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Abstract

Background Age, sex, and medical comorbidities may be

associated with differences in patient-reported outcome

scores after THA. Highest level of education may be a

surrogate for socioeconomic status, but the degree to which

this is associated with patient-reported outcomes after THA

is not known.

Questions/purposes We investigated the national Swedish

Hip Arthroplasty Register for the association of education

attainment on patient-reported outcomes 1 year after THA;

specifically, we evaluated level of education attainment

against health-related quality of life (HRQoL), pain reduc-

tion, and satisfaction with treatment 1 year after THA.

Methods All THAs for osteoarthritis performed from

2005 through 2007 with complete patient-reported outcome

measures (representing 49% of the THAs performed for this

diagnosis) were selected from the Swedish Hip Arthroplasty

Register. These cases were merged with national databases

containing education attainment, marital status, and

comorbidities (n = 11,464; mean age of patients, 64 years).

The patient-reported outcome measure protocol included

the HRQoL measure EuroQol five-dimension scale (EQ-

5D), a VAS for pain, the Charnley classification survey, and

a VAS addressing THA satisfaction. Linear regression

analyses determined the association of preoperative patient

factors with patient-reported outcomes.

Results High education attainment was associated with

higher HRQoL (EQ-5D index ßhigh = 0.03 ± 0.01; EQ

VAS ßhigh = 2.6 ± 0.5) after THA, whereas those with
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low and medium education were at risk for lower HRQoL.

High education was associated with less pain after treat-

ment (ßhigh = �3.3 ± 0.05). Individuals with low or

medium education were at risk for less satisfaction with

THA (p \ 0.001).

Conclusions Our results suggest clinicians should support

patients with low and medium education to a greater

extent. Identification of patients who will benefit most from

THA and educating those at risk for poorer outcomes, like

patients with low and medium education, ultimately may

improve patient satisfaction, HRQoL, pain, and the cost

utility of THA.

Level of Evidence Level III, therapeutic study. See the

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Historically, THA success has been defined by implant

survivorship and radiographic evaluation. However, neither

of those assessments gives the clinician a sense of how the

patient feels about the influence the treatment had on his or

her life. Although the long-term surgical success of THA is

well documented, clinicians now have additional tools for

evaluation through patient-reported outcome measures.

Patient-reported outcome measures provide a patient’s self-

reported assessment of his or her condition. Implementa-

tion of patient-reported outcome measures in the clinic or

by mail can provide information to improve treatment by

THA. Patient-reported outcomes include health-related

quality of life (HRQoL), pain assessment, and satisfaction

with treatment. Understanding patient factors that influence

THA outcomes can aid clinicians when assessing risk

factors for poor results. Risk adjustment is important in

statistical analysis because patient demographic data then

can be correlated to patient-reported outcomes to gain a

better understanding of how patient groups differ after

THA and to identify groups at risk for poor outcomes

allowing targeted care to reduce those risks. Age, sex, and

comorbidities are common patient factors considered

before primary and revision THAs [1, 21, 25]. Identifica-

tion of additional risk factors such as socioeconomic or

social support status may allow physicians to more accu-

rately anticipate their patients’ results from treatment.

Socioeconomic status is determined by three factors: an

individual’s occupation, his or her income, and the highest

level of education attained. Education fundamentally

influences occupation and income by determining the types

of jobs available, the probability of unemployment, and

therefore the individual’s income [23]. Particularly in health

studies, education attainment may be used as a proxy for

socioeconomic status [4, 10]. Education typically is com-

plete early in life, whereas chronic conditions of aging, like

osteoarthritis (OA), tend to present later in life [4]. Unlike

income and occupation, education largely remains stable

throughout an adult’s lifespan and thus represents a more

constant measure of socioeconomic status. Individuals not

part of the workforce such as homemakers, the unemployed,

the retired, and those on disability are included when

socioeconomic status determination considers education

attainment rather than occupation or income. Finally, when

investigating the effect of socioeconomic status on health,

education is the least likely factor to be changed by disease

[10]. Even so, there are differing accounts regarding

whether an individual’s socioeconomic status is associated

with outcomes like functional status, HRQoL, and satis-

faction after surgery [2, 8, 16, 24]. For analyses of this sort,

many of the groups studied have been relatively small with

patient populations of 1000 or less.

