& frontiers | Frontiers in Global Women's Health

") Check for updates

OPEN ACCESS

EDITED BY
Antonio Sarria-Santamera,
Nazarbayev University, Kazakhstan

REVIEWED BY

Jun-Yu Ma,

Guangdong Second Provincial General
Hospital, China

Sharapat Moiynbayeva,

Kazakhstan School of Public Health,
Kazakhstan

*CORRESPONDENCE

Leila Stabayeva
stabaeva@gmu.kz

Olzhas Zhamantayev
zhamantaev@gmu.kz

RECEIVED 25 April 2025
ACCEPTED 04 September 2025
PUBLISHED 23 September 2025

CITATION

Podilyakina Y, Stabayeva L, Kulov D,
Kamyshanskiy Y, Amirbekova Z, Stundziene R
and Zhamantayev O (2025) Risk factors for
first-trimester spontaneous abortion and the
role of preconception care.

Front. Glob. Women's Health 6:1615983.
doi: 10.3389/fgwh.2025.1615983

COPYRIGHT

© 2025 Podilyakina, Stabayeva, Kulov,
Kamyshanskiy, Amirbekova, Stundziené and
Zhamantayev. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Global Women's Health

Original Research
23 September 2025
10.3389/fgwh.2025.1615983

Risk factors for first-trimester
spontaneous abortion and the
role of preconception care

Yuliya Podilyakina', Leila Stabayeva®*, Dusentay KuloV’,
Yevgeniy Kamyshanskiy*, Zhanna Amirbekova’,
Rasa Stundziené® and Olzhas Zhamantayev*®

!School of Residency and Professional Development, Karaganda Medical University, Karaganda,
Kazakhstan, 2Department of Morphology, Karaganda Medical University, Karaganda, Kazakhstan,
*School of Public Health, Karaganda Medical University, Karaganda, Kazakhstan, “Clinic of the
Karaganda Medical University, Karaganda, Kazakhstan, *Department of Obstetrics and Gynecology,
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Background: Spontaneous abortion in the first trimester is a common adverse
pregnancy outcome with significant implications for maternal health and public
health practice. The description of associations with modifiable factors,
including preconception care, can aid in planning strategies to improve
pregnancy outcomes.

Methods: A retrospective analysis was conducted using data from 1,526
women, divided into two groups based on pregnancy outcomes:
spontaneous abortion in the first trimester and live births. Binary and
multivariate logistic regression analyses were performed to identify
associations between factors (including preconception care) and the risk of
spontaneous abortion in the first trimester.

Results: Age >35 years [[OR] =2.02, 95% [Cl] =1.49-2.75], obesity [[OR] =1.81,
95% [Cl] = 1.12-2.91], and a history of spontaneous abortion [[OR] =1.57, 95%
[Cl] =1.01-2.43] were associated with higher odds of spontaneous abortion
in the first trimester, whereas preconception care was associated with lower
odds of spontaneous abortion in the first trimester [[OR]=0.58, 95%
[CI] =0.45-0.75].

Conclusion: The findings may help clinicians stratify pregnant women who
require additional monitoring and pre-pregnancy interventions. From a public
health perspective, integrating preconception care into routine health
services can enhance maternal and neonatal outcomes, reduce healthcare
costs, and improve health equity by targeting vulnerable populations.
However, the results should be interpreted as associations, and prospective
studies are needed to assess the potential effects of preconception care on
spontaneous abortion in the first trimester.
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1 Introduction

Spontaneous abortion (SA), classified under ICD-10 code 003
and commonly referred to as miscarriage, is a prevalent
complication in early pregnancy, with incidence rates varying
depending on  population  characteristics and  study
methodologies (1, 2). Research indicates that approximately 10%
to 20% of clinically recognized pregnancies worldwide result in
SA, with higher rates observed when early pregnancy losses are
included (3, 4). The majority of these losses occur in the first
In Kazakhstan, a

participants reported that 25.6% of respondents had experienced

trimester (5, 6). study involving 237
SA (7). A large-scale national study analyzing 207,317 records of
of Kazakhstan estimated the
prevalence of spontaneous pregnancy loss before 22 weeks of

women across all regions
gestation to be 8.7%, with a 20% decline observed over the
2014-2019 period (8).

