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Use of Lithium and Anticonvulsants and the Rate
of Chronic Kidney Disease
A Nationwide Population-Based Study
Lars Vedel Kessing, MD, DMSc; Thomas Alexander Gerds, PhD; Bo Feldt-Rasmussen, MD, DMSc;
Per Kragh Andersen, PhD, DMSc; Rasmus W. Licht, MD, PhD

IMPORTANCE Lithium is the main mood stabilizing drug for bipolar disorder. However, it is
controversial whether long-term maintenance treatment with lithium or other drugs for
bipolar disorder causes chronic kidney disease (CKD).

OBJECTIVE To compare rates of CKD and in particular rates of end-stage CKD among
individuals exposed to successive prescriptions of lithium, anticonvulsants, or other drugs
used for bipolar disorder.

DESIGN, SETTING, AND PARTICIPANTS This is a Danish nationwide population-based study of 2
cohorts. Cohort 1 comprised a randomly selected sample of 1.5 million individuals among all
persons who were registered in Denmark on January 1, 1995, all patients with a diagnosis of a
single manic episode or bipolar disorder between January 1, 1994, and December 31, 2012
(n =10 591), and all patients exposed to either lithium (n = 26 731) or anticonvulsants (n=420
959). Cohort 2 included the subgroup of 10 591 patients diagnosed as having bipolar disorder.

MAIN OUTCOMES AND MEASURES Possible CKD, definite CKD, and end-stage CKD (defined as
long-term dialysis or renal transplantation).

RESULTS A total of 14 727 (0.8%), 18 762 (1.0%), and 3407 (0.2%) in cohort 1 and 278 (2.6%),
319 (3.0%), and 62 (0.6%) in cohort 2 were diagnosed as having possible, definite, or end-stage
CKD, respectively. Based on the total sample and not considering diagnoses, use of lithium was
associated with an increased rate of definite CKD (0 prescriptions: hazard ratio [HR] = 1.09, 95%
CI, 0.81-1.45; �60 prescriptions: HR = 3.65, 95% CI, 2.64-5.05; P for trend < .001) and possible
CKD (0 prescriptions: HR = 1.01, 95% CI, 0.79-1.30; �60 prescriptions: HR = 2.88, 95% CI, 2.17-
3.81; P for trend < .001), whereas use of anticonvulsants, antipsychotics, or antidepressants was
not. Neither use of lithium nor use of any other drug class was associated with increasing rates of
end-stage CKD. In patients with bipolar disorder, use of lithium was associated with an increased
rate of definite CKD (1-2 prescriptions: HR = 0.89, 95% CI, 0.39-2.06; �60 prescriptions: HR =
2.54, 95% CI, 1.81-3.57; P for trend < .001) or possible CKD (1-2 prescriptions: HR = 1.26, 95% CI,
0.65-2.43; �60 prescriptions, HR = 2.48, 95% CI, 1.80-3.42; P for trend < .001), as was use of
anticonvulsants (definite CKD, 1-2 prescriptions: HR = 1.23, 95% CI, 0.76-1.99; �60 prescriptions,
HR = 2.30, 95% CI, 1.53-3.44; P for trend < .001; possible CKD, 1-2 prescriptions: HR = 1.11, 95% CI,
0.70-1.76; �60 prescriptions: HR = 1.97, 95% CI, 1.34-2.90; P for trend < .001). There was no such
associationwithantipsychoticsorantidepressants.Alsoinpatientswithbipolardisorder,useoflithium
was not significantly associated with an increased rate of end-stage CKD, whereas use of
anticonvulsantswas(1-2prescriptions,HR = 0[95%CI,0.00-infinity];30-39prescriptions:HR = 3.23,
95% CI, 1.26-8.27; �60 prescriptions: HR = 2.06, 95% CI, 0.82-5.16; P for trend = .002).

CONCLUSIONS AND RELEVANCE Maintenance treatment with lithium or anticonvulsants as
practiced in modern care is associated with an increased rate of CKD. However, use of lithium
is not associated with an increased rate of end-stage CKD. The associations between use of
medication and CKD may at least partly be attributed to bias.
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L ithium has for more than 60 years been the main mood
stabilizing treatment for bipolar disorder, and the evi-
dence for a prophylactic effect of lithium is strong1,2 and

still increasing.3,4 Unfortunately, the potential adverse ef-
fects of lithium have always been an issue; among these, the
possible effect of long-term lithium treatment on renal func-
tion has given rise to considerable concern.5,6 With results from
the 3 most recent and largest controlled studies,7-9 it is still con-
troversial whether the protracted use of lithium can cause pro-
gressive deterioration in renal function, culminating in renal
failure. The first of these studies, based on Swedish data,7 con-
cluded that modern lithium treatment within recommended
serum levels may have eliminated the risk of lithium-
induced end-stage renal disease,10 whereas 2 UK studies found
that lithium was associated with an approximately 2-fold in-
creased risk of renal failure.8,9 However, detection bias is an
important issue to consider as patients exposed to lithium may
be offered intensive screening of their creatinine level in con-
trast to patients treated with other psychotropics. To our
knowledge, no longitudinal study has investigated whether the
risk of chronic kidney disease (CKD) is specifically confined
to lithium or whether other drugs used for long-term mainte-
nance treatment for bipolar disorder such as anticonvulsants
and antipsychotics also bear an increased risk of renal failure,
as in fact suggested by a few cross-sectional studies.11,12 The
aims of the present study were to compare rates of CKD and,
to minimize the risk of detection bias, in particular rates of ir-
reversible end-stage CKD (defined as long-term dialysis or re-
nal transplantation) among individuals exposed to lithium, in-
dividuals exposed to anticonvulsants and other drugs used for
bipolar disorder, and individuals unexposed to these drugs.

