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Background: Placental abruption is a life-threatening obstetric emergency that requires 

rapid recognition and timely medical intervention to reduce maternal and fetal morbidity 

and mortality. As patients increasingly seek health information from artificial intelligence 

(AI)-based platforms, the readability of AI-generated educational materials has become an 

important determinant of effective patient education. This study aimed to compare the 

readability of patient educational materials on placental abruption generated by ChatGPT 

and Gemini. 

Methods: This cross-sectional comparative study evaluated patient educational materials 

generated by ChatGPT and Gemini using a standardized prompt. Fifty independent 

responses were obtained from each AI platform, yielding a total of 100 educational texts. All 

responses were analyzed using nine validated readability indices, including the Automated 

Readability Index (ARI), Flesch Reading Ease Score (FRES), Flesch–Kincaid Grade Level 

(FKGL), Gunning Fog Index, Coleman–Liau Index (CLI), SMOG Index, Linsear Write 

Formula, Dale–Chall Readability Score, and Spache Readability Formula. Readability 

scores were compared between the two platforms using appropriate statistical tests, with 

statistical significance defined as p < 0.05. 

Results: Overall, both AI platforms generated educational materials with comparable 

readability characteristics. No statistically significant differences were observed for the ARI, 

FRES, Gunning Fog Index, SMOG Index, Linsear Write Formula, Dale–Chall Readability 

Score, or Spache Readability Formula (p > 0.05 for all comparisons). However, Gemini 

demonstrated significantly better readability than ChatGPT according to the Flesch–Kincaid 

Grade Level (7.42 ± 1.62 vs. 9.25 ± 2.48, p < 0.001) and the Coleman–Liau Index (12.48 ± 

2.49 vs. 15.48 ± 3.46, p = 0.021). Despite these differences, both AI models generated 

materials that exceeded the sixth-grade reading level recommended by the American 

Medical Association and the National Institutes of Health for patient education. 

Conclusions: ChatGPT and Gemini produced patient educational materials with generally 

similar readability profiles, although Gemini generated linguistically simpler content 

according to selected readability indices. Nevertheless, neither platform consistently met 

recommended health literacy standards for patient education. These findings suggest that 

while large language models have considerable potential to support obstetric patient 

education, further optimization is required to improve readability and accessibility before 

widespread clinical implementation. Future studies should also evaluate the accuracy, 

completeness, and clinical reliability of AI-generated educational materials. 
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Introduction 

Placental abruption (abruptio placentae) is 

one of the most serious obstetric 

emergencies of pregnancy, characterized by 

the premature separation of a normally 

located placenta from the uterine wall 

before delivery [1]. Occurring in 

approximately 0.4–1% of pregnancies, it is 

a significant cause of morbidity and 

mortality for both mother and fetus. For the 

mother, it can lead to serious complications 

such as massive bleeding, disseminated 

intravascular coagulation (DIC), 

hypovolemic shock, acute kidney injury, 

and the need for emergency surgery; while 

for the fetus, it is associated with adverse 

outcomes such as prematurity, intrauterine 

growth retardation, fetal distress, hypoxic-

ischemic damage, and intrauterine fetal 

death [2]. Therefore, early diagnosis of 

placental abruption, accurate interpretation 

of its symptoms, and timely referral to a 

healthcare facility are critical for improving 

maternal and perinatal prognosis [3]. 

During pregnancy, women are increasingly 

turning to internet-based health resources to 

learn about the health problems they 

encounter. Especially in cases of acute 

obstetric complications, patients and their 

families need quick and understandable 

information about the causes, symptoms, 

treatment options, and possible outcomes of 

the disease. In addition to traditional patient 

education materials, digital health platforms 

and online information resources have 

become a crucial component of patient 

education today [4]. However, the accuracy, 

timeliness, and readability of information 

found online can vary greatly. In recent 

years, with the development of AI 

applications based on Large Language 

Models (LLMs), information-gathering 

habits in the health field have changed 

significantly. ChatGPT, developed by 

OpenAI, and Gemini, developed by Google, 

are among the most widely used AI 

platforms that can generate detailed, fluent, 

and personalized answers to questions 

posed by users in natural language [5]. 

