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Sex differentials in relationships
between functional fitness and
_cognitive performance in older
s adults: a canonical correlation
s
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This study aimed to explore the sex differentials in correlations between functional fitness (FF) and

. cognitive impairment (Cl) in older adults without dementia. A community-based cross-sectional
study was conducted using 2096 adults more than 65 years of age. The Senior Fitness test and Mini-
mental State Examination (MMSE) were used to measure FF and cognitive performance. Canonical
correlation analysis (CCA) was performed to evaluate the relationships between FF and MMSE. Our
results confirmed the relationships between FF and Cl, furthermore FF and MMSE were significantly

. different between men and women (P < 0.05). CCA results showed overall FF was positively correlated

© with overall MMSE in both men (canonical coefficient = 0.37, P < 0.0001) and women (first canonical
coefficient=0.42, P < 0.0001; second canonical coefficient=0.17, P=0.004). Among men, 30s-arm curl
and language were most highly correlated with FF and MMSE, respectively. Whereas among women,

: 30s-arm curl and eight-foot up-and-go were most highly correlated with FF, and orientation and recall

. were most highly correlated with MMSE. In conclusion, there was a sex difference in the relationships

. between FF and MMSE, which facilitated generating insight into cognitive performance improvement

. from the perspective of FF enhancement by sex. Prospective studies are needed to explore the causality

. between FF and cognitive performance.

. With the progress of civilization and industrialization, the aging population dramatically increases worldwide. In
: China, there were 131.61 million older adults (>65 years old) as of 2015. Numerous problems manifest through-
. out the aging process. Dementia and cognitive impairment (CI) have become one of the burdensome public
- health issues nowadays'. As projected by Alzheimer’s Disease International in 2015, the number of dementia
. patients worldwide was 46.8 million in 2015 and is expected to double every 20 years and arrive at 131.5million
© by 20502
: Earlier detection and intervention have been suggested as the most cost-effective measures to prevent or slow-
ing the onset of dementia®. Hence, it is necessary to identify potentially modifiable lifestyle-related markers in the
earliest phase of the disease. CI is characterized by declines in memory, attention and cognitive function, which
greatly affects the quality of life. Mini-mental state examination (MMSE) is a widely used method to evaluate the
cognitive state. Functional fitness (FF) is defined as having the physical capacity to perform normal daily activi-
ties safely and independently without undue fatigue. A review of the existing literature indicated that decreased
FF was a risk factor of dementia, and a high level of FF might reduce the risk of this disease*. Furthermore,
. few studies have studied the associations between FF and cognitive status in older adults free from dementia.
A community-based study conducted in the Japanese population found that each FF component had potential
: asa single marker of low cognitive function’. Meanwhile, a study conducted in the Korean population showed
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30s Chair stand 11.89+5.78 14.824+6.33 <0.0001 11.59+5.31 13.884+5.53 <0.0001
Chair sit-and reach —6.861+10.33 —4.05+£8.65 0.0004 —5.314£9.71 —1.524+7.90 <0.0001
30s-arm curl 13.824+7.10 18.664+9.59 <0.0001 13.59+6.86 18.5049.13 <0.0001
2-min step 67.20 +40.76 83.88 £38.52 <0.0001 62.54+35.19 80.26 +36.10 <0.0001
Back scratch —17.49+12.68 —12.53+11.71 <0.0001 —14.724+12.03 —10.854+12.87 <0.0001
8 foot up-and-go 10.194+4.75 8.5543.93 <0.0001 10.454+10.04 8.6918.34 <0.0001

Table 1. Functional fitness of the study population with and without cognitive impairment by sex. P was
calculated using unpaired student’s ¢-test.

Senior functional fitness test

30s Chair stand (n) 13.554+5.98 14.224+6.33 12.914+5.56 <0.0001
Chair sit-and-reach (cm) —3.874+9.03 —4.434+9.09 —3.144+8.91 0.0002
30s-arm curl (n) 17.08 +9.00 17.6949.34 16.47 +8.61 0.002
2 min step (n) 76.62 +38.33 80.49 +39.54 72.85+36.76 <0.0001
Back scratch (cm) —13.07+12.38 —13.60+12.09 —12.56+12.65 0.06
Eight-foot up-and-go (s) 9.17+4.34 8.89+4.16 9.44+4.48 0.004
Mine-mental State examination

