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Abstract

Background Previous studies have found that lumbar spinal stenosis (LSS) often co-occurs with knee or hip OA and
can impact treatment response. However, it is unclear what participant characteristics may be helpful in identifying
individuals with these co-occurring conditions. The aim of this cross-sectional study was to explore characteristics
associated with comorbid symptoms of lumbar spinal stenosis (LSS) in people with knee or hip osteoarthritis (OA)
enrolled in a primary care education and exercise program.

Methods Sociodemographic, clinical characteristics, health status measures, and a self-report questionnaire on the
presence of LSS symptoms was collected at baseline from the Good Life with osteocArthritis in Denmark primary care
program for knee and hip OA. Cross-sectional associations between characteristics and the presence of comorbid
LSS symptoms were assessed separately in participants with primary complaint of knee and hip OA, using domain-
specific logistic models and a logistic model including all characteristics.

Results A total of 6,541 participants with a primary complaint of knee OA and 2,595 participants with a primary
complaint of hip OA were included, of which 40% and 50% reported comorbid LSS symptoms, respectively. LSS
symptoms were associated with similar characteristics in knee and hip OA. Sick leave was the only sociodemographic
variable consistently associated with LSS symptoms. For clinical characteristics, back pain, longer symptom duration
and bilateral or comorbid knee or hip symptoms were also consistently associated. Health status measures were not
consistently related to LSS symptoms.

Conclusion Comorbid LSS symptoms in people with knee or hip OA undergoing a primary care treatment program
of group-based education and exercise were common and associated with a similar set of characteristics. These
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characteristics may help to identify people with co-occurring LSS and knee or hip OA, which can be used to help

guide clinical decision-making.

Keywords Lumbar spinal stenosis, Knee osteoarthritis, Hip osteoarthritis, Comorbidity, Association

Background

Symptomatic lumbar spinal stenosis (LSS) is a common
condition, affecting an estimated 11% of the general pop-
ulation and 25% of people in primary care settings [1].
LSS is most commonly a result of degenerative changes
in the spine associated with ageing that cause narrowing
of the spinal canal, resulting in spinal nerve ischemia and
compression [2]. Symptoms of LSS include pain and neu-
rological symptoms in the lower extremity [3] and func-
tional limitations such as decreased walking capacity [4,
5].

Degenerative LSS is a consequence of lumbar spinal
OA [6, 7], with the primary difference in clinical presen-
tation compared to knee and hip OA being the potential
neurological symptoms in the lower extremity. A growing
body of evidence suggests that multi-joint OA, including
lumbar spine OA or LSS, is more common than single-
joint presentations [6, 8, 9]. A recent meta-analysis of co-
occurring prevalence estimates found that symptomatic
LSS occurs in up to 25% of people of with symptomatic
knee OA and in up to 35% of people with symptomatic
hip OA [10]. However, no included study investigated if
people with co-occurring LSS and knee or hip OA have
a different clinical presentation than those with these
conditions in isolation, despite considerable overlap in
the clinical presentations of LSS and knee and hip OA
[11-14]. Since previous studies have shown comorbid
LSS and other degenerative disorders of the lumbar spine
affect OA treatment outcomes [15-21], a better under-
standing of the clinical presentation for co-occurring LSS
with knee or hip OA can help inform clinical reasoning
and shared-decision making when selecting management
strategies, including potential prognostic significance.

A variety of symptoms associated with LSS are fre-
quently reported by people with knee or hip OA partici-
pating in the Good Life with osteoArthritis in Denmark
(GLA:D°) treatment program; a primary care treatment
program consisting of group-based patient education
and exercise therapy delivered across Denmark [22]. Par-
ticipant data from the GLA:D° registry offers an oppor-
tunity to investigate factors associated with comorbid
LSS symptoms as a necessary first step in determining
potential risk factors for co-occurring presentations and
improved identification of these individuals. The objec-
tive of this study was to explore sociodemographics, clin-
ical characteristics, and health status measures that may
be associated with comorbid symptoms of LSS in people
with knee or hip OA enrolled in the GLA:D° primary care
treatment program.

Methods

Study design

Cross-sectional analysis of baseline data from people
with symptoms and functional limitations of knee or hip
OA participating in a structured program of group edu-
cation and supervised exercise (GLA:D°) [23]. Consecu-
tive participants in the program between January 2019 to
February 2020 with available baseline data on LSS symp-
toms were included. This study is reported according to
the STROBE statement for observational studies.

Participants

GLA:D* is a nationwide program in Denmark delivering
group-based individualized education and exercise for
people with knee and hip OA. Data from GLA:D® is col-
lected via a combination of therapist-report and partici-
pant self-report [23]. People seeking care for knee and hip
OA are eligible for GLA:D° if they can read and under-
stand Danish and do not have a condition other than OA
responsible for their joint symptoms (e.g. inflammatory
joint disease, patellar tendinopathy) or with more severe
symptoms not related to their OA (e.g. serious pathology,
fibromyalgia) [23]. Detailed information about GLA:D® is
available elsewhere [23].

Two cohorts of participants were identified at baseline
according to their primary complaint: those with a pri-
mary knee complaint (knee cohort) and those with a pri-
mary hip complaint (hip cohort).

Comorbid LSS symptoms

Participants in each cohort were considered to have
comorbid LSS symptoms if they answered yes to the
question “Do you sometimes feel pain or numbness in
one/both legs or buttocks? (meaning other symptoms
than from the knee or hip joint)” plus yes to at least one
of the following in the last month: worsening when walk-
ing; worsening when standing; relieved when bending
forwards; relieved when sitting; relieved when riding
a bicycle; relieved when bending over a shopping cart;
bending forward while walking; or feeling weakness in
the legs while walking. All LSS symptom questions and
outcome definitions are presented in Supplementary File
1. As there are no consensus diagnostic criteria for LSS
[13, 24-26], these items were selected based on their
common usage in diagnostic questionnaires and utility in
identifying LSS-related leg pain from other sources of leg
pain such as radiculopathy from lumbar disc herniation
[27, 28]. Similar LSS definitions have been used in recent
LSS clinical and epidemiological studies [21, 29, 30].
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Baseline characteristics

Sociodemographics

Sociodemographic items included age strata (<50, 50-59,
60-69, 70-79, 280), sex (male/female), body mass index
(BMI) categories (underweight [<18.5 kg/m?], normal
weight [18.5-24.9 kg/m?], overweight [25.0-29.9 kg/m?],
obese [>30.0 kg/m?]), highest level of education com-
pleted (primary school, secondary school, short-term
education [< 3 years after secondary school], middle-term
education [3—4 years after secondary school], long-term
education [>5 years after secondary school]), current
employment (employed/student, sick leave full-time, sick
leave part-time, retired, unemployed, self-imposed early
retirement, early retirement due to low workability), and
sick leave in past year due to knee/hip problems (yes/no).

