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study question: Do higher leptin levels and lower adiponectin levels predict subsequent development of endometriosis?

summary answer: Plasma leptin and adiponectin levels were not associated with laparoscopically confirmed endometriosis when
collected prior to disease diagnosis.

what is known already: Case–control studies have identified altered levels of the inflammatory adipokines leptin and adipo-
nectin in women with endometriosis, but it remains unclear whether inflammation results in endometriosis or whether the presence of endo-
metriosis creates an inflammatory state.

study design, size, duration: Nested, matched, case–control study within the prospective Nurses’ Health Study II (NHS II)
cohort. Blood samples were collected between 1996 and 1999 from 29 611 female nurses within the cohort. Women who reported endo-
metriosis before blood collection were excluded.

participants/materials, setting, methods: Plasma leptin and adiponectin levels were assayed by ELISA. Three hundred
and fifty cases of laparoscopically confirmed endometriosis were matched 1:2 with 694 controls of comparable race, age, infertility history,
menopausal status and time of blood draw. Relative risks (RRs) and 95% confidence intervals (CIs) were calculated using unconditional lo-
gistic regression models adjusting for matching factors and BMI.

main results and the role of chance: After adjusting for BMI, there were no statistically significant associations between
endometriosis and leptin [RR ¼ 1.2; 95% CI ¼ 0.7–2.0; P-value, test for linear trend (Ptrend) ¼ 0.72], adiponectin (RR ¼ 0.8; 95% CI ¼ 0.5–
1.2; Ptrend ¼ 0.48) or the leptin to adiponectin ratio (RR ¼ 0.8; 95% CI ¼ 0.4–1.4; Ptrend ¼ 0.14) when comparing the upper with the lower
quartile. Results were unaltered when analyses were stratified by BMI or restricted to cases diagnosed ≥4 years after blood draw. To evalu-
ate statistical significance and limit the role of chance to the gold standard of 5%, we present 95% CIs about the RRs, and for P-values cal-
culated for linear tests of trend and tests of heterogeneity, we have set the a-level to be 0.05 (i.e. ,0.05 is considered to be statistically
significant).

limitations and reasons for caution: A limitation of this study is the inability to differentiate the time of endometriosis
‘diagnosis’ from the time of disease ‘onset’ due to the impossibility in identifying a precise time point at which the disease process was first
initiated at a molecular or cellular level. Additional limitations include lack of information regarding stage of endometriosis and the possibility
of asymptomatic disease in the control population.

wider implications of the findings: The mean age at diagnosis of endometriosis in the study population is 41.7, �10 years
older than the mean age of diagnosis in the general population. While this may limit the generalizability of the results, there is no reason to
suspect that the association between adipokines and endometriosis risk should differ at a younger age of diagnosis in an adult population.
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Introduction
Endometriosis affects 1 in 10 reproductive aged women in the USA
(Gao et al., 2006). Despite the significant morbidity associated with
the disease, the precise etiology remains poorly elucidated. The
most commonly accepted hypothesis is that retrograde menstruation
through the fallopian tubes results in aberrant implantation of endo-
metrial tissue throughout the peritoneal cavity (Sampson, 1927).
However, laparoscopy has demonstrated retrograde menstruation in
over 90% of women, suggesting that other mechanisms predispose
a subset of these women toward developing endometriosis (Halme
et al., 1984). Abnormalities in immune response, angiogenesis and in-
flammation have been identified as factors that may increase a
woman’s propensity toward implantation and growth of ectopic endo-
metrial tissue.

The adipokines leptin and adiponectin have been implicated in
the pathogenesis of endometriosis. Both the 16 kDa leptin and the
30 kDa adiponectin are products of adipose tissue originally identified
for their role in regulation of lipid metabolism and energy expenditure
(Friedman and Halaas, 1998; Arita et al., 1999). Accumulating evi-
dence, however, suggests that these adipokines are also key modula-
tors of angiogenesis, inflammation and the immune response. Leptin
correlates directly with adiposity, is elevated in inflammatory states
(Fantuzzi and Faggioni, 2000) and serves as an angiogenic factor in
vitro and in vivo (Sierra-Honigmann et al., 1998). In contrast, adiponec-
tin is inversely associated with obesity, exerts anti-inflammatory prop-
erties (Goldstein and Scalia, 2004) and has been shown to inhibit
angiogenesis (Brakenhielm et al., 2004).

