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Background: Having chronic wounds and impaired wound healing are associated with psychological distress. The current study aims
to evaluate migraine and headache complaints in young adults with self-reported impaired wound healing.

Methods: A survey was conducted among N=1935 young adults (83.6% women), 18-30 years old, living in the Netherlands. Wound
healing status was verified, immune fitness was assessed using a single-item rating scale, and ID Migraine was completed. In addition,
several questions were answered on past year’s headache experiences (including frequency, quantity, type, location, and severity).
Results: In both the control group (p < 0.001) and the IWH group (p = 0.002) immune fitness was significantly lower among those
that reported headaches compared to those that reported no headaches. Individuals with self-reported impaired wound healing (IWH)
scored significantly higher on the ID Migraine scale, and individuals of the IWH group scored significantly more often positive for
migraine (ie, an ID Migraine score >2). They reported a younger age of onset of experiencing headaches, and significantly more often
reported having a beating or pounding headache than the control group. Compared to the control group, the IWH group reported being
significantly more limited in their daily activities compared to the control group.

Conclusion: Headaches and migraines are more frequently reported by individuals with self-reported impaired wound healing, and
their reported immune fitness is significantly poorer compared to healthy controls. These headache and migraine complaints
significantly limit them in their daily activities.
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Introduction
A chronic wound is defined as an interruption in the continuity of the skin and integrity of the tissue that requires
a prolonged time (>8 weeks) to heal, does not heal, or recurs.! The most prevalent forms of chronic wounds (70-90%)
are leg ulcers caused by vascular insufficiency,” followed by foot diabetic ulceration.*> Chronic wounds are prevalent
and constitute an underestimated public health problem: over 8 million Americans suffer from chronic wounds with or
without infection, and the economic costs for chronic wound management have been estimated to range from $28 to
$31 billion.® Slow-healing wounds cause disability, decreased productivity, and loss of independence.”®

The healing of a wound requires proper circulation, immune status, nutrition, and avoidance of negative mechanical
forces. In healthy individuals, the wound healing process takes 3—14 days to complete and is classically divided into three
overlapping stages: acute inflammation, proliferation, and granulation tissue formation, and tissue remodeling with
wound contraction.”!" During the inflammatory phase, hemostasis and inflammation occur. Neutrophils and macro-
phages appear on the wound surface to remove necrotic tissue, debris, and bacteria from the wound. A functioning
immune system and an adequate release of growth factors are required for this phase of wound healing. In the
proliferative phase, fibroblasts proliferate and produce a collagen matrix, and re-epithelization and angiogenesis occur.
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During the remodeling phase, fibroblasts reorganize the collagen matrix, and wound contraction occurs. This phase lasts
until the granulation tissue is replaced by scar tissue. Wounds gain approximately 80% of their final strength in the first 3
weeks of normal wound healing."' When any of the wound healing process components is compromised, healing may be
delayed.

Previous research revealed that self-reported impaired wound healing in young adults was associated with poorer
mood, attention deficits, reduced quality of life, and poorer immune fitness.'*'*> The psychological distress of having
chronic wounds was also shown to be associated with increased susceptibility to experiencing immune-related
complaints'* and health issues such gastrointestinal complaints'> or poor sleep and increased levels of experiencing
insomnia.'® Given these frequent comorbidities and their potential negative impact on both disease course and treatment
compliance,’ it is important to further investigate these factors. The aim of the current article was therefore to investigate
the possible relationship between impaired wound healing and migraine headaches.

