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Abstract

Background and Aims: The coronavirus disease‐2019 (COVID‐19) pandemic

disrupted medical care of patients with chronic wounds, and in combination with

other negative effects of lockdown measures, this may have a negative effect on

mood and quality of life. Until now, the consequences of the COVID‐19 pandemic

and associated lockdowns for individuals with impaired wound healing have not

been investigated.

Methods: An online survey was conducted to evaluate perceived immune fitness,

mood, and health, both before and during the COVID‐19 pandemic.

Results: Of the 331 Dutch pharmacy students that completed the survey, N = 42

participants reported slow healing wounds and/or wound infection and were

allocated to the impaired wound healing group; the other N = 289 participants

served as control group. The survey assessed mood, perceived immune fitness, and

health correlates for (a) the year 2019 (the period before the lockdown), (b) the first

lockdown period (March 15–May 11, 2020), (c) summer 2020 (no lockdown), and (d)

the second lockdown (November 2020–April 2021). The analysis revealed that

negative mood effects, reductions in quality of life, and perceived immune fitness

during the two lockdowns were significantly more pronounced among individuals

that reported impaired wound healing compared to the control group. The effects on

mood, perceived immune fitness, and health correlates were most pronounced for

the second lockdown period.

Conclusion: The COVID‐19 pandemic is associated with significantly poorer mood,

quality of life, and reduced perceived immune fitness. These effects are significantly

more pronounced among individuals with self‐reported impaired wound healing.
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1 | INTRODUCTION

Due to its rapid worldwide expansion, on March 11, 2020, the World

Health Organization declared the 2019 coronavirus disease (COVID‐19)

a pandemic.1 Lockdown measures to reduce the spread of COVID‐19

(e.g., stay at home orders, closure of schools and businesses) were

enforced in many countries, including the Netherlands. A growing body

of evidence shows that these lockdown periods had significant negative

socioeconomic consequences,2,3 and for individuals who have difficulty

to cope with lockdown restrictions these periods have been associated

with poorer mood (e.g., anxiety, depression, stress, and loneliness) and

reduced quality of life.4,5

Of particular concern for individuals with chronic diseases and

conditions was the impact of the COVID‐19 pandemic on medical

care. Due to the high demand of medical services and facilities by

patients infected with COVID‐19, delayed care was common practice

for less urgent medical interventions and treatments of other

patients.6,7 However, hospitals and emergency departments also

reported a decline in admissions for the treatment of potentially life‐

threatening conditions such as myocardial infarction, stroke, or

hyperglycemic crisis.8–10 Also in the Netherlands, the Dutch Health-

care Authority (Nederlandse Zorgauthoriteit) reported a consistent

delay in healthcare services across all medical disciplines.11 Postponed

treatment or delayed diagnosis may also negatively impact long‐term

survival.12,13 For example, delayed treatment of oncological patients12

or disrupted access to rehabilitation care13 are likely to have significant

negative health consequences, including increased burden of disease

or reduced functional outcomes, respectively.14

Delayed wound care is of particular concern during the COVID‐19

pandemic. Since thesy often have underlying comorbidities such as

diabetes, chronic wound patients are at increased risk for worse

COVID‐19 outcomes in terms of hospitalization and death. While for

some patients a successful transition to online wound management

was possible,15 more frequently the access to wound care facilities was

limited. For example, a survey conducted among Italian medical doctors

and nurses16 revealed that the COVID‐19 pandemic significantly

disrupted the care of patients with chronic wounds. Delayed care is

worrisome, given the complications from unmanaged or inadequate

wound healing17–19 such as the increased risk of infection.20,21

Particularly diabetic foot ulcer patients need an early referral to reduce

the risk of infection, amputation, and subsequent mortality rates.22–26

Also, inadequate treatment of vascular leg ulcers is associated with a

high risk of lower extremity amputation and increased mortality.27

Given that the 5‐year survival of patients with this condition is only

50%–60%,28,29 continuous wound care and patient monitoring is

critical. In the United States, aggregated data from about 300 wound

care centers provided by Net Health® revealed a disruption in hospital

outpatient services starting in April 2020 when the first lockdowns were

installed. The lockdowns resulted in a decrease in wound care center

visits up to 20% compared with pre‐COVID 2019 visits30 (see Figure 1).

Interrupted care not only has negative consequences in terms of

poor wound management, but it has also been associated with reduced

quality of life31–34 and poorer mood and general health.35–38 Chronic

wound patients frequently experience multiple issues that relate to a

poorer quality of life, including loss of mobility, inability to perform daily

activities, and loss of work.32,34 Chronic wound patients frequently

suffer from wound‐related psychosocial distress, including anxiety and

depression,35–38 which can further negatively impact their mental health

and quality of life. It is likely that the COVID‐19 lockdown periods and

associated delayed care may have an additional negative impact on

mood and health of individuals that suffer from impaired wound healing

compared to healthy individuals without underlying diseases. Although

concerns in this regard have been expressed previously,39 up to now,

data on the effects of the COVID‐19 pandemic of individuals with

impaired wound healing are scarce.40,41 Therefore, the current study

evaluated to what extent effects of mood and quality of life are more

pronounced in individuals with impaired wound healing. The latter is

important because this knowledge can be used in future pandemics to

minimize the negative effects of preventive measures on patients' well‐

being and uninterrupted treatment. To address this gap of knowledge,

we examined perceived immune fitness mood and health correlates of

the COVID‐19 pandemic in young adults (i.e., pharmacy students, PhD

candidates, and postdocs) who reported impaired wound healing and

compared the outcomes with those who did not report experiencing

impaired wound healing. It was hypothesized that individuals with

impaired wound healing report poorer perceived immune fitness, mood,

and health correlates, both before and during the COVID‐19 pandemic.

