
HAL Id: hal-02928422
https://hal.science/hal-02928422

Submitted on 26 Nov 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Endometriosis screening in patients attending an IVF
clinic: a proof-of-concept retrospective cohort study

Loren Mear, Charles Pineau, François Vialard, Juan-Felipe Velez de La Calle

To cite this version:
Loren Mear, Charles Pineau, François Vialard, Juan-Felipe Velez de La Calle. Endometriosis screening
in patients attending an IVF clinic: a proof-of-concept retrospective cohort study. Human Fertility,
2022, 25 (2), pp.313-322. �10.1080/14647273.2020.1795731�. �hal-02928422�

https://hal.science/hal-02928422
https://hal.archives-ouvertes.fr


1

1 ORIGINAL ARTICLE

2

3

4 Endometriosis screening in patients attending an IVF clinic: a proof-of-concept 

5 retrospective cohort study.

6

7

8 Loren Méara,b,e, Charles Pineaua,e, François Vialardb,c, Juan-Felipe Velez de la Called

9

10

11 aUniv Rennes, INSERM, EHESP, Irset (Institut de recherche en santé, environnement et 

12 travail) - UMR_S 1085, F-35000 Rennes cedex, France; bGIG-EA7404, Université de 

13 Versailles Saint-Quentin-en-Yvelines – Paris Saclay, UFR Sciences de la Santé-Simone 

14 Veil, F-78180 Montigny-le Bretonneux, France; cDepartment of Biology of 

15 Reproduction, Cytogenetics and Genetics, Centre Hospitalier de Poissy-Saint Germain, 

16 CS 73082, F-78303 Poissy, France; dIVF Unit, Clinique Pasteur, F-29200 Brest, France; 

17 eProtim, Univ Rennes, F-35042 Rennes cedex, France.

18

19

20 CONTACT: Loren Méar, GIG-EA7404, Université de Versailles Saint-Quentin-en-

21 Yvelines – Paris Saclay, UFR Sciences de la Santé-Simone Veil, F-78180 Montigny-le 

22 Bretonneux, France E-mail: loren.mear@gmail.com.

Page 1 of 33

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 m

an
us

cri
pt



2

24 ABSTRACT

25 Given that (i) endometriosis affects approximately 40% of women diagnosed with 

26 fertility problems and (ii) this condition may be an underestimated cause of idiopathic 

27 infertility, it is essential to identify high-risk patients for laparoscopic screening and 

28 reduce the diagnostic delay. We performed a retrospective analysis of 312 women (208 

29 diagnosed with endometriosis and 104 controls) admitted to an in vitro fertilization 

30 (IVF) unit in the city of Brest (France) between June 2007 and July 2014. As part of the 

31 women’s infertility treatment, levels of cancer antigen 125 (CA-125) were assayed in 

32 blood samples collected on the day of oocyte retrieval. Surplus serum was used to set up 

33 a new sperm agglutination test. It was observed that sperm agglutination was 

34 significantly correlated with endometriosis and CA-125 levels (p<0.01 for both). By 

35 building a decision tree, we identified a subpopulation of patients with low CA-125 

36 levels and a high risk of endometriosis. This proof-of-concept study constitutes a first 

37 step towards a high-quality, controlled, multi-centre trial. If our preliminary results are 

38 confirmed, the decision tree should improve the medical care given to women in IVF 

39 programmes by identifying potential endometriosis sufferers for laparoscopic 

40 examination and enabling them to be counselled about precautionary measures.

41

42 Keywords: Endometriosis screening; IVF; high-risk population

43
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44 Introduction 

45 Endometriosis is a gynaecological disease characterized by the presence and 

46 development of functional endometrial tissue outside the uterine cavity (Giudice & Kao, 

47 2004). The disease is frequent, since it affects 10% of women of reproductive age (i.e. 

48 from puberty to menopause) and nearly 50% of infertile women (regardless of whether 

49 or not they experience pelvic pain) (Giudice & Kao, 2004).

