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Abstract

Background Despite surgical and pharmacological interventions, endometriosis can recur. Reliable information
regarding risk of recurrence following a first diagnosis is scant. The aim of this study was to examine clinical and sur-
vey data in the setting of disease recurrence to identify predictors of risk of endometriosis recurrence.

Methods This observational study reviewed data from 794 patients having surgery for pelvic pain or endometrio-
sis. Patients were stratified into two analytic groups based on self-reported or surgically confirmed recurrent endo-
metriosis. Statistical analyses included univariate, followed by multivariate logistic regression to identify risk factors
of recurrence, with least absolute shrinkage and selection operator (Lasso) regularisation. Risk-calibrated Supersparse
Linear Integer Models (RiskSLIM) and survival analyses (with Lasso) were undertaken to identify predictive features
of recurrence.

Results Several significant features were repeatedly identified in association with recurrence, including adhesions,
high rASRM score, deep disease, bowel lesions, adenomyosis, emergency room attendance for pelvic pain, younger
age at menarche, higher gravidity, high blood pressure and older age. In the surgically confirmed group, with a score
of 5, the RiskSLIM method was able to predict the risk of recurrence (compared to a single diagnosis) at 95.3%

and included adenomyosis and adhesions in the model. Survival analysis further highlighted bowel lesions, adhesions
and adenomyosis.

Conclusions Following an initial diagnosis of endometriosis, clinical decision-making regarding disease manage-
ment should take into consideration the presence of bowel lesions, adhesions and adenomyosis, which increase
the risk of endometriosis recurrence.
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Background

The symptoms and appearance of endometriosis are
heterogeneous. Furthermore, the clinical manifesta-
tion and responsiveness to treatments can change over
time in individuals. This means there is no ‘one shoe fits
all' approach to managing and treating endometriosis,
and in the absence of a failsafe cure, endometriosis dis-
ease recurrence is common (6-67%) [1-4]. Some previ-
ously reported risk factors for endometriosis recurrence
include severe or deep disease, younger age and con-
servative surgery with conservation of the ovaries and
uterus [2]. Apprehension regarding recurrent disease is
high among patients. “What is the most effective way of
stopping endometriosis progressing and/or spreading
to other organs (eg after surgery)?’ was listed in the top
10 endometriosis research priorities by consumers and
health-care professionals in the UK and Ireland in 2017
[5].

Recurrence of endometriosis in an individual follow-
ing complete surgical excision can be defined as lesion
recurrence on reoperation (with or without histological
confirmation) or on imaging. However, symptom-based
suspected recurrence, not proven by imaging and/or sur-
gery, may also be considered a subtype of recurrent dis-
ease [6, 7]. With such broad definitions encapsulating
recurrent endometriosis, it is not surprising the reported
range of disease recurrence is so wide. Some limitations
that prevent findings from being replicated include fail-
ure to report the duration of follow-up (or short follow-
up periods), examination of specific lesions types, for
example, endometrioma or deep lesions only, and failure
to report if excision was complete, thus bringing into
question the possibility of residual, rather than recurrent
disease [8]. Hence, the determinants for recurrence have
not been established and the true prevalence of endome-
triosis recurrence remains unknown.

To improve long-term health outcomes for patients
with endometriosis, it is important that we increase our
understanding of why endometriosis lesions return in
some individuals and learn which risk factors contribute
to the probability of the disease recurrence. The aim of
this study was to identify factors that are associated with
increased risk for recurrent disease, specifically lesions
returning, and to help predict probable risk of endome-
triosis recurrence.

Methods

Study design and participants

This observational study was performed as a secondary
analysis of a prospective study (titled ‘Cellular, Molecular
and Genetic Mechanisms of Endometriosis’), was per-
formed according to the STROBE statement [9] and was
conducted with the consent of patients who were having
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laparoscopic surgery between May 2012 and March 2019
at a tertiary university-affiliated referral centre (Royal
Women’s Hospital [RWH], Melbourne, Australia). In
this paper, the index surgery was considered to be the
surgery for which recruitment into the study occurred.
The study was approved by the Royal Women’s Hospi-
tal Human Research Ethics Committee (Project #10-
43, #11-24 and #16-43), which operates in accordance
with the National Health and Medical Research Council
(NHMRC) National Statement on Ethical Conduct in
Human Research.

The total number of patients available for inclusion in
this study was n="794. Patients were eligible for recruit-
ment if they were English speaking, aged>18 vyears,
pre-menopausal, not pregnant and were undergoing lap-
aroscopic surgery for investigation of pelvic pain and/or
treatment of endometriosis, usually with hysteroscopy,
dilation and curettage (unless prior hysterectomy) and
cystoscopy. Medical information (including age, blood
pressure [BP] and body mass index [BMI]), surgical
reports, ultrasound reports, revised American Society for
Reproductive Medicine (rASRM) endometriosis scores
[10] and pathology findings were collected. Surgeons also
filled out a study document providing further details on
lesions, including location (recorded as pouch of Doug-
las, uterovesical (UV) fold, bladder, bowel, fallopian tube,
pelvic side wall, pararectal space, uterosacral ligament
or other) and adhesions (presence yes/no). At each sur-
gery, there was at least one surgeon with extensive expe-
rience with laparoscopic treatment of endometriosis. All
surgical reports were independently checked by a senior
specialist laparoscopic surgeon (M.H.). Information col-
lected from ultrasound reports included uterine volume,
uterine position, presence of fibroids (including number
of fibroids and volume of the largest fibroid), ovarian
cysts, polycystic ovaries and adenomyosis (including lin-
ear striations, heterogeneous myometrium and thickened
posterior wall). All collected ultrasound data were over-
seen by a senior ultrasound specialist (D.N.).

Participants completed a pre-surgery questionnaire
covering a range of self-reported gynaecological and
non-gynaecological variables. Gynaecological-related
variables included the following: a prior diagnosis of
endometriosis (prior to this index surgery), family his-
tory of endometriosis, age at menarche and pelvic pain
symptoms (dysmenorrhea, non-cyclical pelvic pain, dys-
pareunia or need to seek emergency room [ER] treatment
because of pain [prior to this index surgery]). Patients
reported pregnancies (gravidity), births (parity), current
hormone contraceptive use at the time of completing the
pre-surgery survey, previous diagnosis of ovarian cysts
and polycystic ovary disease, uterine fibroids, fibrotic
breasts, adenomyosis, pre-cancer of the cervix (or an
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abnormal Papanicolaou test) and prior hysterectomy.
Allergic disorders commonly associated with endometri-
osis [11-13] were also recorded (presence of general food
allergies or intolerances, taste or smell disturbances, hay
fever and eczema). Patients were also asked to provide
tobacco smoking status (current, past or never).

Patients were stratified into two analytic groups based
on self-reported or surgically recorded recurrent endo-
metriosis (Fig. 1):

+ Self-reported analysis

Patients who received a positive, pathology-confirmed,
endometriosis diagnosis at the referral centre (RWH)
were classified as having a single endometriosis diag-
nosis or recurrent endometriosis based on their survey
response to ‘Have you ever been diagnosed with endo-
metriosis? (Yes=recurrent endometriosis; n=221 or
No=single diagnosis of endometriosis; #=302). Those
classified as a single diagnosis were further screened
using hospital records, if they were found to have a diag-
nosis of endometriosis following a different surgery they
were removed (final number; n=282). Those without any
record of surgically or pathology-confirmed endometrio-
sis were classified as non-endometriosis controls (records
were also screened for evidence of endometriosis from
other laparoscopic surgeries) (n=188).
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+ Surgically confirmed recurrence analysis

The hospital surgical records (RWH) of all participants
were screened to identify if participants had undergone
more than one surgery for endometriosis. For each
potential case of recurrent endometriosis, the surgical
reports were vigorously examined to identify presence
and location of any residual disease at the surgery. As
no standardised format for recording untreated disease
exists in the surgical report format, complete text review
was undertaken of the reports (by T.M.). In the event of
known residual disease (disease recorded as left behind
or an abandoned surgery), recurrence was only assigned
if there was evidence that lesions had developed de novo
in the successive surgery (for example, in a new location
to that recorded in the previous report). Patients with
only evidence of residual disease were not included in the
recurrent endometriosis group. Recurrent endometrio-
sis, record of two or more surgeries where endometriosis
was visualised, was reported in n=94. There were n =288
participants grouped as having a single diagnosis of
endometriosis (one endometriosis positive surgery only
and no self-report of a previous endometriosis diagno-
sis), and #=188 non-endometriosis controls. Note that
non-endometriosis control and single diagnosis groups
may have undergone more than one laparoscopy, but an
endometriosis diagnosis was not confirmed (control),

Index surgery = patients were recruited if they were undergoing surgery for investigation of pelvic pain and /
or treatment of endometriosis (2012-2019) at the RWH, Melbourne (n=794)*

| SELF-REPORTED ANALYSIS

SURGICALLY CONFIRMED ANALYSIS |

!

!

‘ Endometriosis, pathology confirmed

/\

RWH surgical records screened to identify if
participants had =22 endometriosis surgeries

| No | ‘ Yes

|

Pre-surgical survey response to
“Have you ever been diagnosed
with endometriosis?”

‘ No

|

Single
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/\
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Fig. 1 Flow chart illustrating the selection of participants in each analytic cohort. *There were n=794 patients for inclusion in this study. Each
analytic cohort was conducted independently; self-reported analysis or surgically confirmed analysis, and subjects crossed over into both cohorts
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was only positive on one occasion (single diagnosis) or
was ruled out as being de novo growth (residual disease).

Data from available ultrasound reports and positive
or negative cervical intraepithelial neoplasia (CIN) find-
ings on Papanicolaou test pathology screens were paired
to the closest surgical date. Ultrasound and CIN findings
were only available for participants who had these proce-
dures undertaken at RWH.

Statistical analysis

Analysis was undertaken using the R programming lan-
guage [14]. For both analyses, groups were first analysed
using univariate logistic regression for each variable
separately. Numerical variables were presented as means
and range, and binary and categorical variables were pre-
sented as # numbers and percentages, and as odds ratios
(OR) with 95% confidence intervals (CI) with significance
denoted by p values < 0.05. For both analyses, a multivari-
ate logistic regression with least absolute shrinkage and
selection operator (Lasso) regularisation was performed
using the glmnet R package [15, 16], with test perfor-
mance reported using receiver operating characteristic
(ROCQ), sensitivity and specificity for each analysis. Vari-
ables with >5% missing data were not included and vari-
ables with <5% missing values were imputed with either
the median value for numeric variables or most frequent
value for non-numeric variables. The purpose of the mul-
tivariate Lasso model was to guide feature selection for
a prediction model. Lasso analysis limits the number of
selected prognostic features remaining in a model by
penalising the absolute values of coefficients, resulting in
shrinking some coefficients to zero.

Ultrasound data was included in the surgically con-
firmed endometriosis analysis, when available. As smaller
numbers were available, ultrasound data was analysed
independently using univariate regression analysis only,
and a Lasso regression and risk and survival analyses
were not undertaken on these data.

For both analyses, Risk-calibrated Supersparse Linear
Integer Models (RiskSLIM) were employed to create a
simple scoring system associated with the probability of
patients developing recurrent disease [17]. The RiskSLIM
method uses optimisation techniques to find the best
logistic regression model with a limited number of risk
factors [18]. Variables with>5% missing data were not
included and the RiskSLIM model’s maximum number
of factors was limited to 5. Evaluation of the RiskSLIM
was performed by fivefold cross-validation (5-CV), where
data was randomly split into 5 parts, fit using 4 of the 5
folds, and validated on the last fold. This was repeated
5 times to estimate the area under the curve (AUC) and
risk calibration [18].
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For the surgically confirmed endometriosis analysis,
time gap between surgical procedures was used to con-
duct a survival analysis that determined the impact of
variables on the risk of recurrent endometriosis versus
a single diagnosis of endometriosis. Using the survival R
package [19], Cox proportional hazards ratios (HR) (95%
CI) were calculated to measure the effect of the hazard
rate (adjusted p values < 0.05 were considered significant).
Data was also presented as survival curves generated
using the survminer R package [20], and fixed time-
points of 2 and 5 years post index surgery were tabulated
(Kaplan—Meier p values of<0.05 considered significant).
Multivariate Lasso analysis was employed to determine
which combination of variables provided a good model
for prediction.

Role of the funding source

This work was partially supported by National Health
and Medical Research Council (NHMRC) Grants
GNT1105321 and GNT1012245 (PAW.R., G.W.M.,
J.E.G., SJ.H-C.), GNT1026033 (G.W.M.) and NHMRC
Medical Research Future Fund GNT1199715 (P.A.W.R.,
M.H,, S.J.H-C. and J.ED.). G.W.M. was supported by
NHMRC Fellowships GNT1078399 and GNT1177194.
NHMRC played no role in the study design; in the col-
lection, analysis and interpretation of data; in the writing
of the report; or in the decision to submit the paper for
publication.

Results

Table 1 presents the results for the analysis of self-
reported endometriosis recurrence. Tables 2 and 3
present the results for the surgically confirmed endome-
triosis recurrence analysis.