Methods
Registers
Data were obtained by linking Danish population-based reg-
isters using the unique personal identification number as-
signed to all 5.4 million persons living in Denmark.13 In this
way, the Register of Medicinal Product Statistics14 was linked
with the Danish Medical Register on Vital Statistics,15 the Dan-
ish National Hospital Register,16 the Danish Psychiatric Cen-
tral Register,17 and the Danish National Register on Regular Di-
alysis and Transplantation.18 Details on data from the 4 registers
are provided in eAppendix 1 in the Supplement.

The study was approved by the Danish Data Protection
Agency. Informed consent was not required because the study
used deidentified data from large databases.

Study Cohorts
The study included 2 cohorts. Cohort 1 (n = 1 800 591) con-
sisted of the following: (1) a randomly selected sample of
1 500 000 individuals among all persons who were regis-
tered in Denmark on January 1, 1995; (2) all patients having their
first psychiatric contact ever (as inpatients or outpatients) be-
tween January 1, 1994, and December 31, 2012, and receiving
a main diagnosis of a single manic episode or bipolar disorder
(n = 10 591) (International Statistical Classification of Dis-

eases and Related Health Problems, Tenth Revision [ICD-10]
codes DF30-31.9 plus 38.00) at that occasion; and (3) all per-
sons exposed to either lithium (n = 26 731) or anticonvul-
sants (n = 420 959) identified on the date of their first pre-
scription of either drug between January 1, 1995, and December
31, 2012. Cohort 2 is the subcohort of 10 591 patients diag-
nosed as having bipolar disorder. Thus, the analyses of co-
hort 1 investigated the effect of drugs regardless of the indi-
cation.

Patients were excluded if they had a hospital contact as in-
patient or outpatient with a diagnosis of renal dysfunction of
any kind (ICD-8 codes 580-591 and 593, ICD-10 codes N00-
N19 and N25-N29) prior to inclusion in the study.

Outcomes
Detection bias may be more prevalent when CKD is the out-
come measure but substantially less when end-stage CKD (di-
alysis or transplantation) is the outcome measure since al-
most all patients with end-stage illness will be diagnosed in
Denmark and referred for dialysis or kidney transplantation.
Consequently, we chose 2 main outcome measures: (1) first hos-
pital contact with a discharge diagnosis of CKD defined in a nar-
row way, termed definite CKD (ICD-10 codes N18-N19.9 inclu-
sive plus N14.1, N14.2, N16.8, N25.1, N26, and N27); and (2)
end-stage CKD, defined as irreversible end-stage CKD with
either dialysis or transplantation, extracted from the Danish
National Register on Regular Dialysis and Transplantation as
the first entry (if any) dated after January 1, 1995.

For sensitivity analysis, we further included a third and
broad definition of CKD termed possible CKD (ICD-10 codes
N18-N19.9 inclusive plus N00, N01, N03, N04, N05, N06,
N8.8 plus N14.1, N14.2, N16.8, N17, N25.1, N26, and N27). For
a detailed description of N diagnoses, see eAppendix 2 in the
Supplement.

Statistical Analysis
Poisson regression analyses used diagnosis of CKD (narrow and
broad definition) and end-stage CKD as separate outcomes and
with the number of prescriptions of lithium and the number
of prescriptions of anticonvulsants as the main variables of in-
terest. At any time in the study period from January 1, 1995,
to December 31, 2012, the prescription histories of lithium (Ana-
tomical Therapeutic Chemical Classification System codes
N05AN, N05AN01), anticonvulsants (N03), antipsychotics
(N05A), and antidepressants (N06A) were summarized as num-
ber of prescriptions and thereafter grouped (0, 1-2, 3-9, 10-19,
20-29, 30-39, 40-59, ≥60 prescriptions). History of any other
prescription was summarized as 0 (no prescription since Janu-
ary 1, 1995) or 1 (≥1 other prescription since January 1, 1995).

We intended to include first-time users of lithium and an-
ticonvulsants. Consequently, events and person-years from
1995 were not included to avoid misclassification of the first
prescription period for lithium or anticonvulsants due to lack
of information before the start of the registry. Person-years and
diagnoses of CKD and end-stage CKD were counted in catego-
ries defined by calendar year (3-year categories), bipolar diag-
nosis or not, current age (5-year categories), sex, employ-
ment status (employed or student vs unemployed, disability
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or age pension, or other), use of all other kinds of medication
(including somatic medication) (other medication was sum-
marized as 0 or 1), and prescription history.

