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Abstract 
Background: Advanced statistical software has become an essential component of modern health sciences research due to increasing 

complexity, volume, and diversity of biomedical data because health-related data often include a mixture of continuous, categorical, and time-
dependent variables derived from clinical trials, observational studies, and large-scale databases such as electronic health records. The appropriate 
analysis of such data requires sophisticated statistical approaches that go beyond basic descriptive and inferential techniques. Advanced statistical 
software is central to make health research valid, reproducible, and clinically useful. They help choose correct study designs, avoid errors, and 
handle complex data structures that are now common in health sciences. They include SPSS, SAS, Stata, R (Programming language for statistics), and 
Microsoft Excel that play their key roles and highlighting their fundamental importance in health sciences research.

Objective: To evaluate and assess the importance and efficacy of advanced statistical software commonly used in health sciences research.

Approach: This review article systematically examines and synthesizes the existing literature on the importance and efficacy of advanced 
statistical software, commonly used in health sciences research.

Significance: The use of advanced statistical software in health sciences research is highly significant as they enhance the accuracy, reliability, 
and validity of research findings. These methods enable researchers to analyze complex and high-dimensional data, which are increasingly common 
in modern healthcare due to the growth of electronic health records, clinical trials, and large population-based studies.

Conclusion: Advanced statistical software is indispensable in health sciences research as they improve analytical precision, support informed 
decision making, and ultimately contribute to better health outcomes and more efficient healthcare systems.
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Introduction

Advanced statistical software has become a crucial part of 
contemporary health sciences research because biomedical data, 
epidemiological studies, clinical trials, and public health studies are 
becoming more complex [1]. Recent advancements include next-
generation statistical frameworks that enhance the examination 
of lifespan and survival data across a range of medical illnesses 
[2]. Innovations like Bayesian techniques and frailty models have 
improved our understanding of disease dynamics and treatment  

 
effects, and the development of statistical methodology has been 
directly linked to the advancement of medical research [3].

Powerful statistical computing systems are necessary for 
precise data management, sophisticated modeling techniques, 
reproducibility, and evidence-based interpretation, all of which 
are critical components of modern health research. In the health 
sciences, software programs including IBM SPSS Statistics, R, 
SAS, and Stata are frequently used for descriptive statistics, 
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regression modeling, survival analysis, epidemiological analysis, 
meta-analysis, machine learning, and predictive analytics as 
recent literature shows these software tools greatly increase the 
effectiveness, validity, reproducibility, and accuracy of health-
related study findings [1]. Multiple endpoints, subgroups, time-to-
event data, and sizable Electronic Health Record (EHR) datasets are 
all part of current trials and observational studies, which call for 
comprehensive regression, survival, and multiplicity techniques 
[4].

Review Manager and Stata are in charge of systematic reviews 
and meta analyses, while SPSS is primarily utilized for observational 
and experimental approaches [5]. With extensive packages for 
regression, survival, and visualization, the programming language 
“R” offers robust, open-source support for decision analysis, 
health data science, cancer research, and repeatable operations 
[6]. The design, analysis, and interpretation of medical studies are 
supported by statistical principles, which guarantee validity and 
reliability in evidence-based healthcare decisions [7].

Furthermore, despite highlighting issues like data privacy, 
the combination of big data analytics and machine learning 
with conventional statistics is increasing capabilities in disease 
prediction, personalized medicine, and resource efficiency [8,9]. 
While survival analysis techniques manage time-to-event data 
crucial in clinical trials and epidemiological investigations, logistic 
regression is commonly employed for modeling binary outcomes 
[10]. Data analysis is based on descriptive statistics and inferential 
testing, using procedures like hypothesis formulation, assumption 
verification, and result reporting to guarantee rigorous scientific 
methodology [11]. This article will help the researchers in 
concluding all the advanced statistical software commonly used in 
health sciences research.

Statistical Software Commonly used in Health 
Sciences Research

Statistical software is essential to health research because it 
makes sophisticated data analysis possible, increases accuracy, and 
promotes reproducibility. Commercial software like SPSS, SAS, and 
Stata are widely utilized; SPSS is the most popular for observational 
and experimental investigations, while Review Manager and Stata 
are better for systematic reviews and meta-analyses [5]. Without 
the need for sophisticated programming knowledge, open-source 
programs like R and its intuitive interface Easy R (EZR) offer 
accessible tools for survival analysis, competing risk analysis, meta-
analysis, and sample size calculation [12,13]. In environmental 
epidemiology, specialized software like the Bayesian kernel 
machine regression (BKMR) package in R enables flexible modeling 
of many contemporaneous exposures [14].

