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Abstract
Background Adverse childhood experiences (ACEs) af-
fect adult mental health and tend to contribute to greater

symptoms of depression and more frequent suicide
attempts. Given the relationship between symptoms of
depression and patient-reported outcomes (PROs), adver-
sity in childhoodmight be associated with PROs in patients
seeking care for musculoskeletal problems, but it is not
clear whether in fact there is such an association among
patients seeking care in an outpatient, upper extremity or-
thopaedic practice.
Questions/purposes (1) Are ACE scores independently
associated with variation in physical limitations measured
among patients seen by an orthopaedic surgeon? (2) Are
ACE scores independently associated with variations in
pain intensity? (3) What factors are associated with ACE
scores when treated as a continuous variable or as a cate-
gorical variable?
Methods We prospectively enrolled 143 adult patients
visiting one of seven participating orthopaedic surgeons at
three private and one academic orthopaedic surgery offices
in a large urban area. We recorded their demographics and
measured ACEs (using a validated 10-item binary ques-
tionnaire that measured physical, emotional, and sexual
abuse in the first 18 years of life), magnitude of physical
limitations, pain intensity, symptoms of depression, cata-
strophic thinking, and health anxiety. There were 143
patients with a mean age of 51 years, 62 (43%) of whom
were men. In addition, 112 (78%) presented with a specific
diagnosis and most (n = 79 [55%]) had upper extremity
symptoms. We created one logistic and three linear re-
gression models to test whether age, gender, race, marital
status, having children, level of education, work status,
insurance type, comorbidities, body mass index, smoking,
site of symptoms, type of diagnosis, symptoms of de-
pression, catastrophic thinking, and health anxiety were
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independently associated with (1) the magnitude of limi-
tations; (2) pain intensity; (3) ACE scores on the contin-
uum; and (4) ACE scores categorized (< 3 or $ 3). We
calculated a priori that to detect a medium effect size with
90% statistical power and a set at 0.05, a sample of 136
patients was needed for a regression with five predictors if
ACEs would account for $ 5% of the variability in phys-
ical function, and our complete model would account for
15% of the overall variability. To account for 5% in-
complete responses, we enrolled 143 patients.
Results We found no association between ACE scores and
the magnitude of physical limitations measured by Patient-
Reported Outcomes Measurement Information System
Physical Function (p = 0.67; adjusted R2 = 0.55). ACE
scores were not independently associated with pain in-
tensity (Pearson correlation [r] = 0.11; p = 0.18). Greater
ACE scores were independently associated with diagnosed
mental comorbidities both when analyzed on the contin-
uum (regression coefficient [b] = 1.1; 95% confidence in-
terval [CI], 0.32-1.9; standard error [SE] 0.41; p = 0.006)
and categorized (odds ratio [OR], 3.3; 95% CI, 1.2-9.2; SE
1.7; p = 0.024), but not with greater levels of health anxiety
(OR, 1.1; 95% CI, 0.90-1.3; SE 0.096; p = 0.44, C
statistic = 0.71), symptoms of depression (ACE < 3 mean
6 SD = 0.73 6 1.4; ACE $ 3 = 1.0 6 1.4; p = 0.29) or
catastrophic thinking (ACE < 3 = 3.66 3.5; ACE$ 3 = 4.9
6 5.1; p = 0.88).
Conclusions ACEs may not contribute to greater pain
intensity or magnitude of physical limitations unless they
are accompanied by greater health anxiety or less effective
coping strategies. Adverse events can contribute to anxiety
and depression, but perhaps they sometimes lead to de-
velopment of resilience and effective coping strategies.
Future research might address whether ACEs affect
symptoms and limitations in younger adult patients and
patients with more severe musculoskeletal pathology such
as major traumatic injuries.
Level of Evidence Level II, prognostic study.

Introduction

Greater adversity in childhood is associated with di-
minished adult mental health [10, 15]. The Adverse
Childhood Experiences (ACEs) scale is a reliable and
valid quantitative measure of childhood adversity [15].
The ACE scale assesses episodes of physical, emotional,
and sexual abuse in the first 18 years of life. ACEs cor-
relate with greater symptoms of depression in adult life,
especially among people with limited self-reported social
support [10]. In the United States, men who are sex
offenders have at least three times greater odds of an ACE
in at least one domain than the general population [25].
ACEs are associated with adult alcoholism, drug abuse,

morbid obesity, suicide attempts, and poor self-rated
health [16].

