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BACKGROUND: Anemia during pregnancy, undiagnosed and untreated promptly, is the cause of various obstetric compli-
cations: spontaneous miscarriages, premature birth, placental insufficiency, obstetric bleeding, ante- and intrapartum fetal
death.

AIM: The aim of this study was to evaluate the incidence of iron deficiency anemia in pregnant women with different so-
matotypes and to develop a prognostic model for the pathology onset.

MATERIALS AND METHODS: We examined 390 pregnant women. Somatometry was performed according to the method
of R.N. Dorokhov in terms of pregnancy not exceeding 9-10 weeks. Of the examined pregnant women, 110 were of the mac-
rosomatotype, 173 of the meso- and 107 of the microsomatotype. In a clinical blood test, the levels of hemoglobin and red
blood cells were determined using well-known methods. Blood iron levels were evaluated by the colorimetric method with
ferrozine using a Parma Iron Reagents Kit (Parma Diagnostics Ltd., Russia). Serum hepcidin levels were determined spectro-
photometrically using ELISA methods.

RESULTS: Iron deficiency anemia was most commonly detected in pregnant women of the macro- and microsomatotype,
when compared to those of the mesosomatotype (p < 0.05). There was no severe anemia in the study groups. The levels of
hematological parameters (serum iron and serum hepcidin) were significantly higher in the group of pregnant women with
latent anemia, compared to the study group without signs of anemia (p < 0.05). In the second trimester, iron deficiency anemia
occurred in the group of patients with latent anemia. Using multiple regression analysis, a formula was obtained for predicting
the onset of iron deficiency anemia in pregnant women of different somatotypes.

CONCLUSIONS: Hematological parameters (serum iron and serum hepcidin) should be attributed to markers of iron de-
ficiency anemia and timely predict the onset of pathology. The mathematical formula obtained allows predicting with high
accuracy the onset of iron deficiency anemia in pregnant women, taking into account the somatotype in the first trimester of
pregnancy, and timely preventing the onset of pathology.
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Mporxos ene3zonepuumnTHO aHeMUmn y bepeMeHHbIX
C pa3HbIMM COMaTOTUNAMM

© K.I'. Tomaesa', C.H. Mainmyros?, E.H. Komuccaposa?, J1.A. Kokoes'

! CeBepo-0ceTMHCKan rocyjapcTBeHHan MeaMLMHCKan akafemus, Bnagukaskas, Poccus;
2 CaKT-eTepbyprckuit rocy[apCTBEHHbIA NeaMaTPUYEcKUii MeauUMHCKUIA yHuBepeuTeT, CaHkT-TMetepbypr, Poccus

06ocHosaHue. AHemMus BO BpeMA bepeMeHHOCTU, He JMarHOCTUPOBAHHAA U He NeYeHHas CBOEBPEMEHHO, CIIYUT Npu-
UMHOW PasfINYHBIX aKYLLIEPCKUX OCMIOMHEHWI — CaMOMNPOM3BONbHBIX BbIKUABILIEW, MPEHAEBPEMEHHbIX POAOB, HapYLIEHWA
KpoBOOOpaLLEHWUA B MaTO4YHO-NALLEHTApPHO-M00BOM CUCTEME, aKYLLEPCKMX KPOBOTEYEHUM, aHTE- U MHTPaHaTaNbHOM M-
6enu nnopa.

Llenb — w3yumnTb YacToTy Hene3onedUUUTHON aHEMUM Y BEpPEMEHHBIX C YY4ETOM TMMa KOHCTUTYUMM W pa3paboTatb
MPOrHOCTUYECKYI0 MOLE/Nb BO3HUKHOBEHWA AaHHOW HO30/10MUMW.

Mamepuanel u Memodsl. O6cnepoBanu 390 6epeMeHHbix. CoMmaToMeTpuio mpoBoamnu no cnocoby P.H. [opoxosa
B CPOKax bepeMeHHOCTH, He npesbiwatowmx 9-10 Hed. M3 HabniogaeMbix 6epeMeHHbix 110 ABnAnMUCL npeacTaBuTens-
MU MakpocoMartotuna, 173 — Me3o- u 107 — MuKpocoMatotuna. Onpenenany ypoBHU reMornobrHa U spuTpoLMTOB No
W3BECTHbIM MeToAMKaM. CofepaHue enesa B KPOBM OLEHMBANM KONOPUMETPUYECKUM CMOcoboM C deppo3uHoM npu
nomoLum Habopa pearentoB «*Keneso lMapma» (000 «Mapma uarHocTukar). FenumamnH B CbIBOPOTKE KPOBM OMpeaensanu
cnexkTpodoToMeTpU4eCKM MeToaoM ELISA.

