
The Swiss Transplant Cohort Study (STCS) is a
nationwide prospective multicenter interdiscipli-

nary cohort study including all patients receiving organ
transplants at 1 of the 6 transplant centers in Switzerland
(Lausanne, Geneva, Basel, Zürich, Bern, St Gallen).1,2

The STCS began enrollment of patients and data col-
lection on May 2, 2008. In this study, only 1 item assess-
ing sleep quality was integrated. In view of the evidence
described in the following paragraphs, we developed a
daytime sleepiness item to be included, after valida-
tion, in the STCS and used for this same format as the
1-item sleep quality measure already included in this
nationwide cohort study.

It is commonly recognized that lack of nocturnal
sleep increases the tendency to fall asleep during the

day. Daytime sleepiness is the subjective report of an
increased desire to fall asleep and lack of energy dur-
ing the day even after an adequate night’s sleep.3 Day-
time sleepiness is not a disorder in and of itself, yet it
is an important symptom of many other sleep disor-
ders. Daytime sleepiness is associated with poor per-
formance,4 cognitive slowing, attention failures, errors,5

and accidents.6 It is also a known predictor of increased
morbidity and mortality in patients with cardiovascu-
lar disease7,8 and diabetes.9

So far, published evidence of the presence and
impact of daytime sleepiness in kidney transplant recip-
ients is limited. In a previous study,10 we found that 34.1%
of kidney transplant recipients suffered from poor day-
time functioning, a measure similar to daytime sleepiness,
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although daytime sleepiness was not directly assessed
as functioning was more related to performance. The
prevalence of daytime sleepiness reported in the gen-
eral population ranges from 2.5%11 to 25.7%12 and in
hemodialysis patients from 15%13 to 27.3%.14

Because of its impact on clinical outcome, day-
time sleepiness is emerging as a relevant parameter to
assess in research and clinical practice. We therefore
decided to integrate the assessment of daytime sleepi-
ness into the STCS.2 Many instruments exist to meas-
ure daytime sleepiness objectively (the Multiple Sleep
Latency Test,15 the Maintenance of Wakefulness Test,16

and the Psychomotor Vigilance Task17,18) or subjectively,
using self-report (the Epworth Sleepiness Scale
[ESS]).19,20 The commonality among these instruments
is that they are time-consuming and labor-intensive,
and some are in a laboratory situation not reflecting
daily life. Although the ESS is easy to administer, cli-
nicians do not commonly use it outside the field of
sleep medicine, perhaps because of a lack of aware-
ness of the importance of daytime sleepiness prob-
lems or a reluctance to add 8 questions to an already
lengthy medical assessment. 

Taking this into account, a simpler more direct ques-
tion about daytime sleepiness might better serve as a
screening tool. A single-item questionnaire has been
previously published that asks “Please measure your
sleepiness on a typical day” (0 = none, 10 is highest;
cutoff ≥7); however, this item is validated only in
patients who have a diagnosis of a sleep disorder and
no specific recall period is used, making it unclear to
patients which time frame to take into consideration
when completing this item.21

Daytime sleepiness, sleep quality, and depression
are interrelated and have been explored and explained
in different models and approaches.22-24 Poor sleep
quality and daytime sleepiness are included in the cri-
teria for the diagnosis of depression. The Diagnostic
and Statistical Manual of Mental Disorders25 defines
the criteria for a major depressive disorder: “Difficulty
falling or staying asleep (insomnia), or sleeping more
than usual (hypersomnia)” (criterion 1d) and feel-
ing tired or having little energy (1e). For dysthymic
disorder, criterion 2 is set as “Sleeping too much or
having difficulty sleeping” and criterion 3 as “Low
energy or fatigue.” Depression is common among kid-
ney transplant recipients; reported cumulative inci-
dences were 5.05%, 7.29%, and 9.10% at 1, 2, and 3
years after transplant, respectively.26 The prevalence
of poor sleep quality in kidney transplant recipients
ranges from 30% to 62%.27-29

