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Abstract 

Background:  Recent observational studies have focused on lithium treatment in the elderly, with particular refer-
ence to safety in terms of thyroid and renal functions. The purpose of this study was to compare the clinical char-
acteristics of patients starting lithium treatment before (N = 79) or after (N = 31) the age of 65 years. Patients were 
followed up for 6 years with focus on renal function and prescription of levothyroxine and methimazole.

Results:  At baseline, median lithium serum concentration was 0.55 mmol/l. The estimated glomerular filtration rate 
was lower than 60 ml/min/1.73 m2 in 43 (39%) patients. In a multiple regression analysis controlling for age and gen-
der, we found a significant effect of duration of lithium treatment on estimated glomerular filtration rate (−0.85 ml/
min/1.73 m2 per year of prior exposure). The annual decline during follow-up was 2.3 ml/min/1.73 m2. Two patients 
were prescribed levothyroxine, and two were prescribed methimazole for the first time during follow-up.

Conclusions:   Median lithium serum concentration in this cohort of elderly patients with mainly bipolar disorders 
was lower than the therapeutic range indicated for younger adults. The decline in glomerular filtration rate may be 
accelerated by long-term lithium use. Thyroid and renal functions continue to require close monitoring throughout 
the course of lithium treatment.

Trial registration NP/2013/3836. Registered 24 June 2013

Keywords:  Mood disorders, Bipolar disorders, Depression, Lithium, Elderly, Creatinine, Kidney, Lithium, 
Nephrotoxicity, Thyroid

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

Background
Reviews published over the last two decades continue to 
recommend lithium treatment in elderly patients with 
bipolar disorder (Young et  al. 2004; Aziz et  al. 2006; 
Shulman 2010). There is also evidence that lithium 
combined with antidepressants may be effective in the 
prophylactic therapy of elderly patients with unipolar 
depression (Wilkinson et  al. 2002). Prescription pat-
terns have shifted in favor of valproic acid over lithium 

for elderly patients with bipolar disorder, but this shift 
may not be completely evidence based (Shulman et  al. 
2003). Current national and international guidelines 
for bipolar disorder are incorporating emerging infor-
mation, but the majority of guidelines do not have 
sections that pertain specifically to older adults (Dols 
et al. 2016). Research into the use of lithium in old age 
is very limited, because elderly subjects are frequently 
excluded from randomized clinical trials. One excep-
tion is the trial that has been performed specifically in 
late-life mania, but the key results for which are yet to 
be published (Young et  al. 2010). Observational stud-
ies of elderly lithium patients continue to provide use-
ful information, and recently, research has reported on 
thyroid and renal functions (Kraszewska et  al. 2015; 
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Permoda-Osip et  al. 2016; Rej et  al. 2013a, 2014a), 
and cognitive function and brain abnormalities (Gild-
engers et  al. 2015; Zung et  al. 2016) in these elderly 
populations.

Kraszewska et  al. (2015) studied thyroid function in a 
cross-sectional sample of 66 patients with bipolar dis-
order receiving lithium over a period of between 10 and 
44 years (mean age = 62 years). Of the 45 women in the 
sample, seven were receiving levothyroxine replacement 
therapy and an additional three had elevated thyrotropin 
concentrations. Therefore, some features of hypothyroid-
ism occurred in 22% of their female sample.

Permoda-Osip et  al. (2016) studied kidney, thyroid, 
and other organ functions after 40 years or more of lith-
ium therapy in five patients (age range =  64–79  years). 
The three women in the sample had asymptomatic 
stage 2 chronic kidney disease (CKD) with an esti-
mated Glomerular Filtration Rate (eGFR) ranging from 
60 to 75  ml/min/1.73  m2. One male had stage 3 CKD 
(eGFR = 45–49 ml/min/1.73 m2), and the other had stage 
2/3 CKD (59  ml/min/1.73  m2). One woman had severe 
thyroid dysfunction (Hashimoto’s disease) with extremely 
high levels of antithyroid peroxidase antibodies and 
antithyroglobulin antibodies and was receiving thyrox-
ine. However, cognitive functions in all five patients were 
comparable to those in healthy people of similar gender, 
age, and education.

