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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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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
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Abstract.

Objectives: Postmenopausal women (PMW) undergo a
physiological phase of lack or insufficient female sex hormones
resulting in some consequences including hematological
deficits. The present study aimed to investigate the detection of
anemia in PMW using easy laboratory tools.

Methods: In this retrospective analysis of patient data
collected during the period between 2014-2022. Data retrieved
from PMW records were collected over 4 years and analyzed.

Results: In comparison to normal ranges, data of PMW has
shown reduced levels of hemoglobin, packed cell volume, mean
corpuscular volume, and mean corpuscular hemoglobin. PMW
has also shown elevated levels of red cell distribution width and
levels of serum iron. Compared to normal ranges, no changes
have been seen regarding red blood cell count, Mean corpuscular
hemoglobin concentration, unsaturated or total iron binding
capacity, transferrin saturation, serum ferritin, white blood
cells count, and platelets. To provide in-depth investigation, we
divide our participants into three groups according to their ages:
45-55 years, 56-65 years, and 66-80 years. The older the age,
the more parameters are altered.

Conclusion: The study highlighted the potential impact
of postmenopausal hormone alteration on hematological
parameters and the routine laboratory tools could be used to
assess such alteration in blood parameters.

Key words. Anemia, hemoglobin, hematocrit, postmenopause,
female sex hormones, ageing.

Introduction.

Anemia could be defined as a low level of hematocrit and
hemoglobin in the blood. The levels are physiologically different
in women compared to men. In women, anemia is considered
at the hematocrit level lower than (36%) or hemoglobin lower
than (12%), while in men anemia is considered at the hematocrit
level lower than (41%) or hemoglobin lower than (13.5%)
[1]. Alongside sex variation, ageing also has an impact on
the variations in the levels of hematocrit and hemoglobin, the
elderly are usually more prone to anemia than the younger [2,3].
These reports attributed a decline in hematological parameters
to ageing and/or reduced nutritional intake [2,3]. Moreover,
postmenopausal women (PMW) might have an additional
factor which does contribute to hematological changes due to
hormonal changes [4].

At child-bearing age, women produce different hormones in
high levels, including follicle-stimulating hormone, luteinizing
hormone, estrogen, and progesterone, which altogether have
a great impact on reproduction and menstruation on their first
instance alongside that on circulation components, such as
immune cells and red blood cells. At menopausal age, these
hormones physiologically decline which will ultimately have
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impacts on these aforementioned physiological processes [5-8].
It has been reported that menopause could be responsible for
the modulation of platelet count and blood hypercoagulability
increasing the chance of atherosclerosis propensity [9-12]. The
explanation of this variation in hematological abnormalities has
been uncertain. Some studies have related that to normal ageing
processes [5-8] while other linked them to nutritional status
[2,3], and other has linked it to a decline in marrow functions due
to postmenopausal (PM) hormonal cessation [13]. In the present
study, the PMWs were investigated for possible hematological
abnormalities using easy laboratory tools for diagnosis.

Materials and Methods.

Study Design and Laboratory Parameters: This retrospective
study conducted over 7 years (from 2014 to 2021) utilized
the medical files at private clinics of previously recorded
postmenopausal women with anemia at ages 58+10 year. out
of 1000 record checked only 68 patients met criteria of being
postmenopausal and having a full records of measured iron
related parameters.

Statistical analysis: Data expressed as mean + standard
deviation and compared to reference ranges to determine the
differences.

Results.

The results of the laboratory analysis of routinely analyzed
blood samples collected over 4 years have revealed that the PM
status has led to certain changes, including reduced Hb, PCV,
MCYV, and MCH to lower than the standard normal range. While
RDW and serum iron were elevated to more than the normal
range. Nonetheless, many parameters were within the normal
ranges, including RBCs, MHCH, platelets, WBCs, UIBC,
TIBC, transferrin saturation, and serum ferritin (Table 1).

When results are sub-grouped into different age groups it is
revealed that older (56-80 years) have higher hematological
parameters alterations than younger (45-55 years) (Table 2).

Discussion.

The present study has strongly confirmed that blood
parameters in general were modulated in postmenopausal
women; with most often being reduced compared to the normal
range, moreover, older age group postmenopausal women were
more affected than younger age groups. In general, most of the
blood parameters in postmenopausal women were decreased
in the present study, this could be potentially related to ageing
processes which is resulting in reduced bone mineral density as
a consequence of hormonal decline [13,14].

