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ABSTRACT
Objective: Lithium is an important mood disorder treatment; 
however, the renal risks of its use in older adults are unclear. We 
wished to determine in older adults (1) whether lithium is associated 
with increased risk of renal decline compared to valproate and (2) 
whether this association differs with higher vs lower baseline serum 
lithium concentrations.

Method: We conducted a population-based cohort study using 
linked health care databases (Ontario, Canada). The cohort consisted 
of older adults (mean age 71 years) accrued 2007–2015; 3,113 lithium 
users were propensity-score matched 1:1 to 3,113 valproate users. 
Users with higher (> 0.7 mmol/L) or lower concentration of serum 
lithium were further examined. The primary outcome was ≥ 30% loss 
in estimated glomerular filtration rate from baseline.

Results: Matched lithium users and valproate users demonstrated 
similar indicators of baseline health over a median (maximum) 
follow-up of 3.1 (8.3) years. Lithium was associated with increased 
risk of renal function loss compared to valproate (674/3,113 [21.7%] 
vs 584/3,113 [18.8%]; 6.5 vs 5.7 events per 100 person years; hazard 
ratio = 1.14 [95% CI = 1.02–1.27]). When baseline serum lithium 
concentrations were > 0.7 mmol/L, the risk of renal decline compared 
to valproate use was 1.26 (95% CI = 1.06–1.49); when baseline 
lithium concentrations were ≤ 0.7 mmol/L, the risk was 1.06 (95% 
CI = 0.92–1.22).

Conclusion: In older adults, lithium use is associated with a 
statistically significant increased risk of renal decline compared to 
valproate use, although the decline is less than previously reported. 
Further studies should confirm whether this effect is primarily in 
patients with higher serum lithium concentrations.
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L ithium remains the gold-standard treatment in 
bipolar disorder,1 with up to 30%–40% of patients 

responding preferentially to this medication.2,3 Lithium 
is also an important therapeutic for treatment-resistant 
depression, which affects up to 60% of older adults with 
unipolar depression.4 Clinical trials are now exploring 
potential neuroprotective effects of lithium in dementia5 
and stroke.6

With over 50% of patients treated for bipolar disorder 
and depression expected to be over the age of 60 by 2030,7 
and 35%–45% of older adults having pre-morbid moderate 
chronic kidney disease (CKD),8 the renal safety of lithium 
is an important consideration. CKD is a serious condition 
with notable morbidity and mortality.9 CKD can also 
sometimes necessitate lithium discontinuation, which 
often leads to relapse of the mood disorder.10 Recent 
large epidemiologic studies including both geriatric and 
adult patients have reported a 1.5- to 2.5-fold higher 
risk of incident CKD among lithium users.11,12 Fears of 
increased renal disease have contributed to the low North 
American rates of prescribing lithium in bipolar disorder: 
< 8%–15% vs 30%–50% in parts of Europe.13,14 However, 
the link between lithium and a long-term decline in kidney 
function remains somewhat controversial, particularly 
in younger adult patients, with some studies finding no 
association.15,16 Most studies in the field have not focused 
on geriatric patients and have had limited geriatric sample 
sizes (often n < 50–100).17 It is difficult to extrapolate the 
findings of studies of younger adults, since older adults 
often have premorbid renal decline, multiple cardiovascular 
comorbidities, and concurrent pharmacotherapies (eg, 
diuretics, anti-inflammatories) that may affect risk.18 
Clinical trials are very difficult to conduct in older lithium 
users, with only one 9-week randomized controlled trial 
(RCT) of lithium vs valproate in late-life mania (n = 224)19 
and one small 2-year lithium discontinuation RCT in 
late-life unipolar depression (n = 12).20 Similarly, in this 
field of lithium and kidney disease, there have been only 
2 geriatric population-based studies21,22 and few mixed-
aged adult studies,11,12,15,16,23 which have been limited 
by the use of nonpsychiatric comparator groups who 
differ in important baseline characteristics from lithium 
users, limited methods to control for confounding, and 
laboratory data being available for only a minority of 
reports.11,16 All of this together makes it difficult for older 
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people with these psychiatric conditions and their providers 
to appreciate the safety of lithium.

A recent population-based analysis specifically examining 
older adults also found a 1.76 times higher risk of incident 
CKD with lithium compared to valproate use.22 Studies 
that identified a higher risk of lithium-associated CKD 
were usually conducted in samples where family physicians 
and psychiatrists in the community were the main lithium 
prescribers,where less than half the patients had regular 
follow-up measurements of lithium and kidney function, and 
where elevated lithium levels are frequently encountered.24–27 
This contrasts with studies in academic centers where more 
conservative lithium levels are used and where monitoring 
closely followed guidelines: longer-term effects of lithium 
on CKD/renal decline were not usually observed.18 Even 
though laboratory reference ranges for lithium are 0.6–1.2 
mmol/L (1 mmol/L of lithium = 1 mEq/L), recent older-
age expert consensus guidelines recommend lithium levels 
0.4–0.8 mmol/L for ages 60–79 and levels 0.4–0.7 mmol/L 
for ages ≥ 80.28 It remains unknown whether the potential 
association between lithium and renal function decline is 
mostly due to unsafe lithium prescribing and monitoring 
practices, for example using lithium levels > 0.7 mmol/L in 
geriatric patients,28 continuing lithium use after baseline 
CKD has been diagnosed,29,30 and infrequent monitoring of 
serum lithium levels and renal function.

We aimed to compare the incidence of clinically 
important renal decline (> 30% decline in serum creatinine 
from baseline) in lithium users compared to valproate users. 
We also were interested in whether lithium levels > 0.7 
mmol/L were associated with an increased risk of renal 
decline in older adults. We also explored whether baseline 
CKD affected the association between lithium use and the 
incidence of renal decline.

