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Abstract

Background: This study examined whether aspects of diet and nutrition risk explain variance in physical capacity and general health, after
controlling for covariates, in Canadian adults with osteoarthritis (OA).

Methods: This was a cross-sectional study of baseline data from the Canadian Longitudinal Study on Aging (CLSA). Data from 1,404
participants with hand, hip, and/or knee OA were included. A series of regression analyses were conducted with independent variables of
food intake (fiber and high calorie snack intake) and nutrition risk; and dependent variables of physical capacity and general health. Physical
capacity was characterized through grip strength and a pooled index of four mobility tests. General health was characterized through an index
of self-reported general health, mental health, and healthy aging.

Results: Higher fiber intake was related to greater mobility (p = .01). Food intake was not related to any other outcome. Nutrition risk was
significantly associated with mobility (p <.001) and general health (p <.001); those with a high nutrition risk classification had poorer general
health (p < .001, d = 0.65) than those at low nutrition risk. As well, those with moderate nutrition risk had poorer general health than those
with low nutrition risk (p = .001, d = 0.31).

Conclusions: Nutrition risk screening for older adults with OA provides insight into behavioral characteristics associated with reduced
mobility and poorer general health. Also, those consuming greater amounts of fiber demonstrated better mobility. Thus, this research suggests
that quality of diet and nutritional behaviors can impact both physical and mental aspects of health in those with OA.
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Canadians are now living longer than previous generations (1). By
2024, we expect that 1 of 5 Canadians will be over age 65 and the
majority will be overweight or obese (2,3). The cause of this obesity
epidemic in developed nations is complex but reflects, at least in part,
malnutrition; that is, a deficiency or excess of one or more essential nu-
trients that leads to functional changes in the body (4,5). While much
aging research shows that frailty (including underweight, exhaus-
tion, weakness, inactivity) (6), malnutrition and specifically protein
undernutrition (7,8), and multimorbidity predict indices of functional
decline and/or mortality among older adults (9,10), overnutrition and
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obesity are also associated with mortality and reduced quality of life
among older community-dwelling adults (11). Compared to their
age-matched counterparts, obese seniors are more likely to report im-
paired physical functioning (1) and more likely to live with multiple
comorbidities, including but not limited to heart disease, diabetes, and
chronic musculoskeletal conditions (12-16). Sarcopenic obesity, with
etiologic factors of a poor quality diet and limited physical activity,
places individuals at especially high risk for functional deficit (17,18).
Unfortunately, obesity-related musculoskeletal conditions also present
a barrier to exercise as a means of managing obesity (19).
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One of the most prevalent obesity-related musculoskeletal condi-
tions that reduces physical functioning among older adults is osteo-
arthritis (OA). OA is a chronic, degenerative joint condition that
affects one in eight Canadians; this prevalence will rise dramatically
in the coming decades (20). OA affects knees, hips and hands most
often. OA reduces physical functioning through pain, muscle weak-
ness, and psychological sequelae including anxiety and depression
(21). A meta-analysis showed pooled odds ratio for OA incidence of
1.98 (95% confidence intervals [CI] 1.57-2.20; 7 = 22 studies) among
overweight adults and 2.26 (95% CI 2.15-3.28; n = 22 studies)
among obese adults (22). This obesity-related risk for OA is hypothe-
sized to occur through multiple mechanisms: larger body mass places
heavier loads on lower extremity joints (23), pro-inflammatory pro-
cesses degrade joint tissues (24), and physical inactivity (21).

Given the link between obesity and OA among seniors, it is
not surprising that interventions that reduce obesity also improve
health outcomes in older adults with OA. An 18-month three-arm
randomized controlled trial (RCT) of diet, exercise, and diet-and-
exercise showed that, across all three interventions, at least 10%
reduction in body mass improved physical function in 454 older
overweight/obese adults with knee OA (25). While promising, two
concerns exist. First, calorie restrictions implemented in similar trials
are typically strict (eg, total consumption of 415-810 kcal/day in a
formula-based diet) (26), which cannot be replicated with a regular
diet. Second, these interventions do not address the nutrition behav-
iors that can contribute to obesity and/or OA.