Given the correlation of symptoms of depression and
patient-reported outcomes (PROs) in musculoskeletal ill-
ness, it is plausible that ACEs might affect PRO measures
(PROMs) as well [5, 30, 33, 39]. A correlation of ACEs and
PROMs among patients seeking care for a musculoskeletal
problem might direct screening and treatment opportuni-
ties. However, to our knowledge, this possible association
among patients seen by an orthopaedic surgeon has not
been studied.

We therefore asked: (1) Are ACE scores independently
associated with variation in physical limitations measured
among patients seen by an orthopaedic surgeon? (2) Are
ACE scores independently associated with variations in
pain intensity? (3) What factors are associated with ACE
scores when treated as a continuous variable or as a cate-
gorical variable?

Patients and Methods

After institutional review board approval of this pro-
spective, cross-sectional, observational cohort study, we
prospectively enrolled 143 adult patients between No-
vember 7 and November 20, 2017. Patients were seen at
four orthopaedic surgery offices in a large urban area. We
included all new and followup English-speaking patients
who were aged between 18 and 89 years who visited one of
seven orthopaedic surgeons (one lower extremity, one
trauma, and five hand and upper extremity). The study
population consisted of typical patients seen in outpatient
offices with common diseases, many of which were age-
related. They were not patients with major trauma, ampu-
tation, or major peripheral nerve injury. We excluded
patients who were unable to speak and understand English
because we did not have a complete set of validated
questionnaires in other languages. Five research assistants
(A-BD, EZB, JTPK, JSEO, LD), who were not involved
with patient care, described the study to patients after the
visit with the physician. Completion of the surveys repre-
sented informed consent. Two patients declined
participation.

A priori power analysis indicated that a sample of 136
patients would provide 90% statistical power, with a set at
0.05, to detect a medium effect size (f2 = 0.15) for a re-
gression with five predictors if ACEs would account for$
5% of the variability in physical function, and our complete
model would account for 15% of the overall variability. To
account for 5% incomplete responses, we enrolled 143
patients.

Patients were asked to complete seven questionnaires at
the end of their visit: (1) a demographic questionnaire
consisting of age, sex, race-ethnicity, marital status,
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number of children, education status, work status, type of
insurance, the presence of additional comorbidities,
weight, and height; (2) the ACE scale; (3) the Patient-
Reported Outcomes Measurement Information System
(PROMIS) Physical Function (PF) Computer Adaptive
Test (CAT); (4) an 11-point ordinal measure of pain in-
tensity; (5) the Patient Health Questionnaire short form
(PHQ-2); (6) the Pain Catastrophizing Scale short form
(PCS-4); and (7) the Short Health Anxiety Inventory
(SHAI-5).

After completing the questionnaires, the research as-
sistant (A-BD, EZB, JTPK, JSEO, LD) filled out site of
symptoms (arm/shoulder, leg, other site) and asked the
surgeon if the diagnosis was specific or nonspecific.

The ACE scale is a validated 10-item binary question-
naire (“yes” or “no”) that retrospectively measures
domains of physical, emotional, and sexual abuse in the
first 18 years of life (Appendix, Supplemental Digital
Content 1) [21]. Scores range from 0 to 10 with higher
scores indicating more adverse experiences during
patients’ childhood [2, 10]. The PROMIS PF CAT is a
validated measure of physical limitations that can be
completed with as few as four questions while still
achieving high precision in scoring, thereby decreasing
survey burden. PROMIS presents a continuous t-score
with a mean of 50 and a SD of 10 with higher scores
reflecting better physical function compared with the
average of adults in the same age group [36]. Pain intensity
was measured on an 11-point ordinal scale from
0 representing “no pain at all” to 10 representing “worst
pain possible” [7, 22].

The PHQ-2, PCS-4, and SHAI-5 are all validated short-
form measures of psychologic constructs (Appendix,
Supplemental Digital Content 2). The PHQ-2 is a two-item
measure of symptoms of depression over the past 2 weeks
[8, 23, 26] (Appendix 2). The PCS-4 is a four-itemmeasure
with scores rating per item from 0 “not at all” to 4 “all the
time” with total scores ranging from 0 to 16 with higher
scores representing more catastrophic thinking (defined as
mis- or overinterpretation of nociception) [6, 8, 37] (Ap-
pendix 2). The SHAI-5 is a five-item measure that assesses
symptoms of health anxiety (the sense that one has a seri-
ous health problem despite reassurance to the contrary) [8,
24, 35]. Each item consists of four statements and has a
score ranging from 0 to 3. Total scores range from 0 to 15
with higher scores representing greater symptoms of health
anxiety (Appendix 2).