Several case–control studies have demonstrated elevated levels of
leptin in serum and peritoneal fluid of women with endometriosis
(Matarese et al., 2000; Mahutte et al., 2003; Wu et al., 2010), and dis-
ruption of leptin signaling appears to inhibit the establishment of endo-
metriosis in a murine model (Styer et al., 2008). Limited data have also
identified lower levels of adiponectin in serum (Takemura et al.,
2005a) and peritoneal fluid (Takemura et al., 2005b) of women with
endometriosis relative to those without. Others have reported con-
trasting results; Vigano et al. (2002) found no association between
leptin levels drawn at the time of laparoscopy and diagnosis of endo-
metriosis. As there have been no prospective human studies to date, it
remains unclear whether inflammation results in endometriosis or
whether the presence of endometriosis creates an inflammatory state.

The association between BMI and endometriosis further confounds
the role of adipokines in the pathogenesis of the disease. Epidemiolo-
gic studies have consistently confirmed an inverse association between
BMI and endometriosis (Cramer et al., 1986; Darrow et al., 1993;
Signorello et al., 1997; Missmer et al., 2004; Parazzini et al., 2004;
Ferrero et al., 2005; Hediger et al., 2005; Matalliotakis et al., 2008;

Nagle et al., 2009). As leptin levels are strongly correlated with adipos-
ity (Considine et al., 1996), one may therefore expect lower leptin
levels in women with endometriosis—contrary to the results of the
case–control observations to date.

The Nurses’ Health Study II (NHS II) is an ongoing, prospective
cohort of 116 678 women enrolled in 1989. Blood samples were col-
lected from 29 611 participants in the late 1990s, over 300 of whom
were subsequently diagnosed with laparoscopically confirmed endo-
metriosis. The design of NHS II provides a unique opportunity to
clarify the association between leptin, adiponectin, BMI and endomet-
riosis. We hypothesized that higher leptin levels and lower adiponectin
levels may be predictive of subsequent development of endometriosis
and that this association may vary with BMI.

Materials and Methods
Data for this study were collected in the NHS II cohort from September
1989 to June 2007. Questionnaires requesting information on incident dis-
eases and demographic, biologic, environmental and lifestyle risk factors
are updated and mailed biennially. A total of 116 430 female registered
nurses, ranging in age from 25 to 42 and residing in one of 14 states in
the USA completed the baseline questionnaire in 1989. Subsequent
follow-up of the cohort has been consistently over 90% in each 2-year
interval. The study was approved by the Institutional Review Boards of
the Harvard School of Public Health and Brigham and Women’s Hospital,
Boston, MA, USA.

Blood sample collection
Blood samples were collected between 1996 and 1999 from 29 611
members of this cohort who were between the ages of 32 and 54 years
at the time of blood draw. The present analysis was limited to those
women with intact uteri and no history of malignancy. Women who
reported a history of endometriosis before the blood collection were
also excluded. Mid-luteal samples were collected 7–9 days before the
anticipated start of the next menstrual cycle. Samples were shipped with
an ice-pack via overnight courier to the laboratory where they were pro-
cessed and separated into plasma, red blood cell and white blood cell
components. Samples were labeled by number only, and have been
frozen at 21308C since the time of initial processing.

All women completed a brief questionnaire at blood collection that
recorded the date and time of day the blood sample was drawn, her
current weight, current parity, current smoking status, current alcohol
use, medication use, hours since last food intake, any recent changes in
the character of her menstrual cycle and the first day of the menstrual
cycle in which the blood samples were drawn. Each woman was also pro-
vided a postcard to indicate the first day of her menstrual cycle following
the blood collection. Follow-up of the blood cohort was over 96% in 2005.

