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Abstract: Research suggests that both nutrition and physical activity can protect mobility in older
adults, but it is yet to be determined whether these relationships are affected by gender. Thus, we
investigated the gender-specific relationship between nutritional status, physical activity level and
functional mobility in Irish older adults. A cross-sectional study was undertaken in 176 community-
dwelling older adults (73.6 £ 6.61 years) living in Cork, Ireland. Nutritional status was measured
using the Mini Nutritional Assessment-Short Form (MNA-SF) and physical activity was assessed via
the Physical Activity Scale for the Elderly (PASE). Functional mobility was measured using the Timed
Up and Go (TUG) test. The gender-stratified relationship between variables was assessed using
Pearson’s correlations and multiple linear regression. Partial correlations (p < 0.05) were observed
for TUG with PASE score in both genders, and with MNA-SF score in females, only. Multiple
regression showed that physical activity was a predictor of TUG in both genders (3 = 0.257 for males,
B = 0.209 for females, p < 0.05), while nutritional status was a predictor of TUG in females, only
(B =—0.168, p = 0.030). Our results suggest that physical activity is associated with functional mobility
in both genders, while the relationship between nutritional status and mobility may be specific to
older females. These findings may be of interest for the design of functional preservation strategies.
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1. Introduction

Declining fertility rates and increased length of life have resulted in significant growth
in the global elderly population [1]. Currently, there are an estimated 727 million persons
aged 65 years living worldwide, with this figure expected to more than double by the year
2050 [1]. In response to this transition, healthy ageing is considered a high priority area on
global policy agendas [2]; and initiatives to promote health, ensure good quality of life and
prevent the burden of illness in older age are encouraged.

Ageing often induces a chain of adverse physiological events, with the ultimate conse-
quence being functional deterioration and mobility disability [3]. As mobility dictates the
ability to perform daily life activities and live independently, strategies to delay functional
decline and preserve mobility are imperative, and the implementation of such strategies is
an active research topic [4]. Understanding factors associated with mobility decline is an
important primary step in guiding intervention development.

Our understanding of risk factors for mobility impairment has progressed signifi-
cantly in recent years, with evidence implicating factors such as chronic diseases, reduced
cognition, and psychological factors as significant contributors [5]. Only modifiable risk
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factors can be targeted through intervention, however, two of which include: (i) physical
activity [6], and (ii) nutrition [7], which may protect mobility through various physiological
mechanisms. It is yet to be determined, however, if these relationships are affected by
gender. Gender differences have been observed in the relationship between lifestyle factors
and several ageing-associated disorders, such as cognitive decline [8] and sarcopenia [9].
Further, it was recently reported that, potentially due to physiological differences, the
relationship between diet and frailty is stronger in female subjects, compared to males [10].
Considering the need to tailor functional preservation strategies, modifiable risk factors for
mobility decline should be explored for older men and women, separately.

The Timed Up and Go (TUG) test is a simple tool for measuring functional mobility,
lower extremity strength and balance [11]. Individuals are instructed to rise from a chair,
walk a 10 ft distance, turn, walk back to the chair, and return to the sitting position. TUG has
been employed as a reliable indicator of several health deficits in this age group, including
frailty [12], sarcopenia [13] and falls risk [14]. Understanding factors associated with TUG
performance is therefore valuable in informing intervention design, and in helping us to
gauge who is at risk for a range of impairments.

This study aimed to investigate whether the relationship between nutritional status,
physical activity, and functional mobility (measured by TUG) in older adults is gender-
specific, in addition to estimating the prevalence of impaired mobility in a cohort of
community-dwelling Cork elderly.

2. Materials and Methods
2.1. Study Population

A total of 204 participants were recruited to participate in this cross-sectional study.
Participants were volunteers aged >65 years who responded to advertisements in local
newsletters, radio stations, community centres, health clinics, churches and promotional
sessions delivered to elderly community groups in Cork city and county, a region in
southern Ireland. Participant recruitment took place from February to June 2019 inclusive.
Inclusion criteria included age (>65 years), community-dwelling, ability to walk 15 ft (with
the use of a walking aid, if necessary) and informed consent. Those who received a mini-
cog [15] score of <3 (n = 9), were unable to walk (1 = 1) or did not complete the TUG test
(n = 18) were excluded from the study, resulting in a study sample size of 176 participants
(n = 96 female, n = 80 male, 73.6 & 6.61 years) with complete sets of data for analysis.
Study participants attended health screening sessions at community settings across Cork
where their nutritional status, physical activity level and physical performance by TUG
was measured, from March to July 2019 inclusive. Written informed consent was obtained
from all participants prior to the commencement of the research. Ethical approval for this
study was granted by the Cork Institute of Technology Research Ethics Committee (Cork,
Ireland) in December 2018. Written informed consent was obtained from all participants
prior to the commencement of the study.