In this study, we therefore explored how patient socio-

economic status was associated with patient-reported

outcomes 1 year after THA in 11,464 patients from a

nationwide cohort. The aim was to determine if higher

educational attainment resulted in more favorable measures

of HRQoL, pain reduction, and greater satisfaction with

treatment 1 year after THA.

Patients and Methods

The population of this prospective, observational national

registry study included all patients with OA having primary

THA performed from January 2005 through December

2007 from the Swedish Hip Arthroplasty Register

(n = 54,651). Complete preoperative and 1-year postop-

erative patient-reported outcome measures were required

for inclusion. The patient-reported outcome measure pro-

tocol was implemented in the register in 2002. Three-

quarters of hospitals were participating in 2005, and by

2007, 92% of hospitals were administering the surveys.

The patient-reported outcome measure protocol includes

the EuroQol group HRQoL measure EQ-5D, a VAS for

pain (from 0 to 100, where 0 was no pain), the Charnley

classification survey, and a VAS addressing satisfaction

with the outcome of surgery at 1 year (from 0 to 100,

where 0 was complete satisfaction with treatment) [3, 7].

Details of implementation of this ethically approved pro-

tocol and each patient-reported outcome measure have

been reported [22]. For the purpose of homogeneity,

patients who died or underwent reoperation within 1 year

of surgery were excluded from the analysis. If an individual

had bilateral primary THAs during the sample period, the

first hip with complete preoperative and 1-year postoper-

ative patient-reported outcome measures was included in

the analysis. Whether the hip included in the analysis was

the first or second in the selection period was noted. After
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ethical review board approval (328-08), these cases were

merged with national statistics databases recording

comorbid conditions (the National Patient Registry of the

National Board of Health and Welfare) and the highest

recorded level of education achieved according to the

International Standard Classification of Education (ISCED)

97 standard and marital status from Statistics Sweden. Only

individuals with educational attainment information were

included in the final analysis, totaling 11,464 patients

(Fig. 1).

Patients lacking education data tended to be older;

however, there was no difference in preoperative or post-

operative patient-reported outcome measure scores

between the patients with and without educational status in

the database (Appendix 1. Supplemental material is avail-

able with the online version of CORR). Charlson’s

comorbidity index was calculated from all comorbid

diagnoses 2 years before surgery. Classification of indi-

viduals was based on the presence or absence of comorbid

conditions; 9863 individuals had no comorbidities. Edu-

cation was divided into three levels: low (no education

beyond primary school [up to 8 years]); medium (no edu-

cation beyond secondary school [9–12 years]); and high

(any postsecondary education). Marital status was defined

as single, married, or widowed as a measure of social

support (Table 1).

Statistical Methods

The outcomes at 1 year were dependent variables: EQ-5D

index, EQ VAS, pain VAS, and satisfaction VAS. Bayesian

model averaging identified the significant predictors of

each outcome parameter [12]. Bayesian model averaging

does not base inference on a single model, but on a com-

bination of models; thus it avoids model selection bias and

has good specificity without compromising sensitivity [9].

Decisions regarding the importance of a predictor in the

model are based on the estimated posterior probability. The

literature does not consider a variable supported by

Bayesian model averaging if the posterior inclusion prob-

ability is less than 50% indicating that the variable does not

contribute to or influence the outcome [20]. The indepen-

dent variables tested by Bayesian model averaging were

age, sex, Charnley classification, presence of comorbidi-

ties, whether the included hip was the first or second in the

time interval, the preoperative EQ-5D index and EQ VAS,

the preoperative pain VAS, marital status, and education

level. The preoperative EQ-5D index and the EQ VAS

were included when conducting Bayesian model averaging

because these outcome scores represented slightly different

elements of preoperative HRQoL. The index reflected a

weighted population-based representation of the five

dimensions (mobility, self-care, usual activities, pain/dis-

comfort, and anxiety/depression), and the EQ VAS was an

overview of the patient’s impression of their HRQoL on

that day. Significant variables (minimum of 0.50 posterior

probability thresholds) were included in the final linear

regression analyses to determine the effect of each preop-

erative patient factor on the outcome parameter in question

[9, 15].

