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Abstract
Purpose The aim of this study was to determine the impact of age on patient-reported health-related quality of life (HRQoL) 
and the capacity to show resilience—i.e., the ability to adapt to stressful adverse events—after sustaining a polytrauma.
Methods A cross-sectional multicenter cohort was conducted between 2013 and 2016 that included surviving polytrauma 
patients (ISS ≥ 16). HRQoL was obtained by the Short Musculoskeletal Function assessment and EuroQol (SMFA and 
EQ-5D-5L). The effect of age on HRQoL was tested with linear regression analysis. Next, the individual scores were com-
pared with age- and sex-matched normative data to determine whether they showed resilience. Multivariate binary logistic 
regression was used to assess the effect of age on reaching the normative threshold of the surveys, correcting for several 
confounders.
Results A total of 363 patients responded (57%). Overall, patients had a mean EQ-5D-5L score of 0.73. With higher age, 
scores on the SMFA subscales “upper extremity dysfunction,” “lower extremity dysfunction” and “daily activities” signifi-
cantly dropped. Only 42% of patients were classified as being resilient, based on the EQ-5D-5L score. Patients aged 60–69 
showed the highest resilience (56%), and those aged 80 + showed the lowest resilience (0%).
Conclusion Sustaining a polytrauma leads to a serious decline in HRQoL. Aging is associated with a decline in the physical 
components of HRQoL. No clear relationship with age was seen on the non-physical components of quality of life. Octo-
genarians, and to a lesser extent septuagenarians and tricenarians, showed to be very vulnerable groups, with low rates of 
resilience after surviving a polytrauma.
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Introduction

Being polytraumatized, generally defined as having an injury 
severity score (ISS) of 16 and above, has a large impact on 
one’s life. Sustaining a polytrauma has globally been recog-
nized as one of the leading causes of mortality, morbidity, 
occupational disability and loss of health-related quality of 
life (HRQoL) within the young population [1–5]. The effect 
of polytrauma on quality of life in surviving elderly remains 
unclear though.

Older polytrauma patients are a growing population rep-
resenting almost half of all polytraumatized and are expected 
to grow further in the coming decades [6]. Young and old 
polytraumatized patients have proved to be different groups 
in terms of injury pattern, survival and clinical outcome [7, 
8]. The young sustain more high-impact injuries yet show 
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a higher survival rate and fewer in-hospital complications 
than the old.

To improve current polytrauma care, it is important to 
look beyond mere survival and to assess patient-reported 
aspects of long-term mental and functional outcome. The 
literature on the effect of age on patient-reported HRQoL 
after sustaining a trauma/polytrauma ranges from reporting 
no effect to a significant negative relationship [3, 5, 9]. How-
ever, these studies provided no information on pre-injury 
status, making the relationship between age and reported 
outcome hard to interpret.

A polytrauma often leads to permanent life changes and 
recovery, and rarely reaches the pre-injury state. The ulti-
mate goal for most polytrauma survivors is to fully adapt 
and embrace life after the injury, including its limitations. 
This is in line with the new proposed definition of health by 
Huber et al. from 2011, where health is regarded as the abil-
ity to adapt and self-manage [9]. The quality to withstand 
adversity and bounce back from difficult life events is called 
resilience [11]. This is a multidimensional personal trait that 
originates from the field of psychology and is gaining atten-
tion in the field of medicine (e.g., oncology and orthope-
dics). It is relevant because it is measurable, trainable, and 
for most, it could make the difference in the recovery pro-
cess after sustaining a major trauma. Multiple studies show 
that resilience does not decline with age and that the elderly 
show the same or higher scores on resilience compared to 
young adults [12, 13].

One way to measure resilience within a trauma popula-
tion is to assess whether HRQoL has recovered after the 
major trauma. The research field of acute medicine, however, 
is limited by the lack of prospective pre-injury screening, 
complicating the definition of the true impact of a trauma. 
Normative data of HRQoL surveys could be used as a substi-
tute and may serve as a criterion for resilience [14]. Hence, 
the main objective of this multicenter study was to explore 
the effect of age of surviving polytrauma patients on patient-
reported HRQoL and their resilience capacity, from 1 up to 
5 years post-injury using age- and sex-adjusted normative 
data.

Methods

Study population and design

A multicenter cross-sectional survey study was conducted in 
2018, including all surviving adult patients with an ISS ≥ 16 
who presented between January 2013 and January 2017 at 
one of the three participating trauma centers in the north-
ern Netherlands. Patients were identified through the Dutch 
Trauma Registry (DTR), a mandatory ongoing database 
based on the Major Trauma Outcome Study (MTOS +) [15]. 

Patients who had a traceable Dutch home address, who were 
able to complete a set of Dutch questionnaires and who pro-
vided a written informed consent were requested to fill in 
a set of questionnaires with a follow-up ranging from 1 up 
to 5 years. Isolated thermal injuries and submersions were 
excluded. After six weeks, a single reminder was sent to the 
non-respondents.

For purposes of this study, demographics, injury charac-
teristics (Abbreviated Injury Scale, AIS scores) and physi-
cal (Glasgow Coma Scale and systolic blood pressure on 
admission) and clinical characteristics (admission duration, 
intensive care admission and duration) were extracted from 
the DTR database in order to identify possible determinants 
of patient-reported outcomes. The abbreviated injury scores 
(AIS, version 2008) were used to divide into the following 
injured regions: head, thorax, abdomen, spine, upper and 
lower extremity [16].

