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Abstract

:

Background The growing aging population is a global phenomenon and a major public health challenge. Among Organization for Economic Co-operation and Development countries, Korea is the fastest aging country. We aimed to investigate the relationship between changes in quality of life (QOL) and cognitive function in older adults. Method: Data from the Korean Longitudinal Study of Aging collected from 2008 to 2016 were used. In 3453 participants (men: 1943; women: 1541), QOL was measured by three aspects: general, financial, and familial. Changes in QOL status were assessed by four categories: remained poor, worsened, improved, and remained good. The level of cognitive function was measured by the Mini-Mental State Examination score (MMSE, normal range cut-off value: 24 or above). For the statistical analysis, the generalized equation model (GEE) was performed. Results: For all three aspects of QOL measured, participants whose QOL score remained poor were associated with cognitive decline that their odds ratios (OR) were statistically significant (general: OR = 1.33; familial: OR = 1.39; financial: OR = 1.40). For subgroup analysis by gender, the highest OR in men was the financial aspect of QOL (OR = 1.45); in women, the highest OR was the familial aspect of QOL (OR = 1.75). Conclusion: This study showed an association between QOL and cognitive function in a Korean elderly population. Our findings suggest that QOL measurements with a gender-specific approach can be used as a tool to detect cognitive changes in older adults and help prevent or delay cognitive decline.






Keywords:


aging; quality of life; cognitive decline; Mini-Mental State Examination; gender differences; Korea












1. Introduction


The growing aging population has become a global issue that reflects changes in society as modernization progresses in nearly all countries [1,2]. To help tackle this issue, the World Health Organization (WHO) has emphasized that countries promote healthy aging. According to a report by the United Nations, 382 million people worldwide were aged 60 years or older in 1980, a number which has grown to more than 962 million people in 2017, and is predicted to be close to 2.1 billion by 2050 [3]. As defined by WHO, an aging society is a society in which the proportion of people aged 65 years and older accounts for more than 7% of the total population; an aged society, more than 14% of the population; and super-aged society, more than 20% of the population [4,5]. In recent decades, the life expectancy in most countries has increased [3,5,6,7]. In particular, advanced technology and improved access to healthcare has greatly contributed to lowering the mortality rate, extending life expectancies, and improving quality of life. However, many societies with growing aging populations have been simultaneously experiencing another major health issue: low birth rate [1,3,6,8].



South Korea is the fastest aging society among Organization for Economic Co-operation and Development (OECD) countries [9]. South Korea was recently reclassified as an aged society, because the elderly population increased by 14.3% in 2018 [9]. South Korea became an aging society in 18 years and an aged society in 8 years, while the United States took 73 years and 21 years, Germany took 40 years and 37 years, and Japan took 24 years and 12 years [1,10,11].



An increase in the elderly population of a society leads to complex problems related to social, economic and health issues [6,7,10,12]. Concomitantly, a decrease in the young population reduces work participation and industrial productivity, resulting in economic decline [6,8]. Furthermore, these changes increase the financial burden of countries. In addition, that a country’s welfare system struggles to care for older adults as the aging rate grows [3,6,8]. Although lifespan has increased, a growing aging population is now faced with problems such as poverty, disease, and reclusion [4,6,13]. Even when the health of older adults improves, their use of medical care increases, leading to a rise in poverty among this population [3,5]. Changes in family composition and rapid social change are believed to be the reasons for the rising occurrence of countries with rapidly growing elderly populations [6,8,14]. In particular, countries with rapid population changes are expected to encounter these problems on a massive scale, requiring the emergence of aging measurements and welfare policies for older adults [1,3].



During the aging progress, changes in the physical and mental health status of a patient may not be considered a major issue until they are diagnosed with a disease or disorder, such as arthritis, dementia, and Alzheimer’s disease, because these changes are generally considered to be a part of aging [15]. Cognitive function determines an individual’s ability to complete information transformation, decision making, and daily activities [15,16]. Previous studies have associated cognitive function with chronic diseases such as diabetes, hypertension, and obstructive pulmonary disease [17,18,19,20]. However, cognitive function is also related to socioeconomic factors such as resident area, occupation, and education level that can influence quality of health [21,22].



The WHO defined health by three elements: physical, mental and social well-being [23]. Those elements are also closely related to quality of life [24]. So, quality of life could be one of measurement for health. In older adults, quality of life can have an overall association on the deterioration of cognitive function, including personal, familial, and social factors [24,25]. In line with that, quality of life can be expressed as the mixture of intrapersonal and social normative elements in past, current, and future [13,20,25,26]. Among the elderly population, quality of life showed a linkage with their cognitive level [27,28]. A study conducted by Woods et al. reported that among dementia patients, improving patients’ quality of life affected positively in their treatment and improving their cognitive function [27].



Therefore, the deterioration of an individual’s quality of life may negatively affect their cognitive function. Many existing papers describe the relationship between the life expectancy of patients and their quality of life due to cognitive decline [2,15,17,18]. However, these studies have not suggested methods to use in preparation of an aging or aged society by monitoring quality of life. In addition, previous studies were investigated on quality of life as a health-related factor [29,30,31]. The purpose of this study was to investigate the effect of the quality of life on the cognitive function in a Korean elderly population. By measuring overall quality of life, as well as its familial-specific and financial-specific aspects, this study aimed to provide a tool for the prevention and early identification of cognitive decline among older adults.




2. Methods


2.1. Data Source and Study Population


This study used data of the Korean Longitudinal Study of Aging (KLoSA) from 2008 to 2016. KLoSA is a representative data source that was conducted by the Korea Employment Information Service (KEIS) on behalf of the South Korean Ministry of Employment and Labor. The data provides various aspects of Korean elderly population and is comparable to the Health and Retirement Study (HRS) in the USA—as well as the Survey of Health, Aging, and Retirement in Europe (SHARE); the Japanese Study of Aging and Retirement (JSTAR); and the Chinese Health and Retirement Longitudinal Study (CHARLS). The survey is based on the multistage stratified design among Korean adults aged 45 years or older in 2006. Approximately 10,000 Korean adults were interviewed biannually using computer-assisted personal interviewing methods, and the latest data available is for 2016 [32].