50 The lack of specific symptoms means that endometriosis is difficult and time-

51 consuming to diagnose. Indeed, it may take over 5 years to establish a firm diagnosis 

52 and to provide the patient with appropriate treatment. The diagnostic delay for 

53 endometriosis is 8 years in the UK (Ballard et al., 2006) and 10.5 years in Austria and 

54 Germany (Hudelist et al., 2012). We currently lack a reliable blood-based screening test 

55 for endometriosis (May et al., 2010; Vinatier et al., 2001): those developed to date have 

56 a low level of sensitivity or are poorly specific (Bedaiwy & Falcone, 2004; Nisenblat, 

57 Bossuyt, et al., 2016). Radiological examinations (e.g. MRI and ultrasound) enable 

58 specialists to detect most large endometriotic lesions. Laparoscopy is often considered 

59 to be the gold standard for the diagnosis of endometriosis; this invasive surgical 

60 procedure not only enables the collection of a biopsy for subsequent histological 

61 analysis but also allows the spread of the disease to be visually assessed (Fassbender et 

62 al., 2015; Rogers et al., 2017; Spaczynski & Duleba, 2003). Although accurate 

63 ultrasound monitoring might be enough for suspecting endometriosis in an infertile 

64 population (Guerriero et al., 2018), the diagnosis of endometriosis is still challenging in 

65 a proportion of these patients.

66 An association between endometriosis and elevated serum levels of cancer 

67 antigen 125 (CA-125) was described in the mid-1980s (Mol et al., 1998). CA-125 is a 

68 mucin glycoprotein encoded by the MUC16 gene, and was initially studied as a serum 
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69 marker of the progression and presence of ovarian cancer (Fassbender, et al., 2015; 

70 Gupta & Lis, 2009; Nisenblat, Prentice, et al., 2016). This mucin has also been 

71 extensively assessed as a potential biomarker for endometriosis (May et al., 2010; 

72 Nisenblat, Bossuyt, et al., 2016). Many studies have shown that the serum CA-125 level 

73 is correlated with the severity of endometriosis in general (May et al., 2010) and of 

74 ovarian endometrioma in particular. Although elevated CA-125 levels may be 

75 associated with other gynaecologic disorders (especially ovarian tumors) (Bedaiwy & 

76 Falcone, 2004; Fassbender et al., 2015), the concentration can vary during the menstrual 

77 cycle (May et al., 2010) and might have less diagnostic value in the early stages of 

78 endometriosis (Mol et al., 1998). In a meta-analysis, CA-125 had a sensitivity of 52% 

79 and a specificity of 93%, and the marker’s diagnostic performance did not depend on 

80 the stage of endometriosis (Hirsch, Duffy, Davis et al., 2016). Although CA-125’s 

81 diagnostic sensitivity and specificity vary according to the choice of the threshold, none 

82 of the published values are sufficiently reliable for use in a diagnostic test (Nisenblat, 

83 Bossuyt, et al., 2016).

84 Several studies have highlighted the influence of endometriosis on fertility, with 

85 a negative impact on oocyte quality and embryonic development, and an increase in the 

86 risk of miscarriage (Stilley et al., 2012; Tanbo & Fedorcsak, 2017). Since the 1990s, 

87 several observations have emphasized the negative effect of endometriosis on 

88 spermatozoa, such as: (i) lower sperm binding to the zona pellucida (Coddington et al., 

89 1992); (ii) reduced binding of sperm to endosalpinx of women with endometriosis 

90 (Reeve et al., 2005) (iii) the presence of elevated levels of inflammatory mediators in 

91 peritoneal fluid from women suffering from endometriosis, which may be responsible 

92 for damage to sperm DNA (Mansour et al., 2009); and (iv) the elevated levels of 

93 preinterleukin-6 in peritoneal fluid, which may also inhibit sperm motility (Yoshida et 
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94 al., 2004). More recently, it has been shown that peritoneal fluid from women suffering 

95 from endometriosis reduces sperm motility and quality (Sáez-Espinosa et al., 2019). As 

96 mentioned above, it has been estimated that 25 to 50% of infertile women have 

97 endometriosis (Bulletti et al., 2010) and that women with endometriosis have an 

98 increased risk of infertility: in one study, the odds ratio (95% confidence interval (CI)) 

99 was 6.2 (5.4‒7.1) (Ballard et al., 2008). However, the putative underlying link between 

100 endometriosis and infertility has yet to be characterized and is subject to debate 

101 (Somigliana et al., 2017).

