Journal of Endocrinological Investigation (2020) 43:779-786
https://doi.org/10.1007/540618-019-01163-x

ORIGINAL ARTICLE q

Check for
updates

Micronutrients in support to the one carbon cycle for the modulation
of blood fasting homocysteine in PCOS women

N. Schiuma’ - A. Costantino' - T. Bartolotti' - M. Dattilo>® - V. Bini*©@ . M. C. Aglietti® - M. Renga® - A. Favilli*

A. Falorni3® . S. Gerli*

Received: 21 October 2019 / Accepted: 10 December 2019 / Published online: 16 December 2019
© The Author(s) 2019

Abstract

Purpose Fasting blood homocysteine is increased in PCOS women and is involved in several of its co-morbidities including
cardiovascular disease and infertility. Corrective interventions based on the administration of supra-physiologic doses of
folic acid work to a low extent. We aimed to test an alternative approach.

Methods This was a prospective, randomized, parallel group, open label, controlled versus no treatment clinical study. PCOS
women aged > 18, free from systemic diseases and from pharmacological treatments were randomized with a 2:1 ratio for
treatment with activated micronutrients in support to the carbon cycle (Impryl, Parthenogen, Switzerland—n =22) or no
treatment (n = 10) and followed-up for 3 months. Fasting blood homocysteine, AMH, testosterone, SHBGs, and the resulting
FTI were tested before and at the end of the follow-up.

Results The mean baseline fasting blood homocysteine was above the normal limit of 12 pMol/L and inversely correlated
with SHBG. AMH was also increased, whereas testosterone, SHBG, and FTI were within the normal limit. The treatment
achieved a significant reduction of homocysteine, that did not change in the control group, independently of the starting
value. The treatment also caused an increase of AMH and a decrease of SHBGs only in the subgroup with a normal homo-
cysteine at baseline.

Conclusions In PCOS ladies, blood homocysteine is increased and inversely correlated with the SHBGs. Physiologic amounts
of activated micronutrients in support to the carbon cycle achieve a reduction virtually in all exposed patients. Whether this
is of clinical benefit remains to be established.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous
endocrine disorder characterized by irregular menses,
hyperandrogenism, and polycystic ovaries affecting women
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of reproductive age. Its prevalence ranges from 6 to 20%
according to the diagnostic criteria used [1]; however, it
is the most common female endocrine disorder. Although
the clinical manifestations of PCOS are variable, its co-
morbidity with androgen excess, insulin resistance, obesity,
and metabolic syndrome clearly points to a main metabolic
component of the disease. It has been well shown that cir-
culating markers of oxidative stress are abnormal in women
with PCOS with an average increase of 23% of blood fasting
homocysteine (Hcey) [2].

A possible reason for Hey increase in PCOS is the higher
insulin level resulting from insulin resistance. Insulin down
regulates the transcription of cystathionine beta synthase
(CBS), the main enzyme for Hcy elimination [3]. However,
increased Hcy in PCOS is not related to degree of insu-
lin resistance (IR), as well as to obesity or androgen levels
[4]. Moreover, lowering the insulin concentration in PCOS
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patients with the drug metformin does not result also in
lower Hcy, rather a significant increase has been reported
[5, 6], which points to the contribution of other genetic and/
or dietary and/or metabolic factors besides the possible role
of insulin.

Hyperhomocysteinemia (HHcy) has been linked to a vari-
ety of diseases including cardiovascular disease, neurode-
generation, diabetes, and cancer [7]. Not surprising, HHcy
has been recognized since long time also as a main marker
of both female and male reproductive dysfunction [8], which
generates further interest in the role of Hey in reproductive
issues of PCOS patients. A higher amount of Hey in follicu-
lar fluid of PCOS women undergoing oocyte pick-up follow-
ing FSH stimulation sharply marked lower oocyte quality,
fertilization rates, embryo quality, and pregnancy rates with
no pregnancies occurring from oocytes whose follicles con-
tained more than 8 pmolar Hey [9]. Interestingly, the blood
Hcy of the same patients was normal (11.7 +2.9 pMol) sug-
gesting the occurrence of a follicle-specific impairment of
Hcy metabolism in PCOS and a main role of Hey in PCOS
subfertility also in women with normal Hcy blood values.
High blood Hcy was also found to be the strongest predictor
of recurrent pregnancy loss in PCOS women [10]; thus, the
negative effect of HHcy may also affect the post-concep-
tional development.

