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Abstract
[bookmark: _Toc448148578]Introduction. Efficacy of on-demand drugs for women with Hypoactive Sexual Desire Disorder (HSDD) or Female Sexual Interest / Arousal Disorder (FSIAD) should be assessed using a validated instrument that assesses the discrete sexual events during which the on-demand drug is taken, because this type of assessment is more proximate to an on-demand drug’s efficacy compared to instruments that assess sexual function over longer periods of time.

Aim. The aim of this study was to assess the psychometric properties of the Dutch translation of the previously validated 11-item Sexual Event Diary (SED) for measuring sexual satisfaction and sexual functioning during discrete sexual events.
 
Methods. Psychometric assessment was performed on data of 1840 SEDs from 139 women with HSDD/FSIAD, collected during a randomized clinical cross-over trial conducted in the Netherlands. 

Main outcome measures. Item scores of the SED at the event level, and at subject level, summarized item scores during the Placebo Run-In period (PRI) and Active Treatment (ATP) periods, and score changes from PRI to ATP.

Results. Reliability and convergent validity were confirmed. All item scores showed the ability to discriminate between known-groups. Larger mean score changes from PRI were observed in groups with known benefit from the medication, as compared to those with no benefit. Guyatt's effect sizes ranged from 0.51-1.02, thereby demonstrating ability to detect change.


Clinical Translation. The Dutch version of the SED is an excellent instrument for assessing female sexual functioning and sexual satisfaction during discrete sexual events and for assessing these concepts over longer periods of time. 

Strengths & Limitations. Data were collected in a randomized, well-controlled trial. The large number of data points gave high statistical power, and the results confirmed previous findings. However, care is needed when generalizing the SED’s validity to other areas of research, e.g., recreational drug use and sexual risky behaviors, since the current validation study have not used such data.

