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Abstract

Oral isotretinoin is the most effective agent in the treatment of acne vulgaris. The risk of pigmentation due to the systemic isotretinoin
may be associated with decrease in serum levels of vitamin B12. The study aims to contribute to the literature by defining the association
between the increase in pigmentation caused by oral isotretinoin (O-1SO) use and low vitamin B12 level (vit-B12). In our study we
evaluated 144 patients who have facial acnes at medium degree according to FDA Acne Score and take O-ISO treatment with the
dose 0.5 mg/ kg/ day for six months. The mean vit-B12 levels of the patients at the admission and 6th month and the existence of
pigmentation at 6th month, the skin type and the skin layer at which the pigmentation occurs were evaluated. Association of vit-B12
level on admission and six months post drug use with the presence of pigmentation at six months, the type of skin and the skin layer
in which pigmentation occurs were evaluated. In the patient group with pigmentation, the mean vit-B12 level after six months of drug
use was statistically lower than the mean vit-B12 level on admission (p<0.001). In patients without pigmentation, difference between
the mean levels of vit-B12 levels was not statistically significant (p = 0,255). As a result, it was determined that the mean vit-B12
level decreased due to O-ISO use and the association of hyperpigmentation and low vit-B12 level was statistically significant. Vit-B12
monitoring and supplementation, if necessary, can help us to prevent hyperpigmentation that may occur during the treatment.
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Introduction

Acne vulgaris is one of the most common skin
disorders in the world, especially in the adolescence
period, affecting 85-100% of individuals during any
period of life. Prevalence of acne vulgaris is around
9.4%. The major pathogenic factors in the pathogenesis
of acne vulgaris are increased sebum secretion,
androgen stimulation, abnormal keratinization, and

inflammation due to microbial colonization [1,2].

Many topical and systemic drugs can be used in the
treatment of acne vulgaris. As topical treatments,
antibiotics, azelaic acid, salicylic acid, benzoyl
peroxide, retinoic acids, and combinations are
commonly used. Antibiotics, hormonal agents and
vitamin A derivatives (retinoids) are used as systemic
treatment of acne vulgaris. Oral isotretinoin (O-ISO),
a vitamin A derivative, is the most effective agent in
the treatment of acne vulgaris [3]. O-ISO has been
considered as the gold standard in the treatment of

moderate to severe acne vulgaris [4,5].

Beside the local and cutaneous side effects such as
hyper/hypopigmentation, excess sebum production,
thinning of stratum corneum, inflammation of
the skin and nasal hemorrhage, xerophthalmia,
blepharoconjunctivitis, itching, photosensitivity, skin
infections with Staphylococcus aureus; there have been
rare but important systemic side effects of O-ISO such
as hematological, musculoskeletal, endocrinologic,
gastrointestinal, urinary and central nervous systems
side effects [6,7]. Although the mechanism has not
been fully understood, it has been documented that
O-ISO may lead to decrease in vit-B12 and folic acid
levels [8]. In this study, we aimed to contribute to the
literature by defining a possible association between
the increase of pigmentation and the low serum levels
of vit-B12 caused by O-ISO.

Materials and Methods

This study was carried out as a prospective
observational study between February 2016 and
February 2017 in the Dermatology Clinic of Agr1 State
Hospital after approval of the ethics committee of
Van Regional Education & Research Hospital. This
study was conducted according to the Declaration of

Helsinki and all subjects provided informed consent.

The study included 144 patients who have topical
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and oral antibiotic-resistant moderate or severe facial
acne vulgaris lesions and have been taking O-ISO
(min 0,1- max 0,5 mg/kg/day) regularly for 6 months.
Patients were selected from the group of patients who
did not have any pigmentation disorder at the time of
admission. The Fitzpatrick scale was used to evaluate
the skin type before the treatment. The skin layer
where the pigmentation occurred (dermis, epidermis,
or both) was evaluated at the end of six months.
Wood’s lamp was used to determine the presence of
pigmentation and the skin layer of pigmentation. The
difference in serum vit-B12 levels at the time of referral
and at six months after drug use, the presence and the

depth of pigmentation and skin type were assessed.

Patients with any history of liver and/or renal failure,
hyperlipidemia, malignity, dermatological or systemic
diseases which cause pigmentation such as diabetes
mellitus, atopic dermatitis etc. were excluded from
the study. Furthermore, pregnant or planning to be
pregnant, younger than 18 were not included either.
Descriptive values of the quantitative measurements
obtained in the study are given as mean, standard
deviation, median, minimum and maximum levels
and categorical measurements as frequency and
percentage. Shapiro Wilk test was used as the
preferred test of normality. Differences in the median
of the quantitative variables between the groups were
examined by the Mann Whitney-U test. The paired t
test was used to compare the mean of the 6th month
vit-B12 levels and B12 levels on admission and the
Wilcoxon Signed Rank Test was used to compare the
medians. Alpha level is accepted as 0.05 and p <0.05
was considered as statistically significant. SPSS (ver.