Poisson regression analyses were conducted both in co-
hort 1 and in the subcohort of patients diagnosed as having bi-
polar disorder (cohort 2).

Cohort 1
Analyses were performed to estimate the rate of CKD in all in-
dividuals by the number of prescriptions of lithium, anticon-
vulsants, antipsychotics, and antidepressants. In these analy-
ses, we defined 1 or 2 prescriptions as the reference to reduce
potential confounding by indication as patients prescribed a
medication have a disorder that may be associated with CKD
itself.

Cohort 2
In analyses for cohort 2, we defined the unexposed period (0
prescriptions) as the reference. Follow-up was terminated at
the date of death or the end of the study period (December 31,
2012), whichever came first. Hazard ratios (HRs) and 95% con-
fidence intervals are reported and trend tests of cumulative
numbers of prescriptions were considered the primary analy-
sis to reduce overinterpretation of a positive finding due to mul-
tiple testing.

Sensitivity analyses and calculations of cumulative inci-
dences of definite CKD are described in eAppendix 3 in the
Supplement.

Results
Cohort 1
Characteristics of cohort 1 (n = 1 800 591) are presented in
eAppendix 4 in the Supplement. Table 1 presents HRs for
definite CKD, possible CKD, and end-stage CKD related to
the number of prescriptions of lithium, anticonvulsants,
antipsychotics, and antidepressants and adjusted for age,
sex, employment status, calendar year, a diagnosis of bipolar
disorder, and use of all other kinds of medication. Patients
with a main diagnosis of a single manic episode or bipolar
disorder had increased rates of CKD compared with indi-
viduals without a diagnosis and regardless of outcome mea-
sure, but this was most pronounced in relation to end-stage
CKD (HR = 2.47 [95% CI, 1.82-3.36]).

In cohort 1, 14 727 individuals (0.8%) were diagnosed as
having definite CKD, 18 762 (1.0%) as having possible CKD, and
3407 (0.2%) as having end-stage CKD. Table 1 shows that rates
of all 3 outcome measures increased with the number of pre-
scriptions for lithium but not for anticonvulsants, antipsy-
chotics, or antidepressants. Trend tests confirmed statisti-
cally significant associations between the number of
prescriptions of lithium and the rate of definite CKD (0 pre-
scriptions: HR = 1.09 [95% CI, 0.81-1.45]; ≥60 prescriptions:
HR = 3.65 [95% CI, 2.64-5.05]; P for trend < .001) and pos-
sible CKD (0 prescriptions: HR = 1.01 [95% CI, 0.79-1.30]; ≥60
prescriptions: HR = 2.88 [95% CI, 2.17-3.81]; P for trend < .001)
but not for end-stage CKD (P for trend = .88).

Prescription of all other kinds of medication was associ-
ated with substantially increased rates of all 3 outcome mea-
sures, and women and employed individuals/students had de-
creased rates (Table 1).

Effect modification analyses using likelihood ratio tests
showed no significant changes of the association between
lithium and CKD with respect to simultaneous use of anticon-
vulsants regardless of the outcome measures (all P > .20).

Cohort 2
Characteristics of cohort 2 (n = 10 591) are presented in eAp-
pendix 5 in the Supplement. As can be seen from Table 2, find-
ings in cohort 2 differed from findings in cohort 1. A total of
278 (2.6%) were diagnosed as having definite CKD, 319 (3.0%)
as having possible CKD, and 62 (0.6%) as having end-stage CKD.
Rates of definite CKD and possible CKD did increase not only
with the number of prescriptions of lithium (definite CKD, 1-2
prescriptions: HR = 0.89 [95% CI, 0.39-2.06]; ≥60 prescrip-
tions: HR = 2.54 [95% CI, 1.81-3.57]; P for trend < .001; pos-
sible CKD, 1-2 prescriptions: HR = 1.26 [95% CI, 0.65-2.43]; ≥60
prescriptions, HR = 2.48 [95% CI, 1.80-3.42]; P for trend < .001)
but also for the number of prescriptions of anticonvulsants
(definite CKD, 1-2 prescriptions: HR = 1.23 [95% CI, 0.76-
1.99]; ≥60 prescriptions: HR = 2.30 [95% CI, 1.53-3.44]; P for
trend < .001; possible CKD, 1-2 prescriptions: HR = 1.11 [95%
CI, 0.70-1.76]; ≥60 prescriptions: HR = 1.97 [95% CI, 1.34-
2.90]; P for trend < .001) and with rather similar effect sizes.
All trend tests showed statistically significant associations. The
rates of end-stage CKD did not increase with the number of
lithium prescriptions (P for trend = .30), whereas they signifi-
cantly increased with the number of prescriptions of anticon-
vulsants (1-2 prescriptions: HR = 0 [95% CI, 0.00-infinity];
30-39 prescriptions: HR = 3.23 [95% CI, 1.26-8.27]; ≥60 pre-
scriptions: HR = 2.06 [95% CI, 0.82-5.16]; P for trend = .002).

