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study question: Is there a relationship between severe teenage acne and endometriosis?

summary answer: Endometriosis is positively associated with severe teenage acne.

what is known already: No studies have specifically explored a possible association between severe acne in adolescence and risk of
endometriosis.

study design, size, duration: This prospective cohort study used data collected from 88 623 female nurses from September 1989
to June 2009 as part of the Nurses’ Health Study II (NHS II) cohort.

participants/materials, setting, methods: Regression models were used to calculate hazard ratios (HRs) and confidence
intervals (CIs) for endometriosis among women with and without severe teenage acne. Multivariate models were adjusted for established risk
factors of endometriosis.

main results and the role of chance: A total of 4 382 laparoscopically confirmed endometriosis cases were documented
during 1 132 272 woman-years of follow-up. Compared with women without a history of severe teenage acne, women who had severe
teenage acne had a 20% increased risk of endometriosis (HR ¼ 1.20, 95% CI: 1.08–1.32). The association was not affected by adjusting for
use of tetracycline or isotretinoin.

limitations and reasons for caution: The HR is likely to be underestimated since we only included endometriosis cases con-
firmed by laparoscopy.Although geographically diverse, the NHS II cohort is primarily Caucasian, which may limit generalization to moreethnically
diverse populations.

wider implications of the study: The results of this study suggest that severe teenage acne is associated with an increased risk of
endometriosis. As a visible and non-invasive clinical indicator, severe teenage acne may be useful for early detection of endometriosis. We bring
this counter-intuitive association to the attention of clinicians for the benefit of the patient and an early diagnosis of endometriosis.
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Introduction
Endometriosis is a chronic disease that is defined by the presence of endo-
metrial glands and stroma outside the uterine cavity. It affects �10% of

females and is the third leading cause of gynaecologic hospitalization
in the USA (Eskenazi and Warner, 1997; Farquhar, 2007; Bulun, 2009).
The consequences of endometriosis that disturb women of reproductive
age include infertility, chronic pelvic pain and non-specific symptoms
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(Missmer et al., 2004). Many of these symptoms will not manifest until ado-
lescence, and some patients remain asymptomatic. Owing to the need for
an invasive test, thediagnosisandtreatmentofendometriosis isoftendelayed
by 6–12 years from the onset of symptoms (Hadfield et al., 1996; Arruda
et al., 2003; Husby et al., 2003; Ballard et al., 2006; Hudelist et al., 2012).

Although the aetiology of endometriosis is not fully understood, several
risk factors of the disease have been identified. Family history has been
established as a strong risk factor (Stefansson et al., 2002; Hansen and
Eyster, 2010). Estrogen imbalance is another important factorcontributing
to the establishment and maintenance of endometriosis (Garai et al.,
2006). The growth of endometriotic tissue is stimulated by estrogen and
can be suppressed by hormonal treatments such as androgens, aromatase
inhibitors and antiprogestins (Attar and Bulun, 2006; Bulun, 2009). Add-
itionally, an aberrant immunologic response is involved in endometriosis,
although whether it is a cause or a consequence of the disease is unclear
(Kennedy et al., 2005). Other potential risk factors that have been asso-
ciated withendometriosis todate include early menarche, short menstrual
cycles, nulliparity and low body mass index (BMI) (Vitonis et al., 2010;
Kvaskoff et al., 2013, 2014; Peterson et al., 2013; Shah et al., 2013).

Acne vulgaris is an inflammatory disorder resulting from impaction and
distention of the pilosebaceous unit, due to excess sebum produced from
the hyperplasia of sebaceous glands (James, 2005). Androgen may in-
crease sebum production. Common treatments for acne include topical
retinoids, topical and oral antimicrobials and isotretinoin. Hormonal
therapy, including the use ofestrogens, antiandrogensoragentsdecreasing
endogenous androgen production may also be used for women with
irregular menstrual cycles, severe seborrhea or hyperandrogenism
(Thiboutot, 2001; Gollnick et al., 2003; Ebede TL et al., 2009).

