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Abstract

Purpose Patient-reported health-related quality of life is a complementary healthcare outcome and important when assess-
ing treatment efficacy. Using COSMIN methodological recommendations, this study evaluates the validity and reliability
of a core heart disease-specific health-related quality of life questionnaire, the HeartQoL questionnaire (Danish version) in
a sample of patients following heart valve surgery.

Design This project involved a cross-sectional validity study and a test—retest reliability study.

Methods Eligible patients completed the HeartQoL, the SF-36 health survey questionnaire, and the Hospital Anxiety and
Depression Scale following heart valve surgery. Construct validity was tested using a priori hypotheses. Internal consistency
reliability was assessed with Cronbach’s alpha. An independent sample of patients participated in the test-retest study and
reproducibility was determined with relative [intra-class correlation coefficient (ICC)] and absolute reliability [standard error
of measurement (SEM) and smallest detectable change (SDC)].

Results Internal consistency was high with Cronbach’s alpha>0.87. ICC was 0.86-0.92. SEM ranged from 0.17 to 0.26
points and SDC ranged from 0.5 to 0.7 points. Construct validity was confirmed with 87% of all a priori hypotheses for
predicted variables.

Conclusions The HeartQoL questionnaire demonstrates acceptable construct validity, internal consistency, and test-retest
reproducibility in patients following heart valve surgery. Future studies should focus on assessing the responsiveness of the
HeartQoL questionnaire over time and following heart valve surgery.
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Introduction

Heart valve disease is a growing public-health problem due
to ageing and the increasing rate of survival of the popula-
tion [1]. The prevalence of heart valve disease is estimated
to be 2.5% [2] with more than 280,000 heart valve surgeries
performed worldwide annually [3]. Following heart valve
surgery, some patients report anxiety and worries related to
readmission and reoperations, postoperative complications,
and deconditioning [4] which may prevent or delay return
to work and limit activities of daily living [5].

The outcomes after surgery are often evaluated in terms
of morbidity and mortality. However, patient-reported
outcome measures such as health-related quality of life
(HRQoL) are increasingly prominent features in clinical
practice, health research, and health policy [6, 7]. Generic
HRQoL questionnaires are relevant to broad spectrums of
disease or population samples independent of diagnosis. On
the other hand, disease-specific instruments are designed to
be clinically sensitive to the specific issues of specific patient
groups, for example patients with ischaemic heart disease
(IHD). The HeartQoL questionnaire [8] was developed in
2014 as an IHD-specific HRQoL instrument. HeartQoL has
been validated in patients with angina, myocardial infarc-
tion, heart failure, and among patients with stable coronary
heart disease, atrial fibrillation, and implantable cardioverter
defibrillators [8—12]. Therefore, HeartQoL can be consid-
ered a core heart-specific HRQoL questionnaire combin-
ing the benefits of both generic and disease-specific ques-
tionnaires. To our knowledge, there are no disease-specific
HRQoL questionnaires developed for patients with heart
valve disease or following heart valve surgery.

The aim of this study is to evaluate the validity and reli-
ability of the HeartQoL questionnaire in a mixed sample of
patients following heart valve surgery in accordance with the
COSMIN methodological recommendations [13].

Methods

Study design and participants

This project involved two independent studies conducted
at different times—a cross-sectional study design aimed at

establishing construct validity of HeartQoL and a test—retest
reliability study design examined its reliability.

Cross-sectional study

All patients (age > 18) admitted for heart valve surgery in
Denmark between January Ist and June 30th 2011 were
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identified in the Danish National Patient Register (NPR)
[14]. The surgeries included conventional open-heart valve
replacement surgery alone or combined with coronary artery
bypass grafting (CABG) and percutaneous valve replace-
ment or repair. Surgical procedure codes were linked to the
National Civil Registration System by the unique personal
identification number assigned to all Danish citizens. Infor-
mation on comorbidity was obtained from the NPR and
summarised according to the Charlson comorbidity index
(CCI) [15]. Exclusion criteria included address/research
protection and emigration. In December 2011, a nationwide
survey (the CopenHeart survey [16]) was sent by post to all
eligible patients. Patients received the questionnaire package
6—12 months post-surgery which comprised of self-reported
HRQoL, mental health, and physical activity questionnaires,
questions about cardiac rehabilitation and demographics. A
reminder was sent 4 weeks after the initial questionnaire to
non-respondents.

