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Effect of valproate and lithium 
on dementia onset risk in bipolar 
disorder patients
Woori Moon1,2, Eunjeong Ji3, Juyoung Shin4, Jun Soo Kwon1,5,6,7* & Ki Woong Kim1,2,6,7*

Although valproate and lithium are most commonly prescribed for bipolar disorder patients, studies 
comparing their effects on the risk of dementia are limited. Choosing a safer mood stabilizer is 
clinically crucial as elderly bipolar disorder patients are at high risk of dementia onset. Therefore, we 
aim to evaluate and compare the effects of valproate and lithium on the risk of dementia in elderly 
bipolar disorder patients. This study involved 4784 bipolar disorder patients aged 50 years or older 
from the Korean Health Insurance Review and Assessment Service database. We estimated the risk 
of dementia in valproate-only users, lithium-only users, and both users compared to both medication 
non-users using multivariable Cox proportional hazard models. Compared to non-users, valproate-
only users and both users showed a higher risk of dementia (59% and 62%, respectively). In sub-group 
analysis, valproate increased the dementia risk when prescribed for at least 59 days or 23 cumulative 
defined daily doses. However, the dementia risk associated with lithium is unclear. Therefore, we 
concluded that lithium has the potential to be the safer choice as a mood stabilizer over valproate for 
elderly bipolar disorder patients considering the risk of dementia.

Older adults aged 60 years and over account for 25% of all bipolar disorder  patients1. As affective temperament 
in bipolar disorder patients is associated with lifetime suicide attempts or risky bereavement, continuous lifetime 
monitoring and treatment are necessary for old age  patients2,3. Bipolar disorder is associated with an increased 
risk of dementia due to various factors, including treatment using psychiatric  medications4–6. As valproate 
and lithium are the most frequently prescribed medications for bipolar disorder in older  adults7, estimation of 
dementia onset risk associated with valproate or lithium is clinically crucial.

In preclinical studies, lithium was found to induce proliferation and specification of neurons by inhibiting 
glycogen synthase kinase 3 (GSK-3β)8–12 while the effects of valproate on neurons are  controversial13–15. Stud-
ies that directly investigated the causal effects of valproate and lithium on the risk of dementia in patients with 
bipolar disorder are very limited and subjected to methodological  limitations16,17. A population-based retro-
spective cohort study from Taiwan reported that valproate increased the risk of dementia in bipolar disorder 
 patients18. Two population-based, retrospective cohort studies from Denmark and the United States reported that 
lithium reduced the risk of dementia in bipolar disorder  patients16,17. Although aforementioned studies adjusted 
 anticonvulsant16,17 or mood  stabilizer16,18 treatment, none of those excluded valproate-treated patients from their 
lithium-nontreated control  groups16,17 and vice  versa18. These results, therefore, do not necessarily indicate that 
valproate or lithium may change the risk of dementia in patients with bipolar disorder, but may simply indicate 
that the risk of dementia may be different between valproate-treated and lithium-treated bipolar disorder patients. 
In addition, none of these studies directly compared the risk of dementia between valproate users and lithium 
users with common matched non-users. Thus, it is difficult to determine whether it is valproate or lithium that 
is less or more associated with the risk of dementia in bipolar patients.

In this context, we hypothesized that lithium would be less associated with risk of dementia onset than val-
proate for older age bipolar disorder patients. To verify this hypothesis, we compared the risk of dementia onset 
in patients who were prescribed valproate only (VALP), lithium only (LITH), or both valproate and lithium 
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(BOTH) to common matched controls who were neither prescribed valproate nor lithium (NONE) after con-
trolling for potential confounding factors. In this study, we used Korean national health insurance claim data of 
bipolar disorder patients aged 50 years or older.

Results
Characteristics of the participants. The study cohort comprised of 1164 VALP group patients, 621 
LITH group patients, 621 BOTH group patients, and 2378 NONE group patients. Figure  1 summarizes the 
cohort assembly process. The mean follow-up durations in all four groups were over 6.6 years. As summarized 
in Table 1, the average age of each group was around 58 years old, and females were more dominant in all groups. 
Most covariates were well balanced between four groups, with some exceptions in nonusers. Nonusers have 
more coronary artery disorder, depressive disorder and use more medications (Selective serotonin reuptake 
inhibitor (SSRI), Serotonin and norepinephrine reuptake inhibitors (SNRI), Tricyclic antidepressants (TCA), 
benzodiazepine, anti-inflammatory agents, narcotics, H2 receptor antagonist, statin, platelet aggregation inhibi-
tor, antihypertensive, and flourquinolones) than medication users. As we matched the use of antipsychotics, the 
prescription rates of antipsychotics did not differ significantly between the four groups. Table 1 shows detailed 
demographic and clinical characteristics of the four groups.

Hazard ratio analysis for dementia onset. In order to select covariates for adjustment, we ran uni-
variable Cox proportional hazard analysis for the factors listed Table 1. As a result, diabetes (HR 1.43, 95% CI 
1.03–1.99), alcohol-related disorder (HR 1.98, 95% CI 1.13–3.48) and use of antiepileptics (HR 1.42, 95% CI 
1.05–1.93) were selected as covariates that should be adjusted in the analysis on the associations of valproate 
and/or lithium with the risk of dementia (eTable 1 in the Supplement).