Clinical characteristics

Symptom duration categories (<3 months, 3—12 months,
13-24 months, >24 months), presence of bilateral joint
symptoms (yes/no), presence of hip symptoms (yes/no;
knee cohort only) or presence of knee symptoms (yes/no;
hip cohort only), presence of back pain in the past month
(yes/no, dichotomized from pain numeric rating scale
[0-10] using a cut-point of 21), and number of comor-
bidities categories (none, one, two, three or more) out of
13 conditions/disease categories collected (high blood
pressure, high cholesterol, rheumatological diseases,
osteoporosis, diabetes type 1, diabetes type 2, chronic
heart failure, ischemic heart disease, anemia, stroke, Par-
kinson’s disease, dementia, other neurological diseases).
Current use of pain medication (yes/no), current use of
opioids (yes/no) and fear of movement (are you afraid
that your joints will be damaged from physical activity
and exercise (yes/no) were also included via self-report.

Health status measures

Patient-reported outcome measures included: Knee
injury and Osteoarthritis Outcome Score 12-item ver-
sion (KOOS-12) [31] or Hip disability and Osteoarthri-
tis Outcome Score 12-item version (HOOS-12) [32] pain
subscale (0 worst to 100 best), K/HOOS-12 function
subscale (0 worst to 100 best), K/HOOS-12 quality of
life subscale (0 worst to 100 best), Arthritis Self-Efficacy
Scale (ASES) pain subscale (10 worst to 100 best) [33],
ASES other symptoms subscale (10 worst to 100 best)
[33] and University of California Los Angeles (UCLA)
Activity Score (1 inactive to 10 active) [34]. Two objective
measures of physical function were also included: 30-sec-
ond chair-stand test (number of repetitions completed)
and 40-meter fast-paced walk test (seconds) [35].

Statistical analysis
Descriptive data for each cohort are presented as means
or proportions and 95% confidence intervals (95% CI).
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Excluded participants with missing LSS symptom data
were descriptively compared (means or proportions and
95% CI) on all available baseline data collected by the
GLA:D° clinicians at time of enrollment: age strata, sex,
BMI categories, symptom duration categories, pain med-
ication use, and opioid use.

Baseline characteristics between participants report-
ing and not reporting LSS symptoms within each cohort
were descriptively compared using means or proportions
and 95% CI. No imputations of missing values were per-
formed due to the low proportion of missing values and
even distribution between those with and without LSS
symptoms. To evaluate the association of baseline char-
acteristics with LSS symptoms, four logistic regression
models (LSS symptoms yes/no as the dependent variable)
were built in the knee and hip cohorts, respectively. First,
baseline characteristics for participants were entered
into three domain-specific multivariable logistic mod-
els (sociodemographics model, clinical characteristics
model, health status measures model). Then, all baseline
characteristics were entered into one full multivariable
logistic model.

The strength and significance of associations can
change depending on the variables included in associa-
tion models [36, 37]. Our domain-specific and full mul-
tivariable modelling strategy presents estimates from
various combinations of independent variables and their
subsequent effect on association estimates. Associations
are reported as odds ratios (OR) and 95% CI. In all mod-
els, only variables with a variance inflation factor of less
than four were included to avoid multicollinearity. All
statistical analyses were performed in Stata 17.0 (Stata-
Corp LLC, College Station, USA).

Sensitivity analysis

In a sensitivity analysis we used an alternate outcome
definition (Supplementary File 1) where comorbid LSS
symptoms were defined as responding yes to “Do you
sometimes feel pain or numbness in one/both legs or
buttocks? (meaning other symptoms than from the knee
or hip joint)’, plus yes to at least one worsening activity
(walking or standing for a while) and at least one reliev-
ing activity (bending forwards; sitting; riding a bicycle;
or bending over a shopping cart). This definition rep-
resents a more specific approach to defining comorbid
LSS symptoms compared to the more sensitive primary
outcome definition. The multivariable logistic regression
analysis including all baseline characteristics (full model)
was repeated for each cohort using the alternate LSS
symptom definition as the independent variable.

Sample size
Based on the previously published proportions of indi-
viduals self-reporting LSS symptoms in these cohorts
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Fig. 1 Study flow diagram

[22] and an event-per-variable ratio of 15:1 [36], a mini-
mum sample size of 834 knee participants and 655 hip
participants were required for the largest multivari-
able model (full model; 22 total independent variables).
Domain-specific models required a smaller minimum
sample size.

Results

Sample characteristics

A total of 11,125 participants were enrolled in GLA:D°®
during the study period (Fig. 1). There were 6,541 par-
ticipants with a primary complaint of knee OA and
2,595 with a primary complaint of hip OA who provided
baseline data and answered the LSS symptom items
and were included in the analysis (82% response rate)
(Table 1). Participants who did not answer the LSS symp-
tom items (n=1,989) were more likely to be older, male,
use pain medication, and use opioids (data not shown).
There were only few missing data on baseline measures
among included participants, except for on the 30-sec-
ond chair-stand test (5.2% knee cohort; 4.7% hip cohort)
and 40-meter fast-paced walk test (6.4% knee cohort;
6.4% hip cohort). Missing data on these measures was
not associated with LSS symptom status in either cohort
(data not shown).