Participants who had low cognitive levels or dementia based on an MMSE score less than 23 were eliminated in 2006. the baseline year was 2008 when a total of 4463 participants were over 45 years of age. To measure the familial aspect of quality of life, our study population was limited to 3453 participants who were married and had at least one child. There were 1943 men and 1541 women included.




2.2. Quality of Life


For this study, quality of life was measured in three categories: general aspects, financial aspects and familial aspects. Similar to the EuroQOL visual analogue scale (as EQ-VAS), participants provided the exact score for each category from 0 to 100. If a score was below the mean score, then it was defined as ‘bad’; if a score was equal or above the mean score, then it was defined as ‘good’. We applied a lag-time option to detect the changes in quality of life compared to the prior year. Therefore, we grouped the scores into four categories: (1) remained poor, (2) worsened, (3) improved, and (4) remained good.




2.3. Cognitive Level, Mini-Mentel State Examination (MMSE)


Cognitive function was measured by the Mini-Mental State Examination (MMSE) score. The MMSE was developed by Folstein et al. to evaluate cognitive function according to seven items [33] that measure time awareness, place awareness, a record of three words, care and calculation, a memory of three words, language and constructive visual capacity [33,34]. The maximum score for this test is 30, signifying peak cognitive function. Generally, a score above 24 is considered normal. A score less than 18 denotes moderate cognitive impairment, suggesting the individual is at risk of dementia; a score between 18 to 23 denotes mild cognitive impairment, indicating cognitive decline [33]. For the study population, we excluded participants who scored less than 23 in 2006 to control for low cognitive level. As the outcome variable, we grouped cognitive function into two groups, low and normal.




2.4. Covariates


Factors were adjusted to control baseline variables that can have a possible effect on our study outcome and to improve the precision of the outcome. Therefore, in our study, factors related to demographics (sex, age), socioeconomics (education level, income level, employment status, marriage status, social activity: frequently—almost every day, once a week, twice a week, thrice a week; often—once a month, twice a month, once a two month; rarely—once a year, twice year, thrice a year), family (number of children, degree of face-to-face contact with children, degree of email or phone contact with children: frequently—almost every day, once a week, twice a week, thrice a week; often—once a month, twice a month, once a two month; rarely—once a year, twice year, thrice a year), health behavior (smoking, drinking) and health condition that diagnosed by their doctor (number of chronic diseases, cancer, depression) were adjusted for the study. All categories are grouped based on the survey question for those without further definition.




2.5. Statistical Analyses


Descriptive analyses were conducted, and chi-square tests were performed to investigate an association between the changes in quality of life from the prior year and cognitive function. To analyze the longitudinal and repeated measures data using a logistic regression would violate the assumption of independence. Therefore, we conducted a multivariable generalized estimating equation (GEE) model with a logit link and controlled for confounders. Presented outcomes show odds ratio and 95% confidence intervals. The software SAS 9.4 (SAS Institute, Cary, NC, USA) was used for this study.





3. Results


The characteristics of the study population in baseline year 2008 are shown in Table 1. Of the 3453 participants, 14.7% (n = 522) were classified with low cognitive function at baseline, and 82.7% (n = 2931) were classified with normal cognitive function. For the general aspect of quality of life, 20.2% of participants (n = 698) remained poor, 11.7% (n = 405) worsened, 22.2% (n = 768) improved, and 45.8% (n = 1582) remained good. For the familial aspect of quality of life, 25.7% of participants (n = 888) remained poor, 28.4% (n = 981) worsened, 11.7% (n = 403) improved, and 34.2% (n = 1181) remained good. For the financial aspect of quality of life, 24.1% of participants (n = 832) remained poor, 6.2% (n = 218) worsened, 32.2% (n = 1111) improved, and 37.4% (n = 1292) remained good at baseline, 31.9% of participants had assessed their general quality of life as bad; 54.5%, familial quality of life; and 30.4%, financial quality of life. By contrast, 68.1% of participants had assessed their general quality of life as good; 45.9%, familial quality of life; and 69.6%, financial quality of life.



The results of using a GEE model with the logit link to assess the association between three aspects of quality of life and cognitive level are expressed in Table 2. With the ‘remained good’ group used as a reference, participants who either ‘remained poor’, ‘worsened’, or ‘improved’ show higher ORs of low cognitive function in all three categories of quality of life after adjusting for covariates. In addition, participants who ‘improved’ had higher ORs (odds ratios) than the reference group. For general quality of life, the OR was 1.33 (95% CI: 1.18–1.51) for the ‘remained poor’ group, 1.32 (95% CI: 1,18–1.47) for the ‘worsened’ group, and 1.16 (95% CI: 1.01–1.30) for the ‘improved’ group. For familial quality of life, the OR was 1.39 (95% CI: 1.23–1.58) for the ‘remained poor’ group, 1.33 (1.18–1.50) for the ‘worsened’ group, and 1.19 (95% CI: 1.04–1.35) for the ‘improved’ group. For financial quality of life, the OR was 1.40 (95% CI: 1.23–1.58) for the ‘remained poor’ group, 1.37 (95% CI: 1.21–1.55) for the ‘worsened’ group, and 1.25 (95% CI: 1.11 - 1.41) for the ‘improved’ group.



Subgroup analysis presents associations between quality of life and low cognitive level within the gender and the employment status of study the population. Figure 1 and Figure 2 presents the results of the subgroup analysis. Three aspects of quality of life are grouped individually and contain the degree of quality of life: remained poor, worsen, and improve, respectively.



Figure 1 contains the results of the subgroup analysis conducted by gender that shows low cognitive function measured by the MMSE score. Men and women express on different aspects of quality of life regarding their cognitive function. For men, the financial quality of life was the most affected aspect of quality of life, followed by the general aspect and the family aspect. Financial aspect had the OR of 1.44 (95% CI: 1.19–1.74), 1.45 (95% CI: 1.20–1.71), and 1.35 (95% CI: 1.13–1.60) as the categorical orders: remained poor, worsened, and improved. The ‘worsened’ group had the highest OR of 1.36 (95% CI: 1.13–1.62) of all groups for general quality of life. In addition, the ‘worsened’ group had the highest OR of 1.18 (95% CI: 1.00–1.39) of all groups for familial quality of life.