Leptin and total adiponectin were measured in the laboratory of
Dr Nadir Rafai at Children’s Hospital of Boston (Boston, MA, USA)
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using enzyme-linked immunosorbent assays (R&D Systems, Minneapolis,
MN, USA) with detection limits of 7.8 pg/ml for leptin and 4.8 ng/ml
for adiponectin. Matched case–control triplets were shipped in the
same batch and assayed together in a randomly determined order. Each
batch included blinded pooled quality control samples to assess laboratory
precision, and the average coefficient of variation from these samples was
10.2% for leptin and 12.5% for adiponectin.

Case selection
Incident cases of endometriosis were restricted to those women who
reported laparoscopic confirmation of the diagnosis. Women were first
asked if they ‘ever had physician-diagnosed endometriosis’ and if so,
whether the diagnosis was confirmed by laparoscopy and when the diag-
nosis occurred. The same questions were asked in each subsequent ques-
tionnaire cycle. Blood samples were collected from 29 611 women
between 1996 and 1999 as described above. Of these, 363 women
were subsequently diagnosed with laparoscopically confirmed endometri-
osis. The final analytic data set included 350 cases of endometriosis.
Reasons for exclusion included inadequate sample volume or inability to
adequately match with a control specimen.

Control selection
For each incident case of laparoscopically confirmed endometriosis, two
controls were randomly selected from the risk set among women of the
same race (White, Asian, African-American, Hispanic, other), age (+1
year), infertility history and menopausal status at diagnosis. Cases and con-
trols were also matched on the month (+1 month), time of day (+2 h)
and fasting status (,2, 2–4, 5–7, 8–11, .12 h) at blood draw.

Statistical analysis
Analyses were performed using Statistical Analysis Software (SASw)
version 9.1 (SAS Institute, Inc., Cary, NC, USA). Mixed effect models
were used to compare absolute adipokine levels between cases and con-
trols. Quartiles were defined based on the distribution of adipokines
among the controls. Unconditional logistic regression models were used
to calculate relative risks (RRs) with 95% confidence intervals (CIs), adjust-
ing for the matching factors detailed above. Other potential risk factors for
endometriosis were considered to be confounders if their inclusion in the
model changed the RR by .10% (Greenland, 1989). Based on this criteria,
BMI at blood draw (,18.5, 18.5–22.4, 22.5–24.9, 25.0–29.9, 30.0–
34.9, 35.0–39.9, ≥40.0) was the only additional factor included in the
final models. Other factors considered but not included were: BMI at
age 18 years (,18.5, 18.5–22.4, 22.5–24.9, 25–29.9, 30–34.9, 35–
39.9, ≥40), birthweight (,5.5, 5.5–6.9, 7–8.4, .8.4 lbs), age at menar-
che (≤11, 12–13, ≥14), current menstrual cycle length (,21, 21–25,
26–31, 32–39, ≥40 days), parity at blood draw (nulliparous, 1, 2, 3,
≥4), age at first birth (,20, 20–29, 30–39, ≥40 years), time since last
birth (≤1, 1–5, 5–10, ≥10 years), smoking status (never, past, or
current smoker), alcohol use at blood draw (no alcohol, 1–3 drinks/
month, 1–6 drinks/week, ≥1 drink/day), use of oral contraceptives
(never, past, or current user) and diagnosis of either diabetes (yes/no)
or gestational diabetes (yes/no).

Tests for linear trend for categorical variables were created by setting
the participant’s value to the median value within their category, and
these were included ordinally in the regression models. Two-sided Wald
P-values of ,0.05 were considered statistically significant. Effect modifica-
tion by BMI (,25 or ≥ 25 kg/m2) was assessed via the likelihood ratio
test comparing the model with main effects only with the model with
main effects and interaction terms.

Results
A total of 350 cases and 694 controls comprised the study population.
Six controls were excluded due to one of the two factors—either an
adipokine level below the detectable limit of the assay or sample
hemolyzation that precluded an accurate adipokine value. The
median age at blood draw was 41.0 years for cases and 42.0 years
for controls, with a range of 32–52 years for both populations. The

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

Table I Characteristics of laparoscopically confirmed
endometriosis cases and matched controls within the
NHS II blood cohorta.