2.2. Nutritional Status

Nutritional status was assessed using the Mini Nutritional Assessment—Short Form
(MNA-SF) [16]. The MNA-SF is a 6-item nutrition screening tool specifically developed
for elderly subjects and classifies individuals as malnourished (score of <7), at risk of
malnutrition (score of 8-11) or of normal nutritional status (score of 12-14). It comprises
measurement of body mass index (BMI) and questions on food intake, weight loss, mobility,
and stress/disease. BMI was measured as weight (kg)/height (m)?. Weight (kg) was
measured using a calibrated Tanita body composition analyser (model DC-360s, Tanita,
Tokyo). Participants were asked to remove footwear and outer clothing prior to stepping on
the scales. To allow for clothing weight, 1.2 kg and 0.8 kg were subtracted from the weight
readings for males and females, respectively, as recommended by Whigham et al. [17].
Height (cm) was measured using a SECA portable stadiometer (model 213, SECA, Hanover,
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MD, USA) following the protocol outlined by the European Health Examination Survey
(HES) [18].

2.3. Physical Activity Level

Physical activity was measured using the Physical Activity Scale for the Elderly (PASE),
a five-minute self-reported questionnaire based on household, leisure and occupational
activity [19]. PASE derives an overall score based on activity intensity, frequency and
duration during the prior 7 days. The PASE questionnaire was the selected tool for
this study as it is quick and inexpensive to use, has a strong record of validity in older
populations [20,21] and has shown suitability for use in research studies investigating the
association between physical activity, health, and physical function in older individuals,
even where the sample size is small [20]. Further, a recent systematic review of physical
activity questionnaires for older adults recommended PASE as the optimum self-assessment
tool for total physical activity level measurement in this age group [22]. Minor adaptations
were made to the questionnaire to improve the relevance of listed examples for an Irish
audience. For example, moderate-intensity activities such as ballroom dancing, ice-skating
and softball were replaced with brisk walking, cycling with light effort and dancing for
leisure in the adapted version.

2.4. Timed Up and Go (TUG) Performance

The TUG was performed using the protocol outlined by the Center for Disease Control
and Prevention [23]. Participants wore their regular footwear and used a walking aid
if required. A chair with a straight back and fixed arms, and with the seat positioned
46 cm above the ground was used. A 10 ft distance was marked from the front of the chair
and participants were instructed to, on the word “Go”; rise from the chair, walk to the
mark placed 10 ft away (at normal walking pace), turn, walk back to the chair and return
to the sitting position. Participants undertook one practice round before the assessment.
A stopwatch commenced on the word “Go” and stopped when the participant’s back was
against the back of the chair after returning to the sitting position. A cut-off time of >10 s
was used to define impaired mobility [24].