Furthermore, the Sample Size & Statistical Analysis Calculator 
(S2SAC) and other tools improve statistical analysis and sample size 
estimation in well-known programs like Microsoft Excel, improving 
the dependability of study designs [15]. Even with the abundance 
of software possibilities, there are still issues with consistently 
disclosing software use in publications and the requirement for 
better software development training to guarantee high-quality 

analytical code [16,17]. Commonly used statistical software in 
health sciences research are as under:

Statistical Package for the Social Sciences (SPSS)

Statistical software is crucial for transforming unprocessed data 
into trustworthy evidence in the health sciences. For observational, 
experimental, and questionnaire-based research in particular, SPSS 
is one of the most popular tools. SPSS was the most widely used 
statistical tool (52.1% of publications), surpassing SAS and Stata, 
according to a bibliometric examination of 10,596 PubMed articles 
(1997, 2007, 2017). In the health sciences, SPSS is primarily 
associated with observational (61.1%) and experimental (65.3%) 
study designs [5]. SPSS is one of the most popular data analysis 
programs in community medicine and public health journals [18]. 
Clinicians, public health professionals, and students can manage 
data, conduct analyses, and present results properly and efficiently 
with SPSS because it combines strong statistical techniques with an 
intuitive interface.

Importance of SPSS in Health Sciences Research

i). SPSS is an accessible and user-friendly, having graphical user 
interface and menu-driven instructions make statistics and 
programming less difficult for students and health professionals 
[19,20].

ii). SPSS has the abilities of an effective management of 
huge health datasets, file transformation, merging, and 
documentation [19, 21].

iii). SPSS commands are integrated with advice on appropriate 
study design, assumptions, and critical evaluation in health 
statistics texts and guides [22,23].

iv). Health sciences students can acquire critical quantitative 
skills for final projects and research jobs through SPSS-based 
instruction and workshops [24,25].

Key Applications of SPSS in Health Sciences Research

1). SPSS helps in basic analyses for patient or population 
data include frequencies, percentages, means, and standard 
deviations [18,24].

2). SPSS helps in group comparisons i.e. chi-square test, ANOVA 
and t-tests to compare groups or interventions [18,24].

3). SPSS helps in association and prediction i.e. to investigate 
risk variables and outcomes, use correlation and regression 
analysis [20,26].

4). SPSS helps in coding, organizing, and evaluating patient 
and participants responses from surveys and questionnaires 
[23,24].

5). The most recent versions (v29) of SPSS, targeted for public 
health professionals and doctors, now support meta-analysis 
[27].

Statistical Analysis System (SAS)

Statistical Analysis System (SAS) is an extensive software 
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package for data management, statistical analysis, and reporting 
created and maintained by the SAS Institute in 1970. From being 
primarily a statistical tool, it has developed into an integrated 
platform that facilitates enterprise-level reporting, advanced 
analytics, data access, transformation, and graphics [28,29]. 
Furthermore, SAS is a collection of preprogrammed statistical 
techniques integrated into a standardized software environment 
for data processing and analysis [28,30]. According to a bibliometric 
analysis of 10,596 PubMed articles from 1997, 2007, and 2017, SAS 
was the second most popular statistical package used in the health 
sciences (12.9% of articles), behind SPSS and comparable to Stata 
[5].

Importance of SAS in Health Sciences Research

In health sciences research, SAS has still a vital tool, particularly 
for large-scale biomedical data, clinical trials, epidemiology, and 
survey analysis as:

i). SAS is utilized for extensive survey and epidemiologic 
analyses, such as logistic regression using survey weights and 
replication techniques through macros like “%svy logistic 
regression” [31].

ii). As a common framework for reliable treatment of 
missingness in clinical prediction and outcomes research, 
tutorials on multiple imputation for missing clinical data offer 
complete SAS code in addition to R and Stata [32].

iii). Tools for personalized risk prediction from longitudinal 
Electronic health records (EHR) data such as the “CRcoder 
macro” for joint models of concurrent binary outcomes, are 
based on SAS/STAT and are intended to enhance customized 
clinical decision making [33].

