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A B S T R A C T

Background: Childhood maltreatment is a global public health issue linked to a vast mortality and morbidity
burden. This study builds on current literature to explore the risk of developing central sensitivity syndromes
(CSS) (consisting of somatic and visceral pain syndromes) subsequent to childhood maltreatment exposure.
Methods: A retrospective population based open cohort study using the UK primary care database, ‘The
Health Improvement Network,’ between 1st January 1995-31st December 2018. 80,657 adult patients who
had experienced childhood maltreatment or maltreatment related concerns (exposed patients) were
matched to 161,314 unexposed patients by age and sex. Outcomes of interest were the development of CSS:
either somatic (Fibromyalgia, chronic fatigue syndrome, temporomandibular joint disorder, chronic lower
back pain, chronic headache, myofascial pain syndrome and restless leg syndrome) or visceral (Interstitial
cystitis, vulvodynia, chronic prostatitis and irritable bowel syndrome) in nature. Effect sizes are presented as
adjusted incidence rate ratios (aIRR) with confidence intervals (CI). Models were adjusted for the following
covariates at cohort entry: age, sex, deprivation, anxiety, depression and serious mental ill health.
Results: The average age at cohort entry was 23.4 years and the median follow was 2.2 years. There was an
increased risk of developing fibromyalgia (aIRR 2.06; 95% CI 1.71�2.48), chronic fatigue syndrome (1.47;
1.08�2.00), chronic lower back pain (1.99; 1.68�2.35), restless leg syndrome (1.82; 1.41�2.35) and irritable
bowel syndrome (1.15; 1.08�1.22) when compared to the unexposed group, whereas no statistical associa-
tion was seen with the development of temporomandibular joint disorder (1.00; 0.88�1.13), chronic head-
ache (1.04; 0.59�1.86), interstitial cystitis (1.19; 0.51�2.74), vulvodynia (0.65; 0.34�1.26), chronic
prostatitis (0.34; 0.07�1.77) and myofascial pain syndrome (0.88; 0.36�2.14). Outcome numbers were low,
most likely, due to the rarity of visceral conditions (aside from irritable bowel syndrome). The association
between a history of childhood maltreatment and CSS were mainly observed in somatic CSS.
Interpretation: The debilitating effects of CSS carry a substantial physical, psychological and economic bur-
den to both the individuals who are diagnosed with them and the health services who serve them. Primary
prevention approaches targeting childhood maltreatment as well as secondary preventative approaches
should be considered to minimise the associated burden of CSS.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Childhood maltreatment (defined as any form of physical, sexual
or emotional abuse (including witnessing or being a survivor of
domestic abuse (includes intimate partner violence)) and neglect
(both emotional and physical in nature) experienced by those under
the age of 18 years old) [1] is a global public health issue and violation
of the Human Rights Act [2]. The negative downstream social, psy-
chological and physical health effects of childhood maltreatment or
living household where there is adversity, are extensive and bear a
substantial societal cost [3�11,71]. In 2017, it was estimated globally
that 5.2 million disability adjusted life years (DALY) are attributable
to childhood maltreatment [12].

Exposure to childhood maltreatment, in similar fashion to other
forms of abuse often consists of experiences leading to acute and
chronic stress responses, which some suggest results in the dysregula-
tion of the hypothalamic-pituitary-adrenal (HPA) axis [13,14]. Bio-
chemical effects of the stress experienced in some childhood
maltreatment survivors have been hypothesised to alter normal func-
tioning of the immune, metabolic, neuroendocrine and autonomic sys-
tems [15]. Due to disruption of these systems, some survivors of abuse
have been shown to have higher levels of markers relating to sustained
inflammation (such as increased circulating interleukins, tumour
necrosis factor and C-reactive protein levels) [16�18]. To further exac-
erbate these biochemical effects, some survivors of abuse may adopt
poor lifestyle choices (physical inactivity, substance misuse and poor
diet) [5,15,19�21] as well as developing psychopathological changes
as a result of the abuse leading to mental ill health [7,8]. One such psy-
chological hypothesis thought to be demonstrated in abuse survivors
is the ‘fear avoidance model’, where individuals who have experienced
traumatic abuse episodes may be unable to regulate the severity of
pain responses precipitating a cycle of ‘pain-related fear’ [22,23].
Another important neurobiological change seen in some subgroups of
maltreated children are changes in the structural and functional orga-
nisation of their developing brain network which may be associated
with an increased risk of psychopathology [24]. Functional and tradi-
tional magnetic resonance imaging techniques on such children in
some studies show that those exposed to maltreatment when com-
pared to unexposed controls have changes in their amygdala (leading
to changes in emotion processing), corticol thickness, centrality (con-
nectedness) within regions involved in emotional regulation and
increased neural path lengths, all of which may be responsible for
later-life psychopathology [24�26]. Changes in these pathways has
been associated with the development of function neurological condi-
tions (including non-epileptic seizures, voicer disorders and other
mixed disorders) explored through observational study design and
functional imaging [27,28]. Of interest, these brain networks affected
by childhood maltreatment are thought to be involved in an individu-
al’s third order networks within their central pain matrix (a group of
brain structures jointly activated by painful stimuli), thereby suggest-
ing alternations in this region may go onto affect an individual’s ability
to perceive and respond to pain [29]. These numerous pathways
(physiological, psychopathological and sociological) are being pro-
posed to associate exposure to experiences such as childhood mal-
treatment and the development of chronic pain, however more
research is required to confirm this [30].