Patients thought to have obstructive sleep apnea
who had a high score on the ESS also had a signifi-
cantly higher score on the Center for Epidemiological
Studies Depression Scale.30 In a cross-sectional study31

with 3045 community-dwelling women aged 70 years

and older, depression was associated with poorer sleep
quality and daytime sleepiness. Another cross-sectional
study including 67 patients diagnosed with a depres-
sive episode showed that daytime sleepiness measured
with the ESS correlated highly with scores on the Hamil-
ton Depression Rating Scale (r= 0.69, P< .001).32

Given that transplant registries do not allow the
use of lengthy measures because of the burden on par-
ticipants, we developed a single item to measure day-
time sleepiness prospectively as part of the STCS.2 It
needs to be determined, however, which cutoff with
respect to other existing measures is appropriate to
identify daytime sleepiness by a single item (ie, cross-
validation). Moreover, the validity of this single-item
STCS daytime sleepiness instrument needs to be demon-
strated before transplant outcomes can be analyzed. 

Theoretical Background: Validity
Assessing the validity of an instrument implies

gathering as much evidence as possible to support valid-
ity related to test content, response processes, internal
structure, relation to other variables, and consequences
of testing, as outlined by the American Educational
Research Association’s framework.33,34 For the purpose
of our study, we focused on evidence related to test
content and relationships to other variables. In order to
guide our validation process, we developed 4 hypothe-
ses based on empirical evidence that outlines the rela-
tionships between daytime sleepiness, sleep quality,
and depression to be tested as part of the validation
process (Table 1).33
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Table 1  Hypotheses and research questions guiding the 
validation process

Basis of evidence

Content

Relationship to
other variables

Question or hypothesis

Question 1: Does STCS-DS item reflect
the concept of daytime sleepiness
based on expert review?

Hypothesis 1: STCS-DS (low score
means no DS) is positively correlated
with ESS sum score (low score
means no DS). (Concurrent validity)

Hypothesis 2: There is a positive cor-
relation between STCS-DS and the
DASS depression score. (Convergent
validity)

Hypothesis 3: There is a positive cor-
relation between STCS-DS and sleep
quality measured by the PSQI score.
(Convergent validity)

Hypothesis 4: Higher levels of depres-
sive symptoms are associated with
higher degree of daytime sleepiness.
(Group difference validity)

Abbreviations: DASS, Depression, Anxiety and Stress Scale; DS, daytime
sleepiness; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality
Index; STCS-DS, Swiss Transplant Cohort Study–Daytime Sleepiness.



In absence of an established validated cutoff of
the STCS daytime sleepiness item, the first aim of this
study was to identify the optimal cutoff point for clas-
sifying patients as having daytime sleepiness, using
the ESS as reference. However the main aim of this
study was to assess the validity of the STCS daytime
sleepiness item by using the American Education
Research Association’s framework to assess evidence
based on content and evidence based on relationship
to other variables.

Methods
Design, Setting, and Sample

This study used a cross-sectional multicenter cor-
relational design. A convenience sample of 926 home-
dwelling kidney transplant recipients treated at 3 Swiss
kidney transplant centers participated in the study.
Patients were included if at least 6 months had elapsed
since they had received the transplant, they had the
ability to understand and read German, they were 18
years of age or older, and they had provided written
informed consent. Individuals were excluded if they
were unable to complete the study questionnaire by
themselves for any reason.

Variables and Measurements 
Age (in years), sex, and time since transplant (in

years) were retrieved from the patients’ hospital charts.
Daytime sleepiness was assessed by 2 measures, the
STCS daytime sleepiness (STCS-DS) item2 and the
score on the ESS.19 The STCS-DS item asks subjects
to rate their overall daytime sleepiness in the past 4
weeks on a scale of 0 (no sleepiness) to 10 (extreme
sleepiness). This item is similar to a widely used but
not validated item in sleep diaries carried out with
actigraphy measurements.21 The layout was made con-
gruent with the STCS sleep quality item10 derived
from the Kidney Disease Quality of Life Short Form.35

Receiver operating characteristic (ROC) curve analy-
sis36 has been used to establish an appropriate cutoff
for the STCS-DS item. 