Outcome assessment

In this study, the Dutch EuroQol (EQ-5D-5L) and the Dutch 
Short Musculoskeletal Function Assessment (SMFA) were 
used as generic measures to analyze HRQoL. Both patient-
reported outcome measures (PROMs) are shown to be valid 
and reliable for assessing HRQoL of the trauma population 
[17–19]. Recent national normative data are available for 
both the EQ-5D-5L and the SMFA, enabling an age- and 
sex-corrected comparison with the general Dutch popula-
tion [20, 21].

The generic EQ-5D-5L classification of health covers 
the main health domains that are affected by injury [22]. In 
this classification, health is defined along five dimensions: 
mobility, self-care, usual activities, pain and discomfort, and 
anxiety and depression. Each dimension has five levels. A 
domain-related scoring algorithm based on empirical valu-
ations from the Dutch general population and subsequent 
statistical modeling is available, by which each health sta-
tus description can be expressed into a utility score (EQ-
5D-US), ranging from 1 for perfect health to 0 for death [20].

The SMFA was designed to assess health status and 
HRQoL of patients with a broad range of musculoskeletal 
injuries and disorders. It consists of 46 items that are scored 
on an ordinal five-point Likert scale, which has shown a 
superior structural validity with the trauma population in a 
four-subscale structure [17, 18] compared to the initial two-
index structure [23]. The SMFA will be used to evaluate four 
constructs using the subscales “upper extremity dysfunc-
tion” (6 items), “lower extremity dysfunction” (12 items), 
“problems with daily activities” (20 items) and “mental and 
emotional problems” (8 items). The sum scores of all four 
subscales are transformed into a score ranging from 0 to 100, 
where 100 equals the best possible score.
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Statistical analysis

Baseline characteristics of the respondents were split up 
per specific age decade: 18–29, 30–39, 40–49, 50–59, 
60–69, 70–79 and ≥ 80 years. A non-response analysis was 
performed on demographics, injury characteristics and 
clinical characteristics. AIS scores were dichotomized for 
each aforementioned anatomical region with a threshold 
of AIS ≥ 3, which was considered a severe injury of this 
specific region. Glasgow Coma Scale (EMV score ≤ 8) and 
systolic blood pressure (SBP ≤ 90 mmHg) were dichoto-
mized. Categorical variables were presented using fre-
quencies and percentages, and tested using Pearson’s 
Chi-square test. Normally distributed continuous variables 
were presented using means and standard deviations and 
tested with independent-samples T-test. Non-Gaussian dis-
tributed variables were presented as median and interquar-
tile range (IQR), and tested with the Kruskal–Wallis test.

Missing data were present in 2.2% of all survey items 
(EQ-5D-5L: 5/1800 items, SMFA: 395/16560 items). 
Fully conditional specification multiple imputation was 
used to handle these missing data as guided by Van Buuren 
[24]. Missingness at random was assumed and checked. 
The number of imputations was 20, with a maximum of 
10 iterations. Data were imputed using the five individual 
items of EQ-5D-5L, the sum score of the four each sub-
scales of the SMFA and age.

First, the effect of age (in years) on the EQ-5D-5L util-
ity score and the four SMFA subscale scores was tested 
with linear regression, corrected for the individual body 
regions (AIS < / ≥ 3), EMV ≤ / > 8, ICU admission and 
months of follow-up (method: Enter). Reporting problems 
on item level of the EQ-5D-5L are analyzed on differences 
between the age decades with the Chi-square test.

Subsequently, the utility scores of the EQ-5D-5L and 
the scores of the four SMFA subscales were compared 
to the age- and sex-adjusted Dutch normative data [20, 
21]. Patients were classified as being resilient when their 
score was within the 95% confidence interval of the age- 
and sex-adjusted normative score. Normative data for 
the SMFA are only present up to age 75. Patients aged 
75 years and older in this study were therefore compared 
to the highest age group of the normative data.

Second, the effect of age on being resilient for the 
EQ-5D-5L and the four SMFA subscales was assessed 
by means of multivariate logistic regression analysis 
(Method: Enter, p-removal: 0.157), corrected for the 
individual severely injured body regions (AIS < / ≥ 3), 
EMV ≤ / > 8, ICU admission and months of follow-up. 
Odds ratios (OR) with corresponding 95% confidence 
intervals are reported.

Multiple imputation and statistical analyses were per-
formed with IBM SPSS Statistics 23.0 (IBM, Armonk, 

NY). Significance of statistical differences was attributed 
to p < 0.05.

Results

Patients

A total of 632 polytrauma survivors who met the inclusion 
criteria were identified; 363 of them returned a set of com-
pleted questionnaires (response rate: 57%). Median time to 
follow-up was 35 months (IQR: 20–47), mean age 53 years 
(SD: 17.8) and median ISS 21 (IQR: 17–26), with a majority 
of males (71%). Among the respondents, 43 patients (11.8%) 
were aged 75 years and older.

The non-response analysis (Table 1) showed two signifi-
cant differences. The median age of the non-responders was 
lower compared to the responding group (non-respondents 
45 years vs. respondents 53 years, p < 0.01). Besides, the 
non-respondents had a shorter median admission duration 
compared to the respondents (non-respondents 11 days vs. 
respondents 13 days, p: 0.04). Gender ratio, months of fol-
low-up, injury characteristics (ISS and AIS ≥ 3 scores) and 
clinical parameters showed no significant differences.

Table 2 shows the baseline characteristics for all respond-
ents, split up per age group. Some significant differences 
were noted between the different age groups. Higher age was 
significantly associated with less severe abdominal trauma 
and less intensive care admissions among polytraumatized 
patients.