There were no statistically significant associations be-
tween the number of prescriptions of antipsychotics or anti-
depressants and CKD for any of the 3 outcome measures. As
in cohort 1, women and employed individuals/students sys-
tematically had decreased rates (adjusted for all other vari-
ables in Table 2).

Also, the effect of cumulative lithium treatment on the rate
of definite CKD was not significantly modified by treatment
with anticonvulsants (P > .05). The linear trend associated with
cumulative lithium exposure and rate of definite CKD was sig-
nificantly different in men with bipolar disorder (HR = 1.31 [95%
CI, 1.16-1.48]) and women with bipolar disorder (HR = 1.08 [95%
CI, 0.98-1.19]) (P = .01). There were no significant modifica-
tions of linear trends between cumulative lithium exposure and
any of the 3 outcome measures by age (<50 vs ≥50 years of age)
or employment status (employed/student vs all others) (all
P > .05).

Table 3 shows that rates of definite CKD and possible CKD
increased with the number of prescriptions of carbamaze-
pine and the group all other anticonvulsants but not clearly
with the number of prescriptions of the other anticonvul-
sants (lamotrigine, clonazepam, or valproate sodium).

Figure 1 and Figure 2 show the cumulative incidences
of definite CKD starting at the 30th, 45th, 60th, and 75th
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Table 1. Hazard Ratios of CKD for 1 800 591 Individuals in Cohort 1a

Variable

Definite CKD
(n = 14 727)

Possible CKD
(n = 18 762)

End-Stage CKD
(n = 3407)

HR (95% CI) P Valueb HR (95% CI) P Valueb HR (95% CI) P Valueb

Lithium prescriptions, No.

0 1.09 (0.81-1.45)

<.001

1.01 (0.79-1.30)

<.001

0.91 (0.51-1.61)

.88

1-2 1 [Reference] 1 [Reference] 1 [Reference]

3-9 1.68 (1.17-2.42) 1.38 (1.00-1.89) 1.44 (0.70-2.96)

10-19 1.93 (1.33-2.78) 1.73 (1.26-2.38) 1.42 (0.68-2.99)

20-29 2.54 (1.75-3.67) 2.05 (1.48-2.85) 1.92 (0.91-4.04)

30-39 2.99 (2.06-4.33) 2.35 (1.69-3.27) 1.61 (0.72-3.60)

40-59 3.04 (2.15-4.29) 2.40 (1.77-3.25) 1.49 (0.70-3.17)

≥60 3.65 (2.64-5.05) 2.88 (2.17-3.81) 0.97 (0.45-2.10)

Anticonvulsant prescriptions,
No.

0 0.72 (0.68-0.76)

.34

0.69 (0.66-0.73)

.06

0.75 (0.67-0.86)

.06

1-2 1 [Reference] 1 [Reference] 1 [Reference]

3-9 1.10 (1.02-1.20) 1.06 (0.98-1.14) 0.97 (0.80-1.17)

10-19 1.04 (0.93-1.15) 1.04 (0.95-1.14) 1.11 (0.89-1.38)

20-29 1.08 (0.96-1.23) 1.03 (0.92-1.15) 1.00 (0.76-1.32)

30-39 1.13 (0.98-1.30) 1.04 (0.92-1.19) 0.99 (0.72-1.36)

40-59 1.02 (0.89-1.16) 0.98 (0.87-1.10) 1.07 (0.81-1.40)

≥60 0.92 (0.83-1.03) 0.90 (0.81-0.99) 0.68 (0.52-0.88)

Antipsychotic prescriptions,
No.

0 1.00 (0.93-1.09)

.71

0.98 (0.92-1.05)

.64

1.23 (1.03-1.47)

.03

1-2 1 [Reference] 1 [Reference] 1 [Reference]

3-9 0.86 (0.77-0.97) 0.92 (0.83-1.02) 0.78 (0.60-1.03)

10-19 0.88 (0.76-1.01) 0.90 (0.79-1.02) 0.68 (0.48-0.96)

20-29 0.80 (0.67-0.96) 0.83 (0.71-0.97) 0.52 (0.33-0.84)

30-39 0.87 (0.72-1.07) 0.97 (0.81-1.15) 0.64 (0.39-1.04)

40-59 0.89 (0.75-1.05) 0.92 (0.79-1.07) 0.76 (0.51-1.13)

≥60 0.98 (0.86-1.11) 1.04 (0.93-1.17) 0.73 (0.53-0.99)

Antidepressant prescriptions,
No.