PCOS may also be associated with increased incidence
of cardiovascular disease and this risk should be considered
even in young women with PCOS [11]. Surrogate markers
of cardiovascular disease are already altered in adolescent
PCOS ladies and metformin treatment positively modified
these markers leading to the proposal of a preventive treat-
ment [12]. However, the impairment of Hcy metabolism
resulting from metformin treatment [5, 6] may lead to the
opposite long-term outcomes. Indeed, it has been calculated
that each increase of 5 umol/L in Hcy level increases the
risk of CHD events by approximately 20%, independently
of traditional CHD risk factors [13].

Excess of circulating Hcy is removed by three alter-
native pathways: Hcy re-methylation to methionine by a
methyl group donated by either methyl-tetrahydrofolate or
betaine and Hcy transsulfuration to cysteine, which can be
then used for the synthesis of the universal cellular anti-
oxidant glutathione [14]. Imbalances of any of the above
pathways result in accumulation of Hcy and it is very dif-
ficult to understand which of the pathways is responsible
for HHcy in the single case. Accordingly, a combined sup-
plementation supporting both the re-methylation (folates,
B2, B3, B12, betaine, and zinc) and the transsulfuration
(B6, cysteines, and zinc) of Hcy may improve the disposal
of Hcy by all available pathways independently of the spe-
cific and unknown imbalance occurring in the single sub-
ject (see Fig. 1 for details). In addition, the availability of
folates and B12 in their activated forms, i.e., methylfolate
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and methylcobalamin, may increase their actual metabolic
suitability by escaping the common genetic variants of the
respective activating enzymes Methylene TetraHydroFolate
Reductase (MTHFR) and Methionine Synthase Reductase
(MTRR) [15, 16].

The present study was intended to explore the effect of
an Hcy-targeted supplement containing a full range of acti-
vated micronutrients in support to the carbon cycle (Impryl,
Switzerland) in women with PCOS independently of their
fasting blood Hcy baseline levels.

Methods

This was a prospective, randomized, parallel group, open
label, controlled versus no treatment clinical study. The
study was approved by the Ethical Committee of Aziende
Sanitarie della Regione Umbria (CEAS).

We enrolled women referring for gynaecological prob-
lems and diagnosed as affected by PCOS according to Rot-
terdam criteria [17], aged more than 18 and delivering a
written informed consent to the study. Criteria for exclusion
were ongoing pregnancy, ongoing pharmacological treat-
ment (oral antidiabetic drugs, insulin, antihypertensives, and
any hormone), and ongoing systemic or endocrine diseases
including hypertension and thyroid diseases.

The enrolled patients were randomized according to a
computer-generated randomization list for treatment with
the test product or no treatment with a 2:1 ratio. Patients
assigned to the active intervention group assumed one tablet
per day of an oral supplement containing essential or semi-
essential micronutrients in support to the one carbon cycle:
betaine 200 mg, L-cystine 200 mg, chelated zinc 10 mg,
niacin (vit. B3) 16 mg, pyridoxine (vit. B6) 1.4 mg, ribofla-
vin (vit. B2) 1.4 mg, 5-methyl-tetrahydrofolate 400 pg, and
methylcobalamin (vit. B12) 2.5 pg (Impryl, Parthenogen,
Switzerland).

