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Abstract 19 

Correlations between pain phenotypes and psychiatric traits such as depression and 20 

the personality trait of neuroticism are not fully understood. The purpose of this study 21 

was to identify whether eight pain phenotypes, depressive symptoms, major 22 

depressive disorders, and neuroticism are correlated for genetic reasons. Eight pain 23 

phenotypes were defined by a specific pain-related question in the UK Biobank 24 

questionnaire. First we generated genome-wide association summary statistics on 25 

each pain phenotype, and estimated the common SNP-based heritability of each trait 26 

using GCTA. We then estimated the genetic correlation of each pain phenotype with 27 

depressive symptoms, major depressive disorders and neuroticism using the the 28 

cross-trait linkage disequilibrium score regression (LDSC) method integrated in the 29 

LD Hub. Third, we used the LDSC software to calculate genetic correlations among 30 

pain phenotypes. All pain phenotypes were heritable, with pain all over the body 31 

showing the highest heritability (h2=0.31, standard error=0.072). All pain phenotypes, 32 

except hip pain and knee pain, had significant and positive genetic correlations with 33 

depressive symptoms, major depressive disorders and neuroticism. The largest 34 

genetic correlations occurred between neuroticism and stomach or abdominal pain 35 

(rg=0.70, P=2.4 x 10-9). In contrast, hip pain and knee pain showed weaker evidence 36 

of shared genetic architecture with these negative emotional traits. In addition, many 37 

pain phenotypes had positive and significant genetic correlations with each other 38 

indicating shared genetic mechanisms. Pain at a variety of body sites is heritable 39 

and genetically correlated with depression and neuroticism. This suggests that pain, 40 

neuroticism and depression share partially overlapping genetic risk factors.  41 

Key words: Genetic correlation, pain, genome-wide association study, UK Biobank, 42 

depression, neuroticism  43 
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INTRODUCTION 44 

Pain is a global public health priority. In the Global Burden of Diseases Study 2015, 45 

low back and  neck pain were, by far, the leading cause of years lived with disability 46 

(YLDs) worldwide, with migraine also ranked among the top ten causes.1 Some 47 

other leading causes of YLDs such as musculoskeletal disorders and diabetes are 48 

also highly likely to feature pain as a prominent symptom. It was estimated that 20% 49 

of adults suffer from pain globally and that 10% adults are diagnosed with chronic 50 

pain each year.2 Chronic pain, i.e. pain that has persisted beyond normal tissue 51 

healing time (usually taken as 3 months) can arise from many causes, but is often 52 

idiopathic or difficult to classify pathophysiologically.3 It is recognized to have 53 

significant genetic contributions to its development,4 as well as environmental 54 

components.  Improving our understanding of the genetic contributions to the 55 

experience of pain could help our understanding of its aetiology and prevention, and 56 

might also offer opportunities for personalised medicine and drug targeting based on 57 

identified genetic variants. Although some genetic studies have focused on pain in 58 

specific body sites and have suggested possible genetic variants associated with 59 

pain phenotypes,5 the overall understanding of the genetic contributions of pain 60 

remain unclear.  Current limitations in our knowledge include: 1. the extent to which 61 

pain as a phenotype is determined by additive genetic components mainly 62 

represented by single nucleotide polymorphisms (SNPs); 2. whether the genetic 63 

mechanisms of pain in different body sites or in different disorders are similar or 64 

different; and 3. whether the genetic connections between pain phenotypes and 65 

other common co-morbidities are similar or different. Addressing these questions 66 

brings further challenges when the severity and the frequency of pain are taken into 67 

account.  68 
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Mental health disorders are among the commonest co-morbidities of pain.6-7 69 

Depression was ranked as the third most important cause of disability worldwide, 70 

and anxiety is also a leading cause.1 The personality trait of neuroticism shows a 71 

high phenotypic and genetic association with depression, anxiety and with reports of 72 

physical and mental disorders.8-10 Neuroticism is also reckoned to cause a large 73 

burden of ill health and health-related expenditure.11 Specific pain phenotypes 74 

including migraine, facial pain, neck pain, abdominal pain, low back pain, and 75 

fibromyalgia have been shown to be associated with depression and anxiety.12-17 76 

This epidemiological coexistence between pain and psychiatric traits could arise in 77 

part because of shared genetic factors.18-19 Understanding the genetic correlation 78 

between pain and psychiatric traits may help to elucidate their degree of shared 79 

genetic architecture and provide a framework for future causal inference.20 It has 80 

been proposed that some pain phenotypes (such as migraine, back pain) and some 81 

psychiatric traits (such as depression or neuroticism) share common genetic 82 

components.21-24 However, the genetic correlations between multiple pain 83 

phenotypes in different body sites, and those between pain phenotypes and 84 

depressive symptoms, major depressive disorders and neuroticism, have not been 85 

reported systematically, to the best of our knowledge. 86 

The recently released UK Biobank cohort has recorded eight broadly-defined pain 87 

phenotypes, generated from a specific pain question: headache, facial pain, neck or 88 

shoulder pain, back pain, stomach or abdominal pain, hip pain, knee pain, and pain 89 

all over the body.25 This has made it possible for researchers to identify genetic 90 

variants associated with each pain phenotype. In addition, when combining genome-91 

wide association study (GWAS) summary statistics with the cross-trait linkage 92 

disequilibrium score regression (LDSC) method implemented in the online LD hub 93 
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tool (http://ldsc.broadinstitute.org/ldhub/) and the LDSC software 94 