Rej et al. (2013b) conducted a retrospective study of 27 
lithium-using geriatric patients (mean age = 81.6 years) 
with eGFR   ≤60 ml/min/1.73 m2 on  ≥2 occasions 
within ≥3 months. Patients were divided into those who 
continued lithium use ≥2 years following CKD and those 
who discontinued lithium. Changes in eGFR between 
continuers and discontinuers after 60  months were not 
statistically significant. However, clinically important 
decreases in eGFR occurred in the majority of continuers 
but in none of the discontinuers.

A Canadian population-based cross-sectional study 
of 2480 lithium users aged 70  years or above measured 
prevalence of CKD, acute kidney injury, and nephrogenic 
diabetes insipidus. The 6-year prevalence rate of CKD 
was 13.9%. Lithium use for more than 2  years was one 
of the variables independently associated with CKD (Rej 
et al. 2014a).The purpose of the present study was to fol-
low up a cohort of 110 cross-sectional lithium patients 
studied since 2010, when they were at least 65 years old. 
Our aims were (1) to compare patients who had become 
old during long-term lithium treatment with those who 
had been first prescribed lithium in old age, with par-
ticular regard to psychiatric diagnosis, and concurrent 
psychiatric and non-psychiatric medication; and (2) to 
follow up patients with regard to status of lithium treat-
ment, and thyroid and renal functions.

Methods
Sample
Out of the 350 patients treated with lithium who had 
attended the Unit of Clinical Pharmacology, Azienda 
Ospedaliero-Universitaria, Cagliari, at least once between 
January and August 2010, we selected those born in 1945 
or earlier (N = 110; 80 women, 30 men).

The Unit of Clinical Pharmacology has been one of the 
reference centers for lithium monitoring in the Cagliari 
area since its introduction in the 1970s. Lithium may be 
prescribed by any psychiatrists in this area, but elderly 
patients eligible for mood stabilizing treatment are often 
sent in by neurologists or general practitioners. Patients 
may continue to be followed by the referring specialist or 
may be managed by the lithium clinic staff alone.

The best estimate lifetime psychiatric diagnoses in the 
clinic are based on: direct interviews using the Sched-
ule for Affective Disorders and Schizophrenia-Lifetime 
Version (SADS-L) (Endicott and Spitzer 1978), medical 
records, and information from relatives and referring 
specialists.

Once the initial treatment has stabilized, the usual 
interval between visits and lithium serum measurements 
in young adults goes from 8 to 12  weeks, but elderly 
patients are monitored more frequently. Routine visits 
for lithium patients include: (a) medical evaluation; (b) 
psychiatric evaluation; (c) completion of a checklist of 
side effects and concurrent medications; (d) measure-
ment of serum concentrations of lithium 12 ± 1 h after 
the last dose. On admission and on a yearly basis thereaf-
ter, we require routine laboratory tests, thyroid function 
tests, electrocardiogram, and a visit by a cardiologist. 
Our therapeutic range for lithium maintenance in elderly 
patients is widened to 0.40–0.80 mmol/l compared to the 
0.60–0.80 mmol/l range indicated for younger adults.

For the purpose of the present study, we extracted the 
following variables from patients’ charts: demographic 
characteristics, psychiatric diagnosis, history of mainte-
nance treatments prior to lithium, current lithium dose, 
concurrent medications, and data on renal and thyroid 
functions.

Patients were followed up for 6  years (last evaluation, 
August 31, 2016), with particular emphasis on status of 
lithium treatment, concurrent medications, and thyroid 
and renal functions.

Renal function
Serum creatinine concentrations were taken from the 
panel of laboratory tests requested on an annual basis. 
The traditional standardization method for serum creati-
nine was used.

The estimated Glomerular Filtration Rate (eGFR) 
was calculated from serum creatinine values using the 
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equation proposed by the Modification of Diet in Renal 
Disease (MDRD) Study Group (Levey et  al. 1999; Ear-
ley et  al. 2012), with the ‘186’ correction factor, which 
also takes into account age, gender and ethnicity. The fol-
lowing categories of eGFR were considered: higher than 
90  ml/min/1.73  m2 (G1); 60–89  ml/min/1.73  m2 (G2); 
45–59  ml/min/1.73  m2 (G3a); 30–44  ml/min/1.73  m2 
(G3b); 15–29  ml/min/1.73  m2 (G4); lower than 15  ml/
min/1.73  m2 (G5). The abbreviations and ranges recall 
those used by KDIGO (2013) 2012 Clinical Practice 
Guidelines for the Evaluation and Management of Chronic 
Kidney Disease (CKD) (2012), but it must be noted that 
KDIGO CKD stages are also based on albuminuria catego-
ries, which were not included in the present study.

