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Abstract

Background—It is unclear whether an intensive program of weight loss combined with exercise
prevents the onset of knee pain among those at high risk. We examined whether an intensive
lifestyle intervention (ILI) prevents incident knee pain compared with a diabetes support and
education (DSE) comparison group among overweight adults with diabetes.

Methods—We conducted a secondary analysis of the Action for Health in Diabetes (Look
AHEAD) study, which is a randomized intervention trial of adults who were obese and had type 2
diabetes starting in 2001. We studied a sub-cohort of 2889 who reported no knee pain at baseline,
but were at high risk due to obesity. Risk ratios (RR) were calculated to examine the association of
ILI vs. DSE with incident knee pain at year 1 and 4. All analyses were adjusted for potential
confounders.

Results—Age, sex, and BMI were similar among IL1 and DSE participants with no knee pain at
baseline. At year 1, ILI participants were 15% less likely to develop knee pain compared with
DSE participants (RR = 0.85, 95% CI [0.74, 0.98]). At year 4, this decreased to 5% and was no
longer statistically significant.

Conclusions—An intensive lifestyle intervention of diet and exercise may prevent the
development of knee pain among those at high risk in the short-term. Health care providers may
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consider recommending diet and exercise as a means to prevent the development of knee pain
among those at high risk.

Introduction

Method

Knee pain is present in about one-fifth of men and one-quarter of women and has increased
in prevalence by 65% over the past 40 years in the United States.! Knee pain in older adults
often leads to disability,? is a frequent reason for medical visits,® and is most commonly
caused by knee osteoarthritis (OA).# ® The effective treatment of knee pain remains a major
unmet clinical need. This is because pharmacologic treatment reduces knee pain by only a
modest amount®-8 and is associated with side effects, particularly in older adults. Diet
combined with exercise modestly reduces knee pain.®: 10 However, pain often persists at
unsatisfactory levels since these conservative approaches are often prescribed to people with
advanced pain.11

A preferable alternative to addressing knee pain may be through prevention among those at
high risk, specifically through diet and exercise. Health professionals and public health
organizations already promote healthy eating and consistent physical activity to target
obesity and physical inactivity. Targeting diet and exercise for treatment of knee pain is a
reasonable approach since obesity is a major risk factor for knee painl? and knee OA,13 and
weight loss interventions are effective at reducing knee pain.14 Adding regular exercise
increases the effectiveness of a weight loss intervention to reduce knee pain.1% 15 This is
possibly because exercise helps with weight loss and strengthens lower extremity skeletal
muscles that consequently protect the knee joint. Nevertheless, no evidence to date supports
a strategy of weight loss and exercise to prevent the onset of knee pain in those at high risk.
In addition, the individual and combined effects of weight loss and regular exercise to
potentially prevent knee pain are not known.

The Action for Health in Diabetes (Look AHEAD) study was a large multicenter diet and
exercise intervention study of adults, with type 2 diabetes. Since the Look AHEAD study
participants were overweight or obese and aged 45 to 76 years, they were, by extension, at
high risk of knee OA.13:16 Study participants were randomized into either an Intensive
Lifestyle Intervention (IL1) with the goal to lose =7% of body weight and participate in =175
minutes/week of moderate to vigorous physical activity or a Diabetes Support and Education
(DSE) comparison group. The purpose of our study was to conduct a secondary analysis to
evaluate whether ILI participants without knee pain at baseline were less likely to develop
knee pain one and four years later compared to the DSE comparison group. We also
evaluated the risk of developing knee pain among participants meeting weight loss and/or
exercise goals in a sub-cohort with objectively measured physical activity, compared with
their counterparts not meeting these goals.