Test-retest reliability study

Patients (> 18 years) receiving heart valve surgery between
November 2013 and May 2014 were eligible to participate.
Methodologically, a sample size of a least 50 patients is
recommended [17]. A consecutive sample of 150 patients
was identified at the Copenhagen University Hospital. The
HeartQoL questionnaire (version 2.0; see Patient-reported
measures) was sent to patients 6—12 months post-surgery.
Following receipt of the first questionnaire, the follow-up
HeartQoL was mailed together with supplementary ques-
tions regarding time spent to complete the questionnaire and
whether major life events had occurred since receiving the
initial questionnaire. The term major life event was not spec-
ified but kept as an open response category for the respond-
ents to fulfil. Patients not reporting a major life event were
considered stable and included in the reliability analysis. A
follow-up letter was sent to non-respondents two weeks later.

Patient-reported measures

The HeartQoL, a validated self-administered IHD-specific
instrument measuring perceived HRQoL over the previous
four weeks [9], includes 14 items, a 10-item physical sub-
scale, and a 4-item emotional subscale with all items form-
ing a global scale. Items are rated on a 4-point Likert scale
(range 0-3) with higher scores indicating higher HRQoL.
Scores are calculated as the mean of item scores [8, 9]. The
HeartQoL questionnaire was translated into Danish accord-
ing to guidelines for forward—backward translation as a part
of the international HeartQoL project [8]. We used two
versions of the Danish HeartQoL in this study: HeartQoL
version 1.0 in the cross-sectional study and version 2.0 in
the test-retest reliability study. Due to one ambiguous item
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(item #9) in the original Danish translation (version 1.0),
the item was rephrased to improve understanding in version
2.0. The wording of item # 9 “Not feeling relaxed and free
of tension?” was changed to “feeling relaxed?” as the Danish
double negative confused the meaning.

The Short Form 36 Health Survey (SF-36) is a validated
self-administered generic health survey instrument devel-
oped to evaluate general health status over the previous four
weeks and consists of 36-items, eight dimensions, and two
summary scales: a Physical Component Summary (PCS) and
a Mental Component Summary (MCS) [18]. An algorithm
is used to calculate summary scores that range from 0 to
100, with higher values representing better health status.
One item evaluates health transition on which respondents
rate their general health (GH) compared to one year earlier
[18]. A validated Danish version of SF-36 was used in this
study [19].

The Hospital Anxiety and Depression Scale (HADS) is a
validated self-rating screening instrument assessing levels
of anxiety and depression over the previous week [20, 21].
HADS includes seven items related to symptoms of anxi-
ety (HADS-A) and seven related to symptoms of depression
(HADS-D). Scores range from 0 to 21 with higher scores
indicating greater symptom severity. A cut-off score > 8 indi-
cates possible or probable clinically relevant anxiety and/or
depression [21, 22].

Statistical analyses

For handling missing items, the pairwise deletion method
was applied. In all statistical tests, the significance level was
set at P value < 0.05. Floor and ceiling effects were consid-
ered present when > 15% of the respondents recorded the
lowest (0) and the highest (3) scores, respectively [17]. Data
were analysed using SPSS version 22.

Reliability

Analysis of internal consistency reliability was used for
each domain and the global scores with Cronbach’s alpha
values > 0.70 were considered acceptable, > 0.80 good, and
>0.90 excellent [23]. The use of Cronbach alpha as a reli-
ability measure is currently being debated [24, 25] with the
COSMIN group claiming Cronbach alpha as the preferred
measure for evaluating reliability and the aim is to follow
these standards. Paired-sample ¢ tests were used to calculate
the significance of the mean difference between HeartQoL
test and retest scores. The intra-class correlation coefficient
(ICC, model, ;) was used to determine relative reliability
[17, 26] with an ICC of >0.70 recommended as accept-
able reliability [23]. Absolute reliability was expressed
by standard error of measurement (SEM) calculated as
(SD gifrerencey \/ 2). The smallest detectable change (SDC),

which is the magnitude of change necessary to exceed the
measurement error and presents the smallest change that can
be detected beyond the measurement error, was calculated
as (1.96 x \/2 x SEM) [17]. Bland—Altman plots were per-
formed to determine the correlation between the mean scores
and the difference between test and retest scores, with a 95%
limit of agreement (LoA) (meanppp +1.96SDppp).

