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Association between depression
and the risk of Alzheimer’s disease
using the Korean National Health
Insurance Service‑Elderly Cohort
Hyunkyu Kim1,2,3, Wonjeong Jeong2,4, Junhyun Kwon2,4, Youseok Kim2,5, Eun‑Cheol Park1,2 &
Sung‑In Jang1,2*
In this cohort study, we assessed the association between depression and the risk of Alzheimer’s
disease from data obtained from the 2002 to 2013 Korean National Health Insurance Service-Elderly
Cohort Database, which accounts for 10% of the South Korean population aged > 60 years. A total
518,466 patients were included in the analysis and followed up, unless they were excluded due to
death or migration. Patients who sought treatment for depression or dementia within 1 year of the
washout period and who were diagnosed with dementia within the 1-year period of the diagnosis of
depression were excluded from the study. The risk of dementia was analysed using Cox proportional
hazards models. Patients with a history of depression during the follow-up period were at a higher risk
of Alzheimer’s disease than those without a history of depression (HR 3.35, CI 3.27–3.42). The severedepression group exhibited the highest risk of Alzheimer’s disease (HR 4.41, CI 4.04–4.81), while the
mild-depression group exhibited a relatively lower risk of Alzheimer’s disease (HR 3.31, CI 3.16–3.47).
The risk of Alzheimer’s disease was associated with depression history and an increased severity of
depression increased the risk of Alzheimer’s disease.
Dementia has become a major health issue as a result of the progression of the ageing process, with repercussions such as cognitive impairment and deterioration in the ability to perform daily activities1,2. Cognitive
impairment caused by dementia places a major socio-economic burden over patients and their families owing
to the poor quality of life, hospitalisation, increased mortality, and p
 overty3–8. Several studies have focused on
early detection and intervention for cognitive decline, to alleviate the financial and public health impact of the
surge in the incidence of d
 ementia9. Other studies have focused on ascertaining the conditions associated with
the incidence of dementia, that is, preventing dementia by impeding the occurrence of associated conditions,
such as hypertension and diabetes10–12. The subtypes of dementia should also be considered for prevention due
to their difference in etiology13,14. Among the types of dementia, Alzheimer’s Disease was the most prevalent
type (2.1–6.4%) and followed by Vascular Dementia (0.1–2.9%), Mixed Dementia (0.2–1.4%) in four s tudies15.
Neuropsychiatric conditions, including depression, insomnia, and drug use, are among the conditions associated with dementia, and were found to be associated with cognitive impairment16–18. Previous studies demonstrated that depression frequently occurs in concomitance with dementia, suggesting that the possibility of
an association between these conditions and a shared common aetiology19. One meta-analysis suggested that
dementia was attributed to depression in 7.9% of the worldwide depression population and 11.1% of that in the
USA20. These results suggest that managing depression may limit the occurrence of dementia, which can curtail
the socio-economic cost of treating patients with dementia. Therefore, investigating the causal relationship
between depression and dementia is critical. There are several previous cohort studies suggesting that depression might be a risk factor for dementia21. The confirmation of the association between depression and the risk
of dementia in nationally representative cohort data would provide a strong cornerstone for the prophylaxis of
dementia through the modulation and management of depression in the elderly population. Moreover, if the
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National Health Insurance Service-Elderly
Cohort 2002-2013
N = 558,147
-

Exclusions (Wash-out period):
Individuals with a history of Alzheimer’s disease in 2002
Individuals with a history of Depression in 2002

Individuals eligible for analysis
N = 544,934
-

Exclusions:
Individuals who developed Alzheimer’s disease before or within 1year
onset of Depression
Missing Covariates

Individuals included in the analysis
N = 518,466

Individuals who developed Alzheimer’s
disease within study period
N = 53,332

Individuals who did not develop
Alzheimer’s disease within study period
N = 365,134

Figure 1.  Flowchart of the participant selection.
risk of dementia increases with the increase in severity of depression, it would support the causality between
the two conditions. We used Alzheimer’s disease to represent dementia because it contributes to over 70% of
dementia cases in Korea. Moreover, we wished to exclude any external causes of dementia, including trauma.
The aim of this study was to investigate the association between depression and the risk of Alzheimer’s disease
in an elderly Korean cohort, using the national population based cohort from South Korean National Health
Insurance claims data after adjusting for covariates assumed to affect cognitive function. Moreover, we further
investigated the difference in the risk of Alzheimer’s disease depending on the severity of depression to elucidate
the intensity-dependent association between depression and dementia.

