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Abstract. – OBJECTIVE: Patients with bipo-
lar disorder (BD) experience a poor quality of 
life (QoL) and a weak adherence to the therapy 
due to the various side effects occurring during 
the pharmacological therapy. To date clinicians 
have no tools to intervene on such effects, con-
sidering them as an unavoidable part of the ther-
apy. This review paves the way for a step forward 
in the management of patients with BD bridging 
the therapeutic gap in clinical practice. 

MATERIALS AND METHODS: We reviewed 
the literature, searching through different data-
bases (MEDLINE, Scopus, Google Scholar). We 
used different keywords, including bipolar dis-
order, lithium and valproic acid, inositol role in 
bipolar disorder, side effects, inositol deple-
tion, supplementation of inositols under lithi-
um treatment, inositol role in metabolism, hy-
pothyroidism, renal and cardiac functionality. In 
particular, we narrowed the search down to En-
glish literature, excluding works before 1980s. 
Regarding clinical studies, we included case 
reports and both preclinical and clinical stud-
ies, especially only those exhibiting a control 
group. The outcome of the database search was 
to highlight the threat of side effects and the re-
lationship with inositol lower levels, paving the 
way for a step forward in the management of pa-
tients with BD.

RESULTS: Based on the collected evidence, 
the combined administration of myo-inositol 
(myo-ins) and d-chiro-inositol (d-chiro-ins) is 
strongly recommended in order to restore lev-
els and metabolism of inositols. Previous stud-
ies pointed out the beneficial effects of inositols 
in recovering pathological conditions, like poly-
cystic ovary syndrome (PCOS), hypothyroid-
ism, weight gain, cardiac functionality, being all 
these conditions related to the depletion of ino-

sitols. Furthermore, a controlled dosage of ino-
sitols, up to 6 grams/daily, may reduce the side 
effects caused by lithium therapy, without hin-
dering its central therapeutic role on patients’ 
mood. 

CONCLUSIONS: Considering the iatrogenic 
depletion of inositols, the tailored ratio 80:1 in 
favour of myo-ins, may become a safe and ef-
fective strategy to counteract side effects, by 
providing a large amount of myo-ins and an ad-
equate one of d-chiro-ins. The clinical dosage 
of inositols used as dietary supplementation is 
4 grams/daily, and it may allow the recovery of 
the side effects and improve patients’ QoL, with-
out reducing the central therapeutic effect of the 
pharmacological therapy. 

Key Words:  
Myo-inositol, d-chiro-inositol, Iatrogenic depletion, 

Dietary supplementation, Valproic acid, Lithium, Bipo-
lar disorder.

Introduction 

The most used mood stabilizers and anticon-
vulsant drugs, like lithium (Li) and valproic acid 
(VA), share the depletion of inositols, especially 
myo-inositol (myo-ins), in the central nervous 
system (CNS) as a therapeutic outcome1. These 
drugs are targeted for the management of neuro-
logical diseases affecting brain functionality, in-
cluding bipolar disorder (BD)2,3. Specifically, BD 
is a chronic psychiatric condition described as a 
disorder of mood and characterized by alternating 
episodes of mania and depression2,4. It is often ac-
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companied by increasing disability and reduced 
quality of life (QoL), involving both patients and 
their relatives5,6. 

Pathological mechanisms underlying the eti-
ology of BD, include the excessive activation of 
the neuronal phosphoinositide signalling path-
way7, which is involved in firing manic phases 
in patients with BD. Previous evidence described 
altered levels of myo-ins in the CNS of patients 
with BD: higher levels underpin the manic phase, 
while lower levels characterize the depressive 
status8,9. In line with this, the above-mentioned 
drugs, even if structurally dissimilar, act on ino-
sitol metabolism by inducing a central depletion 
of myo-ins, thus dampening the overactive sig-
nalling and giving rise to the “inositol depletion 
hypothesis” as a therapeutic outcome10.