METHODS

Design and Setting
We performed a population-based cohort study of 

residents in the province of Ontario, Canada, aged ≥ 66 

years who had 2 prescriptions of either lithium or valproate 
between January 1, 2007, and September 30, 2015. In 
Ontario, residents have universal health insurance coverage 
for hospital and medically necessary physician services. 
In addition, people aged ≥ 65 years obtain outpatient 
prescription drug coverage from the Ontario Drug Benefit 
program.

The use of data in this study was approved under section 
45 of Ontario’s Personal Health Information Protection 
Act, which does not require research ethics board approval 
or informed consent from participants. Reporting for 
this study followed the REporting of studies Conducted 
using Observational Routinely collected health Data for 
pharmacoepidemiology guidelines (Supplementary Table 1).

Data Sources
Data from multiple linked administrative health care 

databases stored at Institute for Clinical and Evaluative 
Sciences (ICES) were used. The datasets were linked using 
unique encoded identifiers and analyzed at ICES. The 
Ontario Health Insurance Plan (OHIP) database includes 
claims for inpatient and outpatient physician services 
and was used to ascertain covariate information and 
outpatient laboratory tests. The ICES Physician Database 
contains physician related information such as birth date, 
education, and specializations. Outpatient serum creatinine 
and lithium level values were provided by the Ontario 
Laboratory Information System. Using serum creatinine, we 
calculated the estimated glomerular filtration rate (eGFR) 
using the Chronic Kidney Disease Epidemiology (CKD-
EPI) equation.31 The remaining datasets are described in 
Supplementary Appendix 1. Previous studies have used these 
databases to study medication use and associated health care 
use and outcomes.32–34

Patient Cohort
The index date was the time of the second filled 

prescription of lithium or valproate. After the index date, 
individuals were followed as long as their medications were 
being continuously refilled; we required that the second 
prescription be filled within 1.5 times the days supplied of 
the initial prescription (ie, second prescription within 45 days 
if the initial prescription had 30 days supplied). Requiring 
2 filled prescriptions allowed the assessment of continuous 
use. Patients were censored if they died or reached the end 
of the maximum follow-up period (September 30, 2015).

In our cohort, the index date was defined as the beginning 
of follow-up. We included older adults aged ≥ 66 using 
lithium or valproate who had at least 1 serum creatinine 
value in the prior year. For lithium users to be included, they 
needed to have at least 1 lithium value in the year preceding 
the index date. We searched for patients with either (1) ≥ 2 
prescriptions of lithium or (2) ≥ 2 prescriptions of valproate 
between January 1, 2007, and September 30, 2015. This 
time window was used to maximize (1) the number of 
eligible patients and (2) adequate follow-up for outcomes. 
Figure 1 outlines how the cohort was selected, while drug 

Clinical Points
■■ This study investigated whether the use of lithium, a 

first-line mood disorder treatment, is associated with 
renal decline in older adults, a question that remains 
controversial.

■■ Relative to valproic acid, lithium use was associated with 
an increase in the risk of renal decline 6.5 vs 5.7 events per 
100 person years; hazard ratio = 1.14 (95% CI = 1.02–1.27). 
In patients with lithium levels > 0.7 mmol/L, the risk 
compared to valproic acid use was 1.26 (95% CI = 1.06–
1.49); the corresponding number when the baseline 
lithium concentration was ≤ 0.7 mmol/L was 1.06 (95% 
CI = 0.92–1.22).

■■ The findings suggest that lithium use is associated with an 
increase in the risk of renal decline in older adults.
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identification numbers for lithium and valproate can be 
found in Supplementary Table 2.

Before matching, we excluded < 0.16% of patients from 
both lithium and valproate cohorts (n = 39) who had invalid 
identifying information (age, sex, or identifier), were 
non-Ontario residents, or died on/before the index date. 
Patients with the following criteria were also excluded: 
evidence of dementia or seizure ≤ 5 years before the index 
date or prescriptions by a neurologist (to exclude situations 
where valproate was used for these conditions); evidence of 
cholinesterase inhibitor use (also characterizes dementia); 
serious prior renal disease (kidney transplant ≤ 5 years 
preceding the index date or dialysis in the 120 days prior to 
index date); being discharged from hospital or visiting an 
emergency department on the index date or within 2 days 
prior; having a pre-index (overtly toxic) lithium level > 1.2 
mmol/L; and concurrent prescriptions of both lithium and 
valproate, to ensure mutually exclusive groups. Patients 
entered the cohort only once, at the time of their first eligible 
prescription.

Valproate users were chosen as a comparator group 
for lithium users because (1) lithium and valproate are 
prescribed for similar indications, (2) users both have high 
rates of relevant physical comorbidities compared to the 
general population (eg, hypertension, diabetes mellitus),35 
and (3) valproate use has not been associated with renal 
problems after controlling for potential confounders.22

Baseline comorbidities were assessed using International 
Classification of Diseases, 10th revision (ICD-10) and 9th 

revision (ICD-9) codes, Ontario Mental Health Reporting 
System, and OHIP physician diagnostic and fee codes in the 
5 years preceding the index date (Supplementary Appendix 
2). Similarly, medication use was assessed in the 120 days 
prior to index date, while health care use (physician visits 
and diagnostic/screening tests) was examined in the previous 
year.

Exposures
Our primary exposure was lithium use. These were 

compared to the reference group, valproate users. We then 
did a subgroup analysis of lithium users by baseline serum 
lithium levels (1) > 0.7 mmol/L and (2) ≤ 0.7 mmol/L, 
comparing them with valproate users. Lithium levels were 
based on the most recent value in the 365 days prior to the 
index date and needed to be ≤ 1.2 mmol/L. The use of lithium 
levels ≤ 0.7 mmol/L was based on the International Society 
for Bipolar Disorders (ISBD) consensus recommendations 
for geriatric lithium prescribing.28

Our exploratory modifier was CKD at baseline, defined 
as an eGFR < 60 mL/min/1.73 m2.

