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STUDY QUESTION: Which of the competing models of the Endometriosis Health Profile 30 Questionnaire (EHP-30) factor structure is
best supported by confirmatory factor analysis (CFA)?

SUMMARY ANSWER: Findings support a five-factor first-order model of the EHP-30, thereby lending support to the model originally
suggested by the questionnaire developers.

WHAT IS KNOWN ALREADY: Endometriosis has a negative impact on quality of life, and measures specifically developed to address
this impact, such as the EHP-30, are vital in research and disease management. Previous studies have found different models of the EHP-
30 factor structure, and generated uncertainty regarding how to use the questionnaire. CFA can be applied to compare competing factor
models and determine the underlying structure of a questionnaire.

STUDY DESIGN, SIZE, DURATION: This cross-sectional multicenter study included 304 women with endometriosis recruited from
three different public health service endometriosis clinics (referral centers for treatment of severe endometriosis) and the Danish
Endometriosis Patients Association from 2014 to 2015.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Diagnosis of endometriosis was confirmed in medical records for 84.2% and
by histology for 66.8% of participants. Questionnaires (the licensed Danish version of the EHP-30) were sent by post two times with a 6-
to 12-week interval. CFA was used to examine construct validity and Bland—Altman plots to examine test—retest reliability and the conver-
gent validity with the Short Form 36 version 2.

MAIN RESULTS AND THE ROLE OF CHANCE: Response rate was high (87.6%). CFA supported the original first-order five-factor
structure of the EHP-30, and thereby, the use of five separate scale-scores in clinical and research practice. Visual inspection of Bland—
Altman plots suggested excellent test—retest reliability of the EHP-30 and supported the use of a disease specific quality of life instrument
for women with endometriosis.

LIMITATIONS, REASONS FOR CAUTION: Diagnosis could not be confirmed through histology data in 33.2% of participants.
However, subgroup analyses based on women with confirmed histology only, yielded similar results. Data related to menstrual cycle stage
and the use of hormonal and pain medication during questionnaire completion were not collected. A larger study, including data from dif-
ferent countries on different continents, would be better designed to exclude potential population bias.
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WIDER IMPLICATIONS OF THE FINDINGS: EHP-30, with its original five-factor structure, appears to be a valid, stable, and specific
quality of life measure for women with endometriosis. It seems easy to understand, quick to administer, and importantly, scoring might be
unaffected by cyclical/menstrual pain symptoms related to endometriosis. The finding of a five-factor model from different studies across
several countries supports the crosscultural validity of the EHP-30.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by the Danish Endometriosis Association, which is a non-
governmental organization run by women with endometriosis and by a scholarship from the Health Research Fund of Central Denmark
Region. The authors have no conflicts of interest.
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WHAT DOES THIS MEAN FOR PATIENTS?

The Endometriosis Health Profile (EHP-30) is a questionnaire developed to measure the extent to which the disease of endometriosis has
a negative impact on quality of life in patients and is often used to help understand the effect of different endometriosis treatments. The
questionnaire contains 30 questions that women with endometriosis themselves find important to their quality of life. The questions can be
divided into five subscales covering ‘pain’, ‘control and powerlessness’, ‘social support’, ‘emotional wellbeing’ and ‘self-image’. The ques-
tionnaire has been translated from English into different languages in order to be used in different countries and cultures. However, studies
examining the measurement quality of these translated versions have indicated that a different number of subscales is applicable in different
countries. This has generated uncertainty about how to use the questionnaire. This study was carried out using more sophisticated
statistical methods than previously in order to examine the number of subscales to be used when applying the questionnaire in research
and clinical practice. The results of the study support the use of the original five EHP-30 subscales and demonstrate that the questionnaire

measures a unique impact of endometriosis on health-related quality of life not covered by more general quality of life questionnaires.