All questionnaires were administered on an encrypted
tablet through a secure, HIPAA-compliant electronic
platform: REDCap (Research Electronic Data Capture:
a secure web-based application for building and managing
online surveys and databases; Nashville, TN, USA) [18].

No patients were excluded from the analysis. The mean
age of the 143 patients was 51 6 16 years (range, 18-84

years) and 62 were men (43%; Table 1). One hundred
patients (70%) had one or more children (mean 2.76 1.9).
Of all patients, 73 (50%) had one or more additional
comorbidities. Of 143 patients, 112 (78%) presented with a
specific diagnosis and the majority (55%) had symptoms of
the arm or shoulder. Mean scores for pain intensity were
4.1 6 2.5 and for PROMIS PF 47 6 10. The mean ACE
score was 1.5 6 1.9 (range, 0-9). Thirty-four patients
(24%) had ACE-scores of $ 3 (Table 1) and 62 patients
(44%) did not experience any ACEs with scores of
0 (Table 2).

Statistical Analysis

Continuous variables are presented as mean 6 SD and
discrete data as proportions. We used the Student’s t-test to
compare continuous and dichotomous variables, the Pear-
son correlation for two continuous variables, analysis of
variance to compare continuous and ordinal variables, and
Fisher’s exact test for two dichotomous variables.

We analyzed ACE scores both on the continuum and
categorized (Table 3). We created two groups: ACE scores
of < 3 and of$ 3. In previous studies, ACE scores of $ 3
were combined into one category [2, 10, 14, 15].

We created three backward stepwise regression models
(Table 4) and one logistic regression model (Table 5) to
identify independent factors associated with (1) the mag-
nitude of limitations, measured with PROMIS PF; (2) pain
intensity; (3) ACE scores on the continuum; and (4) ACE
scores categorized (< 3 or $ 3). We included all factors
with p < 0.10 on bivariate analysis (Table 3; Appendix,
Supplemental Digital Content 3) in the final multivariable
models. Regression coefficient (b) is the degree of change
in a standardized outcome variable for every SD of change
in the predictor variable. The higher the absolute value of
the b coefficient, the stronger the effect. There are no set
cutoff scores. Adjusted R2 indicates how much variability
in the outcome variable themodel accounts for. Semipartial
R2 expresses the specific variability of a given independent
variable in the model [1]. The C-statistic is a measure of
goodness of fit in logistic regression models with a score
between 0.50 and 1.00. Higher scores indicate a better
goodness of fit with values > 0.7 indicating a good model
and > 0.8 a strong model. We considered p < 0.05
significant.

Results

Association Between ACE Scores and PROMIS PF

After controlling for variables like age, race, catastrophic
thinking, and type of diagnosis, we found no association
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between ACE scores and the magnitude of physical limi-
tations measured by PROMIS PF (p = 0.67; adjusted R2 =
0.55). Greater physical limitations were independently
associated with older age (regression coefficient [b] =
-0.28; 95% confidence interval [CI], -0.38 to -0.19; stan-
dard error [SE] 0.047; p < 0.001; semipartial R2 = 0.11),
being unemployed, unable to work, or having another work
status than being retired or employed (b, -8.0; 95% CI, -11
to -4.8; SE 1.6; p < 0.001; semipartial R2 = 0.076), com-
pleting 2 years of college (b, -4.8; 95% CI, -7.9 to -1.7; SE
1.6; p = 0.003; semipartial R2 = 0.030), having cardio-
vascular comorbidities (b, -3.6; 95% CI, -7.0 to -0.25; SE
1.7; p = 0.036; semipartial R2 = 0.014), presenting with
other symptoms than arm/shoulder (b, -4.9; 95%CI, -7.3 to
-2.5; SE 1.2; p < 0.001; semipartial R2 = 0.052), greater
body mass index (b, -0.24; 95% CI, -0.41 to -0.07; SE
0.085; p = 0.006; semipartial R2 = 0.025), greater health
anxiety (b, -0.98; 95%CI, -1.5 to -0.41; SE 0.29; p = 0.001;
semipartial R2 = 0.037), and greater catastrophic thinking
(b, -0.62; 95% CI, 0.98 to -0.26; SE 0.29; p = 0.001;
semipartial R2 = 0.025; adjusted R2 = 0.55; Table 4). Fewer
physical limitations were independently associated with
having musculoskeletal comorbidities (b, 3.4; 95% CI,
0.37-6.4; SE 1.5; p = 0.028; semipartial R2 = 0.016;
Table 4). There are no set cutoff scores for the b regression
coefficient. This model shows that, for example, 1 year of
aging is accompanied with a decrease in physical function
of 0.28 points measured by PROMIS PF.