Conclusions. Consistent with the US-English version, the Dutch version of the SED is a reliable, valid, and responsive instrument, and suitable for use in evaluating effects of on-demand drugs in women with FSIAD. 
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Introduction
Low sexual desire and/or low sexual arousal can lead to sexual dissatisfaction, and in turn, lead to severe personal distress [1]. In women, distressing low desire is classified as Hypoactive Sexual Desire Disorder (HSDD) and distressing low arousal as Female Sexual Arousal Disorder (FSAD) in DSM-IV Text Revision [1,2]. These two disorders have been merged in the DSM-5 into Female Sexual Interest/Arousal Disorder (FSIAD) [3]. There are currently only few pharmacotherapeutic options for these women but the large number of off-label testosterone prescriptions for female sexual dysfunction (over 4 million annually) shows there is a clear need [4]. For a pharmacological therapy to receive US marketing authorization by the FDA, efficacy must be established through one or more patient reported outcomes. In their regulatory guidance [5] the FDA formulates 4 possible (co)primary endpoints for pivotal phase 3 trials in HSDD/FSIAD: change from baseline in the level of sexual interest or desire, change from baseline in the level of sexual arousal, change from baseline in the level of distress, and change from baseline in the number of satisfying sexual events. These endpoints reflect different perspectives that can be taken when investigating a drug’s efficacy in HSDD/FSIAD, focusing either on the primary symptom (e.g. level of desire), the distress that this symptom generates, or the quality of the sexual event itself. The preferred perspective, and thus endpoint, is partly based on the drug’s characteristics.  
Several therapies that are in late stages of clinical development [6-8] are on-demand therapies, i.e. they are taken only when a woman with HSDD/FSIAD wants to want to have sex. These medications only increase sexual desire prior to and during sexual activity, instead of increasing it continuously as do drugs that are dosed daily (e.g. flibanserin and transdermal testosterone applications). This different mode of action should be taken into account when testing on-demand medication in randomized clinical trials.
	The efficacy of an on-demand drug for HSDD/FSIAD is best determined by assessing the quality of each discrete sexual event during which the drug was taken, in a given period. Assessing sexual functioning retrospectively over a longer period of time (e.g. 4 weeks), as does the Female Sexual Function Index (FSFI) [9], gives a more distal estimation of an on-demand drug’s efficacy. With this type of questionnaire, patients report on different aspects of their sexual functioning ‘on a whole’, thus encompassing significant periods of time over which there is no on-demand drug effect. Such a method of assessment is adequate for continuous dosing regimes because these regimes assume continuous effect, but it needlessly introduces noise in the assessment of on-demand dosing regimes.  
	The Sexual Event Diary (SED) is a patient-reported outcome instrument that has been developed for assessing sexual satisfaction and sexual functioning during a discrete sexual event [10]. The SED is an 11-item questionnaire which is filled out by the subject within 24 hours of a sexual event. Three items assess the type and timing of sexual event and if medication was used, two binary items assess if the sexual event was satisfactory and if the subject reached orgasm, and six 5-point Likert scale items assess desire, mental arousal/excitement, physical arousal/excitement, presence and strength of distracting thoughts, the ability to let go, and experienced pleasure. The development and validation of the SED is described in Van Nes et al [10]. Content validity was established in two sets of cognitive debriefing interviews in women with HSDD aged between 21 and 70 and psychometric assessment was carried out on data of nearly 11,000 SEDs. These data were collected during three double-blind, randomized, placebo-controlled, dose-finding phase 2 trials, investigating the efficacy and safety of on-demand drug therapies in over 400 women with HSDD, aged between 21 and 70 years [11]. Results of the psychometric assessment showed a one-factor solution should be retained, based on exploratory factor analysis (EFA). This one-factor solution substantiated the summing  of all Likert scale items into a “sexual function score”. Reliability of the SED was confirmed based on Cronbach’s alpha coefficient, inter-item and item-rest correlations. Convergent validity was confirmed using Pearson correlation coefficients of the total score and domain scores of the validated Female Sexual Function Index (FSFI) [6] with SED sexual function score and the separate item scores. Construct validity was confirmed by comparing the mean SED scores between responders and non-responders based on the SED items “satisfaction” and “orgasm” and based on the binary single-item Subjective Evaluation of Gain questionnaire (SEG) assessing benefit from the medication. Ability to detect change (responsiveness) was proven based on the Guyatt effect sizes and based on the comparison of the mean SED score changes from baseline to active treatment period between those women reporting benefit from the medication as compared to those reporting no benefit. 
	The SED proved to be an excellent instrument for determining the effect of on-demand therapies on sexual function and satisfaction during discrete sexual events, in women with HSDD or FSIAD. Moreover,  the SED was shown to be a suitable instrument for determining an on-demand drug’s efficacy over a longer period of time (i.e. over a per-patient variable number of multiple sexual events in a given period), using one of the U.S. Food and Drug Agency’s preferred primary endpoints for the indication HSDD/FSIAD ‘change in the number of satisfying sexual events from baseline’. This endpoint proved not only to be an excellent and comprehensive measure, but it also correlated strongly with all aspects of sexual functioning and it had an excellent ability to discriminate between drug responders and drug non-responders [10]. For a double-blind, randomized, placebo-controlled, cross-over phase 2 trial investigating the efficacy of an on-demand drug therapy for HSDD/FSIAD in a Dutch sample, the validated US-English SED version was translated to Dutch. Phase 3 trials necessitate the use of fully validated instruments which are used to collect the primary endpoint. As both the English and Dutch versions are intended for use in phase 3, the aim of this research was to assess the psychometric properties of the Dutch translation of the SED and thus establish its reliability and validity.
[bookmark: _Toc448148579]Materials and methods  
Sexual Event Diary (SED)
Description
The validated US-English version of the SED contains 11 items that assess quantitative and qualitative aspects of a single sexual event [10]. It is filled out by the subject within 24 hours of a sexual event. The first three items inventory when the sexual event occurred, what type(s) of activities occurred, and whether on-demand study medication was taken prior to the sexual event. Two binary questions (yes/no answer options) assess if the patient was satisfied with the sexual activity (item 4) and if she reached an orgasm (item 11 . Six 5-point Likert scale items assess sexual desire (item 5), mental arousal/excitement (item 6), physical arousal/excitement (item 7), presence and strength of distracting thoughts (item 8), the ability to let go (item 9), and experienced pleasure (item 10). 