All patients were tested for fasting blood Hey, Anti-Mul-
lerian Hormone (AMH), circulating testosterone, and steroid
hormone-binding globulins (SHBG) at baseline and after a
3-month follow-up period. The analyses were performed at
the hospital reference lab according to routine methodolo-
gies and the Free Testosterone Index (FTI) was calculated
based on blood testosterone and SHBG values.

The differences in quantitative variables at start of study
between treatment groups were assessed by the Student’s
t test. Pearson correlation coefficient was used to deter-
mine the relationship between variables and paired cat-
egorical data were analyzed by McNemar test. Compari-
sons within and between groups over time were analyzed
by mixed model repeated measures analysis of variance
(RM ANOVA). “Time” (variable values at basal and 1st
follow-up) and “group” (treatment arms) were considered
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Fig.1 Rationale for homocysteine removal by the administration
of a full array of activated micronutrients. The one carbon cycle is
regulated by the availability of its substrates; accordingly, a wider
availability of each substrate may enhance its performance. Blue
background substrates: Folates, B12, chelated zinc, Vit. B2 and Vit.
B3 feed homocysteine re-methylation by the folate pathway; Folates
in the form of methylfolate escape possible genetic defects in the
activity of DHFR and MTHFR; B12 in the form of methylcobalamin
escapes possible genetic defects in the activity of MTRR. Red back-
ground substrates: Betaine and chelated zinc feed homocysteine re-

as within-subjects and between-subjects factors, with two
“time” and two “group” levels, respectively. To interpret the
interaction term effect, simple main effects of time within
each treatment condition were also examined. All statistical
analyses were performed using IBM-SPSS® version 25.0
(IBM Corp., Armonk, NY, USA, 2017). In all analyses, a
two-sided p value < 0.05 was considered significant.

Results

A total of 33 PCOS ladies (mean age 26.8, range 19-35)
were enrolled between June 2017 and October 2018, and one
patient withdrew her participation for personal reasons after
the basal visit. Out of 32 patients randomized, 22 entered the
active treatment group, and 10 the no treatment group. The
average treatment/follow-up duration was 93 days (range
83-105 days). Treatment compliance was good or very good
in the majority of treated patients with no occurrence of
adverse events.

The baseline values for the tested variables are reported
in Table 1. The baseline mean values of testosterone, SHBG,
and FTI were within the upper normal limit with only 5
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methylation by the betaine pathway; Pre-formed betaine escapes pos-
sible genetic defects in the activity of CHDH and provide an excess
of substrate for the BHMT reaction. Green background substrates:
Vit. B6, chelated zinc and cysteines feed homocysteine transsulfura-
tion to glutathione (GSH); Excess of cysteines downstream to CBS
reaction ensure GSH production even in case of genetic defects of
CBS. Key enzymes subject to genetic variability: DHFR DiHydro-
Folate reductase, MTHFR methylenetetrahydrofolate reductase, MTR
methionine reductase (methionine synthase), MTRR methionine syn-
thase reductase, CBS cystathionine beta synthase

patients (15.6%) exerting an elevated FTI. The mean val-
ues of basal AMH (11.09 ng/ml) were above the normal
limit with 16 out of 30 patients (53%) exerting an abnor-
mal value. Mean basal AMH increased with age (Pearson
r=0.46, p=0.028). Mean fasting blood Hcy (12.12 pMol/L)
was slightly above the upper normal limit with 13 patients
(40%) reporting abnormal values and inversely correlated
with SHBG (Pearson r=—0.358, p=0.048). There was no
correlation between Hey and the other tested variables (data
not shown).