The ESS is a validated questionnaire that contains
8 items that measure a subject’s expectation of dozing
in 8 hypothetical situations. Dozing is defined as
falling into a light sleep.37 Dozing probability ratings
range from 0 (no probability) to 3 (high probability).
Scores on the 8 items are summed, yielding a total
dozing score between 0 and 24. An ESS sum score of
6 or greater indicates daytime sleepiness.19 A score of
10 or greater indicates that the subject is very sleepy and
should seek medical advice.19 Total ESS scores show
high test-retest reliability (ρ = 0.82, P < .001)38 and a
high level of internal consistency (Cronbach α = 0.74-
0.88 in 4 different groups of chronically ill patients).39

A single factor emerged when performing factor
analyses on ESS item scores of 150 patients and 104

students.38 The ESS has been validated for application
in German-speaking populations.20

Sleep Quality
Sleep quality was assessed by using the Pittsburgh

Sleep Quality Index (PSQI), a self-rated questionnaire
consisting of 19 items, assessing a wide variety of fac-
tors related to sleep quality during a 1-month time
interval, including estimates of sleep duration and
latency and of the frequency and severity of specific
sleep-related problems. These 19 items are grouped
into 7 component scores, each weighted equally on a
scale from 0 to 3. The 7 component scores are then
summed to yield a global PSQI score, which has a range
of 0 to 21; higher scores indicate worse sleep quality.

A cutoff of greater than 5 points is used to clas-
sify patients as having poor sleep quality.40 A PSQI
global score greater than 5 resulted in a sensitivity of
98.7% and specificity of 84.4% as a marker for sleep
disturbances in insomnia patients versus healthy con-
trol subjects.41 Backhaus et al41 translated the PSQI
into German by using the back-translation method.
Item analysis confirmed internal consistency of the
German version of the PSQI scale (Cronbach α of
0.85). The test-retest reliability for the short interval
(2 days) was high for the global as well as for subscale
scores (0.76-0.92). For the longer interval (mean, 45.6
days; SD, 18 days), the test-retest reliability was low
for the subscores “sleep quality” (r= 0.23) and “sleep
disturbance” (r= 0.84), whereas it remained moderate
to high for the global score (r= 0.86) and 4 of 7 sub-
scores, ranging from 0.59 to 0.83.41 Sleep diaries show
a high correlation to the PSQI,41 indicating good valid-
ity based on relation to other relevant variables. 

Depression
Depression was measured with the Depression,

Anxiety, and Stress Scale (DASS): a 21-item self-report
instrument, of which 7 items measure depressive
symptoms (DASS-D)42 on an ordinal 4-point Likert
severity/frequency scale to rate the extent to which
they have experienced each state in the past week: 0=
did not apply to me; 3 = applied to me very much in
the past week. Scores are summed and multiplied by
2, resulting in a range of 0 to 42 for each subscale.
The following cutoffs are used to evaluate severity of
depressive symptoms: 0-9, no depressive symptoms;
10-13, mild symptoms; 14-20, moderate symptoms;
21-27, severe symptoms; and ≥28, extremely severe
symptoms.43 The Cronbach α for the DASS-D scale is
high (α = 0.88; 95% CI, 0.87-0.89) and shows good
concurrent validity with the Brief Symptom Inventory
(r=0.70),44 the Beck Depression Inventory (r=0.74),42

the Personal Disturbance Scale depression scale (r =
0.78), and the Hospital Anxiety and Depression Scale
(r= 0.66).45
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Evidence Based on Content: Content Validity
Evidence supporting test content includes logical

or empirical analyses of how adequately that content
represents the domain of interest and can include the
judgment of content experts.33 Validity-related data
analysis procedures were guided by research ques-
tions and hypotheses formulated to test item validity
(Table 1). 

To test if the STCS-DS item indeed measures
daytime sleepiness, we asked all members of the STCS
Psychosocial Interest Group (transplant physicians,
psychologists, nurses, physicians, and epidemiolo-
gists) to evaluate whether the STCS-DS item captures
daytime sleepiness, expressed as the percentage of
agreement. First the item was evaluated and then it
was voted on at one of the in-person meetings of the
STCS Psychosocial Interest Group.

