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Abstract

Background: The prevalence of bipolar disorder in HIV-infected patients is higher than the general population.
Lithium is the most effective mood stabiliser, while tenofovir disoproxil fumarate (TDF) is frequently used as part of
combination antiretroviral therapy (ART). Both TDF and lithium are associated with renal tubular toxicity, which could
be additive, or a pharmacokinetic interaction may occur at renal transporters with a decrease in TDF elimination.

Objective: We report on the change in estimated glomerular filtration rate (eGFR) using the modification of diet in
renal disease formula in participants who received ART including TDF and were enrolled in a 24 week randomised trial
of lithium versus placebo in patients with HIV-associated neurocognitive impairment.

Methods: We included HIV-infected adults with cognitive impairment established on ART for at least 6 months with
a suppressed viral load attending public sector ART clinics in Cape Town, South Africa. We excluded participants with
an eGFR <60 mL/min and treated with medications predisposing to lithium toxicity. We reviewed participants weekly
for the first month for adverse events followed by 4 weekly visits for renal function assessment, adverse event moni-
toring and adherence. Lithium dose was titrated to achieve the maintenance target plasma concentration of between
0.6 and 1.0 mmol/L. Sham lithium concentrations were generated for participants receiving placebo.

Results: We included 23 participants allocated to the lithium arm and 30 participants allocated to the placebo arm.
Baseline characteristics were not statistically different with a mean age of 37.7 and 40.8 years, a median time on ART of
33 and 40 months and an eGFR of 139.3 and 131.0 mL/min in the lithium and placebo arms respectively. There was no
statistical significant difference in the reduction in eGFR or increase in potassium between the two arms during the

24 weeks.

Conclusions: We found that 24-week treatment of HIV-infected patients with lithium and TDF did not result in
increased nephrotoxicity.

Trial registration The study was registered on the Pan African Clinical Trials Registry (PACTR) with the identifier number
PACTR201310000635418. Registered 11 October 2013 before the first participant was enrolled
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Background

The prevalence of bipolar disorder in human immuno-
deficiency virus (HIV)-infected patients is 4-5 times
higher than the general population [1, 2]. The most
effective mood stabiliser is lithium while the nucleotide
reverse transcriptase inhibitor tenofovir disoproxil fuma-
rate (TDF) is frequently used as part of combination
antiretroviral therapy (ART) [3]. Both TDF and lithium
are associated with renal tubular toxicity, which could
be additive [4, 5]. Furthermore, a TDF-lithium pharma-
cokinetic interaction may occur at renal transporters.
TDF is eliminated via proximal tubular secretion and
renal toxicity is thought to be related to accumulation
of intracellular tenofovir in the proximal tubular cell [6].
Intracellular TDF inhibits mitochondrial deoxyribonu-
cleic acid (DNA) polymerase gamma with DNA deple-
tion and oxidative respiratory chain dysfunction [7].
Mitochondrial dysfunction impairs tubular reabsorption
of ions and molecules causing a Fanconi-like syndrome,
or may lead to cell apoptosis and acute tubular necrosis
[7]. TDF is a substrate of a number of transporters at the
proximal renal tubule. The organic anion transporter-1
(OATP-1) transports TDF intracellularly while the multi-
drug resistance protein 4 (MRP-4) mediates active secre-
tion from the tubular cell [8]. In rats lithium impairs
OATP-1 function, which may protect against TDF renal
toxicity [9]. Twenty to eighty seven percent of lithium
treated patients develop a reduction in urinary concen-
trating ability within weeks after starting treatment [10].
Lithium-induced nephrogenic diabetes insipidus (NDI) is
thought to be caused by downregulation of intracellular
calcium signalling with inhibition of glycogen synthase
kinase-3-beta (GSK-3-f3), resulting in a number of down-
stream effects including decreased aquaporin-2 expres-
sion [11]. Recently it was shown that MRP-1 expression
is regulated by GSK-3-B, suggesting that lithium may
decrease MRP expression and predispose to TDF renal
toxicity [12]. The proximal tubule as a common site for
TDF and lithium renal toxicity may further contribute
to renal toxicity. Lithium-induced renal toxicity may
involve any segment of the nephron or kidney although
the distal tubule seems to be involved in NDI [13]. There
is currently no published data on the renal safety of con-
comitant TDF and lithium.