Weight and height data for the calculation of the body
mass index (BMI) were available only for 22 of the enrolled
patients. Their mean BMI was within the normal limit (22.8,
range 19.0-38.6). Only 6 of them had a BMI above the limit
of 25. BMI did not correlate with AMH (Pearson r=—0.12,
p=0.58), whereas it showed negative correlation with
SHBG (Pearson r=—0.56, p=0.007). Compared to those
with BMI within the normal limit, patients with BMI > 25
exerted significantly lower baseline SHBG resulting in a
significant increase of the calculated FTI. In addition, they
had a strong trend for a lower AMH value at enrolment
(p=0.054), see Table 2. BMI did not mark any difference
for testosterone and Hcy.
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Table 1 Baseline laboratory

. Variable Unit n Mean values + SD (range) Normal range Pts out of
values, all patients normal range
AMH ng/ml 31 11.09+6.4 (2.45-23.0) 0.9-9.5 16 52.0%
Testosterone ng/dl 33 54.76 £20.7 (21-100) 8-60 14 42.0%
SHBG nmol/L 32 55.69 +24.4 (21.2-106) 15-103 1 3.1%
FTI units 32 4.07+2.3 (1.01-9.03) <17 5 15.6%
Homocysteine pMol/L 33 12.12+4.9 (4.2-24.3) 6-12 13 39.4%
Table 2 Base%ine laboratory Group n AMH Testosterone SHBG FTI Homocysteine
values according to BMI .
ng/ml ng/dl nmol/L Units pMol/L
BMI <25 16 11.45+5.0 50.83 £10.3 61.89 +21.1 3.09+1.7 12.99 + 6.0
BMI>25 6 6.55+4.9 49.44 +19.0 30.0+£9.9 6.34 +2.1 10.35+3.3
P 0.054 0.87 0.002 0.001 0.32

Significant p values are shown in bold

After 3 months of follow-up, the mean values of AMH
were significantly increased (p =0.029) in the treatment
group and significantly decreased (p =0.021) in the con-
trol group. The difference between subjects over time was
also significant (p =0.002). Circulating testosterone did not
change in the treatment group, but significantly decreased
(»p=0.015) in controls with a significant difference over time
within subjects (p =0.018) and between subjects (p =0.012);
however, SHBG and FTI remained unchanged in both
groups.

The treatment with the test micronutrients significantly
reduced the mean fasting blood Hey from 11.91 to 8.12
pMol/L. (p =0.003), whereas Hcy did not change in the
control group (from 11.38 to 12.11 pMol/L, n.s.) with a sig-
nificant difference between subjects over time (p <0.017).
The reduction of Hcy was likely of clinical significance due
to its amplitude (>30% average reduction) and to the fact
that 7 out of 8 treated patients having a high Hcy at baseline
recorded a value within the normal limit after treatment.
Worth to note, the treatment with micronutrients resulted
in a lower Hey value in all treated patients independently
of their baseline value. The only patient whose Hcy was
not reduced after treatment (from 6.3 to 7.2) stated a good
treatment compliance; however, her values were already at
the lower limit of normal range and were difficult to reduce.
The outcomes at the end of follow-up for both the treatment
and the control group are depicted in Table 3.

The treatment was effective in lowering Hcy indepen-
dently of its baseline value (Table 4). Patients with a base-
line Hcy below the upper normal limit exerted a 15% reduc-
tion of their value (p =0.04) compared to a 46% reduction
(p=0.01) in those with an elevated starting value. The
difference over time was significant both within subjects
(p <0.0001) and between subjects (p =0.003). Patients
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with Hcy within the normal limit at enrolment exerted a
significant reduction of circulating SHBG after treatment
(—11.3%, p=0.04) compared to a non-significant increase
(5.9%) in those starting with an elevated Hcy level.

Discussion

The average blood fasting Hcy of our patients was slightly
above the normal limit with individual values ranging
from low (4.2 pMol/L) to clinically significant HHcy (24.3
pMol/L), which may well represent the situation in an unse-
lected PCOS population [18]. The level of Hey was inversely
related to the SHBGs, but did not correlate with the other
study variables.