Scoring 
The 5-point Likert scale items are scored 0 (corresponding to, for example, “no desire” for item 5) to 4 (corresponding to “extreme desire” for item 5), so that a higher score indicates more positive sexual function. The scoring of item 8 (‘distracting thoughts’) is reversed (“no distracting thoughts” is scored as 4) so that the answer categories of all items have the same direction regarding the quality of a sexual event. The SED sexual function score is the summation of all Likert scale items (items 5 through 10) for a discrete event. The scoring of the Dutch SED corresponds to the 11-item US version. In the validation of the US version [10], a 16-item version is also described which preceded the 11-item version. In that 16-item version, the 5-point Likert scale items were scored 1 through 5 in stead of 0 through 4. This change in scoring does not impact validity or reliability, but this difference must be kept in mind when comparing the responder definitions of the 16- and 11-item versions. Because of the change in scoring, scores of the Likert scale items of the 11-item SED will be 1 point lower than those of the 16-item SED. 

Translation
The 11-item SED was translated to Dutch and linguistically validated by certified medical translators (Corporate Translations, formerly PharmaQuest, Banbury, UK). The questionnaire was back-translated to English to ensure that the Dutch translation was accurate and cognitive debriefing interviews were held in five native Dutch speaking women, aged 18-70 years, diagnosed with FSIAD. These were performed by a qualified female investigator in the Netherlands (PharmaQuest) to test the adequacy of the translated version. All five women provided informed consent to participate in the cognitive debriefing interviews. 
[bookmark: _Toc448148581]Questionnaires used for assessing validity and responsiveness of the SED
The  Patient Benefit Evaluation (PBE), Sexual Anamnesis Questionnaire Diagnostic (SAQ-D), and Female Sexual Distress Scale–Revised (FSDS-R) questionnaires were used for assessing validity and responsiveness of the SED. The PBE is a single-item self report questionnaire that asks if a subject perceived meaningful benefit from the study medication over the preceding two weeks (answer options: “yes” and “no”). The SAQ-D is a 43-item self-report questionnaire that assesses different domains of sexual functioning (sexual desire, physical and subjective arousal, inhibition, orgasm, and pain), quality of partner relationship, and the presence of comorbid factors using Likert scale items. The SAQ-D domain scores are calculated by summing related Likert scale items. The FSDS-R is a 13-item standardized quantitative scale and measures sexually-related distress in women using 5-point Likert scale items. Item 13 of the FSDS-R is related specifically to desire “How often did you feel bothered by low sexual desire”, and the summation of all items gives an overall score of perceived distress concerning sexual functioning [12-14].
[bookmark: _Toc448148582]Data 
The data were collected during a double-blind, randomized, placebo-controlled, cross-over trial in the Netherlands. The trial was approved by the medical ethics committee Stichting Beoordeling Ethiek Biomedisch Onderzoek (Assen, the Netherlands), and registered under Primary Registry trial number NTR4426 (Netherlands Trial Register). The study was carried out in compliance with the Declaration of Helsinki (2008) and with the International Conference on Harmonization Good Clinical Practice guidelines for clinical research (1996). Patients were recruited from two clinical sites located in the Netherlands. After written informed consent was obtained, subjects were screened.  If subjects met all inclusion and exclusion criteria, they were enrolled in the study. 
Subjects were women between  the age of 18 and 70 years whom were diagnosed with HSDD as well as FSIAD. These women can be divided into two groups: women whom have sexual problems due to low sensitivity for sexual cues or women whom have sexual problems due to dysfunctional over-activation of sexual inhibitory mechanisms. This subdivision is based on the dual control model of sexual response and is substantiated by cognitive [15, 16], psychophysiological [6, 7, 15-17], subjective [6, 7, 16], neuroanatomical [18,19] and pharmacological [6, 7, 15, 16, 18] evidence. Based on these subtypes, two on-demand pharmacotherapies for women with FSIAD have been developed [6, 7, 18]. This current Dutch clinical trial aimed to validate the predictive power of a demarcation formula used to differentiate between these two subgroups. Reliability, validity, and responsiveness of the SED were assessed using SEDs with reported on-demand medication intake resulting in a total of 1840 SEDs filled out by 139 women which formed the Intention-To-Treat (ITT) population. The study started with a 2-week Placebo Run-In period (PRI) and three consecutive 2-week Active Treatment Periods (ATP’s) separated by 2-day wash out periods. During the ATP regimes, subjects received tablets containing 0.5 mg testosterone and 50 mg sildenafil [20], tablets containing 0.5 mg testosterone and 10 mg buspirone [21], or placebo tablets in randomized order. Each subject thus underwent each drug regime. In order to validate the predictive power of a demarcation formula, the efficacy of these on-demand therapies was determined by the assessment of sexual function and sexual satisfaction over the discrete sexual events that occurred in the ATP. Because frequency of sexual events varies per individual, the number of sexual events for each subject in each 2-week period varied, and thus the number of collected SEDs for each subject. 
The SED was filled out on a secure web-based system (ViedocTM Me, Pharma Consulting Group, Uppsala, Sweden) that the subject could access at home via their computer or from their portable device. Instructions on how to complete the SED were given during the start-up visit and were described in the SED as well. Subjects were instructed to complete the SED within 24 hours of any sexual activity they experienced. 
[bookmark: _Toc448148584]Statistical methods
The psychometric properties of the SED were assessed using conventional methods as described in Fayer & Machin [22]. The methods and their criteria used to asses and interpret the results of factor analysis, reliability, validity and responsiveness are widely-used. Confirmatory factor analysis was carried out using Mplus version 7.3 [23]. All other statistical analyses were performed using IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y., USA).

