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Abstract
Background  Endometriosis is a chronic condition 
affecting women of reproductive age and is associated 
with multiple health burdens. Yet, findings regarding its 
’developmental origins’ are inconsistent. We aimed to 
investigate the associations of birth characteristics with 
endometriosis. We also explored potential mediation by 
adult social and reproductive factors.
Methods  This cohort study consisted of 3406 women 
born in Uppsala, Sweden, between 1933 and 1972. We 
used data from archived birth records and endometriosis 
diagnoses at ages 15–50 recorded in the national 
patient registers. Socioeconomic and reproductive 
characteristics were obtained from routine registers. HRs 
were estimated from Cox regression.
Results  During the follow-up, 111 women have been 
diagnosed with endometriosis, and most cases are 
external endometriosis (ie, outside the uterus, n=91). 
Lower standardised birth weight for gestational age 
was associated with increased rate of endometriosis 
(HR 1.35 per standard deviation decrease; 95% CI 1.08 
to 1.67). This increased rate was also detected among 
women with fewer number of live births (HR 2.38; 95% 
CI 1.40 to 4.07 for one child vs ≥2 children; HR 6.09; 
95% CI 3.88 to 9.57 for no child vs ≥2 children) and 
diagnosed infertility problem (HR 2.00; 95% CI 1.10 to 
3.61) prior to endometriosis diagnosis. All the observed 
associations were stronger for external endometriosis. 
However, no evidence was found that number of births 
was the mediator of the inverse association between 
standardised birth weight and endometriosis.
Conclusion  This study supports the developmental 
origins theory and suggests that exposure to growth 
restriction during the fetal period is associated with 
increased risk of endometriosis during reproductive years.

Introduction
Endometriosis is a chronic inflammatory condition 
found among women of reproductive age and is 
associated with pain symptoms and subfertility.1 It 
is defined as the abnormal presence of endometrial 
tissue (eg, glands and stroma) outside the uterus, 
most commonly on the pelvic peritoneum and 
ovaries.2 3 Adenomyosis is also classified as endome-
triosis by the International Classification of Diseases 
(ICD) and is the presence of the ectopic mucosa 
appears within the uterus, usually in the myome-
trium.4 The reported prevalence of endometriosis 
varies between 2% and 5% in the general female 
population,2 5 with an estimated 0.1% annual inci-
dence among reproductive-aged women.5 6 The 
true occurrence of endometriosis is unclear, due 
to variations in clinical presentations, diagnostic 

criteria and many asymptomatic cases.1 The aeti-
ology is not well understood, and better knowledge 
about developmental mechanisms are needed.

Twin and genome-wide association studies have 
suggested that genetic variation is an important 
contributor to the risk of endometriosis.7 8 Never-
theless, the progression and establishment of endo-
metriosis involve multiple mechanisms operating 
in later developmental stages including immune 
system function, molecular alterations, metabo-
lism and hormonal regulations.2 9 According to 
the developmental origins of health and diseases 
theory, exposure to adverse intrauterine environ-
ment could exert long-term impact on the structure 
and physiology of human body and metabolism, 
and therefore be associated with increased risks of 
subsequent chronic diseases.10–12

Previous studies that have assessed the associa-
tions between birth characteristics and the risk of 
endometriosis have yielded inconsistent results.13–17 
In the Nurses’ Health Study II, an increased inci-
dence of endometriosis was found in women with 
lower birth weight.16 But within the study, both 
endometriosis and birth characteristics were self-re-
ported, and birth weight had predefined wide cate-
gories. On the other hand, some studies failed to 
detect any associations between in utero exposures 
and the risk of endometriosis.14 15 17 However, the 
conclusions of these research are debatable due 
to some common limitations including potential 
misclassification of the disease,14 15 self-reported 
birth weight14 15 17 and unclear timing of onset or 
diagnosis of the disease.14 15 17

Importantly, it has been suggested that the 
abnormal presence of endometrial tissues within 
the uterus is a different entity compared with 
outside the uterus.18 Yet, only one epidemiological 
study so far has investigated the risk factors for the 
invasion of endometrium within the uterus, but did 
not include associations with birth characteristics.19

Using a population-based cohort study and data 
from Swedish national registers, we investigated 
the associations of birth characteristics with the 
incidence of endometriosis, and separately analysed 
external endometriosis and adenomyosis. We also 
explored potential mediation by adult social and 
reproductive factors.

Methods
Study population
The study population is from the Uppsala Birth 
Cohort Multigenerational Study.20 For original 
cohort members resident in Uppsala, we identified 
their 4429 female offspring (ie, index women) born 

http://crossmark.crossref.org/dialog/?doi=10.1136/jech-2018-211811&domain=pdf&date_stamp=2019-02-22


354 Gao M, et al. J Epidemiol Community Health 2019;73:353–359. doi:10.1136/jech-2018-211811

Research report

between 1933 and 1972 through the Multi-Generation Register 
(MGR). Among these, archived obstetric records were traced 
for 3476 (81%) women. We excluded those who were multiple 
births (n=54), died or emigrated before the start of follow-up 
(n=16). The final study population included 3406 singleton 
women.

Explanatory variables
Table 1 presents the social and health characteristics of women 
in the study. The primary exposure variables were birth char-
acteristics and were obtained from archived obstetric records. 
Gestational age was measured in completed weeks from the last 
menstrual period of the mother. Standardised birth weight (for 
gestational age) was created by standardising birth weight by 
gender and week of gestation using the total Swedish population 
of births (1973–1998) as a reference.

