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Abstract

Background

Experiences during a stay in the intensive care unit (ICU), including pain, delirium, physical

deterioration, and the critical illness itself, may all influence survivors’ health-related quality

of life (HRQOL). However, few studies have examined the influence of social support,

comorbidity, and pain interference on ICU survivors’ HRQOL.

Objectives

To investigate possible associations between social support, number of comorbidities, and

pain interference on HRQOL in ICU survivors.

Methods

ICU survivors responded to a survey 3 months (n = 118) and 1 year (n = 89) after ICU dis-

charge. HRQOL was measured using the Short Form Health Survey-12 (v1), social support

using the revised Social Provision Scale, pain interference using the Brief Pain Inventory–

Short Form, and comorbidities using the Self-Administered Comorbidity Questionnaire.

Results

Physical and mental HRQOL were reduced at both 3 months and 1 year in ICU survivors

compared with the general population. This reduction was more pronounced at 3 months for

physical HRQOL, while a small reduction in mental HRQOL was not clinically relevant.

Social support was statistical significantly positively associated with mental HRQOL at 3

months, while number of comorbidities was statistical significantly associated with a reduc-

tion in physical HRQOL at 3 months and 1 year and mental HRQOL at 1 year. Lastly pain
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interference was significantly associated with a reduction in physical HRQOL at 3 months

and 1 year.

Conclusions

ICU survivors primarily report reduced physical HRQOL. Social support was positively asso-

ciated with mental HRQOL, while number of comorbidities, and pain interference were all

significantly associated with a reduction in HRQOL. Pain interference was associated with

the largest reduction in HRQOL.

Introduction

Today, most intensive care unit (ICU) patients survive their ICU stay [1], although they may

experience critical illness, trauma, or deterioration of chronic disease, and many require sup-

port with a ventilator, vasoactive drugs, or dialysis. During their ICU stay, patients may experi-

ence sleep deprivation [2–4], pain [5], discomfort [6], delirium [5], and physical deterioration

[7]. All of these experiences, and the critical illness itself, may negatively be associated with

ICU survivors’ health-related quality of life (HRQOL) long after their ICU stay [8–16]. Previ-

ous research on this population has demonstrated that preexisting disease or comorbidity has

a negative impact on HRQOL following an ICU stay [8, 17, 18], and that chronic pain had a

negative impact on HRQOL [19]. Quality of life (QOL) is a multidimensional concept that, in

its broadest interpretation, comprises almost every aspect of life, includes numerous defini-

tions [20, 21]. For the purposes of this study, we used the definition of QOL that regards a per-

son’s sense of satisfaction or dissatisfaction with areas of life that are important to them [22].

HRQOL, then, is QOL in the context of health and illness [23].

Research on patients with cardiac diseases have shown that social support may predict bet-

ter health and better physical function [24]. Cancer research has shown that help from friends

and family is important for patient recovery and coping [25]. ICU survivors often undergo

dramatic changes in health and functioning [26–28]. Their social life may also be altered

because of reduced contact with family and friends during their ICU and hospital stays, and

because they are absent from work, school, and/or leisure activities. It may take a long time for

these patients to regain normal activity levels, if they ever do [29, 30]. We hypothesized that

these factors could explain changes in HRQOL. Previous research [31] found that instrumental

and emotional social support influence HRQOL in ICU survivors; however, to our knowledge,

little other research has been conducted on social support in ICU survivors and its impact on

HRQOL. The aim of the present study was to investigate a possible association between social

support, pain interference, and comorbidity on HRQOL 3 months and 1 year after ICU

discharge.

Material and methods

This was an exploratory study with a longitudinal design and two data collection time points: 3

months and 1 year following ICU discharge.

Settings and sample

ICU survivors from two mixed surgical and medical ICUs (ICU 1 and ICU 2) at Oslo Univer-

sity Hospital, a tertiary referral hospital, were included. ICU 1 and ICU 2 have 11 and 9 beds,
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respectively, and neither treats trauma patients. The study took place from May 2010 to Janu-

ary 2014. ICU survivors aged 18 years or older with an ICU stay longer than 48 hours were

invited to participate. The other inclusion criterion was the ability to read, write, and under-

stand spoken Norwegian, so that the participant could complete the study questionnaires;

patients with reduced cognitive function or terminal illness were excluded. Level of cognitive

function and/or terminally ill status was established with assistance from the ICU survivor’s

next of kin if they were unable to speak with the investigator (AKL) over the phone. Of the 348

patients contacted, 193 consented to participate. Among these, 118 and 89 patients completed

the questionnaires at 3 months and at 1 year, respectively.

Data collection

Three months after discharge, all eligible patients were contacted by telephone, informed

about the study, and invited to participate. The ICU survivors who consented to participate

got the questionnaire, study information in writing and informed consent by mail. If the ICU

survivors did not reply within 14 days they got the questionnaire, information and consent

form once more. The first author (AKL) used ICU electronic medical records to collect infor-

mation on diagnosis, length of ICU stay, days on ventilation, and disease severity. Study partic-

ipants completed questionnaires regarding HRQOL, social support, and pain interference;

they also reported demographics (i.e., age, sex, education, marital status, and children), and

comorbidities.

Severity of disease during intensive care unit stay. Two measures were used to assess

disease severity during ICU stay: the Simplified Acute Physiology Score II (SAPS II) and the

Sequential Organ Failure Assessment (SOFA) score. The SAPS II was developed to quantify

the likelihood of hospital mortality in ICU patients [32] and is based on multiple parameter

values (vital signs, Glasgow Coma Scale, and the presence of malignancy or human immuno-

deficiency virus infection) measured during the first 24 hours after ICU admission. These val-

ues are summed for a total SAPS II (range 0–163), with a higher score indicating greater

severity of illness. SAPS II has been shown valid and reliable for use in medical, surgical [32],

and coronary ICU patients [33]. A SAPS II score of 29 indicate a mortality of 10% and if the

SAPS II score increase to 40 the morality also increases to 25%. If the SAPS II score increase to

64 and above the morality increase to 75% [32].The SOFA score describes different levels of

organ failure over time, as well as the risk of death from sepsis, and has been used with many

critically ill patients and patient groups [34]. The SOFA score has been shown valid and reli-

able in adult ICU patients [35]. The SOFA score is based on respiratory, cardiovascular,

hepatic, coagulation, renal, and cognitive failure, each rated on a 4-point scale (total score

range 0–24). A higher SOFA score indicates a higher level of organ failure and a higher risk of

death. SOFA score of 0–6 may on a group level indicate mortality of 10%. If the SOFA score

increase to 7–9 mortality increases to 15–20%, and SOFA score of above 15 indicates mortality

of above 90% [35]. Both SAPS II and SOFA scores provide information about critical illness

severity and can be used to predict mortality.