Several factors have been associated with an increased risk of
SA. Advanced maternal age is a significant risk factor, as
chromosomal abnormalities in embryos are more common in
older women (9, 10). A cross-sectional study in Astana,
Kazakhstan (2015-2017), analyzing 67,759 inpatient records,
found advancing maternal age significantly increased the risk of
miscarriage, with women aged 30-39 and 40+ years having 54%
and 272% higher risks, respectively compared to women aged
19-29 years (11). Moreover, maternal obesity has been linked to
higher miscarriage rates, potentially due to hormonal imbalances
and metabolic disturbances, with risks ranging from 1.25 to 2.25
times higher compared to normal-weight women (12-14).
Another important factor in early pregnancy loss is the history
of SA and pre-pregnancy health. Studies have shown that a
history of SA significantly increases the risk of subsequent
losses, with women who have experienced one or more
miscarriages being at higher risk for recurrence (15, 16).
Inadequate  pre-pregnancy health, including suboptimal
management of chronic conditions, poor nutritional status, and
lack of preconception care, has been linked to adverse
pregnancy outcomes (17). Lifestyle factors prior pregnancy,
including smoking and alcohol consumption, have also been
implicated in elevating miscarriage risk (18, 19).
that
preconception may play an important role in addressing the

Building on these findings, it becomes clear

modifiable risk factors associated with early pregnancy loss (20).
defined by the World Health
Organization, includes a set of biomedical, behavioral, and social

Preconception care, as
interventions provided to women and couples before conception
to improve maternal and fetal outcomes (21). It aims to identify
and mitigate risk factors such as obesity, unmanaged chronic
conditions, and inadequate nutritional status while promoting
healthier lifestyle choices (22). The benefits of preconception
care are well-documented, with evidence indicating that it can
help reducing the incidence of adverse pregnancy outcomes,
including SA, preterm birth, and congenital anomalies (23).
Targeted preconception interventions, such as weight
management, smoking cessation, and folic acid supplementation,

have been shown to improve pregnancy outcomes and reduce
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healthcare before

conception (24).

costs by preventing complications

This study aimed to investigate the socio-demographic and
clinical risk factors associated with SA in the first trimester and
evaluate the protective effects of preconception care among
women in Kazakhstan, largest country in Central Asia. It adds a
global health perspective and highlights the importance of
addressing disparities in maternal health outcomes, an essential
aspect of public health research. While previous studies have
extensively documented risk factors for spontaneous abortion,
there is limited research on the role of preconception care in
mitigating these risks, particularly in low- and middle-income
countries (LMICs), and some finding can be extrapolated to all
Central Asian countries.

2 Materials and methods

2.1 Study design

This retrospective study included women who received health
services for SA in the first trimester or during childbirth at the
State Clinical Hospital, a large conglomerate that includes two
perinatal centers of the first and second levels in Karaganda,
Kazakhstan, from January 1, 2018, to January 1, 2023. Women
from across the country, including those with complicated
medical histories, are admitted to these perinatal centers, as they
provide the most advanced medical care. The first-level perinatal
center offers basic obstetric and neonatal care for low-risk
pregnancies and routine deliveries, while the second-level
perinatal center provides specialized care for moderate and
high-risk pregnancies and newborns requiring additional
medical attention.

The use of clinical data from women and morphological data
of SA tissue for research purposes was approved by the Local
Commission on Bioethics of Karaganda Medical University.
Written informed consent was obtained from all pregnant
women for the use of their clinical and morphological data in
the study.

Women’s clinical and sociodemographic data were obtained
from the Integrated Health Information System (IHIS) and
reviewed for missing values. Patients with incomplete data were
excluded from the final analysis (Supplementary Table SI).
Women with ectopic pregnancies, multiple pregnancies, or
antenatal or intrapartum fetal deaths were also excluded. The
study block diagram is presented in Figure 1.

The study included data from 1,526 women, divided into two

groups:

1. Favorable outcome
live birth.
2. SA in the first trimester (n=290): Pregnancy ending in

(n=1,236): Pregnancy resulting in

spontaneous abortion.

Variables extracted from IHIS included women’s age at the time of
the study, ethnicity, place of residence, social status, education,
marital status, body mass index (BMI), type 1 or type 2
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Women who received medical service for
childbirth or spontaneous abortion during

the first trimester, from January 2018 to

Ectopic pregnancy,

Multiple pregnancy

Antenatal / Intranatal fetal death

January 2023.
N=167
A 4
N=1974
N=97 R
v
N =1877
N =351
A
N =1526

Incomplete clinical data

Favorable perinatal

outcome
N =1236

Spontaneous abortion in
the first trimester
N =290

FIGURE 1
Flowchart illustrating the recruitment process of study participants.

diabetes, arterial hypertension, hypothyroidism, deficiency anemia,
allergies, health insurance status before pregnancy, parity (divided
into two groups), and preconception care. Preconception care
acid
(e.g.
diabetes, hypertension), and lifestyle modifications (e.g., weight

interventions included nutritional counseling, folic

supplementation, management of chronic conditions
management). These services were provided to women who
sought care at the State Clinical Hospital in Karaganda.

The primary outcome variable was the pregnancy outcome,

classified into two groups: “First-trimester SA” and “Favorable

Frontiers in Global Women's Health

outcome.” A favorable outcome was defined as the birth of a
live newborn. The diagnosis of first-trimester SA was made
clinically, based on bleeding and apparent expulsion of the
embryo or fetus (confirmed by histological examination), or
through ultrasound.

