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ABSTRACT

Background and Purpose: This study uses an artificial-intelligence model (recurrent neural
network) for evaluating the following hypothesis: social determinants of disease association
in a middle-aged or old population are different across gender and age groups. Here, the
disease association indicates an association among cerebrovascular disease, hearing loss and
cognitive impairment.

Methods: Data came from the Korean Longitudinal Study of Ageing (2014-2016), with
6,060 participants aged 53 years or more, that is, 2,556 men, 3,504 women, 3,640 aged 70
years or less (70-), 2,420 aged 71 years or more (71+). The disease association was divided
into 8 categories: 1 category for having no disease, 3 categories for having 1, 3 categories for
having 2, and 1 category for having 3. Variable importance, the effect of a variable on model
performance, was used for finding important social determinants of the disease association
in a particular gender/age group, and evaluating the hypothesis above.

Results: Based on variable importance from the recurrent neural network, important

social determinants of the disease association were different across gender and age groups:
1) leisure activity for men; 2) parents alive, income and economic activity for women; 3)
children alive, education and family activity for 70-; and 4) brothers/sisters cohabiting,
religious activity and leisure activity for 70+.

Conclusions: The findings of this study support the hypothesis, suggesting the development
of new guidelines reflecting different social determinants of the disease association across
gender and age groups.

Keywords: Cerebrovascular Disease; Hearing Loss; Cognitive Impairment; Social Determinant;
Age; Gender

INTRODUCTION

Cerebrovascular disease, hearing loss and cognitive impairment are the major causes of
disease burden on a global level.*® Cerebrovascular disease was the third cause of death in
South Korea (Korea hereafter) for Year 2016 (Y2016 hereafter) (45.8 per 100,000).! Otitis
media ranked seventh among the leading causes of disease burden in the nation for Y2010,
i.e., 294 disability-adjusted life years (DALYs) per 100,000.% And the disease burden of
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dementia for the nation in Y2010 (274,849 DALYs) is predicted to almost triple by Y2050
(814,629 DALYs).? This local pattern in Korea is consistent with its global counterpart. Stroke
was the second cause of global deaths in Y2013, i.e., 12% (7 million) of 54 million deaths in
the world.* The global prevalence of hearing loss increased by 757% from 42 million in Y1985
to 360 million in Y2011.> And the number of people with dementia in the world is expected
to nearly double every 20 years, i.e., from 36 million in Y2010 to 66 million (or 115 million) in
Y2030 (or Y2050).6

Then, is there a high degree of comorbidity (or association) among the 3 diseases above
(i.e., cerebrovascular disease, hearing loss and cognitive impairment)? A previous study
used an artificial-intelligence model (RNN, recurrent neural network) for evaluating 1)
whether social determinants are major determinants of association among the 3 diseases

in a middle-aged or old population (Hypothesis 1) and 2) whether association among the 3
diseases is very strong in the middle-aged or old (Hypothesis 2).” The source of data for this
research was the Korean Longitudinal Study of Ageing (2014-2016), with 6,060 participants
aged 53 years or more. The dependent variable of this research, association among the 3
diseases, had 8 categories, that is, 1 category for having no disease, 3 categories for having
1, 3 categories for having 2, and 1 category for having 3. Variable importance from the RNN,
an accuracy difference between a complete model and a model excluding a certain variable,
was introduced for evaluating the 2 hypotheses of this research: 1) Hypothesis 1 was tested
based on whether family support (such as parents/children alive), socioeconomic status
(such as education/income) and social activity (such as friendship/leisure activity) in Y2014
are top-10 determinants of the association in Y2016; and 2) Hypothesis 2 was tested based
on whether cerebrovascular disease, hearing loss and cognitive impairment in Y2014 are
top-5 determinants of the association in Y2016 (this would be one approach to evaluate
correlation among the 3 diseases over time). Here, the greater “accuracy decrease” can be
considered to be the greater variable importance. According to variable importance from the
RNN, cerebrovascular disease, cognitive impairment and hearing loss in Y2014 were top-3
determinants of the association in Y2016. Children alive, education, income and friendship
activity in Y2014 were top-10 determinants of the association in Y2016. The findings of this
research supported the 2 hypotheses, drawing a policy implication that the promotion of
preventive measures, family support, socioeconomic status and friendship activity would be
needed for managing association among the 3 diseases in a middle-aged or old population
in Korea. These results were consistent with existing literature on social determinants of
chronic diseases in a middle-aged or old population.®*®