Introduction

Endometriosis is a common chronic gynecological disease with an esti-
mated prevalence of 5-10% among women of reproductive age
(Ferrero et al., 2010). The disorder is defined by the presence of
endometrium-like tissue outside the uterus in the abdominal cavity
that causes inflammation and adhesions (Vigano et al., 2004). Long-
term symptoms include cyclic and chronic pelvic pain, dyspareunia,
dyschezia, dysuria, abnormal bleeding, infertility and fatigue (Hansen
et al., 2014), but the disease is also associated with severe psychologi-
cal distress (Culley et al., 2013; De Graaff et al, 2013; Chen et dl.,
2016) and a significant negative impact on health-related quality of life
(HRQol) (Marinho et al., 2018). Therefore, assessment and incorpo-
ration of HRQoL into research and treatment of endometriosis have
become critical for disorder management (NICE guideline 73).
Measuring HRQoL by use of a generic questionnaire, such as the
Short Form 36 (SF-36) (Garratt et al., 1993; Bjorner et al., 1998a,b),
does not provide information about the potentially unique impact of a
specific disease on HRQoL. Therefore, in order to measure the spe-
cific impact of endometriosis on HRQolL, the Endometriosis Health
Profile 30 Questionnaire (EHP-30) was developed (Jones et al., 2001).
The original English version of the EHP-30 was found to have a high
degree of internal consistency and test—retest reliability (Jones et dl.,
2001), and was found to be more sensitive to change than the generic
SF-36 in women undergoing treatment for endometriosis-associated
pain (Jones et al, 2004). A recent systematic review indicated that

EHP-30 is not only the most commonly used endometriosis-specific
questionnaire in the literature but also the most thoroughly validated
and reliable questionnaire for measuring HRQoL in women with endo-
metriosis (Bourdel et al., 2019). However, previous studies have found
different models of the underlying EHP-30 factor structure and gener-
ated uncertainty regarding how to use the questionnaire in clinical and
research practice. To date, four studies have supported the original
five-factor structure of the EHP-30 (Jenkinson et al., 2008 (American);
Jia et al., 2013 (Chinese); Nojomi et al., 2011 (Persian); van de Burgt
et al, 2011 (Dutch)), one study found a four-factor structure (Jones
et al, 2006 (English)), and one obtained mixed results and suggested
four to five factors (Chauvet et al., 2017 (French)). Two recent studies
have suggested a three-factor structure, however, the statistical analy-
ses and results in these studies were unclear (Grundstrom et al., 2020
(Swedish); Verket et al., 2018 (Norwegian)). While previous studies
have been informative, they have all used exploratory factor analysis
(i.e. principal component analysis, PCA) to evaluate the factor struc-
ture of the EHP-30. Consequently, further empirical investigation with
the use of more sophisticated statistical techniques, such as CFA, is
warranted. This method will also allow a direct comparison of the dif-
ferent factor models found in previous research in order to determine
the best model.

Hence, the aim of the present study was, for the first time, to use
CFA to compare competing factor models identified in previous re-
search in order to examine the latent factor structure of the EHP-30
questionnaire.
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Materials and methods

Study design and participants

This cross-sectional multicenter study was conducted from 2014
to 2015. Patients (I8years and above) with endometriosis were
recruited when they attended for checkup of disease development
and the effect of treatment at one of two referral centers for the
treatment of severe endometriosis in the Danish public health service
(Aarhus University Hospital and Copenhagen University Hospital),
from an outpatient endometriosis clinic at Svendborg Hospital, and
from the Danish Endometriosis Patients Association. Participants gave
written informed consent and received the questionnaires by postal
mail.

Endometriosis diagnosis and histology

Diagnosis and histology were verified through patient records
where possible. Access to patients’ medical records outside of
Aarhus and Copenhagen University Hospitals was not granted by
the authorities. All patients were retained in the analyses irrespec-
tive of confirmed diagnosis. The primary analyses were rerun post
hoc including only the subgroup of patients with histologically con-
firmed endometriosis.