In a multivariable Cox proportional hazard analysis, the VALP group (HR 1.56, 95% CI 1.23–1.97) and the 
BOTH group (HR 1.62, 95% CI 1.23–2.13) but not LITH group (HR 1.24, CI 0.92–1.67) were at higher risk of 

Figure 1.  Assembly of study cohort with valproate only users, lithium only users, both valproate and lithium 
users, and nonusers.



3

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14142  | https://doi.org/10.1038/s41598-022-18350-1

www.nature.com/scientificreports/

VALP LITH BOTH NONE

p Post-hoc*(n = 1164) (n = 621) (n = 621) (n = 2378)

Age (y) 57.92 ± 6.82 58.08 ± 6.95 58.08 ± 6.95 58.05 ± 6.93 0.94

50–60 780 (67.01) 410 (66.02) 410 (66.02) 1574 (66.19) 0.99

60–70 292 (25.09) 157 (25.28) 157 (25.28) 597 (25.11)

70–80 92 (7.90) 54 (8.70) 54 (8.70) 207 (8.70)

 > 80 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Sex 0.99

Male 447 (38.40) 237 (38.16) 237 (38.16) 898 (37.76)

Female 717 (61.60) 384 (61.84) 384 (61.84) 1480 (62.24)

Type of insurance

Health insurance 1031 (88.57) 545 (87.76) 545 (87.76) 2177 (91.55) a, b, c < d

Medical aid 133 (11.43) 76 (12.24) 76 (12.24) 201 (8.45)

CCI score  < 0.01

 ≤ 1 346 (55.72) 634 (54.47) 359 (57.81) 1155 (48.57) a, b, c > d

2 123 (19.81) 210 (18.04) 107 (17.23) 464 (19.51)

 ≥ 3 152 (24.48) 320 (27.49) 155 (24.96) 759 (31.92)

Comorbidities

Hypertension 28 (2.41) 9 (1.45) 13 (2.09) 57 (5.40) 0.52

Atrial fibrillation 9 (0.77) 4 (0.64) 3 (0.48) 10 (0.42) 0.53

Coronary artery disorder 74 (6.36) 25 (4.03) 29 (4.67) 189 (7.95)  < 0.01 a, c < d

Peripheral vascular disease 19 (1.63) 9 (1.45) 8 (1.29) 33 (1.39) 0.93

Diabetes 175 (15.03) 94 (15.14) 86 (13.85) 386 (16.23) 0.47

Hyperlipidemia 96 (8.25) 47 (7.57) 49 (7.89) 235 (9.88) 0.14

Psychotic disorder

Depressive disorder 475 (40.81) 261 (42.03) 241 (38.81) 1328 (55.85)  < 0.01 a, b, c < d

Substance related disorder 9 (0.77) 1 (0.16) 3 (0.48) 11 (0.46) 0.38

Alcohol related disorder 168 (14.43) 60 (9.66) 51 (8.21) 159 (6.69)  < 0.01 b > a > d

Medication

Anticholinergics 523 (44.93) 294 (47.34) 305 (49.11) 1034 (43.48) 0.05

Antipsychotics 935 (80.33) 483 (77.78) 483 (77.78) 1862 (78.30) 0.44

SSRI/SNRI 607 (52.15) 310 (49.92) 284 (45.73) 1491 (62.70)  < 0.01 a, b, c < d

Antiepileptics 277 (23.80) 141 (22.71) 126 (20.29) 548 (23.04) 0.40

TCA 432 (37.11) 228 (36.71) 211 (33.98) 1084 (45.58)  < 0.01 a, b, c < d

Benzodiazepine 1064 (91.41) 551 (88.73) 567 (91.30) 2209 (92.89)  < 0.01 a < d

Anti-inflammatory analgesics 1002 (86.08) 515 (82.93) 518 (83.41) 2146 (90.24)  < 0.01 a, b, c < d

Narcotic analgesics 786 (67.53) 383 (61.67) 395 (63.61) 1708 (71.83)  < 0.01 a, b, c < d

H2RA 862 (74.05) 430 (69.24) 446 (71.82) 1886 (79.31)  < 0.01 a, b, c < d

ERT 100 (8.59) 48 (7.73) 49 (7.89) 215 (9.04) 0.66

Antidiabetic agents 191 (16.41) 87 (14.01) 97 (15.62) 402 (16.90) 0.36

Statin 297 (25.52) 141 (22.71) 152 (24.48) 710 (29.86)  < 0.01 a, b, c < d

Anticoagulant 206 (17.70) 95 (15.30) 105 (16.91) 413 (17.37) 0.60

Platelet aggregation inhibitors 337 (28.95) 137 (22.06) 160 (25.76) 799 (33.60)  < 0.01 a, b, c < d

Antihypertensive 674 (57.90) 336 (58.94) 358 (57.65) 1533 (64.47)  < 0.01 b, c < d

Fluorquinolones 413 (35.48) 205 (33.01) 202 (32.53) 995 (41.84)  < 0.01 a, b, c < d