Nutrition may be a key factor that exacerbates decrements in
physical functioning among obese, older adults with OA. The intake
of specific foods may influence OA risk. For example, higher dietary
fiber intake relates with lower risk of knee pain among those with
or at risk for OA (27). This finding may reflect a healthier lifestyle,
higher socioeconomic status, and/or that fiber promotes a healthy
body mass (28) and gut microbiome (29,30). Across adulthood,
better diet quality (ie, greater consumption of fruits/vegetables, lower
consumption of sugar, processed meats) was associated with better
chair rise speed, standing balance time and timed-up-and-go speed
(31). Nonetheless, nutrition reflects more than what is consumed.
Nutrition risk (NUR) screening identifies characteristics, including
behavioral, that are associated with malnutrition (32). Nutrition
risk screening tools for community-living older adults examine risk
factors such as appetite, physical challenges while eating such as
swallowing, dietary intake of specific items, socialization and prep-
aration of meals (33). Importantly, NUR predicts mortality (34) and
quality of life (35) in vulnerable seniors—but NUR has not been
explored in OA. If NUR exacerbates decrements in physical function
and general health in OA, interventions should be refined to support
healthy dietary behaviors (33). To-date, the impact of diet and NUR
on physical capacity and health among seniors with OA is unknown.

The purpose of this study was to examine the extent to which
aspects of diet and NUR explain the variance in physical capacity and
general health after controlling for covariates in older adults with hand,
hip or knee OA. It was hypothesized that consuming a greater intake
of high calorie snacks and lower intake of high fiber cereals (ie, poorer
diet quality), in addition to being at high NUR would be associated
with poorer mobility, grip strength, and self-reported general health.

Methods
Canadian Longitudinal Study on Aging

This research was conducted using baseline data from the Canadian
Longitudinal Study on Aging (CLSA). The CLSA is a national,

longitudinal study collected across 11 cities, which examined quali-
tative and quantitative measures in adults aged 45-835 years (36). To
be eligible for recruitment, participants needed to be able to respond
in English or French and reside within 25-50 km from one of the 11
centers across Canada (University of Victoria, University of British
Columbia, Simon Fraser University, University of Calgary, University
of Manitoba, McMaster University, University of Ottawa, McGill
University, Université de Sherbrooke, Dalhousie University and
Memorial University of Newfoundland). CLSA study participants
for the Comprehensive Database were recruited through provin-
cial healthcare registration databases, random digit dialing and the
Quebec Longitudinal Study on Nutrition and Aging (NuAge). Data
for the current analysis was contained within the Comprehensive
Database of the CLSA, which was collected from May 2012 to May
2015 through face-to-face interviews at home and at a data collec-
tion site. Ethics approval for analysis of this data set was obtained
from the Hamilton Integrated Research Ethics Board.

Participants

Data from participants included in this analysis were extracted from
the CLSA Comprehensive Dataset if they met the following inclu-
sion criteria: between 45 and 85 years of age at baseline, and self-
report that they had been diagnosed with one or more of hand, hip
or knee OA by a physician. For the sample used in this analysis,
the participants were excluded if they reported any of the following
conditions: dementia or Alzheimer’s disease, Multiple Sclerosis, epi-
lepsy, rheumatoid arthritis, stroke or a cerebrovascular accident,
ministroke or transient ischemic attack, Parkinson’s disease, emphy-
sema, chronic bronchitis, chronic obstructive pulmonary disease, or
chronic changes in the lungs due to smoking, traumatic brain injury,
clinical depression, respiratory issues following strenuous activity.
Finally, only data from participants who completed all measure-
ments of interest were included in the analyses; those with partial
data sets were removed.

Independent Measures

Diet

Dietary variables were obtained by self-report using the Short Diet
Questionnaire (NUT). The NUT asks participants to report the fre-
quency of consumption for 36 different types of food. Participants
reported a typical number of servings and the frequency of consump-
tion (daily, weekly, monthly, or yearly). The NUT has demonstrated
reasonable validity when compared with 24-hour diet recall (37).
The current study specifically focused on question 1 of the NUT,
which asked about high fiber cereal intake, and questions 25-28
which asked about high calorie snacks (ie, ice cream, salty snacks,
cakes and pastries, chocolate bars), as indicators of better and worse
diet quality. Within the CLSA database was a daily conversion for
each question. For this study, the high calorie snacks were grouped as
single independent variable (NUT, ), calculated to be the sum of the
daily frequencies for each of the four high calorie snack categories.
High fiber cereal was examined as a separate independent variable

(NUT

FBR)'

Nutrition risk

Nutrition risk was assessed using the abbreviated version of the
SCREEN II© tool (33). This tool includes 11 questions which ask
participants about changes in their weight, appetite, specifics re-
garding their meal patterns (ie, whether they skip meals, meal
preparation, eating alone), the frequency of consuming fruits and/
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or vegetables as well as drinking fluids, and physical challenges
associated with eating (ie, choking, coughing). This tool produces
valid and reliable data for detecting NUR among older adults,
with a higher score indicating less risk (33). The CLSA database in-
cludes both a NUR score (NUR,_,)
(NUR ). Based on their score, participants were classified as either
low risk (NUR,, > 43), moderate risk (38 < NUR,, < 43), or high

risk (NUR, < 38) (33).

