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 22 

Abstract 23 

Self-harm is an established risk factor for suicide in young people. Self-harm and suicide attempts 24 

are more prevalent in young people who have been in care due to abuse and neglect. Despite 25 

decades of research, prediction of suicide is no better than chance. Recent evidence suggests that 26 

individuals who self-harm might have decreased pain sensitivity and/or altered sensory processing. 27 

Extending previous research, we have undertaken the largest study to date in three groups of young 28 

people selected for their experience of self-harm (none, moderate, frequent) and compared their 29 

sensory profiles with age- and gender-matched community controls. We applied a range of 30 

standardised and validated quantitative sensory tests which allowed us to classify these young 31 

people with significantly greater accuracy than previously possible. We have identified the pressure 32 

pain threshold (AUC: 0.76) as a promising candidate for an inexpensive, novel biomarker to identify 33 

young people at increased risk of repeat self-harm or suicide.  34 

 35 

 36 

Main text 37 

Suicide is the second leading cause of death in young people in most Western countries1. Self-harm 38 

necessitating hospital treatment is the strongest known predictor of suicide2. Both suicide and self-39 

harm in children and adolescents have been rising in the UK and elsewhere3. In the UK and other 40 

European countries, self-harm is defined as self-poisoning or self-injury irrespective of the suicidal 41 

intent4. Self-injury is by far the most prevalent type of self-harm in community samples5. Typically, 42 

the onset of self-harm is in adolescents aged 12-14, with prevalence estimates of between 10% and 43 

25% in community samples6-9. Self-harm is proportionally higher in adolescent females and is 44 

frequently observed in individuals with experience of adverse childhood events10. Looked after 45 
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young people (LAYP) living in local authority care due to experiences of abuse and neglect are a 46 

particularly high-risk group for self-harm and suicide11. LAYP constitute less than 1% of the entire UK 47 

population under the age of 18, yet account for about half of all suicides12.  48 

 49 

In 2012, the World Health Organisation (WHO) stated that the ‘identification of risk and protective 50 

factors’ was critical to suicide prevention13. Decades of research have failed to produce strong risk 51 

factors that identify individuals at higher risk of either self-harm or suicide14. Previous attempts at 52 

risk prediction have been non-specific in identifying self-harm and suicide, therefore diagnostic 53 

accuracy is no better than chance14, 15. Despite attempts to use machine learning to identify suicidal 54 

youth, and functional imaging to detect neural representations of implicit associations between the 55 

concepts of self and self-harm related concepts16, 17, as yet, there are few recognised biological, 56 

clinical or psychological risk factors that could be applied clinically with confidence18.  57 

 58 

Contemporary theories of suicidal behaviour19-21 posit that individuals who engage in suicidal 59 

behaviour must develop an acquired capability to do so. One component of this capability is 60 

proposed to be an elevated pain tolerance. Evidence suggests that individuals who self-harm have 61 

altered pain perception and pain sensitivity compared to healthy controls, but there is little 62 

consensus as to why pain threshold and tolerance are altered in individuals who engage in self-63 

harm22-25. A seminal meta-analysis showed self-harm to be significantly associated with higher pain 64 

threshold26, but it is unclear whether pain sensitivity differences are a consequence of self-harm, an 65 

effect of psychiatric comorbidity, or whether these differences are present prior to onset of self-66 

harm. The only study in the meta-analysis that had a sample consisting of young people27 has found 67 

significantly higher pain thresholds in adolescent females with borderline personality disorder (BPD) 68 

than in healthy controls. This provided preliminary support for the idea that disturbed pain 69 

processing may already be present in the early stages of BPD. Painful stimuli might reduce 70 
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physiological arousal in individuals with self-harm28 and/or BPD29, and adult females with BPD 71 

appear to exhibit hyposensitivity to various sensory stimuli, both painful and innocuous30. 72 

 73 

A high proportion of people with BPD  report experiences of childhood maltreatment, and 74 

individuals who have both BPD and a history of maltreatment appear to be at even greater risk of 75 

self-harm and suicide attempts31, 32. There is also a strong association between childhood 76 

maltreatment and problems with pain perception – for example adults who report a history of 77 

childhood maltreatment are at almost twice the risk of developing chronic somatic pain syndromes33 78 

but the mechanisms remain obscure.  79 

 80 

Extending the previous studies, the current investigation focused on answering the following three 81 

questions: 82 

1) Are perceptual differences in pain sensitivity present in samples of young people who have self-83 

harmed and are in care due to maltreatment, compared to controls?  84 

2) How specific are the perceptual differences to pain sensitivity? Do young people with self-harm 85 

have perceptual differences in non-painful sensory tests?  86 

3) Is pain sensitivity associated with frequency of self-harm?  87 

Beyond answering the above questions, we hypothesised that, should our predictions about 88 

differences in pain sensitivity be confirmed, one or more of the pain sensitivity tests could be used 89 

as a simple yet specific clinical biomarker to identify individuals at high risk of self-harm. 90 

 91 

 92 
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Results 93 

We examined the relationship between self-harm and sensitivity to painful and non-painful stimuli in 94 

a total of 64 young people aged 13–17 (M = 16.34, SD = 1.01). We compared looked-after young 95 

people (LAYP) who had histories of severe abuse or neglect and who had low (1-4 episodes; n = 12 96 

