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Lithium: how low can you go?

Rebecca Strawbridge'” and Allan H. Young'

In medicine, lithium is best known as the mainstay mood
stabiliser for bipolar disorders (Ulrichsen et al. 2023;
Yatham et al. 2018) and is also effective in unipolar affec-
tive disorders (Scott et al. 2023). Having been investigated
for many decades, lithium has additional therapeutic
indications both within and outside psychiatry (Bauer
and Gitlin 2016). Unlike many other psychotropic medi-
cations, lithium is recognised as having a range of neu-
roprotective effects, including on length of telomeres,
hippocampal neurogenesis and reducing peripheral
inflammation (Puglisi-Allegra et al. 2021; Strawbridge et
al. 2023a). Despite this, lithium is widely reported to be
under-used (relative to both the need for this medicine
and its evidence base) (Post 2018). Reasons for this are
varied, from education of both clinicians (Gomes et al.
2022; Post 2018) and patients (Gomes et al. 2022; Severus
et al. 2021) to associated negative beliefs and/or attitudes
primarily relating to side effects or safety, again from
both clinicians and patients (Hidalgo-Mazzei et al. 2023).
Further reasons include complexities or inconveniences
related to the need for regular blood monitoring, which
appears to be present from patient (McKeown et al. 2022),
clinician and service-level perspective (Nikolova et al.
2018). As a result, rates of lithium monitoring adherence
are widely suboptimal, which in turn increases the likeli-
hood of adverse effects (Nikolova et al. 2018). Further, it
has been reported that initial patient concerns regarding
side effects and monitoring are ameliorated after subse-
quent experience of treatment and monitoring (McKe-
own et al. 2022).
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Lithium dose is certainly relevant when considering its
underuse and controversy, with higher doses conferring
greater safety issues. Thus, indication is also relevant here
as lithium therapeutic dose varies by indication. We dis-
cuss here evidence on lithium efficacy and safety at differ-
ent dose ranges, which are outlined summarily in Table 1.

High dose lithium [>0.6mmol/L]

Toxicity is usually considered most likely to mani-
fest at levels from 1.5 mmol/L, while concentra-
tions>2.0mmol/L are associated with potentially
life-threatening toxicity. Studies have long reported
high serum levels in a sizeable proportion of patients:
In one inpatient study, almost 7% of 2210 participants
had serum levels of >1.5mmol/L (1990-1996) but even
at this level, less than one third had clinical indications
of toxicity (Webb et al. 2001). In a more recent Swedish
population-based cohort of patients treated with lithium
(1997-2013), the incidence of lithium levels>1.5mmol
was reported to be 0.01 per patient per year (7% over
the study period). Of 77 patients with high lithium lev-
els reviewed, over one third required intensive care
treatment and 13% received haemodialysis, although all
recovered with limited apparent chronic impact on renal
function (Ott et al. 2016). Management strategies for tox-
icity are available (Murphy et al. 2023).

Early studies of acutely manic patients reported anti-
manic efficacy at 1.3 or 1.4mEq/L (Prien et al. 1972;
Spring et al. 1970), with higher doses conferring more
toxicity without efficacy, though one further study
reported a dose-response effect up to 1.2mmol/L (Stokes
et al. 1976). Updated management guidelines for bipo-
lar disorder still report that there may be increased effi-
cacy at levels 0.8—1.0mmol/L (with claims of this effect
to 1.0 to 1.5 mmol/L), however extreme caution is rec-
ommended, with advice to permit these doses in specific
unusual circumstances (e.g., no alternative treatment)
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Table 1 Summary of lithium efficacy and safety at different dose ranges

Serum level / lonicLi Efficacy summary Safety summary
dose range* dose
‘High’dose  >1.0/12mmol/L  >250mg  Severe non-responsive acute mania, aggressive / self-harm Increased risk of toxicity
0.8-1.0mmol/L behaviour Long-term: increased safety
Non-responsive BD if well tolerated concerns vs. below
‘Therapeu- 0.6-08 mmol/L  ~112- Maintenance BD (also shorter-term depression, mania), rapid cy- Short-term side effects com-
tic’ dose 250 mg cling BD, suicidality, unipolar depression, possible effect dementia. ~ mon. Long-term some risk to
renal +/ thyroid function. Many
concerns addressed via moni-
toring +/ action.
‘Low dose’  0.2-0.6 mmol/L  ~20- Possible effect dementia; possible effects as adjunct in depression,  Generally well tolerated, attenu-
100 mg mania, limited evidence for other neuropsychiatric benefits. ated concern relative to above.
‘Micro’dose Unknown ~5-20mg  Limited evidence for effects on mood, anxiety and dementia over No known safety concerns.
long periods.
‘Trace’dose  <0.1mmol/L <5mg Possible small effect over long periods- suicide, dementia, No safety concerns

?homicide.