Validity

Construct validity was explored in 15 a priori hypotheses
with the PCS, MCS, and GH of the SF-36 and HADS con-
structs and was considered acceptable with at least 75% of
the predefined hypotheses confirmed [27]. Depending on the
distribution of the scores, either the Pearson or the Spear-
man correlation coefficients were used to test for convergent
validity with moderate to strong correlations (> 0.4) between
similar constructs and for discriminant validity with weak
correlations (< 0.4) between dissimilar constructs. Known
group analysis was used to determine discriminative valid-
ity with six a priori hypotheses identified for subgroups
expected to score differently on the HeartQoL questionnaire
(Table 1).

Results
Cross-sectional study

Of the 879 patients admitted for heart valve surgery between
January 1st and June 30th 2011, 742 were eligible for this
study. The 557 (75%) respondents were significantly more
likely to be older (median age, 73 years, range 18-95 years),
male (64%), and married (64%) than the 185 non-respond-
ents (Table 2). There was no significant difference between
respondents and non-respondents in type of surgery or medi-
cal history.

The highest HeartQoL score was reported by 61 respond-
ents (11%) with 224 reporting a score of <2. Between 2%
and 4% of the HeartQoL scores were missing compared to
24% missing SF-36 scores and 10% missing GH and HADS
scores (Table 3). All floor and ceiling effects were accept-
able, except for the HeartQoL emotional subscale as a ceil-
ing effect was observed in 36% of the respondents (Table 4).

Test-retest reliability study

A total of 150 patients were eligible for the test-retest
study. Of these, 92 patients completed both questionnaires
(response rate =61%). Eight respondents were excluded as
they had suffered a major life event meaning 84 patients
(56%) provided test-retest data. The majority of the respond-
ents were male (64%), median age of 70 years (range 30-88).
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Table 1 A priori hypothesis for discriminative validity

A Gender
Men will have greater mean scores on HeartQoL, than women
B SF-36 health transition

Patients reporting improved health compared with one year ago on the health transition item will demonstrate greater mean scores on the
HeartQoL scale, than a patient with no change or deterioration

C Charlson comorbidity index

Patients with no or mild comorbidity (CCI< 1) will have greater mean scores on HeartQoL than a patient with severe or very severe
comorbidity (CCI>?2)

D HADS anxiety
Patients reporting anxiety on HADS-A (scores > 8) will demonstrate lower mean scores on the HeartQoL, than a patient without anxiety
E HADS depression

Patients reporting depression on HADS-D (score > 8) will demonstrate lower mean scores on the HeartQoL, than a patient without
depression

F Congestive Heart failure
Patients with chronic heart failure will have lower mean scores on HeartQoL, than a patient without heart failure

SF-36 short form 36 health survey. HADS the Hospital Anxiety and Depression Scale

Table 2 Sociodemographic and

. L Patient characteristics Total group  Respondents  Non-respondents P value*
clinical characteristics for the
study population Eligible n (%) 742 557 (75.1) 185 (24.9)

Age (years) median, (min/max) 72 (18-95) 73 (18-95) 70 (18-95) 0.003

Gender n (%) 0.02
Male 458 (62) 357 (64) 101 (55)

Marital status n (%) <0.001
Widow/Widower 164 (22) 120 (22) 44 (24)
Single 131 (18) 83 (15) 48 (26)
Married 447 (60) 354 (64) 93 (50)

Time from surgery to questionnaire n (%) 0.64
6-7 months 248 (20) 191 (34) 57 (31)
8-9 months 242 (33) 181 (32) 61 (33)
10-12 months 252 (34) 185 (33) 67 (36)

Type of heart valve surgery n (%)
Mitral valve 166 (22) 126 (23) 40 (22) 0.86
Aortic valve 587 (79) 446 (80) 141 (76) 0.31
Pulmonary valve 11(1) 6 (1) 503) 0.15
Tricuspid valve 10 (1) 7(1) 3Q2) 0.77
Percutaneous valve surgery 75 (10) 57 (10) 18 (10) 0.96
Concomitant CABG 206 (28) 154 (28) 52 (28) 0.98