(SH 1-4)) or high (5 or more episodes; n =21 (SH 5+)) levels of self-harm in the previous year with 97 

age-matched controls living in the same care facilities who had not self-harmed (n = 17 (No SH)). A 98 

further community control group (Controls) consisted of age-matched young people living at home 99 

with no histories of maltreatment (n = 14). The characteristics of the participants are given in Table 100 

1.  101 
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Control* LAYP No SH LAYP SH 1-4 LAYP SH 5+ 

(N =14)  (N =17) (N =12) (N =21)

Age (mean ± SD) 16.42 ± 0.67 16.47 ± 1.02 16.19 ± 1.39 16.27 ± 0.99

Gender

Female: Male % (N ) 85.7: 14.3 (12: 2) 5.9: 94.1 (1: 16) 33.3: 66.7 (4: 8) 81: 19 (17: 4)

Ethnicity % (N )

White British 78.6 (11) 88.2 (15) 91.7 (11) 85.7 (18)

Ethnic Minority 21.4 (3) 11.8 (2) 8.3 (1) 14.3 (3)

Medication % (N )

None 85.7 (12) 82.4 (14) 41.7 (5) 38.1 (8)

Anti-depressant 14.2 (2) 5.9 (1) 33.3 (4) 14.3 (3)

Anti-psychotic 7.1 (1) 11.8 (2) 8.3 (1) 9.5 (2)

Other / 17.7 (3) 41.7 (5) 61.9 (13)

Diagnosis** % (N )

None 100 (14) 35.3 (6) 8.3 (1) 4.8 (1)

Internalising 23.5 (4) 41.7 (5) 85.7 (18)

Externalising 47.1 (8) 41.7 (5) /

Neurodevelopmental 5.9 (1) 25 (3) 19.1 (4)

BPD Threshold*** % (N ) 0 (0) 5.9 (1) 58.3 (7) 66.7 (14)

(mean ± SD) 3 ± 2.22 3.06 ± 2.28 6.64 ± 2.25 6.76 ± 2.63

Suicidal thinking prior 6 

months % (N ) 21.4 (3) 0 (0) 16.7 (2) 57.1 (12)

SH, episodes of self-harm within the previous year; LAYP, looked-after young people. *Control group 

included 1 participant who had self-harmed 1-4 times and 2 who had 5+ times; **Internalising: 

anxiety, depression and  mood disorders; externalising: conduct and substance disorders; 

neurodevelopmental: attention deficit hyperactivity disorder (ADHD); ***Borderline personality 

disorder (BPD) threshold was collected using the McLean Screening Instrument. 

Table 1. Participant characteristics 
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Pain sensitivity is significantly associated with frequency of self-harm behaviour 106 

We used five different tests of pain sensitivity and calculated a mean pain sensitivity score for each 107 

of the four groups. All the individual pain measures were highly and significantly correlated with the 108 

mean pain score (Table 2; Pearson r>0.65 in all cases; P<0.001). 109 

  110 

We compared the mean pain score between the four groups and found pain sensitivity to be 111 

significantly lower in the high self-harm group compared to both control groups (Figure 1A; Table 3; 112 

SH 5+ vs Control: -1.01 (95% CI = -1.45 to -0.57, P<0.001; SH 5+ vs No SH: -0.73 (95% CI = -1.14 to -113 

0.31, P=0.001). The group reporting 1-4 episodes of self-harm had an intermediate phenotype, being 114 

significantly different from the high self-harm group (SH 5+ vs SH 1-4: -0.56 (95% CI = -1.02 to -0.11), 115 

P=0.017) but not reaching significance compared to comparison groups. Individual pain parameters 116 

are presented as Z-scores (Figure 1B) allowing direct comparison of the different measures, and 117 

pairwise comparisons for the individual pain tests (Figure 1C) reflect the trend observed with the 118 

mean pain score group comparisons. Not all measures showed an equal magnitude of change, with 119 

mechanical pain threshold showing, on average, the least difference in participants with self-harm 120 

and pressure pain threshold showing the greatest.  121 

Table 2. Pearson’s correlation matrix of individual pain scores and mean pain score

Parameter CPT HPT MPT MPS PPT M Pain Score

CPT 1

HPT 0.563 1

MPT 0.301 0.224 1

MPS 0.297 0.362 0.507 1

PPT 0.516 0.527 0.367 0.375 1

M Pain Score 0.730 0.727 0.652 0.693 0.807 1

Abbreviations: CPT, cold pain threshold; HPT, heat pain threshold; MPT, mechanical pain 

threshold; MPS, mechanical pain sensitivity; PPT, pressure pain threshold
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 122 

 123 

Pain parameter Factor Group P Group

CPT 0.006 SH 5+ < Control

HPT <0.001 SH 5+ < Control

0.023 No SH < Control

SH 1-4 < Control (P = 0.062)

MPT 0.012 SH 5+ vs No SH

MPS 0.003 SH 5+ < Control

0.030 SH 5+ < No SH

0.048 SH 1-4 < Control

PPT <0.001 SH 5+ < Control

0.001 SH 5+ < No SH

0.004 SH 5+ < SH 1-4

Figure 1. Quantitative sensory testing 

(QST) z-scores for pain parameters 

(unadjusted).  