Others** 347 (29.81) 188 (30.27) 177 (28.50) 960 (40.37)  < 0.01

Mean follow-up duration (y) 6.64 ± 2.80 6.87 ± 2.66 6.89 ± 2.62 7.01 ± 2.51  < 0.01 b < d

Index year 0.72

2008 187 (16.07) 103 (16.59) 103 (16.59) 448 (18.84)

2009 300 (25.77) 165 (26.57) 165 (26.57) 541 (22.75)

2010 177 (15.21) 94 (15.14) 94 (15.14) 350 (14.72)

2011 204 (17.53) 106 (17.07) 106 (17.07) 417 (17.54)

Continued
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dementia compared to the NONE group (Table 2). In sensitivity analysis which defines dementia cases not only 
by disease code but also by the prescription of cognitive enhancers (donepezil, memantine, rivastigmine and 
galantamine) for at least 7 days, we found similar results. The VALP group (HR 1.70, 95% CI 1.22–2.37) and the 
BOTH group (HR 1.51, 95% CI 1.02–2.23) but not LITH group (HR 1.43, 95% CI 0.96–2.14) were at higher risk 
of dementia compared to the NONE group (eTable 2 in the Supplement).

Dose–response analysis. We analyzed the risk of dementia according to the cumulative defined daily dose 
(DDD), cumulative prescription duration (CPD) (Table 3). In the VALP group, the risk of dementia was signifi-
cantly higher in the middle and high DDD (middle DDD group: HR 1.98, 95% CI 1.34–2.89; high DDD group: 
HR 1.59, 95% CI 1.12–2.27) or middle and long CPD groups (middle CPD group: HR 2.11, 95% CI 1.45–3.07; 
long CPD group: HR 1.60, 95% CI 1.13–2.26) but not in the low DDD (HR 1.25, 95% CI 0.84–1.87) or short CPD 
group (HR 1.15, 95% CI 0.76–1.74) compared to the NONE group. However, exposure to lithium did not show 
statistically significant association with dementia risk in any tertile group by DDD or CPD (Table 3).

Discussion
To the extent of the author’s knowledge, this is the first study that directly compares the risk of dementia between 
valproate users, lithium users, and both users compared with the matched non-user controls among elderly 
patients with bipolar disorder. We found that patients who were prescribed only valproate or both valproate and 
lithium showed a 56% or 62% increased risk of dementia, respectively than those who were not prescribed both 
medications. However, lithium-only users did not show a significant increase in the risk of dementia. Our result 
indicates that lithium has the potential to be a relatively safer choice than valproate when considering the risk of 
dementia in elderly bipolar disorder patients. Given the risk of valproate-associated dementia, we recommend 
regularly monitoring cognitive function in elderly bipolar disorder patients using valproate.

The results of this study support the dementia onset risk associated with valproate shown in previous studies. 
In previous studies, valproate reduced cell proliferation at therapeutic plasma  levels19 and impaired cognitive 
function in bipolar disorder  patients20. Prior to this study, only one study from Taiwan used real-world patient 
data to investigate the effect of valproate on the risk of dementia in older patients with bipolar disorder at popula-
tion level. The Taiwanese study reported that valproate-treated patients had a 73% higher risk of dementia than 
valproate-untreated  patients18, which is consistent with the findings of the current study. In addition, the current 
study further discovered that the risk of dementia increased significantly when valproate was prescribed for at 
least about two months or 23 DDD. To the best of our knowledge, no study has investigated the dose–response 
relationship between valproate prescription and the risk of dementia in bipolar disorder patients. Our finding 
indicates that regular monitoring of cognitive function would be helpful for older aged bipolar patients prescribed 
valproate for approximately two months or longer.

Unlike valproate, based on our result, it is unclear whether lithium increases the risk of dementia or not. 
However, our finding does not support the lithium’s protective effect against dementia which was found in some 
previous studies. Prior to this research, two retrospective, population-based cohort studies using health insurance 
claims data from Denmark and the United States had investigated the effects of lithium on the risk of dementia in 
bipolar  patients16,17. More than four prescriptions of lithium reduced the risk of dementia in the Danish  study16, 

Table 1.  Baseline characteristics of the valproate only users, lithium only users, both valproate and lithium 
users, and nonusers. Values are presented as mean ± standard deviation, number only, or number (%). 
py, person-years; SSRI, selective serotonin receptor inhibitor; SNRI, serotonin norepinephrine receptor 
inhibitor; TCA, ticyclic antidepressants; H2RA, histamine 2 receptor antagonist; ERT, estrogen replacement 
therapy. *a: Lithium only users, b: Valproic acid only user, c: both users, d: both non-users. **Others included 
bicalutamide, buspirone, digoxinm, and tirpramide. ***Until August.

