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Abstract

This article presents a comparative performance analysis of three the most popular Python web frameworks - Django
(with Django Rest Framework), Flask, and FastAPI - in the context of developing Web APIs. The evaluation focused on
key performance metrics such as request throughput for basic GET and POST operations, and response times for database-
related CRUD operations. FastAPI consistently outperforms the other frameworks in most scenarios. The study also high-
lights how ORM usage can incur performance costs, even outside database use. A notable outlier was found in FastAPI
when using SQLModel for large-scale data retrieval. Overall, the findings provide practical insights that can assist devel-
opers in selecting the most suitable framework.
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Streszczenie

W artykule przedstawiono analize¢ poroéwnawcza wydajnosci trzech najpopularniejszych webowych szkieletow
programistycznych w jezyku Python - Flask, Django (z Django Rest Framework) i FastAPI - w konteks$cie tworzenia
Web API. Oceng oparto na metrykach, takich jak przepustowo$¢ zapytan dla operacji GET i POST oraz czas odpowiedzi
dla operacji CRUD na bazie danych. FastAPI przewyzsza wydajno$cia pozostale szkielety w wiekszo$ci scenariuszy
testowych. Badanie wskazuje tez, ze uzycie ORM moze wplywac¢ na wydajnos¢, nawet poza operacjami na bazie danych.
Zaobserwowano takze przypadek znacznie pogorszonej wydajnosci FastAPI przy uzyciu SQLModel podczas pobierania
duzych zbioréw danych. Wyniki dostarczajg praktycznych wskazowek, ktore moga pomdc programistom w wyborze
najodpowiedniejszego szkieletu.
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1. Introduction client-server model using APIs for communication [4]. In
fact, web platforms are increasingly built around Web
APIs [5]. This study focuses on three of the most widely
used Python web frameworks - Flask, Django, FastAPI -
and evaluates their performance in the context of building
a typical API [3].

Since the launch of the first website by Tim Berners-Lee
in 1991, the world of web development has undergone
rapid evolution [1]. Today, nearly every company or in-
stitution maintains a website or web application, and the
quality of these platforms often plays a crucial role in
shaping a brand's market position. Fast and reliable ap- 1.1. Literature Review
plications enhance user satisfaction, which can lead to
greater engagement and customer loyalty. Moreover, ef-
ficient web applications consume fewer server resources,
resulting in lower operational costs. Therefore, selecting
the right technology is essential - not only for building
applications that meet these demands but also for stream-
lining the development process. This is where web devel-
opment frameworks come into play.

A framework is a high-level software solution that
promotes code reuse beyond what is achievable through
libraries alone. It enables developers to share common
features and application logic within a given domain.
Frameworks also contribute to higher product quality, as
significant portions of the application are prebuilt and
thoroughly tested [2]. According to the 2023 Stack Over-
flow Developer Survey, Python remains one of the most
popular programming languages for web development
[3]. Modern web architectures are largely based on a

Prior to conducting the study, a review of selected aca-
demic publications from conferences, journals, technical
blogs, and student theses was carried out. The focus was
primarily on performance and technical evaluations of
Python web frameworks, along with common criteria
used for performance assessment. Given the wide range
of available technologies and the relatively recent emer-
gence of FastAPI, no existing study was found that di-
rectly compares the performance of Flask, Django, and
FastAPL.

One of the earliest sources [6], published in 2011, pre-
sents six popular frameworks from that time, offering
only a theoretical comparison by describing their features
and use cases. Although Django was included, the age of
the article makes its content largely outdated.

Another study [7] reviews different types of Python
web frameworks, highlighting eight commonly used op-
tions - both full-stack and minimalist. It ultimately
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compares Django and Flask based on their features,
strengths, and weaknesses. However, this analysis re-
mains theoretical and does not include FastAPI.