(A) Group comparisons for Mean pain 

score (± SEM). (B) Individual data for pain 

variables overlayed with group mean (± 

SEM) and significant differences shown in 

(C), pairwise group comparisons for 

individual pain tests. Each parameter 

shows significant variation by group and, 

as expected, a similar trend to the group 

mean pain scores, with the most frequent 

self-harm group showing significant 

hyposensitivity. 

 

Results outside of ±1.96 SD (dotted line) 

indicate potentially abnormal thresholds. 

CPT, cold pain threshold; HPT, heat pain 

threshold; MPT, mechanical pain 

threshold; MPS, mechanical pain 

sensitivity; PPT, pressure pain threshold. 

*P<0.05, ***P<0.001 

C 
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The same conclusions were reached for SH 5+ vs Control (-1.03 (95% CI = -1.47 to -0.60), P<0.0001) 124 

and also SH 1-4 vs Control (-0.65 (95% CI = -1.19 to -0.1), P=0.021) when accounting for age and 125 

gender and prescription drug use (Table 3).  126 

 127 

 128 

 129 

Next, we compared the proportion of the variance (r2) as a measure of effect size for each pain test 130 

that is attributable to group differences. With the exception of mechanical pain threshold (10.7%; F 131 

test: P=0.078), group differences explained significant proportions of variance: Cold pain threshold 132 

12.5% (P=0.04); heat pain threshold 19.9% (P=0.004); mechanical pain sensitivity 16.0% (P=0.015); 133 

pressure pain threshold 31.1% (P=0.0001). Pressure pain threshold therefore distinguishes best 134 

between the four groups and also showed the strongest correlation with the mean pain score 135 

(Pearson’s r = 0.81, Table 2). In short, we confirm that reduced pain sensitivity is a very marked and 136 

robust feature of self-harm in adolescents.  137 

 138 

Responses to non-painful sensory tests may discriminate maltreatment, but not self-harm behaviour 139 

We also tested all the participants for a variety of non-painful sensory measures, again with 140 

quantitative and validated testing methods using thermal and tactile stimuli, which were used to 141 

Table 3. Pairwise group comparisons for mean pain score (95% Confidence interval) without adjustment and with adjustment for age, gender and antidepressant.

Pain

Group only F (3, 60) = 8.09, P =0.0001 R2=28.9 F (5,58) = 5.58, P =0.0003 R2=0.341

Pairwise comparison mean difference (95% C.I.) t P Pairwise comparison mean difference (95% C.I.) t P

No SH vs Control -0.279 (-0.737 to 0.179) -1.22 0.227 No SH vs Control -0.567 (-1.136 to 0.002) -1.99 0.051

SH 1-4 vs Control -0.444 (-0.943 to 0.055) -1.78 0.08 SH 1-4 vs Control -0.645 (-1.189 to -0.1) -2.37 0.021

SH 5+ vs Control -1.008 (-1.446 to -0.57) -4.6 0 SH 5+ vs Control -1.032 (-1.467 to -0.597) -4.75 0

SH 1-4 vs No SH -0.165 (-0.643 to 0.314) -0.69 0.494 SH 1-4 vs No SH -0.078 (-0.568 to 0.413) -0.32 0.752

SH 5+ vs No SH -0.728 (-1.143 to -0.314) -3.52 0.001 SH 5+ vs No SH -0.465 (-0.988 to 0.058) -1.78 0.08

SH 5+ vs SH 1-4 -0.564 (-1.023 to -0.105) -2.46 0.017 SH 5+ vs SH 1-4 -0.387 (-0.887 to 0.112) -1.55 0.126

Adjusted for age, gender and 

antidepressant 
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generate a mean non-pain sensory score (Table 4). All individual sensory items correlated well with 142 

the mean sensory score. 143 

 144 

 145 

 146 

The mean sensory score was found to be significantly reduced in the most frequent self-harm group 147 

compared to community controls (Figure 2A; Table 5; SH 5+ vs Control: -1.75 (95% CI = -2.62 to -148 

0.88, P<0.001). Surprisingly, we also found a significant difference between the community control 149 

group and the LAYP with no self-harm (Control vs No SH: -1.09, 95% CI = -2.0 to -0.18, P=0.02). Once 150 

more, individual sensory parameters are presented as Z-scores (Figure 2B) alongside pairwise 151 

comparisons for the individual sensory tests (Figure 2C). We found a large discrepancy in responses 152 

to the vibration detection threshold (VDT) test for all four groups but observed a similar dose-153 

dependent pattern of response to non-painful stimuli as that seen with the painful stimuli, i.e. the 154 

most frequent self-harm group showed the greatest sensory deficit compared with the other groups 155 

tested. 156 

 157 

Table 4. Pearson’s correlation matrix of individual non-pain sensory scores and mean sensory score

Parameter CDT WDT TSL MDT VDT M  Sensory Score

CDT 1

WDT 0.722 1

TSL 0.661 0.871 1

MDT 0.463 0.694 0.614 1

VDT 0.121 0.161 0.137 0.377 1

M  Sensory Score 0.650 0.780 0.730 0.836 0.685 1

Abbreviations: CDT, cold detection threshold; WDT, warm detection threshold; TSL, thermal sensory 

limen; MDT, mechanical detection threshold; VDT, vibration detection threshold
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After adjusting these scores for age, gender and prescription drug use, the only significant 158 

interaction remaining was between the SH 5+ vs Control groups (-1.73, 95% CI = -2.62 to -0.84, 159 