, as well as a NUR classification

Dependent Measures

Physical capacity

Measures of grip strength and mobility were used to characterize
physical capacity. Grip strength was measured in the CLSA using a
Tracker Freedom Wireless Grip Dynamometer. The average strength
between three repeated trials was selected for analysis, rather than
the peak, as it is reportedly more reliable (38). Rather than evaluate
each measure of mobility individually, mobility was characterized
as an index that included four measures: (a) 4-m walk, which meas-
ures the total time to walk a distance of 4 m, (b) one-leg standing
balance, which is the best attained time for standing on one leg to a
maximum of 60s, (c) chair rise, which is the average time to rise out
of a chair five times, and (d) timed-up-and-go, which is the time to
rise out of a chair, walk 3 m, and return to the chair to a seated pos-
ition. A pooled index was created by first converting each of the four
variables to standard normal variables using equation (1), and then
calculating the sum of the four measures while also considering their
directionality (equation 2). A higher mobility index score would in-
dicate better mobility.

vary; — [y,
norm_vary; = Varsi — Hvar. (1)

Ovar,
where
norm_var,,; is the normalized value of a particular variable, x,
for participant, 7 (i = 1: # number of participants)
tvar.and oy, are the mean and standard deviation of that par-
ticular variable, x

Mobility Index = — [norm,,y, + norm,,

(2)

+ 10Ty, + (—normp,))

where
norm,y, is the normalized walk time
norm,, is the normalized chair rise time
107My,g is the normalized tug time
normy, is the normalized standing balance time

General health

An index of self-reported general health was created using a col-
lective score from three questions asked during the in-home ques-
tionnaire (equation 3). These questions asked participants to rate
their (a) general health (b), mental health, and (c) healthy aging, on a
scale from 1 (excellent) to 5 (poor). The index was created such that
a higher score would indicate better general health.

General Health Index = 15 — Z(gen;,hh,genmml, 8eMownag)
(3)
Where,
geny,yy, is the 5-pt scale general health score
gen,,., is the 5-pt scale mental health score
geMownag is the S-pt scale healthy aging score

Covariates

Eleven covariates were included in these analyses. Variables
selected were those that explain variance in physical capacity and
general health in a population with OA. Covariates included age
(39), sex (40), and body mass index (41). Scores on the Center for
Epidemiological Studies Short Depression scale (CES-D-10) (42) was
also included (43). This 10-item questionnaire elicits scores ranging
from 0 to 30 with higher scores indicating more depressive symp-
toms. Socioeconomic variables including education level, income
bracket, and social inequality were also included (43). Education
level was classified into six categories with a score of 1 indicating
no post-secondary degree certificate or diploma and six indicating
a university degree or certificate above a bachelor’s degree. Five in-
come brackets were listed, with a score of 1 reflecting a household
income less than $20,000 and a score of 5 reflecting a household
income at least $150,000. Social inequality was assessed through
asking participants to rate their perceived level of social standing
on 10-point scale, with a score of 1 representing lowest standing
in the community to 10 representing highest standing in the com-
munity. Three comorbidities that coexist with OA and may explain
variance in physical capacity and general health in OA were included
as covariates: (a) heart disease (including congestive heart failure),
(b) diabetes, borderline diabetes, or high blood sugar, and (c) kidney
disease or failure (44,45). Lastly, OA type was also considered, with
seven classifications including hand only, knee only, hip only, hand
and knee, hand and hip, knee and hip, and all three forms.

Data and Statistical Analyses

A series of linear regression models were developed to express the
relationship between independent variables and covariates with each
of grip strength, mobility, and general health. First, a model solely
considering all covariates (including OA type) was constructed.
Then, a separate covariate model that did not include OA type was
also considered. A likelihood-ratio test was performed to deter-
mine whether OA type was a significant contributor to the model.
Pairwise comparisons were assessed between each OA type, using a
Sidak correction for multiple comparisons. Next, separate models
were developed for each independent variable: high calorie snack
frequency (NUT ), high fiber cereal frequency (NUT,
risk score (NUR s
accounting for the covariates, including type of OA. A likelihood-
ratio test was performed to determine whether each of the models
were statistically different from the covariate-only model. Effect

epr)> NULTItION

), and nutrition risk classification (NUR ., .); after

sizes were calculated between NUR_, . for each outcome measure.