The treatment with activated micronutrients in support
to the one carbon cycle (Impryl, Parthenogen, Switzerland)
was very effective in lowering blood fasting Hcy in PCOS
ladies. The effect was significant independently of the start-
ing level with some Hey reduction in all but 1 of the treated
patients (a patient with very low starting concentration), i.e.,
there were no resistant subjects in the cohort of concern.
This wide responsiveness is likely due to the availability
of support to all pathways for Hcy elimination and to the
neutralization of the most common defective genetic variants
of the concerned enzymes by means of activated micronu-
trients downstream to the possible genetic blockades. Worth
to note, there were no patients ending with an Hcy value
below the normal limits, i.e., the treatment effect appears
self-limited within the physiologic boundaries.

These outcomes positively compare to previous attempts
of HHcy treatment in PCOS women, where plain folic acid
supplements were tested. Asemi et al. assessed obese PCOS
ladies and found that only 5 mg per day of folic acid, i.e., 25
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folds the established daily need of 200 pg, was effective in
lowering blood Hcy compared to placebo, while the smaller
dose of 1 mg daily, i.e., fivefolds the daily need, did not
[19]. This need for huge supra-physiologic doses indicates
that folic acid alone is not a specific treatment. It may also
carry safety risks. Folic acid is a synthetic derivate easy and
cheap to manufacture, but does not well feed the natural
human pathway. It must be activated with a double reductive
passage by the enzyme DiHydroFolate Reductase (DHFR)
to which it has a very low affinity, so that at concentrations
above 2 pMol, it behaves as a competitive inhibitor [20].
This may lead to the “pseudo MTHFR syndrome”, where
patients treated with high doses of folic acid experience a
paradox blockade of the pathway [21]. Any folic acid not
activated by DHFR may enter circulation as UnModified
Folic Acid (UMFA), which has been linked to a variety of
possible negative outcomes including derangement of immu-
nity, neurodegeneration, and cancer, although a direct causal
link cannot be stated [22]. Our treatment included instead a
standard dose of the physiologic, natural form of activated
folate, i.e., 5-methyl-tetrahydrofolate. This does not need
activation by DHFR and MTHFR and has been shown to
be better effective than folic acid in the repletion of folate
stores independently of the genetic background [23]. In addi-
tion, plain folic acid treatment supports only one of the three
pathways for Hey detoxification and may not work properly
anytime the other pathways are concerned. A previous clini-
cal trial aimed at correcting the HHcy induced by metformin
in PCOS patients found that metformin did indeed signifi-
cantly increase circulating Hey and that folic acid reduced
it only by 8% compared to a 21% reduction with a multivita-
minic approach (B1, B6, and B12) [24]. The wide and strong
response of blood Hcey to our treatment further endorse the
concept that Hcy lowering in PCOS, if indicated, should be
attempted with a multinutrient approach aimed at supporting
all the pathways of concern.

Due to the small sample size, our explorative study does
not allow detailed comments on the effect of treatment
on the global metabolic control of PCOS. Moreover, we
enrolled young (19-35 yo) and lean (average BMI=22.8)
PCOS ladies with a mild form of disease exerting no andro-
genic activation and only a modest elevation of the AMH
level, i.e., with little defects suitable for improvement.

At the end of the 3-month follow-up period, the control
group recorded a significant reduction of testosterone, which
remains an unexplained finding. However, androgen activa-
tion in PCOS should be assessed by a full androgen hormone
profile plus grading of hirsutism [25] and isolated fluctua-
tions of testosterone may not reflect true changes.

A combination of micronutrients similar to the one
here tested administered to infertile women with low ovar-
ian reserve achieved a significant increase of their AMH
level and resulted in improved fertility with spontaneous
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pregnancies occurring in ladies waiting for oocyte donation
[26]. Aiming to confirm this effect also in PCOS ladies, we
included AMH among the tested parameters and found that
also in our study, the treatment group recorded an increase
of the AMH level. Women with PCOS exert an increased
release of AMH and this is considered as part of the patho-
genic mechanisms of the disease [27]. Based on this view,
the increase of AMH should be assumed as a negative treat-
ment outcome. However, increased AMH in PCOS may
depend on both an increased number of secreting follicles,
likely creating problems, and an increased release from sin-
gle follicles, which may mark a better performance of some
follicles. Thus, it is still possible that the increase of AMH
induced by micronutrients may improve the fertility also in
PCOS ladies, which should be tested in an infertile PCOS
population.

