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Abstract
Background: Knee osteoarthritis (OA) is among the most common and disabling persistent pain conditions, with
increasing prevalence in the developed world, and affects women to a greater degree than men. In the USA, the
growth of knee OA has been paralleled by an increase in rates of total knee arthroplasty (TKA), a surgical treatment
option for late-stage knee OA. While TKA outcomes are generally good, postoperative trajectories of pain vary
widely, with some patients reporting a complete absence of pain, but with a significant minority reporting worsening
pain. Biopsychosocial factors, including anxiety and depression, are known to contribute importantly to the experience
of joint pain, with women reporting a higher degree of negative affective symptoms.
Methods: This study investigated sex differences in TKA outcomes in age-matched groups of men and women at two
academic medical centers. Pain and physical function were assessed in 100 patients (50 men and 50 women) during
the perioperative period (preoperative visit—6 weeks postsurgical). The association of preoperative negative affect
(anxiety and depression scores) to postoperative pain and function was evaluated, with specific attention to
sex differences in this relationship.
Results: Overall, women reported more baseline pain-related physical dysfunction (although not higher
baseline pain scores), as well as higher acute postoperative pain scores during the 2 weeks following TKA
than their male counterparts. By 6 weeks postoperatively, sex differences in reported pain were no longer
evident. Interestingly, although women reported higher preoperative levels of emotional distress than men,
preoperative anxiety and depression scores were better predictors of severe postoperative pain among men
than women, throughout the postoperative test period.
Conclusions: This study underlines the importance of considering sex and psychosocial factors, as well as
their interaction, in understanding postsurgical pain trajectories.
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Background
Knee osteoarthritis (OA) is one of the leading causes of
pain and disability in the USA and globally, with symptoms ranging from decreased range of motion, stiffness,
and limitations in physical mobility, to pain and decreased quality of life, costing hundreds of billions of
dollars every year in the USA alone [1–5]. While there is
no “cure” for OA, total joint replacement is, for many
patients, an effective intervention to reduce pain and improve physical functioning. Perhaps not surprisingly, patients with the most severe pain-related symptomatology
and functional impairment are the most likely to pursue
total knee arthroplasty (TKA) [2, 6].
Recent decades have brought a growing recognition of
the tremendous interpatient variability in pain-related
outcomes after surgery [7–11]. Following nearly any operative procedure, including seemingly “minor” surgeries
(e.g., [12]), some percentage of patients report persistent
postoperative pain [9, 13, 14]. TKA outcomes similarly
show great variability, with many patients reporting full
resolution of knee pain and large increases in physical
capacity, while others report continuing, or even worsening, pain. Recent reviews suggest that approximately
15–25% of TKA patients do not achieve satisfactory outcomes following surgery, prompting interest in identifying the factors that are associated with either positive or
negative outcomes [2, 15–19].
Many previous studies have identified differences between men and women in the perception, experience,
report, and management of pain, including higher rates
of pain, enhanced sensitivity to painful stimuli, and a
greater functional impact of pain among women compared to men [20–25]. Clinically, women report more
severe OA-related pain and dysfunction compared to
their male counterparts with equivalent radiographic
findings [4, 26–28]; not surprisingly, more TKA patients
are women [6, 16, 29]. Previous cross-sectional and
retrospective studies evaluating sex differences in pain
and function after joint replacement report greater postoperative pain [30] and surgery-related dysfunction [33]
in women. High levels of negative affective symptoms
such as anxiety and depression have been associated
with greater reports of pain after joint replacement surgery [15, 31–33] and, indeed, after an array of other surgical procedures as well [8, 34–36]. Women are more
likely to report high levels of distress and pain-related
negative affect [20–23, 37, 38], suggesting a possible
mechanism that may contribute to sex differences in
pain-related outcomes after TKA.
The present study examined pain-related factors in a cohort of 100 patients undergoing TKA, with age-matched
groups of 50 women and 50 men. We investigated sex differences in both the severity and correlates of acute pain
following TKA, with a focus on potential psychosocial
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factors that might contribute to any observed sex differences. Specifically, because previous research has found
negative affect (anxiety and depression) to be more prominently associated with more severe pain in women [39–
45], we hypothesized that the influence of negative affect
on pain would be greater in women following TKA.

