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Abstract

Aim: To determine whether lithium concentrations mea-
sured in saliva, plasma, and erythrocytes at a standard-
ized morning time (09:00) after brief exposure are asso-
ciated with plasma potassium, sodium, and creatinine.
Subjects and Methods: Seventy-seven inpatients or day-
hospital patients with bipolar disorder, treatment-resis-
tant depression, or depression with high suicide risk re-
ceived oral lithium carbonate 600 mg/day for five days.
On day 6 at 09:00, unstimulated saliva, plasma, and eryth-
rocyte samples were collected. Lithium was quantified
using spectrophotometric assay. Potassium, sodium, and
creatinine were obtained from blood at the same visit.
Statistical analyses were conducted using multiple linear
regression. Results: Models for potassium (R2 = 0.086; p =
0.497) and sodium (R2 = 0.058; p = 0.662) were not signifi-
cant. For creatinine, the model explained a modest pro-
portion of variance (R?2 = 0.252) and was non-significant
(p =0.053). Within this model, plasma lithium showed the
largest (negative) standardized coefficient (3 = -0.437; p
= 0.057), whereas saliva (8 = 0.323; p = 0.096) and eryth-
rocytes (B = -0.152; p = 0.467) were not significant. Con-

clusion: In the first treatment week, lithium in saliva and
erythrocytes was not associated with plasma potassium
or sodium and added little beyond plasma lithium for ex-
plaining creatinine. These early, single-time-point find-
ings support plasma as the reference matrix and moti-
vate larger, longitudinal, multi-time-point studies pairing
noninvasive sampling with renal covariates.
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Introduction

Lithium remains the cornerstone mood stabilizer for
the treatment and prevention of bipolar disorder [1]. Al-
though its clinical efficacy is well established, safe and
effective use depends on careful therapeutic monitoring
[2]. Standard practice focuses on plasma (or serum) con-
centrations, yet lithium distributes across multiple bio-
logical compartments, and matrix-specific determinants,
such as epithelial transport in salivary glands or mem-
brane transport and ionic gradients in erythrocytes, may
shape measured levels and their physiological relevance
[2-4].

Beyond exposure, kidney function and electrolyte ho-
meostasis are central to lithium’s disposition. Lithium is
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cleared almost exclusively by the kidneys, and elements of
its tubular handling overlap with mechanisms governing
sodium and, to a lesser extent, potassium balance [5,6].
In this context, previous studies have shown that serum
creatinine and serum potassium are correlated with serum
lithium levels [7,8]. These observations, together with lith-
ium’s effects on renal concentrating ability and water-elec-
trolyte balance, make it plausible that lithium measured
in different matrices could be associated with variation in
plasma sodium and potassium, and relate to creatinine as
a routine indicator of renal function [9,10].

Nevertheless, prior evidence is heterogeneous. Many
studies examine a single matrix (typically serum/plasma),
use nonstandardized sampling times, or do not assess
cellular compartments that may better reflect intracellu-
lar exposure [11,12]. Saliva offers a noninvasive alterna-
tive suitable for frequent sampling, but its relationship to
plasma and cellular lithium may vary with salivary flow,
pH, and glandular transport dynamics [8,13]. Erythro-
cytes provide a cellular window on lithium handling,
yet their incremental value over plasma for interpret-
ing physiological markers remains uncertain [4,14,15].
Clarifying how these matrices relate to key physiologi-
cal markers of fluid-electrolyte and kidney homeostasis
could refine laboratory interpretation, support nonin-
vasive monitoring strategies, and inform individualized
dosing [8,16,17].

Given this background, the present study sought to
characterize the relationships between lithium concen-
trations in saliva, plasma, and erythrocytes and plasma
concentrations of potassium, sodium, and creatinine
under a fixed 09:00 collection. Our primary objective
was to determine the extent to which lithium measured
across matrices explains variability in plasma sodium and
potassium. A secondary objective was to evaluate asso-
ciations with creatinine as a proxy for renal function. We
used multiple linear regression to estimate the unique
contribution of each matrix.

Mapping these cross-matrix relations may refine in-
terpretation when results are borderline, amid fluctuat-
ing renal function, or venipuncture is impractical.

