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ABSTRACT 
 

More than 50 years after the introduction of lithium into clinical practice, lithium, an 
alkali metal, remains the treatment of choice for many subjects with bipolar disorder. 
Despite the introduction of multiple novel pharmacological treatment options for bipolar 
disorder, lithium remains unsurpassed in efficacy and tolerability for many subjects with 
bipolar disorder. However, long-term treatment with lithium carries the potential to cause 
thyroid and renal dysfunction. Treatment with lithium frequently causes nephrogenic 
diabetes insipidus, characterised by polydipsia, polyuria and an inability to concentrate 
the urine. About 20 % of subjects experience a decrease in GFR (glomerular filtration 
rate) after long term treatment with lithium. A smaller number of subjects go on to 
develop potentially irreversible renal insufficiency under long term treatment with 
lithium. Concerns about renal side-effects have led to a decrease in the use of lithium 
over the past decades. 

So far, no diagnostic tools exist to help with the early identification of subjects at 
risk of lithium-induced nephropathies. This review focuses on the pathomechanism of 
lithium-induced nephropathies as well as recommendations for the monitoring of subjects 
under treatment with lithium. 
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ABBREVIATIONS 
 

ADH 
AQP2 
CKD 
COX2 
eGFR 
ENaC 
ESRD 
GFR 
GSK-3β 
NDI 
NKCC 
NSAID 
 
PG 
PKC 
UT 

Antidiuretic hormone 
Aquaporin 2 
Chronic kindey disease 
Cyclooxygenase 2  
Estimated glomerular filtration rate  
Epithelial sodium channel 
End-stage renal disease 
Glomerular filtration rate 
Glycogen synthase kinase-3β 
Nephrogenic diabetes insipidus 
Na-K-Cl cotransporter 
Non-steroidal anti-inflammatory  
drug 
Prostaglandin 
Protein kinase C 
Urea transporter 

 
 

INTRODUCTION 
 
Bipolar disorder is a severe psychiatric disorder that is characterised by episodes of 

mania and depression [1]. In the United States, the lifetime prevalence of bipolar disorder 
spectrum is estimated to be as high as 4.5% [2]. Bipolar disorder is frequently associated with 
other psychiatric disorders including anxiety disorders as well as alcohol- and substance-
abuse [2]. Bipolar disorder frequently takes a chronic course and imposes a considerable toll 
on affected individuals, their families and public health services world-wide [3]. Bipolar 
disorder is one of the leading causes of disability and is associated with premature death [4]. 
Suicide-attempts and completed suicides occur frequently in subjects suffering from bipolar 
disorder [5;6]. 

More than 50 years ago, lithium was shown to be an effective pharmacological agent for 
the treatment of mania and maintenance treatment of bipolar disorder [7]. Since then, 
different antiepileptics (e.g. carbamazepine, valproic acid and lamotrigine) and antipsychotics 
(e.g. olanzapine, risperidone, quetiapine, ziprasidone and aripiprazole) have been approved 
for the treatment of bipolar disorder. Despite recent advances in the pharmacotherapy of 
bipolar disorder, lithium is still considered a first-line agent for the pharmacological treatment 
of bipolar disorder [8;9]. Lithium has well documented acute antimanic effects as well as 
prophylactic antimanic effects in bipolar disorder. Lithium is less effective in preventing 
depressive episodes in bipolar disorder [10;11]. Long-term treatment with lithium also results 
in a marked reduction in suicidal behaviour and overall mortality in bipolar disorder [12;13]. 
Responders to lithium may constitute a subgroup bipolar disorder. Differences between 
lithium-responders and lithium-nonresponders extend to their offspring and there is evidence 
that children with bipolar disorder respond to the same mood-stabiliser as their bipolar parent 
[14]. 
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The mechanism of action of lithium remains unclear. Possible mechanisms of action 
include a lithium-induced inhibition of the enzyme glycogen synthase kinase-3 (GSK-3) [15], 
an inhibition of of protein kinase C (PKC) [16] and a significant reduction of inositol-levels 
[17]. Lithium also has neurotrophic and neuroprotective effects [18] and may lead to the 
neurogenesis through a stimulation of neural stem cells [19]. 

Due to concerns about somatic side-effects, including effects of lithium on thyroid and 
kidney [20], the use of lithium has declined over the past years. This manuscript will review 
the effects of pharmacological treatment with lithium on renal function with a special focus 
on lithium-induce nephrogenic diabetes insipidus and renal insufficiency. 