Our hypothesis that severe teenage acne is associated with an increased
risk of endometriosis was based on the biological mechanism that both the
inheritable diseases have genetic traits closely located at chromosome
8q24. A novel discovery from a recent genome-wide association study
reported that the single nucleotide polymorphism (SNP) rs4133274 on
chromosome 8q24 was solely significantly associated with severe
teenage acne [odds ratio¼ 4.01, 95% confidence interval (CI): 2.37–
6.82] (Zhang et al., 2014). In both eutopic and ectopic endometriotic
tissues, previous immunohistological studies have consistently reported
altered expression of c-myc, which is also located at chromosome 8q24
(Schenken et al., 1991; Schneideret al., 1998; Johnson et al., 2005; Pellegrini
et al., 2012), and may be an important regulatorof cell proliferation in endo-
metriotic tissue. This differential expression of myc was also observed in
genetic studies of endometriosis (Meola et al., 2010; Khan et al., 2012).

Additionally, both diseases may be caused by small defects during em-
bryogenesis. Sebaceous glands as an ectodermal organ originate from
interactions between the epithelium and mesenchyme (Pispa and The-
sleff, 2003). A recent analysis of 101 human female fetuses discovered
that endometriosis may also be caused by dislocation of primitive endo-
metrial tissue outside the uterine cavity during organogenesis (Signorile
et al., 2012). To test our hypothesis, we conducted a prospective
cohort analysis in the Nurses’ Health Study II (NHS II).

Materials and Methods

Study population
The NHS II is a prospective cohort established in 1989, when 116 430 U.S.
female nurses, 25–42 years of age, completed an initial questionnaire.

Participants have been followed by biennially mailed questionnaires to
update exposure information, lifestyle factorsand ascertain non-fatal incident
diseases. The women have also completed a semi-quantitative food
frequency questionnaire (FFQ) every 2–4 years since 1991.

Exposure and covariates measurement
In 1989, participants in the NHS II were asked ‘Have you ever had physician-
diagnosed severe teenage acne?’ Covariate information on adult weight,
height, weight at age 18, number of nevi on lower legs (from knee to ankle
on both legs), age of menarche, age at first birth, parity, alcohol drinking at
ages 15–17 (collected by FFQ), ethnicity group, menstrual cycle length at
ages 18–22, oral contraceptive use and smoking status were collected in
the same baseline questionnaire. Among these, weight, parity, oral contra-
ceptive use and smoking status were updated in the follow-up questionnaires
every 2 years. We calculated adult BMI from current height and weight, and
BMI at age 18 from weight at age 18 years and current height. Information on
ibuprofen use was first collected in 1995 and then updated in the following
questionnaire cycles. Tetracycline use was defined as .5 years use in
1993. Isotretinoin use was defined as ever use in 1993. Skin characteristics,
including number of sunburns, childhood skin’s reaction to sun (no reaction,
some redness only, burn, painful burn and burn with blistering) and natural
hair colour (red, blonde, light brown, dark brown and black), were asked
at the baseline questionnaire or in the 1991 questionnaire. Self-reported in-
fertility was validated in a study of 100 randomly selected women who
reported ovulatory infertility; 95% of self-reports were confirmed through
medical record review (Rich-Edwards et al., 1994a,b).

Identification and analytic definition
of endometriosis
To minimize outcome misclassification, analyses of incident endometriosis
were restricted to women who reported laparoscopic confirmation of
their diagnosis. In 1993, women were asked if they had ‘ever had physician-
diagnosed endometriosis’. If ‘yes’, they were asked to report the date of diag-
nosis and whether it had been confirmed by laparoscopy, the gold-standard
for endometriosis diagnosis (Kennedy et al., 2005). These questions were
asked again in each subsequent questionnaire cycle. In March 1994, we con-
ducted a validation study to assess the accuracy of self-reported endometri-
osis within the NHS II (Missmer et al., 2004). A supplementary questionnaire
was mailed to 200 women randomly selected from the 1766 cases who had
then reported incident endometriosis diagnosis. Among those reporting lap-
aroscopic confirmation and for whom records were received and reviewed
(n ¼ 105), a diagnosis of endometriosis was confirmed in 96% of cases.

Statistical analysis
We excluded participants who reported endometriosis diagnosis before
baseline from our analysis. Additionally, we excluded women diagnosed
with any cancer other than non-melanoma skin cancer, and we restricted
the analysis to women who were premenopausal and had intact uteri,
since the occurrence of endometriosis is rare after menopause or hysterec-
tomy. Participants accrued person-time from the return of date of the 1989
questionnaire until the earliest of the following events: laparoscopically con-
firmed endometriosis diagnosis, hysterectomy,menopause onset, independ-
ently confirmed death or cancer diagnosis (except non-melanoma skin
cancer) or date of end of follow-up (June 2009). Deaths were reported by
family or postal authorities. We also searched for names of non-responders
in the National Death Index (Stampfer et al., 1984; Rich-Edwards et al.,
1994a,b). Our primary exposure variable was self-reported history of
severe teenage acne collected at the baseline questionnaire in 1989.