Subjects and Methods

Participants were enrolled from the Clinical Department of
Psychiatry, University Hospital Center Sestre milosrdnice (Za-
greb, Croatia), either during inpatient admission or within the
day-hospital program of this tertiary-care institution. In total,
77 individuals were included. Eligibility required a confirmed
diagnosis of bipolar disorder, treatment-resistant depression, or
depression with a marked suicide risk, and recent initiation of
oral lithium carbonate at a total daily dose of 600 mg (300 mg

at 9:01 AM and 300 mg at 9:00 PM) for five consecutive days.
We excluded persons with factors that could compromise not-
mal salivation (e.g., active oral infections, xerostomia), pregnant
individuals, and patients taking medications known to influence
plasma lithium concentrations (non-steroidal anti-inflammato-
ry drugs, diuretics, angiotensin-converting enzyme inhibitors,
metronidazole). Additional exclusions were dehydration, hypo-
natremia, diabetes, renal impairment, thyroid disease, alcohol
dependence, and significant heart disease. All participants pro-
vided written informed consent after a thorough explanation
of study aims and procedures. The protocol was approved by
the Ethics Committee of the University Hospital Center Sestre
milosrdnice (Zagreb, Croatia; approval No. 251-29-11-24-03).

Clinical evaluation and study design was as follows: be-
tween August and December 2024, patients admitted either
to inpatient ward or the day hospital who had confirmed di-
agnoses of bipolar disorder, treatment-resistant depression,
or depression with a marked risk of suicide were enrolled. A
psychiatrist established the diagnoses according to ICD-11 cri-
teria, drawing on the Mini-International Neuropsychiatric In-
terview (MINI), a structured diagnostic tool [18,19]. Clinical
data collection was performed on the same day as biospecimen
sampling, potassium, sodium and creatinine blood levels were
obtained via blood draw.

After five days of oral lithium carbonate (600 mg/day), sa-
liva, plasma, and erythrocyte samples were collected at 09:00 on
day 6. Unstimulated saliva was obtained with Salivette® (120
s; no chewing/citric acid; = 1 h abstinence from food/drink/
smoking/oral hygiene), then centrifuged and analyzed immedi-
ately. Whole blood obtained for lithium quantification (KsED-
TA) was processed to plasma by centrifugation and to eryth-
rocyte lysate by mixing equal volumes of blood and distilled
water (500 uL) followed by 10 min centrifugation. Lithium was
quantified on an Architect c8000 analyzer (Abbott) using the
manufacturer’s spectrophotometric assay.

In terms of statistical analysis, sample size was determined
a priori with G*Power software, while the data was analysed in
SPSS v20 using multiple linear regression.

Results

Association with plasma potassium

We tested whether lithium concentrations in saliva,
plasma, and erythrocytes were associated with plasma
potassium using multiple linear regression (potassium as
the dependent variable). The model explained little vari-
ance (R? = 0.0806) and was not statistically significant (p
= 0.497). None of the individual predictors reached sig-
nificance. These findings indicate no evidence of an as-
sociation between lithium levels in any matrix and plas-
ma potassium in this cohort. Regression coefficients are
shown in Table 1.
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Table 1. Coefficients from the multiple linear regression in which the dependent variable is plasma potassium concen-
tration and the predictor variables are lithium concentrations in saliva, plasma, and erythrocytes

Variable B stand. error B t p

Saliva 0.037 0.130 0.059 0.284 0.778
Plasma -0.870 0.578 -0.366 -1.507 0.144
Erythrocytes 1.189 1.067 0.253 1.114 0.275

B - unstandardized regression coefficient; Stand. error - standard error; B - standardized regression coefficient; t - t value; p - p

value; statistical significance p < 0.05.

Table 2. Coefficients from the multiple linear regression in which the dependent vatiable is plasma sodium concentration
and the predictor variables are lithium concentrations in saliva, plasma, and erythrocytes

Variable B stand. error B t p

Saliva 0.877 0.747 0.246 1.175 0.251
Plasma -2.854 3.326 -0.212 -0.858 0.399
Erythrocytes 1.797 6.146 0.068 0.292 0.772

B - unstandardized regression coefficient; Stand. error - standard error; 8 - standardized regression coefficient; t - t value; p - p

value; statistical significance p < 0.05.

