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Abstract: Background: Epidural analgesia is widely regarded as the gold standard for pain relief
during labor. Despite its effectiveness, significant disparities in adoption persist due to cultural,
medical, and informational factors. This study aimed to analyze online search behaviors related to
epidural analgesia in the six most populous European countries, evaluate temporal trends, and assess
the predictive power of machine learning models for search volumes. Methods: Weekly search data
from 2020 to 2024 were obtained from Google Trends for France, Germany, Italy, Spain, Turkey, and
the United Kingdom (UK). Data were analyzed using linear regression, time-series decomposition,
and Mann-Kendall tests to identify monotonic trends. An Auto Regressive Integrated Moving
Average (ARIMA) model was developed to forecast search volumes for 2025. Machine learning
models such as Random Forest (RF) and Gradient Boosting Machine (GBM), were employed to
evaluate the influence of variables such as country and temporal factors on search patterns. Model
performance was assessed using specific metric (R2, RMSE, MAE, and MBE) and statistical
comparisons were made between the models. Results: France and Turkey exhibited significant
downward trends in search interest, while Germany showed a slight upward trend, and Italy, Spain,
and the UK demonstrated stable patterns. ARIMA forecast indicated stable search volumes for most
countries, with the UK reaching the highest activity. RF outperformed GBM, achieving R? values of
0.92 (testing) and 0.93 (training), with “Country” identified as the most influential predictor.
Associated queries highlighted common public concerns, including epidural timing, risks, and side
effects. Conclusions: These findings reveal the value of understanding public interest in epidural
analgesia to address concerns effectively. Healthcare providers should guide patients toward reliable
online information. Future initiatives should include educational tools, national health programs,
and interdisciplinary collaboration to enhance informed decision-making and optimize maternal care
outcomes.

Keywords: epidural analgesia; online search behavior; labor pain management; google trends
analysis; predictive modeling
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Condensation Page

Tweetable statement: Online interest in epidural labor analgesia varies across Europe, shaped
by cultural and systemic factors. Targeted, evidence-based digital resources are crucial to address
pregnant women'’s informational needs and enhance maternal health outcomes.

Short Title: Online Search Trends in Epidural Labor Analgesia: Insights from Six European
Countries Using Predictive Modeling and Machine Learning

AJOG at a Glance: This study analyzes online search behaviors over the past five years related
to epidural labor analgesia across six European countries, revealing significant variations. The UK
exhibited the highest and most consistent search activity, while France and Turkey showed declining
trends. Predictive modeling identified “Country” as the most influential factor shaping search
volumes. These findings highlight the need for tailored, evidence-based digital resources to address
informational gaps, support informed decision-making, and enhance maternal health outcomes.

AJOG at a Glance:

Why was this study conducted?

e To analyze online search behaviors related to epidural labor analgesia across six European
countries.
e To evaluate temporal trends, identify gaps and assess factors influencing search volumes.

What are the key findings?

e Search trends vary across countries, reflecting differences in public interest on epidural labor
analgesia.

e The UK exhibited the highest and most consistent search activity, while France and Turkey
showed declining trends.

e Predictive modeling identified “Country” as the most influential predictor of search volumes.

What does this study add to what is already known?

e Highlights disparities in online interest in epidural labor analgesia across Europe.

e Demonstrates the need for tailored, evidence-based digital resources to address pregnant
women’s informational needs and improve maternal health outcomes.

Introduction

Epidural analgesia is a widely utilized technique for pain relief during labor and is considered
the gold standard in many countries around the world [1]. This procedure involves the
administration of anesthetic medication into the epidural space, targeting the lower body, including
the uterus, cervix, and vagina, to block pain signals while allowing the mother to remain awake and
actively participate in the delivery process [2]. Even if it is a largely used technique, epidural
analgesia has potential risks or complications [3]. These may include hypotension, headache caused
by accidental dural puncture, or, in rare cases, infections or nerve damages [4,5]. Proper patient
selection, skilled anesthetic management, and continuous monitoring can minimize these risks [6].
Worldwide, the use of epidural analgesia during labor is shaped by cultural perceptions, availability
of resources, and established medical practices [7,8]. Furthermore, although the global utilization of
epidural analgesia for labor pain relief has risen in recent years [9], significant disparities remain in
its use between countries, as well as notable variations within individual nations [10].