The Look AHEAD study was a multicenter, randomized clinical trial designed to evaluate
the long-term health effects of an intensive lifestyle intervention compared with usual care
for 5,145 overweight or obese adults between the ages of 45 to 76 years with type 2
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diabetes. Study participants were recruited from 16 outpatient centers in the United States
beginning in September of 2001. There was no racial or gender bias in the selection of
participants. A complete description of the design and methods for the Look AHEAD trial
was previously published.1” Study participants were randomized to either an ILI or a DSE
comparison group stratified by the clinic sites and blocked with random block sizes between
October 2001 and ending in May 2004. Participants in both intervention arms continued to
receive medical treatment for diabetes from their personal physicians as well as general
medical care. Informed consent was obtained from all participants prior to screening. The
Look AHEAD study protocol was approved by the Institutional Review Board from each
clinical site and was registered to ClinicalTrials.gov, NCT00017953.

Study subsample

Intervention

At the baseline study visit participants were asked “Have you had any pain or discomfort in
your knees in the past month?” Similarly worded questions to define the presence of knee
pain have been previously employed in large epidemiologic studies.’®-21 We included study
participants who answered “No” at baseline, n=2889. A second analysis was performed
examining physical activity adherence and included participants without knee pain who
wore an accelerometer, n=989.

groups
Intensive Lifestyle Intervention (IL1): The overall goal of this intervention was to teach and
encourage behavioral change strategies for weight loss and exercise over four years. Study
participants in the ILI were given a study-wide goal of = 7% weight loss by the end of the
first year and = 175 minutes/week of MVPA physical activity by 6 months. Only physical
activity bouts lasting at least 10 continuous minutes were counted towards this goal. During
the first year of intervention, months 1 to 6 consisted of 24 sessions (three weekly group
sessions followed by one individual session with a lifestyle counselor). Months 7 to 12
consisted of two group sessions and one individual session/month. During years 2 to 4,
study participants had a minimum of two contacts/month with one being on-site and the
other by phone, mail, or e-mail. A more detailed description of the diet and exercise portions
of the ILI has been previously described.?2 Briefly, the group and individual sessions of the
ILI were modeled after programs developed for the treatment of people who are obese and
have type 2 diabetes.23 The ILI utilized strategies shown to be most effective for long-term
weight loss and maintenance. These included a portion-controlled diet, behavioral
techniques, physical activity, social support, and ongoing regular contact throughout the
follow-up period. All study intervention sites utilized the same standardized ILI treatment
manual developed by Look AHEAD.

For diet, restriction of caloric intake was the primary method of achieving weight loss. The
recommended diet was based on guidelines from the American Diabetes Association
limiting the total calories from fat to 30%, and including at least 10% of calories from
protein.2* Participants were encouraged to consume a target of 1,200 to 1,500 kcal/day for
those < 114kg at baseline and a target of 1,500 to 1,800 kcal/day for those > 114kg using
meal replacements for breakfast and lunch. This approach produces more weight loss than
self-selected diet of conventional foods.2 Participants chose from two diets. The first used a
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commercially available liquid meal replacement combined with an evening meal or frozen
entrée. The second option for those unable to accept or tolerate the liquid meal prototype
involved the consumption of a structured meal plan using foods the participant prepared
themselves.25 Individual meetings with a lifestyle counselor on a monthly basis provided an
opportunity to tailor these diet options to the participant’s personal preferences.

For exercise, intervention relied heavily on unsupervised exercise (at home) with a gradual
progression to = 175 minutes/week of moderate to vigorous physical activity (MVPA). For
most participants this consisted of brisk walking and moderate-intensity walking was
encouraged as a primary type of physical activity. The intervention did allow for participants
to work with a lifestyle counselor to choose different types of moderate intensity activities
based on individual preferences and physical ability. While unsupervised exercise was
encouraged for most sessions, study sites did provide one supervised exercise session/week
to stimulate social support. Exercise was recommended to occur five days/week and
occupational activity was not counted towards the physical activity goal.