In addition, it was hypothesized that the effects of the lockdown periods

on these outcomes will be more pronounced in individuals with

impaired wound healing compared to the healthy controls.

2 | MATERIALS AND METHODS

An online retrospective survey was conducted in the first week of

June 2021 among students, PhD candidates, and postdocs of the

department of pharmaceutical sciences of Utrecht University, The

Netherlands. The study was conducted according to the guidelines of

the Declaration of Helsinki, and reviewed and approved by the

F IGURE 1 Average number of wound care center visits per
month. Note: Aggregate average monthly wound care center visits
for 2019 (319 centers) and 2020 (297) centers across the USA. Data
provided by Net Health® [30].
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Science‐Geo Ethics Review Board of Utrecht University (protocol

code: S‐21525, date of approval: May 19, 2021). All participants gave

electronic informed consent. As an incentive participants could enter

a prize draw to win one of two Euro 100,‐ vouchers. Participants

were invited via email to complete the survey. The survey was

designed via SurveyMonkey and took approximately 10min to

complete. Since the department comprises a considerable number

of international students, participants could choose to complete the

survey in English or Dutch language. A thorough description of the

survey content and the data set are published elsewhere.42

2.1 | Immune fitness

To assess immune fitness during the pandemic (the period March

2020–March 2021), the Immune Status Questionnaire (ISQ) was

completed.43 The ISQ consists of seven items, including “common

cold,” “diarrhea,” “sudden high fever,” “headache,” “muscle and joint

pain,” “skin problems (e.g., acne and eczema),” and “coughing.” On a

5‐point Likert scale, patients indicated how often participants

experienced each item. Answering possibilities comprised “never,”

“sometimes,” “regularly,” “often,” and “(al‐most) always.” The sum‐

score across the 7 items was computed, and transformed into the

final ISQ score ranging from 0 (poor) to 10 (excellent). Two items

were added for this study, that is, “slow healing wounds” and ‘wound

infection.” If participants indicated that they experienced at least one

of these two items during the COVID‐19 pandemic they were

allocated to the ‘Impaired wound healing' group. If they did not

experience the items they were allocated to the “Control group.”

To assess perceived immune fitness at specific time points, a

1‐item scale ranging from 0 (poor) to 10 (excellent) was used, with

higher scores indicating a better perceived immune fitness.44

Perceived immune fitness was rated for (a) the year 2019 (the period

before the lockdown), (b) the first lockdown period (March 15–May

11, 2020), (c) summer 2020 (no lockdown), and (d) the second

lockdown (November 2020–April 2021).

2.2 | Mood

Mood items included “stress,” “anxiety,” “depression,” “fatigue,”

“loneliness,” “optimism,” and “happiness.” All items were scored on

a scale ranging from 0 (absent) to 10 (extreme). The use of 1‐item

scales has been validated previously.45 The items were rated for (a)

the year 2019 (the period before COVID‐19), (b) the first lockdown

period (March 15–May 11, 2020), (c) summer 2020 (no lockdown),

and (d) the second lock‐down (November 2020–April 2021).

2.3 | Health correlates

Quality of life, and sleep quality were assessed with 1‐item scales from

0 (very poor) to 10 (excellent). Being active was assessed with 1‐item

scales from 0 (not at all) to 10 (extremely active). The use of these 1‐

item scales has been validated previously.45 The items were rated for

(a) the year 2019 (the period before COVID‐19), (b) the first lockdown

period (March 15–May 11, 2020), (c) summer 2020 (no lockdown), and

(d) the second lockdown (November 2020–April 2021).

2.4 | Statistical analysis

Data were analyzed with SPSS (IBM Corp. Released 2013. IBM SPSS

Statistics for Windows, Version 27.0: IBM Corp.). Mean, standard

deviation (SD), median, and the interquartile range (IRQ) were

computed for all variables, and distributions were checked for

normality with the Kolmogorov–Smirnov test and by visual inspec-

tion. Since the data were not normally distributed, nonparametric

tests were conducted for the statistical analysis.

Between‐group comparisons were conducted with the Indepen-

dent Samples Mann–Whitney U test. A Bonferroni's correct was

applied to adjust for multiple comparisons (p < 0.0018 for mood

outcomes, p < 0.0125 for health correlates, p < 0.007 for ISQ items,

two‐sided). Within‐subject comparisons compared the assessments

made for four timepoints (before lockdown, first lockdown, summer,

second lockdown). These analyses were conducted with the Related‐

Samples Friedman's Two‐Way Analysis of Variance by Ranks test. A

Bonferroni's correction was applied, and comparisons were signifi-

cant if the adjusted p value was <0.05 (two‐sided). Finally, Spear-

man's correlations were computed between all assessed variables for

the period before the COVID‐19 pandemic. To account for multiple

comparisons, the significance level for correlations with mood

outcomes was set at p < 0.005 (two‐sided).