102 The present study was prompted by a number of anecdotal but recurrent 

103 observations made in an in vitro fertilization (IVF) unit in Brest (France) for 

104 conventional IVF procedures (i.e. no intracytoplasmic sperm injection) involving 

105 patients with endometriosis. The day after IVF, we found that the remaining 

106 spermatozoa in the culture wells tended to agglutinate, whereas non-treated 

107 spermatozoa from the same donor did not. Given that sperm are incubated with the 

108 cumulus oophorus during an IVF procedure, we hypothesized that (i) this agglutination 

109 phenomenon might be due to the presence of a specific protein in follicular fluid from 

110 women with endometriosis, and (ii) the specific protein might also be present in the 

111 woman’s blood serum. On the basis of these anecdotal observations and the literature 

112 data, we attempted to (i) reproduce this sperm agglutination phenomenon in the 

113 laboratory, and (ii) determine whether the agglutination was specifically related to 

114 contact with biological fluids from IVF patients with endometriosis.

115

116 Material and methods

117 Patients

118 Patients attending the IVF unit at the Clinique Pasteur (Brest, France) from June 2007 to 
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119 July 2014 were included in the study. The sole inclusion criterion was admission to an 

120 IVF programme. Two groups of participants were defined: (i) women with 

121 laparoscopically and histologically confirmed endometriosis (hereafter referred to as the 

122 endometriosis group), and (ii) women without a documented history of endometriosis 

123 (the control group). For ethical reasons, the absence of endometriosis was not confirmed 

124 laparoscopically in the control participants; there was no justification for an invasive 

125 surgical procedure in these patients.

126 All women received standard treatment for IVF, namely the administration of a 

127 gonadotropin-releasing hormone (GnRH) antagonist and gonadotropin. None of the 

128 women received a GnRH agonist before or during the IVF programme. A blood sample 

129 was always collected (for hormone assays) on the day of oocyte retrieval. The 

130 remaining blood (typically considered as clinical waste) was used for the present study.

131 Capacitated sperm samples from 30 male patients requiring a conventional 

132 semen analysis were selected for the agglutination tests. The inclusion criteria were as 

133 follows: (i) the absence of spermatozoon aggregation or agglutination; (ii) a clearly 

134 negative mixed antiglobulin reaction assay (the SpermMAR Test IgG and SpermMAR 

135 Test IgA, FertiPro N.V., Beernem, Belgium); (iii) a normal sperm count (as defined in 

136 the World Health Organization’s Laboratory Manual for the Examination and 

137 Processing of Human Semen, fifth edition, i.e. >39x106 per ejaculate); (iv) more than 

138 75% of progressively motile spermatozoa; and (v) the absence of leukocytes. When all 

139 the standard laboratory analyses had been completed, the remaining sperm (again 

140 typically considered as clinical waste) was used in the agglutination test. The sperm 

141 samples had been collected at the end of the study inclusion period (i.e. from July to 

142 September 2014).
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7

143 The blood and sperm samples were collected as part of the routine procedure for 

144 patients undergoing IVF, and no additional procedures were required. All patients 

145 provided their prior, written, informed consent to participation prior to sampling. The 

146 study data were anonymized before the analysis. The study was approved by the 

147 Clinique Pasteur’s institutional review board (Brest, France; reference: 21CHP).

148

149 Sample preparation and processing

150 Sera were obtained by centrifugation of the clotted blood sample at 1.5 x g for 10 

151 minutes. An aliquot of serum (of at least 200 µL) was used for the CA-125 assay, 

152 whereas the remaining volume was frozen at -20°C until required for the sperm 

153 agglutination test.

154 Serum CA-125 levels were measured using a Roche Elecsys® CA 125 II assay 

155 on a Roche Cobas® system (Roche Diagnostics, Indianapolis, IN, USA), according to 

156 the manufacturer’s instructions.

157 After thawing, the sera were incubated at 56°C for one hour so that the 

158 complement components were inactivated. For each patient, two dilutions (1:2 and 1:4) 

159 of complement-depleted serum were tested, in order to avoid false negatives (caused by 

160 a zone phenomenon) as much as possible. Complement-depleted sera were then diluted 

161 in pre-warmed (37°C) FertiCult® medium (JCD Laboratoires, La Mulatière, France). 

162 Next, a 50 µL drop of diluted serum was mixed with a 2.5 µL of suspended post-

163 capacitation sperm (corresponding to approximately 65.103 spermatozoa) in a Petri dish. 