Effect of age on patient‑reported outcome

Figure 1 displays the mean standardized scores with the cor-
responding standard deviation interval of the study per age 
decade. For comparison’s sake, the mean scores of all sur-
veys and reporting of problems at the item level of the EQ-
5D-5L are presented for each specific age decade in Table 3.

EQ‑5D‑5L

Overall, the polytraumatized patients had a mean EQ-5D-5L 
utility score of 0.73, with scores ranging from 0.61 (age 
group ≥ 80) to 0.76 (age groups 18–29 and 40–49). In total, 
46.2% of all patients reported problems with mobility, 29.2% 
with self-care, 57.2% with daily activities, 67.5% reported 
a form of pain or discomfort, and 37.2% reported mental 
problems with anxiety or depression. No significant effect 
of age was found on the utility score. Higher age did not 
affect the utility score significantly (B: – 0.001, p: 0.15, CI: 
– 0.03–0.00).

As shown in Table 3, higher age was significantly asso-
ciated with reporting problems on the EQ-5D-5L items: 
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Table 1  Non-responder analysis

IQR interquartile range, SD standard deviation, AIS abbreviated injury score, SBP systolic blood pressure, 
ICU intensive care unit
Significant results are bolded
* 20 missing, **33 missing

Non-responders
(n = 269)

Responders
(n = 363)

p-value

Females (%) 73 (27%) 106 (29%) 0.52
Mean age (SD) 45.2 53.4  < 0.001
Injury characteristics
Median ISS (IQR) 22 (17–29) 21 (17–26) 0.51
AIS head ≥ 3 143 (53%) 185 (51%) 0.66
AIS thorax ≥ 3 133 (49%) 154 (43%) 0.10
AIS abdomen ≥ 3 35 (13%) 45 (12.5%) 0.85
AIS spine ≥ 3 49 (18%) 50 (14%) 0.14
AIS upper extremity ≥ 3 14 (5%) 25 (7%) 0.37
AIS lower extremity ≥ 3 48 (18%) 64 (18%) 0.98
Physical parameters on admission
Glasgow Coma Scale ≤ 8* 58 (22%) 91 (26%) 0.29
SBP (< 90 mmHg) 15 (16%) 19 (5%) 0.86
Clinical parameters
Median admission duration (IQR) 11 (6–21) 13 (7–22) 0.04
ICU admission (% yes)** 150 (58%) 222 (66%) 0.06
Median no. days ICU (IQR) 2 (0–5) 2 (0–5) 0.18

Table 2  Baseline characteristics

IQR interquartile range, SD standard deviation, AIS abbreviated injury score, SBP systolic blood pressure, ICU intensive care unit
Significant results are bolded
* 11 missing, **22 missing

Ages 18–29
(n = 57)

Ages 30–39
(n = 22)

Ages 40–49
(n = 48)

Ages 50–59
(n = 80)

Ages 60–69
(n = 82)

Ages 70–79
(n = 56)

Ages ≥ 80
(n = 18)

p-value

Females (%) 14 (25%) 7 (32%) 12 (25%) 28 (35%) 19 (23%) 21 (38%) 5 (33%) 0.45
Mean age (SD) 23.2 (3.6) 35.1 (2.7) 44.7 (2.5) 54.3 (2.7) 64.0 (2.9) 74.2 (2.5) 83.6 (3.6) NA
Injury characteristics
Median ISS (IQR) 25 (19–29) 25 (20–29) 22 (17–28) 22 (17–26) 21 (17–26) 21 (17–25) 21 (17–29) 0.15
AIS head ≥ 3 27 (48%) 10 (46%) 23 (48%) 37 (46%) 42 (51%) 37 (66%) 9 (60%) 0.38
AIS thorax ≥ 3 25 (44%) 9 (41%) 26 (54%) 31 (39%) 35 (43%) 20 (36%) 8 (53%) 0.55
AIS abdomen ≥ 3 15 (26%) 6 (27%) 7 (15%) 9 (11%) 4 (5%) 4 (7%) 0 (0%)  > 0.001
AIS spine ≥ 3 7 (12%) 5 (23%) 2 (4%) 10 (13%) 14 (17%) 8 (14%) 4 (27%) 0.22
AIS upper extremity ≥ 3 5 (8%) 2 (9%) 5 (10%) 2 (3%) 7 (9%) 4 (7%) 0 (0%) 0.51
AIS lower extremity ≥ 3 15 (26%) 3 (16%) 11 (23%) 12 (15%) 12 (15%) 9 (16%) 2 (13%) 0.51
Physical parameters on admission
Glasgow Coma Scale ≤ 8* 21 (37%) 7 (32%) 11 (23%) 21 (27%) 20 (26%) 8 (15%) 3 (21%) 0.24
SBP (< 90 mmHg) 3 (5%) 2 (9%) 1 (2%) 5 (6%) 6 (7%) 1 (2%) 1 (7%) 0.69
Clinical parameters
Median admission duration (IQR) 11 (7–21) 15.5 (8–30) 13.5 (8–24) 15 (8–23) 11 (6–16) 12.5 (6–19) 16 (10–23) 0.22
ICU admission (% yes)** 44 (79%) 14 (73%) 32 (71%) 52 (70%) 43 (57%) 28 (52%) 9 (64%) 0.04
Median no. days ICU (IQR) 2 (1–4.75) 4 (0–14) 2 (0–6) 3 (0–7) 2 (0–40) 1 (0–3) 4.5 (0–10)  > 0.001
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Fig. 1  Standardized EQ-5D-5L utility score and SMFA subscales scores for different age decades
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mobility, self-care and daily activities. No significant asso-
ciation was found for the items pain and discomfort or anxi-
ety and depression.

