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1. Introduction 

Pulmonary embolism (PE) is an acute life-threatening event and the 
most common cardiovascular disease following myocardial infarction 
and stroke [1]. Patients after PE can suffer from long-term symptoms 
such as persistent dyspnoea and reduced physical performance or even 
more severe consequences such as right heart failure and chronic 
thromboembolic pulmonary hypertension [2]. However, the long-term 
consequences of PE can go beyond the physical symptoms. Several 

qualitative studies based on interviews with patients have examined 
their emotional experience after PE [3–9]. Patients described receiving 
the diagnosis as traumatic [3] and a feeling of their life being forever 
changed [9]. Many suffered from being more sensitive and hypervigi-
lant, rumination, sleep disturbance, loss of energy, and feelings such as 
frustration, uncertainty, stress, anger, and panic. Overall, symptoms of 
anxiety and depression were commonly reported after venous throm-
boembolism (VTE) including PE [4–8]. Several experiences may 
contribute to the development of those psychological symptoms. 

Abbreviations: BMI, body mass index; CRQ, Chronic Respiratory Disease Questionnaire; HADS, Hospital Anxiety and Depression Scale; IQR, interquartile range; 
LEA, Lungenembolie Augsburg study; LRT, likelihood ratio test; sPESI, simplified pulmonary embolism severity index; PE, pulmonary embolism; PEmb-QoL, Pul-
monary Embolism Quality of Life; VTE, venous thromboembolism. 

* Corresponding author at: IBE, LMU München, c/o Epidemiology, Medical Faculty, University of Augsburg, University Hospital Augsburg, Stenglinstr. 2, 86156 
Augsburg, Germany. 

E-mail address: simone.fischer@med.uni-augsburg.de (S. Fischer). 

                                          

                    

                                                   

                                               
                                                                                             

mailto:simone.fischer@med.uni-augsburg.de


                                

69

Patients often experience dyspnoea, pain, and fear of death during the 
acute event. In the long-term, patients reported worries about an un-
known cause of their PE and a recurrent PE event [3,4,6]. Anticoagulant 
medication was considered as lifesaving and useful to prevent further 
events on the one hand. On the other hand, patients were afraid of the 
bleeding risk, reported fears of missing the regular medication intake 
[6,8] and stopping anticoagulant therapy after at least three months 
recommended by medical guidelines [1,3,5]. 

So far, it has not been comprehensively investigated how many pa-
tients suffer from symptoms of anxiety and depression after PE and how 
long the symptoms persist. Etchegary et al. indicated that psychosocial 
issues are most important within the first six months after VTE [7]. 
Other studies suggested that mental problems after VTE may persist over 
time [10,11]. Also, due to the lack of quantitative data analyses little is 
known about predictors of anxiety and depression after PE. Liu et al. 
found in patients one week after PE that depression and anxiety scores 
were related to PE risk stratification, age and arterial blood oxygen 
pressure at admission [12]. Feehan et al. reported associations of 
emotional harms with previous venous thromboembolism events and 
multimorbidity [13]. Overall, Tzeng et al. found a 1.5-fold and a 1.7-fold 
increased risk for developing depression or anxiety, respectively, during 
the first year after PE [14]. Depression and anxiety were associated with 
below average physical and mental quality of life in patients with VTE 
[15] and may affect the recovery process after PE. Therefore, it seems 
important to enhance investigations on the mental consequences after 
an acute PE. The notable results of previous studies about emotional 
response of patients with PE using qualitative approaches are in need to 
be supported by quantitative analyses. Thus, the aim of this study is to 
examine prevalence, long-term course and predictors of anxiety and 
depression after PE. 

2. Methods 

2.1. Sample and data collection 

The sample was comprised of participants of the ‘Lungenembolie 
Augsburg’ (LEA) study. The LEA study is a long-term observational 
cohort study including patients 18 years and older with PE who were 
treated at the University Hospital Augsburg. All patients with incident or 
recurrent confirmed PE diagnosis based on multidetector CT pulmonary 
angiography or ventilation–perfusion lung scanning were included. 
Between July 2017 and April 2022, a total of 729 patients were recruited 
for the study. Detailed information about the study design can be ob-
tained from the published study protocol [16]. Clinical baseline char-
acteristics were extracted from medical records. Further demographic 
information was collected through interviews conducted by study nurses 
during the hospital stay. After discharge, the participants received postal 
questionnaires after 3, 6, 12, and 24 months including the Hospital 
Anxiety and Depression Scale (HADS), Pulmonary Embolism Quality of 
Life (PEmb-QoL) questionnaire and Chronic Respiratory Disease Ques-
tionnaire (CRQ). For the present analyses, we selected participants who 
completed the HADS questionnaire at three months after PE and used 
their baseline and follow-up data. 

