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ABSTRACT
Human immunodeficiency virus (HIV) infection, and the anti-retroviral therapy (ART) associated
complications necessitate that the medical care system keeps evolving for proper management of
this group of patients. Electrolyte imbalance and sleep problems are common in patients on ART.
Both of these conditions are associated with increased morbidity (such as acute kidney injury,
chronic kidney disease, low CD4 count, non-adherence and depression) and mortality. Therefore,
screening for both sleep problems and electrolytes imbalance may help to decrease the risk of
complications in patients on ART.
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INTRODUCTION
Human immunodeficiency virus (HIV) infection and
the ensuing acquired immune deficiency syndrome (AIDS)
is a global pandemic, and 78 million people have become
infected with HIV since the start of the epidemic. Although
HIV-related mortality has seen decline of approximately 45%
since 2005, mortality is still staggering with 1.1 million deaths
in 20151. Expansion of accessibility to antiretroviral treatment
(ART) has considerably reduced the incidence of new HIV
infections, AIDS mortality and its related co-morbidities2.
However, ART related complications, associated mortality and
non-adherence to therapy are major challenges that necessitate
a steadfast and evolving healthcare management2-7. Therefore,
persistent systematic exploration for factors, which may be
prospective clinical markers for management of ART related
major complications and that minimize associated mortality and
non-adherence are needed.
ART is the cornerstone of the ever-evolving clinical
management scheme of patients with HIV infection and/
or AIDS8,9. ART regimens include different combinations of
drugs from various classes of nucleoside/nucleotide reverse
transcriptase inhibitors (NRTIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs), protease inhibitors (PIs),
entry inhibitors and integrase inhibitors8. The use of ART
has presented new challenges to both patients and health
care providers. Proper management of adverse effects and
identification of predictors of non-adherence and mortality
need continuous evolvement.
The innovative clinical use of mortality predictors
may help reduce mortality and manage morbidity. Both HIV
infection and ART lead to adverse physiological changes, which
are predisposing factors for sleep problems and electrolyte
complications10. This brief review summarizes the evidence
of ART-related electrolyte imbalance and sleep problems.
Further, previous evidence of supporting a relationship
between these two conditions and mortality or predictors of
mortality in patients on ART is streamlined in a model (Figure
1). Additionally, it is proposed that screening for sleep problems
and electrolyte imbalance may help to reduce mortality and
morbidity in patients on ART.
ELECTROLYTE IMBALANCE AND ANTIRETROVIRAL THERAPY
Renal complication such as acute kidney injury (AKI)
and chronic kidney disease (CKD) have been reported to occur
in patients on ART. Moreover, patients on ART may develop
a variety of electrolyte disturbances including, hyponatremia,
hypokalemia, hypocalcemia and others3-5,11. These electrolyte
disturbances are related to the type of drug used. Table 1 shows
a list of drugs used in ART and the electrolyte disturbances
usually associated with them. Electrolyte imbalance represents
a major problem in patients receiving ART.
African women on ART regimens including nevirapine
or efavirenz plus lamivudine with either stavudine or zidovudine
have been reported to develop electrolyte imbalances namely

Figure 1. Schematic representation of relationship between sleep problems,
electrolyte imbalance, and major predictors of mortality i.e. depression, nonadherence of ART, low CD-4 count, AKI and CKD in patients on Anti-retroviral
therapy (ART). AKI: acute kidney injury; CKD: chronic kidney disease. Single arrows
(bent and straight) as well as arabic numerals 1-18 on them represent relationship
between the two connected items2-7,9,10,12,13,17-21. Dotted line: association evidences in
the literature, one way arrow: associated conditions with possibility of first leading to
the second, two way: diabolic associations between two connected conditions.

Table 1. Electrolyte imbalance reported for some common drugs used in
antiretroviral therapy.
Electrolyte imbalance
Hypermagnesemia

Drugs used in anti-retroviral therapy
Didanosine

Hyperuricemia

Didansosine, Stavudine

Hypokalemia

Didanosine, Tenofovir

Hypophosphatemia

Tenofovir

Hyponatremia

Didanosine

Hypomagnesemia

Ziduvudine

Hypocalcemia

Didanosine

hyponatremia and hypochloremia5. Didanosine is associated
with several electrolyte imbalances including hypomagnesemia,
and hypocalcemia (Table 1)11,12. Tenofovir use have been
reported to be associated with AKI, severe hypokalemia and
hypophosphatemia12,13. The combination of protease inhibitors
(i.e. ritonavir with tenofovir) has been shown to increase
susceptibility to renal toxicity13. Hypophosphatemia was found in
Zambian adults on ART regimens of efavirenz or nevirapine in
combination with lamivudine with either zidovudine or stavudine3.