iv). With an emphasis on actual health datasets and consultative 
applications, recent books and reviews provide SAS and R as the 
main analytics platforms for health data science, including basic 
to advanced models e.g. GLMs, GEE, mixed models, hierarchical 
logistic regression which positions SAS as both a teaching and 
applied research workhorse [34,35].

v). SAS, SPSS, and R were used as reference standards in a 2024 
assessment of ChatGPT 4’s “Data Analyst” in epidemiology. 
Although it has a higher learning curve, SAS was said to provide 
a “comprehensive and reliable suite of analytical tools” and is 
still required for sophisticated techniques like Cox regression 
that are currently not directly executable by LLM tools. When 
more complicated analyses are required, the researchers 
specifically suggest using ChatGPT to create SAS code for local 
execution [20].

vi). Recently, an SAS macro (%BBIplus) was created to calculate 
and display Bang’s blinding index across many randomized trial 
designs, increasing trialists’ access to blinding assessment [36].

vii). Another SAS matching program reduces selection bias 
in observational medical research by enabling automated 
case-control matching on several variables with randomized 

selection which is made to be used even by relatively novice 
SAS users [17].

viii). In order to reduce technical obstacles and increase 
participation in the analysis of sizable, varied EHR and survey 
datasets, the “all of Us” Researcher Workbench expressly 
incorporated SAS Studio. SAS is praised for combining a 
comprehensive programming language with point-and-click 
features, allowing users of all skill levels, and enabling initiatives 
on socioeconomic determinants of health and chronic illness 
outcomes, according to co-design with academics [37].

Key Applications of SAS in Health Sciences Research

SAS is frequently used in epidemiology, clinical trials, and health 
services research for complex statistical analysis, longitudinal and 
survey data, and repeatable reporting as:

1). SAS is a benchmark biostatistical tool that is used to validate 
new tools like ChatGPT for descriptive, intergroup, correlation, 
and regression analysis in large health surveys [20,38].

2). SAS is second only to SPSS in a PubMed examination 
of 10,596 articles, it is widely used for observational and 
experimental designs in the health sciences [5].

3). To lessen selection bias, SAS macros enable multivariable 
matching with randomized control selection [17].

4). Time to event and exposure that varies over time SAS code 
for dividing follow-up time and reorganizing data for Cox 
models and causal inference as provided by tutorials [39].

5). PROC NLMIXED and associated algorithms are used in 
SAS to create nonlinear longitudinal models and proportional 
treatment effect models for clinical trials [40].

6). SAS commands and linear mixed models are used to 
illustrate crossover trial analysis such as carryover, period, 
sequence effects [41].

7). Along with R and Stata, SAS is considered primary software 
for meta-analysis as it is frequently used in conjunction with 
other tools for network plots or complex meta regression [42].

8). SAS PROC BGLIMM can be used to implement Bayesian 
pairwise and network meta-analysis, giving physicians an 
easily accessible Bayesian framework [43].

9). The generic SAS macro “%svy logistic regression” improves 
repeatability by automatically producing publication-ready 
tables and fitting logistic regression for complex survey data 
such as NHANES [31].

10). Analysis of electronic health records (EHRs) and surveys 
for precision medicine questions i.e. social determinants, 
multimorbidity is made possible by SAS installed on the “All of 
Us cloud platform” [37]. 

11). Integration with survey systems i.e. Qualtrics to automate 
clinical study data capture, tracking, and distribution [45].
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Stata

In health and social sciences, Stata is a popular statistical 
software program for data management, analysis, and graphing. 
Both high-level explanations of Stata’s features and detailed 
instructions for certain techniques are included in recent literature. 
Stata is an all-purpose statistical program that uses a command 
line interface to perform analyses using typed commands for data 
manipulation, visualization, statistics, and repeatable reporting 
and it offers sophisticated programming via its Mata language and 
manages one dataset at a time in a spreadsheet like data editor [45].

Stata’s strengths in importing a variety of data formats, 
performing descriptive and inferential statistics i.e. t tests, 
regression, survival analysis, time series, panel data models, 
graphics, scripting, and teamwork are highlighted in reviews of 
statistical software [46]. Stata is becoming more and more popular 
in economics and other practical subjects, including agriculture 
because of its effectiveness and sophisticated econometric 
techniques [47].