164 The droplets were completely covered with oil for embryo culture (Irvine Scientific; 

165 catalog number: 9305), and the closed Petri dishes were incubated overnight at 37°C in 

166 a humidified 5% CO2 atmosphere. On the following day, each droplet in the Petri dish 

167 was examined under a Diaphot 300 microscope (Nikon, Japan). Based on the number of 
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168 agglutinates per view of field and the WHO guidelines, the agglutination was classified 

169 semi-quantitatively into three groups: (i) no agglutinate (referred to as “–”); (ii) a low 

170 proportion of agglutinated sperm (less than 4 agglutinates per field; “+”); or (iii) a high 

171 proportion of agglutinated sperm (4 or more agglutinates per field; “++”) (Fig 1 a, b, c). 

172 This classification did not take account of the number of spermatozoa per agglutinate or 

173 the way in which the motile spermatozoa stuck to each other (i.e. agglutination 

174 specifically). The experimental workflow is detailed in Fig 1d. The experiments were 

175 performed in 2016. Negative controls were always performed by omitting the 

176 complement-depleted serum.

177

178 Statistical analysis

179 The threshold for statistical significance was set to p<0.01. Standard non-parametric 

180 tests were used to compare cases with controls. Since the quantitative data (age, and the 

181 serum CA-125 level) were not normally distributed (as confirmed by Shapiro’s test), a 

182 Mann-Whitney or a Wilcoxon test was applied. However, a t-test was performed to 

183 confirm the previous results. Quantitative variables were transformed into qualitative 

184 variables for subsequent analysis; thus, we created two age classes (<35 and ≥35 years) 

185 and two categories for the CA-125 level (<30 U/mL vs. ≥30 U/mL). Our choice of the 

186 30 U/mL cut-off for CA-125 was based on the report by Hirsch, Duffy, Deguara, et al. 

187 (2016). Associations between qualitative variables (the results of the sperm 

188 agglutination test, age, and the serum CA-125 level) and endometriosis (cases vs. 

189 controls) were assessed using a chi-squared test.

190 Since two of the variables were quantitative (i.e. the CA-125 concentration, and 

191 age), we decided to replace them with the corresponding qualitative variables; this 

192 simplified the decision tree and made it more representative and reliable.
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193 The selected variables were included in a multivariate analysis, and the ORs 

194 (95%CI) were obtained by logistic regression. In order to validate our model, random 

195 sampling was used to create two datasets: a training set (corresponding to 70% of the 

196 entire dataset) and a test set (corresponding to 30%). We then applied the model derived 

197 from the training set to the test set, and calculated the sensitivity and the specificity. 

198 Using Breiman’s Classification and Regression Tree (CART) method (Breiman et al., 

199 1984), we generated a decision tree on the basis of the final model and the training and 

200 test subsets.

201 In order to validate the decision tree, we performed a random forest analysis for 

202 significant variables. The term “random forest” encompasses an ensemble of learning 

203 methods that generate a multitude of decision trees, with bootstrapping (i.e. a “random 

204 with replacement” sampling method). Each tree was trained on 63% of the data. The 

205 remaining 37% were used to calculate the misclassification rate (i.e. the “out of bag” 

206 (OOB) error rate). An overall OOB error rate was obtained by aggregating the OOB 

207 error rate for each tree. Here, we used a random-forest-type classification.

208 We obtained 200 trees with random bootstraps from the entire original dataset. 

209 Lastly, the decision tree’s quality was determined in terms of its specificity, sensitivity, 

210 positive predictive value, and negative predictive value.

211 We used the methods implemented in R (R version 3.3.0, Comprehensive R 

212 Archive Network, CRAN), and the following R packages: MASS (Venables & Ripley, 

213 2002), rpart (Therneau et al., 2015), randomForest (Liaw & Wiener, 2002), caret (Kuhn, 

214 2016), partykit (Hothorn & Zeileis, (2015). partykit: A Modular Toolkit for Recursive 

215 Partytioning in R. Journal of Machine Learning Research, 16, 3905-3909. Retrieved 

216 from http://jmlr.org/papers/v16/hothorn15a.html, 2015), ggplot2 (Wickham, 2009), 

217 ROCR (Sing et al., 2005) and wesanderson (Ram et al., 2015).
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218

219 Results

220 Characteristics of the study population

221 A total of 312 women (208 with endometriosis, and 104 controls) were included in the 

222 study. The endometriosis and control groups did not differ significantly with regard to 

223 age (mean ± SD (range) age: 34.1 ± 4.3 (25-43) and 35.2 ± 4.6 (25-43), respectively; 

224 p>0.01 in both a Wilcoxon test and a confirmatory t-test) (S1 Fig). The serum CA-125 

225 level was significantly higher (p<0.001) in the endometriosis group (mean (range): 43.4 

226 ± 43.8 U/mL (4.3-283.7) than in the control group (21.2 ± 12.6 U/mL (5.9-70.5); 

227 p<0.001 in a Wilcoxon test). The incidences of high and moderate sperm agglutination 

228 were significantly higher (p<0.0005) among patients suffering from endometriosis 

229 (72.26% with a 1:4 dilution, compared with 57.69% among controls). The qualitative 

230 variables are described in Table 1, and the two random subsets (the training and test 

231 sets) used to build the CART are described in Table 2.