(https://github.com/bulik/ldsc), researchers can estimate the genetic correlations 95 

between selected phenotypes.26 96 

In order to identify genetic correlations between pain phenotypes and depression 97 

and the personality trait of neuroticism, as well as the genetic correlations among 98 

pain phenotypes, we generated GWAS summary statistics on eight pain phenotypes 99 

in different body sites based on the UK Biobank cohort and adapted the cross-trait 100 

LDSC method through the LD hub and the LDSC software.  101 

 102 

MATERIALS AND METHODS 103 

Participants 104 

Over 500,000 people aged between 40 and 69 years were recruited by the UK 105 

Biobank cohort in 2006-2010 across England, Scotland and Wales. A detailed 106 

clinical, demographic, and lifestyle questionnaire was completed by all participants. 107 

Biological samples (blood, urine and saliva) were also provided for future analysis. 108 

Further information on the UK Biobank cohort can be found at www.ukbiobank.ac.uk. 109 

Ethical approval was granted by the National Health Service National Research 110 

Ethics Service (reference 11/NW/0382). The current study was conducted under 111 

approved UK Biobank data application number 4844.  112 

DNA extraction and quality control (QC) were standardized and the detailed method 113 

can be found at http://www.ukbiobank.ac.uk/wp-content/uploads/2014/04/DNA-114 

Extraction-at-UK-Biobank-October-2014.pdf. Genotyping was obtained from the 115 

bespoke Affymetrix UK Biobank chips. The Wellcome Trust Centre for Human 116 

Genetics at Oxford University was in charge of standard QC procedures for 117 
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genotyping results. The detailed QC steps can be found at 118 

http://biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id=155580.   119 

In March 2018, The UK Biobank released an updated version of the genetic 120 

information (including directly genotyped genotypes and imputed genotypes) of 121 

501,708 samples to all approved researchers. The detailed QC steps of imputation 122 

were described by Bycroft et al.27 123 

Definitions of pain phenotypes 124 

We used a specific pain-related questionnaire adapted by the UK Biobank, which 125 

included the question: ‘In the last month have you experienced any of the following 126 

that interfered with your usual activities?’. The options were: 1. Headache; 2. Facial 127 

pain; 3. Neck or shoulder pain; 4. Back pain; 5. Stomach or abdominal pain; 6. Hip 128 

pain; 7. Knee pain; 8. Pain all over the body; 9. None of the above; 10. Prefer not to 129 

say. More than one option could be selected. (UK Biobank Questionnaire field ID: 130 

6159) 131 

For each pain phenotype, cases were defined as those who selected the specific 132 

pain site option for the above question, regardless of whether they had selected 133 

other options. For example, headache cases are those who selected the ‘Headache’ 134 

option; Facial pain cases are those who selected the ‘Facial pain’ option; etc.  135 

For each GWAS analysis, controls were those who selected the ‘None of the above’ 136 

option. Thus we used the same ‘no pain’ control population for all pain phenotypes in 137 

different body sites. 138 

Definitions of depression and neuroticism 139 

The phenotypes of depression and neuroticism were defined by the psychological 140 

cohorts collected by the LD hub.28-31 The original researchers of these cohorts 141 

agreed to share the GWAS summary statistics on depression and neuroticism with 142 
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the LD hub for generating genetic correlations. Therefore, we selected the 143 

‘Psychiatric diseases’ option and the ‘Personality traits’ option in the LD hub to 144 

include the depression and neuroticism traits. These traits are:  Depressive 145 

symptoms,28 Neuroticism (x 2 studies),29-30 Major depressive disorder.31 However, for 146 

neuroticism, we only chose the version used by Okbay et al,30 as it is a GWAS meta-147 

analysis publication, the results of which included the results from van den Berg et 148 

al.29 149 

Statistical analysis  150 

Generating the heritabilities of all pain phenotypes 151 

In this study, genome-wide complex trait analysis (GCTA) was used to calculate 152 

narrow-sense SNP-based heritabilities based on the genomic-relatedness-based 153 

restricted maximum-likelihood (GREML) approach.32 154 

Generating GWAS summary statistics of all pain phenotypes 155 

In this study, genotype data were analysed in BGENIE (https://jmarchini.org/bgenie/), 156 

as recommended by UK Biobank. Routine QC steps included: removing SNPs with 157 

INFO scores less than 0.1, SNPs with minor allele frequency less than 0.5%, or 158 