 
 

Renal Effects of Lithium 
 
Lithium is an alkali metal. Under physiological conditions, lithium is present in the body 

only in trace amounts. Under pharmacological treatment, lithium plasma-concentrations are 
usually maintained in the range of 0.6 – 0.8 mmol/l [21]. Lithium is excreted through the 
kidneys. Lithium is not bound to plasma-proteins and is freely filtered by the renal glomeruli. 
65 – 75% of the filtered lithium is reabsorbed in the proximal tubule with additional 
reabsorption of lithium occurring along the thick ascending limb of Henle’s loop [22]. 

Lithium-ions use the amiloride-sensitive Na+-channel (ENaC) for their transport through 
the apical membrane of the collecting duct cells of the distal nephron. The EnaC has a higher 
permeability for lithium than for sodium [23]. Lithium accumulates in principal cells of the 
collecting duct to reach potentially cytotoxic concentrations that inhibit intracellular 
signalling pathways involving GSK-3β [24]. Treatment with lithium also reduces the 
regulatory effects of aldosterone on the ENaC, which helps to explain the sodium wasting 
associated with treatment with lithium [25]. 

Different observations from animal studies imply that treatment with pharmacological 
doses of lithium exerts effects on the kidneys. In rats, treatment with lithium results in 
changes in the cellular composition of the collecting duct [26;27] as well as changes in the 
levels of different kidney and urine metabolites, suggesting lithium-induced renal cell stress 
or injury [28]. In a proteomic analysis, treatment with lithium affected predominantly proteins 
involved in cell death, apopotosis, cell proliferation and morphology [29]. 

 
 

Histopathological Renal Changes in Subjects under Treatment with Lithium 
 
Renal biopsies are rarely performed in subjects under treatment with lithium. Renal 

biopsies in subjects under treatment with lithium therefore constitute only a small fraction of 
all renal biopsies performed for clinical purposes. A variety of histopathological changes, 
including tubular atrophy, interstitial fibrosis, cysts and glomerular changes have been 
described after long-term treatment with lithium [30;31]. Histopathological changes after 
long-term treatment with lithium were first described several years after the introduction of 
lithium into clinical practice [32]. All subjects with renal impairment after long-term 
treatment with lithium, had abnormal renal morphology with cortical fibrosis as well as 
dilated tubules and microcyts consistent with the development of tubulointerstitial nephritis 
[33]. Renal biopsies taken from patients currently taking lithium show characteristic lesions 
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of the distal convulated tubules and collecting ducts. These lesions were no longer present in 
patients, who discontinued lithium [34;35]. Long-term treatment with lithium results in 
significantly more sclerotic glomeruli and interstitial fibrosis than in healthy controls [35]. 
The degree of interstitial fibrosis correlates with the duration of lithium treatment as well as 
the cumulative dose of lithium [36]. Sclerotic glomeruli and atrophic tubuli are more 
prevalent after long-term treatment with lithium if lithium is taken several times per day [37]. 
These observations suggest that long-term treatment with lithium causes structural renal 
changes in humans. 

 
 

Lithium-Intoxication 
 
Lithium has a narrow therapeutic range and lithium-overdose results in severe and 

potentially life-threatening toxicity. Lithium-intoxication can occur either following an 
intentional overdose or due to other mechanisms despite maintenance of a normal dosing-
schedule. Predisposing conditions include co-medication with a variety of different 
medications (in particular ACE inhibitors, thiazide diuretics and NSAIDs) that can result in 
an increase in plasma lithium-concentrations [38]. Concurrent illnesses (e.g. gastroenteritis) 
that result in decreased circulating volume as well as disorders of the water and electrolyte 
balance are additional risk-factors for lithium-intoxication. Sodium-restriction results in 
increased reabsorption of lithium, creating yet another risk-factor for lithium-intoxication 
[23]. Acute lithium-intoxication affects different organs including CNS, kidneys, GI-tract and 
heart [39]. Lithium-intoxications are potentially life-threatening and put individuals at risk of 
irreversible neurological and renal complications [40]. Hemodialysis has been used in severe 
cases of lithium-intoxication [41], although a clear benefit of hemodialysis in the 
management of lithium-intoxication has been questioned [42]. In many affected subjects, the 
kidney function does not fully recover after an acute episode of lithium-intoxication. Lithium-
intoxication therefore constitutes a risk-factor for long-term kidney damage [39]. 