We used Cox proportional hazards regression models, to calculate hazard
ratios (HRs) and 95% CIs of laparoscopically confirmed endometriosis.
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We handled time-varying covariates using the Anderson–Gill data structure
(Therneau and Hamilton, 1997), with covariate values set at the time the
questionnaire was returned. To control for confounding by age, calendar
time and any two-way interactions, we stratified jointly by age at the start
of each follow-up period and calendar year of each follow-up period. The
time scale was in months since the return date for each follow-up period.
To assess the proportional hazards assumption, we used time-dependent
variables by creating an interaction term between the main predictor
(acne) and a function of survival time. We compared the model with the
interaction term to the model without, and obtained the P-value using a
Wald statistic with 1 degree of freedom and a x2 distribution under the null.

In multivariate models, we adjusted for age, baseline BMI (,18.5, 18.5–
22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9 and 40+), BMI at age
18 (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9 and
40+), age of menarche (≤11, 12–13, 14+ year), parity (nulliparous, 1 preg-
nancies .6 months, 2 pregnancies .6 months, 3 pregnancies .6 months
and 4+ pregnancies .6 months), menstrual cycle length at ages 18–22
(,21, 21–25, 26–31, 32–39 and 40+ day), oral contraceptive use
(never, current and past), smoking status (never, past and current), height
(,1.60, 1.60–1.65 and 1.70+ m), age at first birth (,25, 25–29 and
30+ year), ibuprofen use (yes, no), alcohol drinking at ages 15–17 (non-
drinker, 1–3/month, 1/week, 2–4/week, 5–6/week and 7+/week) and
ancestry (Caucasian, African American, Hispanic, Asian and others). Covari-
ates were selected based on a priori criteria to include established risk factors
for endometriosis in our cohort.

For sensitivity analyses, we additionally adjusted for infertility history (ever,
never), natural hair colour (red, blonde, light brown, dark brown and black),
number of blistering sunburns and childhood skin’s reaction to sun (no reac-
tion, some redness only, burn, painful burn and burn with blistering), since
these skin and hair characteristics were reported to be associated with endo-
metriosis (Missmer et al., 2006; Kvaskoff et al., 2009; Somigliana et al., 2010).
Tetracycline use .5 years in 1993 (yes, no) was additionally adjusted to
reduce potential bias, as it was considered as a probable long-term treatment
for endometriosis that could be an indicator of underlying disease severity of
endometriosis. Isotretinoin use (ever, never) was additionally adjusted for as
an indicator of acne severity. We also additionally adjusted for number of nevi
(1–2, 3–4 and 5+), because associations between acne and number of nevi
(Zhang et al., under consideration for publication) and between number of
nevi and endometriosis (Kvaskoff et al., 2013, 2014) were found in the
NHS II. Further, we conducted stratified analyses by infertility history
(ever, never) and BMI (,25, ≥25). Owing to the incidental detection of
asymptomatic endometriosis during the evaluation of infertility, risk factors
for endometriosis with infertility may differ from those for endometriosis
without infertility. The association may differ by BMI, since body mass is an
endogenous source or repository for hormones. We obtained P-values for
interaction using log-likelihood ratio tests. We estimated the difference in
risk of endometriosis comparing women with acne to those without, using
a multivariate model including the six most important risk factors: parity, ibu-
profen, age at first birth, infertility, age of menarche and adult BMI. All statis-
tical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC,
USA) and all analyses used two-sided P-values.

Ethics
The study was approved by the Institutional Review Board at Brigham and
Women’s Hospital and the Harvard School of Public Health.

Results
Of 88 623 women included in our study, 7.9% had a history of severe
teenage acne. A total of 4 382 incident cases of laparoscopically con-
firmed endometriosis were reported over 1 132 272 person-years of

follow-up. Table I compares the characteristics of study participants
with and without a history of severe teenage acne. Women with a
history of severe teenage acne were more likely to be nulliparous, and
to use ibuprofen, isotretinoin, tetracycline and antibiotics. Women
with acne had more sunburns and painful or blistering sunburns.
Women without acne were more like to be smokers and have red
hair. Other baseline characteristics were balanced between two groups.