Medical history n (%)
Previous heart valve surgery 4 (1) 3(1) 1(1) 1.00
Previous PCI procedure 37 (5) 27 (5) 10 (5) 0.92
Previous CABG procedure 37 (5) 26 (5) 11 (6) 0.77
Comorbid heart failure 162 (22) 113 (20) 49 (26) 0.10

Charlson comorbidity index n (%) 0.12
No or mild comorbidity (score <1) 534 (72) 409 (74) 125 (67)
Severe or very severe (score >?2) 207 (28) 147 (26) 60 (32)

CABG coronary artery bypass graft, PCI percutaneous coronary intervention, Charlson comorbidity score

*Comparison between non-respondents and respondents: Chi-square or Fischer’s exact test
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Table 3 Patient-reported outcome scores and the proportion of miss-
ing items

Patient-reported instrument Scores Missing (%)

HeartQoL [median and (25th—
75th quartile)]

Global, n=546
Physical, n=546
Emotional, n=534

HeartQoL score in tertiles n (%)

2.29 (1.57-2.79) 2
2.20 (1.36-2.80)
2.75 (2.00-3.00) 4

\o)

Low (<2.00) 224 (41)
Moderate (2.01-2.99) 261 (48)
High (=3) 61 (11)
SF-36 (mean + SD)
PCS, n=422 44.5 (+10.6) 24
MCS, n=422 51.9(£104) 24
GH, n=504 65.4 (+£22.0) 10
HADS (mean + SD)
HADS anxiety, n=501 3.5(£3.6) 10
% anxious A 13.6%
HADS depression, n=516 3.3(x£3.5) 7
% depressed A 13.8%

Short form 36 health survey (SF-36; physical (PCS) and mental
(MCS) component summary scale and general health (GH) percep-
tions index score), Hospital Anxiety and Depression Scale (HADS).
A=HADS score >8

The mean time interval between test and retest was 13.2 days
(SD +5.4, range 9-42). The median time to complete the
HeartQoL was 5 min (range 5-30.0). Mean differences

(£ SD) between test and retest ranged from 0.01 (+0.24)
to 0.06 (+0.37) (P> 0.05). ICC,; values were >0.80 for
each HeartQoL scale with SEM ranging from 0.17 to 0.26
points and SDCys ranging from 0.5 to 0.7 points (Table 4).
Bland—Altman plots were conducted and LoA for the
HeartQoL global scale was —0.61 to 0.53; the HeartQoL
physical scale: —0.79 to 0.67; and the HeartQoL emotional
scale: —0.48 to 0.46, see Fig. 1.

Internal consistency reliability

Internal consistency reliability was clearly demonstrated
with Cronbach’s alpha values ranging from 0.87 to 0.94 for
the global scale and each subscale (Table 4).

Validity

Convergent validity was demonstrated with correla-
tions > 0.60 between the HeartQoL global scale and the
SF-36 GH, between the physical and emotional subscales
and the similar SF-36 PCS and MSC constructs as well
as the HADS-A and HADS-D constructs (Table 5). How-
ever, for discriminant validity, HeartQoL physical subscale
was associated with the dissimilar HADS-D construct
(r=-0.66) and HeartQoL emotional subscale was asso-
ciated with the dissimilar SF-36 PCS construct (r=0.45)
(Table 5). Discriminative validity was confirmed with signif-
icant score differences for all a priori hypotheses (Table 6).

Table 4 Floor and ceiling

R HeartQoL global HeartQoL physical HeartQoL emotional
effects and reliability
parameters of the HeartQoL Floor and ceiling effects (%)
Floor 8.42 13.55 5.61
Ceiling 11.17 13.74 36.00
Internal consistency (n=557)
Cronbach’s alpha 0.94 0.93 0.87
Relative and absolute reliability (n=_84)
Test (mean + SD) 24+0.6 2.3+0.7 2.6+0.6
Retest (mean + SD) 2.3+0.6 22+0.7 2.6+0.6
Difference test-retest 0.04+0.29 0.06+0.37 0.01+£0.24

(mean + SD)
Measurement error
ICC,, [95% CI]

0.88 [0.83-0.92]

0.86 [0.79-0.90] 0.92 [0.88-0.95]

SEM 0.21 0.26 0.17
SDC 0.6 0.7 0.5
LoA —0.61t00.53 —0.79t0 0.67 —0.48 10 0.46

ICC, , intra-class correlation coefficient two-way random model—absolute agreement