Questionnaires

EHP-30 is a patient-generated and disease specific self-report question-
naire containing aspects that women with endometriosis themselves
find important to their QoL. It consists of 30 items to which respond-
ents can choose between the answers: Never (0); Rarely (I),
Sometimes (2); Often (3); and Always (4). The 30 items are divided
into five subscales covering ‘pain’, ‘control and powerlessness’, ‘social
support’, ‘emotional wellbeing’ and ‘self-image’. Each scale is standard-
ized on a scale from 0 to 100, with lower scores indicating better
QoL (Jones et al., 2001). We used the licensed Danish version of the
EHP-30, which has been linguistically validated according to standard
guidelines (Beaton et al., 2000) and included forward translation by
two independent native speaking translators, reconciliation of the two
into a third version, backtranslation by two independent native speak-
ing translators and review against the original English version.
Furthermore, the Danish version underwent clinical review and cogni-
tive debriefing by a specialized clinician and five Danish patients with
endometriosis. The EHP-30 questionnaire was sent two times by
postal mail to participants with an interval of more than 4 weeks (i.e.
more than a menstrual period) (Range: 6—12weeks). Along with the
first EHP-30 questionnaire, patients also received a short background
questionnaire and the SF-36v2 questionnaire, which measures general
well-being and health-related QoL (Garratt et al., 1993). Patients also
answered questions concerning pain and other endometriosis-related
symptoms.

Statistical analysis

First, scores on the EHP-30 were examined with respect to variability
and homogeneity (Gorecki et al., 2013). This was done by determining
the amount of missing data at item level and examining the score dis-
tribution, restricted range, floor and ceiling effects, as well as item
means and SDs.

Second, the construct validity of scores on the EHP-30 was exam-
ined using CFA. Five-factor analytic models were specified and esti-
mated (Fig. 1). Model | specified one latent variable on which all 30
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Figure |. The five EHP-30 factor models compared by
CFA. Model | specifies one latent variable on which all 30 items load.
Model 2 specifies five correlated latent variables (Pain, Control and
powerlessness, Emotional well-being, Social support and Self-image).
Model 3 specifies four latent variables (Loss of control over daily activi-
ties, Emotional well-being, Social support and Self-image). Model 4 is a
higher-order variant of Model 2. Model 5 is a higher-order variant of
Model 3. EHP-30, Endometriosis Health Profile 30 Questionnaire;
Endo-related QoL, endometriosis-related quality of life.
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items loaded, and was labeled ‘endometriosis-related quality of life’;
this represents the single-factor solution as proposed by Jenkinson
et al. (2008). Model 2 specified five correlated latent variables (Pain,
Control and powerlessness, Emotional well-being, Social support and
Self-image) and reflected the original endometriosis-related QoL model
suggested by Jones et al. (2001). Model 3 specified four latent varia-
bles. In this model, three latent variables from Model 2 were retained
(Emotional well-being, Social support and Self-image), but Pain and
Control and powerlessness were collapsed into one latent variable la-
beled ‘Loss of control over daily activities’. This model was based on
the results by Jones et al. (2006) and Chauvet et al. (2017). Higher-
order variants of Models 2 and 3 were also specified. This included a
single second-order latent variable labeled ‘Endometriosis-related qual-
ity of life’. These models allowed us to examine whether the variation
and covariation among the first-order latent variables could be
explained by a single second-order latent variable. For all first-order
models the latent variables were correlated, and for all models, mea-
surement error variances were uncorrelated.

Model parameters were estimated using robust maximum likelihood
using all available data. Global model fit was based on established
guidelines (Jackson et al., 2009) and determined as follows: Chi-square
and model degrees of freedom, with a nonsignificant chi-square indi-
cating acceptable model fit; comparative fit index (CFl), and Tucker—
Lewis Index (TLI) values >0.95 suggesting excellent model fit and val-
ues between 0.90 and 0.95 suggesting acceptable fit; root mean square
error of approximation (RMSEA) values of 0.05 or less suggesting
good fit and values between 0.05 and 0.08 suggesting reasonable ap-
proximate fit; standardized root mean square residual (SRMR) values
<0.05 indicating good fit. The Akaike information criterion (AIC) and
the Bayesian information criterion (BIC) were used to compare com-
peting models with lower values indicating better fit. The modification
indices (MI) were examined to identify additional parameters that, if
added to the model, would significantly improve model fit. A strong
theoretical rationale for adding additional parameters was required.
Finally, difference testing (Satorra and Bentler, 2001) was used to com-
pare the relative fit of competing models (with P < 0.05 suggesting
that the least restrictive model should be retained).