3 | RESULTS

N = 341 participants completed the survey. Of these, 10 participants did

not report on their wound healing status and were excluded from the

analysis, The mean (SD) of the sample (N = 331) was 23.0 (4.2) years old

and 74.9% of the participants (248/331) were women. Forty‐two

participants were allocated to the “Impaired Wound Healing” (IWH)

group, and 289 participants to the “Control” group. Table 1 and Figure 2

summarize the mood assessments for the IWH and control group.

Differences in mood ratings between the groups before the

COVID‐19 pandemic were only statistically significant for depression,

showing significant higher ratings for the IWH group. The analysis

revealed that reduced mood was evident during the COVID‐19

pandemic, both among individuals with impaired wound healing as

well as the control group. The effects were greatest throughout

the two lockdown periods. As is evident from Table 1 and Figure 2,

the negative mood effects during the two lockdown periods were

significantly more pronounced among individuals who reported

impaired wound healing compared to the control group.

Table 2 summarizes the assessments of health correlates. No

significant differences between the groups were present before the

BALIKJI ET AL. | 3 of 9

 23988835, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.764 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [24/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



COVID‐19 pandemic. For both groups, sleep quality, being active,

and quality of life were significantly reduced during the COVID‐19

pandemic. Significant differences between the groups were found for

the two lockdown periods. The impaired wound healing group

reported significantly greater reductions in sleep quality (second

lockdown period) and quality of life (both first and second lockdown)

compared to the reductions among the control group. The assess-

ment of perceived immune fitness revealed a significant reduction in

the impaired wound healing group during the first and second

lockdown period, as well as the lockdown‐free summer period (see

Table 2). No significant differences were found between the groups

for being active.

Table 3 shows immune status during the COVID‐19 pandemic as

assessed with the ISQ. The analysis of ISQ data revealed that the

single‐item perceived immune fitness ratings were significantly

poorer in the impaired wound healing group than the control group.

In particular, the impaired wound healing group reported significantly

higher frequencies of experiencing diarrhea, headache, muscle and

joint pain, skin problems, and coughing.

Finally, it must be noted that the variables assessed in this study

strongly correlate with each other. This is illustrated in Figure 3,

which shows Spearman's correlations between the variables for the

pre‐COVID‐19 period. Only significant correlations are shown

(p < 0.005, after Bonferroni's correction). The correlations between

the individual mood variables, which were all significant (p < 0.001),

have been omitted from Figure 3.

4 | DISCUSSION

The current study confirms that poorer immune functioning during

the COVID‐19 pandemic is characteristic for individuals that reported

impaired wound healing. Individuals with impaired wound healing

also reported significantly greater negative mood effects and poorer

quality of life compared to the control group, which were most

pronounced during the second lockdown period. These findings may

be explained by pre‐COVID literature, which reports that patients

with impaired wound healing suffer from wound‐related psychosocial

distress, such as increased anxiety and depression.35–38 Recent

studies found that individuals with self‐reported impaired wound

healing also reported significantly poorer mood,46 significantly more

gastrointestinal complaints,47 and significantly poorer immune

fitness48 that the control group (reporting normal wound healing).

The effects of the lockdown periods were significantly more

pronounced in individuals with self‐reported impaired wound healing.

It may be hypothesized that interrupted or poor wound management

due to delayed care during the pandemic may have further worsened

immune fitness, mood, and quality of life of individuals with impaired

wound healing. However, as no information on (delayed) treatment

was collected in the current study, this should be verified in future

studies, preferably in formally diagnosed and monitored patients.

In the current study, pre‐COVID‐19 data show that the health

correlates are highly associated with perceived immune fitness, as

well as with each other (See Figure 3). This observation suggests that

TABLE 1 Mood before and during COVID‐19

Mood Before COVID‐19 First lockdown Summer 2020 Second lockdown
Variable IWH Control IWH Control IWH Control IWH Control

Stress Mean (SD) 5.5 (2.1) 5.0 (2.2) 6.1 (2.6) 5.5 (2.6)a 4.2 (2.6)b 3.6 (2.5)a,b 7.4 (2.0)a,c 5.9 (2.5)*,a,c

Median (IQR) 6.0 (3.0) 5.0 (3.0) 7.0 (4.0) 6.0 (4.25) 4.0 (4.0) 3.0 (4.0) 8.0 (3.0) 6.0 (4.0)

Anxiety Mean (SD) 2.8 (2.8) 2.4 (2.6) 5.4 (2.8)a 3.6 (2.9)*,a 4.0 (2.7)b 2.5 (2.5)b 5.2 (3.1)a 3.5 (3.1)a,c

Median (IQR) 2.0 (5.0) 2.0 (4.0) 6.0 (3.0) 3.0 (5.0) 4.0 (4.0) 2.0 (4.0) 6.0 (4.0) 3.0 (6.0)

Depression Mean (SD) 3.4 (2.8) 1.9 (2.5)* 5.0 (3.0) 2.6 (2.8)*,a 3.5 (3.1) 1.8 (2.3)b 6.2 (2.8)a,c 3.3 (3.0)*,a,b,c

