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Association of Change in Body Mass Index With Incidence
and Progression of the Structural Defects of Hip
Osteoarthritis: Data From the Osteoarthritis Initiative and
the Cohort Hip and Cohort Knee study

Zubeyir Salis' {2/ and Amanda Sainsbury?

Objective. To define the association between change in body mass index (BMI) and the incidence and progression
of structural defects of hip osteoarthritis as assessed by radiography.

Methods. We used data from 2 independent cohort studies: the Osteoarthritis Initiative (OAIl) and the Cohort Hip
and Cohort Knee (CHECK) study. Our exposure was change in BMI from baseline to 4-5 years’ follow-up. Our out-
comes were the incidence and progression of structural defects of hip osteoarthritis as assessed using a modified
Croft grade in OAIl and the Kellgren/Lawrence grade in the CHECK study. To study incidence, we created incidence
cohorts of hips without definite overall structural defects at baseline (i.e., grade <2) and then investigated the odds of
hips having definite overall structural defects at follow-up (i.e., grade >2). To study progression, we created progres-
sion cohorts of hips with definite overall structural defects at baseline (i.e., grade >2) and then investigated the odds
of having a grade increase of >1 from baseline to follow-up.

Results. There was a total of 5,896 and 1,377 hips in the incidence cohorts, and 303 and 129 hips in the
progression cohorts for the OAl and CHECK study, respectively. Change in BMI (decrease or increase) was not asso-
ciated with any change in odds of the incidence or progression of definite structural defects of hip osteoarthritis in
either the OAIl or CHECK cohorts.

Conclusion. Weight loss may not be an effective strategy for preventing, slowing, or delaying the structural defects

of hip osteoarthritis over 4-5 years.
INTRODUCTION

Hip osteoarthritis is an increasingly common and disabling
degenerative joint disease (1). The prevalence of hip osteoarthritis
has increased in almost all countries in the past 30 years, with the
global age-standardized prevalence increasing from 17.02 per
100,000 persons in 1990 to 18.70 per 100,000 persons in 2019
(2). In terms of managing osteoarthritis, guidelines from around
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the world recommend weight loss in individuals with overweight
and obesity (3-8). However, the recommendation of weight loss
for hip osteoarthritis is based on research in knee osteoarthritis,
as there is a paucity of research in the effects of weight loss on
hip osteoarthritis (9). In light of this gap in knowledge, in this study
we performed analyses to define the relationship between weight
loss and hip osteoarthritis using data from 2 prospective cohort
studies: the Osteoarthritis Initiative (OAI) (10) from the US, and the
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SIGNIFICANCE & INNOVATIONS

+ Weight loss may not be an effective strategy for pre-
venting, slowing, or delaying the structural defects
of hip osteoarthritis over 4-5 years.

* Most guidelines recommend weight loss for hip
osteoarthritis based on research on knee osteoar-
thritis, but there is no indication that this could be
of benefit for hip osteoarthritis.

Cohort Hip and Cohort Knee (CHECK) (11) study from the
Netherlands.

MATERIALS AND METHODS

Data sources and ethics. The data used in this study
were obtained from the publicly available databases in the
2 cohort studies mentioned above. The OAI cohort consisted of
participants with or at risk of knee osteoarthritis, and the CHECK
study cohort had participants with early symptomatic knee or
hip osteoarthritis. Ethical approval for the original OAl and CHECK
studies were obtained by those studies, including obtaining
informed written consents from all participants.

Exposure. Our exposure of interest was change in body
mass index (BMI; in kg/m?) from baseline to follow-up (time points
detailed below). We used change in BMI instead of change in
weight because weight data was not available in the CHECK
study.

Outcomes. Our outcomes of interest were the incidence
and progression of structural defects of hip osteoarthritis, as
assessed by radiography. We used radiographic data from base-
line and 4 years’ follow-up from the OAl, and from baseline and
5 years’ follow-up from the CHECK study. The OAIl had no hip
radiographic data at any other time points beyond 4 years.
The CHECK study did not have radiographic data at 4 years;
therefore, the 5-year data were used.

We investigated the structural defects of hip osteoarthritis in
2 ways. In the first way, we investigated overall structural defects
of hip osteoarthritis as assessed by radiography, scored using a
modified Croft grade (12) in the OAl and by the Kellgren/Lawrence
grade (13,14) in the CHECK study. As both grades use the same
grading system (i.e., range 0-4), we hereafter refer to them as
“overall grade.” An overall grade of O indicates no hip osteoarthri-
tis, an overall grade of 1 indicates possible hip osteoarthritis, and
an overall grade of 2, 3, and 4 indicate mild, moderate, and severe
hip osteoarthritis, respectively. For the purposes of this study, we
refer to a hip with an overall grade of >2 as being with definite
overall structural defects of hip osteoarthritis, and a hip with an
overall grade of <2 as being without definite overall structural
defects of hip osteoarthritis.

