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Introduction

Carpal tunnel syndrome (CTS) is the most common peri
pheral nerve condition worldwide, with a prevalence of 
between 3% and 5%.1,2 Carpal tunnel syndrome can cause 
hand numbness, pain, and weakness and negatively impact 
work  productivity.3 Carpal tunnel release (CTR) is an 
effective treatment that tends to meet expectations for 
reducing pain while improving numbness and weakness.4 
However, in cases of severe CTS, patients may not have 
complete resolution of numbness even with pain relief fol
lowing CTR.5

Socioeconomic status (SES) and insurance status have 
been shown to impact health care and surgery access69 
and patient outcomes,10,11 including patientreported out
come measures (PROMs) following total knee arthro
plasty.12 Furthermore, social deprivation—a measure of 
SES disadvantage—has also been shown to impact the 

prevalence of musculoskeletal pain13 and selfreported 
symptom severity across orthopedic surgery.14 Therefore, 
in accordance with the US Institute of Medicine’s recom
mendation to consider social and mental health to further 
America’s overall health15 and the European Union’s 
focus on improving its citizens’ overall mental health and 
wellbeing,16 physicians should consider social depriva
tion when providing care.

Overall, there is limited research on the impact of social 
deprivation on patients seeking hand care. However, a study 
by Wright et al17 evaluated selfreported symptom severity 
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Background: There is a paucity of research examining the impact of social deprivation on the level of symptom severity at 
presentation, including in common hand conditions like carpal tunnel syndrome. We aimed to determine whether patient 
deprivation is associated with worse Patient-Reported Outcomes Measurement Information System (PROMIS) Upper 
Extremity (UE), Physical Function (PF), Pain Interference (PI), and Depression scores. Methods: Patients presenting to an 
academic hand clinic from December 2016 to December 2018 for a new patient visit for carpal tunnel syndrome completed 
PROMIS UE, PF, PI, and Depression Computer Adaptive Tests. Bivariate analyses were done to compare patient variables 
between the least and most deprived thirds, as measured by Area Deprivation Index (ADI), at the state (New York) and 
national levels. Multivariable linear regression was used to determine whether there was an association between social 
deprivation and PROMIS UE, PF, PI, and Depression scores. Results: All PROMIS domain scores were significantly worse 
in the most deprived cohort at the national level (P < .05) but not at the state level (P > .05). In multivariable regression 
at the national level, ADI values were associated with PROMIS UE (β = −0.06, P < .01) and PROMIS PI (β = .05, P < 
.01) but not PROMIS PF or PROMIS Depression. In multivariable regression at the state level, ADI values were associated 
with PROMIS UE (β = −0.79, P = .03) and PROMIS PI (β = 0.58, P < .05) but not PROMIS PF or PROMIS Depression. 
Conclusions: Higher levels of social deprivation are associated with worse PROMIS UE and PROMIS PI scores on both 
the state and national levels when initially seeking care for carpal tunnel syndrome.
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using the PatientReported Outcomes Measurement Infor
mation System (PROMIS) in patients presenting for evalu
ation of CTS. The authors found those with greater social 
deprivation at a national level had worse selfreported men
tal and physical health symptoms.17

The frequency of CTS and costs associated with treat
ment make confirming or refuting these initial findings with 
an independent sample warranted. Furthermore, we sought 
to build upon this initial study by evaluating whether social 
deprivation when analyzg at the state level versus the 
national level leads to similar findings. This additional anal
ysis is important to perform because patients who are con
sidered socially deprived in a state where the average 
quality of life is high may not be considered nearly as 
socially deprived on a national scale where the average 
quality of life may be comparably lower. Our primary null 
hypothesis was that there would be no association between 
social deprivation at the national level and PROMIS Upper 
Extremity (UE), Physical Function (PF), Pain Interference 
(PI), and Depression scores. Our secondary null hypothesis 
was that there would be no association between social depri
vation at the state level (New York State) and PROMIS UE, 
PF, PI, and Depression scores.

Materials and Methods

This study was approved by the appropriate institutional 
review board.