The first trimester was chosen as the cut-off point because SA
occurring before this period typically shares a common
pathophysiological etiology, such as inflammation, luteal phase
deficiency, or chromosomal and structural abnormalities, which
differ from miscarriages occurring after the first trimester.
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The date of birth of each study participant was used to
calculate their age. Age was classified into three categories: 18-
26 years, 27-35 years, and over 35 years. Minors were excluded
from the study.

2.2 Definitions

First-trimester SA: Spontaneous abortion occurring before the
13th week of gestation (25, 26).

Favorable outcome: Defined in this study as a pregnancy
resulting in live birth.

In this study, preconception care referred to a set of measures
conducted six or more months before pregnancy and documented
in patients’ medical records. These included nutritional counseling
(with recommendations for folic acid intake), screening and
management of chronic diseases as indicated, medical-genetic
counseling when necessary, testing for HIV infection, hepatitis
B and C, and sexually transmitted infections, as well as
recommendations for lifestyle modifications for both spouses
(body weight control, physical exercise, and cessation of harmful
habits). These medical services were provided in accordance
with  the
gynecological care in the Republic of Kazakhstan (27).

recently updated standard of obstetric and

BMI before pregnancy: Calculated as the registered weight
(kg) divided by the square of measured height (m) and
categorized into four groups. For Caucasians: underweight
(<18.5 kg/m?), weight (>18.5 and <25 kg/m?),
overweight (>25 and <30 kg/m?), and obese (>30 kg/m?). For
Asians: underweight (<18.5 kg/mz), normal weight (>18.5 and
<22.9 kg/m®), overweight (23 and <24.9 kg/m?), and obese
(>25 kg/m?) (28, 29).

Diabetes mellitus was diagnosed based on HbAlc>6.5%
(48 mmol/mol) and/or fasting plasma glucose or 2h post-oral

normal

glucose tolerance test glucose levels >7.0 mmol/L.
Defined as a
>140 mmHg or a diastolic blood pressure >90 mmHg in two

Hypertension: systolic blood pressure

separate measurements taken before 20 weeks of gestation (30).
Hypothyroidism was identified based on a pre-pregnancy

diagnosis with thyroid-stimulating hormone (TSH) levels >

2.5 mIU/L or, in the first trimester, TSH >4 mIU/L.

Defined as (Hb)<110g/L and

hematocrit <33%, or as a transferrin saturation (TSat) <16%,

Anemia: hemoglobin
ferritin concentration <30 pg/L, or vitamin B12 concentration
<200 pg/ml (31).

2.3 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
(version 25.0, IBM Corp., Armonk, NY, USA). Percentages and
frequencies were calculated for categorical variables, while the
normality of continuous variables was tested using the
Kolmogorov-Smirnov test. The Mann-Whitney U test was used
to examine group differences for continuous variables. For
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categorical variables, comparisons were made using the chi-
square test.
Associations ~ between  potential  factors  (including
preconception care) and first-trimester spontaneous abortion
were assessed using univariable and multivariable logistic
SA=1

outcome). Discrimination of the final adjusted multivariable

regression. The outcome was coded as (adverse
model was evaluated using the area under the receiver operating
characteristic curve (AUC), calculated based on the predicted
probabilities of this model [standard error [SE] and 95%
confidence interval [CI] are reported]. Model calibration was
assessed using the Hosmer-Lemeshow test.

Variables with p<0.10

considered for

in univariable analysis were

inclusion in the multivariable model.
A purposeful selection approach followed: variables that were
non-significant and did not substantially influence the
coefficients of key predictors were sequentially excluded. The
final adjusted model included age over 35 years, obesity,
history of spontaneous abortion, and preconception care. The
AUC was calculated based on the predicted probabilities of
this final model (outcome SA =1).

Multicollinearity was assessed using variance inflation factors
(VIF), and all predictors had acceptable VIF values (<2). The
linearity of continuous confirmed through
scatterplot analysis. Odds ratios (OR) with 95% confidence

intervals (CI) were used to report the results of the model.

variables was

3 Results

3.1 Socio-demographic and clinical
characteristics of the original sample

Table 1
characteristics of the sample. More than half of the sample, 775

presents the socio-demographic and clinical
women (50.8%), were aged 27-35 years, one-third, 476 women
(31.2%), were aged 18-26 years, and 275 women (18%) were
over 35 years old. Regarding ethnic composition, Kazakhs
accounted for 732 women (48%), Russians for 595 women
(39%), 199 women (13%).

A majority, 1,172 women (76.8%), lived in urban areas, while

and other nationalities for
354 women (23.2%) lived in rural areas.