SMFA

For SFMA scores, a significant effect for higher age was seen 
within upper extremity dysfunction (B: – 0.29, p < 0.001, 
CI: – 0.42 to –0.16), lower extremity dysfunction (B: -0.30, 
p < 0.001, CI: – 0.45 to – 0.16) and daily activities subscales 
(B: – 0.21, p: 0.01, CI: – 0.37 to – 0.05). No significant trend 
for age was found on the standardized scores for mental and 
emotional problems (B: 0.047, p: 0.47, CI: – 0.08–0.18).

Effect of age on resilience

Figure 2 and Table 4 present the percentages of the study 
population classified as being resilient (having reached the 
95% confidence interval of their age- and sex-matched peers 

of the general Dutch population) on the four subscales of the 
SMFA and the utility score of the EQ-5D-5L, per age group.

EQ‑5D‑5L

Less than half (42%) of the polytrauma population was 
classified as being resilient in their HRQoL, based on the 
EQ-5D-5L utility score. Polytrauma patients in their six-
ties showed the highest resilience (56%), closely followed 
by those in their forties (47%) and fifties (46%). No octo-
genarians showed resilience in the EQ-5D-5L. A decline 
in reaching the Dutch norm of HRQoL as measured with 
the EQ-5D-5L was seen not only for the very old, but also 
for the youngest age cohorts, especially polytrauma patients 
aged 30–39, only 22% of whom reached resilience. Patients 
aged 60–69 showed significantly higher resilience compared 
to the reference group (OR: 2.20, CI: 1.49–3.27, p: 0.04, 
Table 5). Other age groups did not show differences in resil-
ience compared to the reference group.

SMFA

Considering resilience on the upper extremity and lower 
extremity dysfunction subscales, a clear declining trend was 
seen for higher age (Fig. 2). This is confirmed by the results 
of the binary logistic regression analysis (as displayed in 
Table 5), where higher age from ≥ 50 years (OR: 0.33, CI: 
0.13–0.79, p: 0.01) for the upper extremity and ≥ 70 years for 
the lower extremity (OR: 0.26, CI: 0.11–0.63, p < 0.001) is 
significantly associated with a reduced resilience on these 
subscales.

In total, 46.3% of the total study population showed resil-
ience on the daily activities subscale. No significant differ-
ences were found between the age groups. Patients aged 
60–69 showed the highest resilience (53.7%) on the mental 
and emotional problems subscale. Octogenarians (26.7%), 
tricenarians (27.3%) and septuagenarians (32%) showed 
the lowest resilience. Tricenarians and septuagenarians 

Fig. 2  Resilience on subscales SMFA and EQ-5D-5L utility score for 
the different age decades

Table 4  Resilience on subscales 
SMFA and EQ-5D-5L utility 
score for the different age 
decades

* Imputed data are presented

Age (years) n EQ-5D-5L SMFA

Upper
extremity

Lower
extremity

Daily
activities

Emotion

18–29 57 37% 81% 65% 42% 49%
30–39 22 23% 73% 46% 32% 27%
40–49 48 48% 77% 65% 48% 52%
50–59 80 46% 63% 55% 48% 43%
60–69 82 56% 65% 60% 49% 54%
70–79 56 36% 52% 45% 41% 32%
 ≥ 80 18 0% 28% 7% 7% 27%
Total 363 42% 65% 54% 44% 44%
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showed significant lower odds for resilience on this sub-
scale compared to the youngest group (30–39 years: OR: 
0.28, CI: 0.08–0.99, p: 0.04 and 70–79 years: OR: 0.37, CI: 
0.16–0.86, p: 0.02, respectively).

Discussion

The main goal of this study was to examine the effect of age 
on health-related quality of life and the capacity to show 
resilience, in this study defined as reaching the age- and sex-
adjusted normative HRQoL. The explanation of the role of 
age in this matter requires a multilayered answer.

Polytrauma survivors in our population overall have 
undeniably lower HRQoL (as measured with the EQ-5D-5L, 
mean: 0.73) compared to the healthy population (mean: 
0.87–0.88) [20, 25]. Our findings are in line with the results 
of a recent Dutch study, having a comparable mean utility 
score at one year of follow-up after a severe trauma [26]. 
To put the burden of a polytrauma survivor in perspective, 
the presented range of HRQoL in this study measured with 
the EQ-5D-5L is comparable to patients with severe COPD, 
cardiovascular disease and multiple sclerosis [20, 27, 28].

Considering the effect of age, there is a clear difference 
in performance on the physical and non-physical aspects of 
HRQoL. Elderly report significantly worse functioning of 
the upper and lower extremities after sustaining a polytrauma 
compared to younger persons. By contrast, emotional well-
being, pain and discomfort, and anxiety and depression were 
not clearly affected by increasing age. Elderly likewise report 
more problems with mobility, self-care and daily activities. 
But to what extent does the found difference in this study 
relate to the trauma sustained from the injury, instead of 
just aging? Mobility, self-care ability and performance of 
the legs and arms will inevitably decline by a certain age. A 
comparable yet less distinct pattern for increasing age is seen 
in the normative data of the Dutch population of the SMFA 
[21]. To fully understand the impact of age on the quality 
of life of a surviving polytrauma patient, this must be put in 
the perspective of the normative data.