CI confidence interval SEM standard error of measurement, SDC smallest detectable change. LoA limit of

agreement

Floor effect=minimum score (=0), ceiling effect = maximum score (=3)
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Fig.1 Bland-Altman plots for the differences between scores
from test and retest against the mean of the test and retest for each
responder for the HeartQoL global scale, physical, and emotional
subscales. The 95% limits of agreement lines are indicated by the
dashed lines. The solid lines represent the mean differences scores
between the repeated measurements
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Discussion

We evaluated the measurement properties of the core IHD-
specific HRQoL HeartQoL questionnaire in patients fol-
lowing heart valve surgery and found acceptable construct
validity, internal consistency reliability, and test—retest
reproducibility although the higher than expected meas-
urement error may be of some concern [17]. However,
these results suggest that HeartQoL may be suitable for
measuring HRQoL in patients following heart valve sur-
gery. As HeartQoL has been shown to have acceptable
reliability and validity in patients with IHD diagnoses of
angina pectoris, myocardial infarction, and heart failure [9,
12] as well as in patients with atrial fibrillation [10], the
HeartQoL shows promise as a heart disease core HRQoL
instrument.

Construct validity analyses supported 13 of the 15 a
priori stated hypotheses (87%). Convergent validity of the
HeartQoL was confirmed by its strong correlation with
SF-36 and HADS across similar constructs. However, dis-
criminant validity correlations were higher than expected
between dissimilar constructs, i.e. HeartQoL emotional
subscale and SF-36 PCS and between HeartQoL physi-
cal subscale and HADS-D. Similar correlations between
physical and emotional constructions have been seen in
validation studies of MacNew heart disease HRQoL ques-
tionnaire [10, 28-30]. As in the MacNew questionnaire,
some of the HeartQoL physical items refer to the experi-
ence of symptoms and not to physical performance limi-
tations. For example, the formulation of item #8 on the
physical scale as “feeling tired, fatigued, low on energy”
may lead the respondents to identify with their emotional
state rather than with their physical condition. Further,
HADS might not be the best reference instrument to hold
against the constructs of the HeartQoL, as HADS does not
provide an overall score and even more importantly HADS
does not measure the same overall construct—HRQoL.
HeartQoL clearly discriminates between groups as hypoth-
esised with significant differences between gender, health
status, comorbidity, anxiety, depression, and heart failure.

With Cronbach’s alpha values > 0.86, internal consist-
ency reliability was confirmed for HeartQoL global scale
and both subscales, consistent with the original HeartQoL
[9, 10] and the atrial fibrillation [9, 10] validation studies.
The lower HeartQoL emotional subscale alpha value may
be explained by the small number of items.

A critical aspect for the test—retest is the time inter-
val between tests. In this study, the interval had a relative
wide time range, and this may cause both carryover effect
for shorter interval and the possibility of response shift
for longer interval [31]. Even though there are no stand-
ard rules for the interval length between the two tests, a
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Table 5 Correlation matrix between HeartQoL questionnaire, the short form 36 health survey physical and mental component summary scales
and the General health perception index, and the hospital anxiety and depression questionnaire

HeartQoL global HeartQoL HeartQoL
physical emotional
SF36
A correlation of 0.4 or greater between physical component summary scale (PCS) Convergent validity 0.84 -
A correlation of 0.4 or greater between mental component summary scale (MCS) - - 0.68
A correlation of 0.4 or greater between General Health Perception index 0.71 - -
A correlation of 0.4 or less between physical component summary scale (PCS) Discriminant validity - 0.45
A correlation of 0.4 or less between mental component summary scale (MCS) - 0.39 -
HADS
A correlation of —0.4 or greater between HADS anxiety scores Convergent validity - -0.73
A correlation of —0.4 or greater between HADS depression scores - - - 0.67
A correlation of —0.4 or less between HADS anxiety scores Discriminant validity - 0.40 -
A correlation of —0.4 or less between HADS depression scores - —0.66 -

Analysed with Spearman Rho Correlation analysis. A priori corresponding constructs are marked in italics

P value for correlation coefficients <0.001

timeframe of 14 days is often used in HRQoL studies [17,
31] which is largely accomplished in this study.