Comorbidities. Comorbidities were assessed using the Self-Administered Comorbidity

Questionnaire (SCQ) [36], which includes 13 common and three optional medical conditions.

The SCQ allows the informant to report both severity of comorbidities and their impacts on

their daily life. For this study, four common comorbidities (headache, skin diseases, bowel dis-

eases, and muscular diseases) were added to the standard 13. Only the total number of comor-

bidities was used in our analyses, but the most common comorbidities are presented.

Heath-related quality of life. HRQOL was scored using the Short Form Health Survey-

12 (v1) (SF-12), which measures total health status. The SF-12 (v1) consists of 12 questions

Health-related quality of life in intensive care survivors
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about eight health concepts: physical functioning, role-physical, bodily pain, general health,

energy/fatigue, social functioning, role-emotional, and mental health. These concepts are

summed to create a Physical Component Summary (PCS) and a Mental Component Summary

(MCS) [37]. The SF-12 PCS and MCS are calculated using norm-based data from the 1998

general US population, with a mean of 50 (standard deviation [SD] 10), which is similar to the

general Norwegian population, which has a mean PCS of 50.3 (SD 8.8) and mean MCS of 50.6

(SD 9.9) [38]. The mean cutoff score of 50 means that if the study sample scores a mean value

for PCS below 50, then they have reduced physical health compared with the general popula-

tion; if the study sample scores higher than 50, then they have better physical health compared

with the general population. This also applies to the MCS. Higher summary scores indicate

better HRQOL. The SF-12 is widely used and has been validated for use in many patient

groups, as well as the general population, and has been translated into many languages, includ-

ing Norwegian [38]. The SF-12 has specifically been shown to be valid and reliable in relation

to, and to be a good alternative for, the longer SF-36 [37, 38].Based on recommendation from

Ware et al [39] a reduction of 5.0 in PCS and MCS score was considered to be clinical relevant

in this present study.

Social support. Social support was measured using the revised version of the Social Provi-

sion Scale (SPS) [40–42]. The revised SPS consists of 16 assertions about social support that

may apply to the individual. Responses options include: strongly disagree, disagree, agree,

and strongly agree, representing the degree to which each assertion describes the individual’s

social support situation. A high score indicates a high level of social support [43]. The 16 asser-

tions are summed to create four provisions—reassurance of worth, attachment, nurturance,

and social integration—each of which has a maximum score of 16, consistent with previous

research [43]. The total SPS score is calculated by summing the scores of the four provisions

(maximum score 64). The revised SPS has been shown to be valid and reliable for use with

older adults living in Norway [43], and the original SPS has been used in studies of hospital

nurses [44], pregnant women, first time mothers [45], and schoolteachers [46]. The primary

differences between the original and revised SPS are the decrease from six to four provisions,

respectively, and a change in total score from a maximum of 96 in the original to 64 in the

revised version. There are no cut off value to this instrument [43].

Pain interference. Pain was evaluated using the Brief Pain Inventory–Short Form (BPI–

SF) [47, 48]. The BPI–SF assesses pain occurrence, intensity, location, relief, and interference

with function. The BPI–SF has well-established validity and reliability in different patient

groups [49–54]. The ICU survivors in our sample were divided into groups based on their

answer to the first BPI–SF question, “Do you have pain?” The pain group included those who

responded “yes”, and the no-pain group included those who responded “no” or whose scores

were “0” on all four dimensions, consistent with previous use of the instrument [55, 56]. Pain

interference with the seven functional domains was rated on a numerical rating scale from 0

(does not interfere) to 10 (completely interferes). In our analyses, we only used the pain inter-

ference score of the two highest interference score. We chose this, rather than the mean of all

seven pain interference scores (in BPI-SF), because the latter would be too general and inade-

quately describe the sample.

Ethics

The study was approved by the Hospital Data Inspectorate and the Regional Committees for

Medical Research Ethics in Norway (reference number 2012/4b S-07505b). Only patients who

gave informed consent participated; written consent was administered 3 months after ICU dis-

charge. The study is also registered in Clinical Trials: NCT02279212.
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Statistical analyses

Sample characteristics are presented as the mean and standard deviation (SD), median and

interquartile range (IQR), or proportions with percentages. Associations between social sup-

port, number of comorbidities, pain interference, and HRQOL were tested using a linear

regression model at 3 months, and again at 1 year, after ICU discharge. For the linear regres-

sion analysis, ICU survivors in the no-pain group (based on BPI–SF) were assigned a pain

interference score of 0. P-values < 0.05 were considered statistically significant, and all tests

were two-sided. All analyses were performed using IBM SPSS (version 23; IBM SPSS, Armonk,

NY, USA).

Results

Demographic- and clinical characteristics of the sample

The mean age of the sample was 55.1 years (SD 14.4), 63.6% (n = 75) were male, 62.7%

(n = 74) were married or had a partner, and 77.1% (n = 91) had children (either young or

adult children) (Table 1). The mean SAPS II and SOFA score was 44.9 (SD 16) and 8.8 (SD

Table 1. Survivors’ demographics, clinical characteristics, and social provision scale scores 3 months after inten-

sive care unit discharge.

Characteristics 3 months

Mean (SD)

Age 55.1 (14.4)

Number of comorbidities 2.0 (1.6)

Sex n (%)

Male 75 (63.6)

Female 43 (36.4)

Education

Primary 59 (50.9)

Secondary 15 (12.9)

University/College 42 (36.2)

Marital status

Married/partnered 74 (62.7)

Divorced/separated/widowed/unmarried 44 (37.3)

Children 95 (80.5)

Children younger than 15 years old 31 (26.3)

Children older than 15 years old/adult children 64 (54.2)

No children 23 (19.5)

Significant negative life incidents (during last 4 weeks)

Death in family or close friend 18 (18.6)

Severe financial problems or living conditions 4 (4.2)

Clinical characteristics Median (IQR)

ICU LOS (days) 9 (5–15)

MV duration (days) 6 (3–12)

Mean (SD)

SOFA score 8.8 (3.4)

SAPS II score 44.9 (16.0)

SD = standard deviation, IQR = interquartile range, ICU LOS = Intensive care unit length of stay, MV = mechanical

ventilation, SOFA = Sequential Organ Failure Assessment, SAPS II = Simplified Acute Physiology Score II

https://doi.org/10.1371/journal.pone.0199656.t001
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3.4), respectively. The median number of days on a ventilator in the ICU was 6.0 (IQR 3–12),

and the median ICU length of stay (LOS) was 9.0 (IQR 5–15). The mean number of comorbid-

ities was 2.3 (SD 1.7), most common of which were back/neck pain at 30.9% (n = 30), hyper-

tension at 29.9% (n = 29), cardiac disease at 27.6% (n = 27), headache at 20.8% (n = 20), and

cancer at 15.8% (n = 15). The two interference items with the highest mean scores were “inter-

ference with normal work” and “interference with daily activity” after ICU discharge and both

mean scores increased slightly compared with 1 year [57].

