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Abstract

Objective: Knee pain is commonly observed among older adults. Therefore,
the prevention of knee pain in older adults is a major public health issue. This
study aimed to clarify factors relevant to knee pain among older adults. Me-
thods: This study targeted all independent older adults (N = 6661) living in a
local municipality in Japan. Participants’ health status and lifestyle habits
were surveyed using a questionnaire. The survey was conducted from 15 Jan-
uary to 14 February 2016. Relationships between knee pain and physical ac-
tivity, sitting time, nutrition, drinking, smoking, or body mass index (BMI)
were examined using logistic regression analysis. Odds ratios (OR) and 95%
confidence intervals (CI) adjusted for several confounding factors were cal-
culated. Results: Older adults of 5311 responded to the questionnaire and
1843 reported knee pain. The prevalence of knee pain was 34.8%. Knee pain
was significantly associated with BMI (OR: 0.60, 95% CI: 0.51 - 0.69, P <
0.001 in the group of normal range, OR: 0.38, 95% CI: 0.29 - 0.51, < 0.001 in
the group of <18.0), nutrition status (OR: 0.63, 95% CI: 0.54 - 0.75, P <
0.001), and physical activity (OR: 0.81, 95% CI: 0.71 - 0.92, P= 0.001). Con-
clusions: This study suggests that one in three independently-living older
adults experiences chronic knee pain and that physical activity, BMI, and nu-
tritional status are associated with knee pain.
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1. Introduction

Musculoskeletal disorders such as rheumatoid arthritis, osteoarthritis (OA), os-
teoporosis, and severe lower limb injury are commonly observed among older
adults, and may be accompanied by chronic pain [1]. Chronic musculoskeletal
pain is often observed in the knee joint, and is referred to as “knee pain”. Knee
pain has a negative impact on physical function, walking ability, subjective
health, social participation, and quality of life among older adults [2] [3] [4].
Prevention of knee pain is therefore a major and urgent public health issue for
extending healthy life expectancy and decreasing medical and long-term care
services costs in aging societies such as Japan and other developed countries [5]
[6]. Recent systematic reviews have reported that muscle strengthening and
aerobic exercises are effective for improving knee pain [7] [8]. The mechanism
of pain relief through exercise is thought to reduce of the burden on the knee
joint by muscle strengthening and metabolic effects (e.g., activation of oxidase
enzymes and increased capillary blood flow) in response to the exercises. Bio-
mechanical effects such as reduction of the load on the knee joint following
weight loss through aerobic exercise are considered to be indirect effects [8] [9].
Based on such evidence, international guidelines for knee pain recommend
physical activity as a measure for improving knee pain [9]. Currently, there is
insufficient evidence of a primary prevention effect to clarify whether the im-
plementation of physical activity (including the above-mentioned types of exer-
cise) can prevent the onset of knee pain [10]. Various systematic reviews of lon-
gitudinal studies on knee pain reported unified factors for the onset of knee pain
were obesity, knee trauma, old age, and sex (women). These factors are also re-
ported as risk factors for knee pain in international guidelines [11]. However, no
unified views have been established regarding the relationship between knee
pain and social factors, health conditions (e.g., medical history and body mass
index [BMI]), or lifestyle factors (e.g., physical activity, smoking, Malnutrition,
drinking alcohol) [12] [13]. Furthermore, recent research suggests that pro-
longed sitting time increases the risks for total mortality and coronary mortality;
however, the relationship between sedentary behavior and the onset of knee pain
(independent from physical activity) has not yet been explored [14] [15]. In pre-
vious cohort and cross-sectional studies involving older adults, participants were
selected by random or optional sampling and the response rate for question-
naires was about 60% [16]. Moreover, questionnaire surveys of older adults tend
to have a higher rate of missing data than those among younger generations
[16]. These findings suggest that in survey-based research involving older adults,
a limited number of participants are available for analysis and the results may be
influenced by participant selection bias. Therefore, a questionnaire survey study
involving older adults should be based on data with low selection bias. This
study aimed to clarify the relationship between knee pain and comprehensive
factors (including sedentary behavior) based on data with low selection bias

drawn from older adults independently living in a community.
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2. Methods
2.1. Participants

We conducted the survey for every older adult who is 65 years or older and liv-
ing independently in the municipality with a population of 31,474 people in Ja-
pan. Therefore, the selection criteria of the participants were 65 years or older
inhabitants of the local municipality and the independency of the daily living.
The independent living older adults were defined as the people who were not
certified as users of long-term care services by Certification Committee of Needed
Long-Term Care in the local government. Therefore, the eligible participants for
this study were all independent community-dwelling older adults (N = 6661) se-
lected by excluding the users of long-term care services at the time of the survey

from the total number of older adults (N = 8336) living in the municipality.