Median (IQR) 3.0 (4.0) 1.0 (3.0) 5.0 (6.0) 2.0 (4.0) 4.0 (6.0) 1.0 (3.0) 7.0 (4.0) 3.0 (6.0)

Fatigue Mean (SD) 4.9 (2.5) 4.1 (2.6) 5.5 (3.2) 4.1 (2.6) 4.3 (3.0) 3.0 (2.5)a,b 7.2 (2.3)a,b,c 5.3 (2.7)*,a,b,c

Median (IQR) 4.0 (4.0) 4.0 (4.0) 5.0 (6.0) 4.0 (4.0) 5.0 (5.0) 3.0 (4.0) 8.0 (4.0) 5.0 (4.25)

Loneliness Mean (SD) 2.5 (2.2) 1.6 (2.0) 5.4 (2.8)a 3.5 (2.9)*,a 3.3 (2.5) 2.1 (2.4)b 6.4 (2.9)a,c 4.1 (3.1)*,a,c

Median (IQR) 2.0 (4.0) 1.0 (3.0) 5.0 (4.0) 3.0 (5.0) 3.0 (4.0) 1.0 (4.0) 7.0 (3.0) 4.0 (6.0)

Optimism Mean (SD) 6.9 (1.5) 7.1 (2.0) 4.7 (2.2)a 6.0 (2.0)a 6.3 (1.7)b 6.8 (1.9)b 5.1 (2.3)a,c 5.4 (2.1)a,b,c

Median (IQR) 7.0 (2.0) 8.0 (2.0) 4.0 (4.0) 6.0 (2.0) 6.0 (3.0) 7.0 (2.0) 5.0 (4.0) 6.0 (3.0)

Happiness Mean (SD) 6.7 (1.9) 7.1 (1.8) 4.7 (1.8)a 5.9 (2.0)*,a 6.9 (1.4)b 7.1 (1.8)b 4.5 (2.2)a,c 5.5 (1.9)a,b,c

Median (IQR) 7.0 (3.0) 7.0 (2.0) 5.0 (2.0) 6.0 (2.0) 7.0 (2.0) 7.0 (2.0) 5.0 (3.0) 6.0 (3.0)

Note: Mean, standard deviation, median, and interquartile range are shown. Significant differences (p < 0.0018, applying a Bonferroni's correction for
multiple comparisons) between the IWH group and control group are indicated by *. Significant within‐subject differences (adjusted p‐values < 0.05,

applying a Bonferroni's correction for multiple comparisons) are indicated as follows: a = significantly different from “before COVID‐19”, b = significant
difference from the “first lockdown”, c = significant difference from “summer 2020”.

Abbreviations: COVID‐19, coronavirus disease‐2019; IQR, interquartile range; IWH, impaired wound healing; SD, standard deviation.
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improving one of these variables (e.g., sleep quality) will have a direct

effect on perceived immune fitness and mood of patients with

impaired wound healing. Although tempting, however, causational

conclusions cannot be drawn based on the current correlational

analysis. To establish the nature of these interactions, additional

prospective intervention studies are needed. To our knowledge, this

is the first study evaluating mood and immune fitness during the

COVID‐19 pandemic in relation to impaired wound healing. Further-

more, pre‐COVID literature on mood and quality of life of patients

with chronic wounds is scarce. This is unfortunate, as studies in other

F IGURE 2 Mood during the COVID‐19 pandemic. Note: Assessments are shown for the ‘Impaired wound healing (IWH) group and control
group. Significant differences between the groups (p < 0.0018, after Bonferroni's correction for multiple comparisons) are indicated by *. COVID‐19,
coronavirus disease‐2019

BALIKJI ET AL. | 5 of 9
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TABLE 2 Health correlates during COVID‐19

Mood Before COVID‐19 First lockdown Summer 2020 Second lockdown
Variable IWH Control IWH Control IWH Control IWH Control

Being active Mean (SD) 6.0 (2.8) 6.2 (2.6) 3.7 (2.9)a 4.8 (2.9)a 4.5 (2.8) 5.5 (2.6)a,b 3.4 (2.7)a 4.6 (2.8)a,c

Median (IQR) 6.0 (4.0) 7.0 (3.0) 3.0 (4.0) 5.0 (5.0) 4.0 (4.0) 6.0 (4.0) 3.0 (4.0) 5.0 (5.0)

Quality of life Mean (SD) 7.3 (1.5) 7.7 (1.3) 5.1 (2.2)a 6.4 (1.8)*,a 7.1 (1.5) b 7.4 (1.5)b 4.7 (2.1)a,c 6.0 (1.9)*,a,c

Median (IQR) 8.0 (2.0) 8.0 (1.0) 6.0 (4.0) 7.0 (3.0) 7.0 (2.0) 8.0 (1.0) 5.0 (3.0) 6.0 (2.0)

Sleep quality Mean (SD) 6.9 (1.8) 7.0 (1.8) 6.5 (2.2) 6.8 (2.0)a 6.7 (2.0) 7.2 (1.7)b 5.1 (2.0)a,c 6.4 (2.1)*,a,b,c

Median (IQR) 7.0 (2.0) 7.0 (2.0) 7.0 (3.0) 7.0 (2.0) 7.0 (3.0) 7.0 (2.0) 5.0 (3.0) 7.0 (3.0)