Migraine is a common headache disorder, with a prevalence of 15% of the world’s population (~1 billion people) and
affects women three times more often (~18%) than men (~6%).'”'® The pathophysiology of migraine constitutes the
involvement of both vascular and neuronal mechanisms. The visual aura experienced by some patients with migraine
arises from cortical spreading depression and the subsequent activation of perivascular nerve afferents. This leads to
vasodilatation of and neurogenic inflammation of cranial vessels, which results in throbbing pain.'®*°

Most vascular risk factors are related to lower levels of endothelial progenitor cells (EPCs) and endothelial
dysfunction.?! EPCs are cell types that derive from bone marrow, circulate in peripheral blood, are capable of
proliferation and differentiation into endothelial cells, and play an important role in angiogenesis (forming new blood
vessels) in damaged tissues.”**> Moreover, EPCs maintain the integrity and function of the vascular endothelium, being
considered EPCs as a reflection of endothelial repair capacity.”* Furthermore, a loss in the number and function of EPC
has also been found in patients with migraine.”> These values decrease even more during headache. Thus, a relationship
between migraine and endothelial function has been suggested.*®

Previous research has shown that EPCs may contribute to neovascularization during wound healing, limb ischemia,?” =°

3031 and atherosclerosis.>? One significant impairment of ischemic wounds is deficient

endothelization of vascular grafts,
tissue-level neovascularization.** Neovascularization is essential for wound healing because it replaces damaged capillaries
and re-establishes the supply of oxygen and nutrients. Literature has demonstrated that macro- and microangiopathy have
been implicated in the pathogenesis of diabetic foot ulcers.***> Furthermore, reduced levels and impaired function of EPCs
are found in diabetic patients.***” As a result, wound-healing mechanisms are compromised.*®*' Transplantation of EPC
has demonstrated promising results in wound healing.*?

Although the pathophysiology of migraine is not fully understood, calcitonin gene-related peptide (CGRP) plays
a causative role in migraine. For example, increased CGRP plasma levels were shown during migraine attacks,* and
inhibition of CGRP release decreased both plasma levels of CGRP and the severity of migraine symptoms.**** Another
study demonstrated that intra-venous provocation with CGRP induces migraine attacks in migraine patients.*> The role of
CGRP in migraine is modulating nociception and maintaining neurogenic inflammation, which leads to pain sensitiza-
tion. Despite its involvement in inflammatory processes,*®*® it has also been associated with wound healing processes.*’
This is thought to be mediated through its ability to enhance keratinocyte proliferation,”® promote revascularization,”'
and to reduce the expression of inflammatory mediators such as tumor necrosis factor-o. (TNF-a) and macrophage
infiltration.>

Immune fitness refers to the capacity of the body to respond to health challenges (such as infections) by activating an
appropriate immune response, essential to maintain health, prevent and resolve disease, and improve quality of life.>* In
the current study, immune fitness was assessed with a single-item rating scale ranging from 0 (very poor) to 10
(excellent).”*>¢

Given that EPCs and CGRP play a crucial role in migraine as well as in wound healing, the present study aimed to
evaluate the association between migraine and impaired wound healing. As there are no biomarkers for immune fitness
or headache, the study comprised an anonymous online survey, and all data were self-reported. It was hypothesized
that migraine contributes to a higher incidence of impaired wound healing, which also results in poorer immune

fitness.
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Methods

Via Facebook advertisements in the fall of 2016, Dutch university students were recruited to complete an anonymous
online survey on food and health. The cross-sectional survey was designed in SurveyMonkey and conducted in the Dutch
language. Subjects could participate if they were students between the age of 18 to 30 years old. The study complied with
the Declaration of Helsinki and was approved by the Psychology Ethics Committee of the University of Groningen
(Approval code: 16072-0O). Electronic informed consent was obtained from all subjects.

Subjects indicated whether or not they had experienced wound infections or slow-healing wounds during the
past year. If they answered ‘yes’ to either of these two questions they were allocated to the impaired wound healing
(IWH) group. The other subjects served as a control group. A single-item rating assessed immune fitness on an 11-point
scale that ranged from 0 (very poor) to 10 (excellent).’>>* The test—retest reliability of the scale is 0.85 to 0.89,%>>¢ and
its outcome has been significantly related to various mental and physical health constructs®*>’%® and quality of life.>* ID
Migraine was completed to evaluate migraine complaints.®' The ID Migraine consists of three questions, which can be
answered with yes (score 1) or no (score 0). The sum score of the three questions is computed. An overall ID Migraine
score of >2 implies a positive screen for having a migraine (sensitivity of 81%, specificity of 75%).°!