In addition to investigating overall structural defects of hip
osteoarthritis, the second way in which we investigated the struc-
tural defects of hip osteoarthritis was to investigate defects of
9 individual structural features of the hip. The grades for these
9 individual structural features of the hip ranged from 0O to 3, and
we hereafter refer to these as “individual grades.” These 9 individ-
ual structural features were joint space narrowing (JSN) in 2 loca-
tions (lateral and medial); osteophytes in 4 locations (acetabular
superior; acetabular inferior; femoral superior; and femoral infe-
rior); cysts in 1 location (acetabular subchondral); sclerosis in
1 location (femoral subchondral); and deformity in 1 location
(femoral head). In addition to the individual grade for osteophytes
in the 4 locations mentioned above, we investigated the sum of
the individual grades for osteophytes in all 4 locations. We did this
to increase power to detect any association between change in
BMI and osteophytes, as small osteophytes in some locations
may be difficult to detect (15). The reason why we investigated
these individual structural features, in addition to overall structural
defects of hip osteoarthritis (i.e., using the overall grade, as
described above) was to provide insight into potential mecha-
nisms for any associations between change in BMI and overall
grade. Additionally, some individual features, for example, femoral
osteophytes, alone can also be a valid indicator for structural
defects of hip osteoarthritis (15,16).

To study incidence of definite overall structural defects of hip
osteoarthritis, we created incidence cohorts (1 for each of the OAI
and CHECK study) of hips without definite overall structural
defects of hip osteoarthritis at baseline (i.e., hips with an overall
grade of <2). Incidence was defined as a hip in an incidence
cohort moving from an overall grade of <2 at baseline to an overall
grade of >2 at follow-up.

To study progression of definite overall structural defects of
hip osteoarthritis, we created progression cohorts (1 for each of
the OAl and CHECK study) of hips with definite overall structural
defects at baseline (i.e., hips with an overall grade of >2). Progres-
sion was defined as a hip in a progression cohort moving from an
overall grade of 2 or 3 at baseline to an overall grade of >1 grades
greater at follow-up.

To study changes in the 9 individual structural features, we
considered hips in both the incidence and progression cohorts
in which the individual grade had increased from baseline by >1
individual grades. To study changes in the sum of the individual
grades for osteophytes in all 4 locations, we considered hips in
the incidence and progression cohorts in which the sum had
increased from baseline by >2 individual grades (16). Because
the incidence and progression cohorts were defined based on
definite overall structural defects of the hip as determined by over-
all grade at baseline, and not based on individual structural fea-
tures of the hip as determined by individual grade at baseline, an
increase by >1 individual grades within the incidence or progres-
sion cohorts (or by >2 for the sum of the individual grades for
osteophytes in all 4 locations) was neither exclusively incidence
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nor progression, and therefore, we referred to it nonspecifically as
degeneration of individual structural features.

Selection of participants and hips. As outlined above,
we created 2 incidence cohorts and 2 progression cohorts
(i.e., the OAl incidence cohort, the CHECK incidence cohort, the
OAIl progression cohort, and the CHECK progression cohort).

OAlraw data

n=4,796 participants

-

Had cancer at baseline or
during follow-up
n=357

Y

. J

\

(Underweight BMI at baseline
or during follow-up
n=35

A 4

N J
s

o No baseline BMI

o n=4
- J

A

A
n=4,406 participants
N=8,812 hips

Hip replacement prior to baseline
N=77 hips

N=8,735 hips

A 4 A 4

N=8,735 hips

These were created by first applying selection criteria at the level
of the participant and then at the level of the hip (Figure 1).
Specifically, we excluded participants who had what was termed
“cancer (other than skin cancer, leukemia or lymphoma)” in the
OAl and who had what was termed “malignant disease or
cancer” in the CHECK study at baseline or during follow-up,
those who were in the underweight category for BMI

CHECK raw data
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Figure 1.

Selection of hips for our investigations of the incidence and progression of the definite overall structural defects of hip osteoarthritis or

degeneration of individual structural features of the hip. BMI = body mass index; CHECK = Cohort Hip and Cohort Knee (study); KL = Kellgren/

Lawrence; OAl = Osteoarthritis Initiative.
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(<18.5 kg/m?) at baseline or during follow-up, and those who had
no data for BMI at baseline (Figure 1). After we applied these
participant-level exclusion criteria, there were 4,406 participants
(8,812 hips) and 907 participants (1,814 hips) remaining in the
OAl and CHECK cohorts, respectively (Figure 1). Of these 8,812
and 1,814 hips, we excluded hips that had been replaced prior
to baseline (77 hips in the OAI cohort, and none in the CHECK
cohort) and then sorted the remaining hips into 4 groups that
formed the basis of our 4 study cohorts. The 2 incidence cohorts
consisted only of hips without definite overall structural defects of
hip osteoarthritis (i.e., hips with an overall grade of <2) at baseline.
There were 5,896 hips from 3,053 participants in the OAI inci-
dence cohort, and 1,377 hips from 743 participants in the
CHECK incidence cohort. The 2 progression cohorts consisted
of only hips with definite overall structural defects of hip osteoar-
thritis (i.e., hips with an overall grade of >2) at baseline. There were
3083 hips from 241 participants in the OAI progression cohort, and
129 hips from 108 participants in the CHECK progression cohort
(Figure 1).

Statistical analyses. For all of the following statistical
analyses, we used Stata, version BE 17.0 for Windows. We set
our threshold for statistical significance as a 2-tailed P value of
less than 0.05 for all statistical analyses, including investigation
into interactions (details below).