ACE Scores and Pain Intensity

In bivariate analysis, ACE scores were not associated with
greater pain intensity (Pearson correlation [r] = 0.11; p =
0.18). Accounting for potential interaction of variables like

Table 1. Patient and clinical characteristics

Variables N = 143

Age (years; range) 51 6 16 (18-84)

Men, number (%) 62 (43)

Race-ethnicity, number (%)

White 108 (76)

Others 35 (24)

Marital status, number (%)

Married/unmarried couple 94 (66)

Divorced/separated/widowed 19 (13)

Single 30 (21)

Children

No 43 (30)

Yes 100 (70)

If yes, amount 2.7 6 1.9 (1-11)

Level of education, number (%)

High school 21 (15)

2-year college 23 (16)

4-year college 63 (44)

Postcollege graduate degree 36 (25)

Work status, number (%)

Employed 84 (59)

Retired 33 (23)

Unemployed/unable to work/other 26 (18)

Insurance, number (%)

Private 99 (69)

Other 44 (31)

Additional comorbidities, number (%)

Cardiovascular disease 29 (20)

Muskuloskeletal disease 43 (30)

Mental disease 25 (17)

Other 18 (13)

None 72 (50)

Smoking, number (%) 9 (6.3)

Body mass index (kg/m2; per patient) 29 6 7.2 (18-67)

Site of symptoms, number (%)

Arm/shoulder 79 (55)

Leg/other 65 (45.4)

Specific diagnosis, number (%) 112 (78)

Pain intensity 4.1 6 2.5 (0-10)

PROMIS PF (t-scores) 47 6 10 (18-73)

PCS-4 3.9 6 3.9 (0-16)

PHQ-2 0.80 6 1.4 (0-6)

SHAI-5 4.3 6 2.7 (0-15)

ACE score on the continuum 1.5 6 1.9 (0-9)

ACE score categorized

< 3 109 (76)

$ 3 34 (24)

Continuous variables as mean 6 standard deviation (range);
discrete variables as number (percentage); PROMIS PF =
Patient-Reported Outcomes Measurement Information Sys-
tem for Physical Function; ACE = adverse childhood experi-
ence; PHQ-2 = Patient Health Questionnaire short form; PCS-4
= Pain Catastrophizing Scale short form; SHAI-5 = Short Health
Anxiety Inventory.

Table 2. ACE scores

Variable
N = 143

ACE score Number (%)

0 62 (44)

1 34 (24)

2 13 (9.1)

3 8 (5.6)

4 13 (9.1)

5 7 (4.9)

6 2 (1.4)

7 3 (2.1)

8 0 (0.0)

9 1 (0.70)

10 0 (0.0)

ACE = adverse childhood experience.
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Table 3. Bivariate analyses ACE scores

Variables ACE continuum p value ACE score < 3 ACE score ‡ 3 p value

Age (r) -0.13 0.12 53 6 16 46 6 15 0.048

Gender

Men 1.3 6 1.7 0.24 49 (79) 13 (21) 0.56

Women 1.7 6 2.0 60 (74) 21 (26)

Race-ethnicity

White 1.5 6 1.9 0.83 82 (76) 26 (24) 1.0

Others 1.4 6 2.0 27 (77) 8 (23)

Marital status

Married/unmarried couple 1.4 6 2.0 0.74 73 (78) 21 (22) 0.67

Divorced/separated/widowed 1.8 6 1.9 13 (68) 6 (32)

Single 1.5 6 1.8 23 (77) 7 (23)

Children

No 1.6 6 2.1 0.64 33 (77) 10 (23) 1.0

Yes 1.4 6 2.6 76 (76) 24 (24)