However, a previous study reported a sub-group variation in old Koreans in terms of the
determinants of chronic diseases. Data for this cross-sectional study came from the 2005
Korean National Health and Nutrition Examination Survey with 3609 participants aged
65-89. In this previous study, a sub-group variation was found between a positive linkage
between physical disability and a chronic disease: for example, a positive relationship
between physical disability and stroke was stronger 1) for men than women and 2) for those
aged 70-79 than those aged 65-69. This line of research would help to develop the new
guidelines across gender and age groups in Korea. But little literature is available and more
effort is needed in this direction. In this context, this study tests the following hypotheses
from the literature and discussion above:
Hypothesis 1: There exist gender and age-group differences regarding the importance of
social determinants in association among cerebrovascular disease, hearing
loss and cognitive impairment in a middle-aged or old population.
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Hypothesis 2: There exist gender and age-group differences regarding the degree of
association among cerebrovascular disease, hearing loss and cognitive
impairment in a middle-aged or old population.

METHODS

The data source of this study was the Korean Longitudinal Study of Ageing (KLoSA) in Y2014
and Y2016 (See the previous study’ for more description of data). Data were publicly available
and de-identified. The final sample of this study consisted of 6,060 subjects aged 53 or more,
i.e., 2,556 men, 3,504 women, 3,640 aged 70 years or less (70-), 2,420 aged 71 years or more
(71+). The KLoSA question on cerebrovascular disease in Y2014 and Y2016 was “Since the last
survey, have you ever been diagnosed by a doctor as cerebrovascular disease? 1. Yes. 5. No.”
[C038]. The inquiry on hearing loss in Y2014 and Y2016 was “Do you experience difficulty in
daily activity because of hearing loss? 1. Yes. 5. No.” [C092]. Mini-Mental State Examination
score [C401-C419 in the KLoSA inquiries] was recoded as no cognitive impairment (at least
as high as a cutoff) vs. yes (lower than the cutoft) with the different cutoffs based on age,
education and gender™ (Supplementary Table 1). Disease association (association among
cerebrovascular disease, hearing loss and cognitive impairment) in Y2016 was divided into

8 categories: 1) “0” for having no disease; 2) “1,” “2” and “3” for having cerebrovascular
disease only, hearing loss only and cognitive impairment only, respectively; 3) “4,” “5,” and
“6” for having cerebrovascular disease & hearing loss, cerebrovascular disease & cognitive
impairment and hearing loss & cognitive impairment, respectively; and “7” for having all the
3 diseases (See the previous study’ for more description of the variables).

Six machine learning approaches were applied for the prediction of the disease association:
RNN, logistic regression, decision tree, naive Bayes, random forest and support vector
machine.””® The disease association in Y2016 served as the dependent variable of the
models. Cerebrovascular disease, hearing loss and cognitive impairment in Y2014 and the
demographic, socioeconomic and health-related factors in Y2014 served as the independent
variables of the models. Data on 2,556/3,504 men/women were divided into training and
validation sets with a 50:50 ratio. Likewise, data on 3,640/2,420 for 70-/71+ were divided into
training and validation sets with a 50:50 ratio. The models were built (or trained) based on
the training set with 1,278/1,752 observations for men/women (or 1,820/1,210 observations for
70~/70+) then the models trained were validated based on the validation set with 1,278/1,752
observations for men/women (or 1,820/1,210 observations for 70-/70+).

Accuracy, a ratio of correct predictions among 1,278/1,752 (or 1,820/1,210) observations, was
introduced as a criterion for validating the models trained. Variable importance, the effect
of a variable on model performance, was used for evaluating the 2 hypotheses: Hypothesis 1
was evaluated based on whether there exist gender and age-group differences regarding the
importance rankings of family support, socioeconomic status and social activity in Y2014

as the determinants of the disease association in Y2016; and Hypothesis 2 was evaluated
based on whether there exist gender and age-group differences regarding the importance
rankings of cerebrovascular disease, hearing loss and cognitive impairment in Y2014 as the
determinants of the disease association in Y2016. Here, the greater “accuracy decrease” leads
to the greater variable importance. Python 3.52 was employed for the analysis on May 2020.
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Ethics statement
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RESULTS

Supplementary Table 2 is a frequency table for participants’ disease association and
categorical attributes. Among the 4 sub-groups (2,556 men, 3,504 women, 3,640 for 70— and
2,420 for 71+) in Y2016, 552 (22%), 847 (24%), 514 (14%) and 885 (37%) were diagnosed

as at least one of cerebrovascular disease, hearing loss and cognitive impairment, whereas

