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Abstract

, Olivia Rendora and Thomas R. E. Barnes

Background: Optimal use of lithium involves adjustment of the dose, to keep the plasma level
within the narrow, recommended range. Brand-specific prescribing has long been considered
critical to achieving this aim, but this is a convention based on very limited data.

Objectives: To explore the effect of selected demographic and clinical factors on the
relationship between lithium dose and plasma level and determine whether there is an

independent effect of lithium brand.

Design: Analysis of clinical audit data collected in 2023 as part of a quality improvement
programme addressing the use of lithium, conducted by the Prescribing Observatory for

Mental Health.

Methods: Data were collected from clinical records using a bespoke proforma, submitted

online and analysed using SPSS.

Results: Data were submitted for 4405 patients who had been prescribed solid-dosage
formulations of lithium for more than a year. Priadel® was prescribed for 3722 (84%) of these
patients, Camcolit® for 112 (2.5%) and the prescription was written generically for 554 (12.5%).
Compared with Priadel, where Camcolit was prescribed, the mean daily dose was 10% higher
and the mean plasma lithium level was 11% higher. A multivariable analysis was conducted

to explore the relationship between selected clinical variables and maintenance lithium dose.
This found that in 4213 patients whose most recent plasma lithium level was between 0.3 and
1.19mmol/L, the variables age, sex, ethnicity, psychiatric diagnosis and the severity of chronic
kidney disease were independently associated with dose while the brand of lithium prescribed

was not.

Conclusion: Our findings replicate those of previous studies with respect to the demographic
and clinical variables that can be expected to influence lithium dosage in routine clinical
practice. This reinforces the need to titrate the dosage for each individual patient, to achieve
and maintain the target plasma level. However, the findings suggest that the Priadel and
Camcolit brands of lithium are essentially interchangeable.
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Introduction

Evidence-based clinical guidelines recommend
lithium as a first-line treatment for the prophy-
laxis of bipolar disorder and as a treatment option
for manial-? and refractory unipolar depression.>*
Lithium has a narrow therapeutic range; plasma
levels below 0.4 mmol/L are unlikely to be effec-
tive, the majority of lithium responders will
require a plasma level somewhere between 0.6

and 1.0mmol/L, and for a very small proportion
of patients, a plasma level of 1.0mmol/LL or
slightly above may be needed. However, side
effects become increasingly common at levels
above 0.8 and certainly 1.0mmol/L.5>>° Levels
above 1.5mmol/L are generally considered to be
toxic, requiring urgent intervention.> Regular
monitoring of plasma lithium level is therefore
mandated for all patients who are prescribed this
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medication so that, with appropriate dosage
adjustment the plasma lithium level can be main-
tained within the narrow recommended range.

Given that tight control of plasma lithium levels is
important for maximising efficacy and minimis-
ing side effects, any pharmacokinetic differences
between brands could potentially compromise
the efficacy and/or tolerability of lithium treat-
ment. Given the paucity of pharmacokinetic data
comparing different brands of lithium, the
Summaries of Product Characteristics (SmPCs)
for all formulations recommend that brands
should not be switched.” Clinical reference
sources reinforce this point.8 Therefore, brand-
specific supply chain problems, such as the
planned discontinuation of Priadel® in 2020,°
might be expected to prompt widespread concern
about how best to manage the mass-switching of
patients from one brand of lithium to another.

We have previously reported on a case series of
pre- and post-switch plasma lithium levels in 37
patients switched from solid-dosage formulations
of Priadel® to Camcolit® in routine clinical prac-
tice.l Where the dosage remained the same and
the clinical team did not suspect problems with
adherence, plasma lithium levels were similar
before and after the switch. However, the sample
size was small and the findings cannot be consid-
ered to be definitive.

In 2008, the Prescribing Observatory for Mental
Health (POMH) initiated a quality improve-
ment (QI) programme addressing the monitor-
ing of patients prescribed lithium. This included
the collection of clinical audit data to determine
the extent to which such monitoring in mental
health services was consistent with the recom-
mendations in evidence-based clinical guide-
lines. The practice standards for the audits
related to whether baseline and on-treatment
measures of renal and thyroid function, plasma
lithium levels and selected physical health checks
were documented in the clinical records of
patients treated with lithium. Audit findings
from this QI programme have been published
elsewhere.11-13

In 2023, the seventh audit in this QI programme
was conducted, providing the opportunity to
explore within routine clinical practice the demo-
graphic and clinical factors associated with the
dose of lithium carbonate tablets prescribed and
whether brand matters.

