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Abstract

The aims of this study were (1) to describe dietary protein intake, and (2) to evaluate the association between dietary protein
intake and upper leg muscle strength in subjects with knee osteoarthritis (OA). Baseline data from the OA was used, in a
cross-sectional study. All subjects were diagnosed with symptomatic and radiographic knee OA. Daily dietary protein intake
was measured with the Block Brief 2000 food frequency questionnaire (g/kg body weight). The sum of knee flexion and
extension strength of the index knee (N/kg bodyweight) was assessed with the Good Strength chair test. Linear regression
analysis was used to test the association between dietary protein intake and muscle strength, adjusting for relevant confound-
ers. Data from 1316 subjects (mean age 61.4 +SD 9.1 years, 57.0% female) were used. The mean daily protein intake was
0.72+SD 0.30 g/kg bodyweight, and 65.1% of the subjects had a protein intake lower than the recommended daily allowance
of 0.8 g/kg bodyweight. The mean muscle strength was 5.4 +SD 2.1 N/kg bodyweight. Lower protein intake was signifi-
cantly associated with lower muscle strength (B=0.583, 95% CI 0.230-0.936, p=0.001). The majority of the subjects with
knee OA had a dietary protein intake lower than the recommended daily allowance. Lower protein intake was associated
with lower upper leg muscle strength. Longitudinal observational and interventional studies are needed to establish whether
dietary protein intake has a causal effect on muscle strength in subjects with knee OA.
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Lower muscle strength in subjects with knee osteoarthri-
tis (OA) is strongly related to pain and activity limitations,
and has been reported to be a risk factor for symptomatic
and structural progression of the disease [1-5]. A wide
variety of factors were found to be associated with lower
muscle strength in knee OA, such as low muscle quality,
more severe joint degeneration, pain and physical inactivity
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[6]. Remarkably, limited research was found on the rela-
tion between nutrition-related factors and muscle strength
in knee OA [6]. While evidence is emerging on the impact
of protein intake on muscle mass and strength in the gen-
eral population [7-10], protein intake in relation to muscle
strength has not been studied in patients with knee OA, to
our knowledge. The impact of protein intake on muscle mass
and strength is of particular interest in knee OA, because of
the clinical relevance of muscle strength in knee OA [1-5].

Dietary protein intake can have a positive effect on the
balance of muscle protein synthesis (i.e. building of muscle
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tissue) and muscle protein breakdown (i.e. the breakdown
of muscle tissue) (see Fig. 1) [7, 11-13]. The long-term net
balance between muscle protein synthesis and breakdown
dictates the amount of muscle mass available [13, 14].
Dietary protein intake increases muscle protein synthesis
and inhibits muscle protein breakdown, thereby favoring net
muscle protein balance, resulting in an increase in muscle
mass over time [13, 14]. The higher the amount of muscle
mass available for a contraction, the higher the amount of
force a person can generate, assuming neural input and drive
is optimal [15]. Therefore, adequate dietary protein intake
is important to preserve or increase muscle mass [11, 16].
The recommended daily allowance (RDA) for dietary pro-
tein intake is 0.8 g/kg of bodyweight in adults stated by the
European Union Geriatric Medicine Society (EUGMS) [16].
Lower intakes than the RDA has been reported in 7-41% of
the older adults [17, 18].

Patients with knee OA may need even higher protein
intakes than the RDA, since they are prone to develop ana-
bolic resistance. Anabolic resistance is a dampened response
in muscle protein metabolism to dietary protein intake or
exercise, which is prevalent in older adults [16, 19]. It is
suggested that anabolic resistance might develop as a result
of the age-related decline in physical activity and the age-
associated low-grade inflammation [13]. Higher dietary pro-
tein intake is suggested to compensate for this dampened
response. In healthy older adults an RDA of 1.0-1.2 g/kg/
day is suggested by the EUGMS, while in older adults with
acute or chronic diseases an RDA of 1.2-1.5 g/kg/day may
be necessary according to the EUGMS [16, 20]. Patients
with knee OA are mostly older adults, report low levels of
physical activity [21], have chronic low-grade inflammation
[22] and have a chronic disease [23]. This suggests that they
are at risk for anabolic resistance and may require higher
daily protein intakes. These considerations suggest that the
relationship between dietary protein intake, muscle protein