Common features of endometriosis that were associated
with recurrent disease
Several endometriosis-related features were repeat-
edly identified in association with recurrent disease. The
recurrent endometriosis groups had increased odds of
having adhesions visualised at the index surgery com-
pared to the group with a single endometriosis diagnosis,
in both the self-reported (Table 1) and surgically classi-
fied analysis (Table 2) (univariate OR 2.96 [95% CI 2.05—
4.26] and OR 3.17 [1.96-5.14], both p values<0.001).
Adhesions detected at ultrasound prior to the index sur-
gery were also significantly associated with recurrent dis-
ease compared to the single diagnosis group (univariate
OR 5.19 [1.91-14.13], p value 0.001) and controls (uni-
variate OR 19.81 [2.54—154.74], p value 0.004) (Table 3).
Higher rASRM scores were associated with recur-
rent disease versus a single diagnosis in both analy-
ses (univariate p values<0.001) (Tables 1 and 2). In the



Page 5 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(180-tC0) (€6€-90'1) (18'1-¥10)
00— 6000 10 0S10  €£00 70T 0000 850 060 60l) e (F9l) o (90L)0C (% 'U)+G1
(S6'0-0%0) (01'7-580) (0£'1-€50)
9110- 8200 790 0000  SLZO ce'L 0000  90%0 €80 (909) €1 (8%9) ¢8L Fr9) el (% 'U) Ll
(9 'u)
- - - (§80) €9 (681) €S 050 v ¢l ispun
(obuel)
9000 5200 G590 (L1-8)05CL (61-8)€6CL (91-8) /5Tl uesyy
lze 18T 88l u
e(s1e3A) 3ydseusw jo aby
(L1'L1=¥50) (08'1-+80) (¢¥'1-590)
0000  1£10 820 0000 6420 €Tl 0000  1€80 96'0 (§£8) LTL (5€9)6/1 (§'8S)0LL (% 'U) SaA
- - (STy) v6 (§9¢) €0l (S'lv) 8L (% 'U) ON
ePaows 1aAsN
(66'1-880) (ST'1-€50) (89'1-0£0)
0£C0  SZ10 cel €510—  #SE0 780 0000 /2,0 80'L 971019 (€70 €9 (1'97) 6 (% 'U) SOA
- - (F'zs) 091 (L11)61C (6€L) 6L (% 'U) ON
AR oWs Juauin)
(¥8'1-06'0) (12'1-£50) (85'1-2L0)
0000  LZ10 671 0000  €£€0 €80 0000 /L0 [0'] (STty) 16 (§9¢) €0l Oly) LL (% 'U) SIA
- - (S/9) LTl (S€9) 6/l 069 LLL (% 'U) ON
AN OWss 1sed
(L¥-65'1) (60T 0) (SLS-161)
€20 1000> 19T ¥8Y0  9L¥0 izl Y90  1000> 4323 (1'28)es (607) 65 @l 1y (%'u)+s¢
(PLT-160) (0L'z-€£0) (¢5e-60'1)
0000 9010 851 0000  8T¥0 izl 0000  SC00 96’1 (800) o (661)95 (L00) 6E (% 'U) ¥E-0€
(88'1-£90) (r6C-0l'1) (95°€-G1'1)
0000 9590 L 04T0  8l00 08'L 0000  #100 €0C 610 SS (€€9) 6 6€0) S (% V) 67-SC
- - - (CL1)8¢ (650 €L (G€9) €9 (% 'U) ¥Z-8l
(obuel)
000> 2980 1000 > (Lr-8l1)6L1€ (Lv-81) L1'6C (05-81) S0'6¢ uesyy
lze 8¢ 88l u
(saeak) aby
J90D anjead (1D %S6) YO $90D anjead (1D %S6) HO J90) enjead D %S6 ‘4O
osse osse osse
ajeneAn Ny sisAjeue ajeleAlun  deLeARN sisA|eue ajelleAlun  djeLRARIN sisA|eue ajelieAlun
sisoubelp |o43u0d
SISOlLI}PWIOpUS Jualindal m_mocmm_v sisol}swiopua SISOlI32WOopUS Jualindal SISOlJoWOopuUa  sisoll}dwopua  sisoli}Pwopua
SA sisoubelp sisouawopuad 3|buls  3|BulS SA [043U0D SISOLI}DWOPUS-UON SA |043U0D SISOLI}2WOpPUI-UON Jua.NdJY 9|buis -uoN

SIsA|eue SISOLISWOPUS JUa1IN3J Pallodal-§as ay) 1o S3Nsal uoissaibai J13sIB0| a1eleAllNW pue S1eleAlun | dqel



Page 6 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(obuel)
€800 0001 210 (Lol-sv)zsvL  (901-8p)9l'es  (00L-0S) 9l€L Uesy
Lce 8¢ 981l u
(6Hww) aanssaid poojq d1joiseiq
(S0%-580) (19'1-6C°0) (98'C-£50)
/10 Lo 8l 0000 16€°0 690 0000 €550 8C'L (col (€v) Tl (69) L1 +0ovl
(Levr=LT1) (LLL-1€0) (657-9£0)
08%°0 9000 7e'¢C S910— SeLo 090 0000 £/C0 o'l (Svl)ce (£9) 6l (801)0C 6€1-0€L
(C€'1-¥50) (¢/1-690) (¢5'1-95°0)
SLLO— 09%'0 580 SLLO 0L£0 60°L 0000 0520 60 (o6l) Ty (S¥2) 69 (S'1o)ov 6C1-0cl
- - - (€69) LEL (S¥9) z8l (819)SLL 0cl Jspun
(obuel)
5100 610 ¥re0 (€S1-58) G /1L (8G1-78) 09FLL (6S1-68)0T9ILL ueay
Lcc 8¢ 98l u
(bHww) ainssaid poojq >1j01sAS
(£67C1-6£°0) (1'0-€00) (66'0—¥10)
0000 7010 0ce SLLO— 1000 Lo ey o— 700 LE0 (09 (e W)yl +€
(S9'6-607) (€9°0-CC0) (#0'C-08°0)
6¢90 1000> eve 61l50— 1000> LE0 0000 c0€0 8C'L (¢90) 85 (96) £ (£00) 6€ L
- - - (0'12) £SL (€68) 15T (812)S€EL 0
(obuel)
1000> 1000> 86C0 #-0) L0 (#=0) £LL'0 (5-0) 950 ueay
Lce 18¢ 881l u
oAiied
(65°01-200) (£T0-900) (L0'L-2€0)
8590 1000> [h% /61— 1000> Lo 0€50— €500 LS50 (6'01) ¥C ©08 (Lel)9€ +€
(lT7-86°0) (rS'1-190) (0£7-68°0)
0000 9900 [Vl 0000 060 /60 0000 710 vl (1'80) 9 (1'€0) $9 (L6l) L€ L
- - - (1'19) s€l (0¥2) 80¢ @l9)sLL 0
(obuel)
1000> 1000> 900 (9-0) 080 (S-0) T (Li-0)zi'L ueay
Lce 18¢ 881l u
Lupirein
J90D anjead (1D %S6) HO $90D anjead (1D %S6) HO J90> enjead 1D %S6 ‘4O
osse osse osse
d)eleAI N sisk|eue ajeuealun  djelBAIYN sisk|eue ajeueAlun  djeleAIN sisk|eue ajeneAlun
sisoubelp Jofyuod
SISOLI}WOPUS JUALINIDI sisoubelp sisou}dwopua SISOLI}SWIOPUS JULINIAI  SISOLISWOPUS  SISOLIBWOPUS  SISOLIIBWOPUD
SA sisoubelp sisolawopud 3[buls  3|BUIS SA [0J3UOD SISOLIIBWOPUS-UON SA [043UOD SISOLI}DWIOPUS-UON uaLINd3Y ET[VIS -uoN

(panunuod) L ajqey



Page 7 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(€6'L-€80) (SLL=£t0) (¢5'1-850)
¥100  S920 [T LOL0—  €8L0 vL0 0000  €6/0 60 (80 vLL (S0l (86/) 051 (% 'U) SoA
- (€10 v (550 eL (To?) 8¢ (% 'U) ON
JelunasedsAq
(81'C-580) OL'L-€+0) (99'1-950)
€100 S610 o'l 9/1'0—  0LL0 L0 0000 0680 960 (98) /81 (1'08) 9¢C (1'58) 091 (% 'U) S9A
- r's1)ve (661) 95 (671) 8¢ (% 'U) ON
o(lensisusw-uou) ured diIAjad a19A95
(€8'1-8€°0) (89°7-€50) (LTT-€¥0)
00L0— 1590 ¥80 0000  §/90 6l 0000 6860 660 (1'v6) 80T (0'56) 89T (I'v6) L1 (% 'U) SOA
- 69 €l 09) vl 69 LL (% 'u) oN
Juled [enijsusw 21935
(€€7-180) (85°0-170) (080-62°0) (;w/B3 0€ )
0000  T¥C0 LE] 9560~ 1000> S€0 wS0— 5000 870 r'S1) ve (1'zl) ¥¢ (992) 05 95390
ANE
(18'1~£L0) (S0'L=¢t0) (9T 1-6v0) /B4 6:62-50)
0000  €S¥0 gL'l orLl'0— 1800 L90 0000  2Z€0 610 610) 5§ (L)) v9 (L90) 67 @s9qo-21d
(;w/Bx 581 >)
(T6'1-2€0) (Z1'91-08°0) (rSel yBlam
SIF0—  $650 8.0 0/90 9600 85°¢ 0000 6610 -850) 187 (9¢€)8 09 vl e -1lapun
ANC(_
/B 677-581)
- - (1'99) ¥zl (€09) 0£1 (€9%) £8 [eWION
(r0S (GYAZ (coe6v (ebuel)
6600 1000 > 8100 —€TL1)SEST ~EFSL)9SYT —S091) 14'9T ueapy
R w8t 881 u
(;w/6%) 1IWg
OL¥-50'1) (L¥'T-St0) (€6%-86'0)
1900 9£00 60T €EL0  CL60 So'L 910 8500 61¢C (ool ce (€9) Sl 816 +06
(€8°€-¥60) (85 L-+£0) (88'7-99°0)
0000 €400 06'L 0000  61l¥0 €0 0000  L6E0 8¢l (06) 0C (€9) Sl o0 €l 68-58
(9£1-590) (6£1-150) (¥S'1-250)
YO0~ 640 L0 0000  S6v0 ¥80 0000 2690 060 Evl) €€ OS1) v (L) ge ¥8-08
- (1'99) 9v 1 (8'€4) 80T (¥0/) LEL  08J9pun
J90D anjead (1D %S6) HO $90D anjead (1D %S6) HO J90) anjead D %S6 ‘HO
osse osse osse
ajelieAn Ny sisk|eue ajeleAlun  djeHeARIN sisk|eue ajelleAlun  djeLRARIN sisA|eue ajelealun
sisoubelp |oa3uod
SISOLIJPWIOPUD Jualindal m_mo:mm_ﬁ sisoljowiopua SISOlIJ2WOPUD Jualindal  sisOol}J2wopua  sisoljdwopua  sisolljpwopus
sA sisoubelp sisollawopud 3|6uls  3|Buls SA [041U0D SISOLI}BWOPUI-UON SA |043U0D SISOII}aWOpPUI-UON JU44Nd3Y 91buis -UON

(panunuod) L ajqey



Page 8 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(6/8-8€°0) (61€-6%°0) (60°€L
650 1000> LSV o0 790 SCl 8060 L0O00> -6v'0) LL'S (rgL)or Op) €L (€L (% 'U) SOA
- (6'18) 181 (¥'56) 69T (€96) 181 (% 'U) ON
<SIsoAwouapy
(¢£'1-0L0) (E€'1-€50) (6¥'1-£5°0)
0000 1190 oLl 0000 870 80 0000 €€/0 60 661) ¥ ¥8l) ¢s (€1 ov (% 'U) S9A
- (108) £LL (9'18) 0€C (£81)8¥L (% 'U) ON
-oseasip K1eno d11s£>Kjod
(80'£-9£'1) #80-61°0) (L5790
¥750  1000> €5°e LLS0—  SL00 040 0000 €870 or'l (o€l) o€ €y el (o) el (9 'U) S9A
- (#99) L6l (£'S6) 0T (6'68) 691 (% 'U) ON
Sploiqy auuan
(rT€-0£0) (651-C€0) (E€T-6¥0)
0000 €620 A<} 5050~ [0 40 L0 0000 0480 201 (89) Gl 9P €L 9 ¢l (% 'U) SOA
- (¢€6) 90¢C (S6) 69C (9€6)9/L (% 'u) ON
oS1seauq d1shxouqiy4
(rrz-oz'l) (08'1-580) (Sle=¢€v'L)
0000 €000 (YAl 0000 £5C0 vl 0cg0 1000> cle (1'19) s€l (6'L¥) SEL (LTy) 08 (% 'U) SOA
- (6'8€) 98 (1'C8) Lyl (¥'£5) 801 (9% 'u) ON
515> ueuenQ
(8eL¢
V/N V/N V/N V/N 0000 €810 -05°0) €€F (€0 §s 000 (S0) L (% 'U) S9A
(LL6)9lt (0ool) ¢8c (S66) /81 (% 'U) ON
Awo01381915AY snoiraid
(09'1-££0) (£80-1¥70) (86'0-G17°0)
€810 8950 LUl €v50— 1000 090 91C0— L1700 990 (r'6g) /8 (6'9¢) 0L (S6P) €6 (% 'U) SOA
- (909) el (1'€9) 8L (509) 56 (% 'U) ON
Luol1edIpaW duowoy bupjey Apuaiind
(t6'T-5¥'1) (8L'7-660) (6S¥—200)
¥/50 1000> L0¢C €90 500 yadh ¢/80 1000> S[0RS (029 9zl (06€)0LL (€0€) LS (% 'U) SOA
- (0ev) S6 19 zsL (£69) LEL (% 'u) ON
Juted diAj@d/jenssusw 1oj wood A>usbiaws ue je sduepusny
490D anjead (1D %S6) HO 490D anjead (1D %S6) HO J90) oanjead 1D %56 ‘4O
osseq osseq osse
?leneAlN sisk|eue ajeleAlun  djeHeARIN sisk|eue ajelleAlun  djeLRARIN sisA|eue ajelealun