P<0.001). Thus, the non-pain sensory tests do not discriminate self-harm, but they do reveal 160 

interesting differences between young people living at home versus those with history of 161 

maltreatment who live in residential care settings.   162 

 163 

 164 

 165 

 166 

 167 

 168 
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 169 

 170 

Sensory parameter Factor Group P Group

CDT <0.001 SH 5+ < Control

<0.001 No SH < Control

0.031 SH 1-4 < Control

SH 1-4 vs No SH (P  = 0.067)

WDT 0.002 SH 5+ < Control

0.023 No SH < Control

SH 5+ < SH 1-4 (P = 0.058)

TSL <0.001 SH 5+ < Control

0.003 No SH < Control

SH 1-4 < Control (P  = 0.060)

MDT 0.002 SH 5+ < Control

0.005 SH 5+ < No SH

VDT No follow-up

Figure 2. Quantitative sensory testing 

(QST) z-scores for sensory (non-pain) 

parameters (unadjusted).  

(A) Group comparisons for Mean 

sensory score (± SEM). (B) Individual 

data for sensory variables overlayed 

with group mean (± SEM) and 

significant differences shown in (C), 

pairwise group comparisons for 

individual sensory tests. Again, each 

parameter shows significant variation 

by group and a similar trend to the 

group mean sensory scores is observed. 

The most frequent self-harm group 

show significant hyposensitivity to 

sensory stimuli in general, and the LAYP 

with no self-harm show significant 

variation in thermal sensitivity 

compared to community controls. 

 

 

Results outside of ±1.96 SD (dotted line) 

indicate potentially abnormal 

thresholds. CDT, cold detection 

threshold; WDT, warm detection 

threshold; TSL, thermal sensory limen; 

MDT, mechanical detection threshold; 

VDT, vibration detection threshold. 

LAYP, looked-after young people. 

*P<0.05, ***P<0.001 

C 
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 171 

 172 

At a group level, the discrimination between the pain and non-pain sensory tests was further 173 

supported by a principal component analysis of all the pain and non-pain sensory variables studied 174 

here. The first two components identified, accounting for 58% of the variance, dissociate the pain 175 

from non-pain sensory tests (Supplementary Figure 1). 176 

 177 

 178 

Table 5. Pairwise group comparisons for mean sensory score (95% Confidence interval) without adjustment and with adjustment for age, gender and antidepressant.

Sensory

Group only F (3, 60) = 5.40, P =0.0023 R2=0.213 F (3,57) = 5.24, P =0.003 R2=0.235

Pairwise comparison mean difference (95% C.I.) t P Pairwise comparison mean difference (95% C.I.) t P

No SH vs Control -1.093 (-2.005 to -0.182) -2.4 0.019 No SH vs Control -0.913 (-2.072 to 0.245) -1.58 0.12

SH 1-4 vs Control -0.991 (-1.984 to 0.003) -2 0.051 SH 1-4 vs Control -0.855 (-1.964 to 0.254) -1.54 0.128

SH 5+ vs Control -1.751 (-2.622 to -0.88) -4.02 0 SH 5+ vs Control -1.73 (-2.616 to -0.844) -3.91 0

SH 1-4 vs No SH 0.103 (-0.849 to 1.055) 0.22 0.83 SH 1-4 vs No SH 0.058 (-0.941 to 1.057) 0.12 0.908

SH 5+ vs No SH -0.657 (-1.481 to 0.166) -1.6 0.116 SH 5+ vs No SH -0.817 (-1.881 to 0.248) -1.54 0.13

SH 5+ vs SH 1-4 -0.76 (-1.674 to 0.154) -1.66 0.101 SH 5+ vs SH 1-4 -0.875 (-1.891 to 0.141) -1.72 0.09

Adjusted for age, gender and 

antidepressant 

-.
4

-.
2

0
.2

.4

D
IM

 2
 (

1
8
 %

 o
f 

V
a
r)

Supplementary Figure 1. Scatterplot of 

loadings (components) after principal 

component analysis of the five 

sensory and five pain items. 

The loadings plot shows the 

relationship between the loadings of 

first two principal components and the 

original variables. Variables which are 

close (forming a small angle) are 

positively correlated. If they meet each 

other at 90 degrees are not correlated 

and if they form a large angle (close to 

180) they are negatively correlated. 

The graph shows that the sensory 

items form one cluster of correlated 

items, mainly loading on component 1, 

and the pain items a second cluster, 

mainly loading at component 2.  