Of the independent variables tested, education attain-

ment, preoperative HRQoL, and Charnley classification

were associated with each of the outcome parameters and

therefore were included in all linear regression models. The

majority of variables selected through Bayesian model

averaging had a posterior probability threshold of 1.00

Fig. 1 A flow diagram shows patient selection from the Swedish Hip

Arthroplasty Register for the final linear regression analyses.
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indicating that they were definitive predictors and were

included in the final linear regression models (Table 2).

None of the predictors tested were excluded from all linear

models.

Variable regression coefficients were assessed (reported

as ß with a subscript indicator) and standard deviations and

CI were calculated to determine the influence of each

significant variable on the outcomes. Regression coeffi-

cients from linear regression are an easy to interpret effect

measure; for a unit increase in the exposure holding all

other variables constant, the expected change in the out-

come equals the regression coefficient (ß). For a continuous

variable, this denotes a unit increase. For example, if the

coefficient for the EQ VAS (ßEQ VAS) were 1, a score of 0

would increase to 1. However, if we are interested in only

fractions of a unit increase, then the regression coefficient

can be divided by the factor of the unit increase in which

we are interested (eg, for a 0.1 unit increase divide the

regression coefficient by 10). For a categorical exposure,

the regression coefficient gives the expected difference of

the outcome means between the two groups. Statistical

analyses were performed using the R computing environ-

ment (Version i386 2.15.2) [19].

Results

Regardless of education attainment, on average HRQoL

improved and pain decreased in all groups after THA

(Table 3), but postoperative HRQoL measured by the EQ-

5D index (Fig. 2) and the EQ VAS (Fig. 3) were associated

with preoperative HRQoL states and with education

attainment, Charnley classification, and the presence of

comorbidities. The better the preoperative HRQoL of the

individual (EQ-5D index ßindex = 0.11 ± 0.01 and ßEQ

VAS = 0.001 ± 0.0001; EQ VAS ßindex = 5.2 ± 0.6 and

ßEQ VAS = 0.14 ± 0.01), the greater the chance was of a

high postoperative HRQoL. High education attainment also

was associated with higher HRQoL (EQ-5D index

ßhigh = 0.03 ± 0.01; EQ VAS ßhigh = 2.6 ± 0.5) postop-

eratively. Individuals with Charnley classification B or C

disease and those with comorbidities had a greater risk of

poorer HRQoL postoperatively measured by the EQ-5D

index (Fig. 2) and the EQ VAS (Fig. 3), (all p \ 0.001).

Men were associated with more favorable weighted EQ-5D

index scores (ß = 0.02 ± 0.004) than women (reference)

after surgery. However, when measuring HRQoL through

the EQ VAS, the variable of sex was not associated with

patient-reported scores.

Age and preoperative VAS pain were not associated

with HRQoL after THA; however, they were important

predictors of postoperative pain (ßage = 0.1 ± 0.02;

ßpain = 0.04 ± 0.01) as were both preoperative measures

of HRQoL (ßindex = �3.1 ± 0.7; ßEQ VAS = �0.05 ±

0.01). Older individuals, patients with greater preoperative

pain, and those with worse HRQoL before surgery were at

greater risk of higher levels of postoperative pain, which

was reflected in the regression coefficients (p \ 0.001). As

seen with the postoperative EQ-5D index and EQ VAS, a

high level of education was associated with lower pain

after THA (ß
high

= �3.3 ± 0.5), whereas low and medium

Table 1. Population demographic summary

Patient demographics Summary values

Mean age (years, SD) 64 (7.9)

Patient count (female) 11,464 (6226)

Charnley class count (%)

A 4952 (43)

B 1591 (14)

C 4921 (43)

Hip order count (%)

First 9146 (80)

Second 2318 (20)

Marital status count (%)

Single 3105 (27)

Married 7181 (63)

Widowed 1178 (10)

Education level count (%)

Low 4257 (37)

Medium 4916 (43)

High 2291 (20)