However, their administration is not devoid of 
risks, and it is often associated with the occur-
rence of several side effects, which may worsen 
patients’ adherence to the therapy and their QoL, 
leading to a poor prognosis. Such effects are re-
lated to pathological conditions like weight gain, 
hypothyroidism, insulin resistance, hyperandro-
genism, amenorrhea, polycystic ovary syndrome 
(PCOS), polyuria/polydipsia, cardiac alterations 
as the lengthening of QTc-interval, and derma-
tological problems like psoriasis, alopecia, acne, 
hirsutism. All these conditions were mostly asso-
ciated with reduced levels of myo-ins in related 
peripheral tissues. Noteworthy, a recent market-
ing investigation revealed that clinicians do not 
intervene for counteracting side effects, they just 
change drugs’ dosage and/or type of pharmaco-
logical treatment, considering the side effects as 
unavoidable part of the therapy itself11. These ev-
idences highlighted the pressing need to bridge 
a therapeutic gap in clinical practice, paving the 
way for new strategies aiming to ameliorate the 
management of patients with BD and consequent-
ly their QoL. 

Inositols are natural molecules involved in 
several biochemical and metabolic functions in 
different organs and tissues. Their altered levels 
may expose to several pathological conditions 
which correspond to the above-mentioned side 
effects. The reduced levels of myo-ins induced by 
Li and VA, also influence downstream process-
es, including myo-ins peripheral conversion into 
its stereoisomer, d-chiro-inositol (d-chiro-ins), 
determining an altered metabolism of inositols12. 
Physiologically, myo-ins is converted into d-chi-
ro-ins via a unidirectional reaction mediated by 
an insulin dependent epimerase enzyme. For this 

reason, the administration of d-chiro-ins alone is 
not therapeutically effective, since it doesn’t re-
cover the reduced levels of myo-ins. Otherwise, 
the supplementation of myo-ins may positively 
impact on the levels of both stereoisomers, due 
to the above-mentioned physiological conversion. 

Overall, the concomitant administration of 
both stereoisomers leads to a therapeutic advan-
tage since the supplementation of small amounts 
of d-chiro-ins can immediately restore its altered 
levels, in addition to the biochemical conversion 
starting from myo-ins.

For this reason, the combined administration of 
myo-ins and d-chiro-ins seems to be the best choice 
to restore physiological levels of inositols and for 
recovering inositol depletion and the resulting side 
effects induced by mood stabilizer drugs13. 

 
Side Effects and Therapeutic Gap in the 
Treatment of Patients With BD

Considering the chronic course of BD, the af-
fected patients require a long-term pharmacological 
therapy. However, the chronic use of drugs like Li 
and VA may expose patients to various side effects, 
worsening their QoL and weakening their adherence 
to the therapy. Most of such effects reflect patho-
logical conditions characterized by lower levels of 
inositols in the related peripheral tissues. Indeed, a 
previous study indicated that the inositol depletion 
occurring in the CNS after Li administration cor-
relates with reduced myo-ins levels in peripheral tis-
sues, such as kidneys and testes14. The observed side 
effects include impairments in renal functionality 
with a consequent polyuria and polydipsia, occur-
ring in up to 70% of patients taking Li14,15. A third of 
patients under Li treatment exhibit an altered cardi-
ac functionality, especially regarding abnormalities 
of QTc-interval16-18, along with the initiation and/or 
progression of arrhythmias, hypertrophy and heart 
failure19,20. In addition, about 20% of patients taking 
mood stabilizers develop hypothyroidism. Indeed, 
myo-ins plays a central role as second messenger of 
the thyroid stimulating hormone (TSH)21 and Li, in 
particular, inhibits thyroid hormone release develop-
ing hypothyroidism22. 

Noteworthy, the reduction of myo-ins levels 
also implicates the reduction of d-chiro-ins lev-
els, thus determining an altered metabolism of 
inositols. Both stereoisomers are involved as sec-
ond messengers in the insulin signaling pathway, 
acting in different ways: myo-ins improves cellu-
lar uptake of glucose, while d-chiro-ins induces 
glycogen synthesis23. Their abnormal levels are 
involved in pathological contexts related to endo-
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crine and metabolic imbalances, including weight 
gain, metabolic syndrome, obesity and PCOS. 