Total score 24.69£5.36 26.02+4.44 23.40+5.85 <0.0001
Orientation 8.68 £2.08 9.10£1.65 8.28+2.37 <0.0001
Memory 2.77+£0.62 2.82£0.57 2.7340.66 0.001
Attention 351+£1.79 3.97+1.52 3.06£1.92 <0.0001
Recall 2.09+1.05 2.21£0.98 1.97+1.09 <0.0001
Language 7.67£1.38 7.94+1.30 7.41+1.41 <0.0001

Table 2. Clinical Characteristics of the study population by sex. P was calculated using unpaired student’s t-test.

that only eight-foot up-and-go and 6-min walk test domains were significantly associated with global cognitive
performance®. In addition, two other recent studies indicated that gait speed was related to cognitive function in
the pre-dementia stage®!’. However, it is not known whether FF is associated with cognitive function in Chinese
older adults without dementia.

Furthermore, Chinese oldest old (i.e., people aged 80 and older) women are at a higher risk for CI than men
due to sex disparities'!. Both MMSE and FF are multi-dimensional concepts. Thus it is necessary for health edu-
cation to examine the sex differentials in relationships between FF and cognitive function, and explore the key
sub-dimensions that influence their overall relationships. To date, few studies have performed such examinations.

Our study aimed to explore the relationships between FF and CI, between sex, and apply canonical correlation
analysis (CCA) to identify the key sub-dimensions of FF and cognitive function influencing their overall relation-
ships in Chinese older adults free from dementia.

Results

The average age (72.79 £5.10 vs. 72.66 & 5.28; t =0.60, P=0.55) and body mass index (BMI, 24.28 £ 3.42 vs.
24.66+3.79; t=1.88, P=0.06) for men and women were not significantly different. Compared with female older
adults, males had a higher rate of smoking (34.34% vs. 2.16%, P < 0.0001).

Associations between FF and Cl by sex. Male older adults with CI performed more poorly on all FF
tests when compared with non CI older male adults, having significantly fewer 30s-chair stands, 30s-arm curls
and 2 min-steps, and longer time to complete 8-foot up-and-go, shorter chair sit-and-reach and back scratch
distance(all P < 0.05). Similarly, female older adults with CI also performed more poorly on all FF tests when
compared with non-CI older female adults. The detailed values are presented in Table 1.

Sex differentials of functional fitness and mini-mental state examination. As summarized in
Table 2, male older adults had better performance on all FF tests when compared with females, except one. These
included significantly higher 30s-chair stands, 30s-arm curls and 2 min-steps, and less time to complete eight-foot
up-and-go, but shorter chair sit-and-reach distance (all P < 0.05). Furthermore, total MMSE score was signifi-
cantly higher in male older adults than females (26.02 £ 4.44 vs. 23.40 & 5.85; t=11.51, P < 0.0001). In addition,
for each domain of MMSE including orientation, memory, attention, recall, language, male older adult scores
were significantly higher than females (all P < 0.05).
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Variables \ Vi \ Y2 \ s \ Y \ ¥s
Men

X, 0.12 0.00 0.17 0.11 0.20
X, 0.06 0.00 0.13 0.08 0.16
X3 0.16 0.00 0.24 0.09 0.24
X, 0.12 —0.04 0.16 0.09 0.18
X5 0.15 0.03 0.17 0.11 0.18
Xg —0.10 0.04 —0.16 —0.08 —0.10
‘Women

X, 0.21 0.07 0.15 0.13 0.15
X, 0.21 0.06 0.18 0.13 0.19
X3 0.33 0.13 0.27 0.15 0.25
Xy 0.23 0.05 0.23 0.22 0.21
X5 0.17 0.07 0.17 0.16 0.16
Xq —0.18 —0.01 —-0.13 —0.17 —0.09

Table 3. Correlations between the sub-dimensions of functional fitness and mini-mental state examination
for men and women. r was calculated by Pearson correlation test. x, = 30's chair stand, x, = chair sit-and-reach,
X3 = 30s-arm curl, x, =2 min step, x; = back scratch, x, = eight-foot up-and-go; y, = orientation, y, = memory,
y; = attention, y, =recall, y;=language.

Canonical correlation analysis. FF was assigned x variables (x, = 30s-chair stand, x, = chair sit-and-reach,
X3 = 30s-arm curl, x, =2 min-step, X; = back scratch, x, = eight-foot up-and-go), and MMSE was assigned y vari-
ables (y, = orientation, y, = memory, y; = attention, y, =recall, y; = language). There were low to moderated cor-
relations within and between the 6 FF variables and 5 MMSE variables in men and women respectively (Table 3).