Between December 2016 and December 2018, all 
patients presenting for a new patient visit to a single, aca
demic hand clinic were asked to complete PROMIS UE, PF, 
PI and Depression Computer Adaptive Tests as part of rou
tine clinical care.18 PatientReported Outcomes Measure
ment Information System is a validated, general PROM 
funded through the US National Institutes of Health 
designed to follow a normal distribution with a mean t score 
of 50 and a standard deviation of 10.1922 Higher PROMIS 
PF scores indicate better physical function, whereas lower 
PROMIS PI and Depression scores indicate better pain cop
ing and decreased depression symptoms, respectively. In 
addition, changes in PROMIS UE, PF, and PI domains that 
are considered clinically relevant range from 4.2 to 8.0, 1.8 
to 2.8, and 4.1 to 9.7, respectively.23

PatientReported Outcomes Measurement Information 
System data were stored in a longitudinally maintained 
database by our institution. The database was queried for 
new patient visits in which CTS was diagnosed by a fellow
shiptrained hand surgeon, identified using International 
Classification of Diseases, Tenth revision codes (G56.0X). 
A total of 475 patients were identified. We removed the 75 
patients (16% of 475) who did not complete all 4 PROMIS 
domains, leaving a final sample of 400 patients (84% of 
475) for our study.

The following continuous variables were recorded:  
PROMIS scores and age (years). In addition, the following 
categorical variables were recorded: CTS side (bilateral, 
right, left, unspecified); sex (women or men); selfreported 
race (white, black, or other); marital status (married, single, 
or other). In addition, census block groups were used to 
determine the level of social deprivation by calculating the 
validated Area Deprivation Index (ADI).24 Area Deprivation 
Indices were determined at both the state (110, 10 = lowest 
SES/highest social deprivation) and national (1100, 100 = 
lowest SES/highest social deprivation) levels. For state val
ues, each unit of the state ADI represents social deprivation 
deciles and is determined without regard to national ADIs.24

Bivariate analysis was conducted between the least and 
most deprived thirds across all patient characteristics and 
PROMIS scores. The χ2 analysis was used to compare cat
egorical variables, whereas t tests were used to compare 
continuous variables. Multivariable linear regression 
including all patient characteristics noted above was used to 
determine whether there was an association between social 
deprivation and presenting patientreported health status 
(ie, PROMIS UE, PF, PI, and Depression scores) at both the 
state and national levels (separate analyses). For multivari
able linear regression analyses, state and national ADI val
ues were left as continuous variables to remove bias created 
by arbitrary cutoff values.

For all analyses, significance was set a priori at P < .05.

Results

The average state and national ADIs were 7 (range, 310) 
and 53 (range, 9100), respectively (Table 1). Most pati
ents were women (62%) and white (88%) (Table 1). The 
average PROMIS UE, PF, PI, and Depression scores were 
40.22 (range, 17.9560.99), 44.97 (range, 23.2168.78), 
57.38 (range, 38.6780.07), and 48.64 (range, 34.1778.05), 
respectively (Table 1).

In bivariate analysis comparing the least and most 
deprived third of patients at the national level, the most 
deprived third was significantly younger (51 [2082] vs 58 
[1989], P < .01) and were less commonly married (46% vs 
73%, P < .01) (Table 2). Furthermore, all PROMIS scores 
were significantly worse in the most deprived third than the 
least deprived third: PROMIS UE (37.40 [17.9560.99] vs 
42.38 [22.2960.99], P < 0.01); PROMIS PF (43.34 [23.21
64.93] vs 46.31 [23.7166.49], P = .02); PROMIS PI (59.85 
[38.6780.07] vs 55.93 [38.6774.11], P < .01); and PRO
MIS Depression (50.59 [34.1778.05] vs 47.01 [34.17
73.55], P = .01) (Table 2).

In bivariate analysis comparing the least and most 
deprived third of patients at the state level, the most deprived 
third was significantly younger (54 [1992] vs 61 [1988], 
P < .01) and had more bilateral CTS noted (65% vs 43%, 
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P = .04) (Table 3). There was no difference in PROMIS 
UE, PF, PI, or Depression scores between the least and most 
deprived thirds at the state level (Table 3).

In multivariable linear regression at the national level, 
ADI values were associated with PROMIS UE (β = −0.06, 
P < .01) and PROMIS PI (β = 0.05, P < .01) but not  
PROMIS PF or PROMIS Depression (Table 4). In multi
variable linear regression at the state level, ADI values were 
associated with PROMIS UE (β = −0.79, P = .03) and 
PROMIS PI (β = 0.58, P < .05) but not PROMIS PF or 
PROMIS Depression (Table 5).