Pregnant women frequently make decisions about labor analgesia well before consulting with
an anesthesiologist or obstetrician [11]. These choices are often shaped by external influences,
including advice from friends and information found online. A nationwide survey of pregnant
women showed a significant increase in the use of the internet for childbirth-related health
information, rising from just over three-quarters to nearly universal usage within a few years [12].
Google (Google Inc., Mountain View, California) has become the primary platform for accessing
online information, with 94% of women utilizing it to search for pregnancy-related topics [13]. Social
media platforms have also become a significant source of health-related information, providing easily
accessible content on pregnancy [14].
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Understanding how individuals use search engines and social media to seek health-related
information highlights the need for accurate and reliable resources to guide users in making informed
decisions. The aim of this study was to analyze users’ online search behaviors related to epidural
analgesia during labor across various European countries, as well as the most frequently searched
associated queries.

Methods

Search Strategy and Data Collection

This study analyzed internet search trends related to labor epidurals over five years (2020-2024)
using Google Trends data (https://trends.google.com). The analysis focused on the six most populous
European countries—Turkey, Germany, France, the United Kingdom, Italy, and Spain [15]. Weekly
search volumes for “epidural in labor” were recorded from January 1, 2020, to December 31, 2024.
Keywords were translated into the native languages of each country (Turkey: Epidural dogum;
Germany: PDA Geburt (Periduralandsthesie Geburt); France: Accouchement sous péridurale; United
Kingdom: Epidural labour; Italy: Epidurale parto; Spain: Epidural parto) using Google Translate, and
translations were validated for cultural and linguistic accuracy by consulting native-speaking people
with sufficient cultural background from each country. Google Trends provided relative search
volume (RSV) data, normalized to a scale of 0 to 100, allowing for analysis of temporal and geographic
patterns in search behavior.

Data Processing and Analysis

The trajectory of the data of interest towards weekly internet searches was estimated by linear
regression for each country to evaluate temporal trends in search volumes and the presence of a
monotonic time trend was assessed by Mann-Kendall test. The search volume of each country was
adjusted to refine the raw search volume data for each country by removing the baseline intercept
[16]. This adjustment eliminates country-specific baseline differences, emphasizing deviations in
search volumes to enhance cross-country comparisons and clarify trends over time. The dataset was
further explored using time-series decomposition, disaggregating the search volume data into its
constituent components [17]. Seasonal and Trend decomposition [18] was applied separately for each
country to divide time-series data into three components: seasonal (capturing regular cycles), trend
(long-term progression), and residual (irregular variations). Using LOESS, a robust non-parametric
smoothing method, this technique effectively handled non-stationary data and outliers [19]. An Auto
Regressive Integrated Moving Average (ARIMA) model [20] was employed to forecast search
volumes and confidence intervals for the next 12 months. Advanced machine learning methods,
including Random Forest (RF) and Gradient Boosting Machine (GBM), were used to identify
predictive variables. RF aggregated decision tree results to optimize accuracy and account for feature
interactions [21], while GBM iteratively minimized prediction errors [22]. The dataset was split into
training and validation sets (80:20 ratio) to assess generalization. Model performance was evaluated
using R%, RMSE, MAE, and MBE metrics [23], with bootstrapping employed to calculate their mean
and standard deviation [24]. Paired t-tests were used to determine significant differences between
models. R software v4.3.2 (R Foundation for Statistical Computing, Vienna, Austria, www.r-
project.org) was used for the analyses. The sequential steps undertaken in this complex analysis are
schematically illustrated in Figure 1.
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Figure 1. Sequential steps of the analysis process. The process began with data collection of web searches through
Google Trends. The data were organized into a structured dataset and underwent preprocessing to ensure
quality and consistency. Time series analysis was conducted to explore trends, seasonality, and irregularities
over time. The ARIMA model was employed for forecasting, enabling the prediction of future search volumes.
Machine learning models, such as Random Forest and Gradient Boosting Machine, were utilized to analyze
relationships between variables and search volumes. Performance evaluation was carried out to measure model
accuracy using statistical metrics, while key predictive variables were identified to interpret the primary drivers
behind the results.