Health-related quality of life in intensive care unit survivors at 3 months

and 1 year

Overall, we found that compared with normative values (mean 50, SD 10), ICU survivors had

a clinically relevant reduction in HRQOL PCS scores (mean 39.3, SD 10.9) and a minor reduc-

tion in HRQOL MCS scores (mean 47.7, SD 10.9) at 3 months. At 1 year, the mean PCS score

increased to 43.4 (SD 12.0), and the mean MCS score normalized at 49.3 (SD 10.3). The

improvement in PCS scores from 3 months to 1 year was statistically significant (p< 0.01),

however the small improvement in MCS scores did not reach the level of statistical significance

(Table 2).

Influence of social support, comorbidities, and pain interference on health-

related quality of life

Total social support had a statistically significant positive association with MCS at 3 months

(p< 0.01), but not on PCS at 3 months. Total social support was not statistically significantly

associated with either PCS or MCS at 1 year (Table 3). Of the individual provisions, only

attachment was statistically significant negatively associated with PCS at 3 months (p = 0.02)

and a positively associated with MCS at 1 year (p = 0.03) (Table 3). There was a statistically sig-

nificant reduction in total SPS scores from 3 months to 1 year, and in attachment from 3

months to 1 year (Table 2).

Number of comorbidities was statistically significantly negatively associated with PCS at

both time points (p< 0.01) and with MCS at 1 year (p = 0.01) (Table 3). Pain interference with

both normal work and daily activity was associated with a clinically relevant and statistically

significant reduction in PCS at 3 months (p< 0.01, each) and 1 year (p = 0.03 and p = 0.05,

Table 2. Changes in social support and health-related quality of life from 3 months to 1 year after intensive care unit discharge.

3 months n = 118

Mean (SD)

1 year n = 89

Mean (SD)

95% CI p-value

Total SPS score 56.1 (6.3) 54.0 (6.5) [0.47; 3.63] 0.01

Individual provisions

Reassurance of worth 14.7 (1.7) 14.4 (1.9) [–0.11; 0.77] 0.13

Attachment 14.9 (1.7) 13.2 (2.5) [1.01; 2.27] <0.01

Nurturance 12.2 (2.7) 12.3 (2.8) [–0.74; 0.53] 0.75

Social integration 14.3 (1.7) 14.1 (1.8) [–0.23; 0.59] 0.38

SF-12

PCS score 39.3 (10.9) 43.4 (12.0) [–7.0; –2.2] <0.01

MCS score 47.7 (10.9) 49.3 (10.3) [–3.2; 1.4] 0.43

SD = standard deviation, 95% CI = 95% confidence interval, SF-12 version 1 Physical Component Summary (PCS) and Mental Component Summary (MCS) relative to

1998 US Population baseline, SPS = revised Social Provision Scale. Statistical test: paired samples t-test, SF-12 = Short Form Health Survey-12

https://doi.org/10.1371/journal.pone.0199656.t002
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respectively). Only pain interference with normal work’s association with MCS was statistically

significant at 3 months (p = 0.02) (Table 3).

Discussion

We found statistically significant and clinically relevant reduction in PCS for the ICU survivors

compared with the normative population at both 3 months and 1 year after ICU discharge, but

only a minor reduction in MCS. Further, there was a statistically significant reduction in total

social support from 3 months to 1 year. Only one of the provisions, attachment, was statisti-

cally significantly associated with PCS at 3 months and with MCS at 1 year.

Our findings on HRQOL are consistent with previous studies over the last two decades

[13–15, 21, 58–60]. The general findings from previous studies of ICU survivors have shown a

large reduction in physical HRQOL after an ICU stay [15, 58–60], whereas the reduction in

mental HRQOL is commonly found to be smaller. Our sample of ICU survivors’ mental health

was similar to the normative population 1 year after discharge. The theory of response shifts

[61] may explain our participants’ unchanged mental HRQOL reports. According to theory of

response shifts [61], ICU survivors change their internal standards, values, and conceptualiza-

tion of QOL—a response shift—and thus may report their MCS similar to that of the norma-

tive population.

One explanation for the finding that social support decreased from 3 months to 1 years, is

that at 3 months, the ICU survivors were still in a rehabilitation situation, during which family

and friends might have been aware that social support was more important, whereas at 1 year,

this need for support may have normalized, and friends and family would likely have shifted

Table 3. Influence of social support, comorbidity, and pain interference on health-related quality of life 3 months and 1 year after intensive care unit discharge.

