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Influence of spousal educational
disparities on intimate partner
violence (IPV) against pregnant
women: a study of 30 countries
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Intimate Partner Violence (IPV) during pregnancy poses a serious threat to maternal health,
particularly in low- and lower-middle-income countries (LMICs). Despite these known risks, the role of
spousal educational differences in IPV during pregnancy remains poorly understood. This study aimed
to examine this influence, analyzing data from multiple countries across five continents. This study
utilized data from Demographic and Health Surveys (DHS) focusing on lower and LMIC countries.

DHS employs two-stage sampling to gather comprehensive health data. Thirty countries from five
regions were selected. Covariates like husband’s age, residence, wealth, education, husband’s working
status, husband’s education, and spousal educational gap were considered. Cross-sectional survey
design was considered. Chi-square test was done to find the association between IPV and covariates.
Binary logistic regression was used to assess whether the independent variable is related to spousal
educational disparity and other covariates of IPV during pregnancy. Out of 152,643 (weighted)
pregnant women from all five continents, 8357 (weighted) experienced IPV during pregnancy. IPV

is most prevalent in Papua New Guinea (17.01%; 95% Cl 15.76-18.38%))), while least prevalent in
Cambodia (0.99%; 95% Cl 0.88-1.10%)). Overall, the IPV prevalence was (5.47%; 95% Cl 5.30-5.65%)).
Educational disparity and socioeconomic factors play a significant role in encountering IPV during
pregnancy. This study revealed complex, region-specific effects on violence likelihood, emphasizing
implications for policymakers and practitioners addressing IPV. Education disparity emerged as a
significant factor; lower-educated couples exhibit increased abusive behavior.

Keywords Educational disparities, Intimate partner violence, LMIC, Spousal education, Violence against
pregnant women

Abbreviations

AOR Adjusted odds ratio

CI Confidence interval

DHS Demographic and health surveys
IPV Intimate partner violence

LMIC  Lower middle-income country

PII Personally identifiable information

PTSD Post-traumatic stress disorder

Intimate Partner Violence (IPV) is a significant widespread issue, making an alarming global public health
concern, and affecting countless women worldwide'. IPV is increasing daily and gaining recognition as a serious
threat with significant societal and clinical implications'. It encountered various forms of abuse, including
physical, sexual, emotional, and economic mistreatment, inflicted by a current or former partner. The impact of
IPV can have serious consequences for the health and welfare of women and their children, especially during
pregnancy?®. It can result in several complications like perinatal depression, anxiety, post-traumatic stress
disorder (PTSD), and adverse birth outcomes®. Women who experience IPV during pregnancy are three times
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more likely to exhibit those symptoms compared to those who do not*. Studies indicate that women subjected
to abuse during pregnancy are at a significantly higher risk of delayed or insufficient prenatal care. Women who
experience IPV during pregnancy are twice as likely to either postpone the initiation of prenatal care or miss
appointments entirely, often not seeking care until the third trimester’-°. Additionally, nearly half of the women
facing IPV (45%) miss three or more prenatal visits, compared to (28%) of no-abused women, highlighting the
severe impact of IPV on maternal health®.

Globally, IPV does not discriminate; it affects women across all demographics regardless of age, race, or
socioeconomic status’~ 1. Recent studies further highlight that IPV prevalence varies widely across regions, with
Sub-Saharan Africa and South Asia reporting some of the highest rates due to entrenched cultural norms and
limited access to resources'>!3. This regional variation underscores the need for a contextualized understanding
of IPV risk factors. However, the risks are often heightened in low and lower-middle-income countries (LMICs),
where gender inequality, poverty, and traditional cultural norms may exacerbate the problem!. A study revealed
that in lower-middle-income countries like Bangladesh, 42% of male adolescents justified wife beating, while
in India, 51% supported such behavior'®. In Nepal, 28% of respondents also condoned wife beating, often for
reasons such as the wife leaving the house without permission or refusing to have sex'®. These attitudes are
rooted in deeply entrenched patriarchal systems that normalize male dominance and reinforce the subjugation
of women. Such gender imbalances create environments where women lack agency and protection, perpetuating
cycles of abuse and marginalization. This societal acceptance of violence intensifies the vulnerability of women,
particularly during pregnancy.

Men have allocations to resources and decision-making power in the family'®. A theory called the “feminist
theory” claims that IPV may be caused by an unbalanced allocation of gender power, which can be visible
in a patriarchal society where it is assumed that a man abuses his wife to gain power and control'®. Despite
the well-documented risks of IPV during pregnancy, there remains a lack of understanding about whether
spousal educational disparities influence the likelihood of such violence. Educational disparities can create
power imbalances in relationships, which are often associated with an increased risk of IPV. Studies have shown
that unequal educational levels between partners may lead to conflict, with higher education among women
challenging traditional gender roles, potentially increasing IPV risk in patriarchal societies'>!”. Conversely,
higher education in both partners is often linked to lower IPV risk, as it promotes equitable decision-making
and respect for gender equality'®. These dynamics make spousal educational disparities a critical area of study,
particularly in LMICs, and there has been little exploration into how differing educational levels between
partners may contribute to IPV, particularly during pregnancy—a time when women are most vulnerable. This
gap in the literature forms the central focus of this study.

Therefore, this study aims to fill this gap by evaluating the role of spousal educational disparities in influencing
IPV during pregnancy. This study offers a comprehensive global perspective by analyzing data from 30 countries
across five distinct regions—Sub-Saharan Africa, South/Southeast Asia, Latin America and the Caribbean,
North Africa/West Asia, and Oceania. Importantly, we focus on low and LMICs, where economic and cultural
factors intersect to create complex dynamics around gender, power, and education'®.

Analyzing datasets derived from low and LMIC countries between 2011 and 2023, using the Demographics
and Health Survey (DHS) will enhance our understanding of the covariates associated with IPV during pregnancy
and the role of spousal educational backgrounds in this form of abuse. It is believed that this study is considered
highly important as it provides valuable insights into global patterns and offers practical recommendations for
policymakers and practitioners. It also presents a unique perspective with significant implications for public
health at both national and international levels.

Methodology

Study description

This study utilized secondary datasets from the DHS. The classification of low-income and LMICs was based on
the World BanK’s criteria®® identifying 61 countries of interest initially from the DHS. Upon further analysis of
each country’s database, 30 countries were selected for inclusion as they provided all the relevant data necessary
for this study’s primary focus. The regional country lists were aligned with the World BanKk’ classifications.

Countries included in the study from DHS databases:

Sub-Sahara African Region: Angola 2015-16%!, Benin 2017-18%2, Burundi 2016-17%%, Cameroon 2018%,
Comoros 2012%, Cote d’Ivoire 2011-12%, Ethiopia 2016%, Kenya 202228, Madagascar 20212°, Malawi 2015-16%,
Mali 2018%!, Mauritania 2019-21%2, Mozambique 2011%, Nigeria 2018, Sierra Leone 2019%°, Tanzania 2015-
16%, Togo 2013-14%, Uganda 2016°%, Zambia 2018%, Zimbabwe 2015

South and Southeast Asian Region: Cambodia 2021-22%!, Nepal 2022%2, Pakistan 2017-18, Philippines
20224, Timor-Leste 2016%.

Latin America & Caribbean Region: Haiti 2016-174%, Honduras 2011-12%.

North Africa/West Asia Region: Egypt 2014%, Jordan 2017-18%°, Oceania: Papua New Guinea 2016-18°.