Results

A total of 1560 data points, with 260 from each country, were included in the analysis. The
Google Trends curves were generated using weekly search activity measurements spanning over 5
years, providing a detailed view of search volumes for each country. The raw curves, as presented in
Figure 2A, reflect the temporal trends and variations in search activity across the six countries. The
regression analysis revealed distinct temporal trends, as shown in Figure 2B.

Specifically, France and Turkey exhibited statistically significant negative slopes (-0.0148 and -
0.00975, respectively), indicating a significant declining trend in search volumes over time (p<0.001).
Conversely, Germany showed a statistically significant positive slope (0.00377, p=0.006), suggesting
a slight increase in search volumes over time. In contrast, the slopes for Italy, Spain, and the UK were
not statistically significant (p=0.58, p=0.48 and p=0.77, respectively), indicating that the search
volumes in these countries remained relatively stable over the observed period (Table 1).

Table 1. Caption.

Country Slope 95% CI p
France -0.0148 -0.0217 to -0.00799 p<0.001
Germany 0.00377 0.00110 to 0.00644 0.006
Italy -0.000775 -0.00351 to 0.00196 0.58
Spain -0.00177 -0.00665 to 0.00312 0.48
Turkey -0.00975 -0.0126 to -0.00687 p<0.001

UK 0.000865

-0.00488 to 0.00661

0.77
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Figure 2. Raw data on search volume trends and corresponding regression lines. A) Weekly search volume
trends for “epidural labor” across six countries (France, Germany, Italy, Spain, Turkey, and the UK) over a five-
year period. Each panel represents the raw data temporal evolution of search activity within a specific country,
with search volumes scaled from 0 to 100 relative to the peak search period. B) Temporal trends in search
volumes for each country from 2020 to 2024. The regression lines represent the fitted linear trends, while the
points indicate individual weekly data.

The Mann-Kendall trend test revealed significant variations in search interest trends across the
six countries. France and Turkey showed highly consistent changes over time (p<0.001), Germany
exhibited a milder significant trend (p=0.002), while Italy (p=0.99), Spain (p=0.77), and the UK (p=0.27)
showed no significant trends, indicating stable or fluctuating search interest (Figure 3A). For instance,
France displayed pronounced peaks in March and July, reflecting increased search activity during
these months, while the UK exhibited a notable dip in March, indicating reduced activity (Figure 3B).
Germany and Spain showed relatively stable seasonal fluctuations, with moderate variations
throughout the year. Italy’s seasonal trends included a marked increase in July, suggesting
heightened search interest during that period. Turkey demonstrated distinct peaks in November,
along with smaller variations across other months. The residual component, depicted in red (Figure
3A), accounted for irregularities and anomalies not explained by the trend or seasonality. These
residuals emphasized the presence of unexplained variations in the data. Specific decomposition
according to each country are presented as supplementary Figure 1.
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Figure 3. Seasonal Decomposition and Trends in Search Volumes Across Countries. A) Time-series
decomposition of search volumes for France, Germany, Italy, Spain, Turkey, and the UK, highlighting observed
data (black), trends (blue), seasonal components (green), and random noise (red) for the 5 years (2020 -2024). B)
Mean seasonal components for each month, showcasing distinct seasonal patterns and variations in search
activity across the six countries.

ARIMA-based forecasts for 2025 predict stable search volumes in France, Germany, Italy, and
Spain, with slight downward trends in Germany and Turkey (Figure 4). Spain is expected to maintain
a baseline around 50, while the UK is projected to have the highest and most consistent search
activity, averaging 75 throughout the year.
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Figure 4. Twelve-month forecast of search volumes by country. Each panel illustrates the projected search
volumes (solid lines) for the next 12 months, for each country, along with the 95% confidence intervals (shaded
areas), which represent the uncertainty of these predictions. The forecasts highlight anticipated trends in search

activity across France, Germany, Italy, Spain, Turkey, and the UK in 2025.
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Figure 5. Actual vs. Predicted Search Volumes and Model Performance. Comparison between actual and
predicted search volumes for the training and testing datasets using the Random Forest model. A) Temporal
trends, with actual values (red) and predicted values (green). B) Scatterplots of predicted versus actual values
for the training (blue) and testing (green) datasets, with the red dashed line representing perfect predictions. The

alignment of points along the line highlights the model’s predictive accuracy.

