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Abstract

Background

Little is known about outpatient health services use following critical illness and intensive

care. We examined the association of intensive care with outpatient consultations and qual-

ity of life in a population-based sample.

Methods

Cross-sectional analysis of data from 6,686 participants of the Study of Health in Pomerania

(SHIP), which consists of two independent population-based cohorts. Statistical modeling

was done using Poisson regression, negative binomial and generalized linear models for

consultations, and a fractional response model for quality of life (EQ-5D-3L index value),

with results expressed as prevalence ratios (PR) or percent change (PC). Entropy balancing

was used to adjust for observed confounding.

Results

ICU treatment in the previous year was reported by 139 of 6,686 (2,1%) participants, and

was associated with a higher probability (PR 1.05 [CI:1.03;1.07]), number (PC +58.0%

[CI:22.8;103.2]) and costs (PC +64.1% [CI:32.0;103.9]) of annual outpatient consultations,
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as well as with a higher number of medications (PC +37.8% [CI:17.7;61.5]). Participants

with ICU treatment were more likely to visit a specialist (PR 1.13 [CI:1.09; 1.16]), specifically

internal medicine (PR 1.67 [CI:1.45;1.92]), surgery (PR 2.42 [CI:1.92;3.05]), psychiatry (PR

2.25 [CI:1.30;3.90]), and orthopedics (PR 1.54 [CI:1.11;2.14]). There was no significant

effect regarding general practitioner consultations. ICU treatment was also associated with

lower health-related quality of life (EQ-5D index value: PC -13.7% [CI:-27.0;-0.3]). Further-

more, quality of life was inversely associated with outpatient consultations in the previous

month, more so for participants with ICU treatment.

Conclusions

Our findings suggest that ICU treatment is associated with an increased utilization of outpa-

tient specialist services, higher medication intake, and impaired quality of life.

Introduction

Over the past decades, intensive care unit (ICU) treatment has become more effective, and the

related inpatient and post-discharge mortality has declined in several Western countries. [1]

However, this was associated with a growing number of patients suffering from long-term

physical and neuropsychiatric impairments, which were recently summarized under the term

postintensive care syndrome (PICS). [1, 2] While the exact prevalence of PICS is unknown, it

is estimated that associated impairments occur in at least 1 of 4 survivors of critical illness and

intensive care. [3–5] Short- and long-term impairments in quality of life and a significant

socioeconomic burden in survivors of critical illness have previously been demonstrated. [6–8]

The evidence regarding post-ICU follow-up strategies is conflicting—a recent systematic

review and meta-analysis has found that the overall quality of evidence was low, and that fol-

low-up interventions did not demonstrate any relevant effect on quality of life. [9] Several

studies have shown that ICU treatment is associated with increased healthcare resource utiliza-

tion and costs. [10–18] However, there are only few studies on the associated utilization of out-

patient health services, specifically specialist consultations. [18] The German healthcare system

consists of statutory public health insurance with mostly free choice of treatment providers,

which offers a good opportunity to examine the use of healthcare services by ICU survivors.

[19] Therefore, we used data from a German population-based study, the Study of Health in

Pomerania (SHIP), to examine the association of ICU treatment with outpatient health ser-

vices utilization, costs, and health-related quality of life.

Subjects and methods

Study design and population

SHIP consists of two independent cohorts. It is a population-based study of adult residents of

West Pomerania in northeastern Germany between 20 and 79 years of age. The study design,

protocol and sampling methods have been described in previous publications. [20, 21] It was

approved by the ethics committee of the University of Greifswald and adheres to the Declara-

tion of Helsinki. All study subjects gave written informed consent prior to participation. This

study is reported according to the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) recommendations. [22] For the first cohort, 4308 out of 6265 eligible

individuals participated at the baseline examination (SHIP-0) between 1997 and 2001. The
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first follow-up at five years (SHIP-1) was conducted between 2002 and 2006 with 3300 partici-

pants. The second follow-up at ten years (SHIP-2) was conducted between 2008 and 2012 with

2333 participants. For the second independent cohort (SHIP Trend), 4420 out of 8826 eligible

individuals participated in the baseline examination (Trend-0) between 2008 and 2012. Data

from the examinations SHIP-2 and Trend-0, both conducted between 2008 and 2012 with a

comparable study design and identical measurements, were thus used for a pooled cross-sec-

tional analysis. Out of a total sample of 6.753 individuals, 67 were excluded due to missing

interview data on healthcare services utilization, resulting in a final analytical sample of 6.686

subjects. Data from SHIP-0 and SHIP-1 were not used for analyses because the exposure of

interest (ICU treatment) was not assessed until SHIP-2.

Data

Information on socioeconomic characteristics, lifestyle habits, medical history, medication

use, somatometric measures, blood pressure, and health services utilization was gathered by

trained study staff during standardized examinations and interviews. [21]

Health services utilization and costs

Inpatient health services utilization was assessed by asking for the number and duration of

hospital treatments in the previous 12 months. Participants were additionally asked if they had

received ICU treatment during this time, which served as the key exposure variable for our

analyses. Outpatient health services utilization was assessed by asking which types of physi-

cians from a list of 12 common specialties were consulted in the previous year. Study partici-

pants could additionally name specialist consultations that were not covered by the list. These

responses were reassigned to any of the listed categories if possible (e. g. cardiologist/internal

medicine), and otherwise included in calculations as a specialist visit. The analyses were

restricted to general outpatient health services and excluded visits to dentists. Only in SHIP-2,

subjects were additionally asked to report the number of consultations in the previous year.

