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Abstract
Background: The incidence of frailty and chronic wounds increases with patients’ age.
Knowledge of the relationship between frailty and wound healing progress is greatly lacking.
Methods: The aim of this study is to characterize the degree of frailty in elderly patients attending a
multidisciplinary wound care centers (MWCC). Additionally, we seek to assess the impact of frailty on the
wound healing rate and wound healing time. An open cohort study was conducted on 51 consecutive
patients aged > 70 years treated for wounds at an MWCC of an intermediate care hospital. The frailty
score was determined according to the Frail-VIG index. Data were collected through patient
questionnaires at the beginning of the study, and at six months or upon wound healing. Wounds were
followed up every two weeks. To analyze the relationship between two variables was used the Chi-square
test and Student’s or the ANOVA model. The t-test for paired data was used to analyze the evolution of
the frailty index during follow-up.
Results: A total of 51 consecutive patients were included (aged 81.1 ± 6.1 years). Frailty prevalence was
74.5% according to the Frail-VIG index (47.1% mildly frail, 19.6% moderately frail, and 7.8% severely frail).
Wounds healed in 69.6% of cases at six months. The frailty index (FI) was higher in patients with nonhealing wounds in comparison with patients with healing wounds (IF 0.31 ± 0.15 vs IF 0.24 ± 0.11,
p=0.043). A strong correlation between FI and wound healing results was observed in patients with nonvenous ulcers (FI 0.37 ± 0.13 vs FI 0.27 ± 0.10, p=0.015). However, no correlation was observed in
patients with venous ulcers (FI 0.17 ± 0.09 vs FI 0.19 ± 0.09, p=0.637). Wound healing rate is statically
significantly higher in non-frail patients (3,26% wound reduction/day, P25-P75 0.8-8.8%/day) in
comparison with frail patients (8.9% wound reduction/day, P25-P75 3.34-18.3%/day; p=0.044).
Conclusion: Frailty is prevalent in elderly patients treated at an MWCC. Frailty degree is correlated with
wound healing results and wound healing time.

