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Although the correlation between cognition and physical function has been well studied in the general
population, the genetic and environmental nature of the correlation has been rarely investigated. We conducted a classical twin analysis on cognitive and physical function, including forced expiratory volume in
one second (FEV1 ), forced vital capacity (FVC), handgrip strength, five-times-sit-to-stand test (FTSST), near
visual acuity, and number of teeth lost in 379 complete twin pairs. Bivariate twin models were fitted to estimate the genetic and environmental correlation between physical and cognitive function. Bivariate analysis
showed mildly positively genetic correlations between cognition and FEV1 , rG = 0.23 [95% CI: 0.03, 0.62],
as well as FVC, rG = 0.35 [95% CI: 0.06, 1.00]. We found that FTSST and cognition presented very high
common environmental correlation, rC = -1.00 [95% CI: -1.00, -0.57], and low but significant unique environmental correlation, rE = -0.11 [95% CI: -0.22, -0.01], all in the negative direction. Meanwhile, near visual
acuity and cognition also showed unique environmental correlation, rE = 0.16 [95% CI: 0.03, 0.27]. We
found no significantly genetic correlation for cognition with handgrip strength, FTSST, near visual acuity,
and number of teeth lost. Cognitive function was genetically related to pulmonary function. The FTSST and
cognition shared almost the same common environmental factors but only part of the unique environmental factors, both with negative correlation. In contrast, near visual acuity and cognition may positively share
part of the unique environmental factors.
 Keywords: physical and cognitive function, genetic correlation, aging Chinese twins

Cognitive function and physical function, such as pulmonary, musculoskeletal, visual, and oral functions, are essential to guarantee the well-being, independent living, and
quality of life in the elderly population. Pulmonary function is associated with mortality and aging-related diseases.
Forced expiratory volume in one second (FEV1 ), an indicator that tests airflow, and forced vital capacity (FVC), a
parameter that measures lung volume, are the two most
important and standard indicators of pulmonary function.
Skeletal muscle strength is often considered as an important indicator of general vitality, which includes upper and
lower limb strength. The upper limb strength can be assessed by handgrip strength and the lower limb may be represented by the five-times-sit-to-stand test (FTSST). Handgrip strength and the FTSST are the representatives of skeletal muscle strength, which is known to be associated with

muscular functioning and activities of daily living (ADL)
functioning (Rantanen et al., 2002). Besides, aging may lead
to functional presbyopia for which near visual acuity is a
crucial trait to assess the visual function. Oral function is
necessary to maintain the chewing process, which may be
assessed by dental health. The number of remaining teeth
is essential to maintain basic nutritional supplying in the
elderly. The self-reported number of teeth loss caused by
natural aging is an easy way to assess the dental or oral
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function. FEV1 , FVC, handgrip strength, FTSST, near visual
acuity, and number of teeth loss are inexpensive, easily measurable, and preferred phenotypes and have been regarded
as the important indicators of physical function for extending healthy life expectancy.
Human aging is a gradual degradation of physiological
or biological process, which is accompanied by both physical and cognitive changes. The progressive decline in FEV1 ,
FVC, handgrip strength, near visual acuity, and cognitive
ability and increase in FTSST and number of teeth lost late
in life are crucial issues in aspects of prevalence, morbidity,
and functional limitations that severely affect the independent living arrangements of the elderly and therefore their
quality of life.
Physical and cognitive functions are both important
determinants in living independently in late life. Good
physical fitness can help to reduce the risk of cognitive impairment and maintain cognitive function. The correlation
between physical and cognitive function has been well studied in general populations. Cognitive function was associated with pulmonary function (Anstey et al., 2004; Emery
et al., 2012; Feng et al., 2012), handgrip strength (Sternang
et al., 2016), lower limb strength (Chen et al., 2015; Ohsugi
et al., 2014), and number of teeth lost (Saito et al., 2013).
However, the genetic and environmental bases for the correlation between cognitive function and near visual acuity
have not been well studied (Mueller-Schotte et al., 2016).
Hagenaars et al. (2016) reported the shared genetic etiology between cognitive function and FEV1 , one of the indicators of physical function, by linkage disequilibrium regression and polygenic profile scoring using the Biobank
and GWAS consortia but drew no conclusion about the genetic correlation between them, possibly due to the method
and population sample employed. Others (Johnson et al.,
2009a, 2009b) reported the genetic and environmental influences on correlations between cognitive ability and physical fitness using self-reported capability in daily life—for
example, walking, running, and climbing stairs. Emery et al.
(1998) used the twin method to report that genetic factors
accounted for a greater part in the correlation of FEV1 and
cognitive function than environmental factors. We report
here the first Chinese twin study aimed at assessing the genetic and environmental background in the correlation between indicators of physical and cognitive function using
the classical twin design.