The 1560 search volume data points were integrated into a RF model, which demonstrated
strong predictive power with an R2 of 0.93 for the training set and 0.92 for the testing set, indicating
high variance explanation. The model showed low prediction errors, with RMSE values of 7.12
(training) and 7.81 (testing) and MAE values of 5.08 (training) and 5.49 (testing). Minimal bias was
observed, with MBE values near zero (-0.02 for training and -0.26 for testing), confirming accurate
and reliable predictions.

Feature importance analysis showed that “Country” was the most influential predictor,
contributing 64.45% to the model’s performance and highlighting significant geographical
differences in search behavior. Temporal variables, including “Month” (24.05%) and “Date” (23.57%),
also played meaningful roles in capturing seasonal and temporal trends, though to a lesser extent.

The GBM model showed strong performance on the training dataset (R2 = 0.947, RMSE = 4.87,
MAE =2.98, MBE =-0.024). However, its performance dropped significantly on the testing dataset (R2
=0.426, RMSE =16.18, MAE = 11.97), indicating overfitting. The testing MBE of 0.238 revealed a slight
overprediction tendency (Figure 6A,B).
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Figure 6. Performance of the GBM model: actual vs. predicted search volumes. A) GBM model’s performance,
comparing actual and predicted search volumes over time and their relationship in scatter plots for the training
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and testing datasets (B). Training data showed a closer fit to the ideal regression line, while the testing data
revealed higher prediction errors, reflecting overfitting tendencies.

The comparative analysis between the RF and GBM models demonstrated significant
performance differences. According to the t-test results, the RF model outperformed the GBM model
across all evaluated metrics (p< 0.001), (Figure 7). These results highlight RF as the better-performing
model, with more precise and robust predictions for search volume data.
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Figure 7. Comparison of Model Performance Metrics. Bar plots illustrating the performance metrics (R?, RMSE,
MAE, and MBE) for RF and GBM models. Error bars represent the standard deviation of each metric,
highlighting the superior performance and lower variability of the RF model across all metrics.

The primary associated queries related to “epidural” and “labor,” which were most frequently
searched by users, showed remarkable similarity across the different countries. These queries are
summarized and ranked by their percentage increase in search volume, as presented in Table 2.

Table 2. Caption.

Associated queries Percentage increase
Best time to get epidural during labor 500%
How long does an epidural last during labor 300%
Side effects of epidural during labor 110%
Does epidural slow down labor 90%
When can you get an epidural during labor 80%
Epidural side effects 70%
Epidural meaning 50%
Risks of epidural 50%
Discussion

This study analyzed Google Trends data to examine online search interest in “epidural” and
“labor” across six countries, uncovering distinct seasonal patterns and trends. France and Turkey
showed significant long-term declines, Germany exhibited a modest upward trend, and Italy, Spain,
and the UK maintained relatively stable search volumes. ARIMA forecasting projected stable search
volumes for most countries, with slight downward trends in Germany and Turkey, while the UK is
expected to lead in consistent search activity throughout 2025. Predictive modeling identified
“Country” as the most influential predictor (64.45%), followed by temporal variables like “Month”
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(24.05%) and “Date” (23.57%), highlighting the role of geographic and seasonal factors in search
behavior.

The internet has become a primary resource for individuals seeking health information, offering
easy access to a wide range of medical topics especially after COVID-19 pandemic [25,26]. For
instance, in 2023, 91% of individuals in the European Union reported using the internet within the
past three months, with 62% specifically using it to search for health-related information, including
symptoms, treatments, and general healthcare advice [27]. A study involving 877 non-obstetric
surgical patients revealed that more than 40% sought online information about their medical
conditions, whereas only 4% used the internet to gather details about anaesthesia [28]. Another study
supported these findings, reporting that only 7% of patients sought information specifically about
anaesthesia [29]. The study also revealed that individuals with prior anesthetic experience were less
likely to use the internet for such searches. Additionally, many patients expressed a desire for
guidance in identifying trustworthy online sources for reliable health information. In contrast, the
internet was reported in many studies to be used as a source of health information about childbirth
by more than 90% of women [13,30-34]. Pregnant women often turn to the internet to address their
“information needs,” despite receiving guidance about pregnancy during consultations with their
physicians [35]. A study suggested that while doctors provide valuable insights during clinic visits,
women seek additional information online to enhance their understanding and boost their confidence
throughout their pregnancy [32]. Internet use among pregnant women is influenced by factors such
as education level, employment status, and the number of previous pregnancies [36]. In fact, women
with advanced education were more inclined to seek online guidance compared to those with less
than a high school education. Similarly, employed women were more likely to utilize the internet for
health-related information than those who were unemployed. Additionally, women experiencing
their first pregnancy are more likely to seek advice compared to those who had previous pregnancies
[30,37]. Notably, the majority of women did not share the information they obtained from the internet
with their healthcare providers [38]. As a result, healthcare providers may remain unaware of any
potentially inaccurate information or misconceptions about pregnancy that women might encounter
online.