Amount (r) -0.027 0.79 2.8 6 2.1 2.3 6 1.4 0.33

Level of education

High school 1.4 6 1.6 0.97 15 (71) 6 (29) 0.90

2-year college 1.5 6 2.0 17 (74) 6 (26)

4-year college 1.4 6 2.0 49 (78) 14 (22)

Postcollege graduate degree 1.6 6 2.1 28 (78) 8 (22)

Work status

Employed 1.3 6 1.8 0.32 67 (80) 17 (20) 0.035

Unemployed/unable/other 2.0 6 2.2 16 (43) 10 (38)

Retired 1.5 6 1.9 26 (79) 7 (21)

Insurance

Private 1.5 6 1.9 0.75 76 (77) 23 (23) 0.83

Other 1.6 6 2.0 33 (75) 11 (25)

Additional comorbidities

Cardiovascular disease 1.4 6 1.9 0.90 22 (76) 7 (24) 1.0

Muskuloskeletal disease 1.5 6 1.8 1.0 33 (77) 10 (23) 1.0

Mental disease 2.6 6 2.2 0.0019 13 (52) 12 (48) 0.004

Other 2.76 2.7 0.0033 10 (56) 8 (44) 0.038

None 1.3 6 1.8 0.22 57 (79) 15 (21) 0.44

Body mass index (r) 0.15 0.066 28 6 6.3 30 6 9.5 0.22

Smoking

Yes 1.9 6 2.3 0.52 6 (67) 3 (33) 0.44

No 1.5 6 1.9 103 (77) 31 (23)

Site of symptoms

Arm/shoulder 1.3 6 1.9 0.23 65 (82) 14 (18) 0.076

Leg/other 1.7 6 1.9 0.25 45 (69) 20 (31) 0.080

Type of diagnosis

Specific 1.6 6 2.0 0.20 84 (75) 28 (25) 0.64

Nonspecific 1.2 6 1.5 25 (81) 6 (19)

PHQ-2 (r) 0.16 0.063 0.73 6 1.4 1.0 6 1.4 0.29

PCS-4 (r) 0.18 0.030 3.6 6 3.5 4.9 6 5.1 0.88

SHAI-5 (r) 0.24 0.040 3.9 6 2.3 5.4 6 3.5 0.0067
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gender, insurance type, physical limitations, and symp-
toms of depression, greater pain intensity was in-
dependently associated with being a woman (b, -1.1;
95% CI, -1.8 to -0.41; SE 0.35; p = 0.002; semipartial
R2 = 0.046), greater catastrophic thinking (b, 0.41; 95%
CI, 0.31-0.52; SE 0.054; p < 0.001; semipartial R2 =
0.27), and less health anxiety (b, -0.19; 95% CI, -0.31 to
-0.028; SE 0.081; p = 0.021; semipartial R2 = 0.025;
adjusted R2 = 0.34; Table 4).

Factors Associated With ACE Scores Treated as
Continuous or Categorical Variables

Accounting for the potential interactions of variables like
comorbidities, symptoms of health anxiety, and symptoms
of depression, we found greater ACE scores were in-
dependently associated with having mental comorbidities
(b, 1.1; 95% CI, 0.33-1.9; SE 0.41; p = 0.006; semipartial,
R2 = 0.049) or comorbidities other than cardiovascular,

Table 3. continued

Variables ACE continuum p value ACE score < 3 ACE score ‡ 3 p value

PROMIS PF (r) -0.16 0.054 48 6 9.9 44 6 10 0.031

Pain Intensity (r) 0.11 0.18 4.0 6 2.5 4.3 6 2.8 0.49

Pearson correlation indicated by r; values are mean 6 standard deviation or number (percentage); bold indicates statistically
significant difference; ACE scores of 0, 1, or 2 are combined into one category (N = 109); ACE scores $ 3 are combined into one
category (N = 34); ACE = adverse childhood experience; PHQ-2 = Patient Health Questionnaire short form; PCS-4 = Pain
Catastrophizing Scale short form; SHAI-5 = Short Health Anxiety Inventory.