Materials and methods

Study population and data. The data analysed in this study were acquired from the Korean National
Health Insurance Service-Elderly Cohort Database (NHIS-ECD) of the National Health Insurance Service
(NHIS) between 2002 and 2013. The Korean NHIS provides researchers with all data on the claims collected
under the NHIS for the purpose of academic investigation and policy making. The NHIS-ECD, one of the sample cohorts provided by the NHIS, includes all medical claims from 558,147 elderly health insurance beneficiaries and medical benefit entitlement holders, which accounts for 10% of South Korean population aged over
60 years by random sampling. The patients in the cohort were followed up, unless he/she was excluded due
to death or migration. The NHIS-ECD database includes information on the socio-economic status and the
clinically determined International Classification of Disease, 10th revision (ICD-10) codes. The NHIS-ECD
data were de-identified and thus the need for informed consent was waived by the Institutional Review Board.
Patients who sought treatment for depression or dementia in the wash-out period of the cohort data was
excluded. The first year of cohort data was designated as the wash-out period since the treatment in the first
year might be the consequence of previously existing diseases and this study aimed the newly onset depression
and Alzheimer’s disease. Moreover, patients who were diagnosed with Alzheimer’s disease within the 1-year
period of the diagnosis of depression or diagnosed Alzheimer’s disease before the diagnosis of depression were
excluded from the study (Fig. 1).
Study variables and covariates. Patients were diagnosed to have Alzheimer’s disease based on the diagnostic ICD-10 codes F00 and G30 at the first visit. We defined patients with depression by using the ICD-10
codes F32 and F33. The first visit with the diagnostic code F32, F33 were regarded as the diagnostic date of
Depression. The severity of the depression was defined by the ICD-code. We divided the patients with depression into subgroups using the ICD-10 code: F32.0 was designated as mild depression, F32.1 as moderate depression, and F32.2 and F32.3 as severe depression, to investigate the difference in the risk of Alzheimer’s disease
among the various groups with different severities of depression.
Baseline demographic information including age, sex, health insurance status, residential region, disability,
income status and comorbid status including the Charlson comorbidity index (CCI) were included in the regression model as covariates. Health insurance system was categorized into two groups: health insurance, medical
aid22. Based on the criteria of Korea’s health insurance system, people should register the National Health Insurance Service unless they receive the Medical Aid beneficiaries which is for the people whose income level is below
the government-defined poverty level. CCI was used to identify the patients’ comorbidities23.
Statistical analysis. Chi-squared tests were used to investigate and compare the general characteristics
of the study population. A Cox proportional hazards model was generated to examine the association between
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Risk of Alzheimer’s disease
P-value

Variables

Total

Yes

No

Total

518,466 (100.0)

53,332 (10.3)

465,134 (89.7)

Present

77,013 (14.9)

11,335 (14.7)

65,678 (85.3)

Absent

441,453 (85.1)

41,997 (9.5)

399,456 (90.5)

Male

217,649 (42.0)

15,884 (7.3)

201,765 (92.7)

Female

300,817 (58.0)

37,448 (12.4)

263,369 (87.6)

Depression

< 0.0001

Sex

< 0.0001

Age (years)
< 65

< 0.0001
9880 (1.9)

242 (2.4)

9638 (97.6)

65–70

203,196 (39.2)

10,579 (5.2)

192,617 (94.8)

70–75

139,572 (26.9)

13,348 (9.6)

126,224 (90.4)

75–80

90,684 (17.5)

13,620 (15.0)

77,064 (85.0)

≥ 80

75,134 (14.5)

15,543 (20.7)

59,591 (79.3)

467,996 (90.3)

44,406 (9.5)

423,590 (90.5)

Social security
Health insurance
Medical aid

< 0.0001
50,470 (9.7)

8926 (17.7)

41,544 (82.3)

Region

< 0.0001

Metropolitan

180,480 (34.8)

15,876 (8.8)

164,604 (91.2)

City

114,040 (22.0)

12,530 (11.0)

101,510 (89.0)

Rural

223,946 (43.2)

24,926 (11.1)

199,020 (88.9)

1269 (18.4)

5627 (81.6)

511,570 (98.7)

52,063 (10.2)

459,507 (89.8)

Low

126,134 (24.3)

16,498 (13.1)

109,636 (86.9)

Middle

155,700 (30.0)