We used generalized estimating equations with a logistic link
function (i.e., logistic regression with clustering of both hips within
individuals) (17) to investigate the association of change in BMI
between baseline and 4-5 years’ follow-up and the outcomes
listed above. Univariate (unadjusted) and multivariable (adjusted)
analyses were performed. All of the multivariable analyses were
adjusted for age at baseline, sex, and BMI at baseline, as these
3 variables are known to influence osteoarthritis outcomes.
We also investigated the possibility of interactions between each
of these 3 variables and change in BMI between baseline and
4-5 years’ follow-up in the models that used overall grades as out-
comes. We decided a priori that if there was a significant interaction
then we would perform subgroup analyses, but no significant inter-
actions (as indicated by a P value less than 0.05) were observed.

For all continuous variables in our analyses (i.e., age at base-
line, BMI at baseline, and change in BMI), we tested the assump-
tion of linearity using the Box-Tidwell method (18). None of the
continuous variables in this study violated the assumption of
linearity.

Sensitivity analyses. We performed 4 types of sensitivity
analyses. Note that these sensitivity analyses did not include any
analyses in which missing data had been imputed because there
were only 0.6% and 1.0% of follow-up BMI data that was missing
from the 4,406 and 907 participants we selected from the OAI
and CHECK cohorts, respectively, and this level of missingness
is considered inconsequential (19).

Our first type of sensitivity analysis aimed to determine
whether the results for incidence of definite overall structural
defects of hip osteoarthritis were different if we investigated only
hips that had pain in addition to definite overall structural defects
of hip osteoarthritis at follow-up in an incidence cohort (hereafter
referred to as “incidence of symptomatic hip osteoarthritis™).
We only performed this sensitivity analysis in the incidence
cohorts (both OAl and CHECK) and not in the progression
cohorts. We did this sensitivity analysis because although a large
proportion of patients with definite overall structural defects of
hip osteoarthritis do not have hip pain (16), individuals with hip
osteoarthritis seek medical help for their hip pain (16). Incidence
of symptomatic hip osteoarthritis was defined as incidence of
definite overall structural defects of hip osteoarthritis as defined
above (i.e., moving from an overall grade of O or 1 at baseline to
an overall grade of >2 at follow-up in an incidence cohort) with
the presence of pain at follow-up. Pain was defined in 2 different
ways in the OAl: the presence of any hip pain in the 12 months
before follow-up (“any hip pain”); and hip pain on more than
one-half of the days of a month in the 12 months before follow-
up (“frequent hip pain”). In the CHECK study, however, the only
available data on pain concerned whether or not the participant
had the presence of hip pain at the time of the follow-up visit,
and this was termed “presence of hip pain at examination.”

Our second type of sensitivity analysis aimed to determine
whether adjusting our multivariable analyses for BMI at baseline
may have altered the results, as it has been suggested that
adjusting for a baseline variable (i.e., BMI in this case) can intro-
duce bias in an analysis in which that same variable is used as or
within the exposure variable (i.e., change in BMI from baseline to
follow-up) by increasing the risk for Type | errors (20). Thus, we
conducted multivariable analyses by adjusting only for age at
baseline and sex (instead of adjusting for age at baseline, sex,
and BMI at baseline as in our primary analyses) and then com-
pared the results with those of our primary analyses.

Our third type of sensitivity analyses aimed to assess the
possible impact of including hips with possible hip osteoarthritis
at baseline (i.e., overall grade = 1) in our incidence cohorts on
our estimates of incidence of definite overall structural defects of
hip osteoarthritis. We performed this sensitivity analysis in the inci-
dence cohorts only. As a reminder, the incidence cohorts con-
sisted of hips without definite overall structural defects of hip
osteoarthritis at baseline (i.e., an overall grade of <2). It is possible
that a hip with an overall grade of 1 might in fact have definite
osteoarthritis, and this would then affect our estimates of the inci-
dence of osteoarthritis. Therefore, we performed a sensitivity
analysis by limiting the incidence cohorts to only those hips that
had no hip osteoarthritis at baseline (i.e., an overall grade of 0)
and compared the results with those of our primary analyses.

Our fourth type of sensitivity analysis aimed to determine
whether our results were sensitive to overall grade of hip osteoar-
thritis at baseline. In this sensitivity analysis, we conducted
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multivariable analyses by additionally adjusting for overall grade at
baseline (in addition to adjusting for age at baseline, sex, and BMI
at baseline, as in our primary analyses) and then compared the
results with those of our primary analyses. We have also tested
the interaction of overall grade at baseline with change in BMI in
this sensitivity analysis.

RESULTS

The following outlines the characteristics of the OAl and
CHECK incidence and progression cohorts. It is noteworthy that
the rates of incidence and progression of the overall structural
defects of hip osteoarthritis and of degeneration of individual
structural features of hip osteoarthritis were lower in the OAIl than
in the CHECK study (to be outlined below). The reason for this dif-
ference is that the OAIl consisted of patients with or at risk of
knee osteoarthritis, whereas the CHECK study consisted of
patients with early osteoarthritis-related complaints of hip and/or
knee (21).

Characteristics of the OAl and CHECK incidence
cohorts. Of the 5,896 hips in the OAI incidence cohort
(i.e., hips with an overall grade of O or 1 at baseline), by 4 years’
follow-up, 85 (1.44%) had definite overall structural defects of
hip osteoarthritis (i.e., an overall grade of >2), while of the 1,377
hips in the CHECK incidence cohort, by 5 years’ follow-up,

179 (13.00%) had definite overall structural defects of hip
osteoarthritis (Table 1). The number of hips with degeneration of
individual structural features ranged from 1 to 170 (0.02-2.88%)
in the OAI incidence cohort and 3 to 357 (0.23-26.19%) in the
CHECK incidence cohort (Table 1).