Background
Aging is frequently associated with multimorbidity, and along with multiple diseases the occurrence of
non-healing ulcers is relevant [1]. Most non-healing wounds are associated with some of the most
common conditions among older patients, such as vascular disease, venous insufficiency, disability,
unrelieved pressure, and diabetes [1–3]. Patients suffering from chronic wounds are mostly in the aging
population presenting with multimorbidity [4]. Tissue repair capacity worsens with age and wound
healing has been described as being reduced in older patients (> 70 years) in comparison with younger
ones [5]. Slower healing increases the risk of infection and the likelihood of the wound becoming chronic
[6]. These factors lead to more complex wound management in the elderly.
Multidisciplinary wound care centers (MWCC) have emerged to care for patients with complex wounds
that require specific advanced therapies due to large wound size, delayed healing time, complex etiology,
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and patient systemic disease [7]. These centers are staffed by professionals from different disciplines,
trained in devising individualized therapeutic plans and guarantying care continuity. In comparison with
other levels of care, MWCC have been shown to decrease healing time and improve the patient care
experience [8]. MWCC care for a variety of chronic wounds, the main therapeutic strategies focus rather
on the treatment of local wound factors, however the introduction of comprehensive assessment could
help in considering the patient as a whole. The implication of local factors (desiccation, infection,
maceration, necrosis, pressure) in wound healing progression has been studied in depth [9]. However, it is
less known how the general factors act in healing, i.e., type of treatment, systemic disease,
multimorbidity, age, etc [10]. Given patients’ local and systemic condition, it becomes essential to
characterize the profiles of older patients to ensure proper management of chronic wounds in the context
of multidisciplinary wound units.
Patient multimorbidity, the presence of two or more chronic conditions, and frailty which represent a
global syndrome of decreased physiologic reserve, lead to increased vulnerability to adverse health
outcomes [11, 12]. Additionally, multimorbidity increases the likelihood of being frail by around twofold
[13]. When multimorbidity is associated with frailty, a special situation is created where the proposed care
model is based on situational diagnosis, shared decision-making, and designing an individualized
therapeutic plan [14, 15]. Frailty evaluation is currently used as a tool for determining healthcare for
complex patients and to assist in decision-making [14, 16, 17]. Multimorbidity is currently the most
prevalent chronic disorder, also confirmed in elderly patients with chronic wounds, that poses a challenge
for the management of these patients.
Globally, there are two types of instruments for assessing frailty: frailty phenotype instruments and deficit
accumulation indexes. Frailty phenotype instruments, which are based on the Fried model [18, 19]
measure physical parameters. The Fried model is mostly used in situations of disability prevention and
scores robust to frail patients. An example of this model is the SHARE-Frailty Instrument (SHARE-FI) [20].
On the other hand, the model of deficit accumulation is focus on frailty indexes. Frailty indexes evaluate
co-morbidities, functional and cognitive decline, social factors, and geriatric syndromes. The more
conditions patients present, the higher the frailty score [14, 21]. Frailty indexes are used as a clinical
decision-making instrument. An example of this instrument is Frail-VIG index ("VIG" is the
Spanish/Catalan abbreviation for Comprehensive Geriatric Assessment) [22]. Frailty can be determined
by using several tools, in this study we used the Frail-VIG index because it allows a rapid geriatric
assessment and we compared it with the SHARE-FI which is well validated in the outpatient population.
We hypothesize that patients’ clinical condition is essential to be considered in addition to wound local
wound characteristic determination for a better wounds’ management. In this work, we determined the
frailty index in elderly patients requiring complex wound treatment at a regional MWCC for better
characterization of this patient population. In addition, we evaluated the correlation between the degree
of frailty and wound healing outcomes as a potential clinical marker with a prognostic value for cure that
could help professionals in clinical decision-making for wound management.
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Material And Methods
Design and Study Population
This open cohort study was carried out in a MWCC of an intermediate-level university healthcare hospital
in Spain.
Figure 1 shows an overview of the interventions and assessment of this study conducted between March
2018 and March 2020, that included consecutive patients aged older than 70 years treated at the MWCC.
Exclusion criteria were: clinical follow-up could not be performed; patients did not adhere to the
prescribed medical treatments; patients in an imminent end-of-life situation; and patients in a situation of
clinical instability due to an acute process. At the beginning of the study, patients underwent a
comprehensive geriatric assessment, with special emphasis on the frailty index and local wound,
according to standard MWCC protocol. Wound size was measured every two weeks, and frailty was
determined when wounds healed or at six months of patient follow-up.

Outcome Measures
Patients’ frailty score was determined through two methodologies: the Frail-VIG index and the SHARE-FI
instrument. The Frail-VIG index [22], based on comprehensive geriatric assessment, includes 25 items
that evaluate functionality, cognition, social status, geriatric syndromes, and comorbidities. The Frail-VIG
index allows classifying patients into four groups according to the Frail-VIG score: 0–0.19 = non-frail,
0.20–0.35 = mildly frail; 0.36–0.49 = moderately frail; and ≥0.50 = severely frail. The SHARE-FI
instrument [23] is based on a phenotypic approach with some modifications. SHARE-FI evaluates five
adapted phenotypic frailty items: grip strength and four self-reported items: fatigue, loss of appetite
and/or eating less than usual, difficulty in climbing stairs and/or walking 100 meters, and low level of
physical activity. SHARE-FI application classifies patients into non-frail, pre-frail, and frail.
The outcome measures of our study were:
a. sociodemographic data: age and gender.
b. likelihood of cognitive impairment using Mini-cog [24], patients who score 0-2 have a high likelihood
of cognitive impairment, while those scoring 3-5 have a low probability.
c. functionality, evaluating basic daily living activities using the Barthel index [25], and instrumental
daily living activities asking three questions concerning whether the patient is able to handle money,
handle medications, and use the telephone[26, 27].
d. comorbidities associated to wound healing: hypertension, type 2 diabetes mellitus, dyslipidemia,
obesity, venous insufficiency, and peripheral artery diseases [28, 29].
e. social situation: living at home (alone or with relatives), living in a nursing home.
f. nutritional status, using the mini nutritional assessment (MNA) test [30], ≥ 24 identifies patients with
good nutritional status, a score between 17-23.5 identifies patients at risk of malnutrition, and a
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score < 17 identifies patients with protein-calorie malnutrition.
g. gait speed, evaluated by 10-meter walk test (10MWT) [31], with a cutoff value for poor physical
performance of ≤0.8m/s.
h. wound etiology.
i. wound age.
j. wound size.
k. healed wound: when wound size was reduced by ≥95%.
l. healing rate: evaluated by applying a mathematical model to a minimum of three wound area
measurements [32]. Time series corresponding to surface area measurements of the same wound
were collected at different patient visits.
m. health service delivery: during the follow-up we reviewed the number of health interventions received
by each patient (medical visits, admissions, local wound complications).