Materials and Methods

publicity from 2012 to 2013. Twins who suffered from pulmonary, skeletal muscle, visual, and dental diseases, as well
as incomplete twin pairs, were excluded from sampling. We
sampled a total of 379 complete adult twin pairs, including 240 monozygotic (MZ) twins (114 male [MZM] and
126 female [MZF] pairs) and 139 dizygotic (DZ) twins (41
male [DZM], 39 female [DZF], and 59 opposite sex [OSDZ]
pairs) aged 51.8 ± 7.6 (40–80 years old). The collected twin
samples did not represent a specific social class or education
status. Zygosity was identified by DNA markers with 99.9%
correct assignment (Becker et al., 1997; Tomsey et al., 2001)
at the laboratory of Qingdao Blood Center.
Institutional Review Boards of the Qingdao CDC approved the study. We conducted the project in accordance
with the ethical principles of the Helsinki Declaration.
All voluntary twin subjects gave their informed consent
and then completed the Montreal Cognitive Assessment
(MoCA) questionnaire and physical examination, under
the supervision of physicians at the Qingdao CDC.
Measurements of Physical Function

Pulmonary function was assessed by FEV1 and FVC (liter),
measured using the electronic hand-held spirometer (Micro 0102). Every subject was tested two times following the
standard procedure, and the best trial data were used for
analysis. Handgrip strength (kilograms) and strength of upper limb were tested by the electronic dynamometer (WCS100, Nantong, China). Participants squeezed the handle as
hard as possible in a standing position with their arms
straight down. The maximum of three tests on each hand
were adopted in the study. The FTSST was used to evaluate
the strength of lower limb. The subjects were asked to fold
their arms across their chests and rise from the chair and
then sit down fully as fast as they could for five times without pause. The time spent to complete the test was recorded
using a stop watch. Near visual acuity was measured with
the standard near vision E chart (Beijing, China). The participants were asked to read the chart, held up at eye level
and 30 cm away in natural outdoor light, without artificial
visual assistance. The lower line of the chart that the subject
could discern as much as possible by each eye was recorded
to represent the higher near visual acuity. Dental function
was measured by the number of teeth lost reported by the
subjects themselves, not including those caused by trauma,
dental treatment, and other situations unrelated to aging.
The measuring instruments, including spirometer, dynamometer, and stop watch, were calibrated every morning
before use.

Sample Collection

The sample collection was from the Qingdao Twin Registry (QTR), the first twin registry in China (Li et al., 2006,
2013), established at the Qingdao Center for Disease Control and Prevention (Qingdao CDC; Duan et al., 2013; Pang
et al., 2006). We recruited the twin subjects through the
QTR and the local CDC, and via community and media

Measurements of Cognitive Function

The MoCA (www.mocatest.org) was adopted to evaluate
the cognitive function of the participants. The MoCA includes several domains of cognition and is a good agesensitive and effective tool for cognitive screening (Gluhm
et al., 2013; Luis et al., 2009; Nasreddine et al., 2005).
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Each twin pair was interviewed face to face by the same
well-trained and experienced investigator. The score of the
MoCA was adjusted to add 1 if the participant had no more
than 12 years of schooling.
Data Analysis