Analyses regarding the number and costs of consultations were therefore restricted to this

cohort. An exception to this is the total number of consultations in the previous four weeks,

which was asked for in SHIP-2 and Trend-0 as a separate question. The number of current

medications excluding contraceptives, classified by ATC code, was used as an additional indi-

cator of healthcare resource utilization. Direct medical costs from a societal perspective were

calculated based on a bottom-up micro-costing approach, according to recommendations of

the German Working Group on Methods in Health Economic Evaluation and standardized

unit costs for Germany from Bock et al. [23, 24] Specific standard cost rates were applied to

the type and number of consultations (e. g. 20.06 € per general practitioner visit) and inflated

using the consumer price indices for health care in Germany from 2008 to 2012.

Health-related quality of life

The EuroQol EQ-5D-3L quality of life instrument was used to assess health-related quality of

life. [25] It is designed for self-completion by the respondent and captures the health status

according to the respondent’s situation at the time of completion. The instrument has been

validated for several countries, resulting in country-specific general population value sets. [26]

Individual responses on the five EQ-5D subdomains (mobility, self-care, usual activities, pain/

discomfort, anxiety/depression) were used to calculate the EQ-5D index value with value sets

for Germany using Stata’s eq5d package. [27] The EQ-5D index value is a preference-based val-

uation of health-related quality of life, and ranges from 0 (death) to 1 (best health).

Healthcare services utilization following intensive care
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Control variables

We controlled for several baseline characteristics that were assumed to affect health services

utilization and quality of life. Control variables were selected according to Andersen’s Behav-

ioral Model of Health Services Use that emphasizes contextual as well as individual determi-

nants of access to medical care. [28, 29] We assumed that direct causes of the exposure or

outcome, and exclusion of possible instrumental variables that affect the outcome only

through the exposure, is a valid criterion to identify a sufficient set of controls. [30] We

included age, gender, body-mass-index, waist-to-height ratio, relationship status, health insur-

ance type, education (completed school years) and equivalent household income (calculated

from annual income and household size according to the Luxembourg Income Study recom-

mendation [31]), smoking status (never, current, former), alcohol consumption in grams of

ethanol per day (beverage-specific quantity-frequency measure [32]), and physical inactivity

defined as less than 1 hour of physical activity per week during summer and winter months.

Comorbidity was assessed using the number of selected present chronic conditions that com-

monly occur in critically ill patients: cardiovascular (hypertension, myocardial infarction,

stroke), pulmonary, kidney and liver disease, diabetes, cancer. [33]

Statistical analyses

Stata 15.1 was used for statistical analyses (Stata Corp., College Station, TX, USA).

Adjustment for drop-out and confounding. We used inverse probability weighting to

address drop-out from SHIP-0 to SHIP-2; subjects from Trend-0 were assigned a probability

weight of 1. A logistic model that included socio-economic, behavioral and health-related predic-

tors was used to derive stabilized inverse probability weights. [34] Entropy balancing (as imple-

mented in the Stata package ebalance [35]) was used to adjust for confounding. This method

reweights comparisons groups (i.e. by ICU treatment status) to make them comparable on mea-

sured control variables (Table A in S1 Appendix). [36] We assessed the validity of analytical

weights according to published balance diagnostics in propensity score analysis, with standardized

differences greater than 10% indicating risk of bias. [37] We further assessed how substantial

unmeasured confounding would need to be to explain away the observed associations by calculat-

ing the E-value for regression estimates (Tables B and C in S1 Appendix). [38] Regression models

included the weights obtained from entropy balancing, and were additionally adjusted for age,

gender, the sum of comorbidities and a study indicator variable (SHIP-2 vs. Trend). There were

less than 1% missing values and these were imputed. For EQ-5D analyses, we excluded participants

that did not provide any answers on the EQ-5D questionnaire by listwise deletion (n = 18, 0.27%).

Regression analyses. We used Poisson regression models with robust standard errors to

estimate prevalence ratios (PR) for any outpatient consultations, medication intake and

impairment in EQ-5D subdomains. [39] A negative binomial regression model was used to esti-

mate the number of consultations and current medications. A generalized linear model with

gamma-distribution and a log-link function was used to estimate consultation costs. [40] Effect

estimates from these models were expressed in terms of percent change (PC) compared to the

reference group of participants without ICU treatment. The EQ-5D index value ranges from

zero to one with a left-skewed distribution. We used a fractional response model to accommo-

date the features of this outcome variable; effects were expressed as PC in terms of average mar-

ginal effects. [41] We provided 95% confidence intervals (CI) for all effect estimates.

Results

Baseline characteristics of the study population are reported in Table 1. As expected, the distri-

bution of baseline characteristics differed across groups. ICU treatment in the previous year

Healthcare services utilization following intensive care
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was reported by 139 of 6686 subjects (2.1%). Compared to subjects with no ICU treatment,

post-ICU subjects were older (median age 64 vs. 54 years), predominantly male (67.6% vs.

47.6%), and had a higher prevalence of comorbidities (any comorbidity: 92.8% vs. 72.3%),

among other aspects. After applying balancing weights, we found no standardized differences

greater than 10% (Table A in S1 Appendix), which underscored that groups were comparable

after conditioning on the control variables.