Renal Outcomes
Our primary outcome was clinically important renal 

decline—30% or greater decrease in eGFR from baseline, a 
well-validated measure strongly and consistently associated 
with the risk of end-stage renal disease, dialysis, and 
mortality.36 eGFR was calculated from serum creatinine 
using the CKD-EPI equation.31 Baseline creatinine levels 

Figure 1. Study Flowchart: Cohort Selection

Abbreviation: ER = emergency room.

Lithium and valproate users eligible for 
analysis: N = 6,226

Lithium users: N = 3,113
Valproate users: N = 3,113

Unmatched: N = 3,888
- Lithium users: N = 744
- Valproate users: N = 3,144 

Propensity score matching

Lithium and valproate users following 
exclusions: N = 10,114

Lithium users: N = 3,857
Valproate users: N = 6,257

At least 2 prescriptions for lithium or 
valproate between January 1, 2007–

September 30, 2015
N = 28,778

Patients excluded from the study: N = 15,634
- Data cleaning: N = 39
- Age < 66 years: N = 1,624
- No serum creatinine value in the year prior: N = 1,624
- At least 1 lithium value in the year prior: N = 806
- Seizures in the 5 years prior: N = 2,307
- Dementia in the 5 years prior: N = 6,214 
- Prescription for cholinesterase inhibitor in the 180 days prior: N = 143
- Neurologist prescriber: N = 283
- Kidney transplant in the 5 years prior or chronic hemodialysis in the 120 days prior: N = 50
- Hospital discharge or ER visit in the 2 days prior: N = 30
- Use of both lithium and valproate in the 180 days prior or during follow-up: N = 650
- Multiple eligible index dates: N = 154
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were based on the 365 days preceding the index 
date, taking the most recent value. Follow-up 
creatinine levels were assessed during follow-up: eg, 
for the primary outcome, we looked for any event of 
eGFR during follow-up, where eGFR had decreased 
by ≥ 30%.

Our exploratory outcomes were evidence of (1) 
a 2-fold or greater increase of serum creatinine 
(any serum creatinine during follow-up ≥ 2 times 
the baseline creatinine) and (2) dialysis or kidney 
transplant over the course of follow-up.

Statistical Analysis
In order to control for systematic differences in 

the lithium and valproate groups, we used propensity 
score matching. Baseline characteristics were 
reported as percentages for categorical variables and 
mean (SD) or median (interquartile range; IQR) 
for continuous variables. Multivariable logistic 
regression was performed using the 62 baseline 
characteristics selected for their potential influence 
on outcomes or segregation of patients between 
lithium and valproate groups (Supplementary Table 
3). Lithium users were matched 1:1 with valproate 
users using greedy matching without replacement, 
within 0.2 standard deviations of the logit of 
the propensity score and baseline CKD status. 
Standardized differences were used to identify 
any differences in baseline characteristics between 
lithium and valproate groups. Standardized 
differences calculate differences between group 
means relative to the pooled standard deviation, 
with differences > 10% considered significant.37

We compared renal outcomes between 
lithium users and valproate users. We also used 
Kaplan-Meier curves to examine the probability 
of experiencing the outcome over time. We 
then performed exploratory subgroup analyses 
comparing (1) lithium levels > 0.7 mmol/L and (2) 
lithium levels ≤ 0.7 mmol/L groups to valproate 
users (reference group) for our primary outcome 
(≥ 30% decrease in eGFR from baseline). We 
did additional exploratory subgroup analyses 
examining the potential effect of CKD at baseline 
(eGFR < 60 mL/min/1.73 m2) on our primary 
outcome. For the 2 subgroup analyses, we assessed 
for statistically significant interactions between 
our primary association (lithium use vs valproate 
use and renal outcome) and the subgroup (lithium 
levels > 0.7 mmol/L vs. ≤ 0.7 mmol/L, CKD at 
baseline vs not, respectively). Rates were reported 
as per 1,000 person-years, as well as n (%) during 
follow-up. Time to the first event of each outcome, 
respectively, was compared between lithium and 
valproate users using hazard ratios (HRs), generated 
from Cox proportional hazards regression models, 
accounting for matched pairs. For each patient, we 

Table 1. Selected Baseline Characteristics of Valproate Users and 
Lithium Users After Propensity Score Matching (n = 6,226)a

Characteristic
Valproate 
(N = 3,113)

Lithium 
(N = 3,113)

Standardized 
Differenceb

Demographics
Age at cohort entry, y

Mean (± SD) 70.96 (5.95) 70.96 (6.02) 0%
Median (IQR) 69 (66–74) 69 (66–74)

Sex, female 1,832 (58.8) 1,834 (58.9) 0%
Rural locationc 442 (14.2) 447 (14.4) 1%
Long term care 135 (4.3) 144 (4.6) 1%

Prescriber information
General practitioner 1,670 (53.6) 1,712 (55.0) 3%
Psychiatrist 1,097 (35.2) 1,053 (33.8) 3%
Other 346 (11.1) 348 (11.2) 0%

Comorbiditiesd

Charlson Comorbidity Index,  
mean (± SD)