Statistical analysis
We used the following statistical tests: (a) unpaired or 
paired Student’s t test to compare means; (b) nonpara-
metric Mann–Whitney test to compare medians; (c) Fish-
er’s exact test to analyze contingency tables: (d) multiple 
regression analysis to study the effects on renal function 
of age, gender and years of lithium treatment at incep-
tion and during follow-up, using eGFR or eGFR decline 
as the dependent variable; (e) a generalized linear model 
for repeated measures to analyze the influence of age 
and gender on eGFR variation during the 6-year follow-
up; (f ) Cox regression analysis was performed to analyze 
time between the start of the study and achievement of 

eGFR <45 ml/min/1.73 m2, as a function of age, gender 
and duration of prior lithium exposure.

Results
Cross‑sectional data at start
At the start of the study, median serum concentration 
of lithium in the 110 patients was 0.55 mmol/l. Patients 
were taking regularly the following medications: N = 80 
(73%) benzodiazepines, N  =  57 (52%) ACE inhibitors, 
sartans, and/or thiazides, N =  21 (19%) oral hypoglyce-
mic agents or insulin, and N =  34 (31%) hypolipidemic 
agents.

Mean daily doses of lithium carbonate were signifi-
cantly lower in patients taking ACE inhibitors, sar-
tans, and/or thiazides (384 ± 187 versus 464 ± 196 mg; 
P = 0.03).

Regarding thyroid function, N = 33 (30%) were taking 
levothyroxine, and N = 2 (2%) were taking methimazole. 
With regard to renal function, 43 (39%) had an eGFR 
lower than 60 ml/min/1.73 m2.

Demographic and clinical characteristics of patients 
according to the age of their first lithium prescription are 
shown in Table 1.

After correcting for the effects of age and gender, dura-
tion of lithium treatment was associated with lower eGFR 
values (Table 2).

Compared to the remaining patients, the subgroup 
(N  =  31) starting lithium for the first time during old 

Table 1  Demographic and clinical characteristics at baseline by age at first lithium prescription

Patients who started  
lithium at age <65 (n = 79)

Patients who started  
lithium at age ≥65 (n = 31)

P

Female/male (% females) 59/20 (75%) 21/10 (68%) 0.48

Age, median (min–max) 70 (65–84) 77 (65–83) 0.00006

Years on lithium, median (min–max) 18 (0–34) 7 (0–16) 2 × 10−15

Referred by neurologist 4 (5%) 14 (41%) 0.0001

Lithium carbonate daily dose, median mg (min–max) 450 (150–1050) 450 (150–750) 0.48

DSM-5 diagnosis

 Bipolar I disorder 36 (46%) 7 (23%) 0.03

 Bipolar II disorder 22 (28%) 12 (39%) 0.36

 Major depressive disorder, recurrent 18 (23%) 2 (6%) 0.06

 Bipolar disorder NED (not elsewhere defined) 3 (4%) 10 (32%) 0.0001

Current psychotropic medication

 Anticonvulsants 15 (19%) 1 (3%) 0.04

 Antipsychotics 33 (42%) 6 (19%) 0.03

 Antidepressants 18 (23%) 4 (13%) 0.30

 Benzodiazepines 55 (70%) 25 (81%) 0.34

Prior long-term antidepressants 1 (1%) 8 (26%) 0.0001

Availability of brain imaging (CAT or NMR scans) 12 (15%) 10 (32%) 0.06

Antiplatelet drugs or oral anticoagulants 14 (18%) 13 (42%) 0.01

ACE inhibitors, sartans, and/or thiazides 40 (51%) 17 (55%) 0.83
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age (≥65 years) included greater proportions of patients 
with the following characteristics: N = 14 (41%) had been 
referred to the lithium clinic by a neurologist; N =  10 
(32%) had a diagnosis of bipolar disorder not elsewhere 
defined; N  =  8 (26%) had previously been exposed to 
chronic antidepressants; N  =  10 (32%) had undergone 
neuroimaging (CAT or NMR); and N =  13 (42%) were 
taking antiplatelets or oral anticoagulants.

