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. This study evaluated the association between empty-nest-related psychological distress and the
progression of white matter lesions (WMLs) and cognitive impairment in 219 elderly subjects aged
60 years or over. Psychological distress was assessed using the University of California at Los Angeles
Loneliness Scale (UCLA-LS) and Geriatric Depression Scale (GDS) Short-Form. Cognitive function was
evaluated using the MMSE and MoCA. White matter hyperintensities (WMH) were assessed using

: magnetic resonance imaging. After 5.2-year follow-up, the reductions in MMSE and MoCA scores and

. theincreases in periventricular (P)WMH, deep (D)WMH, and total WMH volumes in the empty-nest

. elderly were greater than those in the non-empty-nest elderly (P < 0.05). The reduced MMSE and

. MoCA scores and increased volumes of PWMH and total WMH in the empty-nest elderly living alone

: were greater than those in the empty-nest elderly living with a spouse (P < 0.05). UCLA-LS and GDS

. scores were significantly and independently associated with reduced MMSE and MoCA scores and the
increased volumes of PWMH, DWMH, and total WMH. The results indicate that empty-nest-related
psychological distress is associated with progression of WMLs and cognitive impairment in the elderly.

Empty-nest elderly are those who do not live with their children'2. They live either with a spouse (empty-nest
couple) or alone (empty-nest single)**. Along with extended average life expectancy, increasing immigration, and
rapid economic development, the number of empty-nest elderly is gradually increasing in both developed and
developing countries**. In the United States, the percentage of empty-nest elderly males aged 60 years or over rose
from 19 to 78% between 1880 and 2000*. In China, the number of empty-nest elderly was 100 million, account-
ing for approximately 50% of the total elderly population in 2013% Making matters worse, it is projected that the

. proportion will reach 90% in 20302 Furthermore, recent research has shown that the empty-nest elderly are at a
* higher risk of experiencing catastrophic health expenditures than the non-empty-nest elderly®. We believe that,
. in the near future, the empty-nest elderly will become an unavoidable social issue in the aging process worldwide.
Epidemiological studies have indicated that the empty-nest elderly commonly suffer from loneliness, depres-

sive symptoms, and mental health problems"”8. It is reported that approximately 43.6% of the empty-nest elderly
experience moderate loneliness and 10.9% suffer serious loneliness in rural areas of China®. In European cities,
the prevalence of depression is approximately 12.3% in the community-dwelling population above 65 years of

age’.
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Figure 1. Flowchart of subject enrollment and screening.

Loneliness and depressive symptoms are deemed unpleasant state experiences and serious problems among
the elderly’”8. There is a mutually promoting function between loneliness and depressive symptoms!’. They
exhibit deleterious effects on mental wellbeing as well as on physical health. Evidence indicates that both lone-
liness and depressive symptoms are significant risk factors for hypertension'?, vascular stiffness'>', metabolic
syndrome'*, and dementia!®'.

Cognitive impairment is a common chronic condition with aging and interferes with daily functioning and
wellbeing'é. It is estimated that the prevalence of cognitive impairment is 17 to 34% in the general older popula-
tion aged 60 years or over'”!8, The burden of caring for those with cognitive impairment is immense®. It is thus
necessary to understand the risk factors of cognitive impairment to develop preventive and therapeutic measures.

White matter comprises over half of the human brain and is regarded as the substrate for cognition. It is the
essential connection of distributed neural networks. White matter hyperintensities (WMH), a subtype of small
vessel disease, are an important indicator of white matter lesions (WMLs) and are associated with an increased
risk of cognitive impairment and dementia®*~2*. WMH are frequently detected in structural brain scans using
magnetic resonance imaging (MRI).

Few studies have been performed to investigate how loneliness correlates with cognitive impairment* and
WMH?*%". O’Luanaigh and colleagues® reported that loneliness was independently associated with impaired
global cognition after adjusting for social networks and depression. Johansson and coworkers? found that
long-standing psychological distress in midlife increases the risk of WMLs on computed tomography in late life.
In young adults, brain white matter structure changes were found to be related to loneliness.