Figure 2 shows the results of subgroup analysis that was conducted on employment status. The results demonstrated that participants who were unemployed had higher ORs of low cognitive function measured by the MMSE score. For general quality of life, the unemployed group had an OR of 1.37 (95% CI: 1.19–1.59), 1.37 (95% CI: 1.19–1.56), and 1.15 (95% CI: 1.00–1.33) for the categorical orders remained poor, worsened, and improved, respectively. For the financial aspect, the unemployed group had an OR of 1.49 (95% CI: 1.28–1.73), 1.49 (95% CI: 1.28–1.73), and 1.31 (1.13–1.51). For the family aspect, the unemployed group had an OR of 1.42 (95% CI: 1.23–1.65), 1.35 (95% CI: 1.17–1.57), and 1.31 (1.05–1.45). The expressed results are reported in categorical order with remained good as the reference group.




4. Discussion


This study was designed to investigate the effect of different aspects of quality of life on the cognitive function of the elderly population in South Korea. Our findings confirmed that poor quality of life in the general, familial, and financial aspects showed associations with the risk of cognitive decline. Further subgroup analysis identified a gender difference: men had a strong association of quality of life with financial aspects, while women had a strong association between quality of life and familial aspects.



An individual’s quality of life largely affects their daily living, physical health, and mental health [13]. When this measure remains good for several years, then the individual has a higher likelihood of achieving good health as an older adult [13,26]. Furthermore, having a good quality of life can lead to healthy aging. Similar to Saracli et al. and Helvik et al., we identified an association between quality of life and cognitive function [20,25]. Similar to the previous studies [5,20,25], our study found that participants who have a good quality of life for years have the least risk of low cognitive function, whereas those who have a poor quality of life for years, or a worsening quality of life, had the highest or a higher risk of low cognitive function. An interesting factor was found in the group of people whose quality of life had improved. When compared to the prior year, an improved quality of life score still showed a greater risk of low cognitive function. Lamourex-Lamarche and Vasiliadis discovered that once a person experiences an event that is significant and traumatic, then it may remain so long after the event concludes and have a long-term cognitive effect [35]. This event also affects quality of life [35] in our study, who experienced poor quality of life once could be considered as had a traumatic event.



Our analyses support the theory of gender as a different mechanism in mental health [36,37] which can be presented as the gender effect. The study population includes individuals who are aged 50 to 70 and above. Therefore, there might be cohort differences that shared different social and non-social events throughout the aging process. Despite the cohort effect on the elderly population, gender differences are easily found in a society that can possibly affect the quality of life and cognitive level [38,39,40,41]. Men and women tend to participate in different social activities which could influence their quality of life and/or cognitive level [39,40]. With regard to cognitive level, gender has a stronger association. Many studies have shown that women are at a higher risk of dementia and Alzheimer’s disease [14,40,41], and their study subjects were the elderly population of various ages. Their results were consistent with the investigations conducted on gender difference on dementia and Alzheimer’s disease among elders [14,40,41,42,43], and our results exhibited a higher OR of the low cognitive function groups in women. In addition, our study evaluated various aspects of quality of life and found that the effects of these aspects are different by gender [24,31,38] which is also interpreted as one part of gender effect. Men, who are traditionally in charge of family finances, were more sensitive to the financial aspect of quality of life. By contrast, women were more vulnerable to the family aspect of quality of life, corresponding to their traditional roles centered around family [38]. Similar to our study, Campos et al. reported that quality of life was associated with physical health for men and psychosocial health for women, and especially for men, this measure showed a higher association with socioeconomic status [44].



Other studies have shown that cognitive function is related to educational levels [16,45]. Similar to these studies, which found that educated people are less likely to experience cognitive decline in early age, our study demonstrated that the higher the educational level, the lower the riskca of cognitive decline. In addition, older adults who hold a part-time job or volunteering work after retirement have been found to have better mental health [15,16]. Similarly, our study found that participants with a job were less likely to have low cognitive function.



Emerging aging societies are a global phenomenon where health issues related to cognitive decline are expected [3,6,15]. Generally, cognitive decline is a natural process of aging that all aging adults expect to face. Cognitive decline is noticed when changes occur in an individual’s information transformation, processing speed, and problem-solving activities [3,41,42,43,44]. Cognitive decline is a risk aspect of mild cognitive impairment (MCI) that can cause mental illnesses, such as dementia or Alzheimer’s disease. Although the biological mechanism of cognitive decline is unavoidable [41,45], previous studies have discovered that such non-pharmacological lifestyle strategies such as physical activities, healthy diet, music therapies, and cognitive training can delay cognitive decline [16,46,47,48,49,50,51]. These studies stress the importance of quality of life, especially in an elderly population. Older adults are susceptible to declining quality of life as they go through several major life events, including losing physical and mental capabilities, exiting from job market, and experiencing isolation [1,5,6,8,13]. Aspects related to declining quality of life in older adults can expedite the manifestation of cognitive problems [13,15,16,25].



Although individuals must adjust to the transformation of aging, their society must prepare for these changes as well. To obtain a healthy aging/aged society, a social institution to support these individuals must be established [1,3,5,6,8]. The previous study [2,5,6,11] expressed all recommendations that societies should implement. First, they indicated that a decline in the workforce leads to a loss of national competitiveness. Second, social welfare issues such as pension, medical costs, residential care, and other benefits should be discussed. Third, medical costs to provide care to older adults are a huge burden on countries. Among various medical services, costs related to mental health are high and growing every year [52]. according to South Korea’s Ministry of Health and Welfare, 105,598 people were diagnosed with MCI in 2014, which increased from 24,602 in 2010—an almost 4.3-fold increase within 5 years [53]. In the UK, 40% of hospital admissions are due to cognitive failure [15]. Besides South Korea and the UK, several countries are facing in increase in the number of mental health patients, especially those in cognitive decline [2,6,51,52,53,54,55]. In addition, the care for cognitive decline is expensive and causes massive financial burden on the individual and society. In the case of South Korea, the Ministry of Health and Welfare announced that the government paid KRW 35 billion (USD 31 million) to MCI patients in 2014, which was 52% higher than the medical costs of 2010 for patients aged 40 years or older [53]. Thus, managing patients with MCI would be an essential aspect to safe medical expenditure.