Levels of assessment
Reliability and validity of the SED were assessed at event level and at subject level. Analyses were performed on event level to establish reliability and validity of the questionnaire’s assessment of sexual function during a discrete sexual event, and on subject level for the assessment of sexual functioning of an individual over a longer period of time. Subject level analyses can thus be used to establish reliability and validity of the primary endpoint change in number of SSEs from baseline to ATP. For event level analyses, SEDs filled out by the same subjects were treated as independent observations. For subject level analyses, validity and reliability of subject mean Likert scale item scores (items 5-10), the number of SSE’s (item 4), and the number of orgasms (item 11) were assessed over 2-week periods. SED mean and sum scores in the PRI and those in the three regimes during ATP were calculated separately. 
For assessing known-groups validity, SED mean scores for satisfying sexual events were compared with those for unsatisfying sexual events as reported by SED item 4 (“Were you satisfied with the sexual activity?”), only on event level. For evaluating responsiveness on subject level, SED mean change scores from baseline (PRI) of subjects who reported experiencing meaningful benefit from the study medication were compared to subjects who reported experiencing no meaningful benefit from the study medication, as assessed by the PBE. Furthermore, because all subjects started with the PRI regime and because the three ATP regimes were assigned in a randomized order, the PRI was used as baseline in this study. 

Missing data
On the subject level, missing data were observed only when there were no events reported during the PRI or one or more of the ATP regimes. Twenty-five of 556 observations (4.5%) were missing. Listwise deletion was used to handle missing data at subject level. The event level dataset had no missing data. 

Sensitivity analyses
The statistical methodology used at event level assumes that the SEDs filled out by the same participant are independent observations. In order to investigate that this assumption does not lead to bias in the results, sensitivity analyses were carried out by performing the psychometric assessments on a separate dataset with 139 events, using only the last observed SED reported by each subject during the ATP.

Confirmatory factor analysis 
To test if the existing one-factor solution found in the English-US SED validation study [10] also holds for the Dutch sample, Confirmatory Factor Analyses (CFA) were performed at both the event and subject level. In these CFA’s, the 5-point Likert scale items (items 5 through 10) were used as indicators for one factor measuring overall sexual function. Because at event level the original ordinal item scores are used, a CFA was conducted on the polychoric correlations using robust weighted least squares to estimate the parameters, which is the default setting in Mplus for categorical indicators. Furthermore, it has been shown this estimation method is robust under possible violations of underlying normality, which often is the case for ordinal data [24]. At subject level, a CFA was conducted on the Pearson correlations using maximum likelihood estimation to estimate the parameters. To obtain free factor loadings, the factor models were identified by fixing the factor variance to one. Model fit was evaluated by looking at the chi-square statistic, the Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), Tucker Lewis Index (TLI), and the Standardized Root Mean Square Residual (SRMR) which are considered popular fit indices in applied research. It has been argued to evaluate multiple fit indices instead of solely the chi-square statistic as the chi-square statistic is inflated by sample size. Nonsignificant chi-square statistic, RMSEA and SRMR values smaller than 0.08, and CFI and TLI values larger than 0.95 are considered good model fit [25]. Factor loadings were considered sufficiently strong when exceeding 0.4 [22, 26].