232

233 Identification of patient groups with a high risk of endometriosis

234 The chi-squared test evidenced a statistically significant association between the serum 

235 CA-125 level and endometriosis. The results were significant for the agglutination test 

236 with a 1:2 dilution and with a 1:4 dilution (Table 1).

237 A decision tree was derived from a logistic regression analysis of the training set 

238 (Table 3 and Figure 2). The proportion of agglutination (for the 1:4 dilution) and the 

239 serum CA-125 concentration appeared to be of relevance for discriminating between the 

240 endometriosis and control groups. The decision tree identified five subgroups of 

241 patients (nodes 4, 6, 7, 8 and 9) with an increased risk of endometriosis; it is noteworthy 

242 that two of the high-risk populations (nodes 8 and 9 in Fig 2) could be identified with 
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243 two parameters only: the CA-125 level (with the usual cut-off of 30 U/mL) and the level 

244 of agglutination. Node 8 is interesting because it corresponds to a population with a low 

245 CA-125 level and a high (>70%) risk of endometriosis. This model had an accuracy 

246 (95% CI) of 0.74 (0.6408 ‒ 0.8271), a sensitivity of 51%, a specificity of 85%, a 

247 positive predictive value of 64%, and a negative predictive value of 78% (Figure 2).

248 Two hundred trees were obtained: the OOB error rate was stable from the 50th 

249 tree onwards. Three variables were tested, each split and the estimated OOB error rate 

250 was 23.72% (S2 Figure B). A variable importance plot highlighted the importance of 

251 both the agglutination level and the CA-125 concentration in the prediction and 

252 classification models (Supplemental Figure 2A). The “agglutination level” variable was 

253 the most important for the two criteria (i.e. the accuracy and the Gini index) (S2 Figure 

254 B) used to evaluate the splits in the trees. Our random forest model had an accuracy 

255 (95%CI) of 0.76 (0.7116‒0.8089), a sensitivity of 52%, a specificity of 88%, a positive 

256 predictive value of 69%, and a negative predictive value of 79%.

257

258 Discussion

259 In the present study, we developed a novel method for evaluating the probability of 

260 endometriosis in women in an IVF programme. The decision tree associated with the 

261 test was based on three main parameters: the agglutination level (for a 1:4 sperm 

262 dilution), the serum CA-125 level, and age. Our results confirmed that the primary 

263 observation of sperm agglutination in the culture well was correlated with the presence 

264 of endometriosis in the patient (Table 1), and emphasized the potential impact of 

265 endometriosis on spermatozoa. Indeed, a chi-squared test showed a significant 

266 association between the agglutination test result and endometriosis in the study 

267 population (p<0.01). The association between the serum CA-125 level and the presence 
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268 of endometriosis was also significant (p<0.01) (Table 1). However, the main study 

269 objective of was to identify individuals at a high risk of endometriosis for women 

270 attending an IVF clinic, rather than to develop a new diagnostic test per se.

271 Here, we described a simple model based on logistic regression with the 

272 agglutination level, the serum CA-125 level (as a qualitative variable), and age (as a 

273 qualitative variable) as predictors, in order to discriminate between control patients and 

274 those suffering from endometriosis. We evaluated the model’s accuracy in a random 

275 forest analysis with 200 trees. Our results indicate that this model is highly accurate 

276 (76%) for detecting endometriosis among sub-fertile women. Nevertheless, our model is 

277 based only on qualitative data and so provides limited sensitivity (52% only).

278 At present, there are no reliable biomarkers for endometriosis screening. Here, 

279 we demonstrated that the serum CA-125 assay is of value when a cut-off of 30 U/mL is 

280 applied (Kafali et al., 2004). Furthermore, given the risks associate with surgery, 

281 laparoscopy is being performed less frequently in patients with idiopathic infertility 

282 (Practice Committee of the American Society for Reproductive Medicine, 2015); this 

283 complicates the diagnosis of endometriosis in women undergoing IVF procedures. 