Study design

This study adopts a cross-sectional design. The DHS surveys are globally recognized for collecting comprehensive
and nationally representative data on various health indicators in developing countries. The data collection
process in the DHS surveys follows a two-stage sampling design based on enumeration areas (EAs). The
information systems of the DHS are intentionally overseen according to the parameters set by the EA framework.
This framework guarantees that these systems are in sync with the mission, goals, and objectives of DHS while
prioritizing safeguarding individual personal information (PII) to ensure privacy protection. DHS provides
training to handle identifiable information, privacy regulation, and rights and remedies regarding privacy policy.
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The DHS obtains PII from individuals through direct interaction or communication, called data collection -
interview.

Study participant

DHS gathers data from different health domains, including records for households, Children, men, and women.
This study specifically focused on pregnant women who had experienced IPV during their pregnancy, as
identified in the individual (IR) datasets. To acquire comprehensive results, all data were recoded and cleaned,
any missing values were removed, and only the variables needed for the analysis were kept. A total of 152,643
(weighted) participants were sampled for our analysis.

Variable of interest

The primary outcome variable in this study was the experience of IPV during pregnancy, derived from the DHS
dataset. The analysis included women aged 15-49 who were selected and interviewed as part of the IPV module.
The women who had ever been pregnant were identified based on whether they had given birth, were currently
pregnant, or had experienced a terminated pregnancy, and only those who reported experiencing physical IPV
during their pregnancy were included in the analysis.

To assess IPV during pregnancy, respondents were classified based on whether they had been physically hurt
by their husbands during any pregnancy. The outcome variable was recoded into a binary format: 0 for “Never
experienced” and 1 for “Ever experienced” IPV during pregnancy. This recoding allowed for clear differentiation
between women who had experienced IPV during pregnancy and those who had not.

Covariates

The independent variables husband’s age group was divided into four categories, including 15-29 years, 30-44
years, 45-59 years, and 60 years and above. The residence variable was categorized into rural and urban groups.
Additionally, the wealth index was classified into three categories: middle, poor, and rich. The original wealth
index variable from the DHS had five categories, but due to missing values, the “poorest” and “poorer” categories
were combined into the “poor” group, while the “richer” and “richest” categories were grouped into the “rich”
group, with the middle-class category remaining unchanged. Furthermore, the husband’s education status was
encoded into four categories: no education, primary education, secondary education, and higher education. The
husband’s working status was categorized as working or not working. Furthermore, the spouse’s educational gap
was considered and categorized as follows: Spouse higher educated than the respondent (where the husband’s
years of education were higher than the pregnant woman’s), spouse less educated than the respondent (where
the husband’s years of education were lower than the pregnant woman’s), both highly educated (where the years
of education for both were equal), and both uneducated (neither the husband nor the woman had any formal
education).

Weighting

Survey research often employs a technique called weighting to refine the collected data. This approach aims to
enhance the accuracy of results and boost the reliability of survey estimates. In this manner, this can prevent any
bias and obtain accurate estimates regarding the characteristics of the entire population. It is important to note
that different units of analysis require different types of weights—households, women, men, children, couples—
and the DHS Program employs the weighting class adjustment approach. This approach involves creating
response groups and calculating a response rate within each group to adjust the design weight accordingly.

Data analysis

For data analysis, Stata 17 software was utilized. Given the complex survey design of the DHS dataset, adjustments
were made to account for sampling weights, stratification, and clustering to reduce bias and improve estimate
accuracy. After thoroughly analyzing the DHS dataset, the demographic characteristics of all factors were
summarized for each country. To investigate the association between each covariate and the dependent variable,
a chi-square test was performed for each available country. The proportion of each covariate with the outcome
variable was assessed, and its significance was identified. Chi-square significance was labeled with (V) to indicate
the strength of the significance level.

To adjust for potential confounders and determine the independent effect of each variable on the outcomes
of interest, multivariate logistic regression was employed. All independent variables with a minimum
p-value<0.2 in the chi-square test were included in the multivariate model, ensuring that all relevant variables
were appropriately fitted. Binary logistic regression was used to calculate adjusted odds ratios (AOR) and 95%
confidence intervals (CI). Each odds ratio was assessed for significance, with star (*) values indicating the
strength of significance.

Additional analyses, including multi-collinearity checks and pairwise correlation assessments, were
performed to detect any multi-collinearity among variables, but none was found. The odds ratios, confidence
intervals, and p-values for each covariate were interpreted in relation to the research question. Finally, data and
results were presented using tables to effectively summarize and visualize the key findings.

Results

The study encompassed 152,643 pregnant women across all five continents. Among them, 8357 experienced IPV
during pregnancy. Papua New Guinea, a country in the Oceania region, shows (Fig. 1) the highest percentage
of IPV against pregnant women (17.01%; 95% CI 15.76-18.38%), whereas Cambodia, a country in South and
Southeast Asia, shows the lowest (0.99%; 95% CI 0.88-1.10%). Overall, IPV during pregnancy across the five
continents was (5.47%; 95% CI 5.30-5.65%).
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Prevalence of Experiencing IPV (Intimate Partner Violence) During Pregnancy
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Low & Lower-Middle Income Countries

Fig. 1. Bar chart showing the Prevalence of IPV during pregnancy among Low and LMIC countries.

Demographic factors influencing IPV in pregnant women

In Table 1, detailed demographic characteristics of individuals from low- and LMIC countries were presented.
However, in Table 2, demographic factors, particularly the husband’s age group and residence exhibited strong
associations with the risk of IPV during pregnancy across various regions. In sub-Saharan Africa, older husband
age (45-59 years) was associated with a lower likelihood of IPV in Cote d’Ivoire (AOR: 0.41, CI 0.22-0.76,
P<0.001), Tanzania (AOR: 0.62, CI 0.44-0.88, P<0.001), and Togo (AOR: 0.63, CI 0.42-0.96, P<0.05),
suggesting potential protective factors linked to emotional maturity or changing dynamics with age. However,
in Ethiopia and Malawi, an opposing trend was observed, with a higher IPV risk in the same age group (AOR:
2.85, CI 1.10-7.34, P<0.05) and (AOR: 1.96, CI 1.10-5.51, P<0.05). Regarding residence, urban areas were
associated with a higher risk of IPV in Angola (AOR: 2.47, CI 1.58-3.86, P<0.05), Burundi (AOR: 1.42, CI
1.01-2.01, P<0.05) and Malawi (AOR: 2.09, CI 1.20-3.67, P<0.001), compared to rural areas.

In the Latin American region, specifically in Honduras, husbands aged 60 years and above were associated
with a higher risk of IPV (AOR: 1.75, CI 1.07-2.86, P<0.05), with urban residents also showing a slightly
elevated IPV risk compared to rural residents (AOR: 1.72, CI 1.35-2.20, P<0.001). In North Africa and West
Asia, the age group 45-59 years was observed to have a lower risk of IPV in Egypt (AOR: 0.51, CI 0.35-0.75,
P<0.001), aligning with trends in sub-Saharan Africa for the 45-59 age group. Residence did not significantly
influence IPV risk in this region. In South and Southeast Asia and Oceania, neither age nor residence showed a
significant association with IPV.

Socioeconomic factors

Socioeconomic factors also played a substantial role in influencing IPV victimization across regions. In sub-
Saharan Africa, women from rich households had a lower risk of experiencing IPV compared to those from
middle-income households in Angola (AOR: 0.56, CI 0.36-0.85, P<0.01), Sierra Leone (AOR: 0.52, CI 0.31-
0.87, P<0.05), and Tanzania (AOR: 0.60, CI 0.42-0.87, P<0.001). However, in Mozambique (AOR: 1.81, CI
1.08-3.01, P<0.05) and Zambia (AOR: 1.83, CI: 1.18-2.82, P<0.001), the “rich” category faced a higher risk
of IPV compared to the “middle” class. Additionally, individuals in the “poor” category were more likely to
experience IPV in Malawi (AOR: 2.08, CI 1.13-3.81, P<0.05), Uganda (AOR: 1.58, CI 1.24-2.01, P<0.001), and
Zambia (AOR: 1.68, CI 1.16-2.43, P<0.001). In Togo, working husbands were less likely to continue IPV during
pregnancy (AOR: 0.39, CI 0.18-0.85, P<0.05).