Knee cohort

A total of 2,435 participants with a primary complaint of
knee OA (37.2%) were classified as having comorbid LSS
symptoms. Across the domain-specific and full models,
obesity, sick leave due to knee/hip problems in the past
year, back pain in the past month, three or more medi-
cal comorbidities, bilateral knee symptoms, comorbid
hip symptoms, symptom duration>24 months, and pain
medication use were statistically significantly associated
with reporting comorbid LSS symptoms (Table 2). People
reporting LSS symptoms had slightly worse functional
ability (KOOS-12 function subscale) and self-efficacy
in managing other symptoms related to arthritis (ASES
other symptoms subscale) compared to people not
reporting LSS symptoms. Baseline characteristics in par-
ticipants with and without comorbid LSS symptoms are
presented in Supplementary File 1.

Sociodemographics

Four sociodemographic items were statistically sig-
nificantly associated with LSS symptoms in both the
domain-specific and full models: overweight (full model
OR 1.24 [1.07-1.44]); obesity (full model OR 1.18 [1.00-
1.39]); being unemployed (full model OR 1.48 [1.01-
2.17]); and sick leave in the past year (full model OR
1.33 [1.10-1.60]). Obesity and sick leave in the past year
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Table 1 Sample baseline characteristics of participants with knee and hip osteoarthritis
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Knee cohort (n=6,541) Hip cohort
(n=2,595)

Sociodemographics

Age, % (95% Cl) 54(4.9-6.0) 43(3.6-5.2)
<50 20.8(19.8-21.8) 17.2(15.8-18.7)
50-59 36.7 (35.6-37.9) 35.7 (33.9-37.6)
60-69 31.0(29.9-32.1) 36.5(34.7-384)
70-79 6.1(556.7) 6.2 (5.3-7.2)
>80 0 0
Missing, n

Female, % (95% Cl) 68.9 (67.8-70.0) 68.9 (67.0-70.7)
Missing, n 0 0

Body mass index, % (95% Cl) 0.5(0.3-0.7) 0.7 (4.7-1.2)
Underweight 242 (23.1-25.2) 356 (33.7-374)
Healthy weight 38.9(37.7-40.1) 38.7 (36.9-40.6)
Overweight 36.5(35.3-37.7) 25.0(23.3-26.7)
Obese 54 22
Missing, n

Education level, % (95% Cl) 182 (17.3-19.2) 178 (16.4-19.3)
Primary school 0(103-11.8) 7(10.5-13.0)
Secondary school 202 (19.2-21.2) 204 (18.9-22.0)
Short-term education 39 2 (38.0-404) 38 7 (36.8-40.6)
Middle-term education 4(10.7-12.2) 4(103-127)
Long-term education 9 5
Missing, n

Current employment, % (95% Cl) 323(31.1-334) 29.7 (27.9-31.5)
Employed/student 26(22-3.0) 1.5(1.1-2.1)
Sick leave full-time 2.723-3.1) 22(1.7-29)
Sick leave part-time 53.6 (52.4-54.8) 59.3(57.4-61.2)
Retired 2.1 (1.8-2.5) 1.3(1.0-1.9)
Unemployed 44 (3.9-4.9) 34(2.8-4.2)
Self-imposed early retirement 24(2.1-28) 24(1.9-3.1)
Early retirement due to low workability 0 0
Missing, n

Sick leave in past year, % (95% Cl) 11.5(10.8-12.3) 6.6 (5.7-7.7)
Missing, n 1 0

Clinical characteristics

Symptom duration, % (95%Cl) 8.7 (8.1-94) 54(46,64)
<3 months 46.0 (44.8-47.2) 47.6 (45.7-49.5)
3-12 months 154 (14.5-16.3) 19.7 (18.2-21.3)
13-24 months 29.9(28.8-31.0) 27.2 (25.5-29.0)
>24 months 2 0
Missing, n

Bilateral joint symptoms, % (95% Cl) 43.7 (42.5-45.0) 246 (23.0-26.3)
Missing, n 1 0

Comorbid hip/knee symptoms, % (95% Cl) 186 (17.7-19.6) 35.1(33.3-37.0)
Missing, n 3 0

Back pain in last month, % (95% Cl) 66.0 (64.8-67.1) 75.0(73.3-76.7)
Missing, n 0 0

Number of comorbidities, % (95% Cl) 35.9(34.7-37.1) 349 (33.1-36.8)
None 364 (35.3-37.6) 36.1 (34 2 38.0)
One 17.9(17.0-18.9) 19.2 (17.7-20.8)
Two 9.7 (9.0-10.5) 9.7 (8.6-10.9)
Three or more 3 2
Missing, n

Pain medication use, % (95% Cl) 59.3 (58.1-60.4) 65.5 (63.7-67.4)
Missing, n 0 0

Opioid use, % (95% Cl)
Missing, n

46 (4.1-5.1)
1

6.7 (58-7.7)
0
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Knee cohort (n=6,541) Hip cohort
(n=2,595)
Fear of movement, % (95% Cl) 153 (14.5-16.2) 10.3(9.1-11.5)
Missing, n 0 0

Health status measures
K/HOOS-12 pain subscale, mean (95% Cl)

Missing, n

K/HOOS-12 function subscale, mean (95% Cl)
Missing, n

K/HOOS-12 quality of life subscale, mean (95% Cl)
Missing, n

ASES pain subscale, mean (95% Cl)
Missing, n

ASES other symptoms subscale, mean (95% Cl)
Missing, n

UCLA Activity Score, mean (95% Cl)
Missing, n

30-second chair-stand test, mean (95% Cl)
Missing, n

40-meter fast-paced walk test, mean (95%)
Missing, n

50.3 (49.9-50.7)
0

56.9 (56.4-57.3)
0

46.0 (45.6-46.4)
0

64.8 (64.3-65.3)
10

69.1 (68.7-69.6)
10

55(54-55)

0
11.9(11.8-12.0)
339
29.0(28.7-29.2)
421

49.3 (48.7-49.9)
0

594 (58.6-60.1)
0

48.8 (48.1-49.4)
0

61.2 (60.4-62.0)
5

67.0 (66.3-67.7)
5

56(5.5-5.7)

0
12.2(12.0-12.3)
123
28.8(28.4-29.1)
167

K/HOOS-12 (all subscales) scored 0(worst) to 100(best); ASES (all subscales) scored 10(worst) to 100(best); UCLA Activity Score scored 1(inactive) to 10(active);
30-second chair-stand test scored as number of repetitions completed; 40-meter fast-paced walk test scored in seconds

remained significantly associated in the sensitivity analy-
sis (Table 3).