However, the association of empty-nest-related psychological distress with progression of cognitive impair-
ment and WMLs has not been explored in depth in the elderly. We performed a 5-year follow-up study to inves-
tigate and elucidate the association between empty-nest-related psychological distress and the progression of
WMLs and cognitive impairment in the elderly.

Results

Study participants and baseline demographic and clinical characteristics. A flow diagram of the
study is presented in Fig. 1. Among 357 participants, 138 were excluded for the following reasons: 36 lived with
children or relatives, 64 lived in nursing homes, 16 failed to complete the follow-up or had withdrawn, 9 died,
and 8 suffered from the onset of stroke. Finally, 219 participants completed the study and were used for further
analysis. Among them, 83 were non-empty-nest elderly (control group), 70 were empty-nest elderly living with
a spouse (couples group), and 66 were empty-nest elderly living alone (single group). Table 1 summarizes the
baseline demographic and clinical characteristics of participants in the three groups.

Baseline variables of psychological outcomes, global cognitive function, and brain MRI.  Table 2
reveals the baseline variables of psychological outcomes, global cognitive function, and WMLs in the three
groups. The University of California at Los Angeles Loneliness Scale (UCLA-LS) and Geriatric Depression Scale
(GDS) scores increased from controls to couples to singles. Differences in the UCLA-LS and GDS scores were
significant in every pairwise comparison between groups (all P < 0.001). There were no significant differences in
the variables of global cognitive function and brain MRI among the three groups.

Changes in global cognitive function among the three groups. Decreasing trends were found in the
mean Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) scores in the three
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Age, years 69.69 £5.75 70.46 +4.81 69.41+5.83 0.140
Sex, F/M 39/44 35/35 37/29 0.541
Drinker, n (%) 30 (36.14) 19 (27.14) 14 (21.21) 0.127
Smoker, 1 (%) 9 (10.84) 4(5.71) 9 (13.64) 0.293
Education, years 9.70+4.29 9.41+3.76 7.82 £4.48* 0.018
Hypertension history, n (%) 56 (67.47) 56 (80.00) 61 (92.42)* 0.001
Antihypertension, n (%) 44 (78.57) 51(91.07) 54 (88.52) 0.096
Diabetes history, n (%) 11 (13.25) 7 (10.00) 6(9.09) 0.687
Anti-diabetes, 1 (%) 11 (100.00) 7 (100.00) 6 (100.00) 1.000
Body mass index, kg/m? 24.91+£3.23 24.79+3.43 25.06 +3.64 0.898
Systolic blood pressure, mm Hg 137.58 & 14.41 145.37+16.87* 154.89 £ 13.65%" <0.001
Diastolic blood pressure, mm Hg 70.04410.07 73.64+10.37 71.68+11.19 0.111
Total cholesterol, mmol/L 4.63+0.87 4.72+0.78 4.914+0.69 0.102
Triglycerides, mmol/L 1.56+0.55 1.57£0.64 1.63£0.57 0.737
High-density lipoprotein cholesterol, mmol/L 1.24£0.31 1.2240.29 1.22£0.31 0.882
Low-density lipoprotein cholesterol, mmol/L 2.72£0.65 2.81+£0.56 2.95+0.52 0.060
Fasting plasma glucose, mmol/L 5.43+0.70 5.5340.67 5.48+£0.67 0.689

Table 1. Characteristics and demographics of participants at baseline. Results are presented as the
mean = standard deviation. *P < 0.05, compared to control group; 'P < 0.05, compared to couples group.

Psychological outcome

UCLA-LS score, points 29.64+6.53 36.13+7.01* 47.20£7.31%7 <0.001

GDS score, points 4.4542.45 5.77 £2.68* 8.50+2.72%" <0.001
Global cognitive function

MMSE score, points 28.00 (26.00, 29.00) 27.00 (26.75, 28.00) 27.00 (26.00, 28.00) 0.087

MoCA score, points 27.00 (26.00, 28.00) 26.00 (26.00, 28.00) 26.00 (25.00, 27.00) 0.063
Brain MRI

PWMH, mL 4.66+£2.91 5.0642.81 4.93+2.65 0.675

DWMH, mL 1.66 +0.86 1.64+0.94 1.534+0.87 0.475

Total WMH, mL 6.32+3.33 6.70 £3.22 6.46 £3.05 0.766

Table 2. Baseline variables of psychological outcome, global cognitive function, and brain MRI.