Pesynomamel. HenesogepuumtHan aHemua Hambonee 4YacTo BCTpeyanach npy 6epeMeHHOCTM y NpeacTaBUTENbHUL
MaKpo- U MWUKpOCOMATOTWMa B CpaBHeHUM € Me3ocoMatoTunamm (p < 0,05). AHeMUK TAKeNoM cTeneHn B HabnioaaeMbix
rpynnax He 6bi10. KoHLEHTpaLMA reMaTonorMyeckx noKasartenen (eneso v renuyamH B CbIBOPOTKE KPOBU) bBbina 3Ha-
UMTENbHO BhILLE B rpynne 6epeMeHHbIX CO CKpLITHIM TEYEHWEM aHEMUW B CPaBHEHWM C FPYNMON 6e3 NpuU3HaKoB aHEMUM
(p < 0,05). Bo Il TpuMecTpe y eHLWMH rpynnbl CO CKPbITLIM TEYEHUEM BO3HUKNA ene3ofedmumnTHan aHemusa. lpu noMolm
MHOYKECTBEHHOI0 PerpecCMOHHOr0 aHanu3a nonyyeHa Gopmyna 1A NporHo3a HacTyNeHWUA ene3o4epMLUTHON aHEMUK
y 6epeMeHHbIX pasHbIX COMaTOTUMOB.

3aknoyeHue. [eMaTonormyeckme noKkasatenu (:eneso M renumaviH B CbIBOPOTKE KPOBM) CeayeT O0THOCUTb K MapKe-
paM enesoaepuULUTHOM aHEMUKU U CBOEBPEMEHHO NMPOrHO3MPOBaTh HacTynieHue natonoruy. MateMatuyeckas ¢popmyna
NO3BONAET C BbICOKOW TOYHOCTbIO OMpeLeNUTb HACTyMNeHUe Hene3ofedUUUTHON aHEMUK Y BepeMeHHbIX C Y4eToM TUna
KOHCTUTYLMM B | TpuMecTpe b6epeMeHHOCTM 1 NpeaynpeanTb pasBUTME NaToNorvu.

KnioueBble cnoBa: coMatoTvn; enesofe¢puUUTHan aHeMUs; 6epeMEHHOCTb; NMPOrHO3MPOBaHKE PUCKa.
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BACKGROUND

The impact of various comorbidities on the course of
a pregnancy frequently has a negative impact on both
the fetus and the mother. Anemia during pregnancy is
no exception, and it is still one of the leading causes of
maternal and perinatal morbidity around the world. Thus, in
more than 80% of the countries in the world, the incidence
of iron deficiency anemia during pregnancy exceeds 20%.
Several authors estimate that the global prevalence of
anemia in pregnant women is approximately 41%. Further,
undiagnosed and untreated anemia during pregnancy leads
to a variety of obstetric complications, such as spontaneous
miscarriages, premature delivery, circulatory disorders in
the uteroplacental-fetal system, obstetric bleeding, and
ante- and intranatal fetal death. Moreover, individual works
in the current scientific literature pay increasing attention to
the peptide hormone hepcidin in the diagnostics of anemia.
Hepcidin is involved in the regulation of systemic iron
metabolism, which is implemented through iron absorption
from the intestinal walls, as well as by its release in liver
cells and macrophages. With an increase in the blood
concentration of iron, more hepcidin is synthesized in the
liver cells, causing the degradation of the ferroportin protein
in the target cells, whereas ferroportin promotes the entry of
iron ions into the blood. Thus, when the concentration of iron
in the blood increases, so does the concentration of hepcidin,
which prevents the blood level of iron from increasing
further. Iron, as is well known, causes cell damage at high
concentrations. With a decrease in the blood concentration
of iron, hepcidin is less secreted in hepatocytes, while
ferroportin promotes iron absorption from enterocytes
and its entry into the blood. In modern scientific research,
the search for new predictors for the timely prevention of
pathological processes is receiving increasing attention.
Given the significant adverse effects of pregnancy anemia
on maternal and fetal outcomes, it is critical to detect and
prevent this clinical condition as early as possible [1-6].

