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Abstract

Background: The Pulmonary Embolism Quality of Life (PEmb-QoL) questionnaire is the

first disease-specific scale for assessing the quality of life in patients with a history of

pulmonary embolism (PE).

Objectives: To assess the cross-cultural validity and reliability of the disease-specific

PEmb-QoL questionnaire.

Methods: The Persian version was prepared through the forward and backward

translation of the English questionnaire. Six months after the diagnosis of acute PE,

consecutive Persian-speaking patients were asked to complete the PEmb-QoL, the

generic 36-item Short Form (SF-36) questionnaires and undertake a 6-minute walk test

(6MWT). Acceptability was assessed via item missing rate, reproducibility by the test-

retest method, and internal consistency reliability by Cronbach’s α and McDonald’s ω

coefficients. Convergence validity was assessed using the Spearman rank correlation

between scores of PEmb-QoL, SF-36, and 6MWT. The questionnaire structure was

evaluated through exploratory factor analysis.

Results: Ninety-six patients with a confirmed diagnosis of PE completed the ques-

tionnaires. The Persian version of PEmb-QoL had good internal consistency (α = 0.95,

3-factor ω = 0.96), inter-item correlation (0.3–0.62), item-total correlation (0.38–0.71),

reproducibility (test-retest ICC with 25 participants = 0.92–0.99), and good discrimi-

nant validity. Convergence validity was confirmed by the moderate-to-high correlations

between PEmb-QoL and SF-36 scores, and a good correlation between the “limitation

in daily activities” dimension of the PEmb-QoL questionnaire and 6MWT results.

Exploratory factor analysis suggested a 3-component structure with functional (items
behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY

0/).
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Essentials

• Pulmonary embolism (PE) has been sho

• PE quality of life (PEmb-QoL) is a disea

• Cross-cultural validity and reliability of

• Minor adjustments in dimensions and th
1h, 4b-5d, 6, 8, 9i, and 9j), symptoms (1b-h, 7, and 8), and emotional (5a, 6, and 9a-h)

components.

Conclusion: The Persian version of the PEmb-QoL questionnaire is valid and reliable

for measuring the disease-specific quality of life in patients with PE.
K E YWORD S

pulmonary embolism, quality of life, patient-reported outcome measures, surveys and

questionnaires, psychometrics, reproducibility of results
wn to impact different aspects of the quality of life (QoL).

se-specific survey for patients with PE.

PEmb-QoL were confirmed in a Persian-speaking cohort.

eir constituent items were required.
1 | INTRODUCTION

The post-pulmonary embolism (PE) syndrome is defined as new or

progressive dyspnea, exercise intolerance, and/or impaired functional

or mental status after at least 3 months of adequate anticoagulation

following acute PE, which cannot be explained by other (preexisting)

comorbidities [1–3]. Although the extent of the disability varies in

different populations [4], nearly half of the patients will have persis-

tent dyspnea, with 11% suffering from moderate-to-severe functional

limitations [5]. The chronic complications of acute PE are also taxing

on one’s psychological and social status. The long-term risk of pur-

chasing psychotropic drugs is substantially increased in adolescents

with a history of PE, with more than a quarter of the previously

employed patients not returning to work even one year after the

initial PE episode [6–8].

Previous statements highlight that the chronic complications

actually experienced following acute PE go well beyond the implica-

tions of clinically measured outcomes such as RV dysfunction and

pulmonary hypertension [4,9,10]. Therefore, valuable information
concerning patients’ well-being would be lost if information acquisi-

tion is channeled only through the narrow scope of clinical and par-

aclinical evaluations [11]. Direct formal inquiry of patients’

experiences through adequately validated patient-reported outcome

(PRO) measures also confers the advantage of negating interobserver

variability and is, thus, potentially more reliable than when such ex-

periences are informally inquired, interpreted, and reported by third

parties [12].