Parental age at the birth was identified through the MGR. 
Family socioeconomic position (SEP) in childhood was based 
on father’s occupation and was obtained from Census 1960. If 
father’s occupation was not recorded, then mother’s occupa-
tion was used. SEP was categorised into high (higher and inter-
mediate non-manual), intermediate (entrepreneurs and lower 
non-manual) and low (manual).21 Mother’s lifetime endometri-
osis diagnosis was identified using the patient registers described 
below.

Women’s adult education in 2008 was obtained from the 
Longitudinal Integration Database for Health Insurance and 
Labour Market Studies (LISA) and categorised as elementary, 
shorter secondary, longer secondary and tertiary education. If 
the information was missing, we used the most recent year avail-
able from LISA (1985–2007) or the Censuses (1960, 1970 and 
1990). We generated standardised income by standardising indi-
vidual disposable income by age and gender in each calendar 
year, and then averaged them across all available calendar years 
when the woman was aged 25–65, and was obtained from 
Censuses 1970 and 1990 and from the LISA 1990–2008. Repro-
ductive factors before diagnosis of the disease in question were 
number of liveborn children from the MGR (0, 1, 2 or more), 
and diagnosed infertility identified through the National Patient 
Registers (ICD-7 code 636, ICD-8 code 628, ICD-9 code 628 
and ICD-10 code N97). Age at first and last childbirth was also 
recorded from the MGR and was examined in a subset of parous 
women.

Endometriosis outcomes
Cases were identified as the first recorded main or contributory 
diagnosis from the Swedish national inpatient and outpatient 
registers. The inpatient register covers public and private inpa-
tient care in Sweden and was gradually built up from 1964.22 
The Uppsala region, where most subjects resided during the 
follow-up, has a virtually complete coverage from 1968, while 
other parts of the country were included from the beginning of 
the 1970s, and all counties were included by 1987.23 Therefore, 
index women were followed from 1968 onwards. Previous vali-
dation study has estimated that the percentage of correct endo-
metriosis diagnosis in the inpatient register was very high, with a 
positive predictive value of 97.8%.22 In addition to the inpatient 
care, the outpatient care was gradually included from 2001.

Endometriosis defined as the abnormal presence of endome-
trial mucosa at any site was based on the specific ICD codes 
relevant for each calendar period: 625.3 (ICD-8, for the years 
1968–1986), 617 (ICD-9, for the years 1987–1996) and 
N80 (ICD-10, from 1997 onwards). To assess whether the 

associations of interest varied by the presence of endometrial 
mucosa outside or within the uterus, we separately analysed two 
subtypes of endometriosis. External endometriosis (outside the 
uterus) included diagnostic codes: 625.30–625.32, 625.38 and 
625.39 (ICD-8); 617.B-617.X (ICD-9); N80.1-N80.9 (ICD-
10). Uterine adenomyosis included codes: 625.33 (ICD-8); 
617.A (ICD-9) and N80.0 (ICD-10). Women were allowed to be 
classified as cases for more than one endometriosis subtype (eg, 
we did not censor woman from the follow-up for external endo-
metriosis, if she was diagnosed with adenomyosis previously).

Statistical analysis
We applied Cox proportional hazards regression to estimate the 
hazard ratios (HRs) with women’s age as the underlying times-
cale. Women were followed from age of 15 years or 1 January 
1968, whichever was latest. Follow-up continued until the 
woman turned 50 years of age, or until 31  December 2008, 
death, emigration or the first diagnosis of the outcome in ques-
tion, whichever was earliest. Tests for the proportional hazards 
assumption were performed by the Schoenfeld residuals method, 
and there was no strong evidence of violation by primary expo-
sure variables for endometriosis (all p>0.04) or its subtypes (all 
p>0.13).

Among all covariates, 0%–5% of data were missing and was 
imputed with the multiple imputation method (25 imputations). 
Other study covariates than the variable with missing, event indi-
cators, and the Nelson-Aalen estimator for cumulative hazard 
were included in the imputation model.24 All Cox models were 
analysed from imputed data.

Standardised birth weight and gestational age were used as 
continuous variables since there was no non-linearity evidence as 
confirmed by the multivariable regression splines.25 Robust stan-
dard errors (SEs) were used to account for potential correlations 
between women born from the same mother. All models were 
adjusted for women’s birth year, and standardised birth weight 
and gestational age were mutually adjusted. Further, earlier life 
confounding factors for sets of explanatory variables at different 
life periods (birth, perinatal and adult factors) were additionally 
added into the adjusted model. Due to the small number of cases, 
adenomyosis was only examined with adjustment for birth year.

Mediation analysis was conducted to explore the indirect 
effect of the observed adult predictor: number of live births with 
respect to the association between standardised birth weight and 
the outcome of interest. The g-computation procedure (gfor-
mula in STATA) was applied to estimate the total, direct, and 
indirect effects based on individuals with complete data.26 SEs 
were obtained by bootstrapping. No statistical significant inter-
action between standardised birth weight and number of live 
births was detected (all p>0.07); thus, mediation models were 
fitted without the exposure–mediator interaction. All potential 
confounders for the exposure–outcome, exposure–mediator 
and mediator–outcome associations were adjusted in media-
tion models (see  online  supplementary figure 1 for the causal 
diagram).