Statistical Analysis
Data obtained were analyzed using the SPSS Statics software version 26.0. Quantitative variables that
followed the normal distribution were expressed as mean and standard deviations (SD). For qualitative
variables, absolute frequencies and percentages were calculated. For the analysis of the relationship
between two qualitative variables, the Chi-square test was used (or the Fisher test in 2x2 tables when the
expected frequencies were less than five) and Student’s or the ANOVA model were used to analyze the
relationship between quantitative and qualitative variables. The t-test for paired data was used to analyze
the evolution of the frailty index during follow-up. P-values lower than 0.05 were considered statistically
significant.

Results

Characteristics of the Study Population
A total of 51 consecutive patients aged >70 years attending the MWCC between March 2018 and March
2020 were included. The mean age was 81.1 ± 6.2 years. Females accounted for 64.7% (n=33). Of all
participants, 58.8% (n=30) lived with relatives and 37.2% (n=19) lived alone. Patients’ functional status
analysis showed a mean Barthel index[25] of 82.2 ± 17.7, which corresponds to mild dependency.
When analyzing comorbidities, 49.0% (n= 25) of patients had ≥3 disorders associated with the
development of chronic wounds, where the most prevalent diseases were hypertension 78.4% (n=40),
venous insufficiency 52.9% (n=27), obesity 41.2% (n= 21) and type 2 diabetes mellitus 37.2% (n=19).
Nutritional status analysis, via the mini nutritional assessment (MNA) test, determined that 7.8% (n=4) of
them presented malnutrition (Table 1).
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Table 1
Patient characteristics
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PATIENT CHARACTERISTICS

RESULTS n (%)

Gender
Female

33 (64.7%)

Male

18 (35.3%)

Age (years), mean ± SD

81.1 years ± 6.2

Functionality
Basic activities of daily living (Barthel index)

82.2±17.7

Need help for instrumental activities of daily living:
Using the phone

6 (11.8%)

Handling finances

23 (45.1%)

Handling medication

16 (31.4%)

Cognitive status
Dementia diagnoses

6 (11.7%)

Mini-cog:
score>3 (low likelihood of cognitive impairment)

23 (45.1%)

score≤2 (high likelihood of cognitive impairment)

28 (54.9%)

Comorbidities associated with wounds
1

11 (21.6%)

2

15 (29.4%)

≥3

25 (49.0%)

Nutritional status
MNA test:
Normal nutritional status

36 (70.6%)

At risk of malnutrition

11 (21.6%)

Malnourished

4 (7.8%)

Serum albumin concentration (g/dl)

3.7 ± 0.4

Total cholesterol (mg/dl)

185.0 ± 63.7

Gait Speed
≤ 0.8m/s

36 (70.5%)