Table 4. Stepwise regression for predictors of PROMIS PF scores and Pain Intensity*

Dependent
variables Predictors

Regression coefficient

Standard
error p value Semipartial R2

Adjusted
R2

(95% confidence
interval)

PROMIS PF Age (years) -0.28 (-0.38 to -0.19) 0.047 < 0.001 0.11 0.55

Workstatus: unemployed/
unable/other

-8.0 (-11 to -4.8) 1.6 < 0.001 0.076

Education: 2-year college -4.8 (-7.9 to -1.7) 1.6 0.003 0.030

Comorbidities: cardiovascular
disease

-3.6 (-7.0 to -0.25) 1.7 0.036 0.014

Comorbidities: muskuloskeletal
disease

3.4 (0.37 to 6.4) 1.5 0.028 0.016

Site of symptoms: leg/other -4.9 (-7.3 to -2.5) 1.2 < 0.001 0.052

Body mass index (per patient) -0.24 (-0.41 to -0.07) 0.085 0.006 0.025

PCS-4 score (range 0-16) -0.62 (-0.98 to -0.26) 0.18 0.001 0.037

SHAI-5 score (range 0-15) -0.98 (-1.5 to -0.41) 0.29 0.001 0.037

Pain Intensity Male -1.1 (-1.8 to -0.41) 0.35 0.002 0.046 0.34

PCS-4 score (range 0-16) 0.41 (0.31 to 0.52) 0.054 < 0.001 0.27

SHAI-5 score (range 0-15) -0.19 (-0.35 to -0.028) 0.081 0.021 0.025

ACE continuum Comorbidities: mental disease 1.1 (0.32 to 1.9) 0.41 0.006 0.049 0.096

Comorbidities: other 1.2 (0.28 to 2.1) 0.47 0.011 0.043

*Variables inserted in the stepwise regression for PROMIS PF model: age, male, race: other (than white), education: 2-year college,
education: 4-year college, education: postcollege degree, work: retired, work: unemployed/unable/other (student, housemaker,
etc), insurance: other (than private), cardiovascular comorbidities, musculoskeletal comorbidities, mental comorbidities, other
comorbidities, body mass index, site of symptoms: leg/other, type of diagnosis, ACE scores, PCS-4 score, PHQ-2 score, SHAI-5 score;
For Pain Intensity model: male, insurance: other than private, PROMIS PF score, PCS-4 score, PHQ-2 score, SHAI-5 score; for ACE
continuous model: mental comorbidities, other comorbidities, body mass index, PROMIS PF score, PCS-4 score, PHQ-2 score, SHAI-5
score; Bold indicates statistically significant difference; PROMIS PF = Patient-Reported OutcomesMeasurement Information System
for Physical Function; ACE = adverse childhood experience; PHQ-2 = Patient Health Questionnaire short form; PCS-4 = Pain
Catastrophizing Scale short form; SHAI-5 = Short Health Anxiety Inventory.
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mental, or musculoskeletal diseases (b, 1.2; 95% CI,
0.28-2.1; SE 0.47; p < 0.011; semipartial R2 = 0.043; ad-
justed R2 = 0.096; Table 4) when treated as a continuous
variable; when treated as a categorical variable, ACE
scores $ 3 were independently associated with having
mental comorbidities (odds ratio [OR], 3.3; 95% CI,
1.2-9.2; SE 1.7; p = 0.024) but not with health anxiety (OR,
1.1; 95% CI, 0.90-1.3; SE 0.096; p = 0.44, C statistic =
0.71; Table 5). These results can be interpreted as the fol-
lowing: having a mental comorbidity corresponds to an
increase in ACE scores by 1.1 and increases the chance of
having $ 3 ACEs by 3.3. In bivariate analysis treated as a
categorical variable, we found no correlation between ACE
scores and symptoms of depression (ACE < 3 mean 6
SD = 0.736 1.4; ACE$ 3 = 1.06 1.4; p = 0.29; Table 3)
or catastrophic thinking (ACE < 3 = 3.66 3.5; ACE$ 3 =
4.9 6 5.1; p = 0.88).

Discussion

Poor adult mental health is associated with ACEs, perhaps
because adversity in childhood might reduce thresholds for
depressive reactions to mild stressors [10, 29]. Given the
correlation of symptoms of depression and PROs in mus-
culoskeletal illness [5, 30, 33, 40], ACEs might be asso-
ciated with PROMs as well. However, it is not clear
whether in fact there is such an association among patients
seeking care in an outpatient, upper extremity orthopaedic
practice.We found no association between ACE scores and
the magnitude of physical limitations measured by
PROMIS PF nor between ACEs and pain intensity. This is
potentially important because it is consistent with a body of
research that suggests it is more helpful to measure and
address current symptoms of stress and distress as well as
effectiveness of effective coping strategies on their

continuum in the moment than it is to address exposures or
comorbidities.