We previously published the results of a 24 week ran-
domised placebo-controlled trial to study lithium as an
adjunctive pharmacotherapy in patients with moderate
to severe HIV-associated neurocognitive impairment
[14]. In this study we report changes in the estimated glo-
merular filtration rate (eGFR) using the modification of
diet in renal disease (MDRD) formula as well as changes
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in potassium in participants who received ART including
TDF who were randomised to lithium or placebo.

Methods

Our methodology has been previously published,
but in brief we included HIV-infected adults (>18
and <70 years), established on ART for at least 6 months
with a suppressed viral load (HIV RNA <400 copies/
mL) with cognitive impairment attending public sector
ART clinics in Cape Town, South Africa [14]. We dosed
lithium carbonate 250 mg tablets (Camcolit®, manufac-
tured by Norgine) and matching placebo (manufactured
by Norgine). We excluded participants who used medi-
cations that may predispose to lithium toxicity (diuretics,
angiotensin converting enzyme inhibitors or angioten-
sin receptor blockers and non-steroidal anti-inflamma-
tory medicines), participants with an eGFR of less than
60 mL/min and dehydrated participants with diarrhoea.
We reviewed participants weekly for first month followed
by 4 weekly visits for adverse events and adherence. After
screening and study drug initiation, we repeated renal
function (sodium, potassium, urea and creatinine) at
weeks 4, 8, 12, 16, 20 and 24. Some participants switched
treatment to TDF during the study period, and for this
analysis we only included patients who received TDF
for the full 24 weeks. Lithium dose was titrated assum-
ing linear pharmacokinetics to achieve the maintenance
target plasma concentration of lithium in patients with
bipolar mood disorder of between 0.6 and 1.0 mmol/L.
Sham lithium concentrations were generated for par-
ticipants receiving placebo by the study statistician who
was unblinded to treatment allocation. After each visit
an investigator not directly responsible for participant
follow-ups received a log with the participant number,
blinded lithium concentration from the study statistician
(real or sham), current study drug dose and any adverse
events noted by other investigators. Based on the infor-
mation the investigator recommended lithium and sham
dose adjustments for implementation.

Results

We included 53 participants in this analysis with 23 par-
ticipants allocated to the lithium arm and 30 participants
allocated to the placebo arm. Baseline characteristics
between the 2 arms were similar and are described in
Table 1. Adherence in both treatment arms were similar
and reported previously [14]. The proportion of patients
with lithium concentrations in the therapeutic range
are presented in Fig. 1. Three participants allocated to
the lithium arm developed symptoms of NDI (polyuria)
which resolved on dose reduction (p = 0.042 compared
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Table 1 Baseline characteristics

Baseline Lithium Placebo p value
characteristic (n=23) (n=30)
Gender

Male n=1(4%) n=4(13%) 0.374°

Female n =22 (96%) n =26 (87%)
Age 37.7 £8.1%years 40.8 & 8.54% years 0.186°
Weight 685+ 16.2%kg 7124127%kg 0493¢
Months on ART 33 (12-56)° months 40 (26-68)° months  0.2629
Renal function

Creatinine 58 (49-62)° umol/L 585 (50-68)° 04044

pmol/L
eGFR MDRD 139.3(118.1-159.7)°  131.0(1109-156.9)° 05729

mL/min

mL/min

eGFR estimated glomerular filtration rate, MDRD modification of diet in renal
disease formula

? Mean and standard deviation

b Median and interquartile range
¢ t-test (2 samples)