2.2. Hospital Anxiety and Depression Scale 

The HADS is a self-administered questionnaire designed to identify 
symptoms of depression and anxiety. It consists of two scales with seven 
items on depression and seven items on anxiety. Questions about 
symptoms during the previous week are answered on a four-point 
response scale ranging from “not at all” to “most of the time”. The 
sum scores of the two scales can be divided into four categories: 0–7 for 
no depression or anxiety, 8–10 for mild depression or anxiety, 11–14 for 
moderate depression or anxiety and 15–21 for severe depression or 
anxiety. As a binary cut-off threshold, 8 points has been shown as 
appropriate in several studies [17]. In this study the validated German 

version HADS-D was used [18]. If participants had missing items in the 
HADS questionnaire, no score was calculated. 

2.3. PEmb-QoL questionnaire 

The PEmb-QoL questionnaire is a PE-specific quality of life ques-
tionnaire that includes 38 items in six dimensions. All items are 
answered on two-point to six-point Likert response scales regarding the 
PE-related experiences during the past 4 weeks. Dimension scores were 
calculated by taking the mean of all items and transformed into a scale 
from 0 to 100. Higher scores indicate worse quality of life [19]. For the 
present study we only used the dimension PE-related limitations in ac-
tivities of daily living (ADL). 

2.4. CRQ 

The CRQ comprises 20 items across four domains rated on a 7-point 
Likert response scale. Higher scores indicate less impairment due to 
respiratory disease [20]. In the present study, only the dyspnoea 
dimension of the self-administration version was applied. 

2.5. Clinical data 

Clinical data at hospital admission, e.g. symptoms of dyspnoea, ox-
ygen saturation, body mass index (BMI), uni- or bivariate localisation of 
PE, number of previous PE events, history of cancer and the length of 
hospital stay were used to describe the PE-related health status at 
baseline. Additionally, we calculated the simplified pulmonary embo-
lism severity index (sPESI) that uses six clinical variables namely age, 
history of cancer, chronic cardiopulmonary disease, heart rate, systolic 
blood pressure and arterial oxygen saturation to classify patients into 
high (≥1) or low (0) PE-related risk of death [21]. 

2.6. Statistical analyses 

Sociodemographic and clinical characteristics were summarized as 
medians with interquartile range (IQR) or numbers with percentages 
stratified by depression and anxiety scores three months after PE. Mann- 
Whitney-U Test and Chi2-test or Fisher's Exact test were conducted to 
compare baseline characteristics of patients with high or low depression 
and anxiety levels. Sensitivity analyses of baseline variables were con-
ducted for excluded patients that did not complete the follow up HADS 
questionnaire. For investigating associations of sociodemographic and 
clinical baseline variables with depression and anxiety levels after PE we 
fitted mixed models with random intercepts to account for repeated 
measurements within the two-year time period. Restricted Maximum 
Likelihood (REML) was used as estimation method and time-varying 
effects were explored by including interaction terms. Additionally, we 
built multiple linear regression models for each of the four follow-up 
time points 3, 6, 12, and 24 months. Inclusion of variables in the 
models was based on a theoretical selection process by depicting 
possible associations in a directed acyclic graph using the free web 
application DAGitty version 3.0 [22]. Since there are not many quanti-
tative data regarding this topic, the analyses had an exploratory char-
acter. We based our variable selection on the results of the few existing 
studies and on studies investigating mental health problems after other 
cardiovascular diseases such as stroke and myocardial infarction. As-
sumptions were checked using residual plots for normal distribution and 
homoscedasticity, polynomial terms and scatterplots for linearity, Cooks 
Distance for outliers, Durbin-Watson-test for independence of the re-
siduals and variance inflation factor for multicollinearity. Models were 
compared based on Akaike Information Criterion, Bayesian Information 
Criterion and likelihood ratio test (LRT) using maximum likelihood 
estimation. For all analyses, an alpha level of 0.05 was defined. Analyses 
were conducted using R version 4.2.1 [23]. 
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3. Results 

We used data of 297 participants who completed either HADS 
depression or HADS anxiety questionnaire or both of them three months 
after PE. Patients who did not return any follow-up questionnaire or did 
not complete the HADS questionnaire at the three-months follow-up 
were excluded from the current analyses (n = 432). The response rate 
based on all recruited patients at baseline was 41 %. The sample con-
sisted of 294 patients with depression scores and 292 patients with 
anxiety scores. Socio-demographic and clinical baseline variables 
stratified by HADS depression and anxiety score three months post PE 
are shown in Table 1. Overall, median age was 64 years (IQR: 55–74) 
with 55.6 % male patients. Nine percent of patients had a recurrent PE 
and 10.8 % had a history of depression. Fifty-three percent were in the 
high risk (≥1) group for PE-related death stratified by sPESI (Supple-
mentary material: Table S1). 

Sensitivity analyses of baseline characteristic of excluded patients 
revealed that they were significantly older. A higher proportion suffered 
from high-risk PE and low oxygen saturation (<90 %) at admission and 
they had a longer average length of hospital stay, but less bilateral PE. 
More of the excluded patients had a history of cancer or depression. 
Furthermore, less of the excluded patients were married or lived with 
their partner and less had a school education > 9 years. Excluded pa-
tients had higher baseline HADS depression and anxiety scores (Sup-
plementary material: Table S2). 

