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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Active vitamin D-1.250HD
(1,25Dihydroxyvitamin D, calcitriol) in the endometrium of
women with endometriosis seems to be enhanced compared to
healthy controls. Evidence is insufficient on how this process
reflects vitamin D metabolites-25SOHD (25 Hydroxyvitamin D,
calcifediol), 1.250HD, and calcium blood concentrations.

Aim: Determination of vitamin D’s significance in the
pathogenesis of endometriosis by analyzing the levels of
250HD, 1.250HD, and calcium in patients with endometriosis
before and after laparoscopic treatment.

Materials and Methods: This study is an anterograde
comparative analysis, that investigates the variation of vitamin
D metabolite and calcium levels between the preoperative
assessment and the subsequent measurement following surgical
treatment of endometriosis. Results before the intervention
were also compared to the healthy control group. Levels
of 250HD,1.250HD, and calcium before required surgical
treatment and 3 months post-laparoscopy were measured. Data
analyses were made using IBM SPSS 27.

Results: Women with endometriosis have significantly lower
mean 250HD (p-0.002) and a higher 1.250HD (p<0.001)
and total calcium levels (p-0.03) compared to controls. The
endometriosis stage and size of endometrioma negatively
correlate with 250HD levels (p<0.001). After surgical removal
of endometriotic lesions, 1.250HD, and calcium showed a
significant decrease whereas 250HD blood concentrations
increased statistically significantly. Conclusion: Women with
endometriosis have a lower 250HD, a higher 1.250HD, and
total calcium levels in the bloodstream compared to the control
group. Usually, a low concentration of 250HD is characterized
by low/normal 1.250HD and hypocalcemia. Hypercalcemia in
the study group may be attributed to increased levels of active
vitamin D- 1.250HD, which seems to be the result of a higher
conversion rate of 250HD to 1.250HD in the endometrium
of women with endometriosis. Removal of endometriotic
heterotopies was followed by significant changes, which could
indicate that the levels of vitamin D metabolites have been
influenced by endometriosis. It is reasonable to conclude, that
diminished levels of 25OHD might be interpreted as an outcome
of a high demand in endometriosis, instead of a risk factor.

Key words. Vitamin D, endometriosis, calcitriol, calcifediol,
250HD, 1,250HD.

Introduction.

Endometriosis is estrogen-dependent, progesterone-resistant
chronic inflammatory disease, that affects nearly 10% of women
in their reproductive years worldwide [1]. The prevalence of
undiagnosed endometriosis seems to be higher than 10% due
to the complexities associated with its diagnosis. The gold
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standard of diagnosis is surgical evaluation-laparoscopy.
According to the latest systematic review, the prevalence
of endometriosis depends on the diagnostic method. If the
diagnostic method is laparoscopy-endometriosis is present
in 20% of women, whereas via ultrasound or MRI (Magnetic
Resonance Imaging) frequency of only 12% is detected [2-5].
Endometriosis affects many aspects of a woman’s life, such
as general health, reproductive health, sex life, social life, and
work. Treatment of endometriosis requires a multidisciplinary
approach. In many cases, oral medication is not enough to
alleviate symptoms, and surgery is performed, but it also does
not guarantee a recurrence-free life [6,7]. Consequently, for
many women endometriosis stays unmanageable. According to
the latest literature review, 11% of patients experience chronic
pain after laparoscopic treatment and 22,6% of patients require
repeated surgery [8]. Based on unsatisfactory diagnostic and
treatment results, researchers are trying to explore innovative
treatments and diagnostic strategies. Besides first-line treatment,
some experimental ways of management are showing promising
potential. One of them is active vitamin D-1,250HD- calcitriol.