0.37 (0.94) 0.37 (0.99) 0%

Bipolar disorder 2,104 (67.6) 2,072 (66.6) 2%
Coronary artery disease 534 (17.2) 525 (16.9) 1%
Diabetes mellitus 538 (17.3) 531 (17.1) 1%
Nephrogenic diabetes insipidus 44 (1.4) 45 (1.4) 0%
Hypertension 1,610 (51.7) 1,612 (51.8) 0%
Lithium toxicity 9 (0.3) 14 (0.4) 2%
Schizophrenia or other psychotic 

disorders
1,024 (32.9) 1,009 (32.4) 1%

Unipolar depression/ and or 
anxiety

1,224 (39.3) 1,200 (38.5) 2%

Concurrent medication usee

Loop diuretics 216 (6.9) 214 (6.9) 0%
ACE inhibitors 728 (23.4) 722 (23.2) 0%
Angiotensin II blockers 388 (12.5) 400 (12.8) 1%
COX-2 inhibitors 112 (3.6) 99 (3.2) 2%
Other diuretics 257 (8.3) 268 (8.6) 1%
Potassium-sparing diuretics 79 (2.5) 83 (2.7) 1%
Typical antipsychotics 186 (6.0) 187 (6.0) 0%
Atypical antipsychotics 1,243 (39.9) 1,185 (38.1) 4%
SSRIs 1,060 (34.1) 1,053 (33.8) 1%
Anticonvulsants 294 (9.4) 310 (10.0) 2%
Antidepressants 872 (28.0) 883 (28.4) 1%
Benzodiazepines 1,011 (32.5) 999 (32.1) 1%
NSAIDs (excluding ASA) 337 (10.8) 337 (10.8) 0%

No. of health care contacts, mean (± SD)f,g

Primary health care visits 10.99 (11.17) 10.73 (10.46) 2%
Nephrologist visits 0.16 (0.75) 0.15 (1.08) 1%
Psychiatrist visits 5.79 (13.10) 5.70 (13.43) 1%
Hospitalizations 0.21 (0.59) 0.20 (0.62) 2%
Emergency department visits 0.95 (1.82) 0.91 (1.79) 2%

Laboratory measurementsh

eGFR
≥ 60 mL/min/1.73 m2 2,261 (72.6) 2,261 (72.6) 0%
< 60 mL/min/1.73 m2 852 (27.4) 852 (27.4) 0%

Serum lithium
> 0.7 mmol/L 1,218 (39.1)
≤ 0.7 mmol/L 1,895 (60.9)

aData shown as n (%) unless otherwise noted.
bStandardized differences were used to compare valproate users to lithium users. 

Standardized differences are less sensitive to sample size than traditional hypothesis 
tests. They provide a measure of difference between groups with respect to a pooled 
standard deviation. A standardized difference > 10% is considered a meaningful 
difference between groups. In this study, standardized differences were calculated 
using valproate users as the referent.

cRural defined as residing in a location with a population of ≤ 10,000 individuals.
dComorbidities in the 5 years prior to the index date were considered.
eConcurrent medication use in the 120 days prior to index date were considered.
fHealth care contacts in the 365 days prior to index date were considered.
gHealth care utilization in the 365 days prior to index date were considered.
hLaboratory measurements in the 365 days prior to index date were considered.
Abbreviations: ACE = angiotensin-converting enzyme, ASA =  acetylsalicylic 

acid, CNS = central nervous system, COX = cyclo-oxygenase, CT = computed 
tomography, eGFR = estimated glomerular filtration rate, IQR = interquartile range, 
NSAID = nonsteroidal anti-inflammatory drug, PSA = prostate-specific antigen, 
SD = standard deviation, SSRI = selective serotonin reuptake inhibitor.
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looked ahead from index date and censored for end of data 
availability or death. Analyses were performed using SAS 
version 9.4 (SAS Institute; Cary, North Carolina; 2011) at 
ICES Western (London, Ontario, Canada).

RESULTS

After inclusion and exclusion criteria were applied, 
a total of 3,857 lithium users and 6,257 valproate users 
were identified. Prior to matching, data were complete, 
with 2 exceptions: 0.4% and 10% of patients’ data were 
missing regarding income quintile and prescriber specialty, 
respectively. We were able to match 3,113 lithium users to 
3,113 valproate users. The mean age of the matched cohort 
was 71.0 (± 6.0) years, and 59.0% were female. Lithium users 
had baseline lithium levels with a mean of 0.63 (± 0.26) 
mmol/L and a median of 0.63 mmol/L (IQR, 0.43–0.82). 
At baseline, the mean eGFR was similar between matched 
lithium and valproate users: 70.87 (± 17.41) and 70.63 
(± 18.84) mL/min/1.73 m2, respectively. Matched lithium 
and valproate users were similar for important baseline 
characteristics, such as psychiatric diagnosis, use of other 
psychiatric medications, and level of severity/chronicity (eg, 
number of hospitalizations in the 5 years prior to the index 
date) (Table 1).

The median duration of continuous medication usage 
during follow-up was 1.54 (IQR, 0.48–3.56) and 1.46 (IQR, 

0.42–3.45) years in lithium and valproate users, respectively. 
Lithium and valproate users were followed for a median 
(IQR) of 3.0 (1.4–5.2) and 3.1 (1.5–5.2) years, respectively. 
We did not censor for medication discontinuation or 
switching. During follow-up, 1,844 lithium users (47.8%) 
and 2,861 valproate users (45.7%) discontinued the study 
drug. Only a small fraction of patients switched to alternate 
study drug during follow-up: 193 lithium users (5%) and 70 
(1.1%) valproate users.

Lithium use was associated with an increased risk of 
renal decline compared to valproate use (HR = 1.14 [95% 
CI = 1.02–1.27]) over a median follow-up of 3.1 years (IQR, 
1.4–5.2) years (maximum 8.3 years) (Figure 2). Other 
outcomes are described in Table 2.

We found that lithium levels > 0.7 mmol/L were associated 
with an increased risk of renal decline compared to valproate 
use (HR = 1.26 [95% CI = 1.06–1.49], P = .0091), whereas 
this was not the case when lithium levels ≤ 0.7 mmol/L were 
compared to valproate use (HR = 1.06 [95% CI = 0.92–1.22], 
P = .40, P value for interaction .14) (Table 3). The mean and 
median lithium levels for patients with levels ≤ 0.7 mmol/L 
vs levels > 0.7 mmol/L were mean (SD) 0.46 (± 0.16) vs 0.90 
(± 0.13) mmol/L and median (IQR) 0.48 (0.33–0.60) vs 0.87 
(0.78–0.99) mmol/L.

