07
>1/day 187 0.70 0.56, 0.88 129 0.62 0.48, 0.81 41 0.91 0.55, 1.51
Ptrendd 0.007 0.0006 0.82

Abbreviations: Cl, Confidence Interval; MV, multivariable; HR, hazard ratio.

®Infertility is defined as attempting to become pregnant for >1 year without success. Cases who are classified as ‘never infertile’ are

women who never reported infertility. Cases with ‘concurrent infertility’ are women who reported an infertility evaluation in the

same follow-up cycle as laparoscopic-confirmation of endometriosis.




®Test for heterogeneity comparing the effect of dietary consumption among women with no past or current infertility to those with
concurrent infertility.

“‘Multivariable model was adjusted for BMI at age 18 (<19.0, 19.0-20.4, 20.5-21.9, 22.0-24.9, 25.0-29.9, =30 kg/mz), age at menarche
(<10, 10, 11, 12, 13, 14, 15, or =16 years), adolescent physical activity (<21, 21-35.9, 36-53.9, 54-80.9, =81 MET hours/week),
smoking in adolescence (no, yes), adolescent hormonal contraceptive use (no, yes), and energy intake (kcal/day; continuous). In
addition, all foods/food groups are mutually adjusted for each other.

Determined using category median values.



Supplemental Table 3. Multivariable adjusted hazard ratios and 95% Cls for laparoscopically confirmed endometriosis according to
adolescent nutrient intake among 40,874 women in the Nurses’ Health Study I, 1989-2013, overall and by fertility status

Nutrient All women (n=2412)° Never Infertile (n=1744) Concurrent Infertility Phetemgeneiwb
and Quintile (n=549)°
of Intake No. of Mv No. of Mv No. of MV
Cases HR* 95% Cl Cases HR® 95% Cl Cases | HR° 95% Cl
Calcium
1 504 1.00 Referent 373 1.00 Referent 100 1.00 Referent 0.63
2 508 0.95 0.84, 1.08 362 0.93 0.81, 1.08 113 1.01 0.77,1.33
3 475 0.86 0.76, 0.98 335 0.84 0.72,0.97 123 1.07 0.82,1.39
4 474 0.85 0.75, 0.96 346 0.85 0.73,0.98 108 0.96 0.73,1.26
5 451 0.81 0.71,0.92 328 0.81 0.70, 0.94 105 0.91 0.69, 1.21
Prrend 0.0004 0.004 0.39
Dairy Calcium
1 536 1.00 Referent 387 1.00 Referent 113 1.00 Referent 0.64
2 500 0.91 0.80, 1.03 361 0.91 0.79, 1.05 114 0.98 0.75, 1.28
3 459 0.82 0.73,0.93 323 0.80 0.69, 0.93 113 0.98 0.75, 1.27
4 482 0.85 0.75, 0.96 348 0.84 0.72,0.97 116 1.00 0.77,1.30
5 435 0.79 0.69, 0.89 325 0.80 0.69, 0.93 93 0.83 0.62, 1.09
Pt,endd 0.0002 0.004 0.22
Non-dairy calcium
1 393 1.00 Referent 316 1.00 Referent 62 1.00 Referent 0.52
2 449 1.02 0.89, 1.17 333 0.96 0.82,1.13 95 1.26 0.91,1.74
3 487 1.05 0.92,1.21 345 0.98 0.83,1.14 114 1.33 0.97,1.83
4 521 1.04 0.90, 1.19 367 0.99 0.85, 1.16 130 1.26 0.92,1.73
5 562 1.03 0.89, 1.18 383 0.99 0.84,1.16 148 1.20 0.87, 1.65
Prrend 0.75 0.98 0.58
Vitamin D
1 514 1.00 Referent 366 1.00 Referent 118 1.00 Referent 0.92
2 481 0.92 0.81, 1.04 355 0.96 0.83,1.11 108 0.87 0.67,1.13
3 463 0.87 0.76, 0.98 335 0.88 0.75, 1.02 106 0.88 0.68, 1.15
4 448 0.86 0.75, 0.97 327 0.87 0.75, 1.01 100 0.84 0.64, 1.10
5 506 0.96 0.85, 1.09 361 0.98 0.84,1.13 117 0.95 0.73,1.23
Pirend” 0.61 0.64 0.83
Dairy Vitamin D
1 527 1.00 Referent 369 1.00 Referent 124 1.00 Referent 0.60
2 524 1.00 0.88, 1.13 378 1.01 0.88, 1.17 115 0.97 0.75, 1.26
3 464 0.91 0.80, 1.03 337 0.92 0.79, 1.07 105 0.93 0.71,1.21
4 465 0.88 0.77, 1.00 332 0.87 0.75,1.01 116 1.02 0.79, 1.32
5 432 0.87 0.76, 0.99 328 0.91 0.78, 1.06 89 0.83 0.63, 1.10
Pirend 0.006 0.06 0.30
Vitamin D from foods
1 538 1.00 Referent 380 1.00 Referent 124 1.00 Referent 0.80
2 473 0.86 0.76, 0.98 350 0.91 0.78, 1.05 105 0.82 0.63, 1.06
3 498 0.89 0.79, 1.01 348 0.89 0.76, 1.03 118 0.91 0.71, 1.18
4 444 0.80 0.71,0.91 324 0.82 0.71, 0.96 102 0.82 0.63, 1.07
5 459 0.86 0.76, 0.98 342 0.91 0.78, 1.06 100 0.81 0.62, 1.06
Pirend” 0.02 0.14 0.17

Abbreviations: Cl, Confidence Interval; MV, multivariable; HR, hazard ratio.

®Infertility is defined as attempting to become pregnant for >1 year without success. Cases who are classified as ‘never infertile’ are
women who never reported infertility. Cases with ‘concurrent infertility’ are women who reported an infertility evaluation in the
same follow-up cycle as laparoscopic-confirmation of endometriosis.

*Test for heterogeneity comparing the effect of dietary consumption among women with no past or current infertility to those with
concurrent infertility.

“‘Multivariable model was adjusted for BMI at age 18 (<19.0, 19.0-20.4, 20.5-21.9, 22.0-24.9, 25.0-29.9, =30 kg/mz), age at menarche
(<10, 10, 11, 12, 13, 14, 15, or =16 years), adolescent physical activity (<21, 21-35.9, 36-53.9, 54-80.9, =81 MET hours/week),
smoking in adolescence (no, yes), adolescent hormonal contraceptive use (no, yes), and energy intake (kcal/day; continuous).
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Determined using category median values.