Follow‑up
At the end of the 6-year follow-up, 58 (53%) patients were 
still on lithium (Fig. 1), including 7 patients who had con-
tinued lithium but were not able to come into the clinic 
because of physical disability. Of the remaining patients, 
32 (29%) were lost to follow-up, while 20 (18%) had died 
due to intervening diseases (Fig. 1).

Death occurred at a median age of 76 years for the fol-
lowing causes: 6 malignancies, 2 respiratory diseases, 6 
cardiovascular diseases (including 5 cerebrovascular), 2 
renal diseases, 3 neurologic diseases, and 1 complications 
of diabetes.

Two patients were prescribed levothyroxine and two 
methimazole for the first time during follow-up.

In the 48 patients (9 men and 39 women) who had 
serum creatinine measured at the end of follow-up, 
eGFR had declined from a mean of 66.4 to a mean of 
52.6  ml/min/1.73  m2 (Student’s t test for paired sam-
ples; P = 7 × 10−9), corresponding to an annual decline 

of 2.3 ml/min/1.73 m2. The generalized linear model for 
repeated measures confirmed that eGFR decreased from 
66.4  ml/min/1.73  m2 (95% CI 61.0–71.8) to 52.6  ml/
min/1.73  m2 (95% CI 47.5–57.9)  during the 6-year fol-
low-up, corresponding to a mean variation of 13.8  ml/
min/1.73 m2 (95% CI 9.8–17.7). The model did not detect 
effects of age and gender, but the small sample size is 
to be taken into account. In a Cox regression analysis, 
incidence rate of eGFR <45 increased by 0.61% (95% CI 
0.17–1.06%) for each year of prior lithium exposure, with 
no influence of age and gender.

Discussion
This observational study provides a snapshot of current 
prescription attitudes regarding lithium treatment in the 
elderly at our center.

Dosing and maintenance of serum concentrations
Maintenance doses in this elderly cohort (median 450 mg 
of lithium carbonate daily) were much lower compared 
to the usual dosage of 900–1500 mg of lithium carbonate 
per day used in younger adults (Baldessarini and Tarazi 
2006). Such doses are consistent with the results from 
the McGill Geriatric Lithium-Induced Diabetes Insipidus 
Clinical Study (Rej et al. 2014b) reporting that the lithium 
dose required to achieve a given serum concentration 
decreases threefold from middle to old age. With regard 
to the therapeutic range, serum concentrations are not 
well established in the elderly. In our lithium clinic, the 
lower end of the range for elderly patients is reduced to 
0.40 mmol/l compared to the 0.60 mmol/l generally indi-
cated for younger adults (Bauer and Gitlin 2016), prin-
cipally to prevent episodes of lithium toxicity associated 
with reduced renal function, drug interactions, and risk 
of dehydration, all of which are typical of old age.

Moreover, there is evidence that the ratio between 
serum and brain concentration may decrease with age 
(Moore et al. 2002).

Comedication
The high proportion of patients from this cohort taking 
regularly psychiatric and non-psychiatric medications 
warrants some comments. For example, it is perhaps sur-
prising that 3/4 of our patients were on long-term ben-
zodiazepines. It is possible that the specialists prioritized 
the need to control anxiety and/or sleep disorders over 
the widely known detrimental side effects of benzodiaz-
epines on cognition (Larson et al. 1987). Another point of 
note is that medications that are theoretically contrain-
dicated in lithium patients (ACE inhibitors, sartans, and 
thiazides) were taken regularly by more than half of the 
patients in this cohort. The likely explanation here is that 
hypertension must be treated even in lithium patients, 

Table 2  Multiple regression analysis of eGFR at baseline

Variable Beta P value 95% 
Confidence 
interval

Gender (male versus female) 3.86 0.34 −4.05 11.77

Current age −0.10 0.74 −0.69 0.49

Years of lithium treatment −0.85 1.82 × 10−6 −1.19 −0.52
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Fig. 1  Attrition rate of patients during 6-year follow-up. Number of 
patients studied, deceased, or otherwise lost to follow-up over the 
6 years of the study