The results of CCA yielded five canonical functions. For men, only the first canonical function (canonical coef-
ficient=0.37, P < 0.0001) was statistically significant. But for women, both the first (canonical coefficient=0.42,
P <0.0001) and second (canonical coefficient=0.17, P=0.004) canonical functions were significant. According
to the standardized canonical coefficients between variables and the canonical functions (V in FF and W in
MMSE), the following equations were established.

V, (men) =0.198x, + 0.167x, + 0.528x, -+ 0.228x, + 0.365x; — 0.047x,

W, (men) =0.151y,—0.393 y, + 0.470y; + 0.157y, + 0.583y;

V, (women) = 0.008x, + 0.241x, + 0.588x; + 0.334x, + 0.328x5 — 0.021x,4
W, (women) = 0.545y,—0.044y, + 0.268y; + 0.206y, + 0.244y;

V, (women) = —0.075x; + 0.173x, + 0.737x; — 0.273x, — 0.193x5 + 0.817x¢
W, (women) = 0.045y, + 0.581 y, — 0.054y; — 1.028y, + 0.585y;

Furthermore, V, and W, could explain 38.04% and 44.08% of FF and MMSE variance in men respectively. As
for women, V, and V, could explain 34.86% and 13.79% FF variance, whereas W, and W, could explain 49.84%
and 12.15% MMSE variance respectively.

As shown in Fig. 1, for male older adults, the structure coefficients showed that except for eight-foot
up-and-go, other variables were positively associated with FF, indicating that higher frequency of chair stand,
step, arm curl, as well as shorter chair sit-and-reach distance, back scratch distance and less time to complete
eight-foot up-and-go were associated with higher FF performance. Moreover, the 30s-arm curl (r, = 0.80) were
most highly correlated with V, in FF, and Language (r,=0.83) were most highly correlated with W1 in MMSE.
Among the female older adults, the 30s-arm curl (r,=0.80) and orientation (r,=0.90) were most highly corre-
lated with V| and W respectively. In addition, the eight-foot up-and-go (r,=0.70) and recall (r,= —0.60) were
most highly correlated with V, and W,.

Discussion

Exploring modifiable lifestyle-related markers of pre-dementia cognitive function was expected to be of value to pro-
mote earlier detection and intervention measures in community-based settings'?. The results of our study confirmed
the relationships between FF and CI both in male and female older adults free from dementia. In addition, positive
moderate correlations between overall FF and overall MMSE, evaluated by CCA, were calculated. Muscle strength
and flexibility, agility/dynamic balance, aerobic endurance all demonstrated significant contributions to the rela-
tionships between overall FF and overall MMSE. Namely, older adults with higher FF generally had better cognitive
conditions, which is consistent with previous studies®'*-'°. Furthermore, Narazaki et al. found handgrip strength,
leg strength, sit-to-stand rate, gait speed and one-leg stand time had significant associations with global cognitive
function in Japanese community-dwelling older adults without apparent cognitive problems’. Similar results have
also been demonstrated in cognitive impairment populations. For example, Lee SH et al. conducted a cross-sectional
study which enrolled 500 Korean older adults and found those who had mild cognitive impairment had significantly
lower levels of physical fitness, especially upper body flexibility and agility/dynamic balance'. Moreover, the results
from EPIDOS cohort study showed that there was a negative association of five-times-sit-to-stand with global cog-
nitive performance, which meant the older adults with CI had poor agility and functional mobility'S.
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Figure 1. Structure coefficient of canonical factors. For male older adults, 30s-arm curl were most highly
correlated with V1 in FF, and Language were most highly correlated with W1 in MMSE. Among the female older
adults, 30s-arm curl (rs =0.80) and orientation (rs =0.90) were most highly correlated with V1 and W1; eight-foot
up-and-go (rs=0.70) and recall (rs = —0.60) were most highly correlated with V2 and W2, respectively.