Clinical characteristics

Seven clinical characteristics were associated with LSS
symptoms in both the domain-specific and full models:
back pain in last month (full model OR 1.86 [1.64—-2.11]);
two medical comorbidities (full model OR 1.30 [1.10-—
1.53]); three or more medical comorbidities (full model
OR 1.60 [1.30-1.97]); bilateral knee symptoms (full
model OR 1.40 {1.25-1.57]); comorbid hip symptoms
(full model OR 1.54 [1.33-1.78]); symptom duration>24
months (full model OR 1.32 [1.05-1.65]); and pain medi-
cation use (full model OR 1.13 [1.00-1.28]). Back pain
in the last month, three or more medical comorbidi-
ties, bilateral knee symptoms, comorbid hip symptoms,
symptom duration>24 months, and pain medication use
remained significantly associated with LSS symptoms in
the sensitivity analysis (Table 3).

Health status measures

Better scores on two health status measures were associ-
ated with a slightly reduced likelihood of LSS symptoms:
KOOS-12 function subscale (full model OR 0.99 [0.98-
0.99]); and ASES other symptoms subscale (full model
OR 0.99 [0.99-1.00]). Better scores on both measures
remained significantly associated with a reduced likeli-
hood of LSS in the sensitivity analysis (Table 3).

Hip cohort

A total of 1,253 participants with a primary complaint of
hip OA (48.2%) were classified as having comorbid LSS
symptoms. Across the domain-specific and full models
sick leave in the past year, back pain in the past month,
a symptom duration of 3—12 months, 13—-24 months, or
>24 months were associated with reporting comorbid
LSS symptoms (Table 4). People reporting LSS symptoms
had slightly worse functional ability (HOOS-12 function
subscale). Baseline characteristics in participants with
and without comorbid LSS symptoms are presented in
Supplementary File 1.

Sociodemographics

The only sociodemographic item associated with LSS
symptoms in both the domain-specific and full models
was sick leave in the past year (full model OR 1.48 [1.01-
2.17]). Additionally, being >80 years old was associated
with a reduced likelihood of LSS symptoms (full model
OR 0.47 [0.25-0.88]). Sick leave in the past year remained
significantly associated with LSS symptoms in the sensi-
tivity analysis (Table 3).

Clinical characteristics

Seven clinical characteristics were associated with LSS
symptoms in both the domain-specific and full models:
back pain in last month (full model OR 1.42 [1.15-1.74]);
symptom duration 3—-12 months (full model OR 1.85
[1.22-2.79]); symptom duration 13-24 months (full
model OR 2.01 [1.30-3.12]); symptom duration>24
months (full model OR 2.00 [1.30-3.08]); bilateral
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Table 2 Association of baseline characteristics with self-reported symptoms of lumbar spinal stenosis in participants with knee osteoarthritis

Sociodemographics model, OR Clinical characteristics Health status measures Full model, OR
(95% CI) model, OR (95% Cl) model, OR (95% Cl) (95% CI)

Sociodemographics

Age Reference Reference
<50 0.98 (0.77-1.24) 1.03(0.79-1.34)
50-59 0.79(0.62 1.02) 0.85 (0.64-1.12)
60-69 0.75 (0.56-1.00)* 0.83 (0.60-1.14)
70-79 0.85 (0.60-1.20) 0.97 (0.66-1.42)
>80

Female 1.09(0.97-1.22) 0.99 (0.87-1.12)

Body mass index 1.77 (0.85-3.70) 2.25 (1.00-5.06)*
Underweight Reference Reference
Healthy weight 1.34 (1.17-1.54)** 1.24 (1.07-1.44)**
Overweight 1.52(1.32-1.75)%** 1.18 (1.00-1.39)*
Obese

Education level Reference Reference
Primary school 0.89 (0.73-1.08) 0.94 (0.76-1.16)
Secondary school 0.86 (0.73-1.01) 092 (0.77-1.11)
Short-term education 0.91(0.78-1.05) 0.98 (0.84-1.56)
Middle-term education 0.73 (0.60-0.89)** 0.82 (0.66-1.02)
Long-term education

Current employment Reference Reference
Employed/student 1.50 (1.08-2.07)* 0.98 (0.68-1.40)
Sick leave full-time 1.38 (1.00-1.89)* 0.95 (0.67-1.34)
Sick leave part-time 1.17(0.98-1.39) 0(091-134)
Retired 1.73(1.22-2.46)** 148 (1.01-2.17)*
Unemployed 1.18 (0.89-1.57) 1.20 (0.88-1.62)
Self-imposed early retirement 2.33(1.66-3.27)%** 55(1.07-2.25)*
Early retirement due to low workability

Sick leave in past year 141 (1.19-1.67)%** 1.33(1.10-1.60)**

Clinical characteristics

Symptom duration Reference Reference
<3 months 1.23(1.00-1.50)* 1.23(0.99-1.52)
3-12 months 1.30 (1.04-1.63)* 1.23(0.96-1.57)
13-24 months 1.35 (1.09-1.66)** 1.32 (1.05-1.65)*
>24 months

Bilateral knee symptoms 1.43 (1.29-1.60)*** 1.40 (1.25-1.57)***

Comorbid hip symptoms 1.54 (1.34-1.76)*** 1.54 (1.33-1.78)***

Back pain in last month 2.07 (1.84-2.33)*** 1.86 (1.64-2.11)***

Number of comorbidities Reference Reference
None 1.12(0.99-1.27) 1.06 (0.92-1.21)
One 1.35 (1.16-1.57)*** 1.30 (1.10-1.53)**
Two 1.82 (1.51-2.19)*** 1.60 (1.30-1.97)***
Three or more