Outpatient healthcare utilization

Tables 2 and 3 show descriptive statistics and results from regression models regarding outpa-

tient consultations by ICU treatment status. In the unadjusted data, post-ICU subjects showed

Table 1. Baseline characteristics of the study population by ICU treatment status.

Variable ICU treatment in previous 12 months

No (97.9%) Yes (2.1%)

(N = 6,547) (N = 139)

Data Source� (SHIP Trend-0) 65.3% / 4274 63.3% / 88
Gender (Male) 47.6% / 3116 67.6% / 94
Age, years 54.0 / 23.0 64.0 / 24.0
Education, school years 11.0 / 2.0 11.0 / 3.0
Equivalent household income, € 1183.6 / 866.0 1096.0 / 671.8
In relationship 77.8% / 5093 80.6% / 112
Physical inactivity 31.3% / 2046 28.8% / 40
Body mass index, kg/m2 27.5 / 6.5 29.2 / 6.7
Body mass index� 30 kg/m2 31.6% / 2068 42.5% / 59
Waist-to-height ratio 0.53 / 0.11 0.57 / 0.12
Waist-to-height ratio� 0.5 65.9% / 4312 82.7% / 115
Smoking Status

Never smoker 51.4% / 3365 48.2% / 67
Former smoker 23.6% / 1545 32.4% / 45
Current smoker 25.0% / 1637 19.4% / 27
Alcohol consumption, g/d 3.6 / 10.2 2.8 / 10.5
At-risk alcohol consumption† 8.2% / 534 6.5% / 9
Health insurance type

Statutory 92.3% / 6045 97.8% / 136
Private 6.3% / 413 2.6% / 3
Other 1.4% / 89 0.0% / 0
Number of chronic diseases‡

None 27.7% / 1810 7.2% / 10
One 47.4% / 3100 36.0% / 50
Two 17.8% / 1163 31.7% / 44
Three or more 7.2% / 474 25.2% / 35
Currently taking medication§ 68.4% / 4478 86.3% / 120
Number of current medications§ 2.0 / 4.0 5.0 / 6.0

Median / IQR or Proportion / N

� Data was pooled from SHIP-2 and SHIP Trend-0 cohorts for analyses.
† Women:� 20 g/d; Men:� 30 g/d
‡ hypertension, myocardial infarction, stroke, diabetes, cancer, pulmonary / kidney / liver disease
§ Excluding contraceptives

https://doi.org/10.1371/journal.pone.0222671.t001
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higher utilization of almost all outpatient services. Regarding the previous year, 98.6% of post-

ICU subjects reported any outpatient consultation, with an average of 11.2 visits and total

costs of 373.1 €. In comparison, 89.2% of those without ICU treatment reported any consulta-

tion, with an average of 6.5 visits and total costs of 176.3 €. Regarding consultations within the

previous four weeks, this effect was more pronounced: 76% of post-ICU subjects reported any

consultation and 1.8 visits on average, compared to 44% of subjects without ICU treatment

who had 1.5 visits on average. Post-ICU subjects more frequently reported taking any medica-

tion (86.3% vs. 68.4%) with more medications on average (4.7 vs. 2.7). In adjusted regression

models, ICU treatment was associated with a higher probability (PR 1.05 [CI: 1.03; 1.07]),

number (PC +58.0% [CI: 22.8; 103.2]) and costs (PC +64.1% [CI: 32.0; 103.9]) of outpatient

consultations in the previous year. This observation was more pronounced for consultations

in the previous 4 weeks (probability: PR 1.32 [CI: 1.21; 1.45], number: PC +73.6% [CI: 33.3;

126.2]). ICU treatment was also associated with more specialist consultations (probability: PR

1.13 [CI: 1.09; 1.16], number: PC +65.4% [CI: 23.6; 121.3]) and higher costs (PC +73.3% [CI:

17.8; 155.1]), specifically internal medicine (PR 1.67 [CI: 1.45; 1.92]), surgery (PR 2.42 [CI:

1.92; 3.05]), psychiatry (PR 2.25 [CI: 1.30; 3.90]), and orthopedics (PR 1.54 [CI: 1.11; 2.14]).

For psychiatry and orthopedics, only the probability of consultations was higher, but not the

number or associated costs. There was no significant effect regarding general practitioner con-

sultations. ICU treatment was also associated with a higher probability of taking any medica-

tion (PR 1.08 [CI: 1.02; 1.14]) and a higher number of medications (PC +37.8% [CI: 17.7;

61.5]).

Table 2. Outpatient consultations and associated costs in the previous 12 months by ICU treatment status.

