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Abstract
Purpose: Bipolar disorder (BD) is a mental disorder that affects approximately 2-3% of the population. The mainstay of treatment 
in bipolar disorder is lithium, which has also found an important application in the potentiation of antidepressants in drug-resistant 
depression, in the course of both bipolar disorder and recurrent depressive disorders. 
Views: The narrow therapeutic range of lithium and the frequent side effects it causes necessitates the monitoring of its concen-
tration in the blood, which requires the periodic presence of the patient in a clinical laboratory. This is costly and inconvenient for 
patients, and is a common obstacle for psychiatrists who are reluctant to prescribe this effective drug precisely because of the in-
convenience of having to monitor blood levels. If regular monitoring of  lithium levels could be carried out without the need to 
puncture the vein and visit a clinic it would save time for both patients and healthcare professionals, avoid discomfort, and make 
difficult-to-reach patients easier to manage.
Conclusions: Saliva in the monitoring of the lithium level is a promising biological material and offers the possibility to quickly 
estimate the individual lithium dosage for a specific patient which will provide the required therapeutic level. Saliva can be collected 
at home without the involvement of qualified personnel. Providing a more convenient and effective means of monitoring lithium 
therapy (e.g. the proposed non-invasive saliva level test) would enable safer, more effective therapy (more likely to maintain thera-
peutic blood levels) and an individualized therapeutic approach to a patient.
Key words: lithum, saliva, drug monitoring.

ISSN: 1230-2813 volume 26 / Issue 1 2017

ADVANCES IN 

PSYCHIATRY & NEUROLOGY
POSTĘPY 

Psychiatrii i Neurologii

ADVANCES IN 

PSYCHIATRY & NEUROLOGY
POSTĘPY 

Psychiatrii i Neurologii

REVIEW ART ICLE / ART YKUŁ PRZEGL ĄDOWY

Correspondence to/Adres do korespondencji:

Julita Kuczyńska
Department of Pharmacology
Institute of Psychiatry and Neurology
9 Sobieskiego St.
02-957 Warsaw, Poland
e-mail: jkuczynska@ipin.edu.pl

Submitted/Otrzymano: 04.08.2021
Accepted/Przyjęto do druku: 01.10.2021

Adv Psychiatry Neurol 2021; 30 (4): 251-257 
DOI: https://doi.org/10.5114/ppn.2021.111938

ID ID

Streszczenie
Cel: Choroba afektywna dwubiegunowa (ChAD) jest zaburzeniem psychicznym występującym u około 2–3% populacji. Podstawę 
leczenia w ChAD stanowi lit. Lit znalazł też ważne zastosowanie w potencjalizacji leków przeciwdepresyjnych w wypadku depresji 
lekoopornej, w przebiegu zarówno ChAD, jak i zaburzeń depresyjnych nawracających.
Poglądy: Wąski zakres terapeutyczny dla litu oraz częste działania niepożądane wymagają konieczności monitorowania jego stę-
żenia we krwi, co wymaga okresowej obecności pacjenta w laboratorium klinicznym. Jest to kosztowne i niedogodne dla chorych 
oraz stanowi częstą przeszkodę dla lekarzy psychiatrów, którzy bardzo niechętnie ordynują ten skuteczny lek, właśnie z uwagi na 
niedogodności związane z koniecznością monitorowania jego stężenia we krwi. Gdyby można było prowadzić regularne monito-
rowanie stężenia litu bez konieczności nakłuwania żyły i wizyty pacjenta w klinice, zaoszczędziłoby to czas zarówno pacjentów, jak 
i personelu medycznego, pozwoliłoby na uniknięcie dyskomfortu i łatwiejszą kontrolę trudno dostępnych pacjentów.
Wnioski: Ślina w monitorowaniu stężenia litu jest obiecującym materiałem biologicznym i daje możliwość szybkiego oszacowania 
dla konkretnego pacjenta indywidualnego dawkowania tego leku, które zapewni wymagane stężenie terapeutyczne. Ślina może być 
pobierana w warunkach domowych bez angażowania wykwalifikowanego personelu. Dostarczenie wygodniejszych i skuteczniej-
szych sposobów monitorowania terapii litem (np. proponowane bezinwazyjne badanie stężenia w ślinie) umożliwiłoby bezpieczniej-
szą, bardziej skuteczną terapię (większe prawdopodobieństwo utrzymywania stężenia terapeutycznego we krwi) danego pacjenta.
Słowa kluczowe: lit, ślina, monitorowanie leku.
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INTRODUCTION
Since its introduction to psychiatry in 1949, lithium has 