Pain medication use 141 (1.27-1.58)*** 1.13 (1.00-1.28)*

Opioid use 141 (1.10-1.80)** 1.23 (0.94-1.60)

Fear of movement 136 (1.18-1.57)*** 1.15(0.98-1.35)

Health status measures

KOQOS-12 pain subscale 0.99 (0.99-1.00)* 1.00 (0.99-1.00)

KOOS-12 function subscale 0.99 (0.98-0.99)*** 0.99 (0.98-0.99)***

KOOS-12 quality of life subscale 0.99 (0.99-1.00)** 1.00 (0.99-1.00)

ASES pain subscale 1.00 (1.00-1.00) 1.00 (1.00-1.00)

ASES other symptoms subscale 0.99 (0.98-0.99)*** 0.99 (0.99-1.00)***

UCLA Activity Score 1.03 (1.00-1.06) 1.05 (1.01-1.08)**

30-second chair-stand test 1.01 (0.99-1.03) 1.02 (1.01-1.04)**

40-meter fast-paced walk test 1.00 (1.00-1.01) 00 (1.00-1.01)

* indicates p<0.05; ** indicates p<0.01; *** indicates p<0.001; KOOS-12 (all subscales) scored 0(worst) to 100(best); ASES (all subscales) scored 10(worst) to 100(best); UCLA

Activity Score scored 1(inactive) to 10(active); 30-second chair-stand test scored as number of repetitions completed; 40-meter fast-paced walk test scored in seconds
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Table 3 Association of baseline characteristics with self-reported symptoms of lumbar spinal stenosis in participants with hip osteoarthritis

Sociodemographics model, OR  Clinical character- Health status Full model, OR
(95% ClI) istics model, OR measures model, OR  (95% Cl)
(95% CI) (95% CI)
Sociodemographics
Age Reference Reference
<50 1.04 (0.68-1.59) 1.04 (0.65-1.64)
50-59 0.77 (0.50-1.18) 0.75(0.47-1.20)
60-69 0.64 (0.40-1.03) 0.63 (0.37-1.06)
70-79 0.56 (0.32-0.98)* 0.47 (0.25-0.88)*
>80
Female 0.96 (0.81-1.15) 0.93(0.77-1.13)

Body mass index
Underweight
Healthy weight
Overweight
Obese

Education level
Primary school
Secondary school
Short-term education
Middle-term education
Long-term education

Current employment
Employed/student
Sick leave full-time
Sick leave part-time
Retired
Unemployed

Self-imposed early retirement
Early retirement due to low workability

Sick leave in past year
Clinical characteristics
Symptom duration

<3 months

3-12 months

13-24 months

>24 months

Bilateral hip symptoms
Comorbid knee symptoms
Back pain in last month

Number of comorbidities

None

One

Two

Three or more
Pain medication use
Opioid use
Fear of movement
Health status measures
HOOS-12 pain subscale
HOOS-12 function subscale

HOOS-12 quality of life subscale

ASES pain subscale

ASES other symptoms subscale

UCLA Activity Score
30-second chair-stand test
40-meter fast-paced walk test

0.58 (0.22-1.55)
Reference

1.06 (0.88-1.28)
1.18 (0.96-1.46)

Reference

0.87 (0.64-1.17)
0.97 (0.75-1.25)
0.90 (0.72-1.13)
0.81(0.59-1.09)
Reference

0.79(041-1.52)
1.73 (0.95-3.15)
1.06 (0.81-1.39)
1.77 (0.84-3.75)
1.06 (0.66-1.69)
1.01 (0.60-1.71)

1.90 (1.34-2.72)***

Reference

1.80 (1.23-2.63)**
1.99 (1.33-2.98)**
2.05 (1.38-3.03)***

141 (1.17-1.70)*
1.22 (1.03-1.44)*
1.74 (1.44-2.10)**

Reference

1.03 (0.85-1.24)
1.18 (0.94-1.48)
1.57 (1.17-2.11)**

141 (1.19-1.68)***
1.48 (1.06-2.06)*
1.58 (1.21-2.05)**

0.99 (0.99-1.00)
0.99 (0.98-1.00)**
0.99 (0.98-1.00)*
0.99 (0.99-1.00)
0.99 (0.99-1.00)*
1.05 (1.00-1.10)
0.99 (0.97-1.02)
0.99 (0.98-1.00)

061 (0.22-1.72)
Reference

0.98 (0.80-1.20)
0.93(0.73-1.19)

Reference

0.96 (0.69-1.33
1.10(0.83-1.46
1.12(0.87-1.44
0.99 (0.70-1.39

Reference

0.78 (0.37-1.62)
1.15(0.60-2.21)
0.95(0.71-1.27)
1.20 (0.53-2.69)
1.01 (0.60-1.68)
0.60 (0.34-1.07)

148 (1.01-2.17)*

Reference

1.85
(1.22-2.79)**
2.01
(1.30-3.12)**
2.00
(1.30-3.08)**
1.27 (1.04-1.55)*
1.14 (0.95-1.37)
142
(1.15-1.74)*
Reference

1.09 (0.88-1.33)
1.25(0.97-1.62)
1.62
(1.16-2.28)**
1.26 (1.04-1.53)*
1.24 (0.86-1.77)
1.30(0.97-1.73)

1.00 (0.99-1.01)

0.99(0.98-1.00)**
0.99 (0.99-1.00)
1.00 (0.99-1.00)
0.99 (0.99-1.00)
1.04 (0.99-1.10)
1.00 (0.98-1.03)
1.00 (0.99-1.02)

* indicates p<0.05; ** indicates p<0.01; *** indicates p<0.001; HOOS-12 (all subscales) scored O(worst) to 100(best); ASES (all subscales) scored
10(worst) to 100(best); UCLA Activity Score scored 1(inactive) to 10(active); 30-second chair-stand test scored as number of repetitions completed;
40-meter fast-paced walk test scored in seconds
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hip symptoms (full model OR 1.27 [1.04-1.55]); three
or more medical comorbidities (full model OR 1.62
[1.16-2.28]); and pain medication use (full model OR
1.62 [1.16-2.28]). Only back pain in the last month and
symptom durations of 3—12 months, 13—24 months, and
>24 months remained significantly associated with LSS
symptoms in the sensitivity analysis (Table 3).