Results are presented as the mea ersity of California at Los Angeles Loneliness Scale; GDS, Geriatric

Depression Scale; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; PWMH,
periventricular white matter hyperintensities; DWMH, deep white matter hyperintensities; WMH, white matter
hyperintensities. *P < 0.05, compared to control group; "P < 0.05, compared to couples group.

groups during the study (Fig. 2). The results of repeated measures analysis of variance showed that there were sig-
nificant differences in the mean MMSE and MoCA scores between the three groups at the annual measurement
(for MMSE scores, F value =15.793, P < 0.001; for MoCA scores, F value=9.119, P < 0.001). Differences in the
mean MMSE scores were significant in every pairwise comparison between groups (all P < 0.05). Differences in
the mean MoCA scores between the single group and the other two groups were significant (both comparisons
P<0.05).

Figure 3 demonstrates the changes in MMSE and MoCA scores over the course of the follow-up in the three
groups. The MMSE and MoCA scores were significantly reduced in all three groups (P < 0.05). The reduction in
MMSE and MoCA scores increased from controls to couples to singles. Differences in the reduction of MMSE
and MoCA scores were significant in every pairwise comparison between groups (all P < 0.05). After adjustments
were made for baseline values, the percentage reduction of MMSE and MoCA score still increased from controls
to couples to singles. Differences in the percentage reduction of MMSE and MoCA scores were significant in
every pairwise comparison between groups (all P <0.05).

Changes in brain WMH among the three groups. The volume of PWMH, DWMH, and total WMH
had increased markedly by the end of the trial compared with baseline in all three groups (all P < 0.001) (Fig. 4).
The increase in volume of PWMH and total WMH in the couples group and the single group were greater than
those in the control group (P < 0.05). The increase in volume of DWMH in the single group was greater than that
in the control group (P < 0.05).
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Figure 2. Trends of global cognitive impairment in the elderly in relation to different lifestyles at the

annual measurement over a 5-year follow-up period. Results are presented as the mean. (a) Trends of the
mean MMSE scores at the annual measurement in three groups; (b) trends of the mean MoCA scores at the
annual measurement in three groups. MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive

Assessment.
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Figure 3. Progression of global cognitive impairment in the elderly in relation to different lifestyles over a
5-year follow-up period. Results are presented as the mean =+ standard deviation or median with IQR.

(a) Differences in the score of MMSE and MoCA between baseline and final follow-up among three groups;

(b) changes in the percentages of score of MMSE and MoCA between baseline and final follow-up among three
groups. MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment. *P < 0.05, compared
to baseline; P < 0.05, compared to control group; *P < 0.05, compared to couples group.
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Figure 4. Progression of white matter lesions in the elderly in relation to different lifestyle over a 5-year
follow-up period. The results are presented as the mean =+ standards. (a) Differences in the volume of PWMH,
DWMH, and total WMH between baseline and final follow-up among three groups; (b) change percentages

of volume of PWMH, DWMH, and total WMH between baseline and final follow-up among three groups.
PWMH, periventricular white matter hyperintensities; DWMH, deep white matter hyperintensities; WMH,
white matter hyperintensities. *P < 0.05, compared to baseline; P < 0.05, compared to control group; *P < 0.05,
compared to couples group.

Meanwhile, we compared the percentage increases in volume of PWMH, DWMH, and total WMH, which
were adjusted for baseline values, among the three groups. The percentage increases in volume of PWMH and
total WMH increased from controls to couples to singles. Differences in the percentage increases in volume
of PWMH and total WMH were significant between any two groups (all P < 0.001). The percentage increase
in volume of DWMH in the single group was statistically higher than those in the control and couples groups
(P<0.001).