Importance of Stata in Health Sciences Research

i). Stata constructed 12.6% of all statistical software mentions 
in 10,596 PubMed publications (1997, 2007, 2017) and 38.3% 
of systematic reviews and meta-analyses, where it is one of the 
two most popular tools [5].

ii). Stata was utilized in 46% of software-related articles in US 
health services research journals, making it one of the two most 
popular packages [16].

iii). Geographical variation i.e. Compared to non-US work, US-
authored health services publications are more likely to use 
Stata [16,5].

iv). Stata is one of the most popular software programs for 
meta-analysis and offers thorough instructions for running 
fixed-effects and random-effects models as well as managing 
publication bias and missing data [48].

v). In order to bridge the gap between sophisticated 
methodology and standard systematic reviewing, specialized 
Stata commands like metadta apply cutting-edge bivariate 
random-effects and meta-regression models for diagnostic test 
accuracy [47].

vi). Stata contains a wide range of statistical tools and data 
management, including parameter estimation, visualizations, 
and biomedical kinetic analysis [49].

vii). Stata-based texts and lectures for biomedical researchers 
on regression, survival, and repeated measurements [50,51].

viii). Lasso for causal inference, meta-analysis tools, and Python 
integration for sophisticated health analytics are examples of 
modern approaches and integration [52].

ix). Guidance comparing Stata with R/SAS/SPSS for extensive 
health surveys involving complex survey and epidemiologic 
data [53].

x). Advanced models required for clinical trials, survival 
analysis, and large epidemiologic studies are all the essential 
components of contemporary medical statistics that can be 
implemented with sophisticated software such as Stata [54-56].

xi). Several reviews reveal common mistakes in statistical 
analysis and reporting in medical publications, highlighting 
the fact that software including Stata is potent but needs to be 
used in conjunction with strong methodological knowledge and 
appropriate reporting guidelines [55,57,58].

Key Applications of Stata in Health Sciences Research

1). According to a major PubMed-based poll, Stata is the second 
most used tool for systematic reviews and meta-analyses, with 
38.3% of meta-analyses and systematic reviews using Stata [5].

2). A useful tutorial covers fixed or random-effects models, 
publication bias, and missing outcome data in a step-by-step 
meta-analysis of mental health intervention trials using Stata 
[48].

3). Meta-analysis of binomial outcomes such as prevalence 
and cure rates, managing extreme proportions and exact or 
binomial-based intervals, is made possible using a specific 
command called metaprop [47].

4). In order to compare several treatments, verify consistency, 
rank interventions, and evaluate publication bias, network 
meta-analysis (NMA) publications present complete NMA 
procedures in Stata [59].

5). Stata and SAS are the most widely used analysis tools in U.S. 
health care research i.e. 46% of software-related articles used 
Stata, particularly those written by authors in the United States 
[16].

6). Epidemiologists and public health researchers frequently 
utilize Stata for sophisticated survey data, regression, 
longitudinal or panel data, and survival analysis [60].

7). Numerous courses and textbooks specifically focus on 
applied biostatistics, data management, and repeatable 
workflows for health sciences professionals learning Stata 
[61,62].

8). More sophisticated data science activities in epidemiology 
and public health are supported by more recent Stata versions, 
which include tools for lasso for causal inference, extended 
panel data models, and Python integration [52].

9). List of software evaluations for quantitative bias analysis, 
Stata is one platform that offers tools to evaluate measurement 
error and misclassification in epidemiologic investigations [63].

R (Programming language for statistics)

R (Programming language for statistics) is a free, open-source, 
and highly extendable statistical computing, graphics, and data 
research environment that is becoming more and more important in 
epidemiology, health, and life sciences. Its relevance in sophisticated 
modeling, repeatable research, and user-friendly instructional 
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resources is highlighted in recent literature [64,65]. R is introduced 
in a number of recent publications and tutorials, ranging from 
basic concepts to sophisticated biostatistics, epidemiology, survival 
analysis, and predictive analytics, frequently using actual biological 
datasets and step-by-step code. Research highlights R’s strength 
and adaptability, but it also has a steep learning curve, particularly 
when compared to menu-driven tools [6,20]. 

R is described in recent literature as a sophisticated, potent, 
and expandable statistical programming language that supports 
contemporary data analysis in health sciences. It is a desirable 
platform for both advanced modeling and teaching due to its 
open-source nature, robust visuals, large package ecosystem, and 
repeatability tools. However, a number of publications highlight the 
necessity for solid instructional materials and GUIs to overcome its 
programming-oriented learning curve.