Table 2. Posterior probability threshold of each independent variable

for the outcome parameters as determined by Bayesian model

averaging*

Predictors Patient-reported outcomes

EQ-5D

index

EQ

VAS

Pain

VAS

Satisfaction

VAS

Age 0.00 0.06 1.00� 1.00�

Sex 1.00� 0.00 0.13 1.00�

Comorbidity 1.00� 1.00� 0.00 0.20

Charnley

classification

1.00� 1.00� 1.00� 1.00�

Preoperative EQ-5D

index

1.00� 1.00� 1.00� 0.83�

Preoperative EQ VAS 1.00� 1.00� 1.00� 1.00�

Preoperative pain

VAS

0.00 0.00 0.80� 0.00

Hip order 0.00 1.00� 0.00 1.00�

Marital status 0.13 0.00 1.00� 0.07

Education level 1.00� 1.00� 1.00� 1.00�

* Any variable with a probability C 0.50 was subsequently included

in the linear regression model for that outcome parameter (indicated

by �).
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levels of education failed to have a significant association

with pain reduction after surgery (Fig. 4). That is not to say

that patients with low or medium education levels did not

have improvements in pain, just that their education was

not associated with their pain reduction. Once again having

a Charnley classification of B (ß = 4.7 ± 0.5) or C

(ß = 5.5 ± 0.4) increased the risk of more pain after THA.

Single individuals (reference) were at greater risk of pain

after surgery when compared with married (ß = �1.9 ±

0.4) or widowed (ß = �1.3 ± 0.6) individuals (Fig. 4).

Most of the tested predictors, with the exception of marital

status and comorbidities, were associated with patient sat-

isfaction with their THA 1 year after surgery. Women,

individuals with Charnley classification B or C, older people,

and those with low or medium education levels were asso-

ciated with less satisfaction (Fig. 5) (all p \ 0.001).

Discussion

Identification of patient factors, in addition to sex, age, and

comorbidity status that are associated with patient-reported

outcomes after THA, is vital for accurate risk adjustment

and patient education before surgery. We investigated how

level of education attainment as a surrogate for socioeco-

nomic status was associated with differences in patient-

reported outcomes 1 year after THA. Controlling for sex,

age, Charnley class, comorbidities, and preoperative health

states, our analyses found that higher education attainment,

representing higher socioeconomic status, was associated

with more favorable patient-reported outcomes. A positive

association was found with HRQoL, less postoperative

pain, and satisfaction in individuals with any postsecondary

education.

Exclusion of occupation and income in this investigation

of socioeconomic status may have distorted our results.

However, groups incorporating these factors found that

education was an independent predictor of OA and surgical

outcomes [2, 4, 10, 13, 18]. Biases may be introduced if

considering the excluded determinants because there may

be reverse causation between OA and occupation and/or

income. Low-income jobs tend to be more labor intensive

increasing the chances of OA just as severe OA may result

in decreased earnings or job loss [4, 18]. Of the determi-

nants of socioeconomic status, education occurs earliest in

life and is the most constant regardless of disease [4, 10]. In

patients with OA, education is a useful measure of socio-

economic status because it likely would be complete before

the onset of OA. However, we cannot confirm this because

income and occupation were not collected nor incorporated

in our analyses.

Generalizability of our findings to non-Swedish popu-

lations may be limited by the use of education attainment.T
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National education systems can vary substantially. We did

our best to mitigate this by categorizing education attain-

ment. The use of education as a continuous variable could

be misleading when comparing nations because the mini-

mum number of required years of childhood education

varies. This inconsistency could influence how education

attainment is interpreted with respect to health outcome

studies among nations. Another possible limitation of this

study is the use of patient-reported outcome measures with

bounded scores; however, these limitations hold true for all

patient-reported outcome investigations. Whenever a score

has an upper or lower bound such as the EQ-5D index or

VAS scores, there is the chance for ceiling or floor effects.

Individuals who start near the top on these scales with the

best health states leave little room to measure improvement

after treatment. Therefore, some sensitivity of the scales or

statistical power might be lost owing to patients with high

preoperative scores. Our population size was such that

sufficient statistical power or skewed data were not a

concern.