The hemoglobin level and PCV were reduced to a lower-than-
normal range in PMW, especially at age ranges 45-55 years
compared to older age groups (56-80 years). This outcome has
been further confirmed by other anemia parameters including
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Table 1. Hematological parameters of the studied sample.

Measured parameters

Female at postmenopause
age (58+ 10)

Reference range

(n=68)

Hb (g/dl) 10.8+2.5 12-15.5
PCV(%) 33.8+6.23 36-46
RBC(*10'%/L) 4.4+0.8 3.8-4.8
MCVfl) 78.3+11.6 80-100
MCH(pg) 25.2+5.4 27-32
MHCH(g/dL) 31.8+2.8 31-37
RDW(%) 15.8+3.9 11.6-14
S Iron (umol/L) 54+35.4 10.74 -30.43
UIBC (ug/dL) 280+106 131-425
TIBC (ug/dL) 334485 240-450
Transferrin saturation (%) 18.6+14 15-50%
Serum ferritin (ng/ml) 190+28 24 -307
WBCs(x10°/L) 7.3£2.5 4-11
Platelets(x10%/L) 284+111 150-450
Table 2. Hematological parameters of the studied sample according to age ranges.

Female at postmenopausal age (n=68)
Measured parameters 45-55 years 56-65 years 66-80 years Reference range

(49.5+3) (60+3.3) (7345.5)
Hb (g/dl) 10.3£2.6 11.5+2.7* 11.1+2.2% 12-15.5
PCV(%) 3346 35+6.9%* 33.945.5 36-46
RBC(*10'%/L) 4.5+0.8 4.3£1 4.3+0.75 3.8-4.8
MCVfl) 75+12.4 83+11%* 80+8.7* 80-100
MCH(pg) 23.545.5 25+5.5% 26.2+4* 27-32
MHCH(g/dL) 3142.7 33+3* 32.7+1.9 31-37
RDW(%) 16+2.9* 15.4+6 15.1£3 11.6-14
S Iron (umol/L) 41.5428 T2+36*# 65.1+38.5* 10.74 -30.43
UIBC (ug/dL) 334+99* 227.5+89 218.7+£79.1 131-425
TIBC (ug/dL) 376+84* 300+£64*# 283.9+63.7 240-450
Transferrin saturation (%) 1249.8 26+14* 24+15* 15-50%
Serum ferritin (ng/ml) 78+13 249+24* 377.8+44*# 24 -307
WBCs(x10°/L) 7.1£2.1 7.1£2.5 7.9+£3.2% 4-11
Platelets(x10%/L) 29149.9* 290+14* 265.1+130 150-450
*#p<0.05

MCYV, MCH, and MHCH, which were reduced in parallel to
Hb, and PCV, moreover, RDW was reciprocally elevated.
Nonetheless, RBCs were within normal range showing no
significant modulation in all age groups under assessment. These
easy laboratory tools could be potentially used as a diagnostic
tool for anemia. These results were in agreement with Qamar
et al. (2015), who have reported that PMW diagnosed with
iron deficiency anemia through measured anemia parameters
(Hb, PCV, MCV, MCH, MHCH, ferritin, and RDW) and
these parameters were not corrected via ferrous sulfate tablet
administration, hence the study has attributed the anemia to
iron malabsorption through the gastrointestinal system [15].
Moreover, in a case-control study involving using tibolone as
a hormone replacement therapy (HRT), the patient developed
polycythemia which further validates our finding that sex
hormones could potentially impact the blood parameters [16].
In contrast to these aforementioned findings, a study conducted
in Saudia Arabia by Al Khamees et al. (2023) reported that
anemia is reported in premenopausal women rather than
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PMW, nonetheless, the sample of participants was patients
with breast cancer, hence, the outcome could not be related to
the findings of the present study due to the impact of cancer
itself on the body responses to normal physiological function
including hematopoiesis [17]. Shah et al. (2022), reported that
aging is detrimental in developing iron deficiency anemia [18].
Moreover, this variation could be potentially related to the
role of estradiol in the mutation of genes which do involved
in hematopoiesis [19]. Additionally, erythropoiesis associated
with Monge’s disease (chronic mountain sickness) has been
shown to be more prevalent in males compared to females, and
estrogen administration reduced erythropoiesis associated with
Monge’s disease [20]. In addition to that, Lewerin et al. (2014),
reported that estradiol levels reciprocally associated with Hb
concentration confirming the great role of declining estradiol in
PMW in inducing alterations in hematological parameters [21].