CKD at baseline (eGFR < 60 mL/min/1.73 m2) was 
not associated with greater subsequent decreases in renal 
function during follow-up (HR = 0.85 [95% CI = 0.71–1.02], 
P = .08). In contrast, patients who did not have CKD at 
baseline had a higher risk (HR = 1.34 [95% CI = 1.17–1.54], 
P < .0001) (Table 3). Baseline CKD did significantly interact 
with our observed association between lithium use and renal 
outcome: patients who did not have CKD at baseline had a 
significantly higher risk of declined renal function (P value 
for interaction .0001).

DISCUSSION

In this large longitudinal study of older lithium users, 
we found that lithium was associated with a 14% increased 
risk of clinically important ≥ 30% decrease in renal function 
compared to valproate users, over an average follow-up of 
3.05 years. These estimates are more modest than previous 
studies with similar follow-up duration, which have suggested 
a 1.5–2.5 times increased risk of CKD and/or renal decline in 
older lithium users.11,12,22 These discrepancies may be due in 

Table 2. Renal Outcomes With Older Lithium and Valproate Users

Lithium (n = 3,113)
Valproate (Reference 

Group; n = 3,113) HR (95% CI) P Value
Primary Outcome
Evidence of a 30% or greater 

decrease of eGFR from baseline
21.7% (n = 674)

6.47/100 person years
18.8% (n = 584)

5.68/100 person years
1.14 (1.02–1.27) .017

Secondary Outcomes
Evidence of a 2-fold or greater 

increase of serum creatinine
4.5% (n = 139)

1.20/100 person years
4.4% (n = 137)

1.21/100 person years
0.99 (0.78–1.25) .91

Evidence of dialysis or kidney 
transplant

0.4% (n = 13)
0.11/100 person years

0.4% (n = 11)
0.10/100 person years

1.14 (0.51–2.53) .75

Abbreviations: CI = confidence interval, eGFR = estimated glomerular filtration rate, HR = hazard ratio.

Figure 2. Time-to-Event Data: Point at Which Patients Were 
First Noticed to Have a ≥ 30% Decrease in Renal Function 
(eGFR)

 Abbreviation: eGFR = estimated glomerular filtration rate.
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large part to our use of a valproate-using control group with 
propensity-score matching to control for many important 
covariates. Much of the renal risk in lithium patients is 
likely attributable to physical health comorbidities such as 
hypertension and diabetes, which should be monitored and 
managed in primary care.38 Since nephrologists can be more 
difficult to access, the National Institute for Health and Care 
Excellence (NICE) CKD guidelines recommend referral if 
eGFR is < 30 mL/min/1.73 m2 and/or there is a steep decline 
in renal function (eg, 5 points in 1 year, or 10 points in 5 
years).39 Nonetheless, this study continues to describe a 
substantial association between lithium use and clinically 
important decreases in renal function, although perhaps a 
smaller association than previously reported.

Of interest, in our secondary analysis, we explored 
whether lithium levels > 0.7 mmol/L may be associated with 
subsequent risk of renal decline (HR = 1.26 [95% CI = 1.06–
1.49]), whereas this was not observed when patients had 
baseline serum lithium level ≤ 0.7 mmol/L (HR = 1.06 [95% 
CI = 0.92–1.22]). While the interaction term was negative 
(P = .14), this was quite likely because the secondary analysis 
was underpowered. This suggests that lower levels may be 
helpful at mitigating the risk of lithium renal toxicity and 
that future studies should focus on determining empirically 
what levels are safest for use in the elderly.

To the best of our knowledge, this is the first large-
scale examination of the specific association between 
lithium levels and renal outcomes. The previous literature, 
consisting mostly of relatively small clinical samples, had 
found associations of toxic lithium levels with acute kidney 
injury (AKI) (eg, lithium levels > 1.0 mmol/L associated 
with eGFR reductions at 3-month follow-up),40 but no 
consistent association between lithium levels and chronic 
renal outcomes.17,23,41 In many jurisdictions, laboratory test 
centers use a serum lithium level target range of 0.6–1.2 
mmol/L based on the initial treatment trials of lithium in 
the 1960s–1980s,42,43 with geriatric-specific lithium levels 
not being reported. Recent expert consensus guidelines 
recommend lower lithium levels (0.4–0.8 mmol/L for ages 
60–79 and levels 0.4–0.7 mmol/L for ages ≥ 8028) in order to 
minimize toxicity, while having clinical effectiveness in older 
age bipolar disorder and late-life depression.3,44 Along similar 
lines, our study also suggests the use of lithium levels ≤ 0.7 

mmol/L in older adults with bipolar disorder, depression, 
and other disorders to lower the risk of progressive renal 
decline. Our findings also reinforce the need for increased 
monitoring of lithium levels and eGFR in older adults. This 
is especially important because (1) psychiatrists still often do 
not use eGFR, even though it is more precise than creatinine 
for measuring renal function45; (2) AKI can commonly lead 
to lithium level elevations in older age, which in our study is 
associated with worse renal outcomes; and (3) internationally 
only < 25%–30% of older adult lithium users25–27,46 meet 
NICE and ISBD guidelines to screen for lithium levels and 
renal function every 3 months.24,44