Endometriosis cases
(n 5 350)

Controls
(n 5 694)

Age at blood
drawb

41.7 (4.6) 42.1 (4.5)

Racec

White 346 (98.9%) 689 (99.3%)

Black 1 (0.3%) 3 (0.4%)

Other 3 (0.9%) 2 (0.3%)

BMI at blood draw (kg/m2)c

,18.5 8 (2.3%) 14 (2.0%)

18.5–22.4 106 (30.5%) 238 (34.4%)

22.5–24.9 72 (20.7%) 156 (22.5%)

25–29.9 88 (25.3%) 158 (22.8%)

30–34.9 37 (10.6%) 61 (8.8%)

35–39.9 23 (6.6%) 45 (6.5%)

40+ 14 (4.0%) 20 (2.9%)

BMI at age 18 (kg/m2)c

,18.5 54 (15.6%) 110 (16.0%)

18.5–22.4 212 (61.1%) 413 (59.9%)

22.5–24.9 45 (13.0%) 105 (15.2%)

25–29.9 25 (7.2%) 47 (6.8%)

30–34.9 8 (2.3%) 7 (1.0%)

35–39.9 3 (0.9%) 6 (0.9%)

40+ 0 (0.0%) 1 (0.1%)

Parityc

Nulliparous 105 (30.3%) 147 (21.2%)

1 45 (13.0%) 97 (14.0%)

2 122 (35.3%) 249 (36.0%)

3 55 (15.9%) 154 (22.3%)

4+ 19 (5.5%) 45 (6.5%)

Infertility historyc

Yes 97 (27.7%) 209 (30.1%)

No 253 (72.3%) 485 (69.9%)

BMI, body mass index.
aLaparoscopically confirmed cases of endometriosis were matched 1:2 with controls
of comparable age, race, infertility history, menopausal status at diagnosis, as well as
month, time of day and fasting status at blood draw.
bResults expressed as mean (standard deviation). Age at blood draw ranges between
32 and 52 years.
cResults expressed as n (%). Some categories may not sum to 100 due to rounding.
Additionally, four women were missing BMI at blood draw, eight women were
missing BMI at age 18 and six women were missing parity.
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median time from blood draw to diagnosis of endometriosis was 31
months (inter-quartile range 13–53 months). Demographic character-
istics of the study population are shown in Table I. As cases and con-
trols were matched by age, race, menopausal status and infertility
history, the distributions of these variables are similar by design. A ma-
jority of the study population was Caucasian. Women with endomet-
riosis were more likely to be nulliparous (30.3%) when compared with
controls (21.2%). BMI distributions were similar in both groups. Abso-
lute levels of leptin and total adiponectin were also noted to be similar
between cases and controls (Fig. 1). The median leptin levels were
17.5 mg/ml in cases (inter-quartile range 10.5–33.0 mg/ml) and
16.6 mg/ml in controls (inter-quartile range 9.7–30.7 mg/ml) (two-
sided Wald P-value ¼ 0.24) and the median levels of adiponectin
were 6.4 mg/ml in cases (inter-quartile range 4.5–8.4 mg/ml) and
6.5 mg/ml (inter-quartile range 4.7–9.0 mg/ml) in controls (two-sided
Wald P-value ¼ 0.06).

Unadjusted analyses suggested an increased diagnosis of endomet-
riosis among women in the highest quartile of plasma leptin and
decreased diagnosis among women in the highest quartile of total
plasma adiponectin (data not shown). However, when comparing
the highest with the lowest quartiles after adjusting for BMI, there
were no significant associations between endometriosis and leptin
(RR: 1.2; 95% CI: 0.7–2.0; Ptrend ¼ 0.72), adiponectin (RR: 0.8; 95%
CI: 0.5–1.2; Ptrend ¼ 0.48) or the leptin to adiponectin ratio (RR:
0.8; 95% CI: 0.4–1.4; Ptrend ¼ 0.14) (Fig. 2). In addition, the lowest
quartile of leptin, total adiponectin and leptin to adiponectin ratio
were compared with the upper three quartiles to assess for the pres-
ence of a ‘threshold effect’ beyond which the risk of endometriosis
changed significantly, but no such thresholds were identified (data
not shown).