 

CPT, cold pain threshold; HPT, heat 

pain threshold; MPT, mechanical pain 

threshold; MPS, mechanical pain 

sensitivity; PPT, pressure pain 

threshold; CDT, cold detection 

threshold; WDT, warm detection 

threshold; TSL, thermal sensory limen; 

MDT, mechanical detection threshold. 
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Predicting self-harm  179 

We undertook an exploratory logistic regression analysis to identify which variables are important 180 

for the statistical prediction of self-harm behaviour within the last year, and whether mean pain 181 

score can be replaced with one of the individual pain items. We used 5-fold cross-validation (with 50 182 

repeats to obtain stable results) to get nearly unbiased estimates of discrimination (area under the 183 

curve (AUC)) Sensitivity and Specificity. A model that includes mean pain and mean sensory scores as 184 

well as age, gender and prescription drug use had a cross-validated AUC of 0.79 (Sensitivity = 0.70, 185 

Specificity = 0.80). Omitting mean sensory score resulted in a slightly better model (cross-validated 186 

AUC = 0.80, Sensitivity = 0.72, Specificity = 0.77), suggesting that mean sensory score is not 187 

necessary for prediction.  188 

 189 

Rerunning the model as a LASSO regression to reduce overfitting and automatic variable selection of 190 

redundant variables suggests that all four variables are important. Nested cross-validation to correct 191 

for model selection resulted in an AUC of 0.79, Sensitivity = 0.76, Specificity = 0.70. However, age, 192 

gender and anti-depressant alone do not predict well (AUC = 0.73, Sensitivity = 0.78, Specificity = 193 

0.59), while mean pain score alone predicts reasonably well (AUC = 0.77, Sensitivity = 0.85, 194 

Specificity = 0.39). 195 

 196 

For routine evaluation of risk, a single measure would of course be more convenient, and pressure 197 

pain threshold (which is simple, quick and cheap to implement) offers the best clinical option from 198 

those tested here (AUC 0.76). The models tested and the resulting prediction accuracy as area under 199 

the ROC curve is shown in Appendix 1. 200 
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 201 

 202 

Discussion 203 

Summary of key findings 204 

Our findings extend existing evidence that reduced pain sensitivity is a phenotype of young people 205 

with self-harm. For the first time, our results show that young people with high frequency of self-206 

harm behaviour have a significantly reduced mean pain sensitivity score compared with LAYP with 207 

no self-harm and community-dwelling controls. This effect remained even after controlling for age, 208 

gender and prescription drug use. Furthermore, we show that these sensory abnormalities extend to 209 

non-painful sensory stimuli also, with young people with the most frequent episodes of self-harm 210 

having the largest mean non-pain sensory deficit. Finally, we have shown that pressure pain 211 

threshold accounts for a significant amount of the variance in the data and propose this measure as 212 

a simple test for predicting self-harm behaviour in at-risk young people. 213 

 214 

Appendix 1. Models and prediction Sensitivity/Specificity

Predictors Additional predictors AUC Sensitivity Specificity

Mean pain and sensory scores Age, Gender, Anti-Dep 0.80 0.79 0.71

Mean pain score Age, Gender, Anti-Dep 0.79 0.76 0.70

Mean pain score - 0.77 0.85 0.39

CPT Age, Gender, Anti-Dep 0.75 0.65 0.69

HPT Age, Gender, Anti-Dep 0.78 0.78 0.70

MPT Age, Gender, Anti-Dep 0.73 0.78 0.61

MPS Age, Gender, Anti-Dep 0.79 0.75 0.66

PPT Age, Gender, Anti-Dep 0.76 0.72 0.61

- Age, Gender, Anti-Dep 0.72 0.78 0.59

AUC, area under the curve; CPT, cold pain threshold; HPT, heat pain threshold; MPT, mechanical 

pain threshold; MPS, mechanical pain sensitivity; PPT, pressure pain threshold



 

16 

 

Pain sensitivity findings 215 

In line with some previous studies, we report abnormal pain thresholds associated with self-harm 216 

behaviour and, in particular, hyposensitivity to pressure pain. For example, Glenn et al24 looked at 217 

both pain threshold and tolerance using pressure algometry and found community-dwelling young 218 

people with self-harm had significantly higher pain thresholds and tolerance compared with 219 

controls. However, their secondary aim, which was to address whether frequency of self-harm 220 

behaviour correlated with habituation to pain in young people, showed no significant effects. In 221 

contrast, our results show a dose-dependent pain hyposensitivity that increased with incidence of 222 

self-harm behaviour. Our results support Joiner’s interpersonal theory of suicidal behaviour19, 34, 223 

which posits that repeated self-harm behaviour leads to habituation to painful stimuli and reduced 224 

fear of pain. Thus, by repeatedly engaging in self-harm behaviour, some people may overcome 225 

innate self-preservation through opponent process mechanisms: the initial relief from negative 226 

emotions achieved through self-harm behaviour may over time lead to diminished relief and 227 

increased negative affect that could result in suicide becoming more likely in at-risk individuals34. 228 