 
 

Nephrogenic Diabetes Insipidus (NDI) 
 
Nephrogenic diabetes insipidus is characterized by polydipsia, polyuria and an inability 

to concentrate the urine. Nephrogenic diabetes insipidus results from an unresponsiveness of 
the kidney to the effects of antidiuretic hormone (ADH). Nephrogenic diabetes insipidus is a 
frequent complication of pharmacological treatment with lithium as lithium is among the 
most frequent causes of reversible nephrogenic diabetes insipidus [43]. At the same time, 
lithium is the most frequent cause of medication-induced nephrogenic diabetes insipidus [44]. 
First signs of nephrogenic diabetes insipidus can be detected shortly after starting treatment 
with lithium. In severe cases, lithium-induced nephrogenic diabetes insipidus may require the 
discontinuation of lithium [44]. However, lithium-induced nephrogenic diabetes insipidus 
may persist even after discontinuation of lithium [45]. 

Several studies have assessed the frequency of nephrogenic diabetes insipidus as a 
complication of treatment with lithium. Polyuria (defined as a 24 hour urine volume of > 3 
liters) was found in 70% of subjects under long-term treatment with lithium and was 
frequently associated with impairment in work and daily routine [46]. In another study the 
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prevalence of polyuria among long-term users of lithium was 37% and was more frequent 
among subjects with concomitant use of serotonergic antidepressants [47]. In an older study 
of the renal function in over 1000 patients chronically treated with lithium, an impairment of 
the urine concentrating ability was present in over 50% of the subjects. Overt polyuria and 
polydipsia were observed in 19% of the subjects [48]. Multiple daily doses of lithium have 
been associated with higher rates of polyuria [49]. Higher age may also predispose subjects to 
higher rates of impaired urine concentrating ability with 73% of lithium-treated subjects over 
age 65 showing a significant urine concentrating defect [50]. 

Different mechanisms, including transporter proteins (e.g. Na-Cl co-transporter, chloride 
channel and urea transporter) as well as aquaporins are involved in the regulation of urine-
concentration. Over the past few years, the molecular mechanisms underlying lithium-
induced nephrogenic diabetes insipidus have been studied extensively [22;51]. A special 
focus has been on the effects of lithium on aquaporins. Aquaporins (AQP) are proteins that 
are inserted into the membrane of the collecting tubules and thus facilitate the reabsorption of 
water from the collecting tubules [52]. In healthy volunteers a single dose of lithium had no 
immediate effects on AQP2 concentration [53]. After four weeks of treatment, lithium 
resulted in a decrease in the urinary concentrating ability as well as a decrease of the urinary 
AQP2 excretion in healthy volunteers [54]. 

While only few studies have been performed in humans, more is known from animal-
studies about the effects of lithium on aquaporins. In rats, treatment with lithium results in a 
dramatic reduction in the levels of renal aquaporins (especially AQP2 and AQP3) as well as 
urea transporters (UT-A1 and UT-A3) [55-57]. While the concentrations of urea transporters 
normalise shortly after discontinuation of lithium, the expression of AQP2 fails to return to 
normal levels [55]. Concomitant use of amiloride reverses the reduction of AQP2- and UT-
A1-levels in lithium-treated rats [58]. These effects of lithium on AQP2 are linked to an intact 
sodium channel. In genetically modified mice, the absence of ENaC protects mice from 
developing reduced AQP2 levels as well as NDI under treatment with lithium [59]. 

The molecular mechanisms responsible for the effects of lithium on renal aquaporins are 
now starting to become clear. Lithium inhibits the ADH-stimulated translocation of 
cytoplasmic AQP2 to the apical membrane [60]. Treatment with lithium results in a decreased 
mRNA expression of AQP2 [61] as well as a dose-dependent reduction of AQP2 protein 
expression [62]. Treatment with lithium also induces reversible changes in cellular 
organization [27] as well as the cell proliferation in the collecting ducts, which were 
associated with a decreased expression of AQP2 [26]. 