* serum concentrations 10-14 h after most recent dose, optimally at 12 h (most stable), when using standard immediate release formulations (daily peak

concentrations up to 3-times higher than those reported) (Tondo et al. 2019)

and for a short period of time (Goodwin et al. 2016). Sup-
port for high-dose lithium is also pertinent for suicidality
(Cipriani et al. 2013) and aggressive behaviour in other
populations (Malone et al. 2000).

In contrast to acute mania is maintenance prophylac-
tic treatment with lithium for people with bipolar disor-
ders; for this, the landmark analysis by Nolen & Weisler
from “Trial 144” identified higher effectiveness with
lithium levels>0.6mmol/L. (Nolen and Weisler 2013).
A recent meta-analysis supports this although suggests
that higher levels up to 1.2mmol/L are primarily effec-
tive against depression as opposed to mania relapse
risk (Hsu et al. 2022). Notwithstanding these findings,
0.6mmol/L is most commonly considered the optimal
trade-off between effectiveness and safety for this indica-
tion (Nolen et al. 2019).

‘Therapeutic’ dose lithium [0.6-0.8mmol/L]

It is noted that toxicity can occur even at therapeutic
doses (as per treatment guidelines for maintenance in
bipolar disorder, as its primary indication), although
clearly less likely than with higher doses (Goodwin et al.
2016). To firstly discuss the safety considerations with
‘therapeutic’ dose lithium, the greatest concern is typi-
cally related to renal function in the long term. While
lithium does in some cases adversely affect renal function
(particularly older people on long-term therapy (Tondo
et al. 2017), the risk of chronic renal illness may not be
significantly increased in an overall lithium-treated group
(Bosi et al. 2023). An in-depth recent study reported high
interindividual variation but steeper declines in esti-
mated glomerular filtration rate (eGFR) explained by
lithium use but also found wrongful clinical attribution
of some chronic kidney disease (CKD) cases to lithium
(Fransson et al. 2022) which may have increased other
records-based studies’ estimates (Strawbridge and Young

2022). Relatedly, long-term lithium use can also induce
nephrogenic (but not central) diabetes insipidus (Griin-
feld and Rossier 2009) and more innocuously, polyuria
(Gitlin 2016). The other main concern is with thyroid
disorders, which are common, particularly in long-term
treated patients (Joseph et al. 2023). While renal risks
appear related to long-term (>10 years) lithium use,
thyroid concerns may occur during the first years of
treatment (Joseph et al. 2023) and not show a marked
increase over subsequent years (Kraszewska et al. 2015).
There is also evidence to suggest that, although lithium
appears to affect thyroid stimulating hormones, substan-
tive hypothyroidism risk may not be specific to lithium
but rather may be a common risk in people with bipolar
disorders (Kraszewska et al. 2019). Other concerns at this
dose level can include tremor, nausea, fatigue, hyperpha-
gia, increased white blood cell count and hypercalcemisa,
although many of these are transient and/or can be man-
aged using other strategies (Kovacs et al. 2022; Tondo et
al. 2019).

Efficacy for prophylaxis in BD has already been dis-
cussed, but the largest meta-analysis to date also dem-
onstrates efficacy in the shorter term for both depression
and mania (Ulrichsen et al. 2023). Despite a small evi-
dence base, a recent meta-analysis examining rapid
cycling bipolar disorder patients illustrate efficacy rela-
tive to other mood stabilisers for depression and global
outcomes (Strawbridge et al. 2022). Lithium at this dose
is also recommended as an augmentation strategy for
non-responsive (Scott et al. 2023) or treatment-resistant
(Strawbridge et al. 2019) unipolar depression. The liter-
ature on suicidality suggests that lithium can have anti-
suicide effects at this dose and thus may be clinically
indicated even in mood disorder patients experiencing
a limited clinical effect on depression/mania (Tondo et
al. 2019). From promising early evidence in cognition
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studies (Matsunaga et al. 2015), an ongoing trial is exam-
ining ‘therapeutic dose’ lithium for the prevention of
dementia onset (“LATTICE”).