Conversely, it has previously been suggested that reduced sensitivity to pain might serve as a risk 229 

factor for, rather than be a result of, self-harm behaviour24.  Our finding that abused and neglected 230 

young people in care have sensory abnormalities regardless of self-harm behaviour is consistent 231 

with this assertion 232 

 233 

Sensory sensitivity findings 234 

Interestingly, we found the LAYP with no self-harm to have significantly decreased sensitivity to non-235 

painful sensory stimuli compared to community controls (although this effect did not remain 236 

significant after adjusting for age, gender and antidepressant use). Even though the changes we 237 
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observed in non-painful sensory testing did not show the same association with self-harm behaviour 238 

as the pain tests, we observed a strong and consistent reduction in sensitivity to non-painful sensory 239 

stimuli in all LAYP compared to the young people living at home. One contributing factor to this 240 

observation is likely to be childhood maltreatment. Our cohort of young people with self-harm was 241 

almost entirely comprised of LAYP, and childhood maltreatment is not only a risk factor for self-harm 242 

behaviour but has been previously shown to impact on pain tolerance34, 35. Dissociation is also a risk 243 

factor for self-harm, particularly among individuals exposed to childhood maltreatment36-38, which 244 

may account for the differences in responses to non-painful stimuli seen between the community 245 

controls and LAYP with no self-harm.  246 

 247 

These sensory changes are unlikely to represent a physiological difference in the processing of 248 

noxious information by the peripheral nervous system. Rather it is highly probable that alterations in 249 

pain perception are reflective of central nervous system changes in descending modulatory pathway 250 

functionality39. In future, establishing the net activity of top-down controls in similar cohorts to 251 

those analysed herein could enable identification of the mechanisms underlying the individual’s 252 

sensory profile in terms of central nervous system performance. 253 

 254 

Predicting self-harm 255 

Most previous pain sensitivity studies associated with self-harm behaviour have focussed on single 256 

pain induction techniques such as the cold pressor task22, 23 or pressure algometry24, but this can 257 

lead to equivocal conclusions further confounded by small sample sizes. Here, we have used a 258 

comprehensive ‘gold standard’ battery of QST tests that has previously been shown suitable for 259 

testing in adolescents and is frequently used for clinical assessment40-42. Since these tests use a 260 
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range of natural stimuli, it is likely our sensitivity to detect sensory abnormalities was increased. A 261 

notable feature of this analysis was the consistency of changes, that is, all of the different QST pain 262 

measures varied with self-harm behaviour. In many other pathologies associated with altered pain 263 

sensations, for instance various forms of neuropathy, this is not the case43.  264 

 265 

Limitations 266 

The novel features reported here might be explained by the fact that although our sample was 267 

mixed-gender, we did not have an equal distribution of gender within our groups and it was not 268 

possible to investigate gender differences directly. For example, females made up the majority of 269 

the community control group and also the most frequent self-harm group, whereas males were the 270 

majority in the LAYP with no self-harm. There is much evidence to suggest that childhood 271 

maltreatment results in psychobiological changes leading to enhanced pain sensitivity and 272 

occurrence of chronic pain disorders in adulthood44-49. Furthermore, adverse childhood experiences, 273 

including many types of abuse, are linked to greater risk of attempting suicide in adulthood50. 274 

Therefore, our results are also likely biased by the fact that we did not have comparison groups of 275 

community-dwelling young people with self-harm: the impact of maltreatment in childhood on 276 

sensory and affective processing is profound and our study lacked sensitivity to examine this in-277 

depth. Finally, although we used cross-validation to account for overfitting, we did not correct for 278 

comparing a set of models and our best model may be optimistic. Because of the limited sample 279 

size, we did not assess calibration51. 280 

 281 

Future studies 282 
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A future longitudinal study should investigate how childhood abuse impacts the pain experience in 283 

adulthood since this is still unclear and is likely driven by multiple factors. How childhood history of 284 

abuse and self-harm impacts on pain perception in adulthood is even less clear. Here, we have 285 

shown that childhood abuse impacts pain and sensory perception in childhood in both non-self-286 

harmers and self-harmers, but how this changes with age and self-harm behaviour over time is 287 

unknown. We show significant sensory anomalies in our cohort of LAYP, but most striking were the 288 

sensory deficits observed in the LAYP with no self-harm. Could childhood offer resilience to painful 289 

stimuli, but in later years this is lost and manifests as increased pain sensitivity, and susceptibility, to 290 

painful conditions? Do these sensory changes remit with changing self-harm behaviour? 291 

 292 

In conclusion, we propose a simple, clinical measure of pain sensitivity for assessment of risk of self-293 

harm behaviour in young people. Leading from this study, future research may examine how pain 294 

sensitivity changes as we age. We might, in future longitudinal research, wish to explore whether a 295 

simple test of pain sensitivity actually predicts onset of self-harm and completed suicides, and also 296 

examine whether pain sensitivity changes with age.  297 

 298 

Methods 299 

This cross-sectional study was approved by the University of Glasgow College of Medical, Veterinary 300 

& Life Sciences and King’s College London research ethics committees. Participants aged between 301 

12-17 were primarily drawn from the Glasgow (UK) looked-after young people (LAYP) register and 302 

community-dwelling controls were recruited for age- and sex-matched comparison. Frequency of 303 

self-harm (SH) was determined by number of episodes within the previous 12 months and was 304 
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categorised as No SH, SH 1-4 (episodes) and SH 5+ (episodes). Participants provided written 305 

informed consent or assent at the time of enrolment.  306 

 307 

Participants 308 

Adolescents were recruited from both the London and Glasgow area via schools, Child and 309 

Adolescent Mental Health Services (CAMHS), secure and residential homes, and after school clubs. 310 