Health-related quality of life is a multidimensional construct

encompassing one’s self-perception of, at a minimum, physical,

emotional, and social well-being [13]. It is usually assessed using both

generic and specific PRO questionnaires. Whereas generic question-

naires allow comparison between different populations irrespective of

their underlying conditions, condition-specific questionnaires are

more sensitive to changes in the frequency and severity of specific

outcomes, making them the instrument of choice for evaluating the

impacts of therapeutic and rehabilitation strategies [14].

Pulmonary embolism quality of life (PEmb-QoL) questionnaire is

the first and currently the only disease-specific PRO instrument for

mailto:hooman.bakhshande@gmail.com
mailto:psadeghipour@hotmail.com
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patients with a history of PE. The questionnaire was developed in

Dutch, cross-culturally validated in several other languages, and is

part of the recently developed core set of outcome measures for

patients with PE [11,15–20]. Our study aimed to prepare the first

Persian-translation PEmb-QoL, provide an ad hoc evaluation of its

psychometric properties, and adjust its structure based on a Persian-

speaking PE patient population in Iran.
2 | METHODS

Our study aimed to prepare the Persian version of PEmb-QoL based

on the English version and then evaluate its psychometric properties

(acceptability, reliability, and validity) as to whether it is an appro-

priate instrument for measuring PE-related quality of life.
2.1 | Study setting and participants

All Persian-speaking surviving patients with records in the Pulmonary

Emboli Registry of Rajaie Cardiovascular Medical and Research Cen-

ter (RHC-PE) between September 2015 and August 2018 were invited

via phone calls to participate in the present prospective study. The

RHC-PE registry is an all-comers cohort of patients with a confirmed

diagnosis of PE [21]. Briefly, PE was diagnosed mainly via computed

tomography pulmonary angiography. The baseline demographic and

clinical characteristics were retrieved from the RHC-PE registry. All

the information gathered was recorded during the index hospital

admission. The risk stratification of the study population was per-

formed according to the European Society of Cardiology guidelines for

the diagnosis and management of acute PE [22]. The study protocol

was approved by the Ethics Committee of the Rajaie Cardiovascular

Medical and Research Center, and signed informed consent was ob-

tained from all the study participants.
2.2 | Data collection and follow-up

Each patient was scheduled for a structural 6-month follow-up pro-

gram composed of detailed transthoracic echocardiography and a 6-

minute walk test (6MWT). During the program, a QOL assessment

was performed using the disease-specific PEmb-QoL and the generic

36-item Short Form (SF-36) survey over an interview session assisted

by an experienced nurse.
2.3 | Instruments

2.3.1 | 36-Item Short Form (SF-36) survey

SF-36 is a widely used, generic, health-related QOL questionnaire

validated in many disease cohorts and languages, including Persian

[23]. The questionnaire covers 8 dimensions grouped into 2 summary
components: physical and mental [24,25]. The detailed structure of

the SF-36 questionnaire is depicted in Supplementary Figure S1. In

this study, SF-36 scores were calculated according to the RAND

scoring instructions [26].
2.3.2 | PEmb-QoL questionnaire

Modeled based on the generic SF-36 and the disease-specific quality

of life after acute DVT (VEINES-QOL/Sym) questionnaire, the PEmb-

QoL was designed to assess disease-specific health-related QOL in

patients with a history of acute PE [15]. It contains 40 items, 38 of

which are on a Likert-type scale and are grouped into 6 dimensions,

including frequency of complaints, limitations in the activities of daily

living, work-related problems, social limitations, intensity of com-

plaints, and emotional complaints. To calculate PEmb-QoL scores,

responses to individual items were transformed into a 0–100 scale,

with higher scores corresponding to worse health states [16]. This

required reversing the scales for questions Q1, Q4, Q5, and Q9.

Scores of the constituting items for each dimension were then aver-

aged to produce dimension scores, while an average score of all

questionnaire items produced the PEmb-QoL total summary score

[20]. Questions Q2 (“At what time of day are your lung symptoms

most intense?”) and Q3 (“Compared to 1 year ago, how would you rate

the condition of your lungs in general now?”) were considered

descriptive in nature and were not scored on a Likert scale. Thus, they

were interpreted as is and not incorporated into the dimension scores.