Our results highlighted different trends in search interest across countries which can be
attributed to several potential factors. Cultural and societal norms significantly influence how women
in labor perceive, experience, and express their pain [39]. Additionally, cultural attitudes toward
medical interventions, such as the use of epidurals or other pain relief methods, can impact women’s
choices and expectations during labor. In France and Turkey, the significant downward trends might
reflect a growing reliance on alternative information sources, such as social media or direct
consultations with healthcare providers, or a lack of recent public awareness campaigns. Conversely,
Germany’s modest upward trend may result from consistent public health initiatives or increasing
curiosity about labor options. No recent data are available to explain this behavior; however, a
previously published study examining a period prior to the timeframe analyzed in our research
highlighted a significant trend toward natural childbirth in Germany between 2000 and 2018 [40].
Consequently, a renewed surge of interest following 2018 could be hypothesized to explain our
results.

Stable trends in Italy, Spain, and the UK could indicate well-established healthcare systems
where reliable information is readily accessible, reducing the need for online searches. However, the
UK emerged as the country with the highest volume of searches on this topic. This may be attributed
to the country’s extensive experience with epidural labor analgesia, further supported by the
significant number of published articles on the subject, as highlighted in a recent bibliometric analysis
[41]. Turkey exhibited a statistically significant declining trend in search volumes over time. This
finding is consistent with a previously published survey of Turkish obstetricians and gynecologists,
which underscored their concerns regarding the use of epidural analgesia during labor [42]. The
primary issue identified was insufficient education on epidural analgesia during and after obstetric
specialty training. To address this, enhanced collaboration between anesthetists, gynecologists, and
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midwives is essential to improve understanding and practices. Additionally, cultural factors may
play a role. For example, pregnant women of Turkish origin in Germany have reportedly rejected
epidural analgesia during labor due to fears of potential long-term complications, such as paralysis
and low back pain, and the perception that vaginal delivery with epidural analgesia is not natural
[43].

Demographic factors, such as aging populations and declining birth rates, along with economic,
political, and geographic influences, may contribute to reduced health-related search interest in some
countries. In high internet-usage nations like France, technological saturation may lower search
frequency for common topics, while variations in medical practices, such as the routine or rare use of
epidurals, also impact search behavior.

Forecasted search volumes for the next 12 months indicate stable trends in France, Germany,
Italy, and Spain, reflecting sustained interest in labor pain management. Slight downward trends in
Germany and Turkey may suggest declining public interest due to cultural, educational, or
healthcare factors. In contrast, the UK is expected to maintain the highest and most consistent search
activity throughout 2025, highlighting its leading role in epidural labor analgesia practices and public
engagement with the topic. Our machine learning analysis identified “Country” as the most
influential predictor of search volume, underscoring the importance of geographic differences in
shaping search behaviors. In contrast, temporal variables like “Month” and “Date,” while capturing
seasonal and time-related trends, had a comparatively smaller impact. The analysis of associated
queries related to “epidural” and “labor” revealed similar search behaviors across countries,
reflecting shared concerns among pregnant women globally. Queries focused on practical aspects
like timing (“best time to get epidural during labor,” +500%) and duration (“how long does an
epidural last during labor,” +300%), as well as concerns about side effects (“side effects of epidural
during labor,” +110%) and risks (“risks of epidural,” +50%). Questions about epidural impact on labor
progression (“does epidural slow down labor,” +90%) and basic understanding (“epidural meaning,”
+50%) further underscore the demand for accessible and reliable information. These findings
highlight the importance of clear, accurate resources to support informed decision-making during
pregnancy. Pregnant women often experienced mixed emotions when accessing online information,
with a significant challenge being the difficulty in assessing its credibility and reliability [33,38].
Additionally, identifying trustworthy websites to obtain accurate, scientifically validated
information was another major concern [44]. The Internet has become a vital resource for health-
related information but concerns about the quality of content and users’ ability to assess its credibility
are growing [45]. Many individuals lack sufficient knowledge about their health conditions and the
skills to use online information effectively for informed decision-making [46]. As a result, the doctor-
patient relationship remains essential, as self-diagnosis and treatment based exclusively on online
resources cannot replace professional medical guidance.