Methods

POMH is based at the Centre for Quality
Improvement at the Royal College of Psychiatrists
in the UK. The work of POMH has been
described in detail elsewhere.!%15

In 2023, all POMH member Trusts (z=66) were
invited to participate in a clinical audit that focused
on the quality of lithium monitoring in patients
prescribed this medication. All patients prescribed
lithium, irrespective of age, clinical diagnosis or
the service providing care, were eligible to be
included in Trust audit samples. The data col-
lected, using a standardised, bespoke audit tool,
included the following: age; sex; ethnicity; psychi-
atric diagnosis; current dose of lithium; most
recent plasma lithium level on that dose; dosage
regimen; formulation of lithium prescribed;
whether adherence issues had been noted by the
clinical team; and documented co-prescription of
medicines known to have a pharmacokinetic
interaction with lithium, specifically non-steroidal
anti-inflammatory medicines (NSAIDs), cyclo-
oxygenase-2 (COX-2) inhibitors, thiazide diuret-
ics, loop diuretics, angiotensin-converting enzyme
inhibitors and angiotensin-2 receptor antagonists.
The most recent documented estimated glomeru-
lar filtration rate (e-GFR) measurement within the
last year was also recorded; these measurements
were conducted as part of routine clinical care. It is
likely that the chronic kidney disease (CKD)-
Epidemiology Collaboration (Epi) creatinine
method was used in the vast majority of cases as
this is the recommended method for estimating
e-GFR in adults.1 Measures of e-GFR are reported
in different ways; some laboratories report absolute
values in all cases while some report absolute values
only when the e-GFR is <60 mls/min or <90mls/
min. We therefore grouped all e-GFR measures
>60mls/min together irrespective of whether they
were absolute measures or categorical.

Ethical approval is not required for such audit-
based, QI initiatives.!?

Data analysis

Data were submitted online using Formic Clinical
audit software,!8 version 5.7.1 and analysed using
SPSS,1® version 26.0.0. The demographic and
clinical characteristics of the sample were explored
using simple descriptive statistics.

To explore the factors associated with lithium
dose, linear regression was used to determine

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

C Paton, P Bassett et al.

whether potential predictive demographic and
clinical variables were associated with lithium
dose. These variables were age, sex, ethnicity,
psychiatric diagnosis (bipolar disorder, unipolar
depression or other), brand of lithium prescribed
(Priadel, Camcolit, generic prescription), lithium
dosage regimen (once daily at night or other),
plasma lithium level, presence of CKD and stage
based on the most recent e-GFR, the co-prescrip-
tion of medication known to interact with lithium
and whether the clinical team suspected adherence
to lithium to be poor. For these analyses, the effect
of each variable was examined separately using a
univariable analysis. The joint effect of potentially
explanatory variables was then examined in a mul-
tivariable analysis, using a backwards selection
procedure to retain the statistically significant
variables. Statistical significance was defined as
p<0.05. Where patient characteristics were
unknown, the values were treated as missing.

An additional, unadjusted analysis was conducted
to examine the relationship between plasma lith-
ium level and lithium dose and whether this dif-
fered by brand. A significant interaction between
brand and dose would imply that this relationship
varied depending on the brand of lithium
prescribed.

Results

A total of 63 Trusts submitted data for 4405
patients who had been prescribed solid-dosage
formulations of lithium for more than a year. For
the vast majority of cases (89%—-100%), data were
available for relevant clinical variables such as
ethnicity, diagnosis, renal function, prescription
of interacting medication, adherence as assessed
by the clinical team, lithium brand, total daily
dose, dosage regimen, and plasma lithium level.

The demographic characteristics of the audit
sample are shown in Table 1 along with data
relating to renal function, prescription of interact-
ing medicines, total daily lithium dose, dosage
regimen, plasma lithium level and whether the
clinical team suspected poor adherence to lithium
treatment.

The Priadel brand of lithium was prescribed in
84% of cases while lithium was prescribed gener-
ically in almost 13% of cases. Eleven patients
(0.2%) were prescribed more than one brand of
lithium. As can be seen in Table 1, those patients
prescribed Liskonum® were numerically older

than those prescribed other solid-dosage formu-
lations of lithium and also more likely to have
some degree of renal impairment; these findings
must be interpreted in the context of the number
of patients treated with Liskonum being very
small. The raw data also show that compared
with patients prescribed other brands of lithium,
those who were prescribed Camcolit received a
numerically higher daily dose of lithium and also
had higher plasma lithium levels; for example,
the mean prescribed daily lithium dose and
mean plasma lithium level with Camcolit were
10% and 11% higher, respectively, than with
Priadel. There were no notable differences
between brands in any of the other parameters
shown in Table 1.

Demographic and clinical variables associated
with lithium dose and plasma lithium level

Table 2 shows that mean plasma lithium levels
were very consistent and did not vary with age,
sex, ethnicity, diagnosis, renal function, co-pre-
scription of interacting medication, adherence as
assessed by the clinical team or lithium dosing
regimen. However, they were modestly higher
with Camcolit than with other solid-dosage for-
mulations of lithium.