Internal consistency was examined with Cronbach’s alpha. Test—
retest reliability was examined using Bland—Altman plots of agreement
between measures (Bland and Altman, 1986). Percentages of partici-
pants scoring the same value or the same value £ | between first and
second measurement on the EHP-30 questionnaire were calculated.

Finally, the agreement between EHP-30 subscales and relevant SF-
36 subscales was examined using Bland—Altman plots, as a measure of
convergent validity. Correlations between EHP-30 subscales and an
EHP-30 total sum with relevant SF-36 domains were calculated using
Pearson’s correlation.

The CFAs were estimated using Mplus version 8.1 (Muthén and
Muthén, 2017) and the remaining analyses were performed using
IBM SPSS Statistics for Windows, version 24 (IBM Corp.,
Armonk, NY, USA).

Ethical approval

The project was approved by the Danish Data Protection Agency
(J.nr: 2013-41-2264). All participants gave written informed consent.

Results

A total of 348 questionnaires were sent out in the first round and
305 were returned (response rate = 87.6%). Subsequently, one

Table I Demographic characteristics and pain level of
participants.

Participants
(N =298)
Characteristics N (%) Mean (SD)

Age (range 18-58 years) 35.49 (6.924)
Marital status

Married/living together 233 (76.6%)

Single/living alone 46 (15.1%)
Other 19 (6.3%)
Children
Biological
No children 162 (53.3%)
| 56 (18.4%)
2 68 (22.4%)
3 10 (3.3%)
>3 2 (0.6%)
Adopted
No children 259 (85.2%)
| 20 (6.6%)
2 13 (4.3%)
3 4 (1.3%)
>3 2 (0.6%)
Occupation
Full time 143 (47%)
Part time 53 (17.4%)
Freelance/consultant 4 (1.3%)
Enrolled in education 22 (7.2%)
Maternity leave 6 (2.0%)
Flexijob or rehabilitation 24 (8.0%)
Sick leave, government benefits, or 41 (13.5%)
no income
Other 5 (1.6%)
Chronic pelvic pain (NRS) 4.102 (2.732)
0 46 (15.1%)
| 14 (4.6%)
2 25 (8.2%)
3 33 (10.9%)
4 37 (12.2%)
5 34 (11.2%)
6 31 (10.2%)
7 29 (9.5%)
8 23 (7.6%)
9 9 (3.0%)
10 3 (1.0%)

*Missing data (n = 6).
NRS, numeric rating scale.
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participant was excluded from the study owing to young age
(< 18years), yielding 304 participants in the final sample. Diagnosis was
confirmed through patient records in 84.2% (N =256) of the patients
and with confirmed histology in 66.8% (N =203) of the patients.
Mean time since diagnosis was 7.14years (SD = 5.63, range = 0-
25years) and mean time from symptom onset to diagnosis was
8.26years (SD = 6.97, range = 0-36years). A total of 262 partici-
pants returned the second questionnaire in round two with 78.2%
(N'=205) reporting no treatment changes since answering the first
questionnaire. Participants’ demographic characteristics and pain levels
are described in Table .

Acceptability and data quality

Item-level missing data, score distributions, means and SDs are pre-
sented in Supplementary Table Sl. There were few missing data
(<0.5%) and only two items (Items 3 and 23) were characterized
by restricted range (i.e. no participants used response Category 4
‘always’). Scores on Item 23 were also highly skewed (>+1), sug-
gesting some reduced ability to produce score variability. There
were no floor or ceiling effects. Overall, this suggests acceptable
data quality.