Cogpnitive behavioral strategies were employed to promote and maintain changes in dietary
intake and physical activity. Specifically, study participants self-monitored their caloric
intake by recording calories and fat grams throughout the first six months and periodically
thereafter. Physical activity was self-monitored as well. Individual sessions with the lifestyle
counselor focused on goal setting, problem solving, and mativational interviewing based on
self-monitored diet and physical activity adherence in order to promote behavioral change.

Diabetes Support and Education (DSE): Participants in this comparison condition received
general recommendations related to healthy eating and exercise, and strategies for safe and
effective implementation of these recommendations from three group sessions during the
first year. However, in contrast to the ILI, DSE participants were not given specific
strategies or goals to promote weight loss or physical activity and did not receive individual
sessions with a lifestyle counselor.

Outcome Measures

Incident knee pain—The primary outcome measure for our sub-study was knee pain,
which was recorded at baseline, year 1, and year 4. Those with knee pain at year 1 and/or 4
were classified as having incident knee pain. In particular, we classified the documentation
of the presence of pain at year 1 as ‘knee pain by year 1°, and the presence of pain at year 4
(i.e., they answered ‘no’ at baseline and ‘yes’ at year 4) as ‘knee pain by year 4°.

Pain severity—The Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire was given to study subjects who responded ‘yes’ to knee pain at
each study visit. The pain subscale of the WOMAC is calculated from 5 items and the score
ranges from 0 to 20 with higher scores representing more pain.

Weight—Weight was measured using a digital scale at baseline, year 1, and year 4. Height
was measured with a wall-mounted stadiometer.
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Physical Activity—Eight of the 16 Look AHEAD clinical sites measured physical activity
objectively by an accelerometer at year 1, and in our study, this subsample comprised 989
subjects. An RT3 triaxial accelerometer (Stayhealthy, Inc. Monrovia, CA) measured
physical activity in units of Metabolic Equivalents (METS)/minute. The accelerometer was
worn on the hip starting on the assessment day (partial day) and for the next six consecutive
days. Wearing the accelerometer for one week was repeated after each clinic visit. The
accelerometer was worn during all waking hours and removed for periods of bathing,
showering, or other water-based activities. A detailed description of how accelerometer data
was processed has been published previously.26 MVPA was defined as =3 METS.

Potential confounders

The following factors measured at baseline were considered as potential confounders based
on the association with physical activity and pain in previous studies: age,?” sex,8 race, use
of non-steroidal anti-inflammatory drugs (NSAID) assessed via self-report, body mass
index2® (BMI) calculated from weight and height measures,3 and depressive symptoms?1
assessed with the Beck Depressive Index.3!

Statistical Analysis

Results

We compared characteristics of participants without knee pain at baseline (n=2889) in the
ILI (n=1448) and DSE (n=1441) conditions by performing t-tests for continuous covariates,
and chi-square tests for categorical covariates. Next, we examined the proportion of study
subjects with incident knee pain within IL1 and DSE conditions. We calculated risk ratios
and 95% confidence intervals to examine the association of being assigned to the ILI with
incident knee pain at year 1 and at year 4, respectively, compared with DSE participants. We
also described pain severity only among study subjects with incident knee pain, as these
study subjects were administered the WOMAC pain subscale. Next, we investigated the
association of meeting the weight loss and/or physical activity treatment goals with incident
knee pain in a sub-group that combined both treatment groups (ILI and DSE) and wore an
accelerometer (n=989). We first compared characteristics of participants without knee pain
who received (n=989) and did not receive an accelerometer (n=1900). Next, we classified
participants as meeting neither treatment goal, the weight loss goal only, the physical
activity goal only, or both goals at 1 year. We examined the association of meeting weight
loss and/or physical activity goals with the risk of incident knee pain by year 1 and by year
4, respectively by calculating risk ratios and 95% confidence intervals. We used participants
who did not meet either treatment goal as a reference. All analyses were adjusted for
potential confounders. All statistical analyses were conducted with SAS software (Version
9.1, SAS Institute, Cary, NC).