In the bachelor’s thesis “Comparative study on Py-
thon web frameworks: Flask and Django” [8], the author
examines the advantages and limitations of both frame-
works. The theoretical part discusses various web devel-
opment technologies, while the practical portion involves
building two sample applications: a social networking
site using Flask and an e-commerce site using Django.
Flask was praised for its simplicity, flexibility, precise
control, and ease of learning, while Django was recog-
nized for its rich built-in functionality and scalability -
making it suitable for large-scale projects. Nevertheless,
the comparison was limited to two frameworks and re-
mained theoretical in nature.

Another bachelor’s thesis, “Concurrent benchmark
system for web-frameworks on Python” [9], focuses on
database operations and JSON (de)serialization perfor-
mance. Flask, Django, and Pyramid were tested across
multiple CRUD scenarios with varying numbers of re-
quests (5, 20, 50, 100, 200, 500). Django delivered the
best results for CRUD operations, followed by Pyramid
and Flask. For serialization, Flask and Pyramid per-
formed equally well, with Django being the slowest -
similar results were observed during deserialization.
FastAPI was not included in the study.

In article [10], the authors performed load testing us-
ing repeated requests at varying levels of concurrency (1
to 20 simulated users). Hardware and software resource
usage - CPU, memory, disk, I/O - were monitored along-
side user-perceived response times. Each concurrency
level was tested 2,000 times for statistical stability. This
paper offers valuable insight into best practices for per-
formance testing.

The article [11] offers a comparative assessment of
five widely used web frameworks - Django, Flask,
Laravel, Slim, and Spring Boot - focusing in part on per-
formance as measured by Core Web Vitals (LCP, FID,
CLS). Laravel demonstrated the fastest load times, while
Django provided superior visual stability. Although the
study is oriented toward individual learning choices, it
provides useful insights for evaluating efficiency of these
frameworks in lightweight, real-world scenarios.

Overall, the reviewed literature primarily focuses on
theoretical analysis or suggests optimal frameworks for
specific use cases. Only three studies conducted perfor-
mance testing, and none of them included FastAPI in the
evaluation.

1.2. Aim and scope of the study

The aim of this study is to conduct a comparative perfor-
mance analysis of three Python web frameworks -
FastAPI, Flask, and Django (with Django Rest Frame-
work) - and to identify their respective strengths and
weaknesses in the context of API development. The per-
formance evaluation is based on two key metrics: the
speed of handling simple GET and POST requests, meas-
ured in requests per second, and the response time for da-
tabase CRUD operations. The study is intended to

provide practical insights for developers choosing the
most suitable framework for their projects.

The hypothesis defined for this study is as follows:
FastAPI is the most efficient Python web framework.

2. Overview of the selected frameworks

This chapter presents a brief overview of the web frame-
works evaluated in the study.

2.1. Flask

Flask is a lightweight, minimalist web framework based
on the WSGI protocol [12]. It is well-suited for applica-
tions requiring a high level of flexibility. Thanks to its
simple and intuitive interface, Flask allows developers to
build web applications and APIs quickly and efficiently.
It does not impose a specific project structure, making it
ideal for small to medium-sized projects. Flask supports
a wide range of extensions, such as Flask-SQLAlchemy
and Flask-WTF, allowing for additional functionality as
needed. It is commonly used in environments where
rapid prototyping and full control over the application are
important.

2.2. Django (with Django Rest Framework)

Django Rest Framework (DRF) is a robust toolkit that
extends Django’s capabilities for building APIs [13, 14].
It simplifies the creation of complex APIs by offering
built-in tools for data serialization, authentication, and
RESTful request handling. DRF integrates easily with
databases and includes features such as pagination and
filtering. It is especially suitable for large-scale projects
that require scalability and integration with other sys-
tems, while maintaining readable and maintainable code.

2.3. FastAPI

FastAPI is a modern Python web framework designed
with performance and ease of use in mind [15]. Its full
support for type hints allows for automatic generation of
OpenAPI-compliant documentation. FastAPI is excep-
tionally fast due to its ASGI foundation and native sup-
port for asynchronous programming. It is particularly ef-
fective for building microservices and high-performance
applications, such as real-time data processing systems.
With its clean syntax, FastAPI is beginner-friendly while
also offering powerful features for experienced develop-
ers.