Overall, less than half of the study population showed 
resilience on HRQoL measured with the EQ-5D-5L. A 
cautious statement would be that probably the majority of 
polytrauma survivors had to give in on their quality of life. 
The young, however, were able to reach higher standards of 
resilience, mainly on the physical aspects of HRQoL. Only 
resilience in physical functioning of the upper and lower 
extremities was affected by age, with higher age associated 
with lower odds of being resilient. There was a significant 
association with increasing age on performing less well on 
daily activities, yet no significant differences were found 
for resilience between the age categories on this particu-
lar aspect—hence, surviving a polytrauma does not impact 

Table 5  Effect of age on reaching resilience using binary logistic 
regression

Imputed data are presented
Significant results are bolded
* Reference age category
All survey scores are corrected for the individual severely injured 
body regions (AIS ≥ 3), EMV ≤ 8, ICU admission and months of fol-
low-up

Age (years) n Odds ratio 95% CI p-value

Lower Upper

EQ-5D-5L
18–29* 57 – – – –
30–39 22 0.51 0.14 1.79 0.30
40–49 48 1.28 0.56 2.90 0.57
50–59 80 1.50 1.02 2.20 0.41
60–69 82 2.20 1.49 3.27 0.04
70–79 56 0.68 0.29 1.60 0.38
 ≥ 80 18 0.00 0.00 0.00 1.00
Upper extremity (SMFA)
18–29* 57 – – – –
30–39 22 0.75 0.21 2.62 0.65
40–49 48 0.50 0.18 1.41 0.19
50–59 80 0.33 0.13 0.79 0.01
60–69 82 0.35 0.14 0.87 0.02
70–79 56 0.15 0.06 0.40  > 0.01
 ≥ 80 18 0.06 0.01 0.29  > 0.01
Lower extremity (SMFA)
18–29* 57 – – – –
30–39 22 0.39 0.12 1.24 0.11
40–49 48 0.65 0.27 1.57 0.34
50–59 80 0.57 0.26 1.24 0.15
60–69 82 0.71 0.32 1.58 0.40
70–79 56 0.26 0.11 0.63  > 0.001
 ≥ 80 18 0.07 0.01 0.55  > 0.001
Daily activities (SMFA)
18–29* 57 – – – –
30–39 22 0.48 0.15 1.59 0.23
40–49 48 1.02 0.44 2.37 0.97
50–59 80 1.14 0.53 2.44 0.73
60–69 82 1.29 0.60 2.78 0.52
70–79 56 0.56 0.24 1.33 0.19
 ≥ 80 18 0.18 0.02 1.53 0.12
Emotion (SMFA)
18–29* 57 – – – –
30–39 22 0.28 0.08 0.99 0.04
40–49 48 0.77 0.33 1.76 0.53
50–59 80 0.67 0.32 1.41 0.29
60–69 82 1.03 0.49 2.18 0.94
70–79 56 0.37 0.16 0.86 0.02
 ≥ 80 18 0.44 0.11 1.76 0.25
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the elderly more than the young. Moreover, polytrauma 
survivors in their sixties showed doubled resilience on the 
HRQoL (as measured with the EQ-5D-5L) compared to the 
group of younger adults (aged 18–29). This suggests that 
the elderly could show the same, if not higher levels of resil-
ience on some of the non-physical dimensions of HRQoL 
compared to the younger cohorts. An exception must be 
made for octogenarians, although this was a small group, 
who showed the lowest levels of resilience on all outcomes 
of all age groups. These findings are in line with the results 
presented by Gross et al. in 2018 [29]. They concluded that 
the differences between young and old polytrauma patients 
are mainly explained by the low-achieving octogenarians. 
Supporting this difference in outcome is a study conducted 
by Hopman in 2009. Among the chronically ill an equivalent 
pattern is seen where elderly scored lower on the physical 
components of HRQoL and better on the mental compo-
nents, compared to the younger age groups [30].

A remarkable finding in this study are the results for 
patients in their thirties. They seem to report lower scores on 
the non-physical dimensions of HRQoL compared to their 
neighboring age categories and lower rates of resilience for 
all reported outcomes.

According to the data provided by this study, no clear 
explanation for this finding can be stated, as no differences 
were found in demographics or injury characteristics for this 
particular age group. It may be explained using a more holis-
tic perspective. Tricenarians are on the footstep of their lives. 
This category of young adults is characterized by several big 
transitions: planning a family, making a career through job 
advancement and choosing a place to settle. A recent study 
showed only 68% of all polytrauma survivors returned to 
work after one year, 31% partially [26]. Work resumption 
was also found to be an important factor related to experi-
enced quality of life among the severely injured [31]. Tri-
cenarians’ expectations and demands are more explicit than 
those of younger adults and, compared to the old, often not 
yet fulfilled. Sustaining a major trauma in this tumultuous 
period of life may therefore be more difficult to overcome. 
This is also suggested by the results of Terril et al., where 
middle-aged and younger participants with disabling medi-
cal conditions showed the lowest levels of resilience [32]. 
That age cohort should therefore be of special interest to 
future research, as they are particularly young and could 
benefit from potentially large gains.

Besides age, injury pattern could be an important factor 
on resilience. Sustaining a traumatic brain injury or spinal 
cord injury often leads to a serious decline in HRQoL [33, 
34]. In 2016, a multicenter study examined resilience at 
3 months post-injury, relying on a sample of adults with 
moderate to severe TBI, and provided evidence that resil-
ience levels were relatively low in comparison with the gen-
eral population [35]. Moreover, personality, social support, 

reported pain and anxiety are also known factors which 
influence the ability to bounce back and show resilience 
[36, 37]. These findings represent an opportunity for future 
research and targeted intervention to increase resilience of 
at-risk groups.