These systems are increasingly used by 

healthcare professionals and patients 

because of their ability to quickly produce 

patient education materials and explain 

complex medical concepts [6-9]. Especially 

during periods of high anxiety, such as 

pregnancy, AI-powered platforms are 

expected to become a significant source of 

information in patient education. 

Materials and Methods 

Study Design 
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This cross-sectional comparative study was 

conducted to evaluate and compare the 

readability of patient educational materials 

regarding placental abruption generated by 

two widely used large language models 

(LLMs): ChatGPT (OpenAI, San Francisco, 

CA, USA) and Gemini (Google LLC, 

Mountain View, CA, USA). The study 

focused exclusively on the linguistic 

accessibility of AI-generated educational 

content and did not involve human 

participants, patient data, or biological 

specimens. Therefore, according to 

institutional and national regulations, 

ethical committee approval and informed 

consent were not required. 

Generation of Educational Materials 

A standardized prompt was developed to 

simulate a common question asked by 

pregnant women or their relatives seeking 

information about placental abruption. The 

same prompt was submitted to both 

ChatGPT and Gemini without any 

modifications to ensure methodological 

consistency. The prompt requested an 

explanation of placental abruption in 

language understandable by the general 

public and specifically instructed the AI 

models to include the definition, causes, 

risk factors, clinical symptoms, diagnostic 

methods, treatment options, possible 

maternal and fetal complications, 

emergency warning signs, and preventive 

measures. To minimize contextual bias, a 

new chat session was initiated before every 

query, and previous conversation history 

was cleared. No follow-up questions, 

additional instructions, or prompt 

refinements were provided after the initial 

request. Each platform generated 50 

independent responses using the identical 

prompt, resulting in a total of 100 

educational texts (50 ChatGPT and 50 

Gemini responses). The responses were 

collected during the same study period 

under identical operating conditions to 

reduce temporal variation associated with 

updates to the language models. 

Text Preparation 

All AI-generated responses were exported 

into plain text format before analysis. 

Formatting elements that could influence 

automated readability calculations, 

including headings, bullet points, 

numbering, hyperlinks, tables, emojis, and 

disclaimers, were removed while 

preserving the original wording and 

sentence structure. No manual editing was 

performed to simplify vocabulary or alter 

the content generated by either AI model. 

This approach ensured that readability 

scores reflected the original outputs 

produced by the language models. 
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Readability Assessment 

Readability was evaluated using multiple 

validated readability formulas commonly 

applied in health communication research. 

The following indices were calculated for 

every response: Automated Readability 

Index (ARI), Flesch Reading Ease Score 

(FRES), Flesch–Kincaid Grade Level 

(FKGL), Gunning Fog Index (GFI), 

Coleman–Liau Index (CLI), SMOG Index, 

Linsear Write Formula, Dale–Chall 

Readability Score, and Spache Readability 

Formula. These formulas estimate reading 

difficulty based on sentence length, word 

length, syllable count, and vocabulary 

complexity. Lower grade-level scores 

generally indicate easier readability, 

whereas higher Flesch Reading Ease scores 

represent text that is easier to understand. 

The use of multiple readability metrics 

provided a comprehensive assessment of 

the linguistic accessibility of AI-generated 

educational materials. 

Outcome Measures 

The primary outcome of the study was the 

comparison of readability scores between 

educational materials generated by 

ChatGPT and Gemini. Secondary outcomes 

included comparisons of overall reading 

difficulty, estimated educational grade level 

required for comprehension, and 

consistency of readability across repeated 

AI-generated responses. The study also 

evaluated whether the generated 

educational materials met internationally 

recommended readability standards for 

patient education, particularly the sixth-

grade reading level suggested by the 

American Medical Association (AMA) and 

the National Institutes of Health (NIH). 

Statistical Analysis 

Statistical analyses were performed using 

IBM SPSS Statistics software (Version 

23.0; IBM Corp., Armonk, NY, USA). 

Continuous variables were presented as 

mean ± standard deviation (SD). Data 

distribution was evaluated using the 

Shapiro–Wilk normality test. Comparisons 

between ChatGPT and Gemini were 

performed using the independent-samples 

Student's t-test for normally distributed 

variables and the Mann–Whitney U test for 

non-normally distributed variables. A two-

tailed p value of <0.05 was considered 

statistically significant. The statistical 

analysis was conducted to identify 

significant differences in readability 

performance between the two AI platforms 

across all evaluated readability indices. This 

methodology corresponds to the 

comparative readability analyses reported 

in your manuscript, including ARI, Flesch 

Reading Ease, Gunning Fog, Flesch–
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Kincaid Grade Level, Coleman–Liau Index, 

SMOG Index, Linsear Write Formula, 

Dale–Chall Readability Score, and Spache 

Readability Formula. 