In South and Southeast Asia, the wealth index similarly influenced IPV victimization risk. In Nepal, women
in the ‘rich’ category had a lower risk of experiencing IPV (AOR: 0.49, CI 0.28-0.84, P<0.001) compared to
those in the ‘middle’ class. Additionally, Working husbands had a lower likelihood of continuing IPV during
pregnancy compared to the period before pregnancy (AOR: 0.34, CI 0.15-0.74, P<0.001). In Latin America and
the Caribbean, wealth also reduced IPV risk. For example, in Honduras, the “rich” category had a lower risk of
IPV (AOR: 0.65, CI10.50-0.84, P<0.001). In North African and West Asian contexts, working husbands in Jordan
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had a lower likelihood of perpetrating IPV during pregnancy (AOR: 0.44, CI 0.20-0.98, P<0.05) compared to
non-working husbands. No significant associations were observed in Oceania for wealth or working status.

Husband'’s educational status

Education was another key determinant. In sub-Saharan Africa, spouses with primary education were at greater
risk of IPV in Cameroon (AOR: 2.98, CI 1.20-7.41, P<0.05) and Cote d’Ivoire (AOR: 2.58, CI 1.17-5.67,
P<0.05). Secondary education, however, displayed mixed results, with reduced odds of IPV in Burundi (AOR:
0.40, CI 0.22-0.74, P<0.001) and increased odds in Cameroon (AOR: 3.18, CI 1.23-8.22, P<0.05) and Cbote
d’Ivoire (AOR: 2.44, CI 1.05-5.67, P<0.05). Higher education was associated with a lower likelihood of IPV
in Kenya (AOR: 0.37, CI 0.17-0.85, P<0.05) and Zimbabwe (AOR: 0.21, CI 0.05-0.80, P<0.05). In South and
Southeast Asia, secondary education was linked to decreased odds of IPV in Nepal (AOR: 0.25, CI 0.11-0.56,
P<0.01). In Latin America and the Caribbean, higher education reduced IPV risk in Honduras (AOR: 0.32, CI
0.14-0.72, P<0.001). In North Africa and West Asia, secondary and higher education both reduced IPV risk
in Egypt (AOR: 0.45, CI 0.23-0.86, P<0.05; AOR: 0.18, CI 0.08-0.39, P<0.001), with a similar trend in Jordan
(AOR: 0.13, CI 0.02-0.93, P<0.05). No significant findings were seen for Oceania.

Spousal education disparity

Spousal education disparity also revealed varying effects on IPV risk during pregnancy. In sub-Saharan Africa,
Mali showed lower odds of IPV when the spouse was more educated than the respondent (AOR: 0.39, CI 0.16-
0.97, P<0.05). In Latin America and the Caribbean, Honduras displayed an altered trend, with reduced IPV
risk when the spouse was less educated (AOR: 0.56, CI 0.34-0.92, P<0.05) and when both spouses were highly
educated (AOR: 0.47, CI 0.27-0.82, P<0.001). The peculiar trend was observed in Oceania, represented by
Papua New Guinea. A less educated spouse increased IPV risk (AOR: 3.12, CI 1.58-6.14, P<0.001), as did both
spouses being highly educated (AOR: 2.58, CI 1.14-5.85, P<0.05) or the spouse being more educated (AOR:
2.89, CI 1.25-6.69, P<0.05). No significant findings were found for South and Southeast Asia, North Africa, or
West Asia.

Discussion

The findings of this study emphasize the significant influence of spousal educational disparities on IPV during
pregnancy, shedding light on an often-overlooked factor in IPV research. While much of the existing literature
on IPV has focused only on socioeconomic status, education, age, etc., this study introduces new insights by
highlighting how disparities in education between partners can either exacerbate or mitigate IPV. Understanding
these dynamics is crucial for developing targeted interventions to reduce IPV, particularly in low- and LMICs
where gender norms and socio-economic pressures often intersect with education-related power imbalances'*.

One of the key findings was that spousal educational disparity had varying impacts across regions. Recent
studies indicated that spousal educational disparities influence IPV prevalence variably across different regions.
For instance, in Sub-Saharan Africa, women with lower education levels than their spouses face a higher risk of
IPV, whereas, in South Asia, women with higher education levels than their partners may experience increased
IPV due to challenges to traditional gender roles®’. In countries like Mali and Honduras, where the spouse was
more educated than the respondent, the odds of IPV were significantly lower. This suggests that when the more
educated spouse—often the husband—holds a higher level of education, it may foster better communication,
reduce conflict, and contribute to more equitable relationship dynamics. These findings are consistent with other
studies that link higher education with greater respect for women’ rights and a lower tolerance for gender-based
violence®2. However, in contrast, countries like Papua New Guinea demonstrated increased IPV risk when the
spouse was more educated or when both partners were highly educated, suggesting that in certain cultural
contexts, educational advancement may disrupt traditional gender roles and lead to conflict. This pattern
mirrors research from other patriarchal societies, where shifts in power dynamics can create friction within
relationships, resulting in heightened violence!”%.

Beyond educational disparities, the study also found that broader educational attainment—whether at the
primary, secondary, or higher level—played a pivotal role in determining IPV risk. In sub-Saharan Africa,
primary education was linked to higher IPV risk, especially in countries like Cameroon and Cote d’Ivoire.
This finding aligns with global research suggesting that while primary education provides some benefits, it
may not be sufficient to challenge entrenched gender norms or to empower women to assert themselves within
relationships!®**. In contrast, secondary and higher education had a protective effect, as seen in countries like
Kenya, Zimbabwe, and Honduras, where higher education among husbands and wives was associated with
lower IPV risk. These results reinforce the idea that education plays a critical role in shifting gender norms and
promoting more equitable relationships, thereby reducing the likelihood of violence®.

In addition to educational factors, the study also explored the influence of demographic and socio-economic
factors on IPV during pregnancy. Age was a significant determinant in sub-Saharan Africa, where older husbands
(aged 45-59) were associated with lower IPV risk, particularly in countries like Tanzania and Cote d’Ivoire. This
trend reflects the broader literature on age and IPV, which suggests that older men may exhibit more mature
behavior and have greater emotional stability, leading to lower levels of aggression®-%*. However, the contrasting
findings in countries like Ethiopia and Malawi, where older husbands posed a higher risk of IPV, suggest that
the role of age may be mediated by other factors, such as economic hardship or cultural pressures, which can
exacerbate violence.