Vitamin D receives a lot of attention nowadays. It has
multiple functions almost in every cell and endometrium is
not an exception. Enzyme 1-a-hydroxylase activates vitamin
D - and converts 250HD-calcifediol to 1,250HD--calcitriol.
While it has been classically understood that this activation
occurs in the kidneys, current findings demonstrate that this
conversion is detectable in numerous tissues, including the
endometrium. The active form of vitamin D — (1.250HD)
calcitriol is a hormone and performs all the functions vitamin
D has - via binding to a specific receptor -VDR (Vitamin D
Receptor), which is found in the endometrium as well. Certain
studies indicate that the metabolism of vitamin D may differ
in individuals with endometriosis. There is a higher amount
of 1- a -hydroxylase and VDR in the endometrium of patients
with endometriosis compared to healthy women [9]. In 1989
Hartwell found higher plasma calcitriol levels in women with
endometriosis compared to healthy controls (n-42) [10-12].
An important finding is that VDR is expressed in ectopic
endometrium of endometriosis patients as well. Progesterone
and calcitriol (1.250HD) cooperate. CYP24A1 (vitamin D3
24-Hydroxylase) is a calcitriol deactivating enzyme, that causes
calcitriol-induced self-limitation. Progesterone shows the
ability to inhibit this CYP24A1. Consequently, progesterone
may be the factor that allows calcitriol to work more effectively
as an antiproliferative and anti-inflammatory factor [13-15].
Experimental treatment with calcitriol in some studies showed
reduced size of endometriosis lesions. One study indicated that
calcitriol positively impacted stromal cells in women suffering
from endometriosis. Eutopic and ectopic stromal cells were
investigated in vitro. Calcitriol reduced the proliferation and
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invasion of cells [16]. An Analog of calcitriol-Elocalcitol was
used in an experimental animal study to treat endometriosis. It
affected the nuclear factor Kappa beta-NF-kB (Nuclear factor
kappa-light-chain-enhancer of activated B cells) pathway and
reduced inflammation. NF-kB activation is an important step in
the development and progress of endometriosis. It upregulates
the adhesion of endometriotic cells outside of the endometrium
[17,18]. Elocalcitol was used to treat endometriosis in disease-
induced rats. In 3 weeks, this treatment reduced endometriotic
lesions by 70% [19]. Additionally, an in Vitro experiment was
carried out involving calcitriol on human endometriotic stromal
cells, obtained from ovarian endometriomas. Treatment with
calcitriol reduced inflammation. This study was also focused
on vitamin D plasma levels and found no difference in plasma
calcitriol levels of patients with and without endometriosis
[20,21]. Notably, calcitriol increases progesterone in human
granulosa cells by upregulating 3-BHSD (3p-Hydroxysteroid
dehydrogenase) [22]. Also, active vitamin D upregulates the
expression of HOXA10 (Homeobox A10) in stromal cells of
the endometrium, which are transcription factors essential for
implantation and decidualization [12]. These results could be
explained by the fact that active vitamin D functions as both
an anti-inflammatory and anti-proliferative factor, while
also working in synergy with progesterone. Most studies
indicate a negative correlation between endometriosis and
250HD, suggesting vitamin D deficiency as a risk factor for
endometriosis, research concerning calcitriol is notably scarce.

Aim.
Determination of vitamin D’s significance in the pathogenesis
of endometriosis by analyzing the levels of 250HD, 1.250HD,

and calcium in patients with endometriosis before and after
laparoscopic treatment.

Materials and Methods.
Study Design:

This study is an anterograde comparative analysis, that
investigates the variation of vitamin D metabolite and calcium
levels between the preoperative assessment and the subsequent
measurement following surgical treatment of endometriosis.
Results before the intervention were also compared to the
healthy control group. The total sample consisted of 50 women.
Participants were divided into 2 groups. Group I -60%(n30)
- were fertile women with surgical and histomorphological
confirmed endometriosis, while Group II - 40%(n20) were
healthy controls. The study continued from the 2023 spring
until the January 2024.

Study population.

Inclusion criteria:

For the Group I -surgical and histopathological confirmed
diagnosis of endometriosis.

For the Group II- healthy reproductive status-confirmed with
gynecological examination, ultrasound, and medical history.

Exclusion criteria: For both groups were infertility, any
serious chronic disease, genetic disease, PCOS, diabetes
mellitus of any type, thyroid gland hormonal dysfunction, any
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hormonal or anti-hormonal treatment past 3 months, vitamin D
supplementation past 6 months, frequent sun exposure past 3
months, pregnancy or lactation past 3 months, morbid obesity,
bariatric surgery.

Methods.

In Group I blood for evaluation was drawn before surgery
and then 3 months after laparoscopy. At the same season of
the year, we tested Group II participants. Laparoscopy was
performed by experienced surgeon-gynecologists on any day of
the menstrual cycle. Method of surgical intervention included
excision of ovarian endometriomas, lysis of adhesions, and
endo-coagulation of endometriosis lesions.