There are several strengths to our study. First, we analyzed the quality of life in different aspects and discovered gender differences among these aspects. A method of EQ-VAS was not used for measuring quality of life; however, the process of measurement used the same 0–100 score range. Second, the data source was from a Korean study administering a survey that obtained sufficient validity to a large sample size during a 10-year study period. Furthermore, it is comparable to similar data internationally, such as the HRS, SHARE, JSTAR and CHARLS. Third, the study emphasized the assets of longitudinal data by capturing changes in quality of life.



Despite of several strengths, this study has limitations. First, our population included only the participants who were married with at least one child to measure the familial aspect of quality of life. Even though we included participants who were widowed or divorced, this decision excluded a certain portion of the population. Second, we did not consider the health aspect of quality of life and measure its association with cognitive function because cognitive function could be influenced by the quality of health status. Third, to measure changes in quality of life, we used the mean of each aspect for the cut-off score of the self-reported data. Therefore, the measurement could be considered not as scientific a method; however, it was acceptable to detect the changes in quality of life. Fourth, the MMSE score is not the most accurate and efficient indicator to measure the cognitive level [56]. However, it has been commonly used and considered as a benchmark for newer measurements [57]. As our data is from the survey, we chose the variable with external validity instead of self-reported. Finally, our study design cannot show the causal relationship between changes in quality of life and cognitive level and we might not include all possible confounders for the study to adjust.




5. Conclusions


We investigated the association between quality of life and cognitive function. In addition, we identified gender-specific associations of quality of life with cognitive function. As many countries are reaching the status of an aging society, providing adequate social welfare to aging populations—including healthcare—is important. Therefore, our study suggests that quality of life metrics should be used as a tool to detect cognitive changes in older adults, to prevent or delay cognitive decline. Policymakers should consider our results to develop supportive programs for older adults to promote healthy aging.







Author Contributions


Conceptualization, W.C., E.-C.P. and S.-I.J.; methodology, W.C., E.C.P. and S.-I.J.; formal analysis, W.C.; writing—original draft preparation, W.C.; writing—review and editing, E.-C.P. and S.-I.J.; supervision, S.-I.J.; project administration, W.C., S.-I.J.; funding acquisition, S.-I.J. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by a faculty research grant of Yonsei University College of Medicine (6-2018-0174).




Acknowledgments


The authors would like to thank Yonsei University College of Medicine for the support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



United Nations; Department of Economic and Social Affairs; Population Division. World Population Ageing 2015 (ST/ESA/SER.A/390); United Nations: New York, NY, USA, 2015; Volume 2018. [Google Scholar]

	



Nishita, Y.; Tange, C.; Tomida, M.; Otsuka, R.; Ando, F.; Shimokata, H. Personality and global cognitive decline in Japanese community-dwelling elderly people: A 10-year longitudinal study. J. Psychosom. Res. 2016, 91, 20–25. [Google Scholar] [CrossRef]

	



United Nations; Department of Economic and Social Affairs; Population Division. World Population Ageing 2017—Highlights (ST/ESA/SER.A/397); United Nations: New York, NY, USA, 2017; Volume 2018. [Google Scholar]

	



Arai, H.; Ouchi, Y.; Toba, K.; Endo, T.; Shimokado, K.; Tsubota, K.; Matsuo, S.; Mori, H.; Yumura, W.; Yokode, M.; et al. Japan as the front-runner of super-aged societies: Perspectives from medicine and medical care in Japan. Geriatr. Gerontol. Int. 2015, 15, 673–687. [Google Scholar] [CrossRef] [PubMed]

	



Lin, Y.-Y.; Huang, C.-S. Aging in Taiwan: Building a society for active aging and aging in place. Gerontology 2016, 56, 176–183. [Google Scholar] [CrossRef] [PubMed]

	



Cutler, D.M.; Poterba, J.M.; Sheiner, L.M.; Summers, L.H.; Akerlof, G.A. An aging society: Opportunity or challenge? Brook. Pap. Econ. Act. 1990, 1990, 1–73. [Google Scholar] [CrossRef]

	



Crimmins, E.M. Lifespan and healthspan: Past, present, and promise. Gerontology 2015, 55, 901–911. [Google Scholar] [CrossRef] [PubMed]

	



Kim, M.S.; Won, J.-U.; Seo, M.H.; Kang, B.G.; Kim, K.S.; Lim, Y.K. The Socioeconomic Problems of an Aging Society and Policy Responses; Korea Institute for Health and Social Affairs: Sejong, Korea, 2003. [Google Scholar]

	



Statistics Korea. OECD Senior Support and Aged-Child Ratio. Available online: http://kosis.kr/statisticsList/statisticsListIndex.do?menuId=M_02_01_01&vwcd=MT_RTITLE&parmTabId=M_02_01_01#SelectStatsBoxDiv (accessed on 28 June 2018).

	



OECD. Preventing Ageing Unequally; OECD: Paris, France, 2017. [Google Scholar] [CrossRef]

	



Statistics Korea. 2017 Statistics Report of Elderly People. Available online: http://kostat.go.kr/portal/korea/kor_nw/2/1/index.board?bmode=read&bSeq=&aSeq=363362&pageNo=1&rowNum=10&navCount=10&currPg=&sTarget=title&sTxt= (accessed on 28 June 2018).