SCIENTIFIC REPORTS | 7:43816 | DOI: 10.1038/srep43816 4



www.nature.com/scientificreports/

Change of MMSE Change of MoCA Change of PWMH Change of DWMH | Change of total WMH

Correlation Correlation Correlation Correlation Correlation
coefficient | Pvalue | coefficient | Pvalue | coefficient | Pvalue | coefficient | Pvalue | coefficient | Pvalue

Differences between baseline and the final follow-up

UCLA-LS score, points —0.487* <0.001 —0.531 <0.001 0.259 <0.001 0.248 <0.001 0.289 <0.001

GDS score, points —0.389* <0.001 0.434 <0.001 0.249 <0.001 0.283 <0.001 0.267 <0.001
Change percentages over a 5-year follow-up period

UCLA-LS score, points —0.495 <0.001 —0.536 <0.001 0.599 <0.001 0.467 <0.001 0.612 <0.001

GDS score, points —0.393 <0.001 —0.439 <0.001 0.449 <0.001 0.401 <0.001 0.484 <0.001

Table 3. Correlation of psychological outcome with global cognitive function and brain WMH in all
participants. *Spearman correlation coefficients. Unit of difference of variables between baseline and the

final follow-up: change of MMSE, point; change of MoCA, point; change of PWMH, mL; change of DWMH,
mL; change of WMH, mL. Unit of change percentage of variables between baseline and final follow-up, %.
UCLA-LS, University of California at Los Angeles Loneliness Scale; GDS, Geriatric Depression Scale; MMSE,
Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; PWMH, periventricular white matter
hyperintensities; DWMH, deep white matter hyperintensities; WMH, white matter hyperintensities.

Correlation of psychological outcome with global cognitive function and brain WMH in all par-
ticipants. Table 3 reveals the correlations of UCLA-LS and GDS scores with the changes in MMSE, MoCA,
PWMH, DWMH, and total WMH during the follow-up period in all participants. The correlations of UCLA-LS
and GDS scores with the differences in MMSE and MoCA scores were assessed using Spearman correlation anal-
ysis due to the non-normality of differences in the MMSE and MoCA scores. The UCLA-LS and GDS scores were
significantly and negatively correlated with the changes in MMSE and MoCA scores, even after they were adjusted
for baseline values (all P < 0.001). In contrast, the UCLA-LS and GDS scores were significantly and positively
correlated with changes in PWMH, DWMH, and total WMH (P < 0.001, respectively). Furthermore, the strength
of the correlations became greater after the volumes of PWMH, DWMH, and total WMH were adjusted for their
respective baseline values (all P < 0.001).

Multiple linear backward stepwise regression analysis. Multiple linear backward stepwise regression
analysis was performed to explore factors that were independently associated with the changes in global cognitive
function and brain WMH (Table 4). The changes in MMSE, MoCA, PWMH, DWMH, and total WMH were used
as dependent variables. Independent variables included UCLA-LS, GDS, age, sex, smoking, alcohol consumption,
education, body mass index, history of hypertension, use of antihypertensive agents, history of diabetes mellitus,
use of hypoglycemic agents, blood pressure, and fasting blood lipid and glucose levels. Independent variables also
included baseline total WMH in the models of changes in MMSE and MoCA. Baseline MMSE score was also
included as an independent variable in the models of changes in total WMH, PWMH, and DWMH.

UCLA-LS score, GDS score, education, and low-density lipoprotein cholesterol were significantly correlated
with reduced MMSE scores (adjusted R square =0.344, all P < 0.05). UCLA-LS score, GDS score, education,
and antihypertension were significantly correlated with reduced MoCA scores (adjusted R square =0.363, all
P <0.05). UCLA-LS score, GDS score, systolic blood pressure, hypertension history, and antihypertension were
significantly correlated with increased volume of PWMH (adjusted R square =0.113, all P < 0.05). UCLA-LS
score, GDS score, total cholesterol, fasting plasma glucose, body mass index, and antihypertension were signif-
icantly correlated with increased volume of DWMH (adjusted R square =0.107, all P < 0.05). UCLA-LS score,
GDS score, fasting plasma glucose, hypertension history, and antihypertension were significantly correlated with
increased volume of total WMH (adjusted R square =0.135, all P < 0.05). Details of the analysis results are sum-
marized in Supplement Table la.