In terms of social status, 683 women (44.8%) were classified
as “other,” 405 women (26.5%) were employed (including
civil servants, state employees, employees of private
(1.5%)
unemployed, and 411 women (26.9%) were housewives. At
the time of the study, 217 women (14.2%) had secondary
1,309 women (85.8%) had

specialized or higher education. Additionally, 1,267 women

organizations, and workers), 23 women were

education, while secondary
(83%) were married.

Among the women, 946 (62%) had a normal weight, 213
(14%) were underweight, 274 (18%) were overweight, and 93
(6%) suffered from first- or second-degree obesity. A history of
diabetes mellitus type 1 or 2 was reported in 49 women (3.2%),

arterial hypertension in 56 women (3.7%), hypothyroidism in 26
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characteristics  of

All participants
(n=1,526)

TABLE 1 Socio-demographic and clinical

study participants.

Variables Socio-demographic
characteristics

Woman’s age, years 18-26 476 (31.2%)
27-35 775 (50.8%)
>35 275 (18.0%)

Ethnicity Kazakh 732 (48.0%)
Russian 595 (39.0%)
Others 199 (13.0%)
Residency Urban 1,172 (76.8%)
Rural 354 (23.2%)

87 (5.7%)
111 (7.3%)

Social status Employed, civil servant

Employed, public sector

worker
Employed, private sector 59 (3.9%)
worker
Employed, self-employed 27 (1.8%)
Employed, laborer 9 (0.6%)
Employed, other 112 (7.3%)
Convicted 4 (0.3%)
Other 683 (44.8%)
Unemployed 23 (1.5%)
Housewife 411 (26.9%)

217 (14.2%)
1,309 (85.8%)

Education Secondary education

Higher than secondary
education

Married

Not married

1,267 (83.0%)
259 (17.0%)

Marital status

Clinical characteristics

BMI, kg/m® Underweight 213 (14.0%)
Normal weight 946 (62.0%)

Overweight 274 (18.0%)

Obese 93 (6.0%)

Type 1/ Type 2 Yes 49 (3.2%)
diabetes No 1,477 (96.8%)

Arterial hypertension Yes 56 (3.7%)
No 1,470 (96.3%)

Hypothyroidism Yes 26 (1.7%)
No 1,500 (98.3%)

Deficiency anemia Yes 382 (25.0%)
No 1,144 (75.0%)

Allergies Yes 68 (4.5%)
No 1,458 (95.5%)
Pre-pregnancy health Yes 1,329 (87.1%)
insurance No 197 (12.9%)
Parity Primiparous 919 (60.2%)
Multiparous 607 (39.8%)

History of SA Yes 122 (8.0%)
No 1,404 (92.0%)

Preconception care Yes 930 (60.9%)
No 596 (39.1%)

BMI, body mass index; SA, spontaneous abortion.

women (1.7%), and deficiency anemia in 382 women (25%).
Additionally, 68 women (4.5%) suffered from allergies.

The majority, 1,329 women (87.1%), had medical insurance
before pregnancy. This pregnancy was the first for 919 women
(60.2%). A history of early pregnancy loss was reported in 122
women (8.0%). Moreover, 930 women (60.9%) had undergone
preconception training.
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3.2 Comparative groups of women with a
favorable pregnancy outcome and first-
trimester SA

The socio-demographic and clinical characteristics of women
classified according to pregnancy outcome are presented in
Table 2.

In the group with first-trimester SA, compared to women with
a favorable pregnancy outcome, there was a higher proportion of
women over 35 years of age (26.9% vs. 15.9%). Additionally,
women with SA were more likely to live in urban areas (79.7%
vs. 76.1%), have higher than secondary education (86.2% vs.
85.7%), and be unmarried (17.6% vs. 16.8%).

Clinically, women in the first-trimester SA group had a higher
prevalence of obesity (9.3% vs. 5.3%), type 1 or 2 diabetes (5.2% vs.
2.8%), arterial hypertension (5.2% vs. 3.3%), and allergies (5.9% vs.
4.1%). Furthermore, a larger proportion of these women had a
history of SA (11% vs. 7.3%). In contrast, relatively fewer women
in the SA group underwent preconception care compared to
those with a favorable pregnancy outcome (49.7% vs. 63.6%).

The results of the univariate analysis of risk factors for SA in
the study sample are presented in Table 3.

Univariate logistic regression analysis revealed that women
aged over 35 years [[OR] =1.94, 95% [CI] = 1.44-2.62], obesity
[[OR] =1.82, 95% [CI] =1.14-2.90], type 1 or type 2 diabetes
[[OR] =1.93, 95% [CI] = 1.04-3.59], and a history of miscarriage
[[OR] =1.58, 95% [CI]=1.03-2.42] were associated with an
increased risk of first-trimester SA. Preconception care, however,
was associated with a reduced risk of first-trimester SA
[[OR] = 0.57, 95% [CI] = 0.44-0.73].