Physical Component Score Mental Component Score

Variable B 95%CI p-value B 95%CI p-value

3 months

Total SPS score -0.22 [–0.51; 0.08] 0.15 0.60 [0.32; 0.89] <0.01

Reassurance of worth 0.06 [–1.45; 1.58] 0.93 -0.01 [–1.58; 1.56] 0.99

Attachment –1.75 [–3.20; -0.31] 0.02 1.25 [–0.24; 2.75] 0.10

Nurturance -0.19 [–0.97; 0.59] 0.64 0.28 [–0.53; 1.08] 0.50

Social integration 0.51 [–1.02; 2.04] 0.51 0.61 [–0.98; 2.19] 0.45

Number of comorbidities –2.44 [–3.74; –1.14] <0.01 –1.19 [–2.53; 0.16] 0.08

Pain int.–Daily activity -10.92 [–14.61; –7.24] <0.01 -3.93 [–8.22; 0.36] 0.72

Pain int.- Normal work –12.08 [–15.61; –8.56] <0.01 –4.89 [–9.00; –0.78] 0.02

1 year

Total SPS score 0.57 [–0.47, 0.58] 0.83 0.34 [–0.14, 0.82] 0.17

Reassurance of worth 0.64 [–0.84; 2.13] 0.39 0.48 [–0.78; 1.73] 0.45

Attachment –0.41 [–1.58; 0.76] 0.49 1.09 [0.11; 2.08] 0.03

Nurturance 0.09 [–0.85; 1.02] 0.85 –0.08 [–0.87; 0.71] 0.84

Social integration –0.33 [–2.03; 1.36] 0.70 –0.50 [–1.92; 0.93] 0.49

Number of comorbidities –3.25 [–4.40; –2.10] <0.01 –1.66 [–2.63; –0.70] 0.01

Pain int. -Daily activity –7.52 [–12.73; –2.30] 0.05 –2.48 [–7.88; 2.92] 0.36

Pain int.- Normal work –7.39 [–12.13; –2.66] 0.03 –1.93 [–6.85; 3.00] 0.44

95% CI = 95% confidence interval, SF-12 version 1 Physical Component Summary (PCS) and Mental Component Summary (MCS) relative to 1998 US Population

baseline, SPS = revised Social Provision Scale. Pain int. = pain interference. Statistical analysis: Linear regression

https://doi.org/10.1371/journal.pone.0199656.t003
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their focus from the ICU survivor’s rehabilitation to normal activities, possibly leading the

ICU survivor to perceive less social support and feel less attached to their social network.

It is difficult to compare our SPS and individual provision scores with other studies in

which the original SPS was used, because the instruments have different maximum scores.

However, if we compare our data with those of first time mothers [45], it appears that our ICU

survivors perceived a higher level of total social support and scored higher on all provisions,

except nurturance, compared with first time mothers. Both of these groups have undergone

life-changing events, but with very different consequences. ICU survivors are in a rehabilita-

tion situation, trying to regain their normal lives, whereas new mothers are learning new skills

and adapting to a new life. This may be the reason ICU survivors score higher on social sup-

port. Even though social support influences HRQOL, and some aspects of that influence were

statistically significant, it was moderate and of questionable clinical relevance (Table 3). Other

researchers, including Tilburg [31], have found that social support has a positive impact on

HRQOL. Our interpretation is that social support matters, but since our relatively small sam-

ple scored high on most of the individual provisions, there may have been a ceiling effect.

The ICU survivors in the present study also scored high on every SPS provision. This might

be explained by the fact that most of these ICU survivors were married or had a partner, had

children (young and/or adult), and were middle-aged, suggesting that they had networks of

family, friends, and colleagues. The one individual provision on which they scored lower was

nurturance. This might be explained by the mean age of the ICU survivors: many had adult

children who did not need parental care in the same ways as when they were children. Some of

the older ICU survivors may also have received nurturing from their adult children.

Number of comorbidities was statistically significantly associated with PCS at both time

points and on MCS at 1 year. Orwelius et al. [17] found that preexisting disease had a signifi-

cant influence on HRQOL after an ICU stay, and emphasized the importance of considering

comorbidities when discussing outcomes in ICU survivors. We agree that this is an important

consideration, especially when discussing physical HRQOL, since PCS seems most impacted

by comorbidity. In regard of what is a clinical relevant change in HRQOL we chose to rely on

Ware’s [39] suggestion from 1993 with a 5 point change in PCS or MCS. Based on this limit

the number of comorbidity did not have a clinically relevant association with HRQOL, but

others have argued that for an individual smaller change (1–2 points) could be of relevance

[62]. The theory of response shift may be the reason here [62].

Pain interference had the largest association with HRQOL, and specifically on PCS. These

findings are in accordance with previous research [19]. As mentioned above, the reduction in

PCS was larger at 3 months than at 1 year. Of interest, the pain interference score increased

from 3 months to 1 year, but had less association with PCS. We can only speculate that there is

a change from rehabilitation and hope of returning to life as it was before the ICU stay at 3

months, to acceptance that life has changed at 1 year. This may have led to the improved

HRQOL scores in our results and others, and may help to explain why those who experience

pain interference feel that the pain has a larger influence on their life, but less impact on their

HRQOL. This phenomenon could be due to yet another response shift [61].

Based on these findings and previous research [13, 14, 21, 58, 63], it seems that what most

ICU-survivors need is rehabilitation of physical health. Previous research [59] has found that

HRQOL improves even from ICU discharge to hospital discharge, and suggested that rehabili-

tation must start early. Another study [64] found that early mobilization in the ICU improved

physical function after ICU discharge. Early mobilization in the ICU seems to be one way of

improving physical HRQOL after an ICU stay, and this may be a specific topic for further

research. Unfortunately, there is still no high-quality intervention to improve HRQOL in ICU

survivors. This may be a subject for future research.
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Limitations

First, we did not have pre-admission baseline measurements with which to compare HRQOL

and social support, number of comorbidity and pain interference because nearly all ICU

admissions are the result of emergencies. Collecting any baseline data from ICU survivors is

difficult, but previous studies have shown that this population has lower HRQOL than the nor-

mative population, even before their ICU stay [8, 17]. Second, we compared PCS and MCS

derived from our sample with 1996 normative US data. Ideally, we would have used normative

Norwegian data but, as mentioned above, Norwegian cutoff scores are similar to the US data

[38]. Finally, our drop-out rate at 1 year was relatively high (32%). These factors may have

resulted in a selection bias, though we did not find any differences between responders and

non-responders at 1 year with regard to gender (p-value 0.71), age (p-value 0.87), ICU LOS (p-

value 0.35), MV days (p-value 0.64) and SPAPS II score (p-value 0.21). More details are pre-

sented in supplementary material to Langerud et al [65]. Therefore, we assume that our results

might be generalizable to other ICU survivors. Others have reported that the most severely ill

are difficult to study [66, 67]; therefore, illness severity may explain our relatively high dropout

rate.

Conclusions

Physical HRQOL was reduced in ICU survivors at 3 months and 1 year compared to the nor-

mative population. These patients’ mental HRQOL was, from a clinical perspective, similar to

that of the normative population. Social support was positively associated with mental

HRQOL, while number of comorbidities, and pain interference were all significantly associ-

ated with a reduction in HRQOL. Pain interference was associated with the largest reduction

in HRQOL.

Supporting information

S1 Request. For partisipation in research project.

(DOCX)

Author Contributions

Conceptualization: Anne Kathrine Langerud, Tone Rustøen, Ulf Kongsgaard, Audun

Stubhaug.

Data curation: Anne Kathrine Langerud.