In the bivariate analyses age (p = 0.012), sPESI (p = 0.026), school 
education (p = 0.030), history of depression (p < 0.001), oxygen satu-
ration < 90 % at admission (p = 0.006) and the length of hospital stay (p 
= 0.012) showed significant differences between the two groups of high 
or low depression score three months after PE. Regarding high and low 
anxiety scores, only the length of hospital stays (p = 0.031) showed a 
significant difference (Table 1). 

Table 2 presents HADS medians with IQR and the absolute and 
relative frequencies of the HADS severity categories for all time points 
from baseline to two years after PE. 

Mixed models with random intercepts were built to account for 
within subject correlation due to repeated measurements. According to 
the mixed model, HADS depression score was independently associated 
with age, previous depression diagnosis and sPESI (Table 3). In a further 
step, we investigated time-varying effects by adding time interaction 

terms for each variable (LRT: p = 0.003). The risk stratification variable 
sPESI showed a decreasing association with depression over the two- 
year time period (Supplementary material: Fig. S1). For age and previ-
ous depression, the effect remained constantly positive over time. 
Furthermore, being married and higher education level were inversely 
related to the HADS depression score over time. These two effects 
became significantly stronger over the two-year time period. For HADS 
anxiety we only found an association with the presence of dyspnoea at 

Table 1 
Socio-demographic and clinical variables stratified for depression and anxiety 3 months post PE. 

Variable N No depression 
N = 226 

Depressiona 

N = 68 
p-valueb N No anxiety 

N = 229 
Anxietyb 

N = 63 
p-valuec 

Median (Q25, Q75) 

Age 294 64.0 (53.0, 71.8) 67.0 (57.0, 78.0)  0.012  292 64.0 (54.0, 72.0) 64.0 (55.0, 75.5)  0.352 
BMI (kg/m2)  292 28.1 (24.9, 31.8) 27.7 (24.9, 31.5)  0.772  291 27.8 (24.6, 31.8) 28.3 (25.1, 32.9)  0.285 
Length of hospital stay  292 8.5 (6.0, 13.0) 9.0 (7.0, 17.0)  0.012  290 9.0 (6.0, 13.0) 9.0 (7.0, 17.5)  0.031 
n (%) 
Sex (male)  294 125.0 (55.3) 40.0 (58.8)  0.609  292 129.0 (56.3) 35.0 (55.6)  0.912 
History of PE  292 22.0 (9.8) 5.0 (7.4)  0.538  290 22.0 (9.7) 3.0 (4.8)  0.217 
PE localisation (bilateral)  285 163.0 (74.8) 54.0 (80.6)  0.328  283 164.0 (74.2) 51.0 (82.3)  0.190 
sPESId (≥1)  263 98.0 (49.0) 41.0 (65.1)  0.026  261 103.0 (51.0) 34.0 (57.6)  0.369 
Cancer  291 35.0 (15.7) 13.0 (19.1)  0.506  289 36.0 (15.9) 13.0 (20.6)  0.379 
School education (>9 years)  282 132.0 (60.6) 29.0 (45.3)  0.030  281 133.0 (59.4) 28.0 (49.1)  0.162 
History of depression  283 16.0 (7.4) 15.0 (22.4)  <0.001  281 19.0 (8.7) 10.0 (16.1)  0.089 
Living with partner  286 151.0 (68.0) 42.0 (65.6)  0.719  285 155.0 (68.9) 38.0 (63.3)  0.413 
Married  288 143.0 (64.1) 42.0 (64.6)  0.942  287 148.0 (65.2) 37.0 (61.7)  0.611 
Dyspnoea (admission)  279 166.0 (76.9) 51.0 (81.0)  0.491  278 163.0 (75.1) 52.0 (85.2)  0.095 
Oxygen saturation < 90 % (admission)  274 33.0 (15.7) 20.0 (31.2)  0.006  272 35.0 (16.5) 14.0 (23.3)  0.225 

Bold font indicates statistical significance with alpha = 0.05. 
a HADS Depression score ≥ 8. 
b HADS Anxiety score ≥ 8. 
c Mann-Whitney-U test, Pearson's Chi-squared test, or Fisher's exact test as appropriate. 
d Simplified Pulmonary Embolism Severity Index that uses six clinical variables (age, history of cancer, chronic cardiopulmonary disease, heart rate, systolic blood 

pressure and arterial oxygen saturation) to classify patients into high (≥1) or low PE-related risk of death [21]. 

Table 2 
Distributions of HADS scores at baseline and 3, 6, 12, and 24 months after PE. 