With renal decline being one of the main reasons to 
discontinue lithium,47 prescribing a dose that results in 
lithium levels ≤ 0.7 mmol/L could help patients remain 
safely on this agent.3,44 In turn, this could prevent psychiatric 
relapse due to lithium discontinuation, which occurs 
in > 33%–50% of unipolar depression patients and is more 
common in bipolar disorder patients.10 Whether ≤ 0.7 
mmol/L is enough for psychiatric stability is an important 
clinical question: In the recent GERI-BD trial, the only RCT 
to date in older age bipolar disorder, lithium’s head-to-head 
utility was confirmed vs valproate for mania/hypomania, 
with mean maximum lithium level of 0.76 mmol/L.48 On the 
other hand, lithium levels of even 0.3–0.6 mmol/L have been 
helpful for geriatric bipolar depression and maintenance.1,28 
It appears that the neuroprotective effects of lithium appear 
optimal, even at 0.25–0.5 mmol/L, to prevent cognitive 
impairment49 and have antisuicide effects,50 with lithium 
levels ≥ 0.8 mmol/L having the risk of neurotoxicity.51 In 
summary, psychiatric stability and neuroprotective effects 
with lithium are likely observed at < 0.7 mmol/L for most 
older adults. Some patients, especially those with mania, 
may need higher dosing on a case-by-case basis with close 
monitoring. Further research could assess whether changing 
laboratory recommendations for geriatric lithium levels 
to ≤ 0.7 mmol/L and the use of centralized monitoring 
systems (eg, clinical decision support system) could prevent 
psychiatric relapse while preventing progressive renal 
dysfunction in lithium users.25

Interestingly, patients with baseline CKD (eGFR < 60) 
were at lower risk of having further renal decline during 
follow-up. There are several potential explanations. Patients 

Table 3. Renal Outcome (Evidence of ≥ 30% eGFR Decrease From Baseline) in Older 
Lithium and Valproate Users Stratified by Baseline Lithium and CKD Values

Subgroup Exposure n
Total Person

Year Follow-Up
Hazard Ratio 

(95% CI) P Value
Interaction 

P Value
Baseline lithium ≤ 0.7 mmol/L Lithium 374 6,239 1.06 (0.92–1.22) .40 .14

Valproate 361 6,371 1.0 (reference)

Baseline lithium > 0.7 mmol/L Lithium 300 4,171 1.26 (1.06–1.49) .01
Valproate 223 3,916 1.0 (reference)

Baseline no CKD Lithium 456 7,585 1.34 (1.17–1.54) < .0001 .0001
Valproate 342 7,598 1.0 (reference)

Baseline CKD Lithium 218 2,825 0.85 (0.71–1.02) .08
Valproate 242 2,689 1.0 (reference)

Abbreviations: CI = confidence interval, CKD = chronic kidney disease, eGFR = estimated glomerular filtration 
rate.
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with CKD may be more closely monitored by their physicians 
for lithium levels and renal function, allowing more 
appropriately timed changes. Physicians caring for patients 
with CKD may target more conservative lithium levels 
(eg, < 0.7 mmol/L). This finding may also be due to selection 
bias—perhaps clinicians prescribe lithium preferentially in 
patients whose CKD is more stable. Although we found that 
patients with CKD may have a lower risk of progressive renal 
decline while on lithium, prescribing clinicians should be 
cautious: previous studies have been mixed, with some 
demonstrating that continuation of lithium in patients 
with CKD may be associated with worse renal outcomes in 
lithium users, while other studies did not find this.17,29,52 
Future studies could conduct similar analyses with a more 
stringent CKD definition (eg, baseline eGFR < 45 mL/
min/1.73 m2) and also explore whether the frequency of 
lithium level monitoring affects renal outcomes.

Strengths and Limitations
This study had many strengths. It was 5 times larger 

than previous analyses using older lithium users,11,12,22 
which permitted for propensity-score matching to control 
for many important covariates not previously controlled 
for. As well, in contrast to past reports, this study included 
laboratory measures of renal function. It was also the first 
study to examine the effects of serum lithium levels, as well 
as baseline CKD on renal outcomes.

There were also some limitations. First, we were unable 
to account for practice pattern variations in the timing/

frequency that physicians ordered renal function and 
lithium level laboratory tests. These tests could have been 
performed systematically, but we are unable to determine 
based on available data. Second, despite our use of a 
propensity score, there was also the possibility of residual 
confounding. Finally, we were unable to assess for certain 
clinical characteristics that may have affected kidney 
function (eg, acute kidney injury episodes).

CONCLUSIONS

In older adults, lithium use is associated with a statistically 
significant, but modest, increased risk of progressive 
renal decline. Specifically, lithium levels > 0.7 mmol/L are 
associated with the highest renal risk. Accordingly, in older 
adults with bipolar disorder or depression, targeting lithium 
levels ≤ 0.7 mmol/L may be a strategy to lower the risk of 
decreased renal function associated with this agent. Doing 
so may permit many patients to remain safely on lithium 
and prevent psychiatric relapse.10 An interesting future 
direction, if ever feasible in an even larger older lithium user 
sample, could be the following: to use a receiver operating 
curve analysis to identify the serum lithium level at which 
CKD risk begins to elevate. Further research could also 
assess whether changing laboratory recommendations 
for geriatric lithium levels to ≤ 0.7 mmol/L and the use 
of centralized monitoring/warning systems could still be 
effective psychiatrically, while preventing renal disease in 
lithium users.25
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eqpvtqnu"ycu"cfftguugf0"Etquu"ugevkqpcn"
uvwf{Ïkh"crrnkecdng."fguetkdg"cpcn{vkecn"
ogvjqfu"vcmkpi"ceeqwpv"qh"ucornkpi"
uvtcvgi{0"
*g+"Fguetkdg"cp{"ugpukvkxkv{"cpcn{ugu0"

Fcvc"ceeguu"cpf"engcpkpi"ogvjqfu"
34" Ï" 3403<"Cwvjqtu"ujqwnf"fguetkdg"vjg"

gzvgpv"vq"yjkej"vjg"kpxguvkicvqtu"
jcf"ceeguu"vq"vjg"fcvcdcug"
rqrwncvkqp"wugf"vq"etgcvg"vjg"uvwf{"
rqrwncvkqp0"
3404<"Cwvjqtu"ujqwnf"rtqxkfg"
kphqtocvkqp"qp"vjg"fcvc"engcpkpi"
ogvjqfu"wugf"kp"vjg"uvwf{0"