SNPs that failed Hardy-Weinberg tests P < 10-6. SNPs on the X and Y chromosomes 159 

and mitochondrial SNPs were also removed. We further removed those whose 160 

ancestry was not white British based on principal component analysis, those who 161 

were related at least another participant in the cohort (a cut-off value of 0.025 in the 162 

generation of the genetic relationship matrix) and those who failed QC. Association 163 

tests based on standard Frequentist association were performed using BGENIE 164 

adjusting for age, sex, body mass index (BMI), 9 population principal components, 165 

genotyping arrays, and assessment centers.  166 
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Generating genetic correlations between pain phenotypes and depression and 167 

neuroticism by the LD hub 168 

The LD hub has gathered 235 published GWAS summary statistics of different 169 

disorders worldwide. Those GWAS summary statistics were compared against 170 

researcher-uploaded GWAS summary statistics of a phenotype of interest to 171 

generate genetic correlations between the phenotype and 235 phenotypes.26 172 

In order to identify genetic correlations between pain phenotypes and the depression 173 

and neuroticism traits, we used the cross-trait LDSC method through the LD Hub 174 

v1.9.0.26 The LD Hub estimates the bivariate genetic correlations of a phenotype with 175 

other traits using individual SNP allele effect sizes and the average LD in a region. In 176 

this study, as there are altogether three depression and neuroticism traits available 177 

in the LD hub, those with P values less than 0.002 (0.05/24, 8 pain phenotypes and 178 

3 psychiatric phenotypes) should be considered significant surviving Bonferroni 179 

correction for multiple testing. 180 

Generating genetic correlations among pain phenotypes using the LDSC software 181 

The LDSC software is a Linux version of the online LD hub tool. It is used to 182 

calculate the genetic correlations between two traits at a time while the LD hub can 183 

output the genetic correlations between one trait and many traits at the same time. In 184 

this study, as there were altogether 28 pair combinations among eight pain 185 

phenotypes, those with P values less than 0.0018 (0.05/28) should be considered 186 

significant surviving Bonferroni correction for multiple testing. 187 

 188 

RESULTS 189 

The heritabilities and the GWAS summary statistics of all pain phenotypes 190 
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The specific pain question received 775,252 responses to all options answered by 191 

501,708 UK Biobank participants during the initial assessment visit (2006-2010). 192 

Table 1 summarises the numbers of cases and controls in the GWAS of the eight 193 

pain phenotypes. 194 

The narrow-sense SNP heritabilities of each pain phenotype are presented in the 195 

Table 2. Pain all over the body had the greatest heritability among all pain 196 

phenotypes (h2=0.31, standard error (SE)=0.072). Knee pain has the lowest 197 

heritability (h2=0.08, SE=0.029).The SNP heritabilities of other pain phenotypes were 198 

between 0.11 to 0.24. 199 

Genetic correlations between pain and depression and neuroticism  200 

Through the genetic correlation analysis, we identified multiple significant and 201 

positive correlations between pain phenotypes and depression and neuroticism. 202 

(Table 2, Figure 1) A supplementary table is provided to show the genetic 203 

correlations between pain phenotypes and all available psychiatric and personality 204 

traits in the LD hub (Supplementary Table 1). 205 

Depression and eight pain phenotypes: 206 

For depressive symptoms, all pain phenotypes had significant and positive genetic 207 

correlations with depression except hip pan and knee pain. The largest genetic 208 

correlation occurred with pain all over the body (rg=0.69, P=1.4 x 10-27), followed by 209 

stomach or abdominal pain (rg=0.67, P=5.7 x 10-7). For hip pain and knee pain, 210 

although there were positive genetic correlations with depressive symptoms (rg=0.34 211 

and 0.12, correspondingly), the associations did not survive Bonferroni correction 212 

(P=0.03 and 0.13, correspondingly). The values of the genetic correlations between 213 

other pain phenotypes and depressive symptoms were between rg=0.33 and 0.55, 214 

and all were statistically significant after adjustment for multiple testing.   215 
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For major depressive disorder, the genetic correlation results were similar to those 216 

for depressive symptoms. The largest genetic correlation was with stomach or 217 

abdominal pain (rg=0.53, P=0.0005), followed by pain all over the body (rg=0.43, 218 

P=5.6 x 10-6). However, the rg values of hip pain and knee pain were 0.04 and -0.07, 219 

which were also statistically insignificant (P=0.80 and 0.53, correspondingly). The 220 

values of the genetic correlations between other pain phenotypes and major 221 

depressive disorder were between rg=0.34 and 0.40, and all were statistically 222 

significant.   223 

Neuroticism and eight pain phenotypes: 224 

With neuroticism, stomach or abdominal pain had the largest genetic correlation 225 