In the present study, the CCA results also showed that FF was associated more with orientation, attention
and language, but less with memory, especially for men, which was opposite to our expectation. A recent study
showed that in young adults, better aerobic fitness was associated with hippocampal viscoelasticity that mediated
the benefits of fitness on memory function'’. In addition, another study conducted in older adults at risk for
Alzheimer’s disease showed that for men, significant positive associations were observed between cardiorespira-
tory fitness and memory, but not for women'®. These inconsistencies might arise from the different age, mental/
cognitive state of the populations studied, different evaluation methods of fitness and memory and so on.
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It was well known that men owned better physical strength and women owned better body tenacity'®, which
were consistent with our FF results. Moreover, we also found that men performed better than women in each
domain of MMSE. A growing body of research presented that Chinese women were significantly disadvantaged
in cognitive functioning in old age'*°-%2, as well as in the oldest old'!.Furthermore, similar with our results (the
prevalence of CI: men vs. women = 21.05% vs. 42.91%), Yu and colleagues also reported a large sex disparities in
the prevalence of both sever and mild CI among those aged more than 65 years old in Shanghai, China®. Expect
for the difference of physical structure, sex was one factor that hinted at the differences in gender roles, opportu-
nities and obligations which conditioned the experiences of men and women throughout their life course. Lack
of mental stimulation through high-skilled occupation and a large social network, which were associated with
cognitive development and maintenance®, might contribute to the lower MMSE in older women.

In addition, it was worth noting that the key sub-dimensions of FF and MMSE were obviously different
for male and female. For men, 30s-arm curl were most highly correlated with FF, whereas, among the female,
30s-arm curl and eight-foot up-and-go were most highly correlated with FE Furthermore, the characteristics of
FF were quite different between men and women. So for male and female, there should be different intervention
programs for the improvement of FE. In addition to upper body strength, women should focus on the promotion
of aerobic endurance and balance. Furthermore, for men language were most highly correlated with MMSE, but
for women orientation and recall were most highly correlated with MMSE. That means, different sex may have
different manifestations of CI. So in the early stage of cognitive degradation, focusing on different functional
domains depending on sex might reduce the workload of primary health care workers.

Senior Fitness Test (SFT) required refined brain control for initiation of the tasks, recruitment of muscles
and motor coordination. Hence, the concurrent deterioration of the brain regions responsible for cognitive and
physical performance might be one possible mechanism explaining the observed association®*-%¢. Moreover, other
researchers found that changes in the brain activation of older adults with aerobic exercise intervention have been
accompanied by improvement in cognitive function?”-*. Taking into account the results of our study, SFT was
simple and required no clinical resources or devices, so physical fitness measures was of practical value for identi-
fying and monitoring pre-clinical cognitive impairment in community-based regular checkups.

Even with a larger sample size, our study had some limitations. Firstly, this study was a cross-sectional study
which could not clarify the causality between FF and MMSE. Secondly, we did not evaluated potential confound-
ers of FF and MMSE, such as the years of education, which might limit the interpretation of the results. Therefore,
larger and prospective studies are needed to further explore the association between FF and cognitive status in
Chinese older adults free from dementia.

In summary, our results confirmed the relationships between FF and CI in Chinese older people free from
dementia. Furthermore, the present study first demonstrated the correlations between six FF and five MMSE
sub-dimensions using CCA and revealed positive and moderate relationships between FF and MMSE. The
main FF components that influence the relationships between FF and MMSE in men are upper and lower body
strength, whereas in women, the components are upper body strength, aerobic endurance and agility/dynamic
balance. Hence, it is necessary to promote sex-specific fitness interventions to improve cognitive status among
Chinese older adults.

Methods

Study population. Our study was designed as a cross-sectional study based on community. Participants
were selected by multi-stage stratified random sampling in Wuhan city, Hubei province, central China, during
December 2015 to May 2016. Firstly, 7 districts were randomly selected from the 17 districts of Wuhan city.
Then, in each district, 3 to 5 communities were randomly enrolled. For each community, 60 to 100 subjects were
enrolled. Exclusion criteria were: age <65 years; no daily life activities; with dementia, sever bodily pain, conges-
tive heart failure, dizziness, uncontrolled high blood pressure (exceeding 160/100 mmHg). Finally, a total of 2096
(1031 male and 1065 female) adults older than 65 years were included in our study.

The study was approved by the institutional review boards of Center for Disease Control and Prevention,
Wauhan city and all subjects provided informed consent for participation. The methods were carried out in
accordance with the principles of the Declaration of Helsinki.

The demographic characteristics (sex, age, height, weight, smoking status, yeas of education) were collected.
In addition, Senior Fitness test and Mini-mental State Examination were used to measure FF and cognitive
performance.