CL!
Furthermore, pairwise correlation cge}ﬁcients with a Sidak correc-
tion were calculated between covariates and independent variables:
NUT,,, NUT,,,, and NUR,,. As well, several model diagnostic tests
were performed, and plots (standardized normal probability [P-P]
plot, quantiles of variable against quantiles of normal distribution
[Q-Q] plot, residual-versus-fitted plot, histogram of Studentized re-
siduals) visually inspected to confirm normality, heteroskedasticity,
and lack of co-linearity. All statistical analyses were conducted in

Stata/IC 13.0 (StataCorp LP, College Station, TX).

Results

Participants

Data from 30,097 participants were received and screened for the
inclusion and exclusion criteria (7 = 4,129 from provincial health
registries and 7 = 25,968 from random digit dialing and NuAge;
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overall response rate 0.1) (46). A total of 7,923 participants met the
inclusion criteria for OA. Of these participants, 4,650 were removed
based on the exclusion criteria. Of the remaining 3,723 participants,
only 1,404 had completed data sets and were included in these ana-
lyses: 367 participants had hand OA, 495 had knee OA, 231 par-
ticipants had hip OA, and 311 had multiple forms of OA (Table
1, Figure 1). Analyses revealed that for each of the measures (in-
dependent, dependent measures, and covariate), those with missing
data were generally different than the participants included in the
analysis. Specifically, those with missing data had significantly lower
grip strength, mobility, and general health; older age; higher ratio of
women to men; higher BMI; higher CES-D-10 scores; lower educa-
tion, income and social inequality scores; and higher percentage of
those having heart disease and diabetes.

Model Outcomes

Grip strength

The covariate model, particularly OA type, age, sex, depressive
symptoms, and income explained a large amount of variance
(63.67%, p < .0001) in average grip strength (Table 2). Older age,
female sex, greater depressive symptoms, and lower income had
a lower grip strength. As well, the covariate model that included
OA type was significantly different from the model that did not
(p = .0001). Specifically, after adjusting for multiple comparisons,
knee OA alone had significantly higher grip strength than those
with combined hand and hip OA (p = .022), and hand OA alone
(p =.032). Also, hip OA alone had significantly higher grip strength
than hand and hip OA (p = .003), and hand OA alone (p = .001).
Neither dietary variables nor NUR were contributors to the model
(p>.05;d <0.13).

Mobility index

The covariate model explained 36.99% of the variance (p < .0001) in
the mobility index, with OA type, age, BMI, depressive symptoms, edu-
cation, income, heart disease, and diabetes significantly contributing (p
<.035) (Table 3). Older age, higher BMI, and greater depressive symp-
toms, lower education and income, and having heart disease and dia-
betes were associated with lower mobility index. As well, the covariate

Table 1. Participant Characteristics (n = 1,404)

Mean (range)

Age 66.1(45,85)y

Sex 7 =3579 men; n = 825 women
BMI 28.1(18.1, 52.4) kg/m?
Depressive symptoms (CES-D-10) 4.5 (0,26)

score (/30)

Education level (1-6) 4.2 (1,6)

Income (1-5) 3.3(1,595)

Social inequality (1-10) 6.5 (1,10)

Heart disease Yes, n = 141; No, n = 1,263

Diabetes Yes, n = 234; No, n = 1,170
Kidney disease Yes, n = 36; No, n = 1,368
NUT,,. 0.9 (0.0, 5.4)

NUT,,, 0.6 (0.0, 11.0)

NUR, 40.4 (11.0, 48.0)

NUR, Low risk, n = 596

CLS
Moderate risk, 7 = 440
High risk, 7 = 368

Note: BMI = Body mass index; CES-D = Center for Epidemiological Studies
Short Depression scale

model that included OA type was significantly different from the model
that did not (p < .0001). Specifically, after adjusting for multiple com-
parisons, those with combined hip and knee OA had a significantly
lower mobility index than knee OA alone (p = .005), and combined
hand and knee OA (p =.035). As well, hip OA had lower mobility than
hand OA (p = .036). NUT, . did not contribute to the model, but both
NUT,,, (p =.01) and NUR, (p =.001), explained significantly more
variance than the covariate model alone. Specifically, more frequent
fiber intake and lower NUR were associated with greater mobility.
Furthermore, though NUR
there was a moderate effect size between low and high NUR classifica-
tion (d = 0.43), with higher NUR classification associated with a lower
mobility index compared to a lower NUR (Table 3).