Subjects were asked whether or not they had experienced a headache during the past year (yes/no answering format). If
they answered affirmative, they completed a series of questions related to their headache. The questions were developed by
investigators (M.M. and J.C.V.) to gain more insight into headache complaints. First, the age of onset of experiencing
headaches was recorded. Second, it was assessed how often they experience hangovers per month. A third question asked
whether or not they had family members with headache complaints (yes/no answering format). A fourth question concerned
the location of the headache (left, right, or both left and right). Question 5 (yes/no answering format) assessed the type of
headache pain. Subjects could choose (multiple answers possible) between (1) beating, pounding, (2) drilling, (3) stabbing,
(4) tension headache (like a tight band around the head), (5) as if a knife is stabbed in the head or eye, and (6) continuously
present, uninterrupted. Question 6 (yes/no answering format) concerned the starting time of the headache. As starting time,
subjects could choose (multiple answers possible) between (1) I wake up with a headache, (2) during the day, (3) during the
night, (4) only on the weekend, (5) before or during menstruation (females only), and (6) around ovulation (females only).
Finally, question 7 asked whether subjects could predict the onset of their headache. The answering possibilities to choose
from were (1) no, (2) yes, on the same day, (3) yes, 1 day before, (4) yes, 2 days before, and (5) yes, more than 2 days before.

Statistical analyses were conducted with SPSS (IBM Corp. Released in 2013. IBM SPSS Statistics for Windows, Version
29.0. Armonk, NY, USA: IBM Corp.). In case of missing data, subjects were omitted from the corresponding analysis. Data
from the IWH group and control group were compared with the Independent-Samples Kruskal-Wallis test. Percentual data
were compared with Chi-Squared tests. Differences between groups were considered statistically significant if p < 0.05
(2-sided). Spearman correlations were computed between immune fitness and the overall ID Migraine score, and between
immune fitness and the monthly frequency of having headaches. Correlations were considered significant if p < 0.05 (2-sided).

Results

Data from n=1935 subjects (83.6% women) was used for the analysis. A total of 82.0% of them reported having had
headaches during the past year. The demographics of the participants are summarized in Table 1. Immune fitness was
significantly lower in the IWH group than in the control group (p < 0.001). Other differences between the IWH group and
the control group were not significant.

Demographics based on headache status are summarized in Table 2. In both the control group (p < 0.001) and the
IWH group (p = 0.002) immune fitness was significantly lower among those that reported headaches compared to those
that reported no headaches. Other differences between those with or without past-year headaches were not significant.