0 0.69 (0.65-0.73)

.01

0.68 (0.65-0.72)

.004

0.80 (0.70-0.91)

.45

1-2 1 [Reference] 1 [Reference] 1 [Reference]

3-9 0.91 (0.84-0.99) 0.90 (0.84-0.96) 0.91 (0.77-1.08)

10-19 0.84 (0.77-0.92) 0.84 (0.77-0.91) 0.81 (0.66-0.99)

20-29 0.84 (0.75-0.93) 0.84 (0.77-0.93) 0.95 (0.76-1.20)

30-39 0.88 (0.78-0.99) 0.89 (0.80-0.99) 0.65 (0.47-0.88)

40-59 0.84 (0.76-0.94) 0.81 (0.73-0.89) 0.80 (0.61-1.04)

≥60 0.91 (0.83-1.00) 0.91 (0.83-0.99) 1.04 (0.83-1.30)

Bipolar diagnosis

No 1 [Reference]
…

1 [Reference]
…

1 [Reference]
…

Yes 1.43 (1.24-1.65) 1.42 (1.25-1.62) 2.47 (1.82-3.36)

All other medication

No 1 [Reference]
…

1 [Reference]
…

1 [Reference]
…

Yes 6.56 (4.95-8.70) 4.11 (3.41-4.96) 5.13 (3.33-7.91)

Sex

Male 1 [Reference]
…

1 [Reference]
…

1 [Reference]
…

Female 0.47 (0.45-0.48) 0.50 (0.48-0.51) 0.43 (0.40-0.46)

(continued)
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birthday according to ever previous treatment with lithium and
anticonvulsants, respectively.

Discussion
To our knowledge, this is the first nationwide population-
based longitudinal study including data on all individuals
who, during a period of up to 17 years, were prescribed
lithium, anticonvulsants, or other drugs for bipolar disorder
as well as all data on CKD and death. We found that patients
diagnosed as having mania or bipolar disorder had increased
rates of definite, possible, and end-stage CKD that persisted
after adjustment for treatment with lithium, anticonvul-
sants, antipsychotics, antidepressants, and all other types of
drugs. Given unknown indications for treatment, use of
lithium was associated with an increased rate of definite and
possible CKD, whereas use of anticonvulsants, antipsychot-
ics, or antidepressants was not; neither use of lithium nor
use of any other drug class was associated with increasing
rates of end-stage CKD. In the subcohort of patients diag-
nosed as having bipolar disorder, treatment with lithium and
treatment with anticonvulsants were associated with
increased rates of definite and possible CKD and at a similar
magnitude (up to 2-fold), whereas there was no such asso-
ciation regarding treatment with antipsychotics or antide-
pressants. In this subcohort, rates of end-stage CKD did not
increase with the number of lithium prescriptions but did
increase with the number of prescriptions of anticonvul-
sants. The association between lithium and CKD was not
modified by concomitant use of anticonvulsants (ie, combi-
nation therapy), regardless of outcome measure. Continued
treatment with carbamazepine and the group all other anti-
convulsants was associated with increased rates of definite
and possible CKD.

The findings should be evaluated in the context of the
observational design of the study. Even detection bias might
contribute to the result that patients diagnosed as having
bipolar disorder had increased rates of definite, possible, and
end-stage CKD since patients with bipolar disorder regardless
of treatment will often undergo screening for somatic dis-

eases, and there likely may be more profound links between
bipolar disorder and CKD. To our knowledge, the association
between bipolar disorder and CKD has not been studied
before except in 1 other study that also found a similar 2-fold
increased risk of CKD in patients with bipolar disorder19

(odds ratio = 2.42 [95% CI, 2.04-2.86]; P < .001), although
these results, in contrast to ours, were not adjusted for other
pharmacological treatment. Potential pathogenetic mecha-
nisms involved in the association between bipolar disorder
and CKD are discussed in eAppendix 6 in the Supplement. In
relation to the analyses leading to the result that lithium was
associated with an increased rate of definite and possible
CKD but use of anticonvulsants, antipsychotics, or antide-
pressants was not, we aimed to reduce confounding by indi-
cation by defining 1 or 2 prescriptions as the reference
because lithium is prescribed mainly for bipolar disorder in
contrast to the other drugs; the increasing risk of CKD associ-
ated with an increasing number of lithium prescriptions indi-
cates detection bias more than confounding by indication, if
not indicating a causal link. Likewise, regarding the result
that lithium and anticonvulsants, but not antipsychotics or
antidepressants, were associated with increased rates of defi-
nite and possible CKD in the subcohort of patients with bipo-
lar disorder, the increased rate of CKD associated with an
increasing number of lithium prescriptions in patients with
bipolar disorder may in part be explained by detection bias,
whereas this is less likely to explain the increased rate associ-
ated with the use of anticonvulsants. This latter finding
together with the result in this subcohort that rates of end-
stage CKD did not increase with the number of lithium pre-
scriptions but did increase with the number of anticonvul-
sant prescriptions could be due to another kind of selection
bias, for example, patients with decreased renal function will
less likely begin treatment with lithium and will more likely
begin treatment with anticonvulsants. However, the
observed increase in the rate of renal failure with the number
of prescriptions of anticonvulsants might indicate a causal
relationship. This is supported by the result that the associa-
tion between lithium and CKD was not modified by concomi-
tant use of anticonvulsants, indicating that the rate of defi-
nite CKD associated with anticonvulsants was independent

Table 1. Hazard Ratios of CKD for 1 800 591 Individuals in Cohort 1a (continued)

Variable

Definite CKD
(n = 14 727)

Possible CKD
(n = 18 762)