The doses used to achieve any given plasma lith-
ium level did vary with respect to some demo-
graphic and clinical variables: mean lithium doses
were lower in women than in men, reduced with
advancing age and deteriorating renal function,
and were higher in some ethnic groups and when
the Camcolit brand of lithium was prescribed. It
is possible that some of these factors are inter-
related; for example, renal impairment could rea-
sonably be assumed to be more common with
increasing age. Multivariable analyses were there-
fore conducted to explore the relationship
between the factors described above and to iden-
tify whether any of them were independently
associated with dose.

Univariable and multivariable analyses

Cases were identified where the most recent
plasma lithium level was between 0.3 and
1.19mmol/L, as levels outside this range suggest
poor adherence or potential toxicity and could
potentially confound the relationships between
variables. Data from the remaining 4213 cases
were entered into a series of univariable analyses
to explore the relationship between lithium dose
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Table 1. Demographic characteristics, selected clinical characteristics and details of lithium brand, dosage
and plasma levels for patients prescribed solid-dosage formulations of lithium for more than a year (n=4405).

Demographic and clinical
characteristics

Brand of lithium prescribed

Priadel Camcolit Liskonum Generic (no
brand stated)
n=3722 n=112 n=28 n=554

Age (years)

Median 56 57 65 56

<20 8(<1%) - - -

20-29 208 (6%) 3 (3%) 2 (7%) 37 (7%)

30-39 458 (12%) 10 (9%) 1 (4%) 75 (14%)

40-49 634 (17%) 18 (16%]) 1 (4%) 107 (19%)

50-59 865 (23%]) 36 (32%) 6 (21%) 134 (24%)

60-69 736 (20%) 26 (23%) 8 (29%) 122 (22%)

70-79 544 (15%) 13 (12%]) 6(21%) 55 (10%)

80 or older 269 (7%) 6 (5%) 4 (14%) 24 (4%)
Sex

Male 1471 (40%) 56 (50%) 14 (50%) 216 (39%)

Female 2251 (60%) 56 (50%) 14 (50%) 338 (61%)
Ethnicity

White 2909 (78%) 92 (82%) 20 (71%) 455 (82%)

Asian 142 (4%) 4 (4%) 2 (7%) 27 (5%)

Black 124 (3%) 3 (3%) 1 (4%) 15 (3%)

Mixed 73 (2%) 2 (2%) - 8 (1%)

Other 40 (1%) 3 (3%) - 11 (2%)
Diagnosis

Bipolar 2064 (55%) 65 (58%) 23 (82%) 306 (55%)

Other affective disorder 837 (22%) 24 (21%) 3(1%) 103 (19%)

Other 777 (21%) 19 (17%) 2 (7%) 130 (23%)
CKD stage (e-GFR mls/min)

Up to Stage 2 (60+) 2774 (75%) 86 (77%) 15 (54%) 372 (67%)

Stage 3a (45-59) 463 (12%) 14 (13%) 10 (36%]) 55 (10%)

Stage 3b (30-44) 175 (5%) 6 (5%) 3(11%) 16 (3%)

Stage 4-5 (<30) 37 (1%]) 2 (2%) - 4 (1%)

[Continued]
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Table 1. (Continued)

Demographic and clinical
characteristics

Brand of lithium prescribed

Priadel Camcolit Liskonum Generic (no
brand stated)
n=3722 n=112 n=28 n=554
Interacting medicine
Yes 463 (12%) 17 (15%) 4 (14%) 56 (10%)
No 3248 (87%) 95 (85%) 24 (86%) 494 (89%)
Adherence
Assumed good 2972 (80%) 95 (85%) 24 (86%) 435 (79%)
Suspected to be poor 440 (12%) 7 (6%) 2 (7%) 68 (12%)
Lithium dose
Mean (sd) 682 (264) 748 (281) 677 (307) 719 (270)
Median (range) 600 (100-2000) 800 (200- 663 (225-1800) 750 (100-1700)
2000)
Lithium dosage regimen
Once daily at night 3424 (92%) 97 (87%) 20 (71%) 479 (86%)
Other 298 (8%) 15 (13%) 8 (29%) 75 (14%)
Plasma Llithium level (mmol/L)
Mean (sd) 0.62(0.19) 0.69 (0.2 0.64 (0.19) 0.61(0.2)
Median (range) 0.61(0.05-1.52)  0.7(0.18-1.8)  0.61(0.4-1.09)  0.61(0.09-1.68)
<0.3 148 (4%) 3(3%]) = 28 (5%)
0.3-0.39 223 (6%) 1 (1%) - 28 (5%)
0.4-0.59 1054 (28%) 23 (21%) 11 (39%]) 155 (28%])
0.6-0.79 1423 (38%) 51 (46%) 13 (46%) 184 (33%)
0.8-0.99 593 (16%) 26 (23%) 1 (4%) 81 (15%)
1.0-1.19 65 (2%) 3(3%) 3(11%]) 4 (1%)
1.2-1.39 7 (<1%) - - 1 (<1%)
1.4 or above 3 (<1%) 1(1%) - 1 (<1%)

CKD, chronic kidney disease; e-GFR, estimated glomerular filtration rate.

and the following variables: age, sex, ethnicity,
psychiatric diagnosis, e-GFR (as CKD severity
bands), co-prescription of medication known to
have a pharmacokinetic interaction with lithium,
lithium brand, dosage regimen (once daily at
night, or other) and plasma lithium level.