For those who reported past year headaches, the characteristics of their headaches are summarized in Table 3. The age of
onset of experiencing headaches was significantly younger in the IWH group than in the control group. With regard to the type
of headache, the IWH group significantly more often reported having a beating or pounding headache than the control group.
No other significant differences were found between the groups regarding the location, type, and starting time of the headache.
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Table | Demographics of the IWH Group and the Control
Group
Control Group IWH Group
N 1548 387
Sex (m/f) 263/1285 54/333
Age (years) 21.4 (2.1) 21.1 (2.0
BMI (kg/m?) 22.3 (3.1) 22.6 (3.3)
Immune fitness 7.7 (1.3) 7.0 (1.5)*
Notes: *Significant differences (p < 0.05) between the IWH group and the
control group.
Abbreviations: IWH, impaired wound healing; BMI, body mass index; m,
male; f, female; n, number of subjects.
Table 2 Demographics According to Headache Status
Wound Healing Status Control Group IWH Group
Headache Group Headache | No Headache | Headache | No Headache
n 1264 284 64
Sex (m/f) 190 / 1074 73 /211 15/49%
Age (years) 21.4 (2.1) 21.3 (2.0 210 (2.1) 21.3 (2.0
BMI (kg/m?) 224 (3.2) 22.1 (2.7) 22.6 (3.4) 22.6 (3.0
Immune fitness 7.6 (1.3) 8.1 (1.2)* 6.9 (1.5) 7.5 (1.4)*
Notes: *Significant differences (p < 0.05) between subjects with or without past-year headaches.
Abbreviations: IWH, impaired wound healing; BMI, body mass index; m, male; f, female; n, number of subjects.
Table 3 Characteristics of the Reported Headaches
Control Group IWH Group p-value
Age of onset of experiencing headaches 13.9 (4.0 13.1 (44) 0.036 *
Frequency of experiencing headaches (per month) 2.5 (2.8) 2.9 (3.5) 0.412
| have family members with headache complaints 43.4% 58.0% 0.656
Location of headache
Left 11.1% 12.7% 0.420
Right 8.0% 9.2% 0.484
Left and right 80.9% 78.0% 0.242
Type of headache pain
Beating, pounding 51.2% 61.0% 0.002 *
Drilling 4.2% 5.0% 0.530
Stabbing 35.9% 40.2% 0.153
Tension headache (like a tight band around the head) 23.8% 23.5% 0.910
As if a knife is stabbed in the head or eye 14.7% 18.0% 0.142
Continuously present, uninterrupted 51.8% 50.8% 0.748
Starting time of the headache
| wake up with headache 29.9% 32.8% 0.313
During the day 76.9% 75.5% 0.596
During the night 3.2% 5.0% 0.120
Only in the weekend 1.7% 3.4% 0.054
Before or during menstruation (females only) 27.7% 28.5% 0.789
Around ovulation (females only) 6.1% 5.6% 0.752
(Continued)
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Table 3 (Continued).

Control Group IWH Group p-value
Can you predict the onset of headache?
No 86.8% 83.1% 0.087
Yes, on the same day 8.3% 5.7% 0.120
Yes, | day before 4.5% 0.3% <0.001 *
Yes, 2 days before 0.4% 10.8% < 0.001 *
Yes, more than 2 days before 0.0% 0.0% -

Notes: *Mean, SD, and percentage ‘yes’ are presented. Significant differences (p < 0.05) between the IWH group and the control group.

Abbreviation: IWH, impaired wound healing.

Table 4 ID Migraine Scores

Control Group | IWH Group p-value
“You felt nauseated or sick to your stomach when you had a headache?” 20.6% 25.2% 0.092
“Light bothers you when you had a headache?” 41.1% 50.3% 0.004 *
“Your headaches limited your activities for at least one day in the past three months?” 42.0% 52.2% 0.001 *
Overall ID Migraine score 1.0 (1.0) 1.3 (1.0) < 0.001 *
Positive screen for migraine (% 2 2) 31.0% 42.0% <0.001 *

Notes: *Mean, SD, and percentage “yes” are presented. Significant differences Between the IWH group and the control group (p < 0.05).

Abbreviation: IWH, impaired wound healing.

The control group could significantly more frequently predict the onset of the headache 1 day before its start, whereas the IWH

group significantly more frequently could predict the onset of the headache 2 days before its start.
Typical migraine complaints are summarized in Table 4. Compared to the control group, the IWH group reported being
significantly more frequently bothered by light when having a headache and was significantly more limited in their daily activities

compared to the control group. Compared to the control group, overall migraine scores of the IWH group were significantly
higher, and individuals of the IWH group scored significantly more often positive for migraine (ie, an ID Migraine score >2).
The correlations between immune fitness and headaches are shown in Figure 1. A significant and negative correlation
was found between immune fitness and the overall ID Migraine score (r=—0.203, p <0.001), and a significant and negative
correlation was found between immune fitness and the monthly frequency of having headaches (r = —0.205, p < 0.001).
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Figure | Relationship between immune fitness and headache. (A) Shows the Spearman correlation between immune fitness and the overall ID Migraine score, and (B)
Shows the Spearman correlation between immune fitness and the monthly frequency of having headaches. Correlations are considered statistically significant if p < 0.05.
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Discussion

This study demonstrated significant associations between self-reported impaired wound healing, migraine, and immune
fitness. The analysis revealed that compared to the control group, headache and migraine were experienced significantly
more often by individuals with impaired wound healing. In both the control group and the IWH group, immune fitness
was significantly lower among those that reported headaches compared to those that reported no headaches.