Time after PE 

Baseline 3 months 6 months 12 
months 

24 
months 

HADS 
Depression 
score 

n = 218a n = 294 n = 239 n = 179 n = 92 

Min-max 0–21 0–19 0–17 0–17 0–20 
Median (IQR) 4 (2–7) 3 (1–7) 3 (1–6) 3 (1–6) 3 (1–6) 
No 
depression 

166 
(76.15 %) 

226 
(76.87 
%) 

194 
(81.17 
%) 

147 
(82.12 
%) 

74 
(80.43 
%) 

Mild 
depression 

24 (11.01 
%) 

32 
(10.88 
%) 

23 (9.62 
%) 

15 (8.38 
%) 

13 
(14.13 
%) 

Moderate 
depression 

18 (8.26 
%) 

29 (9.86 
%) 

15 (6.28 
%) 

10 (5.59 
%) 

3 (3.26 
%) 

Severe 
depression 

10 (4.59 
%) 

7 (2.38 
%) 

7 (2.93 
%) 

7 (3.91 
%) 

2 (2.17 
%) 

HADS Anxiety 
score 

n = 213a n = 292 n = 239 n = 183 n = 92 

Min-max 0–20 0–16 0–19 0–16 0–16 
Median (IQR) 5 (2–8) 4 (1–7) 3 (1–7) 3 (1–6) 4 (1–7) 
No anxiety 151 

(70.89 %) 
229 
(78.42 
%) 

191 
(79.92 
%) 

150 
(81.97 
%) 

70 
(76.09 
%) 

Mild anxiety 40 (18.78 
%) 

39 
(13.36 
%) 

31 
(12.97 
%) 

16 (8.74 
%) 

14 
(15.22 
%) 

Moderate 
anxiety 

20 (9.39 
%) 

22 (7.53 
%) 

13 (5.44 
%) 

14 (7.65 
%) 

6 (6.52 
%) 

Severe 
anxiety 

2 (0.94 %) 2 (0.68 
%) 

4 (1.67 
%) 

3 (1.64 
%) 

2 (2.17 
%) 

a Available data based on selected patients that completed the HADS ques-
tionnaire at the 3 months follow-up. 
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time of hospital admission and an inverse association with time since PE 
(Table 4). History of depression showed a positive trend towards higher 
levels of anxiety after PE, but failed to reach statistical significance. For 
anxiety, no significant interactions of baseline variables with time were 
found. Multiple linear regression models for each follow up time point 
supported the results and showed i.e. significant associations for sPESI 

and depression scores at 3 and 6 months, but not at 12 and 24 months. 
Similarly, only dyspnoea at admission showed a significant association 
with anxiety score 12 months after PE (Supplementary material: Table 
S3 and Table S4). 

Further models were built by adding the PEmb-Qol scale about PE- 
related limitations in ADL and the CRQ dyspnoea scale as independent 

Table 3 
Linear mixed models with random intercepts with HADS depression score as outcome variable. 

Model 1 Model 2 Model 3 

(Intercept) −0.34 −0.42 7.13*** 
[−4.11; 3.44]e [−4.38; 3.53] [3.46; 10.79] 

Age 0.05** 0.04* 0.01 
[0.01; 0.09] [0.00; 0.08] [−0.02; 0.04] 

Sex (male) 0.33 0.56 0.67 
[−0.69; 1.35] [−0.51; 1.62] [−0.15; 1.49] 

BMI (kg/m2) 0.04 0.04 −0.06 
[−0.03; 0.12] [−0.05; 0.12] [−0.12; 0.01] 

History of PE 0.58 0.46 0.21 
[−1.03; 2.20] [−1.22; 2.15] [−1.07; 1.49] 

History of depression 2.12* 2.07* 0.60 
[0.44; 3.80] [0.32; 3.82] [−0.77; 1.97] 

School education (>9 years) −0.94 −0.62 −0.65 
[−1.98; 0.10] [−1.70; 0.47] [−1.50; 0.20] 

sPESIa 0.64* 0.82* 0.51* 
[0.04; 1.23] [0.20; 1.44] [0.01; 1.01] 

Length of hospital stay 0.02 0.01 −0.02 
[−0.04; 0.07] [−0.05; 0.07] [−0.06; 0.03] 

PE localisation (bilateral) 0.30 0.50 0.57 
[−0.91; 1.51] [−0.76; 1.77] [−0.41; 1.56] 

Dyspnoea (admission) 0.66 0.73 −0.48 
[−0.56; 1.88] [−0.54; 2.00] [−1.47; 0.50] 

Married −0.73 −0.30 −0.10 
[−1.76; 0.30] [−1.38; 0.77] [−0.94; 0.74] 

Follow-up timeb ¡0.03* −0.02 0.00 
[¡0.05; ¡0.01] [−0.21; 0.16] [−0.02; 0.03] 

PEmb-QoL (ADL limitations)c   0.06*** 
[0.04; 0.07] 

CRQ dysnpoead ¡0.66*** 
[¡0.94; ¡0.38] 

Age × time 0.00 
[−0.00; 0.00] 

Sex × time −0.04 
[−0.09; 0.02] 

BMI × time 0.00 
[−0.00; 0.00] 

History of LE × time  0.01 
[−0.07; 0.10] 

History of depression × time  0.03 
[−0.06; 0.12] 

School education (>9 years) × time  ¡0.06* 
[¡0.11; ¡0.01] 

sPESI × time ¡0.03* 
[¡0.06; ¡0.00] 

Length of hospital stay × time  0.00 
[−0.00; 0.00] 

PE localisation (bilateral) × time  −0.04 
[−0.10; 0.02] 

Dyspnoea (admission) × time  −0.01 
[−0.07; 0.05] 

Married × time ¡0.07** 
[¡0.12; ¡0.02] 

N (observations) 806 806 571 
N (subjects) 232 232 222 

Bold font indicates statistical significance with alpha = 0.05. 
Italics represent the interaction terms. 