Table 3. Coefficients from the multiple linear regression in which the dependent variable is creatinine concentration
and the predictor variables are lithium concentrations in saliva, plasma, and erythrocytes

Variable B stand. error B t p

Saliva 7.913 4.576 0.323 1.729 0.096
Plasma —40.541 20.384 —0.437 -1.989 0.057
Erythrocytes —27.831 37.670 -0.152 —-0.739 0.467

B - unstandardized regression coefficient; Stand. error - standard error; § - standardized regression coefficient; t - t value; p - p

value; statistical significance p < 0.05.

Association with plasma sodium

To examine potential electrolyte interrelationships,
we performed multiple linear regression with plasma so-
dium as the dependent variable and lithium concentra-
tions in saliva, plasma, and erythrocytes as predictors.
The model explained little variance (R* = 0.058) and
was not significant (p = 0.662). No individual predictor
reached significance; the largest standardized effect was
for salivary lithium (3 = 0.246, p = 0.251). Full regres-
sion coefficients are shown in Table 2.

Association with plasma creatinine

We evaluated whether lithium concentrations in sa-
liva, plasma, and erythrocytes were associated with plas-
ma creatinine using multiple linear regression with cre-
atinine as the dependent variable. The model explained
a modest proportion of variance (R* = 0.252) and was
non-significant (p = 0.053). Full coefficients are provid-
ed in Table 3.

Discussion

In this study we examined whether lithium concen-
trations measured in saliva, plasma, and erythrocytes re-
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late to plasma potassium, sodium, and creatinine under
a standardized morning sampling schedule (09:00) after
short-term lithium administration. Across models, lithi-
um levels showed no association with plasma potassium
or sodium, and there was a trend toward an inverse as-
sociation between plasma lithium and creatinine that did
not reach statistical significance; the overall creatinine
model explained a modest proportion of variance (R?
= 0.252). These findings indicate that, within this ear-
ly treatment window and sampling framework, salivary
and erythrocyte lithium do not add explanatory value for
electrolyte levels and offer limited incremental informa-
tion for renal markers beyond plasma lithium.

In line with evidence that clinically meaningful renal
effects accrue over months to years, our week-one analy-
ses showed no associations with sodium or potassium
and a creatinine model that did not reach statistical sig-
nificance (R? = 0.252; p = 0.053), consistent with mini-
mal short-term change. Adolescent inpatient cohorts
followed during lithium treatment did not exhibit sig-
nificant deterioration in creatinine-based renal measures
over the observation period, despite expected endocrine
and hematologic shifts, supporting the notion that clini-
cally meaningful renal effects typically emerge over lon-
ger periods [20]. By contrast, a meta-analysis of adult
cohorts that combined longitudinal and cross-sectional
data found a small yet statistically significant increase
in serum creatinine with sustained lithium therapy (=7
pwmol/L over ~64 months; 1.6 pmol/L/year), indicat-
ing that lithium-associated renal change is gradual and
cumulative rather than immediate [21]. These eatly-win-
dow results should be interpreted alongside population-
based evidence on long-term renal outcomes.

Complementing our early-window findings, a na-
tionwide retrospective cohort from Iceland reported a
concentration-dependent increase in incident stage =
3 chronic kidney disease among lithium-treated indi-
viduals with mood disorders. Compared with a control
group of patients with mood disorders not receiving
lithium, risk rose stepwise with mean blood lithium
concentration: HR 2.93 (95 % CI 1.97 — 4.36) for 0.60 —
0.79 mmol/L and HR 4.31 (2.66 — 6.99) for 0.80 — 0.99
mmol/L, whereas 0.30 — 0.59 mmol/L was not signifi-
cantly different (HR 1.22, 0.78 — 1.90). Age, baseline
renal function, diabetes, and prior AKI were additional
risk factors. These registry data support the view that
lithium-related renal effects are small in the short term
but accrue over years, and they reinforce practice rec-
ommendations to monitor levels closely and use the
lowest effective dose, which is fully consistent with the
absence of robust electrolyte or creatinine signals in
our 6-day design [22].