	



Schulz, R.; Wahl, H.-W.; Matthews, J.T.; De Vito Dabbs, A.; Beach, S.R.; Czaja, S.J. Advancing the aging and technology agenda in gerontology. Gerontology 2015, 55, 724–734. [Google Scholar] [CrossRef] [PubMed]

	



Netuveli, G.; Blane, D. Quality of life in older ages. Br. Med. Bull. 2008, 85, 113–126. [Google Scholar] [CrossRef]

	



Fratiglioni, L.; Viitanen, M.; von Strauss, E.; Tontodonati, V.; Herlitz, A.; Winblad, B. Very old women at highest risk of dementia and alzheime’s disease. Neurology 1997, 48, 132. [Google Scholar] [CrossRef]

	



Deary, I.J.; Corley, J.; Gow, A.J.; Harris, S.E.; Houlihan, L.M.; Marioni, R.E.; Penke, L.; Rafnsson, S.B.; Starr, J.M. Age-associated cognitive decline. Br. Med. Bull. 2009, 92, 135–152. [Google Scholar] [CrossRef]

	



Klimova, B.; Valis, M.; Kuca, K. Cognitive decline in normal aging and its prevention: A review on non-pharmacological lifestyle strategies. Clin. Interv. Aging 2017, 12, 903–910. [Google Scholar] [CrossRef]

	



Hung, W.W.; Wisnivesky, J.P.; Siu, A.L.; Ross, J.S. Cognitive decline among patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2009, 180, 134–137. [Google Scholar] [CrossRef] [PubMed]

	



Hassing, L.B.; Hofer, S.M.; Nilsson, S.E.; Berg, S.; Pedersen, N.L.; McClearn, G.; Johansson, B. Comorbid type 2 diabetes mellitus and hypertension exacerbates cognitive decline: Evidence from a longitudinal study. Age Ageing 2004, 33, 355–361. [Google Scholar] [CrossRef] [PubMed]

	



Antonelli Incalzi, R.; Marra, C.; Giordano, A.; Calcagni, M.L.; Cappa, A.; Basso, S.; Pagliari, G.; Fuso, L. Cognitive impairment in chronic obstructive pulmonary disease. J. Neurol. 2003, 250, 325–332. [Google Scholar] [CrossRef] [PubMed]

	



Saracli, O.; Akca, A.S.; Atasoy, N.; Onder, O.; Senormanci, O.; Kaygisiz, I.; Atik, L. The relationship between quality of life and cognitive functions, anxiety and depression among hospitalized elderly patients. Clin. Psychopharmacol. Neurosci. Off. Sci. J. Korean Coll. Neuropsychopharmacol. 2015, 13, 194–200. [Google Scholar] [CrossRef]

	



Samuel, R.; McLachlan, C.S.; Mahadevan, U.; Isaac, V. Cognitive impairment and reduced quality of life among old-age groups in southern urban India: Home-based community residents, free and paid old-age home residents. QJM Int. J. Med. 2016, 109, 653–659. [Google Scholar] [CrossRef]

	



Basta, N.E.; Matthews, F.E.; Chatfield, M.D.; Brayne, C.; Mrc, C. Community-level socio-economic status and cognitive and functional impairment in the older population. Eur. J. Public Health 2007, 18, 48–54. [Google Scholar] [CrossRef]

	



International Health Conference. Constitution of the world health organization 1946. Bull. World Health Organ. 2002, 80, 983–984. [Google Scholar]

	



Baernholdt, M.; Hinton, I.; Yan, G.; Rose, K.; Mattos, M. Factors associated with quality of life in older adults in the United States. Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 2012, 21, 527–534. [Google Scholar] [CrossRef]

	



Helvik, A.S.; Engedal, K.; Selbaek, G. The quality of life and factors associated with it in the medically hospitalised elderly. Aging Ment. Health 2010, 14, 861–869. [Google Scholar] [CrossRef]

	



Diener, E.; Chan Micaela, Y. Happy people live longer: Subjective well-being contributes to health and longevity. Appl. Psychol. Health Well-Being 2011, 3, 1–43. [Google Scholar] [CrossRef]

	



Woods, B.; Thorgrimsen, L.; Spector, A.; Royan, L.; Orrell, M. Improved quality of life and cognitive stimulation therapy in dementia. Aging Ment. Health 2006, 10, 219–226. [Google Scholar] [CrossRef] [PubMed]

	



Habets, E.J.J.; Taphoorn, M.J.B.; Nederend, S.; Klein, M.; Delgadillo, D.; Hoang-Xuan, K.; Bottomley, A.; Allgeier, A.; Seute, T.; Gijtenbeek, A.M.M.; et al. Health-related quality of life and cognitive functioning in long-term anaplastic oligodendroglioma and oligoastrocytoma survivors. J. Neuro-Oncol. 2014, 116, 161–168. [Google Scholar] [CrossRef] [PubMed]

	



Pan, C.-W.; Wang, X.; Ma, Q.; Sun, H.-P.; Xu, Y.; Wang, P. Cognitive dysfunction and health-related quality of life among older chinese. Sci. Rep. 2015, 5, 17301. [Google Scholar] [CrossRef] [PubMed]

	



Missotten, P.; Squelard, G.; Ylieff, M.; Di Notte, D.; Paquay, L.; De Lepeleire, J.; Buntinx, F.; Fontaine, O. Relationship between quality of life and cognitive decline in dementia. Dement. Geriatr. Cogn. Disord. 2008, 25, 564–572. [Google Scholar] [CrossRef] [PubMed]

	



Lautenschlager, N.T.; Cox, K.L.; Flicker, L.; Foster, J.K.; van Bockxmeer, F.M.; Xiao, J.; Greenop, K.R.; Almeida, O.P. Effect of physical activity on cognitive function in older adults at risk for alzheimer disease: A randomized trial. JAMA 2008, 300, 1027–1037. [Google Scholar] [CrossRef] [PubMed]

	



Korea Employment Infoirmatin Service. Korean Longitudinal Sutdy of Aging. Available online: https://survey.keis.or.kr/klosa/klosa01.jsp (accessed on 20 April 2018).