Differences in the postoperative scores between the

different education groups may appear small at the popu-

lation level (0.03 for the EQ-5D index, 2.2 on the EQ VAS,

4 on the pain VAS, and 2 on the satisfaction VAS), and

some might argue that they are too small to find clinically

relevant. However, variations among the groups exist such

that linear regression analyses were able to identify

differences in patient-reported outcomes among groups of

patients with low, medium, and high levels of education

after controlling for other patient factors. Several methods

exist to calculate the minimal important difference (MID)

between groups, but these calculations differ greatly and

consensus regarding which to use does not exist [17]. The

significance of a MID is dependent on the population used

to calculate the value. MIDs calculated from individual

responses may not translate to changes measured on the

population level. Walters and Brazier [27] aimed to iden-

tify a MID for the EQ-5D index from eight longitudinal

studies and identified MID values ranging from �0.011 to

0.140, and while their solution was to average these values

for a MID of 0.074, their CIs were large indicating

uncertainty in this calculation. Universal MID values for

patient-reported outcome measures theoretically are

appealing, but without a strong understanding of the

implications of the MID on the patient versus the popula-

tion level or without a criterion standard, which is

impossible in preference-based measures, they can be

misleading. No such standardized MID scores exist for the

EQ-5D or pain VAS in a Swedish population with OA.

Subgroups in our population show significant differences in

the extent of benefits of treatment with THA. Such is the

nature of averages, not all patients with a low education

level had poorer outcomes; however, enough of these

Fig. 2 Linear regression results are shown for the independent

variables (preoperative [pre] EQ VAS, preoperative EQ-5D index,

education attainment, Charnley classification, comorbidities, and sex)

included in the model where the points represent the slope coefficient

(coef.) with the 95% CI for the dependent postoperative EQ-5D index

variable. Any variable without a CI was the reference variable (ref),

and any variable whose CI did not include 0 represents a significant

influence on the EQ-5D index. Continuous variables are represented

by an open diamond and categorical variables are represented by a

filled diamond.

Fig. 3 Linear regression results are shown for the independent

variables (preoperative [Pre] EQ VAS, preoperative EQ-5D index,

education attainment, hip order, Charnley classification, and comor-

bidities) included in the model where the points represent the slope

coefficient (coef.) with the 95% CI for the dependent EQ VAS

variable. Any variable without a CI was the reference variable (ref),

and any variable whose CI did not include 0 represents a significant

influence on the EQ VAS. Continuous variables are represented by an

open diamond and categorical variables are represented by a filled

diamond.
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patients did not improve in HRQoL or have as much pain

reduction as those with a high education level to have as

high a population average in their postoperative outcome

scores. This indicates that some portion of the patients with

low and medium education should receive more targeted

care.

A better understanding of the mechanism with which

patients of varying education recover after THA is

important for presurgical evaluation. Twenty percent of

postoperative physical activity variance after THA is

associated with education, age, and family status [26].

Education teaches individuals how to seek and process

information on a progressively higher level, enabling

greater self-sufficiency and a feeling of control of one’s

well-being [23]. Patients with higher education in our

population may have had greater medical knowledge,

increased ability to apply practical knowledge, and more

realistic expectations for their surgery. In addition, their

higher HRQoL scores preoperatively and postoperatively

suggest that they were more prone to seek medical advice

and may have been more motivated during their rehabili-

tation. Patients at risk for less postoperative activity such as

those with lower education need to be informed of this risk

and encouraged to increase postoperative activity. Perhaps

if patients with low and medium education received indi-

vidualized preoperative instruction outlining practical

expectations and the importance of postoperative activity,

they may have more realistic expectations and greater

success after surgery.

THA is commonly an elective procedure performed to

improve HRQoL through increased activity and decreased

pain, and the majority of patients experience improvement

in these areas, particularly those with high education.