Weight gain is reported as a common side ef-
fect by the majority of psychiatrists interviewed 
in a recently published survey11. A recent me-
ta-analysis on 14 trials16 confirmed that weight 
gain is highly common among patients taking Li 
and VA, occurring in up to 50% of patients, influ-
encing treatment acceptability and causing phar-
macological therapy dropouts24. 

Typical PCOS pathological features, like in-
sulin resistance, hyperandrogenism, hirsutism, 
amenorrhea are other side effects commonly ob-
served during VA treatment1. The endocrine and 
metabolic unbalances typically correlate with al-
tered inositol metabolism in these patients, and 
indeed PCOS women exhibit an altered ratio 
between levels of myo-ins and d-chiro-ins. They 
also exhibit insulin resistance, resulting in a sys-
temically reduced insulin-dependent conversion 
of myo-ins into d-chiro-ins11,23,24. On the contrary, 
the ovarian tissue does not become insulin resis-
tant, always responding to insulin signaling that 
stimulates the activity of the epimerase enzyme25. 
In this way, the ovarian tissue undergoes deple-
tion of myo-ins, which is involved as second mes-
senger in the follicle-stimulating hormone (FSH) 
pathway. As a consequence, such tissue becomes 
enriched in d-chiro-ins, which is responsible for 
insulin-mediated androgens synthesis26,27, thus 
promoting hyperandrogenism and related fea-
tures (hirsutism, acne)28. 

Furthermore, Li administration may expose 
patients to dermatological problems, including 
the exacerbation of psoriasis. A recent work in-
deed suggested an intriguing role for inositols, es-
pecially d-chiro-ins, as adjuvant to the local treat-
ment of mild plaque psoriasis29. In line with this, 
an in vitro study associated reduced skin elastici-
ty with high expression of an enzyme called aro-
matase, which is involved in estrogen and inhibit-
ed by d-chiro-ins30. 

Finally, Li and VA may expose to teratogenic risk 
in fertile and/or pregnant women, increasing the in-
cidence rate of neural tube defects (NTDs). Indeed, 
myo-ins plays a crucial role in preventing the risk of 
NTDs, especially for those NTDs resistant to folic 
acid30,31. Therefore, clinicians and women under VA 
are strongly encouraged to consult updated educa-
tional material to increase awareness about the risks 
of the therapy and to avoid the occurrence of preg-
nancies with defects and malformations. 

A recently published marketing investigation, 
carried out in a small cohort of psychiatrists, con-
firmed that VA is highly used in clinical practice 
for the treatment of BD, followed by Li and other 
atypical antipsychotics11. Noteworthy, this survey 
indicated that clinicians do not intervene to coun-
teract side effects, considering them as part of 
the pharmacological treatment, they just change 
therapies or dosages without a specific resolutive 
strategy11. 

For this reason, based on the chronic course 
of the disorder and the long-term therapies in pa-

Table I. Key messages about the management of patients with BD.

Key messages Mechanistic details

Inositol depletion hypothesis Li and VA induce a depletion of myo-ins in the CNS 
 
Poor adherence to the therapy Li and VA administration is associated with the occurrence of side effects 
 (hyperandrogenism, PCOS, hypothyroidism, weight gain, etc)
 
Side effects as unavoidable Clinicians have no tools to intervene for counteracting side effects
 part of the therapy 
 
Beneficial effects of inositols Inositol supplementation recovers pathological side effects 
 (hyperandrogenism, PCOS, hypothyroidism, weight gain, etc)
 
Inositol administration (up to 6 grams/daily) Recovery of side effects (polyuria, psoriasis) without dampening 
in patients taking lithium the central therapeutic outcome
 
Myo-ins: d-chiro-ins as a safe and effective  80:1 myo-ins: d-chiro-ins ratio seems to be the best choice for recovering 
strategy inositol iatrogenic depletion

The 80:1 myo-ins: d-chiro-ins ratio is suggested as a safe and effective strategy to counteract the side effects and fill the thera-
peutical gap.
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tients with BD4-6, providing a therapeutical strat-
egy that can counteract, or altogether avoid, the 
side effects, is crucially important. An approach 
recovering the side effects may improve patients’ 
QoL and fill the therapeutic gap in pharmacolog-
ical therapy of BD. 