13,795 (8.9)

141,905 (91.1)

High

236,632 (45.6)

23,039 (9.7)

213,593 (90.3)

Disability
Yes
No

< 0.0001
6896 (1.3)

Income

< 0.0001

Charlson comorbidity index (CCI)

< 0.0001

0–2

148,099 (28.6)

7164 (4.8)

140,935 (95.2)

3–4

166,189 (32.1)

13,742 (8.3)

152,447 (91.7)

≥5

204,178 (39.4)

32,426 (15.9)

171,752 (84.1)

Table 1.  General characteristics of study population and chi-squared test results for analysing Alzheimer’s
disease risk. Variables are presented as numbers and percentages.

depression and the risk of dementia in the participants. The covariates were included in the analysis. Independent subgroup analyses were performed to investigate the combined effects of depression and other covariates on
Alzheimer’s disease. We divided patients with depression into three groups and analysed them using the Cox
proportional hazards model to investigate the dependency of the risk of dementia on the severity of depression.
The results were presented as hazard ratios (HRs) and confidence intervals (CIs) to compare the risk of Alzheimer’s disease among the groups. All analyses were conducted using SAS software version 9.4 (SAS Institute,
Cary, North Carolina, USA). P-values < 0.05 were considered statistically significant.

Ethical considerations. The database we used in this study was based on routinely collected administrative

and claims data. As the NHIS-ECD data do not contain any identifying information, the study was approved as
exempt by the Institutional Review Board of Yonsei University’s Health System. This study adhered to the tenets
of the Declaration of Helsinki.

Results

The general characteristics of the study population are presented in Table 1. A total of 518,466 patients were
included in the analysis: 10.3% of patients were diagnosed with dementia during the follow-up period, while
14.9% of patients were diagnosed with depression. The chi-squared test revealed that the incidence of Alzheimer’s
disease was significantly higher in patients with depression than in those without depression. Sex, age, social
security status, residential region, disability status, income, and CCI were also identified as having statistically
significant effects on the risk of Alzheimer’s disease.
Table 2 shows the results of the Cox proportional hazards regression analysis for the association between
depression and the risk of Alzheimer’s disease after adjusting for the above-mentioned covariates. Individuals
with a history of depression during the follow-up period were at a higher risk of developing Alzheimer’s disease
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Alzheimer’s disease
Variables

HR

95% CI

Present

3.35

(3.27–3.42)

Absent

1.00

Depression

Sex
Male

1.00

Female

1.32

(1.29–1.34)

Age (years)
< 65

1.00

65–70

1.37

(1.21–1.56)

70–75

2.35

(2.07–2.67)

75–80

4.04

(3.56–4.59)

≥ 80

7.07

(6.22–8.02)

Social security
Health insurance

1.00

Medical aid

2.09

(2.03–2.16)

Region
Metropolitan

1.00

City

1.27

(1.24–1.30)

Rural

1.22

(1.19–1.24)

Yes

1.35

(1.28–1.43)

No

1.00

Disability

Income
Low

1.00

Middle

0.95

(0.92–0.97)

High

0.96

(0.94–0.99)

Charlson comorbidity index (CCI)
0–2

1.00

3–4

1.46

(1.42–1.51)

≥5

2.91

(2.83–2.99)

Table 2.  Cox proportional hazards regression analysis results for the association between depression and
Alzheimer’s disease risk.

than those without a history of depression (HR 3.35, CI 3.27–3.42). Women were at a higher risk of Alzheimer’s
disease compare to men (HR 1.32, CI 1.29–1.34). The social security status was also a statistically significant
factor affecting the risk of Alzheimer’s disease: patients with medical aid possessed a higher risk than patients
with health insurance (HR 2.09, CI 2.03–2.16). Other covariates that were statistically significantly associated
with the risk of dementia as shown in Table 2.
Independent subgroup analyses were conducted to assess the combined effects of depression and other sociodemographic variables on the risk of Alzheimer’s disease, as shown in Table 3. Patients with depression showed
a higher risk amongst all the subgroups, which were divided by sex, age, social security status, region, income,
disability, and CCI. In the subgroup analysis by age, the youngest group exhibited the highest HR compared to
the older age groups.
Table 4 shows the results of the subgroup analysis based on the severity of depression and the risk of Alzheimer’s disease throughout the study period. The mild-depression group showed a relatively lower risk of Alzheimer’s disease (HR 3.31, CI 3.16–3.47) and the severe-depression group showed the highest risk of Alzheimer’s
disease (HR 4.41, CI 4.04–4.81).