As the proportional hazards assumption was on the boundary 
of being breached for the association between standardised birth 
weight and endometriosis, we performed an additional analysis 
to further investigate whether the strength of the association 
varied with age at the onset of the disease. We allowed the asso-
ciation between standardised birth weight and endometriosis to 
be time dependent. Flexible parametric survival model was used 
to estimate and graph the change on the HR of standardised 
birth weight over follow-up time, with 3 degrees of freedom 
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Table 1  Characteristics of the study population

Characteristic* No (%)/mean (SD)
No (%) of endometriosis cases 
(any type)

No (%) of external 
endometriosis cases No (%) of adenomyosis cases

Birth year

 �  1933–1944 545 (16.0) 20 (18.0) 15 (16.5) 5 (20.8)

 �  1945–1949 1034 (30.4) 30 (27.0) 24 (26.4) 8 (33.3)

 �  1950–1954 988 (29.0) 37 (33.3) 32 (35.2) 7 (29.2)

 �  1955–1959 655 (19.2) 21 (18.9) 17 (18.7) 4 (16.7)

 �  1960–1972 184 (5.4) 3 (2.7) 3 (3.3) 0 (0)

Birth weight (kg)

 � <3.0 526 (15.4) 23 (20.7) 19 (20.9) 4 (16.7)

 �  3.0–3.4 1267 (37.2) 49 (44.1) 42 (46.2) 9 (37.5)

 �  3.5–3.9 1201 (35.3) 30 (27.0) 25 (27.5) 7 (29.2)

 � ≥4.0 412 (12.1) 9 (8.1) 5 (5.5) 4 (16.7)

Gestational age (weeks)

 � <37 171 (5.3) 5 (4.8) 4 (4.7) 1 (4.8)

 �  37–41 2625 (81.1) 85 (81.7) 70 (82.4) 16 (76.2)

 � ≥42 441 (13.6) 14 (13.5) 11 (12.9) 4 (19.1)

Mother’s age (years)

 � <20 290 (8.5) 12 (10.8) 9 (9.9) 3 (12.5)

 �  20–34 2855 (84.0) 91 (82.0) 75 (82.4) 20 (83.3)

 � ≥35 253 (7.5) 8 (7.2) 7 (7.7) 1 (4.2)

Father’s age (years)

 � <25 765 (22.9) 32 (28.8) 23 (25.3) 10 (41.7)

 �  25–35 1615 (48.4) 56 (50.5) 51 (56.0) 7 (29.2)

 � ≥36 956 (28.7) 23 (20.7) 17 (18.7) 7 (29.2)

Family SEP

 �  High 1279 (37.6) 45 (40.5) 34 (37.4) 12 (50.0)

 �  Intermediate 825 (24.3) 31 (27.9) 27 (29.7) 5 (20.8)

 �  Low 1298 (38.2) 35 (31.5) 30 (33.0) 7 (29.2)

Endometriosis in mother

 �  No 3362 (98.9) 107 (96.4) 87 (95.6) 24 (100)

 �  Yes 36 (1.1) 4 (3.6) 4 (4.4) 0 (0)

Adult education

 �  Elementary 738 (21.9) 22 (19.8) 16 (17.6) 6 (25.0)

 �  Shorter secondary 1289 (38.2) 46 (41.4) 36 (39.6) 12 (50.0)

 �  Longer secondary 844 (25.0) 27 (24.3) 24 (26.4) 5 (20.8)

 �  Tertiary 506 (15.0) 16 (14.4) 15 (16.5) 1 (4.2)

Adult standardised income, fourths

 �  First (lowest) 839 (25.0) 20 (18.0) 17 (18.7) 3 (12.5)

 �  Second 840 (25.0) 28 (25.2) 24 (26.4) 5 (20.8)

 �  Third 840 (25.0) 33 (29.7) 25 (27.5) 10 (41.7)

 �  Fourth (highest) 830 (25.0) 30 (27.0) 25 (27.5) 6 (25.0)

Number of live births†

 �  0 468 (13.7) 47 (42.3) 45 (49.5) 2 (8.3)

 �  1 497 (14.6) 21 (18.9) 19 (20.9) 3 (12.05)

 �  ≥2 2441 (71.7) 43 (38.7) 27 (29.7) 19 (79.2)

Infertility†

 �  No 3272 (96.1) 96 (86.5) 77 (84.6) 23 (95.8)

 �  Yes 134 (3.9) 15 (13.5) 14 (15.4) 1 (4.2)

 � Age at first birth‡ (years) 24.1 (5.1) – – – 

 � Age at last birth‡ (years) 29.3 (5.5) – – – 

*All correlation coefficients between study covariates were ≤0.7, most of them were <0.2.
†Prior to the specific endometriosis diagnosis.
‡Available for a subset of parous women (n=2956).
SEP, socioeconomic position.
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Figure 1  Among 3406 Swedish women aged 15–50 years in 1968–2008, incidence rate of first diagnosis of endometriosis: (A) any type (n=111), 
(B) external endometriosis (n=91) and (C) uterine adenomyosis (n=24). 

to model the baseline hazard and 1 degree of freedom  to the 
time-dependent HR.27

Sensitivity analyses
First, to quantify the impact of any potential unmeasured 
confounding on the main association between standardised birth 
weight and endometriosis, we performed the E-value analysis for 
the total effect proposed by VanderWeele and Ding.28 Second, 
the main analyses were repeated among women who can be 
followed from the age of 15 (n=1155). Third, we repeated the 
main analyses restricting to cases identified in inpatient register. 
Finally, we excluded women who had a hysterectomy before the 
start of the follow-up (n=1), identified through the Swedish 
Classification of Operations and Major Procedures (diagnostic 
codes: 7210, 7211, 7261, 7262, 7467, LCD00-04, LCC10, 
LCD10, LCD11, LEF13),29 and additional censored women at 
event of hysterectomy from the follow-up. We did not include 
this in the main analysis due to the common diagnostic delay and 
potential incomplete removal of endometrial tissue,3 30 31 which 
cannot guarantee a woman has zero risk of being diagnosed 
with endometriosis even after the removal of uterus. STATA 
version15 (StataCorp) was used to perform the analyses.