Perceived immune functioning Mean (SD) 7.1 (1.7) 7.6 (1.7) 6.2 (2.1) 7.3 (1.9)* 6.6 (1.8) 7.5 (1.7)* 5.6 (2.2)a 7.1 (1.8)*,a,c

Median (IQR) 8.0 (1.0) 8.0 (2.0) 6.0 (3.0) 7.0 (2.0) 7.0 (3.0) 8.0 (1.0) 6.0 (2.0) 7.0 (2.0)

Note: Mean, standard deviation, median, and interquartile range are shown. Significant differences (p < 0.0125, applying a Bonferroni's correction for
multiple comparisons) between the IWH group and control group are indicated by *. Significant within‐subject differences (adjusted p‐values < 0.05,
applying a Bonferroni's correction for multiple comparisons) are indicated as follows: a = significantly different from “before COVID‐19”, b = significantly

different from the “first lockdown”, c = significantly different from “summer 2020”.

Abbreviations: COVID‐19, coronavirus disease‐2019; IQR, interquartile range; IWH, impaired wound healing; SD, standard deviation.

TABLE 3 Immune status during the COVID‐19 pandemic

ISQ During COVID‐19
Items IWH Control p Value

Common cold Mean (SD) 0.9 (0.8) 0.7 (0.8) 0.138

Median (IQR) 1.0 (4.0) 1.0 (1.0)

Diarrhea Mean (SD) 1.1 (0.9) 0.6 (0.7) <0.001*

Median (IQR) 1.0 (1.25) 0.0 (1.0)

Sudden high fever Mean (SD) 0.2 (0.4) 0.1 (0.3) 0.040

Median (IQR) 0.0 (0.0) 0.0 (0.0)

Headache Mean (SD) 2.0 (1.1) 1.3 (0.9) <0.001*

Median (IQR) 2.0 (2.0) 1.0 (1.0)

Muscle and joint pain Mean (SD) 1.1 (0.8) 0.7 (0.8) 0.001*

Median (IQR) 1.0 (1.0) 1.0 (1.0)

Skin problems (e.g.,

acne and eczema)

Mean (SD) 1.5 (1.2) 0.9 (1.1) 0.003*

Median (IQR) 1.0 (2.25) 1.0 (2.0)

Coughing Mean (SD) 1.0 (0.8) 0.6 (0.7) <0.001*

Median (IQR) 1.0 (0.25) 0.0 (1.0)

ISQ Mean (SD) 5.7 (2.4) 7.7 (2.1) <0.001*

Median (IQR) 6.0 (3.25) 8.0 (3.0)

Note: Mean, standard deviation, median, and interquartile range are
shown. Significant differences between the IWH group and control group

(p‐value < 0.007, after Bonferroni's correction for multiple comparisons)
are indicated by *.

Abbreviations: COVID‐19, coronavirus disease‐2019; IQR, interquartile
range; IWH, impaired wound healing; SD, standard deviation.

F IGURE 3 Relationship of the assessed mood and health
correlates with perceived immune fitness. Note: Only significant
correlations (p < 0.005, after Bonferroni's correction) are shown.

areas of medicine have demonstrated that positive mood and mental

resilience contribute to both treatment compliance and recov-

ery.49,50 Given this, more research on the well‐being of chronic

wound patients is needed.

In the current study, across both groups, the COVID‐19

lockdown periods were associated with negative mood, reduced

quality of life, and poorer immune fitness. This has also been

reported in several other studies that evaluated these parameters in

the general population, using a comparable survey methodology and

used the same assessment scales.51,52 Thus, the current findings are

in line with previous research. The study adds to the literature that

these effects are significantly more pronounced in individuals with

self‐reported impaired wound healing.

To interpret the data correctly, several limitations of the study

should be considered. First, the data were self‐reported and

collected retrospectively. As such, recall bias may have influenced

the study outcomes. Prospective studies with real‐time assessments

should confirm our findings. Second, participants were allocated to

the impaired wound healing group or control group. It is important to

note that this study was based on self‐reported data and no formal

diagnosis was obtained to verify this. Third, the sample size of the
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current study was relatively small and comprised a convenience

sample of Dutch students. Therefore, it is unclear to what extent our

findings can be generalized to other age groups or extrapolated to

the general population. Also, in line with the sex distribution at

Utrecht University, females were overrepresented in the sample.

However, the sample size was too small to evaluate possible sex

differences. It is also unclear to what extent the findings in this

nonclinical sample can be translated to mood and quality of life of

diagnosed patients with impaired wound healing, such as patients

with diabetic foot ulcer. In the current study it was not assessed

whether participants had diabetes. However, the fact that our

findings on mood and quality of life are already present in a

nonclinical population strengthen our observation that these effects

will also be present in formally diagnosed patients. Finally, the

presented correlations do not imply causality, and directional

conclusions cannot be drawn from the data.

To conclude, compared to pre‐COVID, during the COVID‐19

pandemic significant reductions in mood, perceived immune func-

tioning and health correlates were reported for both groups.

However, individuals that reported impaired wound healing during

the COVID‐19 pandemic reported significantly poorer mood and a

significantly greater reduction in perceived immune fitness when

compared to the control group. In general, associations between

impaired wound healing, mood, and perceived immune fitness,

including factors that would potentially improve wound healing,

deserve more research attention.