Discussion

The current study found that the history of depression was associated with the risk of Alzheimer’s disease in an
elderly Korean cohort over a 12-year follow-up period. Furthermore, we found a severity-dependent elevation
in the risk of Alzheimer’s disease based on the severity of depression diagnosed at the first visit.
Previous studies have demonstrated the association between depression and the risk of Alzheimer’s disease,
which are generally in agreement with our results. Holmquist et al. reported that the diagnosis of depression
was associated with dementia (OR 2.47) in the Swedish National C
 ohort24. Kanton et al. reported that patients
with type 2 diabetes with depression possessed a higher risk of dementia (HR 2.02) than those with only diabetes
(i.e., the control group)25. The risk of the dementia was relatively lower compared to our main results (HR 3.35),
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No depression

Depression

Adjusted HR

Adjusted HR

95% CI

Sex
Male

1.00

3.75

(3.59–3.91)

Female

1.00

3.22

(3.14–3.30)

Age (years)
< 65

1.00

4.93

(3.67–6.22)

65–70

1.00

3.94

(3.76–4.12)

70–75

1.00

3.58

(3.43–3.73)

75–80

1.00

3.09

(2.96–3.23)

≥ 80

1.00

2.82

(2.69–2.96)

Social security
Health insurance

1.00

3.51

(3.43–3.59)

Medical aid

1.00

2.63

(2.49–2.77)

Region
Metropolitan

1.00

3.51

(3.38–3.65)

City

1.00

3.41

(3.26–3.57)

Rural

1.00

3.19

(3.09–3.30)

Income
Low

1.00

2.96

(2.84–3.08)

Middle

1.00

3.59

(3.44–3.75)

High

1.00

3.50

(3.39–3.61)

Disability
Yes

1.00

2.75

(2.38–3.19)

No

1.00

3.36

(3.29–3.43)

Charlson comorbidity index (CCI)
0–2

1.00

3.18

(2.93–3.45)

3–4

1.00

2.99

(2.85–3.14)

≥5

1.00

3.56

(3.47–3.66)

Table 3.  Subgroup analysis of association between Alzheimer’s disease risk and covariates, according to
history of depression.

Alzheimer’s disease
Variables

HR

95% CI

Depression
No

1.00

Mild

3.31

(3.16–3.47)

Moderate

3.75

(3.55–3.97)

Severe

4.41

(4.04–4.81)

Table 4.  Results of the association between depression and the risk of Alzheimer’s disease. The results were
obtained after adjusting all the covariates included in the regression model in Table 2.