	



Iverson Grant, L. Interpretation of mini-mental state examination scores in community-dwelling elderly and geriatric neuropsychiatry patients. Int. J. Geriatr. Psychiatry 1999, 13, 661–666. [Google Scholar] [CrossRef]

	



Crum, R.M.; Anthony, J.C.; Bassett, S.S.; Folstein, M.F. Population-based norms for the mini-mental state examination by age and educational level. JAMA 1993, 269, 2386–2391. [Google Scholar] [CrossRef]

	



Lamoureux-Lamarche, C.; Vasiliadis, H.M. Lifetime traumatic events, health-related quality of life, and satisfaction with life in older adults. Qual. Life Res. 2017, 26, 2683–2692. [Google Scholar] [CrossRef]

	



Riecher-Rössler, A. Sex and gender differences in mental disorders. Lancet Psychiatry 2017, 4, 8–9. [Google Scholar] [CrossRef]

	



Seedat, S.; Scott, K.M.; Angermeyer, M.C.; Berglund, P.; Bromet, E.J.; Brugha, T.S.; Demyttenaere, K.; de Girolamo, G.; Haro, J.M.; Jin, R.; et al. Cross-national associations between gender and mental disorders in the world health organization world mental health surveys. Arch. Gen. Psychiatry 2009, 66, 785–795. [Google Scholar] [CrossRef]

	



Chang, N.-W.; Lin, K.-C.; Hsu, W.-H.; Lee, S.-C.; Chan, J.Y.-H.; Wang, K.-Y. The effect of gender on health-related quality of life and related factors in post-lobectomy lung-cancer patients. Eur. J. Oncol. Nurs. 2015, 19, 292–300. [Google Scholar] [CrossRef] [PubMed]

	



Ostan, R.; Monti, D.; Gueresi, P.; Bussolotto, M.; Franceschi, C.; Baggio, G. Gender, aging and longevity in humans: An update of an intriguing/neglected scenario paving the way to a gender-specific medicine. Clin. Sci. (Lond.) 2016, 130, 1711–1725. [Google Scholar] [CrossRef] [PubMed]

	



Li, Y.-P.; Lin, S.-I.; Chen, C.-H. Gender differences in the relationship of social activity and quality of life in community-dwelling Taiwanese elders. J. Women Aging 2011, 23, 305–320. [Google Scholar] [CrossRef] [PubMed]

	



Sohn, D.; Shpanskaya, K.; Lucas, J.E.; Petrella, J.R.; Saykin, A.J.; Tanzi, R.E.; Samatova, N.F.; Doraiswamy, P.M. Sex differences in cognitive decline in subjects with high likelihood of mild cognitive impairment due to alzheimer’s disease. Sci. Rep. 2018, 8, 7490. [Google Scholar] [CrossRef]

	



Beam, C.R.; Kaneshiro, C.; Jang, J.Y.; Reynolds, C.A.; Pedersen, N.L.; Gatz, M. Differences between women and men in incidence rates of dementia and alzheimer’s disease. J. Alzheimer’s Dis. 2018, 64, 1077–1083. [Google Scholar] [CrossRef]

	



Altmann, A.; Tian, L.; Henderson, V.W.; Greicius, M.D.; Alzheimer’s disease neuroimaging initiative, I. Sex modifies the apoe-related risk of developing alzheimer disease. Ann. Neurol. 2014, 75, 563–573. [Google Scholar] [CrossRef]

	



Campos, A.C.V.; Ferreira, E.F.; Vargas, A.M.D.; Albala, C. Aging, gender and quality of life (AGEQOL) study: Factors associated with good quality of life in older Brazilian community-dwelling adults. Health Qual. Life Outcomes 2014, 12, 166. [Google Scholar] [CrossRef]

	



Levy, G.D.; Taylor, M.G.; Gelman, S.A. Traditional and evaluative aspects of flexibility in gender roles, social conventions, moral rules, and physical laws. Child Dev. 1995, 66, 515–531. [Google Scholar] [CrossRef]

	



Evans, D.A.; Beckett, L.A.; Albert, M.S.; Hebert, L.E.; Scherr, P.A.; Funkenstein, H.H.; Taylor, J.O. Level of education and change in cognitive function in a community population of older persons. Ann. Epidemiol. 1993, 3, 71–77. [Google Scholar] [CrossRef]

	



Murman, D.L. The impact of age on cognition. Semin. Hear. 2015, 36, 111–121. [Google Scholar] [CrossRef]

	



Féart, C.; Samieri, C.; Rondeau, V.; Amieva, H.; Portet, F.; Dartigues, J.F.; Scarmeas, N.; Barberger-Gateau, P. Adherence to a mediterranean diet, cognitive decline, and risk of dementia. JAMA 2009, 302, 638–648. [Google Scholar] [CrossRef] [PubMed]

	



Mosconi, L.; Murray, J.; Tsui, W.H.; Li, Y.; Davies, M.; Williams, S.; Pirraglia, E.; Spector, N.; Osorio, R.S.; Glodzik, L.; et al. Mediterranean diet and magnetic resonance imaging-assessed brain atrophy in cognitively normal individuals at risk for alzheimer’s disease. J. Prev. Alzheimer’s Dis. 2014, 1, 23–32. [Google Scholar]

	



Sörman, E.D.; Sundström, A.; Rönnlund, M.; Adolfsson, R.; Nilsson, L.-G. Leisure activity in old age and risk of dementia: A 15-year prospective study. J. Gerontol. Ser. B 2014, 69, 493–501. [Google Scholar] [CrossRef] [PubMed]

	



Cooke, M.; Moyle, W.; Shum, D.; Harrison, S.; Murfield, J. A randomized controlled trial exploring the effect of music on quality of life and depression in older people with dementia. J. Health Psychol. 2010, 15, 765–776. [Google Scholar] [CrossRef]

	



Counsell, S.R.; Callahan, C.M.; Tu, W.; Stump, T.E.; Arling, G.W. Cost analysis of the geriatric resources for assessment and care of elders care management intervention. J. Am. Geriatr. Soc. 2009, 57, 1420–1426. [Google Scholar] [CrossRef]

	



Ministrey of Health and Welfare. Increased in Mild Cognitive Impairment Patients in the Last 5 Years. Available online: http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&page=1&CONT_SEQ=325691 (accessed on 28 June 2018).