Item Q4a (“Do your lung symptoms limit your daily activities at

work?”) was treated as missing if a patient had chosen the “I do not

work” response [16].
2.4 | Translation

A cardiovascular disease specialist proficient in both English and

Persian-translated the validated English questionnaire into Persian

(forward translation). The translation was converted back into English

(backward translation) by 2 different cardiovascular disease specialists

proficient in both languages without reviewing the original English

version. Afterward, 5 independent experts in pulmonary vascular

diseases reviewed and compared the Persian and English versions to

ensure clarity and to address any inconsistencies. As the final step,

minor adjustments were made to the preliminary translation based on

a pilot study in which 20 native Persian-speaking patients were

interviewed regarding the clarity of the items after they had

completed the first questionnaire draft.
2.5 | Psychometric analysis

Psychometric analysis was conducted according to the latest standard

protocols [27–33].
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2.6 | Acceptability and reliability

Acceptability was assessed through the completeness of data (the

missing item rate). Reliability was assessed in terms of consistency

between the results of repeated measurements (reproducibility) and

consistency between responses within the same measurement (in-

ternal consistency). Reproducibility was reported as an intraclass

correlation via the test-retest method, where the respondents were

invited back to our center 3 weeks after the initial QOL assessment to

retake the PEmb-QoL questionnaire. The 3-week interval was

selected to prevent recall and minimize the chance of clinical changes.

Cronbach’s α is considered an adequate measure of internal

consistency for individual dimensions [34]. Still, given that multidi-

mensional constructs do not conform well with the one-dimensionality

assumption of Cronbach’s α, in the current investigation, McDonald’s

ω was additionally provided for the totality of the questionnaire

[35,36]. The evaluation of internal consistency was completed by

reporting the association between the individual items (the inter-item

correlation), the association between the items and their assigned

dimensions (the corrected item-total correlation), and the association

between the dimensions (the domain intercorrelation). Although co-

efficients of internal consistency larger than 0.8 are conventionally

regarded as acceptable, a more detailed interpretation should

consider that these measures are also influenced by the number of

items in the subscale. Supplementary Table S1, extracted from the

study by Ponterotto and Ruckdeschel [37], elaborates on the

acceptable thresholds for coefficients of internal consistency based on

the sample size and scale length.

The score distribution, along with the floor effect and the ceiling

effect, was reported for the dimensions. The quality criteria for

acceptability and reliability are summarized in Supplementary Table

S2. Each item was examined vis-à-vis its frequency of endorsement

(respondents who selected the same item response), skewness, cor-

rected item-total correlation with its’ corresponding dimensions, and

Cronbach’s α of its dimension when the item was excluded. Ideally,

fewer than 25% of the items should have negative skewness, while

more than 75% should have a skewness value between −1 and 1 [38].

An item is considered for removal when doing so substantially im-

proves α or when its’ item-total correlation and frequency of

endorsement are outside the range of 0.2 to 0.8 [29].
2.7 | Validity

The content validity of the PEmb-QoL has been previously investi-

gated with respect to measurement aims, concepts, target population,

and item selection [15,39].

In the present study, construct validity was investigated in terms

of convergent and discriminant validity. A PRO measure is expected to

have relatively high correlations with other theoretically similar PRO

and non-PRO measures (ie, convergent validity) while having
relatively lower correlations with theoretically dissimilar measures (ie,

discriminant validity) [32,40]. Thus, we expected moderate-to-high

Spearman rank correlations between the dimensions of the disease-

specific PEmb-QoL and their theoretically similar counterparts from

the generic SF-36 questionnaire, as well as moderate-to-high corre-

lations between the dimension of limitations in the activities of daily

living and the 6MWT results. We also expected moderate-to-low

correlations between the disease-specific PEmb-QoL scores with

age, sex, obesity, cancer, and other cardiovascular comorbidities.

We further evaluated internal consistency, item selection, and

questionnaire structure through exploratory factor analysis (EFA).