The global prevalence of chronic pain (often non-specific in nature)
in lower and middle income countries is thought to be 33% [31], and
even in countries of higher economic status such as the UK it is
thought to affect more than one third of the adult population [32].
However, the field of chronic pain medicine is evolving as our under-
standing of the involvement of central nervous system (CNS) sensitisa-
tion (otherwise known as central sensitisation) has improved. CNS
sensitisation may provide a rationale for the pain severity and disabil-
ity in a subgroup of patients experiencing cases of ‘unexplained’
chronic musculoskeletal pain [33,34]. Although there is not yet an
agreed upon terminology for CNS sensitisation conditions, the
umbrella term ‘central sensitisation/sensitivity syndromes’ (CSS) is
accepted in the literature. CSS includes both somatic (fibromyalgia,
chronic fatigue syndrome, temporomandibular joint disorder, chronic
lower back pain, chronic headache, myofascial pain syndrome and
restless leg syndrome) and visceral (Interstitial cystitis, vulvodynia,
chronic prostatitis and irritable bowel syndrome) pain syndromes
[33,35,36]. Although somatic and visceral nociceptive pathways may
be largely similar and can both lead to CNS sensitisation, visceral path-
ways have important specific clinical characteristics not often seen in
somatic disorders viz. 1) they are not evoked from all viscera 2) they
are not always linked to a specific visceral injury 3) the pain experi-
enced is diffuse and poorly localised 4) they often have referred pain
and 5) are accompanied with motor and autonomic reflexes [37].
Functional imaging demonstrates differences in the processing of vis-
ceral and somatic pain (visceral compared to somatic activation has
greater activation of the periaqueductal grey matter and nucleus
cuneiformis) whichmay explain some of these differences [38].

CNS sensitisation itself refers to chronic upregulation of the
peripheral nociceptive receptors which may occur as a result of
injury, illness or iatrogenic causes resulting in hyperexcitation expe-
rienced by the somatosensory cortex and spinal pain processing
pathways (sensitisation) [39,40]. This results most commonly in allo-
dynia and hyperalgesia [39]. An established theory is that the excess
nociception may lead to increased levels of substance P being
released into the peripheral c-fibres lowering thresholds for per-
ceived pain [40]. Although the exact role traumatic experiences and
abuse play in the development of CNS sensitisation is not fully under-
stood, it is clear that dysregulation of the HPA axis, particularly
downstream effects, may affect nociceptive processing in the periph-
eral nervous system predisposing individuals to a state of sensitisa-
tion [41]. Additionally, detrimental lifestyle choices and mental ill
health caused by abuse are often independent risk factors mediating
the subsequent development of CSS such as fibromyalgia and chronic
fatigue syndrome [18].

The evidence base associating traumatic experiences such as child-
hood maltreatment with the development of CSS is growing [35]. Pub-
lished systematic reviews have demonstrated positive associations
between childhood maltreatment with the subsequent development
of fibromyalgia, chronic fatigue syndrome and irritable bowel syn-
drome [18,42]. However, the studies included in those reviews were;
mostly either case-control or cross-sectional in design; unable to con-
trol for important covariates; low in participant numbers; or had self-
reported exposures/outcomes leading to the possibility of recall bias
[43]. In addition, few studies were generalisable to a UK population in
both participant characteristics and exposure definition. With regards
to evidence associating childhood maltreatment to other CSS, the liter-
ature following a systematic search[35] is either non-existent (Myofas-
cial pain syndrome and restless leg syndrome) or is present with
similar limitations or limited to exposure of sexual abuse (temporo-
mandibular joint disorders, chronic lower back pain, chronic head-
aches, interstitial cystitis, vulvodynia and chronic prostatitis) [44�52].
Population based matched cohort study evidence is urgently needed
to confirm these associations to identify whether traumatic events
such as childhood maltreatment predispose individuals to CSS.