The role of residence—urban versus rural—also yielded important insights. Literature indicated that higher
IPV rates are mainly associated with rural areas. However, this study found that urban residence in countries like
Angola and Malawi was linked to an increased risk of IPV>!. This could be attributed to the stresses of urban
living, including financial insecurity, social pressures, and overcrowding, which may strain relationships and

Scientific Reports |

(2025) 15:2022 | https://doi.org/10.1038/s41598-024-84867-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A | (sTen) st REN (¥€°50) 1S REN (£s°61) OT1 REN (68°L1) 1T P (Lene SPPIN
L8'8=7X LL€=X ArnIT2T=X 61T=¢X 1S7=:X Xapur yi[eapm
panunuo)
»L9E-0TT | 60CT| (8V'€T)8% | €1T-96'0 A (€0C0) €7 | SST-780| €I'T (€£°T€) ¥81 | 60°€-8%0 0T'1 (81°T1) TI 7e-2L0| T1€T1| (TUSP) L0T BIIE UBQI)
194 | (z5'9L) 8S1 9| (L6'LL)8sT RN (LT'L9) 6LE RN (28'88) 201 194 | (887S) O€T BOIR [RINYy
ALLOT=7X ASTS=:X I€L=¢X T6°0=¢X 1T€=¢X 2UIPISIY
99T¥I'0| 090| (88°€)8 %ﬁmﬂ (000) 0| 86T-£60| 0L (10%) €T | 66'T-ST0 L9°0 F19)L| T€T1-6T0| 790 (06'9) ¥1 2A0qe pue 09
KIS€E-0T'T| 96T | (1981)8€| ¥I'T-0%0 890 (€9°€1) 9T | L¥VI-1L0| 20T (S6'61) TIT | «¥€L-0T'T S8 (0£°0€) S€ | xxs9L°0-TT0 | T¥0 (L€91) 6€ 65-S¥
0ST-T0'T | 6ST[(90£S)8TT| 8€T-19°0 060 (08'8%) 66 | 08'1-€6'0 | 6T1T (15°09) 1€ | ¥6'¢-¥L°0 LT (16'2S) 09 80'T-TH0 | 890 | (SLLS)LET ¥H-0¢
P9 | (8€00) T BEN (LsLg) 9L REN (Ts°ST1) L8 REX| (Tror) ¢t BEN (L6'61) LV 67-S1
98'6=7X AES0T=2X 9L'6=¢X CEFI =X FAVAED'¢ dno1D a8y spueqsny
ID %S6 | YOV (%) N 1D %S6 | dOV (%) N 1D %S6 | YOV (BN | ID%S6 A0V (%) N ID %S6 | YOV (%) N sonsuIa)dRIRYD)
IMe[e]N uNOwﬁwNﬂ@E AU ﬁmﬂOmam AIIOAL P 910D
ey eIeyes-qng
0SF-12°0| 92T | (0091)8| €L1-TC0| 190| (66'81)6€ ST0-700 | 90°T (91°2) 17 | 08°€-8T°0 €0'T (eL8) 11 90°¢-91°0 | 690 (60°6) ¥T payeonpa Aysry a1e yiog
S0s%z0 | TUT| (00%2) Tl | 0I'C-€€0| €80| (ST'92) €S SST-8L0| TITT (00°€27) 921 | T9°€-9L°0 99'T (£8S1)0T| THT-€T0| ¥L0| (67°€1)9¢ | Iuopuodsar ueyy pajeonpa 1amof asnodg
6T1-¥€0| 07T | (008€) 61| ¥TI-ST'0| €¥'0| (I80V)€8 95C-L60 | LS'T (€9°0%) €T | €TT-0€°0 780 (Fe8€)6¥ | 06T-0TO| £L0| (95769) pL1 | Juapuodsar ueyy pajeonpa 1aysry asnods
14 | (00TT) 11 9| (S0¥%1) 62 RN (17°67) 191 EEX (€6'5€) 9% Pa| (8T STE pajeonpaun axe yiog
TL0=¢X 6TL=¢X L8F=¢X €9°L=¢7X SI'T=:X deg uoneonpa asnodg
TUe-9€0 | TO'T| (IVL6) 6% | LS'S-8€0| 9¥'1| (€1°L6)€0T S8I-79°0 | 60°T (2T'96) 0€S S[qe[reae JON (001) 92T | 9¢C-280 | 6€1| (CI'T6) ¥¥e Sunjrom
4 (650 T REN L8209 REN (8L°¢) 1T REX! (000) 0 P4 (88°2) 1T SunjIom 10N
LT0=7X LE0=7X W0=.X L0T=¢X W01=.X SIS JIOM SPueqsny
20T-200 | 91°0| (0091)8| 606-060| 98T (£99) ¥1 I#'0-100 | SO0 (€9°'1) 6 | 18'%-8T°0 8I'1 (z89) 9 18'7-ST0| $90 (08%) €1 Toysiy
SHT-910 | ¥9°0 | (00CT) T | «2T8-€TT| 8T'E| (IS9€)SL| +xxPL0-TTO| 0F0 (9€'S) 0€ | 1T°5-€9°0 08'1 (LT¥D) st | TTe-STo| 680 (60°9%) Tl Arepuodag
1€°€-C10 | S9°0| (S€92) €1 | «I¥'L-0TT | 86T| (TI0¥) T8 ETT-87°0 | ¥L°0 (€8°05) 08T | €97—LL0 68'T (LrTe) 1% | 16€-9€0| SU'T| (F0°SE) €6 Areurtig
124 | (S9°5€) 81 9| (6991) € BEN (orzy) Tee REN| (66°€¥) 95 Pa| (L0pT) L uonedInps oN
=X 678=¢X Aal991 =X 9¢'6 =X 9'S=¢X uoneINpy Spueqsny
09'9-790 | €0°T| (Zeeh) T | PIT-THO| 690| (S9'1€)S9 Tr1-650| 180 (S6'LT) ¥ST | ¥TT-€¥70 €L0 (€S°SE) TP | «xS80-9€0| 950 | (L81€)S8 yory
16°€-69°0 | TST| (L9TH) 1T | €ST-¥S0| 160| (6TSH)€6 0¥ I-¥80| 60T (09°05) 647 | 0F'1-€5°0 L8°0 (69°£€) 8% |  68'1-690| ¥I'T| (€0°0%) 90T I00g4
| (107D £ | (90°€T) L REN (¥¥'12) 811 14 (8£/97) ¥¢€ Pa| (1187 sL AIPPIN
€6 T=¢X 86F=:X AF00T=:X 95°€=7X AP ET=:X Xapur yIEaM
€re-TL0| 85T | (LSLE)6l | TTI-SHO| $L0| (IUTH)¥8| «10T-10T| THT (€5°4) 1% | 8L:0-0€°0 87°0 (90°57) 1€ | «98°€-85°T | LFT| (8€69) ¥81 BaIE URQIN)
10| (e9'29) 1€ Jd | (68'89) 0TI REN (L¥'26) 01§ RER (¥6'7L) S6 Pa| (zo0g) 18 BaIR [RINY
TI=X TSF=X LT0=¢X AalETT=X 66F7=:X 90UIPISIY
9F'L-ST0| 6€T| (C6T1)9| 81T-TSO| 90T (¢6'9) T1 I€T-€€0| $9°0 (8T ¥1 | 8T°€-¥1°0 0,0 (#€9)8| 66870 8€T (9sp) Tt SA0QE PUE (9
0T'T-60'0 | 1€0| (0001)S| 0L1-290| €01 | (0T°CT)S¥ 89'1-68°0 | CTT (S8°027) Y11 | ¥1°C-99°0 611 (ST81)€T| OTI-PFO| €£0| (OV'ID)0€ 65-S¥
61'T-07'0 | ¥6'0| (00'8S) 6T | 8ST-69°0| TO'T| (€6'SS)¥IT W1-¥80| 10T (€8'2S) 16T | T1°T-€L°0 ¥l WTLs)eL | 951-6L0| IUT| (I671S) LET ¥H-0¢
Jod | (o€61) 01 | (g6°ST) €€ REN (S0¥2) €T REN (86°L1) €T Pa| (T8T1E) ¥8 6C-S1
$9'5=:X ST0=¢X 0F=¢X PST=.X 90'5=¢X dnoin 23y spueqsny
1D %S6 | YOV (%) N ID %S6 | YOV (%) N ID %S6 | YOV (BN | IO%S6 A0V (%) N 1D %S6 | YOV (%) N sanspIdpRIRyD)
solowo) uooxdure) puning urg ﬁ—owa—e«
eIV eieyes-qng

nature portfolio

| https://doi.org/10.1038/s41598-024-84867-2

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

| (0sL0) TS RER (€1°02) 08 REN (zLLn)ieg REN (55'62) 9 REN (18°07) 8¢ AIPPIN

20ETT=7X 6€T=¢X Aa889T =X EI'S=:X L§0=¢X X9pUl yi[esm

6€1-250 | S80| (THST)8Y YT1-L90| 160 | (0€9%) ¥81 86'1-08°0 9T'1 (65°2£)99 |  ¥8T1-TTO ¥9°0 (0¥€0) S €TT-9€0 | £90 (1%'%1) 92 voIR URqIN)
a0 | (85F7L) THT 0| (0L€s) €1e REN (1%°29) 601 REN (0992) 91 REN (65°58) 651 BIIE [RINY