98 (4%), 83 (2%), 37 (1%) and 144 (6%) were characterized by the diagnosis of the 2 or 3
diseases, respectively. Among the men in Y2014, 160 (6%), 53 (2%) and 380 (15%) were
diagnosed as cerebrovascular disease, hearing loss and cognitive impairment, while their
respective female counterparts were 161 (5%), 48 (1%) and 677 (20%). Among the 70-
participants in Y2014, 138 (4%), 25 (1%) and 366 (10%) were diagnosed as cerebrovascular
disease, hearing loss and cognitive impairment, while their respective 71+ counterparts were
183 (7%), 76 (3%) and 691 (29%). Descriptive statistics for participants' continuous attributes
are shown in Supplementary Table 3. All (or 75%) of the men in Y2014 were older than 53 (or
60) and it was also true for the women. The average ages of the 4 sub-groups (men, women,
70~ and 71+) were 67.5, 68.1, 61.3 and 77.7, whereas their respective monthly incomes were
$1,941, $774, $1,596 and $769.

Based on the results of this study, the accuracy was higher for the RNN than for logistic
regression: 0.8224 vs. 0.7848 for men, 0.8059 vs. 0.7837 for women, 0.8835 vs. 0.8593 for 70—,
0.7053 vs. 0.6926 for 71+ (Table 1). The top-10 variables of the disease association in terms

of variable importance from the RNN are presented for all participants and the sub-groups

in Table 2 and Figs. 1-4. The top-10 variables regarding Hypothesis 1 (or Hypothesis 2) were

in orange (or sea) background in the table. Here, variable importance from the RNN was
measured as an accuracy gap between a complete model (RNN-Full) and a model excluding

a certain variable (e.g., RNN-Cognitive Impairment) (Supplementary Table 4). Firstly,
cerebrovascular disease and cognitive impairment in Y2014 were top-5 determinants of the
disease association in Y2016 for all sub-groups. These results would highlight the significance
of preventive measures for cerebrovascular disease and cognitive impairment in a middle-aged
or old population. However, hearing loss in Y2014 ranked in the top 3 for men but it was out of
the top-10 list for the other sub-groups. This indicates that the degree of the disease association
would be stronger for men than for the other sub-groups (This supports Hypothesis 1).

Secondly, the findings of this study suggest that important social determinants of the disease
association would be different across gender and age groups. Leisure activity in Y2014 was

a top-10 determinant of the disease association in Y2016 for men but it was not the case for

Table 1. Accuracy measures of machine learning methods

Model/sub-group Men Women 70— T+
Logistic regression 0.7848 0.7848 0.8593 0.6926
Decision tree 0.6862 0.6862 0.7560 0.5463
Naive bayes 0.147 0.147 0.0637 0.0264
Random forest-1,000 trees 0.7786 0.7786 0.8549 0.6992
Support vector machine 0.7746 0.7746 0.8522 0.6397
Recurrent neural network 0.8224 0.8059 0.8835 0.7050
https://doi.org/10.12779/dnd.2020.19.3.114 17


https://dnd.or.kr

Social Determinants of Cognitive Impairment

Dementia and
Neurocognitive
Disorder

Table 2. Top-10 variables for disease association in all participants and 4 sub-groups

Rank All* Men Women 70— 71+

1 Cerebrovascular disease’  Cerebrovascular disease Cerebrovascular disease Cerebrovascular disease Cognitive impairment

2 Cognitive impairment Cognitive impairment Cognitive impairment Life satisfaction - overall Cerebrovascular disease
3 Hearing loss Hearing loss Life satisfaction - overall _ Age

4 Age Body mass index Age Cognitive impairment

5 Drinking

6 Subjective health Drinking

7 Life satisfaction - overall Subjective health

8

9 Gender Smoking Life satisfaction - economic

o s s

Region

*Reference: 7; TTop-10 variables for disease association regarding Hypothesis 1 (or Hypothesis 2) are presented as orange (or sea) background. Variables in bold

characters ranked among top 10 for sub-groups only (they were out of the top-10 list for all participants).

https://dnd.or.kr

Disease association Social determinants

Cognitive
impairment
Men Cerebrovascular - Leisure activity
disease
Hearing
loss
ea— .
_Cognitive <—| Parents alive |
impairment
Women Cereb.rovascular - | Income |
disease
-— | Economic activity |

Fig. 1. Social determinants of disease association: gender variation.