Previous studies have shown lower levels of EPC and higher CGRP counts in patients with migraine. Induced
inflammation by persistent stimulation of endothelium by CGRP could lead to a progressive decrease of EPC levels as
occurs with other chronic diseases.®® This effect might appear with greater intensity during migraine pain attacks,
according to the increased plasma levels of CGRP found during headache. However, data on migraine in chronic wound
patients is lacking. A literature search revealed only one case study® about a migraine patient with possible CGRP
receptor antibody-related skin wound healing impairment as a systemic side effect of CGRP. This finding supports the
notion that migraine patients undergoing CGRP block therapy should be more intensively monitored for impaired wound
healing.

A strength of this study is its large sample size. There are, however, several limitations that must be mentioned. First, the
convenience sample is not nationally representative. In line with Dutch university demographics, females were over-
represented in the sample. It is unclear to what extent the results obtained in this sample of young adults are representative
of other age groups. Also, their health status was self-reported and not confirmed by a formal diagnosis. In general, younger
people have better immune fitness compared to older people.** Given this, the effects observed for the current sample may be
more pronounced in older individuals. Future studies in formally diagnosed patients and controls should verify the current
findings. It is then important to also collect data on possible diseases and comorbidities related to impaired wound healing
(eg, diabetes). Second, because the assessments were self-reported and retrospective, recall bias may have influenced
reporting. The self-reports were not confirmed by a physician. Hence, the fact that individuals may have different perceptions
of the concepts of wound infection and slow healing wounds (which were not further explained in the survey) may have
caused bias. Future studies applying a longitudinal design, including confirmation of assessments by a physician, could
minimize this. Third, whereas the ID-Migraine scale is recognized as a valid and reliable screening instrument for

migraine,®"%3

it must be acknowledged that there are other, more elaborate, questionnaires to assess migraine. Instead of
using these, the researchers developed a series of questions to evaluate the nature of experienced headaches. Although the
questions are very straightforward, no formal validation study was conducted for these questions. Fourth, immune fitness was
assessed via a single-item scale, and this reflects the personal opinion of the individual.>® Future studies could also include
assessments of biomarkers of systemic inflammation (eg, blood cytokine concentrations) to further investigate the role of the
immune system in the relationship between impaired wound healing and headache. Finally, lifestyle factors, such as nutrition
or physical activity, were not considered in the current study. It is important to investigate their role in future studies, as they
may play an essential role in both wound healing and headache.®®®®

The study has clear implications. Headache and migraine were significantly more frequently reported by
individuals with self-reported impaired wound healing, and their reported immune fitness is significantly poorer
compared to healthy controls. The associated pain of having wounds is not limited to the location of the wound
and may also comprise headache. This implies that it is important to verify headache and migraine complaints in
individuals with self-reported impaired wound healing, and if present, to adequately treat these complaints. In
addition, it is important to monitor lifestyle factors and their impact on immune fitness, as improving immune
fitness may have a direct, positive effect on both wound healing and headache complaints.

In conclusion, headaches and migraine are more frequently reported by individuals with self-reported impaired wound
healing, and their reported immune fitness is significantly poorer compared to healthy controls. These headache and migraine
complaints significantly limit them in their daily activities. To improve future wound care, an interdisciplinary approach

should take into account the increased susceptibility for migraine and headache of individuals with impaired wound healing.

Data Sharing Statement
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