Methods
Subjects in this prospective, longitudinal observational
study met the American College of Rheumatology criteria for knee OA and were scheduled to undergo unilateral TKA at either Brigham and Women’s Hospital
(Boston, Massachusetts) or Johns Hopkins Bayview
Medical Center (Baltimore, Maryland). The institutional
review boards of both Brigham and Women’s Hospital
and Johns Hopkins University approved all study procedures, and written informed consent was obtained from
all participants. Inclusion criteria for the parent study included meeting the American College of Rheumatology
criteria for knee OA, being scheduled to undergo unilateral total knee arthroplasty at either Brigham and
Women’s Hospital (BWH) Boston, Massachusetts, or
Johns Hopkins Hospital, Baltimore, Maryland, age of 45
years or greater, and adequate fluency in English. Exclusion criteria included disorders of cognition preventing
completion of the study procedures, recent history of a
myocardial infarction, documented peripheral neuropathy of at least moderate severity, severe Raynaud’s,
and systematic inflammatory autoimmune disorders. An
equal number of male (50) and female (50) patients were
selected from this prospective multicenter study, with 25
of each sex selected from each of two participating sites,
with specific attention to matching ages between the
two groups (men and women). Patients completed psychosocial questionnaires in the preoperative period, approximately 2 weeks before surgery. Patients also
reported pain severity and physical function at this preoperative time point, as well as at 6 weeks, and 3 and 6
months after surgery. Additionally, pain severity was
assessed at 48 h and 2 weeks postoperatively.
Pain intensity

The Brief Pain Inventory (BPI; [46, 47]) was used to assess patients’ levels of clinical pain intensity. Patients
were asked to rate their “average” and “current” level of
pain on an 11-point numeric rating scale with the end
points 0 (no pain) and 10 (pain as bad as you can imagine). Physical function was assessed using the Western
Ontario McMaster Universities Scales (WOMAC), a
well-validated, 24-item scale used to assess pain and
functional outcomes specific to osteoarthritis, including
subscales measuring joint pain and physical/occupational functioning [48, 49]. Higher scores on this scale
correspond to worse pain and functioning outcomes.
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Negative affect

Negative affect was assessed using the anxiety and depression short forms from the Patient-Reported Outcomes Measurement Information System (PROMIS),
which are widely used and extensively validated [50, 51].
Specifically, we utilized the PROMIS Anxiety Short
Form Version 1, which includes seven items scored on a
5-point scale (from “never” to “always”); higher scores
represent higher levels of anxiety. We also used the
PROMIS Depression Short Form Version 1, which includes eight items scored on a 5-point scale (from
“never” to “always”); higher scores represent higher
levels of depression.

Statistical analysis
Analyses were conducted using IBM-SPSS v23 (Chicago,
IL). A composite index of negative affect (NA) was calculated by averaging patients’ anxiety and depression
scores from the PROMIS. Pain intensity was calculated
by averaging patients’ reports of “average” and “current”
pain on the BPI. A physical function score was calculated by summing patients’ scores from the WOMAC
physical function and stiffness subscales.
Sex differences in pain (BPI) and physical function
(WOMAC subscales for physical function and stiffness)
were examined using non-parametric independent samples Mann-Whitney U tests due to the non-normality of
BPI and WOMAC data. An independent samples t test
was used to examine sex differences in negative affect,
and a series of Spearman’s rho correlations was computed to examine associations between negative affect
and primary study outcomes due to the non-normality
of BPI and WOMAC data.
Univariate analyses were conducted to test the potential confounding influence of demographic (i.e., age, ethnicity, marital status, employment) and clinical (i.e.,
body mass index, preoperative pain intensity) variables
on primary study outcomes (i.e., postop pain at 48 h, 2
weeks, 6 weeks). Variables significantly associated with
study outcomes were retained as covariates in the analyses described below.
In order to examine whether the association between
negative affect and acute postoperative pain outcomes
was moderated by sex, moderation analyses were conducted using the PROCESS macro in SPSS. [52] Separate moderation analyses were conducted using BPI and
WOMAC scores at 48 h after surgery as outcomes. In
these moderation analyses, a two-way interaction term
between negative affect and the potential moderator (i.e.,
sex) was specified in the models along with the main effects of the IV (i.e., negative affect) and moderator (i.e.,
sex). A significant two-way interaction effect would suggest that the association between negative affect and
pain intensity 48 h after surgery is moderated by patient
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sex. The same moderation analyses were also performed
for pain and functional outcomes at 2 and 6 weeks after
surgery. For each of the moderation models described
above, bootstrap standard errors (SE) and 95% confidence intervals (CI) were reported.
To adjust for potential family-wise (i.e., type 1) error,
Bonferroni-corrected p values were calculated. Bonferroni corrections were conducted for each of the primary analyses and took into account the number of
analyses conducted per outcome domain. For analyses
examining sex differences in acute postoperative pain,
three analyses were conducted, so the Bonferroni correction for family-wise error set the alpha level for significance at p < 0.016 (i.e., 0.05/3).