was not statistically significant (p = .06),

General health index

The covariate model explained 25.31% of the variance (p < .0001)
in the general health index, with age, sex, BMI, depressive symp-
toms, education, social inequality, heart disease, and diabetes being
significant (Table 4). Male sex, younger age, higher BMI and greater
depressive symptoms, lower education, lower social inequality and
having heart disease and diabetes were associated with a lower
general health index. Neither dietary variables were associated
with general health; however, both NUR score and classification
(NUR,, p < .001; NUR_, p < .0001) were significant. Higher
NUR (lower NUR,,)
index. Furthermore, those with high NUR classifications had a sig-
nificantly lower general health index than low-risk classification,
yielding a medium-large effect size (p <.001; d = 0.65). Additionally,
there was a small-medium significant effect between low and mod-
erate NUR classifications (p = .001; d = 0.31) with moderate risk
associated with lower general health than low risk (Figure 2).

was associated with a lower general health

Independent variable and covariate relationships

Significant, albeit weak, correlations were demonstrated between
NUR score and several of the included covariates. Specifically,
a higher NUR_, (lower NUR) was associated with lower BMI
(r = =20, p < .0001), lower depressive symptoms (r = -.26,

Hand & Hip

=58
Hand (4%) Hip
n=367 n=231
(26%) (16%)

All 3 Types OA
\ n=56

- (dA)

Hand & Knee Hip & Knee
n=140 n=62
(10%) . (4%)

Knee
n=495
(35%)

Figure 1. Distribution of OA type across included participants from the CLSA

data set. CLSA = Canadian Longitudinal Study on Aging. Full color version
is available within the online issue.
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Table 2. Regression Models Used to Predict Average Grip Strength

Significant Predictors

Likelihood-Ratio Test
(compared to Covariate)

Model Explained Variance Model Significance

Covariate model R?=.6367 F(16,1387) = 151.95
p <.0001

Covariates +NUT R*=.6369 F(17,1386) = 143.00
p <.0001

Covariates +NUT . R? =.6368 F(17,1386) = 142.97
p <.0001

Covariates +NUR R?=.6368 F(17,1386) = 142.96
p <.0001

Covariates +NUR ¢ R*=.6368 F(18,1385) = 134.92
p <.0001

OAtype (p =.0001)

Age (p <.001; g = -0.25)
Sex (p <.001; p=—-0.73)
BMI (p =.31; = 0.02)

CES-D-10 (p =.002; B = -0.05)

EDU (p = .45; p = 0.01)
INC (p = .002; B = 0.06)
SEQ (p = .98; p < 0.001)
HRT (p = .34; p = 0.02)
DIA (p = .16; p = 0.02)
KID (p = .97; B = 0.001)
NUT, . (p = .44; p = -0.01)

NUTFBR (p=.52;p=0.01)
NUR,, (p =.56; 8 =0.01)
NUR (p = -89)

p=.44
p=.52
p=.55
p=.85

Note: Independent variables: frequency of high calorie snacks (NUT,, ), frequency of high fiber cereal (NUT,

risk classification (NUR,

CLS>

s> NUtrition risk score (NUR,

2 = moderate risk, 3 = high-risk). Covariates: OA type, age, sex, body mass index (BMI), depressive symptoms (CES-D-10), education

scr)> and nutrition

level (EDU), income (INC), social inequality (SEQ), heart disease (HRT), diabetes (DIA), and kidney disease (KID). Bolded values indicate significant findings.

Table 3. Regression Models Used to Predict Mobility Index

Explained Model Likelihood-Ratio Test
Model Variance Significance Significant Predictors (compared to covariate)
Covariate model R?>=.3699 F(16,1387) = 50.89 OAtype (p <.0001)

p <.0001

Covariates +NUT |, R*=.3700 F(17,1386) = 47.88
p <.0001

Covariates +NUT . R?=.3727 F(17,1386) = 48.43
p <.0001

Covariates +NUR R?=.3751 F(17,1386) = 48.94
P <.0001

Covariates +NUR ¢ R?=.3724 F(18,1385) = 45.66
p <.0001

Age (p < .001; B = -0.45)
Sex (p = .43; B = -0.02)