Data were then stratified by BMI to assess whether the relation
between adipokines and endometriosis differed between normal
(BMI ,25 kg/m2) when compared with overweight and obese (BMI
≥25 kg/m2) women (Table II). No difference was seen in the RR of
endometriosis with increasing leptin, adiponectin or leptin to adipo-
nectin ratio between normal weight and overweight women
(P-value, test for heterogeneity ≥0.11 for all). Tests for trend within
each BMI group were also not significant (P-value, test for trend
≥0.08 for all).

To account for the probability that endometriosis had been present
prior to surgical diagnosis, subanalyses were conducted restricting to
women who were diagnosed with endometriosis more than 2 years
after blood draw and, separately, restricting to women who were diag-
nosed with endometriosis at least 4 years after blood draw. There
remained no observed association between the RR of endometriosis
and increasing leptin, total adiponectin or leptin to adiponectin ratio,
regardless of the time from blood collection to diagnosis (Ptrend≥
0.17 for all comparisons, data not shown).

Discussion
The principal finding of this study was that plasma leptin and total adi-
ponectin levels were not predictive of endometriosis when collected
prior to disease diagnosis. The results were unchanged when data
were adjusted for or stratified by BMI, or when restricted to
women who were diagnosed at least 4 years after blood collection.

Case–control studies have consistently demonstrated higher levels
of leptin (Matarese et al., 2000; Mahutte et al., 2003; Wu et al., 2010)
and lower levels of adiponectin (Takemura et al., 2005a,b) in the
serum and peritoneal fluid of women with endometriosis. Recent
studies have begun to explore the mechanisms by which adipokines
exert inflammatory or immunomodulatory actions in endometriosis.
Peritoneal fluid leptin concentrations have been positively correlated
with the percentage of CD4+ T helper cells in women with endomet-
riosis (Milewski et al., 2008). Additionally, functional leptin receptors
identified on peritoneal macrophages have been shown to promote
COX-2 expression and production of prostaglandin F2a in response
to leptin stimulation (Wu et al., 2010). Using a murine model of endo-
metriosis, Styer et al. (2008) demonstrated that disruption of leptin
signaling impaired establishment and proliferation of endometriotic
lesions and restricted associated microvascularization, suggesting that
leptin may be a necessary factor in the early development of endomet-
riosis. In the present study, adipokine levels did not differ between
women with and without endometriosis when collected an average
of 2.6 years in advance of disease diagnosis—suggesting that these
previously identified associations between adipokines and endometri-
osis may be indicative of the process at the time of surgical diagnosis
or after rather than a causative factor.

The relation between BMI and endometriosis further complicates
the role of adipokines in the pathogenesis of the disease. Epidemiolo-
gic studies have demonstrated a consistent inverse correlation
between BMI and endometriosis (Missmer et al., 2004; Ferrero
et al., 2005; Hediger et al., 2005). Our own analysis of the NHS II
cohort reveals that a woman’s current BMI as well as her BMI at
age 18 are both significantly inversely related to her risk of developing
endometriosis (Missmer et al., 2004). Meanwhile, circulating leptin
levels are well known to be proportional to body fat mass (Halaas
et al., 1995; Friedman and Halaas, 1998). Given these relations, one
would therefore anticipate leptin to be inversely correlated to the
risk of endometriosis—contrary to the findings of the aforementioned
case–control studies. Our data did not demonstrate an association
between plasma adipokine levels and endometriosis risk in a multivari-
ate model adjusting for BMI. We were similarly unable to identify a dif-
ferential association of adipokines and endometriosis risk when
compared between BMI strata. Taken together, these results
suggest that the epidemiologic association between low BMI and
increased risk of endometriosis may be mediated independent of adi-
pokine concentrations.

A key strength of this study is that blood samples were collected an
average of 2.6 years prior to diagnosis of endometriosis. The pro-
spective study design uniquely permits evaluation of the temporality
between inflammation and endometriosis, and the study results
suggest that the presence of inflammatory adipokines in the serum
and peritoneal fluid of women with endometriosis may be secondary
to the disease process rather than a causative factor. This observation
is further strengthened by our ability to evaluate the relation by the
time from blood collection to surgical diagnosis. In addition, the
ability to select population-based controls minimizes the bias intro-
duced by many studies that restrict controls to women with no evi-
dence of endometriosis on laparoscopy. Such a design biases
associations in an unpredictable direction, driven by the unknown re-
lation between adipokines and the pathology that prompted the need
for laparoscopy among the control population. Finally, the large
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sample size affords the ability to conduct multivariate analyses adjust-
ing for key confounders such as BMI.