Figure 2; Table 3 summarize the results of the multivariate
logistic regression analysis. Independent factors influencing first-
trimester SA included the woman’s age, BMI, history of SA, and
preconception care (p<0.05). Women aged over 35 had an
increased likelihood of first-trimester SA compared to those
under 35 [[OR]=2.02, 95% [CI]=1.49-2.75]. Obese women
were more likely to experience first-trimester SA than women
with a normal BMI [[OR]=1.81, 95% [CI]=1.12-2.91]. The
history of SA was also strongly associated with a higher risk of
first-trimester SA [[OR] =1.57, 95% [CI]=1.01-2.43]. Women
who received preconception care had a significantly reduced risk
of first-trimester SA compared to those who did not
[[OR] = 0.58, 95% [CI] = 0.45-0.75].

The final adjusted model included age over 35 years, obesity,
history of spontaneous abortion, and preconception care. The
discriminative ability of the model was moderate: AUC =0.611
(SE 0.019; 95% CI 0.574-0.648; p <0.001 compared with 0.50).
Model calibration was satisfactory: Hosmer-Lemeshow test
1> =2.04, df=4, p=0.73.

4 Discussion

For practical healthcare, a key conceptual issue is the
variability of risk factors for spontaneous miscarriage, as
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TABLE 2 Comparative groups of women with a favorable pregnancy outcome and first-trimester SA.

10.3389/fgwh.2025.1615983

ariable avorable o e a
O O .
Socio-demographic characteristics
Age, years 18-26 399 (32.3%) 77 (26.6%) <0.001*
27-35 640 (51.8%) 135 (46.6%)
>35 197 (15.9%) 78 (26.9%)
Ethnicity Kazakh 593 (48.0%) 139 (47.9%) 0.725
Russian 478 (38.7%) 117 (40.4%)
Other 165 (13.3) 34 (11.7%)
Residency Urban 941 (76.1%) 231 (79.7%) 0.201
Rural 295 (23.9%) 59 (20.3%)
Social status Employed, civil servant 70 (5.7%) 17 (5.9%) 0.724
Employed, public sector worker 92 (7.4%) 19 (6.6%)
Employed, private sector worker 48 (3.9%) 11 (3.8%)
Employed, self-employed 21 (1.7%) 6 (2.1%)
Employed, laborer 8 (0.6%) 1 (0.3%)
Employed, other 91 (7.4%) 21 (7.2%)
Convicted 4 (0.3%) 0 (0%)
Other 549 (44.4%) 134 (46.2%)
Unemployed 19 (1.5%) 4 (1.4%)
Housewife 334 (27.0%) 77 (26.6%)
Education Secondary education 177 (14.3%) 40 (13.8%) 0.818
Higher than secondary 1,059 (85.7%) 250 (86.2%)
education
Marital status Married 1,028 (83.2%) 239 (82.4%) 0.758
Not married 208 (16.8%) 51 (17.6%)
Clinical characteristics
BMI, kg/m? Underweight 168 (13.6%) 45 (15.5%) 0.053*
Normal weight 777 (62.9%) 169 (58.2%)
Overweight 225 (18.2%) 49 (17.0%)
Obesity 66 (5.3%) 27 (9.3%)
Type 1/Type 2 diabetes Yes 34 (2.8%) 15 (5.2%) 0.036*
Not 1,202 (97.2%) 275 (94.8%)
Arterial hypertension Yes 41 (3.3%) 15 (5.2%) 0.131
No 1,195 (96.7%) 275 (94.8%)
Hypothyroidism Yes 21 (1.7%) 5 (1.7%) 0.977
No 1,215 (98.3%) 285 (98.3%)
Deficiency anemia Yes 310 (25.1%) 72 (24.8%) 0.929
No 926 (74.9%) 218 (75.2%)
Allergies Yes 51 (4.1%) 17 (5.9%) 0.198
No 1,185 (95.9%) 273 (94.1)
Pre-pregnancy health Yes 1,078 (87.2%) 251 (86.6%) 0.762
insurance No 158 (12.8%) 39 (13.4%)
Parity Primiparous 739 (59.8%) 180 (62.1%) 0.476
Multiparous 497 (40.2%) 110 (37.9%)
History of SA Yes 90 (7.3%) 32 (11.0%) 0.034*
No 1,146 (92.7%) 258 (89.0%)
Preconception care Yes 786 (63.6%) 144 (49.7%) <0.001*
Not 450 (36.4%) 146 (50.3%)

BMI, body mass index; SA, spontaneous abortion.

*Bold values represent statistically significant results (p < 0.05).

potentially modifiable factors can form the basis for clinical or
preventive interventions in pregnancy management. However,
given that most miscarriages occur in the early weeks of
pregnancy, sometimes even before a woman knows she is
pregnant, addressing these factors at this stage may be too late
for any intervention or treatment to influence the outcome. This
highlights the need to identify high-risk individuals before
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conception to implement appropriate preventive measures aimed
at reducing the risk (32).