Discussion

Using an independent patient sample, we sought to confirm 
prior findings by Wright et al17 that high levels of social 
deprivation are associated with worse physical and mental 

health in patients with CTS. In addition, we aimed to build 
upon this previous study by determining whether the same 
impact of social deprivation on selfreported health status 
was present when analyzing data at the state level. In bivar
iate analysis, we confirmed that when using the national 
ADI scores, more socially deprived patients demonstrated 
worse PROMIS UE, PF, PI, and Depression scores when 
presenting to the clinic with CTS. However, no such differ
ence in selfreported health status was appreciated when 
comparing the third least and most socially deprived 
patients at the state level. Interestingly, the level of social 
deprivation was only associated with PROMIS UE and 
PROMIS PI; however, there was no such association with 
PROMIS PF or PROMIS Depression. These findings were 
consistent at both the national and state levels.

The difference in PROMIS scores based on being in the 
least or most socially deprived thirds appreciated at the 
national level but absent at the state level provides the basis 
for an interesting discussion. This is especially true in rela
tion to the differences observed in PROMIS PF scores at the 
national level, which may represent true clinical differences 
between the 2 patient populations.23 One hypothesis is that 
the difference in selfreported health status in patients with 
CTS at the national level exists because we are truly analyz
ing data across the entire spectrum of social deprivation. In 
contrast, when evaluating the impact of social deprivation on 
selfreported CTS symptom severity at the state level, one 
must consider the state of the current study—New York. New 
York is considered a wealthier state with a higher median 
annual household income than many other states25; further
more, New York has a high number of surgeons and also 
expanded Medicaid, a government health insurance for the 
poor and underserved, which has been shown to increase 
access to orthopedic surgery care.26,27 Therefore, it is plausi
ble that selfreported symptom severity is a function of health 
care access. Across the country, there remains a much wider 
variation in health care access than within a wealthier state 
that expanded Medicaid (eg, New York). Future research is 
warranted to determine whether our statelevel findings are 
consistent across other states that expanded Medicaid and to 
determine whether states that did not expand Medicaid do 
have differences in selfreported health status in patients with 
CTS based on social deprivation levels.

At both the state and national levels, social deprivation 
was associated with presenting PROMIS UE and PI scores 
in patients with CTS. In each case, higher levels of social 
deprivation were associated with worse presenting upper 
extremity function and pain interference. Prior research 
has demonstrated that greater upper extremity functional 
limitation preoperatively is an important prognostic factor 
for poorer overall workrelated and functional outcomes 
postoperatively.2830 Thus, similar to a previous study,17 we 
believe that it is crucial for hand surgeons to appreciate the 
impact of social deprivation on selfreported symptom 

Table 1. Patient Characteristics (N = 400).

Patient characteristic No. (%) or Mean (Range)

Age, years 56 (19-92)
Carpal tunnel side
 Bilateral 262 (66)
 Right 90 (23)
 Left 41 (10)
 Unspecified 7 (2)
Sex
 Women 249 (62)
 Men 151 (38)
Race
 White 352 (88)
 Black 27 (7)
 Other 21 (5)
Marital status
 Married 253 (63)
 Single 85 (21)
 Other 62 (16)
State ADI 7 (3-10)
 First third (lowest ADI) 35 (9)
 Second third 187 (47)
 Last third (highest ADI) 178 (45)
National ADI, mean (range) 53 (9-100)
 First third (lowest ADI) 113 (28)
 Second third 187 (47)
 Last third (highest ADI) 100 (25)
PROMIS scores
 UE 40.22 (17.95-60.99)
 PF 44.97 (23.21-68.78)
 PI 57.38 (38.67-80.07)
 Depression 48.64 (34.17-78.05)

Note. ADI = Area Deprivation Index; PROMIS = Patient-Reported 
Outcomes Measurement Information System; UE = Upper Extremity; 
PF = Physical Function; PI = Pain Interference.
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Table 2. A Comparison of Patient Characteristics by the Least and Most Deprived Thirds Nationally.