Formal analysis: Anne Kathrine Langerud, Milada Cvancarova Småstuen.

Funding acquisition: Audun Stubhaug.

Investigation: Anne Kathrine Langerud, Audun Stubhaug.

Methodology: Anne Kathrine Langerud, Tone Rustøen, Audun Stubhaug.

Project administration: Anne Kathrine Langerud, Audun Stubhaug.

Resources: Ulf Kongsgaard, Audun Stubhaug.

Supervision: Tone Rustøen, Ulf Kongsgaard, Audun Stubhaug.

Writing – original draft: Anne Kathrine Langerud, Tone Rustøen, Milada Cvancarova

Småstuen, Audun Stubhaug.

Health-related quality of life in intensive care survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0199656 June 25, 2018 9 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0199656.s001
https://doi.org/10.1371/journal.pone.0199656


Writing – review & editing: Anne Kathrine Langerud, Tone Rustøen, Milada Cvancarova

Småstuen, Ulf Kongsgaard, Audun Stubhaug.

References
1. Brinkman S, Abu-Hanna A, de Jonge E, de Keizer NF. Prediction of long-term mortality in ICU patients:

model validation and assessing the effect of using in-hospital versus long-term mortality on benchmark-

ing. Intensive Care Med. 2013; 39(11):1925–31. https://doi.org/10.1007/s00134-013-3042-5 PMID:

23921978.

2. Boyko Y, Ording H, Jennum P. Sleep disturbances in critically ill patients in ICU: how much do we

know? Acta Anaesthesiol Scand. 2012; 56(8):950–8. https://doi.org/10.1111/j.1399-6576.2012.02672.x

PMID: 22404330.

3. Elliott R, McKinley S. The development of a clinical practice guideline to improve sleep in intensive care

patients: a solution focused approach. Intensive Crit Care Nurs. 2014; 30(5):246–56. https://doi.org/10.

1016/j.iccn.2014.04.003 PMID: 24857414.

4. Pisani MA, Friese RS, Gehlbach BK, Schwab RJ, Weinhouse GL, Jones SF. Sleep in the intensive care

unit. Am J Respir Crit Care Med. 2015; 191(7):731–8. https://doi.org/10.1164/rccm.201411-2099CI

PMID: 25594808.

5. Barr J, Fraser GL, Puntillo K, Ely EW, Gelinas C, Dasta JF, et al. Clinical practice guidelines for the man-

agement of pain, agitation, and delirium in adult patients in the intensive care unit. Crit Care Med. 2013;

41(1):263–306. https://doi.org/10.1097/CCM.0b013e3182783b72 PMID: 23269131.

6. Berntzen H, Bjork IT, Woien H. "Pain relieved, but still struggling"-Critically ill patients experiences of

pain and other discomforts during analgosedation. J Clin Nurs. 2017; 15:15. https://doi.org/10.1111/

jocn.13920 PMID: 28618123.

7. Hermans G, De Jonghe B, Bruyninckx F, Van den Berghe G. Interventions for preventing critical illness

polyneuropathy and critical illness myopathy (Review) The Cochrane Libary. 2014;2014(1). https://doi.

org/10.1002/14651858.CD006832.pub3 PMID: 24477672.

8. Cuthbertson BH, Scott J, Strachan M, Kilonzo M, Vale L. Quality of life before and after intensive care.

Anaesthesia. 2005; 60(4):332–9. https://doi.org/10.1111/j.1365-2044.2004.04109.x PMID: 15766335.

9. Myhren H, Ekeberg O, Stokland O. Health-related quality of life and return to work after critical illness in

general intensive care unit patients: a 1-year follow-up study. Crit Care Med. 2010; 38(7):1554–61.

https://doi.org/10.1097/CCM.0b013e3181e2c8b1 PMID: 20473149.

10. Stricker KH, Sailer S, Uehlinger DE, Rothen HU, Zuercher Zenklusen RM, Frick S. Quality of life 9 years

after an intensive care unit stay: a long-term outcome study. J Crit Care. 2011; 26(4):379–87. https://

doi.org/10.1016/j.jcrc.2010.11.004 PMID: 21376519.

11. Angus DC, Carlet J, Brussels RP. Surviving intensive care: a report from the 2002 Brussels Roundtable.

Intensive Care Med. 2003; 29(3):368–77. https://doi.org/10.1007/s00134-002-1624-8 PMID: 12536269

12. Granja C, Lopes A, Moreira S, Dias C, Costa-Pereira A, Carneiro A, et al. Patients’ recollections of

experiences in the intensive care unit may affect their quality of life. Crit Care. 2005; 9(2):R96–109.

https://doi.org/10.1186/cc3026 PMID: 15774056

13. Soliman IW, de Lange DW, Peelen LM, Cremer OL, Slooter AJ, Pasma W, et al. Single-center large-

cohort study into quality of life in Dutch intensive care unit subgroups, 1 year after admission, using

EuroQoL EQ-6D-3L. J Crit Care. 2015; 30(1):181–6. https://doi.org/10.1016/j.jcrc.2014.09.009 PMID:

25305070.

14. Timmers TK, Verhofstad MH, Moons KG, Leenen LP. Long-term survival after surgical intensive care

unit admission: fifty percent die within 10 years. Ann Surg. 2011; 253(1):151–7. https://doi.org/10.1097/

SLA.0b013e3181ff45df PMID: 21135693.

15. Flaatten H, Kvale R. Survival and quality of life 12 years after ICU. A comparison with the general Nor-

wegian population. Intensive Care Med. 2001; 27(6):1005–11. PMID: 11497132.

16. Svenningsen H, Langhorn L, Agard AS, Dreyer P. Post-ICU symptoms, consequences, and follow-up:

an integrative review. Nurs Crit Care. 2017; 22(4):212–20. https://doi.org/10.1111/nicc.12165 PMID:

25688675.

17. Orwelius L, Nordlund A, Edell-Gustafsson U, Simonsson E, Nordlund P, Kristenson M, et al. Role of pre-

existing disease in patients’ perceptions of health-related quality of life after intensive care. Crit Care

Med. 2005; 33(7):1557–64. PMID: 16003062.

18. Orwelius L, Nordlund A, Nordlund P, Simonsson E, Backman C, Samuelsson A, et al. Pre-existing dis-

ease: the most important factor for health related quality of life long-term after critical illness: a prospec-

tive, longitudinal, multicentre trial. Crit Care. 2010; 14(2):R67. https://doi.org/10.1186/cc8967 PMID:

20398310; PubMed Central PMCID: PMC2887189.