SISO14}2WIOPUS JUDLINDAA
sA sisoubelp sisoli}awopua 3|6uls

sisoubelp siso13BWopuUd
9|6uIS SA [043UOD SISOLI}DWOPUS-UON

SISOIIJ2WOopPUS Jualindal
SA |0JJUO0D SISOlI}PWOpPUl-UON

sisoljowopus
jua1inday

sisoubelp

Ssisoljowopus

ajbuis

Josuod

sisoljowopus

-uoN

(panunuod) L ajqey



Page 9 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(obuel)
0000 L000> V/N V/N (evl-l)6€4T (FEL-1) 9Pl V/N Uesiy
44 8¢ u
9102s NYSYA
(S1'C-660) O¥'1-29°0) (71'2-060)
69¢0 6500 'l 0000 80 S6°0 /%00 9el0 6¢'L (Craaxai (8v2) 0L (850) 8v (% 'U) SOA
- (r'£9) 6L 8y LT (CvL) 8EL (% 'u) ON
SisoLawopua jo A101s1y Ajiwey
V/N V/N V/N V/N V/N V/N (0ool) Lze 000 (00)0 (% 'U) SOA
(000 (0001) z8¢ (0001) 881 (% 'u) ON
2SISOLI}IBWOpUd Jo sisoubelp snoinaid
(£80-8€0) (6v'C-L0°1) (05°1-650)
G950~ 8000 850 (020} #¢00 €91l 0000 €60 60 (€10 v (6'1€) 06 (€ (% 'U) S9A
- (L80)vLL (1'89) zol (LL0)9vL (% 'u) ON
ewaz>3
(SL'z-=so'l) (EL'1-€50) (€£1-6£0)
9/€0 GO0 0s'l 99C0— 610 8/°0 0000 LEVO L1 (SZ¥) SOl (9/€) 901 (9¢r) 8 (% 'U) SOA
- (ST9)oLL (Fe9) oLl (¥'95) 901 (9% 'u) ON
19Ny AeH
(09v-c'L) (9€1-1€0) (00€-6/°0)
€10 0100 LET 0000 LSC0 G590 0000  £0CO vSL ®11)9¢ (€9) sl (08 St (% 'U) S9A
- (c88) S6l (Lv6) 19T (0ce) gLl (% ') oN
</|2Ws 10 31se) 01 DdURGINISI]
(80T-¥60) (05°'1-€9°0) (01'z-£80)
€lE0 €010 6¢L 0000  ¥680 160 0000  08L°0 Ge'l (667) 99 (re0) 99 (6€0) ¥ (9 'U) S9A
- (1'02) SSL (99/)91C (1'92) €vL (% 'u) ON
.S9dUeId|0}Ul J0 SBI6I3||e poo4
(097-550) (98C-87°0) (Ly'€-£50)
0000 1590 oct 0000 [49A0] 8Ll 0000 (940 L7l (69 €L 09 vl (€v)8 (% 'U) S9A
- (1'v6) 80C (0°s6) 89C (£'56) 081 (% 'U) ON
21591 noejodiuedeq |ewlouge Ue 10 XIAID 3y} JO J9dued-aid
J90D anjead (1D %S6) HO $90D anjead (1D %S6) HO J90> enjead 1D %56 "HO
osse osse osse
9)eleAl N sisf|eue ajeueAlun  dleleAIN siskjeue ajeueAlun  d1eleAl N sisk|eue ajenieAlun

SISO14}2WIOPUS JUDLINDAA
sA sisoubelp sisoli}awopua 3|6uls

sisoubelp siso13BWopuUd
9|6uIS SA [043UOD SISOLI}DWOPUS-UON

SISOIIJ2WOopPUS Jualindal
SA |0JJUO0D SISOlI}PWOpPUl-UON

sisoljowopus
jua1inday

sisoubeip Josuod

Sisoljwopu  sisoldwopus

91buis -UoN

(panunuod) L ajqey



Page 10 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(9¢'1-£90)
0000 6,0 560 V/N V/N (css) el (795 651 V/N (% 'U) S9A
(81¥) 66 O¢ep) €Tt (% 'u) ON
se|bnoQ jo yonod
(98'7-9¢'1)
06¢0 L000> 6L V/N V/N (r'ev) 96 (080) 6/ V/N (9% 'U) S9A
(996) stL (0zy) €0 (% 'u) ON
(s)uoisa] |eauoiad dasQ
(52°0-82°0)
000~ 000 90 V/N V/N (€84) €L (£'88) 05¢C V/N (% 'U) SOA
18y (€Lee (% 'U) oN
(s)uoisa| [eauoiiad jepyiadng
(tez—€cl)
0000 1000 161 V/N V/N (¢9¢) 08 (€70 €9 V/N (% 'U) SoA
(8€9) Lyl (LL0)61T (% 'u) ON
(s)uoisa] uelreno dasq
(€ 1-170)
0000 ¢s€0 L0 V/N V/N (rol) €z (LeL) L€ V/N (% 'U) S9A
(968) 861 (698) G7C (% 'u) ON
(s)uolsa] uerieno jeppysadng
(9T ¥-5070)
£€90 1000> 96°¢C V/N V/N (€69) LEL (0€g) €6 V/N (% 'U) S9A
(£0v) 06 (029) 681 (% 'u) ON
suoisaypy
(01'9-0€7) (9% 'U)
8/C0 1000> IZA% V/N V/N (060 ¥9 (Lzl) ve V/N  abeis
(Cov-veL) (% 'U)
€e00 €000 [4%4 (861) ¢ (901) o€ ¢ obe1g
(F9T-60) (% 'U)
0000 /800 LG ¥SL) e (Tsl) e ¢ obe1s
(9% 'v)
- (8'6€) 88 (1'79) S | abeig
(IWHSVY4) sisolldwopus jo abels
$90> anjead (1D %S6) 4O $90) anjead (1D %S6) HO J90> anjead |3 %S6 ‘4O
osse osse osseq
?leneAlnN sisk|eue ajeleAlun  djeLeARIN sisk|eue ajelleAlun  djeLeARIN sisA|eue ajelealun
sisoubelp Jof3uod
SISOLI}SWOPUS JUdLINdAI sisoubelp sisol}dWopuUd SISOLI}9WOPUD JULINDRI  SISOLIJIDWOPUD  SISOLIIDWOPUD  SISOLIIDWOPUD
sA sisoubelp sisollawopud 3|6uls  3|Buls SA [043U0D SISOLIIBWOPUI-UON SA |0J3U0D SISOLI}DWOpPUI-UON 1UBLINDDY 91buis -uoN

(panunuod) L ajqey



Page 11 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

3|qeueA pa1iodal Judled

91'z-00'L)
0000  0S00 i V/N V/N (6€€) S 650 €L V/N (% 'U) S9A
(1'99) 9t L (L'%2) 60¢C (% 'U) ON
LYo
(LE'1-¥90)
0000  /£90 60 v/N V/N (€1b) 86 (Sov) LEL V/N (% 'U) S9A
(£s9) eTL (5€9) LSL (% 'u) ON
1uswebi| [esdesosdln
(88°0-87°0)
[PS0—  £100 610 v/N v/N (1'8) 8l (cs) ey v/N (% 'U) S9A
(6'16) €0C (8%8) 6£¢ (% 'u) ON
deds |eydaseied
(8€°1-590)
0000 1640 S60 v/N V/N (029 8L (1'89) ¢61 V/N (% 'U) SoA
(0¢e) e/ (6'1€) 06 (% 'U) ON
llem apis JIAjad
(€TT-L¥0)
60L0— 9560 w0l V/N v/N (29K (€96l V/N (9% 'U) S9A
(9%6) 60 (L¥6) 19T (% 'U) ON
aqn|
(tee-cel)
0000 9000 00C v/N v/N ¥00) S¥ (€1L)ee v/N (% 'U) SIA
(964)9/1 (£'88) 05T (% 'u) ON
|]omog
(8095-5/°0)
91/0 8800 059 v/N V/N (€S o)L V/N (% 'U) SoA
(L16)91C (9%66) 18C (% 'U) ON
1appe|g
(¢’ 1-€90)
0000  8/£0 60 v/N V/N v vs (Ssg e v/N (% 'U) SaA
(952) £91 Sy ole (% 'U) ON
yonod AN
J20D anjead (1D %S6) HO J903 anjend (1D %S6) YO J903 anjead D %S6 ‘4O
osse osse osse
ajeneAn Ny sisk|eue ajeleAlun  djeleARN sisk|eue ajelleAlun  djeLeARN sisA|eue ajelealun
sisoubelp |oa3uod
SISOLI}JDWOPUD JUdLINIDA sisoubelp sisol}dWopuUd SISOLI}JDWOPUD JUBLINDDA  SISOLIIDWOPUD  SISOLIIDWOPUD  SISOLIIDWOPUD
SA sisoubelp sisollawopud 3|6uls  3|Buls SA |043U0D SISOLI}BWOPUI-UON SA |043U0D SISOLI}2WOpPUI-UON Jud44Nd3Y 91buls -UON

(PanunuOd) | 3jqey



Page 12 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(980-€1°0) (98°€-50°1) (58'1-5C0)
Sev0- €200 ¥€0 9810 S€00 L0¢ 0000 SS¥0 690 (2Ap (£91) 8y ©@onor (% 'u)+sL
(0¥'1-9%0) (66'1-180) (€8'1-£50)
0000 L¥¥0 080 0000  00£0 LT 0000  /¥60 oL (0°29) €9 (8'€9) €81 F¥9) Lzl (% 'u)vl-Cl
(% 'v)
- - - (S50 ¥ (561) 99 050 v Zlspun
(2buel)
G200 0€00 7550 (L1-6) 9¥'CL (61-8) T6CL O1-8) 5Tl Uesiy
¥6 £8¢ 881 u
o(s1e3K) aydseusw jo aby
(160-5€0) (S£°1-280) CLL-1¥0)
0000 8100 LS50 6l00  €¥€0 (s 0000  8CL0 890 (6'8v) 9 (879) 181 (589)0LL (% 'U) S9A
(1'19) 8y (CL€) 0L (S1v) 8L (% 'u) ON
<pojows 1ansN
(S€T-€80) (C€1-950) (80C-690)
0000  SOCO o'l 9900~ /80 980 0000 6050 oc't (8'67) 8¢ (€€D) L9 (1'92) 6% (9 'U) S9A
(C04) 99 (99/) Lz 6L 6eL (% 'u) ON
ADjowWs JuaLIND)
(cgc-ol'l) (¥T'1-850) (8¥'C-160)
LL€0 8100 L] 0000  SO¥0 S80 0000  80L0 0s'L (1'1s) 8y (TLe) Lol L) L2 (9% 'U) S9A
(6'8¥) 9 (829 181 069) LLL (% W) ON
Ajows 1seq
©Qev-LLL) (L0T-€£0) (€5G-€€L)
0000  ¥¢00 oce €560 LT¥0 €Cl LELO 9000 L2c (6'1€) 0€ (Clo 19 @l (%'u)+se
(FO'7-860) (¢0T-0£0) (S6v—LL)
0000 G500 00¢ 0000 8150 6LL 0000 1c00 8¢€C (997) 5T (r'el) 95 (L00) 6€ (% 'U) ¥€-0€
(607-150) (587-80°1) (08'€-980)
£200— €260 v0'L 6lC0  ¥¢00 S| 0000 SLLO 18l (reo) e (0¢€) s6 (6'€0) Sv (% 'U) 6C-SC
- - - (rgh) 21 (¥90) 9L (S€€) €9 (% 'U) ¥Z-8lL
(obuel)
8000 7580 L100 (s—81) 9T’ L€ (Ly=81) L1'6C (05-81) S0'6C Uespy
6 88¢ 881 u
(saeak) aby
$90> anjead (1D %S6) 4O J90) anjead (1D %S6) YO J90> anjead (1D %S6) 4O
osse osse osseq
oleleAl N sisf|eue ajeueAlun  d1eleAlNN siskjeue ajeueAlun  aleueAnR|ny sis|eue ajeuealun
sisoubelp |o43u0d
SISOLI}2WOPUS JUBINIDI sisoubelp sisouawopua SISOLI}9WOPUD JULINDDI  SISOLIJDWOPUD  SISOLIIBWOPUS  SISOLIIDWOpPUD
SA sisoubelp sisol}awopud 3|buls  3|BuIS SA [0J3U0D SISOLI}BWOPUS-UON SA [043UO0D SISO11}DWOPU-UON FUETILBEN| 916uis -uoN

sisAeue SISOLIBWOPUS JUB1IN3I PAULIYUOD A|[BD16INS Y3 10§ S}NSal UOIssaibal dsIBO| 1elleAllNnW puUe aieleAlun g d]qeL



Page 13 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(obuel)
yASIN0] 9180 €9C0 (00L-€¥) €97/ (901-8%) ¥6C/L (001-08) 9l'€/ Uesy
€6 88¢ 9381 u
(FHww) ainssaid poojq dijoiseiq
(7'G-€8°0) (95°1-62°0) (L£€-¥50)
0000 L1110 cle 0000 LSE0 /90 0000 8/¥0 il (98)8 (47k4} 69 LL +0rl
(89%-c0'l) (F1'1-0€°0) (¢LT-650)
€000 S¥00 8l¢ 7510— cLro 850 0000 S¥S0 LT (ovlL) €L (99) 61 (801)0¢ 6el-0¢€l
OLl-1€0) (99'1-£9°0) (8T'L-1€0)
e 0— 0el’o 090 9/00 9180 90'L 0000 10C0 €90 (ovl) €L (020 69 (Sl 0¥ 6C1-0cl
- - - (#'€9) 65 (€59) 88l (819)SLL 0cl Jspun
(obuel)
6¢00 9¢l’0 71¥°0 (CS1-06) 02711 (85L-78) OFFLL (6S1-68)0T9ILL ueay
€6 88¢ 981 u
(6Hww) ainssaid poojq d1j01sAS
(9TSL-1%'0) (0¥'0-€00) (8T'1-90°0)
0000 LCe0 05'¢ 0000 1000 Lo 870 0— c0L0 8C0 ((Naxe o€ vl +€
(£95-0/°1) (990-€C0) (07C-890)
S¥€0  1000> 0ole S87'0— 1000> 6€0 0000 €050 [qa (X374 (Lot)ec (£00) 6€ 4
- - - (€24 89 (6'88) 55T VAR 0
(obuel)
000 1000> £CC0 (€-0) 0 (#-0) 810 (S-0) 950 ueay
6 /8¢ 8381 u
efled
(E7'11-95°1) (LT0-500) (Pl'1-€20)
§ES0 5000 oy ov/ 1= 1000> Lo 99¢0— 1010 1S0 96)6 (808 (L6l)9¢ +€
(997-€60) (C9'1-59°0) (88'C-060)
0000 6800 8G°L 0000 6¢60 [dons 0000 6010 19l (6°0€) 6¢C (0v20) 69 (L61) L€ [
- - - (9'65) 95 (cenole (€195l 0
(obuel)
€000 1000> 6010 (5-0) 820 (S-0) €0 (Li-o)zi'L ueay
6 /8¢ 881 u
Lupirein
$903 @anjead (1D %S6) 4O $90> anjead (1D %S6) YO #2900 anjead (13 %S6) 4O
osse osse osseq
d)jeleAIYN sisk|eue ajeueAlun  djeleAIYN sisk|eue ajeueAjun  jeueAlnpy sis|eue ajeueajun
sisoubeip |o1u0d
SISOLI}WOPUS JUALINDDI sisoubelp sisou}dWwopua SISOLI}9WIOPUS JULINIBI  SISOLIJSWOPUD  SISOLIBWOPUS  SISOLI}DWOPUD
SA sisoubelp sisol}awopud 3[buls  3|BUIS SA [0J3UOD SISOLIIBWOPUS-UON SA [0J3UOD SISO1I}DWIOPUI-UON FUEYILBEN| 316uis -uoN