Our findings have several important implications for clinical practice and future research. It is
crucial for healthcare providers to understand the types of information that pregnant women actively
seek online. This awareness places health professionals in a key position to guide women towards
credible websites while cautioning against misleading or inaccurate online content.

Gynecologists should actively create scientifically accurate online content to guide pregnant
women through the challenges of pregnancy, improving understanding and addressing concerns.
Personalized educational programs on prenatal care, nutrition, and symptom management could
further empower women and enhance maternal-fetal health outcomes. Collaborative efforts between
gynecologists, anesthesiologists, and obstetricians are essential for developing reliable information
on epidural analgesia. Additionally, promoting physical exercise, which has been shown to increase
endorphin levels and improve maternal well-being and labor outcomes, is another relevant aspect of
comprehensive prenatal care [47]. National health programs could establish official, evidence-based
information portals to address the unique needs of expectant mothers. Additionally, artificial
intelligence (Al) could support the development of personalized, immersive programs, providing


https://doi.org/10.20944/preprints202501.0543.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0543.v1

12 of 15

tailored insights, interactive education, and real-time support on topics such as labor preparation,
pain management, and maternal health [48,49].

These initiatives would enhance informed decision-making, build trust between patients and
healthcare professionals, and improve maternal health outcomes. Conducting national surveys could
further identify users’ needs, knowledge gaps, and preferences, providing valuable insights for
tailored interventions.

Limitations

Our study has several limitations. First, reliance on Google Trends data introduces biases, as it
provides relative indices rather than absolute search volumes and excludes individuals who do not
use Google as their primary search engine. Second, the analysis was limited to six European countries
and a single language per country, potentially missing search terms used by migrants or in other
languages. The study also cannot determine the accuracy or intent behind search queries, which may
not always reflect genuine health-seeking behavior related to epidural labor analgesia. Cultural,
linguistic, and socio-economic differences, as well as varying levels of technological proficiency,
further influence search behaviors and limit the generalizability of results. Additionally, the temporal
nature of the data prevents exploration of causal relationships between search trends and clinical
practices or outcomes. Finally, the lack of qualitative insights, such as interviews or surveys, restricts
understanding of the motivations driving observed behaviors. Future research addressing these
limitations could provide a more comprehensive perspective on the topic.

Conclusions

This study examines online search behaviors related to epidural labor analgesia across six
populous European countries, using time-series analysis, predictive modeling, and machine learning
to identify key factors influencing search trends and public interest. The findings highlight the need
for health professionals to address pregnant women'’s informational needs by identifying gaps and
developing evidence-based, tailored digital resources. Observed disparities in search trends
underscore the impact of cultural, technological, and systemic factors on health-seeking behavior.
Future initiatives should focus on enhancing health literacy, addressing misconceptions, and
fostering trust through national programs and targeted educational tools. Qualitative studies and
surveys will be crucial to understanding motivations and concerns, complementing search trend
analyses to support informed decision-making, improve maternal health outcomes, and strengthen
patient-provider relationships.
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paper posted on Preprints.org. Figure S1. Decomposition of Additive Time Series Across Six Countries. Time-
series decomposition of search volumes related to epidural labor analgesia for six European countries, including
observed data, trend components (long-term progression), seasonal components (recurring patterns), and
random components (irregular variations). The analysis highlights variations in search behaviors over the 2020
2024 period, illustrating country-specific trends and seasonal fluctuations.
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ARIMA Auto Regressive Integrated Moving Average
GBM Gradient Boosting Machine
RF Random Forest
RSV Relative Search Volume
LOESS locally estimated scatterplot smoothing
MAE Mean Absolute Error
MBE Mean Bias Error
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