In both groups, was measured 250HD, 1,250HD, total and
ionized calcium levels in serum, using 1,25-Dihydroxyvitamin
D3 (Calcitriol) ELISA Kit for the quantitative measurement
of 1,25-Dihydroxyvitamin D3 (Calcitriol) concentrations in
serum, plasma, and other biological fluids. Tests were done
following the manufacturer's instructions. The reference range
for 1,250HD in females was considered 18-78pg/ml. Serum
25(OH)D level of >30 ng/ml was considered a normal level, 20 to
29ng/ml as vitamin D insufficiency and 25(OH)D <20 ng/ml as
a deficiency [23]. The normal level for calcium was considered
1.15-1.29 mmol/l for ionized calcium and 2.15-2.5mmol/l for
total calcium.

All participants from Group I signed informed consent before
the planned surgical intervention and Group II before the
assessment. Study groups signed confirmation, that the first
sample for laboratory would be frozen at -20°C until the end of
the study and they won’t have access to vitamin D and calcium
results. All study participants agreed not to take vitamin D
and calcium supplements for the next 3 months. Patients who
required hormonal treatment were excluded from the study (n-
3). Patients were not planning pregnancy and were advised to
use non-hormonal contraception methods. Both groups had to
fill out questionnaires. Information about the menstrual cycle
and genital pain was also analyzed. Participants had to rate
pain during, before, or after menstruation from 0 to 10 points,
using a “Numeric Pain Rating Scale”, where 0 was no pain, 1-3
mild, 4-6 moderate, and 7-10 severe pain. To rate pain during
sexual intercourse participants had to choose between -no pain,
rare, and frequent pain options. Also, they were asked to fill
out a questionnaire for FRAX (Fracture Risk Assessment Tool).
Calculation was done without BMD. Only low-risk women
for osteoporosis were included (<10% for major osteoporosis
fractures and <2% for hip fractures).

The study was approved by the ethics committee.

Statistical analysis.

Statistical analysis was done using IBM SPSS Statistics-
Version 27. Correlation for continuous variables was made
with Pearson correlation analysis. Categorical and continuous
variables were compared with the use of an independent
Student's t-test and for multiple group comparison we used a
one-way ANOVA test. For the prospective study, where similar
tests were made twice - at 1st timepoint and after 3 months
— a two-sample paired t-test was used. p-value < 0.05 was
considered as statistically significant.



Results.

Description of sample:

In the current study mean body weight, BMI and age of study
participants were equal and comparable. The mean BMI- in the
study group — was 23.7kg/m2, and in healthy controls -24kg/
m2 (p-0.7); the mean age in the endometriosis group- was 26,
and in the healthy group-27.4(p-0.42). There was no significant
difference in age and BMI between the endometriosis and
healthy group. Participants with obesity were excluded from
the study due to the possible impact of body weight on 250HD
levels. The BMI range in the total study group was 18-29kg/m?2.

Vitamin D and endometriosis:

In this prospective study patients with endometriosis had
significantly (p-0.002) lower mean 250HD levels than healthy
controls. The mean 25OHD level in Group I was -14.4ng/ml
and in Group I1-23.8ng/ml. The mean 1.250HD level in the
endometriosis group was - 94.4pg/ml, statistically significantly
higher (p <0.001) comparing healthy women -31.5pg/ml (Table 1).

Table 1. Results of vitamin D metabolites and calcium in study and
control group.

GROUP I GROUP II
Women Wzl'th. Healthy Significance P
endometriosis | controls
(n30) (n20)
Calcifediol
250HD 14.4493 23.8+10.5 0.002
ng/ml
Calcitriol
1.250HD 94.4+43.6 31.5+12 <0.001
pg/ml
Total Calcium 1, ¢, ) 3¢ 2.320.12 0.03
mmol/l
lonized Caleium ) , 3, 5 1.2140.39 0.27
mmol/l

We analyzed results according to seasons to exclude seasonal
influence on 250HD levels. The study was conducted from
spring 2023 until the end of autumn 2023. In each of these 3
seasons, 250HD was significantly lower and 1.250HD higher
in Group I compared to Group II.

Calcium and Endometriosis:

In Group I the mean level of total calcium was -2.5mmol/l
and the mean level of Ca++ was -1.23 mmol/l. vs group II total
calcium-2.3mmol/l and Cat++ -1.21mmol/l. The difference
between Group I and II in total calcium levels was statistically
significant (p-0.03), whereas Ca++ doesn't differ significantly.
(p-0.27) (Table I).