but the higher HR of our results may be reasonable considering the older age of the participants and longer
follow-up period of our study.
In the subgroup analysis, people with medical aid showed lower risk elevation (HR 2.63) than people with
Health insurance (HR 3.51). The result is similar after subgrouping subjects by income tertile that low income
group showed lowest risk elevation among the three income level groups (HR 2.96). These results probably
due to the distinct association between socioeconomic status and dementia that low income group already had
higher prevalence of Alzheimer’s disease, thus depression had lower risk elevation than higher income groups26.
Additionally, Petersen et al. suggested that higher income people seems to receive dementia diagnosis earlier
than lower socioeconomic status group which can also explain our results27.
The causality between depression and the risk of Alzheimer’s disease is currently being investigated by several
study groups. Holmquist et al. compared the short-term association and long-term association of depression
with dementia, and found that the history of depression retains its association with dementia 20 years after the
diagnosis24. This finding may provide evidence that the history of depression remains a risk factor of dementia
throughout the patient’s lifetime. Another approach to elucidate the causal association between depression and
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dementia entails measuring the intensity-effect modulating the relationship. One study performed with extremely
old women found that the cumulative effect of depressive symptoms was associated with the development
of dementia or mild cognitive impairment28. Other studies attempted to reveal that severe depression greatly
increased the risk of dementia compared to milder depression with tentative results; the explanation of causality
was limited owing to the short follow-up p
 eriod29,30. The increase in the HR in this study with the increase in
the severity of depression at the first diagnosis reflected the elevation of the risk of Alzheimer’s disease, which is
consistent with previous studies. Our study provided more evidence of the severity-dependent increase in the
risk of dementia among patients with depression.
The mechanism by which depression increases the risk of Alzheimer’s disease is still unclear, although previous studies have suggested some possible hypotheses. Hippocampal atrophy is one of the possible reasons why
a history of depression influences the development of Alzheimer’s disease. Magnetic resonance imaging studies
have found a reduction in the volume of the hippocampus in patients with depression; moreover, late-onset
depression showed a stronger association with hippocampal atrophy31,32. Another possible explanation is that
both depression and Alzheimer’s disease share a common aetiology. Oxidative stress results in brain damage
that triggers the antioxidant defences, including amyloid-β elevation and increased hyper-phosphorylation of
tau, both of which occur in major depressive disorder and Alzheimer’s disease33. These results suggest a possible
explanation that the molecular pathways may occur in earlier life as a depressive symptom and occur as dementia
symptoms. Social isolation, due to the depression, may affect the occurrence of dementia. The severe depressive
symptoms including depressed mood, fatigue, helplessness restrict patients from interacting with other people
result in social isolation and feeling loneliness. Both social isolation and loneliness increases the risk of dementia
thus depression could increase the risk of dementia34,35.
This study has several limitations. First, known conditions that could affect the development of Alzheimer’s
disease, such as a family history of depression or d
 ementia36 and the individual’s alcohol consumption could
not be assessed, owing to the retrospective design of the s tudy37. Second, the number of patients diagnosed with
depression might be underestimated in the analysis since the study used claims data. Patients with depressive
symptoms are unwilling to visit clinics or hospitals as psychiatric disorders and treatments are often regarded