> 0.8m/s

15 (29.4%)
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The 51 patients included in the study presented a total of 66 wounds. The most common etiology was
venous ulcers (36.36% n=25). The wounds had a median (P25-P75) of 8.1 (3.6-22.7 cm2) and 51.51%
(n=34) were recurrent wounds. Wounds had been present for <3 months in 48.4% (n=32), 3-6 months in
30.3% (n=20), and > 6 months in 21.2% (n=14) of cases (Table 2).
Table 2
Wound characteristics
WOUND CHARACTERISTICS

RESULTS
n (%)

Etiology
Venous

25 (36.3%)

Traumatic

9 (19.6%)

Arterial

9 (13.6%)

Diabetic

5 (7.5%)

Others

15 (22.7%)

Recurrent wounds included

34 (51.5%)

Wound size (cm2), median (P25-P75)

8.1 (3.6-22.7 cm2)

Classification according to wound age
> 6 months

14 (21.2%)

Between 3-6 months

20 (30.3%)

< 3 months

32 (48.4%)

Patient Frailty Assessment
Frailty evaluation using the Frail-VIG index showed that 25.5% (n=13) of patients were not frail, while the
rest of patients presented mild frailty 47.1% (n=24), moderate frailty 19.6% (n=10) or severe frailty 7.8%
(n=4). Accordingly, frailty data obtained using the SHARE-FI instrument showed the following: 19.6%
(n=10) of patients were non-frail, 23.5% (n=12) of patients were pre-frail, and 56.9% (n=29) of patient
were frail (Table 3).
Table 3
Frailty score in the cohort study using Frail-VIG index and SHARE-FI instrument
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FRAILTY MEASUREMENTS

RESULTS
n (%)

Patient distribution according to Frail-VIG index
Non-frail

13 (25.5%)

Mild frailty

24 (47.1%)

Moderate frailty

10 (19.6%)

Severe Frailty

4 (7.8%)

Patient distribution according to SHARE-FI
Non-frail

10 (19.6%)

Pre-frail

12 (23.5%)

Frail

29 (56.9%)

A statistically significant relation of patient frailty classifications was observed when we compared the
classifications of the two instruments (p <0.001). Only one out the 51 patients presented a vastly
different classification between the two indexes, being classified as frail by the SHARE-FI and non-frail by
the Frail-VIG index.
The frailty score determined using the Frail-VIG index showed no statistically significant differences
during patient follow-up, from 0.26 ± 0.12 when recruited for the study to 0.23 ± 0.12 at the end of the
study (p = 0.111).

Wound Evolution
Healing was achieved in 69.6% (n=46) of the wounds in a maximum follow-up time of six months. A
wound was considered healed when least 95% of its initial area had resolved. Statistically significant
differences were observed in wound healing rate between wounds that healed and non-healing wounds
(9.5% wound reduction/day vs 1.7% wound reduction/day, respectively, p <0.001).

Relationship between Frailty and Wound Evolution
The frailty index, according to the Frail-VIG, was higher in patients whose wounds did not heal (mean FI
0.31 ± 0.15 vs FI 0.24 ± 0.11 p = 0.043). This difference is even more evident in patients presenting nonvenous wounds (FI 0.37 ± 0.13 vs FI 0.27 ± 0.10 p = 0.015). However, no correlation was observed
between the frailty index and healing rate in patients with wounds of venous etiology (FI 0.17 ± 0.09 vs FI
0.19 ± 0.09 p = 0.637) (Table 4).
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Table 4
Wound healing correlation with Frail-VIG index score
WOUND CHARACTERISTICS