3. Research Methodology
3.1. Test environment

All performance tests were conducted on a single, dedi-
cated test environment. The technical specifications of
this setup, shown in Table 1, ensured reliable measure-
ments free from hardware-related limitations.

Table 1: Specification of the test environment

Component Specification
Processor Intel Core i17-8750H
RAM 16 GB DDR4
Storage 1 TB, Samsung SSD 970 EVO

Operating System Windows 10 Home 64-bit
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To minimize performance discrepancies caused by
server configuration and to produce results reflective of
real-world conditions, all applications were deployed us-
ing the production-grade Gunicorn server. The configu-
ration used 2 workers and 2 threads, selected experimen-
tally to guarantee stable performance across all frame-
works. The only difference was in the type of worker uti-
lized: gthread for Flask and Django applications, and
UvicornWorker for FastAPI, due to compatibility re-
quirements. All applications were also containerized us-
ing Docker.

3.2. Test applications

For the purposes of this study, five equivalent applica-
tions were developed, each offering the same functional-
ity necessary to carry out the testing scenarios, but imple-
mented using different technology stacks:

- FastAPI + SQLModel,

- FastAPI + SQLite3,

- Flask + SQLAIchemy,

- Flask + SQLite3,

- Django + Django Rest Framework.

All applications used SQLite as the database engine.
Flask and FastAPI were each implemented in two vari-
ants. One used an ORM (SQLAlchemy for Flask,
SQLModel for FastAPI, which is built on top of SQLAI-
chemy), while the other used the sqlite3 library, provid-
ing direct SQL-level access to the database through a
DB-API 2.0-compliant interface [16]. Table 2 presents
the version numbers of all tools and libraries used in the
study.

Table 2: Software versions used

Tool/Library Version
Python 3.11
FastAPI 0.115.12
Flask 3.1.0
Django 5.2.1
Django Rest Framework 0.1.0
SQLModel 0.0.24
Flask-SQLAIchemy 3.1.1
Gunicorn 23.0.0
Docker Engine 24.0.2

3.3. Testing procedure and scenarios

An automated testing script was created to ensure con-
sistent and reproducible performance measurements. The
process began by launching a Docker container with the
application under test. After a 20-second period to allow
the environment to stabilize, a test database containing
1,500 records was loaded. This was followed by a short
pause, after which a warm-up phase began. This involved
20 virtual users performing GET requests for 10 seconds,
followed by a series of requests retrieving all records
from the database. A 5-second idle period was then en-
forced to allow the system to settle before benchmarking.

The main testing phase included the following sce-
narios, executed sequentially with a 3-second delay be-
tween each:

e 50 users sending GET requests for 10 seconds, receiv-
ing a simple JSON response (GET /hello),

e 100 users sending POST requests with a JSON pay-
load for 15 seconds, receiving the same payload in re-
sponse (POST /echo),

e 10 users collectively performing 100 requests to re-
trieve all records (GET /items/),

e 10 users collectively performing 1,000 requests to re-
trieve a single item (GET /items/{id}),

e 10 users collectively performing 1,000 requests to
create new items (POST /items/),

e 10 users collectively performing 1,000 requests to up-
date randomly selected items (PUT /items/{id}),

e 1 user performing 100 delete operations (DELETE
/items/{id}).

The open-source tool k6 was used to generate load and

collect performance metrics, such as response times and

overall stability. Each test run was repeated five times
under identical conditions, and the results were averaged
to reduce the impact of anomalies and ensure reliability.

During each test, system resource usage was moni-
tored to maintain comparable test conditions. At the be-

ginning of each run, RAM usage ranged between 52%

and 55%, while CPU load hovered around 5%. Notably,

CPU usage never reached 100% during any test, suggest-

ing that the processor was not a bottleneck and did not

negatively impact the results.

4. Results
4.1. Simple GET requests

In the simple GET request test, FastAPI achieved the best
results (Figure 1).
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Figure 1: GET request test results.