Failure to alleviate pain however is associated with dis-

satisfaction after surgery [1]. Patients with low and

medium education were associated with more pain and less

satisfaction. If their function did not improve to desired

levels, this and unalleviated pain may have resulted in less

satisfaction with the treatment at 1 year. Individuals

undergoing THA for their second hip were also associated

with less treatment satisfaction at 1 year. More evidence is

necessary to establish the cause of this trend. Patient sat-

isfaction will continue to be an important outcome for

elective joint arthroplasty, and dissatisfaction needs to be

better understood. Although the differences identified in

our study sometimes were small in magnitude at the pop-

ulation level, we believe they are important. Each of the

significant factors identified is associated with how the

patients do after THA. Our goal is to identify as many

patient factors as possible, with the goal of eventually

creating a decision-making tool for patients with OA

before surgery. No one patient factor will explain all of the

Fig. 4 Linear regression results of the independent variables (age at

surgery, preoperative [Pre] pain VAS, preoperative EQ VAS,

preoperative EQ-5D index, education attainment, marital status, and

Charnley classification) included in the model where the points

represent the slope coefficient (coef.) with the 95% CI for the

dependent pain VAS variable. Any variable without a CI was the

reference variable (ref), and any variable whose CI did not include 0

represents a significant influence on the pain VAS. Continuous

variables are represented by an open diamond and categorical

variables are represented by a filled diamond.

Fig. 5 Linear regression results of the independent variables (age at

surgery, preoperative [Pre] EQ VAS, preoperative EQ-5D index,

education attainment, hip order, Charnley classification, and sex)

included in the model where the points represent the slope coefficient

(coef.) with the 95% CI for the dependent satisfaction variables. Any

variable without a CI was the reference variable (ref), and any

variable whose CI did not include 0 represents a significant influence

on the satisfaction. Continuous variables are represented by an open

diamond and categorical variables are represented by a filled

diamond.
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changes seen after surgery, but it is important to recognize

that patient-reported outcomes may be influenced by a

large number of variables, each exacting a small but

detectable, and potentially important, influence on the

overall clinical picture.

In the literature, associations between education and

surgical outcomes have been explored using numerous

patient-reported outcome measures [2, 8, 16, 24]. When

investigating postoperative function, an American study

found that lack of a college education was associated with

poorer function after THA [2]. In a German population,

positive associations were found with increases in the

WOMAC in patients who completed their education after

12 years as compared with those with only 8 years of edu-

cation; however, it is not clear whether these improvements

were in all three WOMAC subscales [24]. Similar to what

we report, Fortin et al. [8] found that greater education

attainment was associated with lower pain and better func-

tion 6 months after arthroplasty independent of preoperative

pain or functional status. Conversely, Keurentjes et al. [16]

found no association with THA outcomes and education.

However, their study population was small with a long

followup interval bringing into question whether statistical

associations were reliable.

The severity of physical OA symptoms is more associ-

ated with patients with low education, who currently have a

greater unmet need for arthroplasty [4, 10]. Their willing-

ness to undergo surgery however is equal to their more

educated peers; therefore, patient willingness does not

account for the treatment discrepancy [11]. The disparity

between patients with OA with low socioeconomic status

and access to total joint surgery exists even in countries

with equal access to health care [5, 6, 11]. Although these

individuals are at risk for lower patient-reported outcomes

than more educated patients, they still have marked

improvements and benefit from the treatment.

The strength of this investigation stems from the 96%

nationwide completeness of procedures in the Swedish Hip

Arthroplasty Register and the increase to 92% of hospitals

participating in the patient-reported outcome measure

program by 2007 [14]. Also enhancing this work was the

ability to merge THA data with demographic and socio-

economic variables allowing rigorous statistical analysis of

the association of patient factors with patient-reported

outcomes 1 year after THA. Our results suggest clinicians

should support patients with low and medium education to

a greater extent. Identification of these patients is easy,

inexpensive, and does not require special diagnostic tests.

They may require more information or additional expla-

nation to guide their postoperative expectations. The goal

of elective THA is to eliminate pain, return the patient to

full (or close to full) function, and in turn, improve

HRQoL. Identification or confirmation of new and existing

factors associated with patient-reported outcomes is an

important step in improving care with THA. Referring

clinicians and surgeons need to educate patients about their

risks and set realistic expectations for outcomes after THA.

Because no one patient factor will explain all of the

changes seen after surgery, it is critical for studies like this

to identify as many influential patient factors as possible,

even if the influence of each factor considered in isolation

is small, as was the case for some end points we studied.

Identification of patients who will benefit most from THA

and providing additional information to patients at risk for

poorer outcomes, like those with low and medium educa-

tion attainment, ultimately may improve patient

satisfaction HRQoL, pain, and the cost utility of THA.
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