Results
Among 3406 women aged 15–50 years during the follow-up 
years 1968–2008, rate of endometriosis was 1.08 per 1000 
woman-years. Incidence of endometriosis was higher around 
ages 25–30 and ages 40–50 (n=111; figure 1A). Similar trend 
was detected for external endometriosis (n=91; figure 1B). Inci-
dence of adenomyosis increased gradually from age 35 years 
(n=24; figure 1C). Among all cases, 95% were from inpatient 
register (n=105), the rest were from outpatient register including 
hospital day-surgery (n=6, from 1997 onwards).

Birth characteristics
The HRs for endometriosis and its subtypes by explanatory 
variables can be found in table 2. Standardised birth weight was 
inversely associated with the incidence of endometriosis. Specif-
ically, rate of endometriosis was 35% higher per standard devi-
ation decrease in standardised birth weight. The effect was 
attenuated when onset of the disease occurred during later stage 
of the reproductive life (figure  2). Standardised birth weight 
showed stronger and proportional association with external 
endometriosis, but not with adenomyosis. The results obtained 
from analyses that used four categories of birth weight: <3.0 kg, 
3.0–3.4 kg, 3.5–3.9 kg and ≥4.0 kg with adjustment for gesta-
tional age and birth year were also consistent with a linear nega-
tive association between size at birth and risk of endometriosis 

(online  supplementary table 1). None of our three outcomes 
were associated with women’s length of gestation.

E-value calculations indicated that an unmeasured confounder 
associated with both the standardised birth weight and endome-
triosis (or external endometriosis) by a HR of 2.04 (or 2.24), 
respectively, could explain away the observed estimates; simi-
larly, an unmeasured confounder associated with the main expo-
sure and endometriosis (or external endometriosis) by a HR of 
1.37 (or 1.51), respectively, could move the confidence interval  
to include the null, but weaker confounding could not.

Perinatal factors
Neither mother’s age nor family SEP were associated with the 
incidence of either endometriosis or its subtypes. However, we 
found that women with older fathers had lower incidence of 
endometriosis. Endometriosis in mother was associated with 
increased incidence of endometriosis in the daughter. These 
observed associations were stronger when examined with 
external endometriosis and were not seen for adenomyosis.

Adult factors
We found no associations of adult education or income with 
endometriosis. Number of live births prior to endometriosis 
diagnosis showed a negative dose–response association with 
endometriosis, similar but stronger association was found 
for external endometriosis. We did not detect this association 
for adenomyosis. Nevertheless, mediation analysis suggested 
that the inverse associations of standardised birth weight with 
endometriosis could not be explained by the number of births 
(online  supplementary table 2). Prior infertility problem was 
strongly associated with increased incidence of external endo-
metriosis, but not with adenomyosis. Women’s ages at first or 
last birth was neither associated with endometriosis nor adeno-
myosis in analyses on parous women (results not shown).

In the sensitivity analyses restricted to women who can be 
followed from the age of 15, or to the cases identified in inpa-
tient register, the results showed similar and somewhat stronger 
associations as compared with our main findings. Additional 
censoring for hysterectomy did not make any change on the 
main findings (results not shown).

Discussion
Main findings
We found that women born with lower birth weight relative to 
gestational age were at increased risk of endometriosis, particu-
larly external endometriosis. The incidence of endometriosis was 
also higher among women with fewer children and those with an 
infertility history prior to endometriosis diagnosis. However, the 
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Table 2  Multivariable Cox regression analyses of endometriosis and its two subtypes among Swedish women aged 15–50 years in 1968–2008 
(n=3406)

Explanatory variable

Endometriosis (any type, n=111)

P 
value for 
trend*

External endometriosis (n=91)

P 
value for 
trend*

Uterine adenomyosis 
(n=24)

P 
value for 
trend*

Minimally adjusted† Further adjusted Minimally adjusted† Further adjusted Minimally adjusted†

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Birth characteristics‡

 � Standardised birth weight(SD 
decrease)§

1.37 (1.10 to 1.69) 1.35 (1.08 to 1.67) – 1.46 (1.15 to 1.86) 1.44 (1.13 to 1.84) – 1.00 (0.66 to 1.52) – 

 � Gestational age(additional 
week)

1.01 (0.92 to 1.12) 1.02 (0.92 to 1.13) – 1.03 (0.92 to 1.14) 1.03 (0.93 to 1.14) – 1.01 (0.77 to 1.33) – 

Perinatal factors¶

 � Mother’s age (years) 0.98 (0.94 to 1.02) 1.02 (0.97 to 1.08) – 0.98 (0.93 to 1.03) 1.03 (0.97 to 1.09) – 1.00 (0.92 to 1.10) – 

 � Father’s age (years) 0.94 (0.91 to 0.98) 0.93 (0.89 to 0.98) – 0.94 (0.90 to 0.98) 0.92 (0.88 to 0.97) – 0.98 (0.89 to 1.08) – 