4 Wilcoxon sum rank

€ Fisher’s exact test
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Fig. 2 aThe graph shows the mean estimated glomerular filtration
rate (eGFR) as calculated using the modification of diet in renal
disease (MDRD). The bars indicate median and interquartile range
change in eGFR over the 24 weeks in the lithium and placebo arms
respectively. b Scatter plot of estimated glomerular filtration rate
(eGFR) as calculated using the modification of diet in renal disease
(MDRD) over the 24 weeks in the lithium and placebo arms respec-
tively. The solid lines indicate the linear regression lines for the lithium
and placebo arms respectively. Treatment allocation did not have a
statistically significant effect on eGFR (p value 0.06)
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Fig. 1 The graph shows the mean change in lithium concentrations.
The bars indicate median and interquartile range change in lithium
concentrations over the 24 weeks in the lithium and placebo arms
respectively. Sham lithium concentrations were generated for the
placebo arm. The broken line indicates the target therapeutic range of
0.6—-1.0 mmol/L

to placebo arm). No participant allocated to the placebo
arm developed symptoms of NDI. Change in eGFR, cre-
atinine and potassium were similar between the 2 arms
(see Figs. 2, 3, 4). There was no statistical significant dif-
ference between the two arms in the proportion of par-
ticipants who had a reduction in eGFR (see Table 2).
There was no statistically significant difference in the
eGFR slope between the 2 treatment arms (see Fig. 2a) (p
value = 0.06) when using linear regression.
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Fig. 3 The graph shows the mean change in creatinine (umol/L). The

bars indicate median and interquartile range of creatinine over the

24 weeks in the lithium and placebo arms respectively
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Fig. 4 The graph shows the mean change in potassium. The bars
indicate median and interquartile range change in potassium over
the 24 weeks in the lithium and placebo arms respectively

Discussion

We reported the renal safety of lithium co-administered
with TDF as part of a 24 week randomised placebo-con-
trolled trial. To the best of our knowledge we described
the first safety data of co-administered lithium with TDE.
We found that lithium and TDF co-administration did

Table 2 Estimated glomerular filtration rate change

Page 4 of 6

not increase the risk of renal impairment in HIV-infected
patients with neurocognitive impairment and preserved
renal function over a 24-week period.

NDI is a well-recognised early side effect of lithium
administration. Lithium causes dysregulation of the
aquaporin-2 water channels in the collecting ducts
with impaired pro-urine concentration ability [13, 15].
Three patients in the lithium arm developed NDI which
resolved with a lithium dose reduction. Lithium-induced
nephrotoxicity has been long recognised, but the extent
and risk factors required to frame a risk-benefit profile
for patients has been much debated [16]. A recent pop-
ulation-based study in psychiatric patients with lithium
exposure found that monthly eGFR decline was similar
in the lithium and reference group after adjusting for co-
morbidities, concomitant medication and episodes of
lithium toxicity [17]. Our findings in a young cohort with
no lithium toxicity episodes and limited treatment dura-
tion echo these findings.

Our study has several limitations. First, we reported
on the safety of lithium dosed with TDF in a randomised
placebo-controlled trial that was not powered for this
endpoint. Second, we followed patients for 24 weeks and
we can only make inferences about the short-term safety
of concomitant lithium and TDF administration. Third,