(Panunuod) z 3jqeyL



Page 14 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(O¥T-6£0) (90°L-¥+°0) €L 1-150)
0000  +920 LE1 Tlo- 6800 890 0000  S£€80 ¥60 (L8 vL 6ol (86£) 051 (% 'U) SA
(€12) 07 (1'£0) 8L (€0?) 8¢ (% 'U) ON
JelunasedsAq
(LTE-680) (Y0 1-6£°0) (CTT—¥50)
010 9010 Al 0610—  T/00 790 0000 L8O 60'1L (@99) 18 (§'84) 9zC (1's8) 091 (% 'U) SA
el el (1029 611) 8T (% 'U) ON
o(lensisusw-uou) ured diIAjad a19A95
(¥9€-8+0) (8£'1-6£0) (87°¢-££0)
0000 1850 €cl 0000  /£90 €80 0000 9580 LUl (L'v6) 68 (1'€6) 89¢ (1'v6) LL1 (% 'U) SoA
(€95 (6'9) 0¢ 69 LL (% 'U) ON
Juled [enijsusw 21935
(18-6€1) (85°0-120) (89'1-6170) (;w/B3 0€ )
LIT0 €000 85T G88°0— 1000> SE0 0000 790 160 (S¥0) €¢ (@zL) se (992) 05 95390
(W
(SET-€£0) (90'L-€+°0) (59'1-870) /B 6:67-57)
0000  S9€0 LEL 801'0— 0600 890 0000  £0L0 680 eo) ce (6'72) 99 (190) 67 859q0-aid
((w/Bx 581 >)
(1L¥-8+0) (¥8'51-8£°0) (15°9¢ AUSTEN
0000  S€S0 or'l 6550 1010 433 0000 7900 ~260) v6'7 (€9¢ 6Y) ¥l ne -19pun
ANC(_
/PA677-5381)
- - (89Y) v (1'09) €1 (€9%) /8 [eWION
(r0S 062t (coe6v (9bues)
1100 1000 > €150 —€CL1)TT9C —EYSL9SYT —S091) LL9C ueapy
6 887 881 u
(;w/6%) 1IWg
(109-611) (OrT-£+0) (189-60'1)
LIT0 /100 19T 0000 €960 201 /800  L€00 €T (44! @9 st 816 +06
(81°€-6£0) (€5°1-€£°0) (0£T-LT0)
0000  0¥80 LUt 0000  6/£0 10 0000 7990 640 9 s @9 st o€l 68-58
(€8'1-5¥°0) (SE'1-6+°0) (¥S1-9€°0)
0000  S6£0 160 0000  /T¥0 780 0000  ST¥0 TZA0) (Cydii4t (€S v (L11) €€ ¥8-08
- - (8'89) ¥9 (€vo)vic (¥04) LEL  08J9pun
490D anjead (1D %S6) HO $90D anjead (1D %S6) HO $90) anjead (1D %S6) HO
osse osse osse]
ajeneAn Ny siskjeue ajelleAlun  deHeARIN sisA|eue ajelieAlun  djeLRARIN siskjeue ajelieAlun
sisoubelp |oa3uod
SISOL}PWOopUL Jualindal m_mo:mm_ﬁ sisoli}swopus SISOI9WIOPUD Jualindal SIsoOMJoWopuU  sisoli}jdwopua  sisoli}Pwopu?
sA sisoubelp sisollawopud 9|6uls  d|Buls SA [041U0D SISOLI}BWOPUI-UON SA |043U0D SISOLI}2WOPU-UON Jua44nddy 91buls -UON

(panunuod) g ajqey



Page 15 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(€0TL-2L0) (Cl'e-810) (€TLL
oSzl 1000> s LIT0  §/90 4dl! 95¢’L  1000> —£8'0) 66'9 (€10 0¢ (SP) €L (o) ¢ (% 'U) SaA
(L8 ¥L (566) S/T (€96) 181 (% 'U) ON
oSIsoAwouapy
(LET-¥L0) (621-150) #6'1-650)
0000  09€0 el 0000  S8€0 780 0000  8£80 901 (€70 1T (181 ¢s (€10 0o (% 'U) SaA
(Lry) et (6'18) 9¢€C (L'8L) 871 (9% 'u) ON
-oseasip K1eno d11s£>Kjod
(8L /L-9%'1) (¢80-810) (18'C-090)
[TL0  $000 LE€ 80S0— €100 6€°0 0000  C0S0 0€'L @zl (cy) L (rol) el (% 'U) SOA
(C18) 8 (8'56) 9/T (6'68) 691 (% 'U) ON
<Sploiqy aundin
(16'€-€50) (SS'L-1€0) (S£C-9€0)
0000  L/¥0 izd! YIF0—  ¥/€0 690 0000  000°L 00'L 99 (SP) €L F9) L (9% 'U) SOA
(9°¢6) 88 (§°56) S/t (9€6)9/L (% 'U) ON
oS1seauq d1shxouqiy4
(89C—+0'1) (€£'1-280) (6Te-0T'1)
0000  €£00 (9] 0000  SSE€0 611 6L10  £000 661 (9%65) 95 (69v) SEL (Lty) 08 (% 'U) SaA
(¥ov) 8¢ (€9) €St (¥'£5) 801 (9% 'u) ON
515> ueuenQ
(4474
V/N V/N 0000 0900 -760) 1€'8 €r) v oo (S0) L (% 'U) SaA
(£'56) 06 (0001) 88¢ (566) L8L (% 'u) ON
Awo01391915AY snoiraid
¢V’ 1-+50) (88°0-2¥0) (88°0-7£0)
0000 9850 /80 8Y0— 8000 090 7970—-  S100 €50 0%¢) ¢ (TLe) L0l (S6v) €6 (% 'U) SaA
(099) 29 (829) 181 (505) 56 (% 'U) ON
Luol1edIpaW auowuoy bumpjey Apuaiind
(¢gc-ol'l) (01'7-96'0) (L1¥-0S'L)
010 8100 9Ll 99€0  6L00 wl €S0 1000> 0S¢ (1'CS) 6 (@sg)oLL (€0€) LS (9% 'U) SOA
61v) S¥ (819) 81 (£69) LEL (% 'U) ON
Juted diAj2d/jenssusw 1oy wood A>usbiaws ue je sduepusny
490D anjead (1D %S6) HO $90D anjead (1D %S6) HO $90) anjead (1D %S6) HO
osse osse osse]
ajenieAn Ny siskjeue ajelleAlun  deLeARIN sisk|eue ajelieAlun  djeLRARINA siskjeue ajelieAlun

SISO14}2WIOPUS JUDLINDAA
sA sisoubelp sisoli}swopua a|buls

sisoubelp sisou}pWopud
3|BUIS SA [043UOD SISOLIIBWOPUS-UON

SISOLI9WIOPUD Jualindal
SA |0J3UO0D SISO}DWOPUI-UON

sisoubelp |os3u0d
SISOMIDWIOPUD  SISOLIIDWOPUD  SISOMIDWOPUD
ua.Nd3Y 3|buis -uoN

(panunuod) g ajqey



Page 16 of 35

(2024) 22:320

(€€T-¥80) (L'1-€90) (¢€T-8L0)
S0 9610 or'l 0000 1980 960 0000 7870 Sel (6'1€) 0g (1's7) ¢L 8578y (% 'U)S9A
(1'89) ¥9 VL) ST TvL) 8el (% 'u) ON
Sisolldwopua jo L103s1y Ajiwey
V/N V/N V/N (86£)SL ©00 000 (% 'U)saA
@o0) 61 (0001) 882 (0001) 881 (% 'U) ON
£SISOLI}IaWOopUd Jo sisoubelp snoinsid
(SL'L-6£0) (1¥'z-€0'1) (16'1-650)
6/70—  8¥L0 L90 €0 ¥€00 85’1 0000  L¥80 90'L reo)ce (€1€) 06 (€70 (% 'U)San
(990t (8'89) 861 (LL0)9pL (% 'u) ON
Lewazd3
(66C-L11) (01'1-¢50) (1£7-980)
09v0 6000 /8] SST0—  8EL0 S0 6610  £L10 L'l (179 6% (8'9¢) 901 (Oeh) T8 (% 'U)SoA
(61¥) St (T€9) T8l (¥'95) 901 (% 'U) ON
19N} AeH
(¢6's-0T'1) (€€°1-0€0) (££'€-9£0)
€070 9100 99T 0000  £TCO €90 0000  ¢0T0 691 (Crdiid (@s) sl (08) Sl (9% 'U) SoA
/8)t8 (816) €T (06 €LL (% 'U) ON
el|2WS 10 31se]} 0] asxuequnisig
(0¥'7-580) (9%'1-190) (SET-2L0)
[T10 1810 el 0000 /610 ¥60 0000  16T0 Sel (867) 8T (6720) 99 (€0 Sy (% ') SoA
(€0£) 99 (I'20) Tee (1'92) €¥1 (% 'U) ON
.S3dUeI3|0}Ul 10 S3I6I3||e poO4
(8L€-€0L) (11'2-090) (85%-80'1)
9570 L¥00 /6] 0000  LL£0 cll ¥810  L£00 e (1'81) /L (1'o1) 67 06) LL (% 'U) SeA
618 £L (668) 65T O16) L1 (% 'U) ON
(ABojoyzed) (N|D) eisejdoau jeljayiidaeiiul [edIAIDD)
(96 7-£80) (08°7-£t0) (6£9-68°0)
6€€0  20L0 L0T 0000  8S/0 Sll 0000  S80°0 8¢ ©96)6 61) vl (€r)8 (% 'U)saA
(¥'06) S8 (1'S6) /T (£'56) 081 (% 'U) ON
2159} SOM_OU_CMQMn_ |ewiouqge ue 10 XIAJ9D 9Y3 JO J9dued-ald
490D anjead (1D %S6) HO $90D anjead (1D %S6) HO $90) anjead (1D %S6) HO
osse osse osse]
ajenieAn Ny siskjeue ajelleAlun  deLeARIN sisk|eue ajelieAlun  djeLRARINA siskjeue ajelieAlun
sisoubelp |oa3uod
SISOLI}PWOopUD Jualindal m_mo:mm_ﬁm_mo_._awc._o_u:w SISOIWIOPUD Jualindal SIsoMJowWopu  sisoli}jdwopua  sisol}Pwopu?
sA sisoubelp sisollawopud 9|6uls  d|Buls SA [041U0D SISOLI}BWOPUI-UON SA |043U0D SISOLI}2WOPU-UON Ju244NddY 91buls -UoN

Holdsworth-Carson et al. BMC Medicine

(panunuod) g ajqey



Page 17 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(¢6'0-97°0)
0000 9200 640 V/N V/N (8'64) S/ (6'88) 95 V/N (% 'U) SOA
(o) 6l (e (% ') ON
(s)uoisa| |eauoiiad jepyiadng
©Lz-120)
6L0— €90 wl v/N v/N (550 ve 612 €9 v/N (% 'U) S9A
(S¥/) 0L (1'82) SeT (% 'U) ON
(s)uoisa] uelreno dasq
(¥97-€L0)
0000  LLEO 6€'L V/N V/N 1)l (8cl)Le V/N (9% 'U) SOA
(0€8) 8L (T18) 15T (9% 'U) ON
(s)uolsa] uerieno jepysadng
(r1'5-96'1) (60€-0¢'L) (6601
SLZ0  1000> L€ 80¥'0  T000 00 ¥ZsL 000> -89€) 9¢'9 (£'19) 85 (L€€) L6 (Coo) 8¢ (% 'U) SaA
(€'8€) 9¢ (€99) L6l (86/) 0S1 (% 'U) ON
(je216.ns) suoisaypy
(L1'£=9070) (9% 'U)
0000 1000> ¥8'€ V/N V/N (L1099t @1LL)ve v abeis
(0€¥-¥60) (9% 'U)
0000  1£00 10 Crdhd! (rol) o€ V/N ¢ abeig
(Evv—cCl) (9% 'u)
¥6€0 6000 vEC (€109 0¢ 67l) v 7 abeig
(9% 'u)
- (€'8¢) o¢ (8729) 181 | 3be1g
(IWHSY) sisolildwopus jo abels
(9buel)
1000 1000 > V/N V/N (tv1-1) St/ (FeL-1) cevL V/N uesyy
6 88¢ u
9100S NHYS VA
J20D anjead (1D %S6) HO J903 anjead (D %S6) YO $90D anjead (1D %S6) 4O
osse osse osse
?jeueAn N sisAjeue ?1elleAlun  deleARN sisA|eue djelieAlun  djeLeARN siskjeue ajelieAlun