 � Family SEP

 � �   Low 1.00 (ref) 1.00 (ref) 0.32 1.00 (ref) 1.00 (ref) 0.72 1.00 (ref) 0.25

 � �   Intermediate 1.39 (0.86 to 2.25) 1.44 (0.89 to 2.34) 1.43 (0.85 to 2.38) 1.49 (0.89 to 2.49) 1.07 (0.34 to 3.38)

 � �   High 1.31 (0.84 to 2.04) 1.25 (0.80 to 1.96) 1.15 (0.71 to 1.88) 1.10 (0.67 to 1.79) 1.73 (0.68 to 4.38)

 � Endometriosis in mother

 � �   No 1.00 1.00 – 1.00 1.00 – – – 

 � �   Yes 3.66 (1.35 to 9.93) 3.16 (1.15 to 8.68) 4.44 (1.65 to 11.98) 3.85 (1.40 to 10.61) – 

Adult factors**

 � Adult education

 � �   Elementary 1.00 1.00 0.83 1.00 1.00 0.23 1.00 0.13

 � �   Shorter secondary 1.22 (0.72 to 2.05) 1.18 (0.68 to 2.05) 1.28 (0.70 to 2.35) 1.27 (0.67 to 2.42) 1.28 (0.48 to 3.39)

 � �   Longer secondary 1.11 (0.62 to 1.98) 1.13 (0.61 to 2.11) 1.32 (0.68 to 2.55) 1.45 (0.72 to 2.95) 0.86 (0.27 to 2.75)

 � �   Tertiary 1.08 (0.56 to 2.10) 1.11 (0.56 to 2.20) 1.36 (0.65 to 2.83) 1.54 (0.72 to 3.28) 0.28 (0.03 to 2.25)

 � Adult income, SD 1.23 (0.93 to 1.62) 0.95 (0.65 to 1.41) – 1.19 (0.86 to 1.64) 0.82 (0.52 to 1.28) – 1.35 (0.86 to 2.11) – 

 � Number of live births

 � �   ≥2 1.00 1.00 <0.001 1.00 1.00 <0.001 1.00 0.54

 � �   1 2.47 (1.47 to 4.16) 2.38 (1.40 to 4.07) 3.55 (1.98 to 6.36) 3.55 (1.95 to 6.47) 0.80 (0.24 to 2.69)

 � �   0 6.80 (4.48 to 10.31) 6.09 (3.88 to 9.57) 10.18 (6.33 to 16.37) 9.27 (5.55 to 15.48) 0.67 (0.16 to 2.86)

 � Infertility

 � �   No 1.00 1.00 – 1.00 1.00 – 1.00  – 

 � �   Yes 3.99 (2.33 to 6.84) 2.00 (1.10 to 3.61) 4.59 (2.61 to 8.08) 1.99 (1.07 to 3.72) 0.99 (0.13 to 7.45)

*Wald test of trend.
†Minimally adjusted models adjusted for women’s birth year, plus standardised birth weight and gestational age were mutually adjusted.
‡Further adjusted models for birth characteristics additionally adjusted for perinatal factors.
§Change per SD decrease.
¶Further adjusted models for perinatal factors were additionally adjusted for other perinatal factors.
**Further adjusted models for adult factors were additionally adjusted for all predictors in the column.
SEP, socioeconomic position.

adverse effect of impaired growth in prenatal life did not appear 
to be mediated by number of live births of the women.

Comparison with previous studies
Our findings suggest that endometriosis, and particularly 
external endometriosis, has a developmental origin, that is, 
lower birth weight for gestational age was associated with the 
risk of endometriosis. This finding is consistent with previous 
studies13 16 and gives support to the fetal origins theory 
regarding endometriosis. Slow fetal growth rate can be seen as 
an indicator of adverse intrauterine environment.32 Due to the 
developmental plasticity,33 conditions during the critical period 
of life may alter the development of tissues, hormone secretion 
or tissue hormone sensitivity in later life.11 Given that endome-
triosis is an oestrogen-dependent disease,34 it is possible that 
variation in ovarian steroid production during the reproductive 
period is the long-term result of the alterations in fetal endocrine 
status or subsequent hormonal milieu. Nevertheless, a previous 
cohort study suggested that, in contrast to its oestrogen-depen-
dent pathophysiology, endometriosis is more prevalent among 

women who have lower body mass index in adolescence and 
young adulthood.35 Our study suggests that this finding could be 
explained by the fetal origins of endometriosis, in that slow fetal 
growth might partly confound the observed association between 
risk of endometriosis and lower body mass index.

In addition, the inverse association between birth weight 
and endometriosis persisted after adjustment for the perinatal 
factors, particularly endometriosis in the mother. This is an indi-
cation that the association is independent from genetic factors. 
However, we may not have complete information on maternal 
endometriosis, since we only followed them from 1968, any 
cases before that would not be captured. Thus, future study 
with available information and more power should consider 
exploring residual familial confounding, potentially through 
sibling design. Nevertheless, the E-value analysis suggests that 
any such confounding has to be substantial to explain away the 
observed association.

Intriguingly, we found that higher father’s age was associ-
ated with lower incidence of endometriosis in the adult female 
offspring. However, our data indicate that it is unlikely that 



358 Gao M, et al. J Epidemiol Community Health 2019;73:353–359. doi:10.1136/jech-2018-211811

Research report

Figure 2  Adjusted HR between 75th and 25th percentiles of 
standardised birth weight on rate of endometriosis (any type) by age 
(n=3219). Note: Time-dependent adjusted HR was estimated from the 
flexible parametric survival model, with adjustment for gestational age 
and birth year. Grey area shows the 95% CI. The analysis restricted to 
women with complete data on birth characteristics.