A history of severe teenage acne was statistically significantly asso-
ciated with an increased risk of endometriosis, with a multivariate-
adjusted HR ¼ 1.20 (95% CI: 1.08, 1.32) (Table II). These results were
almost identical after additional adjustment for infertility, hair colour,
number of blistering sunburns, childhood skin’s reaction to the sun or
number of nevi (Table II). Further adjustment for isotretinoin use and
tetracycline use yielded a comparable HR ¼ 1.18 (95% CI: 1.07–1.31).
From the same model, the multivariate-adjusted HRs (95% CI) of isotre-
tinoin use and tetracycline use were 0.96 (0.74–1.24) and 1.04 (0.82–
1.31), respectively. When we excluded tetracycline and isotretinoin
users, the HR (95% CI) of endometriosis for severe teenage acne was
1.18 (1.06–1.32). Further, the association was not statistically significantly
modified by infertility history or BMI (,25, ≥25) (P for interaction ¼ 0.53
and 0.90, respectively; Table III). The multivariate-adjusted risk difference

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

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

Table I Selected characteristics of NHS II study
participants in 1989 by severe teenage acne status.

Severe teenage acne

No (n 5 81 666) Yes (n 5 6957)

Agea, year 34.0 (4.7) 34.0 (4.5)

Age at menarchea, year 12.4 (1.4) 12.3 (1.5)

Menstrual cycle length at ages
18–22, day

30.3 (6.1) 30.8 (6.7)

BMI, kg/m2 24.0 (5.0) 24.0 (4.9)

BMI at age 18, kg/m2 21.3 (3.3) 21.2 (3.2)

Height, m 1.65 (0.07) 1.65 (0.07)

Drink 7+/week at
teenage, %

1.7 1.9

Alcohol consumption at ages
15–17, g/day

1.2 (3.9) 1.2 (4.2)

Current smokers, % 13.1 11.8

Infertility, % 15.6 16.7

Nulliparity, % 30.3 35.0

Ibuprofen user, % 18.3 24.7

Isotretinoin use, % 1.4 16.6

Tetracycline use, % 2.4 35.2

Current oral contraceptive
user, %

14.1 14.0

White, % 93.2 93.6

More than five sunburns, % 9.4 10.8

Painful or blistering burn at
childhood, %

23.0 26.4

Red hair, % 3.9 3.3

Values are means (SD) or percentages that are standardized to the age distribution of
the study population.
aNot age adjusted.
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between participants with acne compared with those without was91 per
100 000 person-years. The corresponding crude incidence difference
was 110 per 100 000 person-years.

Discussion
In this large prospective study of premenopausal women, we observed
an increased risk of endometriosis among women with a history of
severe teenage acne. To our knowledge, this is the first report on the

relation between acne and endometriosis. The association was inde-
pendent from previously identified risk factors for endometriosis, skin
and hair characteristics, isotretinoin and tetracycline.

Previous studies have found that women with a history of endometri-
osis may have an increased risk of cancers, infections and endocrine dis-
eases (Rich-Edwards et al., 1994). For skin diseases specifically, women
with a personal history of endometriosis have been reported to have an
increased risk of cutaneous melanoma (Somigliana et al., 2006; Kvaskoff
et al., 2007). Positive relationships have been observed between risk of
endometriosis and skin factors, including skin sensitivity to sun exposure,
number of nevi and number of freckles (Kvaskoff et al., 2009; Somigliana
et al., 2010). An association with red hair has also been observed in the
NHS II (Missmer et al., 2006). However, the association between acne
and melanoma (Beral et al., 1983; Elwood et al., 1986; Cartwright
et al., 1988) is mostly null or negative, and the association with sun expos-
ure has been controversial (Magin et al., 2005; Bhate and Williams,
2013). It seems that other skin conditions do not provide an alternative
explanation for the observed results.