2.2. Survey Methods

The survey was conducted by postal mail using a questionnaire that covered
health conditions and lifestyle habits. The survey period was one month (from
January 15 to February 14) in 2016. To improve the response rate, a reminder
letter was sent to non-respondents one week before the deadline for completed
questionnaires. Participants answered the questionnaire and posted it back to
the health promotion section in the city hall. The purpose and methods of the
survey were printed on the front page of the questionnaire, including a notifica-
tion informing that those who returned the questionnaire consented to study
participation. This study protocol was approved by the ethics committee of Wa-

seda University, (approved number: 2015-218).

2.3. Measurement

2.3.1. Demographic Variables

Age, sex, educational level, and marital status were obtained as basic attribute
items. Age was classified into two groups: “young-old” (those aged < 74 years)
and “old-old” (those aged > 75 years). Participants were asked to specify their
level of education (elementary school/junior high school, senior high school,
technical college/junior college/vocational school, university/graduate school,
and others) and classified into two groups: “elementary school to senior high
school” and “higher than senior high school.” Responses to the item investigat-
ing marital status (with spouse, divorced/separated, unmarried, and others) were

classified into two groups: “with spouse” and “without spouse”.

2.3.2. Health Status

Items investigating health status included body height and weight, and current
disease history. Body height and weight were self-reported. Medical treatment
history was determined with the question, “Do you currently receive medical
treatment?” Responses of “No” were classified as “without treatment” and “Yes”

as “with treatment”. BMI was calculated from body height and weight, and was
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classified into three groups: “underweight (<18.50 kg/m?*)”, “normal range (18.50
kg/m* - 24.99 kg/m?)”, “overweight (=25 kg/m”)” based on the International
Classification of adult underweight, overweight and obesity according to BMI
[17].

2.3.3. Physical Activity and Sitting Time

A short Japanese version of the International Physical Activity Questionnaire
was used to estimate the amount of physical activity. We calculated total physical
activity time per week. The reliability and validity of this questionnaire has been
reported in a previous study [18]. Based on the World Health Organization’s
Global Recommendations on Physical Activity for Health, physical activity time
was classified as “sufficient” (=150 minutes of walking/moderate intensity phys-
ical activity per week), and “insufficient” (<150 minutes of walking/moderate
intensity physical activity per week) [19].

Sitting time was investigated across five domains: reading time, conversation
with family members, use of computers, watching TV, and other lying time. The
total time for each domain was calculated. Because there is no established cutoff
value for sitting time for older adults, we classified sitting time as “short-time

group” and “long-time group” based on the median (190 minutes).

2.3.4. Nutritional, Smoking, and Drinking Status

Nutritional status was determined with the question, “Have you lost 2 - 5 kg or
more in the past 6 months?” Responses of “No” were classified as “Good” and
“Yes” as “Poor”. Smoking status was assessed with the question, “Do you
smoke?” Those who indicated they currently smoked were classified as “smoker”
and the remaining responses (have never smoked, smoked in the past, but do
not currently smoke) as “nonsmoker.” The question “Do you drink alcohol?”
was used to assess drinking status, and classified as: “nondrinker” (do not drink
alcohol and stopped drinking) and “drinker” (sometimes drink and drink almost
every day).

2.3.5. Knee Pain

In this study, knee pain was assessed by “frequent knee pain”, which is com-
monly used in epidemiological studies [20] [21]. Frequent knee pain was defined
as pain in one/both knees on most days during a particular period. The defini-
tion of knee pain in this study was that used in a previous large scale cohort
study [22]. Participants were asked, “Have you experienced pain in one/both
knees on most days in the past one month?” Those who answered “No” were de-
fined as “without knee pain”, and those who answered “Yes” were defined as
“with knee pain”.

2.4. Statistical Analysis

Missing values were supplemented by the multiple imputation method. Multiple
imputations were performed by chained equations under the assumption of

missing at random. For the imputation of missing data, multiple regression
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analysis for continuous data and multiple logistic regression analysis for cate-
gorical data were applied using knee pain, demographic, health behavior, and
health condition variables.

To investigate factors independently related to knee pain, multivariable logis-
tic regression analysis was conducted using the complemented data. For the
analysis model, the dependent variable was knee pain and the independent va-
riables were physical activity, sitting time, lifestyle (nutrition, drinking, and
smoking), and BMI. Adjustment variables were age, sex, educational level, ma-
rital status, and current disease history. The analytical model was fitted to 50 da-
ta sets, and odds ratios (OR) and 95% confidence intervals (95% CI) were calcu-
lated based on Rubin’s method [23]. For the sensitivity analysis, the same analy-
sis model as the complemented data was also applied to the complete case data,
which were the data from the subjects who had no missing values. All analyses
were conducted using IBM SPSS 26.0 for Windows, with a significance level of
less than 5%.