21) program was used for statistical analysis.
Results

One hundred forty-four patients with acne vulgaris
were included in this study. 60.4% (n=87) of the
patients were female and 39.6% (n=35) of the patients
were male. The mean age of the patients was 25.95+4.8.
Other features of the patients such as skin type, the
presence of pigmentation after the treatment and
distribution of this pigmentation (epidermal, dermal
or both) are presented in Table 1. The mean vit-B12
level at time of admission was similar in individuals
with and without pigmentation (p> 0.05). Six months
after the start of treatment, the mean vit-B12 level in
the group without pigmentation was significantly
higher than the group with pigmentation (p = 0.013)
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(Table 2). In the group with pigmentation, the mean difference between the two mean vit-B12 levels (p>
vit-B12 levels at six months after drug use was found 0.05) (Table 3). Moreover, among the pigmented group
to be significantly lower than the mean of vit-B12 patients, the mean vit-B12 values was not statistically
measured at time of admission (p <0.001). In the significant according to the pigmentation layer
group without pigmentation, there was no significant (epidermal, dermal, both) (p=0,454).

Table 1. Sociodemographic characteristics and clinical and laboratory findings

n %
Sex Female 87 60.4
Male 57 39.6
Skin Type I 9 6.3
III 80 55.6
v 55 38.2
Pigmentation after the treatment Yes 20 13.9
No 124 86.1
Epidermal Yes 16 11.1
No 128 88.9
Epidermal-Dermal Yes 13 9
No 131 91
Dermal Yes 17 12.5
No 127 (87.5)

Table 2. Vitamin-B12 levels before and after treatment of pigmented and non-pigmented group

Pigmenta- |n Mean Median | Standard Minimum | Maximum P
tion Deviation
Vit-B12 Yes 20 294.70 295.00 67.624 185 412 0.534
at time of '\ 124 [307.38 30000 |[73.865 170 456
admission
Vit-B12 Yes 20 253.45 250.00 64.191 170 406 0.013
after 6
months of No 124 299.75 300.00 79.043 130 470
O-ISO use

Table 3. Comparison of pre- and post-treatment vitamin-B12 levels between pigmented and non-pigmented

group
Pigmentation n Mean | Median | Standard Minimum | Maximum | p
Deviation
Yes | Vit-B12 at time of admission |20 |294.70 |295.00 [ 67.624 185 412 <0.001
Vit-B12 after 6 months of 20 253.45 |250.00 |64.191 170 406
O-ISO use
No | Vit-B12 at time of admission | 124 | 307.38 | 300.00 | 73.865 170 456 0.255
Vit-B12 after 6 months of 124 |299.75 | 300.00 | 79.043 130 470
O-ISO use
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Discussion

In the study, the increase of pigmentation due to O-ISO
treatment was found to be associated with a decrease
in vit-B12 levels. This pigmentation increase could
occur in all layers of the skin and the association was

more evident in Type-IV skin type.

The amount of pigmentation in the skin may differ
due to hereditary and/or acquired causes. Increase
in hormones and enzymes leading to deterioration
in melanocyte distribution and increase in melanin
synthesis can lead to hyperpigmentation [9]. Drug-
induced hyperpigmentation accounts for 10-20% of
acquired hyperpigmentation. This hyperpigmentation
may develop due to melanin storage, nonspecific
cutaneous inflammation, post-inflammatory reaction,
accumulation of specific pigment fragments of the

drug or deposition of the triggering agent [6].

The frequency of mucocutaneous side effects during
the O-ISO treatment can be seen as high as 95-100%
depending on the dose [10-12]. It is established that
the frequency of pigmentation due to O-ISO is 2-3.2%
[13,14]. The mechanism of O-ISO causing hyper/
hypopigmentation is not fully understood [15]. It
is believed that initiation of low-dose and regular 3
months O-ISO treatment facilitates improvement of
skin color due to the increase in collagen synthesis
and dermal vascularization, cell differentiation and
extracellular matrix stabilization [16,17]. Though, it
is reported that high doses of O-ISO with a longer
duration of therapy or an added treatment leads to
hyperpigmentation [6,14-17]. O-ISO and glycolic
acid combination results in an increased risk of
hyperpigmentation, which is also associated with
postinflammatory pigmentation [14,15]. Cytokines
along with mediators such as leukotrienes,
prostaglandins and thromboxanes are responsible
for post-inflammatory hyperpigmentation [18,19].
Exposure to sunlight, results in proopiomelanocortin-
derived peptides to cause hyperpigmentation by
stimulating pigmentation in exposed areas [20].
In the study, 13.9% of participants developed
hyperpigmentation after six months of O-ISO use.
The reason for a higher percent of hyperpigmentation
than what is reported in the literature may be the
cumulative effect resulting from the 6-month of O-ISO
use, impaired enzyme metabolism and increase in

post-inflammatory reactions. The high altitude at the
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site where the study was conducted and the arrival
angle of sunlight may have contributed to the high
frequency of hyperpigmentation. In addition, the rate
of pigmentation being higher in Type IV skin type,
may have contributed to the increase in pigmentation

due to postinflammatory processes [21].