33.3% of endometriosis patients had a total calcium level
above the reference range and 20% had elevated Ca++ levels,
while only 5% of healthy women had elevated total and Ca++
levels.

Asrm stage, phenotype, and Vitamin D:

The location of endometriosis is in connection with vitamin D.
Mean 1.250HD in ovarian endometriosis was 101.8 pg/ml, in
deep infiltrative endometriosis-82pg/ml, in deep endometriosis
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with ovary affected- 78pg/ml, and in the healthy group -31.5
pg/ml The difference in 1.250HD levels between endometriosis
phenotypes was significant (<0.001). 250HD levels between
the different forms of endometriosis were also not the same (p-
0.02). When endometriosis affects both ovaries or ovary and
deep pelvic structures together-250HD shows to be lower than
in case of isolated deep or ovarian endometriosis.

Patients from Group I were divided according to the
endometriosis stages considering ASRM classification.
23.3%(n7) of patients had stage II endometriosis, 43.3%
(13) - stage III, and 33.3% (10)-stage IV. Mean 250HD was
lowest in stage IV patients -7.6ng/ml. In milder-stage III and
II endometriosis mean 250HD was 17.76ng/ml and 18.2ng/ml
respectively — practically similar. The difference between mild
(IT) and severe (III and IV) forms was significant (p-0.001).

1.250HD levels between the stages did not differ significantly
(p-0.08).

The size of ovarian endometrioma was in negative correlation
with 250HD (r =-0.600; p-0.005) and did not show any
association with calcitriol.

Menstrual cycle and Vitamin D:

We compared 250HD levels within Group I (n30) between
the follicular and luteal phases of the menstrual cycle. In the
luteal phase mean 250HD was significantly higher-26.7ng/ml
than in the follicular phase-12.7ng/ml (p-0.03) in endometriosis
patients. Those with irregular menstrual cycle had the lowest
concentration of 250HD-11.2ng/ml.

Inside Group II (n20) participants had similar mean 250HD
levels in the 1%t and 2™ phases -23.9ng/ml in the luteal vs 23.8ng/
ml in the follicular phase.

Pain and Vitamin D:

The frequency of genital pain during or after intercourse
in both groups was analyzed. 33.3% of women from Group
I — had dyspareunia regularly, 20% of patients- rarely, and
46.7% of women with endometriosis -were pain-free during
sexual intercourse. Only 5% of healthy women, reported rare
dyspareunia. We compared patients inside Group I and women
with rare and regular pain show to have similar calcitriol levels-
101 pg/ml, 105 pg/ml, whereas pain-free participants with
endometriosis had a lower mean level of 1.250HD-84.7 pg/ml.
250HD was not associated with dyspareunia.

Dysmenorrhea was present in 100% of endometriosis patients
and 10% of healthy controls. In Group I, the severity of pain
was inversely associated with 250HD levels (p-0.01 r=-0.449),
but not with calcitriol. In healthy controls, we observed the
same tendency of an inverse association between dysmenorrhea
and 250HD, but this negative correlation was insignificant (p-
0.09 r=-0.382).

The individual feeling of pain was not connected with the
endometriosis stage, phenotype, regularity of the menstrual
cycle, or brown discharge.

Re-Test Results:

After 3 months from 1 test, vitamin D metabolites and calcium

levels were repeated in the study group. Mean 1.250HD in

Group [ after surgical treatment was significantly decreased
compared to the first assessment (p<<0.001). 250HD levels in



Group I were significantly (p<0.001) increased after surgical
treatment-from the level of 14.4ng/ml to the 18ng/ml. In Group
I total calcium significantly decreased (p-0.002) after surgery
(Table N2).

Table 2. Results of vitamin D metabolites and calcium before and after
surgical treatment of endometriosis.

GROUP 1 GROUP 1
157 test 2m test Significance P
(pre-surgery) | (post-surgery)
Calcifediol
250HD 14.449.3 18+8.7 <0.001
ng/ml
Calcitriol
1.250HD 94.4443.6 49.9+23.5 <0.001
pg/ml
Total Caleium ) ¢, 34 2.34+0.19 0.002
mmol/l
fonized Caleium | 3, 1.22+0.04 0.3

mmol/l

Improvement in hypercalcemia was observed, and only 10%
from Group I were left with elevated total calcium levels after
removal of endometriotic lesions vs 33% of hypercalcemia
before surgery. The hypocalcemia rate decreased after surgery
from 6.7% - at the first evaluation to 3.3%-after laparoscopy.