Protein intake

Muscle protein
synthesis
Physical activity

Other factors Muscle breakdown

Such as: age, hormone
levels (e.g. testosterone),
presence of chronic
disease

Fig. 1 From protein intake to muscle strength: a simplified model
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synthesis and muscle strength in patients with knee OA are
not necessarily the same as in older adults.

To date, the amount of dietary protein intake per day and
the association between daily dietary protein intake and
muscle strength in knee OA is unknown. We aimed to (1)
describe daily dietary protein intake, and (2) to evaluate the
association between daily dietary protein intake and upper
leg muscle strength in subjects with knee OA.

Subjects and methods
Subjects

Data were obtained from the Osteoarthritis Initiative (OAI)
database (http://www.oai.ucsf.edu/) [24]. This study was
approved by the Committee on Human Research, Institu-
tional Review Board for the University of California, San
Francisco (Approval Number: 10-00532, date: 24 Feb 2017).
The OAl is a prospective cohort study focusing on studying
biomarkers for the progression or development of knee OA.
The OAI inclusion and exclusion criteria are described in
“Appendix”. The OAI cohort is divided into three subco-
horts: subjects with knee OA at baseline (progression subco-
hort), subjects at risk of developing knee OA (incidence sub-
cohort) and healthy controls (reference control subcohort).
In this study, only baseline data of the progression subcohort
were used (see Fig. 2; specific datasets used are 0.2.2 and
0.2.3) [24]. The progression cohort includes subjects with
frequent knee symptoms and radiographic tibiofemoral knee
OA at baseline. Frequent knee symptoms were defined as
pain, aching or stiffness in or around the knee for most days
for at least 1 month during the past 12 months. Radiographic
tibiofemoral knee OA was defined as the presence of definite
tibiofemoral osteophytes [equivalent to a score of >?2 within
the Kellgren and Lawrence (KL) grade] on the fixed flexion

Other factors
Such as: muscle activation,
muscle quality (e.g. fiber
type, fat infiltration)

Muscle mass Muscle strength
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Total OAI database
n=4796

Excluded: incidence and
control subcohorts
n = 3406

Progression subcohort
n=1390

Excluded: unlikely values
Block FFQ
n=>58

Total study population
n=1332

Outliers removed

e Protein intake (g/kg) n = 12
e Muscle strength (N/kg) n =4

Included subjects
n=1316

Fig.2 Flow chart of selection procedure of the subjects with knee OA

radiograph. All collected data of the subjects was assessed
during the screening visit or via self-reported questionnaires.

Dietary protein intake

Dietary protein intake in the OAI was measured with the use
of the Block Brief 2000 Food Frequency (Block 2000 FFQ)
Questionnaire (Nutritionquest©) [25, 26]. The Block 2000
FFQ has 102 items and measures participants’ usual eating
habits focusing on the past 12 months. Patients were asked
‘how often, on average, did you eat the food during the past
12 months?’. In addition, portion sizes, per serving, were
questioned. Using the information collected with the use
of the questionnaire, daily intake of energy and numerous
nutrients, including protein, were calculated.

Only subjects with valid dietary protein and energy
intake were included. Unlikely values for caloric intake
were excluded based on commonly used methods to exclude
records in food frequency questionnaires [24]. These include
kilocalories (kcal) less than 500, or greater than 5000 per
day and when more than 15% of the questions were missing.

Dietary protein intake was divided by measured body-
weight and expressed as protein in grams per kg bodyweight
per day. Dietary protein intake measured with the use of the
Block 2000 FFQ was found not to be statistically different
from dietary protein intake measured by food diaries [26,
27].