What is already known on this subject

►► Birth characteristics have been demonstrated to predict a 
wide range of adult chronic diseases (‘developmental origins’ 
theory).

►► The developmental origins’ evidence with respect to 
endometriosis is inconsistent and debatable due to some 
limitations including potential misclassification of the 
disease, self-reported birth weight and unclear timing of 
onset or diagnosis of the disease.

What this study adds

►► Among Swedish women of reproductive age, we found that 
slow fetal growth and adult factors, such as fewer liveborn 
children and prior infertility problems, were associated 
with higher risk of endometriosis, particularly external 
endometriosis.

►► This study supports the developmental origins theory and 
suggests that exposure to growth restriction in fetal life is 
associated with the risk of endometriosis during reproductive 
years.

►► The potential earlier life predictors are likely to be different 
for developing ectopic endometrial mucosa within the uterus 
as compared to outside the uterus.

the association could be explained by the size at birth of the 
offspring, the mechanisms underlying need further research. 
The relationships between socioeconomic factors and the risk of 
endometriosis are inconsistent across previous studies.36 37 Also 
in this study, we did not find any association with socioeconomic 
factors.

In line with prior studies, we observed an inverse association 
between number of births and endometriosis.19 36 38 The mech-
anism can be explained by the menstrual reflux theory: during 
menstrual period some fallen endometrial fragments could 
retrograde through the fallopian tubes and be implanted in the 
peritoneal cavity resulting in ectopic uterine mucosa.3 39 As such, 
women with fewer live births are at excess risk of menstrual 
reflux and subsequent external endometriosis due to their more 
frequent exposure to menstruation compared with multiparous 
women.37 Additionally, the high progestin or prolactin levels 
during or after pregnancy could inhibit the progress of endo-
metriosis by interrupting the regular production of oestrogen 
levels.37

However, this finding should be interpreted with caution since 
reverse causality cannot be completely ruled out. Although we 
only counted number of births prior to diagnosis of endome-
triosis, it is still possible that the woman could already have the 
disease prior to diagnosis. Additionally, since infertility is one 
of the consequences of endometriosis, the temporal sequence 
between these factors is difficult to determine. Importantly, 
while the observed associations indicate that women with fewer 
children and a history of infertility are in the high risk group 
of suffering endometriosis. In our data, there is no evidence 
suggesting that these reproductive factors are the mechanism 
underlying the developmental origins of endometriosis.

We did not find any association between early life factors and 
adenomyosis. Adenomyosis is more common among women who 
have had multiple pregnancies.19 40 One possible explanation is 
that parous women are at increased risk of developing adenomy-
osis through more frequent exposure to uterine trauma. We could 
not assess this since the number of adenomyosis cases was small. 
To date, most epidemiological studies on this topic14 41–43 have 
failed to acknowledge the special condition of adenomyosis, and 
we suggest that future studies should separate adenomyosis from 

external endometriosis, since the potential predictors might be 
different for these two subtypes.

Strengths and limitations
The strengths of this study include the prospectively collected 
perinatal and adult characteristics, the separate investigations 
on external endometriosis and uterine adenomyosis and the use 
of inpatient data with high diagnostic accuracy. Through these, 
recall and misclassification biases can be minimised. However, 
our registered-based identification of the diseases might limit 
the generalisability of the study to less severe cases. Although 
some cases from outpatient register were included, these were 
few due to low coverage. We thus assume that there might be 
undiagnosed cases, since women with the disease can be asymp-
tomatic. This is a common and unsolved issue with endometri-
osis research, because population-based screening for women to 
laparoscopy test is unrealistic.44 Another limitation is the lack 
of assessment of other factors that could explain the inverse 
association between growth rate in fetal life and risk of external 
endometriosis in adulthood, such as woman’s adult body mass 
index or hormone levels. Further research into the underlying 
mechanism, including maternal smoking during pregnancy will 
also help to understand the association.

Conclusion
Among Swedish women of reproductive age, we found that slow 
fetal growth and adult factors, such as fewer liveborn children 
and prior infertility problems, were associated with higher risk 
of endometriosis, particularly external endometriosis. Our study 
supports the developmental origins hypothesis of endometriosis, 
but the specific mechanisms underlying the association require 
further investigation. The increased risk from  adverse birth 
and adult factors seem to be limited to external endometriosis, 
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and further research should distinguish the different types of 
endometriosis.

Acknowledgements  We thank Arijeta Makolli for data collection and data entry, 
Dr Anna Goodman (London School of Hygiene and Tropical Medicine & Stockholm 
University) for assistance in data management and advice on study design, 
Professor Bianca L De Stavola (University College London) and Dr Hannah Bower 
(Karolinska Institutet) for advice on statistical methods, as well as Dr Sujata Lalit 
Kumar (Karolinska University Hospital) for comments on an earlier version of this 
manuscript. 

Contributors  MG, PA and IK were involved in conception and design of the 
study. MG conducted the literature search and data analysis. MG, PA, GDM and 
IK interpreted the data and MG drafted the manuscript. All authors revised the 
manuscript critically for important intellectual content and gave final approval of the 
version to be published.

Funding  This study was supported by grants from the European Union’s Horizon 
2020 research and innovation programme under grant agreement no 635316 
(ATHLOS project), the Swedish Research Council (project no: 2013-5474), the 
Swedish Research Council for Health, Working Life and Welfare (project no: 2013-
1850 and 2016-7312), the China Scholarship Council (no: 201600160078) (MG) 
and the Australian NHMRC Principal Research Fellowship (no: APP1121844) (GDM). 