Functional fitness measurement. FF was conducted by SFT which is developed for early identification
of older people who are at risk of losing functionality. After 10 min of warm-up, participants were instructed by
a trained instructor. SFT was then completed in the designed order: (1) 30s-chair stand: to assess lower body
strength; (2) 30s-arm curl: to assess upper body strength; (3) Back scratch: to assess upper body (shoulder) flexi-
bility; (4) Chair-sit-and-reach: to assess the flexibility of the lower extremities; (5) eight-foot-up-and-go: to assess
agility/dynamic balance as an index of basic mobility skills and (6) 2 min- step: to assess aerobic endurance. Each
test was strictly performed according to the SFT Manual®.

Mini-mental state examination measurement. Cognitive assessment was evaluated by MMSE which
has been proven as a reliable, sensitive and valid method for cognitive performance examining. We performed the
Chinese version of MMSE by trained nurses. MMSE measured: (1) temporal and spatial orientation: 10 points; (2)
immediate memory: 3 points; (3) recall: 3 points; (4) attention: 5 points and (5) language: 9 points. Total MMSE
scores range from 0 to 30 points®. In Chinese population, it was suggested that CI should be defined as MMSE
score <24 in people with education for less than 9 years, or <26 in those who have received formal education for
more than 9 years®..
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Statistical analysis. Normality of distribution for continuous variables was tested by the Kolmogorov-
Smirnov test. Normal distribution data were presented as mean 4 SD, and the differences between males and females
were compared by unpaired Student’s t-test. To explore the key sub-dimensions of FF and cognitive function influ-
encing their overall relationships, we used canonical correlation analysis (CCA). This statistical method calculated
the correlation between two sets of variables and generated statistically independent pairs of new variables, which
were referred to as canonical variables. In this study, CCA was conducted using six FF variables as predictors of five
MMSE sub-dimensions in males and females separately. P < 0.05 was accepted as statistically significant. Analyses
were performed with SAS Software, Version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA).

Data availability statement. The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

References

1. Ballard, C. et al. Alzheimer’s disease. Lancet. 377, 1019-1031 (2011).

2. Prince, M. et al. World alzheimer report 2015. The global impact of dementia. An analysis of prevalence, incidence, cost and trends.
(2015).

3. Sperling, R. A. et al. Toward defining the preclinical stages of Alzheimer’s disease: Recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 280-292
(2011).

4. Bherer, L., Erickson, K. I. & Liu-Ambrose, T. A review of the effects of physical activity and exercise on cognitive and brain functions
in older adults. J Aging Res. 2013, 657508 (2013).

5. Blondell, S. J., Himmersley-Mather, R. & Veerman, J. L. Does physical activity prevent cognitive decline and dementia?: A systematic
review and meta-analysis of longitudinal studies. BMC Public Health. 14, 510 (2014).

6. Baum, E. E,, Jarjoura, D., Polen, A. E., Faur, D. & Rutecki, G. Effectiveness of a group exercise program in a long-term care facility:
A randomized pilot trial. ] Am Med Dir Assoc. 4,74-80 (2003).

7. Narazaki, K. et al. Physical fitness measures as potential markers of low cognitive function in japanese Community-Dwelling older
adults without apparent cognitive problems. J Sports Sci Med. 13, 590-596 (2014).

8. Ahn, J. & Kang, H. Physical fitness and serum vitamin d and cognition in elderly Koreans. Journal of sports science & medicine. 14,
740-746 (2015).

9. Mielke, M. M. et al. Assessing the temporal relationship between cognition and gait: Slow gait predicts cognitive decline in the Mayo
Clinic Study of Aging. ] Gerontol A Biol Sci Med Sci. 68, 929-937 (2013).

10. Fitzpatrick, A. L. et al. Associations of gait speed and other measures of physical function with cognition in a healthy cohort of
elderly persons. ] Gerontol A Biol Sci Med Sci. 62, 1244-1251 (2007).

11. Zhang, Z. Gender differentials in cognitive impairment and decline of the oldest old in China. ] Gerontol B Psychol Sci Soc Sci. 61,
$107-S115 (2006).

12. Kawagoe, T., Onoda, K. & Yamaguchi, S. Associations among executive function, cardiorespiratory fitness, and brain network
properties in older adults. Sci Rep. 7, 40107 (2017).

13. Arsic, S., Konstantinovic, L., Eminovic, F. & Pavlovic, D. Correlation between demographic characteristics, cognitive functioning
and functional independence in stroke patients. Srp Ark Celok Lek. 144, 31-37 (2016).

14. Takata, Y. et al. Physical fitness and cognitive function in an 85-Year-Old Community-Dwelling population. Gerontology. 54,
354-360 (2008).