We acknowledge some study limitations. First, most
participants were white, married, employed, well-educated
individuals (the majority had at least 4 years of college)
with near average physical limitations (mean PROMIS PF
t-scores of 476 10; a score of 50 represents the population
mean). Although enrolled in several outpatient offices and
representative of the population living in the studied city,
our results might not be generalizable to other populations,
regions, and practice settings. Studies of patients with more
severe disease or injury, greater ACEs, or specific types of
ACEs might have different results. Our study addresses
self-reported ACEs in what may be a group with relatively
few ACEs or with ACEs of lesser severity. People might
claim an ACE when reasonable observers would question
whether it qualifies. Because the ACE is a mere count of
perceived childhood events, one person might have a se-
vere childhood event and another a relatively minor event,
but each of those would be counted the same. This is a
limitation both of our analysis (people with more difficult
childhoods are likely underrepresented in our sample) and
also of the ACE questionnaire. People may also feel un-
comfortable acknowledging childhood adversity in the
questionnaire and they may not answer honestly. Also,
they may answer differently in private than they would if
they were accompanied to the visit. This may be an in-
stance in which an interview-based rating system would be
preferable to a self-report questionnaire. Keeping these
limitations in mind, our patients reported similar ACEs to
prior studies. Forty-four percent (62 of 143) of our study
population did not report any ACEs, which is lower than
the 76% of patients who did not report ACEs in the study
by Cheong et al. [10], but it is comparable to the 34% in an
Irish study [28] and the 36% and 50% in American studies
[9, 16]. To better understand the association of ACEs with

Table 5. Multivariable logistic regression of factors associated with ACE scores treated as a categorical variable

Dependent variable Retained variables 95% confidence interval OR SE p value C-statistic

ACE categorized Male gender 0.53 to 3.2 1.3 0.60 0.56 0.71

Work status: employed Reference

Work status: unemployed/unable to
work/other

0.68 to 4.8 1.7 0.90 0.34

Work status: retired 0.34 to 3.1 1.0 0.59 0.96

Comorbidities: mental disease 1.2 to 9.2 3.3 1.7 0.024

Comorbidities: other 0.74 to 7.6 2.4 1.4 0.14

Site of symptoms: leg/other 0.74 to 4.4 1.8 0.82 0.19

SHAI-5 score (range 0-15) 0.90 to 1.3 1.1 0.096 0.44

PROMIS PF score (t-scores) 0.94 to 1.0 0.99 0.025 0.63

Bold indicates statistical significance; ACE scores divided into categories: < 3 or$ 3; ACE = adverse childhood experience; PROMIS
PF = Patient-Reported Outcomes Measurement Information System for Physical Function; SHAI-5 = Short Health Anxiety Inventory;
OR = odds ratio; SE = standard error.
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symptom intensity and magnitude of limitations for mus-
culoskeletal illness, we need studies of people who
encountered a greater frequency and severity of adversity
in childhood. It would also be useful to compare interview-
based assessments with self-report questionnaires.

Another limitation was that our patients were generally
older (with a mean age of 51 years), who generally had
relatively minor (and certainly not limb- or life-
threatening) conditions; most patients in this series had
common problems such as trapeziometacarpal arthritis,
rotator cuff tendinopathy, trigger finger, and carpal tunnel
syndrome. Although psychologic and social determinants
have amarked effect on symptoms and limitations for these
illnesses, we might find different results if we studied
people recovering from life-changing events such as major
skeletal trauma or amputation. It is possible that people
with more ACEs might have less reserve to manage the
stress associated with severe pathology. The older age of
our patients may also be important. Although our rate of
ACEs was comparable to other studies, at this older age we
may be studying patients who avoided major medical
comorbidities, patients with a more adaptive response to
ACEs, and people who have more opportunities to process
their ACEs and put them aside. The effect of ACEs on
PROs may be more pronounced in young adulthood in
greater proximity to childhood adverse events. It is also
important to note that we addressed pain intensity rather
than persistence. Childhood adversity might have a stron-
ger relationship to pain persistence and to pain intensity.

