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ABSTRACT 

Lithium (Li) and valproate (VPA) are commonly used in the treatment of bipolar disorder (BD), with 

narrow therapeutic window requiring periodic control of serum levels. This prevents intoxication, lack of 

efficacy due to low serum concentrations, and allows monitoring treatment adherence. We aimed at 

evaluating the bioequivalence of salivary and blood levels of LI or VPA in a sample of adult BD patients. 

Secondarily, lithium bioequivalence was evaluated across different patients’ lifespans. BD patients treated 

with either Li or VPA underwent contemporary standard serum and salivary measurements. Blood levels 

of both drugs were taken according to standard procedures. Li salivary levels were performed by an 

adapted potentiometric method on the AVL9180 electrolyte analyzer and confirmed by means of a 

Perkin-Elmer AA200 flame atomic absorption spectrometer. VPA salivary levels were taken with an 

immune-assay method with turbidimetric inhibition. Correlations were calculated with Pearson Product 

Moment Correlation in an interim analysis. Age was controlled with partial correlation technique. A total 

of 50 patients (38 on Li, 12 on VPA) were enrolled. Blood-saliva bioequivalence for VPA was not found 

due to a high variability in salivary measures. Li measures resulted in a high correlation (r=0.767, 

p<0.001), showing no partial correlation with age (r=0.147, p=0.380). Li salivary test is a reliable method 

of measuring Li availability and is equivalent to serum levels. Potential advantages of Li salivary testing 

are its non-invasive nature and the possibility of doing the test during the usual appointment with the 

psychiatrist.  

  



 

1. INTRODUCTION 

 

Bipolar Disorder (BD) is a highly prevalent and chronic condition, with high risk of relapses into acute 

episodes within 5 years (Keller et al., 1993; Merikangas et al., 2011). For this reason, an appropriate long-

term treatment with mood stabilizers aimed at preventing recurrences is necessary (Grande et al., 2015).  

In the last twenty years several drugs for the treatment of acute phases and for the prevention of relapses 

in BD have been introduced (Carvalho et al., 2015). Along with newer agents, “classical” mood 

stabilizers such as lithium (Li) and valproate (VPA) are still widely used, alone or in combination, in the 

long term treatment of BD (Samalin et al., 2016). Lithium still represents a cornerstone in the treatment of 

BD, and the long clinical experience associated with the use of this drug makes it a relatively safe tool to 

prevent recurrences of BD (Geddes and Miklowitz, 2013; Nivoli et al., 2010). Valproate is also 

considered by most clinical guidelines as a first-line option in the maintenance phase, although some 

concerns on tolerability have been raised (Murru et al., 2015; Yatham et al., 2013). As both lithium and 

valproate have a relatively narrow therapeutic window, therapeutic ranges need to be routinely checked. 

Blood sampling and subsequent measuring –generally twice a year- are the methods used to check for Li 

and VPA levels in everyday clinical practice (NICE, 2014). 

Unfortunately, Li has a high discontinuation rate, with an average time of adherence as short as 76 days 

at 6-year follow-up (Johnson and McFarland, 1996). To date there are no similar data for VPA. Poor 

adherence is a common issue in BD patients, with rates of 20-40% (Colom et al., 2000; Murru et al., 

2013; Sajatovic et al., 2009) in euthymic patients, and up to 40-64% among acute manic patients (Keck et 

al., 1997; Montoya et al., 2007). Poorly adherent BD patients suffer from greater chronicity, worse 

functioning, an increased number of visits to emergency units and increased and longer acute admissions, 

with subsequent higher health expenses (Gianfrancesco et al., 2008; Lew et al., 2006). The risk of poor 

adherence has been documented in BD patients within the first weeks after initiating or changing 

treatment due to a manic or mixed relapse (González-Pinto et al., 2010). This is a delicate moment, in 

which poor illness awareness and need for effective treatment should lead clinicians to require a frequent 

monitoring of mood stabilizers in order to assess therapeutic blood levels, reduce risks of toxicity as well 

as ensuring treatment adherence. 