Therefore, we have conducted the first UK retrospective cohorts
using ‘The Health Improvement Network’ (THIN) dataset to explore the
association between childhood maltreatment and subsequent develop-
ment of CSS (consisting of somatic and visceral pain syndromes).

Methods

Study design and data source

A retrospective cohort study derived from the THIN database to
explore exposure to childhood maltreatment or maltreatment related
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concerns with the subsequent development of CSS. This study is a
population based, retrospective open cohort, allowing for patients to
enter and exit the study at different time points. The study period
was set between 1st January 1995 and 31st December 2018. Each
individual patient contributed person years of follow-up from the
time of cohort entry (index date) to the time they leave the cohort
(exit date).

During the study period, THIN consisted of electronic medical records
taken from 787 general practices, deemed to be representative of the UK
population in terms of demographic structure and prevalence of key
comorbidities [53]. Symptoms, examinations, and diagnoses in THIN are
recorded using a hierarchical clinical coding system called Read codes
[54]. General practices were eligible for inclusion 12 months following
their instalment of electronic practice records or from the practice’s
acceptable mortality recording date [55]. During the study period this
left 9,588,734 patients eligible to contribute.

Exposure and outcome definition

The purpose of this study was to compare adult (>18 years at index
date) exposed patients (those with a code identifying officially con-
firmed childhood maltreatment or a maltreatment related concern
code which has been inputted whilst they were<18 years old) to unex-
posed patients (those without such codes) and then calculate their risk
of developing CSS (either somatic (fibromyalgia, chronic fatigue syn-
drome, temporomandibular joint disorder, chronic lower back pain,
chronic headache, myofascial pain syndrome and restless leg syn-
drome) or visceral (Interstitial cystitis, vulvodynia, chronic prostatitis
and irritable bowel syndrome)) defined through Read codes.

These CSS were selected due to the presence of read codes relating
to their diagnosis. Examples of CSS which have no associated Read
code are chronic pelvic pain, chronic neck pain and chronic whiplash
pain, which therefore were unavailable for inclusion in this study
[33]. Sex specific outcomes such as vulvodynia and chronic prostatitis
were only examined in female and male patients respectively.

Exposure code selection relating to confirmed childhood mal-
treatment and maltreatment related concerns have been described in
our previous work [7,56,71]. Confirmed childhood maltreatment
relates to recorded episodes of maltreatment against the child,
whereas maltreatment related concerns includes episodes of sus-
pected or possible childhood maltreatment. As there is likely a hid-
den burden of childhood maltreatment not identified by healthcare
professionals, in this study (similar to an approach in our previous
work) our exposure definition includes codes for both confirmed and
suspected/possible childhood maltreatment to ensure inclusion of
cases where childhood maltreatment may actually occur but is not
brought to the attention of the healthcare professional [7]. However,
a sensitivity analysis has also been conducted to explore the out-
comes in the confirmed cases only.

Although there are currently no validated code lists for CSS out-
comes, the musculoskeletal and chronic pain burden of GP consulta-
tions [57] is extensive so we anticipate reasonable coding. Outcome
code lists relating to CSS were selected with the assistance of co-
authors who had expertise in primary care and Read code selection, in
conjunction with comparison of published code lists. Where relevant
(e.g. back pain) it is important to note that the incidence of chronic
pain outcomes is low in comparison to non-specific or acute pain
codes. However, to ensure we are including conditions relating to CNS
sensitisation we have not included non-specific/acute pain codes.

Read code lists relating to exposure terms and outcomes are pro-
vided (Appendix p2).

Selection of unexposed group

Each exposed patient was matched with up to two unexposed
patients, who had no previously documented Read code relating to
the exposure. Unexposed patients were matched by age at index date
(+/- one year) and sex within the THIN database.

Follow-up period

The index date for those in the exposed group was the date at
which they reached 18 years of age, a year after registration with the
general practice or the date the general practice was eligible to con-
tribute to the database, whichever was the latest. To mitigate immor-
tality time bias[58], the same index date was assigned to the
corresponding unexposed patient. The follow-up period for each
patient was from the index date until the exit date. Exit date is
defined as the earliest of the following dates: study end date, last
date of data collection from a given general practice, date patient
transferred from general practice, date of death or date the outcome
of interest (CSS diagnosis) occurred. The median follow-up time in
this study was 2.2 years (Interquartile range (IQR) 0.8�4.9 years [the
maximum range was up to 22.2 years].

Co-variates

All data on co-variates were also extracted from the patient’s
records present on THIN.