2.5. Statistical Analyses

Statistical analyses were performed using RStudio 1.2.1335 (RStudio, PBC, Boston, MA,
USA) for Windows. Descriptive statistics were used to describe the characteristics of the
study group. Continuous variables are presented as means and standard deviations (SDs)
and categorical variables are presented as numbers (n) and percentages (%). Independent
t-tests and Mann-Whitney-U tests (depending on whether the data fitted a normal distri-
bution or not) were used to describe differences in numerical variables between genders,
while Pearson’s chi-squared test was used for categorical data. Correlations between TUG
and MNA-SF score and PASE score were established by calculating unadjusted Pearson’s
correlation coefficients, followed by partial correlation coefficients adjusted for age (years),
BMI (kg/ m?) and area of residence (urban/rural). To visualise the relationships, partial
regression plots were created (with regression line and standard errors) for MNA-SF score
and PASE score against TUG time in males and females, separately. Multiple linear re-
gression was then used to investigate the relationship between nutritional status, physical
activity level, demographic variables, and TUG performance for each gender. Due to
the considerably larger sample size required for the detection of interaction effects [25],
a separate regression model was built for each gender, as opposed to including gender
interaction effects in one model [26,27]. Variance inflation factors (VIF) were calculated
to assess for multi-collinearity (a VIF of < 4 was used as a cut-point for inclusion in the
model) [28] and Durbin-Watson and Shapiro-Wilk tests were applied to the residuals to
ensure assumptions of homoscedasticity and normally distributed were met, respectively.
Due to the small number of participants classified as malnourished (n = 2), those who
were malnourished and at risk of malnutrition (n = 36) were grouped together for multiple
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regression analysis. Independent variables entered were age (years), area of residence
(urban/rural), BMI (kg/ m?) PASE score and nutritional status (normal/malnourished or
at risk). Unstandardised regression coefficients, B (with 95% confidence intervals), and
standardised regression coefficients, (3, were calculated for each predictor in the models.
A significance level of 5% was used for the interpretation of all inferential statistics.

3. Results

The main characteristics of the study sample are shown in Table 1. A total of 96 (56.8%)
participants were female and 117 (66.5%) were living in an urban area. The average TUG
time was 9.5 £ 2.38 s, and this was significantly (p = 0.026) longer for females (9.9 £ 2.65 s)
than males (9.0 £ 1.92 s). Overall, 30.1% (1 = 53) of the study group had impaired mobility
(TUG >10 s) [22], and although more prevalent in females than males (36.5% vs. 22.5%),
this difference was not statistically significant (p = 0.065). A total of 1.1% (n = 2) and
19.3% (n = 34) of the study population were malnourished and at risk of malnutrition,
respectively. Males were significantly more physically active than females (p = 0.008). No
other statistically significant differences were found.

Table 1. Characteristics of study sample.

Characteristic Males (n = 80) Females (n = 96) Total (n = 176)
Age; y, mean + SD 73.8 £6.31 73.5 £ 6.87 73.6 £ 6.61
Living in urban area; n (%) 58 (72.5) 59 (61.5) 117 (66.5)
BMI; kg/m?, mean + SD 28.5 £3.42 28.3 £+ 5.56 28.4 +4.70
TUG; s, mean & SD 9.0+ 1.92* 99 +2.65* 9.5+ 2.38
Impaired mobility: TUG >10's; 11 (%) 18 (22.5) 35 (36.5) 53 (30.1)
PASE Score; mean + SD 1509 £ 65.74 * 131.5 £ 66.16 * 140.3 £ 66.50
Nutritional status; n (%)
Normal status (score 12-14) 68 (85.0) 72 (75.0) 140 (79.5)
At risk of malnutrition (score 8-11) 12 (15.0) 22 (22.9) 34 (19.3)
Malnourished (score 0-7) 0 (0) 2(2.1) 2(1.1)

BMI body mass index; PASE physical activity scale for the elderly; TUG timed up and go; SD standard
deviation; * p < 0.05 between genders (calculated by Mann-Whitney-U test).

Table 2 shows unadjusted and adjusted correlation coefficients for PASE score and
MNA-SF score with TUG time, by gender, with partial correlation plots presented in
Figure 1. Both prior to and after adjustment, PASE score was significantly correlated with
TUG time in both genders (adjusted p = 0.006 for males, p = 0.011 for females), while
MNA-SF score was significantly correlated with TUG score in females (p = 0.002), but not
in males (p = 0.196).

Table 2. Pearson’s (r) and partial r t correlation coefficients of PASE score and MNA-SF score with
TUG time for males and females (1 = 176).

. Males (1 = 80) Females (n = 96)
Variable
R Partial r R Partial r
PASE Score —0.349 ** —0.308 ** —0.454 *** —0.262 *
MNA-SF score —0.121 —0.149 —0.313 ** —0.316 **

PASE physical activity scale for the elderly; MNA-SF mini nutritional assessment-short form;
t adjusted for age, body mass index and area of residence; * p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 1. Partial correlation plots (adjusted for age, area of residence and body mass index) with standard error for PASE
score and MNA-SF score with TUG time (s) in (a) males and (b) females.