3. Results

In total, 5311 older adults responded to the survey (response rate: 79.7%). There
were 3909 valid responders who answered every item (valid response rate:
58.7%). After multiple imputations for missing data, the data from 5311 partici-
pants were analyzed. The mean age and standard deviation of the participants
were 74.5 £ 6.8 years for men and 74.9 * 6.9 years for women. Overall, 1848 par-
ticipants had knee pain, giving a prevalence rate of knee pain of 34.8%. Table 1
shows the physical characteristics of the participants according to the presence
or absence of knee pain. The group with knee pain had a higher BMI, shorter
physical activity time, and longer sitting time than in the group without knee
pain. The proportions of nonsmoker and nondrinker were higher in the group
with knee pain than the group without knee pain. The proportions of those with
a spouse and those with good nutrition were lower in the group with knee pain
than without group. In addition, the percentages of those with a high level of
education and those not receiving medical treatment were higher in the group
without pain than the group with pain.

Multivariable logistic regression analysis using the complemented data
showed that physical activity (2= 0.001), BMI (2 < 0.001), and nutritional status
(P < 0.001) were significantly related to knee pain. For physical activity, the OR
was 0.81 and the 95% CI was 0.71 - 0.92 (reference: insufficient physical activity
group). Sitting time (sedentary behavior) showed a lower OR (0.88, 95% CI: 0.78
- 1.00) in the short-time group compared with the long-time group; however,
the difference between the groups did not reach statistical significance. The OR
for BMI were 0.60 (95% CI: 0.51 - 0.69), 0.38 (95% CI: 0.29 - 0.51), with <25
kg/m* group as reference. For nutritional status, the OR was 0.63 (95% CI: 0.54 -
0.75), with the malnourished group as reference. Smoking and alcohol drinking
did not show significant ORs (Table 2). The analysis using complete case data
showed similar results to the complemented data.
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Table 1. Characteristics of the participants in each group with or without knee pain (Re-
sults of the analysis with multiple imputations; N = 5311).

Total With knee pain Without knee pain
Variables N =5311 N =1848 N = 3463

Age

Old-old 2481 (46.7) 1070 (57.9) 1411 (40.8)

Young-old 2830 (53.3) 779 (42.1) 2051 (59.2)
Sex

Men 2415 (45.5) 699 (37.8) 1716 (49.5)

Women 2830 (53.3) 1149 (62.2) 1747 (50.5)
BMI

225.0 1178 (22.3) 528 (28.7) 650 (18.8)

18.5-24.0 3779 (71.4) 1223 (66.4) 2556 (74.0)

<18.5 338 (6.4) 90 (4.9) 248 (7.2)
Physical activity

Insufficient 2583 (48.6) 1006 (54.4) 1578 (45.6)

Sufficient 2728 (51.4) 842 (45.6) 1855 (54.4)
Sitting time

Long-time 2723 (51.3) 987 (53.4) 1736 (50.1)

Short-time 2588 (48.7) 861 (46.6) 1727 (49.9)
Smoking status

Smoker 570 (10.7) 149 (8.1) 421 (12.2)

Nonsmoker 4741 (89.3) 1699 (91.9) 3041 (87.8)
Drinking status

Drinker 1780 (33.5) 517 (28.0) 1264 (36.5)

Nondrinker 3531 (66.5) 1332 (72.0) 2199 (63.5)
Nutritional status

Poor 854 (16.1) 381 (20.6) 474 (13.7)

Good 4457 (83.9) 1468 (79.4) 2989 (86.3)
Marital status

Without spouse 1588 (29.9) 640 (34.6) 948 (27.4)

With spouse 3723 (70.1) 1208 (65.4) 2515 (72.6)
Educational level

Low 4579 (86.2) 1649 (89.2) 2930 (84.6)

High 732 (13.8) 199 (10.8) 533 (15.4)
Medical treatment history

Yes 3493 (65.8) 1356 (20.6) 2136 (13.7)

No 1818 (34.2) 492 (79.4) 1326 (86.3)

Abbreviation: BMI = body mass index. Note: number of people (%).
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Table 2. Results of logistic regression analysis for factors related to knee pain (results of
the analysis with multiple imputations).