Many published scientific studies have found a correlation
between constitutional aspects and the occurrence of various
pathological conditions and diseases [7-11]. For the purpose
of somatotyping, many scientific works in recent decades
have used R.N. Dorokhov's classification and methodology.
The author divides the constitution into two parts: general and
particular. This technique is applicable for both adults and
children and adolescents, and when assessing morphometric
characteristics, not only dimensional variation but also the
components of weight and proportional development are
assessed, and the terms “somatotype” and “constitution”
are identical [12, 13].

There are not enough scientific studies looking into the
relationship between constitutional aspects and the onset of
iron deficiency anemia during pregnancy.
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The goal of the study was to analyze the prevalence
of iron deficiency anemia in pregnant women, taking into
account the type of constitution, and to develop a prognostic
model for the onset of this nosology.

MATERIALS AND METHODS

A total of 390 pregnant women were examined. In terms
of pregnancy not exceeding 9-10 weeks, somatometry
was performed using R.N. Dorokhov's method. Among
those examined, 110 pregnant women belonged to the
macrosomatotype, 173 to the mesosomatotype, and 107 to
the microsomatotype [12, 13]. The study included pregnant
women with a gestational age of less than 9-10 weeks at
the time of inclusion in the study, a singleton pregnancy, and
no history of severe somatic pathologies, after signing an
informed consent to participate in the study.

All subjects had a clinical blood test at 9-10 weeks
of gestation and again at 21-22 weeks; the concentration
of hemoglobin and erythrocytes was determined using
the conventional methods [14]. During the same period of
pregnancy, the concentration of iron and hepcidin in the
blood serum was assessed. Blood, taken in the morning
on an empty stomach in a Vacutainer tube (with a clotting
activator and a separating gel), was incubated for 30 min
at +20 to +25°C, which corresponds to room temperature,
before centrifugation for 10 min at 3000 rpm. The blood iron
level was determined using the colorimetric method with
ferrozine and a set of Parma Iron reagents. Serum hepcidin
was assessed spectrophotometrically by ELISA. Moreover,
human Hepc25 (Hepcidin 25) ELISA Kit (Elabscience
Biotechnology) was used.

For mathematical data processing, the STATGRAPHICS
Plus 5.0 and SPSS 15.0 programs were used. The data were
presented in the form of an arithmetic mean and a mean
error. To determine whether the distribution of indicators
corresponded to the law of normal distribution, the Shapiro—
Wilk test was used. With normal distribution of attributes,
multiple regression analysis was carried out. In addition, the
student’s t-test was used to identify differences in groups.

RESULTS AND DISCUSSION

In the pregnant women examined, 60% of the women
were primiparous, while 40% were multiparous. The age of
the pregnant women ranged from 18 to 38 years (average
age was 27.5 + 2.8 years).

Iron deficiency anemia was most often detected in
representatives of the macro- and microsomatotypes during
pregnancy than in those with mesosomatotype (p < 0.05)
(Table 1). Severe anemia was not found in any of the groups.

The concentration of hematological parameters (blood
iron and hepcidin) was significantly lower in the group of
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pregnant women with a latent course of anemia compared
to the group without signs of anemia (p < 0.05) (Table 2,
Figs. 1 and 2), and their level continued to decrease in the
second trimester of gestation. In a group of women with a
latent course in the second trimester, iron deficiency anemia
developed.
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During pregnancy, under the influence of hormones,
the motility of the gastrointestinal tract changes, as does
the absorption of products, including trace elements, and
iron is redistributed in favor of the fetus, thereby reducing
the level of iron in the blood, which leads to a decrease in
the synthesis of hepcidin in hepatocytes and, as a result,

Table 1. Incidence of iron deficiency anemia in the pregnant women examined

Somatotype
Groups of pregnant women MaS (n=110) MeS (n=173) MiS (n = 107)
n % n % n %
With iron deficiency anemia 15 13.6 15 8.7 24* 22.4
With mild anemia 13 11.8 15 8.7 20* 18.7
With moderate anemia 2 1.8 - - 4 3.7

With severe anemia

Note. MaS, macrosomatotype; MeS, mesosomatotype; MiS, microsomatotype. * differences between MeS and MiS somatotypes are statistically
significant (p < 0.05); *differences between MaS and MiS somatotypes are statistically significant (p < 0.05).