Evidence Based on Relationships With 
Other Variables

Evidence of relationships to other variables is
commonly evaluated by assessing associations among
variables. If the observed relationships match the
hypothesized relationships, then the evidence supports
the validity of the interpretation.33

Concurrent Validity. Concurrent validity (or 
criterion-related validity) requires that both variables
measuring the same concept be captured at 1 point in
time. As the strength of the correlation increases, the
probability that the variables measure the same con-
cept is increased.46 Daytime sleepiness is the subjec-
tive report of an increased desire to fall asleep and
lack of energy during the day even after an adequate
night’s sleep.3 Excessive daytime sleepiness is sleepi-
ness in a situation when an individual would be
expected to be awake and alert.47 Following these 2
definitions, the ESS asks about 8 very concrete situa-
tions when an individual would be expected to be
awake and alert. In contrast, the STCS-DS asks for
sleepiness in the past 4 weeks unrelated to a specific
situation. The ESS is more precise in asking for these
situations whereas the STCS-DS asks for a metacog-
nitive process transforming the concept of daytime
sleepiness into a daily life situation.

Therefore we expected a moderate to high corre-
lation between the STCS-DS item and the ESS total
score, given that STCS-DS asks for sleepiness in gen-
eral in the past 4 weeks, and the ESS asks the same,
but in specific circumstances.46

Convergent Validity. Convergent validity is when
2 measures of a construct that theoretically should be
related to each other are, in fact, observed to be related
to each other.48 In order to provide evidence for con-
vergent validity, we expect to observe (1) a moderate

to high correlation between the STSC-DS item and sleep
quality, as measured by the PSQI, and (2) a low to mod-
erate positive correlation between the STSC-DS item
and depressive symptoms, measured by the DASS-D.48

Known Group Difference Validity. Known group
difference validity is when data are collected from 2
groups that have expected differences on the measure
of interest. If the measure is able to discriminate
between the groups through statistically significant
findings, this provides evidence for the validity of the
measure.49 The evidence states that depression is asso-
ciated with poorer sleep quality and daytime sleepi-
ness.31 We hypothesize therefore that stratifying our
sample on the DASS-D score will split the sample in
a similar way for daytime sleepiness. If DASS-D scor-
ing (normal, mild, moderate, severe, extremely severe)
is able to discriminate between the groups through sta-
tistically significant findings, this provides evidence
for the validity of the daytime sleepiness measure.49

Data Collection
Addresses of all patients who fulfilled the eligi-

bility criteria were extracted from the centers’ trans-
plant databases by the responsible physician and the
head outpatient nurse. Each potential participant
received a package containing an information letter, the
informed consent documents, prestamped envelopes,
and the questionnaires. Participants who consented to
participate completed the study questionnaires and
returned them to the researcher by mail. Patients not
responding were contacted once by telephone and
invited to participate again. If they agreed to do so, a
new package was sent. The study was approved by the
ethics committee of Basel, Bern, and Zürich. Data
were deidentified and stored in an electronic databank.

Statistical Analysis
Data were entered once and randomly checked

for discrepancies with original data (<1%). The Pack-
age IBM SPSS Statistics 19 (Version 19.0.0, IBM
Corporation) was used for statistical analysis, setting
5% for all critical probability levels. Descriptive sta-
tistics included mean, standard deviation (SD), median
and interquartile ranges (IQR), and frequencies as appro-
priate based on measurement levels and distributions of
variables. The Mann-Whitney U test and χ2 tests were
used to explore whether recipients’ sex, age, and years
since transplant differed between those who responded
and those who did not send back the questionnaires.

Establishing the Best Cutoff for the STCS-DS.
We used ROC curve analysis to establish an appropriate
cutoff for the STCS-DS item. We plotted the true-positive
rate (sensitivity) as a function of the false-positive rate
(1 minus specificity) for different cutoff values for the
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STCS-DS item, relative to the ESS sum score (ie, cut-
off ≥10, where a score of 10 or more indicates very
sleepy and should seek medical advice and a cutoff ≥6,
whereas a score of 6-9 suggests daytime sleepiness19).

Validity-Related Data Analysis. At an in-person
meeting in January 2011, the daytime sleepiness con-
cept was presented by the author in a 10-minute Power -
Point presentation, showing different arguments and
perspectives. After the presentation, the members (N=
20) of the Psychosocial Interest Group of the STCS
were invited to comment and vote. The percentage of
agreement was assessed by counting the participating
members present at the meeting and dividing the num-
ber of members agreeing to the statement “The STCS-
DS item reflects the concept of daytime sleepiness” by
that total. 