(rg=0.70, P=2.4 x 10-9). Headache followed next with rg=0.50 and P=2.2 x 10-72. All 226 

genetic correlations with other pain phenotypes (except hip pain and knee pain) were 227 

positive and significant with rg values between 0.30 and 0.50. For hip pain and knee 228 

pain, although there were positive genetic correlations with neuroticism, the 229 

correlations were statistically insignificant.  230 

Genetic correlations among pain phenotypes 231 

Through the LDSC software, we identified multiple significant and positive 232 

correlations among pain phenotypes (Table 3). The largest positive and significant 233 

genetic correlation was between neck or should pain and back pain (rg=0.83, P=2.11 234 

x 10-100), followed by hip pain and pain all over the body (rg=0.81, P=0.0004). Neck 235 

or shoulder pain had positive and significant genetic correlations with all other pain 236 

phenotypes (0.52<rg<0.83), this was the same for pain all over the body 237 

(0.36<rg<0.81). Among all all pain phenotypes, hip pain only had three positive and 238 

significant genetic correlations (neck or shoulder pain, back pain and pain all over 239 

the body) with other pain phenotypes. 240 
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 241 

DISCUSSION 242 

Eight self-reported pain phenotypes, from different sites across the body, were all 243 

heritable and showed a broad pattern of partially shared genetic architecture with 244 

each other. We also found evidence that pain shared genetic architecture with 245 

depressive symptoms, major depressive disorder and neuroticism for most sites 246 

across the body. Hip pain and knee pain was the exception, in showing weak and 247 

non-significant genetic correlations with depressive symptoms, major depressive 248 

disorder and neuroticism.  249 

The nature of the relationship between pain phenotypes and depression has been 250 

uncertain. Epidemiological studies have identified that depression is reported more 251 

often by patients reporting pain and also that pain is a risk factor for the future 252 

development of depression.33 Patients with psychosomatic conditions suffer from 253 

psychiatric disorders (such as depression) and physical diseases (such as bodily 254 

pain), and their co-occurrence is associated with greater disability than either 255 

condition alone.34 Although the exact mechanisms linking these conditions are not 256 

clear, genetic mechanisms are implied through shared biological pathways, such as 257 

gene expression in biological networks, the endocannabinoid system, the 258 

hypothalamic-pituitary-adrenal axis and inflammatory pathways.35 Our study 259 

answered a specific question about depression: to what extent is each pain 260 

phenotype genetically correlated with depression? Our genetic correlation results 261 

between headache, facial pain, neck or shoulder pain, stomach or abdominal pain, 262 

back pain, pain all over the body and depression are all consistent in direction with 263 

known epidemiological associations.12-17 This suggests that share genetic risk 264 

factors are likely to partly explain their phenotypic correlations. However, the genetic 265 
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correlations between hip pain and knee pain and depression were contrary to 266 

previous observations that depression and knee pain or hip pain are strongly 267 

related.36 Previous studies have shown that knee pain from osteoarthritis increases a 268 

person’s risk of developing subsequent depression.37 A systematic review of the 269 

relationship between knee pain and multiple psychiatric traits also found an 270 

association between depression and knee pain.38 While genetic factors may 271 

contribute to the pain at different sites, our findings suggest that non-genetic factors 272 

may be more important in the co-occurrence of knee or hip pain with depression. 273 

The genetic relationships between pain phenotypes and neuroticism are also of 274 

interest and are similar to those between pain and depression. Neuroticism was 275 

identified to be a potential risk factor for elevated pain responses in laboratory pain in 276 

healthy children, and can likely exacerbate pain responses when coupled with fear of 277 

bodily sensations.39 Neuroticism has also been independently associated with 278 

greater pain catastrophizing and pain-related anxiety.40 Our genetic correlation 279 

results were consistent with findings from epidemiological studies of headache,41 280 

neck or shoulder pain,42 back pain,43 and pain all over the body.44 No previous 281 

studies have shown epidemiological data for the relationships between neuroticism 282 

and facial pain or stomach or abdominal pain. It was also suggested from our study 283 

that there were no significant genetic relationships between knee pain or hip pain 284 

and neuroticism. To our knowledge, no previous studies have specifically examined 285 

the epidemiological relationships between neuroticism and hip pain or knee pain. 286 

Our findings suggest that hip pain and knee pain may belong to a separate pain 287 

group and should be considered separately when designing studies of the genetic 288 

relationships between pain and psychiatric disorders. 289 
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A significant and positive correlation between a pain phenotype and a psychiatric 290 

trait reflects share genetic architecture. This can reflect pleiotropy, where specific 291 

genetic alleles give risk to both phenotypes, but it can also reflect mediated 292 

pleiotropy where there is a directional or causal association between these traits.20 It 293 

is also possible for positive genetic correlations to be generated by misclassification 294 

of pain as depression, or major depression as pain.45 Whilst this seems unlikely to 295 

explain the convergent genetic correlation of neuroticism with pain, it will be 296 

important to examine whether there is subgroup heterogeneity amongst individuals 297 

with pain on depression that can be explained by variation on the other trait. 298 