eGFR MDRD changed Treatmentarm Week 4% (n) Week 8% (n) Week 12% (n) Week 16 % (n) Week 20 % (n) Week 24 % (n)
Increased Lithium 304% (7/23)  39.1%(9/23)  39.1%(9/23)  34.8%(8/23)  39.1%(9/23)  56.5% (13/23)
Placebo 40% (12/30)  50%(15/30)  433%(13/30)  333% (10/30)  433%(13/30)  46.7% (14/30)
p=0518"  p=0621"  p=0095 p=0012° p = 0.095° p = 0.506°
Grade 1 Lithium 34.8% (8/23)  13%(3/23)  87% (2/23) 26.1% (6/23)  174%(4/23)  8.7% (2/23)
D‘E;fse;ifs 0.1%to <10%from  pjacepo 233% (7/30)  16.7% (5/30)  20% (6/30) 233% (7/30)  30% (9/30) 20% (6/30)
p = 0495 p=0264°>  p=0229° p=0817° p=0233° p=0229°
Grade 2 Lithium 260%(6/23)  26.1%(9/23)  43.5%(10/23)  21.7%(5/23)  34.8% (8/23)  23% (6/23)
D%Cafjisss 10t0<30%from  pjacepo 267% (8/30)  133% (5/30)  30% (9/30) 333% (10/30)  133%(4/30)  30% (9/30)
p=09717 p=0164" p=0765 p = 0484° p = 0.145° p=0814P
Grade 3 Lithium 87% (2/23)  87% (2/23)  87% (2/23) 8.7% (2/23) 8.7% (2/23) 8.7% (2/23)
D%Cafse:}isss >30t0 <50%from  pacepo 0% 0% 33%(1/30) 0% 133% (4/30)  3.3% (1/30)
p=0202° p=0202° p=0418° p = 0.202° p = 0493° p=0418°
Grade 4 Lithium 0% 0% 0% 0% 0% 0%
Decreased =50% from baseline - pjacepo 0% 0% 0% 33%(1/30) 0% 0%
p=>574°
Creatinine not measured® Lithium 0% 0% 0% 43% (1/23) 0% 0%
Placebo 0% 10% (3/30)  3.3%(1/30) 3.3% (1/30) 0% 0%
p=0197°  p=0574" p = 0.687°

eGFR estimated glomerular filtration rate, MDRD modification of diet in renal disease formula

@ Chi-squared test
® One-sided Fisher’s exact test

¢ Participants did not attend the specific study visit

4 Grading according to the Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events (Version 2.0 November 2014)
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we may have missed more subtle markers of tubulopa-
thy as we did not measure urine markers of tubulopa-
thy. Fourth, only approximately half of participants had
therapeutic lithium trough concentrations. We collected
lithium trough concentrations as soon as participants
arrived at the study site and despite best efforts, sample
collection time for some participants was beyond 12 h.
Last, we excluded patients with renal impairment and
concomitant medication which may potentiate lithium
toxicity.

We could not rule out nephrotoxicity of long-term
concomitant treatment of TDF and lithium and future
research should focus on the long-term follow-up of
TDEF-treated HIV-infected patients with lithium-treated
bipolar disorder.

Conclusions

We found that 24-week treatment of HIV-infected
patients with lithium and TDEF, preserved renal func-
tion and no episodes of lithium toxicity did not result in
increased nephrotoxicity. To the best of our knowledge
we described the first safety data of co-administered lith-
ium with TDFE. Our finding supports the renal safety of
TDEF-based ART in HIV-infected patients with bipolar
disorder requiring lithium therapy as a mood stabiliser.

Abbreviations

ART: antiretroviral therapy; DNA: deoxyribonucleic acid; eGFR: estimated glo-
merular filtration rate; GSK-3-B: glycogen synthase kinase-3-beta; HIV: human
immunodeficiency virus; MDRD: modification of diet in renal disease; MRP-4:
multi-drug resistance protein 4; NDI: nephrogenic diabetes insipidus; OATP-1:
organic anion transporter-1; TDF: tenofovir disoproxil fumarate.

Authors’ contributions

ED: study concept and design, analysis and interpretation of data, drafting and
revising the manuscript for content, acquisition of data, study supervision and
obtaining funding. ML: analysis and interpretation of data, statistical analysis.
GM: study concept and design, revising the manuscript for content and
obtaining funding. JJ: study concept and design, revising the manuscript for
content, study supervision and obtaining funding. ML: statistical analysis. All
authors read and approved the final manuscript.

