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Purpose: Evidence-based guidelines on nutrition and physical activity are used to increase knowledge in order to promote a healthy
lifestyle. However, actual knowledge of guidelines is limited and whether it is associated with health outcomes is unclear.
Participants and Methods: This inception cohort study aimed to investigate the association of knowledge of nutrition and physical
activity guidelines with objective measures of physical function and physical activity in community-dwelling older adults attending
a public engagement event in Amsterdam, The Netherlands. Knowledge of nutrition and physical activity according to Dutch guidelines
was assessed using customized questionnaires. Gait speed and handgrip strength were proxies of physical function and the Minnesota
Leisure Time Physical Activity Questionnaire was used to assess physical activity in minutes/week. Linear regression analysis, stratified by
gender and adjusted for age, was used to study the association between continuous and categorical knowledge scores with outcomes.
Results: In 106 older adults (mean age=70.1 SD=6.6, years) who were highly educated, well-functioning, and generally healthy, there
were distinct knowledge gaps in nutrition and physical activity which did not correlate with one another (R2=0.013, p=0.245).
Knowledge of nutrition or physical activity guidelines was not associated with physical function or physical activity. However, before
age-adjustment nutrition knowledge was positively associated with HGS in males (B= 0.64 (95% CI: 0.05, 1.22)) and having
knowledge above the median was associated with faster gait speed in females (B=0.10 (95% CI: 0.01, 0.19)).

Conclusion: Our findings may represent a ceiling effect of the impact knowledge has on physical function and activity in the this high
performing and educated population and that there may be other determinants of behavior leading to health status such as attitude and
perception to consider in future studies.
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Introduction
Nutrition and physical activity are important domains for healthy ageing.' However, in older adult populations, the risk
of malnutrition is high® and levels of physical activity are low,” which are both associated with morbidity,*> mortality®’
and poor physical function.* '' Evidence-based guidelines are intended to provide the public with information regarding
which nutrition and physical activity patterns are associated with health gains and promote a healthy lifestyle.'* '
However, despite their wide dissemination, in older adults, actual knowledge of nutrition and physical activity guidelines
seems limited and their implications for health status remain unclear.'*'®

Knowledge of nutrition and physical activity may be associated with health outcomes that can be modified by lifestyle
such as physical function through physical activity. Previous studies have identified health literacy as a predictor for self-
reported physical function.'”"'® Health literacy describes one’s capacity to obtain, process, and understand basic health
information needed to make appropriate health decisions. Health literacy is therefore a prerequisite for knowledge
attainment (eg nutrition and physical activity knowledge), but represents a different and ideological construct (concept)
than knowledge.'” Further, self-reported measures of physical function are subject to bias.?' Previous studies assessing
knowledge have been inconclusive and evidence in the older adult population using objective measures of physical
function is sparse. One study in community-dwelling older adults, using a brief 2-item questionnaire to assess knowledge
of physical activity and one objective measure of physical function (chair stand test) reported the absence of an
association.”’ However, given the emphasis on guidelines as a public health tool, the relationship between knowledge
of nutrition and physical activity guidelines and objective measures of physical function requires further quantification
using more in depth measures of health knowledge including nutrition knowledge and objective measures of physical
function representing different functional domains.

This cross-sectional study aimed to investigate the level of knowledge of nutrition and physical activity guidelines
and their association with physical activity and objective measures of physical function in an inception cohort of Dutch
community-dwelling older adults who attended a public engagement event on healthy ageing.

Materials and Methods

Study Design

This cross-sectional inception cohort included older adults attending a healthy ageing public engagement event, “PANINI:
Recipe for becoming older”, on October 1st, 2018 in Amsterdam, The Netherlands and was hosted and delivered by the Physical
Activity and Nutritional INfluences In ageing (PANINI) consortium.** Participants were recruited through email lists from
previous research, general practitioners, senior organizations, community centers, and bridge clubs. No exclusion criteria were
applied. Data collection began immediately at the start of the event before any educational information regarding healthy ageing
was delivered to participants. This study was reviewed and approved by the local ethical committee, The Scientific and Ethical
Review Board (VCWE) of the Faculty of Behavior & Movement Sciences, VU University Amsterdam (VCWE-2018-128), and
was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. All participants gave
written informed consent.