BMI (p <.001; B = ~0.26)
CES-D-10 (p < .001; B = -0.08)
EDU (p =.003; B = 0.07)

INC (p = .002; B = 0.08)

SEQ (p = .13; B = 0.03)

HRT (p = .05; B = 0.04)

DIA (p =.003; B = 0.07)

KID (p = .52; f = 0.01)

NUT, . (p = .74; p = -0.01)

IIC(

NUT,,, (p =.01; 8 =0.05)

FBR
NUR,, (p =.001; B = 0.08)

NUR.. . (p = .06)

CLS (

p=.74
p=.01
p=.001
p=.06

Note: Independent variables: frequency of high calorie snacks (NUT
risk classification (NUR,

HC)’

CLS>

frequency of high fiber cereal (NUT,
2 = moderate risk, 3 = high-risk). Covariates: OA type, age, sex, body mass index (BMI), depressive symptoms (CES-D-10), education

e )> NUtrition risk score (NUR,

.), and nutrition
SCR

level (EDU), income (INC), social inequality (SEQ), heart disease (HRT), diabetes (DIA), and kidney disease (KID). Bolded values indicate significant findings.

p <.0001), higher education (r = .14, p < .0001), income (r = .16, p
< .0001), social inequality (r = .11, p < .0001), and lower presence
of diabetes (r = .13, p < .0001). Age, sex, heart disease, and kidney
disease were not related to NUR,. Alternatively, a higher intake of
high calorie snacks (NUT,,.) only demonstrated relationships with
older age (r = .08, p = .003) and male sex (r = -.06, p = .02), while a
higher intake of high fiber cereal (NUT,,,) only demonstrated rela-
tionships with older age (r = .09, p = .0004) and lower BMI (r = -.10,
p =.0003). It is important to note, that despite being significant, all

of the relationships between independent variables and covariates

were weak (r < .26).

Discussion

Nutrition risk was significantly associated with mobility and general
health, with higher risk related to poorer mobility and general health
in persons with various types of OA. Frequency of intake of different
dietary items, notably high calorie snacks and high fiber cereal, were
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Table 4. Regression Models Used to Predict General Health Index

Explained Likelihood-Ratio Test
Model Variance Model Significance Significant Predictors (compared to covariate)
Covariate model R?=.2531 F(16,1387) =29.37 OAtype (p = .89)
p <.0001 Age (p =.001; 8 =0.09)
Sex (p = .006; B = 0.07)
BMI (p <.001; B =-0.19)
CES-D-10 (p <.001; g = -0.33)
EDU (p = .004; = 0.07)
INC (p = .83; p = 0.01)
SEQ (p <.001; B = 0.16)
HRT (p <.001; = 0.12)
DIA (p =.003; g = 0.07)
KID (p = .41; f = -0.02)
Covariates +NUT R*=.2538 F(17,1386) =27.73 NUT, . (p = .24; B = -0.03) p=.23
p <.0001
Covariates +NUT R?=.2533 F(17,1386) = 27.66 NUT,,. (p = .47; p =0.02) p=.46
p <.0001
Covariates +NUR,,  R?=.2674 F(17,1386) = 29.76 NUR,, (p <.001; B = 0.13) P <.0001
p <.0001
Covariates +NUR ¢ R*=.2666 F(18,1385) =27.97 NUR_, p <.0001
p <.0001 NUR, 2 (p = .001; B = -0.09)

NUR_ 3 (p <.001; B = -0.13)

Note: Independent variables: frequency of high calorie snacks (NUT,, ), frequency of high fiber cereal (NUT,,,), nutrition risk score (NUR

risk classification (NUR,

CLS?

scr)» and nutrition

2 = moderate risk, 3 = high risk). Covariates: OA type, age, sex, body mass index (BMI), depressive symptoms (CES-D-10), education

level (EDU), income (INC), social inequality (SEQ), heart disease (HRT), diabetes (DIA), and kidney disease (KID). Bolded values indicate significant findings.

*p<0.001; ¢=0.65
*p=0.002; ¢=0.31

—_—

ONPS»O®OKWON

General Health Index

Low Moderate High

Nutrition Risk Classification

Figure 2. General health index (mean; error bars = standard deviation) by
nutrition risk classification. Asterisk (*) indicates significant differences
between classification groups (p < .05). p-Value, effect sizes (d), and sample
size (n) are provided.

not generally significant contributors to the models explaining most
physical capacity and health outcomes. One exception was that
greater intake of high fiber cereal was related to better mobility.
Additionally, covariates which included OA type, age, sex, BMI,
depressive symptoms (CES-D-10), socioeconomic variables (educa-
tion, income, and social inequality), and certain comorbidities (heart
disease, diabetes) together explained a large amount of variance in
each of the dependent variables. While significant bivariate relation-
ships were identified between several covariates with the dietary in-
take variables and NUR, these relationships were weak (r < 0.26),
and thus should be interpreted with caution.