The study findings have important implications for clini-
cians and researchers, most notably that resilience should 
be considered as an important factor in the aspects of out-
come and revalidation after sustaining a major trauma. 
To our knowledge, this is the first multicenter study to 
obtain HRQoL of polytrauma survivors linked to age- and 
sex-matched normative data in a first attempt to measure 
resilience. This study pointed out that normative data, and 
moreover resilience, could be used to obtain a more palpa-
ble effect on patient-reported outcome where no pre-injury 
data are available. Normative data could prove more useful 
in future research as its availability on many surveys grows. 
Resilience is affected by age, but also strongly depends on 
the different aspects of HRQoL (physical vs. non-physical). 
Research that considers analyzing other resilience-related 
factors helps early identification of patients who could ben-
efit from intensified rehabilitation.

Some limitations of this study should be mentioned. Cau-
tion is advised, as normative data are not a fully reliable 
substitute for pre-injury functioning. Trauma populations 
have higher preexisting comorbidities than non-injured pop-
ulations [38]. This could lead to an overestimation of the 
reported problems and, for this study, an underestimation of 
the presented resilience. Still, a recent study pointed out that 
there was no clinically relevant difference in patient-reported 
HRQoL between the Dutch population and a prospectively 
collected pre-injury trauma population [14]. Another limi-
tation of this study is the response rate of 57%, although 
it is in line with other studies on trauma populations. The 
response rate among the young in our study was lower com-
pared to the old, which could lead to a underrepresentation 
of the young within the study. The injury characteristics and 
clinical parameters between the respondent groups, however, 
did not differ, even when split up per age group. Therefore, 
the cause of the higher non-response of the young remains 
unclear.

Conclusion

The majority of polytrauma survivors do not recover fully. 
In the light of outcome after surviving a major trauma, 
binary comparison between young and old is not always a 
valid one. A clear negative effect with higher age is seen for 
reported physical outcome. No linear or binary relationship 
with age was seen for the non-physical aspects of HRQoL. 
A decline on almost all aspects of HRQoL was seen from 
age 70, whereas very few octogenarians have the capacity 
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to recover from a polytrauma. This makes them the most 
vulnerable group. And yet in contrast to the very old and to 
a lesser extent tricenarians, sexagenarians are overall one 
of the most resilient groups after surviving a polytrauma.

Acknowledgements We thank Roy Stewart for his help with statistics 
concerning multiple imputation.

Declarations 

Conflict of interest The authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial in-
terest (such as honoraria; educational grands; participation in speakers’ 
bureaus; membership, employment, consultancies, stock ownership or 
other equity interest; and expert testimony or patent licensing arrange-
ments) or non-financial interest (such as personal or professional rela-
tionships, affiliations, knowledge or beliefs) in the matter of materials 
discussed in this manuscript.

Ethics approval The local Medical Ethics Review Board of the 
three participating hospitals reviewed the methods employed in this 
study and granted exemption for further need for approval (METc 
2017/589). The study was conducted in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mul-
lany EC, et al. The global burden of injury: Incidence, mortality, 
disability-adjusted life years and time trends from the global bur-
den of disease study 2013. Inj Prev. 2016;22:3–18. https:// doi. org/ 
10. 1136/ injur yprev- 2015- 041616.

 2. Ringburg AN, Polinder S, van Ierland MCP, Steyerberg EW, van 
Lieshout EMM, Patka P, et al. Prevalence and prognostic factors 
of disability after major trauma. J Trauma Injury Infect Crit Care. 
2011;70:916–22. https:// doi. org/ 10. 1097/ TA. 0b013 e3181 f6bce8.

 3. Holtslag HR, van Beeck EF, Lindeman E, Leenen LPH. Determi-
nants of long-term functional consequences after major trauma. J 
Trauma Injury Infect Crit Care. 2007;62:919–27. https:// doi. org/ 
10. 1097/ 01. ta. 00002 24124. 47646. 62.

 4. van Erp S, Holtslag HR, van Beeck EF. Determinants of limita-
tions in unpaid work after major trauma: a prospective cohort 
study with 15 months follow-up. Injury. 2014;45:629–34. https:// 
doi. org/ 10. 1016/j. injury. 2013. 10. 019.

 5. Gabbe BJ, Simpson PM, Cameron PA, Ponsford J, Lyons RA, Col-
lie A, et al. Long-term health status and trajectories of seriously 
injured patients: a population-based longitudinal study. PLoS 

Med. 2017;14:1–18. https:// doi. org/ 10. 1371/ journ al. pmed. 10023 
22.

 6. de Vries R, Reininga IHF, Pieske O, Lefering R, el Moumni M, 
Wendt K. Injury mechanisms, patterns and outcomes of older 
polytrauma patients—an analysis of the Dutch Trauma Registry. 
Brakenridge S, editor. PLOS ONE. 2018;13: e0190587. https:// 
doi. org/ 10. 1371/ journ al. pone. 01905 87

 7. de Vries R, Reininga IHF, de Graaf MW, Heineman E, el Moumni 
M, Wendt KW. Older polytrauma: Mortality and complications. 
Injury. 2019;50. https:// doi. org/ 10. 1016/j. injury. 2019. 06. 024

 8. van Wessem KJP, Leenen LPH. Geriatric polytrauma patients 
should not be excluded from aggressive injury treatment based 
on age alone. Eur J Trauma Emerg Surg. 2020. https:// doi. org/ 10. 
1007/ s00068- 020- 01567-y.

 9. Holbrook TL, Hoyt DB, Anderson JP. The impact of major in-
hospital complications on functional outcome and quality of life 
after trauma. J Trauma. 2001;50: 91–5. Available: http:// www. 
ncbi. nlm. nih. gov/ pubmed/ 11231 676

 10. Huber M, André Knottnerus J, Green L, van der Horst H, Jadad 
AR, Kromhout D, et al. How should we define health? BMJ 
(Online). 2011;343:1–3. https:// doi. org/ 10. 1136/ bmj. d4163.