Compared to the age of those who had hips without definite
overall structural defects of hip osteoarthritis at follow-up (mean
+ SD 60.4 £ 9.0 and 55.5 + 5.2 years in the OAl and CHECK
incidence cohorts, respectively), participants who had hips with
definite overall structural defects of hip osteoarthritis at follow-up
were older (mean + SD 64.6 + 8.4 and 56.2 + 5.2 years in the
OAl and CHECK incidence cohorts, respectively) (Table 2). The
groups that had hips with definite overall structural defects of
hip osteoarthritis at follow-up had a greater proportion of female
than male participants in both OAl and CHECK (57.7% and
77.9%, respectively) (Table 2). Participants who had hips with def-
inite overall structural defects of hip osteoarthritis at follow-up had
a similar BMI to those who did not in both OAI (mean + SD
27.5 + 4.3 versus 28.3 + 4.5 kg/m?) and CHECK (26.6 + 4.0 ver-
sus 26.2 + 4.0 kg/m?) (Table 2). The mean + SD follow-up time
was 4.0 = 0.1 (range 3.5-4.3) years in the OAl incidence cohort.
For the CHECK incidence cohort, there were no data for the date
of follow-up; therefore, we assumed 5 years of follow-up time for
those who had outcome data at 5 years’ follow-up (Table 2).

The change in BMI from baseline to follow-up was similar in
the OAl and CHECK incidence cohorts (the mean + SD and range

Table 1. The number of cases of incidence and progression of definite overall structural defects of hip osteoarthritis (OA) and
degeneration of individual structural features of the hip during 4-5 years’ follow-up in each cohort*
OAl CHECK
Incidence Progression Incidence Progression
cohort cohort cohort cohort
Participants, no. 3,053 241 743 108
Hips, no. 5,896 303 1,377 129
Overall structural defects of hip OA
Total 85 (1.44) 0(0.00) 179 (13.00) 8(6.20)
Overall grade = 0 at baseline 18 (0.30) 0(0.0) 77 (5.6) 8 (6.20)
Overall grade = 1 at baseline 67 (1.14) 0(0.0) 102 (7.4) 0(0.0)
Overall grade = 2 at baseline 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Overall grade = 3 at baseline 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Overall grade = 4 at baseline 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Degeneration of individual structural
features of the hip
Joint space narrowing lateral 91 (1.54) 38 (12.62) 129 (9.39) 11 (8.53)
Joint space narrowing medial 170 (2.88) 48 (15.89) 260 (18.92) 6 (12.40)
Osteophytes acetabular superior 74 (1.26) 27 (8.94) 386 (28.20) 8 (29.46)
Osteophytes acetabular inferior 25(0.42) 7 (5.67) 7 (7.43) 6(14.81)
Osteophytes femoral superior 114 (1.93) 30(9.97) 357 (26.19) 0 (31.25)
Osteophytes femoral inferior 25(0.42) 6 (8.64) 179 (14.16) 25 (23.58)
Sum of osteophyte scores 39 (0.66) 28(9.33) 244 (19.73) 9(30.53)
Subchondral cysts acetabular 6 (0.10) 8 (2.65) 3(0.23) 1(0.83)
Subchondral sclerosis femoral 3(0.05) 12 (3.97) 10(0.77) 4(3.31)
Femoral head deformity 1(0.02) 3(0.99) 69 (5.28) 3(2.48)

* Values are the number (%) unless indicated otherwise. The percentage calculations are based on complete case (i.e., exclud-
ing missing values). The 2 incidence cohorts consisted only of hips without definite overall structural defects of hip OA (i.e., an
overall grade of <2) at baseline. The 2 progression cohorts consisted of only hips with definite overall structural defects of hip

OA (i.e., an overall grade of >2) at baseline. CHECK = Cohort Hip and Cohort Knee (study); OAI

= Osteoarthritis Initiative.
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Table 2. Characteristics of participants in each incidence cohort stratified by incidence of definite overall structural defects of hip
osteoarthritis (OA) during the 4-5 years’ follow-up*

Incidence of definite
overall structural defects
of hip OA in CHECK

Incidence of definite
overall structural defects
of hip OA in the OAI

Yes No Total Yes No Total
Participants, no. 82 3,026 3,053 150 672 743
Hips, no. 85 5811 5,896 179 1,198 1,377
Age, years 64.6 84 60.4+9.0 60.5+ 9.0 56.2+5.2 555+52 55.6+5.2
Sex, no. (%)
Male 27 (32.9) 1,283 (42.4) 1,291 (42.3) 39 (26.0) 126 (18.8) 149 (20.1)
Female 55 (67.1) 1,743 (57.6) 1,762 (57.7) 111 (74.0) 546 (81.2) 594 (79.9)
BMI, kg/m? 275+43 283 +45 283 +45 26.6 £4.0 26.2+£4.0 263 +39
Follow-up, years 40+0.1 4.0+0.1 4.0+ 0.1 50+0.0 50+00 50+00

* Values are the mean + SD unless indicated otherwise. The percentage calculations are based on complete case (i.e., excluding
missing values). The follow-up (in years) for the CHECK study is assumed as 5 years due to lack of availability of data. BMI = body

mass index; CHECK = Cohort Hip and Cohort Knee (study); OAI = Osteoarthritis Initiative.

were 0.11 + 1.91 and -12.10t0 9.5 kg/mz, and 0.10 = 2.06 and
—12.00 to 18.00 kg/m?, respectively). Supplementary Figures 1A
and B, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25057, show the
distribution of participants by change in BMI from baseline to
follow-up in the OAl and CHECK incidence cohorts, respectively.