For percentage reduction of MMSE score, the significantly correlated variables were UCLA-LS score, GDS
score, education, and low-density lipoprotein cholesterol (adjusted R square =0.361, all P < 0.05). For percentage
reduction of MoCA score, the remarkable results were UCLA-LS score, GDS score, education, and antihyper-
tension (adjusted R square = 0.378, all P < 0.05). For percentage increase in the volume of PWMH, the signif-
icant results were UCLA-LS score, GDS score, and antihypertension (adjusted R square =0.382, all P < 0.05).
For percentage increase in the volume of DWMH, the significant results were UCLA-LS score, GDS score, body
mass index, and fasting plasma glucose (adjusted R square =0.261, all P < 0.05). For percentage increase in the
volume of total WMH, the significant results were UCLA-LS score, GDS score, and antihypertension (adjusted R
square = 0.406, all P < 0.05). Details of the analysis results are summarized in Supplement Table 1b.

Most importantly, the results of multiple linear backward stepwise regression analysis showed that UCLA-LS
score and GDS score were always significantly and independently associated with changes in MMSE, MoCA,
PWMH, DWMH, and total WMH.

Discussion

The primary objective of the current study was to determine whether there were independent contributions
of loneliness and depressive symptoms to the progression of brain WMLs and cognitive impairment in the
empty-nest elderly. The major findings were as follows: (1) MMSE and MoCA scores were significantly reduced,
and the volumes of PWMH, DWMH, and total WMH were significantly increased in all participants dur-
ing the follow-up period. (2) The empty-nest elderly, especially the empty-nest elderly living alone, suffered
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Change of MMSE* Change of MoCA* Change of PWMH' Change of DWMH'" Change of total WMH'
Beta Beta Beta
Beta coefficient Beta coefficient coefficient coefficient coefficient
(95% C.1.) P value (95% C.1.) Pvalue (95% C.1.) Pvalue (95% C.1.) Pvalue (95% C.1.) Pvalue
Differences between baseline and the final follow-up
. —0.060 —0.050 0.012 0.002 0.013
UCLA-LS score, point | - 0e0""0.040) | <0001 | (0072, —0.029) | <%0 | (0.001,0022) | %927 | (0.001,0003) | %91 | (.001,0024) | 9027
. —0.052 —0.066 0.030 0.015 0.039
GDS score, point (~0.093, —0.011) | %010 (—0.112,0.020) 0037 1 (0.009,0051) | 9% | (0.008,0022) | <% | (0.004,0.074) | *028
Change percentages over a 5-year follow-up period
. —0.218 —0.184 0.347 0.190 0.271
UCLA-LS score, points (—0.291, —0.146) <0.001 (—0.266, —0.103) <0.001 (0.281,0.413) <0.001 (0.099,0.282) <0.001 (0.199,0.344) <0.001
. —0.214 —0.255 0.179 0.270 0.214
GDS score, points (—0361,—0.67) | <0001 | o414 Z0.096) | %917 | (0.096,0.262) | <0901 | (0.116,0.424) | <0001 | (0075, 0353 | <0-001

Table 4. Associations of psychological outcome with global cognitive function and brain WMH in all
participants after adjusting for confounders. Independent variables include age, sex, smoking (yes or no),
alcohol consumption (yes or no), education, body mass index, history of hypertension (yes or no), use of
antihypertensive agents (yes or no), history of diabetes mellitus (yes or no), use of hypoglycemic agents (yes or
no), blood pressure, fasting blood lipid and glucose levels, UCLA-LS, and GDS. *Independent variables also
include baseline total WMH. "Independent variables also include baseline MMSE score. Unit of difference of
variables between baseline and the final follow-up: change of MMSE, point; change of MoCA, point; change
of PWMH, mL; change of DWMH, mL; change of WMH, mL. Unit of change percentage of variables between
baseline and final follow-up, %. UCLA-LS, University of California at Los Angeles Loneliness Scale; GDS,
Geriatric Depression Scale; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment;
PWMH, periventricular white matter hyperintensities; DWMH, deep white matter hyperintensities; WMH,
white matter hyperintensities.

more serious progression of brain WMLs and cognitive impairment than the non-empty-nest elderly. (3) The
empty-nest-related loneliness and depressive symptoms assessed using UCLA-LS and GDS significantly and
independently contributed to the progression of WMLs and cognitive impairment in the elderly.