Self-reported ICU treatment in previous 12 months

Descriptive statistics Adjusted regression models‡

No (97.9%) Yes (2.1%)

(N = 6,547) (N = 139)

Variable Proportion / N or Geometric mean / Geom. SD Prevalence ratio (PR) [95% CI]§ or Percent

change (Δ) [95% CI]k,¶

Any consultation (12 months) 89.2% / 5842 98.6% / 137 PR 1.05 [1.03; 1.07]

Total number of consultations� 6.46 / 2.36 11.19 / 1.98 Δ + 58.0% [+ 22.8%; + 103.2%]

Total consultation costs, €� 176.30 / 2.71 373.11 / 2.19 Δ + 64.1% [+ 32.0%; + 103.9%]

Any consultation (4 weeks) 43.8% / 2866 76.3% / 106 PR 1.32 [1.21; 1.45]

Number of consultations 1.47 / 1.69 1.80 / 1.83 Δ + 73.6% [+ 33.3%; + 126.2%]

Currently taking medication† 68.4% / 4478 86.3% / 120 PR 1.08 [1.02; 1.14]

Number of medications† 2.68 / 2.10 4.67 / 2.04 Δ + 37.8% [+ 17.7%; + 61.5%]

General practitioner 76.1% / 4980 79.1% / 110 PR 0.90 [0.74; 1.09]

Number of consultations� 2.93 / 2.19 4.73 / 1.95 Δ - 7.4% [- 49.6%; + 69.9%]

Consultation costs, €� 55.17 / 2.19 89.12 / 1.95 Δ - 8.3% [- 52.7%; + 77.5%]

Any specialist consultation 77.3% / 5062 96.4% / 134 PR 1.13 [1.09; 1.16]

Number of consultations� 4.25 / 2.47 6.26 / 2.57 Δ + 65.4% [+ 23.6%; +121.3%]

Consultation costs, €� 143.35 / 2.80 257.04 / 2.90 Δ + 73.3% [+ 17.8%; + 155.1%]

� Number and costs of consultations: SHIP-2 only (N = 2,324)
† Excluding contraceptives
‡ Adjusted for age, gender, number of chronic diseases, cohort (SHIP-2/Trend-0), with balancing weights
§ Any consultation or medication intake: Poisson regression
kNumber of consultations or medications: Negative binomial regression
¶Consultation costs: Generalized linear models with gamma-distribution and log-link function

https://doi.org/10.1371/journal.pone.0222671.t002
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Health-related quality of life

Table 4 shows results for quality of life analyses. In the unadjusted data, post-ICU subjects

more frequently reported impairments in all five EQ-5D subdomains, and accordingly showed

lower health-related quality of life (EQ-5D index value 0.77 vs. 0.88). In adjusted regression

models, the effect of post-ICU status on the EQ-5D index value was Δ -13.7% [CI: -27.0; -0.3],

with a significantly higher probability of impairments in the domains self-care (PR 3.41 [CI:

1.71; 6.82]) and usual activity (PR 1.68 [CI: 1.21; 2.34]).

Fig 1 shows the association of health-related quality of life with medical consultations and

post-ICU status. The number of consultations in the previous four weeks was inversely associ-

ated with the EQ-5D index value, and this effect was more pronounced in post-ICU subjects.

Table 3. Specialist consultations and associated costs in the previous 12 months by ICU treatment status.

Self-reported ICU treatment in previous 12 months

Descriptive statistics Adjusted regression models†

No (97.9%) Yes (2.1%)

(N = 6,547) (N = 139)

Variable Proportion / N or Geometric mean / Geom. SD Prevalence ratio (PR) [95% CI]‡ or Percent

change (Δ) [95% CI]§,k

Internal medicine 28.2% / 1846 64.8% / 90 PR 1.67 [1.45; 1.92]

Number of consultations� 2.30 / 2.14 3.37 / 2.34 Δ + 85.0% [+ 30.8%; + 161.6%]

Consultation costs, €a 140.73 / 2.14 206.12 / 2.33 Δ + 88.3% [+ 31.8%; + 168.9%]

Surgery 16.8% / 1097 43.2% / 60 PR 2.42 [1.92; 3.05]

Number of consultations� 1.91 / 1.99 2.09 / 2.24 Δ + 134.5% [+ 45.9%; + 276.8%]

Consultation costs, €� 77.51 / 2.00 85.63 / 2.25 Δ + 133.2% [+ 40.5%; + 286.8%]

Neurology 9.7% / 634 22.3% / 31 PR 1.20 [0.79; 1.82]

Number of consultations� 2.12 / 2.12 1.74 / 1.84 Δ - 53.1% [- 81.5%; + 18.7%]

Consultation costs, €� 88.76 / 2.12 72.52 / 1.84 Δ - 58.9% [- 89.1%; + 55.5%]

Psychiatry or Psychotherapy 5.0% / 324 13.7% / 19 PR 2.25 [1.30; 3.90]

Number of consultations� 4.79 / 2.89 4.20 / 2.40 Δ + 95.5% [- 30.3%; + 448.6%]

Consultation costs, €� 351.27 / 2.89 308.12 / 2.40 Δ + 107.2% [- 28.6%; + 501.2%]

Dermatology 18.5% / 1208 22.3% / 31 PR 0.98 [0.66; 1.45]

Number of consultations� 1.63 / 1.81 1.58 / 1.72 Δ -24.7% [- 66.9%; + 71.4%]

Consultation costs, €� 28.80 / 1.81 28.03 / 1.71 Δ - 23.8% [- 68.4%; + 83.6%]

Ophthalmology 30.2% / 1974 40.3% / 56 PR 1.09 [0.89; 1.33]

Number of consultations� 1.52 / 1.81 1.58 / 2.20 Δ + 58.3% [- 12.0%; + 184.8%]

Consultation costs, €� 49.44 / 1.81 51.43 / 2.20 Δ + 6.6% [- 42.2%; + 96.6%]