revolutionized the treatment of affective disorders [1, 2]. 
The narrow therapeutic range of lithium and the frequent 
side effects it causes require monitoring of its concentra-
tion. Saliva is a  promising biological material that can 
enable the quick estimation of an individual lithium dose 
for a particular patient. The aim of the study was to pre-
sent the relevant research on the possibility of using sali-
va for lithium determination in humans and the impor-
tance of  this matrix in the  individualization of  therapy. 
Search terms (as used in EMBASE, PubMed (NLM) and 
MEDLINE) included “lithium AND determination in 
saliva”, “lithium AND correlation saliva/plasma”. All re-
levant articles published between 1960 and May 2021 were 
included for analysis. Animal-based studies and duplica-
tes were excluded.

The meTAbOlIzATION Of lIThIUm
Lithium ions are almost completely absorbed from 

the gastrointestinal tract. Absorption is complete in about 
8 hours, with peak concentrations being reached 2-4 hours 
after oral administration. The  volume of  distribution is 
approximately 0.7 l/kg; lithium does not bond to proteins. 
As a cation, it is not metabolized and is almost entirely 
(about 95%) excreted in the urine (small amounts of 4-5% 
are excreted in sweat). The  biological half-life is long,  
approximately 19 hours, and also shows large individu-
al differences (13-33 hours), depending on the patient’s  
age, kidney condition and the duration of lithium treat-
ment [3, 4].

TheRApeUTIC lIThIUm level
Although lithium is very effective, its use is limited 

due to its narrow therapeutic range and frequent occu-
rrence of  concentration-dependent side effects. Recent 
recommendations of the International Society of Bipolar 
Disorder (ISBD) and International Group for the  Stu-
dy of  Lithium-Treated Patients (IGSLI) working group 
recommend maintaining lithium concentration for pro-
phylactic purposes at 0.60-0.80 mmol/l. In the  case of 
a good effect and worse somatic tolerance, the acceptable 
level is 0.40-0.60 mmol/l, while with a non-optimal effect 
and good tolerance, the lithium dose can be increased to 
0.80-1.00 mmol/l [5]. The same recommendations were 
adopted for children and adolescents. For the  elderly, 
a  more conservative approach was advocated: serum 
lithium levels should be in the range of 0.40-0.60 mmol/l, 
with the option to peak at 0.70 or 0.80 mmol/l at the age 
of 65-79 years and up to a maximum of 0.70 mmol/l over 
the age of 80 [5]. 

Adverse effects of lithium may be present even when 
concentrations are well within the  recommended the-
rapeutic range [4]. The  toxic effects of  lithium usual-
ly set in when plasma levels go beyond 1.5 mmol/l [2].  
Mild symptoms (serum lithium concentration between 
1.5-2.5 mmol/l) include nausea, vomiting, lethargy, tre-
mor, and fatigue. Moderate intoxication (serum lithium 
concentration between 2.5-3.0 mmol/l) can cause con-
fusion, agitation, delirium, tachycardia, and hypertonia. 
Serum concentrations above 3.0 mmol/l are often asso-
ciated with severe symptoms (coma, seizures, hyperther-
mia, and hypotension) [6]. Toxicity may occur suddenly 
as a  result of  rapid accumulation of  lithium (overdose, 
drug interactions and physical illness) or due to cumu-
lative high concentrations during long-term therapy. 
The  presence of  side effects contributes to worse treat-
ment outcomes and non-compliance with medical re-
commendations [7]. For these reasons, lithium requires 
frequent monitoring of its blood levels. 