Of the 5145 study participants included in Look AHEAD, there were 2889 who reported no
knee pain at baseline and were included in this sub-study. There were 50.1% (1448/2889) in
the ILI group and 49.9% (1441/2889) in the DSE comparison group. (Figure 1) Study
participants in the ILI and DSE groups were similar with respect to age, sex, BMI, NSAID
use, and depressive symptoms. (Table 1) There were slightly fewer Whites (62.7%), and
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more African Americans (15.3%) and Hispanics (15.7%) in the DSE group than the ILI
group (65%, 13.4%, and 14.5%, respectively).

Knee pain developed in 19.4% ILI participants and in 22.8% of DSE participants at year 1.
(Table 2) After adjustment for potential confounders, ILI participants had 15% lower risk of
developing knee pain at the one-year follow-up than DSE participants. By year 4, knee pain
was newly reported in 25.9% of ILI participants and 27.2% of DSE participants from
baseline. Those in the ILI had 5% lower risk of incident knee pain than DSE participants, an
adjusted difference that was not statistically significant. The mean (sd) knee pain severity
among study participants who developed knee pain was 3.8 (3.2) and 4.3 (3.4) at year 1 and
year 4, respectively. (See Supplementary Table 1)

We focused on objectively monitored physical activity in the subset of 989 in either the ILI
(n=494) or DSE (n=495) groups who wore an accelerometer. These participants were
similar to those not receiving an accelerometer (n=1900) with respect to BMI, NSAID use,
and depressive symptoms. Those receiving an accelerometer were older, more likely to be
male, and White compared with those who did not. (See Supplementary Table 2)

Among the subset that wore an accelerometer, those meeting the weight loss goal at year 1
were 37% and 38% less likely to develop knee pain at year 1 and 4, respectively, compared
with those not meeting either treatment goal. (Table 3) Those meeting the physical activity
goal were 31% and 21% less likely to develop knee pain at year 1 and 4, respectively, which
was not statistically significant. Lastly, those meeting both the weight loss and physical
activity goals were 47% less likely to develop knee pain at year 1, which was statistically
significant, and were 24% less likely to develop knee pain at year 4, which was not
statistically significant.

Discussion

Among middle to older aged adults who were overweight or obese and had diabetes, an
intensive lifestyle intervention program of diet and exercise reduced the relative risk of
developing knee pain by 15% at one year compared with a diabetes support and education
comparison group. At four years, this protective effect was attenuated. These findings
provide evidence from a secondary analysis of an intervention trial that an intensive program
of diet and exercise may prevent the development of knee pain.

Diet and exercise had a small statistically significant protective against the development of
knee pain at year 1. The risk of incident knee pain at year 1 was 3.4% less in those in the ILI
(19.4%) compared with those in the DSE (22.8%). This effect is consistent with a broader
theme that dietary weight loss, strengthening, and aerobic walking programs decrease knee
pain by a small to moderate magnitude (Standardized Mean Difference = 0.4, 95%CI [0.30,
0.50]).32 Our study extends this previous work by adding that diet and exercise may be
effective for preventing the development of knee pain in adults at risk.

We found that the protective effect of the ILI to prevent the development of knee pain to
diminish from 15% at year 1 to 5% at year 4. A possible explanation for this decline may be
the waning ability of study subjects to maintain diet and exercise recommendations over
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time. Lifestyle interventions achieve maximal weight loss at 1 year, which is followed by a
increase in weight33 and the same trend is found for physical activity.3* In our sample, the
greatest positive change in weight and physical activity occurred at year 1 for those in the
ILI. Hence, it is possible the effect of the ILI to prevent knee pain decreased by year 4 as a
consequence of diminishing adherence to diet and exercise recommendations.