Sleep problems and anti-retroviral therapy
HIV infected patients have a high prevalence of
insomnia and complaints of daytime sleepiness. Sleepdisordered breathing was high in patients using ART10. Increased
neck circumference, and obesity are potential risk factors for
Obstructive sleep apnea among HIV patients on ART14. The
investigations into potential physiologic causes of insomnia
in ART are marred by inconsistencies15. Of the psychosocial
factors, stress associated with HIV infection may be implicated
in onset of insomnia16. Moreover, depression shares a direct
relationship with insomnia17, which may further explain
stabilization of insomnia in these patients with treatment.
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Some of the drugs used in ART regimen are found to
be related to the development of insomnia, sleep abnormalities
and changes in sleep quality. HIV positive women on ART
therapy had greater sleep disturbances as well as poor overall
sleep quality7. Efavirenz, and Raltegravir at higher plasma levels
have been linked to the development of insomnia17. Efavirenz
was reportedly implicated in sleep disturbance among Nigerian
children on ART.
It was used in two regimens with zidovudine plus
lamivudine and stavudine plus lamivudine18. In patients on longterm ART (i.e. 8.8 (5.7-9.5) years), polysomnographic studies
revealed relatively higher stage N1 (light sleep) and lower rapid
eye movement (REM) sleep suggesting poor sleep compared to
ART naive HIV patients10. Table 2 shows a list of some drugs
used in ART and sleep problems usually associated with them.

Sleep disorders associated with electrolyte imbalance
Sleep problems such as insomnia, restless sleep, daytime
sleepiness, sleep apnea syndrome, periodic limb movement
disorder, and restless legs syndrome are prevalent among
dialysis patients having electrolyte complications. In dialysis
patients, poor sleep quality is associated with depression and
poor quality of life19. History of depression was the only
independent predictor of poor sleep quality in chronic renal
disease20. Therefore, the commonality of depression as a
predictor of poor sleep in both ART related kidney diseases
(with most likely involvement of electrolyte imbalance) as well
as non-HIV kidney diseases suggestively implicate common
physiological mechanisms.
Some of the drugs used in ART are associated with
both electrolyte imbalance and sleep problem. Ziduvudine
is implicated in hypomagnesemia as well as insomnia4. While,
Tenofovir one of the drugs used in ART have been implicated
in electrolyte imbalance and sleep problem as well as a major
predictor of mortality in ART patients i.e. depression7,12,13,21.
Thus, involvements of a single drug in both sleep disturbances,
and electrolyte imbalance may suggest common and/or
intricately related biochemical mechanism. Future investigations
are needed to understand the underlying biochemical pathways.
Sleep problems, electrolyte imbalance and predictors of
mortality.
Figure 1 presents a schematic representation of the
proposed relationship between sleep problems, electrolyte
Table 2. Sleep and associated problems reported for some common drugs
used in antiretroviral therapy.
Sleep and associated problems
Sleep disturbances
Insomnia
Abnormal dreams

Drugs used in anti-retroviral therapy
Efavirenz, Tenofovir, Lamivudine
Lamivudine, Ziduvudine, Rilpivirine,
Atazanavir, Cobicistat, Dolutegravir,
Raltegravir
Efavirenz, Cobicistat, Dolutegravir

Drowsiness

Cobicistat

Depression

Efavirenz, Rilpivirine, Tenofovir, Cobicistat
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imbalance, and major predictors of mortality i.e. depression,
non-adherence of ART, low CD-4 count, AKI and CKD in
patients on Anti-retroviral therapy (ART).
The relationship model is based on the epidemiological
studies in different demographics across the world.
Hyponatremia and hypochloremia in patients on ART regimens
including nevirapine or efavirenz plus lamivudine with either
stavudine or zidovudine increased the risk of mortality by 7.8
times in African women5. Baseline serum phosphate was found
to be an independent predictor of mortality in Africans on
ART3. Hypomagnesemia is very common in AIDS patients. It
is a major risk factor for AKI, sepsis, non-recovery of renal
function and consequent mortality4.
Sleep disturbances as well as poor overall sleep quality
in women on ART therapy are associated with low CD4
count, which is a strong predictor of AIDS related mortality7.
Insomniac HIV-infected persons have a decreased daily activity.
Insomnia is associated with an increased waist circumference
and depression17. Women with greater sleep disturbance were
associated with depression symptoms and poor adherence to
their ART regimen.
This suggests that screening for sleep disturbance may
help to identify prospective non-adherents21. Poor sleep quality
was associated with non-adherence and depression, which
is again a predictor of non-adherence in American patients
on ART. Moreover, it has been shown that individuals with
insomnia and bad dream complaints are poor adherents of
ART6. Adherence to ART was associated with CD4 count in the
sub-Saharan African country of Togo2. Screening for both sleep
problem and electrolyte imbalance especially hyponatremia,
hypochloremia, hypomagnesemia and hypophosphatemia may
help decrease risks of complications-associated death in antiretroviral therapy. The model linking sleep problem/electrolyte
imbalance and mortality and non-adherence in patients on ART
should be studied further to help in the management of HIV/
AIDS patients.
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