Ï" ヱンどヱヴ"

Nkpmcig"
34" Ï" 3405<"Uvcvg"yjgvjgt"vjg"uvwf{"

kpenwfgf"rgtuqp"ngxgn."kpuvkvwvkqpcn"
ngxgn."qt"qvjgt"fcvc"nkpmcig"cetquu"
vyq"qt"oqtg"fcvcdcugu0"Vjg"
ogvjqfu"qh"nkpmcig"cpf"ogvjqfu"
qh"nkpmcig"swcnkv{"gxcnwcvkqp"
ujqwnf"dg"rtqxkfgf0"

Ï" Γ""

Tguwnvu"
Rctvkekrcpvu"
35" *c+"Tgrqtv"vjg"pwodgtu"qh"kpfkxkfwcnu"cv"

gcejuvcig"qh"vjg"uvwf{"*gi."pwodgtu"
rqvgpvkcnn{"gnkikdng."gzcokpgf"hqt"
gnkikdknkv{."eqphktogf"gnkikdng."kpenwfgf"kp"
vjg"uvwf{."eqorngvkpi"hqnnqy/wr."cpf"
cpcn{ugf+0"
*d+"Ikxg"tgcuqpu"hqt"pqp/rctvkekrcvkqp"cv"
gcej"uvcig0"
*e+"Eqpukfgt"wug"qh"c"hnqy"fkcitco0"

3503<"Fguetkdg"kp"fgvckn"vjg"
ugngevkqp"qh"vjg"kpfkxkfwcnu"
kpenwfgf"kp"vjg"uvwf{"*vjcv"ku."uvwf{"
rqrwncvkqp"ugngevkqp+"kpenwfkpi"
hknvgtkpi"dcugf"qp"fcvc"swcnkv{."
fcvc"cxckncdknkv{."cpf"nkpmcig0"Vjg"
ugngevkqp"qh"kpenwfgf"kpfkxkfwcnu"
ecp"dg"fguetkdgf"kp"vjg"vgzv"qt"d{"
ogcpu"qh"vjg"uvwf{"hnqy"fkcitco0"

Ï" ヱヴ"
Eｷｪ┌ヴW"ヱ""

Fguetkrvkxg"fcvc" " " " "
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Uwrrngogpvct{"Vcdng"3<"TGrqtvkpi"qh"uvwfkgu"Eqpfwevgf"wukpi"Qdugtxcvkqpcn"Tqwvkpgn{/eqnngevgf"Fcvc"Rjctoceq/Grkfgokqnqi{"
*TGEQTF/RG+"

36" *c+"Ikxg"ejctcevgtkuvkeu"qh"uvwf{"
rctvkekrcpvu"*gi."fgoqitcrjke."enkpkecn."
uqekcn+"cpf"kphqtocvkqp"qp"gzrquwtgu"cpf"
rqvgpvkcn"eqphqwpfgtu0"
*d+"Kpfkecvg"vjg"pwodgt"qh"rctvkekrcpvu"
ykvj"okuukpi"fcvc"hqt"gcej"xctkcdng"qh"
kpvgtguv0"
*e+"Eqjqtv"uvwf{Ïuwooctkug"hqnnqy/wr"
vkog"*gi."cxgtcig"cpf"vqvcn"coqwpv+0"

Ï" Ï" ヱヴどヱヵ"
~;HﾉW"ヱ""
ヱΓどヲヰ"

Qwveqog"fcvc"
37" Eqjqtv"uvwf{Ïtgrqtv"pwodgtu"qh"

qwveqog"gxgpvu"qt"uwooct{"ogcuwtgu"
qxgt"vkog0"
Ecug/eqpvtqn"uvwf{Ïtgrqtv"pwodgtu"kp"
gcej"gzrquwtg"ecvgiqt{."qt"uwooct{"
ogcuwtgu"qh"gzrquwtg0"Etquu"ugevkqpcn"
uvwf{Ïtgrqtv"pwodgtu"qh"qwveqog"
gxgpvu"qt"uwooct{"ogcuwtgu0"

Ï" Ï" ヱヵ"
~;HﾉW"ヲ"

Ockp"tguwnvu"
38" *c+"Ikxg"wpcflwuvgf"guvkocvgu"cpf."kh"

crrnkecdng."eqphqwpfgt"cflwuvgf"guvkocvgu"
cpf"vjgkt"rtgekukqp"*gi.";7'"eqphkfgpeg"
kpvgtxcnu+0"Ocmg"engct"yjkej"eqphqwpfgtu"
ygtg"cflwuvgf"hqt"cpf"yj{"vjg{"ygtg"
kpenwfgf0"
*d+"Tgrqtv"ecvgiqt{"dqwpfctkgu"yjgp"
eqpvkpwqwu"xctkcdngu"ctg"ecvgiqtkugf0"
*e+"Kh"tgngxcpv."eqpukfgt"vtcpuncvkpi"
guvkocvgu"qh"tgncvkxg"tkum"kpvq"cduqnwvg"
tkum"hqt"c"ogcpkpihwn"vkog"rgtkqf0"

Ï" Ï" ヱヶ"
~;HﾉW"ヲ""

Qvjgt"cpcn{ugu"
39" Tgrqtv"qvjgt"cpcn{ugu"fqpgÏgi."cpcn{ugu"

qh"uwditqwru"cpf"kpvgtcevkqpu."cpf"
ugpukvkxkv{"cpcn{ugu0"

Ï" Ï" ヱヶ"

Fkuewuukqp"
Mg{"tguwnvu"
3:" Uwooctkug"mg{"tguwnvu"ykvj"tghgtgpeg"vq"

uvwf{"qdlgevkxgu0"
Ï" Ï" ヱヶどヱΑ"
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Uwrrngogpvct{"Vcdng"3<"TGrqtvkpi"qh"uvwfkgu"Eqpfwevgf"wukpi"Qdugtxcvkqpcn"Tqwvkpgn{/eqnngevgf"Fcvc"Rjctoceq/Grkfgokqnqi{"
*TGEQTF/RG+"