Genetic factors maybe the underlying mechanism for the observedas-
sociation. The fact that acne and endometriosis both aggregate in families
and have polygenic genetic predispositions (Bulun, 2009; Taylor et al.,
2011) suggests that a linkage disequilibrium between genetic predisposi-
tions of these two diseases may exist. The reported rs4133274 SNP on
chromosome 8q24 fromthe recent GWAS studyon severe teenage acne
is located only 72 kb upstream of the myc gene (Zhang et al., 2014).
Besides its well-known associations with multiple types of cancer, myc
has been reported to regulate androgenic effects and a myc consensus
site was identified to up-regulate androgen receptor (Grad et al.,
1999). For endometriosis, several studies have shown differential
expression of myc in eutopic and ectopic endometrial tissue (Meola
et al., 2010; Khan et al., 2012; Pellegrini et al., 2012). Thus, a linkage
disequilibrium most likely exists between the rs4133274 SNP and the
myc gene nearby.

Androgens are related to both acne and endometriosis, but they are
unlikely to be the underlying mechanism. Acne results from hyperplasia
of the sebaceous glands, and the seborrhea is heavily influenced by
androgens (Tasoula et al., 2012). Androgens are involved in the
pathogenesis of acne through androgenic hormone triggers, sebum

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

Table II History of severe teenage acne and risk of
laparoscopically confirmed endometriosis in the NHS II
cohort, 1989–2009.

No acne Acne

Number of cases/
person-year

3951/1 044 018 431/88 254

Age-adjusted RR 1.00 1.29 (1.17–1.42)

MV RRa 1.00 1.20 (1.08–1.32)

MV1: MV plus infertility 1.00 1.20 (1.08, 1.33)

MV2: MV1 plus skin and
hair characteristicsb

1.00 1.19 (1.08, 1.32)

MV3: MV2 plus selected
medicationsc

1.00 1.18 (1.07, 1.31)

aAdjusted by age, BMI (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–
39.9 and 40+), BMI at age 18 (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9,
35.0–39.9 and 40+), age of menarche (≤11, 12–13 and 14+ years), parity
(nulliparous, 1 pregnancies .6 months, 2 pregnancies .6 months, 3 pregnancies .6
months and 4+ pregnancies .6 months), menstrual cycle length at ages 18–22 (,21,
21–25, 26–31, 32–39 and 40+ days), oral contraceptive use (never, current and
past), smoking status (never, past and current), height (,1.60, 1.60–1.65 and
1.70+), age at first birth (,25, 25–29 and 30+), ibuprofen use (yes, no), alcohol
drinking at ages 15–17 (non-drinker, 1–3/month, 1/week, 2–4/week, 5–6/week
and 7+/week) and ancestry (Caucasian, African American, Hispanic, Asian and
others).
bNumber of sunburns, childhood skin’s reaction to sun (no reaction, some redness
only, burn, painful burn, burn with blistering), and natural hair colour (red, blonde, light
brown, dark brown, and black).
cTetracycline use for .5 years (collected in 1993), isotretinoin use (never, ever).

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

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

Table III History of severe teenage acne and risk of laparoscopically confirmed endometriosis in the NHS II cohort,
stratified by infertility history and BMI (<25, ≥25 kg/m2), 1989–2009.

Never infertile Ever infertile

No acne Acne No acne Acne

Number of cases/person-year 3136/986 301 331/82 842 815/57 519 100/5396 P inter

RRa 1.00 1.17 (1.04, 1.31) 1.00 1.28 (1.03, 1.60) 0.53

BMI , 25 BMI ≥ 25

No acne Acne No acne Acne

Number of cases/person-year 2326/582 468 246/48 693 1413/414 253 158/35 544 P inter

RRa 1.00 1.14 (1.00, 1.30) 1.00 1.22 (1.03, 1.44) 0.90

aAdjusted by age, BMI (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9 and 40+), BMI at age 18 (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9 and
40+), age of menarche (≤11 years, 12–13 years, 14+ years), parity (nulliparous, 1 pregnancies .6 months, 2 pregnancies .6 months, 3 pregnancies .6 months and 4+ pregnancies .6
months), menstrual cycle length at ages 18–22 (,21 days, 21–25 days, 26–31 days, 32–39 days and 40+ days), oral contraceptive use (never, current and past), smoking status (never,
past and current), height (,1.60, 1.60–1.65 and 1.70+), age at first birth (,25, 25–29 and 30+), ibuprofen use (yes, no), alcohol drinking at ages 15–17 (non-drinker, 1–3/month,
1/week, 2–4/week, 5–6/week and 7+/week) and ancestry (Caucasian, African American, Hispanic, Asian and others).
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hypersecretion, follicular hyperkeratosis, Propionibacterium acnes prolif-
eration and their resultant inflammatory response (Wu et al., 1988).
Endometriosis is associated with excessive production of prostaglandin
and the development of progesterone resistance (Missmer and
Cramer, 2003). Androgen mayserveas a precursor for estrogens via aro-
matase conversion in ectopic-implanted endometriosis tissue. However,
we believe this may be a consequence of disease as opposed to a causal
factor, since androgens are also effective treatments for endometriosis
to induce regression of the lesions.