The lack of correlation of physical limitations with
ACEs in our study is inconsistent with the findings of Felitti
et al. [16], who found that patients in the primary care
setting with an ACE score of $ 3 have greater physical
inactivity (OR, 1.4). On the other hand, perceived limi-
tations and physical activity are not interchangeable. Our
patients had a comparably low prevalence of ACEs [9, 16,
28], but may have had less severe, more remote, and better
accommodated ACEs than would be found in a younger
adult population exposed to greater childhood adversity. It
is also possible that the association of ACEs with PROs is
mediated by symptoms of depression or resilience. Poole
et al. [32] studied 4000 patients in a primary care setting
and found that greater ACEs, of any type, increased the risk
of anxiety later in life and that this process is mediated by
greater emotional dysregulation (difficulties with impulse
control and limited emotion regulation strategies). Patients
with lower levels of resiliency have a stronger mediation
effect of emotional dysregulation on the relationship be-
tween ACEs and anxiety in adulthood than patients with
higher levels of resiliency [31, 32]. This suggests that ef-
fective coping strategies like resiliency influence the effect
of ACEs later in life. A recent systematic review [17]
confirms that individual-, family-, and community-level
resilience factors reduce the risk of psychopathology later

in life after childhood adversity. Howell and Miller-Graff
[20] shows that during emerging adulthood, higher levels
of resiliency are associated with greater intelligence,
greater spirituality, and support from friends but not from
family. This may help explain why a substantial percentage
of people with ACEs have good mental health. For some,
an ACE might even be a nidus for the development of
enhanced resiliency in a supportive milieu. Our finding that
magnitude of physical limitations was associated with
greater health anxiety and greater catastrophic thinking is
in line with previous evidence that consistently shows that
psychologic factors account for variation in the magnitude
of physical limitations for several specific and nonspecific
upper extremity conditions [11, 13, 27, 30, 33, 34, 40].

The lack of a relationship between pain intensity and
ACEs is inconsistent with evidence that sexual abuse in
childhood—one item on the ACE questionnaire—is asso-
ciated with greater persistent musculoskeletal pain [4, 12,
41]. We studied acute, not persistent, pain and studied a
self-report count of ACEs, many of which may not have
been as impactful as sexual abuse. Our initial application of
ACEs in patients with musculoskeletal illness is not de-
finitive and should be continued by studying different
methods of quantifying childhood adversity, people with
greater adversity, younger adults, and people with either
persistent pain or more severe pathology. Anda et al. [3]
found that patients withACE scores > 4 havemore frequent
headaches (OR, 2.1) than those without any adversity in
childhood. A possible explanation for variable relation-
ships between ACEs and pain may be the varied definition
of “childhood”, “abuse”, and “adversity” and the variety of
surveys used to quantify them. Also, a study of musculo-
skeletal pain duration or persistence rather than pain in-
tensity might have different findings. The finding that
greater pain intensity was associated with greater cata-
strophic thinking is consistent with a strong body of evi-
dence [34, 38].

The finding that ACEs, addressed on the continuum and
in categories, are associated with diagnosed mental
comorbidities is consistent with previous studies. Cheong
et al. [10] reported a higher prevalence of estimated major
depression among participants with at least one ACE
(14%) compared with those who experienced no ACEs
(6.0%). This adds another potential explanation for the lack
of correlation between ACEs on PROMs: the influence of
comorbid depression and anxiety may be diminished be-
cause these conditions were diagnosed and effectively
treated. Again, it may not be as fruitful to focus on ACEs or
diagnosed mental health comorbidities per se, but rather on
current symptoms of stress and distress and current effec-
tiveness of coping strategies.

Pending corroboration by others and testing in other
populations, our findings suggest that ACEs may not
contribute to greater pain intensity or magnitude of
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physical limitations unless they are accompanied by greater
health anxiety or less effective coping strategies. Adverse
events can contribute to anxiety and depression, but they
can also lead to development of resilience and effective
coping strategies [19, 20, 31, 32]. Future research might
address whether ACEs affect symptoms and limitations in
younger adult patients with less advantageous socioeco-
nomic situations that may expose them to a greater number
of ACEs or specific types of ACE that have greater impact
and with more severe musculoskeletal pathology such as
major traumatic injuries. Pending additional evidence, it
seems that attention is best directed toward stress, distress,
and less effective coping strategies, regardless of their
potential origin.
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