Results
Sex differences at baseline

Group differences in the sample of men and women are
listed in Table 1. Importantly, age, BMI, ethnicity, education, and employment did not differ between sex groups.
However, higher anxiety and depression were reported
among female patients. Female patients were also less
likely to be married.
Association of patient characteristics with pain and
dysfunction

Association of patient characteristics (men and women)
with pain and disability are shown in Table 2. The mean
age of the sample was 65.7 years (SD = 8.8). Older patients reported lower levels of pain 2 weeks after surgery
(R = − 0.22, p < 0.05). Additionally, higher preoperative
levels of pain were associated with higher pain at 48 h
(R = 0.35, p < 0.01) and 2 weeks (R = 0.36, p < 0.01) after
surgery and are thus included as covariates in sensitivity
analyses described below. Negative affect was significantly associated with preoperative pain (R = 0.21, p <
0.05) as well as with postoperative pain at 48 h (R = 0.30,
p < 0.01), 2 weeks (R = 0.38, p < 0.01), and 6 weeks (R =
0.29, p < 0.01) after surgery. Sensitivity analyses conducted using partial Spearman’s rho correlations indicated that all these effects remained significant even
after controlling for age (all p’s < 0.05) and presurgical
levels of pain (all p’s < 0.05). None of the other measured
variables were significantly associated with pain or disability (Table 2).
Sex differences in postoperative outcomes

Sex differences in postoperative pain (BPI) and physical
function (WOMAC) were examined using non-parametric
independent samples Mann-Whitney U tests. Men’s and
women’s reported levels of preoperative pain did not differ
significantly from each other whereas women reported significantly worse preoperative physical functioning. Women
reported significantly greater levels of pain than men at 48
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Table 1 Sample characteristics
p

Variables

Overall sample

Men (n = 50)

Women (n = 50)

Age

65.66 (8.82)

67.10 (9.36)

64.20 (8.07)

.63

Ethnicity (%, white)

87%

86%

87.8%

.80

Marital status (%, married)

71%

82%

60%

.02

Employment (%, working)

40%

38%

42%

.68

Body mass index (BMI)

30.92 (6.31)

30.87 (6.18)

30.98 (6.53)

.94

Baseline negative affect (PROMIS)

12.54 (4.43)

11.36 (4.18)

13.78 (4.39)

.003

Values in parentheses are standard deviations

h (p < 0.01) and 2 weeks (p < 0.01) after surgery (Fig. 1).
Sensitivity analyses indicated that these effects remained
significant even after controlling for age (both p’s < 0.05).
Sex differences in pain intensity 48 h after surgery became
non-significant after controlling for patients’ presurgical
levels of pain (p > 0.05), but sex differences in pain observed
at 2 weeks remained significant (p < 0.05). Pain intensity at
6 weeks, 3 months, and 6 months after surgery was not significantly different between women and men. Men and
women also did not report differences in postoperative
levels of physical function at 6 weeks, 3 months, and 6
months after surgery.
Moderating role of sex in the association between
negative affect and postoperative pain

In order to examine sex differences in the relationship
between negative affect and acute postoperative pain
outcomes, moderation analyses were performed for each
of the time points (i.e., 48 h, 2 weeks, 6 weeks) as separate outcome variables. Baseline pain was included as a
covariate in the moderation analysis. As can be seen
from Table 4, results revealed a significant moderation
effect of sex in the association between negative affect
and postoperative pain, but only at 2 weeks after surgery.
That is, the association between negative affect and

2-week postoperative pain was significantly stronger for
men (R = 0.50, p < 0.01) than women (R = 0.05, ns), Fisher’s Z = 2.26, p = 0.012 (Fig. 2). Moderation analyses were
conducted for 48 h (see Table 3) and 6 weeks (see
Table 5) but did not reveal a similar interaction between
negative affect and sex at these time points. However,
and interestingly, there was a significant sex difference
between men’s and women’s interaction of negative
affect and pain at all three test times (Tables 3, 4, and 5).
Moderation analyses conducted on dysfunction outcomes were not significant (p > 0.05).