Patient characteristic
Least deprived (n = 113) 
No. (%) or Mean (range)

Most deprived (n = 100)  
No. (%) or Mean (range) P value

Age, years 58 (19-89) 51 (20-82) <.01
Carpal tunnel side .60
 Bilateral 69 (61) 70 (70)  
 Right 28 (25) 19 (19)  
 Left 14 (12) 10 (10)  
 Unspecified 2 (1.8) 1 (1)  
Sex .73
 Women 72 (64) 66 (66)  
 Men 41 (36) 34 (34)  
Race .41
 White 101 (89) 85 (85)  
 Black 5 (4.4) 9 (9)  
 Other 7 (6.2) 6 (6)  
Marital status <.01
 Married 83 (73) 46 (46)  
 Single 19 (17) 35 (35)  
 Other 11 (9.7) 19 (19)  
PROMIS scores  
 UE 42.38 (22.29-60.99) 37.40 (17.95-60.99) <.01
 PF 46.31 (23.71-66.49) 43.34 (23.21-64.93) .02
 PI 55.93 (38.67-74.11) 59.85 (38.67-80.07) <.01
 Depression 47.01 (34.17-73.55) 50.59 (34.17-78.05) .01

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; UE = Upper Extremity; PF = Physical Function; PI = Pain 
Interference.

Table 3. A Comparison of Patient Characteristics by the Least and Most Deprived Thirds Statewide.

Patient characteristic
Least deprived (n = 35) 
No. (%) or Mean (range)

Most deprived (n = 178) 
No. (%) or Mean (range) P value

Age, years 61 (19-88) 54 (19-92) <.01
Carpal tunnel side .04
 Bilateral 15 (43) 116 (65)  
 Right 13 (37) 41 (23)  
 Left 7 (20) 17 (10)  
 Unspecified — 4 (2.3)  
Sex .41
 Women 19 (54) 110 (62)  
 Men 16 (46) 68 (38)  
Race .85
 White 30 (86) 152 (85)  
 Black 2 (6) 15 (8.4)  
 Other 3 (9) 11 (6.2)  
Marital status .11
 Married 25 (71) 93 (52)  
 Single 5 (14) 48 (27)  
 Other 5 (14) 37 (21)  
PROMIS scores  
 UE 40.28 (22.29-60.99) 38.85 (17.95-60.99) .53
 PF 44.45 (23.85-64.51) 44.35 (23.21-68.78) .97
 PI 55.68 (38.67-73.70) 58.34 (38.67-80.07) .13
 Depression 46.78 (34.17-64.37) 49.80 (34.17-78.05) .13

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; UE = Upper Extremity; PF = Physical Function; PI = Pain 
Interference.
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severity because it can impact many of our CTS patients’ 
outcomes and wellbeing. Through a teambased approach 
that incorporates additional support services for the most 
socially deprived patients, it may be possible to improve 
patient outcomes. Future research is warranted to  determine 

whether this type of approach is of value to CTS patient 
care.

Our study should be evaluated keeping the limitations of 
our work in mind. First, this study uses patient data from a 
single academic medical center hand clinic; thus, our find

Table 4. Multivariable Logistic Regression Analyses by PROMIS Domain Using National ADI.

Variable Coefficient (95% CI) P value

PROMIS UE: Significant (P < .05) covariates only
 National ADI −0.06 (−0.11 to −0.02) < .01
 Men 5.41 (3.47 to 7.34) < .01
 Single relationship status −4.12 (−6.62 to −1.63) < .01
PROMIS PF: Significant (P < .05) covariates only
 Age −0.11 (−0.18 to −0.05) < .01
 Men 2.57 (0.77 to 4.37) < .01
 Single relationship status −4.10 (−6.43 to −1.78) < .01
 Other relationship status −2.56 (−5.07 to −0.05) < .05
PROMIS PI: Significant (P < .05) covariates only
 National ADI 0.05 (0.01 to 0.09) < .01
 Single relationship status 3.04 (1.03 to 5.04) < .01
PROMIS Depression: Significant (P < .05) covariates only
 Unspecified carpal tunnel side 11.11 (4.25 to 17.96) < .01
 Men −2.75 (−4.63 to −0.87) < .01
 Other race 4.29 (0.25 to 8.33) .04
 Single relationship status 3.70 (1.27 to 6.13) < .01
 Other relationship status 4.59 (1.96 to 7.21) < .01

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; ADI = Area Deprivation Index; CI = confidence interval; UE = 
Upper Extremity; PF = Physical Function; PI = Pain Interference.