Co-variates used in our modelling were selected due to their inde-
pendent relationship with CSS development: age, sex, Townsend
deprivation score (a measure of material deprivation within a local-
ity, incorporating information on unemployment, household over-
crowding and car/home ownership; a higher score indicates a greater
level of socioeconomic deprivation)[59] as well as depression, anxi-
ety and serious mental ill health were captured at baseline. Mental ill
health, a prevalent factor in the childhood maltreatment cohort, has
been shown in numerous studies to be associated with the develop-
ment of a variety of chronic pain and central sensitisation syndromes
and so we have accounted for its confounding effect in the statistical
analysis [7,60]. In addition, data on body mass index (BMI), alcohol
drinking status and smoking status are reported however, in young
cohorts there is substantial missing data [7].

Statistical analysis

Categorical baseline data were described using proportions and
continuous data were described using means or median with stan-
dard deviations or inter quartile range. Missing data are highlighted
in relevant baseline characteristic tables. Where there were missing
data in our covariates (Townsend score), it was treated as a separate
missing category and included in the final analysis. Across the cohort,
16.8% of Townsend score data were missing. Other approaches such
as complete case analysis, a missing dummy indicator approach and
multiple imputations methods were considered, however the results
were largely similar and a missing category was continued in line
with previously published work in this field [7].

In order to calculate an incidence rate (IR) per 100,000 person
years for each of the outcomes of interest, patients with pre-existing
illness (defined as a CSS code) were excluded to ensure the IR
reflected incident outcomes. Poisson regression offsetting for person
years of follow-up was then used to calculate an incidence rate ratio
(IRR) for each outcome of interest during the study period. Following
adjustment for the co-variates (Models were adjusted for the follow-
ing covariates at cohort entry: age, sex, Townsend score, anxiety,
depression and serious mental ill health), we calculated and present
an adjusted IRR (aIRR). IRRs are presented with 95% confidence inter-
vals (CI) with statistical significance set at p<0¢05. Outcomes which
occurred less than 5 times are presented as <5.

A subgroup analysis was conducted to display the results by
somatic (Fibromyalgia, chronic fatigue syndrome, temporomandibu-
lar joint disorder, chronic lower back pain, chronic headache,



Table. 1
Baseline characteristics of those exposed and unexposed to childhood maltreatment.

Baseline Characteristics
(Standard Deviation, Interquartile

range or Percentage)

Childhood maltreatment

Exposed Group Unexposed Group

Number of patients 80,657 161,314
Median follow-up period (person years) 2.3 (IQR 0.9�4.9) 2.2 (IQR 0.8�4.8)
Age at cohort entry (years) 23.3 (SD 7.3) 23.4 (SD 7.2)
Age when maltreatment occurred (years) 9.6 (5.2) -
Sex; Male (%) 33,614 (41.7%) 67,228 (41.7%)
Body mass index

<25 kg/m2 24,091 (29.9%) 56,633 (35.1%)
25�30 kg/m2 7642 (9.5%) 18,667 (11.6%)

>30 kg/m2 6322 (7.8%) 11,254 (7.0%)
Not available 42,602 (52.9%) 74,760 (46.3%)

Smoking status
Current smoker 30,462 (37.8%) 31,577 (19.6%)

Non-current smoker 28,998 (36.0%) 102,302 (63.4%)
Not available 21,197 (26.3%) 27,435 (17.0%)

Drinking Status
Non-drinker 13,990 (17.4%) 24,164 (15.0%)

Drinker 23,990 (29.7%) 58,473 (36.3%)
Not available 42,677 (52.9%) 78,677 (48.8%)

Townsend index
(Least deprived) 1 6296 (7.8%) 27,339 (17.0%)

2 7925 (9.8%) 24,915 (15.5%)
3 13,469 (16.7%) 29,599 (18.4%)
4 19,116 (23.7%) 29,947 (18.6%)
5 19,860 (24.6%) 22,881 (14.2%)

Not available 13,991 (17.4%) 26,633 (16.5%)
Mental ill health at baseline

Depression 13,874 (17.2%) 9063 (5.6%)
Anxiety 6927 (8.6%) 5858 (3.6%)

Serious mental ill health 1777 (2.2%) 676 (0.4%)
Central sensitivity syndrome at baseline

Fibromyalgia 181 (0.2%) 161 (0.1%)
Chronic fatigue syndrome 171 (0.2%) 342 (0.2%)

Temporomandibular joint disorder 620 (0.8%) 1358 (0.8%)
Chronic lower back pain 279 (0.4%) 289 (02%)

Interstitial cystitis 12 (0.0%) 19 (0.0%)
Vulvodynia (female) 9 (0.0%) 14 (0.0%)

Chronic prostatitis (male) <5 (0.0%) 14 (0.0%)
Chronic headache 24 (0.0%) 22 (0.0%)

Myofascial pain syndrome 7 (0.0%) 7 (0.0%)
Irritable bowel syndrome 2768 (3.4%) 4219 (2.6%)

Restless leg syndrome 57 (0.1%) 98 (0.1%)
All somatic syndromes 1293 (1.6%) 2240 (1.4%)
All visceral syndromes 2783 (3.5%) 4263 (2.6%)
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myofascial pain syndrome and restless leg syndrome) or visceral
(Interstitial cystitis, vulvodynia, chronic prostatitis and irritable
bowel syndrome) pain in nature.