All results were adjusted to seasons, and it was determined that
there was no seasonal influence on our findings.

Discussion.

According to our study results, women with endometriosis
have significantly (p-0.002) lower mean 250HD compared to
healthy controls. This finding is in agreement with the majority
of the observational studies and meta-analyses which found
lower 250HD levels in women with endometriosis compared
to controls and mainly consider vitamin D deficiency as a
risk factor for endometriosis [24,25]. Interventional research
shows no benefit of simple cholecalciferol supplementation
in endometriosis [26]. This suggests a complex relationship
between vitamin D and endometriosis. Vitamin D
supplementation lacks benefits in case of many diseases,
associated with vitamin D deficiency. This led the Endocrine
Society to change the guidelines, and current recommendations
don’t support routine supplementation. Furthermore, they are
against routine testing of 25SOHD because optimal levels, which
could improve disease outcomes are not defined yet [27]. This
indicates that further research is needed to confirm the extra-
skeletal functions of vitamin D. Vitamin D status estimation
requires greater accuracy, and focusing on 250HD alone may
lead to misdiagnosis. 1.250HD is an active form of vitamin D,
which is the primary effector of all the functions vitamin D has.
We found 1.250HD concentration to be significantly higher in
the bloodstream of patients with endometriosis than controls.
Very few studies are focused on active vitamin D concentrations
in the bloodstream of women with endometriosis. As far as we
are informed, in 1989 Hartwell was the first researcher, who
investigated women with endometriosis have elevated 1.250HD
in their blood [28]. After Hartwell there is another study from
2007 analyzing 1.250HD in women with endometriosis, which
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also found higher 1,250HD levels compared to controls, but not
statistically significant [29]. Our findings concerning calcium
levels in endometriosis align with the most recent randomized
study from 2024, which identifies a correlation between
endometriosis and hypercalcemia [30]. 33% of patients with
endometriosis from our study have elevated calcium levels
vs 5% from the control group and the mean total calcium is
significantly higher in women with endometriosis. There is little
evidence about calcium in endometriosis and some outcomes
disagree with our results-receiving low/normal calcium
concentration [31].

Our observation indicates that the phenotype and stage
of endometriosis are associated with 250HD levels. The
lowest levels of 250HD are found in more severe forms of
endometriosis, namely when the disease affects deep pelvic
structures together with the ovary or both ovaries. The lowest
250HD was identified in stage IV endometriosis. The size of
ovarian endometrioma is also related to 250HD serum levels
and shows a significant inverse association. Most studies could
not find an association between vitamin D and the stage of
endometriosis. One observation indicates that individuals with
severe endometriosis have lower levels of 250HD compared to
those with mild form, however, this finding was not statistically
significant [24,31].

Higher 1.250HD, but not 250HD in the endometriosis group
was associated with dyspareunia within our study, and lower
250HD with dysmenorrhea. Certain evidence about similar
results exists regarding 25SOHD and pain. In one study pelvic
pain was linked to low 250HD levels, independently from
endometriosis status [32]. Even supplementation with vitamin D
has shown to be beneficial for pain relief [33,34]. According to
our results, there is no cyclic fluctuation of vitamin D in healthy
women. However, in the endometriosis group, the tendency
of higher 250HD in the luteal phase was prominent. Our
research did not reveal a difference in active vitamin D levels
between follicular and luteal phases. Prior research suggests
higher expression of both -VDR (vitamin D receptor) and 1-a
-hydroxylase in the healthy endometrium, in the second phase
of the menstrual cycle, specifically in the implantation window
period [11,12]. Consequently, they suggest that the activation
and reception of vitamin D may follow a cyclical pattern,
associated with progesterone. However, our study did not find a
reflection of this phenomenon in the bloodstream.

After surgical removal of endometriosis tissue, significant
changes occurred - 1.250HD and total calcium decreased and
250HD increased, compared to the first assessment.