Beyond aquaporins, additional mechanisms also play a role in lithium-induced 
nephrogenic diabetes insipidus. Urinary PGE2-levels are increased in lithium-induced 
nephrogenic diabetes insipidus [63]. Treatment with lithium results in an increased renal 
cyclooxygenase 2 (COX2) expression, that is mediated via an inhibition of GSK-3β 
(glycogen synthase kinase-3β) activity [64]. Concomitant treatment with a COX-2 inhibitor in 
lithium treated rats leads to decreased polyuria and increased expression of AQP2 and 
NKCC2 [63]. At the same time, mice lacking a prostaglandin isomerase failed to develop 
polyuria as well as decreased levels of AQP2 and NKCC2 under treatment with lithium [65]. 
The increased production of renal PGE2 under treatment with lithium involves enhanced 
purinergic signalling [66]. 

Different treatment-strategies have been used to ameliorate nephrogenic diabetes 
insipidus in subjects under treatment with lithium. As with other psychiatric disorders 
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affecting the water homeostasis, subjects should be encouraged to balance their fluid-intake 
[67]. Concomitant use of amiloride increases urinary concentrating ability and urinary 
excretion of AQP2 [68;69]. Amiloride blocks the entry of lithium into kidney cells by 
blocking the ENaC [70]. The diuretic hydrochlorothiazide as well as the NSAID indometacin 
have been used successfully to improve lithium-induced polyuria [71]. COX-2 inhibitors 
decrease symptoms of lithium-induced NDI in rats [63], but have not been systematically 
evaluated in humans. However, it should be pointed out that NSAID and selective COX-2 
inhibitors can increase serum lithium concentrations and put subjects at increased risk of 
lithium intoxication [72]. Careful monitoring of lithium-levels is therefore warranted when 
using these agents. 

 
 

Lithium-Induced Renal Insufficiency 
 
The issue of a possible relationship between treatment with lithium and renal 

insufficiency has been discussed controversially over the past decades. Initial studies failed to 
find a significant effect of treatment with lithium on renal function [73-76]. These initial 
studies led Walker to claim that there is very little evidence that stable maintenance treatment 
with lithium is associated with a reduction of glomerular filtration rate [77]. However, as the 
wide-spread use of lithium as a pharmacotherapy for bipolar disorder did not become 
common until the 1970ies, these initial studies were based on shorter durations of treatment 
with lithium. 

A different trend has emerged over the past decades. A significant decline in creatinine 
clearance as a measure of renal function can be present as early as one year after the initiation 
of treatment with lithium [78]. The creatinine clearance is significantly lower after prolonged 
treatment with lithium than after short-term treatment with lithium [79] and is inversely 
correlated with the duration of treatment with lithium [36]. 

Several studies found a significant deleterious effect of long-term treatment with lithium 
on renal function. An older study in over 1000 patients chronically treated with lithium found 
a mild reduction in GFR in 15% of the subjects [48]. In subjects who had taken lithium for a 
minimum of 15 years, reductions of GFR (21%) and urinary concentrating capacity (44%) 
were present in a significant number of subjects. [80]. In a follow-up study, the longer 
duration of treatment with lithium increased both the rate of subjects with decreased GFR as 
well as the rate of subjects with impaired urinary concentrating capacity [81]. 

More recently, Lepkifker examined the effects of long-term treatment with lithium on 
renal function. In a cohort of 114 subjects who were chronically treated with lithium (mean 
duration of treatment 16.8 years), 21% developed signs of renal insufficiency as indicated by 
an elevated creatinine on at least two separate measurements. The majority of cases of renal 
insufficiency occurred during the second decade of treatment. In patients with renal 
insufficiency, creatinine levels increased progressively over time. Patients with renal 
insufficiency also suffered from more episodes of acute lithium toxicity. However, almost 
80% of subjects under long-term treatment with lithium remained free of signs of renal 
insufficiency [82]. 

These findings were confirmed by several recent studies. Tredget et al. followed a sample 
of 61 subjects who had been treated with lithium for a mean of 15.6 years. Over a period of 
11.5 years, treatment with lithium caused a modest decline in renal function that was higher 
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than in a control-group [83]. Bendz et al. assessed the rates of lithium-induced renal failure in 
a sample of 2.7 million people from Sweden. Compared to the general population, chronic 
treatment with lithium resulted in a six-fold increase in the prevalence of end-stage renal 
disease with duration of treatment with lithium as the main risk factor [84]. Bassilios 
evaluated the rate of lithium-induced chronic kidney disease using data from a clinical 
laboratory in Paris. The prevalence of reduced eGFR was much higher in subjects treated 
with lithium than in the general population. 5% of the subjects treated with lithium between 
the ages of 40 to 69 years were found to be in CKD stage 4 (eGFR 20 – 39ml/min/1.73 m2) 
[85]. In a sample from Britain, Khatami obtained a follow-up eGFR measurement in lithium-
treated subjects who had presented with a decreased eGFR at baseline. Over a period of three 
years 4% of the lithium-treated subjects with a decreased eGFR at baseline progressed to 
CKD stage 4 and 5 [86]. 