The levels of iron in the present study confirmed that PMW has
a higher iron concentration than the acceptable normal range,
furthermore, ageing has its impact because it seems that the



older (56-80 years) age groups have significantly higher plasma
iron concentration than the normal range. These findings are in
agreement with in vivo studies conducted in ovariectomized
rats as a PM model for osteoporosis, these studies reported a
significantly higher iron plasma concentration compared to
control groups [22,23], with reciprocal lower Hb concentration in
ovariectomized rats compared to control [24], moreover, PMW
has investigated for iron plasma concentration and the outcome
confirmed significantly higher plasma iron concentration in
PMW than premenopause [25]. Despite reported changes in
iron, there were no changes in serum ferritin, transferrin, TIBC,
and UIBC in PMW, however, different age groups have shown
variations but all within the normal ranges regarding iron
binding indices (TIBC and UIBC). Transferrin saturation in the
younger (45-55 years) group is lower than that of older (56-65
and 66-80 years) groups with later groups being within normal
ranges of transferrin saturation. Serum ferritin in the older (66-
80 years) age group is higher than the upper limit of normal
ranges and higher than that of other groups (45-55 and 56-65
years). Therefore, postmenopause and ageing coincidently lead
to such variation. Using estrogen-containing contraceptives in
mice has been shown to increase transferrin and reduce ferritin
[26].

The WBCs have shown no changes in PMW and fall within the
normal ranges at different age groups confirming that changes
in estrogen levels in PMW have no impact on WBCs. A similar
outcome has been reported by Sendag et al. (2005) with no
changes in WBCs being shown in PMW even after hormone-
replacement therapy apart from increased activation of T cell
subsets upon hormonal replacements [27]. Similarly, using
estrogen in women at childbearing age has shown no changes
in the blood lymphocyte count, however, a subpopulation of
T cell differentiation and activation were partially affected by
estrogen administration [28]. Similar impacts have been found
in neutrophils where estrogen has no impact on neutrophil
count but activates the cells [29]. Nonetheless, WBCs has been
reduced significantly in PMW compared to the control group
(childbearing age group) indicating that PM has an impact on
WBCs, however, when this study stratified their patients into
different age group, the outcome revealed that the lowest WBCs
were reported with older ages (51-80 years) than youngers
(41-50 years), this differences in the result compared to our
study ought to the preexisting immune disease in such patients
included in the study [4]. Kamada et al. (2000), have reported
that T cells were non-significantly reduced in postmenopause
compared to the control group, however, after starting with
hormone replacement therapy, the T cell counts significantly
elevated compared to the control group, and no significant
changes were reported regarding subsets of T cells or their
activations [30]. In contrast, Abildgaard et al. (2020), have
reported that postmenopausal women have shown higher WBC
counts in PMW than premenopause, the variation in relation to
the present study could be due to the age of included subjects
was lower than 60 years [31]. Postmenopause has no impact
on platelet levels and increasing the age of postmenopause
has a slight impact on platelets showing a reduced level with
ageing. In a study conducted by Okoroiwu et al. (2021), they
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reported increased platelet count in women taking contraceptive
hormones, however, these women were of childbearing age
compared to PMW in the present study [32]. In contrast, Grau
(2018) found that platelet counts were lowest in male than
female (on/off) contraceptives, moreover, females without
hormonal contraceptives have shown higher platelet counts than
females with hormonal contraceptives [33].

The limitations of the present study include a small sample
size and the conduction of the study being unicentric in private
clinics and blood analysis laboratories, moreover, no control
groups were included apart from using population-based normal
ranges for comparisons.

Conclusion.

The present study delved into the hematological changes
associated with PMW. Exploring such connections could lead
to uncovering priceless insight for easier diagnosis and follow-
up strategies for anemia treatment. Moreover, it could give an
idea about the target ages of anemia in PMW. Ageing served as
an important parallel cofactor together with reduced female sex
hormones as a detrimental association with anemia.
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