Table 2. Hematological parameters in the women examined

Somatotype
Groups Indicator
MaS (n=110) MeS (n=173) MiS (n = 107)
9-10 weeks of pregnancy

Pregnant women without  Erythrocytes, x10'%/l 4.5+0.02 4.7+0.05 4.4 £0.07
anemia Hemoglobin, g/l 1282+ 1.3 129.4+ 1.4 1254+ 1.6
Serum iron, pmol/l 203+0.6 258 £ 0.6 16.7 £ 0.4

Serum hepcidin, ng/ml 67.7+1.1* 77.7+ 1.2 583+ 1.4

Pregnant women with Erythrocytes, x10'%/1 4.03 £ 0.04 413 £0.07 3.97 £ 0.05
latent course of anemia  Hemoglobin, g/l 1215+ 1.4 1222413 1205+ 1.7

Serum iron, pmol/l 10.8 + 0.6° 10.9 + 0.5° 9.6 +0.2°

Serum hepcidin, ng/ml 203 +1.2° 24,8 +0.8**9 19.2 £0.7°
Pregnant women with Erythrocytes, x10'%/1 3.58 + 0.05% 3.65 + 0.05% 3.45 + 0.04°
anemia Hemoglobin, g/l 102.6 + 1.5% 104.2 + 1.3** 3 97.1 +1.6%
Serum iron, pmol/l 7.3 £0.06* % 8.5 + 0.08** % 6.3+0.1%

Serum hepcidin, ng/ml 9.5+0.06%%  12.6+0.07%* 3 7.4 +0.09%

21-22 weeks of pregnancy

Pregnant women without  Erythrocytes, x10'%/1 b +0.1 45+0.08 4.1 +£0.09
anemia Hemoglobin, g/l 1223+ 1.7 123.6 1.6 1203+ 1.9

Serum iron, pmol/l 18.1+0.2* 20.6 + 0.4** 13.6 +0.6

Serum hepcidin, ng/ml 59.4+1.3 67.4 + 1.4* 541+ 1.1

Pregnant women with Erythrocytes, x10'%/1 3.61 £0.09° 3.68 £ 0.07° 3.42+0.06
latent course of anemia  Hemoglobin, g/l 1064 +16%°  1053+1.8%5  99.24+ 198
Serum iron, pmol/l 6.3 + 0.08"*° 7.4+ 0.09° 4.2 +0.06°

Serum hepcidin, ng/ml 8.3 +0.5%3 10.2+ 0.7 **#3 5.2 +0.8"9

Pregnant women with Erythrocytes, x10'%/1 3.47 £0.1% 3.51+0.2% 3.32 £ 0.4%
anemia Hemoglobin, g/l 98.7 + 1.4% 101.7 + 1.6+ 94.3 + 1.8%
Serum iron, pmol/l 6.6 +0.06% 7.4 £ 0.07** % 3.2+0.07%

Serum hepcidin, ng/ml 7.3+0.08%%  10.3+0.07**% 4.3 +0.04%

Note. MaS, macrosomatotype; MeS, mesosomatotype; MiS, microsomatotype. * differences between MaS and MiS are statistically significant
(p < 0.05); **differences between MeS and MiS are statistically significant (p < 0.05); *differences between indicators at a gestational age of
9-10 and 21-22 weeks (p < 0.05); 8 differences between the groups of pregnant women without anemia and those with a latent course of anemia
(p < 0.05); ®differences between the groups of pregnant women without anemia and those with anemia (p < 0.05).
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MaS MeS MiS

B Pregnant women without anemia (9-10 weeks)
B Pregnant women with latent course of anemia (9-10 weeks)
B Pregnant women with anemia (9-10 weeks)
Pregnant women without anemia (21-22 weeks)
Pregnant women with latent course of anemia (21-22 weeks)
Pregnant women with anemia (21-22 weeks)

Fig. 1. Concentration of serum iron in the groups under study.
MaS, macrosomatotype; MeS, mesosomatotype; MiS, microso-
matotype. *differences between indicators in the gestational age
of 9-10 and 21-22 weeks (p < 0.05); *differences between the
groups of pregnant women without anemia and those with a latent
course of anemia (p < 0.05); ®differences between the groups of
pregnant women without anemia and those with anemia (p < 0.05)

a decrease in its level in the blood. Latent anemia develops,
resulting in a hypoxic state in various organs and systems,
including the intestinal walls, which aggravates the
processes of iron absorption. With a prolonged course of
hypoxia, the concentration of iron and hepcidin in the blood
continues to decrease, and anemia develops with clinical
manifestations.

All of the above confirms that hematological parameters
(blood serum iron and hepcidin) should be attributed to
markers of iron deficiency anemia, allowing for the timely
detection of a latent pathological process (anemia), predicting
the onset of pathology, and influencing the links of a vicious
circle, thereby preventing the progression of anemia.