2S8'6=7X 00'0=¢X AalL6=2X 28E°€=:X €8'1=,X 90UIPISIY

LLT-0F0 | ¥8°0 (88°9) 11 LOT-€€0 | 650 (9¢%) L1 €5°T-0€0 L8°0 (87'0)S| 8L%-700 €€°0 (cTe)T S0T-0¥0 | 060 (0g'9) 1 2A0qE pUE (9
SSI-8¥°0 | 980 | (6¥C0)TH 6I'T-€50 | 180 (16'57) €01 €TI-¥€°0 590 (€9€1) €T | TTS-IT0 LLO (11ee) L 80C-TS0 | SO'T (L0°22) 0¥ 65-S¥
HT-T80 | IFT| (€6'8S) IIT ¥T1-95°0 | ¥80| (¥0°LS)9TT 8S'1-€L°0 L0T (SV'¥S)S6 |  0TS-TI'0 080 (T¥'ss) 11 S6T-€80| 95T (56°09) €11 ¥h-0¢

P (oLen)ve REN (69T1) 05 REN (¥¥'60) 1S REX ((£49K4 REN (£9°01) 0T 6C-S1

9¢'6=:X 60°L=:X 9F%=¢X 86°0=¢X 659=¢X dnorp a3y spueqsny

8€T-0C0 | 690 | (60'8)L1| 90€-161 L0'T (6921)9T | ¥6'1-2F0| 060 (€5°€) L1 | €6'L-LTO 17T (682) 6 wI-¢ro| 10 (06'7) L pareonps A[ysty axe yrog
¥9°€-650 | 9FT| (L09T)¥S| TEE-09T 6¥'C (9T'TY) S8 | 9€T-850 | LI'T (86'97) TST | S9'€-€¥'0 9T'1 (66°€1) 91 L6'T-SS0| F¥0'T (zs'61) 9% | judspuodsar ueyy pajeonpa 1amof asnodg
TLE-LYO | TET [ (09T9) 6T1 | S9L-SE€ LS (08'6€) 08 | ¥EE¥LO| LST (ST'SP) ¥ST | 81'L-T€0 191 (61°22) 1€ STTI-0T0| 0S0| (0F°0F) 96| 3Iudpuodsar ueyy pajeonpa 1oysiy asnodg

RS (sTe) L REN (L6'7) 01 4 (€5°¢) 61 RS (S¥°05) 85 REN (81L€) 88 parednpaun are yjog
87'S=:X AAOLTT=X ASLT=X SLe=X $00T=,X de3 uoneonpa asnodg

€TT-¥90| 0T |(ST'€6) T6T | 80°T-8T0 9,0| (90°86) ¥61 | ¥1CT-860| S¥'T (87°€6) 975 | 8S€-€T'0 690 (S¥°68) 201 10T-210 | s€0| (0£°S6) LT Sunom

| (s89)¥T REN | ¥61) L RER (259) L€ RER (sTor) Tt REN (0¢p) 01 Bunjrom 10N
89'0=;X 81°0=7X 88'1=;X YTT=¢X ASTTT=:X SIS YIOM SPUBqSNH

8V'€-LT0| 960| (98%)0T| 0L€-TH0 ¥l (29€) L | «S80-L10 | LEO (0T'8) 9% | L9°0-T0°0 110 (zL:8) 01 LOF-8E0 | STT (90°€) 8 1ySH
PIE-9F0 | 61T | (20'62) 09| 0T€-0L0 6V'1 | (8TOP)I8| 1TT-TS0| LO1 (81'%€) T6T | 86'1-L0°0 8€°0 (€99)9 | +£96-S0'T| ¥ | (0STT) €S Arepuodag
Tre-09'0 | 9€'T [ (¥1'8S) 0TI | €1T-650 It (€S9%)¥6 | 96'T-TL0| 9¥'1 (S5'7S) 967 | €T'T-€T0 €50 (L6'T€)8E |  «L9S-LT'T| 85T (6€'67) 69 Arewnag

| (864)91 REN | (95°6) 61 REN (£0°5) 6T REN (€92S) 09 Ja | (S0°sy) LoT uonesnpa oN
61 T=¢X AAEOFT =X Iaa888L=7X 6LL=7X 9911 =,X uonednpy spueqsny

96'T-6L'0 | €ST| (ELTP)98| 60 T-LV0 120 06'17) ¥8 | 6T1-€90| 060 (TL's€) 10T | 10°€-9%°0 8I'1 (v0€e) L€ L6T-690 | LI'T (Trov) s6 yorg
«I8E-ETT| 80T | (CO9V)S6 | LET-LSO 880 (LL'T€) 99| SST1-680| 8I'T (IL%¥) TST | €0'€-19°0 LET (L0°6¥) 95 €TC-790| LIT| (L1TP) 00T 1004

nature portfolio

//doi.org/10.1038/s41598-024-84867-2

| https

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

9EF =X P6=:X Ai8LEL= X €8'¢=:X A8 LS =X Xopul (I[EIM,

T81-0S0 | 960| (IT°0€)99| 6V 1-690| 10T | (T€6E)¥TL SET-€L0| 660 (¥S'ST) €6 | 99°T-0L°0 9¢'1 (16'5€) 811 9I'T-950 | 180 (81°81) 06 B3R UBQIN)
194 | (68'69) TST A | (89°09) 6T EEN| (9%°%8) 805 FENS (60%9) 01T 7y (¢8°18) €0¥ BaTe [eImy

LUT=:X 000=;X AALIST =X W= AAAOETE=X 20UIPISIY

0F'1-9T0 | 870 (1€ S| LeT-¥T0| SLO (170 L 9I'T-670 | 850 Or1) 6| ¥0'1-0€°0 950 (06°¢) €1 98'1-790 | LO'T (08'%) ¥T 2A0qe pue 09
ITT-0F0 | £90| (9981) ¥ | LOT-THO| £L90| (LO°IT)S€ €9T-€6'0 | €TT (8€°61) 91T | x96'0-T¥'0 €90 (E1°07) 99 | »xx88°0-¥%0 | 790 (LOoLT) ¥8 65-S¥
160-2F0 | 790 | (I86¥) 80T | 96'T-€8°0| 8TT| (£L679) 661 TST-L60 | TITT (9%°2S) ST€ | ¥TT1-€9°0 88°0 (80°£5) £81 TrT-690 | S8°0 (26°15) 95T PH-0€
0| (2T67) ¥9 PA| (8L€T)SL 8Le0)sL| 39 (0£92) 091 REX (88'81) 79 REN (12°92) 621 62-S1