*** p < 0.001. 
** p < 0.01. 
* p < 0.05. 
a Simplified Pulmonary Embolism Severity Index. 
b Follow-up time consists of the five time points: 0, 3, 6, 12 and 24 months after PE. 
c Higher scores of PEmb-Qol indicate worse disease-specific quality of life in the limitations in ADL dimension. 
d Higher scores in CRQ dyspnoea dimension indicate less impairment. 
e Estimates with 95 % confidence intervals. 
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variables. The results showed statistically significant associations of 
limitations in ADL (0.06; 95 % CI: [0.04; 0.07]; p < 0.001) and CRQ 
dyspnoea (−0.66; 95 % CI: [0.94; −0.38]; p < 0.001) with HADS 
depression score. For HADS Anxiety score we also found significant 
associations with limitations in ADL (0.04; 95 % CI: [0.03; 0.06]; p <
0.001) and CRQ dyspnoea (−0.81; 95 % CI: [−1.09; −0.52]; p < 0.001). 
Additionally, age and BMI showed a significantly inverse relation with 
anxiety in this model. 

4. Discussion 

Our findings highlight the presence of mental problems after PE. In 
our sample, 23.1 % showed depressive and 21.6 % anxiety symptoms 
according to the HADS three months after PE. Two years after PE 19 % 
and 24 % of the remaining participants in our study still showed mild to 
severe HADS depression and anxiety scores, respectively. Our results are 
comparable to Feehan et al. who reported 24.7 % of patients with high 
HADS anxiety scores in VTE patients, but they also reported only 11.5 % 
with high depression scores after the acute event [13]. Other studies 
reported about 35 % [24] to about 50 % [25] of patients that reported 
depressive or anxiety symptoms three months post PE. Since according 
to our sensitivity analyses older and more severely affected patients 
tended to drop out of our study, the prevalence of depressiveness and 
anxiety might be even higher in reality. 

Psychological disorders are also known to occur after other cardio-
vascular events such as myocardial infarction and stroke. Studies about 
post-stroke-depression revealed predictors such as disease severity, level 
of disability, history of depression, social support, female sex, marital 
status, length of hospital stay, socioeconomic status, comorbidity, 
smoking, diabetes and level of education [26–29]. For cardiac events 
similar and also additional predictors including financial strain, obesity, 
younger age and poor self-rated health were found [30,31]. We used 
these findings to investigate predictors for emotional harm after PE. 

Our analyses revealed associations of age, history of depression and 
risk stratification (sPESI) with HADS depression score. Since time 
interaction showed that the association of sPESI decreases over the two- 
year time period, risk stratification may play a role in evaluating 
possible short-term mental consequences only. However, a long-term 
deterioration of mental health after PE may occur regardless of acute 
risk stratification, as it was already stated by Valerio et al. [24]. Our 
results are partly in line with Liu et al. who also showed significant as-
sociations between PE risk stratification and occurrence of depressive-
ness after the acute event [12]. Age was inversely associated in their 
study and also in the study by Feehan et al. [11] indicating younger age 
was related with increased emotional harm. In contrast, our study 
revealed higher age to be associated with higher level of depression 
scores, but with lower level of anxiety scores. According to Liu et al. 
younger patients may worry more about their health status and coping 
strategies [12]. 

Patients experience PE as a life-threating event and therefore report 
anxiety and even fear of death in the acute phase [6]. However, 
considering our results, clinical baseline variables were not associated 
with anxiety scores in the long-term except for dyspnoea. Our finding 
that dyspnoea at hospital admission was related to HADS anxiety score 
afterwards is comparable to the result of Liu et al. who found that 
arterial blood oxygen pressure in the acute phase was related to 
depression and anxiety after PE [12]. Like in our anxiety models, Feehan 
et al. also found that time since VTE was negatively related to emotional 
harm [13]. VTE recurrence, female sex and length of hospital stay were 
associated with emotional distress after PE in other studies, but could 
not be confirmed in our longitudinal analyses [13,32]. The duration of 
hospital stay was only significantly associated with HADS anxiety score 
in our bivariate analyses for the three months follow-up. 