TRANSPARENCY STATEMENT

Joris Cornelis Verster affirms that this manuscript is an honest,

accurate, and transparent account of the study being reported; that

no important aspects of the study have been omitted; and that any

discrepancies from the study as planned (and, if relevant, registered)

have been explained.

AUTHOR CONTRIBUTIONS

Jessica Balikji: Conceptualization; writing—original draft. Pantea

Kiani: Conceptualization; methodology; writing—review & editing.

Pauline Anne Hendriksen: Conceptualization; investigation; method-

ology; writing—review & editing. Maarten Michael Hoogbergen:

Conceptualization; writing—review & editing. Johan Garssen: Con-

ceptualization; writing—review & editing. Joris Cornelis Verster:

Conceptualization; data curation; formal analysis; writing—original

draft; writing—review & editing.

ACKNOWLEDGMENT

This study received no external funding.

CONFLICTS OF INTEREST

Over the past 3 years, J.C.V. has acted as a consultant/advisor for

KNMP, Mentis, Red Bull, Sen‐Jam Pharmaceutical, and Toast!. J.G. is

part‐time employee of Nutricia Research and received research

grants from Nutricia research foundation, Top Institute Pharma, Top

Institute Food and Nutrition, GSK, STW, NWO, Friesland Campina,

CCC, Raak‐Pro, and EU. The other authors have no potential conflicts

of interest to disclose.

DATA AVAILABILITY STATEMENT

The data is published open access in the journal MDPI Data and

available online at doi:10.3390/data6110120.

INSTITUTIONAL REVIEW BOARD STATEMENT

The study was conducted according to the guidelines of the

Declaration of Helsinki, and approved by the Science‐Geo Ethics

Review Board of Utrecht University (protocol code: S‐21525, date of

approval: May 19, 2021).

INFORMED CONSENT STATEMENT

Informed consent was obtained from all participants that took part in

the study.

ORCID

Jessica Balikji http://orcid.org/0000-0002-3012-3728

Pantea Kiani http://orcid.org/0000-0003-3073-9749

Pauline A. Hendriksen https://orcid.org/0000-0002-9030-4432

Maarten M. Hoogbergen https://orcid.org/0000-0001-9546-4155

Johan Garssen http://orcid.org/0000-0002-8678-9182

Joris C. Verster https://orcid.org/0000-0002-6455-2096

REFERENCES

1. Unterfrauner I, Hruby LA, Jans P, Steinwender L, Farshad M, Uçkay I.
Impact of a total lockdown for pan‐demic SARS‐CoV‐2 (Covid‐19)
on deep surgical site infections and other complications after
orthopedic surgery: a retrospective analysis. Antimicrob Resist Infect

Control. 2021; 10: 1‐9.

2. Emanuel EJ, Persad G, Upshur R, et al. Fair allocation of scarce medical
resources in the time of Covid‐19. N Engl J Med. 2020; 382: 2049‐2055.

3. Laux CJ, Bauer DE, Kohler A, Uçkay I, Farshad M. Disproportionate

case reduction after ban of elective surgeries during the SARS‐CoV‐
2 pandemic. Clin Spine Surg. 2020; 33: 244‐246.

4. Prati G, Mancini AD. The psychological impact of COVID‐19
pandemic lockdowns: a review and meta‐analysis of longitudinal
studies and natural experiments. Psychol Med. 2021; 51: 201‐211.

5. Gilan D, Röthke N, Blessin M, et al. Psychomorbidity, resilience, and
exacerbating and protective factors during the SARS‐CoV‐2
pandemic. Dtsch Arztebl Int. 2020; 117: 625‐630.

6. Ma S, Yuan Z, Peng Y, et al. Experience and suggestion of medical
practices for burns during the outbreak of COVID‐19. Burns. 2020;
46: 749‐755.

7. Meloni M, Izzo V, Giurato L, Gandini R, Uccioli L. Management of

diabetic persons with foot ulceration during COVID‐19 health care
emergency: effectiveness of a new triage pathway. Diabetes Res Clin
Pract. 2020; 165:108245.

8. Lange SJ, Ritchey MD, Goodman AB, et al. Potential indirect effects
of the COVID‐19 pandemic on use of emergency departments for
acute life‐threatening conditions—United States, January–May

2020. MMWR Morb Mortal Wkly Rep. 2020; 69: 795‐800.
9. Reinstadler SJ, Reindl M, Lechner I, et al. Effect of the COVID‐19

pandemic on treatment delays in patients with ST‐segment elevation
myocardial infarction. J Clin Med. 2020; 9:2183.

BALIKJI ET AL. | 7 of 9

 23988835, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.764 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [24/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3390/data6110120
http://orcid.org/0000-0002-3012-3728
http://orcid.org/0000-0003-3073-9749
https://orcid.org/0000-0002-9030-4432
https://orcid.org/0000-0001-9546-4155
http://orcid.org/0000-0002-8678-9182
https://orcid.org/0000-0002-6455-2096


10. Diegoli H, Magalhães P, Martins S, et al. Decrease in hospital
admissions for transient ischemic attack, mild, and moderate stroke
during the COVID‐19 era. Stroke. 2020; 51: 2315‐2321.