International guidelines recommend that patients 
taking lithium should be monitored at least every 3-6 
months [8], even more frequently after dose changes, and 
in the event of a recurrence of  the disease or symptoms 
of  poisoning [8, 9]. After initiation, the  serum lithium 
level should be obtained (12 hours after last dose) twi-
ce a  week until there is clinical response or the  lithium  
level reaches 0.7-1.0 mmol/l [10]. In the use of lithium, it is 
necessary to take into account the somatic state of the pa-
tient, all medications taken, and inter- and intra-individual 
variability. Therefore, factors that influence renal function, 
such as age, dehydration, caffeine and heavy/chronic alco-
hol consumption, sodium balance, hemodynamics, serum 
creatinine levels, and body mass index (BMI) have a po-
tential effect on serum lithium levels [11-13].

Knowledge of  the  concentration of  lithium ions is 
essential for the diagnosis of  lithium poisoning and for 
emergency treatment. An important role in lithium the-
rapy and clinical supervision is played by the  patients 
themselves. The patient should be aware and able to reco-
gnize unfavorable symptoms of the lithium therapy [14]. 
The  clinical condition of  the  patient may lead to dif-
ferences in the  pharmacokinetics of  lithium. The  level 
of  lithium decreases in patients during hypomania, the 
level remains constant in the normal state and increases 
in depression [15].

OpINION
The narrow therapeutic range for lithium and 

the frequent side effects it causes necessitates the moni-
toring of  its concentration in the blood, which requires 
the periodic presence of the patient in a clinical labora-
tory. Therefore, it is costly and inconvenient for patients, 
and is a frequent obstacle for psychiatrists who are very 
reluctant to prescribe this effective drug, precisely due to 
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the inconvenience associated with the need to monitor its 
level in the blood. It is worth emphasizing that, properly 
conducted and monitored, lithium treatment in bipolar 
disorder results in excellent lithium responders in about 
1/3 of patients and remission of the disease lasting up to 
decades. However, in case of insufficient effectiveness, it 
is recommended to add another, additional mood stabi-
lizer. Therefore, in most patients with bipolar disorder 
combined therapy is used, in which lithium is an impor-
tant element. In the case of using additional mood stabi-
lizing drugs, due to the risk of interactions it is even more 
important to monitor its concentration in the  blood. 
After the  introduction of  new mood stabilizer drugs to 
the market in the 1970s and 1980s, the interest in lithium 
treatment and its monitoring techniques decreased signi-
ficantly. In the  following years, the  usefulness of  other, 
newer mood stabilizers was called into question and their 
limited effectiveness and side effects noted. This has re-
sulted in a renewed interest in one of the oldest drugs in 
psychiatry in recent years. Lithium has also found an im-
portant application in the potentiation of antidepressants 
in drug-resistant depression, in the course of both bipo-
lar disorder and recurrent depressive disorders. Lithium’s 
potentiating of  the  action of  antidepressants may be 
the  second, after bipolar relapse prevention, indication 
for its administration. All this translates into the return 
of  lithium to treatment observed in recent years and 
the intensified search for new methods of monitoring and 
personalizing therapy involving the use of this drug.

If regular monitoring of  lithium levels could be car-
ried out without the need to puncture the vein and visit 
a clinic, it would save time for both patients and healthca-
re professionals, avoid discomfort, and make difficult- 
to-reach patients easier to manage. As an alternative to 
the currently used lithium therapy monitoring procedu-
re, determination of  the  lithium concentration in saliva 
has been proposed.

DeTeRmINATION Of lIThIUm level  
IN SAlIvA

The use of saliva in diagnostics is becoming increasin-
gly popular and is an attractive alternative to other invasi-
ve, time-consuming and complicated diagnostic methods. 
From an  ethical point of  view, saliva can be considered 
the best material for human research. 