The Tailored Ratio 80:1 As a Step 
Forward in the Management of Patients 
With BD

Inositol supplementation induces positive and 
beneficial effects in most of the previously reported 
pathological conditions, due to the crucial role played 
by inositols in the physiology of related tissue.

Considering that myo-ins acts as second mes-
senger of TSH, a recent study revealed that sup-
plementation of myo-ins is significantly effective 
in restoring euthyroidism in patients with subclin-
ical hypothyroidism or autoimmune thyroiditis32. 

Furthermore, based on the unbalance between 
myo-ins and d-chiro-ins occurring in PCOS 
women, clinical studies pointed out the beneficial 
effects of the treatment with the combined 40:1 
ratio, in favour of myo-ins, in these patients33-35.

Such ratio indeed is not random, but it reflects 
the myo-ins: d-chiro-ins plasma ratio which is 
around 40:136. Several studies31,37,38 highlighted 
that such ratio positively affects the hormonal 
profile in PCOS overweight women, improving 
also metabolic parameters like levels of insulin, 
triglycerides, lipids and weight gain39. The addi-
tion of α-lactalbumin (α-LA) to supplementation 
of inositols further optimized their beneficial 
effects, overcoming the problem of inositol re-
sistance, which occurs in a moderate portion of 
patients that cannot absorb inositols40. 

Beside positive outcomes on metabolism and 
hormonal profile, a preclinical study revealed 
beneficial effects of the 40:1 ratio on cardiac 
functionality. The authors demonstrated that in 
a mouse model of obesity, with a phenotype of 
induced cardiac fibrosis, the administration of 
inositols restores cardiac functionality and mor-
phology41. In particular, inositols counteract the 
lengthening of QT interval, preserve atrial mor-
phology and improve ventricular and heart func-
tionality. 

Interestingly, a recent work pointed out an in-
triguing role for inositols, especially d-chiro-ins, 
as an adjuvant local treatment of mild psoriatic 
plaques29. A recent in vitro study30 revealed that 
high expression of the aromatase enzyme cor-
relates with lower levels of d-chiro-ins and re-
duced skin elasticity.

Overall, these evidences revealed the safety and 
the beneficial effects of myo-ins and d-chiro-ins 
combined supplementation on various pathologi-
cal conditions, which occur as side effects during 
Li and VA therapy. 

Noteworthy, supplementation of inositols in a 
controlled dosage may counteract these side con-
ditions without dampening the central therapeutic 
effect of the pharmacological therapy and without 
raising inositol levels in brain. Indeed, the admin-
istration of 3 grams/daily of myo-ins in patients 
taking Li and exhibiting polyuria and polydipsia, 
confirmed positive effects on renal functionality 
without altering patients’ mood42. Additional stud-
ies revealed that 6 grams/daily of myo-ins induce 
an improvement of psoriatic plaques in patients 
taking Li, without impinging the therapeutic effect 
of the pharmacological treatment40,41. Therefore, 
within the reported dosage, supplementation of 
inositols is an effective and safe tool in the man-
agement of patients with BD. 

A combined supplementation of inositols in 
a controlled dosage is useful to recover, or alto-
gether avoid, the side effects occurring during 
Li or VA pharmacological therapy. In addition, 
myo-ins safety is widely recognized. The U.S. 
Food and Drug Administration indicated myo-
ins among the compounds generally recognized 
as safe (GRAS). Previous studies43,44 reported that 
a dosage of myo-ins over 12 grams/daily can in-
duce mild gastrointestinal symptoms only, expe-
rienced for the first month. In particular the dos-
age of 4 grams/daily of inositols commonly used 
in clinical practice as dietary supplementation is 
completely free of side effects45. Furthermore, 4 
grams/daily have negligible effects on the levels 
of inositols in the CNS and on patients’ mood, 
thus unaltering the pharmacological outcomes43. 