Empty-nest elderly were more prone to loneliness and depression than non-empty-nest elderly®. Our results
agreed with previous studies!”®. Loneliness and depressive symptoms in empty-nest elderly were more seri-
ous than those in non-empty-nest elderly. Empty-nest elderly living alone suffered more serious loneliness and
depressive symptoms than empty-nest elderly living with a spouse. The reason may be that the empty-nest elderly,
especially the empty-nest elderly living alone, suffer from poor social relationships and more chronic psycholog-
ical distress"”5.

Studies?*-*? have demonstrated that cognitive impairment is closely associated with social relationships. A sys-
tematic review and meta-analysis study? showed that less frequent social contacts and more loneliness are mark-
edly associated with the incidence of cognitive impairment and dementia. However, good social relationships
can delay or prevent the onset of multiple adverse psychological conditions, such as loneliness!, depression®’, and
memory complaints®"*2,

In the present study, cognitive function in the empty-nest elderly was significantly decreased compared
with the non-empty-nest elderly during the 5-year follow-up period. Moreover, the cognitive function of the
empty-nest elderly living alone declined more steeply than that of the empty-nest elderly living with a spouse. The
results of correlation and regression analysis showed that the scores of UCLA-LS and GDS were independently
and positively correlated with reduced MMSE and MoCA scores. The correlations were retained even after adjust-
ing for covariates and baseline MMSE and MoCA scores.

Changes in brain structure induced by loneliness and depressive symptoms may be one potential explana-
tion for why more loneliness and depressive symptoms exacerbated the progression of cognitive impairment.
Nakagawa and coworkers® found that white matter structures relate to loneliness in young adults. Stern and
colleagues® reported that brain structure can be affected by social ties and results in more efficient use of cerebral
networks. Neurogenesis®*** and synaptic density***> have been identified to be closely related to an engaged life-
style and stimulating environments. Psychological distress is correlated with neurobiological mechanisms other
than pathological hallmarks such as tangles and cortical plaques®*.

In our study, PWMH and total WMH in the empty-nest elderly became more serious than those in the
non-empty-nest elderly over the duration of follow-up. The burden of PWMH, DWMH, and total WMH in the
empty-nest elderly living alone grew more serious than those in the empty-nest elderly living with a spouse after
adjustment for the baseline burden of PWMH, DWMH, and total WMH. In agreement with the progression of
cognitive impairment, UCLA-LS and GDS scores were independently and positively correlated with progression
of WMLs, even after adjustment for covariates. This reveals that empty-nest-related unpleasant states such as
loneliness and depressive symptoms may play a crucial role in exacerbating the burden of WMH as well as the
progression of cognitive impairment in the elderly.

There are some arguments about the clinical significance of WMH localized in different regions and their
distribution in the brain®”3%. Although there is not a uniformly accepted classification system, WMH consists of
at least two subcategories, namely, PWMH and DWMH, which may have different but overlapping pathogenetic
mechanisms**. PWMH is age-related and associated with ventricular enlargement. DWMH is pathologically
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heterogeneous and consists of focally widened spaces lined with atrophic myelin centered on fibrohyalinized
vessels*!. Moreover, WMH is subject to a strong genetic influence, but it is not uniform through the brain.
Sachdev*® reported that genetic influence is higher for DWMH than PWMH. We classified total WMH into
PWMH and DWMH to explore the relationship of empty-nest and related psychological distress with the pro-
gression of WMLs. The results demonstrated that living arrangement is an important factor for the progression
of PWMH as well as DWMH. In addition, loneliness and depressive symptoms were found to be independently
associated with the progression of PWMH and DWMH, although there were differences in the strength of these
associations.