The literature on the subject of salivary measures of drugs in patient populations affected by BD is 

almost nonexistent. Saliva was initially investigated as an alternative fluid for therapeutic monitoring of 

some anticonvulsants in the late 1970s until recent years on epileptic samples (Danhof and Breimer; 

Mucklow et al., 1981; Patsalos and Berry, 2013; Tonic-Ribarska et al., 2012), showing a low correlation 

for salivary/serum valproate levels (al Za’abi et al., 2003). On the other hand, the use of Li salivary 

monitoring instead of serum dosages has been deemed possible, but high interpersonal variability was 

reported, so that its possible use in clinical practice was questioned (Moody, 1999; Spencer et al., 1990). 

Recently, the feasibility of measuring salivary concentration of Li in 50 BD patients was tested, and 

results did not allow for supporting saliva monitoring as a substitute of serum Li estimation (Shetty et al., 

2012). Also, it is commonly known that interpersonal variability in drug volumes of distribution get 

increased as people get older (Mangoni and Jackson, 2004).  



The aim of the present study was to evaluate the bioequivalence of salivary and blood levels of Li and 

VPA in a sample of adult BD patients. Secondarily, Li bioequivalence in saliva and serum was evaluated 

across different patients’ lifespans. 

 

 

2. EXPERIMENTAL PROCEDURES 

 

 2.1 Subjects and study design 

A study on the correlation between serum and salivary levels of lithium and valproate was performed in 

a group of BD patients who attend the Bipolar Disorder Unit of the Hospital Clínic of Barcelona.  

Inclusion criteria were: 1. A diagnosis of BD, type I, II or NOS (American Psychiatric Association, 

2000). 2. Age between 10 and 80 years old. 3.  Being on maintenance treatment, in mono- or poly-

therapy, with lithium or valproate, and stable on treatment with Li or VPA for at least 4 weeks. 4. Not 

with signs, symptoms or actual history suggesting ongoing dehydration. 5. Renal function within normal 

limits. 6. Written informed consent provided. Exclusion criteria referred to factors possibly modulating 

volume distribution or excretion of the studied drugs: 1. Factors affecting normal salivary secretion 

(active oral infections, occasional or chronic xerostomia). 2. Alcohol consumption. 3. Pregnancy. 4. 

Drugs affecting Li/VPA pharmacokinetics such as those significantly affecting extracellular water or 

kidney function. 5. Concurrent urinary tract infection. 

As a secondary objective of the study was to evaluate the effect of age in saliva-blood lithium 

concentrations, we recruited 5 patients aged under 18. 

 

2.2 Procedure 

A single visit for each patient was scheduled, in which salivary and blood sample were taken. Patients 

were asked to fast since the night before. All extractions were performed by a nurse. Serum levels were 

extracted by standard procedure. Saliva was collected by chewing parafilm wax for 1 min before spitting 

into tubes (Salivette ® SARSTEDT). After centrifugation, the saliva samples were stored in a freezer (-

20ºC) before analysis at the Centre de Diagnòstic Biomédic, Hospital Clinic Barcelona.  

 

2.3 Analytical methods 

Lithium in serum and in salivary fluid was determined by means of an electrolyte analyzer AVL 9180, 

using an adapted procedure based in a classic direct potentiometric method (Bertholf et al., 1988), and by 

means of a Perkin-Elmer AA 200 atomic absorption spectrophotometer, after appropriate dilutions with 

deionized water (Shetty et al., 2012).  For potentiometric method, all samples of saliva were pre-treated 

with NaCl 0.5 mol/L as a matrix modifier. The accuracy and precision of the results in salivary fluid were 

assessed by a simultaneous analysis of two pool of saliva with a mean lithium concentration of 1.2 and 

2.5 mEq/L. The coefficient of variation “between -day” was 0.046 and “within-run” was 0.014. For the 

results in serum, the accuracy and precision were assessed by a simultaneous analysis of the standard 

reference material ISE-trol Quality Control Level I, II and III for Roche AVL 9180. The coefficient of 



variation between the series was 0.034 and within the series was 0.015. The within-run imprecision 

(CVw) was obtained by measuring the reference material 5 times within two hours and the interserial 

imprecision (CVb) was obtained by measuring this material over a period of 10 consecutive days. The 

limit of detection (LOD) was 0.03 mEq/L and the limit of quantification (LOQ) was 0.1 mEq/L. 