Index knee

For the purpose of this study, an index knee (most affected
knee) was determined for each participant. The index knee
was determined using the Kellgren and Lawrence-grade
(KL-grade). The knee with the highest KL-grade was

determined to be the index knee. In case of an equal KL
grade between the left and right knee, the knee with the
highest score on the WOMAC pain was determined to be
the index knee. In case of an equal score on both KL grade
and WOMAC pain, the index knee was chosen randomly.

Upper leg muscle strength

Upper leg muscle strength of each leg was measured, iso-
metrically, for knee flexion and extension with the Good
Strength chair (Metitur Oy) [24, 28, 29]. The maximal force
produced was measured during isometric contractions of
the right and left quadriceps and hamstring muscles at a
knee angle of 60° from full extension on the Good Strength
chair (Metitur Oy) [24, 28, 29]. During the measurement,
the subject was positioned in the Good Strength chair and
the waist and the tested upper leg were fixated. Before the
measurement started, subjects performed a short warming
up exercise and practiced the execution of the measurements.
At least three correct measurements were performed per
leg. The peak force of those three measurements was used.
During the measurements, subjects were vocally motivated.
After the measurement subjects were encouraged to move,
stretch or shake their legs to reduce muscular pain and stiff-
ness after the test. Pain in the knee during the measurement
was assessed for each repetition [24]. Upper leg muscle
strength of the index knee was expressed as the sum of both
flexion and extension strength corrected for bodyweight (N/
kg bodyweight) [30].

Potential confounders

Based on previous studies investigating dietary protein
intake and muscle strength in older adults [11, 16, 19, 31],
the following potential confounders were considered rel-
evant: age, gender, race, level of education, energy intake,
alcohol consumption, knee pain, comorbidities and physical
activity. These variables were expected to meet the following
criteria of a confounder: the variable is considered a cause of
the outcome, the variable is associated with the exposure and
the variable is not an effect of the exposure or outcome [32].
Age, gender, race (Caucasian, Blacks or Afro-Americans,
Others) and alcohol consumption were assessed by question-
naire. Alcohol consumption was classified into no alcohol
consumption: ‘none’, moderate alcohol consumptions ‘< 1/
week to 7 drinks/week’ and high alcoholic consumption
‘> 8 consumptions per week’. Daily energy intake (kcal) was
calculated based on the information from the Block brief
2000. The level of education was classified in three catego-
ries: high school graduate or less, some college or college
graduate, some graduate school or graduate degree.

A self-reported questionnaire based on the Charlson
index was used to collect information about comorbidities
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[33]. The Charlson index questionnaire scores comorbidities
based on the mortality risk: a high score represents a high
number of comorbidities [34]. The Charlson index score has
been dichotomized into “no comorbidities” (score =0) and
“1 or more comorbidities” (score > 0). Physical activity was
measured by the Physical Activity Scale for Elderly (PASE)
and expressed in a score ranging from 0 to 793, with higher
scores indicating greater physical activity [35].

Knee pain was examined as potential confounder. Knee
pain was assessed for the index knee with the use of the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAUC, version LK 3.1) pain subscale, a vali-
dated questionnaire in the knee OA population [36]. The
WOMAC-pain subscale was scored from 0 to 20; higher
scores represent more pain [36].

Descriptive variables

Height (mm) and bodyweight (kg) were measured to calcu-
late body mass index (BMI, kg/m?). The radiographic fea-
tures of the index knee (joint space narrowing, osteophyte
formation, sclerosis, cysts) within the tibiofemoral joints
were scored on site according to the Osteoarthritis Research
Society International (OARSI) atlas and expressed in KL
grades. Scores of the KL grades were classified in five cat-
egories (0—4). Grade 0 represents no osteoarthritic features
while grade 4 represents severe joint space narrowing, large
osteophyte formation, sclerosis and cysts. Depression was
assessed by the Center of Epidemiological Studies Depres-
sion Scale (CES-D), which was included in the questionnaire
during the screening visit.