Otorhinolaryngology 16.5% / 1081 19.4% / 27 PR 1.37 [0.93; 2.02]

Number of consultations� 1.54 / 1.80 1.67 / 1.99 Δ - 3.8% [- 44.0%; + 65.3%]

Consultation costs, €� 38.10 / 1.80 40.83 / 1.99 Δ - 37.9% [- 71.2%; + 33.9%]

Orthopedics 18.5% / 1214 28.8% / 40 PR 1.54 [1.11; 2.14]

Number of consultations� 1.93 / 1.92 2.15 / 2.22 Δ + 81.6% [- 7.9%; 258.3%]

Consultation costs, €� 46.03 / 1.92 51.01 / 2.21 Δ + 71.9% [- 16.1%; + 252.4%]

� Number and costs of consultations: SHIP-2 only (N = 2,324)
† Adjusted for age, gender, number of chronic diseases, cohort (SHIP-2/Trend-0), with balancing weights
‡ Any consultation: Poisson regression
§ Number of consultations: Negative binomial regression
k Consultation costs: Generalized linear models with gamma-distribution and log-link function

Omitted: Urology, Gynecology (Table B in S1 Appendix)

https://doi.org/10.1371/journal.pone.0222671.t003
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Sensitivity analyses

In regression analyses, we calculated unadjusted and fully adjusted models for comparison,

and additionally calculated E-values to estimate the potential impact of unmeasured confound-

ing (Tables B and C in S1 Appendix). [38] For example, an unmeasured confounder would

have to increase the probability of a surgical consultation by 4.27-fold beyond the measured

confounders to fully explain away the PR estimate for ICU treatment of 2.42, and by 3.25-fold

to bring its lower confidence limit below 1.0, respectively.

Discussion

In this study, we investigated the association of ICU treatment with outpatient health services

utilization and quality of life. In summary, we were able to show that ICU treatment is associ-

ated with an increased probability of outpatient specialist consultations, specifically internal

medicine, surgery, psychiatry, and orthopedics, but not general practitioner consultations.

ICU treatment was also associated with an increased number of outpatient consultations and

related costs. In addition, ICU treatment was associated with a higher probability of taking any

medication as well as a higher number of medications. We also found that ICU treatment is

associated with a 13.7% reduction of health-related quality of life (EQ-5D index value) and a

higher probability of impairments in self-care and usual activities within the first year follow-

ing critical illness. Quality of life was also inversely associated with the number of outpatient

consultations.

In this cross-sectional analysis of population-based data, we found a prevalence of ICU

treatment in the previous year of 2.1% among participants, which is congruent with official

statistical data from Germany: In 2012, at a total German population of 80,523,746, there were

2,127,037 ICU treatment cases, which results in a prevalence of 2.64%. [42, 43] At an estimated

one-year mortality of about 20%, this results in a hypothetical prevalence of survivors at one

year post-ICU of 2.11%, which validates our findings. [44, 45] While dedicated critical care

cohort studies may feature larger numbers of post-ICU subjects, the strength of this study

Table 4. EQ-5D-3L index value and subdomains by ICU treatment status.

ICU treatment in previous 12 months

Descriptive statistics Adjusted regression models†

No (97.9%) Yes (2.1%)

(N = 6,547)� (N = 139)

Variable Geometric mean / Geom. SD or Proportion / N Percent change (Δ) [95% CI]‡ or

Prevalence ratio (PR) [95% CI]§

EQ5D-3L index value 0.88 / 1.29 0.77 / 1.57 Δ - 13.7% [- 27.0%; - 0.3%]

Any impairment in EQ-5D-3L Subdomains
Mobility 13.0% / 850 26.6% / 37 PR 1.27 [0.93; 1.71]

Self-Care 1.6% / 105 6.5% / 9 PR 3.41 [1.71; 6.82]

Usual Activity 10.9% / 714 23.0% / 32 PR 1.68 [1.21; 2.34]

Pain/Discomfort 55.3% / 3608 70.5% / 98 PR 1.10 [0.99; 1.21]

Anxiety/Depression 18.7% / 1218 23.0% / 32 PR 1.09 [0.74; 1.59]

� N = 18 observations (< 1%) excluded (EQ-5D not available)
† Adjusted for age, gender, number of chronic diseases, cohort (SHIP-2/Trend-0), with balancing weights
‡ EQ-5D index value: fractional response model with average marginal effects
§ EQ-5D subdomain impairments: Poisson regression

https://doi.org/10.1371/journal.pone.0222671.t004
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consequently lies in the fact that it uses representative population-based data and compares

post-ICU resource utilization to that of the general population.