Its asynchronous architecture enabled the handling of
up to 4,783 requests per second with SQLite, and 4,417
req/s when using SQLModel. Flask-based applications
reached throughput levels around 2,700 req/s. Django
performed the weakest, with a result of only 1,660 req/s
- roughly 35% of FastAPI's maximum. This clearly
demonstrates the higher overhead imposed by Django's
architecture. Interestingly, even though the test scenario
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did not involve any interaction with the database, appli-
cations using raw SQLite outperformed their ORM-
based counterparts. While the difference was negligible
in the case of Flask, for FastAPI it exceeded 8%.

4.2. Echo test

FastAPI with SQLite once again achieved the best per-
formance, processing 4,024 requests per second (Figure
2). FastAPI with SQLModel followed with a still-impres-
sive 3,627 req/s. Despite the lack of database interaction,
the non-ORM version once again outperformed the
ORM-based version - this time by approximately 11%.
Flask scored significantly lower, achieving 2,194 req/s
with SQLite and 2,143 req/s with SQLAlchemy. The dif-
ference between Flask variants was marginal. Django
once again ranked lowest at 1,551 req/s, although the gap
between Django and Flask was smaller than in the previ-
ous test.
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Figure 2: Echo test results.

4.3. Retrieving all records from the database

The test measuring the average response time of a full
SELECT query produced notably diverse results (Figure
3). FastAPI with SQLModel was the most striking out-
lier, with an average response time of 168.8 ms - over
two times higher than the median result. The best perfor-
mance was achieved by Flask with SQLite, at only 28.2
ms, indicating highly efficient data retrieval. Flask with
SQLAIchemy (69.2 ms) and FastAPI with SQLite (67.4
ms) yielded very similar results. Django was slightly
slower at 75.0 ms. Although most frameworks showed
relatively small differences in this scenario, the
SQLModel result stands out as a significant negative de-
viation, suggesting performance bottlenecks under these
specific conditions.
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Figure 3: Average response time for fetching all records.

4.4. Retrieving a single record

In the test focused on retrieving a single record from the
database (Figure 4), significant performance differences
between stacks were observed. FastAPI with SQLite led
by a wide margin, with an average response time of 2.5
ms. Flask with SQLite followed with a still impressive,
yet two-times slower result of 5.0 ms. FastAPI with
SQLModel recorded a response time of 7.6 ms, while
Flask with SQLAlchemy came in at 8.5 ms. Django had
the slowest response time at 13.4 ms, making it over five
times slower than FastAPI with SQLite. Although all rec-
orded times remained below 13.5 ms and might seem
negligible in isolation, such differences can become sig-
nificant in high-load systems or environments requiring
high availability.
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Figure 4: Average response time for fetching a single record.

4.5. Creating a new record

In the test measuring the time to create a new record in
the database (Figure 5), moderate variation was observed
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across the stacks. FastAPI with SQLite once again deliv-
ered the best performance, with an average response time
of 78.6 ms. FastAPI with SQLModel followed at 92.4
ms, and Django came in slightly slower at 99.6 ms. Flask-
based applications were the slowest in this test: 111.3 ms
with SQLite and 116.0 ms with SQLAlchemy, making
them the least efficient in this scenario.
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Figure 5: Average response time for create operations.

4.6. Updating a record

Figure 6 shows the average response times recorded dur-
ing the update test for a single record. FastAPI again
achieved the best performance, with 78.4 ms for the
SQLite version and 95.3 ms for SQLModel. Flask with
SQLAIchemy followed closely at 98.6 ms. Interestingly,
Flask with SQLite - which bypasses ORM overhead -
was actually slower, matching Django's result of 109.9
ms. This suggests that in this particular scenario, SQLAI-
chemy’s optimizations may have offset the expected sim-
plicity of raw SQL access.
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Figure 6: Average response time for update operations.
4.7. Deleting a record

The delete operation test produced consistently low re-
sponse times across all frameworks (Figure 7), ranging
from 9.0 to 11.2 ms. FastAPI with SQLite achieved the

lowest response time at 9.0 ms, followed closely by Flask
with SQLite at 9.3 ms. FastAPI with SQLModel and
Flask with SQLAlchemy posted results of 10.2 ms and
10.4 ms respectively. Django recorded the highest aver-
age response time - 11.2 ms - but even this was still well
within acceptable performance boundaries.
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Figure 7: Average response time for delete operations.