ACS0T=¢X AETET=0X $9'6=7X €79=¢X AT6€1=;X | dnorn a8y spueqsny

L09-TF0 | 65T (€77) 8 L0T-TE0 | 6L0 (€8%7) 86 9T€-LED oT'T (£€°6) 91 d[qe[reae JON (000) 0 PLTI-STO| TS0 (€T9) 8 pareanpa A[ySry are yrog
. . . . . . . . . . . . . . . . . . . . juspuodsar
CL1-850 | 660 | (LEET)ST| SLTTSO| ITT (s5°91) 99 STT-0V'0 S6'0 (SO¥P1)ST|  S9P-¥8'T 0TS (8L:s9) Tt V8I-190| 60T (88'81) ST uey payeonpa amo] asnodg
. . . . . . . . . . . . . . . . . . . . Juapuodsar
PSS-To0| S8T| (9STP)6L|  €€T9E0| TEO| (S8TF) 991 97°€-05°0 €1 (58'99) LIT |  60°S-6L€ wy (S§°LT)9|  «L60-910| 6€0 @YD LT] oy poreonps soysiy asnodg
| (€9ov) LL 1 (9£91) 99 EEN| (€L6) L1 ER! (£991) € RS (L1'79) ST1 payeanpaun are ylog

Fhe=.X AnpS89T =X ASE8=7X 119=¢X SLE=:X de3 uoneonpa asnodg

197-€50 | LI'T| (85°S6) 18T 8€'S-¥60 | STT| (€886)T6E 80°€-S¥°0 ST'T (£L96) 691 | 957050 151 (1T98) L1 8 I-TF0 | 180 (88°06) 891 Sunyrom
EEN (Try) 8 P4 (Lrms EEN| (€7€) 9 ER! (6L:51) € RS (Tr6) L1 BunjIom 10N

8I'T=7X Al9F=¢X ST0=:X ¥T0=¢X €1°0=,X SIS JI0M SPUBqsnH

75T-0T0 | TL0 (61°8) ST 65€-LF0 | TET (9¥°C1) 6% ¥97-6£0 Se'T (290 s d[qe[reae JON (000) 0 €5¢-610| €80 (8L€) L TysiH
60C-STO| 9,0 | (¥8°0€)8S S6's-16'0 | TeT| (TTTs) LoT LV'T-9€0 ¥6°0 (09'61) 7€ | $9°0-00°0 $0°0 (LL9)T| FTLL-ETT| 66T (zren) v Arepuosag
95°CT-LT0| ¥8°0| (10°01)61 LSP0L0| 6L (€9°ST) 29 7€'€-09'0 'l (L9¥9) €11 |  TO'T-20°0 €10 (e¥'20) S F6'S-TIT | 85T (86'11) 2T Arewrig
A | (L60S) 96 REN (89°61) 8L REN (o1°€1) €T REX (08°02) ST REN (se12) T€l uonesnpa oN

0£T=¢X w00 FE= X AIE0T=7X =X 96'6=:X UorIeINpY SpUBqsN]

%wm 50| (I€€) ¥F 8Y'I-€L0| V01| (S6'SH) T8I «10°€-80°T 18'T (19'8%) S8 |  SO'T-€1°0 L£°0 (1z%1) € €0C-89°0 | LI'L (S0'%€) ¥9 yrg
(170 | €00| (0r6W)€6|  09T-9L0| 60| (16€€) bET port-t90 | LCE 99€5) 65 | L5T-LT0 €80 (bT9) 21|  S8I-8L0| 0T1|  (bUSH) €8 100g

nature portfolio

//doi.org/10.1038/s41598-024-84867-2

| https

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

| (ss9m) T REN (66'87) 68 REN (8£°12) 05 REN (L¥'s7) T8 REN (69°T1) 9 APPIN
SOT=¢X LL€=¢X AralT2T=X 86F=7X AP ET=¢X Xopul (ireaM

SY'I-€€0| 0L0| (091T7)ST| €L1-680| ¥T1T (I€°€S) ¥91 | ¥7'1-090 | €670 (65°67) L9 | 9¥'TI-0L0 10'T (z0'19) ¥T1 ST'E-L8°0 S9'1 (6LL€) 61 BaIR URQIN)
a | (0¥'8L) 8S EEN| (69'9%) ¥¥1 BEN | (1%°0£) 091 BEN | (86'8€) 6£ EEN (1z29) 1€ BaTe [RIMy
1€0=,X 2STS=:X 1€L=:X §F=¢X 667=:X 20UIPISIY

05'8-S¥'0 | L6'1 (L69)S| S6'€-TS0| €¥'1 (L91) S| oTe-€€0| TO'L (8T0) S| LT¥-6T0 It (8£1)¢ TLEF0'0 6€°0 (9L11) 9 2A0Qe pue 09
1TI-120| 10| (€981) €1 | L8TI-€50| 660 (16%T) LL | 60°€-86'0 | FLT (67°€€) 9L | T9T-95°0 S6°0 (09'17) €% TST-€T0 9.0 (€6°T1) 9 65-S¥
6I'T-€€0| €90 (€¥'8P)9€| 6V 1-€90| L60O (99°99) FL1 | 8€'T-€8°0 | T¥'1T (2TT0S) FIT | €7'1-89°0 660 (05°59) €11 00°€-¥%0 9’1 (28'89) o€ PH-0¢
P | (T6'ST) 61 ER! (LL91) T8 REN| (10'%1) T€ EEX! (Tr1e) €% REN| (8¢'21) 6 6T-S1
§58=:X AESOT=¢X 9L'6=:X ST0=:X 90'5=¢X dnoin a8y spueqsnyg

I72-900 | ¥9°0| (SSTT)LF| 80°€-9€0| SOT| (1991)¢S 6€€-FL0 | 8S'T (SLT) LL| T6'TI-S€0 780 (9¢°5) 81 9TC-S50 | TI'T (8%°1€) SST |pareanpa A[ySiy a1e yiog
o . . N . . o) . ) e . i o . . Juspuodsar uey)
166-600 | €60 | (CTHT) €S| L6T-SVO| SUT| (8T¥T) LL L6T-8L0| TST (L6'9T) TIT | LS'1-8S°0 960 (1891) S5 | €8'T-080| IST (6€€T) ST | hareonpa samo] asnods
a7 . . . . . e . . S . . g . . juapuodsar ueyy
6ST-01'0 | TI'T|(SF0S)0IT| €0°€-€€0| 660 | (L'9S)6L1 YTE-6L0| 1971 (er'L8) S¥e | 18'1-8F0 760 (L1L8) 81| €8°€-06'0| 98T (8T'8E) 88T | y1eompa 1aydiy asnods
RER (99°¢) 8 LEN (8¢0) 8 EEN (987) LT REX (99'07) 89 Lol (589) ¥¢ pajeonpaun are ylog

€5'8=,X 997T=¢X 9 T=¢X 907 =,X Ara968T=,X |  ded uoneonpa asnods

01°CT-L80 | SET|(6£98)88T | SPI-TH0| 60| (STL8)9LT 061-890 | ¥I'T (£8'96) 85 | x58°0-81°0 6£°0 (58'96) L1¢€ I€1-970 | 850 (5€°86) ¥8Y Sunjrom
d | (19°€1) o€ | (ST oy BEN| (L1°¢) 61 2 (sT¢) 01 4 (s91)8 Sunjrom 10N