Previous research has shown that critical illness and ICU treatment is associated with an

increase in healthcare resource utilization and costs, mostly attributable to hospital readmis-

sion. [10–17, 46] The majority of these studies are based on ICU or hospital cohorts and are

thus not comparable to our study that relied on a sample of the general population. One previ-

ous study of a cohort of ARDS survivors reported results on outpatient specialist visits and

found that internal medicine and psychiatry were among the most frequently reported consul-

tations following intensive care, which is consistent with our findings. [17] Another recently

published study of a cohort of ARDS survivors from Germany reported detailed results on

resource utilization with overall comparable numbers for outpatient visits, with the most nota-

ble deviations being more general practitioner and fewer surgeon visits. [18] One study of crit-

ically ill older patients with a matched control group also reported more general practitioner

consultations and higher medication intake for post-ICU subjects. [47] In contrast, another

cohort study of post-ICU patients found no change in the number of general practitioner con-

sultations or medications in the majority of the participants. [48]
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Fig 1. Association of the EQ-5D-3L index value with outpatient consultations in the previous 4 weeks by ICU

treatment status (average marginal effects from a fractional response model).

https://doi.org/10.1371/journal.pone.0222671.g001
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An interesting finding from our study is that ICU treatment is associated with more special-

ist, but not general practitioner consultations. It is unclear why general practitioners were not

more frequently consulted following ICU treatment, but a possible explanation is the free

choice of treatment providers including specialists in the German healthcare system. Further

qualitative studies might elucidate these patients’ motivation to directly consult a specialist

instead of a general practitioner. The finding that surgeons and orthopedists are more likely to

be consulted can be explained by postoperative ICU stays and surgical follow-up, including

orthopedists in case of orthopedic surgery. Similarly, the higher probability and number of

internal medicine consultations, as well as the increased medication intake, can be explained

by medical ICU stays related to organ dysfunction such as sepsis or cardiovascular events. Our

results indicate that patients are more likely to consult a psychiatrist following ICU treatment,

which might be explained by neuropsychiatric sequelae, but do not receive a substantially dif-

ferent psychiatric treatment in terms of the number of therapy sessions.

Short- and long-term impairments in quality of life in survivors of critical illness have pre-

viously been demonstrated. [6, 7] Our analyses of the EQ-5D instrument showed a 13.7%

reduction of health-related quality of life (EQ-5D index value) and a higher probability of

impairments in self-care and usual activities, which confirms previous findings. [16, 49, 50] As

a novel result, we additionally found that the quality of life measure was inversely associated

with the number of outpatient consultations in the previous four weeks, significantly more so

for post-ICU subjects (Fig 1). Our results indicate that low quality of life is associated with fre-

quent specialist consultations for this subgroup of patients.

ICU treatment is associated with continuation of inappropriate medication after discharge,

as well as discontinuation of maintenance medication for chronic diseases, possibly resulting

in increased morbidity and mortality. [51, 52] The Society of Critical Care Medicine has rec-

ommended integration of a pharmacist into ICU teams, and the benefits of this involvement

have previously been demonstrated. [53–55] A recent study investigated the utility of critical

care pharmacist visits in an ICU recovery center with promising results. [56] In our study,

ICU treatment was associated with a 38% increase of the number of medications within the

following year, supporting the idea that these patients might also benefit from clinical pharma-

cist visits in the follow-up period.

We acknowledge some limitations of our study. First of all, the temporal association of

comorbidities, ICU treatment, and outpatient consultations, all reported for the year prior to

the respective examination, cannot be determined more exactly due to the cross-sectional

study design. However, we have implemented comprehensive adjustments into our analyses to

address these uncertainties.

Second, since SHIP is a general population-based cohort study and not a dedicated critical

care cohort study, detailed data on ICU diagnoses and treatment modalities are not available.

Using a population-based cohort for the research question at hand offers some unique advan-

tages, however, mostly through comparison to the general population as described above.

While reported ICU treatment was the exposure variable for our analyses, it is important to

note that it also indicates critical illness. Accordingly, we cannot determine the cause and

severity of critical illness or the intensity of ICU treatment, which is typically classified using

the sequential organ failure assessment score (SOFA) or a comparable system. [57] We have

addressed this uncertainty by adjusting for morbidity using the number of present chronic

conditions, under the assumption that multimorbid patients required more intensive treat-

ment. In sensitivity analyses using E-values, we found that substantial confounding would be

needed to explain most of the effect estimates with significant results. However, we cannot

fully exclude residual confounding due to premorbid disease burden including psychiatric

disease.
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Another limitation comes from the fact that healthcare services use was self-reported and

could not be validated. However, self-reports of outpatient consultations and hospital admis-

sions are highly correlated with actual use of services, and greater utilization of healthcare ser-

vices is typically associated with underreporting, so our study most likely provides conservative

estimates. [58, 59] Compared to representative data for the use of medical services in Germany,

we found good overall agreement, especially regarding the group without ICU treatment, which

further validates our results. [60]

Conclusions

ICU treatment is associated with an increased utilization of outpatient specialist services,

higher medication intake, and impaired quality of life. Furthermore, quality of life is inversely

associated with the frequency of outpatient consultations. Further research into post-ICU fol-

low-up care is needed to develop treatment strategies that are effective for improving quality of

life and reducing healthcare costs. It has been proposed that future trials should focus on

multi-disciplinary follow-up strategies, which might include physicians as well as other profes-

sions such as nurses, physiotherapists, occupational, speech and language therapists, psycholo-

gists, dieticians, social workers or clinical pharmacists. [56, 61, 62] Our study contributes to

this goal by identifying specific medical disciplines that should be considered for multi-disci-

plinary post-ICU interventions.

Supporting information

S1 Appendix. Supplementary material. Table A. Entropy balancing diagnostics. Table B.