Epidata3.1 (www.epidata.dk) was adopted to conduct the
parallel input and correction of the data. The Box-Cox
transformation was applied to normalize all the indicators before twin modeling. The Box-Cox transformation was done using the free R package car (http://cran.
r-project.org/web/packages/car/index.html).
Twin Modeling

We performed bivariate twin modeling to dissect the correlation between cognitive and physical function to genetic correlation (rG ), common environmental correlation
(rC ), and unique environmental correlation (rrE ), to be estimated by the full ACE model. The nested models, such
as AE, CE and AC, were fitted by dropping every component whose statistical significance was tested by the likelihood ratio test. The full and nested models were compared
so that we could choose the best-fitting model on the basis of the parsimonious principle and Akaike’s information
criterion (AIC; Akaike, 1987), with the lowest value for the
best-fitting model. The cross-twin, cross-trait correlation
(CTCTC) was estimated before fitting the bivariate model
and compared across zygosities to provide indication of genetic correlation between the two traits of interest. Age and
sex were adjusted in all twin analyses. Twin models were
fitted by the free Mx (http://www.vcu.edu/mx).

Results
The descriptive statistics of FEV1 , FVC, handgrip, FTSST,
and cognitive function have been described in detail elsewhere (Tian et al., 2017; Xu et al., 2015). There was a strong
pattern of decline in FEV1 , FVC, handgrip strength, near
visual acuity, and cognitive function, but gains in FTSST
and number of teeth lost with increasing age, as indicated
by the significantly negative and positive regression coefficients (p < .05), respectively. Sex differences were observed
for the indicators except for the FTSST, near visual acuity, and cognition, with females having significantly lower
levels of FEV1 , FVC, handgrip strength and higher level of
teeth lost than those of males. There were significant age–
gender interactions in FEV1 , handgrip strength, and number of teeth lost, with positive or negative regression coefficients meaning that females outperformed males in FEV1
and handgrip strength, and underperformed in number of
teeth lost with increasing age.
We found significant differences in CTCTC for cognitive function with FEV1 , as well as with near visual acuity
between MZ and DZ twins (Table 1). CTCTCs for six combinations were higher in MZ than those in DZ twins ex-
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TABLE 1
Phenotypic Correlations (Cross-Twin Cross-Trait Correlation)
Between Physical and Cognitive Function Pairs
Indicators pair

MZ

nMZ

DZ

nDZ

p

FEV1 - cognition
FVC-cognition
Handgrip-cognition
FTSST-cognition
Near vision-cognition
Teeth lost-cognition

0.17
0.15
0.07
-0.29
0.29
-0.15

238
238
232
235
237
238

-0.06
0.03
-0.08
-0.24
0.07
-0.10

139
139
137
136
139
139

.03
.26
.17
.62
.03
.64

Note: MZ: monozygotic. DZ: dizygotic.

cept for handgrip strength, implying the potential genetic
involvement in the correlations of cognition with FEV1 ,
FVC, FTSST, near visual acuity, and the number of teeth
lost. Bivariate twin models were then fitted to estimate the
genetic and environmental correlations for cognition with
the six indicators of physical function, followed by the procedure for best-fitting model selection. In Table 2, we show
the estimated genetic and environmental variances, covariances and correlations in the full models, and the bestfitting models for the combination of cognitive function
with every indicator of physical function.
The correlations of cognition with handgrip strength,
as well as with FTSST, were best fitted by the CE model,
whereas the correlations of cognition with the other four
indicators of physical function were all best fitted by the
AE model. The two indicators of pulmonary function, FEV1
and FVC, which had higher CTCTCs in MZ than those in
DZ twins, also had significant genetic correlations (rG ) with
cognition, all with 95% CIs above zero. The mildly positively genetic correlation between FEV1 and cognition was
rG = 0.23 [95% CI: 0.03, 0.62], and between FVC and cognition it was rG = 0.35 [95% CI: 0.06, 1.00]. Cognition had
no significant genetic correlation with the other four indicators of physical function. We also found significant unique
environmental correlation between cognition and FTSST,
rE = -0.11 [95% CI: -0.22, -0.01], and between cognition
and near visual acuity, rE = 0.16 [95% CI: 0.03, 0.27], with
opposite or same directions, respectively. Furthermore, we
also observed negatively significant common environmental correlation between FTSST and cognition, rC = -1.00
[95% CI: -1.00, -0.57]. The genetic, common, and unique
environmental correlations of the other combinations were
all zero.