A further sensitivity analysis was conducted to explore if findings
differed when only looking at officially confirmed maltreatment
codes (excluding possible/suspected maltreatment). Additionally, as
the literature suggests older exposure to childhood maltreatment
may correlate with worse outcomes [61]. In order to assess the differ-
ential impact of age at exposure to child maltreatment, a second sen-
sitivity analysis was conducted. In the second analysis the exposed
cohort was stratified into the age groups (based on age of exposure
to childhood maltreatment) aged 0�4 years, 5�9 years, 10�15 and
16�17 years (age group boundaries comparable with national educa-
tion data) [62]. The risks of developing outcomes in each group were
compared against their respective controls and an aIRR was calcu-
lated for each outcome per age group. Due to the low number of com-
parable outcomes of chronic headache, myofascial pain syndrome,
interstitial cystitis, vulvodynia and chronic prostatitis, they were
excluded from this subgroup analysis.

STATA version 15.1 MP/4 software (StataCorp 2017) was used to
conduct all analyses.

Ethical approval

Anonymised data were used throughout the study provided by
the data provider to the University of Birmingham. Studies using The
Health Improvement Network (THIN) database have had initial ethi-
cal approval from the NHS South-East Multicentre Research Ethics
Committee, subject to prior independent scientific review. The Scien-
tific Review Committee (IQVIA) approved the study protocol (SRC
Reference Number: SRC18THIN034) prior to its undertaking. As the
data held within THIN is anonymised and does not contain sensitive
or identifiable information and therefore the need for informed con-
sent was waived.

Results

Baseline characteristics

Of the total database cohort of 9,588,734 eligible patients, we
identified 80,657 (0.8%) adult patients exposed to childhood mal-
treatment or maltreatment related concerns during childhood (<18
years) who were matched to 161,314 (1.7%) adult unexposed
patients. The median follow-up was similar between the groups
(exposed 2.3 years: unexposed 2.2 years). Due to matching character-
istics mean age (23 years) and sex proportions (42% male) were simi-
lar between the groups. Where BMI and alcohol drinking status were
recorded it was similar between the groups however there was sub-
stantial missing data both groups (BMI; exposed 53%: unexposed
46%; Drinking status; exposed 53%: unexposed: 49%). A greater pro-
portion of the exposed group were current smokers (38%) compared
to the unexposed group (20%). There was a greater proportion of
socio-economic deprivation, mental ill health and baseline CSS
comorbidity in the exposed group compared to the unexposed group.
Further details can be seen in Table 1.

Cohort findings

Somatic CSS

When examining the association between childhood maltreat-
ment and the subsequent development of somatic CSS outcomes,
there were notable increased risks (presented as aIRR with 95% CI) in
the development of fibromyalgia (2.06; 1.71�2.48), chronic fatigue
syndrome (1.47; 1.08�2.00), chronic lower back pain (1.99;
1.68�2.35) and restless leg syndrome (1.82; 1.41�2.35). However,
there was no significant association seen in the development of tem-
poromandibular joint disorder (1.00; 0.88�1.13), chronic headache
(1.04; 0.59�1.86) and myofascial pain syndrome (0.88; 0.36�2.14).
The combined risk of developing somatic CSS was 1.41; 1.31�1.53.

Visceral CSS

When examining visceral CSS outcomes, childhood maltreatment
was only associatedwith the development of irritable bowel syndrome
(1.15; 1.08�1.22). Childhoodmaltreatment was not statistically associ-
ated with the development of interstitial cystitis (1.19; 0.51�2.74),
vulvodynia (0.65; 0.34�1.26) or chronic prostatitis (0.34; 0.07�1.22).
However, the number of outcomes of interstitial cystitis, vulvodynia
and chronic prostatitis were low during the study period. The com-
bined risk of developing visceral CSS was 1.14; 1.07�1.22).