It can be collected at home without the involvement 
of qualified personnel. As a biological fluid, saliva does 
not coagulate, it is stable for diagnostic purposes for  
24 hours at room temperature and for 7 days at 4oC.  
Due to the greater comfort it can provide in the monito-
ring of this therapy, measurements of lithium concentra-
tion in saliva could be carried out more frequently than is 
currently prescribed for traditional blood concentration 

determinations. By using this matrix it would be possible 
to administer more accurate and patient-specific dosages 
of  this drug. Providing more convenient and effective 
ways of  monitoring lithium therapy (i.e. the  proposed 
non-invasive saliva level test) would enable safer (redu-
ced risk of  side effects and poisoning), more effective 
therapy (higher probability of maintaining the therapeu-
tic level in the blood), and an individualized therapeutic 
approach to a given patient.

Early lithium concentration studies suggested the use 
of saliva as an alternative to blood monitoring in people 
[16, 17]. Several studies have shown significant correla-
tions between saliva and serum lithium values (i.e. be-
tween 0.70 and 0.90) in adult patients [3, 18-30] and chil-
dren [31-33] treated with lithium carbonate (Table 1). 

Gałuszko-Węgielnik et al. [34] reviewed published 
studies on the use of saliva as an alternative matrix to mo-
nitor blood lithium levels. However, the data in the litera-
ture did not provide a conclusive picture. The limitations 
of the researches performed were the small sample size, 
different saliva collection techniques, the  use of  older 
methods of lithium quantification, and the lack of consi-
deration of lifestyle variables. Few studies have analyzed 
the within-patient relationship between saliva and serum 
lithium levels [22]. Previous studies have also shown that 
body weight, serum creatinine, serum potassium, and age 
correlate with serum lithium levels [35, 36].

In 2021, Parkin et al. [30] analyzed the  relationship 
between saliva and serum lithium levels in a multicenter 
cohort of patients taking lithium and confirmed a strong 
saliva/serum correlation (≥ 0.74). The correlation was as-
sessed on 169 matched saliva and serum samples from  
75 people recruited from two different centers, and stron-
gly confirmed the usefulness of using saliva to monitor 
lithium levels. Parkin et al. [30] conducted the largest and 
most integrated study confirming the usefulness of saliva 
as an appropriate biological fluid for the therapeutic mo-
nitoring of lithium. The authors showed that taking into 
account the  daily lithium dose, dosing regimen, smo-
king, and diabetes mellitus, the  power of  saliva in pre-
dicting serum levels could be increased. In this study, as 
in the studies by Mathew et al. [37] and Xu et al. [38], no 
effect of BMI and creatinine on the serum lithium level 
was observed. A  statistically significant correlation was 
found between the serum potassium level and the level of 
lithium in saliva and serum, whereas no such relationship 
was found for the saliva/plasma lithium level. 

Parkin et al. [30], after identifying and considering 
a  number of  clinical and lifestyle factors influencing 
lithium levels, showed that saliva can be an  alternative 
non-invasive biological matrix for lithium monitoring. 
It was also found that the  lithium saliva/serum ratio is 
positively correlated with age. The  glomerular filtration 
rate decreases with age [39] and the elderly may become 
more sensitive to lithium treatment. These people more 
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often have many comorbidities that may have an undefi-
ned effect on the distribution of lithium in the body and 
more often use drugs that may interfere with its elimi-
nation, such as hydrochlorothiazide, NSAIDs and ACE 
inhibitors and angiotensin receptor antagonists [13]. Ear-
lier studies suggest that the prediction of within-patient 
lithium concentration may only be limited to younger 
populations, as the saliva/serum lithium correlation va-
ries greatly among older adults. However, these studies 
did not take into account a number of factors that may af-
fect the levels of lithium in biological fluids in the elderly. 