Participant Characteristics

Self-administered questionnaires, developed by the PANINI consortium via the PANINI Toolkit, were used to ascertain
age, gender, marital status, education, living situation, medication use, medical history, smoking status, and alcohol use
(Supplementary Material). Height was measured to 0.1 centimeters and body mass (weight) was measured to the nearest

0.1 kg using a height and weight measuring system (DS-102; Dong Sahn Jenix Co., Seoul, Korea). Body mass index
(BMI) was calculated by dividing the body mass (kg) by height squared (m) and expressed in kg/m?. The Physical Frailty
Phenotype was used to determine frailty status and consists of five criteria: weight loss, exhaustion, weakness, slowness,
and low physical activity. This tool classifies participants as robust (none of the criteria below threshold), pre-frail (1-2
criteria below threshold), or frail (>3 criteria below threshold).?*
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Knowledge Assessment of Dutch Dietary and Dutch Physical Activity Guidelines

Self-administered questionnaires (Supplementary Material) developed by the PANINI consortium were used to assess

knowledge and subjective fulfillment of the Dutch dietary guidelines'® and the Dutch physical activity guidelines.'* Both
knowledge questionnaires in English were sent to experts in their respective fields to check for accuracy and consistency and
piloted in older adults in five different countries, then refined based upon their performance and feedback, and finally
translated into Dutch. The questionnaires were designed to contain questions pertaining to knowledge of guidelines, attitudes
towards following these guidelines, and evaluations of the outcomes of the healthy behavior through a series of short multiple-
choice questions such as: “Do you think the following food products are a good source of protein?”” were asked with possible
response options, “poultry”, “cheese”, “fruit”, “butter”, and/or “nuts” (multiple answers correct); “What is the recommended
maximum amount of salt intake every day to pursue a healthy dietary pattern?”” with possible responses ‘2 grams per day”, “4

99 <

grams per day”, “6 grams per day”, or “I don’t know”; “Which of the following activities constitutes moderate intensity
physical activity?” with possible responses “watching TV sitting”, “walking at usual pace”, “washing the dishes”, “dancing”,
“cycling at a pace that raises your heart rate”, and/or “I don’t know” (multiple answers correct); “How many minutes a week
should one participate in moderate physical activity to pursue a healthy lifestyle?” with possible responses “at least 60 minutes
per week”, “at least 150 minutes per week”, “at least 300 minutes per week”, and “I don’t know.” Questionnaires were scored
based on difficulty by weighting each question based on the frequency of a correct answer. The PANINI nutrition knowledge

questionnaire consisted of 11 questions (possible score of 0—-36) (Supplementary Material, questions #20-30) and the PANINI

physical activity knowledge questionnaire consisted of nine questions (possible score of 0—13) (Supplementary Material,

questions #37—45) with higher scores indicating greater knowledge.

Measures of Physical Function and Physical Activity

Gait Speed

Gait speed, a measure of physical function, was assessed by a four-meter walk test where participants were asked to walk
a course of five meters at their normal walking speed. Participants were instructed not to slow down before the four-meter
line and their fastest time to reach the four-meter line, of two trials, was recorded, expressed in meters per second (m/s)
and used for analysis.**

Hand Grip Strength (HGS)

HGS represents a participant’s ability to squeeze a handheld dynamometer (Jamar 5030J1 hand dynamometer; Sammons
Preston Rolyan, Bolingbrook, IL, USA) as hard as possible with each hand three times and is a measure of physical
function.”® The maximal HGS was recorded in kilograms (kg) and used for analysis.

Physical Activity

Self-reported physical activity was assessed by an adapted version of the short Minnesota Leisure Time Physical Activity
Questionnaire.”® Activities were expanded from those on the original questionnaire based on the population
(Supplementary Material). The total minutes of physical activity per week (minutes/week) were calculated and used

for analysis.