LAYP were recruited via a care professional (e.g. their psychiatrist, psychologist, unit manager, social 311 

worker or teacher); those aged sixteen and older were approached directly. Community-dwelling 312 

controls were volunteers recruited by contacting local schools and youth groups. Written, informed 313 

consent/assent was obtained regarding the study protocol from either the parents/caregiver for 314 

participants younger than 16, or from the participant themselves if aged 16 and older. For LAYP aged 315 

<16, their social worker was contacted to ascertain parental responsibility, and to then seek their 316 

consent prior to the young person’s assent. Participants were divided into four groups based self-317 

harm history and whether or not they were looked-after. We defined SH as self-injury alone and do 318 

not include self-poisoning. In line with the UK National Institute for Health and Care Excellence 319 

(NICE) clinical guidelines, SH by self-injury was made with mixed or unclear intent – young people 320 

with suicidal intent were not excluded52. Exclusion criteria included a known intellectual disability (IQ 321 

< 70), diagnosed autism spectrum disorder, heart or circulatory problems, Reynaud’s syndrome, 322 

diabetes, epilepsy, blood pressure issues or recent injury of a serious nature. All participants were 323 

compensated for their time with a £50 online gift voucher but were not told about the specific 324 

amount until they had consented to avoid inducement. All procedures performed in this study were 325 

in accordance with the ethical standards of the 1964 Helsinki Declaration. 326 

 327 
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Design 328 

Participants attended two visits: the first approximately 4 hours to obtain psychosocial measures, 329 

and the second approximately 2 hours to complete the quantitative sensory testing (QST). In the first 330 

visit, measures of victimisation (including bullying), dissociation, catastrophising, BPD symptoms, 331 

clinical diagnoses (including anxiety and depression) were obtained. In the second visit, QST was 332 

performed using the standardised German Research Network on Neuropathic Pain (DFNS) 333 

protocol40.  334 

 335 

Outcome measures 336 

Self-report measures. All self-report measures were administered by a trained research assistant and 337 

included: the Kiddie Schedule for Schizophrenia and Affective Disorders Present and Lifetime 338 

(KSADS-PL) to obtain the current psychopathology profile (if KSADS-PL was unattainable, clinical 339 

diagnoses was obtained through the forensic CAMHS team’s diagnostic assessment); the Self-Harm 340 

Questionnaire (SHQ) to screen for self-harm rate, reasons for self-harm, and consequences of self-341 

harm; the Adolescent Dissociative Experiences Scale (ADES) assessment for dissociative experiences 342 

whilst not under the influence of drugs or alcohol; the Adverse Childhood Experience (ACE) 343 

questionnaire assessment of early-life adverse experiences; the Juvenile Victimisation Questionnaire 344 

(JVQ) for assessment of peer and community victimisation, caregiver maltreatment, and exposure to 345 

domestic violence; the McLean Screening Instrument (MSI) for BPD; a 10-question self-reported 346 

screening for an Emotionally Unstable Personality Disorder (EUPD) diagnosis, and; the Pain 347 

Catastrophising Scale (PCS) assessment for experience of painful situations (including headaches, 348 

toothaches, joint and muscle pain, as well as self-harm). 349 

 350 
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Quantitative sensory testing 351 

Participants were tested using the standardised protocol devised by the German Research Network 352 

on Neuropathic Pain (DFNS)40 and which has been described extensively elsewhere. Briefly, the 353 

protocols measure 13 parameters to test for specific thermal and mechanical stimuli using 354 

standardised testing instructions.  All tests were carried out on the volar forearm where possible 355 

while the participant was seated in a comfortable chair. Areas of significant scarification were 356 

avoided in favour of naïve skin. In some cases, the dorsal forearm or upper arm may have been used. 357 

Thermal tests were performed using the TSA-II NeuroSensory Analyser (Medoc, Israel) and a 3.2 cm2 358 

thermode secured with a Velcro strap. Participants operated a stop button. Standard software 359 

settings were used (baseline 32 °C; temperature change 1°C/s, return rate 8°C/s; minimum 360 

temperature 0 °C, maximum temperature 50 °C). First, cold and warm detection thresholds (CDT and 361 

WDT) were tested and the participant pressed the stop button to indicate change in temperature 362 

from baseline. Following, the thermal sensory limen (TSL) was performed. The thermode alternated 363 

warming and cooling temperatures and the participant pressed the stop button when a change in 364 

temperature was detected and verbally reported the thermal sensation. Finally, cold and heat pain 365 

threshold (CPT and HPT) were tested, and participants pressed the stop button at their first 366 

sensation of pain during cooling and heating. Mechanical detection thresholds (MDT) were tested 367 

using standardised von Frey filaments ranging from 0.25 mN to 256 mN (Marstock, Germany). 368 

Starting with 16 mN, participants were instructed to say ‘yes’ when they perceived a touch 369 

sensation, thereafter decreasing force was applied until the sensation was not perceived and 370 

repeated thereafter in an up/down pattern until five supra- and five subthreshold responses were 371 

recorded. Mechanical pain threshold (MPT) was assessed using standardised pinprick stimulators 372 

ranging from 8 mN to 512 mN (MRC Systems, Germany). Starting with the lowest force and 373 

increasing and decreasing stepwise, participants described the sensation as either blunt or sharp 374 
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until five supra- and five subthreshold responses were recorded. Mechanical pain sensitivity (MPS) 375 

was assessed using the range of pinprick stimulators and three innocuous stimuli (cotton bud, soft 376 

brush and a cotton wisp). A total of 50 stimulations were applied in a pseudorandomised order, and 377 

participants rated the painfulness of each stimulation using a numerical rating scale (NRS) anchored 378 

at ‘0’ = no pain and ‘100’ = worst pain imaginable. The wind-up ratio (WUR), a measure of temporal 379 

summation, was tested up to five times in a small region of skin using a 256 mN pinprick stimulator. 380 