These analyses found that age, sex, ethnicity, psy-
chiatric diagnosis, e-GFR (as CKD severity
bands), co-prescription of medication known to
have a pharmacokinetic interaction with lithium
and plasma lithium level were significantly associ-
ated with lithium dose at p<<0.05. The effect of
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Table 2. Relationship between clinical factors, lithium dose, and plasma lithium level, in the sub-sample of
patients with a plasma lithium level of =0.3mmol/L (n=3945].

Factor Category Lithium dose (mg/day) Plasma lithium level
(mean + SD) (mmol/L) (mean + SD)
Age [years) <20 883+ 160 0.65*0.15
20-29 850 + 236 0.62+0.18
30-39 846 =227 0.61x0.16
40-49 834 +233 0.63£0.17
50-59 743 =200 0.66+0.18
60-69 644 +227 0.66+0.17
70-79 480+ 169 0.61x0.17
80 or older 347 +139 0.60+0.16
Sex Male 746 =272 0.64+0.17
Female 655 = 251 0.64+0.17
Ethnicity White 688 =266 0.64+0.17
Asian 701 = 245 0.66+0.18
Black 778 =272 0.65+0.19
Mixed 664 +260 0.62+0.17
Other 778 =283 0.65+0.27
Diagnosis Bipolar 708 = 261 0.65*+0.17
ICD 10 F30-39 (other 606 =253 0.62+0.17
than bipolar)
Other 733+ 261 0.62+0.18
e-GFR (mls/min) =60 734+ 250 0.64+0.17
45-59 519 =220 0.64+0.18
30-44 411+170 0.65+0.18
<30 293161 0.62+0.21
Interacting medication Yes 629 £275 0.66£0.17
prescribed
No 700 £ 261 0.63x0.17
Adherence Assumed to be good 688 = 265 0.64=+0.17
Suspected to be poor 709 + 256 0.62+0.17
Lithium dosage Once daily at night 689 + 261 0.64+0.17
regimen
Other 711 +296 0.64+0.18
Lithium brand Priadel 685+ 262 0.63+0.17
Camcolit 731262 0.71+0.18
Liskonum 677 =307 0.64*0.19
Generic 725+ 268 0.63+0.18

CKD, chronic kidney disease; e-GFR, estimated glomerular filtration rate; ICD10, International Classification of Diseases,
10th Edition.
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brand was also significant (p=0.01), with the
dose of Camcolit prescribed being on average
50mg higher than the dose of Priadel.

When these variables were entered into a multi-
variable analysis, only age, sex, ethnicity, diagno-
sis and CKD severity remained significant (all at
$»<<0.001). Lithium level (p=0.02) and lithium
dosage regimen (p=0.03) also remained signifi-
cant at the p<<0.05 level. After adjusting for the
variables above, there was no longer a significant
effect of lithium brand or interacting medication
on dosage. The magnitude of the associations
retained in the final model can be seen in Table 3.
For example, patients who were 80years of age or
older were prescribed, on average, a daily dose of
lithium carbonate that was 437 mg lower than that
prescribed for patients who were younger than
30years of age. Women were prescribed, on aver-
age, a daily dose that was 96 mg lower than men.

Relationship between lithium dose, plasma

level, and brand of lithium prescribed

In a further, unadjusted analysis, examining the
relationship between lithium dose, plasma level,
and brand of lithium prescribed, those cases
where the daily lithium dose was 1600mg or
higher and those whose e-GFR was below 60 mls/
min were also excluded. Those cases prescribed
Liskonum were also excluded as this sub-group
was very small and the Liskonum® brand of
lithium is rarely initiated in the UK. This analysis
found no evidence of a significant interaction
between lithium dose and lithium brand
(»p=0.72), with the shape of the relationship
between lithium dose and plasma lithium level
being similar for all brands (see Figure 1).

Discussion

Our data suggest that when psychiatrists pre-
scribe lithium, they have a target plasma lithium
level in mind and that this target level is not influ-
enced by the patient’s age, sex, ethnicity, diagno-
sis, renal function, co-prescription of interacting
medications or whether lithium is prescribed to
be taken as a single daily dose or in multiple daily
doses. Rather, the dose of lithium prescribed is
tailored to achieve this target level, being inversely
associated with age and e-GFR and being lower
in women than in men. These findings are con-
sistent with a recent large lithium dosage predic-
tion study that also used routinely collected
healthcare data.2? We also found that the dose of

lithium required was lower in those of Asian eth-
nicity and those who had a psychiatric diagnosis
other than bipolar disorder. However, we did not
find any differences in the relationship between
lithium dose and plasma level between Priadel
and Camcolit that were independent of these
demographic and clinical variables.