 11. Windle G. What is resilience? A review and concept analysis. 
Rev Clin Gerontol. 2011;21:152–69. https:// doi. org/ 10. 1017/ 
S0959 25981 00004 20.

 12. Nygren B, Aléx L, Jonsén E, Gustafson Y, Norberg A, Lun-
dman B. Resilience, sense of coherence, purpose in life and 
self-transcendence in relation to perceived physical and mental 
health among the oldest old. Aging Ment Health. 2005;9:354–
62. https:// doi. org/ 10. 1080/ 13605 00114 415.

 13. Gooding PA, Hurst A, Johnson J, Tarrier N. Psychological 
resilience in young and older adults. Int J Geriatr Psychiatry. 
2012;27:262–70. https:// doi. org/ 10. 1002/ GPS. 2712.

 14. de Graaf MW, Reininga IHF, Wendt KW, Heineman E, el 
Moumni M. Pre-injury health status of injured patients: a pro-
spective comparison with the Dutch population. Qual Life Res. 
2019;28:649–62. https:// doi. org/ 10. 1007/ s11136- 018- 2035-9.

 15. The Dutch Trauma Registry. Available: http:// www. lnaz. nl
 16. Association for the Advancement of Automotive Medicine 

| Abbreviated Injury Scale. [cited 31 Aug 2021]. Available: 
https:// www. aaam. org/

 17. de Graaf MW, Reininga IHF, Wendt KW, Heineman E, el 
Moumni M. Structural validity of the short musculoskel-
etal function assessment in patients with injuries. Phys Ther. 
2018;98:955–67. https:// doi. org/ 10. 1093/ ptj/ pzy098.

 18. de Graaf MW, Reininga IHF, Wendt KW, Heineman E, el 
Moumni M. The short musculoskeletal function assessment: 
a study of the reliability, construct validity and responsiveness 
in patients sustaining trauma. Clin Rehabil. 2019;33:923–35. 
https:// doi. org/ 10. 1177/ 02692 15519 828152.

 19. Feng YS, Kohlmann T, Janssen MF, Buchholz I. Psychometric 
properties of the EQ-5D-5L: a systematic review of the litera-
ture. Quality of Life Research. Springer Science and Business 
Media Deutschland GmbH; 2021. pp. 647–673. doi:https:// doi. 
org/ 10. 1007/ s11136- 020- 02688-y

 20. Versteegh M, M. Vermeulen K, M. A. A. Evers S, de Wit GA, 
Prenger R, A. Stolk E. Dutch Tariff for the Five-Level Version 
of EQ-5D. Value in Health. 2016;19: 343–352. doi:https:// doi. 
org/ 10. 1016/j. jval. 2016. 01. 003

 21. de Graaf MW, el Moumni M, Heineman E, Wendt KW, Reininga 
IHF. Short Musculoskeletal Function Assessment: normative 
data of the Dutch population. Qual Life Res. 2015;24:2015–23. 
https:// doi. org/ 10. 1007/ s11136- 015- 0929-3.

 22. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, 
et al. Development and preliminary testing of the new five-level 
version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011;20:1727–
36. https:// doi. org/ 10. 1007/ s11136- 011- 9903-x.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/injuryprev-2015-041616
https://doi.org/10.1136/injuryprev-2015-041616
https://doi.org/10.1097/TA.0b013e3181f6bce8
https://doi.org/10.1097/01.ta.0000224124.47646.62
https://doi.org/10.1097/01.ta.0000224124.47646.62
https://doi.org/10.1016/j.injury.2013.10.019
https://doi.org/10.1016/j.injury.2013.10.019
https://doi.org/10.1371/journal.pmed.1002322
https://doi.org/10.1371/journal.pmed.1002322
https://doi.org/10.1371/journal.pone.0190587
https://doi.org/10.1371/journal.pone.0190587
https://doi.org/10.1016/j.injury.2019.06.024
https://doi.org/10.1007/s00068-020-01567-y
https://doi.org/10.1007/s00068-020-01567-y
http://www.ncbi.nlm.nih.gov/pubmed/11231676
http://www.ncbi.nlm.nih.gov/pubmed/11231676
https://doi.org/10.1136/bmj.d4163
https://doi.org/10.1017/S0959259810000420
https://doi.org/10.1017/S0959259810000420
https://doi.org/10.1080/1360500114415
https://doi.org/10.1002/GPS.2712
https://doi.org/10.1007/s11136-018-2035-9
http://www.lnaz.nl
https://www.aaam.org/
https://doi.org/10.1093/ptj/pzy098
https://doi.org/10.1177/0269215519828152
https://doi.org/10.1007/s11136-020-02688-y
https://doi.org/10.1007/s11136-020-02688-y
https://doi.org/10.1016/j.jval.2016.01.003
https://doi.org/10.1016/j.jval.2016.01.003
https://doi.org/10.1007/s11136-015-0929-3
https://doi.org/10.1007/s11136-011-9903-x


835The effect of age on resilience of health‑related quality of life among polytrauma patients:…

1 3

 23. Swiontkowski MF, Engelberg R, Martin DP, Agel J. Short mus-
culoskeletal function assessment Questionnaire. J Bone Jt Surg 
Am. 1999;81:1245–60.

 24. van Buuren S. Multiple imputation of discrete and continuous 
data by fully conditional specification. Stat Methods Med Res. 
2007;16:219–42. https:// doi. org/ 10. 1177/ 09622 80206 074463.