Reliability
Internal consistency was assessed using Cronbach’s alpha coefficient, that provides a lower bound for reliability. A satisfactory Cronbach’s alpha coefficient is considered to be around 0.8 [22,26]. Inter-item and corrected item-rest correlations were assessed using Pearson correlation coefficients, and reliability was confirmed when values are larger than 0.3 [22, 26]. Inter-item correlations were used to assess the relationship between individual items within the SED. Item-rest correlations were used to assess the relationship between individual items and the total item sum score of the remaining Likert scale items. An unweighted SED sexual function sum score consisting of all relevant SED Likert scale items based on the results of the factor analyses was used. 

Validity 
Construct validity at event level of items 5 through 10 was assessed by investigating their ability to discriminate between known groups. The known groups were satisfactory sexual events versus unsatisfactory sexual events (using SED item 4), and as sexual events with orgasm versus events without orgasm (using item 11). Using independent sample T-test statistics, this type of validity was confirmed when the mean differences were statistically significant (P<0.05) [22].
At subject level, convergent validity was assessed using the Pearson correlation coefficients of the SED single item scores and sexual function score with the related SAQ-D domain scores, the sum of all FSDS-R items, and related FSDS-R single item scores (i.e. SAQ-D and FSDS-R constructs that are not assessed by the SED were not used). Convergent validity was confirmed when Pearson correlation coefficients were at least 0.4 (P<0.05) [22]. Only the SAQ-D sexual function factors sexual desire, physical arousal, subjective arousal, orgasm, and inhibition and FSDS-R items 1 ‘Feeling distressed’, 11 ‘Feeling dissatisfied’ and 13 ‘Feeling bothered by low sexual desire’ were used to assess convergent validity, as these factors and items coincide with the factors/items that SED items assess. The SAQ-D could only be used to assess convergent validity during the PRI period as it was only administered at screening. Since the FSDS-R was reported every 2 weeks, convergent validity using the FSDS-R was assessed during both PRI and ATP. 
Also at subject level, known-groups validity was assessed by comparing the mean SED item scores and SED sexual function score over the ATP periods (PRI was excluded) between responders and non-responders, using independent sample T-test statistics. This type of validity was confirmed when the mean differences were statistically significant (P<0,05) [22]. Responders were those subjects who indicated experiencing meaningful benefit of the study medication (PBE), non-responders were those who reported no benefit. All reported PBE’s during ATP were included. 

Responsiveness
Responsiveness is the ability of the instrument to detect change when there is a known change in the measure of interest. Responsiveness was assessed by comparing the means of the change from PRI to the ATPs in SED item scores and SED sexual function score between responders and non-responders (using the PBE), by calculating independent sample T-test statistics. Responsiveness was confirmed when the mean differences were statistically significant (P<0.05).
Responsiveness was also assessed by determining the effect size statistics of the ability of the SED to measure change in sexual functioning using Guyatt’s responsiveness index  [27, 28].  
 


Effect sizes of about 0.20 represent small effects, those of about 0.50 represent moderate effects, and those ≥ 0.80 represent large effects [18]. A two-sided 5% significance level was adopted for all statistical tests.
[bookmark: _Toc448148585][bookmark: _Toc448148589]Results
Subject characteristics
Baseline characteristics and demographics of 139 women with FSIAD who were included in psychometric assessments are shown in Table 1.
[bookmark: _Toc448148586]

	Table 1. Baseline characteristic and demographics of study subjects
	Total patiënts, n
				139

	Menopaual status, n (%)
				

	Premenopausal
				114		(82.0)

	Postmenopausal
	25			(18.0)

	Age,  mean  (range)
	34.6 		(18-69)

	Race, n (%)
	

	Caucasian 
	127		(91.4)

	Black
	3				(2.2)

	Asian
	3				(2.2)

	Other 
	6 			(4.3)

	Clinician secondary diagnosis, n (%)
	

	Female Orgasmic Disorder
	34 			(24.5)

	Genito-Pelvic Pain/Penetration Disorder
	0 			(0.0)

	Other
	0 			(0.0)

	None
	105		(75.5)

	FSIAD caused by low sensitivity to sexual cues n (%)
	67			(48.2)

	FSIAD caused by dysfunctional over-activity of 
	72			(51.8)

	sexual inhibitory mechanisms, n (%)
	





 
Event level
Confirmatory factor analysis 
Results of the CFA are presented in Table 2. The fitted one-factor model was extended with correlated error variances between the items to account for additional covariation that is not explained by the factor. This approach is common for items that are similarly worded [25]. Although the chi-square statistic was significant (degrees of freedom (df) = 4, p = 0.0001), all other fit indices reveal the one-factor model fits the data very well. All SED items had strong factor loadings, with a less strong, but still sufficiently strong contribution of item 8 ‘Distracting thoughts’. Because the one-factor model could be confirmed, the SED sexual function score was derived using Likert scale SED items 5 through 10. 