This paper also reported the genetic correlations among pain phenotypes in different 299 

body sites. Many pain phenotypes have positive and significant genetic correlations 300 

with each other indicating the common genetic mechanisms behind different pain 301 

phenotypes. This common mechanism is less likely to be represented by a few 302 

genes with large effects, but to reflect many genetic variants with smaller effects. It is 303 

biologically plausible for back pain and neck or shoulder pain to demonstrate the 304 

largest genetic correlation (rg=0.83) since causal genetic factors could have 305 

plausible detrimental effects across the whole spine. For other genetic correlations 306 

such as that between hip pain and pain all over the body (rg=0.81), the reason is 307 

less apparent and merits further research.  308 

The highest narrow-sense heritability among all pain phenotypes in this study was 309 

0.31 for pain all over the body. The heritablities of all other pain phenotypes were 310 

moderate. The narrow-sense heritability does not take gene-gene interactions, gene-311 

environment interactions, or the contribution from rare variants into account, and is 312 

therefore likely to be an under estimate of the true heritability. This is the first report 313 

of the heritabilities for facial pain (h2=0.24), stomach or abdominal pain (h2=0.14), to 314 
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the best of our knowledge, and suggests important genetic contributions to chronic 315 

pain at all body sites. 316 

Arguably the greatest strength of the current study was the large size of the UK 317 

Biobank sample. This provided the largest single sample size for many of the pain 318 

phenotypes studied here compared with previous GWAS studies of pain.5 319 

Nevertheless, potential limitations should also be taken into account. The 320 

phenotyping in UK Biobank was based on a single specific non-standard pain-related 321 

question. This means that all pain phenotypes were broadly-defined and unfiltered 322 

by other potentially relevant information on the nature, duration or intensity of the 323 

pain. Similar limitations also apply to the psychological traits measured in UK 324 

Biobank and elsewhere.46 In future, new pain questionnaires may be administered to 325 

participants in UK Biobank, and this will allow for more detailed and focused 326 

phenotyping for use in future analyses.  327 

In summary, we have identified significant and positive genetic correlations between 328 

multiple pain phenotypes and depression and neuroticism, suggesting that the 329 

known associations between these traits are partly due to shared genetic 330 

architecture. In contrast, we have suggested that the known epidemiological 331 

relationships between hip and knee pain and depression are not caused primarily by 332 

common genetic factors, prompting a search for other explanations.  In addition, we 333 

have showed that many pain phenotypes are heritable and have positive and 334 

significant genetic correlations with each other. This indicates that common genetic 335 

risk factors confer liability to pain at many different sites across the body, suggesting 336 

shared risk factors and, potentially, disease mechanisms.  337 

These findings contribute to the understanding of the genetic and biological 338 

mechanisms for individual pain phenotypes, depression and neuroticism. In addition, 339 
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the findings also represent an early but important step towards the identification of 340 

causal associations between pain phenotypes and psychiatric disorders and 341 

identifying subgroup heterogeneity. 342 

 343 

CONFLICTS OF INTEREST 344 

Ian Deary is a participant in UK Biobank. Other authors declare no conflict of 345 

interests. 346 

 347 

ACKNOWLEDGEMENTS 348 

We would like to thank all participants of the UK Biobank cohort who have provided 349 

necessary genetic and phenotypic information.  350 

This work was supported by the STRADL project [Wellcome Trust, grant number: 351 

104036/Z/14/Z], and the Centre for Cognitive Ageing and Cognitive Epidemiology 352 

[Medical Research Council and Biotechnology and Biological Sciences Research 353 

Council, grant number: MR/K026992/1]. We are grateful for support from the Sackler 354 

Foundation. The funders had no role in study design, data collection, data analysis, 355 

interpretation, writing of the report. 356 

 357 

REFERENCES 358 

1. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global, 359 

regional, and national incidence, prevalence, and years lived with disability for 310 360 

diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of 361 

Disease Study 2015. Lancet 2016;388:1545-1602. 362 

2. Enright A, Goucke R. The Global Burden of Pain: The Tip of the Iceberg? Anesth 363 

Analg 2016;123:529-530. 364 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 6, 2018. ; https://doi.org/10.1101/362574doi: bioRxiv preprint 

https://doi.org/10.1101/362574
http://creativecommons.org/licenses/by-nc-nd/4.0/


16 

 

3. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. A classification of 365 

chronic pain for ICD-11. Pain 2015;156:1003-1007. 366 

4. Zorina-Lichtenwalter K, Meloto CB, Khoury S, Diatchenko L. Genetic predictors of 367 

human chronic pain conditions. Neuroscience 2016;338:36-62. 368 

5. Peters MJ, Broer L, Willemen HL, Eiriksdottir G, Hocking LJ, Holliday KL, et al. 369 

Genome-wide association study meta-analysis of chronic widespread pain: evidence 370 

for involvement of the 5p15.2 region. Ann Rheum Dis 2013;72:427-436. 371 

6. Dominick CH, Blyth FM, Nicholas MK. Unpacking the burden: understanding the 372 

relationships between chronic pain and comorbidity in the general population. Pain 373 