Outpatient consultations and associated costs in the previous 12 months by ICU treatment sta-

tus, including sensitivity analyses. Table C. EQ-5D-3L index value and subdomains by ICU

treatment status, including sensitivity analyses.
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43. Bevölkerung zum Stichtag 31.12. des jeweiligen Jahres. (Primärquelle: Statistisches Bundesamt). 2012

[10.07.2019]. Available from: www.gbe-bund.de (Rahmenbedingungen -> Bevölkerung -> Bevölker-

ungsstand -> Tabelle: Bevölkerung am Jahresende ab 2011).

44. Gayat E, Cariou A, Deye N, Vieillard-Baron A, Jaber S, Damoisel C, et al. Determinants of long-term

outcome in ICU survivors: results from the FROG-ICU study. Critical care (London, England). 2018; 22

(1):8–. https://doi.org/10.1186/s13054-017-1922-8 PMID: 29347987.

45. Szakmany T, Walters AM, Pugh R, Battle C, Berridge DM, Lyons RA. Risk Factors for 1-Year Mortality

and Hospital Utilization Patterns in Critical Care Survivors: A Retrospective, Observational, Population-

Based Data Linkage Study. Crit Care Med. 2019; 47(1):15–22. Epub 2018/11/18. https://doi.org/10.

1097/CCM.0000000000003424 PMID: 30444743; PubMed Central PMCID: PMC6330072.

46. Hua M, Gong MN, Brady J, Wunsch H. Early and late unplanned rehospitalizations for survivors of criti-

cal illness. Crit Care Med. 2015; 43(2):430–8. Epub 2015/01/20. https://doi.org/10.1097/CCM.

0000000000000717 PMID: 25599467; PubMed Central PMCID: PMC4452376.

47. Jeitziner MM, Zwakhalen SM, Hantikainen V, Hamers JP. Healthcare resource utilisation by critically ill

older patients following an intensive care unit stay. Journal of clinical nursing. 2015; 24(9–10):1347–56.

Epub 2015/02/12. https://doi.org/10.1111/jocn.12749 PMID: 25669142.

48. Williams TA, Leslie GD, Brearley L, Dobb GJ. Healthcare utilisation among patients discharged from

hospital after intensive care. Anaesthesia and intensive care. 2010; 38(4):732–9. Epub 2010/08/19.

https://doi.org/10.1177/0310057X1003800417 PMID: 20715739.

49. Cuthbertson BH, Roughton S, Jenkinson D, Maclennan G, Vale L. Quality of life in the five years after

intensive care: a cohort study. Crit Care. 2010; 14(1):R6. Epub 2010/01/22. https://doi.org/10.1186/

cc8848 PMID: 20089197; PubMed Central PMCID: PMC2875518.

50. Linko R, Suojaranta-Ylinen R, Karlsson S, Ruokonen E, Varpula T, Pettila V. One-year mortality, quality

of life and predicted life-time cost-utility in critically ill patients with acute respiratory failure. Crit Care.

2010; 14(2):R60. Epub 2010/04/14. https://doi.org/10.1186/cc8957 PMID: 20384998; PubMed Central

PMCID: PMC2887181.

51. Bell CM, Brener SS, Gunraj N, Huo C, Bierman AS, Scales DC, et al. Association of ICU or hospital

admission with unintentional discontinuation of medications for chronic diseases. Jama. 2011; 306

(8):840–7. Epub 2011/08/25. https://doi.org/10.1001/jama.2011.1206 PMID: 21862745.

52. Morandi A, Vasilevskis E, Pandharipande PP, Girard TD, Solberg LM, Neal EB, et al. Inappropriate

medication prescriptions in elderly adults surviving an intensive care unit hospitalization. Journal of the

American Geriatrics Society. 2013; 61(7):1128–34. Epub 2013/07/17. https://doi.org/10.1111/jgs.

12329 PMID: 23855843; PubMed Central PMCID: PMC3713508.

Healthcare services utilization following intensive care

PLOS ONE | https://doi.org/10.1371/journal.pone.0222671 September 20, 2019 14 / 15

https://doi.org/10.1093/aje/kwn164
http://www.ncbi.nlm.nih.gov/pubmed/18682488
https://doi.org/10.1002/sim.6607
http://www.ncbi.nlm.nih.gov/pubmed/26238958
https://doi.org/10.7326/M16-2607
http://www.ncbi.nlm.nih.gov/pubmed/28693043
https://doi.org/10.1093/aje/kwh221
http://www.ncbi.nlm.nih.gov/pubmed/15286014
https://doi.org/10.1016/j.jhealeco.2004.09.011
https://doi.org/10.1016/j.jhealeco.2004.09.011
http://www.ncbi.nlm.nih.gov/pubmed/15811539
https://doi.org/10.1177/0272989x11416988
http://www.ncbi.nlm.nih.gov/pubmed/22009667
http://www.gbe-bund.de
http://www.gbe-bund.de
https://doi.org/10.1186/s13054-017-1922-8
http://www.ncbi.nlm.nih.gov/pubmed/29347987
https://doi.org/10.1097/CCM.0000000000003424
https://doi.org/10.1097/CCM.0000000000003424
http://www.ncbi.nlm.nih.gov/pubmed/30444743
https://doi.org/10.1097/CCM.0000000000000717
https://doi.org/10.1097/CCM.0000000000000717
http://www.ncbi.nlm.nih.gov/pubmed/25599467
https://doi.org/10.1111/jocn.12749
http://www.ncbi.nlm.nih.gov/pubmed/25669142
https://doi.org/10.1177/0310057X1003800417
http://www.ncbi.nlm.nih.gov/pubmed/20715739
https://doi.org/10.1186/cc8848
https://doi.org/10.1186/cc8848
http://www.ncbi.nlm.nih.gov/pubmed/20089197
https://doi.org/10.1186/cc8957
http://www.ncbi.nlm.nih.gov/pubmed/20384998
https://doi.org/10.1001/jama.2011.1206
http://www.ncbi.nlm.nih.gov/pubmed/21862745
https://doi.org/10.1111/jgs.12329
https://doi.org/10.1111/jgs.12329
http://www.ncbi.nlm.nih.gov/pubmed/23855843
https://doi.org/10.1371/journal.pone.0222671