Table 2 displays further details of the risk of developing CSS fol-
lowing exposure to childhood maltreatment. It is important to note
that amongst all of the findings the difference between the adjusted
(adjusted for age, sex, Townsend score, anxiety, depression and seri-
ous mental ill health) and unadjusted values was low, suggesting the
association may not be driven mainly by the role of mental ill health



Table 2
The risk of developing a central sensitivity syndrome in those exposed and unexposed to childhood maltreatment.

Childhood maltreatment

Fibromyalgia Chronic fatigue syndrome Temporomandibular joint disorder Chronic lower back pain Chronic headache Myofascial pain syndrome

Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed

Number of Patients 80476 161150 80486 160972 80037 159956 80378 161025 80633 161292 80650 161307
Numbers of Outcomes 300 209 88 97 445 787 361 261 21 31 8 16

Person-years 292791 553912 293326 553628 290371 547522 292265 553294 294175 554996 294234 555031
Incidence Rate (per 100000

person years)
102.46 37.73 30.00 17.52 153.25 143.74 123.52 47.17 7.14 5.59 2.72 2.88

Incidence Rate Ratio (95%
Confidence intervals)*

2.72 (2.28-3.24) 1.71 (1.28-2.29) 1.07 (0.95-1.20) 2.62 (2.23-3.07) 1.28 (0.73-2.22) 0.94 (0.40-2.20)

P value <0.001 <0.001 0.280 <0.001 0.385 0.893
Adjusted Incidence Rate Ratio
(95% Confidence intervals)**

2.06 (1.71 -2.48) 1.47 (1.08-2.00) 1.00 (0.88-1.13) 1.99 (1.68-2.35) 1.04 (0.59-1.86) 0.88 (0.36-2.14)

P value <0.001 0.015 0.953 <0.001 0.888 0.775

Restless leg syndrome Interstitial cystitis Vulvodynia Chronic prostatitis Irritable bowel syndrome

Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed

Number of Patients 80600 161216 80645 161295 47034 94072 33612 67214 77889 157095
Numbers of Outcomes 149 122 10 15 14 33 <5 9 1750 2643

Person-years 293552 554412 294199 555030 171833 303854 122371 251109 277110 530415
Incidence Rate (per 100000

person years)
50.76 22.01 0.34 0.27 8.15 10.86 1.63 3.58 631.52 498.29

Incidence Rate Ratio (95%
Confidence intervals)*

2.30 (1.82-2.93) 1.26 (0.57-2.80) 0.75 (0.40-1.40) 0.46 (0.10-2.11) 1.27 (1.19-1.35)

P value <0.001 0.574 0.368 0.315 <0.001
Adjusted Incidence Rate Ratio
(95% Confidence intervals)**

1.82 (1.41-2.35) 1.19 (0.51-2.74) 0.65 (0.34-1.26) 0.34 (0.07-1.77) 1.15 (1.08-1.22)

P value <0.001 0.691 0.203 0.201 <0.001

All somatic syndromes All visceral syndromes

Exposed Unexposed Exposed Unexposed

Number of Patients 79364 159074 77874 157051
Numbers of Outcomes 1250 1432 1768 2689

Person-years 285536 542495 277014 530210
Incidence Rate (per 100000

person years)
437.77 263.97 638.23 507.16

Incidence Rate Ratio (95%
Confidence intervals)*

1.66 (1.54-1.79) 1.26 (1.19-1.34)

P value <0.001 <0.001
Adjusted Incidence Rate Ratio
(95% Confidence intervals)**

1.41 (1.31-1.53) 1.14 (1.07-1.22)

P value <0.001 <0.001

* Unadjusted incidence rate ratio
** Adjusted Incidence rate ratio: adjusted for age, sex, depression, anxiety, serious mental ill health and Townsend deprivation score at baseline
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Fig. 1. The risk of developing a central sensitivity syndrome in those exposed and unexposed to childhood maltreatment broken down by somatic or visceral subtype.
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and demographic factors. Fig. 1 demonstrates the aIRR for developing
CSS following exposure to childhood maltreatment displayed by
either somatic or visceral CSS nature.
Sensitivity analysis

When conducting the sensitivity analysis, 22,078 (27% of the total
exposed cohort) exposed cases were identified as exposed to con-
firmed childhood maltreatment who were matched to 44,156 (27% of
the total unexposed cohort) unexposed patients. The baseline charac-
teristics were similar to the main cohort (see appendix p9). However,
the average age was older at 27 years and the median follow was
2.4 years for the exposed group compared to 2.2 years in the unex-
posed group.