VALP LITH BOTH NONE

p Post-hoc*(n = 1164) (n = 621) (n = 621) (n = 2378)

2012 210 (18.04) 107 (17.23) 107 (17.23) 433 (18.21)

2013** 86 (7.39) 46 (7.41) 46 (7.41) 189 (7.95)

Table 2.  Risk of dementia in valproate only users, lithium only users, and both valproate and lithium users 
compared to nonusers. py, person-years. *Hazard ratio for dementia with 95% confidence intervals estimated 
by multivariable Cox proportional hazard models. † Adjusted for diabetes, alcohol-related disorder, and use of 
antiepileptics.

n Event py Unadjusted* P value Adjusted*,† P value

Valproate only users 1164 130 7728 1.59 (1.26–2.02)  < 0.01 1.56 (1.23–1.97)  < 0.01

Lithium only users 621 65 4265 1.26 (0.94–1.69) 0.13 1.24 (0.92–1.67) 0.15

Both users 621 80 4279 1.62 (1.23–2.13)  < 0.01 1.62 (1.23–2.13)  < 0.01

Nonusers 2378 185 16,660 Ref Ref
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and prescriptions of lithium for 10–12 months reduced the risk of dementia in the U.S.  study17. Unlike current 
study, the U.S. or Danish study did not exclude valproate users from non-user control group. Valproate was found 
to increase the risk of dementia in both the current study and the aforementioned Taiwanese  study18. Therefore, 
to precisely estimate the effect of lithium on dementia, valproate users should be excluded or at least matched 
between lithium users and non-users. Other studies reported mixed results regarding the effects of lithium on 
human cognitive function. In randomized controlled trials on patients with mild cognitive  impairment21,22 or 
Alzheimer’s  disease23 without affective disorders, sub-therapeutic treatment with lithium (serum levels below 
0.5 mEq/L) for one to three years improved cognitive  performance21,22, delayed cognitive  decline23, increased 
amyloid-beta  peptide22 and decreased phosphorylated  tau21 in the cerebrospinal fluid. However, in a population-
based, nested case–control study using data from the Taiwan National Health Insurance Program, lithium treat-
ment was not associated with the risk of Alzheimer’s disease in bipolar  patients24. A meta-analysis of six studies 
(two case–control studies and four pre-post comparison studies) reported that therapeutic lithium treatment 
(serum level: 0.7–1.2 mEq/L) for approximately four years impaired immediate verbal learning, memory, and 
psychomotor performance of affective disorder patients, and long-term lithium treatment was associated with 
greater impairment in psychomotor  performance25. Combining the results of current and past studies, more 
long-term, real-world data is required to clarify the effect of lithium on the onset of dementia in clinical settings.

Nevertheless, the results of our study suggest that lithium would be a safer option compared to valproate 
regarding the risk of dementia in elderly bipolar disorder patients. Considering that bipolar patients are predis-
posed to developing  dementia4–6, our findings provide meaningful information to support the clinical choice of 
mood stabilizers for elderly patients.

There are several limitations to be considered. As we use bipolar disorder patients who have not been pre-
scribed both valproate and lithium as the reference group, cofounding by indication should be considered as 
limitation. The major concern regarding confounding by indication is the difference in bipolar disorder severity 
between non-user controls and valproate or lithium users. One could argue that the higher risk of dementia in 
the VALP group could be biased from greater bipolar disorder severity in the VALP group than NONE group. 
However, such difference in disease severity could also exist between the NONE and LITH group. Nevertheless, 
the LITH group did not show increased risk of dementia in current study. Such differences in dementia risk 

Table 3.  Risk of dementia in valproate only users and lithium only users compared to nonusers according 
to the cumulative dose and days of prescription. *Hazard ratio with 95% confidence intervals compared 
to the nonusers (number = 2378, event = 185). † Adjusted for diabetes, alcohol related disorder, and use of 
antiepileptics. † DDD = defined daily dose, 1 DDD = 1.5 g for valproate, 24 mmol for lithium.

N(event) Unadjusted* P value Adjusted*,† P value

By cumulative dose (DDD†)

Valproate only users

Low (< 23) 383 (34) 1.31 (0.88–1.96) 0.18 1.25 (0.84–1.87) 0.28

Mid (23–107) 396 (44) 2.03 (1.40–2.95)  < 0.01 1.98 (1.34–2.89)  < 0.01

high (≥ 107) 385 (52) 1.62 (1.14–2.31)  < 0.01 1.59 (1.12–2.27)  < 0.01

Lithium only users

Low (< 140) 206 (21) 1.34 (0.82–2.21) 0.24 1.31 (0.79–2.17) 0.29

Mid (140–665) 211 (24) 1.26 (0.79–2.01) 0.33 1.20 (0.75–1.93) 0.45

High (≥ 665) 204 (20) 1.10 (0.65–1.87) 0.72 1.12 (0.66–1.91) 0.67

By cumulative dose (in gram)

Valproate only users

Low (< 35) 383 (34) 1.31 (0.88–1.96) 0.18 1.25 (0.84–1.87) 0.28

Mid (35–161) 396 (44) 2.03 (1.40–2.95)  < 0.01 1.98 (1.34–2.89)  < 0.01

High (≥ 161) 385 (52) 1.62 (1.14–2.31)  < 0.01 1.59 (1.12–2.27)  < 0.01

Lithium only users

Low (< 23) 206 (21) 1.34 (0.82–2.21) 0.24 1.31 (0.79–2.17) 0.29

Mid (23–111) 211 (24) 1.26 (0.79–2.01) 0.33 1.20 (0.75–1.93) 0.45

High (≥ 111) 204 (20) 1.10 (0.65–1.87) 0.72 1.12 (0.66–1.91) 0.67

By days of prescription (days)