SISO}2WIOPUS JUBLINDAI
sA sisoubejp sison3awopua 3|buls

sisoubeip sisolPWopuUd
3|BUIS SA [043UOD SISOLI}BWOPUS-UON

SISOlIIdWOopUS Jualindal
SA |0JJUOD SISOoLI}PWOpUR-UON

sisoli}awopud
jua1INd>3Y

sisoubeip |osuod>

Sisoll}dWwopua  sisolsldwopus

91buls -UoN

(Panunuod) Z 3jqeyL



Page 18 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

(90'1-02°0)
LLE0- /900 90 V/N V/N W)L 6¥1) ey V/N (% 'U) S9A
(96) L8 (1'68) S¥C (% 'u) ON
9eds |eydaleled
(7G'1-£50)
0000 080 ¥6'0 V/N V/N (099) 79 (F'L9) vol V/N (9% 'U) S9A
0¥¢) e 9T) ¥6 (% 'U) ON
11em 3pis S1Ajed
(€ELY-690)
0000 YA74] 69'L V/N V/N (58)8 (¢9)s1 V/N (% 'U) S9A
(S'16) 98 (8¥6) €/ (% ') ON
saqn)
(€09-16'1)
1690 1000> 6£'¢ V/N V/N (8'60) 8T (reee V/N (% 'U) S9A
(€04) 99 (6'88) 95¢C (% 'u) ON
|omog
(09°69-95°0)
6690 LEL0 9 V/N V/N (1oe (€0) L V/N (% 'U) S9A
(6'26) 6 (£66) L8C (% 'u) ON
isppe|g
(0€'7-€8°0)
8000  ¥1C0 8¢l V/N V/N (6'L€) 0€ (€50 €L V/N (% 'U) S9A
(1'89) ¥9 (v sl (% 'U) ON
yonod AN
(CLz-180)
0000 £9C0 Le'L V/N V/N (8'29) 65 (€9%) 9l V/N (% 'U) S9A
(cr€) s€ (8€v) ozl (% 'U) ON
se|bno( jo yonod
(S0e-SL'L)
0000 1100 88’1 V/N V/N (S'1v) 6€ Lo 6L V/N (% 'U) SOA
(5'89) S (97L) 60C (% 'u) ON
(s)uoisa] |eauoyad dasq
J20D anjead (1D %S6) HO $903 anjend (D %S6) YO $90D anjead (1D %S6) 4O
osse osse osse
)eueAl N sisk|eue ajelleAlun  djeHeARN sisk|eue ajelieAlun  djeHeARINA siskjeue ajeleAlun
sisoubelp |os3uod
SISOLI}2WOPUS JULINIAI sisoubelp sisol}dWopuUd SISOLI}3WOPUS JUALINDAL  SISOIIDWOPUD  SISOLIIDWOPUD  SISOLIIBWOPUD
SA sisoubelp sisolawopud 36Ul  3|BUIs SA [043U0D SISO1I}BWOPUI-UON SA |0J3UO0D SISOLI}DWOPUI-UON BUEYIBEN] 91buls -uopN

(PanunUOd) Z 3jqey



Page 19 of 35

(2024) 22:320

Holdsworth-Carson et al. BMC Medicine

9|qelien palodal juaned ,

(06'1-£90)
0000  £590 €Ll v/N v/N (L1209 (€50 €L v/N (% 'U) S9A
(€72) 89 Lyl sl (% 'U) ON
|y10
(ST'1-6%0)
¥/00—  TOS0 8/°0 V/N V/N (r'ov) 8¢ (S9r) ¥EL V/N (% 'U) S9A
(9°%65) 95 (§'€9) ¥S1 (% 'U) ON
judwebi| jesdesoldln
§200 anjead (1D %S6) HO J20) anjead (1D %S6) HO J90D @njead (1D %S6) HO
osse osse osseT
jeneAn Ny siskjeue ajelleAlun  djeHeARN sisk|eue ajelleAlun  djeLeARNA sisA|eue ajeealun
sisoubelp |oa3uod
SISOLI}DWOPUD JUdLINIDA sisoubelp sisol}dWopuUd SISOLI}DWOPUD JUDLINIDA  SISOLIIDWOPUD  SISOLIIDWOPUD  SISOLIIDWOPUD
SA sisoubelp sisolawopud 36Ul  3|BuUls SA [043U0D SISO1I}BWOPUI-UON SA |043U0D SISOLI}WOPUI-UON pUETI b EN| 91buls -UoN

(panunuod) Z 3jqey



Holdsworth-Carson et al. BMC Medicine

(2024) 22:320

Table 3 Univariate results for the surgically confirmed recurrent endometriosis analysis using ultrasound data

Page 20 of 35

Non- Single Recurrent Non-endometriosis Non-endometriosis Single endometriosis
endometriosis endometriosis endometriosis control vs recurrent control vs single diagnosis vs recurrent
control diagnosis endometriosis endometriosis endometriosis
diagnosis
Univariate analysis
OR, 95% ClI pvalue OR, 95% ClI p value OR, 95% Cl p value
Uterine volume (ml)
n 67 105 63
Mean 69.70 (16.00— 67.00 (23.00- 85.81 (23.20- 0.119 0.672 0.017
(range) 308.40) 213.00) 370.00)
Under40ml 16 (23.9) 14(13.3) 5(7.9)
40-110 ml 44 (65.7) 82 (78.1) 45 (714) 3.27(1.10-9.70) 0.033 2.13(0.95-4.77) 0.066 1.54 (0.52- 0437
4.54)
>110 ml 7(104) 9(8.6) 13 (20.6) 594 (1.52— 0.010 147 (0.43-4.98) 0537 4.04 (1.07- 0.039
23.18) 15.27)
Log uterine volume (ml)
n 67 105 63
Mean 1.77 (1.20-249)  1.79(1.36-2.33) 1.87(1.37-257) 0.023 0.460 0.021
(range)
Uterine position
Anteverted 59 (90.8) 83 (79.8) 48 (77.4) -
Retroverted 6 (9.2) 20(19.2) 12(194) 246 (0.86-7.04) 0.094  237(0.90-6.26) 0.082 1.04 (047- 0928
2.31)
Axial 0(0.0) 1(1.0) 2(32) N/A N/A 346 (0.31- 0316
39.15)
Fibroids present
No (n, %) 63 (88.7) 103 (88.8) 54(79.4)
Yes (n, %) 8(11.3) 13(11.2) 14 (20.6) 204 (0.80-524) 0.137  099(0.39-2.53) 0990  2.05(0.90- 0.087
4.68)
No. of fibroids
n 71 116 68
Mean 0.23 (0-5) 0.13(0-2) 0.34 (0-4) 0421 0.294 0.034
(range)
Volume of largest fibroid (ml)
n 6 1 1
Mean 58.62 (0.40- 2.89(0.10-8.00) 27.74 (0.60— 0414 0.148 0.188
(range) 174.00) 246.50)
Ovarian cysts present
No (n, %) 54 (76.1) 77 (66.4) 41 (60.3)
Yes (n, %) 17 (23.9) 39 (33.6) 27 (39.7) 2.09(1.01-4.34) 0.048 1.61(0.83-3.14) 0.163 1.30 (0.70- 0.407
242)
No. of ovarian cysts
n 71 116 68
Mean 0.34 (0-4) 0.67 (0-10) 0.62 (0-3) 0.047 0.078 0.773
(range)
Polycystic ovaries present
No (n, %) 61(85.9) 101 (87.1) 65 (95.6)
Yes (n, %) 10 (14.1) 15(12.9) 344 0.28 (0.07-1.07) 0.063 091 (0.38-2.14) 0.822 0.31 (0.09- 0.073
1.12)
Adenomyosis present
No (n, %) 66 (93.0) 92 (79.3) 51 (75.0)
Yes (n, %) 5(7.0) 24(20.7) 17 (25.0) 440 (1.52— 0.006 344 (125-949) 0017 1.28 (0.63- 0.498
12.73) 2.60)
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Table 3 (continued)
Non- Single Recurrent Non-endometriosis Non-endometriosis Single endometriosis
endometriosis endometriosis endometriosis control vs recurrent control vs single diagnosis vs recurrent
control diagnosis endometriosis endometriosis endometriosis
diagnosis
Univariate analysis
OR, 95% Cl pvalue OR, 95% ClI p value OR, 95% Cl p value
Adenomyosis linear striations present
No (n, %) 68 (95.8) 105 (90.5) 62(91.2)
Yes (n, %) 3(4.2) 11(9.5) 6(8.8) 2.19(0.53-9.15) 0.281 2.37(0.64-882) 0.197 092 (0.33- 0.882
2.62)
Adenomyosis heterogeneous myometrium
No (n, %) 71 (100.0) 111 (95.7) 61(89.7)
Yes (n, %) 0(0.0) 5(4.3) 7(10.3) N/A N/A 2.55(0.78- 0.123
8.37)
Adenomyosis thickened posterior wall
No (n, %) 68 (95.8) 105 (90.5) 61(89.7)
Yes (n, %) 342 119.5) 7(10.3) 2.60 (0.64- 0180  237(064-882) 0.197 1.10 (0.40- 0.858
10.51) 2.97)
Endometriosis present (including OMA)
No (n, %) 69 (97.2) 84 (72.4) 40 (58.8)
Yes (n, %) 2(2.8) 32(27.6) 28(41.2) 24.15 (5.46- <0.001 13.14 0.001 1.84 (0.98- 0.059
106.78) (3.04-56.80) 3.46)
Endometriosis present (excluding OMA)
No (n, %) 69 (97.2) 112 (96.6) 56 (82.4)
Yes (n, %) 2(28) 4(34) 12(17.6) 739 (1.59- 0.011 1.23(0.22-691) 0812 6.00 (1.85- 0.003
34.41) 19.45)
Bilateral endometriomas
No (n, %) 71(100.0) 107 (92.2) 63 (92.6)
Yes (n, %) 0(0.0) 9(7.8) 5(74) N/A N/A 0.94 (0.30- 0.920
2.94)
Adhesions (ultrasound)
No (n, %) 70 (98.6) 110 (94.8) 53(77.9)
Yes (n, %) 1(1.4) 6(52) 15(22.1) 19.81 (2.54- 0004  3.82(045- 0219  519(191- 0.001
154.74) 32.39) 14.13)

OMA Endometrioma

self-reported analysis, this was emphasised in associa-
tion with stage 4 disease (OR 3.74 [2.30-6.10], p value
<0.001) and subsequently, the reported presence of deep
peritoneal disease (OR 1.97 [1.36-2.86], p value <0.001)
(Table 1). Narrowing down, in the analysis using surgi-
cally classified recurrent disease, the presence of bowel
lesions was significantly linked to recurrence (OR 3.39
[1.91-6.03], p value <0.001) (Table 2). In contrast, patients
with lesions in the pararectal space had a lower odds of
recurrent endometriosis relative to having a single diag-
nosis of endometriosis (OR 0.49 [0.28-0.88], p value
0.017, and OR 0.46 [0.20—-1.06], p value 0.067, respectively)
(Tables 1 and 2).

Other gynaecological features associated with recurrent
endometriosis

Adenomyosis (patient reported), in both the self-reported
and surgically confirmed analyses, was associated with an
increased likelihood of endometriosis recurrence com-
pared to a single diagnosis (Tables 1 and 2) (univariate
OR 4.57 [2.38-8.79] and OR 5.72 [2.72-12.03], both p
values <0.001, respectively). Those with surgically con-
firmed recurrence had increased odds of adenomyosis as
detected by ultrasound compared to controls (univariate
OR 4.40 [1.52-12.73], p value 0.006) (Table 3). Also of
note in Table 3, uterine volume (logged) was increased in
the recurrent endometriosis group compared to controls
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and those with a single diagnosis (p value 0.023 and 0.021,
respectively), which may be an indicator of adenomyosis.

Self-reported recurrent disease increased the odds for
presentation at an ER compared to controls and those
with a single diagnosis (both p values<0.001) (Table 1).
Similar outcomes were observed in the surgically con-
firmed analysis (Table 2), where recurrent endometriosis
was associated with increased odds of presenting to an
ER with pelvic pain (p values <0.001 and 0.018). Dysmen-
orrhea, dyspareunia and severe (non-menstrual) pelvic
pain were not significantly associated with endometriosis
recurrence (Tables 1 and 2).

When comparing non-endometriosis controls to recur-
rent endometriosis cases, recurrent endometriosis was
associated with reduced odds of taking hormone medi-
cation (Tables 1 and 2) (p value 0.041 and p value 0.015,
respectively). However, this response was not limited to
recurrent endometriosis, as those with a single endome-
triosis diagnosis were also found to have reduced odds of
hormone medication usage compared to non-endometri-
osis controls (Tables 1 and 2) (p value 0.007 and p value
0.008, respectively).

Older age at the time of first menstrual period (in par-
ticular 15+ years) was associated with the single diagno-
sis of endometriosis group compared to the recurrence or
control groups (Tables 1 and 2), albeit in opposite direc-
tions. Those with a single diagnosis of endometriosis
had an increased odds of being 15+ years at the time of
first menarche compared to non-endometriosis controls
(Tables 1 and 2) (p value 0.033 and p value 0.035). How-
ever, the opposite effect was seen in the single diagnosis
versus recurrent endometriosis groups, where older age
at menarche (15+) reduced the odds of recurrence rela-
tive to a single diagnosis of endometriosis (p value 0.009
and p value 0.023, respectively) (Tables 1 and 2).

Gravidity and parity were significantly associated with a
single or recurrent endometriosis diagnosis (Tables 1 and
2). A similar pattern was observed for the single diagnosis
group, which had reduced odds of reporting 3 + gravidity
compared to controls (p value <0.001 and p value <0.001,
respectively) (Tables 1 and 2), and reduced odds of
reporting a parity between 1 and 2 or 3+ compared

(See figure on next page.)
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to controls (p values also ranging between<0.001 and
0.001) (Tables 1 and 2). However, when comparing recur-
rent disease to a single diagnosis of endometriosis in both
analytic groups (Tables 1 and 2), an increase of the odds
of reporting a gravidity of 3+ (p value<0.001 and 0.005,
respectively) or a parity of 1-2 (p value, both <0.001) was
observed.