Relationship between renal function and

lithium dose

Lithium is almost exclusively renally excreted and
it therefore follows that renal function is a major
determinant of the dose of lithium required to
achieve a target plasma lithium level.2! Consistent
with this, for those patients in our sample whose
most recent e-GFR result suggested stage 3a, 3b
or 4/5 CKD the mean doses of lithium prescribed
were 97, 147 and 260mg lower respectively than
those for patients whose recent e-GFR measure
was 60mls/min or higher. We were unable to
determine the effect on the dose of stage 1 or 2
CKD (e-GFR of 60-89) as many UK laboratories
only report accurate e-GFR values when these are
below 60mls/min. Values above this cut-off are
variably reported as >60mls/min or >90 mls/min.

Lithium treatment may contribute towards declin-
ing renal function,?? but even if this does occur,
the benefits of lithium treatment may still out-
weigh the risks and continuing treatment still be in
the best interests of the patient.?? In our audit
sample, the most recent e-GFR suggested stage 3a
CKD in 542 (12%) patients, stage 3b CKD in
200 (5%) and stage 4-5 in a further 43 (1%).

Effect of age, sex and ethnicity on the

prescribed daily dose of lithium

Our data suggest that, although the mean plasma
lithium level was similar in patients of all ages, the
mean dose of lithium that was prescribed to
achieve this level decreased with age. Compared
with adults younger than 30years of age, those
who were aged 50-59years and those who were
older than 80years were prescribed a mean total
daily dose of lithium that was 138 and 437 mg
lower, respectively. This finding is consistent with
the recommendations in product prescribing
information relating to lower dosage require-
ments in older adults.” Our data also suggest that
this effect may be independent of any decline in
renal function. This finding is compatible with
the known pharmacokinetic profile of lithium:
this medicine has a low volume of distribution
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Table 3. Multivariable analysis: clinical factors associated with lithium dose, excluding cases where the
plasma lithium level suggested probable poor adherence (<0.3mmol/L] or potential toxicity (1.2mmol/L or

above) (n=4213).

Factor Category/term Coefficient (95% Cl) p Value
Age (years) <30 0 <0.001
30-39 -16 (-51,18)
40-49 -34(-67,0)
50-59 -138(-170, -105)
60-69 -226(-259, -192)
70-79 -351(-386, -315)
80 or older -437 (-478, -396)
Sex Male 0 <0.001
Female -96 (=110, -92)
Ethnicity White 0 <0.001
Asian -77 (107, -41)
Black -17 (-82, -8)
Mixed -25(-51, 42
Other -19 (-81, 39)
Diagnosis Bipolar 0 <0.001
F30-39 other than bipolar -19 (-36, -2
Other -36 (=54, -18)
e-GFR (mls/min) = 60 0 <0.001
45-59 -97(-118, -76)
30-44 -147(-181, -113)
<30 -260 (-326, -194)
Lithium dosage regimen Once daily at night 0 0.03
Other 26 (2,51)
Lithium level (*) Linear term 74 (49, 100) 0.02
Squared term -3 (-4, -1)

'Regression coefficient given for a 0.1 mmol/L increase in plasma lithium level.

e-GFR, estimated glomerular filtration rate.

(Vd) and the total volume of body water is known
to decrease with age. Thus, for any fixed dose, the
concentration of lithium in plasma would be
expected to be higher in older adults.2?4

We found that biological sex was independently
associated with lithium dose, with women being
prescribed a mean total daily dose that was 96 mg
less than men. The most likely explanation for
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Figure 1. The relationship between lithium level and lithium dose by brand of lithium.

this finding is that women have less body water
than men, so the mechanism is likely to be similar
to that described above for advancing age.

With respect to ethnicity, our multivariable analy-
ses suggest that White patients may be prescribed
a daily lithium dose that is on average 77 mg
higher than Asian patients and 17mg higher
than Black patients. Asian people have a lower
body weight/BMI than those who are White and
this may at least partially explain this finding.
However, this association should be interpreted
with caution as only small proportions of the total
national sample (5% and 3% respectively) were
from these ethnic communities.

Relationship between diagnosis and

lithium dose

The multivariable analyses found that lithium
dose was lower in those patients who had a diag-
nosis other than bipolar disorder. Although this
association was statistically significant the mean
difference in daily dose was very modest at 19 mg.
It is therefore unlikely that this difference in daily
lithium dose is clinically meaningful.