Health-related quality of life in intensive care survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0199656 June 25, 2018 10 / 13

https://doi.org/10.1007/s00134-013-3042-5
http://www.ncbi.nlm.nih.gov/pubmed/23921978
https://doi.org/10.1111/j.1399-6576.2012.02672.x
http://www.ncbi.nlm.nih.gov/pubmed/22404330
https://doi.org/10.1016/j.iccn.2014.04.003
https://doi.org/10.1016/j.iccn.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24857414
https://doi.org/10.1164/rccm.201411-2099CI
http://www.ncbi.nlm.nih.gov/pubmed/25594808
https://doi.org/10.1097/CCM.0b013e3182783b72
http://www.ncbi.nlm.nih.gov/pubmed/23269131
https://doi.org/10.1111/jocn.13920
https://doi.org/10.1111/jocn.13920
http://www.ncbi.nlm.nih.gov/pubmed/28618123
https://doi.org/10.1002/14651858.CD006832.pub3
https://doi.org/10.1002/14651858.CD006832.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24477672
https://doi.org/10.1111/j.1365-2044.2004.04109.x
http://www.ncbi.nlm.nih.gov/pubmed/15766335
https://doi.org/10.1097/CCM.0b013e3181e2c8b1
http://www.ncbi.nlm.nih.gov/pubmed/20473149
https://doi.org/10.1016/j.jcrc.2010.11.004
https://doi.org/10.1016/j.jcrc.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21376519
https://doi.org/10.1007/s00134-002-1624-8
http://www.ncbi.nlm.nih.gov/pubmed/12536269
https://doi.org/10.1186/cc3026
http://www.ncbi.nlm.nih.gov/pubmed/15774056
https://doi.org/10.1016/j.jcrc.2014.09.009
http://www.ncbi.nlm.nih.gov/pubmed/25305070
https://doi.org/10.1097/SLA.0b013e3181ff45df
https://doi.org/10.1097/SLA.0b013e3181ff45df
http://www.ncbi.nlm.nih.gov/pubmed/21135693
http://www.ncbi.nlm.nih.gov/pubmed/11497132
https://doi.org/10.1111/nicc.12165
http://www.ncbi.nlm.nih.gov/pubmed/25688675
http://www.ncbi.nlm.nih.gov/pubmed/16003062
https://doi.org/10.1186/cc8967
http://www.ncbi.nlm.nih.gov/pubmed/20398310
https://doi.org/10.1371/journal.pone.0199656


19. Boyle M, Murgo M, Adamson H, Gill J, Elliott D, Crawford M. The effect of chronic pain on health related

quality of life amongst intensive care survivors. Aust Crit Care. 2004; 17(3):104–6. PMID: 15493858.

20. Ferrans CE. Quality of life: conceptual issues. Semin Oncol Nurs. 1990; 6(4):248–54. PMID: 2274721.

21. Chaboyer W, Elliott D. Health-related quality of life of ICU survivors: review of the literature. Intensive

Crit Care Nurs. 2000; 16(2):88–97. https://doi.org/10.1054/iccn.1999.1582 PMID: 11868593.

22. Ferrans CE. Conceptualizations of quality of life in cardiovascular research. Prog Cardiovasc Nurs.

1992; 7(1):2–6. PMID: 1518780.

23. Varricchio CG, Ferrans CE. Quality of life assessments in clinical practice. Semin Oncol Nurs. 2010; 26

(1):12–7. https://doi.org/10.1016/j.soncn.2009.11.003 PMID: 20152574.

24. Shen BJ, Wachowiak PS, Brooks LG. Psychosocial factors and assessment in cardiac rehabilitation.

Eura Medicophys. 2005; 41(1):75–91. PMID: 16175773.

25. Johansen C. Rehabilitation of cancer patients—research perspectives. Acta Oncol. 2007; 46(4):441–5.

https://doi.org/10.1080/02841860701316057 PMID: 17497310.

26. Hui DS, Wong KT, Ko FW, Tam LS, Chan DP, Woo J, et al. The 1-year impact of severe acute respira-

tory syndrome on pulmonary function, exercise capacity, and quality of life in a cohort of survivors.

Chest. 2005; 128(4):2247–61. https://doi.org/10.1378/chest.128.4.2247 PMID: 16236881.

27. Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N Engl J Med. 2014; 371

(3):287–8. https://doi.org/10.1056/NEJMc1406274 PMID: 25014703.

28. Hough CL, Herridge MS. Long-term outcome after acute lung injury. Curr Opin Crit Care. 2012; 18

(1):8–15. https://doi.org/10.1097/MCC.0b013e32834f186d PMID: 22186220.

29. Griffiths RD, Jones C. Recovery from intensive care. BMJ. 1999; 319(7207):427–9. PMID: 10445926.

30. Griffiths RD, Jones C. Recovering lives: the follow-up of ICU survivors. Am J Respir Crit Care Med.

2011; 183(7):833–4. https://doi.org/10.1164/rccm.201012-1988ED PMID: 21471071.

31. Tilburgs B, Nijkamp MD, Bakker EC, van der Hoeven H. The influence of social support on patients’

quality of life after an intensive care unit discharge: A cross-sectional survey. Intensive Crit Care Nurs.

2015; 31(6):336–42. https://doi.org/10.1016/j.iccn.2015.07.002 PMID: 26321655.

32. Le Gall JR., Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score (SAPS II) based on a

European/North American multicenter study. JAMA. 1993; 270(24):2957–63. PMID: 8254858

33. Schuster HP, Schuster FP, Ritschel P, Wilts S, Bodmann KF. The ability of the Simplified Acute Physiol-

ogy Score (SAPS II) to predict outcome in coronary care patients. Intensive Care Med. 1997; 23

(10):1056–61. PMID: 9407241.

34. Vincent JL, Moreno R, Takala J, Willatts S, De MA, Bruining H, et al. The SOFA (Sepsis-related Organ

Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working Group on

Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive Care Med.

1996; 22(7):707–10. PMID: 8844239.

35. Vincent JL, De MA, Cantraine F, Moreno R, Takala J, Suter PM, et al. Use of the SOFA score to assess

the incidence of organ dysfunction/failure in intensive care units: results of a multicenter, prospective

study. Working group on "sepsis-related problems" of the European Society of Intensive Care Medicine.

Crit Care Med. 1998; 26(11):1793–800. PMID: 9824069.

36. Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered Comorbidity Questionnaire:

a new method to assess comorbidity for clinical and health services research. Arthritis Rheum. 2003; 49

(2):156–63. https://doi.org/10.1002/art.10993 PMID: 12687505.

37. Ware J, A. Kosinski M, D. Keller S. SF-12: How to Score the SF-12 Physical and Mental Health Sum-

mary Scales1998.

38. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item

selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA Project.

International Quality of Life Assessment. J Clin Epidemiol. 1998. PMID: 9817135.

39. Ware J, Snoww K, Ma K, Bg G. SF36 Health Survey: Manual and Interpretation Guide1993.

40. Russell D, Cutrona CE, Rose J, Yurko K. Social and emotional loneliness: an examination of Weiss’s

typology of loneliness. J Pers Soc Psychol. 1984; 46(6):1313–21. PMID: 6737214.

41. Cutrona CE. Objective determinants of perceived social support. J Pers Soc Psychol. 1986; 50(2):349–

55. PMID: 3701582.

42. Cutrona CE, Russell D.W. The Provisions of Social Relationships and Adaptaton to Stress. Advances

in Personal Relationships. 1987; 1:37–67.

43. Bondevik M. The life of the oldest old: studies concerning loneliness, social contacts, activities of daily

living, purpose in life and religiousness. [ Bergen]: Department of Public Health and Primary Health

Care, Division for Nursing Science, University of Bergen; 1997.

Health-related quality of life in intensive care survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0199656 June 25, 2018 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/15493858
http://www.ncbi.nlm.nih.gov/pubmed/2274721
https://doi.org/10.1054/iccn.1999.1582
http://www.ncbi.nlm.nih.gov/pubmed/11868593
http://www.ncbi.nlm.nih.gov/pubmed/1518780
https://doi.org/10.1016/j.soncn.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/20152574
http://www.ncbi.nlm.nih.gov/pubmed/16175773
https://doi.org/10.1080/02841860701316057
http://www.ncbi.nlm.nih.gov/pubmed/17497310
https://doi.org/10.1378/chest.128.4.2247
http://www.ncbi.nlm.nih.gov/pubmed/16236881
https://doi.org/10.1056/NEJMc1406274
http://www.ncbi.nlm.nih.gov/pubmed/25014703
https://doi.org/10.1097/MCC.0b013e32834f186d
http://www.ncbi.nlm.nih.gov/pubmed/22186220
http://www.ncbi.nlm.nih.gov/pubmed/10445926
https://doi.org/10.1164/rccm.201012-1988ED
http://www.ncbi.nlm.nih.gov/pubmed/21471071
https://doi.org/10.1016/j.iccn.2015.07.002
http://www.ncbi.nlm.nih.gov/pubmed/26321655
http://www.ncbi.nlm.nih.gov/pubmed/8254858
http://www.ncbi.nlm.nih.gov/pubmed/9407241
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/9824069
https://doi.org/10.1002/art.10993
http://www.ncbi.nlm.nih.gov/pubmed/12687505
http://www.ncbi.nlm.nih.gov/pubmed/9817135
http://www.ncbi.nlm.nih.gov/pubmed/6737214
http://www.ncbi.nlm.nih.gov/pubmed/3701582
https://doi.org/10.1371/journal.pone.0199656


44. Constable JF, Russell DW. The effect of social support and the work environment upon burnout among

nurses. J Human Stress. 1986; 12(1):20–6. https://doi.org/10.1080/0097840X.1986.9936762 PMID:

3559184.

45. Cutrona CE. Social support and stress in the transition to parenthood. J Abnorm Psychol. 1984; 93

(4):378–90. PMID: 6512084.

46. Russell DW, Altmaier E, Van Velzen D. Job-related stress, social support, and burnout among class-

room teachers. J Appl Psychol. 1987; 72(2):269–74. PMID: 3583979.

47. Daut RL, Cleeland CS, Flanery RC. Development of the Wisconsin Brief Pain Questionnaire to assess

pain in cancer and other diseases. Pain. 1983; 17(2):197–210. PMID: 6646795.

48. Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Singa-

pore. 1994; 23(2):129–38. PMID: 8080219.

49. Klepstad P, Loge JH, Borchgrevink PC, Mendoza TR, Cleeland CS, Kaasa S. The Norwegian brief pain

inventory questionnaire: translation and validation in cancer pain patients. J Pain Symptom Manage.

2002; 24(5):517–25. PMID: 12547051.

50. Kroenke K, Theobald D, Wu J, Tu W, Krebs EE. Comparative responsiveness of pain measures in can-

cer patients. J Pain. 2012; 13(8):764–72. https://doi.org/10.1016/j.jpain.2012.05.004 PMID: 22800982.

51. Von Roenn JH, Cleeland CS, Gonin R, Hatfield AK, Pandya KJ. Physician attitudes and practice in can-

cer pain management. A survey from the Eastern Cooperative Oncology Group. Ann Intern Med. 1993;

119(2):121–6. PMID: 8099769.

52. Wu JS, Beaton D, Smith PM, Hagen NA. Patterns of pain and interference in patients with painful bone

metastases: a brief pain inventory validation study. J Pain Symptom Manage. 2010; 39(2):230–40.

https://doi.org/10.1016/j.jpainsymman.2009.07.006 PMID: 20152587.

53. Keller S, Bann CM, Dodd SL, Schein J, Mendoza TR, Cleeland CS. Validity of the brief pain inventory

for use in documenting the outcomes of patients with noncancer pain. Clin J Pain. 2004; 20(5):309–18.

PMID: 15322437.

54. Tan G, Jensen MP, Thornby JI, Shanti BF. Validation of the Brief Pain Inventory for chronic nonmalig-

nant pain. J Pain. 2004; 5(2):133–7. https://doi.org/10.1016/j.jpain.2003.12.005 PMID: 15042521.

55. Astrup GL, Rustoen T, Miaskowski C, Paul SM, Bjordal K. Changes in and predictors of pain character-

istics in patients with head and neck cancer undergoing radiotherapy. Pain. 2015; 156(5):967–79.

https://doi.org/10.1097/j.pain.0000000000000142 PMID: 25719616.

56. Christensen VL, Holm AM, Kongerud J, Bentsen SB, Paul SM, Miaskowski C, et al. Occurrence, Char-

acteristics, and Predictors of Pain in Patients with Chronic Obstructive Pulmonary Disease. Pain Manag

Nurs. 2016; 17(2):107–18. https://doi.org/10.1016/j.pmn.2016.01.002 PMID: 27095390.