Spearman rank-order correlation was used to exam-
ine the association between the STCS-DS item and the
ESS sum score (Table 1, H1), depressive symptoms
(Table 1, H2), and poor sleep quality (Table 1, H3) on
the PSQI. The group difference validity was done with
a binary logistic regression with the DASS-D score
(cutoff <9 normal; cutoff ≥13 mild depression; cutoff
≥20 moderate depression; cutoff ≥27 severe depres-
sion; cutoff ≥28 extremely severe depression) as a
predictor of STCS-DS (Table 1, H4).

Results
Out of 1788 kidney transplant recipients, 1492 met

the eligibility criteria and had a valid home address,
and 926 of them returned a completed questionnaire

(62% response rate; see Figure). Responders and non-
responders did not differ except for age: nonresponders
(n = 509) were significantly younger than responders
(t= 2.51, df= 1039, P= .01). The analyses were based
on the 926 participants who had complete data. The
median age was 59.69 years (25%-75% quartile [Q25-
Q75], 50.27-59.69), 586 were men (63.3%), and the
median time since transplant was 9.42 years (Q25-
Q75, 4.93-15.85; Table 2).

Cutoff Values for the STCS-DS Item
Based on ROC curve analyses, a cutoff value of

4.5 on the STCS-DS item yielded the highest levels of
sensitivity and specificity in predicting the ESS cutoff
of at least 10 (excessive daytime sleepiness) with a sen-
sitivity of 67% and a specificity of 84%. A cutoff value
of 3.5 for the STCS-DS item also had the highest sen-
sitivity (57%) and specificity (77%) relative to the ESS
cutoff of 6 or greater (daytime sleepiness; Table 3).

Evidence Based on Content
All experts (100%) agreed that the STCS-DS item

reflects the concept of daytime sleepiness (Table 1, Q1).

Evidence Based on Relations to Other Variables
The concurrent validity between the STCS-DS item

and the ESS score (Table 1, H1) showed a moderate
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Figure  Flow diagram of sample.

Mailed questionnaires (n = 1788)

Questionnaires meeting the inclusion
criteria (n = 1492; 100%)

Returned questionnaires (n = 926; 62%)

Analyzed (n = 926; 62%)

Excluded (n = 296)
• Wrong address (n = 189)
• Language issues (n = 55)
• Other reasons (hemodialysis, death; n = 52)

Excluded (n = 566)
• Declined to participate (n = 566)

Excluded (n = 0)

Characteristic

No. of patients

Males, % (No.)

Age, median (Q25-Q75), y

Years since transplant, median (Q25-Q75)

Daytime sleepiness measured by the ESS

ESS Score
  Mean (SD)
  DS, % (No.)
  Excessive DS, % (No.)

Daytime sleepiness measured with the STCS-DS

  STCS-DS score, median (Q25-Q75)
  STCS-DS, % (No.)

Sleep quality measured with the PSQI

  PSQI score, median (Q25-Q75)
  PSQI,  % (No.)

Depressive symptoms measured with the DASS

  DASS score, median (Q25-Q75)
  DASS, % (No.)

Table 2  Description of the sample

All

926

63.3 (586)

59.69 (50.27-59.69)

9.42 (4.93-15.85)
  

6 (3-9)
50.9 (471)
21.3 (197)

3 (1-5)
32.4 (300)

6 (4-10)
49.5 (456)

3 (1-6)
33.9 (310)

Abbreviations: DASS, Depression, Anxiety and Stress Scale (>9); DS, daytime sleepiness 
(cutoff ≥6); ESS, Epworth Sleepiness Scale; Excessive DS, daytime sleepiness (cutoff ≥10);
PSQI, Pittsburgh Sleep Quality Index (>5); STCS-DS, Swiss Transplant Cohort Study Day-
time Sleepiness Item (≥4).



but significant correlation (Spearman ρ, 0.531; P<.001).
Convergent validity (Table 1, H2) showed that the
STCS-DS item was correlated minimally but signifi-
cantly with the DASS-D score (Spearman ρ, 0.235; P
<.001) and the STCS-DS of 4 or greater was correlated
minimally but significantly (Table 1, H3) with the
PSQI score (Spearman ρ, 0.318; P = .002). Table 4
shows the group difference validity results. Higher
levels of depressive symptoms are associated with
higher odds of daytime sleepiness. Kidney transplant
recipients with moderate to extremely severe depres-
sive symptoms show 3.4, 4.3, and 5.9 times higher odds

of having daytime sleepiness, respectively, as com-
pared with recipients without depressive symptoms.