11. Raaijmakers K. Toegangkelijke zorg tijdens de 2e golf COVID‐19.
Nederlandse Zorgauthoriteit, 14 October 2020. Assessed November
24, 2021. https://puc.overheid.nl/nza/doc/PUC_323350_22/1/

12. Sud A, Jones ME, Broggio J, et al. Collateral damage: the impact on
outcomes from cancer surgery of the COVID‐19 pandemic. Ann

Oncol. 2020; 31: 1065‐1074.
13. Negrini S, Grabljevec K, Boldrini P, et al. Up to 2.2 million people

experiencing disability suffer collateral damage each day of COVID‐
19 lockdown in Europe. Eur J Phys Rehabil Med. 2020; 56: 361‐365.

14. Physical E, Alliance RMB. White book on physical and rehabilitation
medicine in Europe. Chapter 2. Why rehabilitation is needed by

individual and society. Eur J Phys Rehabil Med. 2018; 54: 166‐176.
15. Wang R, Peng Y, Jiang Y, Gu J. Managing chronic wounds during novel

coronavirus pneumonia outbreak. Burns Trauma. 2020; 8: 8 tkaa016.
16. Tinelli G, Sica S, Guarnera G, Pitocco D, Tshomba Y. Wound care

during COVID‐19 pandemic. Ann Vasc Surg. 2020; 68: 93‐94.
17. Alliance of Wound Care Stakeholders. Wound Care is an Essential –

Not Elective – Service that Prevents Hospital Admissions and ED
Visits Among a Fragile Cohort of Patients at High‐Risk of COVID‐19.
March 20, 2020. Assessed: November 18, 2021. https://www.

woundcarestakeholders.org/images/Final2_Statement_-_Wound_
Care_as_Essential.pdf

18. Skrepnek GH, Mills JL, Armstrong DG. Foot‐in‐wallet disease:
tripped up by “cost‐saving” reductions? Diabetes Care. 2014; 37:
e196‐e197.

19. Rice JB, Lavery LA. Abstract: Patients receiving hyperbaric oxygen
(HBO) therapy have fewer major amputations than advanced wound
care. Presented at: Symposium on Advanced Wound Care Fall. Las
Vegas, NV, 2018.

20. Prompers L, Huijberts M, Apelqvist J, et al. High prevalence of

ischaemia, infection and serious comorbidity in patients with
diabetic foot disease in Europe. baseline results from the eurodiale
study. Diabetologia. 2007; 50: 18‐25.

21. Hicks CW, Selvarajah S, Mathioudakis N, et al. Burden of infected
diabetic foot ulcers on hospital admissions and costs. Ann Vasc Surg.

2016; 33: 149‐158.
22. Faglia E, Clerici G, Caminiti M, Quarantiello A, Gino M, Morabito A.

The role of early surgical debridement and revascularization in
patients with diabetes and deep foot space abscess: retrospective

review of 106 patients with diabetes. J Foot Ankle Surg. 2006; 45:
220‐226.

23. Vas P, Edmonds M, Kavarthapu V, et al. The diabetic foot attack: “tis
too late to retreat!”. Int J Low Extrem Wounds. 2018; 17: 7‐13.

24. Meloni M, Bouillet B, Ahluwalia R, et al. Fast‐track pathway for

diabetic foot ulceration during COVID‐19 crisis: a document from
international diabetic foot care group and D‐Foot international.
Diabetes Metab Res Rev. 2021; 37:e3396.

25. Sanyaolu A, Okorie C, Marinkovic A, et al. Comorbidity and its
impact on patients with COVID‐19. SN Compr Clin Med. 2020; 2:

1069‐1076.
26. Richardson S, Hirsch JS, Narasimhan M, et al. COVID‐19 research

consortium. presenting characteristics, comorbidities, and outcomes
among 5700 patients hospitalized with COVID‐19 in the New York
city area. JAMA. 2020; 323: 2052‐2059.

27. Reardon R, Simring D, Kim B, Mortensen J, Williams D, Leslie A. The
diabetic foot ulcer. Austr J Gen Pract. 2020; 49: 250‐255.

28. Jeffcoate WJ, Vileikyte L, Boyko EJ, Armstrong DG, Boulton AJ.
Current challenges and opportunities in the prevention and manage-

ment of diabetic foot ulcers. Diabetes Care. 2018; 41: 645‐652.
29. Morbach S, Furchert H, Gröblinghoff U, et al. Long‐term

prognosis of diabetic foot patients and their limbs: amputation

and death over the course of a decade. Diabetes Care. 2012; 35:
2021‐2027.

30. Data provided by Net Health®. Personal communication, November
30, 2021.

31. Guarnera G, Tinelli G, Abeni D, Di Pietro C, Sampogna F, Tabolli S.
Pain and quality of life in patients with vascular leg ulcers: an Italian
multicentre study. J Wound Care. 2007; 16: 347‐351.

32. Sen CK, Gordillo GM, Roy S, et al. Human skin wounds: a major and
snowballing threat to public health and the economy. Wound Repair

Regen. 2009; 17: 763‐771.
33. Scott TE, LaMorte WW, Gorin DR, Menzoian JO. Risk factors for

chronic venous insufficiency: a dual case‐control study. J Vasc Surg.
1995; 22: 622‐628.