 25. Hoeymans N, van Lindert H, Westert GP. The health status of 
the Dutch population as assessed by the EQ-6D.

 26. van Ditshuizen JC, van Lieshout EMM, van Beeck EF, Verhof-
stad MHJ, den Hartog D, Soesman NMR, et al. Health-related 
quality of life and return to work 1 year after major trauma from 
a network perspective. Eur J Trauma Emerg Surg. 2021. https:// 
doi. org/ 10. 1007/ s00068- 021- 01781-2.

 27. Zhou T, Guan H, Wang L, Zhang Y, Rui M, Ma A. Health-Related 
Quality of Life in Patients With Different Diseases Measured With 
the EQ-5D-5L: A Systematic Review. Frontiers in Public Health. 
Frontiers Media S.A.; 2021. doi:https:// doi. org/ 10. 3389/ fpubh. 
2021. 675523

 28. van Wilder L, Rammant E, Clays E, Devleesschauwer B, Pauwels 
N, de Smedt D. A comprehensive catalogue of EQ-5D scores in 
chronic disease: results of a systematic review. Quality of Life 
Research. Springer; 2019. pp. 3153–3161. doi:https:// doi. org/ 10. 
1007/ s11136- 019- 02300-y

 29. Gross T, Morell S, Amsler F. Longer-term quality of life following 
major trauma: age only significantly affects outcome after the age 
of 80 years. Clin Interv Aging. 2018;13:773–85. https:// doi. org/ 
10. 2147/ CIA. S1583 44.

 30. Hopman WM, Harrison MB, Coo H, Friedberg E, Buchanan M, 
VanDenKerkof EG. Associations between chronic disease, age 
and physical and mental health status. Chronic Diseases in Can-
ada. 2009;29.

 31. van Delft-Schreurs CCHM, van Bergen JJM, de Jongh MAC, van 
de Sande P, Verhofstad MHJ, de Vries J. Quality of life in severely 
injured patients depends on psychosocial factors rather than on 

severity or type of injury. Injury. 2014;45:320–6. https:// doi. org/ 
10. 1016/j. injury. 2013. 02. 025.

 32. Terrill AL, Molton IR, Ehde DM, Amtmann D, Bombardier CH, 
Smith AE, et al. Resilience, age, and perceived symptoms in 
persons with long-term physical disabilities. J Health Psychol. 
2016;21:640–9. https:// doi. org/ 10. 1177/ 13591 05314 532973.

 33. Rauen K, Reichelt L, Probst P, Schäpers B, Müller F, Jahn K, 
et al. Quality of life up to 10 years after traumatic brain injury: 
a cross-sectional analysis. Health Qual Life Outcomes. 2020;18. 
doi:https:// doi. org/ 10. 1186/ s12955- 020- 01391-3

 34. Leduc BE, Lepage Y. Health-related quality of life after spinal 
cord injury. Disabil Rehabil. 2002;24:196–202. https:// doi. org/ 
10. 1080/ 09638 28011 00676 03.

 35. Kreutzer JS, Marwitz JH, Sima AP, Bergquist TF, Johnson-Greene 
D, Felix ER, et al. Resilience following traumatic brain injury: 
a traumatic brain injury model systems study. Arch Phys Med 
Rehabil. 2016;97:708–13. https:// doi. org/ 10. 1016/j. apmr. 2015. 
12. 003.

 36. Marwitz JH, Sima AP, Kreutzer JS, Dreer LE, Bergquist TF, 
Zafonte R, et al. longitudinal examination of resilience after 
traumatic brain injury: a traumatic brain injury model systems 
study. Arch Phys Med Rehabil. 2018;99:264–71. https:// doi. org/ 
10. 1016/J. APMR. 2017. 06. 013.

 37. Duggan C, Wilson C, DiPonio L, Trumpower B, Meade MA. 
Resilience and happiness after spinal cord injury: a qualitative 
study. Top Spinal Cord Injury Rehabil. 2016;22:99. https:// doi. 
org/ 10. 1310/ SCI22 02- 99.

 38. Cameron CM, Purdie DM, Kliewer E v, Mcclure RJ. Differences 
in prevalence of pre-existing morbidity between injured and non-
injured populations. Bull World Health Organ. 2005.

https://doi.org/10.1177/0962280206074463
https://doi.org/10.1007/s00068-021-01781-2
https://doi.org/10.1007/s00068-021-01781-2
https://doi.org/10.3389/fpubh.2021.675523
https://doi.org/10.3389/fpubh.2021.675523
https://doi.org/10.1007/s11136-019-02300-y
https://doi.org/10.1007/s11136-019-02300-y
https://doi.org/10.2147/CIA.S158344
https://doi.org/10.2147/CIA.S158344
https://doi.org/10.1016/j.injury.2013.02.025
https://doi.org/10.1016/j.injury.2013.02.025
https://doi.org/10.1177/1359105314532973
https://doi.org/10.1186/s12955-020-01391-3
https://doi.org/10.1080/09638280110067603
https://doi.org/10.1080/09638280110067603
https://doi.org/10.1016/j.apmr.2015.12.003
https://doi.org/10.1016/j.apmr.2015.12.003
https://doi.org/10.1016/J.APMR.2017.06.013
https://doi.org/10.1016/J.APMR.2017.06.013
https://doi.org/10.1310/SCI2202-99
https://doi.org/10.1310/SCI2202-99

	The effect of age on resilience of health-related quality of life among polytrauma patients: a cross-sectional multicenter study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population and design
	Outcome assessment
	Statistical analysis

	Results
	Patients
	Effect of age on patient-reported outcome
	EQ-5D-5L
	SMFA

	Effect of age on resilience
	EQ-5D-5L
	SMFA


	Discussion
	Conclusion
	Acknowledgements 
	References