Discussion
This study examined the validity of using 1 item

incorporated in the STCS to measure daytime sleepi-
ness. The STCS is a nationwide prospective cohort
study that uniquely also assesses selected psychoso-
cial and behavioral variables from before transplant to
lifelong after transplant, including sleep quality and
daytime sleepiness.2 As the STCS does not allow exten-
sive assessment of each variable (in an effort to limit
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No sleepiness (ESS score <6)

455

60.9 (277)

61.17 (51.06-68.65)

9.32 (4.92-15.59)
  

3 (2-4)
0 (0)

                             

2 (1-3)
16.5 (75)

                             

5 (3-8)
40.1 (181)

                             

2 (0-5)
26.3 (118)

DS (ESS score >5)

471

65.6 (309)

58.68 (49.29-67.32)

9.58 (4.96-16.15)

9 (7-11)
41.8 (197)

4 (2-6)
47.8 (225)

                     

6 (4-10)
58.5 (275)

                     

3 (1-7)
41.2 (192)

No sleepiness (ESS score <10)

729

62.6 (456)

60.61 (50.85-68.23)

9.81 (5.01-16.29)

4 (3-7)
37.6 (274)

                             

2 (1-4)
31.4 (229)

                             

5 (3-8)
43.8 (317)

                             

2 (1-5)
29.3 (211)

Excessive DS (ESS score <9)

197

66.0 (130)

58.17 (48.19-65.65)

8.51 (4.85-14.99)

12 (11-14)

100 (197)

6 (3.5-7)
75.1 (148)

8 (5-11)
70.6 (139)

5 (2-9)
50.3 (99)

Table 3  Receiver operating characteristic curve for the single daytime sleepiness item

Variable

Daytime sleepinessa

Excessive daytime sleepinessb

No. (%) 

469 (50.7)

197 (21.2)

Property

Area under curve (95% CI)
Optimal cutoff
Sensitivity, %
Specificity, %
Area under curve (95% CI)

Optimal cutoff
Sensitivity, %
Specificity, %

STCS-DS

0.75 (0.71-0.78)
3.5
58
77

0.80 (0.77-0.83)

3.5
75
69

STCS-DS

0.75 (0.71-0.78)
4.5
48
84

0.80 (0.77-0.83)

4.5
67
87

Abbreviation: STCS-DS, Swiss Transplant Cohort Study Daytime Sleepiness Item.
a Daytime sleepiness score on the Epworth Sleepiness Scale ≥ 6.
b Daytime sleepiness score on the Epworth Sleepiness Scale ≥ 10.
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the burden on subjects), daytime sleepiness is assessed
with 1 item derived from previous research. The valid-
ity of the STCS-DS item was tested by using a large
dataset of kidney transplant patients participating in a
research program on sleep in kidney transplant recipi-
ents, a study separate from the STCS. Validity was
tested in view of evidence related to test content and
evidence related to relationships with other variables.33

Cutoff Score for STCS-DS Item
As a cutoff for the STCS-DS item has not yet

been established, we used the ROC curve analysis to
determine it. This analysis showed useable results
based on 2 cutoffs of the ESS, a validated and estab-
lished instrument to assess daytime sleepiness. We did
this analysis for both of the cutoffs of the ESS, thus
allowing 2 suggested cutoffs for our STCS-DS item.
The ideal cutoff for daytime sleepiness is 3.5 and the
ideal cutoff for excessive daytime sleepiness is 4.5. To
avoid screening for a diagnosis of a sleep disorder
where one does not exist, we recommend restrictive
positive screening using values greater than or equal
to 4 in the STCS-DS item. These findings support its
use for a general screening tool followed by in-depth
assessments for sleep disorders.

Evidence Based on Test Content
The agreement of our experts showed that the

STCS-DS measures the daytime sleepiness concept.
For further studies, we suggest assessing the content
validity index for the validity based on test content.50

Evidence Based on Relationships With 
Other Variables

We provided first evidence for validity of the
STCS-DS item. H1 showed a significant moderate cor-
relation, demonstrating the similarity of the concepts.
We had hoped to find a higher correlation; however,
this hope was unrealistic, considering that the aim of
replacing 8 items with 1 item is very ambitious.