Characteristics of the OAl and CHECK progression
cohorts. Of the 303 hips in the OAI progression cohort
(i.e., hips with an overall grade of >2 at baseline), there were no
hips that had progressed by >1 overall grades in overall structural
defects of hip osteoarthritis at 4 years’ follow-up (Table 1),
while of the 129 hips in the CHECK progression cohort, there
were only 8 hips (6.2%) that had progressed by >1 overall grades
in overall structural defects of hip osteoarthritis at 5 years’
follow-up. Although there were no or only a small number of hips
with progression in overall structural defects, there were larger
numbers of hips with degeneration of individual structural features
in the OAl and CHECK progression cohorts, ranging from

3 to 48 (0.99-15.89%) in the OAl and 1 to 40 (0.83-31.25%) in
CHECK (Table 1).

Compared to the CHECK progression cohort, the OAI
progression cohort was older (mean £ SD 63.2 + 8.9 versus
57.2 + 4.8 years), had a lower proportion of female participants
(43.1% versus 63.9%), and had a higher BMI (mean + SD 28.3 +
4.4 versus 26.5 + 3.3 kg/m?) (Table 3). The mean + SD follow-up
time was 4.0 £ 0.1 (range 3.5-4.3) years in the OAI progression
cohort. For the CHECK progression cohort, as for the CHECK inci-
dence cohort, there were no data for date of follow-up; therefore,
we assumed 5 years of follow-up time for those who had outcome
data at 5 years’ follow-up (Table 3).

The change in BMI from baseline to follow-up was similar
in the OAI and CHECK progression cohorts (the mean + SD
and range were —0.11 +1.66 and —-5.90 to 4.10 kg/m? in
the OAI progression cohort, and 0.21 +2.24 and -5.00 to
18.00 kg/m? in the CHECK progression cohort). Supplemen-
tary Figures 1C and D, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25057, show the distribution of

Table 3. Characteristics of participants in each progression cohort stratified by progression of definite overall structural defects of hip

osteoarthritis (OA) during the 4-5 years’ follow-up*

Progression of definite
overall structural defects
of hip OA in the OAI

Progression of definite
overall structural defects
of hip OA in CHECK

Yes No Total Yes No Total
Participants, no. 0 241 241 7 103 108
Hips, no. 0 303 303 8 121 129
Age, years No obs. 63.2 +8.9 63.2 +8.9 576+19 571 +48 572 +4.8
Sex, no. (%)
Male No obs. 137 (56.9) 137 (56.9) 2 (28.6) 38(36.9) 39 (36.1)
Female No obs. 104 (43.1) 104 (43.1) 5(71.4) 65 (63.1) 69 (63.9)
BMI, kg/m? No obs. 283+4.4 283+44 250+0.7 266 +34 265+33
Follow-up, years No obs. 4.0+0.1 4.0+0.1 50+00 50+00 50+00

* Values are the mean + SD unless indicated otherwise. The percentage calculations are based on complete case (i.e., excluding
missing values). The follow-up (in years) for the CHECK study is assumed as 5 years due to lack of availability of data. BMI = body
mass index; CHECK = Cohort Hip and Cohort Knee (study); No obs. = no observations; OAl = Osteoarthritis Initiative.
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participants by change in BMI from baseline in the OAI and
CHECK progression cohorts, respectively.

Incidence and progression of the overall structural
defects of hip osteoarthritis over 4-5years. Tables 4
and 5 show the estimates of the association of change in BMI
between baseline and 4-5 years’ follow-up and the odds in that
time of the following: the incidence of definite overall structural
defects of hip osteoarthritis as assessed by overall grade of hip
osteoarthritis in both the OAlI and CHECK incidence cohorts;
and the progression of definite overall structural defects of hip
osteoarthritis in the CHECK progression cohort. The reader is
reminded that the association for progression cannot be deter-
mined in the OAIl progression cohort, as there were no hips in
that cohort that had progression of definite overall structural
defects. In Tables 4 and 5, both unadjusted (univariate) and
adjusted (multivariable) analyses are shown. There was no evi-
dence in either the OAIl or the CHECK study of association of
change in BMI (decrease or increase) with the incidence or pro-
gression of definite overall structural defects of hip osteoarthritis
(Tables 4 and 5), albeit progression could not be determined in
the OAl as outlined above, and there were only 8 hips that had
progression of definite overall structural defects in the CHECK
study.