Discussion
The genetic correlation expresses the extent to which two
measurements reflect the same set of genes. The study of genetic correlation can facilitate exploration of the pleiotropic
genetic variant. This study found that the relatedness between cognitive and pulmonary function stemmed predominantly from genetic rather than the environmental causes, implying that the underlying genes may have
pleiotropic effects on FEV1 , FVC, and cognition. The
TWIN RESEARCH AND HUMAN GENETICS
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–
–

.71
.79
–
–

1.15
1.24
–
–
0.56
0.25
0.45
0.45
0.45
0.45
0.45
0.45
0.17
0.15
0.16
0.21
0.18
0.15
0.38
0.40
0.39
0.34
0.37
0.40
0.45
0.46
0.40
0.44
0.39
0.56
0.05
0.30
0.30
0.18
0.00
0.00
0.51
0.24
0.30
0.38
0.61
0.44

Note: A, C, and E of physical and cognitive functions: proportion of genetic, shared, and non-shared environmental variance of every indicator; A, C, and E of covariance: genetic, shared, and non-shared environmental
covariance of a phenotypic pair; rG = genetic correlation between traits; rC = shared environmental correlation between traits; rE = non-shared environmental correlation between traits. AIC: Akaike’s information
criterion.
∗
p > .05.

.287
.936
.705
.505
.469
.990
1.135
0.006
0.143
0.445
0.525
0.000
789.312
777.690
131.094
863.836
658.047
920.561
3789.312
3777.690
3093.094
3845.836
3652.047
3916.561
–
–
0.35 [-0.02, 1.00]
-1.00 [-1.00, -0.57]∗
–
–
-0.15
-0.24
0.29
0.21
0.44
0.75

0.23 [0.03, 0.62]∗
0.35 [0.06, 1.00]∗
–
–
0.17 [-0.01, 0.47]
0.02 [-0.21, 0.25]

-0.03 [-0.15, 0.09]
-0.05 [-0.16, 0.07]
0.07 [-0.04, 0.18]
-0.11 [-0.22, -0.01]∗
0.16 [0.03, 0.27]∗
0.04 [-0.08, 0.16]

–
–
–
–
–
–
–
–
–
–
–
–
790.177
779.684
132.951
865.391
659.522
922.561
3788.177
3777.684
3092.951
3845.391
3651.522
3916.561
-0.05 [-0.17, 0.08]
-0.05 [-0.17, 0.08]
0.06 [-0.07, 0.19]
-0.10 [-0.22, 0.03]
0.14 [0.02, 0.27]
0.04 [-0.08, 0.17]
-1.00 [-1.00, 1.00]
-0.04 [-1.00, 1.00]
0.20 [-0.99, 1.00]
-1.00 [-1.00, 1.00]
-1.00 [-1.00, 1.00]
1.00 [-1.00, 1.00]
0.49 [-0.03, 1.00]
0.37 [-0.40, 1.00]
0.12 [-0.66, 0.84]
-0.15 [-0.56, 0.44]
0.29 [-0.10, 0.79]
0.02 [-0.51, 0.51]
-0.26
-0.25
0.24
0.17
0.42
0.75
-1.18
-0.10
0.37
0.59
-0.36
0.03
2.44
1.35
0.39
0.24
0.94
0.22
0.45
0.45
0.45
0.45
0.45
0.45
0.16
0.15
0.15
0.16
0.18
0.15
0.39
0.40
0.40
0.39
0.37
0.40
0.45
0.46
0.41
0.42
0.38
0.56
0.06
0.30
0.29
0.14
0.02
0.00
0.49
0.24
0.30
0.44
0.60
0.44