Discussion
Given the increasing frequency of TKA, understanding
the risk factors for poor pain outcomes after this surgery
holds great import. This study investigated the influence
of sex on the trajectory of acute pain-related outcomes
following TKA, in an age-matched cohort of men and
women. Despite similar preoperative pain scores, women
reported greater pain at 2 and 14 days after TKA, consistent with previous reports. Women also reported
greater preoperative levels of psychological distress (i.e.,
symptoms of anxiety and depression) than men. Interestingly, however, moderation analysis revealed that preoperative negative affect was a more significant

Table 2 Interrelations among study variables

1. Age

1

2

3

4

5

6

7

8

-

-.29**

-.27**

-.16

-.20

-.22*

-.18

-.12

-

.47**

.19

.13

.01

-.05

-.07

-

.21*

.35**

.36**

.15

.15

-

.30**

.38**

.29**

.19

-

.62**

.34**

.26*

-

.66**

.45**

-

.51**

2. Body mass index
3. Baseline pain intensity (BPI)
4. Baseline negative affect (PROMIS)
5. Post-operative pain intensity (BPI; 48-h)
6. Post-operative pain intensity (BPI; 2-w)
7. Post-operative pain intensity (BPI; 6-w)

8. Post-operative physical function (WOMAC; 6-w)

-

Note. BPI, Brief Pain inventory; 48-h, pain intensity 48 hours after surgery; 2-w, pain intensity 2 weeks after
surgery; 6-w, pain intensity 6 weeks after surgery; WOMAC, Western Ontario and McMaster Universities
Arthritis Index; 6-w; physical function 6 weeks after surgery
*p < .05 **p < .01
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Fig. 1 Self-reported pain intensity as a function of time and sex. Pain intensity in male and female patients from presurgery to 6 weeks
postsurgery. Data presented as median and interquartile range (IQR)

predictor of postoperative pain in men than women
(counter to our proposed hypothesis). That is, among
this group of TKA patients, we found that women reported higher levels of negative affect, including both
anxiety and depression, than men. However, somewhat
surprisingly, men exhibited a stronger association between psychosocial distress and pain severity than did
women, a sex-related difference that was present
throughout the postoperative test period. That is, while
a greater negative affect was associated with greater
postsurgical pain overall, the pain difference between individuals with low and high negative affect was much
greater for men than women (Fig. 2).
Recent years have witnessed substantially increased research regarding sex differences in pain, with multiple
reviews concluding that women are at increased risk for
an array of acute and persistent pain conditions and that
the trajectories of pain treatment outcomes may differ

by sex [20–22, 25, 38]. The present findings also suggest
that while women and men achieve comparable levels of
pain and physical function by 6 weeks postoperatively,
women experience greater physical dysfunction preoperatively and more severe pain in the acute postoperative period, consistent with previous studies in joint
arthroplasty [60]. Importantly, greater pain in the immediate postoperative period and into the first week following TKA has been associated with an increased
likelihood of developing persistent post-TKA pain [19,
36, 53, 54], and this link between severe acute postoperative pain and the development of long-term painful
postsurgical complications has also been described for
multiple kinds of surgical procedures [9, 13, 55]. In the
present study, however, women achieve the same relatively low pain intensity levels as men at 6 weeks following TKA.
Various psychosocial mechanisms may play a fundamental role in shaping sex-related differences in pain.
Women tend to report higher levels of general anxiety
as well as factors that capture pain-related distress [22,
23, 37, 56]. Several previous reports have suggested that
psychosocial variables may contribute to sex differences
Table 3 Moderating role of sex in the association between
negative affect and pain intensity 48 h after surgery
Variables

β

Boot SE p

95% CI

0.12

LL = 0.07; UL = 0.53

Covariate
Baseline pain intensity 0.30

0.01

IVs

Fig. 2 Association between negative affect and pain intensity 2
weeks after surgery. Interaction between sex and baseline negative
affect in predicting pain intensity 2 weeks postsurgery

Negative affect

0.09

0.06

0.12

LL = − 0.02; UL = 0.20

Sex

0.89

0.48

0.07

LL = − 0.07; UL = 1.85

Sex * negative affect

− 0.13 0.11

0.023 LL = − 0.35; UL = 0.09

Values are from the final model
β unstandardized regression coefficient, Boot SE bootstrapped standard errors,
CI confidence intervals, LL lower limit, UL upper limit, IVs
independent variables
*interaction between
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Table 4 Moderating role of sex in the association between negative affect and pain intensity 2 weeks after surgery
β