For a clearer understanding of the results obtained, it would be
beneficial to review normal vitamin D and calcium homeostasis.
The major circulating form of vitamin D is 2SOHD-calcifediol,
which is converted into active form-1.250HD-calcitriol,
classically in the kidney. This conversion requires enzyme
1-a-hydroxylase. 1.250HD is a hormone and main ligand of
VDR (vitamin D binding receptor). When 250HD levels are
low, calcium absorption falters and hypocalcemia arises.
Via a negative feedback loop, hypocalcemia causes elevated
parathyroid hormone (PTH), which tries to increase vitamin
D activation and raise plasma calcium levels back to normal.
Once calcium levels are increased to the reference range, PTH



returns to normal concentration and stops further activation of
vitamin D-conversion of 250HD to 1.250HD [35,36]. Within
a normal endometrium, vitamin D activation also occurs.
In endometriosis, local enhanced activation of 250HD to
1.250HD due to elevated levels of enzyme 1- o -hydroxylase
in endometrial cells was identified [37,38]. Notably, VDR
(vitamin D receptor) is expressed in both - eutopic and ectopic
endometrium of endometriosis patients and it’s higher in eutopic
endometrium. This could be a sign of decreased reception of
ectopic endometrium to calcitriol and explain a higher calcitriol
demand due to its anti-inflammatory and antiproliferative
properties in endometriosis [11]. Significant activation of
vitamin D in the endometrium of women with endometriosis
could result in excessive uptake of 250HD from the
bloodstream, potentially leading to a deficiency in vitamin D’s
major circulating form. Therefore, vitamin D deficiency could be
viewed as an outcome rather than a risk factor in endometriosis.
Excessive activation may lead to elevated levels of 1.250HD in
the bloodstream, thereby affecting calcium homeostasis. There
are conditions, from which we have to differentiate our results -
primary and secondary hyperparathyroidism. Classically in case
of secondary hyperparathyroidism due to 250HD deficiency
calcium is low and 1.250HD normal [39]. For better accuracy,
we compared mean calcitriol levels in Group I and II’s same
degree of 250HD deficiency. In case of severe deficiency
250HD <10ng/ml -in Group I mean 1.250HD level was-
90.7pg/ml vs Group II — 15pg/ml. The difference is significant
(p<0.001). This supports the conclusion that the elevated levels
of 1.250HD observed in Group I are not a compensatory
response to secondary hyperparathyroidism, as such response
would manifest similarly across both groups with the same
degree of 250HD deficiency. We couldn't exclude primary
hyperparathyroidism due to technical difficulties from our study
and it could theoretically lead to the results we get at the first
assessment in the study group - elevated 1.250HD and calcium.
The main argument is that it is a rare disease and if present,
then it should manifest with the same frequency in both groups.
Besides, a decrease in 1.250HD and calcium after endometriosis
excision excludes the presence of primary hyperparathyroidism.
This suggests that the primary factor that causes these changes
is endometriosis itself. We propose that vitamin D deficiency
in endometriosis is a consequence rather than a predisposing
factor. Therefore, cholecalciferol supplementation should be
approached with caution to prevent further increase in calcium
levels. On the other hand, progesterone may decrease 1.250HD
deactivation and increase reception, [40] consequently
treatment with progestins can worsen hypercalcemia and affect
bone metabolism. Some studies already focused on this point
and show minimal/significant decrease in bone mineral density
(BMD) after long-term treatment with dienogest [41,42]. These
findings may serve as valuable support for future research,
particularly concerning calcitriol analogs. Distinct regulatory
mechanisms in endometriosis underscore the importance of
vitamin D in endometriosis. We assume that the increased
demand for vitamin D serves as a form of self-protection in
endometriosis.
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Conclusion.

Women with endometriosis have a lower 250HD, a higher
1.250HD, and total calcium levels in the bloodstream compared
to the control group. Usually, a low concentration of 250HD
is characterized by low/normal 1.250HD and hypocalcemia.
Hypercalcemia in the study group may be attributed to increased
levels of active vitamin D- 1.250HD, which seems to be the
result of a higher conversion rate of 250HD to 1.250HD in
the endometrium of women with endometriosis. Removal of
endometriotic heterotopies was followed by significant changes,
which could indicate that the levels of vitamin D metabolites
have been influenced by endometriosis. Reasonable to conclude,
that diminished levels of 25OHD might be interpreted as an
outcome of a high demand in endometriosis, instead of a risk
factor.
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A0cTpakT

