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Abstract

Background: Type 1 diabetes (T1D) is associated with general- and diabetes-specific
stress which has multiple adverse effects. Hence measuring stress is of great
importance. An algometer measuring pressure pain sensitivity (PPS) has been shown to
correlate to certain stress measures in adults. However, it has never been investigated in
children and adolescents. The aim of our study was to examine associations between
PPS and HbAlc, salivary cortisol and two questionnaires as well as to identify whether
the algometer can be used as a clinical tool among children and adolescents with T1D.
Methods: 83 participants aged 6 - 18 years and diagnosed with T1D were included in
this study with data from two study visits. Salivary cortisol, PPS and questionnaires
were collected, measured, and answered on site. HbAlc was collected from medical
files. Results: We found correlations between PPS and HbAlc (tho=0.35 P = 0.046),
cortisol (rho=-0.25, P = 0.02) and perceived stress scale (rho=-0.44, P = 0.02) in different
subgroups based on age. Males scored higher in PPS than females (p<0,001).
Conclusions: We found PPS to be correlated to HbAlc but otherwise inconsistent in
results. High PPS values indicated either measurement difficulties or hypersensibility

towards pain.
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Core Tip: The aim of present study was to examine whether pressure pain sensitivity
(PPS) in children and adolescents associates with other stress measures and determine if
it can be used as a clinical tool in this population. Our study revealed some unexpected
discrepancies examining PPS in a pediatric population with type 1 diabetes,

highlighting the need for more research to validate if PPSis a clinically useful measure

in children.

TO THE EDITOR

Type 1 diabetes (T1D) is associated to general- and diabetes-specific stress, which is
linked to high HbA1clll, increased morbidity and mortality, and decreased quality of
lifel’l, In adults, Ballegaard et all>!l found pressure pain sensitivity (PPS) measured with
an algometer to be correlated with established stress measures, thereby introducing an
objective, non-invasive method of measuring stress. The aim of this study was to
examine how PPS in children and adolescents associates with other stress measures and
whether it can be used as a clinical tool in this population.

Data were collected as part of a prospective study of dermatological complications to
diabetes devices. The present study included individuals with T1D between the ages of
6 - 18 years, and two study visits for each participant were selected based on available

data. Exclusion criterium was participant or caregiver not being able to speak or read

Danish.




PPS was measured using the algometer with two to three consecutive measurements on
the index finger and tibia for method introduction before placement on the sternum.
Increasing pressure was put on the skin for three seconds and participants were asked
to say “stop” just before or as the pressure turned into pain or discomfort. The
measurement was also stopped when a noxious withdrawal reflex (NWR) was
observed, or if there was an activation of an alarm at maximum pressure (=30 on PPS
scale). PPS-score ranges from 30 - 100 with values = 60 being the cut-off point for high
level of stress in adults, based on ROC curves 5] Salivary cortisol was analyzed with
radioimmunoassay and HbAlc collected from medical files. Perceived Stress Scale (PSS)
and World Health Organization-5 Well-Being Index (WHO-5), two questionnaires
regarding stress and well-being, were completed during visits. PSS was answered by
participants from age 10 years and WHO-5 from age 6 years. Examinations were
conducted between April 1¢t 2020 and April 9% 2021. The study was approved by the
Danish Data Protection Agency (P-2020-2) and the Regional Committee in Health
Research Ethics (H-18059790) and followed Danish legislation regarding consent.
Statistical analyses were made using the statistical software package R, version 4.2.2.
Spearman’s rank correlation was used for correlation analyses. Sex differences were
analyzed using Mann-Whitney U test. The study population ‘ﬁls analyzed as a whole
and divided in two age groups (6 - 12 years, 13 - 18 years). A p-value of < 0.05 was
considered statistically significant.

This study comprised 83 participants, 51% male, mean (+SD) age was 12.6 (+2.9) years
and median (Q1-Q3) T1D duration was 0.8 years (0.01;3.4). Forty-one percent were
diagnosed with T1D within three months prior to their first study visit. Table 1 shows
correlation analyses at the first visit (A) and in between visits (B) for the whole
population as well as when stratified into age groups. Unexpectedly, negative
correlations were found between PPS and cortisol in the total population (rho= -0.25, P
= 0.02), in the 13 - 18-year-olds (tho=-0.35, P = 0.045), and between PPS and PSS in the
6 - 12-year-olds (rho=-0.44, P = 0.02). A positive correlation between PPS and HbAlc
was present in the 13 - 18-year-olds (rho=0.35, P = 0.046) and this finding persisted




when comparing differences in PPS and HbAlc between the two visits (rho=0.45, P =
0.048). Males scored higher than females in PPS in the total population (median
difference = 17.5, p<0.001), this being driven by the younger age group (p<0.001) since
no sex difference was present among 13 - 18-year-olds. No sex differences were found
among the other variables. The PPS measurements were strongly and internally
correlated when measured on the index finger, the tibia, and the sternum (all r > 0.5, all
p < 0.001).

To summarize, we found a positive correlation between PPS and HbAlc in the old age
group and unexpectedly negative correlations at the first visit between PPS and cortisol
and PPS and PSS, the latter being present in the young age group. The negative and
missing correlations contrast the findings of Ballegaard ef al who in adults found
significant correlations between PPS and physiological markers of stress (heart rate,
blood pressure, pressure rate product)’l, regulation of glucose metabolism in adults
with type 2 diabetesl367], survival in persons with ischemic heart diseasel8] and
questionnaires regarding mental and physical healthl4l. Interestingly, we found that the
younger males scored higher than the younger females but no differences among the
older participants. Conversely Ballegaard et al found the opposite correlation in adults
which is more in line with the general assumption that females score higher in stress
than malesl®. When using the algometer, a sex specific scale is activated. Hence our
opposing findings may be explained by an irrelevance of different scales for sex in
younger children. Despite the set-up with measuring on finger and tibia first and then
sternum, a high percentage of participants said stop right away even at repeated visits.
The a priori fear of being hurt and /or problems with understanding the instruction may
be more prominent in younger children. A possible scenario could also be that
participants wished to appear strong and therefore waited too long before saying stop.
The population’s high PPS levels can be interpreted as either an expression of a
psychological response, measurement difficulties or a general centrally induced hyper
sensibility caused by autonomic imbalance due to T1DIL. PPS was significantly lower in

participants with NWR compared to participants saying “stop” but too few




measurements terminated because of NWR were available to enable subgroup analyses.
The study was running during the COVID-19 pandemic which might have influenced
stress and well-being. Cortisol levels were not adjusted to potentially influencing
factors such as exercise and food intake. The study had minimal selection bias since
participants enrolled in a study regarding skin problems. Furthermore, the variation in
age allowed subgroup analyses.

In conclusion, there was a moderate to strong internal correlation between PPS
measured on the three locations, however, the correlations of PPS to other indicators of
stress such as cortisol and PSS was unexpectedly negative. PPS-values were generally
high compared to adults reflecting either measurement difficulties or hypersensibility
towards pain and the use of sex-specific scale was less relevant in the youngest age
group. Our study revealed some unexpected discrepancies examining PPS in a pediatric
population with type 1 diabetes highlighting the need for more research to validate if

PPS is a clinically useful measure in children.
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