Relationship between lithium dose, plasma

level, and brand of lithium prescribed

Our data suggest that the relationship between
the dose of lithium prescribed and the plasma
level does not differ between Camcolit, Priadel,

and the generic solid-dosage formulations of lith-
ium carbonate that are available in the UK. This
conclusion is based on the fitted relationships
illustrated in Figure 1. Rather, the lithium dose is
determined by a number of demographic and
clinical factors such as those described above.
Other clinical factors that we could not control
for are also likely to be relevant; these include
alcohol consumption and dietary intake,2> body
weight and the presence of co-morbid physical ill-
ness. We tried to control for poor adherence by
excluding cases from the analyses where the most
recent plasma lithium level was sub-therapeutic
or suggested toxicity, but this is unlikely to have
identified all relevant cases.

The findings we present here are consistent with
those we previously reported relating to pre- and
post-switch plasma lithium levels in 37 patients
who switched from Priadel to Camcolit in routine
clinical care,!? following the planned discontinua-
tion of Priadel in 2020. In this case series, patients
acted as their own controls, largely removing the
effect of confounding factors such as renal func-
tion and co-morbid physical illness. The main
finding was that in those cases where the dosage
remained the same and the clinical team did not
suspect problems with adherence, the switch had
little effect on plasma lithium levels.

The data reported here from the POMH audit
sample, and in the previously published case
series, were collected in routine clinical practice
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and so can never be considered as robust as those
that derive from primary pharmacokinetic stud-
ies. However, the two different methodologies we
have used lead to the same conclusion: if there are
any pharmacokinetic  differences between
Camcolit, Priadel and the solid-dosage generic
formulations of lithium that are available in the
UK, these have only a very small impact on
plasma lithium levels, compared with factors such
as age, sex, and renal function.

Priadel tablets are available as 200mg and 400mg
formulations whereas Camcolit is available as
400mg. The ability to fine-tune doses below
400mg therefore differs between these brands
of lithium and this may at least partially explain
our finding of a modestly higher mean dose
(and plasma lithium level) when Camcolit was
prescribed.

Why do clinical guidelines recommend that

lithium is prescribed by brand?

In the UK, three different manufacturers are
listed as providing generic solid-dosage prepara-
tions each containing 250 mg lithium carbonate;
all are immediate release. In addition, two manu-
facturers provide branded formulations contain-
ing 400 mg lithium carbonate: Camcolit, which is
described as a controlled release and Priadel,
described as prolonged release. Priadel is also
available as a 200mg tablet. A further manufac-
turer provides a branded formulation containing
450 mg lithium carbonate: Liskonum®, described
as modified release. Although it could be argued
that these terms are often used loosely and over-
lap to some degree, the term ‘modified release’ is
generally considered to be an umbrella term used
to describe formulations that have been modified
so as not to release all the active drugs at once.
Controlled-release and prolonged-release formu-
lations are sub-types of modified-release prepara-
tions: controlled release implies that the active
drug is released at an almost constant rate over
time whereas prolonged release does not imply
that the rate of release is constant.

The limited pharmacokinetic data presented in
the various SmPCs” further confuses the issue.
For example, the time to maximum plasma lith-
ium level (Tmax) is stated to be ‘about 2 hours’
for Priadel (a controlled-release preparation)
while it is described as ‘2 to 3 hours’ for lithium
carbonate Essential Pharma® (an immediate
release preparation). Further, half-life (77,) is

stated to be ‘about 12-24 hours’ for both Camcolit
(a controlled-release preparation) and lithium
carbonate Essential Pharma® (an immediate
release preparation) suggesting that these values
are general and may not have been derived from
brand-specific pharmacokinetic studies. There
are a handful of very small and methodologically
diverse studies conducted in the 1970s and 1980s
that compare the pharmacokinetics of different
formulations of lithium.26-2° Together, these
studies suggest that there is little difference
between Priadel and Camcolit or between Priadel
and an immediate release preparation?” but that
the prolonged-release preparation Phasal®26,28
and the sustained-release preparation of lithium
citrate Litarex®2° may have different release char-
acteristics. The latter two preparations were with-
drawn from the UK market many years ago.

Conclusion

In this large sample of patients prescribed con-
tinuing treatment with lithium in routine clinical
practice, there was no independent effect of brand
on the relationship between plasma lithium level
and lithium dose.

Implications for clinical practice

When prescribing lithium, lower doses are likely
to be required for patients who are female, older
and/or have renal impairment. These, and possi-
bly other clinical factors such as body weight and
alcohol intake determine the relationship between
plasma lithium level and lithium dose. Priadel
and Camcolit, along with the other generic solid-
dosage formulations of lithium carbonate that are
available in the UK do not appear to indepen-
dently influence the relationship between dose
and plasma level and so these formulations can be
considered to be interchangeable, negating the
need for complex procedures if switching between
preparations proves to be necessary.

Strengths and limitations

1. Given the relatively large sample size and
submission of data by the vast majority of
NHS mental health Trusts, the data are
likely to be representative of prescribing
practice relating to lithium in mental health
services in the UK.