Author details

! Division of Clinical Pharmacology, Department of Medicine, Faculty

of Medicine and Health Sciences, Stellenbosch University, PO Box 241, Cape
Town 8000, South Africa. 2 Division of Neuropsychiatry, Department of Psy-
chiatry and Mental Health, Faculty of Health Sciences, University of Cape Town,
Cape Town, South Africa. > Division of Epidemiology and Biostatistics, School
of Public Health and Family Medicine, University of Cape Town, Cape Town,
South Africa. * Division of Clinical Pharmacology, Department of Medicine,
Faculty of Health Sciences, University of Cape Town, Cape Town, South Africa.
° Department of Medicine, Faculty of Health Sciences, University of Cape
Town, Cape Town, South Africa.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 5 of 6

Availability of data and materials
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
The study was registered on the Pan African Clinical Trials Registry (PACTR)
with the identifier number PACTR201310000635418. Registered 11 October
2013 before the first participant was enrolled.

The study was approved by the human research ethics committees of the
University of Cape Town (071/2013) and Stellenbosch University (M13/07/027).
All participant signed informed consent prior to participation in the study.

Funding
Norgine Pty (Ltd) unconditionally donated lithium carbonate and identical
placebo. Norgine Pty (Ltd) had no input in any aspect of the study.

This study was funded by the European and Developing Countries Clinical
Trials Partnership (EDCTP Grant Number SP2011.41304.065).

Received: 8 November 2016 Accepted: 13 January 2017
Published online: 04 February 2017

References

1. Moore DJ, Posada C, Parikh M, et al. HIV-infected individuals with co-
occurring bipolar disorder evidence poor antiretroviral and psychiatric
medication adherence. AIDS Behav. 2012;16(8):2257-66. doi:10.1007/
510461-011-0072-2.

2. de Sousa Gurgel W, da Silva Carneiro AH, Barreto Rebougas D, et al. Preva-
lence of bipolar disorder in a HIV-infected outpatient population. AIDS
Care. 2013;25(12):1499-503. doi:10.1080/09540121.2013.779625.

3. MiuraT,Noma H, Furukawa TA, et al. Comparative efficacy and tolerability
of pharmacological treatments in the maintenance treatment of bipolar
disorder: a systematic review and network meta-analysis. Lancet Psychia-
try. 2014;1(5):351-9. doi:10.1016/52215-0366(14)70314-1.

4. Shine B, McKnight RF, Leaver L, Geddes JR. Long-term effects of lithium
on renal, thyroid, and parathyroid function: a retrospective analysis
of laboratory data. Lancet (London, England). 2015;386(9992):461-8.
doi:10.1016/50140-6736(14)61842-0.

5. Cooper RD, Wiebe N, Smith N, Keiser P, Naicker S, Tonelli M. System-
atic review and meta-analysis: renal safety of tenofovir disoproxil
fumarate in HIV-infected patients. Clin Infect Dis. 2010;51(5):496-505.
doi:10.1086/655681.

6. Kohler JJ, Hosseini SH, Hoying-Brandt A, et al. Tenofovir renal toxicity tar-
gets mitochondria of renal proximal tubules. Lab Invest. 2009,89(5):513-9.
doi:10.1038/labinvest.2009.14.

7. Tourret J, Deray G, Isnard-Bagnis C. Tenofovir effect on the kidneys
of HIV-infected patients: a double-edged sword? J Am Soc Nephrol.
2013;24(10):1519-27. doi:10.1681/ASN.2012080857.

8. Kohler JJ, Hosseini SH, Green E, et al. Tenofovir renal proximal tubu-
lar toxicity is regulated by OAT1 and MRP4 transporters. Lab Invest.
2011;91(6):852-8. doi:10.1038/labinvest.2011.48.

9. UwaiY, Tsuge M, Tokai Y, Kawasaki T, Nabekura T. Lithium interferes with
the urinary excretion of phenolsulfonphthalein in rats: involvement
of a reduced content of a-ketoglutarate, the driving force for organic
anion transporters OAT1 and OAT3, in the kidney cortex. Pharmacology.
2015;96(5-6):278-83. doi:10.1159/000441253.