Importance of R in Health Sciences Research

i). R is extensively used by academic statisticians and is free, 
which is essential for academics and institutions with little 
funding [65,66].

ii). R has a rich ecosystem i.e. biostatistics, machine learning, 
omics, clinical trials, and more are supported by tens of 
thousands of packages [64,67,68].

iii). R has the features of reproducibility and transparency 
i.e. workflows, data, and analytics are easier to replicate and 
audit when using tools like R Markdown, renv, Git integration, 
and package-based data sharing e.g. alzverse, ADNIMERGE2 
[64,69].

iv). Free analysis and visualization for epidemiology and 
public health research; supports dietary indexes, sophisticated 
models, and TMLE [20,65].

v). R packages for clinical and Alzheimer’s research that 
combine trial data, documentation, and vignettes i.e. alzverse 
[67,70].

vi). High-quality static and interactive images and interactive 
R Shiny programs for nursing and biomedical visualization 
[71,72].

vii). DataSHIELD platform for federated R analysis of large, 
privacy-sensitive multi-site data without transferring patient-
level data [73].

viii). R has a rich training and capacity building i.e. R resources 
for biomedical and health data analysis, including books and 
toolkits [6,68].

ix). Reproducible research while increasing rigor, dynamic 
documents that include text, code, and data reduce obstacles 
for scientists who are not programmers [69].

x). Automation and efficiency i.e. large clinical data workflows 
and validation procedures are significantly accelerated by 
contemporary R frameworks such as tidyverse and parallel 
processing [72].

xi). Advanced analytics i.e. R is essential for TMLE in 
metabolomics visualization, microbiome pipelines, 
epidemiology, and machine learning-based health prediction 
[64,74].

Key Applications of R in Health Sciences Research

1). R supports model construction, parameter estimation, 
and output analysis for decision-analytic models in health 
economics and medical decision making [75].

2). R is combined with Python and AI to automate data 
processing, validation, and analysis in clinical trials, increasing 
productivity and quality assurance [72].

3). R is utilized for data cleansing, regression, survival analysis, 
time series, machine learning, and medical image analysis in 
cancer and clinical research [76].

4). R is used for traditional testing, regression, time series, 
classification, clustering, and sophisticated visualization in 
epidemiology and public health analytics to enhance monitoring 
and decision-making, particularly in environments with limited 
resources [65].

5). R provides the foundation for interactive dashboards and 
visual analytics such as charts, maps, heatmaps in the fields of 
surveillance, interventions, policy, and education [77].

6). In nursing research, R Shiny makes it possible to study 
complex data and share discoveries through dynamic, 
interactive graphics [71].

7). End-to-end next generation sequencing (NGS) pipelines 
for clinical genomics and transcriptomics are supported by 
Bioconductor in R [78].

8). R is utilized in laboratory medicine for predictive modeling 
using regression, random forests, SVMs, clustering, and neural 
networks, as well as for technique comparison, precision 
verification, and reference interval estimation [79].

9). Automated biomedical analytics i.e. clinicians can use no-
code solutions that combine preprocessing, statistics, survival 
analysis, and stacking machine learning using modular R-based 
pipelines [80].

10). R has biostatistics and fundamental techniques i.e. 
education and statistics for biomedical uses [3].

11). R has over 100 tools for systematic reviews and meta-
analysis are available [67].

12). R has a big data and data science i.e. biomedical data 
science and predictive analytics [6,64].

13). Teaching R Shiny and Visualization i.e. educating students 
and clinicians on R/RShiny [81].

Microsoft Excel

Microsoft Excel is one of the most popular tools for data 
management and preliminary statistical analysis in health sciences 
research because researchers, physicians, epidemiologists, nursing 
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scholars, and public health professionals find it especially useful 
due to its accessibility, user-friendly design, and interaction with 
the Microsoft Office environment [1]. It is frequently used for 
data entry, organization, cleaning, descriptive statistical analysis, 
graphical display, and initial interpretation of research findings in 
contemporary biomedical and healthcare investigations. Despite 
the growing availability of more sophisticated statistical software 
like R, SAS, SPSS, and Stata, recent studies show that Excel still plays 
a significant role in health sciences research [5].