Of interest, Højen et al. stated that perceived health threat seemed 
actually more important than VTE severity for long-term mental well-
being [11]. In general, according to our analyses, not many baseline 
variables were associated with depression and anxiety scores in the long- 
term and the significant estimates showed wide confidence intervals 
indicating a high amount of uncertainty. We assume that the course of 
the disease including persistent symptoms may contribute to the 
development of subsequent mental problems. Our models including the 
additional variables dyspnoea and limitations in ADL that were 
measured in the follow-up questionnaires, confirmed this hypothesis by 
showing independent significant associations with both, HADS depres-
sion and anxiety scores. These results are supported by Bennett et al. 
who also reported associations of continuing symptoms and health- 
related anxiety [10]. Hunter et al. described a cycle of post- 
thrombotic panic in which fear leads to hypervigilance towards phys-
ical symptoms like breathlessness or pain, which in turn trigger 
emotional distress [33]. However, more variables that were not inves-
tigated in our study may influence the development of depression and 
anxiety after PE. For instance, health literacy, care access barriers and 
history of medical errors has been reported as correlates of emotional 
harm after VTE by Feehan et al. [13]. 

As demonstrated by the present study, long-term mental conse-
quences are not solely predictable by risk stratification and screenings in 
the acute phase. Consequently, careful long-term monitoring of patients 
with PE for psychiatric conditions is crucial. The finding that few pa-
tients with PE currently seek support for mental health problems [3], 
stresses the need to implement such strategies of post-acute care. 

Table 4 
Linear mixed models with random intercepts with HADS anxiety score as 
outcome variable. 

Model 1 Model 2 

(Intercept) 4.68* 13.13*** 
[1.14; 8.22]e [9.45; 16.80] 

Age 0.00 ¡0.04* 
[−0.03; 0.04] [¡0.07; ¡0.01] 

Sex (male) −0.10 0.19 
[−1.05; 0.85] [−0.62; 1.00] 

BMI (kg/m2) −0.03 ¡0.12*** 
[−0.10; 0.04] [¡0.18; ¡0.05] 

History of PE −0.88 −1.01 
[−2.41; 0.65] [−2.29; 0.27] 

History of depression 1.49 −0.10 
[−0.09; 3.07] [−1.45; 1.24] 

School education (>9 years) −0.61 −0.30 
[−1.58; 0.35] [−1.14; 0.53] 

sPESIa 0.21 0.25 
[−0.36; 0.77] [−0.25; 0.75] 

Length of hospital stay 0.03 −0.01 
[−0.02; 0.08] [−0.05; 0.04] 

PE localisation (bilateral) 0.28 0.36 
[−0.84; 1.41] [−0.61; 1.33] 

Dyspnoea (admission) 1.21* 0.04 
[0.09; 2.32] [−0.92; 1.00] 

Married −0.51 −0.00 
[−1.47; 0.45] [−0.83; 0.83] 

Follow-up timeb ¡0.04*** −0.01 
[¡0.07; ¡0.02] [−0.04; 0.02] 

PEmb-QoL (ADL limitations)c  0.04*** 
[0.03; 0.06] 

CRQ dysnpoead  ¡0.81*** 
[¡1.09; ¡0.52] 

N (observations) 808 575 
N (subjects) 231 222 

Bold font indicates statistical significance with alpha = 0.05. 
*** p < 0.001. 
* p < 0.05. 
a Simplified Pulmonary Embolism Severity Index. 
b Follow-up time consists of the five time points: 0, 3, 6, 12 and 24 months 

after PE. 
c Higher scores of PEmb-Qol indicate worse disease-specific quality of life in 

the limitations in ADL dimension. 
d Higher scores in CRQ dyspnoea dimension indicate less impairment. 
e Estimates with 95 % confidence intervals. 
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Keddington et al. have already developed a short tool for the 
screening of patients for VTE-related emotional distress [34]. Such 
disease-specific instruments can be useful to conduct a quick screening 
in clinical settings and should be further investigated in the future. 

Notably, patients have reported that emotional distress as a conse-
quence of PE was not mentioned by their attending physician and this 
kept the patients from addressing this issue [3]. Hence, medical edu-
cation and access to comprehensive health information about acute PE 
and its short and long-term consequences might facilitate the prevention 
of and coping with emotional distress after PE. Currently, even the 
guidelines of the European Society of Cardiology for diagnosis and 
management of acute PE [1] do not include recommendations regarding 
mental health problems among patients with PE. It would be an 
important objective to address this topic in the future. 

The strength of our study is that it comprises data from patients over 
a two-year time period after PE. In addition, this study included merely 
patients with PE, instead of VTE in general, e.g. PE and deep vein 
thrombosis. However, our study has several limitations. The sample is 
relatively small for longitudinal analyses with various time points and 
comprises a cohort from a single university hospital in southern Ger-
many. No causal effects can be derived from our results. Since some 
studies revealed associations of psychiatric disorders with VTE risk [35], 
reversed causality cannot be excluded. In longitudinal surveys, it has to 
be considered that patients with severe disease and already existing 
psychiatric disorders tend to drop out of the study. Since participants 
who were lost to follow-up were more severely ill according to our 
sensitivity analysis, we cannot exclude a drop-out bias in our study 
resulting in an underestimation of mental health problems. A possible 
bias due to a higher response rate of patients with more severe mental 
problems seems unlikely since 30 % to 35 % of those who initially had 
high HADS depression or anxiety scores at 3 months completed the 2- 
year follow-up. It should be mentioned that the HADS is a screening 
tool and does not replace a clinical diagnosis of a depression or anxiety 
disorder. We also did not consider antidepressant medication intake in 
the present analysis. Results can be seen as supportive information and 
should be confirmed in other samples. 