Construct validity

The fit statistics from the CFAs are reported in Table Il. The first-
order five-factor model (Model 2) and the higher-order five-factor
model (Model 4) fitted the data better than the other models. These
two models had marginally acceptable fit with CFI/TLI values just be-
low 0.90, RMSEA values <0.08, SRMR values around 0.05, and the
lowest AIC/BIC values. Inspection of M| suggested the presence of a
large residual covariance between Items 22 and 2| in both models.
When that parameter was added, model fit improved substantially
(first-order model: y* = 1032.634, df = 394, P = 0.000; CFl = 0.911;
TLI = 0.902; RMSEA = 0.073, 90% Cl = [0.068-0.078]; SRMR =
0.049; AIC = 20821.659; BIC = 21197.079; higher-order model:
%*=1056.435, df = 399, P = 0.000; CFl = 0.908; TLI = 0.900;
RMSEA = 0.074, 90% ClI = [0.068-0.079]; SRMR = 0.052; AIC =
20839.548; BIC = 21196.382). Fit statistics for the two models were
similar, albeit difference testing favored the less restrictive model (i.e.
the first-order five-factor model) as the better model of the two (TRd

Table Il Fit statistics for the confirmatory factor analysis.

= 24467, df = 5, P < 0.000). Factor loadings and factor correlations
Il

Subgroup analyses based on women with confirmed histology only

for the first-order five-factor model are presented in Table

yielded similar results.

Sum scores on each EHP-30 subscale and the total scale were then
calculated and correlated with scores on the eight domains of the SF-
36 (Table
the EPH-30 were differentially associated with scores on the individual

IV). Results suggested that the individual scale scores on

scales of the SF-36. Moreover, subscales with related content had
higher correlations than subscales with unrelated content (e.g. the as-
sociation between ‘pain’ and ‘bodily pain’ was higher than the associa-
tion between ‘emotional well-being’ and ‘bodily pain’).

Internal consistency and test-retest-reliability

Descriptive statistics for the five subscales of EHP-30 are presented in
Supplementary Table SlI. All corrected item-total correlations were
above the recommended value of 0.30 and the average inter-item cor-
relations were between 0.62 and 0.71. Overall, this suggests good in-
ternal consistency reliability. EHP-30 also showed acceptable internal
consistency for all subscales, with Cronbach’s alpha for ‘pain’ = 0.96,
‘control and powerlessness’ = 0.94, ‘emotional wellbeing’ = 0.91, ‘so-
cial support’ = 0.88 and ‘self-image’ = 0.88.

The agreement between first and second measure of the EHP-30
subscales was examined using Bland—Altman plots (Fig. 2). The plots
showed symmetry around the X-axis for all subscales. Furthermore,
between 45.8% and 73.6% of participants gave the exact same score
on pre and post measurement for all EHP-30 items, and between
86.1% and 96.2% of participants scored the same or £I value
on pre and post-measurement for all EHP-30 items (Supplementary
Table SIII).

Convergent validity

Bland—Altman plots representing the agreement between EHP-30 sub-
scales and relevant SF-36 subscales showed no symmetry around the
X-axis (Fig. 3). Results of the Pearson’s correlations in Table IV
showed high negative correlations between EHP-30 subscales and re-
lated SF-36 subscales.

First-order models
1. One-factor model 2329.955 (405) 0.000
1137.652 (395) 0.000

1539.906 (399) 0.000

2. Five-factor model

3. Four-factor model
Second-order models

4. Higher-order five-factor model I163.101 (400) 0.000

5. Higher-order four-factor model 1545.839 (401) 0.000

0.731
0.896
0.841

0.893
0.840

TLI RMSEA (90% CI) SRMR AIC BIC
0.711 0.125 (0.120-0.130) 0.078 22403.404  22737.936
0.886  0.079 (0.073-0.084) 0.050 20946.365  21318.068
0.826  0.097 (0.092-0.102) 0.069 21430.896  21787.730
0.884  0.079 (0.074-0.085) 0.054 20965.699  21318.817
0.827  0.097 (0.092-0.102) 0.069 21433.930  21783.330

AIC, Akaike information criterion; BIC, Bayesian information criterion; Xz, Chi-square; CFl, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standard-

ized root mean square residual; TLI, Tucker—Lewis index.
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Table Il Factor loadings (standard error) and factor correlations (standard error) for the first-order five-factor model.