Table 2. Factor loadings and fit indices of Confirmatory Factor Analysis for the Sexual Event Diary items at event level and subject level 
	
	Level of 
assessment

	Fit Indices
	Event 
	Subject

	Chi-square
	23.263
	13.116

	Root Mean Square Error of Approximation
	0.051
	0.055

	Comparative Fit Index
	1.000
	0.997

	Tucker Lewis Index
	0.999
	0.991
	

	Standardized Root Mean Square Residual
	0.007
	0.013

	Factor loadings Sexual Event Diary items
	
	

	5. How would you rate your level of sexual desire during the sexual activity?
	0.932
	0.790

	6. How mentally aroused or excited did you become during the sexual activity?
	0.928
	0.797

	7. How physically aroused or excited did you become during the sexual activity?
	0.865
	0.761

	8. To what extent did you have distracting thoughts? §
	0.471
	0.394

	9. To what extent were you able to let yourself go?
	0.801
	0.720

	10. How pleasurable was the sexual activity to you?
	0.923
	0.698


§Reversed variable.

Reliability
Cronbach’s alpha coefficient was high (0.90; n=1840) and  the Pearson correlation coefficients, which were calculated for assessing the SED inter-item and item-rest correlations, were all larger than 0.30 (P<0.0001, see Supplementary, Table A). An exception was the moderate correlation between ‘distracting thoughts’ and ‘orgasm’ (r=0.22). The average inter-item correlation was 0.55.

Validity
All SED item scores and the SED sexual function score showed strong construct validity. The mean differences in SED scores between “yes” and “no” responders on SED items measuring ‘satisfaction’ and ‘orgasm’ were highly significant (P<0.0001), and in the expected direction (Table 3).
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[bookmark: _Toc448148592]Table 3. Mean (SE) in Sexual Event Diary scores separately for answering item 4 “Were you satisfied with the sexual activity?” and 11 “Did you have an orgasm?” with “Yes” or “No” 
	 
	4. Were you satisfied with the sexual activity?
	11. Did you have an orgasm?

	
	Yes
	 
	No
	 
	Test statistics
	Yes
	 
	No
	 
	Test statistics

	Sexual Event Diary item
	mean
	SE 
	Mean  
	SE 
	t-value 
	P-value*
	mean
	SE 
	Mean  
	SE 
	t-value 
	P-value*

	5. How would you rate your level of sexual desire during the sexual activity?
	2.27
	0.02
	0.96
	0.03
	33.66
	<0.0001
	2.12
	0.03
	1.39
	0.03
	16.19
	<0.0001

	6. How mentally aroused or excited did you become during the sexual activity?
	2.16
	0.02
	0.85
	0.03
	34.34
	<0.0001
	2.01
	0.03
	1.29
	0.03
	16.21
	<0.0001

	7. How physically aroused or excited did you become during the sexual activity?
	2.42
	0.02
	1.18
	0.03
	31.04
	<0.0001
	2.35
	0.03
	1.53
	0.03
	18.50
	<0.0001

	8. To what extent did you have distracting thoughts? §
	2.52
	0.03
	1.61
	0.04
	17.57
	<0.0001
	2.41
	0.03
	1.92
	0.04
	9.62
	<0.0001

	9. To what extent were you able to let yourself go?
	2.47
	0.03
	1.11
	0.04
	29.40
	<0.0001
	2.42
	0.03
	1.47
	0.04
	19.01
	<0.0001

	10. How pleasurable was the sexual activity to you?
	2.60
	0.02
	1.19
	0.03
	42.15
	<0.0001
	2.48
	0.03
	1.63
	0.03
	20.60
	<0.0001

	SED Sexual function
	14.44
	0.11
	6.90
	0.14
	41.96
	<0.0001
	13.79
	0.15
	9.22
	0.16
	20.75
	<0.0001


*2-sided P-values. §Reversed variable.
Abbreviation: SE= standard error of the mean.
Remarks: Satisfied =“Yes”: n=1125  and ”No”: n=715 . Orgasm= ”Yes”: n=922 and ”No”: n=918.