Boot SE

p

95% CI

Age

− 0.02

0.02

0.29

LL = − 0.07; UL = 0.02

Baseline pain intensity

0.28

0.10

0.01

LL = 0.09; UL = 0.46

Negative affect

0.08

0.04

0.11

LL = − 0.02; UL = 0.17

Sex

1.01

0.40

0.01

LL = 0.22; UL = 1.80

Sex * negative affect

− 0.19

0.09

0.040

LL = − 0.37; UL = − 0.01

Variables
Covariates

IVs

Values are from the final model
β unstandardized regression coefficient, Boot SE bootstrapped standard errors, CI confidence intervals, LL lower limit, UL upper limit, IVs independent variables
*interaction between

in pain report, including in the daily intensity of osteoarthritis pain [57, 58]. We found that low levels of negative affect are associated with lower postoperative pain
at 2 weeks, but that this is more pronounced in men
(Fig. 2). This pattern has been previously observed in
both clinic-based studies of chronic pain patients [41,
43] and in longitudinal epidemiologic studies [44, 59]. In
both settings, the relationship between pain and mood/
anxiety has emerged as stronger among men than
women. The mechanisms underlying this sex-related
moderation effect are unclear, but the apparent
consistency of these findings across settings invites further study. While the presence of sex differences in psychosocial risk factors certainly suggests a plausible
pathway by which women might experience more
post-TKA pain than men [28, 30] and formed the rationale for our investigations, we in fact found that the association of negative affect and greater pain was driven by
men, even if the overall baseline level of such distress is
somewhat lower among them. In the present study, we
do not have mechanistic data on the physiological or
neurobiological mechanisms that might promote a
greater impact of negative affect among men, but it is
possible that NA-related decrements in pain inhibition
are more pronounced among high-NA men undergoing
surgery, leaving them more vulnerable to adverse consequences such as increased postoperative pain.
Table 5 Moderating role of sex in the association between
negative affect and pain intensity 6 weeks after surgery
Variables

β

Boot SE p

95% CI

IVs
Negative affect

0.12

0.07

0.08

LL = − 0.02; UL =0 25

Sex

1.46

1.25

0.25

LL = − 1.02; UL = 3.94

Sex * negative affect − 0.08 0.09

0.039 LL = − 0.27; UL = 0.11

Values are from the final model
β unstandardized regression coefficient, Boot SE bootstrapped standard errors,
CI confidence intervals, LL lower limit, UL upper limit, IVs
independent variables
*interaction between

One limitation of the current analysis is that although
we used patients’ scores on measures of anxiety and
depression to form an index of negative affect, other
psychological states (anger, irritability) might also reasonably be included in this index to make it more
comprehensive. Another consideration is that the association between negative affect and pain among
males was not observed at all time points, and at this
point, it is unclear whether this is due to a lack of
sufficient power to detect this relationship at those
time points, or whether it implies an instability of
this relationship.

Conclusions
As a whole, these findings highlight the complex multidimensional nature of pain, the variability in trajectories
of post-TKA pain, and the potential contributory role of
sex in shaping these outcomes. Additional work is
needed to understand the underlying cause of higher
acute postsurgical pain in women. Interestingly, the lack
of sex difference in more prolonged postsurgical pain (6
weeks) suggests that despite greater acute pain, potential
resilience-related or treatment-related factors may have
prevented female patients’ more severe acute pain symptoms from worsening their long-term prognoses. Overall, it is encouraging that women’s pain and function
scores improve to the same level as men’s by 6 weeks
after surgery.
Perspectives and significance
The present study found that although women reported
both higher preoperative psychosocial distress and acute
postoperative pain when compared to men, there was a
greater association between preoperative distress and
acute postoperative pain in men than women. This relationship requires further investigation but may have implications for the delivery of distress-reducing interventions
designed to improve outcomes after joint replacement
surgeries, particularly for men with high baseline negative
affect. Since severe acute postsurgical pain has
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consistently been identified as a critical risk factor for
longer-term outcomes (i.e., those patients who report the
most intense pain in the acute period after surgery are at
the greatest risk for chronic pain months or years later)
[13, 14, 60, 61], it is important to identify risk/protective
variables that shape the experience of pain in the days and
weeks following surgery. Collectively, an improvement in
the precision of our predictive models will eventually help
to develop and deliver targeted, personalized treatments
that can reduce the incidence and impact of persistent
postoperative pain [9, 13, 62].
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