284 Therefore, a simple, inexpensive, non-invasive screen for women in IVF programmes 

285 would be a valuable option for restricting surgery to individuals with a high risk of 

286 endometriosis. Although our model cannot rule out the possibility of endometriosis, it 

287 might prevent unnecessary surgery and improve the management of endometriosis in 

288 sub-fertile women.

289 The present study was designed to describe the link between endometriosis on 

290 one hand and spermatozoa agglutination in culture wells containing oocytes on the 

291 other. The combination of this agglutination test with a serum CA-125 assay is a 

292 relevant indicator of the need for diagnostic laparoscopy in women undergoing an IVF 
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293 procedure. If endometriosis is diagnosed, appropriate care and treatment should 

294 improve the live birth and pregnancy rates (Blanc & von Theobald, 2017; Somigliana et 

295 al., 2017). The value of surgical endometriosis treatment in improving fertility and the 

296 pregnancy rate is subject to debate because the beneficial effects may have been 

297 overestimated (Somigliana & Garcia-Velasco, 2015; Somigliana et al., 2017); 

298 nevertheless, surgical treatment appears to be very effective for deep endometriosis 

299 (Roman et al., 2018).

300 The present study had a number of limitations. Firstly, only women undergoing 

301 an IVF procedure were included. All of the participants had been treated with a GnRH 

302 antagonist and gonadotropin. Hence, our results cannot necessarily be extrapolated to 

303 populations of women not treated with these hormones.

304 Secondly, the control population (with no history of endometriosis) was a major 

305 source of bias: the control participants had not systematically undergone a laparoscopic 

306 assessment to confirm the absence of endometriosis. However, given that these 

307 participants received high-quality medical care during the IVF procedure (especially 

308 with regard to gynaecological disease), we expect that the incidence of endometriosis in 

309 the control was probably similar to (or even lower than) that observed in the general 

310 population (i.e. 6 to 10%). Furthermore, it is important to bear in mind that the 

311 prevalence of endometriosis is higher (as much as 75%) in symptomatic populations 

312 (those with chronic pelvic pain, for example) (Hirsch, Duffy, Deguara, et al., 2016), and 

313 especially in infertile populations; in one study, at least 14% of women in sub-fertile 

314 couples were diagnosed with endometriosis (Mol et al., 1998). In light of these facts, we 

315 cannot guarantee that the women in our control group population were free of 

316 endometriosis. Thirdly, given that elevated CA-125 levels are associated with other 

317 benign or malignant gynaecological diseases (such as ovarian cancer (Fassbender et al., 
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318 2015)), the use of this marker may have induced a degree of clinical heterogeneity 

319 (especially in the control group) and might have impacted our results; we did not 

320 exclude patients with a history of pelvic inflammation, hydrosalpinx, benign non-

321 endometriotic cysts, or other gynaecological diseases. This also constitutes a source of 

322 selection bias.

323 Thirdly, there were twice as many patients as controls. Although the small size 

324 of the control group could be considered as a limitation, it could also be an advantage in 

325 view of the absence of laparoscopy in the controls.

326 Simplification of our model (with a CA-125 cut-off of 30 U/mL (Hirsch, Duffy, 

327 Deguara, et al., 2016; Kafali et al., 2004)) would probably decrease the test’s accuracy 

328 (Nisenblat, Bossuyt, et al., 2016). However, given the study’s selection bias (especially 

329 in the control group), we consider that our results are promising. Indeed, a meta-

330 analysis showed that for CA-125 alone, the sensitivity ranged from 20% to 50%, and 

331 the specificity was higher than 85% (Mol et al., 1998). A more recent meta-analysis 

332 found a sensitivity of 52% and a specificity of 93% for all stages of endometriosis 

333 (Hirsch, Duffy, Davis, et al., 2016). Our results are similar to the literature data because 

334 we obtained a sensitivity of 52% and a specificity of 88%. Moreover, the decision tree 

335 derived in the present study (Figure 2) constitutes an efficient, user-friendly tool for 

336 identifying a high-risk population. It is noteworthy that more than 80% of the women 

337 with a CA-125 level over 30 U/mL (node 9 of the tree, n=87) suffered from 

338 endometriosis. Furthermore, 70% of those with a low CA-125 concentration but a 

339 marked agglutination reaction (node 8 of the tree, n=65) suffered from endometriosis 

340 (Figure 2). Node 8 is particularly interesting because it corresponds to a women with a 

341 high risk of endometriosis even though they had a negative result (i.e. <30 U/mL) in the 
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342 CA-125 assay. The meta-analysis by Hirsch, Duffy, Davis, et al., (2016) showed that 

343 endometriosis cannot be ruled out when CA-125 is <30 U/mL.