85°0=¢X 6TT=:X 000=;X IFF=,X 60T=;X | SMEISHIOM Spueqsny

«08°0-50°0 | 1T0| (1091)T€| TOT-TI0| €£0 (61°€) 0T SOT-¥20 | 6%0 (S67)0€ | SO'T-LT0 w0 (€7°¢) 11 150-€00 | 110 (tFD) L Toysy
YCI-€10| 6€0 | (18£S)TCT | 6V'T-6€0| 660 | (€88¥)¥ST 08'1-750 | 660 (€8°€T) €¥1 | 0€'T-6€0 120 (€Tve) TIt €I'T-0€0 | 850 (95°01) T8 Arepuodag
PST-810| TSO| (8192) LS| TTT-LSO| TIT| (6LTH) TET €0T-89°0 | 8T'T (2¢6%9) 06€ | 18'1-%5°0 660 (91°5¢€) ST1 YTI-97°0 | SL0 (9T'12) T8¢ Arewrig
oy (00°€) £ Py (61°9) 0T REN (1€9) 8¢ REX (81°£7) 68 REN (SL91) T8 uonesnpa oN

8L8=¢X LETT=,X AAS9 TF =X 209TT=7X aaalPEC=X uonesnpy spueqsny

¥8'T-L90| 8€T| (S9°8E) ¥8 |xxC8T-8T'T | €81 | (IF0F) 8L €0'T-65°0 | S0 (FS¥T) LT | THT-SE0 1L°0 (¥S°9€) 0TT | xxxL8'0-TF'O | 090 (06%7) €T1 gy
61C-180 | €€T|(659%) T0T |xxx€¥T-9TT| 89T | (689%) 8T | +xx10T-FCTT| 8S'T (5899) Tve | 6€T-FL0 10T (¥8°0%) ¥€1 6€T-9L0| €0°T (sT18) TST 100
REN SN CVA 49843 Pa| (0LTn) o REN | (09°81) TI1 REN (1970) ¥L e (58°€2) L11 IPPIN

nature portfolio

//doi.org/10.1038/s41598-024-84867-2

| https

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

€90=¢X 9 T=¢X 100=,X A0l 9T =X 010=¢X 90UIPISNY
SH'1-80°0 $€0 (95°0)S | 9€%-7T0| 860 (€8%)9 -mm.m SL0 (6c7¢) T1 wa.w SL'T (0S%) €€ | SLT-TE0| 9,0 (1€%) 8 dA0qe pue 09
SI'T-6¥°0 SL0 (€£'8T) 00T | TE'I-LTO| TLO (95°6€) €¥ :umm.m 150 (99'67) 88 | T1°T-59°0 80| (€9LD)1€T| SOT-LT0| ¥S0| (IL'61)¢€€ 65-Sb
ri-19'0 €80 (91°28) T1€ | 8S'TI-8T0| 990 (80°¢y) LV -Mw.m 19°0 (26'8%) 891 | SO'T-£9°0 ¥8°0 (8T'9%) ¥¥E | +66'0-0¥'0 | ¥9°0 | (SS°6¥)S8 ¥r-0¢
BN (95°€7) 8T1 BEN (zsTn) #1 REN (€020 9L I (6ST1€) S€T | (€7'90) s 62-S1
SE€L=¢X STL=:X €9TI=¢,X ApS80T=7X S6'6=7X dnoin a8y spueqsnyg
CTE-ST0| 690 (PP IT| T1TL-SPO| T1T'S (98°'57) 6L | 667-€€0| 8T (9€°01) ¥T | 85°€-9¥°0 6C1 (szz)ot S%0-00°0 $0°0 (0091) 8 pajeonpa A[ySiy a1e yrog
o . . S . ; R . . . . . . . . juspuodsar
LLT-8TO| 680 | (PLVO)BL| 6€9-THO| 6€F (FE'7€) 901 | €6'1-T€0 | 670 (19T1) 62 | T8T-990 9€'l (V1O %W | 0I'T-800 1€°0 (0FD) T | ey paseonps somof asnod
S . . e . . et . . S . . o . . Juspuodsar
TWY=ST0 | VOT| (PSTH)IE| SLL-€90| 10°L (ITLE) STT | €£°€-1€°0| 80T (F90v) €6 | 0S7-LL0 98'1 (6675) 80T | €¥°'1-900 670 (BE8V) 7T | oy payeonpa soySiy asnodg
| (6T81) €1 BEN (160) 6 REN (6£'9¢) €8 REN (08°21) 9¢ REN (s911) 9 pajeonpaun a1e [iog
SET=.X AROLTT=7X HSLT=X 6TL=:X SI'T=X de3 uoneonpa asnodg
N N J[qereae
8ST-170 | 180 | (ST'EL)¥S| PES€EL0| 86T (z8°L6) 10€ %W.m €70 (96'16) 60T tum.m vE0 (9Ts6) €61 1 moz (00°001) 0$ Supjiom
4| (58'87) 61 REN 817 L REN | (¥0°8) 61 REN (FL¥) 01 PEN| (000) 0 SunjIopm 10N
99°0=¢7X 81°0=¢X 88'1=,X LE0=¢X 0T=X STIRIS JIOM SpUBqSNH
96'9-9€°0| 6ST| (9T%1)OT | TEI-TT0| 9%°0 (15°07) €9 | 8T'T-600 | ¥€°0 (¢8'6) TT | 08°0-90°0 0 #LT)9 SL€-TT0 LT (9£11)9 ToysiH
L9%—€€0| FTT| (98°0¥)0€| 88'T-610| ¥L0 (0T°LS) ¥LT | 6TT-61°0| 990 (11°62) 99 @ﬁ.m ST0 (92°07) 1% L0°€-ST0 £8°0 (ss€r) Tt Arepuodag
ST'e-1€0 | 860| (P8LI)ET| 6L5-0¥0| €ST (2S°12)99 | 06'T-9T0 | 980 (61'61) ¥¥ | €T'T-¥T0 750 (1¥°€S) 801 68'L-¥9°0 STT (S0°L¥) ¢ Arewnag
| (s1L2) 0T REN (L80) s REN (L8'TP) S6 REN (09°€7) 8% REN (90°s1) 8 uonesnpa oN
60'T=¢X AREIFI =X Ahi888L=X 678=:X 9F'5=.X uoneInpy spueqsny
8T'¢-6L0| 6ST| (€8'86)8T| T10T-0T0| 9%0 (17'61) 09 | $S'T-1F0 | 180 (95'87) $9 iuww.m 670 (¥6'61) 0F 1€%-0¥0 €1 (66C€) LT oy
¥9C-£90| €€T1| (To¥F)€c| 8OT-8%0| TLO (65°1S) 6ST | 85T-8S°0 | 9670 (99'6%) €11 | #S1-L9°0 01 (65%S) T11 68'S-68°0 6T (ze'ss) 8T 1004

nature portfolio

//doi.org/10.1038/s41598-024-84867-2

| https

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

aalSTT=X 16'8=:X FT0I=¢X AARES 8T =X wLT=X de3 uoneonps ssnodg

LF1-1L0 01 (15°2S) 98T | +86°0-0T°0 | ¥¥°0 (08%9) 12 -ww.m LT1 (LT L6) €€€ mmwﬁw 6’1 (61°66)8€L | 69T-07'0| €80 | (08°€6) 091 Sunyiom
REN (6¥°L¥) 65C REN (0z's€) 6€ REX (€£7) 6 REN (080) 9 REN (0T9) 11 SunpIom 10N

00T=:X AP0 ET=X 100=,X 8T0=¢X 90=,X STRIS YIOM SPUeqsny

L8'T-6£°0 901 (92°01) 9S | «€6'0-20°0 | €10 (€%'81) 0T :umm.m 81°0 (6€L) ST :HM.M €0 (€T9)6E | 091-LI0| €S0 (sT9) 6 1y31y
YS1-€€0 10 (0£'82) 9ST | 6£71-L00 | 9€0 (6£729) 69 wa.m SYO | (6L:€S)S8T | TI'T-€70 690 | (808T)¥EL| TILT-TE0| PLO| (L8Th)€EL Arepuodag
1T 1-2€°0 090 (€T°ep) S€T| 9T€-0T0| 650 FTv1) 91 -www 89°0 (67°81) €9 | 1S'T1-£9°0 | d[qe[reae JON (9€°69) SIS | 9%'T1-2€0| 890 | (TTTE)SS Lrewtig
REN (18°21) L6 BEN| (¥S¥) S RN (T€07) 0L BN (€€°L) ¥S | (L96l) b uonEINPa ON