FRAIL-VIG SCORE

Frailty classification

Statistics

Healing wounds

0.24±0.11

Mildly frail

p = 0.043

Non-healing wounds

0.31±0.15

Mildly frail

Healing wounds

0.19±0.09

Non-frail

Non-healing wounds

0.17±0.09

Non-frail

Healing wounds

0.27±0.10

Mildly frail

Non-healing wounds

0.37±0.13

Moderately frail

Total wounds

Venous ulcers
p = 0.637

Non-venous ulcers
p = 0.015

Patients included in the study received 204 medical visits, required 19 admissions, and 14 patients
developed clinical complications related to the wound. In addition, three of the study subjects died, two of
them as a result of wound complications. Our data demonstrate statistically significant differences
between the degree of frailty and use of resources. The frailty index was lower in patients who required
fewer medical visits (FI 0.28 ± 0.13 vs FI 0.18 ± 0.12, p = 0.009). Similarly, frailer patients required a
higher number of admissions (FI 0.38 ± 0.11 vs FI 0.22 ± 0.12 p <0.001) and experienced more wound
complications (FI 0.32 ± 0.14 vs FI 0.23 ± 0.12 p = 0.021).
Wound healing rate differed between frail patients (3,26% wound reduction/day, P25-P75 0.8-8.8%/day)
and non-frail patients (8.9% wound reduction/day, P25-P75 3.34-18.3%/day; p = 0.044).