End-Stage CKD
(n = 3407)

HR (95% CI) P Valueb HR (95% CI) P Valueb HR (95% CI) P Valueb

Employment status

Employed or student 1 [Reference]

…

1 [Reference]

…

1 [Reference]

…

Disabled 3.72 (3.48-3.97) 3.23 (3.06-3.42) 6.37 (5.68-7.15)

Retired 1.54 (1.42-1.66) 1.38 (1.28-1.48) 2.15 (1.83-2.52)

Unemployed 1.64 (1.40-1.92) 1.67 (1.48-1.90) 1.45 (1.06-1.97)

Other 2.91 (2.64-3.20) 2.78 (2.57-3.01) 2.67 (2.19-3.25)

Abbreviations: HR, hazard ratio; CKD, chronic kidney disease; ellipses,
not applicable.
a Rates of definite CKD (narrow definition), possible CKD (broad definition),

and end-stage CKD (long-term dialysis and renal transplantation) related to
number of prescriptions of lithium, anticonvulsants, antipsychotics, and

antidepressants. Adjusted for age, sex, employment status, calendar year,
diagnosis of bipolar disorder, and use of all other kinds of psychotropic and
somatic medication.

b Trend tests among treated patients.
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Table 2. Hazard Ratios of CKD for 10 591 Patients With a Main Diagnosis of a Single Manic Episode or Bipolar Disorder in Cohort 2a

Variable

Definite CKD
(n = 278)

Possible CKD
(n = 319)

End-Stage CKD
(n = 62)

HR (95% CI) P Valueb HR (95% CI) P Valueb HR (95% CI) P Valueb

Lithium prescriptions, No.

0 1 [Reference]

<.001

1 [Reference]

<.001

1 [Reference]

.30

1-2 0.89 (0.39-2.06) 1.26 (0.65-2.43) 3.24 (1.19-8.86)

3-9 1.40 (0.84-2.33) 1.24 (0.76-2.01) 2.86 (1.25-6.51)

10-19 1.11 (0.66-1.88) 1.31 (0.83-2.07) 1.82 (0.75-4.42)

20-29 1.53 (0.92-2.53) 1.60 (1.01-2.55) 3.24 (1.50-6.98)

30-39 2.03 (1.26-3.28) 1.82 (1.15-2.89) 0.93 (0.27-3.19)

40-59 2.24 (1.50-3.35) 2.07 (1.42-3.03) 1.33 (0.55-3.23)

≥60 2.54 (1.81-3.57) 2.48 (1.80-3.42) 0.32 (0.09-1.11)

Anticonvulsant prescriptions, No.

0 1 [Reference]

<.001

1 [Reference]

<.001

1 [Reference]

.002

1-2 1.23 (0.76-1.99) 1.11 (0.70-1.76) 0 (0.00-Infinity)

3-9 1.74 (1.16-2.61) 1.71 (1.18-2.49) 1.14 (0.43-3.06)

10-19 1.70 (1.08-2.68) 1.71 (1.13-2.59) 1.74 (0.69-4.37)

20-29 1.50 (0.86-2.61) 1.51 (0.91-2.51) 3.00 (1.24-7.23)

30-39 2.58 (1.57-4.24) 2.39 (1.49-3.83) 3.23 (1.26-8.27)

40-59 2.28 (1.43-3.64) 2.24 (1.45-3.45) 2.64 (1.07-6.49)

≥60 2.30 (1.53-3.44) 1.97 (1.34-2.90) 2.06 (0.82-5.16)

Antipsychotic prescriptions, No.

0 1 [Reference]

.31

1 [Reference]

.28

1 [Reference]

.38

1-2 1.11 (0.71-1.73) 1.14 (0.75-1.73) 0.27 (0.08-0.93)

3-9 0.88 (0.57-1.36) 0.93 (0.63-1.39) 0.77 (0.36-1.63)

10-19 0.70 (0.41-1.19) 0.71 (0.43-1.16) 0.42 (0.15-1.16)

20-29 0.86 (0.49-1.51) 0.86 (0.51-1.46) 0.62 (0.22-1.72)

30-39 0.80 (0.43-1.47) 0.98 (0.57-1.68) 0.42 (0.12-1.46)

40-59 0.98 (0.60-1.61) 0.97 (0.60-1.55) 0.29 (0.08-1.02)

≥60 1.27 (0.84-1.92) 1.30 (0.88-1.92) 0.74 (0.33-1.66)

Antidepressant prescriptions, No.