First-order 5-factor model

EHP-30 items PAIN CTRLPW EMO soc SELF
Item | 0.847 (0.019)

Item 2 0.904 (0.015)

Item 3 0.813 (0.020)

Item 4 0.757 (0.025)

Item 5 0.785 (0.025)

Item 6 0.860 (0.017)

Item 7 0.684 (0.032)

Item 8 0.832 (0.020)

Item 9 0.907 (0.012)

Item 10 0.930 (0.010)

Item 11 0.798 (0.021)

Item 12 0.809 (0.024)

Item 13 0.862 (0.024)

Item 14 0.905 (0.013)

Item I5 0.816 (0.023)

Item 16 0.839 (0.024)

Item 17 0.837 (0.020)

Item 18 0.848 (0.019)

Item 19 0.837 (0.022)

Item 20 0.899 (0.014)

Item 21 0.821 (0.023)

Item 22 0.743 (0.031)

Item 23 0.479 (0.044)

Item 24 0.807 (0.026)

Item 25 0.857 (0.026)

Item 26 0.721 (0.030)

Item 27 0.835 (0.024)

Item 28 0.868 (0.023)
Item 29 0.907 (0.021)
Item 30 0.778 (0.038)
PAIN 1.00

CTRLPOW 0.836 (0.023) 1.00

EMO 0.720 (0.033) 0.878 (0.020) 1.00

soc 0.653 (0.040) 0.791 (0.031) 0.814 (0.031) 1.00

SELF 0.680 (0.038) 0.735 (0.037) 0.714 (0.042) 0.679 (0.043) .00

All factor loadings and factor correlations are statistically significant (P < 0.001).

CTRLPW, control and powerlessness; EHP-30, the Endometriosis Health Profile 30 Questionnaire; EMO, emotional wellbeing; SELF, self-image; SOC, social support.

Discussion

The results of the present study support the original five-factor
structure of the EHP-30 and thereby the use of five independent scale-
scores when applying the questionnaire in clinical and research practice.
Lack of agreement between EHP-30 and SF36v2 scale scores demon-
strated by Bland—Altman plots indicate that the two questionnaires do
not measure the exact same constructs and therefore that the EHP-30
questionnaire measures unique impact of endometriosis on HRQoL
not captured by the generic SF-36v2. However, Bland—Altman plots

demonstrated agreement between test and retest measures of the
EHP-30 subscales suggesting that scoring might be largely unaffected by
the cyclical/menstrual pain symptoms in endometriosis. Four out of
five participants stated that they continued the same treatment
throughout the study period, which corresponds with the stable test—
retest result. Overall, results indicate that the EHP-30 is a valid and sta-
ble measure of HRQoL in women with endometriosis. Sufficient validity
and reliability of the Danish version EHP-30 was also demonstrated.
The study had several strengths. It is the first study to examine sev-
eral competing factor models of the EHP-30 using CFA and also the
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Table IV EHP-30 subscale and total sum correlations with relevant SF-36 domains.

SF-36 SF-36 SF-36
Physical Role Bodily

EHP-30 scales® functioning physical pain
Pain —0.710 —0.703 —0.850
Control and powerlessness —0.560 —0.642 —0.761
Emotional wellbeing —0.397 —0.508 —0.589
Social support —0.373 —0.509 —0.541
Self-image —0.515 —0.534 —0.542
Total (sum of all items) —0.618 —0.681 —0.794

SF-36 SF-36 SF-36 SF-36 SF-36
General Vitality Social Role Mental
Health functioning emotional health
—0.561 —0.5%94 —0.649 —0.483 —0.505
—0.598 —0.706 —0.679 —0.545 —0.651
—-0.519 —0.677 —0.639 —0.649 —0.729
—0.541 —0.659 —0.571 —0.518 —0.578
—0.540 —0.578 —0.545 —0.535 —0.564
—0.630 —0.724 —0.711 —0.604 —0.672

All correlations are significant at the 0.001 level (two-tailed).