Depressive symptoms (H2) and poor sleep quality
(H3) were significantly correlated; this result may be,
in part, due to the large sample. These results high-
light the expected interaction of these variables with

daytime sleepiness and demonstrate that the variables
measure different things. The low correlation may
indicate that other factors that we did not correct for
and did not assess affect the variability. For example,
we did not assess for history of insomnia; this factor is
a predictor for future development of depression in
older persons as well as young adults.51 Further, we
had no polysomnography measurements to establish
changes in sleep architecture. We will in future have
actigraphy results in a selected subgroup that may pro-
vide detailed information about the nature of the
diverse sleep disturbances in kidney transplant recipi-
ents. In addition, kidney transplant recipients are sub-
jected to other strong factors limiting the correlations
and affecting sleep, for example, the consequences of
immunosuppressive drug therapy,52 impaired immune
system,53 and high vulnerability for infections.54

Group difference validity has been shown with
the DASS-D scale. Higher levels of depressive symp-
toms were significantly associated with a higher odds
ratio of daytime sleepiness. These validities show that
STCS-DS measures a concept similar to that meas-
ured by the ESS, that STCS-DS is related to but meas-
ures a different concept than depression and sleep
quality; and that a positive score on the DASS-D scale
is associated with an increased odds ratio for daytime
sleepiness. This finding suggests that careful use of a
simple screening is beneficial and—in the case of a
positive screening value—should be followed up by a
thorough assessment for a sleep disorder. 

We suggest further testing all sources of valid-
ity,34,48 especially evidence based on response processes
and evidence based on consequences of testing. Evi-
dence based on internal structure is in this case irrele-
vant, as there is only 1 item. Validity based on response
processes should be assessed with more types of assess-
ments (interview techniques, verbal protocol methods,
think-aloud techniques) at different time points.33 Valid-
ity based on consequences of testing could be assessed
by assessing the alertness and performance (the
impact of daytime sleepiness score results) of the kid-
ney transplant recipients and the consequences on the
nurses in charge in view of higher services. For exam-
ple, a study could be done to measure the difference in
adherence to immunosuppressive medications between
kidney transplant recipients screened with daytime
sleepiness receiving no intervention and kidney trans-
plant recipients screened with daytime sleepiness
receiving light therapy.

Limitations of the Study
This study has several limitations. The question-

naire responders were significantly older than were
the nonresponders, perhaps because they are retired55

and thus have more time to answer the questionnaires.
Next, the study aimed to include a broad sample with
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Table 4  Predictors of Swiss Transplant Cohort Study–Daytime
Sleepiness in the simple logistic regression analysis

Symptoms of depressiona

Normal (reference)
  Mild
  Moderate
  Severe
  Extremely severe

Odds (95% CI)

1.377 (0.91-2.09)
3.411 (2.25-5.165)
4.260 (2.29-7.93)
5.990 (2.86-12.54)

P

.13
>.001
>.001
>.001

a Based on Depression, Anxiety, and Stress Scale–Depression.
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low selection criteria and low questionnaire and meas-
urement burden. Therefore we had a big sample, only
1 time point measure, and few items included in the
questionnaire, limiting the analysis for testing other
validity dimensions. A further limitation is that the
questionnaire did not permit investigation of self-rated
daytime sleepiness as related to specific sleep disor-
ders. Last, testing the validity and reliability of a 1-item
scale is limited (eg, reliability [internal consistency] is
only possible with more than 1 item) as is the study
design (eg, for test-retest validity and criterion validity
a longitudinal study is needed).46

Conclusion
The “Standards for Educational and Psychologi-

cal Tests” proposes that validity is a unitary concept
supported by theory, and accumulating evidence pro-
vides a sound scientific basis for the proposed score
interpretation. Our results support the importance of
assessment of daytime sleepiness, sleep quality, and
depressive symptoms in kidney transplant patients.
Our validity testing of “evidence based on content”
and “evidence based on relationship to other vari-
ables” provided supporting evidence for the validity
of a single daytime sleepiness item in the STCS-DS.
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