5. Conclusions 

The present long-term study analysed quantitative data on emotional 
consequences of PE in a time period of two years after the acute event. 
Overall, our results support the observations from qualitative studies 
and provide evidence that depressiveness and anxiety occur in about 
one-in-five patients with PE. Besides age and history of depression, a 
high-risk PE and dyspnoea at hospital admission seem to be indicators 
for developing symptoms of depression and anxiety after PE. Baseline 
characteristics are only related to emotional harm to a limited extent 
whereas persisting symptoms and limitations in the ongoing course 
seem to play a major role. Our results underline the importance of 
screening for depressive and anxiety symptoms among patients with PE. 
Early detection and appropriate interventions may reduce emotional 
harm. Moreover, possible negative influence on health care use and 
recovery after PE may be improved. Therefore, more research including 
longitudinal data is necessary to confirm our results, to identify further 
predictors and to investigate possible intervention strategies. 
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[19] P.M. Frey, M. Méan, A. Limacher, W. Leiss, N. Schwab, M. Rochat, D. Aujesky, 
Quality of life after pulmonary embolism: prospective validation of the German 
version of the PEmb-QoL questionnaire, Thromb. Res. 135 (2015) 1087–1092, 
https://doi.org/10.1016/j.thromres.2015.03.031. 

[20] M.A. Puhan, M. Behnke, M. Frey, T. Grueter, O. Brandli, A. Lichtenschopf, G. 
H. Guyatt, H.J. Schunemann, Self-administration and interviewer-administration 
of the German Chronic Respiratory Questionnaire: instrument development and 
assessment of validity and reliability in two randomised studies, Health Qual. Life 
Outcomes 2 (2004) 1, https://doi.org/10.1186/1477-7525-2-1. 

[21] M. Righini, P.-M. Roy, G. Meyer, F. Verschuren, D. Aujesky, G. Le Gal, The 
Simplified Pulmonary Embolism Severity Index (PESI): validation of a clinical 
prognostic model for pulmonary embolism, J. Thromb. Haemost. 9 (2011) 
2115–2117, https://doi.org/10.1111/j.1538-7836.2011.04469.x. 

[22] J. Textor, B. van der Zander, M.S. Gilthorpe, M. Liskiewicz, G.T. Ellison, Robust 
causal inference using directed acyclic graphs: the R package ‘dagitty’, Int. J. 
Epidemiol. 45 (2016) 1887–1894, https://doi.org/10.1093/ije/dyw341. 

[23] R Core Team, R: A Language And Environment for Statistical Computing, R 
Foundation for Statistical Computing, Vienna, Austria, 2021. 

[24] L. Valerio, S. Barco, M. Jankowski, S. Rosenkranz, M. Lankeit, M. Held, 
F. Gerhardt, L. Bruch, R. Ewert, M. Faehling, J. Freise, H.-A. Ghofrani, E. Grünig, 
M. Halank, M.M. Hoeper, F.A. Klok, H.H. Leuchte, E. Mayer, F.J. Meyer, 
C. Neurohr, C. Opitz, K.-H. Schmidt, H.-J. Seyfarth, F. Trudzinski, R. Wachter, 
H. Wilkens, P.S. Wild, S.V. Konstantinides, Quality of life 3 and 12 months 
following acute pulmonary embolism: analysis from a prospective multicenter 
cohort study, Chest 159 (2021) 2428–2438, https://doi.org/10.1016/j. 
chest.2021.01.071. 

[25] L.-H. Chuang, P. Gumbs, B. van Hout, G. Agnelli, S. Kroep, M. Monreal, 
R. Bauersachs, S.N. Willich, A. Gitt, P. Mismetti, A. Cohen, D. Jimenez, Health- 

related quality of life and mortality in patients with pulmonary embolism: a 
prospective cohort study in seven European countries, Qual. Life Res. Int. J. Qual. 
Life Asp. Treat. Care Rehab. 28 (2019) 2111–2124, https://doi.org/10.1007/ 
s11136-019-02175-z. 

[26] R.G. Robinson, R.E. Jorge, Post-stroke depression: a review, Am. J. Psychiatry 173 
(2016) 221–231, https://doi.org/10.1176/appi.ajp.2015.15030363. 

[27] T.S.H. Jørgensen, I.K. Wium-Andersen, M.K. Wium-Andersen, M.B. Jørgensen, 
E. Prescott, S. Maartensson, P. Kragh-Andersen, M. Osler, Incidence of depression 
after stroke, and associated risk factors and mortality outcomes, in a large cohort of 
Danish patients, JAMA Psychiatry 73 (2016) 1032–1040, https://doi.org/ 
10.1001/jamapsychiatry.2016.1932. 