as a cultural taboo in Korea; thus, the number of patients analysed could be lower than the actual population
with depression. Third, the accuracy of the diagnostic information may be limited, owing to the inaccuracy of
the claims diagnosis, as suggested by a previous study38. We investigated the primary and secondary diagnostic
codes and included both in the analysis to increase the accuracy of the diagnosis.
Despite these limitations, our study possesses certain strengths. Although the use of claims data is associated with limitations, we used national sampling cohort data that represent 10% of the elderly population in
Korea. The results of our study can be generalised to the entire population of elderly South Korean individuals
and may provide a background for the management of depression in adulthood to curb the future incidence of
Alzheimer’s disease. Moreover, since we only included patients with new-onset depression, this study provides
additional evidence that new-onset depression in the elderly is a risk factor for Alzheimer’s disease, and the
severity of depression at the first visit is an important predictor of the development of dementia in these patients.
In conclusion, this study identified the association between the history of depression and the risk of Alzheimer’s disease in the elderly Korean population and observed a severity-dependent association with the risk of
Alzheimer’s disease. Further research using prospective designs that allow for a clear elucidation of causality
of depression-induced dementia in a controlled environment should be conducted to validate these findings.
Received: 23 March 2021; Accepted: 12 October 2021

References

1. Livingston, G. et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 396, 413–446.
https://doi.org/10.1016/S0140-6736(20)30367-6 (2020).
2. Mathillas, J., Lövheim, H. & Gustafson, Y. Increasing prevalence of dementia among very old people. Age Ageing 40, 243–249.
https://doi.org/10.1093/ageing/afq173 (2011).
3. Etters, L., Goodall, D. & Harrison, B. E. Caregiver burden among dementia patient caregivers: A review of the literature. J. Am.
Acad. Nurse Pract. 20, 423–428. https://doi.org/10.1111/j.1745-7599.2008.00342.x (2008).
4. Hussenoeder, F. S. et al. Mild cognitive impairment and quality of life in the oldest old: A closer look. Qual. Life Res. 29, 1675–1683.
https://doi.org/10.1007/s11136-020-02425-5 (2020).
5. Sanders, C. L. et al. Nutritional status is associated with severe dementia and mortality: The cache county dementia progression
study. Alzheimer Dis. Assoc. Disord. 32, 298–304. https://doi.org/10.1097/wad.0000000000000274 (2018).
6. Ton, T. G. N. et al. The financial burden and health care utilization patterns associated with amnestic mild cognitive impairment.
Alzheimers Dement. 13, 217–224. https://doi.org/10.1016/j.jalz.2016.08.009 (2017).
7. Kim, W., Lee, T. H., Shin, J. & Park, E. C. Depressive symptoms in spouse caregivers of dementia patients: A longitudinal study in
South Korea. Geriatr. Gerontol. Int. 17, 973–983. https://doi.org/10.1111/ggi.12820 (2017).
8. Jang, S.-I. et al. Depression in the family of patients with dementia in Korea. Am. J. Alzheimer’s Dis. Other Demen. 31, 481–491.
https://doi.org/10.1177/1533317515628048 (2016).
9. Robinson, L., Tang, E. & Taylor, J. P. Dementia: Timely diagnosis and early intervention. BMJ 350, h3029. https://doi.org/10.1136/
bmj.h3029 (2015).
10. Cheng, G., Huang, C., Deng, H. & Wang, H. Diabetes as a risk factor for dementia and mild cognitive impairment: A meta-analysis
of longitudinal studies. Intern. Med. J. 42, 484–491. https://doi.org/10.1111/j.1445-5994.2012.02758.x (2012).
11. Reitz, C., Tang, M. X., Manly, J., Mayeux, R. & Luchsinger, J. A. Hypertension and the risk of mild cognitive impairment. Arch.
Neurol. 64, 1734–1740. https://doi.org/10.1001/archneur.64.12.1734 (2007).
12. Jung, Y., Choi, D. W., Park, S., Jang, S. I. & Park, E. C. Association between pulse pressure and onset of dementia in an elderly
Korean population: A cohort study. Int. J. Environ. Res. Public Health 17, 1657. https://doi.org/10.3390/ijerph17051657 (2020).
13. Gsell, W., Strein, I. & Riederer, P. The Neurochemistry of Alzheimer Type, Vascular Type and Mixed Type Dementias Compared
73–101 (Springer, 1996).