Several studies have provided follow-up on subjects, who discontinued lithium. Bendz 
followed 13 subjects who discontinued treatment with lithium after a mean duration of 
treatment of 18 years. While the GFR improved overall after the discontinuation of lithium, 
the urinary concentrating ability remained impaired. Still, some of these subjects progressed 
to ESRD despite discontinuation of lithium [87]. These findings were confirmed in another 
study from France, in which a small proportion of subjects continued to progress to ESRD 
after discontinuation of lithium. Some of these subjects eventually required dialysis [36]. In a 
survey among dialysis centers in France, 0.22% of all dialysis patients had a lithium-induced 
nephropathy [36]. The frequency of toxic nephropathies as the primary cause for end-stage 
renal disease may differ between different regions of the world. The highest rates of lithium-
induced ESRD were reported from Australia and New Zealand [88]. However, there is still a 
paucity of data on the frequency of lithium-treated subjects among subjects with ESRD. 

As pointed out above, long-term treatment with lithium can negatively affect renal 
function in a small subgroup of subjects. Some subgroups, e.g. individuals with intellectual 
disability [89], may be at an even higher risk of an adverse effect of lithium on renal function. 
Higher age of subjects may be another risk-factor [50]. Despite the data presented above, it 
should be pointed out that some authors do not see a clear clinical relevance of a lithium-
induced increase in serum creatinine [90]. 

 
 

Monitoring of Renal Function under Treatment with Lithium 
 
There is a lack of clear guidelines on how to monitor kidney function in lithium-treated 

patients [91]. Traditionally serum creatinine has been used as a marker of renal function. 
eGFR (estimated GFR) corrects serum creatinine for age, gender and race. While eGFR is not 
the ideal tool to assess renal function either [92], eGFR is nowadays widely used as a 
laboratory test to monitor renal function. Based on recommendations from the National 
Strategic Framework for Renal Services, Morriss and Benjamin recommended the use of 
estimated glomerular filtration rate (eGFR) as a better marker of renal function in subjects 
under treatment with lithium. Morriss and Benjamin specifically recommended to use serial 
eGFR measurements to monitor renal function under treatment with lithium [93]. Using 
eGFR as a measurement of renal function, Kripalani et al. offer more specific guidelines on 
how to assess kidney function before starting lithium as well as during treatment with lithium 
[94]. They recommend a referral to a nephrologist if the eGFR is moderately or severely 
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impaired [94]. However, the recommended standards for monitoring of subjects under 
treatment with lithium are frequently not being followed in clinical practice [95]. 

 
 

DISCUSSION 
 
More than 50 years after being introduced for the treatment of bipolar disorder, lithium 

remains a first-line agent for the pharmacological treatment of this disorder. Lithium is the 
treatment of choice for a subgroup of subjects with bipolar disorder, who respond 
preferentially to this medication. Partially due to concerns about somatic side-effects, lithium 
has been used less frequently over the past years. Many of these concerns focus around 
potentially deleterious effects of lithium on kidney-function. 

As outlined above, at least 50% of subjects under treatment with lithium develop 
polydipsia and polyuria as well as, less frequently, nephrogenic diabetes insipidus. The 
effects of these conditions range from bothersome to potentially life-threatening and can have 
a significant effect on quality of life as well as level of functioning. Polyuria also puts 
subjects at increased risk of lithium-intoxication under conditions of dehydration. The 
molecular mechanisms underlying lithium-induced NDI are starting to be elucidated and 
include an inhibitory effect of lithium on the expression of aquaporins (water-transporting 
proteins of the collecting ducts). Amiloride and indometacin have been used successfully to 
ameliorate symptoms of lithium-induced nephrogenic diabetes insipidus. Indometacin, 
however, carries the risk of elevating blood-levels of lithium, which puts subjects at increased 
risk of lithium-intoxication. 