2012;153:293-304. 374 

7. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of 375 

multimorbidity and implications for health care, research, and medical education: a 376 

cross-sectional study. Lancet 2012;380:37-43. 377 

8. Matthews G, Deary IJ. & Whiteman MC. Personality Traits. Cambridge University 378 

Press: Cambridge, UK, 2009. 379 

9. Strickhouser JE, Zell E, Krizan Z. Does personality predict health and well-being? A 380 

metasynthesis. Health Psychol 2017;36:797-810. 381 

10. Luciano M, Hagenaars SP, Davies G, Hill WD, Clarke TK, Shirali M, et al. Association 382 

analysis in over 329,000 individuals identifies 116 independent variants influencing 383 

neuroticism. Nat Genet 2018;50:6-11. 384 

11. Cuijpers P, Smit F, Penninx BW, de Graaf R, ten Have M, Beekman AT. Economic 385 

costs of neuroticism: a population-based study. Arch Gen Psychiatry 2010;67:1086-386 

93. 387 

12. Samaan Z, Farmer A, Craddock N, Jones L, Korszun A, Owen M, et al. Migraine in 388 

recurrent depression: case-control study. Br J Psychiatry 2009;194:350-354. 389 

13. Korszun A. Facial pain, depression and stress - connections and directions. J Oral 390 

Pathol Med 2002;31:615-619. 391 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 6, 2018. ; https://doi.org/10.1101/362574doi: bioRxiv preprint 

https://doi.org/10.1101/362574
http://creativecommons.org/licenses/by-nc-nd/4.0/


17 

 

14. Blozik E, Laptinskaya D, Herrmann-Lingen C, Schaefer H, Kochen MM, Himmel W, 392 

et al. Depression and anxiety as major determinants of neck pain: a cross-sectional 393 

study in general practice. BMC Musculoskelet Disord 2009;10:13. 394 

15. Walter SA, Jones MP, Talley NJ, Kjellström L, Nyhlin H, Andreasson AN, et al. 395 

Abdominal pain is associated with anxiety and depression scores in a sample of the 396 

general adult population with no signs of organic gastrointestinal disease. 397 

Neurogastroenterol Motil 2013;25:741-e576. 398 

16. Tsuji T, Matsudaira K, Sato H, Vietri J. The impact of depression among chronic low 399 

back pain patients in Japan. BMC Musculoskelet Disord 2016;17:447. 400 

17. Gracely RH, Ceko M, Bushnell MC. Fibromyalgia and depression. Pain Res Treat 401 

2012;2012:486590. 402 

18. McIntosh AM, Hall LS, Zeng Y, Adams MJ, Gibson J, Wigmore E, et al. Genetic and 403 

Environmental Risk for Chronic Pain and the Contribution of Risk Variants for Major 404 

Depressive Disorder: A Family-Based Mixed-Model Analysis. PLoS Med 405 

2016;13:e1002090. 406 

19. van Hecke O, Hocking LJ, Torrance N, Campbell A, Padmanabhan S, Porteous DJ, 407 

McIntosh AM, Burri AV, Tanaka H, Williams FM, Smith BH. Chronic pain, depression 408 

and cardiovascular disease linked through a shared genetic predisposition: Analysis 409 

of a family-based cohort and twin study. PLoS One 2017;12:e0170653. 410 

20. Pingault JB, O'Reilly PF, Schoeler T, Ploubidis GB, Rijsdijk F, Dudbridge F. Using 411 

genetic data to strengthen causal inference in observational research. Nat Rev Genet 412 

2018; doi: 10.1038/s41576-018-0020-3. 413 

21. Stam AH, de Vries B, Janssens AC, Vanmolkot KR, Aulchenko YS, Henneman P, et 414 

al. Shared genetic factors in migraine and depression: evidence from a genetic 415 

isolate. Neurology 2010;74:288-294. 416 

22. Ligthart L, Boomsma DI. Causes of comorbidity: pleiotropy or causality? Shared 417 

genetic and environmental influences on migraine and neuroticism. Twin Res Hum 418 

Genet 2012;15:158-165. 419 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 6, 2018. ; https://doi.org/10.1101/362574doi: bioRxiv preprint 

https://doi.org/10.1101/362574
http://creativecommons.org/licenses/by-nc-nd/4.0/


18 

 

23. Pinheiro MB, Morosoli JJ, Colodro-Conde L, Ferreira PH, Ordoñana JR. Genetic and 420 

environmental influences to low back pain and symptoms of depression and anxiety: 421 

A population-based twin study. J Psychosom Res 2018;105:92-98. 422 

24. Lefebvre JC, Keefe FJ. The effect of neuroticism on the recall of persistent low-back 423 

pain and perceived activity interference. J Pain 2013;14:948-956. 424 

25. Meng W, Adams MJ, Hebert HL, Deary IJ, McIntosh AM, Smith BH. A Genome-Wide 425 

Association Study Finds Genetic Associations with Broadly-Defined Headache in UK 426 