0 1 [Reference]

.85

1 [Reference]

.94

1 [Reference]

.70

1-2 0.61 (0.33-1.13) 0.69 (0.40-1.21) 0.60 (0.17-2.09)

3-9 0.63 (0.40-1.01) 0.68 (0.44-1.04) 0.39 (0.13-1.18)

10-19 0.73 (0.47-1.16) 0.80 (0.53-1.21) 0.77 (0.32-1.86)

20-29 0.98 (0.62-1.54) 1.05 (0.69-1.60) 0.51 (0.17-1.56)

30-39 0.56 (0.31-1.02) 0.67 (0.39-1.15) 0.28 (0.06-1.23)

40-59 0.75 (0.48-1.18) 0.69 (0.45-1.08) 0.91 (0.40-2.06)

≥60 0.91 (0.64-1.30) 0.97 (0.70-1.35) 0.72 (0.33-1.56)

Sex

Male 1 [Reference]
…

1 [Reference]
…

1 [Reference]
…

Female 0.60 (0.47-0.77) 0.62 (0.49-0.78) 0.89 (0.52-1.51)

Employment status

Employed or student 1 [Reference]

…

1 [Reference]

…

1 [Reference]

…

Disabled 2.29 (1.29-4.06) 2.07 (1.26-3.39) 2.64 (0.74-9.43)

Retired 1.58 (0.77-3.26) 1.34 (0.70-2.59) 1.73 (0.38-7.96)

Unemployed 1.43 (0.33-6.29) 0.98 (0.23-4.20) 0 (0.00-Infinity)

Other 1.53 (0.59-4.00) 1.70 (0.77-3.76) 1.44 (0.15-14.14)

Abbreviations: HR, hazard ratio; CKD, chronic kidney disease; ellipses, not applicable.
a Rates of definite CKD (narrow definition), possible CKD (broad definition), and end-stage CKD (long-term dialysis and renal transplantation) related to number of

prescriptions of lithium, anticonvulsants, antipsychotics, and antidepressants. Adjusted for age, sex, employment status, and calendar year.
b Trend tests among all patients.
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of lithium treatment. On the other hand, it can be argued that
a kidney disease detected early in a mild phase simply may
progress over time parallel to the accumulating treatment
with anticonvulsants over time.

Although we found no statistically significant associa-
tion between the number of lithium prescriptions and end-
stage CKD (trend test), within the limitations of our study
and the relatively low number of patients with end-stage
CKD, this may be a false-negative finding. To this end, note
that nearly all HRs for more than 1 or 2 lithium prescriptions
were greater than 1, possibly suggesting increased risk of
end-stage CKD (Table 1). However, in our interpretation we
emphasize the results of the trend test owing to the multiple
testing.

To our knowledge, the association between anticonvul-
sants and CKD has not been systematically investigated pre-
viously in human or animal studies; however, a recent cross-
sectional study found that among 25 potential correlates,
treatment with valproate and other unspecified anticonvul-
sants was more prevalent among patients with CKD than
among patients without CKD.12 Biologically, valproate seems
to affect nitric oxide production from endothelial cells,20

and endothelial dysfunction may play a central role in devel-
opment of CKD.21 We know of no reports on chronic renal
failure associated with lamotrigine, carbamazepine, or any

other anticonvulsant. It should be noted that our analyses on
selected anticonvulsants were exploratory, decided post
hoc, and without corrections for multiple testing—increasing
the risk of chance findings—while all other analyses were
planned a priori.

Potential pathogenetic mechanisms involved in the asso-
ciation between anticonvulsants and CKD are discussed in eAp-
pendix 7 in the Supplement.

In human studies, antipsychotics have been associated
with higher rates of tubular dysfunction11 and CKD.12 A re-
cent animal study found structural changes of the glomeru-
lus associated with haloperidol.22 Nevertheless, our findings
from this first-ever longitudinal study consistently refute an
association between use of antipsychotics and CKD, both in
general and in patients with bipolar disorder. This result is in
accordance with the finding in the first study in schizophre-
nia showing no increased risk of CKD with the use of atypical
or typical antipsychotics.23

Comparison With Prior Larger Controlled Studies
The conclusion from our study is in accordance with the Swed-
ish case-control study concluding that modern lithium treat-
ment within recommended serum levels between 0.6 and 0.8
mEq/L (to convert to millimoles per liter, multiply by 1.0) has
eliminated the risk of lithium-induced end-stage renal dis-

Table 3. Hazard Ratios of CKD for Patients With a Main Diagnosis of a Single Manic Episode or Bipolar Disorder
by Anticonvulsanta

Prescriptions, No.

Definite CKD Possible CKD

HR (95% CI) P Valueb HR (95% CI) P Valueb

Lamotrigine (n = 2863)

0 1 [Reference]

.05

1 [Reference]

.06
1-2 1.22 (0.66-2.26) 1.29 (0.73-2.28)

3-19 0.97 (0.61-1.53) 1.18 (0.79-1.74)

≥20 1.50 (1.00-2.24) 1.45 (0.99-2.14)

Clonazepam (n = 2249)

0 1 [Reference]

.07

1 [Reference]

.13
1-2 1.00 (0.65-1.55) 0.90 (0.60-1.37)

3-19 0.95 (0.64-1.40) 0.88 (0.61-1.28)

≥20 1.42 (0.97-2.07) 1.32 (0.92-1.89)

Carbamezepine (n = 1299)

0 1 [Reference]

<.001

1 [Reference]

.004
1-2 1.24 (0.71-2.18) 1.13 (0.66-1.95)

3-19 1.80 (1.22-2.64) 1.63 (1.12-2.36)