Subject level	
Confirmatory factor analysis 
Results of the CFA are presented in Table 2. Also here, the fitted one-factor model was extended with correlated error variances between the average item scores to account for additional covariation that is not explained by the factor. Although the chi-square statistic was significant (df = 5, p = 0.0223), all other fit indices reveal the one-factor model fits the data very well. All SED items had strong factor loadings, with a less strong, but still moderate contribution of item 8 ‘Distracting thoughts’. These factor loadings are all consistently lower than the ones in the event level CFA. This can be explained by the fact that at subject level, average item scores are used rather than original item scores that resulted in a loss of information. However, as results show the one-factor model could also be confirmed at subject level, the SED sexual function score was derived using (average) Likert scale SED items 5 through 10.

Reliability
Cronbach’s alpha coefficient was high (0.91; n=531) and the Pearson correlation coefficients, which were calculated for assessing the SED inter-item and item-rest correlations, were all larger than 0.30 (P<0.0001, see Supplementary, Table B). An exception was the moderate correlation between ‘distracting thoughts’ and ‘orgasms’ (r=0.18, P<0.0001). The average inter-item correlation was 0.54.

Validity
Convergent validity was deemed adequate. The correlation coefficients between the SAQ-D domains with their related PRI SED items ranged from 0.21 to 0.51 (see Supplementary, Table C). Correlation coefficients between the FSDS-R with their related SED items and between the FSDS-R total score and the SED sexual function score  ranged from 0.44 to 0.58 during the PRI and ATPs (see Supplementary, Table D). These results provided support for adequate to strong convergence of the 11-item SED. In general, lower but adequate convergent validity based on the SAQ-D was expected. The SAQ-D was administered at screening and was compared with the SEDs over the subsequent PRI period, during which placebo was taken. The FSDS-Rs were reported at the end of the PRI and following each ATP, which overlaps with the periods in which the SEDs were reported. This may explain the somewhat stronger correlation coefficients for the FSDS-R.
Known-groups validity was good, because responders, as defined by the PBE, scored significantly higher compared to non-responders on all items and the sexual function score during the ATP (P<0.05, see Supplementary, Table E). 

Responsiveness 
Responders had a significantly larger increase in change from PRI to ATP in SED item scores and the SED sexual function score compared to non-responders (P<0.001, see Table 4), showing strong responsiveness. The Guyatt's effect sizes ranged from 0.51-1.02, indicating adequate to very good ability to detect changes in SED item scores, see Table 4. 
Sensitivity analyses
The sensitivity analyses gave similar reliability, validity and responsiveness of the SED compared to the analyses performed on the event level and subject level (data not shown). The results of the sensitivity analyses supported the event and subject level analyses, confirming that our approaches were valid and did not influence the conclusions.





Table 4. Responsiveness – Mean (SE) Change in Sexual Event Diary scores from Placebo Run-In period to Active Treatment Periods in responders and non-responders as defined by the Patient Benefit Evaluation questionnaire
	 
	Responder (Yes)  [n=130‡]
	Non-responder (No) [n=251‡]
	t-value 
	P-value*
	Guyatt’s responsiveness 

	 Sexual Event Diary item
	Mean change  
	SE 
	Mean change    
	SE 
	 
	 
	 

	4. Were you satisfied with the sexual activity?†
	1.31
	0.14
	-0.10
	0.09
	8.60
	<0.0001
	0.98

	5. How would you rate your level of sexual desire during the sexual activity?
	0.73
	0.07
	0.00
	0.05
	9.08
	<0.0001
	0.98

	6. How mentally aroused or excited did you become during the sexual activity?
	0.64
	0.07
	-0.10
	0.05
	8.78
	<0.0001
	0.94

	7. How physically aroused or excited did you become during the sexual activity?
	0.65
	0.07
	-0.12
	0.05
	8.67
	<0.0001
	0.94