This study has several limitations. The mean age at diagnosis of
endometriosis in the study population is 41.7, �10 years older than
the mean age of diagnosis in the general population and in this
cohort as a whole. This is attributable to the design of the NHS II
blood collection, which among the women originally enrolled into
the cohort between the ages of 25 and 42, did not collect blood
until a minimum of 7 years after enrollment. While this may limit
the generalizability of the results, there is no reason to suspect that
the association between adipokines and endometriosis risk should
differ at a younger age of diagnosis in an adult population.

A second limitation is the inability to differentiate the time of endo-
metriosis ‘diagnosis’ from the time of disease ‘onset’ due to the im-
possibility in identifying a precise time point at which the disease

process was first initiated at a molecular or cellular level. Although
the study results allow one to reasonably conclude that adipokine
levels drawn prior to diagnosis of endometriosis do not predict subse-
quent development of disease, it is harder to conclusively assess
whether adipokine levels were truly altered prior to the onset of
disease. The null association between adipokine levels and risk of
endometriosis identified in the main analysis persisted when data
were analyzed separately in women whose blood draw occurred
.2 years and .4 years before diagnosis of endometriosis, suggesting
that undiagnosed endometriosis at the time of blood draw, if present,
had little impact on the results.

The NHS II cohort does not have detailed information regarding the
stage of endometriosis for all case women. As disease stage has not
been shown to correlate with symptoms (Porpora et al., 1999) or
prognosis, there is little reason to believe that it is significantly

Figure 1 Absolute levels of leptin and adiponectin in endometriosis cases and controls. Absolute levels of leptin and adiponectin expressed in mg/
ml among 350 case and 694 control subjects in the NHS II cohort. Box denotes median with inter-quartile range (Q1–Q3). Whiskers represent the
minimum and maximum values. P-values compare absolute adipokine levels between case and control subjects and were calculated using mixed effect
models.

Figure 2 RR of endometriosis by the quartile of leptin, adiponectin and leptin to adiponectin ratio. Unconditional regression model of the RR of
endometriosis based on increasing quartiles of leptin, adiponectin and leptin to adiponectin ratio among 1044 women in the NHS II cohort, adjusting
for age, race, infertility status and BMI. Diamonds represent RRs; error bars denote 95% CIs; bold line illustrates the null effect.
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correlated with body size. Although it is possible that the requisite lap-
aroscopic confirmation preferentially selects more severe cases of
endometriosis by overlooking women with asymptomatic or medically
controlled disease, studies have failed to demonstrate increased sever-
ity of endometriosis among women with laparoscopically confirmed
disease (Sangi-Haghpeykar and Poindexter, 1995). Indeed, the preva-
lence of stage I/II (minimal/mild) disease within the NHS II has been
estimated to be 61% based on surgical record abstraction.

A final concern may be that controls were not restricted to those
who had undergone laparoscopy to exclude the presence of endomet-
riosis, and it is therefore likely that some proportion of the control
group had asymptomatic disease. As mentioned above, restricting
controls to those women with other surgical diagnoses introduces in-
tractable bias, thus invalidating the ‘true’ association with endometri-
osis relative to healthy women. Although the inclusion of
undiagnosed cases among the controls may bias our results toward
the null, this misclassification has been minimized by design; as each

case was matched with two controls on the basis of infertility
history, it is unlikely that both controls had undiagnosed endometri-
osis. The community prevalence of endometriosis in populations
free of infertility or pelvic pain is thought to be ,2% (Zondervan,
et al., 2002), and the small influence of this proportion is further mini-
mized as sample size is increased.

In summary, plasma leptin and adiponectin levels were not predict-
ive of endometriosis when collected an average of 31 months prior to
disease diagnosis. Adjusting for or stratifying by BMI further attenuated
the results. Previously observed altered levels of adipokines in women
with endometriosis may therefore be a result of the endometriosis
disease process rather than an etiologic factor.
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