Full model
FEV1 - cognition
FVC-cognition
Handgrip-cognition
FTSST-cognition
Near vision-cognition
Teeth lost-cognition
Best-fitting model
FEV1 - cognition
FVC-cognition
Handgrip-cognition
FTSST-cognition
Near vision-cognition
Teeth lost-cognition

rC [95% CI]
rG [95% CI]
E
C
A

C

E

A

C

E

A

Covariance
Cognitive function
Physical function

Physical and cognitive
function pairs

Estimated Genetic and Environmental Correlations Between Physical and Cognitive Function Pairs

TABLE 2

Correlation coefficient

rE [95% CI]

-2LL

AIC

χ2

p

Phenotype Correlation Between Physical Function and Cognition in Aging Chinese Twins

bivariate genetic analysis showed that the genetic correlation between FEV1 , FVC, and cognition was mild and in a
positive direction, which was in line with the corresponding CTCTC estimate, suggesting that pulmonary and cognitive function may share a similar genetic basis that positively regulates the correlation between the two anthropometric features, which is consistent with the results of
Emery et al. (1998). Molecular genetic studies should help
to identify specific genes or genetic variants regulating both
pulmonary and cognitive functions.
We did not find significant genetic correlation between
cognition and the other four indicators of physical function.
In our estimates, the correlation between handgrip strength
and cognition was very low in both MZ (0.07) and DZ
(-0.08) twins. The weak correlation and the reversed pattern in MZ and DZ twins (DZ > MZ) did not support or
suggest the existence of genetic involvement between them,
which complied with the subsequent bivariate analysis that
showed no genetic correlations between the two indicators.
Although the CTCTCs for cognition with FTSST, near visual acuity, and number of teeth lost were higher in MZ
than DZ twins, our twin modeling still failed to reveal the
shared genetic basis between them. We concluded that although handgrip strength, FTSST, near visual acuity, number of teeth lost, and cognitive function presented moderate
heritability, they may be modulated by their own genes and
they were less likely to share similar genetic basis.
We found that the FTSST and cognition presented not
only the perfect common environmental correlation, but
also mild unique environmental correlations, both in the
negative direction. The results could mean that common or
unique environmental factors tending to extend the FTSST
may reduce the cognitive function simultaneously and vice
versa. Additionally, we found that near visual acuity and
cognition mildly and positively shared the unique environmental factors, which could raise the level of near visual
acuity and improve the cognitive function at the same time.
We would like to emphasize the importance of common environmental factors, such as socio-economic status,
medical or healthcare availability, socio-cultural traditions,
and so on, and the unique environmental factors—for example, individual habits, lifestyle choices, occupation, educational level, and income—in their effect on cognitive
function (Cassarino & Setti, 2015). The significant common and unique environmental correlations between the
two forms of body function implied that good health and
lifestyle habits could be beneficial to maintain both physical
and cognitive functions with aging. Health education in the
aging population is needed to cultivate good habits, regular
physical exercise, and so on to facilitate normal functioning
during aging.
There were several limitations of the study. First, the age
of the present sample was relatively young compared to the
Western studies and covered a large age span (40–80 years).
The non-linear effect of age-dependent change in physical
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and cognitive function, if any, could have been averaged
out, which could possibly contribute to reducing the power
of the study, although we adjusted the effect of age in twin
modeling. Second, the sample size was relatively small compared with Western studies, which could lead to the wide
95% confidence interval, as shown in Table 2. Third, the
MoCA was just a screening instrument. It may be suboptimal to assess the participants’ cognitive function, particularly for the younger half of the samples. We hoped that
future studies with sizable samples and well-defined instruments could help to validate our findings.
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