Statistical analysis

Descriptive values were calculated for all variables. Varia-
bles were carefully checked for possible outliers, based on
Tukey’s method [37]. The assumptions for linear regres-
sion [e.g. no strong multicollinearity, homoscedasticity,
linearity (checked by visual inspection of the normality
plots and distribution of the residuals)] were checked
[38]. Univariate linear regression analysis was performed,
including protein intake per day per kilogram bodyweight
(continuous variable) as an independent variable and mus-
cle strength per kilogram bodyweight (continuous vari-
able) as a dependent variable. In multivariate regression
analysis, the model was adjusted to account for relevant
confounders, including age, gender, race, alcohol con-
sumption, level of education, comorbidities and physical
activity. Race, alcohol consumption, level of education and
comorbidities were added to the model as dummy vari-
ables. For WOMAC pain score it was unclear whether or
not the criteria for confounding applied. This variable may

@ Springer

also be in the causal pathway and adjustment might result
in an overcorrection of the model. Therefore, a separate
model with an adjustment for WOMAC pain score was
reported separately. We performed an additional analysis
in which dietary protein intake was dichotomized. The
binary split was performed based on the recommended
protein intake according to the guidelines. Dietary pro-
tein intake was scored O for intakes < 0.8 g/kg/day, and 1
for intakes > 0.8 g/kg/day. To assess whether the level of
physical activity would influence the association between
protein intake and muscle strength an interaction term
(daily protein intake*physical activity) was added to the
model. A p-value of 0.1 was used to examine the presence
of an interaction effect. SPSS version 18.0 (SPSS Inc.,
2009) was used to perform the analyses.

Results

The selection of the subjects of this study is depicted in
Fig. 2. Characteristics of the included subjects (n=1316)
are presented in Table 1. The mean daily protein intake
was 0.72 +SD 0.30 g/kg bodyweight, and 65.1% of the
subjects had a protein intake lower than the recommended
daily allowance of 0.8 g/kg bodyweight. The mean mus-
cle strength of the index knee was 5.4 +SD 2.1 N/kg
bodyweight.

In Table 2, the univariate and multivariate associations
between daily dietary protein intake and muscle strength
are presented. In the univariate model, lower dietary pro-
tein intake was associated with lower muscle strength
(B=1.030,95% CI 0.635-1.425, p<0.001). After adjust-
ing for age, gender, race, alcohol consumption, level of
education, comorbidities and physical activity, the asso-
ciation between dietary protein intake and muscle strength
remained significant (B=0.583, 95% CI 0.230-0.936,
p=0.001; r2=0.268). Energy intake could not be added
to the model as a potential confounder, because of multi-
collinearity (the association between daily dietary protein
intake and daily energy intake was r=0.822, p <0.001).
Finally, after additional adjustment for WOMAC pain
score, the association between dietary protein intake and
muscle strength remained significant (B=0.524, 95% CI
0.177-0.871, p=0.003). When dietary protein intake was
dichotomized, dietary protein intake lower than 0.8 g/kg/
day was associated with lower muscle strength compared
to an intake equal or greater than 0.8 g/kg/day, both in
the univariate (B=0.558, 95% CI 0.309-0.807, p <0.001)
and multivariate model (B=0.315, 95% CI 0.258-0.372,
p <0.001). No statistically significant interaction between
dietary protein intake and physical activity on muscle
strength was found.
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Table 1 Characteristics of study subjects with knee OA

Value?