2. The dataset is considerably larger than oth-
ers in the published literature.
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3. The audit data were collected using a stand-
ardised, bespoke data collection tool and
few data were missing.

4. Our multivariable analysis confirmed the
known relationship between age, gender
and renal impairment on the dose of lith-
ium required to achieve any given plasma
level, supporting both the internal and
external validity of our findings.

5. The data were obtained from clinical
records and the accuracy of these records
was not verified.

6. There was no objective measure of medica-
tion adherence.

7. The sub-sample of patients prescribed
Camcolit was relatively small, potentially
limiting the certainty of our conclusion.

Declarations

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Author contributions

Carol Paton: Conceptualisation; Methodology;
Writing — original draft; Writing — review &
editing.

Paul Bassett: Formal analysis; Writing — review
& editing.

Olivia Rendora: Formal analysis; Methodology;
Project administration; Writing — review &
editing.

Thomas R. E. Barnes: Conceptualisation;
Methodology; Writing — original draft; Writing —
review & editing.

Acknowledgements

Thanks are due to the clinicians and clinical audit
staff from the UK mental health services who col-
lected and submitted data as part of the POMH
quality improvement initiative and to Gavin
Herrington, the POMH programme manager.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: POMH is
funded entirely from the subscriptions of member
mental health services, primarily mental health
Trusts.

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

The aggregated data set that supports the
analyses in this paper is not openly available.
Membership agreements between POMH and
participating mental health services state that
each mental health service owns its own data set
and that this will not be shared by POMH with
any third party. POMH is restricted to reporting
on analyses based on the aggregated national
data set.

ORCID iDs
Carol Paton
7756-1031

https://orcid.org/0000-0001-

Paul Bassett
7830-4563

Thomas R. E. Barnes
0002-2324-656X

https://orcid.org/0000-0001-

https://orcid.org/0000-

Supplemental material
Supplemental material for this article is available
online.

References
1. National Institute for Health and care Excellence.
Bipolar Disorder: assessment and management.
Clinical Guideline GC185 2014 (partially
updated 2020). https://www.nice.org.uk/
guidance/cgl85

2. Goodwin G., Haddad PM., Ferrier IN,
et al. Evidence-based guidelines for treating
bipolar disorder: revised third edition
recommendations from the British Association for
Psychopharmacology. ¥ Psychopharmacol 2016;
30: 495-553.

3. National Institute for Health and care
Excellence. Depression in adults: treatment and
management. NICE guideline [NG222], 2022.
https://www.nice.org.uk/guidance/ng222/chapter/
Recommendations

4. Cleare A, Pariante CM and Young AH. Evidence-
based guidelines for treating depressive disorders
with antidepressants: a revision of the 2008 British
Association for Psychopharmacology Guidelines.
F Psychopharmacol 20155 29: 459-525.

5. Tondo L, Alda M, Bauer M, et al. Clinical use of
lithium salts: guide for users and prescribers. Int ¥
Bipolar Disorders 2019; 7: 16.

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com
https://orcid.org/0000-0001-7756-1031
https://orcid.org/0000-0001-7756-1031
https://orcid.org/0000-0001-7830-4563
https://orcid.org/0000-0001-7830-4563
https://orcid.org/0000-0002-2324-656X
https://orcid.org/0000-0002-2324-656X
https://www.nice.org.uk/guidance/cg185
https://www.nice.org.uk/guidance/cg185
https://www.nice.org.uk/guidance/ng222/chapter/Recommendations
https://www.nice.org.uk/guidance/ng222/chapter/Recommendations

THERAPEUTIC ADVANCES in

Psychopharmacology

Volume 14

Visit Sage journals online
journals.sagepub.com/
home/tpp

S Sagejournals

10.

11.

12.

13.

14.

15.

16.

Gitlin M. Lithium side effects and toxicity:
prevalence and management strategies. Int ¥
Bipolar Disord 20165 4: 27.

Electronic Medicines Compendium. Datapharm,
https://www.medicines.org.uk/emc#gref (accessed
March 2024).

National Institute for Heath and Care Excellence.
Lithium. Clinical Knowledge Summary, 2023.
https://cks.nice.org.uk/topics/bipolar-disorder/
prescribing-information/lithium/

Medicines & Healthcare products Regulatory
Agency. Lithium Carbonate (Priadel) 200mg
and 400mg Modified Release Tablets - Supply
Disruption. MHRA, 2020. https://www.cas.mhra.
gov.uk/ViewandAcknowledgment/ViewAlert.
aspxrAlertID=103087

Cousins DA, Barnes TRE, Young AH, et al.
Plus ¢a change? Switching lithium preparations.
BYPsych Bull 2023; 47: 71-76.

Collins N, Barnes TRE, Shingleton-Smith A,
et al. Standards of lithium monitoring in mental
health Trusts in the UK. BMC Psychiatry 2010,
10: 80.