5. Conclusion

The conducted study enabled a detailed comparison of
the performance of selected Python web frameworks in
the context of building Web APIs. The tests covered both
typical CRUD operations and basic HTTP requests. To
ensure consistency, all applications were deployed in
Docker containers and executed under identical condi-
tions using a production-grade Gunicorn server config-
ured with 2 workers and 2 threads. FastAPI used the Uvi-
cornWorker to accommodate its asynchronous architec-
ture, while Flask and Django used the gthread worker due
to compatibility with WSGI-based applications.

The research hypothesis assumed that FastAPI would
be the most efficient of the tested frameworks - and the
results confirmed this. FastAPI consistently delivered the
best performance in nearly all scenarios, with the excep-
tion of the single-record read test. In throughput-oriented
benchmarks, it achieved on average 80% higher perfor-
mance than Flask and nearly three times that of Django.
It also performed better in CRUD operations, although
the differences in that area were less dramatic. An excep-
tion was the create single item test, in which FastAPI
achieved results twice as fast as Flask and five times
faster than Django. This level of responsiveness can be
attributed to FastAPI’s lightweight and asynchronous ar-
chitecture, along with the low overhead associated with
simple data models.

A notable exception to the overall trend was observed
in the test involving the retrieval of all records from the
database. FastAPI with SQLModel recorded an average
response time of nearly 170 ms, while the other stacks
performed the same task in the 28-75 ms range. This
points to inefficiencies in how the query is constructed or
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executed when using SQLModel - likely due to the con-
current use of Pydantic for data validation and SQLAI-
chemy for ORM functionalities. However, this perfor-
mance issue did not appear in other CRUD operations.
Another outlier was Flask with SQLite, which achieved
a remarkably low response time of 28.2 ms - more than
twice as fast as its FastAPI counterpart (67.4 ms).

Additional insights were drawn from the hello and
echo tests. Even though these scenarios did not involve
any database operations, variants using ORMs performed
worse than their counterparts using raw SQLite. In Flask,
the performance gap was marginal, but in FastAPI, dif-
ferences of 8-11% were observed. This suggests that
simply including an ORM in the application may intro-
duce measurable overhead - even in endpoints returning
static or near-static JSON responses.

The study also confirmed what is generally expected:
applications that interact directly with the database layer
tend to be faster than those relying on ORMs - though at
the expense of abstraction, maintainability, and long-
term scalability.

It should be noted that the server configuration used
in this study, while consistent across all applications, was
not necessarily optimal for each framework. The param-
eters were selected to ensure test stability, but they were
not specifically tuned for maximum performance. Archi-
tectural differences suggest that each framework might
benefit from its own tailored configuration, including dif-
ferent numbers of workers, threads, or concurrency mod-
els. Future studies could explore such optimizations to
determine the peak performance of each framework un-
der ideal conditions.

For developers evaluating which framework to use,
the results of this study offer several practical takeaways.
If maximum performance and low latency are critical -
especially in high-throughput systems with relatively
simple business logic - FastAPI is a strong choice. Its
asynchronous model and minimal overhead make it par-
ticularly well-suited for modern, scalable APIs. Flask re-
mains a good option for projects that do not require asyn-
chronous behavior and value simplicity, rapid prototyp-
ing, and clean code. Django, while showing lower raw
throughput, continues to be an excellent choice for
larger-scale projects that benefit from a complete out-of-
the-box ecosystem. Its built-in features - such as authen-
tication, admin interface, and ORM - can significantly
speed up development, especially in complex business
applications. Ultimately, the choice of framework should
be informed not only by benchmark results, but also by
the nature of the project, its scale, and the needs of the
development team.
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