Statistical Analysis

Descriptive statistics for continuous variables were presented as mean and standard deviation (SD) when data were
distributed normally or as median interquartile range [IQR] if the data had a skewed distribution. Categorical variables
were reported as the sample size/number (n) and the percentage (%) of the total study population. Knowledge scores
were assessed continuously and categorized based on the median scores of the nutrition and physical activity ques-
tionnaires, respectively, into three groups: knowledge in neither, at least one, or both domain(s) above the median(s).
Pearson’s correlation (R) was used to determine the association between nutrition and physical activity knowledge scores
and a scatterplot was used to visualize the results. Linear regression analysis was used to study the association between
continuous and categorical knowledge scores with each of the three outcomes measures of physical function and physical
activity. Results are presented as unstandardized regression coefficients (B) with their 95% confidence interval (95% CI)
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and p-value, stratified by gender and performed unadjusted (crude model) and adjusted for age (Model 1). All analyses
were conducted using SPSS (Statistical Package for the Social Sciences), version 24.0 (SPSS Inc. Chicago, IL, USA).

A p-value of less than 0.05 was considered statistically significant.

Results
Participant Characteristics

This study included 106 Dutch older adults, with a mean age of 70.1 (SD 6.6) years. Participants were mostly female

(69.8%), independently living (95.2%), and highly educated (83.0%). The majority of participants were classified as

robust (81.2%), 18.8% were classified as pre-frail and no participant was classified as frail (Table 1).

Table | Participant Characteristics

Measure n Value
Socio-demographics and health behaviors
Age (years) 106 70.1 (6.6)
Female, n (%) 106 74 (69.8)
Married, n (%) 105 56 (52.8)
Education (years), median [IQR] 105 16.0 [13.0-20.2]
Education: higher education/university, n (%) 106 88 (83.0)
Living status: alone, n (%) 106 42 (39.6)
With partner, n (%) 106 60 (56.6)
Living location: independent living, n (%) 105 100 (95.2)
Medication use, n (%) 100 53 (53.0)
Current smoker, n (%) 102 2 (2.0
Current alcohol, n (%) 101 84 (83.2)
Physical activity (min/week), median [IQR] 105 630.0 [347.5-1080.0]
Anthropometrics
BMI (kg/m?) 106 25.1 (3.5)
Height (cm) 106 169.4 (8.4)
Weight (kg) 106 722 (11.6)
Knowledge of guidelines
Nutrition score (0—36 points) 106 21.2 (4.9)
Physical activity score (0—13 points) 106 5.5(1.8)
Knowledge in neither domain?, n (%) 106 28 (26.4)
Knowledge in at least one domain®, n (%) 106 78 (73.6)
Knowledge in both domains?, n (%) 106 31 (29.2)
Fried frailty criteria
Frail, n (%) 89 0 (0.0)
Pre-frail, n (%) 101 19 (18.8)
Weight loss, n (%) 105 8 (7.6)
Exhaustion, n (%) 104 9(87)
Weakness, n (%) 106 2 (1.9)
Slowness, n (%) 106 0 (0.0)
Low physical activity, n (%) 100 5 (5.0
Physical performance measures
HGS (kg) 106 35.0 (8.9)
Male (kg) 32 44.1 (8.7)
Female (kg) 74 31.0 (5.4)
Gait speed (m/s) 105 1.4 (0.2)

Notes: All values are presented as mean (SD) unless indicated otherwise. *Knowledge categories were determined

by the median of the nutrition and physical activity questionnaires, respectively.

Abbreviations: n, sample size; IQR, interquartile range; min, minutes; BMI, body mass index; kg, kilogram; m,

meters; cm, centimeter; HGS, hand grip strength; s, seconds.
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Knowledge of Nutrition and Physical Activity Guidelines
Average knowledge scores were 21.2 (SD=4.9) out of 36 points and 5.5 (SD=1.8) out of 13 points for the nutrition and
physical activity questionnaires, respectively. On average, 58.9% of nutrition questions were answered correctly,
compared to, 42.3% of physical activity questions. Knowledge of nutrition scores and physical activity scores were
not significantly associated with each other (R?=0.013, p=0.245) (Figure 1).

Most participants had knowledge in at least one domain (73.6%), followed by smaller portions having knowledge in
both domains (29.2%), and knowledge in neither (26.4%).