?For EHP-30, lower scores indicate better quality of life whereas for the Short Form 36 (SF-36), higher scores indicate better quality of life.

first to apply Bland—Altman plots for evaluation of reliability as well as
for convergent validity of this questionnaire. Moreover, it is the first
study to validate the EHP-30 in a Danish context. By recruiting patients
from multiple centers, a diverse and large sample of endometriosis
patients was included in the study. Finally, there was a high response
rate. There were also limitations. A larger study, including data from
different countries on different continents, would be better designed
to exclude potential population bias. This study did not collect data on
menstrual cycle stage or hormonal and pain medication. Such data
could be used to determine whether scores from the EHP-30 might
be unaffected by menstrual cycle stage. In addition, histology could not
be confirmed in 33.2% of participants, however, subgroup analysis,
based on women with confirmed histology only, yielded similar results.

Item-level analysis of the scores on EHP-30 indicated few missing
data, adequate score distribution, and variability and homogeneity
within acceptable limits. As missing data are traditionally considered an
indicator of items that are difficult to understand, this suggests that the
questions were generally understandable and meaningful to women
with endometriosis. Overall, the questionnaire appears to generate
sufficient score variability to capture differences in levels of QoL
among participants. Scores on one item (Item 23) were highly skewed
suggesting questionable range variability. This item belongs to the
‘Emotional wellbeing’ scale. Scrutiny of items on this scale reveals that
Item 23 addresses aggressive or violent behavior as a response to en-
dometriosis, whereas the remaining items address negative emotions.
The results could suggest that violent or aggressive behavior as a re-
sponse to endometriosis might be rare or possibly that women are
more reluctant to report this type of behavior.

Results from the CFAs indicate that a one-factor model (Model I) fit-
ted the data poorly. Consequently, items on the EHP-30 do not appear
to reflect a single underlying construct as suggested by Jenkinson et al.
(2008), and scores from the questionnaire are best interpreted as sub-
scale scores. In a similar vein, ‘pain’ and ‘control and powerlessness’
items do not appear to reflect the same underlying construct as sug-
gested by Jones et al. (2006). Our results showed that two models, a
first-order five-factor model and a higher-order five-factor model, were
both acceptable in terms of model fit, but they could not be differenti-
ated based on fit values alone. To determine which model represented
the data best, difference testing was applied. Results supported the first-
order five-factor model, which is in line with the majority of previous
studies (American, Chinese, Persian and Dutch) using the more

explorative statistical method, PCA (Jones et al., 2001; Jenkinson et dl.,
2008; Nojomi et al., 201 1; van de Burgt et al, 2011; Jia et al., 2013).
This finding of a five-factor model across several countries and conti-
nents supports the crosscultural validity of the EHP-30. Analyses demon-
strated that scores on the individual EHP-30 subscales and scores
on the individual SF-36 subscales were differentially correlated, and
that subscales with related content were highly correlated (as an exam-
ple, that the correlation between scores on the SF-36 subscale ‘Bodily
pain’ and the EHP-30 subscale ‘Pain’ was higher than the correlation be-
tween the SF-36 subscale ‘Bodily pain’ and EHP-30 ‘total sum score’
and also higher than the correlation between the SF-36 subscale ‘Bodily
pain’ and the EHP-30 subscale ‘Social support’). The fact that subscales
from the two questionnaires with related content had higher correla-
tions than subscales with unrelated content supports the use of
scale scores rather than a total sum score when applying the EHP-30.
Overall, reasonable fit indices and high factor loadings confirm the
original five-factor structure and support the construct validity of this
questionnaire.