Degeneration of individual structural features of
the hip as assessed by radiography over 4-5 years.
There was no association between change in BMI (decrease or
increase) and the odds of degeneration of any of the 9 individual

structural features of the hip (JSN in 2 locations [lateral and
medial]; osteophytes in 4 locations [acetabular superior; acetabu-
lar inferior; femoral superior; and femoral inferior]; cysts in 1 loca-
tion [acetabular subchondral]; sclerosis in 1 location [femoral
subchondral]; and deformity in 1 location [femoral head]), nor in
degeneration in the sum of the individual grades for osteophytes
in all 4 locations, in any of the 4 cohorts (the incidence and pro-
gression cohorts from OAl and CHECK), with the exception of
acetabular inferior osteophytes in the CHECK incidence cohort
(Tables 4 and 5). The exception mentioned above showed an
odds ratio (OR) of 0.85 with a 95% confidence interval (95% ClI)
of 0.75-0.95 in the multivariable analysis, implying that decrease
in BMI is associated with increased odds of degeneration of this
individual structural feature. Although there was no association
of decrease in BMI with reduced odds of degeneration in any indi-
vidual structural defects, some of the individual features, in partic-
ular cysts, sclerosis, and flat head deformity, had lower incident
numbers; therefore, the null associations for these features can
be considered inconclusive.

Results of sensitivity analyses. In our first type of
sensitivity analysis, there were 45 (0.8%) and 25 (0.4%) of 5,896
hips in the OAI incidence cohort that had incident symptomatic
hip osteoarthritis using the definitions of pain of “any hip pain”
and “frequent hip pain,” respectively. In the CHECK incidence
cohort, using the definition of “presence of hip pain at
examination,” there were 71 (5.2%) of 1,377 hips that had
incident symptomatic hip osteoarthritis. There was no association
of change in BMI with the incidence of symptomatic hip

Table 4. Association of change in body mass index (BMI) between baseline and 4-5 years’ follow-up and the odds of incidence of definite overall
structural defects of hip osteoarthritis (OA), as well as degeneration of individual structural features of the hip during the 4-5 years’ follow-up, as

shown in univariate and multivariable analyses*

OAl univariate
analysis

OAl multivariable
analysist

CHECK univariate
analysis

CHECK multivariable
analysist

Outcome OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% ClI) P
Incidence of definite overall 1.00(0.89-1.12) 099 1.01(0.90-1.15) 0.81 1.01(0.93-1.10) 0.77 1.03(0.94-1.13) 0.49
structural defects of hip OA
Degeneration of individual
structural features of the hip
(as investigated in the
incidence cohorts)
Joint space narrowing lateral 0.97(0.87-1.09) 064 0.98(0.87-1.10) 0.69 1.00(0.91-1.10) 0.96 1.00(0.91-1.11) 0.93
Joint space narrowing medial 1.03(0.94-112) 057 1.06(0.97-1.16) 0.23 1.00(0.93-1.08) 0.98 1.01(0.93-1.09) 0.87
Osteophytes acetabular superior  0.95(0.84-1.07) 0.40 0.95(0.84-1.08) 0.44 1.02(0.96-1.09) 0.47 1.04(0.97-1.11) 0.29
Osteophytes acetabular inferior 1.02(0.82-1.27) 087 1.03(0.82-1.29) 0.81 0.86(0.77-0.95) <0.01 0.85(0.75-0.95) <0.01
Osteophytes femoral superior 0.96 (0.87-1.06) 042 0.97(0.87-1.07) 0.53 095 (0.89-1.01) 0.11  0.93(0.87-1.00) 0.07
Osteophytes femoral inferior 1.04(0.84-1.30) 0.71 1.11(0.87-1.41) 040 1.00(0.92-1.08) 0.91 1.01(0.93-1.10) 0.77
By sum of osteophyte scores 1.14(0.95-1.35) 0.16 1.15(0.96-1.38) 0.13 0.97(0.90-1.04) 0.97 1.00(0.92-1.08) 0.90
Subchondral cysts acetabular 1.16(0.76-1.76) 049 1.21(0.76-1.94) 043 0.71(0.51 0.99) 0.04 0.70(0.45-1.07) 0.10
Subchondral sclerosis femoral 1.22(0.68-2.16) 0.50 1.22(0.66-2.26) 052 0.94(0.67-1.33) 0.74 0.80(0.51-1.24) 0.32
Femoral head deformity 144(0.62-336) 040 1.49(0.61-3.62) 038 1.08(0.94-1.23) 0.29 1.06(0.92-1.23) 0.43

* The estimates are reported as point estimates of a 1 BMI-unit (kg/m?) increase from baseline to 4-5 years’ follow-up. 95% C| = 95% confi-
dence interval; CHECK = Cohort Hip and Cohort Knee (study); OAIl = Osteoarthritis Initiative; OR = odds ratio.
t The multivariable analysis was adjusted for age at baseline, sex, and BMI at baseline.
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Table 5. Association of change in body mass index (BMI) between baseline and 4-5 years’ follow-up and the odds of progression of definite
overall structural defects of hip osteoarthritis (OA), as well as degeneration of individual structural features of the hip, as shown in univariate and