Page 5 of 7Bocchetta et al. Int J Bipolar Disord  (2017) 5:19 

provided that the doses are reduced adequately. This 
notion is corroborated by the fact that patients in this 
cohort treated with ACE inhibitors or sartans were taking 
significantly lower lithium doses. Moreover, with regard 
to cases with reduced eGFR, the decision to treat patients 
with ACE inhibitors or sartans was often taken by the 
nephrologist, based on the evidence that these drugs may 
slow the progression of CKD (Ruggenenti et  al. 2012). 
We have not included data on other nephrotoxic drugs, 
namely NSAIDs, because they were not taken regularly 
but only when needed.

Diagnoses
A subgroup of patients in this cohort who began tak-
ing lithium when elderly recalls the case series of 10 
patients described by Hagop Akiskal’s group of “elderly 
patients with late-onset mood and related behavioral 
symptomatology and cognitive decline without past his-
tory of clear-cut bipolar disorder”. The authors reported 
that “symptoms were often refractory to or aggravated by 
antidepressants…, whereas mood stabilizers and/or atyp-
ical antipsychotics were beneficial, promoting behavioral 
improvement in all treated patients and marked cogni-
tive recovery in five”. Only one case had been treated with 
lithium (Ng et  al. 2008). We did not measure cognition 
in the present study, but the above-mentioned subgroup 
had a history of behavioral dysregulation, mood lability, 
and cognitive symptoms that improved after withdraw-
ing long-term antidepressant treatment and starting 
lithium. According to referring specialists, their choice 
of prescribing lithium was also based on its neuroprotec-
tive properties (Bauer et al. 2003). Interestingly, a longer 
duration of lithium treatment has been reported to be 
related to higher white matter integrity among elderly 
patients with bipolar disorder (Gildengers et  al. 2015). 
In another study using voxel-based morphometry, Zung 
et al. (2016) found an increased left hippocampal volume 
in the lithium-treated group compared with the nonlith-
ium-treated group, and decreased left hippocampal vol-
ume in the nonlithium group relative to controls.

Thyroid function
One-third of patients from this cohort were taking 
thyroid hormone replacement therapy, including two 
patients who were prescribed levothyroxine for the first 
time during follow-up. It has long been known that lith-
ium is associated with hypothyroidism, and that mid-
dle-aged women are at higher risk (Johnston and Eagles 
1999). In the aforementioned cross-sectional study 
of thyroid function by Kraszewska et  al. (2015), of 45 
women receiving long-term lithium (mean age, 63 years), 
seven (16%) were receiving levothyroxine replacement 

therapy. In three patients, this drug had been introduced 
within the 1st year of lithium therapy, and in the remain-
ing four patients after 8, 11, 12, and 33 years.

Hyperthyroidism requiring antithyroid medication was 
less frequent in patients from this cohort (4%), and mani-
fested for the first time during follow-up in two cases.

Therefore, we conclude that thyroid function con-
tinues to require close monitoring throughout lithium 
treatment.

Renal function
The problem of lithium-associated renal dysfunction 
has recently been addressed by several research studies 
and reviews (Rej et  al. 2012, 2015). With regard to old 
patients, a series of studies from the University of Toronto 
have provided several pertinent results. In a 4-year ret-
rospective cohort study of 42 patients, lithium levels did 
not correlate with change in eGFR, suggesting that lev-
els up to 0.8 mmol/l are safe in geriatric patients without 
pre-existing chronic renal failure (Rej et  al. 2013a). In a 
5-year retrospective cohort study of 27 geriatric patients 
with eGFR lower than 60  ml/min/1.73  m2, changes in 
eGFR in patients who continued lithium for at least 
2 years and those who discontinued lithium did not differ 
significantly. However, clinically important decreases in 
eGFR occurred in the majority of continuers but in none 
of the discontinuers (Rej et al. 2013b). In a 4-year retro-
spective cohort study of 82 patients, geriatric psychiatry 
patients were found at higher risk for clinically important 
decreases in eGFR than 200 psychotropic-naïve similarly 
aged controls. Multivariate analyses of potential risk fac-
tors for renal dysfunction (including age, hypertension, 
diabetes, diuretics, and duration of lithium treatment), 
suggested that lithium is an important factor when eGFR 
is lower than 60 ml/min/1.73 m2 (Rej et al. 2014c). In a 
population-based cross-sectional study of 2480 lithium 
users aged ≥70 years, lithium use for >2 years was one of 
the factors independently associated with CKD, together 
with hypertension, diabetes mellitus, ischemic heart dis-
ease, nephrogenic diabetes insipidus, acute kidney injury, 
and use of loop diuretics, hydrochlorothiazide, or atypi-
cal antipsychotics (Rej et al. 2014b).