Health status measures

A better score on the HOOS-12 function subscale was
associated with a slightly reduced likelihood of LSS
symptoms in both models (full model OR 0.99 [0.98-
1.00]). Better scores on the HOOS-12 function sub-
scale remained significantly associated with a reduced
likelihood of LSS symptoms in the sensitivity analysis
(Table 3).

Discussion

This was the first study to investigate characteristics
related to reporting comorbid LSS symptoms in people
with knee or hip OA. Approximately one-third of people
with knee OA and one-half of people with hip OA also
reported LSS symptoms and a similar pattern of associ-
ated characteristics was found for both cohorts. Sick
leave in the past year was the only sociodemographic
item consistently associated with LSS symptoms. Clini-
cal characteristics such as back pain, longer durations
of knee or hip symptoms, multiple affected knee or hip
joints, and higher numbers of medical comorbidities
had the most consistent association with LSS symptoms,
whereas health status measures were not consistently
related to LSS symptoms. These characteristics may be
helpful in identifying comorbid LSS symptoms in people
with knee or hip OA in a primary care setting.

Sociodemographics

Participants with co-occurring LSS symptoms and knee
or hip OA are more often on sick leave, indicating a more
severe disease profile. Interestingly in the knee cohort,
work absence (unemployed and early retirement due to
low workability) was also associated with increased odds
of LSS symptoms, but not when using the alternate LSS
symptom outcome. Additionally, being on sick leave
(full- or part-time) was associated in the domain-specific
model, but not in the full model. These findings, although
inconsistent, are in line with previous literature that co-
occurring musculoskeletal conditions are associated with
poorer work-related outcomes [38, 39].

In the hip cohort only, reduced odds of LSS symptoms
were found in people in the oldest age strata (=80 years),
which is surprising considering that the prevalence of LSS
[1, 40] and multimorbidity [41] increases with age. A pos-
sible explanation is selection bias in GLA:D® where older
adults enrolled in an exercise program are likely in better
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overall health compared to their population peers who do
not enroll and therefore less likely to have comorbid LSS.
Alternatively, this finding may indicate a limitation in the
validity of the LSS symptom definition since this asso-
ciations was not confirmed in the sensitivity analysis. It
may also be that as individuals age, they are less likely to
engage in activities included in the LSS symptom items,
but this hypothesis requires further evaluation.

Clinical characteristics

In both cohorts, back pain in the last month was asso-
ciated (OR ranging from 1.42 to 2.07) with LSS symp-
toms independent of the definition used, which is likely
a result of the relationship between LSS and back pain
[42]. However, low back pain is not considered necessary
in the diagnosis of LSS [25, 26] because some people with
LSS do not experience low back pain. This may explain
why not all individuals in our study with LSS symp-
toms report back pain. Low back pain is also a common
comorbidity in people with knee or hip OA [43, 44], with
a prevalence of 67% and 75% among knee and hip par-
ticipants in GLA:D® [45]. Our study findings suggest it is
likely that a proportion of people with knee or hip OA are
experiencing back pain related to LSS.

A greater number of symptomatic knee and hip
joints (i.e., bilateral knee/hip and/or comorbid hip/
knee involvement) are likely related to co-occurring LSS
in people with knee or hip OA, which may be part of a
multi-joint OA presentation. We found that participants
with bilateral symptoms in the hip cohort and partici-
pants with comorbid hip symptoms in the knee cohort
were more likely to report LSS symptoms than those
reporting unilateral hip symptoms (hip cohort) and no
comorbid hip symptoms (knee cohort). We also found
bilateral knee pain in the knee cohort was consistently
associated with LSS symptoms and evidence of an asso-
ciation with comorbid knee symptoms in the hip cohort
(domain-specific model only). The overall findings in
both cohorts suggest that the more symptomatic joints
(bilateral knee or hip and comorbid knee or hip), the
more likely that there are also LSS symptoms.

It is unclear if comorbid LSS is part of a multi-joint
OA presentation or a widespread pain presentation.
A relationship between hip OA and LSS is proposed in
the hip-spine syndrome literature [14, 19, 46] and previ-
ous studies have suggested spinal OA/LSS be considered
in multi-joint OA definitions [6, 8]. However, our find-
ings may also be explained by the symptomatic over-
lap in hip OA and LSS [11-13] or via widespread pain
or central sensitization mechanism in people with OA
[47]. Our findings of a consistent association between
comorbid LSS symptoms and longer symptom durations
in people with knee or hip OA (>24 months) might sup-
port the hypothesis that widespread pain has developed
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Table 4 Association of baseline characteristics with alternate lumbar spinal stenosis symptom definition in participants with knee and hip osteoarthritis

Knee cohort Hip cohort
Primary LSS symptom Alternate LSS symptom  Primary LSS symptom Alternate LSS
model, OR (95% Cl) model, OR (95% Cl) model, OR (95% Cl) symptom model, OR
(95% CI)
Sociodemographics
Age Reference Reference Reference Reference
<50 1.03 (0.79-1.34) 1.22 (091~ 164) 1.04 (0.65-1.64) 1.17 (0.73-1.90)
50-59 0.85 (0.64-1.12) 0.97(0.71-1.32) 0.75 (0.47-1.20) 1.02 (0.62-1.67)
60-69 0.83 (0.60-1.14) 0.92 (0.64-1 32) 0.63 (0.37-1 06) 0.74 (0431 29)
70-79 0.97 (0.66-1.42) 1.06 (0.79-1.64) 047 (0.25-0.88)* 0.62(0.31-1.22)
>80
Female 0.99(0.87-1.12) 0.97 (0.84-1.12) 0.93 (0.77-1.13) 0.94 (0.76-1.15)