In relation to prior work, Parkin et al. reported a
strong saliva-serum lithium correlation across 169 paired

samples from 75 patients (unadjusted r = 0.74; covari-
ate-adjusted r = 0.77 after accounting for daily dose,
diabetes, and smoking) and showed that within-patient
saliva/serum ratios can predict serum lithium well, es-
pecially when averaging three prior visits (r = 0.90) over
longitudinal follow-up up to 18 months. They observed
no association with sodium or creatinine, but did find
modest positive correlations between lithium (saliva and
serum) and potassium. In our short-term, single-time-
point design after brief exposure, we likewise found no
relationship with sodium and no robust link with creati-
nine (only a borderline, negative partial association for
plasma lithium), whereas we did not detect an associa-
tion with potassium. Differences in sampling and analy-
sis (passive drool and ICP-OES vs. Salivette® collection
and spectrophotometry), study horizon (longitudinal
multi-visit vs. one standardized morning time-point),
and covariate handling likely account for the discrepant
potassium finding. Taken together, Parkin’s longitudinal
evidence supports salivary lithium as a feasible monitor-
ing matrix when calibrated within individuals, while our
eatly-phase data suggest saliva offers limited incremen-
tal information about electrolytes or creatinine beyond
plasma at a single trough time-point [8].

The absence of relationships with sodium and potas-
sium in our data is consistent with heterogeneity across
prior reports. In a retrospective multivariable analysis
of a Chinese Han cohort (N = 180), serum lithium was
negatively associated with sodium in adjusted models and
positively correlated with creatinine in unadjusted analy-
ses; potassium was not examined as an independent pre-
dictor. These patterns likely reflect differences in popula-
tion characteristics, sampling times, dosing, and covariate
adjustment [7]. Our standardized single-time-point de-
sign and brief exposure period likely reduced the oppor-
tunity to detect electrolyte-lithium covariation that may
emerge with chronic tubular effects or with greater varia-
tion in volume status and sodium-water balance.

Pharmacokinetic considerations provide a coher-
ent framework for interpreting these results. Population
pharmacokinetic syntheses consistently identify renal
function and body size as the most robust determinants
of lithium clearance, with age exerting context-depen-
dent effects [23]. Matrix-to-matrix relationships, such as
saliva versus plasma, can vary across study designs and
patient characteristics, which helps explain why nonin-
vasive matrices added little beyond plasma at a single
trough [8]. In that light, it is unsurprising that plasma
lithium emerged as the strongest, albeit non-significant,
predictor in our creatinine model, while salivary and
erythrocyte lithium contributed little once shared vari-
ance was accounted for. The possibility of collinearity
among matrices may further attenuate individual coef-
ficients, limiting power to detect unique effects when
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predictors are physiologically linked. Several features
of the study design may explain the pattern of find-
ings. Sampling occurred early in treatment at a fixed
morning time, capturing a relatively constrained expo-
sure range and minimizing diurnal and post-dose fluc-
tuations; under such conditions, any renal or electrolyte
perturbations attributable to lithium are expected to be
small [21,24]. Because doses were not modified during
the observation window, the negative partial association
between plasma lithium and creatinine is more plausi-
bly attributable to multicollinearity among matrices and
short-term, unmeasured determinants (e.g.,, hydration
status, minor timing variability, analytic noise) than to
clinical titration. Finally, while saliva remains a promis-
ing noninvasive matrix for therapeutic monitoring, its
relation to plasma and cellular lithium depends on flow
rate, pH, and glandular transport, which may limit in-
cremental explanatory value for systemic physiological
markers in a short-term, single-time-point design [25].
These considerations are consistent with pharmacoki-
netic work emphasizing renal function and body size as
principal drivers of lithium handling and underscore the
need for carefully controlled, multi-time-point compari-
sons across matrices [23,20].

Clinically, our data reinforce two practical messages.
First, for short-term safety assessment and exposure
monitoring, plasma remains the reference compartment;
salivary measurements may facilitate noninvasive sam-
pling but did not improve the explanation of electrolyte
or creatinine variability in this protocol [8,17]. Second,
given meta-analytic evidence of small long-term increas-
es in creatinine with chronic therapy, routine renal moni-
toring remains essential, particularly as treatment dura-
tion lengthens and intercurrent factors (e.g., age, body
size, comedications affecting sodium-water balance) ac-
cumulate [17,21]. This study has limitations that warrant
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