EFA investigates the coherence of item responses to suggest an un-

derlying structure for the questionnaire. We first used the Scree test

to determine the appropriate number of latent factors (ie, dimensions)

and then conducted EFA via a polychoric correlation matrix with the

maximum likelihood estimation method. The polychoric correlation

matrix was chosen over the conventionally used Pearson correlation,

given that items with fewer than 5 to 7 response options (eg, items Q4

and Q5) could violate the linearity assumption of the Pearson corre-

lation [41–43]. Finally, oblique rotation (Oblimin) was applied to ac-

count for the interconnected nature of the psychological constructs

and to also maximize the distinction between the extracted factors

[41,44].

The R programming statistical software version 4.1.3 was used

with the tidyverse, Psych, GPArotation, ggcorrplot, and Ggally

packages.
3 | RESULTS

3.1 | Participants

Of 170 patients recruited in the RHC-PE registry, 98 agreed to

complete the PEmb-QoL questionnaire. Two participants were

excluded as they had responded to fewer than 75% of the items. The

responses elicited from the remaining 96 participants had a minimal

item missing rate (0.38%), with 6 participants having a total of 14

unresponded items. The details of the patient flow and exclusion

criteria are depicted in Figure 1. Nearly half of the respondents were

female. The median age of the participants was 54 years, and the

obesity rate was 48%. The median (IQR) time interval between the

first hospital admission due to PE and questionnaire submission was

6.1 months (IQR 5.4–7.1 months) (Table 1).
3.2 | Psychometric properties

Figure 2 presents the details of the score distribution for the total

summary scale and dimensions of the PEmb-QoL. Although the total

summary scale and the emotional complaint dimension exhibited

neither a floor effect nor a ceiling effect, all the other dimensions had



Registered patients with objectively confirmed diagnosis of acute pulmonary embolism

whom have been discharged between September 2015 to August 2018 (

Patients were contacted through phone calls to be invited for taking part in a structured

3-6 month follow-up program (

Lost to follow-ups (

• Death in the 3-6 month period after discharge  (n = 12)

• Unwillingness to take part in the program  (n = 4)

• Geographical restrictions (n = 9)

• Advanced age or severe comorbidities ( n  = 5)

• Other reasons including: inability to comprehend Persian

language, wrong contact info, not answering to the phone

calls, and not showing up at the appointment (n = 17)

Patients visited RHC outpatient clinics after a 3-6 month period (n = 123)

• Underwent further history taking, physical examinations and echocardiographic

evaluations (n = 123)

• Responded to SF-36 questionnaire (n = 107)

• Took the 6-minute walk test (n = 104)

• Responded to PEmb-QoL questionnaire (n = 98)

Responded to less than 75% of the questionnaire items (n = 2)

Included in the Persion PEmb-QoL questionnaire validation study (n = 96)

n = 170)

n = 35)

n = 170)

F I GUR E 1 Flow diagram of exclusion criteria. PEmb-QoL,

Pulmonary Embolism Quality of Life questionnaire; RHC, Rajaie

Cardiovascular Medical and Research Center; SF-36, 36-item Short

Form Health Survey.
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floor effects exceeding 15%, varying from 16.1% (for limitations in the

activities of daily living) to 62.6% (for social limitations). Social limi-

tations and work-related problems also exhibited ceiling effects of

4.3% and 25.8%, respectively.

Our assessment indicated excellent internal consistency reliability

for the Persian version of the PEmb-QoL questionnaire (α = 0.95,ωwith

3 factors = 0.96). Internal reliability was high (α ≥ 0.81) for almost all

the dimensions except the intensity of complaints (α = 0.6). All di-

mensions had appropriate mean-corrected item-total correlations,

ranging between 0.43 and 0.71 (Table 2). Moreover, all PEmb-QoL

dimensions showed moderate-to-strong domain intercorrelations.

The weakest correlation was between the intensity of complaints and

social limitations (r = 0.43) and, expectedly, the strongest between

limitations in the activities of daily living limitations and work-related

problems (r = 0.75) as well as between the frequency of complaints

and the intensity of complaints (r = 0.76) (Figure 3).