	



Plassman, B.L.; Langa, K.M.; Fisher, G.G.; Heeringa, S.G.; Weir, D.R.; Ofstedal, M.B.; Burke, J.R.; Hurd, M.D.; Potter, G.G.; Rodgers, W.L.; et al. Prevalence of cognitive impairment without dementia in the united states. Ann. Intern. Med. 2008, 148, 427–434. [Google Scholar] [CrossRef]

	



Dlugaj, M.; Winkler, A.; Weimar, C.; Durig, J.; Broecker-Preuss, M.; Dragano, N.; Moebus, S.; Jockel, K.H.; Erbel, R.; Eisele, L. Anemia and mild cognitive impairment in the german general population. J. Alzheimer’s Dis. 2016, 49, 1031–1042. [Google Scholar] [CrossRef]

	



Arevalo-Rodriguez, I.; Smailagic, N.; Roque, I.F.M.; Ciapponi, A.; Sanchez-Perez, E.; Giannakou, A.; Pedraza, O.L.; Bonfill Cosp, X.; Cullum, S. Mini-Mental State Examination (MMSE) for the detection of alzheimer’s disease and other dementias in people with Mild Cognitive Impairment (MCI). Cochrane Database Syst. Rev. 2015. [Google Scholar] [CrossRef]

	



Mitchell, A.J. The Mini-Mental State Examination (MMSE): An update on its diagnostic validity for cognitive disorders. In Cognitive Screening Instruments: A Practical Approach; Larner, A.J., Ed.; Springer: London, UK, 2013; pp. 15–46. [Google Scholar] [CrossRef]








[image: Ijerph 17 01106 g001 550] 





Figure 1. Subgroup analysis on gender: qualitive life with low cognitive function † measured by MMSE ‡ score. † Low: MMSE ≤ 23, normal: 24 ≤ MMSE; ‡ Mini- Mental State Examination (MMSE); * Statistically significant value. 






Figure 1. Subgroup analysis on gender: qualitive life with low cognitive function † measured by MMSE ‡ score. † Low: MMSE ≤ 23, normal: 24 ≤ MMSE; ‡ Mini- Mental State Examination (MMSE); * Statistically significant value.



[image: Ijerph 17 01106 g001]







[image: Ijerph 17 01106 g002 550] 





Figure 2. Subgroup analysis on employment status: qualitive life with low cognitive function † measured by MMSE ‡ score. † Low: MMSE ≤ 23, normal: 24 ≤ MMSE; ‡ Mini- Mental State Examination (MMSE); * Statistically significant value. 
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Table 1. General characteristics of the study population in 2008.
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Variables

	
Total (N = 3453)

	
Cognitive Function † Measured by MMSE Score ‡

	
p-Value *




	
Low (N = 522)

	
Normal (N = 2931)




	
N

	
%

	
N

	
%

	
N

	
%






	
General Quality of Life (QOL)

	

	

	

	

	

	
<0.0001




	

	
Remained poor

	
698

	
20.2

	
144

	
20.6

	
554

	
79.4

	




	

	
Worsened

	
405

	
11.7

	
74

	
18.3

	
331

	
81.7

	




	

	
Improved

	
768

	
22.2

	
119

	
15.5

	
649

	
84.5

	




	

	
Remained good

	
1582

	
45.8

	
185

	
11.7

	
1397

	
88.3

	




	
Family aspect of QOL

	

	

	

	

	

	

	
<0.0001




	

	
Remained poor

	
888

	
25.7

	
207

	
23.3

	
681

	
76.7

	




	

	
Worsened

	
981

	
28.4

	
115

	
11.7

	
866

	
88.3

	




	

	
Improved

	
403

	
11.7

	
58

	
14.4

	
345

	
85.6

	




	

	
Remained good

	
1181

	
34.2

	
142

	
12.0

	
1039

	
88.0

	




	
Financial aspect of QOL

	

	

	

	

	

	

	
<0.0001




	

	
Remained poor

	
832

	
24.1

	
182

	
21.9

	
650

	
78.1

	




	

	
Worsened

	
218

	
6.3

	
54

	
24.8

	
164

	
75.2

	




	

	
Improved

	
1111

	
32.2

	
156

	
14.0

	
955

	
86.0

	




	

	
Remained good

	
1292

	
37.4

	
130

	
10.1

	
1162

	
89.9

	




	
General QOL (baseline)

	

	

	

	

	

	

	
<0.0001




	

	
Bad

	
1103

	
31.9

	
218

	
19.8

	
885

	
80.2

	




	

	
Good

	
2350

	
68.1

	
304

	
12.9

	
2046

	
87.1

	




	
Financial aspects of QOL (baseline)

	

	

	

	
<0.0001




	

	
Bad

	
1050

	
30.4

	
236

	
22.5

	
814

	
77.5

	




	

	
Good

	
2403

	
69.6

	
286

	
11.9

	
2117

	
88.1

	




	
Family aspects of QOL (baseline)

	

	

	

	
0.0002




	

	
Bad

	
1869

	
54.1

	
322

	
17.2

	
1547

	
82.8

	




	

	
Good

	
1584

	
45.9

	
200

	
12.6

	
1384

	
87.4

	




	
Sex

	

	

	

	

	

	

	

	
<0.0001




	

	
Men

	
1943

	
56.3

	
216

	
11.1

	
1727

	
88.9

	




	

	
Women

	
1510

	
43.7

	
306

	
20.3

	
1204

	
79.7

	




	
Age

	

	

	

	

	

	

	
<0.0001




	

	
50–59

	
1126

	
32.6

	
63

	
5.6

	
1063

	
94.4

	




	

	
60–69

	
1338

	
38.7

	
178

	
13.3

	
1160

	
86.7

	




	

	
70 or above

	
989

	
28.6

	
281

	
28.4

	
708

	
71.6

	




	
Education

	

	

	

	

	

	

	
<0.0001




	

	
Primary

	
1462

	
42.3

	
367

	
25.1

	
1095

	
74.9

	




	

	
Secondary

	
675

	
19.5

	
72

	
10.7

	
603

	
89.3

	




	