AKTyanbHOCTh: AKTHBHOCTE BUTamMuHa D-1.250HD B
SHIIOMETPUH JKCHIIMH C 3HIOMETPHUO30M, IO-BHIANMOMY,
MOBBIIEHA 110 CPaBHEHUIO CO 3I0POBBIMH JKEHIIMHAMH.
HenocrarouHo naHHBIX O TOM, KaK 3TOT MPOLECC OTPa)KaeTcs
Ha KOHIIGHTpamuu MeTabomuToB BHTammHa D - 250HD,
1,250HD wu «xansuuss B KpoBu. Ileab: ompeaeneHue
3HaUYeHWs BUTaMHHAa D B MaroreHese 3HAOMETPHO3a IIyTeM
a"Hanmza ypoHedt 250HD, 1,250HD un xanmbumst y O0JIBHBIX
SHJIOMETPHO30M JI0 U MOCJE JANapOCKOINNYECKOr0 JIEUCHHUS.
Marepuanbl u Metoa: J[aHHOE HCClieOBaHHUE MTPEACTABISET
co0oif aHTeporpajgHbIii CpaBHUTEIBHBI aHalM3, B XOJIE
KOTOPOT'O M3Y4alOTCsl pa3liMuusi B YPOBHAX BHTamMuHa D
MEXIY TNpeIONepaliOHHON OLEHKOH W  IOCIEAyIOIUMA
N3MEPEHUSIMH TIOCIIE XUPYPTrHIECKOTO JIEUESHUS SHIOMETPHO3a.
Pe3ynbpraTel 10 BMemIaTeNbCTBA TaKKE CPaBHUBAINCH CO
310pOBOIl KOHTPOJIbHOM Tpymnmoil. Bbeuin u3MepeHsl ypOBHU
250HD, 1,250HD u kanmeuuss A0 XUPYPrU4ecKOro JIe4eHUs
n 4epe3 3 Mecsma MOCie JarapoCKONUU. AHalU3 IaHHBIX
npoBoawics ¢ ucnoib3osanuem IBM SPSS 27. Pesyabratsi:
KeHmMHBI ¢ SHAOMETPHO30M HMMEIOT 3HAYUTENbHO Oojee
Huskue cpeanue 3naueHus 250HD (p-0,002) u 6osree BbIcoKHe
ypoBau 1,250HD (p<0,001) u obmero kambmust (p-0,03) mo
CPaBHEHHIO C KOHTPOJIbHOHM rpynmoil. Cragus SHIOMETpHO3a
U pasMep DHIOMETPHOMBI OTPHULATENHEHO KOPPEIUpPYIOT
c yposaem 250HD (p<0,001). Ilocme xXxupypruueckoro
YHOalNeHUs  SHIOMETPHOHWIHBIX  00pa3oBaHUt 1,250HD
BMECTE C KaJIBIMEM II0Ka3aJdM 3HAYUTEIBHOE CHIDKCHHE W
nocienymolilee ypenunueHue xonuentpanuu 250HD B kpoBu.



BobIBoa: XEHIIMHBI ¢ DHIOMETPHO30M HUMEIOT 0oJiee HU3KHN
ypoBeHb 250HD, 6oiee Boicokuit 1,250HD u o0mmii kambimii
10 CPAaBHEHHIO C KOHTPOJILHOHM Tpynmoid. OOBIMHO HHU3KHN
ypoBeHb 250HD  xapaxTepusyercsi HW3KUM/HOPMajbHBIM
ypoBHeM 1,250HD u runokaneuuemueit. ['unepkanbuueMuto
B HCCIIElyeMOW TpyIne MOXXHO OOBSICHUTH ITOBBIIICHHBIM
ypoBHeM akTuBHOTro BuTamuHa D-1,250HD, yto, no-suanmomy,
SIBIISIETCSI Pe3yJIbTaToM Oojiee BBICOKOH CKOPOCTH KOHBEPCHH
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250HD B 1,250HD B 3H10METpUH KEHIIUH C YHIOMETPHUO3OM.
VYaaneHue SHAOMETPHOUAHBIX IETEPOTONUII COMPOBOXKAAIOCH
3HAYUTENbHBIMH H3MEHEHUSIMH, KOTOpPbleé MOIJIM YKa3bIBaTh
Ha BIIMSIHUE SHJIOMETPHO3a HAa YPOBHH METabOJIMTOB BUTAMUHA
D. Huskuit yposens 250HD MOHO MHTEpHpeTHPOBATH Kak
pe3ysbTaT SHJIOMETPHO3a, a He Kak (hakTop pUcKa.

KiroueBnlie ciioBa: ButaMuH D, 3HI0METpHO3, KaNbIUTPUOI,
kanbrmdenuon, 250HD, 1,250HD.
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