multivariable analyses*

OAl univariate OAl multivariable CHECK univariate CHECK multivariable
analysis analysist analysis analysist
Outcome OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Progression of definite overall No observation - No observation - 0.85(0.50-1.44) 0.55 0.73(0.38-1.41) 0.35
structural defects of hip OA
Degeneration of individual
structural features of the
hip (as investigated
in the progression cohorts)
Joint space narrowing lateral 1.11(0.90-1.37) 033 1.11(0.90-1.37) 0.32 0.94(0.66-1.35) 0.75 0.95 (0.66-1.36) 0.76
Joint space narrowing medial 0.85(0.70-1.03) 0.09 0.86(0.71-1.04) 0.12 0.88(0.61-1.27) 0.51 0.90 (0.61-1.32) 0.58
Osteophytes acetabular superior 0.91(0.71-1.17) 0.47 0.92(0.71-1.18) 0.50 0.79(0.59-1.06) 0.11 0.77 (0.57-1.05) 0.10
Osteophytes acetabular inferior  0.81(0.61-1.08) 0.15 0.82(0.61-1.09) 0.17 0.85(0.60-1.21) 0.36 0.85 (0.60-1.20) 0.35
Osteophytes femoral superior 1.26(0.98-1.61) 0.07 1.27(0.99-1.64) 0.06 0.84(0.65-1.09) 0.19 0.85(0.66-1.10) 0.23
Osteophytes femoral inferior 0.89(0.70-1.13) 033 0.89(0.70-1.13) 033 1.10(0.91-1.33) 0.31 1.09 (0.90-1.32) 0.39
By sum of osteophyte scores 1.10(0.86-1.40) 044 1.10(0.87-1.41) 0.42 0.94(0.75-1.18) 0.59 0.93(0.74-1.17) 0.54
Subchondral cysts acetabular 0.69 (0.46-1.03) 0.07 0.65(0.42-1.01) 0.06 094(0.283.19) 0.92 Insufficient observations -
Subchondral sclerosis femoral 0.93(0.65-1.33) 0.69 0.96(0.67-1.36) 0.80 0.94(0.50-1.75) 0.84 0.88 (0.44-1.77) 0.72
Femoral head deformity 0.54(0.29-1.00) 0.05 0.56(0.28-1.12) 0.10 0.51(0.20-1.31) 0.16 0.41 (0.11-1.49) 0.18

* The estimates are reported as point estimates of a 1 BMI-unit (kg/m?) increase from baseline to 4-5 years’ follow-up. 95% C| = 95% confi-
dence interval; CHECK = Cohort Hip and Cohort Knee (study); OAI = Osteoarthritis Initiative; OR = odds ratio.
t The multivariable analysis was adjusted for age at baseline, sex, and BMI at baseline.

osteoarthritis in either the OAI or the CHECK incidence
cohort, and this is the same finding as in our primary analyses, in
which our outcome of interest was the incidence of definite overall
structural defects of hip osteoarthritis, which included hips that
did and did not have pain at follow-up. In this type of sensitivity
analysis, the ORs in the OAl incidence cohort were 1.07 (95% Cl
0.91-1.26) using the pain definition of “any pain” and 1.19 (95%
Cl 0.97-1.47) using the pain definition of “frequent pain.”
The OR in the CHECK incidence cohort, using the pain definition
of “presence of hip pain at examination” was 1.01 (95% CI
0.89-1.15). The results obtained from the other 3 types of sensi-
tivity analyses (see sensitivity analyses in the Materials and
Methods for details) gave results that were similar or the same
as the results obtained from our primary analyses (results not
shown).

DISCUSSION

This study showed that there was no association of change
in BMI (decrease or increase) with odds of the incidence or pro-
gression of definite overall structural defects of hip osteoarthritis,
nor with degeneration of individual structural features of the hip,
in either the OAIl or CHECK cohorts. Our findings thus suggest
that weight loss may not be an effective intervention to prevent,
slow, or delay the structural defects of hip osteoarthritis over
4-5 years.

One anomaly in our findings of null associations was the
association between decrease in BMI and the increased odds of
incidence of acetabular inferior osteophytes in the CHECK

incidence cohort, suggesting a negative effect of decrease in
BMI. Given that the only observed association for acetabular infe-
rior osteophytes was in the CHECK incidence cohort but not in
the OAIl incidence cohort, nor in the CHECK progression cohort,
and given previous research showing that acetabular osteo-
phytes alone are not a reliable measure of structural defects in
hip osteoarthritis (15,16), this finding can be neglected.