57. Langerud AK, Rustoen T, Brunborg C, Kongsgaard U, Stubhaug A. Prevalence, Location, and Charac-

teristics of Chronic Pain in Intensive Care Survivors. Pain Manag Nurs. 2017. https://doi.org/10.1016/j.

pmn.2017.11.005 In press PMID: 29455923

58. Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge MS, et al. Quality of life

in adult survivors of critical illness: a systematic review of the literature. Intensive Care Med. 2005; 31

(5):611–20. https://doi.org/10.1007/s00134-005-2592-6 PMID: 15803303.

59. Hofhuis JG, van Stel HF, Schrijvers AJ, Rommes JH, Bakker J, Spronk PE. Health-related quality of life

in critically ill patients: how to score and what is the clinical impact? Curr Opin Crit Care. 2009; 15

(5):425–30. https://doi.org/10.1097/MCC.0b013e32833079e4 PMID: 19623059.

60. Hofhuis JG, van Stel HF, Schrijvers AJ, Rommes JH, Spronk PE. ICU survivors show no decline in

health-related quality of life after 5 years. Intensive Care Med. 2015; 41(3):495–504. https://doi.org/10.

1007/s00134-015-3669-5 PMID: 25672277.

61. Sprangers MA, Schwartz CE. Integrating response shift into health-related quality of life research: a the-

oretical model. Soc Sci Med. 1999; 48(11):1507–15. PMID: 10400253.

62. Cella D, Bullinger M, Scott C, Barofsky I, Clinical Significance Consensus Meeting G. Group vs individ-

ual approaches to understanding the clinical significance of differences or changes in quality of life.

Mayo Clin Proc. 2002; 77(4):384–92. https://doi.org/10.1016/S0025-6196(11)61794-1 PMID:

11936936.

63. Battle CE, Davies G, Evans PA. Long term health-related quality of life in survivors of sepsis in South

West Wales: an epidemiological study. PLoS One. 2014; 9(12):e116304. https://doi.org/10.1371/

journal.pone.0116304 PMID: 25549097.

64. Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ, Esbrook CL, et al. Early physical and

occupational therapy in mechanically ventilated, critically ill patients: a randomised controlled trial. Lan-

cet. 2009; 373(9678):1874–82. https://doi.org/10.1016/S0140-6736(09)60658-9 PMID: 19446324.

Health-related quality of life in intensive care survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0199656 June 25, 2018 12 / 13

https://doi.org/10.1080/0097840X.1986.9936762
http://www.ncbi.nlm.nih.gov/pubmed/3559184
http://www.ncbi.nlm.nih.gov/pubmed/6512084
http://www.ncbi.nlm.nih.gov/pubmed/3583979
http://www.ncbi.nlm.nih.gov/pubmed/6646795
http://www.ncbi.nlm.nih.gov/pubmed/8080219
http://www.ncbi.nlm.nih.gov/pubmed/12547051
https://doi.org/10.1016/j.jpain.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22800982
http://www.ncbi.nlm.nih.gov/pubmed/8099769
https://doi.org/10.1016/j.jpainsymman.2009.07.006
http://www.ncbi.nlm.nih.gov/pubmed/20152587
http://www.ncbi.nlm.nih.gov/pubmed/15322437
https://doi.org/10.1016/j.jpain.2003.12.005
http://www.ncbi.nlm.nih.gov/pubmed/15042521
https://doi.org/10.1097/j.pain.0000000000000142
http://www.ncbi.nlm.nih.gov/pubmed/25719616
https://doi.org/10.1016/j.pmn.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/27095390
https://doi.org/10.1016/j.pmn.2017.11.005
https://doi.org/10.1016/j.pmn.2017.11.005
http://www.ncbi.nlm.nih.gov/pubmed/29455923
https://doi.org/10.1007/s00134-005-2592-6
http://www.ncbi.nlm.nih.gov/pubmed/15803303
https://doi.org/10.1097/MCC.0b013e32833079e4
http://www.ncbi.nlm.nih.gov/pubmed/19623059
https://doi.org/10.1007/s00134-015-3669-5
https://doi.org/10.1007/s00134-015-3669-5
http://www.ncbi.nlm.nih.gov/pubmed/25672277
http://www.ncbi.nlm.nih.gov/pubmed/10400253
https://doi.org/10.1016/S0025-6196(11)61794-1
http://www.ncbi.nlm.nih.gov/pubmed/11936936
https://doi.org/10.1371/journal.pone.0116304
https://doi.org/10.1371/journal.pone.0116304
http://www.ncbi.nlm.nih.gov/pubmed/25549097
https://doi.org/10.1016/S0140-6736(09)60658-9
http://www.ncbi.nlm.nih.gov/pubmed/19446324
https://doi.org/10.1371/journal.pone.0199656


65. Langerud AK, Rustoen T, Smastuen MC, Kongsgaard U, Stubhaug A. Intensive care survivor-reported

symptoms: a longitudinal study of survivor symptoms. Nurs in Crit Care. Dec. 2017. https://doi.org/10.

1111/nicc.12330 PMID: 29243344

66. Ratzer M, Brink O, Knudsen L, Elklit A. Posttraumatic stress in intensive care unit survivors—a prospec-

tive study. Health psychology and behavioral medicine. 2014; 2(1):882–98. https://doi.org/10.1080/

21642850.2014.943760 PMID: 25750824.

67. Duggan MC, Wang L, Wilson JE, Dittus RS, Ely EW, Jackson JC. The relationship between executive

dysfunction, depression, and mental health-related quality of life in survivors of critical illness: Results

from the BRAIN-ICU investigation. J Crit Care. 2016; 37:72–9. https://doi.org/10.1016/j.jcrc.2016.08.

023 PMID: 27652496.

Health-related quality of life in intensive care survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0199656 June 25, 2018 13 / 13

https://doi.org/10.1111/nicc.12330
https://doi.org/10.1111/nicc.12330
http://www.ncbi.nlm.nih.gov/pubmed/29243344
https://doi.org/10.1080/21642850.2014.943760
https://doi.org/10.1080/21642850.2014.943760
http://www.ncbi.nlm.nih.gov/pubmed/25750824
https://doi.org/10.1016/j.jcrc.2016.08.023
https://doi.org/10.1016/j.jcrc.2016.08.023
http://www.ncbi.nlm.nih.gov/pubmed/27652496
https://doi.org/10.1371/journal.pone.0199656