Circulating SHBGs are consistently decreased in PCOS
contributing to the increased FTI [28] and the decrease cor-
relates with insulin resistance [29]. The baseline Hcy values
of our patients correlated negatively with the concentration
of SHBG, which is a new finding of this study. The treatment
resulted in a significant decrease of SHBG in the subgroup
of patients without increased Hcy at baseline, whereas it
increased non-significantly in those with abnormal Hcy. This
is a strong argument in favour of a direct link between Hcy
and SHBG derangement in PCOS.

Assumed that a multiple micronutrient support is effec-
tive in reducing Hcy, whether or not a Hey lowering treat-
ment should be offered to PCOS ladies remains a controver-
sial question. The function of the one carbon metabolism is
deranged in PCOS possibly resulting in impaired mitochon-
drial activity [30] and the resulting abnormal DNA methyla-
tion and epigenetics may contribute to the pathogenesis of
the disease [31], which could be a strong reason to correct
HHcy in any PCOS patient. Moreover, Hcy is a well-known
risk factor for cardiovascular disease [13, 32] that is a main
co-morbidity of PCOS [33], hence a preventive treatment
may be indicated. However, large size, prospective rand-
omized trials failed to prove any benefit from folic acid sup-
plementation in cardiovascular disease [34, 35] and the same
could apply also to PCOS.

Due to its positive effect on insulin resistance, metformin
is often prescribed to PCOS ladies and its use for the preven-
tion of the cardiovascular risk in young PCOS ladies has also
been proposed [12]. However, metformin treatment per se is
known to increase blood Hcy [36], and in the long term, it
may result in negative outcomes. The increase of Hcy under
metformin is likely linked to perturbances to the metabolism
of vitamin B12 and may be more evident in obese PCOS [6].
Co-treatment with folic acid has been shown to be effective
in preventing the Hcy increase and was associated with a
better metabolic control [5], i.e., besides the safety gain the
co-treatment may also result in better metformin efficacy.
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Accordingly, a one carbon cycle support should always be
considered in PCOS ladies treated with metformin and the
combination of micronutrients of this study qualifies as a
suitable tool.

Finally, a Hcy lowering treatment should be considered
in PCOS ladies suffering from reproductive problems. Hcy
is a well-known enemy of reproductive functions [8] and
its role in PCOS infertility seems to be very strong. Inde-
pendently of the blood levels, and the Hcy concentration in
the follicular fluid of infertile PCOS women is higher than
controls [18]. A study investigating the Hcy concentration
in the mono-follicular fluid of PCOS women undergoing
Assisted Reproduction Technologies (ART) showed strong
inverse correlation of follicular Hcy with the oocyte quality,
embryo quality, and pregnancy rates [9]. The correlation was
so strong that no pregnancies occurred in women, whose
follicular Hey exceeded 8 pMol/L. In the same patients,
the blood Hcy concentration did not correlate with the out-
comes, meaning that a patient with a normal blood Hcy may
still suffer from an excess of follicular Hcy. Within this per-
spective, a reduction of follicular Hcy might benefit every
infertile PCOS patient; however, the ability of the micronu-
trients to benefit also follicular Hcy should be tested in duly
designed studies.

In summary, the present study confirms that an unselected
population of PCOS women exert an average Hcy above the
normal limit, with values ranging from low to pathologic and
that a nutritional supplementation with physiologic doses of
activated micronutrients in support to the one carbon cycle
decreases their Hcy independently of the starting values and
normalizes it virtually in all patients. Whether this treatment
is of benefit to the metabolic control of the disease and to
the reproductive potential of these women remains to be
investigated by duly designed enlarged clinical trials.
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