344 Our decision tree was able to distinguish two separate populations with a high 

345 risk of endometriosis by applying only two parameters: the serum CA-125 level (with 

346 the usual cut-off of 30 U/mL) and the sperm agglutination level. Women in either of 

347 these subgroups should probably consult an endometriosis specialist. However, our tree 

348 was derived from data recorded at a single IVF unit, and its value needs to be confirmed 

349 in a multicenter study.

350 A third parameter (age) was used in the present study but did not appear to be 

351 relevant for endometriosis screening. Indeed, the age variable only allowed the 

352 subdivision of node 5 (i.e. CA-125 ≤ 30 U/mL and moderate agglutination [“+”: less 

353 than 4 agglutinates per field]) into nodes 6 and 7 (Figure 2). In our regression tree, 30% 

354 of the women over the age of 35 years had endometriosis (node 6), whereas more than 

355 50% of women under the age of 35 suffered from endometriosis (node 7). In view of the 

356 above observations and the fact that only 30 women were clustered in node 6 and 7, we 

357 are therefore not in a position to explain the putative involvement of age in the 

358 agglutination reaction.

359 Our results demonstrated the correlation between sperm agglutination, the serum 

360 CA-125 level, and endometriosis. This simple test enables endometriosis screening for 

361 high-risk patients in specific populations of women undergoing an IVF procedure. 

362 Monitoring sperm agglutination during the IVF procedure and assaying for CA-125 

363 may be of value in patients with IVF failure. A positive test should prompt the patient to 

364 consult an endometriosis specialist and perhaps undergo laparoscopy to confirm the 

365 presence or absence of endometriosis.
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366 Further research is needed before our strategy can be used in routine clinical 

367 practice. This combined analysis can easily be performed in any assisted reproductive 

368 technology laboratory, and appears to be a simple, inexpensive way of providing better 

369 care and screening for endometriosis in patients undergoing an IVF procedure - 

370 especially those with IVF failure and/or idiopathic infertility. The present proof-of-

371 concept study constitutes a first step towards a confirmatory multicentre study with a 

372 high-quality control group. It may be ultimately possible to improve the decision tree as 

373 a function of to the disease stage or the type of endometriotic lesion.
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521 Tables captions 

522 Table 1. A qualitative description of the study population.

523 The results of the chi-squared test in a bivariate analysis of each of the two dilutions 

524 showed that the CA-125 level and the agglutination level were significantly associated 

525 with the origin of the IVF sample (i.e. endometriosis or not).

526

527 Table 2. The training and test sets.

528

529 Table 3. A multivariate model (obtained by logistic regression) for discriminating 

530 between the endometriosis group and the control group.

531 All the variables considered here were qualitative. The Akaike information criterion for 

532 the model was 342.33.

533

534 Figures captions

535 Figure 1. Study design.

536 Qualitative microscopic classification of spermatozoon agglutination reactions 

537 (according to the World Health Organization’s Laboratory Manual for the Examination 
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538 and Processing of Human Semen, fifth edition), namely: “motile spermatozoa sticking 

539 to each other”: (a) no agglutination (-), (b) a low proportion of agglutinated sperm (+), 

540 (c) a high proportion of agglutinated sperm (++). The workflow is shown in panel (d).

541 Figure 2. A Classification and Regression Tree (decision tree). 

542 We developed a decision tree that partitioned the patients into groups that were as 

543 homogenous as possible, based on the variable to be predicted (i.e. endometriosis or 

544 control). Thus, five groups of patients with different likelihoods of having endometriosis 

545 (ranging from less than 30% to over 80%) were obtained by considering the 

546 agglutination level, the CA-125 level, and the age class. These groups are represented 

547 by the tree’s end nodes. The variable referred to as Agglutination 1:4 corresponds to 

548 the proportion of sperm agglutination obtained with a 1:4 dilution of the serum, 

549 classified as: “–”: a low proportion of agglutinated sperm; “+”: less than 4 

550 agglutinates per field); “+ +”: a high proportion of agglutinated sperm, 4 or more 

551 agglutinates per field. The cut-off for the serum CA-125 level was 30 U/mL (i.e. ≤30 

552 U/mL vs. >30 U/mL). The cut-off for age was 35 (i.e. <35 vs. ≥35). After the decision 

553 tree had been applied to the test set, we determined the model’s sensitivity, specificity, 

554 positive predictive value (PPV), and negative predictive value (NPV).