Scientific Reports |
Vol:.(1234567890)

(2021) 11:22591 |

https://doi.org/10.1038/s41598-021-02201-6

6

www.nature.com/scientificreports/
14. Goodman, R. A. et al. Prevalence of dementia subtypes in United States Medicare fee-for-service beneficiaries, 2011–2013. Alzheimer’s Dementia 13, 28–37. https://doi.org/10.1016/j.jalz.2016.04.002 (2017).
15. Zekry, D., Hauw, J.-J. & Gold, G. Mixed dementia: Epidemiology, diagnosis, and treatment. J. Am. Geriatr. Soc. 50, 1431–1438.
https://doi.org/10.1046/j.1532-5415.2002.50367.x (2002).
16. Ahern, E. & Semkovska, M. Cognitive functioning in the first-episode of major depressive disorder: A systematic review and
meta-analysis. Neuropsychology 31, 52–72. https://doi.org/10.1037/neu0000319 (2017).
17. Cipriani, G., Lucetti, C., Danti, S. & Nuti, A. Sleep disturbances and dementia. Psychogeriatrics 15, 65–74. https://doi.org/10.1111/
psyg.12069 (2015).
18. Rehm, J., Hasan, O. S. M., Black, S. E., Shield, K. D. & Schwarzinger, M. Alcohol use and dementia: A systematic scoping review.
Alzheimers Res. Ther. 11, 1. https://doi.org/10.1186/s13195-018-0453-0 (2019).
19. Hermida, A. P., McDonald, W. M., Steenland, K. & Levey, A. The association between late-life depression, mild cognitive impairment and dementia: Is inflammation the missing link? Expert Rev. Neurother. 12, 1339–1350. https://doi.org/10.1586/ern.12.127
(2012).
20. Norton, S., Matthews, F. E., Barnes, D. E., Yaffe, K. & Brayne, C. Potential for primary prevention of Alzheimer’s disease: An analysis
of population-based data. Lancet Neurol. 13, 788–794. https://doi.org/10.1016/s1474-4422(14)70136-x (2014).
21. Modrego, P. J. & Ferrández, J. Depression in patients with mild cognitive impairment increases the risk of developing dementia
of Alzheimer type: A prospective cohort study. Arch. Neurol. 61, 1290–1293 (2004).
22. Song, Y. J. The South Korean health care system. Jmaj 52, 206–209 (2009).
23. Sundararajan, V. et al. New ICD-10 version of the Charlson comorbidity index predicted in-hospital mortality. J. Clin. Epidemiol.
57, 1288–1294. https://doi.org/10.1016/j.jclinepi.2004.03.012 (2004).
24. Holmquist, S., Nordström, A. & Nordström, P. The association of depression with subsequent dementia diagnosis: A Swedish
nationwide cohort study from 1964 to 2016. PLoS Med. 17, e1003016. https://doi.org/10.1371/journal.pmed.1003016 (2020).
25. Katon, W. et al. Association of depression with increased risk of dementia in patients with type 2 diabetes: The diabetes and aging
study. Arch. Gen. Psychiatry 69, 410–417. https://doi.org/10.1001/archgenpsychiatr y.2011.154 (2012).
26. Fischer, C. et al. Impact of socioeconomic status on the prevalence of dementia in an inner city memory disorders clinic. Int.
Psychogeriatr. 21, 1096–1104. https://doi.org/10.1017/s1041610209990846 (2009).
27. Petersen, J. D. et al. Association of socioeconomic status with dementia diagnosis among older adults in Denmark. JAMA Netw.
Open 4, e2110432. https://doi.org/10.1001/jamanetworkopen.2021.10432 (2021).
28. Zeki Al Hazzouri, A. et al. Long-term cumulative depressive symptom burden and risk of cognitive decline and dementia among
very old women. J. Gerontol. A Biol. Sci. Med. Sci. 69, 595–601. https://doi.org/10.1093/gerona/glt139 (2014).
29. Gracia-García, P. et al. Depression and incident Alzheimer disease: The impact of disease severity. Am. J. Geriatr. Psychiatry 23,
119–129. https://doi.org/10.1016/j.jagp.2013.02.011 (2015).
30. Chen, R. et al. Severity of depression and risk for subsequent dementia: Cohort studies in China and the UK. Br. J. Psychiatry 193,
373–377. https://doi.org/10.1192/bjp.bp.107.044974 (2008).
31. Cole, J., Costafreda, S. G., McGuffin, P. & Fu, C. H. Y. Hippocampal atrophy in first episode depression: A meta-analysis of magnetic
resonance imaging studies. J. Affect. Disord. 134, 483–487. https://doi.org/10.1016/j.jad.2011.05.057 (2011).
32. Steffens, D. C. et al. Hippocampal volume in geriatric depression. Biol. Psychiatry 48, 301–309. https://doi.org/10.1016/s0006-
3223(00)00829-5 (2000).
33. Rodrigues, R., Petersen, R. B. & Perry, G. Parallels between major depressive disorder and Alzheimer’s disease: Role of oxidative
stress and genetic vulnerability. Cell. Mol. Neurobiol. 34, 925–949. https://doi.org/10.1007/s10571-014-0074-5 (2014).
34. Goldberg, T. E., Choi, J., Lee, S., Gurland, B. & Devanand, D. P. Effects of restriction of activities and social isolation on risk of
dementia in the community. Int. Psychogeriatr. https://doi.org/10.1017/S1041610221000776 (2021).
35. Sutin, A. R., Stephan, Y., Luchetti, M. & Terracciano, A. Loneliness and risk of dementia. J. Gerontol. Ser. B 75, 1414–1422. https://
doi.org/10.1093/geronb/gby112 (2020).
36. Wolters, F. J. et al. Parental family history of dementia in relation to subclinical brain disease and dementia risk. Neurology 88,
1642–1649. https://doi.org/10.1212/wnl.0000000000003871 (2017).
37. Koch, M. et al. Alcohol consumption and risk of dementia and cognitive decline among older adults with or without mild cognitive
impairment. JAMA Netw. Open 2, e1910319. https://doi.org/10.1001/jamanetworkopen.2019.10319 (2019).
38. Park, E.-C. Evaluating the consistency of health insurance claim disease code and medical record and improvement plan. In Health
Insurance Review & Assessment Service (2017). http://www.alio.go.kr/informationResearchView.do?seq=2343982. (Accessed 10
December 2020)

Author contributions

H.K. and W.J. had full access to all of the data in the study and take responsibility for the integrity of the data
and the accuracy of the data analysis. Concept and design: H.K. and S.-I.J. Acquisition, analysis, or interpretation of data: H.K. and W.J. Drafting of the manuscript: H.K. Critical revision of the manuscript for important
intellectual content: Y.K., E.P. and S.-I.J. Statistical analysis: H.K., W.J. and J.K. Supervision: E.-C.P. and S.-I.J.

Funding

This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant
number : HI20C1130).

Competing interests

The authors declare no competing interests.

Additional information

Correspondence and requests for materials should be addressed to S.-I.J.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:22591 |

https://doi.org/10.1038/s41598-021-02201-6

7
Vol.:(0123456789)

www.nature.com/scientificreports/
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2021

Scientific Reports |
Vol:.(1234567890)

(2021) 11:22591 |

https://doi.org/10.1038/s41598-021-02201-6

8