	
Tertiary

	
955

	
27.7

	
73

	
7.6

	
882

	
92.4

	




	

	
Beyond Tertiary

	
361

	
10.5

	
10

	
2.8

	
351

	
97.2

	




	
Income level

	

	

	

	

	

	

	
<0.0001




	

	
1Q

	
663

	
19.2

	
150

	
22.6

	
513

	
77.4

	




	

	
2Q

	
798

	
23.1

	
189

	
23.7

	
609

	
76.3

	




	

	
3Q

	
990

	
28.7

	
133

	
13.4

	
857

	
86.6

	




	

	
4Q

	
1002

	
29.0

	
50

	
5.0

	
952

	
95.0

	




	
Employment Status

	

	

	

	

	

	

	
<0.0001




	

	
Employed

	
1610

	
46.6

	
145

	
9.0

	
1465

	
91.0

	




	

	
Unemployed

	
1843

	
53.4

	
377

	
20.5

	
1466

	
79.5

	




	
Marriage

	

	

	

	

	

	

	
<0.0001




	

	
Currently Married

	
2867

	
83.0

	
372

	
13.0

	
2495

	
87.0

	




	

	
Once Married

	
586

	
17.0

	
150

	
25.6

	
436

	
74.4

	




	
Number of children

	

	

	

	

	

	

	
<0.0001




	

	
1

	
167

	
4.8

	
15

	
9.0

	
152

	
91.0

	




	

	
2

	
1118

	
32.4

	
95

	
8.5

	
1023

	
91.5

	




	

	
3

	
1078

	
31.2

	
143

	
13.3

	
935

	
86.7

	




	

	
4 or more

	
1090

	
31.6

	
269

	
24.7

	
821

	
75.3

	




	
Meeting with children

	

	

	

	

	

	

	
0.4961




	

	
Frequently

	
652

	
18.9

	
89

	
13.7

	
563

	
86.3

	




	

	
Often

	
254

	
7.4

	
38

	
15.0

	
216

	
85.0

	




	

	
Rarely/Never

	
2547

	
73.8

	
395

	
15.5

	
2152

	
84.5

	




	
Phone call or email with children

	

	

	

	
0.1033




	

	
Frequently

	
869

	
25.2

	
115

	
13.2

	
754

	
86.8

	




	

	
Often

	
1406

	
40.7

	
211

	
15.0

	
1195

	
85.0

	




	

	
Rarely / Never

	
1178

	
34.1

	
196

	
16.6

	
982

	
83.4

	




	
Social Activity

	

	

	

	

	

	

	
<0.0001




	

	
Frequently

	
1071

	
31.0

	
180

	
16.8

	
891

	
83.2

	




	

	
Often

	
1985

	
57.5

	
231

	
11.6

	
1754

	
88.4

	




	

	
Rarely/Never

	
397

	
11.5

	
111

	
28.0

	
286

	
72.0

	




	
Smoking

	

	

	

	

	

	

	
<0.0001




	

	
Current smoker

	
727

	
21.1

	
71

	
9.8

	
656

	
90.2

	




	

	
Ex-smoker

	
575

	
16.7

	
65

	
11.3

	
510

	
88.7

	




	

	
Non-smoker

	
2151

	
62.3

	
386

	
17.9

	
1765

	
82.1

	




	
Drinking

	

	

	

	

	

	

	
<0.0001




	

	
Current drinker

	
1447

	
41.9

	
148

	
10.2

	
1299

	
89.8

	




	

	
Ex-drinker

	
397

	
11.5

	
69

	
17.4

	
328

	
82.6

	




	

	
Non-drinker

	
1609

	
46.6

	
305

	
19.0

	
1304

	
81.0

	




	
Number of chronic diseases

	

	

	

	

	

	

	
<0.0001




	

	
0

	
1503

	
43.5

	
160

	
10.6

	
1343

	
89.4

	




	

	
1

	
1096

	
31.7

	
176

	
16.1

	
920

	
83.9

	




	

	
2

	
569

	
16.5

	
123

	
21.6

	
446

	
78.4

	




	

	
3 or more

	
285

	
8.3

	
63

	
22.1

	
222

	
77.9

	




	
Cancer

	

	

	

	

	

	

	
0.3611




	

	
Yes

	
116

	
3.4

	
21

	
18.1

	
95

	
81.9

	




	

	
No

	
3337

	
96.6

	
501

	
15.0

	
2836

	
85.0

	




	
Depression

	

	

	

	

	

	

	
<0.0001




	

	
Yes

	
425

	
12.3

	
154

	
36.2

	
271

	
63.8

	




	

	
No

	
3028

	
87.7

	
368

	
12.2

	
2660

	
87.8

	




	
Total

	
3453

	
100.0

	
522

	
15.1

	
2931

	
84.9

	








† Low: MMSE ≤ 23, normal: 24 ≤ MMSE; ‡ Mini-Mental State Examination (MMSE); * The results of χ2 tests to analyze frequencies of each categorical variable by stress.
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Table 2. Generalized Linear Model (GEE) * with low cognitive function measured by MMSE ‡ score.
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Variables

	
Low Cognitive Function †




	
OR

	
95% CI






	
General Quality of Life (QOL)

	

	




	
Remained poor

	
1.33

	
(1.18–1.51)




	
Worsened

	
1.32

	
(1.18–1.47)




	
Improved

	
1.16

	
(1.03–1.30)




	
Remained good

	
1.00

	




	
Financial aspect of QOL

	

	




	
Remained poor

	
1.40

	
(1.23–1.58)




	
Worsened

	
1.37

	
(1.21–1.55)




	
Improved

	
1.25

	
(1.11–1.41)




	
Remained good

	
1.00

	




	
Family aspect of QOL

	

	




	
Remained poor

	
1.39

	
(1.23–1.58)




	
Worsened

	
1.33

	
(1.18–1.50)




	
Improved

	
1.19

	
(1.04–1.35)




	
Remained good

	
1.00

	








† Low: MMSE ≤ 23, normal: 24 ≤ MMSE; ‡ Mini-Mental State Examination (MMSE); * Fully adjusted model.
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