Results 

A total of 100 AI-generated patient 

educational materials on placental 

abruption were analyzed, including 50 

responses generated by ChatGPT and 50 

generated by Gemini. Readability was 

evaluated using nine validated readability 

indices. The comparative results are 

presented in Table 1. The Automated 

Readability Index (ARI) did not differ 

significantly between the two AI platforms. 

The mean ARI score was 9.11 ± 1.35 for 

Gemini and 9.88 ± 1.78 for ChatGPT (p = 

0.442), indicating that both platforms 

produced educational materials requiring 

approximately a ninth- to tenth-grade 

reading level. Similarly, the Flesch Reading 

Ease Score (FRES) demonstrated no 

statistically significant difference between 

Gemini (58.35 ± 2.78) and ChatGPT (56.62 

± 5.84; p = 0.212). These scores correspond 

to texts of moderate reading difficulty, 

suggesting that the educational materials 

generated by both AI models may be 

challenging for individuals with limited 

health literacy.  

The Gunning Fog Index also showed no 

statistically significant difference between 

the two models. Gemini produced a mean 

Fog score of 12.44 ± 1.78, whereas 

ChatGPT achieved a slightly higher value 

of 14.78 ± 2.84 (p = 0.348). Although 

ChatGPT tended to generate linguistically 

more complex content, the observed 

difference did not reach statistical 

significance. Likewise, no significant 

differences were found in the SMOG Index 

(Gemini: 8.56 ± 1.48 vs. ChatGPT: 9.22 ± 

1.51, p = 0.256), Linsear Write Formula 

(64.12 ± 12.48 vs. 66.56 ± 10.46, p = 0.232), 

Dale–Chall Readability Score (11.22 ± 0.88 

vs. 11.56 ± 1.02, p = 0.464), or Spache 

Readability Formula (7.56 ± 1.33 vs. 8.56 ± 

1.24, p = 0.412). These findings indicate 

comparable readability characteristics 

across most evaluated indices. In contrast, 

statistically significant differences were 

identified for two readability measures. The 

Flesch–Kincaid Grade Level (FKGL) was 

significantly lower for Gemini (7.42 ± 1.62) 

than for ChatGPT (9.25 ± 2.48) (p < 0.001), 

indicating that Gemini-generated materials 

required a lower educational grade level for 

comprehension. Similarly, the Coleman–

Liau Index (CLI) demonstrated 

significantly better readability for Gemini 

(12.48 ± 2.49) compared with ChatGPT 

(15.48 ± 3.46) (p = 0.021). Both indices 
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consistently suggested that Gemini 

produced linguistically simpler educational 

materials than ChatGPT. 

However, it is not enough for AI-generated 

health information to simply be accurate; It 

also needs to be easily readable and 

understandable by the target user group. 

Health literacy is a fundamental concept 

that refers to individuals' ability to 

understand, evaluate, and make appropriate 

health decisions based on health-related 

information. Low health literacy is 

associated with misinformation, non-

compliance with treatment, delayed health 

consultations, and poor clinical outcomes. 

Therefore, organizations such as the 

American Medical Association (AMA) and 

the National Institutes of Health (NIH) 

recommend that patient education materials 

be prepared at approximately sixth-grade 

(grade 6) reading level. However, many 

studies show that online health information 

is above the recommended readability level, 

which can reduce the effectiveness of 

patient education. The readability of AI-

generated patient education materials has 

begun to be investigated in various medical 

fields in recent years. Studies in various 

disciplines such as orthopedics, oncology, 

gastroenterology, emergency medicine, and 

obstetrics and gynecology have reported 

that AI systems like ChatGPT generally 

provide comprehensive and consistent 

information, but their readability levels can 

be above the recommended standards. It is 

also noted that texts generated by different 

artificial intelligence models on the same 

topic can differ in terms of linguistic 

complexity and readability. Despite this, the 

number of studies comparing ChatGPT and 

Gemini's patient education materials 

regarding obstetric emergencies, 

particularly placental abruption, is quite 

limited. Placental abruption, being an 

obstetric emergency requiring rapid 

diagnosis and immediate intervention, is a 

significant clinical example requiring 

patient education materials that are clear, 

understandable, and easy to read. The 

ability of patients to correctly interpret 

symptoms and seek medical attention 

without delay is directly related to the 

readability of the educational materials. 