Non-gynaecological factors associated with endometriosis
recurrence

An obese BMI increased the likelihood of recurrence
when compared to a single diagnosis of endometriosis
(univariate OR 2.58 [1.39-4.81], p value 0.003) (Table 2).
On the other hand, obesity was associated with lower
odds of a single endometriosis diagnosis compared
to non-endometriosis controls (both p values<0.001)
(Tables 1 and 2). In both the self-reported and surgically
confirmed recurrence analyses, increased blood pressure
was significant when recurrence was compared to a sin-
gle diagnosis (univariate analysis) (Tables 1 and 2). In par-
ticular, higher systolic blood pressure (130-139 mmHg
group) was associated with recurrent disease compared
to a single endometriosis diagnosis (Tables 1 and 2) (p
value 0.006 and p value 0.045, respectively). Overall, age
was significantly related to disease recurrence; those
with recurrent disease were older compared to non-
endometriosis controls and those with a single diagno-
sis (Tables 1 and 2). In particular, in the self-reported
endometriosis recurrence analysis, the recurrence group
had increased odds of being in the older age group
(35+years) versus controls (p value<0.001) and a single
diagnosis (p value <0.001) (Table 1). The same was true in
the surgically confirmed group, with the 35+age group
significantly positively associated with recurrence when
compared to non-endometriosis controls (p value 0.006)
(Table 2).

Predicting if endometriosis will reoccur

RiskSLIM analyses, resulting in a points-based system
to score the probability that patients will develop recur-
rent disease, were employed in both study groups. In the
self-reported (Fig. 2a) and surgically confirmed analyses

Fig. 2 RiskSLIM scores to assess predicted risk of recurrent endometriosis in the self-reported endometriosis analysis group. a Tally of points

and resulting scores for the various combinations of present features in the recurrent endometriosis versus single diagnosis of endometriosis
comparison. Variables were selected to maximise the 5 cross-validation (CV) test AUC. The final score can sit between—2 and 3, with a predicted risk
of recurrence at 4.7% for a score of —2 and 88.1% for a high score of 3. d Points and scores for the recurrent endometriosis versus non-endometriosis
control comparison. The final score can also sit between —2 and 3, with a predicted risk of recurrence at 11.9% for a score of —2 and 95.3%

for a high score of 3. b and e Calibration reliability graphs with observed risk (y-axis) and predicated risk (x-axis). The final model is shown in black
(with risk scores in black circles), and the 5-CV models on test data shown in grey. The 45° dashed grey line represents a perfect risk calibration.

c and f Receiver operating characteristic (ROC) curve with true positive rate (y-axis) and false positive rate (x-axis). The final model is shown

in black and the 5-CV models on test data shown in grey. Area under the ROC curve (AUC) for the 5-CV test and the final model are illustrated

on the bottom right of the ROC curve diagram
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Self-reported endometriosis analysis

Recurrent vs single endometriosis

Recurrent endometriosis vs controls

a) [ 1 Age (group 354) 1point | d)[ 1 Age (group35+) 1 point
2 Attendence at an emergency room * 1 point 2 Attendence at an emergency room * 1 point
3 Adhesions 1 point 3 Adenomyosis * 1 point
4 Eczema* -1 point 4 Gravidity (group 3+) * - 1point
5 Pararectal space lesion(s) -1 point 5 Obese BMI -1 point
SCORE -2 -1 0 1 2 3 SCORE -2 -1 0 1 2 3
Predicted | /7 | 119 | 269 | 500 | 73.1 | 881 Predicted | 119 | 269 | 500 | 73.1 | 88.1 | 953
Risk (%) : . J i : : Risk (%) ; X : ; : :
b) 1.004 e) 1.004
0.754 0.754
% 3
[ (4
Bos ® o504
2 0.504 2 0.50
[ [
8 2
(o] (o]
0.254 0.254
0.004 0.004
0'25 0.’50 O’75 ‘\.b(} 025 O!’:O 0‘73 1 :::)
Predicted Risk Predicted Risk
C) 1.004 f) 1.004
0.754 0.754

True Positive Rate
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(Fig. 3a), adhesions were the one common variable that
increased the prediction risk score in the models when
comparing recurrent endometriosis to a single endo-
metriosis diagnosis. When applying RiskSLIM to the

True Positive Rate
o
38

5-CVtestAUC 0.664

0.004

0.50
False Positive Rate

non-endometriosis controls and recurrent endometrio-
sis groups, adenomyosis was the common variable that
increased the risk score in both groups, while higher gra-
vidity (3 +) reduced the overall risk score in both groups
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(Figs. 2d and 3d). Using Fig. 3d as an example, adenomy-
osis (2 points), plus adhesions (2 points), plus age (35+)
(1 point), plus attendance at an ER (1 point) equals the
highest possible RiskSLIM score of 6, which contributes
to a 98.2% predicted risk for endometriosis recurrence
(Fig. 3d, e). As demonstrated in Fig. 3f, this RiskSLIM
model gave the highest AUC: a 5-CV AUC of 0.751. The
more important outcome here is the prediction of recur-
rent disease compared to a single diagnosis, thus when
using Fig. 3a as an example, adenomyosis (2 points), plus
diastolic blood pressure (90+mmHg) (1 point), plus
uterine fibroids (1 point), plus adhesions (1 point) equals
the highest possible RiskSLIM score of 5 for this model,
which contributes to a 95.3% predicted risk for endo-
metriosis recurrence (Fig. 3a, b). However, here we saw
increased overall variability and low AUCs (5-CV AUC of
0.617, Fig. 3c and 5-CV AUC of 0.668, Fig. 2c). Unfortu-
nately, the current models are not able to accurately dis-
criminate for recurrent disease.

Using dates of surgery, we were able to conduct a sur-
vival analysis on the surgically confirmed endometriosis
group, allowing us to predict the probability of no disease
recurrence. Self-reported previous diagnosis of endo-
metriosis was a highly significant predictor of disease
recurrence (univariate HR 32.46 [17.69-59.59], adj. p
value <0.001) (Table 4). For those who self-report a previ-
ous diagnosis, the 2- and 5-year probability of no recur-
rence was 38% and 3%, respectively, compared to 97%
and 90% chance of no recurrence for those who did not
report a previous diagnosis (Table 4 and Fig. 4a). Due to
its strength, the feature ‘previous diagnosis of endome-
triosis’ was not included in the multivariate Lasso model.

Several features were found to be significant in the sur-
vival analysis, but only 3 features demonstrated robust
non-zero Lasso coefficients: bowel lesions (1.039), adhe-
sions (0.570) and adenomyosis (0.350) (Table 4). The pres-
ence of lesions on the bowel was highly discriminatory
and increased the risk for recurrent disease (univariate
HR 6.25 [3.54-11.03], adj. p value<0.001) (Table 4 and
Fig. 4a). At 2 years following their first diagnostic surgery,
patients with bowel lesions have a 67% probability of no

(See figure on next page.)
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recurrence compared to a much higher 96% probability
of no recurrence in those without bowel lesions (Table 4
and Fig. 4a). At 5 years, the probability of no recurrence
drops to 48% in patients with bowel lesions versus 86% in
those without bowel lesions. The presence of adhesions
visualised at the time of diagnosis was similarly highly
predictive of recurrent disease. Adhesions increased the
odds of recurrence (univariate HR 5.49 [2.80-10.76], ad;.
p value <0.001) (Table 4 and Fig. 4c). Two years following
diagnostic surgery, patients with adhesions have an 84%
probability of no recurrence compared to 97% probability
of no recurrence in those without adhesions (Table 4 and
Fig. 4c). At 5 years, the probability of no recurrence drops
to 63% in patients with adhesions versus a still relatively
high 92% in those without adhesions. Reporting adeno-
myosis at the time of surgery was also predictive of dis-
ease recurrence (univariate HR 3.28 [1.47-7.32], adj. p
value 0.031), and by 5 years, the probability of no recur-
rence in those with adenomyosis was 60% compared to
81% in those who did not report adenomyosis (Table 4
and Fig. 4b).

Discussion

The aetiology of recurrent endometriosis is poorly under-
stood, which is problematic since disease recurrence
impacts more than 60% of patients (reviewed by 1, 2).
Here, we identify risk factors for endometriosis recur-
rence using clinical and survey information from cases
and non-endometriosis controls. Multiple factors were
identified that increase the risk of developing recurrent
disease; however, 3 key features—adenomyosis, bowel
lesions and adhesions—were repeatedly associated with
endometriosis recurrence. The findings of this study may
be helpful for the clinical management of endometriosis
and reducing rates and burden of recurrence.

Presence of self-reported adenomyosis was repeat-
edly associated with recurrent endometriosis. Adeno-
myosis also contributed to an increased risk score for
predicting recurrence and significantly increased prob-
ability of recurrence 2 and 5 years following an endo-
metriosis diagnosis. Non-invasive diagnostic tests

Fig. 3 RiskSLIM scores to assess predicted risk of recurrent endometriosis in the surgically confirmed analysis group. a Tally of points and resulting
scores for the various combinations of present features in the recurrent endometriosis versus single diagnosis of endometriosis comparison.
Variables were selected to maximise the 5 cross-validation (CV) test AUC. The final score sat between —1 and 5, with a predicted risk of recurrence
at 4.7% for a score of —1 and 95.3% for a high score of 5. d Points and scores for the recurrent endometriosis versus non-endometriosis control
comparison. The final score sat between —2 and 6, with a predicted risk of recurrence at 1.8% for a score of —2 and 98.2% for a high score of 6. b
and e Calibration reliability graphs with observed risk (y-axis) and predicated risk (x-axis). The final model is shown in black (with risk scores in black
circles), and the 5-CV models on test data shown in grey. The 45° dashed grey line represents a perfect risk calibration. ¢ and f Receiver operating
characteristic (ROC) curve with true positive rate (y-axis) and false positive rate (x-axis). The final model is shown in black and the 5-CV models

on test data shown in grey. Area under the ROC curve (AUC) for the 5-CV test and the final model are illustrated on the bottom right of the ROC

curve diagram
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Surgically-confirmed endometriosis analysis

Recurrent vs single endometriosis

Recurrent endometriosis vs controls

a) 1 Adenomyosis * 2 points d) 1 Adenomyosis * 2 points
2 Diastolic blood pressure (90+ mmHg group) 1 point 2 Adhesions 2 points
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S Age of menarche (15+ years group) * -1 point 5 Gravidity (group 3+) * -2 points
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Fig. 3 (See legend on previous page.)

for adenomyosis are improving, with imaging proce-
dures including transvaginal ultrasound and magnetic
resonance imaging (MRI) accurately reflecting histo-
logical findings [21, 22]. Using our clinically derived

False Positive Rate

ultrasound data, we observed an increased risk of
recurrence relative to non-endometriosis controls for
presence of adenomyosis, as well as increased uterine
volume. We have previously reported that ultrasound
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Table 4 Cox proportional hazards regression and 2-year and 5-year probabilities from Kaplan-Meier estimations
Factor n Univariate survival analysis Multivariate
Overall survival Probability of no Probability of no Kaplan- Lasso coef
recurrence at 2 years recurrence at 5 years Meier p
HR (95% ClI) pvalue Adj.pvalue value
Age (years)
Overall 335 1.05(1.01-1.09) 0.014 0.067
18-24 84 - 0.97 (0.94-1.00) 0.86 (0.78-0.96) 0.049
25-29 107 1.34(0.55-3.29) 0.519 0.666 0.94 (0.89-0.99) 0.84 (0.75-0.93) 0.000
30-34 67 2.34(0.96-5.73) 0.062 0.209 0.85 (0.77-0.95) 0.77 (0.66-0.90) 0.000
35+ 77 2.75(1.18-6.44) 0.019 0.083 0.87 (0.79-0.96) 0.69 (0.57-0.85) 0.000
Past smoker®
No 206 - 0.91 (0.86-0.95) 0.82 (0.76-0.89) 0510 0.000
Yes 129 21(0.69-2.14) 0511 0.666 0.93 (0.89-0.98) 0.77 (0.69-0.87)
Current smoker®
No 258 - 0.91 (0.88-0.95) 0.79 (0.73-0.86) 0.600 0.000
Yes 77 0.83 (0.41-1.66) 0.597 0.736 0.93 (0.87-0.99) 0.82(0.72-0.93)
Never smoked?
No 129 - 0.93 (0.89-0.98) 0.77 (0.69-0.87) 0.510 0.000
Yes 206 0.83(047-1.46) 0511 0.666 0.91 (0.86-0.95) 0.82 (0.76-0.89)
Age of menarche (years)
Overall 334 0.88(0.74-1.05) 0.165 0.343
Under 12 66 - 0.90 (0.83-0.98) 0.76 (0.63-0.90) 0.250
12-14 217 0.90 (0.46-1.78) 0.760 0.836 0.91 (0.87-0.95) 0.79 (0.73-0.86) 0.000
15+ 51 0.36 (0.10-1.29) 0.118 0.266 0.95 (0.89-1.00) 0.89 (0.75-1.00) 0.000
Gravidity?
Overall 334 1.19(091-1.57) 0.206 0.387
0 242 - 0.92 (0.89-0.96) 0.82 (0.76-0.88) 0.110
1-2 80 1(0.57-2.16) 0.758 0.836 0.93 (0.86-0.99) 0.78 (0.68-0.90) 0.000
3+ 12 2.89(1.02-8.16) 0.046 0.170 0.67 (0.43-1.00) 0.56 (0.32-1.00) 0.000
Parity®
Overall 334 1.35(0.96-1.89) 0.087 0.237
0 291 - 0.93 (0.90-0.96) 0.82 (0.77-0.88) 0.048
1-2 38 2.01(0.97-4.18) 0.060 0.209 0.84 (0.72-0.98) 0.67 (0.50-0.88) 0.000
3+ 5 3.28(0.79-13.63) 0.102 0.245 0.75 (0.43-1.00) 0.50 (0.19-1.00) 0.000
Systolic blood pressure (mmHg)
Overall 334 1.00(0.97-1.02) 0.753 0.836
Under 120 220 - 0.90 (0.85-0.94) 0.79 (0.73-0.86) 0.700
120-129 78 0.73(0.35-1.52) 0.393 0.593 0.94 (0.89-1.00) 0.84 (0.75-0.94) 0.000
130-139 21 0.52(0.12-2.17) 0.370 0.593 0.95 (0.86-1.00) 0.86 (0.70-1.00) 0.000
140+ 15 0.97 (0.30-3.17) 0.960 0.960 1.00 (1.00-1.00) 0.75 (0.50-1.00) 0.000
Diastolic blood pressure (mmHg)
Overall 334 1.00(0.97-1.03) 0.797 0.864
Under 80 250 - 0.91 (0.88-0.95) 0.79 (0.73-0.86) 0.160
80-84 47 0.39(0.12-1.26) 0.116 0.266 0.95 (0.88-1.00) 0.91 (0.83-1.00) 0.000
85-89 16 0.49 (0.07-3.55) 0477 0.644 0.93 (0.80-1.00) 0.93 (0.80-1.00) 0.000
9+ 21 1.66 (0.70-3.94) 0.250 0437 0.85 (0.71-1.00) 0.66 (0.45-0.98) 0.000
BMI (kg/m?)
Overall 335  1.03(0.99-1.08) 0.178 0.351
Normal (18.5-24.9) 194 - 0.95 (0.91-0.98) 0.82 (0.76-0.90) 0.011
Underweight (< 18.5) 19 247 (0.93-6.52) 0.069 0212 0.78 (0.61-1.00) 0.70 (0.51-0.97) 0.000
Pre-obese (25-29.9) 75 1.05 (0.48-2.29) 0.898 0.922 0.90 (0.83-0.97) 0.85 (0.76-0.95) 0.000
Obese (>30) 47 2.75(1.36-5.57) 0.005 0.034 0.88 (0.78-0.98) 0.65 (0.50-0.85) 0.000
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Table 4 (continued)