Karadag et al. [13] reported that vit-B12 levels
dropped after six months of O-ISO therapy and that
liver function was impaired. Gokalp et al. [8] reported
similar findings after four months of therapy. Kamal
et al. reported that the vit-B12 level after 45 days
of O-ISO treatment did not change significantly.
They also claimed that the decrease in vit-B12 levels
determined in their and other studies in the literature
could be a result of the cumulative effect of O-ISO use
for a longer period [22]. In our study, we also came to
the conclusion that the significant drop in vit-B12 level
after treatment is the result of the cumulative effect of
O-ISO therapy for six months. This cumulative effect
may be due to the degradation of absorption, transport,
storage of vit-B12, as well as alteration of dietary habits
due to psychological or other organ effects developed
in the individual, resulting in an inadequate intake
of vit-B12. Melanin is synthesized from tyrosine
via tyrosinase enzyme. DNA and RNA molecules
responsible for the expression of this enzyme, can be
disrupted in vit-B12 deficiencies leading to abnormal
pigment responses [20]. The hyperpigmentation in
the presence of Vit-B12 deficiency is due to decreased
glutathione levels and the over-activation of tyrosinase
and/or related proteins caused by defective DNA
synthesis. It has also been expressed that hyper-
homocysteinemia leads to cysteine accumulation
which increases the amount of melanin and leads to
erroneous melanin production in keratinocytes from
melanocytes [23-25]. In our study, a decrease in vit-B12
levels in the 6-month O-ISO use may lead to abnormal
pigment metabolism. And, there was a significant
decrease in vit-B12 levels, in the 6th month of O-ISO
treatment in the group with pigmentation while no
significant difference in vit-B12 level was seen in the
group without pigmentation. This suggests that the
low vit-B12 level that is observed in patients using
O-ISO may lead to an increase in pigmentation along
with the Fitzpatrick skin type and the geographical

features of the area where patients are present.

To the best of our knowledge, there has been no
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study that shows any association of O-ISO-related
pigmentation and vit-B12 deficiency with skin
type in the literature. It has been shown that post-
inflammatory hyperpigmentation was more frequent
in dark-skinned individuals during the treatment of
acne [18]. Boen et al. reported that hyperpigmentation
was more frequent in Fitzpatrick Type 3-4 patients in
acne treatment, though this side-effect was temporary
[26]. For this reason, some authors suggest that in
Fitzpatrick type 3 and 4 patients who undergo acne
treatment, more attention should be paid for drug
selection and dosing to avoid dyschromia [27-28].
In our study more pigmentation in type IV patients
may be related to bigger melanocytes and more
pigment secretion despite the same acne severity.
The abnormal response to vit B12 changes of these
cells may be stronger. To the best of our knowledge,
there has been no study that shows the association
of pigmentation due to O-ISO and changes due to
vit-B12 deficiency with the depth of pigmentation.
The melanin accumulation in the dermal macrophages
is more common in the basal layer of the epidermis.
This has been attributed to melanocyte stimulation,
nonspecific cutaneous inflammation, photosensitivity
reaction, and faulty melanin excretion from
macrophages caused by O-ISO use [6-29]. The rate of
dermal hyperpigmentation being higher in our study
was in accordance with findings from the literature.
The decrease in vit-B12 level was significant in the
hyperpigmentation at all depths of the skin. These
results can be attributed to the fact that macrophages

are more frequently present in the dermis.

Our study has some limitations. It is a cross-sectional
study with a relatively small sample size. There should
be equal numbers of patients in each types of skin
type (especially I and II), but in the present study we
included type Ill and IV skin types more. Therefore, our
results should be verified by prospective longitudinal

future studies with larger sample sizes.
Conclusion

The study suggests that decreased vit-B12 levels due
to O-ISO use for 6-months may be associated with
hyperpigmentation development. Therefore, we
believe that monitoring and supplementation of vit
B12, if necessary, and regular use of sunscreens in the
patients under O-ISO treatment will reduce the risk of

hyperpigmentation that may occur during treatment.
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