Considering that drug-induced depletion of 
myo-ins also influences d-chiro-ins levels, a 
combined administration is therapeutically more 
advantageous than myo-ins alone. The 40:1 com-
bined ratio, in favour of myo-ins, is effective in 
recovering endogenous conditions including met-
abolic impairments and endocrine alterations 
both in PCOS women and in diabetic or over-
weight patients27,35,46,47. However, higher amounts 
of myo-ins are required to recover iatrogenic de-
pletion of inositols. The tailored 80:1 combined 
ratio of myo-ins: d-chiro-ins seems to be the best 
choice to restore peripheral inositol lower levels, 
counteracting the side effects occurring during 
the pharmacological therapy. This ratio further 
provides the adequate amounts of d-chiro-ins im-
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mediately available, which is needed for the met-
abolic boost and for recovering the altered ratio 
of inositols13. 

The 80:1 combined administration may guaran-
tee a recovery of inositol eumetabolism in patients 
taking Li or VA, improving such pathological con-
ditions reported as side effects of pharmacological 
therapies. This supplementation may restore the 
altered metabolic profile, improving body weight 
and insulin resistance, thus enhancing treatment 
acceptability. It also likely guarantees positive ef-
fects on cardiac functionality, by counteracting the 
lengthening of QTc interval induced by Li, and by 
preserving atrial and ventricular morphology. The 
recovery of myo-ins levels provides an improve-
ment in thyroid functionality and in hypothyroid-
ism-related symptoms, as reported in clinical stud-
ies22. In addition, considering previous studies and 
the physiological conversion of myo-ins into d-chi-
ro-ins, this combined administration can further 
improve plaque psoriasis, recovering skin elastic-
ity in these patients29. Based on previous evidence 
on the effectiveness of the 40:1 ratio in recovering 
depletion of inositols in endogenous pathological 
conditions like PCOS, weight gain, insulin resis-
tance and heart defects, the tailored 80:1 ratio may 
provide larger amounts of myo-ins for recovering 
iatrogenic depletion. It also ensures the adequate 
amounts of d-chiro-ins immediately available, re-
covering in this way the altered metabolism of ino-
sitols (Table 1).

This therapeutic strategy may overcome inosi-
tol depletion induced by drugs, bridging the gap 
in clinical practice and providing the opportunity 
to ameliorate patients’ QoL. Such treatment may 
further improve adherence to the therapy, by re-
covering or altogether avoiding side effects of 
therapies based on mood stabilizers.

Conclusions 

The management of patients with BD is princi-
pally based on the administration of Li or VA as 
pharmacological therapies. However, both these 
drugs share the depletion of inositols, especially 
myo-ins, in the central nervous system as a ther-
apeutic outcome, exposing patients to several 
side effects, due to the depletion of inositols in 
peripheral tissues. Such pathological conditions 
are related to an altered metabolism of inositols 
and they include insulin resistance and weight 
gain, hyperandrogenism, hirsutism, amenorrhea, 
PCOS, hypothyroidism, cardiac and renal alter-

ations, along with dermatological problems, like 
psoriatic plaques. These effects strongly weaken 
patients’ adherence to the therapy and negatively 
impact their QoL. 

To date clinicians have no tools to counteract 
the above-mentioned pathological effects and 
they can just accept them as unavoidable part of 
the therapy. Therefore, the urgent need to fill this 
therapeutical gap is clear. Considering the iat-
rogenic depletion of inositols, the tailored ratio 
80:1 in favour of myo-ins, may become a safe and 
effective strategy to counteract side effects, pro-
viding larger amounts of myo-ins and adequate 
quantities of d-chiro-ins. A clinical dosage of 4 
grams/daily, used as dietary supplementation, 
may restore the side effects and improve patients’ 
QoL, without hindering the central therapeutic ef-
fect of the pharmacological therapy. 
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