Participants rated the painfulness of a single pinprick (NRS 0-100), then rated a metronome assisted 381 

train of ten stimulations delivered at 1 Hz. If the single stimulation was rated as ‘0’ for three of the 382 

five tests, the WUR was not calculated. Vibration detection threshold (VDT) was tested using an 383 

activated 64 Hz tuning fork (Ragg, England) placed at the ulnar styloid. Participants were instructed 384 

to say when the vibration sensation was no longer perceived. Pressure pain threshold (PPT) was 385 

measured using a manual pressure algometer (Wagner Instruments, USA) applied to the thenar 386 

eminence with increasing force approximate to 1 kg/s. Participants were instructed to say ‘stop’ 387 

once the pressure first became painful. 388 

 389 

Statistical analysis 390 

Z-transformation of QST Data 391 

QST values for each participant were z-transformed using the mean and standard deviation of the 392 

normative reference data (age- and gender-matched) as described previously described40. A z-score 393 

of zero represents the mean of the normative data and values above zero indicate gain of function 394 

and those below zero indicate loss of function. Z-scores outside 95% CI were considered potentially 395 

abnormal. 396 

 397 



 

24 

 

Exclusions from analysis 398 

For the QST variable Wind-up ratio (WUR), 26 participants (Control: 4; No SH: 4; SH1-4: 4; SH5+: 14) 399 

rated the single pinprick stimulus as “0” meaning no calculation for Wind-up was possible. 400 

Therefore, WUR was excluded from the analyses due to low subject numbers with usable values. 401 

One male Control subject had their MDT score excluded as it was felt he did not perform the test 402 

correctly.  403 

 404 

QST variables and psychological symptoms were compared between the 4 groups using linear 405 

regression with group as a dummy coded independent variable followed by pairwise comparisons. 406 

Given that age, gender and antidepressant use can influence QST responses40, 42, 53, we adjusted for 407 

each of our regression analyses.  Estimated marginal mean differences and 95% confidence intervals 408 

are presented following a significant overall F-test for group for mean pain and sensory scores. For 409 

individual items, we performed for each item a linear regression with group as the independent 410 

variable and estimated the explained variance for between-group differences as an overall measure 411 

of the ability to differentiate between groups. Pairwise Pearson correlations were performed to 412 

measure how strongly the items were linearly related to the relevant mean score. 413 

 414 

Principal component analysis was used to transform the data of the ten items into fewer dimensions 415 

by constructing principal components, which act as summary features. We visually assessed the 416 

patterns of loadings (correlations) of the items on the first two components using a loading plot. A 417 

high correlation between two items leads to two vectors that are very close to each other. If they 418 

are uncorrelated two vectors out of phase by 90° and the stronger two items are negatively 419 

correlated the two vectors approaching out of phase of 180° angle. 420 
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 421 

To assess the ability of the pain and sensory scores to predict self-harm within the last year, 422 

exploratory logistic regressions with self-harm as an outcome and mean pain and sensory score and 423 

three potential predictors (gender, age and anti-depressant use). We used 5-fold cross-validation 424 

(with 50 repeats to obtain stable results) to get nearly unbiased estimates of the accuracy of 425 

predictions of new unseen cases of the same population54. We used area under the curve (AUC) as 426 

overall discriminatory measures which are independent of a threshold needed to predict class 427 

membership and prevalence of an outcome. AUC ranges from 0.5 (no discrimination) to 1, perfect 428 

discrimination. Hosmer et al55 defined the following rule of thumbs for interpreting AUC: 0.5-0.7 429 

suggests poor discrimination, 0.7-0.8 is considered as acceptable, 0.8-0.9 as excellent and >0.9 as 430 

outstanding discrimination. 431 

 432 

Also, we present Sensitivity (the ability of a test to correctly identify participants that self-harmed) 433 

and Specificity (the ability of a test to correctly identify participants that did not self-harm) as 434 

additional measures. A cut-off value of P = 0.5 above which a test classifies class membership was 435 

used to calculate Sensitivity and Specificity. 436 

 437 

We performed LASSO (Least Absolute Shrinkage and Selection Operator) logistic regression, which 438 

performs automatic variable selection and penalises (or regularises) regression coefficients to 439 

reduce overfitting, for details see Hastie et al 2009. Because the degree of regularisation needs to be 440 

determined using cross-validation, we needed to perform nested cross-validation (with 10 repeats of 441 

5-fold for the additional outer loop) to get an unbiased estimate of prediction accuracy56. LASSO 442 

regression was also used to assess individual pain items instead of the mean pain score (in 443 
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combination with age, gender and anti-depressant). Cross-validation and LASSO regressions were 444 

done using R 4.057 and the user-written package glmnet58 and caret59. All other analyses were done 445 

using STATA 1660. 446 
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