Discussion
Our observational study shows the existence of an association between frailty and wound healing. Since
one of the main goals of wound clinical units is to shorten healing time, the incorporation of frailty
assessment is a tool that might be introduced in their daily practice for helping in the wound
management in elderly patients.
Our sample consisted of frail, elderly patients with multimorbidity. Despite the fact that all of them are
residents in the community and a non-negligible percentage were living alone (4/10), the sample presents
some indicators of disability for carrying out basic everyday activities, and most of them required help
with at least one of the instrumental activities of daily living, implying a greater functional impact than
results reported in the literature for populations of similar characteristics [27]. A low percentage of
patients was diagnosed with dementia (12%) prior to their inclusion in the study. This figure differs
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greatly from the results obtained in cognitive ability tests, which suggested underdiagnosis of cognitive
impairment, in accordance with previously published results [33]. Malnutrition is a well-known factor that
negatively influences wound healing [34, 35]. In our case, its presence was of little relevance as a low
number of malnourished patients and patients at risk of malnutrition was identified. So, we can state that
mal- and undernutrition were not a determining factor in wound healing for our group of patients. This
may be because the association of malnutrition and tissue repair has not been homogeneous between
different wound etiologies and this correlations is strong in pressure ulcers which are underrepresented in
our patients sample [36, 37]. All this clinical data corroborates that for the patients in this cohort, geriatric
assessment detects deficits in several domains highlighting a health vulnerability that goes beyond the
wound. In line with previous studies, our data confirms that elderly patients with wounds require a
significant degree of healthcare [38].
In the last decade, frailty instruments have been introduced to the regular clinical practice as support for
clinicians to achieve better decision-making. Frailty tools had been used to characterize a population,
yielding a risk stratification, and having identified patients at greater risk of adverse health outcomes,
then is the time to initiate a process of shared decision-making which should end with individualized care
planning [15, 39–41].
Three-quarters of the patients treated at the MWCC present with frailty. The way patients are identified as
being frail, whether through the Frail-VIG index, the SHARE-FI test or physical performance tests such as
gait speed, hardly affects their classification, as confirmed by other authors [42, 43]. This figure contrasts
with the frailty detected in the community-dwelling population aged > 70 years, where Rivas-Ruiz et al.
reported 26% of frailty in community-dwelling elderly persons in Spain using a phenotype tool [44].
Another systematic review, conducted by Collard et al., identifies a very variable spectrum of frailty in
community-dwelling older people that ranges from 4.9–59.1% [45]. This large difference in the
identification of frailty is most likely related to the fact that patients with chronic wounds have a high
multimorbidity load, some degree of disability, and a high prevalence of mild cognitive impairment.
When comparing the results of the two instruments, (Frail-VIG and SHARE-FI), we observe that both
instruments are able to characterize the population appropriately. By verifying that they classify patients
in a similar way, we have chosen to evaluate patients using the Frail-VIG index as it enables rapid geriatric
assessment and the detection of areas of intervention [22].
As the frailty score did not reveal any statistically significant differences during patient follow-up, it
suggests that frailty evaluation could be performed at any time of the wound care process, unless
clinically relevant issues emerge. Based on our data, we propose frailty assessment at any point of
wound follow-up, especially in the event of healing delay or absence of healing. Being aware of patient
frailty will help to better understand patients’ global health, which could be an aid to decision-making in
order to modify their individualized treatment plan, if necessary.
Our data identifies an association between the degree of frailty and wound healing, both evaluated from
the variable ‘healing/not healing’ and in relation to the variable ‘healing rate’. Our results suggest that
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determining the healing rate parameter might prove highly useful for the early prediction of delayed
wound healing, which could also help clinicians in their decision-making and adjust the appropriate
therapeutic approach.
Wound healing is related to multiple factors. On the one hand, we have the widely-known and much
studied local factors, and on the other hand, we have systemic factors [9, 46]. Frailty acts as a systemic
factor in wound healing. This idea is strengthened by the observation of different behavior in relation to
frailty between wounds of venous etiology and others. This data is in accordance with the fact that local
factors have a major impact on venous ulcers and they are less influenced by a systemic issue as degree
of frailty [9, 46]. In contrast, in wounds of other etiologies (arterial, DM2, etc.), the degree of frailty
correlates very well with wound healing capacity, which makes sense because such wound etiologies
correlate with systemic diseases [47]. Our data confirms the frame of frailty, describing that frailer
patients tend to have poorer health outcomes.
In accordance with other medical and surgical areas in which the assessment of frailty is used to identify
patients prone to poor health outcomes [48, 49], our results suggest that establishing frailty may prove
useful for wound healing management according to the relation of frailty with healing delay and/or
absence of healing. A greater number of advanced therapeutic strategies are available for the treatment
of non-healing wounds. However, the effectiveness of these new therapies is not clear. Our results show
that a frailty index is a good prognostic indicator of wound healing that could be used for clinical
decision-making to improve treatment, not only according to local wound factors, but also patients’
global health status [50]. This study demonstrates that establishing healing rate may also have a
prognostic value, in line with data from previous studies [51].
MWCC are usually integrated by a multidisciplinary team that allows not only wound care treatment
based on wound etiology but also according to patients’ global needs. Our results suggested that
because of the high prevalence of frailty in patients treated at our MWCC, it would be useful to include the
measurement of frailty as part of the regular assessment of patients in wound units. This data would be
useful for more personalized clinical decision-making in this group of elderly patients.
Consideration and evaluation of frailty are extremely important components in caring for the growing
number of elderly patients with complex wounds. While the study of frailty in relationship to wound
healing is in its infancy, our results reveal that there is enough data to begin to unravel the complexities
associated with caring for frail elderly individuals with complex wounds. Further research is needed both
to improve our understanding and our treatment strategies for this particularly frail and at-risk population.
Our study has some limitations, we have a low number of participants, because only those patients who
could be assured of follow-up for the next 6 months were included. Additionally, our study allows to
demonstrate an association between the presence of frailty and wound healing, however in any case it
had been established a causal relationship. Our data suggests that classification according to different
degrees of frailty could help in wound management. In our opinion, patients with severe frailty and non-
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healing wounds could benefit from a palliative approach, however, patients with moderate/mild frailty
might be candidates for advanced wound therapies.

Conclusions
We describe for the first time that frailty in patients treated at an MWCC is highly prevalent. Degree of
frailty is correlated with wound healing and healing rate. However, this relationship is not clear in patients
with venous ulcers. Based on our data, we propose including frailty assessment as a routine practice in
old patients with non-healing wounds to achieve a more personalized clinical approach. Further studies,
including a greater number of patients, are needed in order to fully understand how frailty affects the
healing response.
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