Valproic acid concentration in serum is measured with a homogeneous particle enhanced turbidimetric 

inhibitioninmunoassay method on the Dimension EXL System. The Assay reagent, reference and 

provider are: VALP Dimension EXL, Ref DF78, Siemens Diagnostics (Newark, DE 19714 USA). This 

method has a detection limit of 3 mg /L that invalidates its use in saliva samples. In order to improve it, 

some modifications on the procedure were performed which involved an increase on the amount 

of pipetted sample and value change of the calibrators. Once these modifications were made, the new 

limit of detection following the recommendations of CLSI1 was estimated. This optimization method 

showed a notorious improvement of the assay detection limit, decreasing from 3 to 0.4 mg / L. 

Saliva samples were measured using the latter method 

 

 

2.4 Statistical analysis 

A sample of 20 subjects would yield 80% power for detecting an effect size of at least 0.6 using the test 

for dependent correlations with a significance level of 0.05. Nonetheless, given the high dispersion of 

VPA measures observed, after an interim analysis it was decided to interrupt VPA patients enrollment. 

Data on Li or VPA concentrations were subjected to conventional methods of statistical analysis. 

Correlations were calculated with Pearson Product Moment Correlation (Pearson’s r) in an interim 

analysis. Age was controlled with partial correlation technique. Statistical analyses were performed with 

SPSS software (ver 19.0).  

 

2.5 Ethical aspects 

The protocol of the study was approved by the Hospital Ethical Committee, after a consultation to the 

Spanish Agency of Drugs and Health-Related Products (AEMPS). Patients had to give a signed written 

informed consent in order to participate in the study. 

 

 

3. RESULTS 

A total of 50 patients (38 on Li and 12 on VPA) were enrolled in the present cross-sectional study. 

Among these, 27 (54%) were female, 46 (92%) were diagnosed with BD type I and 4 (8%) with BD type 

II. Characteristics of the sample and sample mean serum and salivary concentrations of Li and VPA are 

presented in tab. 1.  

  The concentrations of Li in saliva were higher than those in serum. The scatter plot of Li salivary versus 

serum free concentrations (Fig. 1) revealed a good linear relationship (correlation coefficient, r = 0.767, p 

< 0.001) in the present sample. Lithium sample showed no partial correlation with age (age r=0.147, 

p=0.380). Child and adolescent patients (aged 16, 12, 15, 13 and 17) showed the same behavior regarding 

Li concentrations than adult patients. 



 The scatter plot of VPA salivary versus serum free concentrations (Fig.2.) did not allow for an 

assessment of a blood-saliva bioequivalence due to a high variability in salivary measures (r=0.123, 

p=0.704). 

 

4. DISCUSSION 

This cross-sectional study was aimed at assessing the possible bioequivalence of Li and VPA salivary 

measures to their respective concentrations in serum. 

High correlation was found between Li salivary and serum concentrations, coherently with previous 

studies in the field (Ben-Aryeh et al., 1984; El-Mallakh et al., 2004; Neu et al., 1975; Verghese et al., 

1977). As human saliva has two major components, an aqueous fraction and a mucinous 

mucopolysaccharide fraction (Leppi and Spicer, 1966), the removal of the mucionous component from 

saliva by filtration in modern measurements bears an increased degree of correlation between serum and 

salivary Li (El-Mallakh et al., 2004). These findings  seems at odds with the scant attention given to this 

monitoring possibility after the positive studies published in the 70s (Mathew et al., 1979; Sims et al., 

1978).  A possible explanation is that several factors contribute to the variability of salivary Li 

concentrations, possibly difficulting the implementation of salivary measurements into clinical practice. 