Supplementary Figure S2 depicts the response distribution for

individual items. Negative skewness was observed only with items 4d
(skewness −0.41) and 9d (skewness −0.08). However, only 22 scored

items (58%) had skewness between −1 and 1. Item Q1a (“Pain behind

or between the shoulder blades?”) had the lowest item-total correla-

tion (r = 0.34). This item was also the only item that, upon removal,

would improve the internal consistency of its designated dimension

(α = 0.83 to α = 0.85).

Of the 96 included participants, 25 (26%) returned to complete

the questionnaire for the second time. Compared to the primary

respondent group, participants of the retest were, on average younger

(55 years old vs 46.5 years old, P value = .02) and had more odds of

being male (odds ratio = 2.85, P value = .05). The test-retest analysis

indicated moderate-to-high intraclass correlations for all dimensions,

ranging from 0.70 for work-related problems to 0.97 for the intensity

of complaints (Table 3). The results of the acceptability and reliability

analysis are summarized in Supplementary Table S2.

Item 4a (“Daily activities at work”) was excluded from the EFA as

the majority of the participants (65%) had chosen the “I do not work”

response. The EFA yielded 3 latent factors, cumulatively accounting

for 60% of the total observed variances (Figure 4). Factor 1 contained

all items of activities of daily living limitations and work-related

problems (4b-m and 5a-d). Factor 1 also incorporated item 1h, item

8 (“concerning the frequency and intensity of breathlessness”), item 6

(“Interference of lung symptoms with normal social activities?”), item

9i (“Felt limited in taking a trip?”), and item 9j (“Afraid of being

alone?”). Factor 2 comprised items from the frequency of complaints

(1b-g) and the intensity of complaints (item 7 and 8). Factor 3 con-

tained item 5a, 6, and 9b-h. Item 1a (“Pain behind or between the

shoulder blades?”) had poor loading values across the board, whereas

items 1h, 6, and 8 had high loading values in more than a single factor.

These cross-loadings persisted despite the application of different

rotation methods.

The details of convergent and discriminant validity are presented

in Figure 3. The PEmb-QoL dimensions of frequency of complaints, the

intensity of complaints, activities of daily living limitations, and work-

related problems had stronger associations with the physical health

component of the SF-36 questionnaire. Nonetheless, emotional com-

plaints had moderate correlations with all SF-36 dimensions, varying

from bodily pain (r = 0.47) to mental health (r = 0.58), which resulted in

a roughly similar association with mental health (r = 0.64) and physical

health summary scores (r = 0.63) of the SF-36. The median (IQR)

distance walked during the 6MWT was 390 meters (320–450 m).

Limited exercise capacity, defined as distances less than 350 meters,

was observed in 39% of the participants. Expectedly, the 6MWT dis-

tance converged best with the scores from limitations in the activities

of daily living (r = −0.61) and work-related problems (r = −0.35).
4 | DISCUSSION

To our knowledge, The present study is the first, to translate and

validate a PE-specific PRO instrument in a Middle Eastern country.

Cross-cultural validation of the PEmb-QoL questionnaires in Persian-

speaking populations would allow researchers to study the impact of



T AB L E 1 Baseline characteristics of the 96 included participants.

Characteristics N (%) or median (IQR)

Age (y) 54 (38–66)

Female 46 (48)

BMI (kg.m-2) 28 (25.5–31.6)

Recurrent PE 8 (8)

PE risk stratificationa

Low risk 25 (26)

Intermediate-low risk 21 (22)

Intermediate-high risk 31 (32)

High risk 19 (20)

Cardiopulmonary comorbidityb 15 (16)

Active malignancy 4 (4)

Centrally located PEc 42 (44)

The ethnicity of all study participants was Iranian white. BMI, body mass

index; PE, pulmonary embolism.
aRisk stratification was performed based on the European Society of

Cardiology guidelines for diagnosis and management of acute pulmonary

embolism [22].
bPatients with a history of systolic or diastolic dysfunction and/or

obstructive lung disease.
cThrombi involving the main trunk of the pulmonary artery and/or left

and right main pulmonary arteries.
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PE and its treatments on the quality of life of a large population of PE

survivors, given that over 120 million people worldwide speak the

Persian language. Based on our results, almost all the dimensions

proposed by the original validation study [15] yielded appropriate

inter-item correlations, corrected item-total correlations, domain in-

tercorrelations, and high-reliability coefficients. Our analysis also

supported the convergent and discriminant validity of the PEmb-QoL

dimensions in the Persian population.