No multi-collinearity was detected for any of the variables (all VIFs < 4) [28]. The
predictors included in the multiple linear regression models (age, area of residence, PASE
score, nutritional status, and BMI) explained a greater amount of the variation in TUG time
for females, compared to males (Table 3, R? = 37.4% for males, R? = 49.9% for females).
In both genders, increasing age was significantly associated with a longer TUG time
(B =0.499 for males, 3 = 0.533 for females; both p < 0.001), while higher PASE score was
significantly associated with a shorter TUG time (3 = —0.257 for males, 3 = —0.209 for
females; p < 0.05). In females, a normal nutritional status (compared to malnourished or
at risk) was significantly associated with a shorter TUG time (3 = —0.168, p = 0.030). This
relationship was not observed in males.

Table 3. Regression coefficients (B) and standardised regression coefficients (3) with 95% confidence intervals (95% ClIs) for
independent variables with TUG time in males (R? = 37.4%) and females (R? = 49.9%).

Independent Variables B 95% CI (for B) B p-Value VIF
Males (n = 80)
Intercept -3.909 - - - -
Age 0.151 [0.096-0.207] 0.499 <0.001 1.06
BMI = 0.104 [—0.001-0.209] 0.186 0.051 1.11
Residence (rural) 0.472 [—0.327-1.271] 0.113 0.243 1.15
Nutritional status (normal) —0.409 [—1.369-0.551] —0.077 0.398 1.03
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Table 3. Cont.

Independent Variables B 95% CI (for B) B p-Value VIF

PASE score —0.007 [—0.013——0.002] —0.257 0.008 1.11
Females (1 = 96)

Intercept —4.962 - - - -

Age 0.205 [0.142-0.269] 0.533 <0.001 1.29

BMI 0.067 [—0.002-0.137] 0.141 0.058 1.03

Residence (rural) 0.509 [—0.317-1.334] 0.094 0.224 1.12

Nutritional status (normal) —1.020 [—1.936——0.104] —0.168 0.030 1.09

PASE score —0.009 [—0.015-—0.002] —0.209 0.014 1.31

BMI body mass index; MNA-SF mini nutritional assessment-short form; PASE physical activity scale for the elderly; VIF variance

inflation factor.

4. Discussion

The current study investigated the gender-specific relationship between nutritional
status, physical activity and functional mobility as measured by the TUG in a cohort
of Irish community-dwelling older adults. The prevalence of impaired mobility in this
cohort was 30.1%, and was slightly, although not statistically significant, higher in females
compared to males (36.5% vs. 22.5%). Although comparable data are limited, this figure
is similar to the prevalence of slow gait speed (29.8%) reported from a recent analysis
of older adults from six countries, including Ireland [29], and is slightly lower than the
estimated prevalence of mobility limitations in US elderly (39.8%) [30]. No other data were
found on the national prevalence of mobility impairment. However, the average TUG time
in this cohort (9.5 & 2.38 s) is in line with that previously reported for Irish older adults
(9.0 £ 2.46 s) by The Irish Longitudinal Study of Ageing (TILDA) [31] and is almost
identical to that estimated from a worldwide meta-analysis of twenty-one studies in older
adults (9.4 s) [32]. Consistent with prior research in Irish older adults using the MINA [33],
the prevalence of malnutrition in this group was low (1.1%).

Increasing age was associated with a longer TUG time in both genders, and the
average TUG time was significantly longer for females, compared to males in this cohort
(9.95svs. 9.0s,p =0.026), a finding that has also been reported elsewhere [34]. Males are
taller than females, and stature is associated with gait speed [35]. However, it was recently
suggested that gait speed may be affected by height in early ageing only and that this effect
is attenuated as age increases beyond 65 years [36]. Another, perhaps more likely reason,
may be the higher muscle mass and strength of males, compared to females [37]. This
increased strength may translate to better TUG performance, as improved lower extremity
strength is associated with better gait function [38]. Males also had significantly higher
physical activity scores in this study (p = 0.008), a recurrent finding in this age group, as
proposed by a systematic review of 53 studies [39].