We have previously reported that duration of lithium 
treatment is to be added to advancing age as a risk fac-
tor for reduced glomerular filtration rate (Bocchetta et al. 
2013, 2015). In a retrospective regression analysis of the 
last available eGFR regarding 953 (596 women, 357 men) 
patients of any age, eGFR was found lower in women 
(by 3.47  ml/min/1.73  m2), in older patients (0.73  ml/
min/1.73 m2 per year of age), and in patients with longer 
lithium treatment (0.73  ml/min/1.73  m2 for each year) 
(Bocchetta et  al. 2015). In the present study, the effects 
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of sex and age were not significant because of the small 
sample size and the limited age range.

The decline attributable to lithium was 0.85  ml/
min/1.73  m2 per year of prior exposure. During follow-
up, the decline was faster, corresponding to an annual 
decline of 2.3  ml/min/1.73  m2. It must be noted that 
39% of patients had already an eGFR lower than 60 ml/
min/1.73  m2 at baseline, and the initial mean eGFR in 
patients followed up for 6 years was 66.4 ml/min/1.73 m2. 
There are data suggesting that, once CKD is established, 
eGFR further declines irrespective of lithium withdrawal 
(Bendz et al. 2010; Bocchetta et al. 2015). A similar pat-
tern of decline is also observed in the general popula-
tion: for example, a longitudinal analysis performed 
on 4074 subjects from the Sardinia study cohort (Pani 
et  al. 2014) revealed that eGFR declined by 1.87  ml/
min/1.73 m2 per year in individuals with a baseline eGFR 
of <60 ml/min/1.73 m2 compared to a decline of 0.80 ml/
min/1.73 m2 per year in individuals with a baseline eGFR 
of ≥60 ml/min/1.73 m2.

In a 2-year randomized, placebo-controlled trial fol-
lowed by single-blind extension, lithium treatment was 
not associated with renal dysfunction (Aprahamian et al. 
2014). The trial was carried out in the context of a study 
of long-term lithium treatment for amnestic mild cogni-
tive impairment in the elderly (Forlenza et  al. 2011). It 
must, however, be noted that the target of lithium con-
centrations was low (0.25–0.50  mmol/l), and subjects 
with CKD might have been excluded from the trial, 
because enrollment was reliant on the approval of the 
general practitioner.

A recent population-based study concluded that, after 
adjustment for several confounders (including comor-
bidities, co-prescriptions, and episodes of lithium 
toxicity), the decline attributable to lithium was not sig-
nificant (Clos et  al. 2015). However, this study did not 
include patients older than 64 years, and patients with an 
eGFR <60 ml/min/1.73 m2 represented only 1% of their 
cohort.

Limitations of the study
The noninterventional nature of this study implies sev-
eral limitations. Apart from ordinary clinical procedures, 
no specific instruments were used to evaluate response 
to treatment or side effects. Cognition was not meas-
ured, and neuroimaging was not performed systemati-
cally. With regard to the role of lithium exposure in the 
decline of renal function, the absence of a control group 
has to be taken into account. Moreover, several potential 
risk factors for CKD (such as hypertension, diabetes, co-
medications) that can be detected in population-based 
samples were not adjusted for because of the small size of 
this clinical sample.

Conclusions
This observational study provides some clues regard-
ing lithium treatment in the elderly. As comorbidity and 
polypharmacy may increase the risk of adverse events 
and drug interactions, median lithium serum concentra-
tion in this cohort was lower than the therapeutic range 
indicated for younger adults. Decline in glomerular fil-
tration rate may be accelerated by long-term lithium use. 
Thyroid and renal functions continue to require close 
monitoring throughout lithium treatment.
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