This study adds to the finding that there is no evidence of
benefit of weight loss for hip osteoarthritis in the literature. We
know of 6 previously published studies that investigated the asso-
ciation of weight loss with hip osteoarthritis (22-27). The first
study (22), a systematic review, did not draw definitive conclu-
sions on the positive influence of weight loss by bariatric surgery
because the results from the 9 observational studies included in
that systematic review were too limited or had uncertain and high
bias (22). The second study, which investigated the association of
weight loss with pain in hip osteoarthritis (23), was a preliminary
study (n = 35 participants) that focused on the effect of exercise
and weight loss over 8 months in patients with hip osteoarthritis
and overweight or obesity. Although that study (23) found a
25.4% reduction in self-reported hip pain after an average weight
loss of 5% at the end of the 8 months, the lack of a control group
and small sample size precludes any conclusion about the poten-
tial efficacy of weight loss for hip pain in this population. The third
study (24), an observational study using OAl data (1 of the 2 data
sources for the current study), also did not find an association
between change in BMI and the development or resolution of hip
pain, or the progression of the overall structural defects of hip
osteoarthritis; nor the degeneration of an individual structural
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feature (i.e., JSN), nor total hip replacement, over 4 years. Our
current study extends the findings from that third study (24) in
several ways. First, the third study (24) treated change in BMI as
a categorical variable, whereas we treated it as the continuous
variable that it is. Treating continuous variables as categorical vari-
ables leads to loss of information, power, and efficiency in analy-
ses (28). Second, while the third study (24) investigated the
outcomes of progression of overall structural defects of hip oste-
oarthritis and degeneration of an individual structural feature
(i.e., JSN), we additionally investigated the outcomes of incidence
of overall structural defects of hip osteoarthritis and degeneration
of 8 individual structural features besides JSN. Third, the third
study (24) excluded participants who exhibited a weight change
(loss or gain) of 3-5%, and this led to exclusion of >30% of partic-
ipants from the OAI. Thus, in our study, with 30% more partici-
pants than the third study (24) in the OAIl, as well as using
another cohort (CHECK), we extended the findings from the third
study by showing no association of change in BMI with the inci-
dence or progression of overall structural defects in hip osteoar-
thritis, nor in the degeneration of individual structural features of
the hip. The fourth (25), fifth (26), and sixth (27) studies investi-
gated the association of weight change with the incidence of hip
replacement over 5.2 years, 8 years, and 7-10 years, respec-
tively. None of these 3 studies found an association of weight loss
with hip replacement overall. While the fifth study, which used the
OAl cohort data (26), found an association of weight change
(loss or gain) with risk of hip replacement in a subgroup of patients
with hip pain at baseline over 8 years (hazard ratio 1.03 [95% ClI
1.01-1.08)), this finding is in contrast with the findings from a large
multicohort study (27) that did not find any evidence for associa-
tion of weight loss or gain with risk of hip replacement in partici-
pants followed up over a duration of 7-10years from 3
independent cohort studies: the OAl and the CHECK study,
which we use in this current study, and the Multicenter Osteoar-
thritis Study (MOST). In sum, looking at the findings from these
6 previously published studies (22-27) and the current studly, it
seems that weight loss is not beneficial for hip osteoarthritis.

In light of the apparent lack of benefit of weight loss for hip
osteoarthritis, it is interesting to note that weight loss is recom-
mended for individuals with overweight and obesity in several
guidelines around the world for the management of hip osteoar-
thritis (3-8). An exception to this is the 2019 Osteoarthritis
Research Society International guidelines (29), which cited the
absence of clinical trials in hip osteoarthritis as a rationale for not
recommending weight loss for hip osteoarthritis. The recommen-
dation for weight loss in those guidelines (3-8) is based on
research on knee osteoarthritis. However, while there is evidence
that weight loss is of benefit for knee osteoarthritis (30,31), as well
as having clear benefits for other aspects of health (notably cardi-
ometabolic health) for those with overweight and obesity (32,33),
weight loss (intentional or unintentional) may carry health risks for
some people, especially for older adults (34). For example, weight

loss in older adults is associated with increased risk of hip fracture
in female (35) and male (36) adults, as well as an increased risk of
mortality (37) and higher risk of functional impairment and incident
disability (38). This evidence of increased risk of certain health
problems for some individuals, alongside the prevailing evidence
of no benefit of weight loss for hip osteoarthritis, raises uncertainty
about the recommendation of weight loss for hip osteoarthritis.
Moreover, with now 7 publications, 6 previously published and
this one, showing no association of weight loss with any apparent
benefit for hip osteoarthritis, the value of doing a clinical trial inves-
tigating weight loss interventions for hip osteoarthritis is
questionable.

Our study has several limitations. First, our study is an obser-
vational study; therefore, our findings are associative rather than
causative. Second, there were likely latent confounders in our
analyses that were not captured. Third, we used change in BMI
between baseline and 4-5 years’ follow-up, but BMI can fluctuate
during that time, and our study did not capture these changes.
Fourth, there were no events of progression of overall structural
defects of hip osteoarthritis in the OAIl, and there were only
8 (6.2%) of 129 hips in the CHECK cohort that had progression
of overall structural defects. This limits our conclusions about the
association between change in BMI and progression of overall
structural defects. However, this limitation is mitigated by our find-
ing of no evidence of the degeneration of any of the 9 individual
structural features nor the sum of individual grades for osteo-
phytes in all 4 locations that we investigated in the OAIl and
CHECK progression cohorts, in which we investigated the pro-
gression of overall structural defects.

Although the results of 3 of these 9 individual structural fea-
tures, namely, cysts, sclerosis, and flat head deformity, may be
considered inconclusive due to low incidence numbers, 6 of these
individual structural features and the sum of the individual grades
for osteophytes in all 4 locations can be considered conclusive.
Last, the 2 cohorts used in this study were predominantly com-
prised of female and White participants; therefore, our findings have
limited transferability beyond this specific population. To minimize
the effect of these limitations, we used several strategies. First, we
included both hips of each participant (where the selection criteria
allowed) to avoid bias due to systematic exclusion of 1 hip from
each participant. Second, participants in this study were followed
up for a relatively long period of time (i.e., 4-5 years). Previous
research shows that a minimum of 3 years’ follow-up is required
to detect the development of functional defects and pain in hip
osteoarthritis (39). Therefore, 4-5 years’ follow-up enabled a rela-
tively large number of hips to have incidence of overall structural
defects of hip osteoarthritis and degeneration of individual structural
features, hence enabling a relatively more accurate estimation of
the association between change in BMI and these outcomes.

In conclusion, this study showed no evidence of association
between change in BMI and the incidence or progression of the
overall structural defects of hip osteoarthritis, nor with the
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degeneration of individual structural features of the hip over 4—
5 years. Thus, weight loss may not be an effective strategy for
preventing, slowing, or delaying the structural defects of hip oste-
oarthritis over 4-5 years.
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