Factor n Univariate survival analysis Multivariate

Overall survival Probability of no Probability of no Kaplan- Lasso coef
recurrence at 2 years  recurrence at5 years Meier p
HR (95% ClI) pvalue Adj.pvalue value

Severe menstrual pain?
No 22 - 0.88 (0.74-1.00) 0.88 (0.74-1.00) 0470 0.000
Yes 313 1.67(041-6.90) 0476 0.644 0.92 (0.89-0.95) 0.79 (0.74-0.85)

Severe pelvic pain (hon-menstrual)®
No 72 - 0.89 (0.82-0.97) 0.83 (0.74-0.94) 0.640 0.000
Yes 263 1.18(0.59-2.37) 0.642 0.772 0.92 (0.89-0.96) 0.79 (0.73-0.86)

Dyspareunia®
No 91 - 0.90 (0.84-0.97) 0.83 (0.74-0.93) 0.850 0.000
Yes 244 0.94(0.50-1.78) 0.855 0.901 0.92 (0.89-0.96) 0.79 (0.73-0.86)

Attendance at an emergency room for menstrual/pelvic pain®
No 204 - 0.94 (0.90-0.97) 0.82 (0.75-0.89) 0.300 0.000
Yes 131 1.35(0.76-238) 0.307 0.507 0.88 (0.82-0.95) 0.77 (0.69-0.87)

Currently taking hormone medication®
No 216 - 0.91 (0.87-0.95) 0.76 (0.69-0.84) 0.062 0.000
Yes 119 0.54(0.28-1.04) 0.066 0.212 0.93 (0.88-0.98) 0.87 (0.80-0.94)

Ovarian cysts®
No 175 - 0.92 (0.88-0.97) 0.82 (0.75-0.89) 0.460 0.000
Yes 160  1.24(0.70-2.19) 0.460 0.644 0.91 (0.86-0.96) 0.78 (0.70-0.86)

Fibrocystic breasts®
No 319 - 0.92 (0.89-0.95) 0.80 (0.75-0.86) 0.600 0.000
Yes 16 1.36 (0.42-4.39) 0.602 0.736 0.86 (0.69-1.00) 0.75 (0.53-1.00)

Uterine fibroids®
No 318 - 0.92 (0.89-0.95) 0.80 (0.75-0.86) 0.039 0.000
Yes 17 2.57(1.02-6.49) 0.046 0.170 0.81 (0.64-1.00) 0.71 (0.50-1.00)

Polycystic ovary disease®
No 274 - 0.92 (0.88-0.95) 0.81(0.76-0.87) 0.450 0.000
Yes 61 1.31 (0.65-2.64) 0447 0.639 0.91(0.83-0.99) 0.75 (0.62-091)

Adenomyosis?
No 315 - 0.93 (0.90-0.96) 0.81(0.76-0.87) 0.002 0.350
Yes 20 3.28(1.47-7.32) 0.004 0.031 0.67 (0.48-0.92) 0.60 (0.41-0.88)

US—uterine volume (ml)
Overall 141 1.01(1.00-1.02) 0.001 0.008 ~
Under 40 ml 17 0.88 (0.73-1.00) 0.79 (0.60-1.00) 0.027
40-110 ml 107 - 0.90 (0.84-0.96) 0.68 (0.58-0.80)
>110ml 17 0.61(041-092) 0.34 (0.13-0.89)

US—Iog uterine volume (ml)
Overall 141 7.72(1.53-39.07) 0.013 0.067 - - ~

US—fibroids present
No 130 - 0.87 (0.81-0.93) 0.70 (0.61-0.81) 0.230 ~
Yes 21 1.62 (0.74-3.55) 0.231 0413 0.85(0.71-1.00) 0.57 (0.37-0.90)

US—ovarian cysts present
No 98 0.90 (0.84-0.96) 0.70 (0.59-0.83) 0430 ~
Yes 53 1.30 (0.67-2.53) 0434 0.639 0.82(0.71-0.93) 0.63 (0.49-0.82)

US—polycystic ovaries present
No 134 - 0.85 (0.79-0.92) 0.66 (0.57-0.77) 0.150 ~
Yes 17 0.37 (0.09-1.54) 0.171 0.347 1.00 (1.00-1.00) 0.85 (0.67-1.00)

US—adenomyosis present
No 15 - 0.88 (0.83-0.95) 0.71 (0.62-0.82) 0.068 ~
Yes 36 1.90 (0.94-3.81) 0.072 0.213 0.82 (0.70-0.96) 0.55 (0.38-0.82)
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Table 4 (continued)

Factor n Univariate survival analysis Multivariate
Overall survival Probability of no Probability of no Kaplan- Lasso coef
recurrence at 2 years  recurrence at5 years Meier p
HR (95% ClI) pvalue Adj.pvalue value

US—adenomyosis linear striations present

No 135 - 0.86 (0.80-0.93) 0.69 (0.60-0.80) 0.700 ~
Yes 16 1.20 (0.47-3.09) 0.705 0.822 0.93 (0.82-1.00) 0.61 (0.40-0.95)

US—adenomyosis heterogeneous myometrium
No 141 - 0.88 (0.82-0.93) 0.71 (0.62-0.81) 0.003 ~
Yes 10 3.92(1.48-10.38) 0.006 0.038 0.80 (0.59-1.00) 0.00 (NA-NA)

US—adenomyosis thickened posterior wall
No 135 - 0.89 (0.83-0.94) 0.69 (0.60-0.79) 0.093 ~
Yes 16 2.23(0.85-5.83) 0.102 0.245 0.72 (0.52-1.00) 0.72 (0.52-1.00)

Pre-cancer of the cervix or an abnormal Papanicolaou test®
No 319 - 0.92 (0.88-0.95) 0.80 (0.75-0.86) 0.960 0.000
Yes 16 1.03(0.32-3.33) 0.955 0.960 0.93 (0.82-1.00) 0.79 (0.61-1.00)

Cervical intraepithelial neoplasia (CIN) (pathology)
No 298 - 0.92 (0.89-0.95) 0.81(0.76-0.87) 0.260 0.000
Yes 37 1.55(0.72-3.31) 0.260 0444 0.89 (0.79-1.00) 0.69 (0.52-091)

Food allergies or intolerances®
No 258 - 0.93 (0.89-0.96) 0.79 (0.73-0.86) 0.840 0.000
Yes 77 0.93 (0.48-1.83) 0.845 0.901 0.88 (0.81-0.96) 0.81(0.72-0.93)

Disturbance to taste or smell?
No 312 - 0.92 (0.89-0.96) 0.82(0.77-0.87) 0.023 0.000
Yes 23 236 (1.10-5.04) 0.027 0.110 0.82 (0.67-1.00) 0.62 (0.44-0.87)

Hay fever®
No 2060 - 0.93 (0.90-0.97) 0.81(0.74-0.89) 0.310 0.000
Yes 129 1.34(0.76-2.36) 0310 0.507 0.89 (0.83-0.95) 0.78 (0.70-0.87)

Eczema?
No 236 - 0.91 (0.87-0.95) 0.77 (0.70-0.84) 0.089 0.000
Yes 99 0.55(0.27-1.11) 0.094 0.242 0.93 (0.88-0.99) 0.87 (0.80-0.95)

Previous diagnosis of endometriosis®
No 306 - 0.97 (0.96-0.99) 0.90 (0.86-0.95) <0.001 ~
Yes 29 3246 (17.69-59.59) 0.000 <0.001 0.38 (0.24-0.60) 0.03 (0.01-0.24)

Family history of endometriosis®
No 252 - 0.91 (0.87-0.95) 0.78 (0.72-0.85) 0.380 0.000
Yes 82 0.73(0.37-1.48) 0.386 0.593 0.94 (0.88-0.99) 0.84 (0.75-0.94)

US—endometriosis present (excluding OMA)
No 137 - 0.90 (0.85-0.96) 0.73 (0.64-0.83) <0.001 ~
Yes 14 6.26 (2.99-13.09) 0.000 <0.001 0.55 (0.34-0.90) 0.24 (0.08-0.73)

US—endometrioma
No 107 - 0.91(0.85-0.97) 0.71 (0.61-0.83) 0.150 ~
Yes 44 1.63(0.83-3.18) 0.154 0.330 0.78 (0.66-0.92) 0.59 (0.44-0.80)

US—adhesions
No 136 - 0.89 (0.84-0.95) 0.71 (0.62-0.82) 0.001 ~
Yes 15 3.32(1.56-7.05) 0.002 0.018 0.67 (0.47-0.95) 0.44 (0.25-0.80)

rASRM score
Overall 335 1.02(1.01-1.02) 0.000 <0.001 0.000

Stage of endometriosis (rASRM)
Stage 1 192 - 0.97 (0.94-1.00) 0.91 (0.86-0.96) <0.001
Stage 2 53 340 (1.47-7.88) 0.004 0.033 0.89 (0.80-0.99) 0.71(0.56-0.89) 0.000
Stage 3 37 344 (1.35-8.76) 0.010 0.057 0.91 (0.82-1.00) 0.64 (0.44-0.94) 0.000
Stage 4 53 6.79 (3.29-14.00) 0.000 <0.001 0.76 (0.65-0.89) 0.59 (0.46-0.77) 0.000
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Table 4 (continued)

Factor n Univariate survival analysis Multivariate

Overall survival Probability of no Probability of no Kaplan- Lasso coef
recurrence at 2 years  recurrence at5 years Meier p
HR (95% ClI) pvalue Adj.pvalue value

Adhesions (surgical)
No 201 - 0.97 (0.95-1.00) 0.92 (0.88-0.97) <0.001 0.570
Yes 134 549 (2.80-10.76) 0.000 <0.001 0.84 (0.77-0.90) 0.63 (0.54-0.74)

Superficial ovarian lesion(s)
No 289 - 0.92 (0.89-0.96) 0.82 (0.76-0.87) 0.140 0.000
Yes 46 1.72 (0.83-3.56) 0.143 0315 0.88 (0.78-0.98) 0.69 (0.52-0.91)

Deep ovarian lesion(s)
No 253 - 0.93 (0.90-0.96) 0.84 (0.78-0.90) 0.013 0.000
Yes 82 2.06 (1.15-3.67) 0.015 0.067 0.88 (0.81-0.96) 0.68 (0.56-0.83)

Superficial peritoneal lesion(s)
No 45 - 0.84 (0.74-0.96) 0.67 (0.54-0.84) 0.009 0.000
Yes 290 044 (0.23-0.83) 0.011 0.060 0.93 (0.90-0.96) 0.82(0.77-0.88)

Deep peritoneal lesion(s)
No 230 - 0.97 (0.95-1.00) 0.84 (0.78-091) <0.001 0.000
Yes 105  3.03(1.72-5.35) 0.000 0.002 0.79 (0.72-0.88) 0.71 (0.62-0.82)

Pouch of Douglas
No 142 - 0.94 (0.89-0.98) 0.82(0.74-091) 0.390 0.000
Yes 193 1.30(0.71-2.38) 0.389 0.593 0.90 (0.86-0.95) 0.79 (0.72-0.86)

UV pouch
No 246 - 0.92 (0.89-0.96) 0.82 (0.76-0.88) 0210 0.000
Yes 89 1.46 (0.80-2.67) 0214 0.393 0.89 (0.83-0.97) 0.75 (0.64-0.87)

Bladder
No 333 - 0.92 (0.89-0.95) 0.80 (0.75-0.86) 0.042 0.000
Yes 2 6.15(0.83-45.33) 0.075 0213 0.50 (0.13-1.00) 0.50 (0.13-1.00)

Bowel
No 280 - 0.96 (0.94-0.99) 0.86 (0.81-0.92) <0.001 1.039
Yes 55 6.25(3.54-11.03) 0.000 <0.001 0.67 (0.55-0.82) 048 (0.33-0.67)

Tubes
No 324 - 0.92 (0.89-0.95) 0.80 (0.74-0.85) 0.700 0.000
Yes 1 0.76 (0.18-3.12) 0.699 0.822 0.87 (0.72-1.00) 0.87 (0.72-1.00)

Pelvic side wall
No 157 - 0.92 (0.87-0.98) 0.85 (0.77-0.93) 0.550 0.000
Yes 178 1.22(0.64-2.30) 0.546 0.689 0.91 (0.88-0.95) 0.78 (0.72-0.85)

Pararectal space
No 307 - 0.91(0.87-0.94) 0.80 (0.74-0.86) 0450 0.000
Yes 28 0.67 (0.24-1.87) 0.448 0.639 0.97 (0.92-1.00) 0.80 (0.64-1.00)

Uterosacral ligament
No 211 - 0.93 (0.89-0.97) 0.79 (0.72-0.87) 0.750 0.000
Yes 124 091 (051-1.62) 0.747 0.836 0.90 (0.86-0.96) 0.82 (0.74-0.90)

Other
No 245 - 0.92 (0.89-0.96) 0.82 (0.76-0.88) 0.086 0.000
Yes 90 1.67 (0.92-3.03) 0.089 0.237 0.89 (0.83-0.96) 0.75 (0.64-0.88)

~ Data was not included in the multivariate Lasso model

@ Patient reported variable

diagnosed adenomyosis is associated with stage 4 endo-
metriosis [23]. As the symptoms of adenomyosis com-
monly mimic endometriosis, it is very probable that
individuals are undergoing reoperation for treatment

of suspected recurrent endometriosis, when in fact
the primary cause of recurring symptoms is adenomy-
osis. This is a scenario that may have occurred in our
study. Others have reported a relationship between
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adenomyosis of the outer uterine wall and bowel endo-
metriosis [24, 25]. Recently, it has been highlighted that
nodules in the bowel may not be caused by deep-infil-
trating endometriosis, but rather the result of posterior
uterine adenomyosis [26]. It is suggested that because
of the close proximity between posterior wall adeno-
myosis and the bowel, it could attach to and seed in
the adjacent colon, or vice versa, and increase the like-
lihood of adhesions obliterating the pouch of Douglas
[25].