Associations of Knowledge with Physical Function and Physical Activity

A significant positive association was found between nutrition knowledge and HGS strength in males before adjustment.
A one-unit increase in nutrition score was associated with 0.64 kg (95% CI: 0.05, 1.22; p=0.034) better HGS in males.
This association did not persist after adjustment for age and was not present in females. Effect sizes were consistently
positive for associations between nutrition knowledge and outcomes gait speed and physical activity and conversely,
effect sizes were consistently negative for associations between physical activity knowledge with these outcomes.
(Table 2).

Similarly, categorical measures of knowledge showed a lack of an association with outcome measures. In females,
knowledge in at least one domain was associated with a 0.10 m/s (95% CI: 0.01, 0.19; p=0.044) slower gait speed
compared to without knowledge in either domain. After adjustment for age, this association became non-significant. No
other significant associations were found (Table 3).

Discussion

No significant associations between the knowledge of nutrition or physical activity guidelines were found with objective
measures of physical function or physical activity in relatively highly educated and generally healthy Dutch older adults.
Knowledge of guidelines in the domains of nutrition and physical activity was limited, indicating the presence of
knowledge gaps and thus room to improve knowledge and awareness of guidelines in each domain.

Previous studies in community-dwelling older adults using specific questionnaires to capture knowledge of nutrition
or physical activity guidelines, respectively, have had contrasting results compared to the current study.’’>' The
discrepancies between these prior studies and the current study may be related to the high levels of physical activity
reported in the current population as well as methodological limitations in previous studies including basic assessments
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Figure | Scatterplot of weighted nutrition and physical activity scores. Marker size (scale) represents the number of participants.
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Table 2 The Association of Knowledge of (a) Nutrition and (b) Physical Activity Guidelines with Physical Function and Physical Activity

HGS Gait Speed Physical Activity

Male Female Male Female Male Female
(a) Knowledge of nutrition guidelines
Crude
B (95% CI) 0.64 (0.05, 1.22)* 0.09 (-0.18, 0.37) 0.0l (-0.01, 0.02) 0.01 (0.00, 0.02) 20.01 (—31.43, 71.44) 22.09 (-7.75, 51.92)
p-value 0.034 0.493 0.353 0.095 0.433 0.144
Model | (adjusted for age)
B (95% CI) 0.29 (-0.26, 0.84) —0.10 (-0.34, 0.15) 0.00 (-0.02, 0.02) 0.0l (-0.01, 0.01) 8.31 (—47.41, 64.03) 19.21 (—12.23, 50.64)
p-value 0.295 0.435 0.947 0.376 0.762 0.227
(b) Knowledge of physical activity guidelines
Crude
B (95% CI) —0.32 (—2.06, 1.43) 0.53 (-0.16, 1.23) —0.01 (-0.06, 0.03) | —0.00 (—0.02, 0.02) —43.09 (—189.80, 103.63) —11.88 (—66.18, 89.94)
p-value 0.715 0.132 0.544 0916 0.596 0.762
Model | (adjusted for age)
B (95% CI) —0.16 (—1.59, 1.28) 0.28 (-0.33, 0.90) —0.01 (-0.05,0.03) | —0.01 (-0.03, 0.02) —38.05 (—183.49, 107.39) —5.537 (-73.65, 84.72)
p-value 0.823 0.360 0.605 0.542 0.596 0.890

Note: *Statistically significant result (p<0.05).

Abbreviations: HGS, handgrip strength; B, unstandardized regression coefficient; Cl, confidence interval.
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Table 3 The Association of Knowledge in (a) at Least One Domain and (b) Knowledge in Both Domains® with Physical Function and Physical Activity

(b) Knowledge in both domains
Crude

B (95% CI)

p-value

Model | (adjusted for age)

B (95% CI)

p-value

4.66 (~3.94, 13.26)
0277

1.96 (—5.34, 9.25)
0.587

1.89 (-0.70, 4.48)
0.151

1.22 (—1.04, 3.48)
0.285

0.15 (~0.06, 0.37)
0.156

0.11 (-0.10, 0.31)
0.291

0.04 (~0.04, 0.13)
0.309

0.03 (~0.05, 0.11)
0.469

~143.73 (-861.38, 573.92)