women. Parents alive, income and economic activity in Y2014 ranked in the top 10 for women
but not for men. Children alive, education and family activity in Y2014 were the top-10
variables for 70- but it was not true for 71+. And the importance rankings of brothers/sisters
cohabiting, religious activity and leisure activity in Y2014 were higher than 10 for 71+ but not
for 70-. In other words, the following social determinants were relatively more important for
the following sub-group: 1) leisure activity for men; 2) parents alive, income and economic
activity for women; 3) children alive, education and family activity for 70~; and 4) brothers/
sisters cohabiting, religious activity and leisure activity for 70+. Finally, the logistic regression
results (Supplementary Table 5) provide useful information about the sign and magnitude
for the effect of the major determinant on the disease association. For example, the odds of
cerebrovascular disease in Y2016 is 100 times as high for men with the disease in Y2014 as

for men without the disease in Y2014. Similarly, the odds of cerebrovascular disease and one
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disease
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-
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Fig. 2. Social determinants of disease association: age variation.

more disease in Y2016 is 100 times as high for men with cerebrovascular disease in Y2014 as
for men without cerebrovascular disease in Y2014.

DISCUSSION

The existing literature on social determinants of chronic diseases drew a policy implication
that the promotion of preventive measures, family support (e.g., children alive),
socioeconomic status (e.g., education, income) and social activity (e.g., friendship activity)
would be needed for managing association among chronic diseases such as cerebrovascular
disease, hearing loss and cognitive impairment in a middle-aged or old population (“All”
column in Table 2).7° In general, the results of this study agree with those of the previous
studies, highlighting the importance of family support, socioeconomic status and social
activity in association among cerebrovascular disease, hearing loss and cognitive impairment
in a middle-aged or old population. However, the findings of this study also register
significant variations across gender and age groups regarding important social determinants
of the disease association: 1) leisure activity for men; 2) parents alive, income and economic
activity for women; 3) children alive, education and family activity for 70—; and 4) brothers/
sisters cohabiting, religious activity and leisure activity for 70+ (Table 2, Figs. 1-4).

In this vein, this study presents the following policy implications for managing association
among cerebrovascular disease, hearing loss and cognitive impairment in a middle-aged

or old population. Firstly, promotional efforts for leisure activity request more attention as
central health policy for middle-age or old men. Secondly, social policy needs to be modified
for strengthening the economic activity and income of middle-aged or old women. Middle-

https://doi.org/10.12779/dnd.2020.19.3.114 119
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Fig. 3. Variable importance from the random forest: men vs. women.
BMI: body mass index.

aged or old women are more likely to be in poverty than their male counterparts in a nation
like Korea® and social policy needs to be revised so that it can reduce this disparity. Thirdly,
it would be necessary to encourage brothers/sisters cohabiting and religious activity among

those aged 71 or more. Different types of family support (e.g., parents/children alive vs.
brothers/sisters cohabiting) are expected to have different effects on association among
chronic diseases across gender and age groups but little research has been available on this
topic. This study would be a good starting point for further research. In addition, existing
literature focuses on a relationship between religious activity and mental health in a middle-
aged or old population™ but the findings of this study suggest that this line of research can

be extended to other chronic diseases including cerebrovascular disease, hearing loss and

cognitive impairment.
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Fig. 4. Variable importance from the random forest: 70- vs. 71+.

This study still had some limitations. Firstly, this study used a weak form of the longitudinal
design because of constraints on memory capacity. Employing data in all six waves with a
strong form of the longitudinal design is expected to improve the accuracy of the RNN much
more. Secondly, expanding this study to other chronic diseases and other determinants of
association such as health utility usage might add a great contribution to this line of research.
Thirdly, this study did not consider possible relationships or mediating effects among
independent variables. Fourthly, combining gender and age in 4 sub-groups, e.g., 70— men,
70~ women, 71+ men, 71+ women, would offer additional insight on the major determinants
of the association among the 3 diseases. Fifthly, it was beyond the scope of this study to
address and resolve the issue of class imbalance in this study: 2004 participants belonged

to the category of NNN (cerebrovascular disease no, hearing loss no, cognitive impairment
no) but only 3 belonged to YYY (cerebrovascular disease yes, hearing loss yes, cognitive
impairment yes) in Y2016. Finally, comparing different types of family support regarding their
effects on the association among the 3 diseases would be a good topic for further research.
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In conclusion, social determinants of disease association in a middle-aged or old population
are different across gender and age groups. For managing association among the 3 diseases,

it would be necessary to develop the new guidelines reflecting different social determinants

of the disease association across gender and age groups.
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