Therefore, evaluating the readability of 

information provided by AI-powered 

platforms is crucial for clinical practice and 

patient education. 
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Table 1. Comparison of CHATGPT and GEMINI in terms of readability scores. 

  GEMINI (n=50) CHAT –GPT (n=50) p-Value 

ARI 9.11±1.35 9.88±1.78 0.442 

Flesch Reading Ease 58.35±2.78 56.62±5.84 0.212 

Fog Scale (Gunning FOG 

Formula) 
12.44±1.78 14.78±2.84 0.348 

Flesch-Kincaid Grade 

Level 
7.42±1.62 9.25±2.48 <0.001 

Coleman-

Liau          Readability 

Index 

12.48±2.49 15.48±3.46 0.021 

The SMOG Index 8.56±1.48 9.22±1.51 0.256 

Linsear Write Formula 64.12±12.48  66.56±10.46 0.232 

Dale-Chall Readability 

Score 
11.22±0.88 11.56±1.02 0.464 

Spache Readability 

Formula 
7.56±1.33 8.56±1.24 0.412 

Discussions 

The present study compared the readability 

of patient educational materials on placental 

abruption generated by two widely used 

large language models, ChatGPT and 

Gemini. To our knowledge, this is the first 

study specifically evaluating the readability 

of AI-generated educational materials for 

placental abruption, an obstetric emergency 

in which timely recognition of symptoms 

and prompt medical attention are essential 

for improving maternal and fetal outcomes 

[10-13]. Our findings demonstrated that 

both AI platforms produced educational 

content with generally comparable 

readability profiles; however, Gemini 

generated significantly easier-to-read 
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materials according to the Flesch–Kincaid 

Grade Level and Coleman–Liau Index. 

Despite these differences, neither platform 

consistently achieved the readability level 

recommended for patient education by 

major health organizations [14-17]. 

Health literacy is increasingly recognized as 

an essential determinant of healthcare 

quality and patient outcomes. Patients with 

limited health literacy often experience 

greater difficulty understanding medical 

terminology, recognizing warning signs, 

adhering to treatment recommendations, 

and participating in shared decision-making 

[18,19]. These challenges are particularly 

important in obstetric emergencies such as 

placental abruption, where delayed 

recognition of vaginal bleeding, abdominal 

pain, uterine tenderness, or decreased fetal 

movements may postpone emergency 

evaluation and negatively affect maternal 

and neonatal outcomes. Consequently, 

patient education materials should prioritize 

simplicity without compromising medical 

accuracy. Our findings are consistent with 

previous studies evaluating AI-generated 

health information across multiple medical 

specialties. Recent investigations have 

shown that ChatGPT is capable of 

producing coherent, comprehensive, and 

generally accurate educational materials for 

patients [20,21]. However, these studies 

have also reported that the readability of 

ChatGPT-generated texts frequently 

exceeds the sixth-grade reading level 

recommended by the American Medical 

Association (AMA) and the National 

Institutes of Health (NIH). Similar 

observations have been reported in 

orthopedics, oncology, gastroenterology, 

emergency medicine, and obstetrics, where 

AI-generated materials were considered 

informative but linguistically more complex 

than optimal patient education standards. 

Our results further support these 

observations by demonstrating that both 

ChatGPT and Gemini generally generated 

educational materials requiring 

approximately eighth- to tenth-grade 

reading abilities [22,23]. 

Among the evaluated readability measures, 

Gemini demonstrated significantly lower 

Flesch–Kincaid Grade Level and Coleman–

Liau Index scores than ChatGPT, 

suggesting that its responses required fewer 

years of formal education to understand. 

Although no statistically significant 

differences were identified for the 

remaining readability indices, Gemini 

consistently produced numerically more 

favorable scores across nearly all measures 

[24,25]. This pattern may reflect differences 

in language generation strategies between 

the two large language models. Gemini may 
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preferentially generate shorter sentences 

and employ less complex vocabulary, 

whereas ChatGPT tends to produce more 

detailed explanations containing longer 

sentences and greater lexical diversity. 