34. Erfurt‐Berge C, Ronicke M, Richter‐Schmidinger T, Walther F,

Renner R. Quality of life assessment in family members of patients
with chronic wounds. Eur J Dermatol. 2019; 29: 484‐489.

35. Green J, Jester R. Health‐related quality of life and chronic venous
leg ulceration: part 1. Br J Community Nurs. 2009; 14: S12‐S17.

36. Souza Nogueira G, Rodrigues Zanin C, Miyazaki MCO,

Pereira de Godoy JM. Venous leg ulcers and emotional conse-
quences. Int J Low Extrem Wounds. 2009; 8: 194‐196.

37. Wiechman S, Kalpakjian CZ, Johnson KL. Measuring depression in
adults with burn injury: a systematic review. J Burn Care Res. 2016;

37: e415‐e426.
38. Zhou K, Jia P. Depressive symptoms in patients with wounds: A

cross‐sectional study. Wound Repair Regen. 2016; 24: 1059‐1065.
39. Queen D, Harding K. The legacy of the COVID‐19 pandemic and

potential impact on persons with wounds. Int Wound J. 2021; 18:

417‐419.
40. Shin L, Bowling FL, Armstrong DG, Boulton AJ. Saving the diabetic

foot during the COVID‐19 pandemic: a tale of two cities. Diabetes
Care. 2020; 43: 1704‐1709.

41. Armstrong DG. Managing the surge: Delayed chronic wound care

during COVID‐19. AJMC, September 21, 2021. Assessed November
18, 2021. https://www.ajmc.com/view/managing-the-surge-delayed-
chronic-wound-care-during-covid-19

42. Hendriksen PA, Merlo A, Bijlsma EY, et al. COVID‐19 lockdown
effects on academic functioning, mood, and health correlates: data

from Dutch pharmacy students, PhD candidates, and postdocs.
Data. 2021; 6: 120.

43. Wilod Versprille LJF, van de Loo AJAE, Mackus M, et al. Develop-
ment and validation of the immune status questionnaire (ISQ). Int

J Environ Res Public Health. 2019; 16: 4743.
44. Van Schrojenstein Lantman M, Mackus M, Otten LS, et al. Mental

resilience, perceived immune functioning, and health. J Multidiscip

Healthc. 2017; 10: 107‐112.
45. Verster JC, Sandalova E, Garssen J, Bruce G. The use of single‐item

ratings versus traditional multiple‐item questionnaires to assess
mood and health. Eur J Investig Health Psychol Educ. 2021; 11:
183‐198.

46. Balikji J, Hoogbergen MM, Garssen J, Verster JC. Mental resilience,
mood, and quality of life in young adults with self‐reported impaired

wound healing. Int J Environ Res Public Health. 2022; 19:2542.
47. Balikji J, Garssen J, Hoogbergen MM, Verster JC. The association of

irritable bowel complaints and perceived immune fitness among
individuals that report impaired wound healing: supportive evidence
for the gut‐brain‐skin axis. Gastroenterology Insights. 2021; 12:

423‐432.
48. Balikji J, Hoogbergen MM, Garssen J, Verster JC. Self‐reported

impaired wound healing in young adults and their susceptibility to
experiencing immune‐related complaints. J Clin Med. 2022; 11: 980.

49. Seebach CL, Kirkhart M, Lating JM, et al. Examining the role of
positive and negative affect in recovery from spine surgery. Pain.
2012; 153: 518‐525.

8 of 9 | BALIKJI ET AL.

 23988835, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.764 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [24/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://puc.overheid.nl/nza/doc/PUC_323350_22/1/
https://www.woundcarestakeholders.org/images/Final2_Statement_-_Wound_Care_as_Essential.pdf
https://www.woundcarestakeholders.org/images/Final2_Statement_-_Wound_Care_as_Essential.pdf
https://www.woundcarestakeholders.org/images/Final2_Statement_-_Wound_Care_as_Essential.pdf
https://www.ajmc.com/view/managing-the-surge-delayed-chronic-wound-care-during-covid-19
https://www.ajmc.com/view/managing-the-surge-delayed-chronic-wound-care-during-covid-19


50. Connolly FR, Aitken LM, Tower M. An integrative review of self‐
efficacy and patient recovery post acute injury. J Adv Nurs. 2014; 70:
714‐728.

51. Kiani P, Balikji J, Kraneveld AD, Garssen J, Bruce G, Verster JC.
Pandemic preparedness: the importance of adequate immune
fitness. J Clin Med. 2022; 11:2442.

52. Hendriksen PA, Kiani P, Garssen J, Bruce G, Verster JC. Living alone

or together during lockdown: association with mood, immune fitness
and experiencing COVID‐19 symptoms. Psychol Res Behav Manag.
2021; 14: 1947‐1957.

How to cite this article: Balikji J, Kiani P, Hendriksen PA,

Hoogbergen MM, Garssen J, Verster JC. Impaired wound

healing is associated with poorer mood and reduced

perceived immune fitness during the COVID‐19 pandemic: A

retrospective survey. Health Sci. Rep. 2022;5:e764.

doi:10.1002/hsr2.764

BALIKJI ET AL. | 9 of 9

 23988835, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.764 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [24/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/hsr2.764