Body mass index
Underweight
Healthy weight
Overweight
Obese

Education level
Primary school
Secondary school
Short-term education
Middle-term education
Long-term education

Current employment
Employed/student
Sick leave full-time
Sick leave part-time
Retired
Unemployed
Self-imposed early retirement

Early retirement due to low workability

Sick leave in past year
Clinical characteristics
Symptom duration

Less than 3 months

3-12 months

13-24 months

>24 months
Bilateral joint symptoms
Comorbid hip or knee symptoms
Back pain in last month
Number of comorbidities

None

One

Two

Three or more
Pain medication use
Opioid use
Fear of movement
Health status measures
K/HOOS-12 pain subscale
K/HOOS-12 function subscale
K/HOOS-12 quality of life subscale
ASES pain subscale
ASES other symptoms subscale
UCLA Activity Score
30-second chair-stand test
40-meter fast-paced walk test

2.25 (1.00-5.06)*
Reference

1.24 (1.07-1.44)**
1.18(1.00-1.39)*

Reference

0.94(0.76-1.16)
092 (0.77-1.11)
0.98 (0.84-1.56)
0.82 (0.66-1.02)

Reference
0.98 (0.68-1.40)
095 (0. 67 1.34)
0(0.91-1.34)
1 48(1 OW =2.17)*
20 (0.88-1.62)
5(1.07-2.25)*

1.33 (1.10-1.60)**

Reference
1.23(0.99-1.52)
1.23(0.96-1.57)
1.32(1.05-1.65)*

140 (1.25-1.57)***
1.54 (1.33-1.78)***
1.86 (1.64-2.11)***
Reference

1.06 (0.92-1.21)
1.30 (1.10-1.53)**
1.60 (1.30-1.97)***

1.13(1.00-1.28)*
1.23(0.94-1.60)
1.15(0.98-1.35)

00 (0.99-1.00)
0.99 (0.98~ 099)***
1.00 (0.99-1.00)
1.00 (1.00-1.00)
0.99 (0.99-1.00)***
1.05 (1.01-1.08)**
1.02 (1.01-1.04)**
1.00 (1.00-1.01)

2.18 (0.90-5.26)
Reference
1.12(0.94-1.34)
1.32(1.10-1.58)**

Reference

0.83 (0.65-1.05)
0.96 (0.79-1.18)
0.97(0.81-1.15)
0.82 (0.64-1.06)

Reference
0.84 (0.57-1.24)
093 (0.64-1 34)
21(0.97-1.51)
144 (0.97-2. 14)
1.15 (0.81-1.63)
1.22 (0.83-1.79)

1.29 (1.06-1.58)*

Reference

1.60 (1.22-2.08)**
1.69 (1.26-2.27)***
1.61 (1.22-2.12)**

1.27 (1.11-1.45)***
1.46 (1.24-1.70)***
1.94 (1.67-2.26)***
Reference

1.04 (0.89-1.22)
1.13(0.94-1.37)
1.52 (1.22-1.89)***

1.27 (1.10-1.46)**
1.22(0.93-1.59)
1.16 (0.98-1.38)

00 (0.99-1.00)
0.99 (0.98-0.99)***
0.99 (0.99-1.00)*
1.00 (1.00-1.01)
0.99 (0.99-1.00)*
1.07 (1.03-1.11)***
1.01 (0.99-1.03)
1.01(1.00-1.01)

0.61(0.22-1.72)
Reference

0.98 (0.80-1.20)
0.93 (0.73-1.19)

Reference

0.96 (0.69-1.33
1.10 (0.83-1.46
1.12(0.87-1.44
0.99 (0.70-1.39

Reference

0.78 (0.37-1.62)
1.15(060 221)
0.95 (0.7 27)
1.20 (053 269)
1.01 (0.60-1.68)
0.60 (0.34-1.07)

148 (1.01-2.17)*

Reference

1.85 (1.22-2.79)**
2.01(1.30-3.12)**
2.00 (1.30-3.08)**

1.27 (1.04-1.55)*
1.14(0.95-1.37)
142 (1.15-1.74)**
Reference

1.09 (0.88-1.33)
1.25(0.97-1.62)
1.62 (1.16-2.28)**

1.26 (1.04-1.53)*
1.24 (0.86-1.77)
1.30(0.97-1.73)

1.00 (0.99-1.01)
0.99 (0.98-1 OO)**
0.99 (0.99-1.00)
1.00 (0.99-1.00)
0.99 (0.99-1.00)
1.04 (0.99-1.10)
1.00 (0.98-1.03)
1.00(0.99-1.02)

1.07 (0.36-3.18)
Reference

1.08 (0.86-1.34)
1.09 (0.84-1.40)

Reference

1.21 (0.86-1.70)
1.06 (0.78-1.43)
1.21(0.93-1.59)
1.00 (0.68-1.45)

Reference

0.75 (0.36-1.57)
0.93 (0.51-1.70)
1.04 (0.76-1.42)
1.09 (0.49-2 42)
1.01 (0.58-1 74)
0.72(0.39-1.30)

1.51 (1.04-2.18)*

Reference

1.86 (1.16-3.00)*
1.92 (1.16-3.17)*
1.75 (1.07-2.87)*

1.10 (0.89-1.36)
1.14(0.94-1.39)
1.55 (1.23-1.96)***
Reference

1.00 (0.79-1.25)
1.26 (0.97-1.65)
1.38 (0.97-1.94)

1.21(0.98-1.49)
0.98 (0.68-1.40)
1.01(0.75-1.37)

1.00 (0.99-1.01)
0.99 (0.98-0. 99)***
0.99 (0.98-1.00)*
1.00 (0.99-1.01)
0.99 (0.98-1.00)*
1.01 (0.96-1.07)
1.01(0.98-1.04)
1.01(0.99-1.02)

Odds ratios from primary analysis (full models) are again presented here to aid in interpretation; * indicates p<0.05; ** indicates p<0.01; *** indicates
p<0.001; K/HOOS-12 (all subscales) scored O(worst) to 100(best); ASES (all subscales) scored 10(worst) to 100(best); UCLA Activity Score scored 1(inactive) to
10(active); 30-second chair-stand test scored as number of repetitions completed; 40-meter fast-paced walk test scored in seconds
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and is partially responsible for the observed association
between hip or knee OA and LSS symptoms.