A major strength of the present study is that it is a longitudinal and observational study. Participants under-
went follow-up for 5.2 years on average. Another is strength that the empty-nest elderly group was further sub-
divided into those living with a spouse and those living alone. Those living alone were suffering more serious
loneliness and depressive symptoms than those living with a spouse. Severe loneliness and depressive symptoms
led to an accelerated progression of cognitive impairment and WMLs. In addition, those of the elderly who had
never had children were excluded from the present study.

Although our study has a number of strengths, several limitations must be considered. First, elderly with
hypertension and/or diabetes were included in the present study. Hypertension and diabetes are known to be
important risk factors for WMLs and cognitive impairment. This may have induced a potential bias in our results,
although we adjusted for history of hypertension and diabetes as well as antihypertension and anti-diabetes treat-
ments. Second, 138 participants were excluded for various reasons during the follow-up period. The elimination
rate was 37.91%, which might have influenced the results of our study. Third, there were significant differences
in the education level between the control and the single group. Education is a powerful factor for effects of age
on cognitive function*2. Fourth, the sample size of our study was small. Large-scale and multicenter longitudinal
studies are needed in the future. In addition, the incidence of dementia was not analyzed in the present study.

Conclusions

Empty-nest-related psychological distress is associated with progression of brain WMLs and cognitive impair-
ment in the elderly. Ensuring good social ties and minimizing psychological distress may be helpful in delaying
or preventing the progression of WMLs and cognitive impairment in the elderly, especially in the empty-nest
elderly living alone.

Methods
Study population and design. The present study was a longitudinal and observational study. From
September 2008 to August 2010, 562 elderly people aged 60 years or over were screened from community dwell-
ings in the area of Shandong, China. Among them, 357 participants found eligible were enrolled in the study. In
the present study, empty-nest elderly were defined as those who have children but do not live with their children.
Non-empty nest elderly were defined as those who live with their children. Exclusion criteria were as follows:
childless elderly, dementia, Parkinson disease, schizophrenia, seizures, claustrophobia, bipolar disorder, brain
tumor, secondary hypertension, end-stage heart disease, renal failure and dialysis treatment, connective tissue
diseases, malignancy, contraindication to MRI, and unwillingness or difficulty in providing informed consent.

After the baseline survey, a clinical visit was conducted every 3 months for all participants. Demographic and
clinical characteristics of participants were required at every clinical visit. Loneliness and depressive symptoms
were assessed at baseline using the Chinese version of the UCLA-LS and GDS Short-Form, respectively. Global
cognitive function was evaluated annually using the Chinese version of the MMSE and MoCA. WMLs were
assessed at baseline and at the end of the trial using MRI. For participants with hypertension or diabetes mellitus,
antihypertensive or hypoglycemic therapy had been advised by a cardiologist or endocrinologist if the participant
was willing to receive treatment. As the present study had an observational design, there was no unified antihy-
pertensive or hypoglycemic schedule for participants with hypertension or diabetes mellitus.

Written informed consent was obtained from all participants or their close relatives, if the participant was
unable to write, in accordance with the ethical principles set forth in the Declaration of Helsinki. This study was
approved by the Research Ethics Committee of the Shandong Academy of Medical Sciences.

Measurement of psychological outcomes. Measurement of psychological distress was conducted using
the Chinese version of the UCLA-LS® and GDS Short-Form?”#3 by a psychiatrist, who was blinded to the clinical
and laboratory data, cognitive function, and brain MRI. UCLA-LS is a highly reliable and widely used ques-
tionnaire on social isolation loneliness?. It contains 20 items. There are 20 four-point Likert scale items on the
UCLA-LS. Participants were asked to rate each item from 1 (Never) to 4 (Often) to assess how often they agreed
with the description. Total scores on the UCLA-LS ranged from 20 to 80. A higher score reflects more loneliness
experienced by that participant. The GDS, containing 15 one-point items, according to Yesavage, is an instrument
with good internal consistency (alpha score = 0.85) for depression evaluation***. Each item has two possible
answers: 1 (Yes) or 0 (No). Total GDS scores ranged from 0 to 15. Higher scores indicate more severe depression.