≥20 1.86 (1.27-2.72) 1.72 (1.19-2.49)

Valproate sodium (n = 2065)

0 1 [Reference]

.11

1 [Reference]

.06
1-2 2.00 (1.21-3.29) 2.01 (1.27-3.20)

3-19 1.65 (1.12-2.44) 1.70 (1.18-2.44)

≥20 1.45 (0.92-2.28) 1.51 (0.99-2.31)

All other anticonvulsants
(n = 5906)

0 1 [Reference]

.01

1 [Reference]

.03
1-2 0.56 (0.26-1.19) 0.57 (0.28-1.16)

3-19 1.40 (0.88-2.22) 1.61 (1.07-2.43)

≥20 2.00 (1.17-3.39) 1.81 (1.07-3.07)

Abbreviations: HR, hazard ratio;
CKD, chronic kidney disease.
a Rates of definite CKD (narrow

definition) and possible CKD (broad
definition) related to number of
prescriptions of different
anticonvulsants. Adjusted for age,
sex, employment status, calendar
year, and prescriptions of lithium,
antipsychotics, and
antidepressants.

b Trend tests among all patients.
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ease, supporting the continued use of lithium as a safe drug
for the long-term treatment of mood disorders.10 The UK study8

from 2014 is, besides our study, the only one that adjusts the
analyses of the effect of lithium for the effect of concomitant
use of other medication, including other psychotropics. As
shown in our study, the variable of all other medication in-
cluding all medication for all physical illnesses was substan-
tially associated with increased rates of definite, possible, and
end-stage CKD (with 4 to 6 times increased rates; Table 1). Ac-
cordingly, medication such as loop diuretics and hydrochlo-
rothiazide have been found to be independently associated
with CKD12 and it is well known that treatment with nonste-
roidal anti-inflammatory drugs, COX-2 inhibitors, and hydro-
chlorothiazide may cause an increase in serum lithium lev-

els, potentially leading to long-term adverse effects in the
kidney.24 Nevertheless, taking the high HRs of CKD found in
our study into account, it is likely that a number of unidenti-
fied drugs may cause CKD. The second UK study9 found higher
serum lithium concentrations associated with stage 3 CKD and
it is not clear whether the overall finding of a nearly 2 times
increased rate of kidney disease associated with lithium use
was driven by higher lithium dosing as the study included a
study period back to 1982. Additionally, because patients re-
ceiving lithium most likely had their serum creatinine level
measured more frequently and during longer periods than
those not receiving lithium, detection bias may also be a ma-
jor explanation. Further, the study included no data on psy-
chiatric diagnosis and did not take into account the effect of

Figure 1. Cumulative Incidence of Definite Chronic Kidney Disease for Patients With Bipolar Disorder Treated With Lithium
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Cumulative incidence of definite chronic kidney disease for patients with
bipolar disorder treated with lithium by ages 30 (A), 45 (B), 60 (C), and 75 (D)
years, with the number of prescriptions (0, 1-9, and �10) indicating the lithium
exposure history at the birthday specified in each panel. For example, patients
diagnosed as having mania or bipolar disorder at age 60 years show a 10-year

risk of 3.9% (95% CI, 1.7%-6.2%) when they were never before treated with
lithium. The 10-year risk increased to 7.3% (95% CI, 1.0%-13.5%) in patients
who had 1 to 9 lithium prescriptions before their 60th birthday and to 8.7%
(95% CI, 5.9%-11.6%) in patients who had 10 or more lithium prescriptions prior
to their 60th birthday.

Lithium and Anticonvulsant Use and Chronic Kidney Disease Rate Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry December 2015 Volume 72, Number 12 1189

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2015.1834


Copyright 2015 American Medical Association. All rights reserved.

somatic illnesses and medication in general or the effect of psy-
chotropics other than lithium as such data were not available.9

Other limitations in prior studies are discussed in eAppendix
8 in the Supplement.

Limitations
As with all other registers including nationwide medication
data, the Danish Register of Medicinal Product Statistics in-
cludes no information on dose of lithium14 and we had no in-
formation on serum levels of lithium or creatinine or other mea-
sures of kidney function. Further, although this was, to our
knowledge, the largest sample ever, it included few events of
end-stage CKD as illustrated by the wide confidence intervals
in these analyses, potentially resulting in type II errors in these
analyses.

Conclusions

Our results indicate that bipolar disorder is associated with CKD
independent of drug treatment. Additionally, in patients with
bipolar disorder, CKD is associated not only with lithium but
also with anticonvulsants, with the latter in fact being asso-
ciated with increased end-stage CKD. In contrast, long-term
maintenance treatment with lithium as practiced in Den-
mark during 2 recent decades with initial and regular moni-
toring of the serum creatinine level every 3 to 6 months and
aiming for a serum lithium level of 0.6 to 0.8 mEq/L is not as-
sociated with end-stage CKD. It cannot be excluded that at least
part of the associations between medication and CKD is a re-
sult of bias.
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75 (D) years, with the number of prescriptions (0, 1-9, and �10) indicating the
anticonvulsant exposure history at the birthday specified in each panel.
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