Nutrition Risk Among Older Adults With OA

Among older adults with OA, NUR was significantly associated with
lower mobility and general health. While this study is the first to

explore NUR in OA, researchers have previously identified a rela-
tionship between NUR and both physical function and quality of life
in older adults. An 18-month longitudinal study demonstrated that
NUR predicted quality of life among frail community-dwelling se-
niors (p =.03) (35). Those at high NUR had approximately 2.2 fewer
days per month with self-reported good physical health than those at
low/moderate NUR. A 2-year longitudinal study in older adults fur-
ther investigated the relationship between nutrition and functional
capacity demonstrating that NUR at baseline was associated with
functional decline of both activities of daily living (ADL) and instru-
mental ADL (IADL) (47). Specifically, for those at high NUR, 12.2%
and 27.8% demonstrated a functional decline in ADL and TADL,
respectively, compared to those at low NUR who had a decline of
1.9% and 8.2%, respectively. Recently, researchers have studied the
predictive ability of NUR in explaining hospitalizations and mor-
tality using multiple Canadian databases (Canadian Community
Health Survey-Health Aging [CCHS-HA], Discharge Abstract
Database and Canadian Mortality Database) (48). Among 9,878
participants over the age of 65, within a 25-36-month follow-up,
the incidence of hospitalization and death was significantly higher
among those at NUR, compared to those who were not. The NUR
tool used in that study was the same as the current analysis.

The present analysis shows that NUR is an important concern for
older adults with OA. We highlight potentially clinically meaningful
differences between low and high NUR classifications for general
health and potentially mobility, as demonstrated by medium-large
effect sizes (high vs low NUR classification, general health d = .65;
mobility d = .43). This suggests that nutrition problems in OA are
not solely caused by what individuals eat, but also the eating behav-
iors that affect food consumption. The aforementioned longitudinal
studies, in addition to the present research, highlight the utility of
nutrition screening for identifying risk among this vulnerable popu-
lation to subsequently develop effective prevention and rehabili-
tation strategies to improve physical function and health. To-date,
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the vast majority of nutrition interventions in OA have focused on
calorie restriction to promote weight loss (25,49,50). The current
findings suggest that overnutrition is only one element of nutrition
challenges in OA. Behavioral characteristics associated with nutri-
tion, including meal preparation, eating alone and physical chal-
lenges associated with eating, such as difficulty swallowing, should
be explored as key factors contributing to malnutrition, physical
capacity and general health in OA. Thus, this work provides insight
into new avenues for conservative intervention to supplement exer-
cise and dietary restriction in OA.

Dietary Intake and Physical Capacity and General
Health in OA

The current analysis did not show overwhelming evidence for the
relationship between high calorie snacks and high fiber cereal with
physical capacity and general health outcomes. We found no evi-
dence for a relationship between high calorie snack intake and phys-
ical capacity or general health; however, the current findings do
suggest that there is the potential to enhance the impact of dietary
interventions on mobility in OA through increasing fiber intake.
Previously, researchers have studied specific diets or diet interven-
tions and both clinical and performance outcomes. Messier and col-
leagues (25) conducted an 18-month RCT to examine the effects of
a low calorie diet intervention, exercise intervention and a combined
diet and exercise intervention on both biomechanical and clinical
outcomes in older adults with clinical and radiographical knee OA.
This study demonstrated that a combined intervention, that includes
a calorie restricted diet, is important for health, pain, and physical
function in OA. As fiber is in high amounts in nutrient dense (eg,
fruits and vegetables, whole grains) foods that are also generally low
in calories, the benefits of fiber may also be linked to consumption
of these diet components. The association found in this study is sup-
ported by recent research that similarly demonstrated the import-
ance of a high fiber diet for pain (27). Specifically, nutritional and
clinical data obtained for those with or at risk of knee OA showed a
significant association between a high fiber intake and lower risk of
moderate and severe knee pain, with the odds ratio between highest
and lowest quartiles of fiber intake being 0.57 (p = .0004) and 0.41
(p = .0006) for moderate and severe knee pain, respectively. This
association has been presumed to exist due to the positive effect of
fiber on reducing adiposity and inflammation, which are associated
with pain in OA (27). It is also possible though, that high fiber in-
take reflects healthier living and socioeconomics; but without a full
version of a food frequency questionnaire in the CLSA, we were un-
able to assess diet quality fully. High sugar and high fat diets may
alter gut microbiota in ways that worsen systemic inflammation;
while high fiber diets may prevent this intestinal dysbiosis (29,30).
Nonetheless, while rehabilitation that includes exercise has shown
considerable improvements in pain and function for knee OA, this
research highlights the potential importance of also considering spe-
cific dietary intake, notably fiber, for its impact on mobility.