Our primary analysis of all those without knee pain does not depend on adherence to the
prescribed exercise or dietary regimens. Therefore, the protective effect at one year seen
should not be tainted by reverse causality. However, in our findings focused on those who
adhered to the regimens, persons developing knee pain during follow-up may not have been
able to adhere to the physical activity program, leading to reverse causality. Thus, our per-
protocol findings on adherents should be treated with caution. The relative importance of
weight loss and exercise for preventing knee pain should ideally be tested in a clinical trial
to truly determine whether weight loss alone is more important than exercise to prevent the
development of knee pain.

The severity of pain as reported by those with incident knee pain ranged from 3 to 4 on the
5-item WOMAC pain subscale, which represents mild pain on 3 to 4 items or extreme pain
on one item. This severity is similar to that reported in cohorts of people with early knee
OAB35 and is close to exceeding a minimum patient acceptable symptom state, or the severity
of pain below which patients consider as satisfactory.3¢ While the duration and frequency of
knee pain was not assessed in the Look AHEAD cohort, the observed pain severity was not
inconsequential.

Limitations of our study should be acknowledged. First, knee pain was a secondary end
point of the Look AHEAD cohort and we conducted our analysis in a subgroup of people
without knee pain. Hence, there is a possibility of confounding by factors that were either
not included in analyses or were unmeasured. Nevertheless, we did adjust for common
potential confounders such as age, sex, BMI, and depressive symptoms in all analyses.
Second, we are unable to confirm the presence of knee OA by radiograph since no knee x-
rays were taken in this sample. Hence, there is a chance that knee pain may be emerging
from other sources, such as acute injury or referred from low back pain. However, given that
this sample is composed of middle- to older-aged adults who were overweight or obese, it is
most likely that incident knee pain developed from OA. Third, we were unable to
distinguish whether knee pain at each follow-up visit was truly the first occurrence or a
recurrence of pain. As with any study of incidence, the outcome could have occurred at any
time during the follow-up. We acknowledge that we may have missed some individuals at
year 4 who had pain between year 1 and year 4, but did not report any pain at year 4.
Nevertheless, the presence of knee pain and not radiographic evidence of knee OA is
troublesome for older adults, given that it drives older adults to seek medical attention, and
leads to functional limitation and a reduced quality of life.# 5 37 Fourth, generalizability of
our study findings to people without diabetes should be done with caution given our sample
consisted entirely of people with diabetes.

Despite these limitations, our study has several strengths. We took advantage of a large
multi-center randomized controlled trial to investigate whether diet and exercise protected
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against the development of knee pain among those at high risk. This cohort provided
adequate sample size to investigate this question. Also, study subjects were followed for
four years, which provides a generous longitudinal perspective on the efficacy of weight loss
and exercise to prevent the development of knee pain.

In conclusion, in a secondary analysis of the Look AHEAD study we found an intensive
intervention program of weight loss and exercise reduced the short-term risk for developing
knee pain among overweight adults with type 2 diabetes. These findings suggest that diet
and exercise may be effective for preventing the development of knee pain. Health care
providers should consider recommending diet and exercise to their patients who are
overweight or obese as a potentially effective means to prevent the development of knee
pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovation

Diet and exercise are commonly recommended by health professionals to people who are
overweight and consequently at high risk of developing knee pain. However, it is not
known whether following such recommendations prevents the development of knee pain.

We found an intensive program of diet and exercise had a small statistically significant
protective effect against the development of knee pain in the short term among
overweight adults with diabetes.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

White et al.

Page 12

Look AHEAD Study randomized participants

N=5154

Diabetes Support

and Education
n=2575

Intensive Lifestyle

Baseline knee pain
n=1092

No response to pain
question n=42

No baseline knee

Intervention
n=2750

Baseline knee pain
n=1079

No response to pain
question n=43

No baseline knee

pain pain
n=1441 n=1448
No knee pain |__| Year 1 Knee pain No knee pain Year 1 Knee pain
n=1112 n =329 n=1048 n =281
(78.2%) (22.8%) (81.6%) (19.4%)
No knee pain Year 4 Knee pain No knee pain Year 4 Knee pain
n=1167 n =393 n=1073 n=2375
(72.8%) (27.2%) (74.1%) (25.9%)
Figure 1.