Overall, the PEmb-QoL total summary scale and emotional com-

plaints conformed to almost all gold reliability standards, and their

appropriate inter-item correlations and absence of ceiling or floor

effects indicated their adequate discriminative power. Still, 5 out of

the 6 dimensions had floor effects, with work-related problems also

exhibiting a ceiling effect. Similar findings have been observed in all

other validation studies of the PEmb-QoL questionnaire [16–20].

These floor and ceiling effects can have several nonmutually exclusive

explanations. For one, the substantial floor effects could mean that for

many patients, these 5 dimensions of quality of life took no toll due to

PE. Two other frequently cited explanations for the undesirable floor

effects are gradual health improvements prior to QOL assessments

and social desirability bias toward better health status [16,17,20].

Although these 2 explanations are well-substantiated, they were

proposed by studies involving European cohorts with relatively long

intervals (median 15–43 months) between the acute PE event and

questionnaire completion, which could have allowed for gradual
0

0

38

42

3

0

0

10

20

10

Emotional
complaints

PEmb
total score

F I G U R E 2 Score distribution of

the PEmb-QoL total scale and

subscales. Individual scores are

jittered along the horizontal axis to

allow visual distinction. Floor or

ceiling effects <15% are desirable.

Less than 25% of items should have

negative skewness, and less than 25%

should have a skewness outside of -1

to 1 range.

* Patients with the lowest possible

score, ie, the best quality of life for

the corresponding dimension.

† Patients with the highest possible

score, ie, worst quality of life for the

corresponding dimension. ADL,

activities of daily living; FC, frequency

of complaints; PEmb-QoL, Pulmonary

Embolism Quality of Life

questionnaire.



T AB L E 2 Assessment of Internal reliability, discriminative ability, redundancy, and homogeneity.

PEmb-QoL dimension

PEmb-QoL

questions

Number

of items Cronbach’s α
Mean inter-item

correlation

Mean-corrected

item-total correlation

Frequency of complaints Q1 8 0.83 0.38 0.56

ADL limitations Q4 13a 0.94 0.53 0.70

Work-related problems Q5 4 0.86 0.62 0.71

Social limitations Q6 1 — — —

Intensity of complaints Q7,8 2 0.6 0.4 0.38

Emotional complaints Q9 10 0.81 0.3 0.48

Pemb-QoL questionnaire Q1,4,5,6,7,8,9 37a 0.95 0.33 0.54

ADL, activities of daily living; PEmb-QoL, pulmonary embolism quality of life.
aThe PEmb-QoL questionnaire contained 38 Likert-type items; however, item Q4a was omitted from the reliability assessment due to the high number of

participants with an “I do not work” response which was treated as a missing value. Q2 and Q3 are not Likert-type scales and were thus not included in

the reliability analysis.
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health improvements. Nevertheless, the fact that similar results were

observed in cross-cultural validation studies in non-European pop-

ulations with much shorter PE-to-questionnaire completion in-

tervals—a median of 6.1 months in the current study and a median of

4.5 months in the Chinese validation [19]—indicates that other pos-

sibilities should also be considered. If resulted from measurement

biases, floor and ceiling effects could potentially imply that the in-

strument struggles to distinguish respondents at the extreme ends of

the scale (ie, the best/worst score), which could, in turn, limit the

ability of the instrument to detect small changes in the health of these

patients in response to effective interventions. Scales with few items,

especially those containing few response options or unbalanced

response sets, are prone to the undesirable floor and ceiling effects

[45]. As a case in point, the marked floor effect of social limitations

could be explained by the fact that it is created by a single item (Q6).