Biobank (N=223,773). EBioMedicine 2018;28:180-186. 427 

26. Bulik-Sullivan B, Finucane HK, Anttila V, Gusev A, Day FR, Loh PR, et al. An atlas of 428 

genetic correlations across human diseases and traits. Nat Genet 2015;47:1236-429 

1241. 430 

27. Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, et al. Genome-Wide 431 

Genetic Data on ~ 500,000 UK Biobank Participants. BioRxiv 2017;101101/166298. 432 

28. Okbay A, Baselmans BM, De Neve JE, Turley P, Nivard MG, Fontana MA, et al. 433 

Genetic variants associated with subjective well-being, depressive symptoms, and 434 

neuroticism identified through genome-wide analyses. Nat Genet 2016;48:624-633.  435 

29. van den Berg SM, de Moor MH, McGue M, Pettersson E, Terracciano A, Verweij KJ, 436 

et al. Harmonization of Neuroticism and Extraversion phenotypes across inventories 437 

and cohorts in the Genetics of Personality Consortium: an application of Item 438 

Response Theory. Behav Genet 2014;44:295-313. 439 

30. Okbay A, Baselmans BM, De Neve JE, Turley P, Nivard MG, Fontana MA, et al. 440 

Genetic variants associated with subjective well-being, depressive symptoms, and 441 

neuroticism identified through genome-wide analyses. Nat Genet 2016;48:624-633. 442 

31. Major Depressive Disorder Working Group of the Psychiatric GWAS Consortium, 443 

Ripke S, Wray NR, Lewis CM, Hamilton SP, Weissman MM, et al. A mega-analysis 444 

of genome-wide association studies for major depressive disorder. Mol Psychiatry 445 

2013;18:497-511. 446 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 6, 2018. ; https://doi.org/10.1101/362574doi: bioRxiv preprint 

https://doi.org/10.1101/362574
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 

 

32. Yang J, Lee SH, Goddard ME, Visscher PM. GCTA: a tool for genome-wide complex 447 

trait analysis. Am J Hum Genet 2011;88:76-82. 448 

33. Bair MJ, Robinson RL, Katon W, Kroenke K. Depression and pain comorbidity: a 449 

literature review. Arch Intern Med 2003;163:2433-2445. 450 

34. Deary IJ. A taxonomy of medically unexplained symptoms. J Psychosom Res 451 

1999;47:51-59. 452 

35. Descalzi G, Mitsi V, Purushothaman I, Gaspari S, Avrampou K, Loh YE, et al. 453 

Neuropathic pain promotes adaptive changes in gene expression in brain networks 454 

involved in stress and depression. Sci Signal 2017;10(471). 455 

36. Gandhi R, Zywiel MG, Mahomed NN, Perruccio AV. Depression and the Overall 456 

Burden of Painful Joints: An Examination among Individuals Undergoing Hip and 457 

Knee Replacement for Osteoarthritis. Arthritis 2015;2015:327161. 458 

37. Sugai K, Takeda-Imai F, Michikawa T, Nakamura T, Takebayashi T, Nishiwaki Y. 459 

Association Between Knee Pain, Impaired Function, and Development of Depressive 460 

Symptoms. J Am Geriatr Soc 2018;66:570-576. 461 

38. Phyomaung PP, Dubowitz J, Cicuttini FM, Fernando S, Wluka AE, Raaijmaakers P, 462 

et al. Are depression, anxiety and poor mental health risk factors for knee pain? A 463 

systematic review. BMC Musculoskelet Disord 2014;15:10. 464 

39. Payne LA, Seidman LC, Lung KC, Zeltzer LK, Tsao JC. Relationship of neuroticism 465 

and laboratory pain in healthy children: does anxiety sensitivity play a role? Pain 466 

2013;154:103-109. 467 

40. Kadimpati S, Zale EL, Hooten MW, Ditre JW, Warner DO. Associations between 468 

Neuroticism and Depression in Relation to Catastrophizing and Pain-Related Anxiety 469 

in Chronic Pain Patients. PLoS One 2015;10:e0126351. 470 

41. Ashina S, Bendtsen L, Buse DC, Lyngberg AC, Lipton RB, Jensen R. Neuroticism, 471 

depression and pain perception in migraine and tension-type headache. Acta Neurol 472 

Scand 2017;136:470-476. 473 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 6, 2018. ; https://doi.org/10.1101/362574doi: bioRxiv preprint 

https://doi.org/10.1101/362574
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 

 

42. Bru E, Mykletun RJ, Svebak S. Neuroticism, extraversion, anxiety and Type A 474 

behaviour as mediators of neck, shoulder and lower back pain in female hospital staff. 475 