Higher levels of physical activity are known to protect muscle mass by inducing
alterations in skeletal muscle [40]. This can have a knock-on effect of also helping to protect
bone mass [41], both important factors for mobility preservation in the ageing population.
In the current study, self-reported physical activity level was significantly associated with
TUG performance, irrespective of gender (3 = —0.257 for males, 3 = —0.209 for females;
p < 0.05). Research on the relationship between physical activity and physical function
is generally indicative of a positive effect, and numerous interventions incorporating
exercise programmes have led to improved functional outcomes in older adults [4]. Thus,
a beneficial effect of physical activity on mobility was anticipated. However, it has been
suggested elsewhere that physical activity level does not affect functional fitness when
age is controlled for [42], while more recently, it was suggested that a relationship exists
between physical activity and functional parameters in older males, but not females [9].
The reason for this conflict of evidence is unclear, but it may be due to the different outcome
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measures used in these studies, as opposed to TUG. For example, Rivera et al. [9] measured
functional performance based on the 4-metre speed test, chair tests and handgrip strength,
while Tuna et al. [42] included the 30-s chair-stand test, the 8-feet up and go test, and the
6-min walk test. The absence of a gold standard method for assessing performance is likely
to introduce heterogeneity to results between studies.

Inadequate nutrition may contribute to impaired mobility due to factors such as
feelings of exhaustion, weight loss and reduced activity and strength, and, indeed, re-
search has shown that lower overall nutritional status is linked to an increased risk for
disability [43]. In the current study, MNA-SF score was significantly correlated with TUG
(partial r = —0.316, p = 0.002) and nutritional status was a significant predictor of functional
mobility in older females (3 = —0.168, p = 0.030). Interestingly, no such relationship was
observed in older males, a finding that has not been reported elsewhere. However, gender
differences have been reported in the association between nutrition and several health
outcomes in adults, including frailty [10], obesity [27] and risk for hypertension [44], with
stronger effects consistently reported in female subjects. Although exact mechanisms
remain unclear, there are several physiological gender differences that may explain a more
pronounced response to nutrition in females. Older females are at higher risk for chronic
inflammation due to postmenopausal decreases in sex hormones [45], which may sub-
sequently increase the risk for mobility decline through adverse effects on muscle [46].
In addition, this elevated risk may cause females to be more susceptible to chronic pain
and depression and, consequentially, polypharmacy tends to be higher in females than
males [47]. This could subsequently contribute to a stronger response to nutrition in fe-
males, as medication use is associated with a reduced level of physical activity [48], and
central nervous system drugs such as opioids and anti-depressants increase the risk for
mobility limitations [49]. Additionally, older females may be more sensitive to inadequate
intakes of certain nutrients such as vitamin D and calcium, due to their elevated risk for
bone loss [50], or inadequate protein intake due to the lower lean mass of older females,
compared to males [51]. This may explain a greater impact of poor nutrition on mobility in
females, as bone mass, muscle mass and functional parameters are strongly related [52].
It is also possible, however, that the relationship between nutritional status and functional
mobility in males may have been attenuated by the relatively small (n = 176) sample size
of the current study, and the fact that there were more female (1 = 96) than male (n = 80)
participants. Further research is needed to confirm these findings and to explore the un-
derlying mechanisms which may explain gender differences in the relationship between
nutritional status and mobility.

The limitations of this study must be considered when interpreting the findings.
Firstly, the participants of this research were self-selected volunteers who responded to
advertisements for the study in community settings. Therefore, those who are most likely to
suffer from mobility impairment and malnutrition may not have been included, potentially
resulting in a biased study sample that may not accurately represent the population.
However, the average TUG time reported in this study is reassuringly comparable with
that reported from a nationally representative study [31], indicating that such bias may
have been marginal. Additionally, medication use by participants was not recorded in
this study and was thus not controlled for in the analysis. This may somewhat limit the
accuracy of the results observed as medication use can have an impact on both physical
activity and functional mobility level [48,49]. Finally, cross-sectional analyses are unable
to identify cause-effect relationships, and further investigation with a longitudinal study
design would be useful in confirming the direction of the associations observed. However,
the cross-sectional study design was suitable for the objectives of this study, which was
exploratory in nature.
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5. Conclusions

The results of this study suggest that a higher level of physical activity is associated
with improved functional mobility in older adults, irrespective of gender. However, better
nutritional status was associated with better functional mobility in female subjects, only, im-
plying that the relationship between nutritional status and mobility may be gender-specific.
Reasons for this gender difference warrant a more detailed, longitudinal investigation, in
order to further define critical components for tailored functional preservation strategies
for both genders.
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