15. Lee, S. et al. Poor physical fitness is independently associated with mild cognitive impairment in elderly Koreans. Biol Sport. 33,
57-62 (2016).

16. Annweiler, C. et al. The Five-Times-Sit-to-Stand test, a marker of global cognitive functioning among community-dwelling older
women. ] Nutr Health Aging. 15,271-276 (2011).

17. Schwarb, H. et al. Aerobic fitness, hippocampal viscoelasticity, and relational memory performance. Neuroimage. 153, 179-188
(2017).

18. Dougherty, R. J. et al. Relationships between cardiorespiratory fitness, hippocampal volume, and episodic memory in a population
at risk for Alzheimer’s disease. Brain & Behavior. 7, €625 (2017).

19. Gouveia, E. R. et al. Functional fitness and physical activity of Portuguese community-residing older adults. ] Aging Phys Act. 21,
1-19 (2013).

20. Yu, E. S. et al. Cognitive impairment among elderly adults in Shanghai, China. J Gerontol. 44, S97-S106 (1989).

21. Yi, Z., Yuzhi, L. & George, L. K. Gender differentials of the oldest old in china. Research on Aging An International Bimonthly Journal.
1, 65-80 (2003).

22. Jin, Y. et al. Physical inactivity and cognitive impairment in Korean older adults; Gender differences in potential covariates. Ann
Hum Biol. 1-30 (2017).

23. Cognitive, N. R. C. U. & Aging, R. O. The aging mind: Opportunities in cognitive research. National Academies Press (US),
Washington (DC) (2000).

24. Resnick, S. M., Pham, D. L., Kraut, M. A., Zonderman, A. B. & Davatzikos, C. Longitudinal magnetic resonance imaging studies of
older adults: A shrinking brain. ] Neurosci. 23, 3295-3301 (2003).

25. Negash, S., Bennett, D. A, Wilson, R. S., Schneider, ]. A. & Arnold, S. E. Cognition and neuropathology in aging: Multidimensional
perspectives from the Rush Religious Orders Study and Rush Memory and Aging Project. Curr Alzheimer Res. 8, 336-340 (2011).

26. Salat, D. H. The declining infrastructure of the aging brain. Brain Connect. 1,279-293 (2011).

27. Colcombe, S.J. et al. Cardiovascular fitness, cortical plasticity, and aging. Proc Natl Acad Sci USA 101, 3316-3321 (2004).

28. Nishiguchi, S. et al. A 12-Week physical and cognitive exercise program can improve cognitive function and neural efficiency in
Community-Dwelling older adults: A randomized controlled trial. ] Am Geriatr Soc. 63, 1355-1363 (2015).

29. Rikli, R. E. & Jones, C. J. Senior fitness test manual. Journal of Aging & Physical Activity. 10, 110-111 (2013).

30. Holsinger, T., Deveau, J., Boustani, M. & Williams, J. J. Does this patient have dementia? JAMA. 297, 2391-2404 (2007).

31. Guo, N. W, Liu, H. C. & Wong, P. . Chinese version and norms of the Mini-Mental State Examination. Biomicrofluidics. 8, 44107
(1988).

Acknowledgements
This work was supported by Wuhan health and family planning commission (grant number WG14A02 to Yan
Guo).

Author Contributions
All authors contributed significantly to this work. Conceived and designed the experiments: Y.G., M.Y,, ].G.
Performed the experiments: Y.G., Y.Y., L.W. Analyzed the data: Y.G., M.Y. Wrote the paper: M.Y.

SCIENTIFICREPORTS | (2018) 8:4146 | DOI:10.1038/s41598-018-22475-7 6



www.nature.com/scientificreports/

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

. | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:4146 | DOI:10.1038/s41598-018-22475-7 7


http://creativecommons.org/licenses/by/4.0/

	Sex differentials in relationships between functional fitness and cognitive performance in older adults: a canonical correl ...
	Results

	Associations between FF and CI by sex. 
	Sex differentials of functional fitness and mini-mental state examination. 
	Canonical correlation analysis. 

	Discussion

	Methods

	Study population. 
	Functional fitness measurement. 
	Mini-mental state examination measurement. 
	Statistical analysis. 
	Data availability statement. 

	Acknowledgements

	Figure 1 Structure coefficient of canonical factors.
	Table 1 Functional fitness of the study population with and without cognitive impairment by sex.
	Table 2 Clinical Characteristics of the study population by sex.
	Table 3 Correlations between the sub-dimensions of functional fitness and mini-mental state examination for men and women.