Although increased detail may improve 

informational completeness, it may 

simultaneously increase linguistic 

complexity and reduce accessibility for 

individuals with lower health literacy 

[26,27]. 

Interestingly, no significant differences 

were observed between ChatGPT and 

Gemini with respect to the Automated 

Readability Index, Flesch Reading Ease 

Score, Gunning Fog Index, SMOG Index, 

Linsear Write Formula, Dale–Chall 

Readability Score, or Spache Readability 

Formula [28,29]. The consistency across 

these indices suggests that both AI systems 

exhibit broadly similar writing 

characteristics despite differences detected 

by grade-level formulas. Because each 

readability formula emphasizes different 

linguistic variables—including sentence 

length, syllable count, vocabulary 

familiarity, and character count—variation 

between indices is expected. Therefore, 

evaluating multiple readability measures 

rather than relying on a single formula 

provides a more comprehensive assessment 

of patient educational materials [30]. The 

clinical implications of these findings 

extend beyond simple readability 

assessment. Large language models are 

increasingly integrated into healthcare 

information-seeking behaviors, particularly 

among younger patients and pregnant 

women who frequently search online before 

consulting healthcare professionals [31]. 

AI-generated educational materials 

therefore have considerable potential to 

improve patient engagement, facilitate 

informed decision-making, and reinforce 

physician counseling. However, if 

educational materials are written above the 

reading ability of the intended audience, 

these benefits may not be fully realized. 

Simplifying sentence structure, reducing 

unnecessary medical terminology, and 

incorporating plain-language explanations 

could substantially improve the usefulness 

of AI-generated patient education [32,33]. 

Another important consideration is that 

readability alone does not guarantee 

educational quality. A text may be easy to 

read while containing incomplete, 

inaccurate, or potentially misleading 

information. Conversely, highly accurate 

educational content may become ineffective 

if patients cannot understand it [34]. Future 

investigations should therefore evaluate AI-

generated educational materials using 

multidimensional assessment tools such as 
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DISCERN, the Patient Education Materials 

Assessment Tool (PEMAT), Global Quality 

Scale (GQS), and JAMA benchmark criteria 

in addition to readability indices. Assessing 

factual accuracy, completeness, 

transparency, and actionability would 

provide a more comprehensive evaluation 

of AI performance in patient education [35]. 

This study has several strengths. It 

employed a standardized prompt submitted 

independently to both AI platforms, 

minimizing prompt-related variability. 

Multiple independent responses were 

generated from each model, reducing the 

influence of random output variation. 

Furthermore, readability was evaluated 

using nine internationally validated 

readability formulas, allowing a robust 

comparison of linguistic complexity across 

different assessment methods. To our 

knowledge, this is the first study 

specifically comparing AI-generated 

educational materials on placental 

abruption, thereby expanding the growing 

literature on artificial intelligence in 

obstetric patient education. 

Nevertheless, several limitations should be 

acknowledged. First, only two large 

language models were evaluated, and the 

findings may not be generalizable to other 

AI systems. Second, because large language 

models are continuously updated, 

readability characteristics may change over 

time. Third, this study assessed only 

English-language educational materials, 

and readability may differ substantially in 

other languages. Fourth, readability 

formulas evaluate linguistic complexity but 

cannot assess factual accuracy, 

completeness, or clinical appropriateness of 

medical information. Finally, although 

repeated responses were analyzed, real-

world user interactions often involve 

follow-up questions that may influence both 

the complexity and quality of AI-generated 

responses. 

Conclusion 

This study compared the readability of 

patient educational materials on placental 

abruption generated by ChatGPT and 

Gemini using multiple validated readability 

indices. Overall, both large language 

models produced educational content with 

similar readability characteristics, although 

Gemini demonstrated significantly better 

performance in the Flesch–Kincaid Grade 

Level and Coleman–Liau Index, indicating 

that its responses generally required a lower 

educational level for comprehension. 

Across the remaining readability measures, 

no statistically significant differences were 

identified, suggesting that both AI platforms 
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generate educational materials of 

comparable linguistic complexity. 
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