Valproate only users

Short (< 59) 380 (31) 1.21 (0.80–1.82) 0.37 1.15 (0.76–1.74) 0.52

Mid (59–244) 398 (46) 2.18 (1.50–3.15)  < 0.01 2.11 (1.45–3.07)  < 0.01

Long (≥ 244) 386 (53) 1.63 (1.15–2.30)  < 0.01 1.60 (1.13–2.26)  < 0.01

Lithium only users

Short (< 42) 203 (18) 1.19 (0.70–2.03) 0.51 1.14 (0.67–1.96) 0.63

Mid (42–183) 213 (23) 1.20 (0.75–1.92) 0.46 1.14 (0.71–1.85) 0.58

Long (≥ 183) 205 (24) 1.31 (0.80–2.14) 0.28 1.33 (0.81–2.18) 0.26



6

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14142  | https://doi.org/10.1038/s41598-022-18350-1

www.nature.com/scientificreports/

patterns between the matched VALP and LITH groups partially reduce the concern of confounding by indica-
tion. In addition, to alleviate confounding by indication, we balanced the clinical characteristics between groups 
by matching age, sex, index year, and health insurance type and the use of antipsychotics, as they are frequently 
prescribed for bipolar disorder along with valproate or  lithium16,26–28. Even still, the unadjusted effect of disease 
severity could have remained. Therefore, we expect further investigation overcoming such intrinsic limitations 
of claim data. This study analyzed national insurance claim data from Health Insurance Review and Assessment 
Service (HIRA). HIRA data provides valuable information based on real-world, but it also has several limita-
tions. First, key risk factors of dementia, such as the level of education and apolipoprotein E genotype were not 
controlled as they were not available in the HIRA data. Second, the record of dementia code in claim data does 
not necessarily indicate clinical diagnosis of dementia. Notably, we could not specify the specialty of a physician 
who made the diagnosis due to the limitation of data availability. To ensure the validity of diagnosis, we con-
ducted sensitivity analysis which defines dementia cases not only by disease code but also by the prescription of 
cognitive enhancers for at least 7 days, and found consistent results (eTable 2 in the Supplement). Third, due to 
concerns regarding the accuracy of medical records of dementia subtypes, we analyzed the effects of valproate and 
lithium on all-cause dementia. Finally, although we ensured that there was at least a one-year wash-out period for 
valproate and lithium, lifetime exposure to lithium and valproate might have also influenced the risk of dementia.

In conclusion, our study found that prolonged use of valproate could increase the risk of dementia, whereas 
the risk associated with lithium is unclear in elderly bipolar patients. Regarding the susceptibility to the onset 
of dementia in bipolar disorder patients, lithium has the potential to be a safer choice than valproate as a mood 
stabilizer in elderly patients. In the case prescription of valproate is unavoidable, regular monitoring of cognitive 
function is necessary for the timely detection of cognitive decline.

Methods
Data source and study cohort. We obtained the dataset from the Korean HIRA database between Janu-
ary 1, 2007 and August 31, 2018. The HIRA database comprises of ~ 59 million individuals and is representative 
of almost all Koreans insured by the National Health Insurance and National Medicaid. The HIRA database 
contains data on patient demographics, diagnosis codes, prescription records, medical procedures and services, 
types of health care institutions, medication utilization, and admission dates.

From the HIRA database, we identified 116,737 registrants who were 50 years or older and had either at least 
one inpatient claim or at least two outpatient claims with ICD-10 codes of bipolar spectrum disorders (F30, F31, 
and F34.0) as their primary or secondary diagnosis between January 1, 2007 and August 31, 2013.

Among them, we identified patients who received at least one prescription for valproate between January 1, 
2007, and August 31, 2018, but did not receive lithium as valproate only users and vice versa for lithium only 
users (N = 31,973 for VALP group, N = 9.407 for LITH group). We also found patients who prescribed both 
valproate and lithium at least one time for each between January 1, 2007, and August 31, 2018 (N = 17,692 for 
BOTH group).

From these patients, we excluded individuals who: (1) were prescribed valproate and/or lithium before obtain-
ing a diagnosis code for bipolar spectrum disorder; (2) had a diagnosis code for psychotic disorders, dementia, 
cerebrovascular disorder, Parkinson disorder, epilepsy, or traumatic head injury as the primary diagnosis before 
being prescribed valproate and/or lithium; or (3) were prescribed acetylcholinesterase inhibitors or memantine 
before being prescribed valproate and/or lithium. We further excluded individuals who were prescribed valproate 
and/or lithium between January 1, 2007 and December 31, 2007 to ensure that there was at least a one-year 
wash-out period in patients who were prescribed valproate or lithium before 2008. As we have data until august 
31, 2018, in order to secure at least 5-year follow up data, we excluded patients who first prescribed valproate or 
lithium after august 31, 2013. (Fig. 1).