53. Brilli RJ, Spevetz A, Branson RD, Campbell GM, Cohen H, Dasta JF, et al. Critical care delivery in the

intensive care unit: defining clinical roles and the best practice model. Crit Care Med. 2001; 29

(10):2007–19. Epub 2001/10/06. https://doi.org/10.1097/00003246-200110000-00026 PMID:

11588472.

54. Kane SL, Weber RJ, Dasta JF. The impact of critical care pharmacists on enhancing patient outcomes.

Intensive Care Med. 2003; 29(5):691–8. Epub 2003/04/01. https://doi.org/10.1007/s00134-003-1705-3

PMID: 12665997.

55. MacLaren R, Bond CA, Martin SJ, Fike D. Clinical and economic outcomes of involving pharmacists in

the direct care of critically ill patients with infections. Crit Care Med. 2008; 36(12):3184–9. Epub 2008/

10/22. https://doi.org/10.1097/CCM.0b013e31818f2269 PMID: 18936700.

56. Stollings JL, Bloom SL, Wang L, Ely EW, Jackson JC, Sevin CM. Critical Care Pharmacists and Medi-

cation Management in an ICU Recovery Center. The Annals of pharmacotherapy. 2018; 52(8):713–23.

Epub 2018/02/20. https://doi.org/10.1177/1060028018759343 PMID: 29457491; PubMed Central

PMCID: PMC6039256.

57. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, et al. The SOFA (Sepsis-

related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Work-

ing Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive

Care Med. 1996; 22(7):707–10. Epub 1996/07/01. https://doi.org/10.1007/bf01709751 PMID: 8844239.

58. Reijneveld SA, Stronks K. The validity of self-reported use of health care across socioeconomic strata:

a comparison of survey and registration data. Int J Epidemiol. 2001; 30(6):1407–14. Epub 2002/02/01.

https://doi.org/10.1093/ije/30.6.1407 PMID: 11821355.

59. Ritter PL, Stewart AL, Kaymaz H, Sobel DS, Block DA, Lorig KR. Self-reports of health care utilization

compared to provider records. Journal of clinical epidemiology. 2001; 54(2):136–41. Epub 2001/02/13.

PMID: 11166528.

60. Rattay P, Butschalowsky H, Rommel A, Prutz F, Jordan S, Nowossadeck E, et al. Utilization of outpa-

tient and inpatient health services in Germany: results of the German Health Interview and Examination

Survey for Adults (DEGS1). Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz.

2013; 56(5–6):832–44. Epub 2013/05/25. https://doi.org/10.1007/s00103-013-1665-x PMID:

23703505.

61. Vijayaraghavan BKT, Willaert X, Cuthbertson BH. Should ICU clinicians follow patients after ICU dis-

charge? No. Intensive Care Med. 2018; 44(9):1542–4. Epub 2018/07/29. https://doi.org/10.1007/

s00134-018-5117-9 PMID: 30054688.

62. Held N, Moss M. Optimizing Post-Intensive Care Unit Rehabilitation. Turk Thorac J. 2019; 20(2):147–

52. https://doi.org/10.5152/TurkThoracJ.2018.18172 PMID: 30958989.

Healthcare services utilization following intensive care

PLOS ONE | https://doi.org/10.1371/journal.pone.0222671 September 20, 2019 15 / 15

https://doi.org/10.1097/00003246-200110000-00026
http://www.ncbi.nlm.nih.gov/pubmed/11588472
https://doi.org/10.1007/s00134-003-1705-3
http://www.ncbi.nlm.nih.gov/pubmed/12665997
https://doi.org/10.1097/CCM.0b013e31818f2269
http://www.ncbi.nlm.nih.gov/pubmed/18936700
https://doi.org/10.1177/1060028018759343
http://www.ncbi.nlm.nih.gov/pubmed/29457491
https://doi.org/10.1007/bf01709751
http://www.ncbi.nlm.nih.gov/pubmed/8844239
https://doi.org/10.1093/ije/30.6.1407
http://www.ncbi.nlm.nih.gov/pubmed/11821355
http://www.ncbi.nlm.nih.gov/pubmed/11166528
https://doi.org/10.1007/s00103-013-1665-x
http://www.ncbi.nlm.nih.gov/pubmed/23703505
https://doi.org/10.1007/s00134-018-5117-9
https://doi.org/10.1007/s00134-018-5117-9
http://www.ncbi.nlm.nih.gov/pubmed/30054688
https://doi.org/10.5152/TurkThoracJ.2018.18172
http://www.ncbi.nlm.nih.gov/pubmed/30958989
https://doi.org/10.1371/journal.pone.0222671