Flow diagram of knee pain at baseline, 1 year, and 4 years for Look AHEAD study
participants
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Characteristics of study participants with no knee pain at baseline in the Intensive Lifestyle Intervention (ILI)

and Diabetes Support and Education (DSE) groups

Combined ILI (n=1448) DSE (n=1441) p-value

(n=2889) (IL1 vs DSE)
Age [mean (sd)] 58.5 (6.7) 58.4 (6.8) 58.5 (6.7) 0.80
Men [n (%)] 1297 (44.9) 641 (44.3) 656 (45.5) 0.50
Race [n (%)]
White 1845 (63.9) 941 (65.0) 904 (62.7) 0.21
Black 415 (14.4) 194 (13.4) 221 (15.3) 0.14
Hispanic 436 (15.1) 210 (14.5) 226 (15.7) 0.38
BMI [mean (sd)] 35.1 (5.6) 35.0 (5.8) 35.1 (5.3) 0.90
Change in BMI [mean (sd)]
Year 1 - baseline -1.7 (2.6) -3.1(2.6) -0.2(1.7) <0.01
Year 4 - baseline -0.9(3.4) -15(3.3) -0.2(3.2) <0.01
NSAID use at baseline [n (%)] 819 (28.3) 408 (28.2) 411 (28.5) 0.84
Beck score for depression [mean (sd)] 4.7 (4.6) 4.7 (4.7) 4.8 (4.5) 0.53
Physical Activity” [minutes/day of METS > 3] [mean(sd)] 981 (37.5)  57.9(37.7) 582 (37.4) 0.89
Change in Physical Activity* [minutes/day] [mean (sd)]
Year 1 - baseline® 11(536)  6.4(65.0) -4.3(38.2) <0.01
Year 4 — baseline™ -83(431) -45(405)  -12.2(41.9) <0.01

*
Among the subcohort who wore an accelerometer at baseline (n=989)

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

White et al. Page 14

Table 2

Association of an intensive weight loss and exercise program with the development of knee pain over 4 years.

Kneepain at year 1 Kneepain at year 4

n(%)  Adjusted” RR n(%)  Adjusted” RR
[95% Cl] [95% Cl]

Diabetes Support and Education (n=1441) 329 (22.8) 1.00 [REF] 393 (27.2) 1.00 [REF]
Intensive Lifestyle Intervention (n=1448) 281 (19.4) 0.85[0.74,0.98] 375(25.9) 0.95[0.84, 1.07]

*
Adjusted for age, sex, BMI, race, NSAID use, and depressive symptoms
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Table 3

Association of meeting treatment goals at one year with the development of knee pain at year 1 and year 4
among all participants who wore an accelerometer (n=989).

Treatment goal reached Kneepain at year 1 Kneepain at year 4
atyear 1
n (%) n (%) Adjusted” RR n (%) Adjusted” RR
[95% CI] [95% ClI]

Did not meet either treatment goal 549 (55.5) 137 (25.0) 1.00 [REF] 166 (30.2) 1.00 [REF]
Met only the weight loss goal 229 (23.1) 37 (16.2) 0.63[0.46,0.88] 44(19.2) 0.62[0.47,0.83]
Met only the physical activity goal 106 (10.7)  15(14.2) 0.69[0.42,1.13] 21(19.8) 0.79[0.53, 1.20]
Met both treatment goals 106 (10.7) 13(12.3)  0.53[0.31,0.90] 22(20.8) 0.76 [0.51, 1.13]

*
Adjusted for age, sex, BMI, race, NSAID use, and depressive symptoms
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