95% confidence interval

Items Odds ratio Lower limit Upper limit P-value
Physical activity
Insufficient 1.00
Sufficient 0.81 0.71 0.92 0.001

Sitting time

Long-time 1.00

Short-time 0.88 0.78 1.00 0.054
BMI

>25.0 1.00

18.5-24.0 0.60 0.51 0.69 <0.001

<18.5 0.38 0.29 0.51 <0.001

Nutritional status

Poor 1.00

Good 0.63 0.54 0.75 <0.001
Smoking status

Smoker 1.00

Nonsmoker 1.05 0.85 1.30 0.674
Drinking status

Drinker 1.00

Nondrinker 1.06 0.92 1.22 0.447

Abbreviation: BMI = body mass index. Note: Dependent variable is knee pain. Independent variables are
physical activity, sitting time, lifestyle (nutrition, drinking, smoking), and BMI. Adjustment variables are
age, sex, educational level, marital status, and medical treatment history.

4. Discussion

The strength of this study was that comprehensive factors related to knee pain
were examined based on the data with low participant selection bias in the
community-dwelling older adults. The results showed that one of three inde-
pendent community-dwelling older adults had chronic knee pain, and that
physical activity, BMI, and nutritional status were related to knee pain. These
results seem to provide important information for developing measures to pre-
vent knee pain among community-dwelling older adults.

Many previous studies reported that physical activity was related to various
diseases and health problems [24]. This study provided new evidence that phys-
ical activity was related to knee pain among independent community-dwelling
older adults. Previous studies also reported that physical activity level was posi-
tively correlated with muscle strength [25] [26], and that weakness of lower limb
and quadriceps muscles has been related to the onset of knee OA [27], which is a
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major causal factor for knee pain. Recent systematic reviews reported that mus-
cle strengthening and aerobic exercises were effective for improving knee pain
[7] [8] [9]. These previous findings suggest that our findings regarding the asso-
ciation of physical activity with the prevalence of knee pain functioned through
suppressing the decrease in muscular strength around the knee joint.

This study showed that both obesity (overweight) and nutritional status were
related to knee pain. In this regard, a secondary relationship can be inferred
through the relationship with the onset and progression of knee OA [28]. As
Obesity causes excess load on the knee joint and lower limb muscle strength de-
creases with aging, the additional load on the knee due to obesity increases in
older adults. The negative impact of obesity among older adults affects both the
onset and progression of knee OA, which is the main disease underlying knee
pain [28]. In terms of nutritional status, it is known that low bone density
(which is the main progression factor for knee OA) occurs through decreased
sex hormone (estrogen) secretion and insufficient intake of calcium and vitamin
D [29] [30]. In this study, nutritional status was evaluated by the pres-
ence/absence of weight loss of 2 - 5 kg or more during the last six months. Such
weight loss may reflect the decreased intake of calcium and vitamin D that ac-
company decreased calorie intake, which in turn causes low bone density.

This is the first study in the world examining the relationship between knee
pain and sitting time among community-dwelling older adults. We found that
there was no significant relationship between sitting time and knee pain. We
found that there was no significant relationship between sitting time and knee
pain. Previous studies reported that sitting time might be related to the mechan-
ism of the lesion caused by hemodynamics in the development of diabetes or
coronary artery disease [14] [15]. As the previously established relationships
between sitting time (sedentary behavior) and health outcomes were indepen-
dent of physical activity [14] [15], it is presumed that sitting behavior is not re-
levant for joint diseases caused by excess loading on joints, as found in this
study. Another consideration regarding our result for sitting time is that the cu-
toff criterion for grouping sitting time might have influenced the results. In this
study, the median value was used as the cutoff criterion because there was no
standardized criterion for sitting time recommended to promote or maintain
health status. Therefore, analyses using an evidence-based cutoff value for sitting
time may yield different results from those found in this study.

This study had some limitations. First, although this study was a complete
survey, the response rate of the questionnaire was 79.7%, which means that the
selection bias could not be completely excluded in this study. In general, howev-
er, a health-related questionnaire for older adults shows a poor response rate
(50% - 60%) and more frequent missing data compared with a questionnaire for
younger populations. This study had a high response rate and missing data were
completed with imputation. Therefore, the effect of selection bias on the results
was likely to have been minimized compared with the previous studies. Second,
as this study used a cross-sectional design, the results cannot indicate cause-effect
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relationships. In particular, because the relationships examined in this study can
be bidirectional, it is necessary to carefully consider the interpretation of the re-
sults. Finally, the results of this study were obtained from independently living
older adults residing in a local municipality in Japan; it is unknown whether
these results can be applied to older adults living in areas with different geo-
graphical, social, and cultural conditions. Although this study had the above li-
mitations, this was the first study examining factors related to knee pain based
on the data with low selection bias.

In conclusion, factors related to knee pain among community-dwelling inde-
pendent older adults are low levels of physical activity in daily life, over-
weight/obesity, and poor nutrition. Sedentary behavior was not a relevant factor
for knee pain in older adults. The findings of this study provide valuable infor-
mation for developing prevention measures for knee pain in a community. A
prospective cohort study is necessary to verify the risk factors for the onset of

knee pain among community-dwelling independent older adults.
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