Correlation and regression analysis using the SPSS
program revealed a correlation between iron deficiency
anemia and somatotype (r = -0.85; p < 0.05), fatty component
(r=10.91; p < 0.05), muscle component of weight (r = -0.87;
p < 0.05), serum iron concentration (r=-0.96; p < 0.05),
and serum hepcidin concentration (r=-0.88; p < 0.05) in
pregnant women. These indicators were consistent with
the normal distribution law. The close relationship between
the listed indicators and their correspondence to the normal
distribution allowed for a development of a prediction
formula during the process of multiple regression analysis:

POIDA = 188.96 + (25.01 - A) - (0.86 - B) - (1.36 - ) -
-(2.55-D)-(0.96 - B),

where POIDA is the probability of onset of iron deficiency ane-
mia (%), A the points of somatotyping, B the fatty component

MaS

MeS MiS

B Pregnant women without anemia (9-10 weeks)
B Pregnant women with latent course of anemia (9-10 weeks)
B Pregnant women with anemia (9-10 weeks)
Pregnant women without anemia (21-22 weeks)
Pregnant women with latent course of anemia (21-22 weeks)
Pregnant women with anemia (21-22 weeks)

Fig. 2. Concentration of serum hepcidin in the examined groups.
MaS, macrosomatotype; MeS, mesosomatotype; MiS, microsom-
atotype. *differences between indicators in the gestational age
of 9-10 and 21-22 weeks (p < 0.05); *differences between the
groups of pregnant women without anemia and those with a latent
course of anemia (p < 0.05); ®differences between the groups of
pregnant women without anemia and those with anemia (p < 0.05)

of weight (%), C the muscle component of weight (%), D the
concentration of iron in the blood serum (umol/l), and E the
concentration of hepcidin in the blood serum (ng/ml).

In the regression formula, the indicators of a pregnant
woman should be substituted. According to well-known
scales, a result of 60% or higher indicates a high risk of iron
deficiency anemia; a result of 30—60% indicates a moderate
risk; and a result of less than 30% indicates a low risk [15].

An example of calculating the probability of the
onset of iron deficiency anemia 1. Pregnant woman D,
27 years old, at a gestational age of 6 weeks, with
somatometry according to R.N. Dorokhov technology, had
a height of 159.3 cm, a weight of 49.2 kg, a fat mass of
11.79 kg (24.2%), and a muscle mass of 19.79 kg (40.5%).
Pregnant woman D had a microsomatotype (0.382 points).
At the gestational age of 9 weeks, the iron concentration in
the blood serum was 22.6 pmol/l, the blood serum hepcidin
was 66.9 ng/ml, the erythrocyte level was 4.57 - 10'%/,
and the blood hemoglobin was 123.8 g/l. Moreover, the
probability of the onset of iron deficiency anemia was 1.5%.
During this pregnancy, the female patient did not develop
iron deficiency anemia during the follow-up, confirming
the correctness of the POIDA calculation according to the
equation.

An example of calculating the probability of the
onset of iron deficiency anemia 2. Pregnant woman S,
26 years old, at a gestational age of 7 weeks, with
somatometry according to R.N. Dorokhov technology, had
a height of 177.4 cm, a weight of 86.2 kg, a fat mass of
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26.69 kg (31.2%), and a muscle mass of 33.79 kg (39.2%).
Pregnant woman S had a macrosomatotype (0.678 points).
At a gestational age of 10 weeks, the iron concentration in
the blood serum was 8.5 pmol/l, the blood serum hepcidin
was 8.1 ng/ml, the erythrocyte level was 4.04 - 10'%/1, and
the hemoglobin was 122.8 g/l. Moreover, the probability of
the onset of iron deficiency anemia was 96.9%. During this
pregnancy, the female patient did not develop iron deficiency
anemia during the follow-up in the second trimester (mild
anemia), confirming the correctness of calculating the
probability of iron deficiency anemia using the formula.

CONCLUSIONS

In pregnant women with macro- and microsomatotypes,
the risk of iron deficiency anemia is higher compared
than in pregnant women with the mesosomatotype.
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Hematological parameters (iron and hepcidin in the blood
serum) should be classified as markers of iron deficiency
anemia; their use can predict the onset of pathology in
a timely manner. The mathematical equation allows for the
accurate prediction of the onset of iron deficiency anemia
in pregnant women, taking into account the constitutional
aspects in the first trimester of pregnancy when registering
in an antenatal clinic, and for the timely prevention of the
onset of pathology.
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