Nkokvcvkqpu"
3;" Fkuewuu"nkokvcvkqpu"qh"vjg"uvwf{."vcmkpi"

kpvq"ceeqwpv"uqwtegu"qh"rqvgpvkcn"dkcu"qt"
kortgekukqp0"Fkuewuu"dqvj"fktgevkqp"cpf"
ocipkvwfg"qh"cp{"rqvgpvkcn"dkcu0"

3;03<"Fkuewuu"vjg"kornkecvkqpu"qh"
wukpi"fcvc"vjcv"ygtg"pqv"etgcvgf"qt"
eqnngevgf"vq"cpuygt"vjg"urgekhke"
tgugctej"swguvkqp*u+0"Kpenwfg"
fkuewuukqp"qh"okuencuukhkecvkqp"
dkcu."wpogcuwtgf"eqphqwpfkpi."
okuukpi"fcvc."cpf"ejcpikpi"
gnkikdknkv{"qxgt"vkog."cu"vjg{"
rgtvckp"vq"vjg"uvwf{"dgkpi"tgrqtvgf0"

3;030c<"Fguetkdg"vjg"fgitgg"vq"yjkej"vjg"
ejqugp"fcvcdcug*u+"cfgswcvgn{"ecrvwtgu"
vjg"ftwi"gzrquwtg*u+"qh"kpvgtguv0"

ヱΒ"

Kpvgtrtgvcvkqp"
42" Ikxg"c"ecwvkqwu"qxgtcnn"kpvgtrtgvcvkqp"qh"

tguwnvu"eqpukfgtkpi"qdlgevkxgu."
nkokvcvkqpu.ownvkrnkekv{"qh"cpcn{ugu."
tguwnvu"htqo"ukoknct"uvwfkgu."cpf"qvjgt"
tgngxcpv"gxkfgpeg0"

Ï" 420c<"Fkuewuu"vjg"rqvgpvkcn"hqt"
eqphqwpfkpi"d{"kpfkecvkqp."
eqpvtckpfkecvkqp"qt"fkugcug"ugxgtkv{"qt"
ugngevkqp"dkcu"*jgcnvj{"cfjgtgt1ukem"
uvqrrgt+"cu"cnvgtpcvkxg"gzrncpcvkqpu"hqt"
vjg"uvwf{"hkpfkpiu"yjgp"tgngxcpv0""

ヱヶどヱΒ"

Igpgtcnkucdknkv{"
43" Fkuewuu"vjg"igpgtcnkucdknkv{"*gzvgtpcn"

xcnkfkv{+"qh"vjg"uvwf{"tguwnvu0"
Ï" Ï" ヱΑどヱΒ""

Qvjgt"kphqtocvkqp"
Hwpfkpi"
44" Ikxg"vjg"uqwteg"qh"hwpfkpi"cpf"vjg"tqng"qh"

vjg"hwpfgtu"hqt"vjg"rtgugpv"uvwf{"cpf."kh"
crrnkecdng."hqt"vjg"qtkikpcn"uvwf{"qp"
yjkej"vjg"rtgugpv"ctvkeng"ku"dcugf0"

Ï" Ï" ヱΓどヲヰ"

Ceeguukdknkv{"qh"rtqvqeqn."tcy"fcvc."cpf"rtqitcookpi"eqfg"
44" Ï" 4403<"Cwvjqtu"ujqwnf"rtqxkfg"

kphqtocvkqp"qp"jqy"vq"ceeguu"cp{"
uwrrngogpvcn"kphqtocvkqp"uwej"
cuvjg"uvwf{"rtqvqeqn."tcy"fcvc."qt"
rtqitcookpi"eqfg0"

Ï" ヲヰ"

TGEQTF?tgrqtvkpi"qh"uvwfkgu"eqpfwevgf"wukpi"qdugtxcvkqpcn"tqwvkpgn{"eqnngevgf"fcvc="TGEQTF/RG?TGEQTF"hqt"rjctoceqgrkfgokqnqikecn"tgugctej="
UVTQDG?uvtgpivjgpkpi"vjg"tgrqtvkpi"qh"qdugtxcvkqpcn"uvwfkgu"kp"grkfgokqnqi{0",TGHGTGPEG<"Ncpicp"UO."Uejokfv"U."Ykpi"M."Gjtgpuvgkp"X."Pkejqnnu"U."
Hknkqp"M."Mnwpign"Q."Rgvgtugp"K."Uqtgpugp"J."Iwvvocpp"C."Jcttqp"M."Jgomgpu"N."Oqjgt"F."Uejpggygkuu"U."Uoggvj"N."Uvwtmgpdqqo"O."xqp"Gno"G."Ycpi"U."
Dgpejkoqn"GK0"Vjg"TGrqtvkpi"qh"uvwfkgu"Eqpfwevgf"wukpi"Qdugtxcvkqpcn"Tqwvkpgn{/eqnngevgf"jgcnvj"Fcvc"*TGEQTF+"Uvcvgogpv"hqt"Rjctoceqgrkfgokqnqi{"
*TGEQTF/RG+0DOL"423:="585<"m57540"
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First lithium or 

valproate 

prescription 

Second lithium 

or valproate 

prescription

i.e index date 

Censor at end of 

study period, or 

death 

Covariate 

A

Follow- up 

period 

1.5x the days supplied of the 1st prescription 

Assessment 

Follow up periody pp p p

� 5 year look back period for comorbidities

� 120 days look back period for baseline medication

� 1 year look back period for health care contact, 

health care utilization and baseline laboratory 

Follow up period 

� Minimum 1 day 

� Maximum 10.25 years 

y

measurements  

Supplementary Figure 1: Study timeline for a patient 
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