0.685

~245.75 (~965.82, 474.32)

0.490

HGS Gait Speed Physical Activity

Male Female Male Female Male Female
(a) Knowledge in at least one domain
Crude
B (95% CI) 2.02 (—4.65, 8.68) 1.69 (—1.27, 4.64) 0.09 (-0.08, 0.25) 0.10 (0.01, 0.19)* —153.09 (—=703.29, 397.10) 184.51 (—141.68, 510.69)
p-value 0.541 0.258 0.285 0.044 0.574 0.263
Model | (adjusted for age)
B (95% CI) 1.51 (—3.96, 6.98) —0.64 (—3.37, 2.08) 0.08 (—0.08, 0.23) 0.06 (—0.04, 0.15) —169.81 (—713.46, 373.85) 144.36 (—204.21, 492.92)
p-value 0.577 0.640 0.300 0.253 0.527 0.412

12421 (~16.426, 412.69)
0.394

108.45 (~183.42, 399.32)
0.460

Notes: *Domains refer to nutrition and physical activity. Reference group is knowledge in neither area; *Statistically significant result (p<0.05).
Abbreviations: HGS, handgrip strength; B, unstandardized regression coefficient; Cl, confidence interval.
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of knowledge and issues regarding the validity of the self-reported measures to assess physical function. Although,
Cheung et al 2020 used a very brief assessment of knowledge of physical activity guidelines, their study identified non-
significant associations with self-reported physical activity and an objective measure of physical function (chair stand
test), which is consistent with our results despite the use of different physical performance tests.””

One explanation for the non-significant findings might be that the participants in this study were recruited based on
interest in attending a healthy ageing event at a university, which (as we expected) attracted a specific population of
participants. There was a overrepresentation of highly educated individuals and there was an absence of frailty in this
sample, compared to population estimates of prevalence between 4.0% and 17.0% in community-dwelling older adults.>
Furthermore, gait speed, HGS, and physical activity group scores were well above commonly used cut-off points to
screen for poor function and low activity.>*® Subsequently, the absence of an association found in the present study may
be reflective of a ceiling effect with respect to this highly educated, generally healthy and well-performing population
that has not been identified in previous studies.

The aim of this study was not to predict physical function from behavior, as it was opportunistic and implemented
a cross-sectional design. However, the lack of an association found is supported by health psychology prediction models
and theories of health behavior suggesting that beliefs, specifically, attitudes, perceived norms, and perceived control are
more important than knowledge alone.?>*” In line with this, the NU-AGE study identified that self-reported physical
function was associated with nutrition-related attitudes, but not nutrition-related knowledge.>” Behavioral interventions to
improve health status should appropriately address the attitude and perception components that drive health behavior.
Further, while physical activity was very high in the current population, it is important to acknowledge that a lack of
opportunities and resources for older adults to engage in physical activity represents a barrier, which is important to
consider in the context of health behavior and should be a focal point for health promotion efforts.*®

This study identified knowledge gaps within a group of highly educated, motivated, and generally healthy individuals,
which indicates that knowledge of guidelines should not be assumed to be sufficient and provides direction for public
health education. Poor knowledge of guidelines in this population may reflect limited laymen translation and highlight
issues regarding accessibility. Despite the lack of an association identified in the current study, older adults should have
the knowledge to be able to make healthy decisions. A strength of this study is that no inclusion or exclusion criteria
were applied and the use of objective measures of physical function. The small sample represents a limitation to this
study and it may also be limited by the use of a customized questionnaire that was not extensively validated.

Conclusion

Despite gaps in knowledge, in an inception cohort of well-functioning and generally healthy Dutch older adults, knowledge of
nutrition and physical activity guidelines are not associated with measures of physical activity or objective measures of
physical function. These findings strengthen the evidence that limited knowledge of guidelines, as a barrier to healthy lifestyle
and outcomes, is not straightforward and may be highly dependent on other factors, such as attitudes, perceptions, resources,
and opportunities. Future studies should prioritize these factors and aim to establish the role and capacity for increases in
knowledge to synergistically affect lifestyle and health status, while targeting interventions to those who need it most.
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