Competing interests  None declared.

Patient consent  Not required.

Ethics approval  This study was approved by the Regional Ethics Committee in 
Stockholm, Sweden (dnrs: 03-117, 04-944T, 2009/1115-32, 2009/1830-32 and 
2014/2058-31/5). 

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

References
	 1	 Hickey M, Ballard K, Farquhar C. Endometriosis. BMJ 2014;348:g1752.
	 2	 Vercellini P, Viganò P, Somigliana E, et al. Endometriosis: pathogenesis and treatment. 

Nat Rev Endocrinol 2014;10:261–75.
	 3	 Giudice LC, Kao LC. Endometriosis. The Lancet 2004;364:1789–99.
	 4	 Struble J, Reid S, Bedaiwy MA. Adenomyosis: A Clinical Review of a Challenging 

Gynecologic Condition. J Minim Invasive Gynecol 2016;23:164–85.
	 5	 Morassutto C, Monasta L, Ricci G, et al. Incidence and Estimated Prevalence of 

Endometriosis and Adenomyosis in Northeast Italy: A Data Linkage Study. PLoS One 
2016;11:e0154227.

	 6	 Gylfason JT, Kristjansson KA, Sverrisdottir G, et al. Pelvic endometriosis diagnosed in 
an entire nation over 20 years. Am J Epidemiol 2010;172:237–43.

	 7	 Treloar SA, O’Connor DT, O’Connor VM, et al. Genetic influences on endometriosis in 
an Australian twin sample. ​sueT@​qimr.​edu.​au. Fertil Steril 1999;71:701–10.

	 8	 Montgomery GW, Nyholt DR, Zhao ZZ, et al. The search for genes contributing to 
endometriosis risk. Hum Reprod Update 2008;14:447–57.

	 9	 Guo SW. Epigenetics of endometriosis. Mol Hum Reprod 2009;15:587–607.
	10	 Barker DJ, Eriksson JG, Forsén T, et al. Fetal origins of adult disease: strength of effects 

and biological basis. Int J Epidemiol 2002;31:1235–9.
	11	 Godfrey KM, Barker DJ. Fetal programming and adult health. Public Health Nutr 

2001;4:611–24.
	12	 Barker D. Fetal and infant origins of adult disease. London: BMJ Books, 1992.
	13	 Borghese B, Sibiude J, Santulli P, et al. Low birth weight is strongly associated with the 

risk of deep infiltrating endometriosis: results of a 743 case-control study. PLoS One 
2015;10:e0117387.

	14	 Upson K, Sathyanarayana S, Scholes D, et al. Early-life factors and endometriosis risk. 
Fertil Steril 2015;104:964–71.

	15	 Wolff EF, Sun L, Hediger ML, et al. In utero exposures and endometriosis: the 
Endometriosis, Natural History, Disease, Outcome (ENDO) Study. Fertil Steril 
2013;99:790–5.

	16	 Missmer SA, Hankinson SE, Spiegelman D, et al. In utero exposures and the incidence 
of endometriosis. Fertil Steril 2004;82:1501–8.

	17	 Somigliana E, Vigano P, Abbiati A, et al. Perinatal environment and endometriosis. 
Gynecol Obstet Invest 2011;72:135–40.

	18	 Benagiano G, Habiba M, Brosens I. The pathophysiology of uterine adenomyosis: an 
update. Fertil Steril 2012;98:572–9.

	19	 Templeman C, Marshall SF, Ursin G, et al. Adenomyosis and endometriosis in the 
California Teachers Study. Fertil Steril 2008;90:415–24.

	20	 Koupil I. The Uppsala studies on developmental origins of health and disease. J Intern 
Med 2007;261:426–36.

	21	 Sweden S. Meddelanden i samordningsfrågor [Report on co-ordination issues]. 
Stockholm: Statistics Sweden, 1989;5.

	22	 Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the 
Swedish national inpatient register. BMC Public Health 2011;11:450.

	23	 Forsberg L, Rydh H, Jacobsson A, et al. Kvalitet och innehåll i patientregistret. 
Utskrivningar från slutenvården 2007;1964:1997–2007.

	24	 White IR, Royston P. Imputing missing covariate values for the cox model. Stat Med 
2009;28:1982–98.

	25	 Royston P, Sauerbrei W. Multivariable modeling with cubic regression splines: A 
principled approach. Stata J 2007;7:45–70.

	26	 Daniel RM, De Stavola BL, Cousens SN. Gformula: Estimating causal effects in the 
presence of time-varying confounding or mediation using the g-computation formula. 
Stata J 2011;11:479–517.

	27	 Lambert PC, Royston P. Further development of flexible parametric models for survival 
analysis. Stata J 2009;9:265–90.

	28	 VanderWeele TJ, Ding P. Sensitivity analysis in observational research: Introducing the 
e-value. Ann Intern Med 2017;167:268–74.

	29	 Ingelsson E, Lundholm C, Johansson AL, et al. Hysterectomy and risk of cardiovascular 
disease: a population-based cohort study. Eur Heart J 2011;32:745–50.

	30	 Kuznetsov L, Dworzynski K, Davies M, et al. Diagnosis and management of 
endometriosis: summary of NICE guidance. BMJ 2017;358:j3935.

	31	 Rizk B, Fischer AS, Lotfy HA, et al. Recurrence of endometriosis after hysterectomy. 
Facts Views Vis Obgyn 2014;6:219–27.