Researchers can effectively manage massive amounts of clinical 
and epidemiological data with Microsoft Excel. In order to organize 
healthcare datasets prior to more complex statistical analysis, 
the software facilitates data tabulation, sorting, filtering, pivot 
tables, chart creation, and formula-based computations. Excel is 
often used by researchers in the early stages of their work to code 
variables, validate datasets, identify errors, and do exploratory 
data analysis. Literature shows that using Excel correctly may 
increase data accuracy, lower entry errors, and make it easier to 
prepare datasets for sophisticated analytical applications [82]. 
Microsoft Excel is frequently used in health sciences research for 
descriptive statistics, frequency distributions, graphical analysis, 
mean and standard deviation calculations, and basic inferential 
tests. Additionally, the program can be used to create tables, figures, 
and charts for presentations and research publications [1,5].

Importance of Microsoft Excel in Health Sciences 
Research

i). Large volumes of clinical and research data can be gathered, 
stored, and managed using Excel’s structured platform. 
Spreadsheets are used by researchers to keep track of 
epidemiological information, survey responses, lab results, and 
patient records. Data accuracy is increased and entry errors 
are decreased by features like data validation, filtering, sorting, 
and conditional formatting. Excel facilitates effective data 
preparation and cleansing, which are crucial stages in health 
sciences research [82,83].

ii). Researchers can conduct descriptive and inferential 
studies using Excel’s built-in statistical functions, such as 
mean, median, standard deviation, correlation, regression, and 
hypothesis testing. It is especially helpful for novices and health 
professionals with little background in statistical programming 
due to its intuitive interface. Excel continues to be a popular 
statistical software program in health research because it 
makes preliminary statistical calculations and data summaries 
easier [82,1].

iii). Excel is used by health researchers to produce pivot 
tables, dashboards, graphs, and charts that enhance the 
communication and interpretation of research findings. 
Researchers can more successfully discover trends, disease 
patterns, and consequences when health data is represented 
visually [84].

iv). Clinical audits, epidemiological surveillance, and 
retrospective chart reviews all heavily rely on Excel because 

researchers are able to monitor healthcare indicators, compute 
frequencies, and efficiently organize patient data. Excel macros 
can increase the precision and effectiveness of obtaining and 
processing clinical data from electronic health records [85].

v). Excel’s accessibility in the majority of academic institutions 
and healthcare facilities is one of its biggest benefits. Excel 
requires less technical knowledge than more sophisticated 
statistical programs like R or SPSS, making it appropriate 
for students, medical professionals, and new researchers. 
Additionally, recent research has shown that Excel’s accessibility 
and ease of use make it a useful entry-level analytical tool in 
healthcare settings with limited resources [86].

vi). Researchers can automate monotonous manual operations 
with Excel’s formulae, functions, and macros. Macros increase 
research productivity and decrease human error by automating 
data cleaning, computations, and report preparation and 
macros make it easier to organize and tidy research data 
effectively [85].

vii). Excel has long been used in models for economic evaluation 
and health technology assessment. Excel spreadsheets are 
widely used by researchers for healthcare decision modeling, 
budget impact analysis, and cost-effectiveness analysis and even 
if more sophisticated programming languages like R and Python 
are available, Excel is still useful for more straightforward and 
clear health economic models [87].

viii). Excel helps researchers turn raw data into useful 
information for clinical and policy decision-making, which supports 
evidence-based healthcare. Its analytical and visualization features 
help medical practitioners see trends, track results, and enhance 
patient care [86].

Key Applications of Microsoft Excel in Health Sciences 
Research

1). In health sciences, Excel is frequently used for data 
organization, storage, coding, and cleaning. Spreadsheets are 
used by researchers to organize clinical observations, survey 
responses, lab data, and patient demographics. Excel enhances 
healthcare data management’s speed, accuracy, and efficiency, 
particularly in primary healthcare and public health settings 
[83,86].

2). Researchers can find missing values, duplicates, and 
discrepancies in datasets with the aid of Excel’s filters, 
conditional formatting, formulae, and macros. Macros in Visual 
Basic for Applications (VBA) are very helpful for automating 
tedious data-cleaning procedures in clinical datasets and 
retrospective chart reviews [83].

3). Excel is widely used by researchers for regression analysis, 
correlation analysis, frequency distributions, descriptive 
statistics, and hypothesis testing. Excel is still useful for initial 
and intermediate statistical assessments in health sciences 
research, even though sophisticated statistical software 
might be selected for intricate analysis. Because Excel-based 
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models are transparent and well-known to academics and 
policymakers, they are still often used in health economic 
evaluations and health technology assessments [88].