On the other hand, work-related problems (Q5a-d) constitute the only

dimension exhibiting both floor and ceiling effects, possibly because it

exclusively comprised items with dichotomous response categories

(Supplementary Figure S2).

After clarifying content validity in terms of measured concepts,

Klok et al. [15] structured dimensions through clinical concepts and

patient interviews for the current version of the questionnaire.

However, the suggested structure should be bolstered through

exploratory factor analysis before the confirmatory process [8,12].

Our EFA suggested a 3-factor structure closely resembling the study

of the French population [17]. These factors were, by and large,

combinations of highly associated dimensions. Factor 1 (Q1h, Q4b-m,

Q5a-d, Q9i, Q9j) was predominantly formed by items of dimension

activities of daily living limitations and work-related problems, factor 2

(Q1b-g, Q7, Q8) was formed by items of the frequency of complaints

and intensity of complaints, whereas factor 3 was largely formed by

items from emotional complaints. Henceforth, we regard these 3

factors as functional, symptom, and emotional components,

respectively.

As suggested by the FDA guidelines [12], we complemented the

Klok et al. [15] theoretical framework for item selection through factor,
reliability, and itemresponseanalyses. Item1a (“Painbehindor between

the shoulder blades?”) was removed because of its poor loading values

across all 3 extracted factors. This item also had the lowest coherence

with its originally designated dimension (corrected item-total r = 0.38).

The removal of item 1a is supported by the fact that the presented

description of “pain behind or between the shoulder blades” is not only

an uncommon, chronic complication of PE, but it could also overlapwith

musculoskeletal complaints [46,47]. Four items showed cross-loading.

Items 1h (“Difficulty in breathing or breathlessness?”) and 8 (“In-

tensity of breathlessness?”) had significant loadings in both functional

and symptom components, while item 5a (“Cut down the time spent on

work or other activities?”) and 6 (“Interference of lung symptoms with

normal social activities?”) had significant loadings in both functional and

emotional components. Furthermore, although items 9i (“Felt limited in

taking a trip?”) and 9j (“Afraid of being alone?”) were originally assigned

to emotional complaints, they clustered better with the items of the

functional component rather than with the emotional component. A

logical explanation could be that individuals tend to judge their inde-

pendence, at least in part, by their self-perception of physical

performance.

Mazdak Tavoly et al. [20] was the first to report and evaluate the

total score for the PEmb-QoL questionnaire. Since then, validation

studies, including the present one, have found this scale to enjoy

adequate reliability [15–20,48]. Nonetheless, we believe that the

validity of a total summary scale should be revisited. It is generally

discouraged to calculate a single total summary score for multidi-

mensional constructs such as QOL, as this process intrinsically in-

volves assigning unjustified weights to each dimension [32,49]. In this

case, the Norwegian study calculated a single total summary score by

averaging dimensional scores, whereas the French, German, and

Chinese studies calculated it by averaging individual item scores.

While the former approach assumes equilibrium between the con-

tributions of all dimensions toward QOL, the latter implicitly assumes

more weight for dimensions with more items. The rationale behind

these assumptions, however, is unclear. Even though the dimensions

of QOL are highly influenced by one another, the preference weight
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for each dimension (eg, physical well-being and social well-being) may

vary between individuals. Conflating the scores of these dimensions

without incorporating their preference weight for each respondent

could, therefore, be unwarranted [49]. We also cannot confirm the

reliability or validity of measuring social limitations solely based on

item Q6, primarily because single-item dimensions generally fail not

only to sufficiently capture all aspects of a general concept, but also

to qualify for the conventional analysis of reliability [12]. The cross-
T AB L E 3 Test-retest reliability analysis with 25 participants.