10. Azab AN, Shnaider A, Osher Y, Wang D, Bersudsky Y, Belmaker RH.
Lithium nephrotoxicity. Int J Bipolar Disord. 2015;3(1):28. doi:10.1186/
540345-015-0028-y.

11. Rej S, Pira S, Marshe V, et al. Molecular mechanisms in lithium-associated
renal disease: a systematic review. Int Urol Nephrol. 2016. doi:10.1007/
$11255-016-1352-6.

12. Kim H-R, Lee K-Y, Lee K-Y, et al. Transcriptional regulation, stabilization,
and subcellular redistribution of multidrug resistance-associated protein
1 (MRP1) by glycogen synthase kinase 3af: novel insights on modes
of cadmium-induced cell death stimulated by MRP1. Arch Toxicol.
2015;89(8):1271-84. doi:10.1007/500204-014-1381-9.


http://dx.doi.org/10.1007/s10461-011-0072-2
http://dx.doi.org/10.1007/s10461-011-0072-2
http://dx.doi.org/10.1080/09540121.2013.779625
http://dx.doi.org/10.1016/S2215-0366(14)70314-1
http://dx.doi.org/10.1016/S0140-6736(14)61842-0
http://dx.doi.org/10.1086/655681
http://dx.doi.org/10.1038/labinvest.2009.14
http://dx.doi.org/10.1681/ASN.2012080857
http://dx.doi.org/10.1038/labinvest.2011.48
http://dx.doi.org/10.1159/000441253
http://dx.doi.org/10.1186/s40345-015-0028-y
http://dx.doi.org/10.1186/s40345-015-0028-y
http://dx.doi.org/10.1007/s11255-016-1352-6
http://dx.doi.org/10.1007/s11255-016-1352-6
http://dx.doi.org/10.1007/s00204-014-1381-9

Decloedt et al. AIDS Res Ther (2017) 14:6 Page 6 of 6

13. Alsady M, Baumgarten R, Deen PMT, de Groot T. Lithium in the kidney: 16. Davis JM, Rosenbaum A, Shahinian V, Brosius FC. Prevention of
friend and foe? J Am Soc Nephrol. 2016;27(6):1587-95. doi:10.1681/ lithium-associated renal failure: recent evidence. Lancet Psychiatry.
ASN.2015080907. 2015;2(12):1045-7. doi:10.1016/52215-0366(15)00498-8.

14. Decloedt EH, Freeman C, Howells F, Casson-Crook M, Lesosky M, Kout- 17. Clos S, Rauchhaus P, Severn A, Cochrane L, Donnan PT. Long-term effect
silieri E, Lovestone S, Maartens G, Joska J. Moderate to severe HIV-associ- of lithium maintenance therapy on estimated glomerular filtration rate in
ated neurocognitive impairment: a randomized placebo-controlled trial patients with affective disorders: a population-based cohort study. Lancet
of lithium. Medicine (Baltimore). 2016,95(45):e5401. Psychiatry. 2015;2(12):1075-83. doi:10.1016/52215-0366(15)00316-8.

15. McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes
JR. Lithium toxicity profile: a systematic review and meta-analysis.
Lancet (London, England). 2012;379(9817):721-8. doi:10.1016/
S0140-6736(11)61516-X.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1681/ASN.2015080907
http://dx.doi.org/10.1681/ASN.2015080907
http://dx.doi.org/10.1016/S0140-6736(11)61516-X
http://dx.doi.org/10.1016/S0140-6736(11)61516-X
http://dx.doi.org/10.1016/S2215-0366(15)00498-8
http://dx.doi.org/10.1016/S2215-0366(15)00316-8

	Renal safety of lithium in HIV-infected patients established on tenofovir disoproxil fumarate containing antiretroviral therapy: analysis from a randomized placebo-controlled trial
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