The relative reliability was good with ICC, ; > 0.80 on
each of the three HeartQoL scales [17]. The SDC values in
our study indicate that a change greater than 0.5-0.7 points
on respective scales would be required to be 95% certain
that a score change would not be the result of measurement
error, but rather the result of a real change. As HeartQoL
scores range from 0 to 3 points, the SDC may be perceived
as a relatively large measurement error. However, our results
are consistent with those of Lee et al. [32].

The emotional subscale ceiling effect of 36% is above the
recommended limit of 15% [17]. However, this is similar
to the 27% ceiling effect observed in the original valida-
tion study [9] probably related to the fact that there are only
four items in the emotional subscale. Although this indicates
that further improvement in emotional health would not be
detected by the HeartQoL instrument in 36% of the patient
population, it may well be presumed that the respondents
had reached a relatively stable emotional state 6—12 months
post-surgery.

It should be noted that some items in the HeartQoL ques-
tionnaire do not coincide with the sternal precautions and
specific activity restrictions after median sternotomy, thus
the HeartQoL may be considered inappropriate if used dur-
ing the first week’s post-surgery.

Strengths of this study are that data are based on a nation-
wide survey, with a high response rate, low frequency of
missing HeartQoL data, and further the study follows inter-
national methodological recommendations.

There are limitations to consider in this study. The risk
of introducing bias is present as survey data are by nature
subjective and self-reported information. A selection bias or
non-respondent bias may also exist as there is an underrepre-
sentation of woman, single/divorced or younger respondents.
The relatively high level of missing data on the SF-36 may
introduce bias into findings and in future validation studies
a valid imputation method could be applied to avoid this.
Using another HRQoL valve-specific instrument to test dis-
criminant validity could have strengthened the study, but,
to our knowledge, there is no existing validated heart valve-
specific instrument.

Conclusion

The Danish HeartQoL questionnaire shows acceptable con-
struct validity, internal consistency reliability, and test—retest
reproducibility in patients following heart valve surgery in
a cohort of Danish patients. Future studies should focus on
assessing model structure (Mokken Scaling or confirmatory
factor analysis) and the responsiveness of the HeartQoL
questionnaire.
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Table6 Discriminative validity Hypothesis HeartQoL global HeartQoL physical HeartQoL emotional Confirmed
of .thf.: HeartQoL based on a hypothesis
priori hypotheses
A
Gender Yes
Female 1.9 [1.4-2.5] 1.8 [1.1-2.5] 2.3 [1.8-3.0]
Male 2.4[1.8-2.9] 2.4[1.6-2.8] 2.8 [2.0-3.0]
P value <0.001 <0.001 0.001
B
SF-36 health transition Yes
Improved 2.4[1.9-2.9] 2.4[1.8-2.9] 2.8 [2.3-3.0]
No change or deterioration 1.7 [1.1-2.5] 1.6 [0.9-2.5] 2.3[1.5-3.0]
P value <0.001 <0.001 <0.001
C
Charlson comorbidity Index Yes
Scores < 1 2.4[1.7-2.8] 2.3[1.5-2.8] 2.8 [2.0-3.0]
Scores >2 1.9 [1.2-2.5] 1.8 [1.0-2.6] 2.5[1.8-3.0]
P value <0.001 <0.001 0.002
D
HADS anxiety Yes
Scores <8 2.4[1.9-2.8] 2.3[1.6-2.8] 2.8 2.3-3.0]
Scores > 8 1.1[0.8-1.8] 1.2 [0.6-2.1] 1.3 [0.8-1.8]
P value <0.000 <0.001 <0.001
E
HADS depression Yes
Scores < 8 2.4[1.9-2.8] 2.3[1.6-2.8] 2.8 [2.3-3.0]
Scores > 8 1.1 [0.7-1.6] 0.9 [0.5-1.6] 1.3 [0.8-1.8]
P value <0.001 <0.001 <0.001
F
Congestive heart failure Yes
No 2.4[1.6-2.8] 2.3[1.4-2.8] 2.8 [2.0-3.0]
Yes 2.0[1.3-2.7] 1.9 [1.1-2.7] 2.3 [1.8-3.0]
P value 0.006 0.005 0.014

SF-36 short form 36 health survey, HADS the Hospital Anxiety and Depression Scale. HeartQoL values are
reported in median and interquartile range [25th—75th quartile]. All analyses are assessed by Mann Whit-

ney U test
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