Effect of OAType on Model Outcomes

Covariates were selected-based on literature supporting their impact
on grip strength, mobility, and general health. Age, sex, and BMI were
significant across the different outcome measures, as were depressive
symptom scores and socioeconomic variables. Two comorbidities,
heart disease and diabetes, were also shown to be related to poorer
mobility and general health. As well, it is intuitive to expect that OA
type would be a significant covariate, particularly in the mobility

and grip strength models which more specifically address lower limb
and upper limb challenges, respectively. In particular, OA type that
included hand OA had lower grip strength than those that solely in-
cluded knee or hip OA. For mobility, having multiple forms of lower
limb OA was related to poorer mobility; combined hip and knee OA
had significantly poorer mobility than either knee OA alone or com-
bined hand and knee OA. As well, hip OA alone had poorer mobility
than hand OA. Lastly, it was not surprising that OA type did not
explain variance in general health. The challenges imposed by each
OA type individually (hand, hip, or knee OA) or a combination of
multiple forms could all negatively affect one’s self-reported general
health. Thus, it is important to consider OA type as a variable that
can influence the relationship between nutrition and physical cap-
acity, particularly when outcome measures pose different physical
challenges to different joints.

Limitations

This study has limitations. First, data from several potential parti-
cipants were excluded from these analyses because of missing data
from one or more variables (Supplementary Table 1). The differ-
ences identified between those with missing data and those included
in the analyses preclude generalizing these results across the entire
population with hip, knee, and hand OA. Nevertheless, when ana-
lyses were conducted with separate samples for each dependent vari-
able (grip strength, 7 = 1,490; mobility, n = 1,552; general health,
n = 1,648), rather than the common sample with a complete data set
(n = 1,404), the results were identical.

The grip strength model (R? = .6367) explained a greater amount
of variance than both mobility (R? = .3699) and general health
(R? = .2531) models. This finding suggests that other variables may
account for the unexplained variance in the mobility and general
health models. For example, comorbidities for which participants
were excluded from the current analysis (ie, chronic obstructive
pulmonary disease, dementia, cerebrovascular accident), physical
fitness, objective measures of physical function or body compos-
ition likely further impact mobility and general health. In particular,
multimorbidity is likely an important influence on mobility and
general health. Multimorbidity is the co-occurrence of multiple
diseases or conditions within an individual and is linked to poorer
health outcomes (51), particularly with aging (52). Because the
present analysis focused on establishing the association between OA
disease and nutrition and therefore excluded individuals with other
chronic health conditions, this analysis did not explore the role of
multimorbidity. Beyond the focus on OA here, a broader perspective
on the role of chronic disease burden mobility and general health,
using tools designed to capture multimorbidity (53), should be the
focus of future work. This analysis was also limited to exploring
determinants of ADL (self-reported or objective measurement).
Future work exploring ADL would be clinically useful. A compre-
hensive assessment of diet intake was unavailable for analysis of diet
quality and future work should examine diet, preferably longitudin-
ally, and its effect on functional outcomes in those with OA. Data
used in these analyses were obtained from the CLSA Comprehensive
Dataset. The researchers involved in conducting the analysis had no
role in data collection or entry and thus would be unaware of meth-
odological concerns or data entry errors.

In conclusion, NUR, as well as intake of fiber, are associated
with mobility and general health among older adults with OA of
the hand, hip, and knee. This research suggests that increasing fiber
intake, potentially as a marker of diet quality, may be associated
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with better mobility in Canadian adults with hand, hip, and/or
knee OA, while those with less NUR have better function and
health. This study highlights the importance of considering both
diet and NUR in future research investigating functional outcomes
in older adults with OA and warrants development of nutrition
interventions to mitigate impaired function and consequent frailty
in those with OA.

Supplementary Material

Supplementary data is available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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