Post hoc analyses indicated that a residual covariance between ltems
22 and 2| would improve the fit of the model. Covariances represent
systematic measurement error in item responses and may arise
through item characteristics, such as item overlap or the presence of
an unmodeled factor (Byrne, 2012). Both items were included in the
‘Emotional wellbeing’ scale. Further inspection of this scale suggests
that whereas several items appear to describe responses to depressed
mood, Items 2| and 22 appear to describe responses to mood fluctu-
ations possibly more indicative of cyclothymic or simply just ‘everyday’
ordinary mood swings. Moving forward, scale developers could con-
sider removing one or more items from the ‘emotional wellbeing’
scale or rephrase items.

Reliability analyses showed acceptable internal consistency and excel-
lent test—retest reliability for all subscales. To be a reliable and stable
measure of QoL in endometriosis, the respondent’s answers on the
questionnaire must be independent of the monthly fluctuations of men-
strual/cyclical pain. Consequently, no control for time of menstrual cycle
was included when assessing QoL at test and retest in the present
study. Questionnaires were answered randomly within an interval of 6—
|2 weeks. Therefore, some participants might have had their menstrual
bleeding while answering the first questionnaire but not while answering
the second questionnaire. Yet, the high agreement between the two
measurement points supports the stability and reliability of the EHP-30
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Figure 2. Bland-Altman plots of the agreement between test-retest of the EHP-30 subscales. The Bland—Altman plots are showing
the agreement between the measures of the test (the first questionnaire) and the retest (the second questionnaire) of the EHP-30 subscales.
Agreement is demonstrated by symmetry in the plot around the 0-axis.
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Figure 3. Bland-Altman plots of the agreement between EHP-30 subscales and corresponding SF-36 subscales. The Bland—Altman
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and indicates that scoring might be influenced by endometriosis-related
pain in general but appears to be relatively independent of additional
pain fluctuations caused by the menstrual cycle. The fact that the vast
majority of participants did not change treatment between the two data
collection points might also suggest limited impact of cycle stage on
questionnaire completion. This is an important result because it indicates
that EHP-30 can be used any day during the menstrual cycle without
having to control for the time of period when examining endometriosis-
related QoL in clinical practice or research studies. Yet, we would ad-
vise future researchers to obtain data related to menstrual cycle stage as
well as hormonal and pain medication status when completing the EHP-
30 for a more thorough assessment of these factors in relation to our
result. The visual examination of convergent validity by use of Bland—
Altman plots indicated that the EHP-30 subscales do not measure the
same constructs as the corresponding SF-36 subscales. These results
support the use of a disease-specific QoL instrument to measure the
impact of endometriosis on QoL in women with the disease. High cor-
relations between EHP-30 subscales and related SF-36 subscales (e.g.
the EHP-30 ‘pain’ scale and the SF-36 ‘bodily pain’ scale) further support
the convergent validity of this questionnaire.

EHP-30 can be used to understand and measure the multi-
dimensional impact of endometriosis on QoL in order to improve clin-
ical care pathways. In the Danish public health care system, selected
subscales from EHP-30 are being used to monitor and evaluate endo-
metriosis treatment. Once a year, patients are asked to fill out an
electronic questionnaire, including relevant parts of EHP-30, that
are returned to the endometriosis outpatient clinic. Nurses will
then evaluate the responses in order to decide whether patients are in
stable and effective treatment, if they need a telephone consultation,
or whether they should be seen for a consultation in the outpatient
clinic.

Conclusion

The EHP-30 questionnaire measures the unique impact of endometri-
osis on HRQoL in patients with this disabling disorder and, impor-
tantly, scoring might be unaffected by the cyclical/menstrual pain
symptoms characteristic of endometriosis. The five-factor structure of
the EHP-30, originally suggested by the questionnaire developers, was
supported, and thereby the use of five separate scale-scores in re-
search and clinical practice is recommended. The study also demon-
strated sufficient validity and reliability of the Danish version EHP-30.
Overall, EHP-30 appears to be a valid, stable and specific measure of
HRQoL in women with endometriosis, and the finding of a five-factor
model across several countries supports the crosscultural validity of
the EHP-30.
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