When isolating confirmed codes only, the risk of developing con-
ditions previously seen as positively associated continued to remain
persistent: fibromyalgia (3.25; 2.39�4.41), chronic fatigue syndrome
(1.64; 1.00�2.67), chronic lower back pain (2.52; 1.90�3.34), restless
leg syndrome (2.60; 1.72�3.95) and irritable bowel syndrome (1.30;
1.16�1.46). Of interest, when isolating confirmed cases of childhood
maltreatment only, the risk of developing temporomandibular joint
disorder became positively associated with exposure to childhood
maltreatment (1.32; 1.06�1.65) which was not in the main analysis.
The combined risk of developing somatic CSS (1.96; 1.71�2.24)
continued to be higher than the risk of developing visceral CSS (1.29;
1.15�1.44) Further details can be seen on appendix p11.

When conducting a second sensitivity analysis examining the dif-
ferential impact of age of childhood maltreatment exposure, there
were four separate cohorts (defined by age at exposure): 1)
0�4 years of age (22.3% of total cohort): exposed cohort (n = 17,970);
unexposed cohort (n = 35,940), 2) 5�9 years of age (23.7% of total
cohort): exposed cohort (n = 19,088); unexposed cohort (n = 38,176),
3) 10�15 years of age (40.0% of total cohort): exposed cohort
(n = 32,223); unexposed group (n = 64,446) and 4) 16�17 years of
age (14.1% of total cohort): exposed cohort (11,376); unexposed
(n = 22,752). The most notable difference in the baseline characteris-
tics across the groups was the difference in sex ratio across the four
groups, as the percentage of female exposed survivors was more
prevalent than males in the older age groups. Otherwise, the groups
were relatively similar as seen in appendix p12.

Although, there were differential impacts of age group, there was
no clear trend of risk dependent on increasing or decreasing age
group. For example, the risk of developing fibromyalgia was signifi-
cant in the younger age groups (0�4-year group: 2.14; 1.33�3.43,
5�9-year group; 2.62; 1.81�3.78, 10�15-year group; 2.06;
1.54�2.76) compared to a non-significant result in the eldest group
of those aged 16�17-year group (1.31; 0.83�2.07). By contrast, the
eldest age group showed the greatest risk in developing chronic back
pain (2.99; 1.76�5.09). In comparison, for restless leg syndrome and
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chronic fatigue syndrome the greatest risk groups were those who
had experienced childhood maltreatment in the 5�9-year group and
10�15-year group respectively.

Discussion

To our knowledge, this is the first attempt to synthesise data
taken from UK primary care records exploring the relationship
between childhood maltreatment and the subsequent development
of CSS. The key findings were that after adjusting for important cova-
riates such as the presence of mental ill health, exposure to childhood
maltreatment leads to up to a doubling in risk of developing of cer-
tain somatic syndromes (fibromyalgia, chronic fatigue syndrome,
chronic lower back pain and restless leg syndrome) and when iso-
lated to confirmed cases, childhood maltreatment is also associated
with temporomandibular joint disorder. In addition to somatic disor-
ders, exposure to childhood maltreatment is associated with the
development of irritable bowel syndrome. However, childhood mal-
treatment was not clearly associated with other CSS; somatic
(chronic headaches and myofascial pain syndrome) or visceral (inter-
stitial cystitis, vulvodynia and chronic prostatitis). However, it must
be noted that the number of outcomes during the study period for
non-significant findings were low. Overall it appeared as though the
risk of developing somatic CSS were higher than visceral CSS follow-
ing exposure to childhood maltreatment, which was further emphas-
ised in the confirmed cases only sensitivity analysis.

As the authors believe this study was the first to assess the inci-
dence of CSS outcomes using UK definitions of childhood maltreat-
ment, it is difficult to compare our incidence rates with other
international study findings. Despite this, the results of our study
have been able to build on the existing observational data linking
childhood maltreatment to the subsequent development of a variety
of CSS [18,42,44�52]. To the authors knowledge there have been no
reported studies examining the outcomes of myofascial pain syn-
drome or restless leg syndrome in cohorts of childhood maltreatment
patients, therefore these findings are novel.

Also, of note is that some of our non-significant findings are in
support of existing literature. In a cross-sectional survey of male par-
ticipants (n = 5506) based in Boston, US, there was no association
between chronic prostatitis with one experience of childhood abuse
(Odds ratio (OR) 1.05; 0.55�2.01) [52]. Similarly, although evidence
exists suggesting experiences of childhood abuse may be more preva-
lent in cohorts of individuals experiencing interstitial cystitis, there is
no evidence to suggest the risk of developing interstitial cystitis in
higher in those who have experienced childhood abuse [49,63,64].
The current evidence on the development of chronic headaches is
contrasting. One cross-sectional study of 41 patients with chronic
headache identified no significant association with the presence of
childhood neglect or abuse [65]. However, an alternative cross-sec-
tional study including 18,303 adults was able to adjust for mental
health disorders and identified an increased risk of developing
chronic headaches [66]. Although in this study, exposure and out-
comes were self-reported. Also, in contrast to our findings, a single
case-control study (n = 215 pairs) identified severe childhood abuse
survivors were three times (aOR 2.9;1.5�4.8) more likely to have
gone onto present with VD. However, in that case-control study,
when cases were isolated to moderate abuse, the odds ratio became
non-significant (aOR 1.2;0.8�1.8) more in line with our findings.
However, it is important to note, for the conditions which showed
non-significance in our study, there is little available literature exam-
ining their association with childhood maltreatment.