It is likely that an increasing number of comorbidities
is a risk factor for co-occurring knee or hip OA and LSS.
People with higher levels of multimorbidity are at risk of
developing further conditions and there is a known rela-
tionship between musculoskeletal disorders and other
non-communicable diseases [48]. We found that having
three or more medical comorbidities was consistently
associated with LSS symptoms in the knee cohort and
inconsistently associated in the hip cohort. There was
also an inconsistent association with two medical comor-
bidities in the knee cohort.

Health status measures

Most health status measures were not associated with
comorbid LSS symptoms, except for higher levels of
knee-specific (KOOS-12) or hip-specific (HOOS-12)
functional ability and reduced odds of LSS symptoms.
However, the odds of reporting LSS symptoms decreased
by only 0.01 per unit increase in functional ability in
both cohorts, which is unlikely to be a clinically relevant
association. Moreover, the absence of meaningful asso-
ciations between the objective physical function tests
and LSS symptoms in both cohorts further support the
unlikely relationship between functional ability and LSS
symptoms in people with knee or hip pain. The similar
functional impairments found in primary care patients
with OA and LSS [2, 4] may explain why significantly
worse scores on functional measures were not associated
with LSS symptoms in our sample.

Study limitations

The primary limitation of this study is the unknown
validity of the LSS symptom definitions. Our definition
may not be specific to LSS, potentially identifying par-
ticipants with leg pain due to non-specific low back pain
and/or lumbar disc herniation. However, there is no con-
sensus regarding the best method to diagnose LSS [13,
24-26]. The symptom items used in this study are com-
monly associated with LSS [11, 25, 26] and have been
shown to clinically differentiate LSS from other causes of
back-related leg pain [27]. While two systematic reviews
have shown that the symptom items used in our study
are commonly used in the available published literature
and can be helpful to identify LSS, they also found that
proper studies to determine the accuracy of these items
are lacking [28] and they may only have moderate asso-
ciations with LSS [27]. It is also unknown if these self-
report questions can differentiate symptoms of LSS from
those in knee or hip OA, which is especially problematic
when trying to differentiate LSS and hip OA [11, 13]. LSS
symptoms can be variable [2] and thus, all participants
with LSS symptoms may not have been captured by our
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definition. Additionally, participants were instructed to
answer the LSS symptom items in regards to symptoms
that were different from their knee or hip complaint, and
we conducted a sensitivity analysis using an alternate LSS
symptom definition. Finally, we expect the term “numb-
ness” in the symptom items to be novel and appreciably
different for people with knee or hip OA, and therefore
more specific to LSS symptoms.

Selection bias may also play a role as we only included
people seeking care for their knee or hip OA and due to
the criteria requiring that GLA:D°® participants do not
have additional conditions that (1) are responsible for
their joint condition or (2) have more severe symptoms
[23]. We therefore expect that people with more severe
presentations of LSS had been offered alternative inter-
ventions by the enrolling GLA:D* clinicians. Missing
baseline data may also introduce selection bias in the
cohorts. The included participants were younger, had a
higher proportion of females, and were less likely to be
using pain medication and opioids compared to those
not answering the LSS symptom item. This may bias the
analysis sample towards less severe comorbid LSS symp-
toms. Overall, a study sample biased towards less severe
comorbid LSS symptoms, may result in increased uncer-
tainty in associations with participant characteristics and
hence we probably did not overestimate associations.

Study strengths

This was the first study to investigate patient charac-
teristics associated with comorbid LSS symptoms in
people with knee or hip OA. We used a pragmatic and
low resource approach to develop initial association
estimates in a real-world clinical setting. The large sam-
ple size in both cohorts allowed us to investigate a wide
range of patient characteristics. Additionally, the large
sample size likely means that any uncertainty around
association estimates reflects true uncertainty in identify-
ing LSS and is not due to a lack of participants, increasing
our confidence in the results. Overall, the findings of this
study raise awareness of comorbid LSS in patients with
knee or hip OA, which with further research may help
clinicians identify these patients and aid in treatment
decision-making.

Future research and implications

All future investigations will benefit from the develop-
ment of a standard and valid set of LSS symptoms, an
agreed-upon case definition of symptomatic LSS, and
methods to aid in the clinical differentiation between LSS
and knee and hip OA. At minimum, more robust meth-
ods for defining the presence of LSS, such as a clustering
of clinical symptoms and confirmatory imaging, should
be developed. It would also be beneficial to explore how
LSS-related characteristics, such as number of stenotic
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segments, symptom duration, and symptom severity
measures are related to the presence of co-occurring LSS
and knee and hip OA.

Our results should inform prospective studies or
analyses of other available data sources to validate these
findings. Identification of such risk factors for the devel-
opment of LSS or lower extremity OA in these popula-
tions, or the identification of people developing LSS and
knee or hip OA simultaneously, may help inform care
planning.

It is possible that characteristics associated with
comorbid presentations differ between populations with
primary complaints of LSS or knee or hip OA. Investiga-
tions for these factors in populations with differing sever-
ity levels of LSS is also needed, since the prevalence of
LSS increases drastically across community samples, pri-
mary care, and secondary care [1] and may impact treat-
ment decisions differently depending on the care setting.
Finally, further research on the impact of multimorbid
presentations on treatment response is needed. There is
evidence to suggest people with multimorbid LSS with
knee or hip OA experience poorer surgical outcomes [6,
15, 18, 49-51], but little is known about the response to
other recommended interventions for OA and LSS such
as education and exercise.

Conclusion

Comorbid LSS symptoms in people with knee or hip OA
undergoing a primary care treatment program of group-
based education and exercise were common and were
associated with similar baseline characteristics. These
characteristics may help to identify people with co-
occurring LSS and knee or hip OA and help guide treat-
ment decision-making.
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