We assessed the socio-demographic and clinical risk factors
for first-trimester spontaneous abortion. Our results showed that
the odds of first-trimester SA were higher in women over 35
years of age compared to women under 35 [[OR]=2.02, 95%
[CI] =1.49-2.75]. This finding is consistent with previous
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TABLE 3 Univariable and multivariable logistic regression for all candidate variables.

Factors Favorable SA in the first Univariable p-value Multivariable p-value

outcome (%) trimester (%) analysis [OR (95% analysis [OR (95%
(n=1,236) (n=290) CIl Ch)l

Age of the woman 15.9 (197/1,236) 26.9 (78/290) 1.94 (1.44-2.62) 0.001 2.02 (1.49-2.75) 0.001

(years): >35

Ethnicity

Kazakh 48.0 (593/1,236) 47.9 (139/290) 1.14 (0.75-1.72) 0.541 - -

Russian 38.7 (478/1,236) 40.4 (117/290) 1.19 (0.78-1.81) 0.423

Other 13.3 (165/1,236) 11.7 (34/290) 1.00 -

Residency:

Urban 76.1 (941/1,236) 79.7 (231/290) 1.23 (0.89-1.68) 0.201 - -

Rural 23.9 (295/1,236) 20.3 (59/290) 1.00 -

Social status

Employed, civil 5.7 (70/1,236) 5.9 (17/290) 0.99 (0.57-1.75) 0.986 - -

servant

Employed, public 7.4 (92/1,236) 6.6 (19/290) 0.85 (0.50-1.44) 0.536

sector worker

Employed, private 3.9 (48/1,236) 3.8 (11/290) 0.94 (0.47-1.86) 0.856

sector worker

Employed, self- 1.7 (21/1,236) 2.1 (6/290) 1.17 (0.46-2.96) 0.739

employed

Employed, laborer 0.6 (8/1,236) 0.3 (1/290) 0.51 (0.06-4.13) 0.530

Employed, other 7.4 (91/1,236) 7.2 (21/290) 0.95 (0.57-1.58) 0.830

Convicted 0.3 (4/1,236) 0 (0/290) 0.45 (0.02-8.48) 0.597

Other 44.4 (549/1,236) 46.2 (134/290) 1.00 -

Unemployed 1.5 (19/1,236) 1.4 (4/290) 0.86 (0.29-2.58) 0.791

Housewife 27.0 (334/1,236) 26.6 (77/290) 0.94 (0.69-1.29) 0.720

Education 5.7 (70/1,236) 5.9 (17/290) 0.99 (0.57-1.75) 0.986

Secondary education 14.3 (177/1,236) 13.8 (40/290) 0.96 (0.66-1.39) 0.817 - -

Higher than 85.7 (1,059/1,236) 86.2 (250/290) 1.00 1.00

secondary education

Marital status

Married 83.2 (1,028/1,236) 82.4 (239/1,236) 0.95 (0.68-1.33) 0.757 - -

Not married 16.8 (208/1,236) 17.6 (51/1,236) 1.00

BMI (kg/m?): Obesity 5.3 (66/1,236) 9.3 (27/290) 1.82 (1.14-2.90) 0.012 1.81 (1.12-2.91) 0.015

Type 1 or Type 2 2.8 (34/1,236) 5.22 (15/290) 1.93 (1.04-3.59) 0.038 - -

Diabetes

Arterial Hypertension 3.3 (41/1,236) 5.22 (15/290) 1.59 (0.87-2.91) 0.134 - -

Hypothyroidism 1.7 (21/1,236) 1.7 (5/290) 1.02 (0.38-2.72) 0.976 - -

Deficiency anemia 25.1 (310/1,236) 24.8 (72/290) 0.99 (0.73-1.32) 0.929 - -

Allergies 4.1 (51/1,236) 5.9 (17/290) 1.45 (0.82-2.54) 0.200 - -

Pre-pregnancy health 87.2 (1,078/1,236) 86.6 (251/290) 0.94 (0.65-1.37) 0.761 - -

msurance

Parity

Primiparous 59.8 (739/1,236) 62.1 (180/290) 1.10 (0.85-1.43) 0.475 - -

Multiparous 40.2 (497/1,236) 37.9 (110/290) 1.00 -

History of SA 7.3 (90/1,236) 11.0 (32/290) 1.58 (1.03-2.42) 0.035 1.57 (1.01-2.43) 0.043

Preconception Care 63.6 (786/1,236) 49.7 (144/290) 0.57 (0.44-0.73) 0.001 0.58 (0.45-0.75) 0.001

BMI, body mass index; SA, spontaneous abortion; OR, odds ratio; CI, confidence interval. The univariable analysis included all variables from Table 2. The multivariable analysis included

only variables retained in the final adjusted model; “-” indicates that the variable was not included. The outcome is coded as SA =1.

research (33-35). The decline in reproductive potential in older
women may be attributed to reduced oocyte quality, changes in
the endometrium, and altered progesterone levels (36). Although
age is a non-modifiable risk factor at the individual level,
especially in cases of unintended pregnancies, it can be
considered a modifiable risk factor at the population level.
Including this factor in risk assessments can help prevent
underestimating the risk of miscarriage in this population.