Personality and Individual Differences 1993;15: 485-492. 476 

43. Lefebvre JC, Keefe FJ. The effect of neuroticism on the recall of persistent low-back 477 

pain and perceived activity interference. J Pain 2013;14:948-956. 478 

44. Malin K, Littlejohn GO. Neuroticism in young women with fibromyalgia links to key 479 

clinical features. Pain Res Treat 2012;2012:730741. 480 

45. Han B, Pouget JG, Slowikowski K, Stahl E, Lee CH, Diogo D, et al. A method to 481 

decipher pleiotropy by detecting underlying heterogeneity driven by hidden 482 

subgroups applied to autoimmune and neuropsychiatric diseases. Nat Genet 483 

2016;48:803-810. 484 

46. Ormel J, Jeronimus BF, Kotov R, Riese H, Bos EH, Hankin B, et al. Neuroticism and 485 

common mental disorders: meaning and utility of a complex relationship. Clin Psychol 486 

Rev 2013;33:686-697. 487 

 488 

 489 

Figure legends: 490 

Figure 1. The genetic correlations between eight pain phenotypes and depressive 491 

symptoms, major depressive disorders and neuroticism 492 

Please note, the genetic correlations between these traits and hip pain and knee pain 493 

were not significant (P > 0.002, Table 2).  494 

Rg: genetic correlation  495 

 496 

 497 

 498 
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Table 1. The sample numbers available for GWAS on eight pain phenotypes 

Pain phenotypes Cases Controls 
Headache 74,761 149,312 
Facial pain 2,610 149,312 
Neck or shoulder pain 53,994 149,312 
Stomach or abdominal 
pain 

8,217 149,312 

Back pain 43,991  149,312 
Hip pain 10,116 149,312 
Knee pain 22,204 149,312 
Pain all over body 5,670 149,312 
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Table 2. The SNP-based heritabilities (h2) of eight pain phenotypes from the UK 
Biobank cohort and their genetic correlations with depressive symptoms, major 
depression and neuroticism 

 

 

P values < 0.002 (0.05/24) were considered as significant. Those significant rg 
values were in bold. 

SE: standard error 

rg: genetic correlation 

 Heritability Depressive 
symptoms 

Major depressive 
disorder 

Neuroticism 

Pain 
phenotypes 

h2 (SE) P rg P rg P rg P 

Headache 0.21 
(0.015) 

1.6 × 10-206 0.52 1.6 × 10-46 0.39 1.6 × 10-11 0.50 2.2 × 10-72 

Facial pain 0.24 
(0.12) 

3.2 × 10-41 0.33 2 × 10-4 0.34 0.01 0.30 1.0 × 10-5 

Neck or 
shoulder pain 

0.11 
(0.017) 

1.3 × 10-153 0.55 3.4 × 10-30 0.40 5.8 × 10-8 0.44 5.3 × 10-7 

Stomach or 
abdominal pain 

0.14 
(0.050) 

6.5 × 10-54 0.67 5.7 × 10-7 0.53 5 × 10-4 0.70 2.4 × 10-9 

Back pain 0.11 
(0.020) 

1.5 x 10-67 0.48 1.5 × 10-14 0.36 3 × 10-5 0.40 1.7 × 10-13 

Hip pain 0.12 
(0.041) 

4.5 × 10-56 0.34 0.03 0.04 0.80 0.27 0.04 

Knee pain 0.08 
(0.029) 

4.1 × 10-56 0.12 0.13 -0.07 0.53 0.18 0.002 

Pain all over 
body 

0.31 
(0.072) 

5.9 × 10-74 0.69 1.4 × 10-27 0.43 5.6 × 10-6 0.45 3.4 × 10-17 
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Table 3. The genetic correlations among all pain phenotypes based on the UK Biobank 

 

 

 

 

 

 

 

 

 

P values < 0.0018 (0.05/28) were considered as significant. Those significant rg values were in bold. 

 

rg: genetic correlation 

 

 Headache Facial pain Neck or 
shoulder pain 

Stomach or 
abdominal pain 

Back pain Hip pain Knee pain 

 rg P rg P rg P rg P rg P rg P rg P 
Facial pain 0.44 1.06 x 

10-10 
            

Neck or 
shoulder pain 

0.61 1.39 x 
10-94 

0.52 3.27 x 
10-10  

          

Stomach or 
abdominal pain 

0.56 8.01 x 
10-10 

0.60 9.16 x 
10-5 

0.67 3.3 x 
10-12 

        

Back pain 0.53 2.79 x 
10-36 

0.47 4.50 x 
10-7 

0.83 2.11 x 
10-100 

0.56 5.61 x 
10-6 

      

Hip pain 0.32 0.002 0.86 0.002 0.69 1.79 x 
10-5 

0.38 0.12 0.54 0.0004     

Knee pain 0.39 3.70 x 
10-13 

0.33 0.01 0.53 1.53 x 
10-14 

0.53 0.0002 0.46 3.29 x 
10-8 

0.36 0.03   

Pain all over 
body 

0.62 4.69 x 
10-52 

0.43 6.51 x 
10-5 

0.79 1.45 x 
10-47 

0.73 2.58 x 
10-7 

0.69 1.46 x 
10-29 

0.81 0.0004 0.36 5.56 x 
10-5 
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