Other sex hormones including estrogensmay be a potential mechanism
underlying the observed association. First, acne development is influenced
by estrogens, as acne occurrence in women reaches a peak at puberty,
when rising levels of estradiol are the highest (Tasoula et al., 2012). Fluctu-
ation of sebum production that is related with acne development is also
observed in women during the menstrual cycle (Farage et al., 2009). Suffi-
cient dose of oral contraceptives can suppress sebum production and
reduce acne lesions (van Vloten et al., 2002). In addition, estrogen recep-
tors including alpha and beta isotypes are expressed in sebocytes and
other skin cells (Zouboulis, 2009). Endometriosis is an estrogen-
dependentdisease. The growthofendometrial tissue is regulated byestro-
gens and is greatly influenced by reproductive events (Bulun, 2009).
Nevertheless, not all ectopic endometriosis is characterized by increased
aromatase expression and high concentrations of estrogens (Huhtinen
et al., 2012). This raises the possibility that the strength of the association
documented in this report may be stronger for some types of endometri-
osis (endometriomas) than for others (peritoneal and deep infiltrating). If
true, then we may need to consider endometriosis as a complex disease
and give consideration to the surgical diagnosis of endometriosis as
opposed to viewing endometriosis more simplistically in a dichotomous
light, as suggested by others (Toor et al., 2014).

Finally, immune malfunction may be another common mechanism
between the two diseases. Acne is characterized as an inflammatory
lesion on the skin, which is often accompanied with papules, pimples,
nodules or cysts. Symptoms include redness, swelling and irritation of
the skin. Oral antibiotics and topical benzoyl peroxide are common
treatments for acne. For endometriosis, inflammation and abnormalities
in immune response may increase the chance of implantation and growth
of ectopic endometrial tissue (Garai et al., 2006). Macrophages, tumour
necrosis factor-a and interleukin-6 concentrations are often elevated in
the abdominal fluid of women with endometriosis (Bulun, 2009). Both
diseases are related to a decreased ability of the immune system to
clear infections.

For alternative explanations, the observed positive association is unlike-
ly to be confounded by androgenic treatments. Some endometriosis
treatments for pelvic pain relief have androgenic effects including acne de-
velopment; in the past these have included (derivatives of the synthetic
steroid ethisterone). They were rarely used by our study population,
and we did not include these drugs in our questionnaires. These drugs
arenot initial treatments forendometriosis,dueto theirmasculinizingside-
effects and have limited usage in pregnant or breastfeeding women (Schra-
ger, et al., 2013). In addition, the observed association is not confounded
by androgenic medications, since these medications would be inversely
associated with endometriosis but positively associated with acne. If
such confounding by androgenic treatments exists, it should induce a nega-
tive association instead of the positive association that we observed.

Nutritional factors could likewise be confounding factors of the
observed positive association, most likely through hormonal effects.

However, to be a major confounding factor contributing to the positive
association, it has to be strongly associated with both diseases in the
same direction. Studies have reported an inverse association between
dairy food intake and risk of endometriosis (Trabert et al., 2011;
Harris et al., 2013). Certain dairy products have been positively asso-
ciated with acne (Melnik 2011; Veith and Silverberg, 2011; Burris et al.,
2014), including our cohort (Adebamowo et al., 2005). Thus, dairy
food alone would induce an inverse association between acne and endo-
metriosis instead of the observed positive one, which suggests that dairy
food is unlikely to be an explanation. For other nutritional factors, they
are less likely to be associated with both diseases and limited data are
available for endometriosis.