We found that endometriotic bowel lesions were asso-
ciated with higher risk of disease recurrence, especially
in surgically confirmed recurrent patients. Bowel lesions
are present in 3—-37% of all endometriosis patients [27]
and are more common on the sigmoid colon and rec-
tum [25]. Endometriosis of the bowel may be solitary,
but often presents with ovarian or uterosacral ligament
endometriosis nodules and adenomyosis [24]. In the
context of the overall findings of our study; it is acknowl-
edged that bowel endometriosis is reported to be associ-
ated with advanced pelvic adhesions and fibrosis [25, 28].
Therefore, a picture is emerging where an unfavourable
paradigm of adenomyosis, bowel lesions and adhesions
co-exist to increase the severity of disease and promote
an environment favourable for endometriosis recur-
rence. There are reports in the literature of patients with
bowel endometriosis developing recurrence; however,
these are often case reports [29-31] and cannot be accu-
rately compared to recurrence rates of other subtypes
of endometriosis (e.g. peritoneal lesions or endome-
trioma). One systematic review reported surgically con-
firmed endometriosis recurrence to be 13.9% following

bowel resection [29]. A second systematic review showed
higher recurrence rates (visually and/or histologically
proven recurrence) of 45% following bowel resection
anastomosis and 35% following other surgical methods
(shaving, superficial excision, full thickness disc exci-
sion) [32]. We did not collect information pertaining to
the type of procedure performed for removal of bowel
disease, therefore cannot speculate if our cohort was dif-
ferent or similar to the report of Meuleman et al. Medical
management of bowel endometriosis can lead to symp-
tom recurrence following discontinuation of therapy, and
therefore, surgical management is considered to be the
primary treatment for symptomatic severe endometriosis
of the bowel [32]. Yet, a histological study of 10 patients
who underwent colorectal resection, with edges>2 cm
away from the macroscopic nodule limits, identified
microscopic endometriosis in the colorectal muscularis
layer adjacent and distal from the macroscopic nodule
limits [24]. Therefore, it is important to raise the question
of feasibility of complete resection of bowel endometrio-
sis if microscopic implants remain in patients managed
by segmental resection [24].

Notwithstanding, the possibility of microscopic endo-
metriosis remaining following resection or bowel shav-
ing, lesions on the bowel are often not removed or
incompletely removed due to clinical considerations. The
reasons for this vary and may be anecdotal, but opera-
tive morbidity may take priority over complete disease
resection [27]. The current definition of recurrent endo-
metriosis specifies ‘lesion recurrence (...) after previ-
ous complete excision of the disease’ [7]; this presents
a limitation to many published works as description of
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complete/incomplete excision is often not provided.
Therefore, it is difficult to ascertain if studies describing
recurrent endometriosis are actually describing persis-
tent or residual endometriosis instead of de novo disease.
One study quantified the risk of recurrence after com-
plete resection of endometriosis, versus leaving residual
disease and found while total resection did decrease the
risk of disease recurrence, it increased the risk of post-
surgical complications and was reliant on surgeon exper-
tise [33]. In our study, we took steps to ensure those with
incomplete resection or abandoned surgeries were not
included in the subset of patients classified as having
recurrent disease, and therefore, we can infer that pres-
ence of bowel disease at the index surgery is associated
with de novo lesion recurrence, not due to disease that
was left behind in previous surgeries.

One consideration that will influence a surgeon’s deci-
sion regarding complete removal of endometriosis and
increased likelihood of reoperation is post-surgical adhe-
sions. The risk of adhesions after any abdominopelvic
operation has previously been reported to be between 55
and 100% [34]. Presence of adhesions was significantly
associated with endometriosis disease recurrence in the
current study. The observed adhesions in our partici-
pants were likely a result of the inflammatory endome-
triotic lesions themselves or from their previous surgery
or surgeries.

Strategies to reduce adhesion formation following sur-
gery have been the topic of two recent Cochrane reviews
examining the effectiveness of barrier or gel agents,
which report scanty evidence demonstrating effective-
ness in adhesion prevention [35] or low-quality evidence
supporting barrier agents in reducing adhesion forma-
tion [36]. New data is emerging on novel treatments for
adhesions [37, 38], as well as non-invasive methods of
detecting adhesions, such as computed tomography (CT)
imaging [39]. One study showed treatment with intra-
peritoneal triamcinolone (a glucocorticoid used to treat
skin conditions and autoimmune disorders) following
gynaecological surgery reduced adhesions at a repeat
abdominal surgery [38]. With respect to adhesion detec-
tion via imaging for diagnosis or as part of pre-surgical
planning, our data demonstrated that ultrasound was
useful in identifying adhesions in association with dis-
ease recurrence. Thus, increased surveillance and imag-
ing should be considered the first-line approach to assess
the presence of adhesions when suspicious of endometri-
osis recurrence, as opposed to performing multiple sur-
geries, which may increase the risk of further adhesions
and recurrent disease.

Common biological mechanisms tie adhesions, adeno-
myosis and bowel lesions together—inflammation, fibro-
sis and epithelial-to-mesenchymal transition (EMT).
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These pathways are ingrained in many of the pathophysi-
ological theories of endometriosis lesion development
and survival and have been extensively reviewed [40—43].
A deeper understanding of these mechanisms, specific
to their contribution to disease recurrence, may provide
researchers and clinicals with an opportunity to develop
targeted therapies that could be utilised to prevent dis-
ease from returning.

In this study, a positive diagnosis of endometriosis
(recurrent disease or first diagnosis) was associated with
decreased likelihood of hormone medication usage com-
pared to non-endometriosis controls. A recent publica-
tion reported reduced reoperation for endometriosis in
patients who are treated with hormones before and after
their first endometriosis surgery, with the median time
to reoperation estimated to be 9 years compared to just
3 years in those not taking hormone therapy [44]. How-
ever, a 2020 Cochrane Review (of 25 trials) exploring the
effectiveness of hormonal suppression before, after or
both before and after surgery for endometriosis deter-
mined that the data was inconclusive, stating that those
‘who receive postsurgical medical therapy compared with
no medical therapy or placebo may experience benefit in
terms of (...) disease recurrence (...). There is insufficient
evidence regarding hormonal suppression therapy at
other time points in relation to surgery for women with
endometriosis’ [45]. It is not known why our population
were less likely to report use of hormones, and while it
could be speculated that a proportion were trying to
conceive, we cannot report that with certainty. It is clear,
however, that more comprehensive prospective studies
are required to unequivocally answer if hormonal sup-
pression can prevent endometriosis recurrence.

In addition to the characteristics described above,
some other factors were found to be associated with an
increased risk of recurrence (and increased risk score)
and arose on more than one occasion. The relationship
between endometriosis and reduced gravidity and parity
is well-established [46, 47]. However, in our study, recur-
rent endometriosis patients had increased odds of higher
gravidity and/or parity compared to those with a single
diagnosis of endometriosis. It is likely this phenomenon
is age-related, with recurrent patients more likely to be
older than those receiving a single diagnosis and there-
fore, having greater amount of time to achieve more
pregnancies. This is supported by our recent study that
found the likelihood of a new diagnosis of endometrio-
sis in those with pelvic pain, no previous laparoscopy and
a normal ultrasound, was lower in women aged 40 and
above [48]. On the other hand, patients of greater age and
higher gravidity and parity may be more likely to accept
reoperation as a treatment and elect for a hysterectomy,
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as the desire for future fertility has lapsed, thus falling
into the recurrence cohort in this analysis.

A lower BMI has commonly been associated with
increased risk of endometriosis [49-51]. However, fol-
lowing stratification of our endometriosis groups into
recurrent and single diagnoses, we found that obesity
was associated with an increased likelihood of endo-
metriosis recurrence compared to patients with a single
diagnosis of endometriosis (in the surgically confirmed
analysis only). Interestingly, we also found an association
between recurrent endometriosis and increased blood
pressure compared to those with a single diagnosis. Yet,
when recurrent endometriosis was compared to non-
endometriosis controls, the dynamic shifted and obesity
became protective. In other words, obesity reduced the
risk of recurrent endometriosis compared to controls.
The presence of worsening metabolic disease in endo-
metriosis is well established; evidence in the literature
describes high blood pressure, hypercholesterolemia,
fasting glucose levels and cardiovascular disease in endo-
metriosis patients over time [52—54]. Critically, there is
an established relationship between chronic pain and
the development of hypertension [55, 56], and the risk of
cardiovascular disease [57]. Though this requires further
investigation, we suggest that recurrent endometriosis
may represent a cohort of patients with an increased pro-
pensity for the development of cardiometabolic diseases
(including obesity and hypertension), and that these
patients warrant long-term surveillance and monitoring
in order to reduce cardiometabolic risk.

Inherently, it is perceived that data from self-reported
surveys are limited, as information can suffer from
response bias or recall bias. However, recent studies have
found that patients who self-report a previous endo-
metriosis diagnosis do so with accuracy [58, 59]. In our
study, almost 80% of patients with surgically confirmed
recurrent endometriosis also self-reported a previous
diagnosis, validating that a patient’s account of a posi-
tive diagnosis of endometriosis should be considered
reliable, in the absence of any confirmatory medical
documentation.

This study considered the presence of de novo lesions
following index surgery a pre-requisite for categorisation
into the recurrent endometriosis group. Yet, to achieve
this status, it must be kept in mind that multiple likely
events were necessary in the lead up to reoperation. For
example, the individual must have experienced symptom
recurrence following a previous surgery or have been
unresponsive to non-surgical management (i.e. hormonal
treatment) of returning symptoms. However, not all indi-
viduals will elect non-surgical management, for example,
if they have had a prior negative experience with the side
effects of hormonal therapies and a positive experience of
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symptom relief following surgery. In addition, repeat sur-
gery must be consistent with the patient’s desire as well
as the surgeon’s/hospital’s assessment and practice. All
of these aforementioned decisions are complex and sub-
jective, and further randomised controlled clinical trials
(RCTs) are necessary to overcome and better understand
these potential biases.

The strengths of this study include its novelty, size,
comprehensive clinical phenotyping and multivari-
ate analysis. Furthermore, our inclusion of two analytic
groups defining endometriosis recurrence increases the
robustness of the findings. However, we acknowledge the
following limitation, while the self-reported analysis uti-
lised pathology-confirmed endometriosis in the selection
and allocation of participants, the surgically confirmed
analysis relied on screening of surgical records, there-
fore surgical visualisation. While the outcomes of this
research bring us closer to developing a clinical model
to predict the chance of recurrence for those diagnosed
with endometriosis, the accuracy of these tools are not
yet precise enough to correctly classify disease outcomes.
The prediction model is highly influenced by the samples
on which it was developed (in this case, patients with sig-
nificant pelvic pain or symptoms of endometriosis that
warranted surgery in a tertiary hospital), and therefore,
generalising to other populations may be less accurate.
Further external validation in more diverse populations is
necessary. We also expected to observe more replication
of features between our two study analyses, self-reported
and surgically confirmed endometriosis recurrence. We
may have seen improved replication or more accurate
risk prediction if we had further stratified repeat surger-
ies by procedure type, particularly, the involvement of a
hysterectomy (with/without ovarian conservation). Hys-
terectomy at reoperation is a notable consideration, given
this larger procedure is associated with reduced risk of
recurrence [2, 60, 61]. We have specifically examined
endometriosis cases (single and recurrent) attributed by
the physical presence of lesions, visualised at surgery, and
have not considered symptom-based suspected recur-
rence. The mechanisms of symptom only recurrence
versus new lesion formation are likely to have very dif-
ferent aetiologies, and therefore, interpretation of the
findings of this investigation should only be considered
in the context of lesions being present. However, as our
focus was on surgical patients, our study did not include
patients with a clinical diagnosis of recurrence (for exam-
ple, recurrence found on imaging [ultrasound or MRI] or
diagnostic laparoscopy alone) who were managed non-
surgically. A final limitation of our study is time; it would
have been beneficial to follow participants for a longer
follow-up period to monitor for disease recurrence and
the long-term effectiveness of interventions.
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Conclusions

A picture has emerged that highlights several features to
be important for better understanding the mechanisms
behind recurrent endometriosis. A negative paradigm
consisting of lesions located on the bowel, post-surgical
adhesions and adenomyosis are observed to increase the
severity of disease and the risk of endometriosis recur-
rence. This information has been derived from a combi-
nation of patient reported measures and clinical records,
highlighting and validating the use of self-reported
patient histories for prior diagnoses of endometriosis.
In the course of diagnosing suspected recurrent disease,
the presence of other endometriosis features (lesions on
the bowel, adhesions) and gynaecological comorbidi-
ties (adenomyosis) should also be accurately assessed at
the same time [44]. Being able to provide patients more
comprehensive information on the likelihood of their dis-
ease returning following complete surgical removal will
empower patients with knowledge and a level of reas-
surance not previously available. While further work is
needed to validate our tool and its predictive power, the
current study provides evidence of clinically detectable
risk factors associated with an increased chance of dis-
ease recurrence.
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