Parkin et al. [30] also suggest that for patients over 
55 years of age the median saliva/serum lithium concen-
tration from three previous visits rather than one should 
be used to determine the lithium dose from saliva sam-
ples. A limitation of this study was that it included a small 
number of patient samples in the higher range of serum 
lithium concentration (≥ 1.00 mmol/l). The inter-indivi-
dual predicted concentrations and actual concentrations 
varied by more than 0.20 mmol/l. However, when the pre-

dicted and actual serum lithium levels were compared, 
based on a single saliva/serum result and using the mean 
inter-individual ratio of the three visits, the predicted se-
rum concentration was < 0.10 mmol/l from the observed 
level in 75% of  patients. The  authors also included pa-
tients in their study who did not comply with their re-
commended dose of lithium or who missed a scheduled 
dose. The daily dose of lithium has a significant influence 
on the correlation between saliva and plasma, and better 
results would probably be obtained only by taking into 
account patients who use the drugs in accordance with 
the recommendations. Significant influence on the saliva/ 
plasma correlation had an  impact on the  daily dose 
of  lithium, so they would probably obtain better results 
if only patients who use the  medication as prescribed 
were included. Note that the  lithium prediction models 
included samples from patients whose doses were chan-
ged at subsequent visits, suggesting that dose changing 
or adjustment will not significantly affect the  use of  
saliva to predict serum lithium levels. As early as 1980,  

Table 1. Summary of research results “The relationship between serum and salivary concentrations of lithium”
Reference patients, n Stimulated R

Intrasubject analysis
possible replacement serum 

to saliva

Spring and Sprintes (1969) [16] 5 No/Yes 0.92 Yes

Shopsin et al. (1969) [17] 25 Yes 0.85 Yes

Verghese et al. (1977) [18] 24 No 0.88 Yes

Preskorn et al. (1978) [19] 25 No data 0.79 Yes

Man (1979) [20] 30 Yes 0.73 Yes

Othmer et al. (1979) [21] 25 No data 0.89 Yes

Rosman et al. (1980) [22] 11 No/Yes 0.72-0.94 Yes

Nataraj et al. (1981) [23] 28 (140 samples) Yes 0.71 No

Bowden et al. (1982) [24] 40 Yes 0.83 Yes

Khare et al. (1983) [25] 60 Yes 0.73 Yes

Ben-Aryeh et al. (1984) [26] 78 and 49 (healthy 
volunteers)

Yes No data Yes

Perry et al. (1984) [31] 21 (children) No data 0.83 No (unclear)

Vitiello et al. (1987) [32] 9  (children) Yes 0.93 limited

Obach et al. (1988) [27] 8 healthy volunteers Yes 0.81 Yes

McKeage et al. (1989) [28] 28 No data High levels of inter-individual 
and intra-individual variation 
were found in plasma/saliva 

and erythrocyte/saliva lithium 
level ratios

No

Spencer et al. (1990) [33] 30 (children) No data At optimal dose 0.78  
and overall 0.83

Limited

Serdarević et al. (2006) [3] 25 No 0.74 Yes

Shetty et al. (2012) [29] 50 No 0.70 
(0.78 – females; 0.67 – males)

No (more studies are needed 
in this domain to establish 

salivary therapeutic monitoring 
as a feasible option  
for patients in lithium 
carbonate therapy)

Parkin et al. (2021) [30] 75 No 0.74 Yes
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Rosman et al. [22] found that the  inter-subject model 
would work best for clinically stable patients meeting the 
medical requirements and requiring testing only every 
3-6 months. In analyzing previous studies, despite dif-
ferences in the  methods of  collecting and quantifying 
lithium in saliva it is observable that most of them repor-
ted a saliva/serum lithium correlation similar to that ob-
served in the study by Parkin et al. [3, 13, 18, 21, 28-30]. 

Serdarević et al. [3], comparing the  lithium saliva/
serum correlation 2 and 12 hours after a  most recent 
dose, observed a higher correlation 2 hours after taking 
the drug. Due to the difference in the pharmacokinetics 
of lithium in saliva and serum, the time of the last dose 
administration was decisive [3, 27]. No differences were 
observed between the  concentrations of  lithium ions 
in men and women, unlike another study which found  
a higher correlation between the concentrations of lithium 
in saliva and serum in women [29]. In general, the con-
centration of  lithium in saliva is about 2-3 times higher 
than in serum [40, 41]. This can be explained by the slo-
wer removal of lithium ions from saliva than from serum. 
The higher concentration of lithium in saliva indicate that 
it is actively transported into saliva [3, 42].