	8. To what extent did you have distracting thoughts?§
	0.37
	0.07
	-0.22
	0.06
	5.74
	<0.0001
	0.59

	9. To what extent were you able to let yourself go?
	0.49
	0.07
	-0.22
	0.06
	7.72
	<0.0001
	0.79

	10. How pleasurable was the sexual activity to you?
	0.47
	0.06
	-0.16
	0.05
	8.07
	<0.0001
	0.85

	11. Did you have an orgasm?†
	0.62
	0.13
	0.00
	0.08
	4.13
	0.0001
	0.51

	SED Sexual satisfaction
	3.36
	0.33
	-0.82
	0.26
	9.73
	<0.0001
	1.02


*2-sided tests were used. §Reversed variable. †Counts of “yes” answers on these items were used according to efficacy analyses. ‡ Each patient filled out 3 Patient Benefit Evaluation questionnaires, one for each of the 3 drug regimes (2  active  and 1 placebo). The large number of non-responders is explained by the fact that patients typically respond to only one of the active treatments, and also not to placebo. 
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Abbreviations: SE= standard error of the mean.
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[bookmark: _Toc448148593][bookmark: _Toc448148599]Discussion 
This study examined the psychometric properties of the Dutch translation of the 11-item SED for assessing on-demand drug efficacy in women diagnosed with HSDD and FSIAD. Previous psychometric assessment and cognitive debriefing interviews with American patients diagnosed with HSDD revealed the US-English version of the SED is reliable, valid and responsive [10]. Based on the psychometric assessment results obtained in this study, the same conclusions concerning the reliability, validity, and responsiveness can be drawn for the Dutch translation of the 11-item SED, thereby confirming the US-English version validation results. 
		The reproduced one-factor solutions and internal consistency measures indicate the Dutch SED measures the same factor (sexual function) with excellent reliability. Item 8, ‘Distracting thoughts’, did have lower factor loadings than the other items, but the loadings were still adequate. Known-groups validity and responsiveness results revealed comparable discriminating ability between responders and non-responders based on the single-item benefit questionnaire and on the dichotomous items ‘satisfaction’ and ‘orgasm’. It was also found that the primary endpoint change from baseline in the number of satisfying sexual events is an excellent measure, which is in line with the US-English validation results. In this study the PRI was used as baseline, a baseline with a placebo-effect already superimposed, making it a more conservative comparator. The baseline period that was used for the validation of the US-English SED was a medication-free period. Therefore, the changes from PRI  in this study were, on average, smaller than the changes from baseline in the US-English validation study. The larger effects observed in this study are due to more statistical power to detect smaller changes caused by the cross-over design (all subjects were included thrice in the data). However, the instrument must be able to detect change for respondents regardless of the (baseline) comparator, making the difference between a PRI or a medication-free baseline inconsequential. 
	Although convergent validity was deemed adequate in this study, the correlations in this study were somewhat smaller compared to the US-English SED validation study [10]. This is probably caused by the questionnaires used to assess convergent validity, the SAQ-D and the FSDS-R. Both instruments are less adequate to assess convergent validity for the SED than the FSFI [9] that was used in the US validation. The FSFI assesses sexual function, as does the SAQ-D, but the latter was only administered during screening. Therefore, the SAQ-D and SEDs taken during PRI did not match regarding the time period that they assessed. Moreover, during PRI, possible placebo effects may have occurred, thereby not reflecting a true baseline score. The use of the FSDS-R was less adequate for the intended use because it measures distress related to sexual problems, and not sexual function per se. 
	Another limitation of this study was that the psychometric assessments were performed predominantly in pre-menopausal women. It is not expected that a psychometric analysis performed in postmenopausal women alone will lead to different conclusions as there is no literature that suggests that there is a difference between these women with respect to which aspects of sexual function are important. This will need to be confirmed in future research. 
	The SED was developed and validated as a part of a drug development program for HSDD/FSIAD. Development of and modifications to the SED were based on the premise that the instrument had to be a valid and reliable tool for use in such a program. The data that were used for the validation described here were also gathered in this program. Despite of this focus, however, the SED may also show merit in the assessment of sexual functioning during discrete sexual events in other areas of research, e.g., recreational drug use and sexual risky behaviors.  
	In conclusion, the Dutch translated 11-item SED has proven to be an excellent tool for assessing female sexual satisfaction and sexual functioning over a single sexual event, and is therefore suitable for use in clinical trials assessing the efficacy of on-demand drugs in the FSIAD populations. 
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