[28] A. Towfighi, B. Ovbiagele, N. El Husseini, M.L. Hackett, R.E. Jorge, B.M. Kissela, P. 
H. Mitchell, L.E. Skolarus, M.A. Whooley, L.S. Williams, Poststroke depression: a 
scientific statement for healthcare professionals from the American Heart 
Association/American Stroke Association, Stroke 48 (2017) e30–e43, https://doi. 
org/10.1161/STR.0000000000000113. 

[29] T. Thayabaranathan, N.E. Andrew, M.F. Kilkenny, R. Stolwyk, A.G. Thrift, 
R. Grimley, T. Johnston, V. Sundararajan, N.A. Lannin, D.A. Cadilhac, Factors 
influencing self-reported anxiety or depression following stroke or TIA using linked 
registry and hospital data, Qual. Life Res. 27 (2018) 3145–3155, https://doi.org/ 
10.1007/s11136-018-1960-y. 

[30] M. Doi-Kanno, H. Fukahori, Predictors of depression in patients diagnosed with 
myocardial infarction after undergoing percutaneous coronary intervention: a 
literature review, J. Med. Dent. Sci. 63 (2016) 37–43, https://doi.org/10.11480/ 
jmds.630301. 

[31] B. Murphy, M. Le Grande, M. Alvarenga, M. Worcester, A. Jackson, Anxiety and 
depression after a cardiac event: prevalence and predictors, Front. Psychol. 10 
(2019) 3010, https://doi.org/10.3389/fpsyg.2019.03010. 

[32] K. Keller, C. Tesche, A. Gerhold-Ay, S. Nickels, F.A. Klok, L. Rappold, G. Hasenfuß, 
C. Dellas, S.V. Konstantinides, M. Lankeit, Quality of life and functional limitations 
after pulmonary embolism and its prognostic relevance, J. Thromb. Haemost. 17 
(2019) 1923–1934, https://doi.org/10.1111/jth.14589. 

[33] R. Hunter, S. Noble, S. Lewis, P. Bennett, Long-term psychosocial impact of venous 
thromboembolism: a qualitative study in the community, BMJ Open 9 (2019), 
e024805, https://doi.org/10.1136/bmjopen-2018-024805. 

[34] K.S. Keddington, A.E. Jones, M. Feehan, D.M. Witt, Development of a brief 
screening instrument for emotional distress associated with thromboembolism, 
Thromb.Update 1 (2020), 100015, https://doi.org/10.1016/j.tru.2020.100015. 

[35] C. Kowal, H. Peyre, A. Amad, A. Pelissolo, M. Leboyer, F. Schürhoff, B. Pignon, 
Psychotic, mood, and anxiety disorders and venous thromboembolism: a 
systematic review and meta-analysis, Psychosom. Med. 82 (2020) 838–849, 
https://doi.org/10.1097/PSY.0000000000000863. 

                  

https://doi.org/10.1136/jim-2018-000910
https://doi.org/10.1055/s-0039-1696717
https://doi.org/10.1136/bmjopen-2019-031411
https://doi.org/10.1136/bmjopen-2019-031411
https://doi.org/10.1016/S0022-3999(01)00296-3
https://doi.org/10.1016/S0022-3999(96)00216-4
https://doi.org/10.1016/j.thromres.2015.03.031
https://doi.org/10.1186/1477-7525-2-1
https://doi.org/10.1111/j.1538-7836.2011.04469.x
https://doi.org/10.1093/ije/dyw341
http://refhub.elsevier.com/S0049-3848(22)00490-X/rf202212230657182369
http://refhub.elsevier.com/S0049-3848(22)00490-X/rf202212230657182369
https://doi.org/10.1016/j.chest.2021.01.071
https://doi.org/10.1016/j.chest.2021.01.071
https://doi.org/10.1007/s11136-019-02175-z
https://doi.org/10.1007/s11136-019-02175-z
https://doi.org/10.1176/appi.ajp.2015.15030363
https://doi.org/10.1001/jamapsychiatry.2016.1932
https://doi.org/10.1001/jamapsychiatry.2016.1932
https://doi.org/10.1161/STR.0000000000000113
https://doi.org/10.1161/STR.0000000000000113
https://doi.org/10.1007/s11136-018-1960-y
https://doi.org/10.1007/s11136-018-1960-y
https://doi.org/10.11480/jmds.630301
https://doi.org/10.11480/jmds.630301
https://doi.org/10.3389/fpsyg.2019.03010
https://doi.org/10.1111/jth.14589
https://doi.org/10.1136/bmjopen-2018-024805
https://doi.org/10.1016/j.tru.2020.100015
https://doi.org/10.1097/PSY.0000000000000863

	Depression and anxiety up to two years after acute pulmonary embolism: Prevalence and predictors
	1 Introduction
	2 Methods
	2.1 Sample and data collection
	2.2 Hospital Anxiety and Depression Scale
	2.3 PEmb-QoL questionnaire
	2.4 CRQ
	2.5 Clinical data
	2.6 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	Declaration of competing interest
	Acknowledgements
	Funding
	Ethics approval
	Consent to participate
	Appendix A Supplementary data
	References