Table 5. Multivariable Logistic Regression Analyses by PROMIS Domain Using State ADI.

Variable Coefficient (95% CI) P value

PROMIS UE: Significant (P < .05) covariates only
 State ADI −0.79 (−1.48 to −0.10) .03
 Men 5.35 (3.41 to 7.29) <.01
 Single relationship status −4.25 (−6.76 to −1.75) <.01
PROMIS PF: Significant (P < .05) covariates only
 Age −0.11 (−0.18 to −0.04) <.01
 Men 2.53 (0.73 to 4.33) <.01
 Single relationship status −4.19 (−6.51 to −1.86) <.01
 Other relationship status −2.64 (−5.16 to −0.13) <.05
PROMIS PI: Significant (P < .05) covariates only
 State ADI 0.58 (0.02 to 1.13) <.05
 Single relationship status 3.15 (1.14 to 5.17) <.01
 Other relationship status 2.29 (0.11 to 4.46) <.05
PROMIS Depression: Significant (P < .05) covariates only
 Unspecified carpal tunnel side 11.10 (4.24 to 17.97) <.01
 Men −2.72 (−.4.60 to −0.84) <.01
 Other race 4.28 (0.24 to 8.32) .04
 Single relationship status 3.74 (1.31 to 6.17) <.01
 Other relationship status 4.62 (2.00 to 7.25) <.01

Note. PROMIS = Patient-Reported Outcomes Measurement Information System; ADI = Area Deprivation Index; CI = confidence interval; UE = 
Upper Extremity; PF = Physical Function; PI = Pain Interference.
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ings may not be generalizable to all settings. While our 
national analyses are consistent with those of Wright et al,17 
future work using patient data from other countries, includ
ing European Union members, would add value to the litera
ture and confirm or refute the importance of understanding 
social deprivation and its relation to hand care regardless of 
patient location. Second, the determination of a diagnosis of 
CTS was based on clinical examination and supplemented 
with electrodiagnostic studies, 6item CTS (CTS6) score, 
or both. Of note, access to electrodiagnostic studies or the 
use of CTS6 scores did not differ by patient social depriva
tion levels. While some surgeons may seek electrodiagnostic 
testing to guide surgical intervention, others do not.31 In 
addition, prior research has shown that the addition of elec
trodiagnostic testing to the workup for CTS does not change 
the probability of diagnosing the condition in a clinically 
meaningful way.32 Nonetheless, it is possible that some of 
the patients included in this study do not have CTS using 
electrodiagnostic criteria but clinically demonstrate signs of 
CTS and were thus included in our study cohort. In addition, 
we have only looked at 1 diagnosis (CTS), and it is possible 
that other diagnoses would have different results. Third, our 
statelevel findings may not be generalizable to other dis
similar states. For example, as noted earlier, some states are 
wealthier than others or have a greater number of hand sur
geons per capita. Therefore, additional research is needed to 
confirm or refute our statelevel findings more broadly. Sim
ilar important analyses can also be done at the national level 
of a European Union member state and within states and/or 
regions. Finally, ADI values are calculated using census 
block groups and are not necessarily representative of each 
individual patient’s true SES. However, ADI has been vali
dated and used as an acceptable estimate.33,34

Overall, our study demonstrated that the most socially 
deprived patients measured on the national level have lower 
selfreported functional status and higher pain and depres
sive symptoms than the least socially deprived patients. In 
contrast, such a finding was not present on the state level. 
However, at both the state and national levels, social depri
vation was associated with worse upper extremity function 
and pain interference at presentation for CTS. As health 
care systems globally continue to transition further toward 
a focus on value—defined as health outcomes achieved per 
dollar spent over the entire care cycle35—a biopsychosocial 
teambased approach to patient care for those less fortunate 
(ie, more socially deprived) with CTS may lead to higher 
value care. However, future research is warranted to deter
mine the impact of social deprivation and PROMIS severity 
on overall CTS treatment cost. In addition, we believe fur
ther study is warranted to better understand why social 
deprivation levels may be associated with some PROMIS 
domains in patients with CTS at the national level but not 
others. Finally, confirmatory studies in other countries are 

needed, and global approach to ensuring highquality access 
to hand surgery care is of utmost importance.
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