Assessment of global cognitive function. Global cognitive function was assessed using the Chinese
version of the MMSE?* and MoCA*® by a neuropsychology research assistant, who was an expert in cognitive
function measurements. The assistant was blinded to the clinical and laboratory data, psychological outcomes,
and brain MRI results. The MMSE is a validated, reliable, and powerful instrument for diagnosing global cogni-
tive impairment?. It consists of five areas of possible cognitive impairment: orientation, registration, attention,
calculation, and language. The MoCA has excellent test-retest and inter-rater reliability, and the internal consist-
ency of the items was 0.884*. It includes nine areas of possible cognitive impairment: attention, concentration,
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executive functions, memory, language, visual-spatial ability, abstract thinking, calculation, and orientation. The
maximal scores on the MMSE and MoCA are both 30 points. A lower score reflects more severe global cognitive
impairment.

Brain MRI protocol and processing. 'WMH was evaluated with MRI using a 3T GE Signa Horizon scanner
(General Electric Medical Systems, Milwaukee, Wisc., USA) by a radiology expert according to the same protocol.
The MRI sequences were as previously described?'~2. Briefly, the T1-weighted 3D magnetization-prepared rapid
gradient-echo sequence was isotropic 1 mm voxel, TR/TE/TI=1900/3/900 ms, flip angle 9°; acquisition matrix
256 x 256 with 160 slices yielding 1 mm? isotropic voxels; FOV 256 x 240 mm?, 1 mm thick slices, and no gap. The
T2-weighted 3D fast spin-echo sequence was TR/TE = 3000/98 ms, FOV =24 cm, acquisition matrix =256 x 256,
NEX = 0.5, 3mm slice thickness, and no gap. FLAIR was TR/TE/TI=5000/355/1800 ms, flip angle 120°, acquisi-
tion matrix 256 x 256 with 60 slices, 2 mm thick slices, and no slice gap.

WMH can be localized to the area immediately adjacent to the ventricles (periventricular WMH, PWMH)
and the area under the cortex (deep WMH, DWMH). The total WMH volume was computed from an automated
PWMH and DWMH segmentation on FLAIR axial images using Freesurfer*’. The total WMH volume was cal-
culated as the sum of PWMH and DWMH volume. All MRI analyses were conducted by a neuroradiologist, who
was blinded to the lifestyle, psychological outcome, and cognitive function data of subjects.

Covariates. Covariates included were, sex, age, smoking, alcohol consumption, education, body mass index,
history of hypertension, use of antihypertensive agents, history of diabetes mellitus, use of hypoglycemic agents,
blood pressure, and fasting blood lipid and glucose levels.

Statistical analysis. Categorical data were presented as numbers with percentages. Numerical data were
expressed in the form of mean =+ standard deviation (SD) or median with interquartile range (IQR, the range
from the 25% to 75% percentile) according to the normality of the data. The Kolmogorov-Smirnov test was used
to assess the normality of data. A paired ¢-test or Mann-Whitney test was performed to assess the difference in
variables between baseline and the final follow-up, depending on the normality of the data. Repeated measures
analysis of variance with a Bonferroni post hoc test was applied to assess the differences in the primary outcome
of MMSE and MoCA scores at annual measurement between three groups. The Greenhouse-Geisser test was
used if Mauchly’s test of sphericity did not indicate data homogeneity. Change percentage was used to express
the change of measured variables between baseline and the final follow-up. Change percentage was calculated as
[(value at final follow-up — value at baseline)/value at baseline] x 100%. One-way analysis of variance (ANOVA)
or the Kruskal-Wallis test was applied to detect the differences in numerical variables among groups according to
the normality of data. The Bonferroni procedure with type I error adjustment or the Wilcoxon rank sum test was
used to detect the difference between any two groups when a significant difference was found across all groups.
The chi-square test was used to detect the differences in categorical data. The Pearson or Spearman correlation
coeflicient was determined to assess the relationship between two numerical parameters. Multiple linear back-
ward stepwise regression analysis was used to explore whether any factors were independently associated with
progression of WMH and cognitive impairment. The cut-off was 0.05 for retention and elimination of variables
in the model. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS)
for Windows software package, version 22.0 (SPSS Inc., Chicago, IL, USA). Two-tailed P-values of < 0.05 were
considered statistically significant.
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