The situation is less clear with regards to lithium-induced renal insufficiency. About 80% 
of subjects show no signs of decreased renal function even after decades of treatment with 
lithium. On the other side, about 15 – 20% of subjects start to develop an increase in 
creatinine and a decrease in GFR after about a decade of using lithium. A smaller proportion 
of subjects taking lithium experience a further decrease in renal function that can ultimately 
result in the need for hemodialysis. While only a small proportion of subjects taking lithium 
experiences severe renal problems, the risk of CKD under treatment of lithium is significantly 
increased when compared to the general population. The scenario of an initial decline in renal 
function under successful treatment with lithium can lead to very complex therapeutic 
situations. Some subjects respond preferentially to lithium and are at risk of insufficient 
symptom-control after discontinuation of lithium. This situation is further complicated by the 
fact that the sudden discontinuation of lithium puts subjects at much higher risk of relapse of 
their symptoms of bipolar disorder [96]. 

The care of subjects under treatment with lithium needs to be optimised in several areas 
that are relevant for this manuscript. So far, only little is known about conditions that 
predispose subjects to develop CKD under treatment with lithium. Acute lithium-intoxication 
frequently results in permanent renal damage and therefore needs to be prevented. The 
potential effects of additional medical conditions, in particular diabetes mellitus, have not 
been well studied. Subjects with bipolar disorder are at increased risk of developing diabetes 
mellitus [97]. In addition, atypical antipsychotics are being increasingly recommended as first 
line agents for the pharmacological treatment of bipolar disorder [9;98;99]. This trend is of 
particular concern in the context of this manuscript as atypical antipsychotics increase the risk 
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of diabetes mellitus [100]. It is also not known in how far bipolar disorder by itself may 
predispose subjects to develop renal problems. 

There are no clear guidelines on how to optimise monitoring renal function under 
treatment with lithium. Current guidelines recommend regular monitoring of creatinine levels 
and eGFR. Creatinine clearance based on 24-hour urine sampling may add more specific 
information. However, 24-hour urine sampling can be cumbersome and frequently leads to 
incorrect results due to incomplete sampling. Unfortunately the recommendations for regular 
monitoring are only followed in a small proportion of subjects under treatment with lithium 
[95]. 

A variety of different biomarkers are currently being developed to improve the 
monitoring of renal function [101]. Plasma Cystatin C-estimated glomerular filtration rate has 
been suggested as a more sensitive marker of renal function. However, in the only study to 
date, Cystatin C showed no advantage over creatinine in subjects under treatment with lithium 
[102]. The next few years will hopefully bring new and more accurate markers to monitor 
renal function. 

Currently, there are also no tools available to identify subjects at increased risk of 
lithium-induced nephropathies at an early stage of treatment. Using a proteomics-based 
approach, we found abnormal protein patterns in a subgroup of subjects chronically treated 
with lithium [103]. Microcysts in the kidneys can be detected using MR-imaging of the 
kidneys [104;105]. So far, however, it is not known if protein-patterns or structural 
microcysts carry prognostic relevance. Over the next few years we may find markers to 
reliably identify those subjects who are at significant risk of somatic side-effects from 
lithium. 

At the same time, only little is known about potential interventions to reduce the risk of 
subjects to develop renal damage under treatment with lithium. Early studies suggested a 
significant association between the dose of lithium and impaired renal concentrating ability 
for regular preparations of lithium, but not for slow release preparations of lithium [106]. 
Lithium is typically administered several times per day. This mode of administration leads to 
more stable plasma concentrations of lithium. However, the optimal mode of administration 
for lithium has not determined [107]. Single day administration of lithium may improve 
compliance and has been associated with a reduced risk of polyuria and renal damage [107-
109]. A single daily dose of lithium also results in less frequent histopathological changes 
than taking lithium multiple times per day [37]. 

More than a decade ago, Gatlin had suggested the following recommendations for the 
safe use of lithium [110]: 

 
1) Careful avoidance of lithium intoxication 
2) Regular monitoring of blood-levels of lithium with the goal of using lowest effective 

concentration 
3) Regular monitoring of creatinine levels 
4) (Possibly) administering lithium once a day 
 
With the exception of using eGFR instead of creatinine levels, these recommendations 

remain valid. Over the next few years, further research will hopefully result in better ways of 
identifying subjects at risk of lithium-induced nephropathies at an early stage of treatment and 
to prevent their progression into end-stage renal disease. A closer collaboration between 
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psychiatrists and nephrologists may help to improve the outcome of this vulnerable 
population. 
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