555

556 Supporting information (see Supplementary files)

557

558 S1 Fig. Data distribution. 

559 A) Boxplots for each group, showing the data distribution for age and CA-125 

560 concentration (logarithmic scale); B) Data distribution for quantitative variables (age 

561 and CA-125). The groups are shown in different colours. The two groups’ baseline 

562 characteristics were compared using the Mann-Whitney test. There were statistically 
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563 significant associations between the CA-125 concentration and endometriosis (p = 

564 1.021 x 10-9) and between age and endometriosis (p = 0.03595).

565

566 S2. Fig. A) Variable importance in the model, tested in a random forest analysis. 

567 Agglutination 1:4 was the most important variable in this model, with regard to both 

568 accuracy and the Gini index. B) The random forest plot for 200 trees, mtry= 3, and an 

569 estimated OOB error rate of 23.72%.
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Table 1. A qualitative description of the study population.

The results of the chi-squared test in a bivariate analysis of each of the two dilutions showed that the CA-125 level and the agglutination level 

were significantly associated with the origin of the IVF sample (endometriosis or not).

Control group Endometriosis group Total

Variable n % n % n %
𝟀2 p-value

Age class

≤ 35 years 50 48.08 124 59.62 174 55.77

> 35 years 54 51.92 84 40.38 138 44.23
3.289 0.07

CA-125 level

≤ 30 U/mL 87 83.65 108 51.92 195 62.5

> 30 U/mL 17 16.35 100 48.08 117 37.5
28.446 <0.0001***

Agglutination with a 1:2 dilution

- 21 20.19 18 8.65 39 12.5

+ 28 26.92 34 16.35 62 19.87
16.302 <0.0005**
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+ + 55 52.88 156 75 211 67.63

Agglutination with a 1:4 dilution

- 44 42.31 30 14.42 74 23.72

+ 25 24.04 40 19.23 65 20.83

+ + 35 33.65 138 66.35 173 55.45

36.863 <0.0001***
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Table 2. The training and test sets.

Training set Test set

Variable Control Endometriosis Total Control Endometriosis Total

n % n % n % n % n % n %

Age range

≤ 35 

years 36 49.32 86 58.9 122 55.71 14 45.16 38 61.29 52 55.91

> 35 

years 37 50.68 60 41.1 97 44.29 17 54.84 24 38.71 41 44.09

CA-125 level

≤ 30 

U/mL 61 83.56 71 48.63 132 60.27 26 83.87 37 59.68 63 67.74

> 30 

U/mL 12 16.44 75 51.37 87 39.73 5 16.13 25 40.32 30 32.26
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571

572

Agglutination with a 1:2 dilution

- 14 19.18 12 8.22 26 11.87 7 22.58 6 9.68 13 13.98

+ 21 28.77 26 17.81 47 21.46 7 22.58 8 12.9 15 16.13

+ + 38 52.05 108 73.97 146 66.67 17 54.84 48 77.42 65 69.89

Agglutination with a 1:4 dilution

- 31 42.47 23 15.75 54 24.66 13 41.94 7 11.29 20 21.51

+ 19 26.03 28 19.18 47 21.46 6 19.35 12 19.35 18 19.35

+ + 23 31.51 95 65.07 118 53.88 12 38.71 43 69.35 55 59.14
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Table 3. Multivariate model (obtain by logistic regression) for discriminating between the endometriosis group and the control group.

All the variables considered here were qualitative.

The Akaike information criterion for the model was 342.33.

Odds ratio 95%CI p value

(Intercept) 0.5513037 0.3091266 ‒ 0.9630029 >0.01 *

CA-125 > 30 U/mL 4.3015392 2.3748690 ‒ 8.1532708 <0.0001 ***

Agglutination1:4 + 2.2483028 1.0959224 ‒ 4.6887153 >0.01 * 

Agglutination1:4 ++ 5.3711769 2.9005988 ‒ 10.1558972 <0.0001 ***

Age > 35 0.6644742 0.3906826 ‒ 1.1264008 >0.1

573
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