These include Li ion concentration in blood, stimulation of salivary glands, co-occurring medical 

conditions or treatments (Spencer et al., 1990; Spring and Spirtes, 1969). For instance, alimentary aspects, 

concurrent use of drugs affecting kidney function or acute infective kidney conditions could represent an 

obstacle in the implementation of Li salivary measurements into clinical practice (Thomsen and Schou, 

1999). 

Several recent findings in the sampling and analytical methods, as well as the growing interest in free 

drug concentrations, provide a new impetus for salivary measurement for a quick and non-invasive 

monitoring of therapeutic levels of mood stabilizers treatments for BD patients. For this reason, alongside 

with Li, we decided to investigate the possible salivary bioequivalence of VPA too, with an improved 

methodology that allowed for greater detectability. In the present study, no significant correlation 

between VPA salivary and serum concentrations was found. In previous studies, either strong or weak 

association for VPA levels in both serum and saliva were reported, so that a significant correlation of 

saliva levels with serum levels of VPA was deemed possible (Soldin, 1999) or not (Liu and Delgado, 

1999; Patsalos et al., 2008; Patsalos and Berry, 2013), depending on the type of analytical approach used. 

It is possible that the poor association between VPA concentration in serum and saliva can be due to 

differences in the rate of metabolization of the drug and the heterogeneity of the population, similarly to 

what happens in epileptic populations (Dwivedi et al., 2015). In the Dwivedi and cols study, a significant 

correlation was found between saliva and free serum VPA concentration, but the analysis of free serum 

VPA (serum or saliva) requires specialized laboratory techniques that may not be available in many 

hospital laboratories, limiting this possibility due to cost-effectiveness considerations (Dwivedi et al., 

2015). 

 

4.1 Clinical applicability 



Based on the results of the present bioequivalence study, Li-treated, but not VPA-treated, patients could 

benefit from the easy and quick measurement represented by salivary measurements. The advantages of 

salivary measures are the rapid patient administration and the non-invasive nature of the method. Salivary 

measurement of Li can be an option for unscheduled concentration esteems, giving the clinician a more 

reliable measures of patients’ true status of adherence to pharmacological treatment, at all ages, as 

compared to the routinely scheduled lab tests.  

As previously said, patients affected by BD are at risk of poor treatment adherence. Interestingly, patients 

for whom Li and VPA are more effective in maintenance treatment, i.e. with manic predominant polarity 

(Carvalho et al., 2014; Colom et al., 2006; Popovic et al., 2012; Samalin et al., 2016) are also more often 

poorly adherent to treatments and usually have a worse course of illness (Martinez-Aran et al., 2009; 

Murru et al., 2013). Predominant polarity has relevant therapeutic implications and is likely to be 

included in future editions of DSM (Carvalho et al., 2015; Colom et al., 2015; Vieta, 2016). 

It is widely known that individuals with high levels of needle fear who also have chronic health 

conditions requiring injections (e.g., diabetes or multiple sclerosis) represent a particularly vulnerable 

group requiring special attention to this aspect, in order to maximize adherence to their medical regimen 

and avoid negative health effects (Mohr et al., 2001; Wright et al., 2009). In addition to the 

aforementioned comfort of procedure, salivary measure may thus reduce potential resistance to treatment 

in those people with a needle fear, a condition which prevalence in the general population ranges from 3-

4.5% (LeBeau et al., 2010) for clinically relevant phobia up to approximately 10% for diagnostic sub-

threshold fear (Taddio et al., 2012). This condition may be especially prevalent and play a major role in 

children/young adults attitude towards treatment, similarly to what observed in other chronic conditions 

(Cemeroglu et al., 2015). 

 

5. CONCLUSIONS 

Lithium, but not valproate, presents with a high correlation in salivary and serum measurement. This 

potentially opens the door to a routine clinical use of salivary measures that could grant, in appropriate 

subpopulations of patients affected by BD, a feasible, non-invasive method to help assessing adherence to 

treatment. In future, studies assessing the non-inferiority of Li salivary concentration measurements, 

compared to standard serum dosing procedures, should be performed, in order to understand the possible 

application to everyday practice. 
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