Age, mean (years) 61.4+9.1
Gender, % female 57.0
Height (m) 1.69+0.09
Body weight (kg) 86.1+16.2
Body mass index (kg/m?) 30.2+4.9
Race (%)

Caucasian 71.2

Black or African American 25.8

Other non-whites 3.0
Daily energy intake (kcal) 1469 +611
How many alcoholic drinks in typical week, past 12 months (%)

None 214

< 1/week-7 drinks/week 65.6

> 8 drinks/week 13.0
Level of education (%)

High school graduate or less 20.3

Some college or college graduate 47.2

Some graduate school or graduate degree 32.5

Index knee, % left 51.5
Kellgren and Lawrence score (%)

2 25.4

3 454

4 29.3
WOMAC pain score 54+4.0
Comorbidity Score, % >0 30.2
Depression, CES-D score, median (IQR) 509
Physical activity scale for elderly, median (IQR) 147 (117)
Daily protein intake (g) 62.1+27.6
Daily protein intake, g/’kg bodyweight 0.72+0.30
Knee muscle strength (N) 462+ 191
Knee muscle strength per kg body weight (N/kg) 54+2.1

*Mean + SD unless stated otherwise in variable description

Discussion

The average daily dietary protein intake of subjects with
knee OA in the OAI cohort was 0.72 +SD 0.30 g/kg. The
current RDA for protein intake in adults is 0.8 g/kg [16],
which is met by only 34.9% of the study population. How-
ever, it has been suggested that the current advised RDA
is not sufficient for preserving muscle mass and quality at
older age, or in patients with acute or chronic diseases [16,
20]. This may be the result of the dampened response in
muscle protein synthesis on dietary protein intake (ana-
bolic resistance) [16, 19]. Protein intake of 1.0-1.2 g/kg/
day has been recommended for the preservation of muscles
in healthy older adults, while 1.2—1.5 g/kg/day of protein
may be necessary in older patients with acute or chronic
diseases [16, 20]. Since the majority of the subjects of the

study population is of an older age and all are diagnosed
with knee OA (a chronic disease), these higher intakes may
apply for this study population. Although more studies are
needed on dietary protein intake in knee OA to strengthen
our findings, the results of this study suggest that insufficient
dietary protein intake is present in a large part of the knee
OA population.

Lower daily dietary protein intake (both as a continu-
ous and a dichotomized variable) was associated with lower
muscle strength in subjects with knee OA. This association
remained significant after adjusting for potential confound-
ers. These results indicate that the association between daily
dietary protein intake and muscle strength not only holds
in older adults but also in subjects with knee OA [31, 39,
40]. This is a relevant finding, because of the important role
of muscle strength in patients with knee OA [1-5]. To the
best of our knowledge, no other studies have reported on the
association between daily dietary protein intake and upper
leg muscle strength in subjects with knee OA.

We did not find an interaction effect between dietary
protein intake and physical activity on muscle strength.
In a study on older adults, a synergistic effect of protein
intake and exercise on muscle strength has been reported
[41]. These contradictory findings may be explained by the
rather general measurement used for physical activity in the
present study, namely the physical activity scale for elderly
(PASE). It could be that strenuous physical activity and exer-
cise, especially resistance training, does moderate the impact
of protein intake on muscle strength. In older adults pro-
tein supplementation in addition to resistance training was
shown to be more effective in increasing muscle strength
than resistance training alone [42, 43]. A daily supplemen-
tation of 1.6 g/kg was found to be sufficient to optimize the
resistance training-induced changes in strength in healthy
adults [43]. In knee OA a similar effect may be expected.
Future research is needed to confirm this hypothesis.

The findings in the present study show that daily dietary
protein intake in patients with knee OA is lower than the
RDA. This suggests that daily dietary protein intake needs
to be enhanced and that dietary protein intake could be
an intervention target in subjects with knee OA. Of note,
improving muscle protein synthesis by daily dietary protein
intake is more complex than increasing the daily dietary
intake. Previous studies in healthy adults have shown that
the type of protein (animal or plant based), the quality of
the protein and the timing of ingestion are important to opti-
mally promote muscle protein synthesis [16]. In addition,
since overweight is prevalent in knee OA and weight man-
agement is recommended [44], increasing daily dietary pro-
tein intake should not result in higher levels of total energy
intake. Future research should address these issues.