4). Excel plays a significant role in health economics and 
outcomes research (HEOR), according to recent studies 
because its cost-effectiveness analysis, budget impact analysis, 
decision-analytic modeling, patient-level simulation models, 
and health technology assessment (HTA) are just a few of the 
many applications for Excel. More recent Excel features enable 
more flexible patient-level modeling without the need for VBA 
programming [88,89].

5). Excel is frequently used in clinical audits, patient outcome 
monitoring, cohort studies, survey data analysis, public health 
reporting, and disease surveillance. Because of its simplicity, 
it can be used for small- and medium-sized epidemiological 
investigations when quick data processing and reporting are 
necessary [83,86].

6). Researchers can visualize trends and patterns in healthcare 
data by creating charts, graphs, pivot tables, and dashboards 
using Excel. Visualization technologies support evidence-based 
decision-making and enhance interpretation. Research from 
academic health sciences libraries reveals that healthcare 
researchers and students are increasingly learning excellent 
data presenting strategies through Excel-based visualization 
workshops [84].

7). According to a recent research, Excel can be integrated with 
sophisticated analytical platforms like R and AI-based systems. 
Excel and statistical programming environments are being 
used more often by researchers to manage complex studies 
and increase reproducibility. Excel is still a crucial fundamental 
tool in sophisticated research workflows, as demonstrated 
by tutorials for Excel users switching to R in health economic 
analysis [90].

8). Large language models (LLMs) and artificial intelligence 
(AI) systems can automate Excel-based health economic 
models and technical reports, as these developments increase 
the effectiveness of healthcare research procedures and lessen 
manual labor [89].

9). Research on metabolomics and biomedicine also makes use 
of Excel interfaces. For instance, the IDEOM platform allows 
researchers to handle and interpret biochemical data in a 
comfortable spreadsheet environment by integrating LC-MS 
metabolomics analysis within Excel [91,92].

Challenges and Limitations

Despite the significant contributions of advanced statistical 
software to health sciences research, several challenges 
and limitations continue to affect their effective utilization, 
interpretation, and reliability. Statistical software such as IBM SPSS 
Statistics, R, SAS, Stata, and Python-based analytical platforms 
provide sophisticated analytical capabilities; however, their misuse 
or inappropriate application may compromise research validity 

and lead to inaccurate conclusions.

One major challenge is the limited statistical knowledge among 
many health sciences researchers. Advanced software can perform 
highly complex analyses with minimal user input, but incorrect 
selection of statistical tests, improper model specification, or 
misinterpretation of outputs can result in misleading findings. 
Researchers often rely heavily on automated software procedures 
without fully understanding the underlying statistical assumptions, 
which increases the risk of analytical errors and false inferences.

Recent methodological studies emphasize that inappropriate 
use of statistical software remains a common problem in biomedical 
and epidemiological research. Overall, while advanced statistical 
software are powerful tools in health sciences research, it is crucial 
to understand their limitations and approach their results with 
caution to ensure accurate and reliable data analysis.

Researchers and medical professionals face ongoing learning 
problems due to the rapid improvements in technology. New 
programming capabilities, interfaces, and analytical methods 
are frequently added to statistical software packages. It takes 
institutional support, interdisciplinary collaboration, and continual 
professional training to keep up with changing approaches. The 
full advantages of sophisticated statistical software in health 
sciences research cannot be realized without sufficient training and 
statistical literacy.

Conclusion

Beyond data analysis, the importance and efficacy of advanced 
statistical software is crucial and effective for developing 
healthcare policies and making decisions. Risk prediction, illness 
surveillance, evidence-based clinical practice, and healthcare 
planning all benefit from accurate statistical modeling. High-
quality systematic reviews and meta-analyses, which are crucial 
for developing clinical recommendations and public health 
initiatives, can be carried out by researchers using contemporary 
statistical software. As a result, statistical software expertise has 
emerged as a crucial skill for researchers in the health sciences and 
medical professionals across the globe. In health sciences research, 
sophisticated statistical software is essential since it provides 
improved analytical capabilities, accuracy, and repeatability, 
however, careful examination of assumptions, data quality, and 
researcher competence is necessary for their effective usage. To 
optimize their advantages and promote reliable health research, 
these issues must be resolved.
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