1€T1=:X LLTT=¢X 8T 0E= X AaLF0T=7X FT=:X uoneINpY SpUeqsNH

€0'T-67'0 1L0 (616€) €1T| LS'S-0L0| 861 (¥Tew) ov -mm.w 8L°0 (s9's¢) zet iuwm.m 590 (17°€€) L¥T | €S1-6€0| 8L0| (€5T€)SS yrg
10T-%50 99'0 (6¥%€) 881 | £L8T-SS0 | 9T'T 17P) 6% |mw.w 60| (FE6E) SET | €0'T-09°0 840 | (99'8€) 48T | TFT-090| ITT| (IE€LP) 18 100q
P (€€97) €v1 RS (zo€1) ST P (10'57) 98 Pa| (€187) 60C Pa| (9100) 5¢ PPN

Al0ST=:X 16'€=:X 18°€=:X AAOT6T=X 96'¢=¢X XopUT (3B

8L 1-LS0 101 (LTO1)9S | LT€-€L0| SST (L0°¢6) 201 -M.N W (L5%€) 611 :Hmm.w [ (18°€5) 00F |  $€7-890| 97T | (TL'8€) €9 BaIe ueqin
RER (€L°68) 687 REN (€6'9) 8 4| (ev'99) et 0| (61°9%) €¥¢ 9 | (8T°€9) 801 BaIE [RINy

nature portfolio

| https://doi.org/10.1038/s41598-024-84867-2

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

(onex sppo pasn{pe=yQOV ‘100°0 > n[eA-J
= 1an T0°0>9N[RA- = ;1 ‘G0°0>3N[BA-] = 4 POURIYIUSIS 1D ‘1000 > N[BA-J = sy ‘100> IMN[BA-J = 1x ‘60’0 >IN[BA-J = , ‘UOHEIIPUI IN[BA-J ‘S10)08} £q PazLI0Za3ed Loueudaid urmp uswom
paouarradxa-A g1 Jo (28ejusorad) aquunN = (%) N) :230Ud( 'saLunod DT pue mof ssoxde Loueudard Surmp A J SunusrIadxs Uswom SpIemo) S10308f JO SOUIN[JUT PUL SUOIRIIOSSY T I[qe,

um.m 85T (€THI) LL| ¥8'S-HTO| €S°€ (89°61) 7T |mm.m LT1 (81°61) 99 tuww.m LY'0 (PS8T) 8ET |  11°€-S€0| SO'T (198) ST payeonpa A[ysry are yiog

w19 . (1T'627) €—87" . (89°61) SL1 : (28°127) €60 . F1°1%) “7—¢G" . (16°€2) Juapuodsar ue 978213 19MO[ asnod:
g T (4% 11°62) 651 | 9S€-870| 1S°€ 89°61) 0T Zocg | €60 78°17) SL oo 950 FITF) 90€ | TST-€50| ST 16'€7) 17 P ) p P 1 S
¥69'9 . . roae . . SLe . ) e . . e . i Juapuodsar
ezt 68T (6£°6) TLT | 6€8-9S°C | FLL (ss'sv) 17 _ogo | O8T| (OFSP)9ST| €€T-LF0 60| (I89€)€LT| S6'€-6S0| €ST| (9£99) L6 ey paeonps saydiy asnodg
EEN (£89) Lg REXS (L)L EEX (sS°€1) 9% P4 (zs€) 9t P9 (zrom st pajeonpaun are ylog

nature portfolio

| https://doi.org/10.1038/s41598-024-84867-2

(2025) 15:2022

Scientific Reports |


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

increase the likelihood of violence®?. These findings suggest that urbanization, while often associated with better
access to education and services, can also introduce new challenges that contribute to IPV®3,

Socio-economic status, particularly wealth, was another key factor influencing IPV risk. As expected,
wealthier individuals in many countries, such as Angola and Tanzania, experienced lower IPV risk, reinforcing
the idea that financial stability can buffer against the stresses that often lead to violence®!. However, the opposite
pattern observed in countries like Mozambique and Zambia, where wealth was associated with higher IPV
perpetration risk, indicates that in some contexts, increased wealth may exacerbate power imbalances or create
additional pressures within relationships. This finding aligns with research that suggests wealth can, in some
cases, increase control and dominance within relationships, particularly in patriarchal societies!”.

The interplay between education, socio-economic status, and IPV highlights complex dynamics influencing
violence during pregnancy. This study provides innovative insights, demonstrating that spousal educational
disparities significantly impact IPV risk, though their effects vary across regional contexts. In regions where
education fosters gender equity, it acts as a protective factor against IPV. However, in societies with entrenched
patriarchal norms, educational disparities—particularly when women attain higher education—can increase
IPV risk by challenging traditional power dynamics.

These findings are critical for policymakers and public health professionals designing interventions to
address intimate partner violence (IPV) during pregnancy. The results underscore the need for region-specific
strategies that consider how education, socio-economic status, and demographic factors intersect to influence
IPV risk. In regions where higher education contributes to reducing IPV, expanding access to education and
promoting gender equity should be prioritized®>®. On the other hand, in areas where educational disparities
between partners increase IPV, efforts must ensure that education empowers both partners and does not lead to
conflict in those countries.

Future research should continue to explore the socio-cultural factors driving these patterns and evaluate the
effectiveness of regionally tailored interventions. Integrating IPV prevention into education systems, promoting
gender-sensitive counseling, and strengthening legal protections can contribute to more equitable and violence-
free relationships. This study adds important evidence to the global understanding of IPV during pregnancy
and highlights the need for nuanced approaches that address the diverse drivers of IPV across different contexts.

Limitation and strength

While conducting this study, several limitations were noted. The use of self-reported data from the DHS surveys
may introduce biases due to cultural differences in how IPV is reported and perceived. Additionally, the cross-
sectional design limits the ability to establish cause-and-effect relationships. The data were collected over
varying timeframes, which could affect the comparability of findings. The study also focused only on married
individuals, excluding insights from non-married partners. Moreover, differences in sample sizes and population
characteristics between countries may have influenced the precision and representativeness of the results. In
some regions, such as Oceania, data from a single country were used to represent the entire region, limiting
generalizability. Despite these limitations, this study has several strengths. It covers a large sample size across
diverse geographic regions, providing valuable insights into global IPV patterns during pregnancy. The use of
DHS data ensures consistency and comparability across countries, and the study highlights important regional
variations that can inform policy and intervention strategies. Additionally, the focus on spousal educational
disparities offers new insights into the complex dynamics of IPV, contributing to the existing body of research
on gender-based violence.

Conclusion

In conclusion, the findings confirmed that educational disparities between spouses significantly impact IPV
risk, with the effect varying across different regional contexts. In some regions, higher spousal education was
protective against IPV, while in others, disparities—especially when women attained higher education—were
linked to increased IPV. These results emphasize the importance of considering educational disparities within
couples when addressing IPV. The study also highlighted other socio-economic factors and demographic
characteristics that further shape the risk of IPV, reinforcing the need for interventions tailored to specific
regional and cultural contexts to mitigate IPV during pregnancy.

Data availability
Data is available from the Demographic and Health Surveys (DHS) program. https://dhsprogram.com.
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