Frontiers in Global Women's Health

Furthermore, a strong negative impact of high BMI on
pregnancy outcomes was observed [[OR]=1.81, 95%
[CI] = 1.12-2.91]. The risk of SA among women with obesity in
our study aligns with findings from previous studies (37, 38).
Possible mechanisms include poor endometrial receptivity, a
pro-inflammatory state caused by cytokines, hormonal
imbalances, or impaired blood supply to the endometrium and
placenta (39-41). Further research is needed to confirm these
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Univariable analysis — all criteria OR (95% Cl) p-value
Age of the woman (years): >35} —— 1.94 (1.44-2.62) 0.001
Ethnicity: Kazakh b e fp— 1.14 (0.75-1.72) 0.541
Ethnicity: Russian —_— 1.19 (0.78-1.81) 0.423
Residency: Urban - —— — 1.23 (0.89-1.68) 0.201
Social status: Employed, civil servant —_— 0.99(0.57-1.75)  0.986
Social status: Employed, public sector worker - —_— 0.85 (0.50-1.44) 0.536
Social status: Employed, private sector worker - 2 0.94 (0.47-1.86) 0.856
Social status: Employed, self-employed - <> 1.17 (0.46-2.96) 0.739
Social status: Employed, laborer <r 0.51 (0.06-4.13) 0.530
Social status: Employed, other —_—l 0.95 (0.57-1.58) 0.830
Social status: Convicted o 0.45 (0.02-8.48) 0.597
Social status: Unemployed b & 0.86 (0.29-2.58) 0.791
Social status: Housewife - —— 0.94 (0.69-1.29) 0.720
Education: Secondary education —i.— 0.96 (0.66-1.39) 0.817
Marita! status: Married - —I:— 0.95 (0.68-1.33) 0.757
BMI (kg/m?): Obesity —_— 1.82 (1.14-2.90) 0.012
Type 1 or Type 2 Diabetes § e — 1.93(1.04-3.59) 0.038
Arterial Hypertension —_— 1.59 (0.87-2.91) 0.134
Hypothyroidism b # 1.02 (0.38-2.72) 0.976
Deficiency anemiat —.:— 0.99 (0.73-1.32) 0.929
Allergies ——— 1.45 (0.82-2.54) 0.200
Pre-pregnancy health insuronce - —— 0.94 (0.65-1.37) 0.761
Parity: Primiparous —t— 1.10 (0.85-1.43) 0.475
History of SA e e—— 1.58 (1.03-2.42) 0.035
Preconception Care —— 0.57 (0.44-0.73) 0.001
0.125 0.‘25 OTS 1.0 5 -; é
Multivariable analysis — final model OR (95% CI) p-value
Age of the woman (years): >35 —_— 2.02 (1.49-2.75) 0.001
BMI (kg/m?): Obesity e s 1.81 (1.12-2.91) 0.015
History of SA Sl eem—— 1.57 (1.01-2.43) 0.043
Preconception Care —— 0.58 (0.45-0.75) 0.001
0.125 0.‘25 OTS 1.0 i -; é
Odds Ratio (log scale)
FIGURE 2
Risk factors for spontaneous abortion in the first trimester: univariate analysis and multivariate analysis (final adjusted model): age over 35 years,
obesity, history of spontaneous abortion, and preconception care. Points represent odds ratios (OR) with 95% confidence intervals (Cl); the
vertical dashed line indicates OR=1 (no effect). The ROC-AUC, presented in the "Results” section, is calculated based on the predicted
probabilities of the final adjusted model. The outcome is coded as SA=1.

theories. Early weight loss interventions may reduce the risk of SA
in obese patients. Public health policies targeting obesity
prevention can significantly improve women’s reproductive
outcomes (42). Such interventions should adopt a multisectoral
structural, economic, and

approach social,

environmental factors. Raising awareness among women about

addressing

the importance of lifestyle changes and modifiable risk factors is
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necessary for reducing the overall risk of SA and other adverse
maternal and infant health outcomes (12, 43-45).

We also found that women with a history of SA had an
SA [[OR]=157, 95%
[CI] =1.01-2.43], consistent with prior research indicating a

increased risk of first-trimester

significantly higher risk in this group (33). While previous
pregnancy loss is a non-modifiable factor, including it in risk
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assessments can prevent underestimating the risk in
these populations.