After that, we matched age, sex, index year, and health insurance type between VALP group, LITH group, 
BOTH group, and patients who were never prescribed valproate or lithium between Jan 1, 2017, to Aug 31, 2018, 
as reference group (NONE group). In order to minimize the confounding by indication, we also matched the 
use of antipsychotics between four groups. Finally, 1164 VALP group, 621 LITH group, 621 BOTH group and 
2378 NONE group patients are included in the analysis.

We defined the index date as the first day of valproate or lithium prescription after the diagnosis of bipolar 
spectrum disorder in the VALP, LITH, and BOTH groups. In the NONE group, we defined the index date by 
adding the interval between the date of bipolar disorder diagnosis and the index date of the matched VALP, LITH, 
and BOTH groups to the date of bipolar disorder diagnosis of the NONE group (Fig. 2).

This study was approved by the Institutional Review Board of the Seoul National University Bundang Hospital 
(IRB no. X-1906-546-901), and conformed to the ethical guidelines of the World Medical Association Declaration 
of Helsinki. Informed consents were waived from the Institutional Review Board of the Seoul National University 
Bundang Hospital due to the retrospective design.

Exposures. Exposure to valproate (ATC; N03AG01) or lithium (ATC; N05AN01) was evaluated between 
the index date and the last day of follow-up. To assess dose–response relationship, we calculated DDD, CPD of 
valproate and lithium in days. When calculating DDD, we adapted the widely used drug standardization method 
developed by the World Health  Organization21. We divided the level of exposure into tertiles of cumulative DDD 
and CPD.

Outcome. The outcome of the study was the incident diagnosis of dementia. We defined incident dementia 
as having at least one inpatient claim or at least two outpatient claims with ICD-10 codes of dementia (F00, 
F01, F02, F03, G30, G31.0, G31.8, or G31.9) as the primary diagnosis at least one year after the index date. We 
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did not include the patients whose dementia diagnosis code occurred within a year from index date as incident 
dementia to avoid protopathic bias due to preexisting undiagnosed dementia and to address disease latency for 
drug-induced dementia. We followed the patients from the index date until one of the following conditions were 
met: (1) the diagnosis of dementia; (2) the patient was excluded from the HIRA database due to reasons includ-
ing death; or (3) the date of August 31, 2018.

Confounding factors. We defined the following factors as potential confounders: (1) the existence of 
comorbidities, evaluated as having at least one inpatient or at least two outpatient ICD-10 codes of comorbidi-
ties (Table 1) before the index date; and (2) the use of prescribed comedications (Table 1) for at least one week 
before the index date. Using the comorbidities, we estimated the Charlson Comorbidity Index (CCI)  score29.

Statistical analyses. We compared the risk of dementia in the VALP, LITH, and BOTH groups to that of 
the NONE group using a multivariable Cox proportional hazard model. In this analysis, we adjusted the results 
for confounding factors that showed a significant association with the risk of dementia in the univariable Cox 
proportional hazard models (eTable 1 in the supplement).

We subsequently categorized the DDD and CPD of valproate and lithium into tertiles, estimated the risk of 
dementia in each tertile using the multivariable Cox proportional hazard models, and adjusted the results for 
the aforementioned confounding factors.

We also performed similar analyses after modifying the definition of incident dementia as the patients with 
dementia code in primary code and prescription of cognitive enhancer for 7 days or longer. All statistical analyses 
were performed using SAS Enterprise 7.1 for Windows (SAS Institute Inc., Cary, NC, USA), and regarded two-
tailed p values below 0.05 as statistically significant.

Ethics declarations. This study was approved by the Institutional Review Board of the Seoul National Uni-
versity Bundang Hospital (IRB no. X-1906-546-901), and conformed to the ethical guidelines of the World 
Medical Association Declaration of Helsinki.

Consent for participate. Informed consents were waived from the Institutional Review Board of the Seoul 
National University Bundang Hospital due to the retrospective design.

Data availability
Data available on reasonable request from the authors.

Received: 11 November 2021; Accepted: 10 August 2022

References
 1. Sajatovic, M. et al. Maintenance treatment outcomes in older patients with bipolar I disorder. Am. J. Geriatr. Psychiatry 13, 305–311. 

https:// doi. org/ 10. 1176/ appi. ajgp. 13.4. 305 (2005).
 2. Baldessarini, R. J. et al. Differential associations of affective temperaments and diagnosis of major affective disorders with suicidal 

behavior. J. Affect Disord. 210, 19–21. https:// doi. org/ 10. 1016/j. jad. 2016. 12. 003 (2017).

Figure 2.  Description of study design.

https://doi.org/10.1176/appi.ajgp.13.4.305
https://doi.org/10.1016/j.jad.2016.12.003


8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14142  | https://doi.org/10.1038/s41598-022-18350-1

www.nature.com/scientificreports/

 3. Solano, P. et al. A Google-based approach for monitoring suicide risk. Psychiatry Res. 246, 581–586. https:// doi. org/ 10. 1016/j. 
psych res. 2016. 10. 030 (2016).

 4. Solé, B. et al. Cognitive impairment in bipolar disorder: Treatment and prevention strategies. Int. J. Neuropsychopharmacol. 20, 
670–680. https:// doi. org/ 10. 1093/ ijnp/ pyx032 (2017).