The strength of the present study is the large sample size
of the studied cohort. The study also has several limitations.
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Table 2 Crude and adjusted

s . B 95% CI p
association between daily
dietary protein intake (g/kg Univariate model
body weight) and knee muscle Protein intake 1.030 0.635-1.425 <0.001
strength (N/kg) among subjects )
with knee OA Multivariate model®
Protein intake 0.583 0.230-0.936 0.001
Age (per 10 years) —0.28 —0.40to —0.16 <0.001
Female —1.445 —1.662 to —1.227 <0.001
Race
Caucasians Ref
Other non-whites —-0.113 —0.726 to 0.500 0.717
Blacks and African Americans -0.977 —1.246 to —0.709 <0.001
Alcohol consumption
No drinks Ref
<1 to 7 drinks/week 0.164 —0.107 to 0. 436 0.235
> 8 drinks/week 0.068 —0.317 t0 0.453 0.729
Level of education
High school graduate or less Ref
Some college or college graduate 0.187 —0.097t0 0. 471 0.197
Some graduate school or graduate degree 0.234 —0.0711t0 0. 38 0.133
Physical activity (PASE score) 0.003 0.001-0.004 <0.001
Comorbidity score, 1 or more —0.099 —0.333t00.136 0.409

Ref Used as reference category in case of dummy variables

#Factors were added simultaneously

First, daily dietary protein intake was measured with the
Block 2000 FFQ. In general, retrospective food frequency
questionnaires are less accurate in assessing food intake
compared to a nutrition diary [25]. However, previous
studies have shown that protein intake as measured with
the Block FFQ was not significantly different from protein
intake measured with a nutrition diary [26, 27]. Therefore,
the Block 2000 FFQ seems to constitute a valid measure of
protein intake. Second, although the relationship between
protein intake and muscle strength is biologically plausi-
ble, we cannot exclude the possibility that total energy
intake may be (partly) responsible for the association found
between dietary protein intake and muscle strength. Because
of multicollinearity (r=0.822, p <0.001), we could not
adjust for energy intake in the evaluation of the association
between protein intake and muscle strength. Third, no data
were available on the type and quality of protein intake [16].
Fourth, the data of this study are cross-sectional, which pre-
cludes any conclusion regarding a causal relation between
dietary protein intake and muscle strength. Fifth, the OAI
provides data on protein intake and muscle strength of only
33 healthy (control) subjects; this sample is too small to
compare protein intake and its relation with muscle strength
between healthy subjects and subjects with knee OA. Sixth,
high-quality data on physical activity and, more specific,
on strenuous activities or resistance training were missing.
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Finally, this study was performed in a subgroup of an Ameri-
can cohort study, similar studies should be performed in
other cohorts to be able to generalize our findings.

In conclusion, the results of this study suggest that the
majority of subjects with knee OA have a dietary pro-
tein intake lower than the currently recommended daily
allowance of 0.8 g/kg bodyweight [16]. In addition, lower
protein intake was associated with lower upper leg muscle
strength in subjects with knee OA, after adjusting for rel-
evant confounders. Longitudinal observational and inter-
ventional studies are needed to establish whether dietary
protein intake has a causal effect on muscle strength in
subjects with knee OA.
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Appendix

OAl is a prospective cohort study focusing on studying bio-
markers for the progression or development of knee OA.
On entry, all included participants were aged 4579 years
old. Participants were excluded from the study in case of
rheumatoid arthritis or inflammatory arthritis, unlikely to
demonstrate measurable loss of joint space, bilateral total
knee joint replacement or planned bilateral knee replacement
in the next 3 years, unable to undergo a 3.0 Tesla MRI exam,
positive pregnancy test, unable to provide a blood sample for
any reason, use of ambulatory aids other than single straight
cane, Co-morbid condition that might interfere with the abil-
ity to participate in a 4-year study, unlikely to reside in the
clinical area for at least 3 years, current participation in a
double-blind randomized controlled trial or unwilling to sign
informed consent [24].
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