	32	 Alexander BT, Henry Dasinger J, Intapad S. Effect of low birth weight on women’s 
health. Clin Ther 2014;36:1913–23.

	33	 Michels KB. Developmental plasticity: Friend or foe? Evol Med Public Health 
2017;2017:183–4.

	34	 Bulun SE. Mechanisms of disease endometriosis. New Engl J Med 2009;360:268–79.
	35	 Hediger ML, Hartnett HJ, Louis GM. Association of endometriosis with body size and 

figure. Fertil Steril 2005;84:1366–74.
	36	 Peterson CM, Johnstone EB, Hammoud AO, et al. Risk factors associated with 

endometriosis: importance of study population for characterizing disease in the ENDO 
Study. Am J Obstet Gynecol 2013;208:451.e1–451.e11.

	37	 Parazzini F, Esposito G, Tozzi L, et al. Epidemiology of endometriosis and its 
comorbidities. Eur J Obstet Gynecol Reprod Biol 2017;209:3–7.

	38	 Hemmings R, Rivard M, Olive DL, et al. Evaluation of risk factors associated with 
endometriosis. Fertil Steril 2004;81:1513–21.

	39	 Vercellini P, Abbiati A, Viganò P, et al. Asymmetry in distribution of diaphragmatic 
endometriotic lesions: evidence in favour of the menstrual reflux theory. Hum Reprod 
2007;22:2359–67.

	40	 Parazzini F, Vercellini P, Panazza S, et al. Risk factors for adenomyosis. Hum Reprod 
1997;12:1275–9.

	41	 Leibson CL, Good AE, Hass SL, et al. Incidence and characterization of 
diagnosed endometriosis in a geographically defined population. Fertil Steril 
2004;82:314–21.

	42	 Eggert J, Li X, Sundquist K. Country of birth and hospitalization for pelvic 
inflammatory disease, ectopic pregnancy, endometriosis, and infertility: a nationwide 
study of 2 million women in Sweden. Fertil Steril 2008;90:1019–25.

	43	 Stephansson O, Kieler H, Granath F, et al. Endometriosis, assisted reproduction 
technology, and risk of adverse pregnancy outcome. Hum Reprod 2009;24:2341–7.

	44	 Sangi-Haghpeykar H, Poindexter AN. Epidemiology of endometriosis among parous 
women. Obstet Gynecol 1995;85:983–92.

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/bmj.g1752
http://dx.doi.org/10.1038/nrendo.2013.255
http://dx.doi.org/10.1016/S0140-6736(04)17403-5
http://dx.doi.org/10.1016/j.jmig.2015.09.018
http://dx.doi.org/10.1371/journal.pone.0154227
http://dx.doi.org/10.1093/aje/kwq143
http://dx.doi.org/10.1016/S0015-0282(98)00540-8
http://dx.doi.org/10.1093/humupd/dmn016
http://dx.doi.org/10.1093/molehr/gap064
http://dx.doi.org/10.1093/ije/31.6.1235
http://dx.doi.org/10.1079/PHN2001145
http://dx.doi.org/10.1371/journal.pone.0117387
http://dx.doi.org/10.1016/j.fertnstert.2015.06.040
http://dx.doi.org/10.1016/j.fertnstert.2012.11.013
http://dx.doi.org/10.1016/j.fertnstert.2004.04.065
http://dx.doi.org/10.1159/000323531
http://dx.doi.org/10.1016/j.fertnstert.2012.06.044
http://dx.doi.org/10.1016/j.fertnstert.2007.06.027
http://dx.doi.org/10.1111/j.1365-2796.2007.01799.x
http://dx.doi.org/10.1111/j.1365-2796.2007.01799.x
http://dx.doi.org/10.1186/1471-2458-11-450
http://dx.doi.org/10.1002/sim.3618
http://dx.doi.org/10.1177/1536867X0700700103
http://dx.doi.org/10.1177/1536867X1101100401
http://dx.doi.org/10.1177/1536867X0900900206
http://dx.doi.org/10.7326/M16-2607
http://dx.doi.org/10.1093/eurheartj/ehq477
http://dx.doi.org/10.1136/bmj.j3935
http://www.ncbi.nlm.nih.gov/pubmed/25593697
http://dx.doi.org/10.1016/j.clinthera.2014.06.026
http://dx.doi.org/10.1093/emph/eox022
http://dx.doi.org/10.1016/j.fertnstert.2005.05.029
http://dx.doi.org/10.1016/j.ajog.2013.02.040
http://dx.doi.org/10.1016/j.ejogrb.2016.04.021
http://dx.doi.org/10.1016/j.fertnstert.2003.10.038
http://dx.doi.org/10.1093/humrep/dem224
http://dx.doi.org/10.1093/humrep/12.6.1275
http://dx.doi.org/10.1016/j.fertnstert.2004.01.037
http://dx.doi.org/10.1016/j.fertnstert.2007.07.1345
http://dx.doi.org/10.1093/humrep/dep186
http://dx.doi.org/10.1016/0029-7844(95)00074-2

	Developmental origins of endometriosis: a Swedish cohort study
	Abstract
	Introduction
	Methods
	Study population
	Explanatory variables
	Endometriosis outcomes
	Statistical analysis
	Sensitivity analyses

	Results
	Birth characteristics
	Perinatal factors
	Adult factors

	Discussion
	Main findings
	Comparison with previous studies
	Strengths and limitations

	Conclusion
	References