The temporal relation between occurrence of acne and endometri-
osis development is complex, because the exact timing of endometriosis
onset is unknown (Missmer et al., 2004). The distribution of age at endo-
metriosis diagnosis among our study population ranged from 24 to 54
years old, with the majority younger than 40 years old. While, generally
the average age at an office-based physician visit for acne is 24 years, with
10% of visits happening when individuals are between 35 and 44 years
old, many visits are between 15 and 19 years old (James, 2005). The sig-
nificant overlap of age distributions suggests that acne and endometriosis
have the potential to develop during the teenage years after menarche
with changes in endogenous hormone levels. But due to the difficulty
of studying natural history of endometriosis because of delayed diagnosis
and spontaneous resolve of endometriosis tissue, their temporal rela-
tionship becomes uncertain (Farquhar, 2007).

Strengths of our study include the prospective study design, large
sample size, long time of follow-up, measurement on acne treatments,
endometriosis risk factors, including infertility and many lifestyle
factors. Confounding by other lifestyle factors is unlikely, since we have
adjusted for BMI, oral contraceptive use, cigarette smoking and alcohol
drinking, and the association did not change materially. In addition,
since the majority of our study participants were white nurses, there
was relatively small variation in their socioeconomic characteristics.
Another advantage is the accurate outcome identification, as our valid-
ation study has showed laparoscopically confirmed endometriosis
diagnosis could be confirmed in 96% of women.

A limitation of our study is that validity information on acne was not
available in our cohort. Since teenage acnewas self-reported, there is po-
tential for misclassification. However, we expect such misclassification to
be non-differential with regard to endometriosis and when existing, it
would bias the association toward the null. To our knowledge, there
were validation studies conducted on self-reported acne, showing an
overall moderate sensitivity and specificity regardless of severity,
among college students and adolescent males who registered for military
service (Menon et al., 2008; de Almeida et al., 2013). However, these
studies also showed that with a greater intensity of the acne lesions,
the chance of error was lower. Since we used severe acne as our expos-
ure measurement, we expect reasonable sensitivity and specificity in our
study. Because severe acne has been shown to be a traumatizing teenage
experience, self-report of severe teenage acne mayalso carry less poten-
tial for recall bias (Wu et al., 1988; Murray and Rhodes, 2005; Tasoula
et al., 2012). In addition, beliefs about acne play an important role in help-
seeking behaviours and whether the acne is confirmed by a physician
(Cheng et al., 2010). The healthcare professional background of our
cohort members distinguishes us from studies conducted on general
population and probably helps to obtain more accurate acne status.
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For the outcome, since we only included endometriosis cases confirmed
by laparoscopy, it is conceivable that the HR was underestimated,
because women with severe acne but without a diagnosis of endometri-
osis may in fact have minimal to mild unrecognized disease owing to lack
of pain and location of implants (atypical locations such as umbilicus or
cutaneous lesions that are only found incidentally at the time of
surgery). Another limitation is that although geographically diverse, the
NHS II cohort is primarily Caucasian, which may limit generalization to
more ethnically diverse populations.

The social function and lifestyle of patients with a delayed diagnosis of
endometriosis are adversely affected. If the disease could be diagnosed
by a reliable and non-invasive method at an early stage, further treatment
would prevent its progression. Many resources have been invested on
identifying innovative biomarkers to reduce commonly delayed diagnosis
of endometriosis (Fassbender et al., 2013). However, until now there is
no clinical prediagnostic test available. Patients with undiagnosed endo-
metriosis that causes symptoms including chronic abdominal and pelvic
pain are often misdiagnosed as appendicitis, ectopic pregnancy, ovarian
cysts, bowel obstruction, pelvic inflammatory disease and many others.

Incorporating query or examination of acne or history of severe acne
may be helpful for clinical practice to identify patients with undiagnosed
endometriosis. If confirmed in other populations, severe teenage acne
may be added to a biomarker panel to improve prediction ability for
endometriosis early detection, diagnosis or prevention. It can be incor-
porated into an endometriosis screening tool, together with questions,
including pelvic pain and heavy bleeding. Compared with a laparoscopy
surgical procedure, it has non-invasive, visible and low-cost characteristics.

In conclusion, our findings in a well-established, long-term prospective
cohort study suggest a positive association between severe teenage acne
and endometriosis risk. Our study suggests there may be an intrinsic link
between severe acne and endometriosis and two diseases probably
develop at the same age. In addition, the magnitude of observed associ-
ation was probably underestimated in our study. However, we admit our
study is an observational study with intriguing findings that need replica-
tion. Further studies are needed to explore the mechanisms.
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