 5. Bharadwaj, R. Cognitive impairment in euthymic patients with bipolar disorder. Br. J. Psychiatry 189, 468–469; author reply 469, 
https:// doi. org/ 10. 1192/ bjp. 189.5. 468b (2006).

 6. Martinez-Aran, A. et al. Cognitive impairment in euthymic bipolar patients: Implications for clinical and functional outcome. 
Bipolar Disord. 6, 224–232. https:// doi. org/ 10. 1111/j. 1399- 5618. 2004. 00111.x (2004).

 7. Woo, Y. S. et al. Korean medication algorithm project for bipolar disorder 2018 (KMAP-BP 2018): Fourth revision. Clin. Psychop-
harmacol. Neurosci. 16, 434–448. https:// doi. org/ 10. 9758/ cpn. 2018. 16.4. 434 (2018).

 8. Nocjar, C., Hammonds, M. D. & Shim, S. S. Chronic lithium treatment magnifies learning in rats. Neuroscience 150, 774–788. 
https:// doi. org/ 10. 1016/j. neuro scien ce. 2007. 09. 063 (2007).

 9. Watase, K. et al. Lithium therapy improves neurological function and hippocampal dendritic arborization in a spinocerebellar 
ataxia type 1 mouse model. PLoS Med. 4, e182. https:// doi. org/ 10. 1371/ journ al. pmed. 00401 82 (2007).

 10. King, M. K. & Jope, R. S. Lithium treatment alleviates impaired cognition in a mouse model of fragile X syndrome. Genes Brain 
Behav. 12, 723–731. https:// doi. org/ 10. 1111/ gbb. 12071 (2013).

 11. Harada, H., Sugiyama, T. & Suketa, Y. Characterization of inhibition by chronic treatment with lithium ion on nerve growth 
factor-induced neuronal differentiation of rat PC12 pheochromocytoma cells. J. Toxicol. Environ. Health 49, 197–206. https:// doi. 
org/ 10. 1080/ 00984 10961 60925 (1996).

 12. Licht, R. W., Smith, D. & Braendgaard, H. The effect of chronic lithium treatment on the calibre of axons and nerve fibres in the 
rat sural nerve. Eur. Neuropsychopharmacol. 7, 95–98. https:// doi. org/ 10. 1016/ s0924- 977x(96) 00388-4 (1997).

 13. Zhang, X. Z., Li, X. J. & Zhang, H. Y. Valproic acid as a promising agent to combat Alzheimer’s disease. Brain Res. Bull. 81, 3–6. 
https:// doi. org/ 10. 1016/j. brain resbu ll. 2009. 09. 003 (2010).

 14. Welbat, J. U. et al. Fluoxetine prevents the memory deficits and reduction in hippocampal cell proliferation caused by valproic 
acid. J. Chem. Neuroanat. 78, 112–118. https:// doi. org/ 10. 1016/j. jchem neu. 2016. 09. 003 (2016).

 15. Chaudhary, S. & Parvez, S. An in vitro approach to assess the neurotoxicity of valproic acid-induced oxidative stress in cerebellum 
and cerebral cortex of young rats. Neuroscience 225, 258–268. https:// doi. org/ 10. 1016/j. neuro scien ce. 2012. 08. 060 (2012).

 16. Kessing, L. V., Forman, J. L. & Andersen, P. K. Does lithium protect against dementia?. Bipolar Disord. 12, 87–94. https:// doi. org/ 
10. 1111/j. 1399- 5618. 2009. 00788.x (2010).

 17. Gerhard, T., Devanand, D. P., Huang, C., Crystal, S. & Olfson, M. Lithium treatment and risk for dementia in adults with bipolar 
disorder: Population-based cohort study. Br. J. Psychiatry 207, 46–51. https:// doi. org/ 10. 1192/ bjp. bp. 114. 154047 (2015).

 18. Tsai, P. S., Liu, I. C., Chiu, C. H., Huang, C. J. & Wang, M. Y. Effect of valproic acid on dementia onset in patients with bipolar 
disorder. J. Affect. Disord. 201, 131–136. https:// doi. org/ 10. 1016/j. jad. 2016. 05. 010 (2016).

 19. Qian, Y., Zheng, Y. & Tiffany-Castiglioni, E. Valproate reversibly reduces neurite outgrowth by human SY5Y neuroblastoma cells. 
Brain Res. 1302, 21–33. https:// doi. org/ 10. 1016/j. brain res. 2009. 09. 051 (2009).

 20. Pigoni, A. et al. A focus on valproate and cognitive deficits in bipolar disorders: A mini-review: Special section on “Translational 
and Neuroscience Studies in Affective Disorders” Section Editor, Maria Nobile MD, PhD. J. Affect. Disord. 261, 277–281. https:// 
doi. org/ 10. 1016/j. jad. 2019. 08. 008 (2020).

 21. Forlenza, O. V. et al. Disease-modifying properties of long-term lithium treatment for amnestic mild cognitive impairment: 
Randomised controlled trial. Br. J. Psychiatry 198, 351–356. https:// doi. org/ 10. 1192/ bjp. bp. 110. 080044 (2011).