‘Low dose’[0.2-0.6mmol/L]

Evidence is accumulating to support the utility of ‘sub-
therapeutic’ lithium doses. Indeed, many of the trials
intending to achieve a ‘therapeutic’ dose of lithium report
high proportions of patients with lower serum levels,
which has been reported to reduce effect sizes (Nieren-
berg et al. 2013) but can also highlight areas of benefit
despite low doses.

The support for lithium in MCI/dementia suggests
that there may not be a significant dose effect: a 2015
meta-analysis, containing trials of doses ranging from
300ug (micrograms) to 168 mg, has reported similar effi-
cacy in high versus low dose studies (Matsunaga et al.
2015). These doses are converted to estimated quantities
of iomic lithium, with a starting dose of 600 mg lithium
carbonate containing 112.5 mg ionic lithium. There is
some consensus that low dose lithium could be used to
prevent as well as treat cognitive deterioration (Masson
et al. 2014). Our systematic review of ‘sub-therapeutic’
lithium effects on various neuropsychiatric outcomes
not only identified a consistent effect in benefitting cog-
nitive health in older adult populations, but also found
putative (although inconsistent) benefits for depressive
and manic symptoms: 2/5 studies of (bipolar and unipo-
lar) depressed participants reported improvements after
lithium augmentation; a further study reported benefits
to depression (but not multiple sclerosis [MS] symptoms)
in participants with MS. For mania, studies generally
reported reduced efficacy compared to standard-dose
lithium, but single studies reported no difference in
remission rates between standard- and low-dose lithium,
or compared to carbamazepine while two further studies
reported no benefit over placebo or usual care. The fol-
lowing effects were all additionally identified in single
studies: improvements to (pseudo)manic symptoms were
reported in alcohol use disorder, global impression in
dementia (particularly apparent in delusion, irritability
and mood lability), and positive and negative symptoms
in people at risk for psychosis. In terms of suicidality,
one study reported no effect and another identified some
benefits to suicidality (unipolar depression). Of the 16
included studies, reports were unanimous safety of low-
dose lithium across all studied populations (Strawbridge
et al. 2023b). Other studies have reported fewer side
effects with doses in this range compared to higher doses,
and although it has been suggested that this may not lead
to fewer treatment discontinuations (Nolen et al. 2019),
it may be that adherence is improved in the absence or
reduction of side effects (Barroilhet and Ghaemi 2020).
There is a paucity of research into adverse effects of
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low-dose lithium, although we also cite an as-yet unpub-
lished study finding increased (although clearly non-sig-
nificant) CKD rates in people with serum lithium levels
of 0.3-0.59 (Gislason et al. 2023).

‘Micro’ dose [5-20 mg ionic lithium]

5-20 mg lithium (equivalent to 27-107 mg lithium car-
bonate) can be purchased over the counter as a nutri-
tional supplement, most commonly in the form of
lithium orotate (Strawbridge and Young 2022). No stud-
ies of these lithium supplements have formally assessed
neuropsychiatric outcomes (Strawbridge et al. 2023b)
although two small human studies, conducted decades
ago, reported extremely positive findings of lithium oro-
tate (for various diagnoses) notwithstanding notable
methodological limitations (Nieper 1973; Sartori 1986).
The putative utility, however, of microdose lithium
include: (1) safety, given its use in the community for
decades without safety concerns (Strawbridge and Young
2022), (2) bioavailability, with some animal studies even
suggesting an orotate anion may be able to facilitate
relatively higher serum levels than other formulations
(Pacholko and Bekar 2023) and preliminary evidence
of clinical effects of lithium at similar doses: two of the
sixteen studies included in our low-dose lithium system-
atic review used doses of 300ug (dementia) and 400ug
(mood), both reporting effects similar to other studies of
somewhat higher doses (Strawbridge et al. 2023b). The
evidence is, of course, scant. Given the above, we would
posit that microdose lithium may have potential in three
particular areas: firstly, in people with age-related cogni-
tive decline (see above), secondly alongside other mood
stabilisers in those who have benefitted clinically from
high-dose lithium but suffered severe adverse physical
effects (Strawbridge and Young 2022), and/or thirdly, for
other outcomes if consumed on an ongoing period for an
extended period of time (see below). Survey data from
211 people taking microdose lithium purchased com-
mercially suggest that people commonly find benefits to
mood, anxiety and cognition (each rated by >20% of peo-
ple) with mood commonly reported as the greatest bene-
fit, most frequently ‘moderate’ in magnitude (Strawbridge
2023). While microdose lithium may have potential, we
argue that initial feasibility and subsequent substantive
examination in clinical trials are warranted.