Due to discrepancies in the  effectiveness of  the  use 
of saliva in lithium-monitored therapy, methods of saliva 
collection and processing were analyzed. Centrifugation 
or the  use of  a  dialysis filter to separate the  water and 
mucous fractions of saliva affects the accuracy of lithium 
measurements and increases the  saliva/plasma correla-
tion [43]. 

When it comes to collecting saliva samples for the de-
termination of lithium levels, monitoring of the therapy 
should take into account several factors, e.g. xerostomia, 
smoking, oral diseases, tooth brushing and diet [34].  
As a biological material, saliva does not require specific 
sampling methods. Tadeusiak et al. [44] used the Salivet-
te device for collecting samples, which allowed for unsti-
mulated saliva accumulation. Previously, it was shown 
that the level of lithium in unstimulated saliva is directly 
proportional to the  concentration in serum. While sti-
mulating saliva flow with a sweet or sour tablet, the level 
of lithium in the parotid saliva was not related to the flow 
rate [45]. The saliva/serum ratio of lithium remained con-
stant over the  100-fold concentration range for at least  
3 months and was not affected by 10-fold changes in flow 
rate [46]. Changing from a  lying to an upright position 
does not affect the level of lithium in the saliva; a correla-
tion between urine lithium clearance and saliva clearance 
in the supine position has been noted, but not in the upri-
ght position [47].

The most suitable analytical techniques for the routi-
ne analysis of lithium in samples of a very different nature 
are offered by atomic spectrometry, including atomic ab-
sorption spectrometry (ASA or AAS – atomic absorption 
spectrometry) with flame atomization (FAAS – flame 

atomic absorption spectrometry) and in a graphite fur-
nace (GFAAS – graphite furnace atomic absorption spec-
troscopy), flame atomic emission spectrometry (FAES), 
excited plasma emission spectrometry (IPC-AES also 
known as IPC-OEC), and inductively coupled plasma 
mass spectrometry (ICP-MS). The methods of determi-
nation must be subject to strict quality control. There 
is now a  formal requirement for clinical laboratories to 
demonstrate through validation that their assay methods 
produce reliable results that meet the expected quality.

CONClUSIONS
It has been shown that lithium can be measured in 

the saliva of patients. Moreover, it is a non-invasive and 
cost-effective approach to monitoring lithium levels. 
The collection process does not require trained person-
nel, and the  ability of  patients to produce saliva sam-
ples at home would enable them to collect the  sample 
at a  time that is not only convenient for them, but may 
also be better coordinated with their daily dose, times 
of  taking other medications and/or meals. These featu-
res can directly translate into more frequent and better 
lithium monitoring in both outpatients and inpatients. In 
the case of outpatients, saliva sampling may allow for col-
lection at home without making an appointment at their 
clinic. This is important because the use of lithium is ba-
sed on reaching a minimum level of it in the blood, which 
is difficult to pinpoint accurately during a visit to a clinic. 
For hospitalized patients, salivary lithium levels can also 
be used to better optimize and synchronize trough levels, 
as saliva sampling would not be restricted to the  ward 
sampling schedule. Moreover, it has been observed that 
hospitalized patients consent to saliva collection much 
more frequently than blood donation. This feature is not 
limited to inpatients, as many outpatients, especially tho-
se in a manic state, also refuse to collect blood.

The saliva/serum lithium level correlation found in 
various studies, in most patients, makes it possible to 
develop and implement a  point-of-care (POC) device 
for determining lithium in saliva. In the era of personali-
zed medicine, a saliva-based lithium POC test would be 
of great value as it would optimize treatment protocols for 
home retrieval as well as patient compliance in clinics. In 
addition, the POC saliva test would provide the basis for 
future technical innovations enabling lithium monitoring 
with point-of-care devices that could send data directly 
to the patient’s healthcare provider. The implementation 
of such devices for the determination of saliva samples is 
already underway [48].

In 2005, the FDA approved the use of a finger-prick 
in-office test and the determination of serum lithium le-
vels in doctor’s surgeries. The use of this test may reduce 
the frequency and need for venipuncture; however, it sho-
uld be remembered that this is not very accurate method.
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