 22. Forlenza, O. V., Radanovic, M., Talib, L. L. & Gattaz, W. F. Clinical and biological effects of long-term lithium treatment in older 
adults with amnestic mild cognitive impairment: Randomised clinical trial. Br. J. Psychiatry 215, 668–674. https:// doi. org/ 10. 1192/ 
bjp. 2019. 76 (2019).

 23. Nunes, M. A., Viel, T. A. & Buck, H. S. Microdose lithium treatment stabilized cognitive impairment in patients with Alzheimer’s 
disease. Curr. Alzheimer Res. 10, 104–107. https:// doi. org/ 10. 2174/ 15672 05011 31001 0014 (2013).

 24. Cheng, C. et al. Association between lithium use and risk of Alzheimer’s disease. J. Clin. Psychiatry 78, e139–e145. https:// doi. org/ 
10. 4088/ JCP. 15m10 304 (2017).

 25. Wingo, A. P., Wingo, T. S., Harvey, P. D. & Baldessarini, R. J. Effects of lithium on cognitive performance: A meta-analysis. J. Clin. 
Psychiatry 70, 1588–1597. https:// doi. org/ 10. 4088/ JCP. 08r04 972 (2009).

 26. Perlis, R. H. Treatment of bipolar disorder: The evolving role of atypical antipsychotics. Am. J. Manag. Care 13, S178-188 (2007).
 27. Practice guideline for the treatment of patients with bipolar disorder. American Psychiatric Association. Am. J. Psychiatry 151, 

1–36, https:// doi. org/ 10. 1176/ ajp. 151. 12.1 (1994).
 28. Sachs, G. S., Printz, D. J., Kahn, D. A., Carpenter, D. & Docherty, J. P. The expert consensus guideline series: Medication treatment 

of bipolar disorder 2000. Postgrad. Med. Spec No 1-104 (2000).
 29. Charlson, M., Szatrowski, T. P., Peterson, J. & Gold, J. Validation of a combined comorbidity index. J. Clin. Epidemiol. 47, 1245–1251. 

https:// doi. org/ 10. 1016/ 0895- 4356(94) 90129-5 (1994).

Acknowledgements
The statistical analyses were supported by the Medical Research Collaborating Center (MRCC) of Seoul National 
University Bundang Hospital.

Author contributions
Study concept and design: W.M. Provision of study materials or patients: E.J. Collection and assembly of data: 
J.S. Data analysis and interpretation: J.S.K. Manuscript writing: W.M. Supervision: K.W.K. Final approval of 
manuscript: All authors. Important notice : There are two co-corresponding authors for this study: K.W.K., J.S.K.

Funding
This study was supported by a grant from the Korean Neuropsychiatry Association Haesong research grant.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 18350-1.

Correspondence and requests for materials should be addressed to J.S.K. or K.W.K.

https://doi.org/10.1016/j.psychres.2016.10.030
https://doi.org/10.1016/j.psychres.2016.10.030
https://doi.org/10.1093/ijnp/pyx032
https://doi.org/10.1192/bjp.189.5.468b
https://doi.org/10.1111/j.1399-5618.2004.00111.x
https://doi.org/10.9758/cpn.2018.16.4.434
https://doi.org/10.1016/j.neuroscience.2007.09.063
https://doi.org/10.1371/journal.pmed.0040182
https://doi.org/10.1111/gbb.12071
https://doi.org/10.1080/009841096160925
https://doi.org/10.1080/009841096160925
https://doi.org/10.1016/s0924-977x(96)00388-4
https://doi.org/10.1016/j.brainresbull.2009.09.003
https://doi.org/10.1016/j.jchemneu.2016.09.003
https://doi.org/10.1016/j.neuroscience.2012.08.060
https://doi.org/10.1111/j.1399-5618.2009.00788.x
https://doi.org/10.1111/j.1399-5618.2009.00788.x
https://doi.org/10.1192/bjp.bp.114.154047
https://doi.org/10.1016/j.jad.2016.05.010
https://doi.org/10.1016/j.brainres.2009.09.051
https://doi.org/10.1016/j.jad.2019.08.008
https://doi.org/10.1016/j.jad.2019.08.008
https://doi.org/10.1192/bjp.bp.110.080044
https://doi.org/10.1192/bjp.2019.76
https://doi.org/10.1192/bjp.2019.76
https://doi.org/10.2174/1567205011310010014
https://doi.org/10.4088/JCP.15m10304
https://doi.org/10.4088/JCP.15m10304
https://doi.org/10.4088/JCP.08r04972
https://doi.org/10.1176/ajp.151.12.1
https://doi.org/10.1016/0895-4356(94)90129-5
https://doi.org/10.1038/s41598-022-18350-1
https://doi.org/10.1038/s41598-022-18350-1


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14142  | https://doi.org/10.1038/s41598-022-18350-1

www.nature.com/scientificreports/

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.

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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of valproate and lithium on dementia onset risk in bipolar disorder patients
	Results
	Characteristics of the participants. 
	Hazard ratio analysis for dementia onset. 
	Dose–response analysis. 

	Discussion
	Methods
	Data source and study cohort. 
	Exposures. 
	Outcome. 
	Confounding factors. 
	Statistical analyses. 
	Ethics declarations. 
	Consent for participate. 

	References
	Acknowledgements