‘Trace’ dose [< 5 mg ionic lithium]

Elemental lithium is naturally present in most rocks,
meaning that trace levels are found in mineral water
and food grown in soil. This varies substantially across
region, with some mineral waters containing up to
9 mg/L (Schrauzer 2002). As a result, average dietary
lithium intake has been estimated to increase to as much
as 80 pg Li/kg-day (Moore 1995). Furthermore, lithium
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levels in the general population are measurable with high
sensitivity assays e.g., lower limit of detection 0.002ug/L;
average level 0.96 pg/L in one study (Enderle et al. 2020).
Although heralded as a ‘micronutrient’ for its health ben-
efits, these are yet to be fully established (Szklarska and
Rzymski 2019), however, one study found over 8% of
the variance in lithium levels could be attributed to diet,
with higher lithium levels in people consuming more
fruit, vegetables, tea, beer and wine; higher lithium levels
were also found in those consuming more alcohol over-
all, older participants and those with lower eGFR. The
authors, however, considered that higher lithium in older
participants with low eGFR may indicate reverse causal-
ity (Enderle et al. 2020). Indeed, dietary lithium has been
associated with improved renal outcomes after trans-
plant (Post et al. 2023)(48). Better known in our field is
the increasingly-documented association between higher
trace elemental lithium intake from drinking water sup-
plies and reduced suicide rates from ecological studies;
this was meta-analysed from areas in Japan, Greece, USA,
Austria, UK, Italy and Lithuania (Memon et al. 2020),
with similar subsequent studies in Argentina (Lépez
Steinmetz et al. 2021), Hungary (Izsak et al. 2022) and
Lithuania (Liaugaudaite et al. 2021). Similar, albeit less
frequent and/or consistent, reports have been published
related to reduced hospital admissions, dementia rates,
depressive and anxiety symptoms and violent behaviour
(Eyre-Watt et al. 2021) as well as all-cause mortality and
premature death (Fajardo et al. 2018). While these find-
ings have not yet been established as associated with
confounding factors, most examinations are at a popula-
tion-level and findings remain uncertain as to individual
benefits. There is slightly more support for extrapolation
to individuals for dementia rates (Kessing et al. 2017). It
is worth noting that a prolonged period of exposure is
considered a contributing factor to trace lithium ben-
efits, although the dose/duration required has not been
established. We emphasise that as the doses lower in this
article, the strength of evidence and consequent certainty
of effects diminishes, as do dose windows (particularly
between ‘micro’ and ‘trace’ quantities.

Going down, going forward

In the clinical use of lithium, primarily for affective disor-
ders but also potentially for dementia and transdiagnos-
tically for suicidality or aggression, one message is clear:
“go as low as you can” without clinical ill effects and make
use of the several guidelines to manage adverse effects.
A few facts here need emphasising: firstly, the substan-
tial individual differences in absorption of lithium which
are known to be affected by several factors such as age
(Tondo et al. 2019), caffeine and nicotine (Frigerio et al.
2021). Of course, clinical severity and complexity along-
side concomitant interventions are also critical. The focus
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of intervention in treatment versus prevention is also
important, regardless of indication. For some indications,
particularly cognitive illness, suicidality and aggression
(but also apparent in mood), there is some evidence of
effects even with miniscule quantities of lithium but the
evidence of micro- and trace-dose lithium is lacking in
quantity and rigor. We would urge large-scale, long-term
clinical trials of low-dose lithium in the areas where there
is most potential, which may be in prevention of signifi-
cant cognitive decline, suicidality, and/or mood disor-
ders in prodromal or high-risk populations. Comparisons
between different formulations (e.g., lithium carbon-
ate versus supplement forms such as lithium orotate) in
terms of serum level and dose will also be important. The
authors consider that the availability of lithium in such
an extensive range of quantities, in combination with its
wide-ranging effects, suggest that there is an under-uti-
lised opportunity to fully understand it’s benefits at doses
where there are not safety concerns.
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