PEmb-QoL dimension

Intraclass correlation coefficient

(95% confidence interval)

Frequency of complaints 0.97 (0.92–0.99)

Activities of daily living limitations 0.98 (0.95–0.99)

Work-related problems 0.98 (0.96–0.99)

Social limitations 0.96 (0.91–0.99)

Intensity of complaints 0.92 (0.83–0.97)

Emotional complaints 0.97 (0.93–0.99)
loading values of items Q6 (“Interference of lung symptoms with

normal social activities”) and Q5a (“Cut down the time spent on work

or other activities?”) also demonstrate that they should be inter-

preted as part of the shared attributes between broader concepts

rather than being assigned to, or comprehensively describe, a single

subscale.

Our study is subject to several limitations. First, of the 170

registered patients in the RHC-PE registry, only 98 (58%) participated

in the PEmb-QoL evaluation (Figure 1). Of these primary respondents,

only 25 (26%) returned in the following 2–4 weeks acceptable window

of retest analysis. The low turnout for the follow-up sessions pre-

cluded an evaluation of the questionnaire’s responsiveness. Second, a

higher median age in the nonparticipant group (60 vs 54 years old, P

value = 0.03) and the fact that 12 patients died prior to study

enrollment indicate that older and probably sicker patients may have

been underrepresented in our study population. We believe this low

turnout to be the result of our preferred mode of questionnaire

administration; during their 6 months follow-up session, patients were

asked to complete the questionnaires in the presence of an experi-

enced nurse to minimize missing item responses, and accommodate

low literacy, visually impaired, and elderly patients [14]. An in-person
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Factor 1 Factor 2 Factor 3

0.0 0.4 0.8 0.0 0.4 0.8 0.0 0.4 0.8

Were afraid of being alone?
Felt limited in taking a trip?
Were afraid to exert yourself?
Felt being a burden to family and friends?
Were depressed or in low spirits?
Bothered for becoming emotional more readily?
Became emotional more readily?
Afraid if had to stop anticoagulant medication?
Felt irritable?
Worried about having another pulmonary embolism?
Intensity of breathlessness
Intensity of pain around shoulder blades or in chest
Interference of lung symptoms with normal social activities
Had difficulty performing the work or other activities
Were limited in the kind of work or other activities
Managed to do less than you would like
Cut down the time spent on work or other activities
Washing or dressing yourself
Walking about one hundred yards
Walking a couple of hundred yards
Walking more than half a mile
Bending, kneeling, or squatting
Climbing one flight of stair
Climbing several flights of stairs
Lifting or carrying groceries
Moderate activities
Vigorous activities
Social activities
Daily activities at home
Difficulty in breathing or breathlessness?
Nagging feeling” in the lungs?
Burning sensation” in the lung?
Feeling that there is “still something there”?
Feeling of pressure in the chest?
Pain in the back?
Pain in the chest area?
Pain behind or between the shoulder blades?

Loading Score

F I GUR E 4 Exploratory factor analysis (EFA) of the Persian version of the PEmb-QoL questionnaire with Oblimin rotation method. EFA uses

a covariance matrix to extract a set of latent common variables that best explain the observed variance in the responses to questionnaire items.

The 3 extracted factors accounted for 34%, 15%, and 11% of the total variance in patient responses. Factor loadings represent the regression

coefficient of each item. Coefficients <0.35 were not mentioned. IC, intensity of complaint; PEmb-QoL, Pulmonary Embolism Quality of Life

questionnaire; SL, social limitations.
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mode of administration also allowed us to incorporate the results of

6MWT into our study as a non-PRO measure of functional perfor-

mance. However, given that our high-volume tertiary cardiovascular

center receives patients nationwide, geographical restrictions made

patient recruitment, in-person follow-ups and retest sessions

challenging.

In summary, the Persian version of the PEmb-QoL questionnaire

is a psychometrically valid and reliable PRO instrument to assess

health-related QOL in patients with a history of acute PE. We

extracted a 3-component structure comprising functional (items 1h,

4b-5d, 6, 8, 9i, and 9j), symptom (1b-h, 7, and 8), and emotional (5a, 6,

and 9a-h) components. Further longitudinal studies are warranted to

evaluate responsiveness and establish the minimum important

difference.
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