An important finding of our study was that women who
received preconception care had a lower risk of first-trimester
SA [[OR] =0.58, 95% [CI] =0.45-0.75] compared to those who
did not This

conclusion improves

receive preconception care. reinforces the
that

outcomes (46). The preconception period offers a critical

preconception  care pregnancy
window for intervention, empowering women at higher risk of
SA to address modifiable risk factors before conception (47).
Potential mechanisms for reducing the risk of early pregnancy
loss include optimizing chronic disease management, correcting
nutritional deficiencies, normalizing weight, reducing harmful
exposures, preventing infections, and taking folic acid, which
aligns with meta-analysis findings (18, 48). These all highlight
the need for national initiatives to improve the health of women
of childbearing age before planned pregnancies. In Kazakhstan,
the importance of preconception care has been recognized with
the implementation of a new clinical protocol in 2,023,
providing comprehensive guidelines for healthcare providers to
ensure its effective delivery (49). This protocol emphasizes the
screening for chronic diseases, nutritional deficiencies, lifestyle
modifications, vaccination, psychosocial support, counseling, and
education to prepare couples for the emotional and physical
challenges of pregnancy and parenthood.

The primary strength of this study is that, to the best of our
knowledge, it is the first to investigate preconception care as a
factor influencing first-trimester SA in women in Kazakhstan.
Similar studies have been conducted in high-income countries
with advanced healthcare systems, such as the United States and
the United Kingdom, focusing on risk factors for early
pregnancy loss and the broader implications of miscarriage (50,
51). Our study, conducted in Kazakhstan, applies to other
Central Asian countries due to similar healthcare systems and
their classification as middle-income economies. The analysis
included a large sample of 1,526 women, which strengthens the
statistical power and reliability of the results. These findings
guide clinical counseling on spontaneous abortion risks and the
public health benefits of preconception care. The study shows
that preconception care protects against early pregnancy loss,
providing clear support for clinical practice and public health
efforts to improve pregnancy outcomes. This makes the results
relevant for shaping policies and allocating resources.
Integrating preconception care into routine health services,
especially in low- and middle-income countries with limited
access to such interventions, addresses modifiable risk factors
like obesity and advanced maternal age. Such efforts improve
maternal and neonatal health, lower healthcare costs, and
promote health equity.

In addition to the factors identified in our analysis, long-term
changes in the reproductive system, including hormonal
disturbances, may also influence pregnancy outcomes. Emerging
data suggest that some of these changes may be associated with
prior COVID-19 infection, potentially affecting menstrual cycle
regularity, ovulatory function, and endometrial receptivity

(52-54). Although the clinical significance of these observations
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requires further clarification, including such variables in future

studies will enhance wunderstanding of the mechanisms
underlying adverse pregnancy outcomes and support the
development of more precise preventive strategies.

From a public health perspective, the study has several
limitations. First, selection bias is possible: the data were
obtained from a single regional hospital with two perinatal
centers that admit medium- and high-risk patients, and records
with incomplete data were excluded. Second, information bias is
possible: data and outcomes were extracted from an electronic
medical database, and several covariates were missing, such as
income, smoking, alcohol wuse, gestational age, antenatal
complications, use of assisted reproductive technologies, or male
factors (55, 56). Third, residual bias remains, since assignment
to preconception care was not randomized, and exclusion of
records with missing data may introduce selection bias if
missingness is related to both exposure and outcome. The study
period coincided with COVID-19 waves, which could have
affected access to care, health-seeking behavior, and the
structure of recorded cases. The moderate discriminative ability
of the model (ROC-AUC =0.62) suggests that the results are
most useful for assessing associations and planning prevention
at the population level rather than for individual risk prediction.
In addition, binary dichotomization of the outcome does not
capture the severity of perinatal outcomes among live births and
excludes late fetal or neonatal deaths. Future research should
apply composite or ordinal perinatal endpoints. Finally, the
reliance on retrospective data from medical records may
underestimate the true prevalence of risk factors, particularly for
socially sensitive or less commonly documented variables such

as lifestyle behaviors or preconception care practices.

5 Conclusion

In our study, we evaluated associations between candidate
factors and spontaneous abortion in the first trimester. Age >35
years, obesity, and a history of spontaneous abortion were
associated with higher odds of early pregnancy loss, whereas
preconception care was associated with lower odds. These
findings expand the understanding of preventive measures taken
before pregnancy in relation to adverse outcomes in the first
trimester. In clinical practice, they may support risk stratification
and counseling of women who could benefit from targeted
preventive or therapeutic interventions before conception. From
a public health perspective, the observed association with
preconception care should be interpreted as associative rather
than causal, and further prospective studies are needed before
about its and

drawing conclusions impact on maternal

neonatal outcomes.
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