Paton C, Barnes TRE, Shingleton-Smith A, et al.
Lithium in bipolar and other affective disorders:
prescribing practice in the UK. ¥ Psychopharmacol
2010; 24: 1739-1746.

Paton C, Adroer R and Barnes TRE. Monitoring
lithium therapy: the impact of a quality
improvement programme in the UK. Bipolar
Disorders 2013; 15: 865-875.

Barnes TRE and Paton C. Role of the prescribing
observatory for mental health. Br ¥ Psychiatry
2018; 201: 428-429.

Barnes TRE and Paton C. The prescribing
observatory for mental health 15-year report
(CCQI 353). Royal College of Psychiatrists,

2020. https://www.rcpsych.ac.uk/docs/
default-source/improving-care/ccqi/national-
clinical-audits/pomh-uk-document-library/
ccqi—pomh-uk-15-year-report—november-2020.
pdf?sfvrsn=fa6d59b0_10

National Kidney Foundation. CKD-EPI
creatinine equation. National Kidney
Foundation, 2021. https://www.kidney.org/
content/ckd-epi-creatinine-equation-2021

. Health Research Authority. Do I need NHS

REC review? decision tool. Heath Research
Authority, 2017, http://www.hra-decisiontools.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

org.uk/research/docs/DefiningResearchTable_
Oct2017-1.pdf

Formic Software, http://www.formic.com/survey-
software/ version 5.7.1 (build 010) via Citrix
Workspace (2023) on Windows 11, 2023.

IBM, SPSS statistics version 26.0.0.0 (2019) on
Windows 11, 2019.

Millischer V, Matheson GJ, Bergen SE,

et al. Improving lithium dose prediction

using population pharmacokinetics and
pharmacogenomics: a cohort genome-wide
association study in Sweden. Lancetr Psychiatry
20225 9: 447-457.

Methaneehorn J. Population pharmacokinetic
analyses of lithium: a systematic Review. Eur ¥
Drug Metab Pharmacokiner 2018; 43: 25-34.

Schoretsanitis G, de Filippis R, Brady BM,

et al. Prevalence of impaired kidney function
in patients with long-term lithium treatment:
a systematic review and meta-analysis. Bipolar
Disorders 20225 3: 264-274.

Werneke U, Ott M, Salander RE, et al. A
decision analysis of long-term lithium treatment
and the risk of renal failure. Acta Psychiatr Scand
2012; 126: 186-197.

Sproule BA, Hardy BG and Shulman KI.
Differential pharmacokinetics of lithium in elderly
patients. Drugs Aging 2000; 16: 165-177.

Enderle J, Klink U, di Giuseppe R, et al. Plasma
lithium levels in the general population: a
cross-sectional analysis of metabolic and dietary
correlates. Nutrients 2020; 12(8): 2489.

Bennie EH, Manzoor AKM, Scott AM,

et al. Serum concentrations of lithium after 3
proprietary preparations of lithium-carbonate
(Priadel, Phasal and Camcolit). Br ¥ Chn
Pharmacol 1977; 4: 479-483.

Johnson GFS and Hunt GE. Pharmacokinetics
of lithium preparations in patients. Prog
Neuropsychopharmacol Biol Psychiatry 1984; 8:
63-70.

Tyrer S, Hullin RP, Birch NJ, et al. Absorption of
lithium following administration of slow-release
and conventional preparations. Psychol Med 1976;
6: 51-58.

Shelley RK and Silverstone T. Single dose
pharmacokinetics of 5 formulations of lithium - a
controlled comparison in healthy-subjects. Int
Clin Psychopharmacol 1986; 1: 324.

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
https://www.medicines.org.uk/emc#gref
https://cks.nice.org.uk/topics/bipolar-disorder/prescribing-information/lithium/
https://cks.nice.org.uk/topics/bipolar-disorder/prescribing-information/lithium/
https://www.cas.mhra.gov.uk/ViewandAcknowledgment/ViewAlert.aspx?AlertID=103087
https://www.cas.mhra.gov.uk/ViewandAcknowledgment/ViewAlert.aspx?AlertID=103087
https://www.cas.mhra.gov.uk/ViewandAcknowledgment/ViewAlert.aspx?AlertID=103087
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/national-clinical-audits/pomh-uk-document-library/ccqi
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/national-clinical-audits/pomh-uk-document-library/ccqi
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/national-clinical-audits/pomh-uk-document-library/ccqi
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/national-clinical-audits/pomh-uk-document-library/ccqi
https://www.kidney.org/content/ckd-epi-creatinine-equation-2021
https://www.kidney.org/content/ckd-epi-creatinine-equation-2021
http://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf
http://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf
http://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf
http://www.formic.com/survey-software/
http://www.formic.com/survey-software/
https://journals.sagepub.com/home/tpp
https://journals.sagepub.com/home/tpp