The authors also believe this is the first study which examines the
differential impact of age of exposure in the presentation of CSS.
Despite previous suggestions relating to poorer outcomes associated
with an older age of first exposure to childhood maltreatment [61],
our findings do not demonstrate the relationship such a clear-cut
relationship. There appears to be a differential risk suggesting the
impact of stress at different points in childhood may affect the devel-
opment of different CSS through differing aetiological pathways.

Our findings are important in both a UK and a global setting as the
morbidity burden of conditions included within CSS such as chronic
lower back pain on disability adjusted life years are substantial [67].
Although, there are no internationally agreed upon guidelines for the
current management of patients experiencing these syndromes, it
has been shown that pharmacotherapeutic agents have shown little
promise in symptom management [68]. Instead more promising
approaches consider the complex pathology of the condition and in
turn deliver a multimodal treatment plan combining bio-psycho-
social elements such as management of stress [68].

The use of UK primary care records for epidemiological research
relies upon the accuracy of documenting by the healthcare professio-
nals contributing to the dataset. A limitation of the study is the expo-
sure and outcome Read codes have not yet been validated against
patient notes [69]. To try and mitigate this, for the childhood mal-
treatment exposure (under-recorded compared to national esti-
mates), [70,72] we also included maltreatment related codes. Under-
recording of exposure is likely to lead to misclassification bias where
the unexposed group may be incorrectly coded as unexposed when
they are in fact exposed. Therefore, it is possible our findings are an
underestimate of the true effect size. On the other hand, it is possible
that if childhood maltreatment were recorded by a healthcare practi-
tioner, it could mean the traumatic experience was particularly
severe. The granularity of the codes did not allow for more in-depth
investigation based on severity of childhood maltreatment. However,
the sensitivity analysis exploring confirmed childhood maltreatment
cases gave an indication that confirmation of childhood maltreatment
led to an increased risk of CSS outcomes. Despite this increased risk
seen in the sensitivity analysis, future research should consider case
validation approaches to examine the definition of “confirmed” child-
hood maltreatment in electronic health records research. When
examining the validity of coding it is also important to note that the
number of some outcomes (interstitial cystitis, vulvodynia, myofas-
cial pain syndrome, chronic headaches and chronic prostatitis) was
very low in this study. It is not clear as to the potential reason for the
low number of these outcomes which may include; an under-record-
ing/reporting of the condition, diagnostic delay or expected low inci-
dence in the young cohort we have examined here. Future work
must be done to examine the epidemiology of these in community
based studies. Additionally, although in this study we were able to
adjust for some important confounders, there are others which may
play an important role in the development of CSS not included due to
limitations in the dataset. Future research should explore this rela-
tionship in datasets which hold complete information on these addi-
tional confounders e.g. ethnicity and educational status.

Our results may appear to demonstrate a greater affiliation
towards the development of somatic CSS subtypes, this must be
taken into consideration with the likelihood that the outcomes in the
visceral groups were underpowered due to their rarity in primary
care recording, young age of the cohort and limited follow up time.

In conclusion, our study showed increased risk of many types of
CSS following exposure to childhood maltreatment. Although this
association has been demonstrated, further work needs to be done to
explore the mechanistic pathways between childhood maltreatment
and the development of CSS.

Despite the need for further work to examine the explanatory
pathways, it is clear the increased risk demonstrates the need to con-
sider primary and secondary preventative approaches to improve the
prevention and detection of childhood maltreatment as well as miti-
gation of subsequent negative effects. Clinicians can consider this by
exploring a past history of either childhood maltreatment in patients
presenting with CSS, and then subsequently consider therapeutic
options which could support either 1) the maladaptive psychological
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coping strategy from the traumatic maltreatment experience, 2) the
lifestyle choices made by patients as result of the childhood maltreat-
ment or 3) the necessity of medical therapies to deal with the psycho-
logical or physical comorbidities, all of which could mediate or relate
to symptom presentation in CSS.
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