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Abstract  
Determining an appropriate sample size is a critical component of medical and veterinary research. In 
cross‑sectional studies, in particular, an adequate sample size is an essential part for accurately 
estimating baseline prevalence of diseases or other health factors in human or animal populations. 
Proper sample size calculation ensures that the study includes enough humans or animals to 
estimate the prevalence of a disease, condition, parasite, pathogen, or to establish a baseline with 
acceptable precision. When sample sizes are too small, studies become underpowered and may fail 
to identify true effects or accurately characterize disease prevalence. In this paper, we provide a 
practical and accessible framework for calculating sample size for prevalence in medical and 
veterinary cross‑sectional research studies. 
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Introduction 
Determining an appropriate sample size is very important when designing a cross‑sectional study aimed at estimating the 
prevalence (proportion) of a population [1]. These cross‑sectional studies in human medicine or veterinary science that 
aim to determine the prevalence of a disease, condition, parasite, pathogen, or to establish a baseline at a given point in 
time are called prevalence studies [2-4]. Prevalence [4] refers to the proportion of cases of disease, condition, exposure, 
pathogen, or other health factor present in a population at a specific point in time or over a specified period [5,6]. A 
precise estimation of unknown parameters, such as the population prevalence, requires drawing a (random) sample of an 
adequately large sample size [7]. Larger samples produce more precise prevalence estimates by narrowing the 
associated confidence intervals. If the sample size is insufficient, the resulting estimate may lack the precision needed to 
identify a prevalence level of practical relevance.  
A small sample size can substantially affect the precision of a prevalence estimate. When the number of observations is 
limited, the estimate becomes more susceptible to random variation, which reduces statistical stability. This increase in 
uncertainty is reflected in a wider confidence interval, indicating that the true population prevalence could plausibly fall 
across a broader range of values. In other words, insufficient sample size diminishes the reliability of the estimate by 
weakening the degree of confidence with which researchers can generalize their findings to the target population.   
A small sample size can also influence the level of significance associated with a prevalence estimate. When the number 
of observations is limited, statistical tests may have reduced power, meaning they are less capable of detecting true 
differences or associations. As a result, even when a real effect exists, the analysis may fail to reach the conventional 
threshold for statistical significance. This occurs because small samples produce greater variability and less stable 
estimates, which in turn inflate standard errors. Consequently, the probability of obtaining a statistically significant result 
decreases, not because the effect is absent, but because the study lacks sufficient data to demonstrate it with 
confidence.   
Despite the large body of literature on sample size determination [8-18], many authors overlook or simply omit the 
calculation of appropriate sample size regardless of its importance; see, for example, [19-22]. Prevalence estimates play 
a critical role in informing public health policy, guiding the allocation of resources, and supporting clinical planning. 
However, when these estimates are derived from inadequately small sample sizes, they become vulnerable to substantial 
statistical error. Underpowered samples increase the likelihood that the calculated prevalence will deviate from the true 
population value, potentially leading decision‑makers to rely on inaccurate or misleading information. Such biases can 
have deep and expansive impacts, including misdirected funding, inappropriate service planning, and ineffective public 
health interventions. Therefore, this study aims to provide a practical and accessible framework for calculating sample 
size to estimate prevalence in medical and veterinary research. It reviews the statistical methodologies employed in 
medical and veterinary research.  It presents simplified procedures for their application, thereby supporting researchers 
in designing survey programs that are both scientifically rigorous and economically efficient.  
 
Target population 
The population [8] refers to the entire group of human individuals or animals in a certain geographical area at a given point 
in time that share similar characteristics to which the study findings will be generalized and applied. A population is called 
finite if its items, units, individuals, or animals can be counted. Sometimes it is not possible to count the population's 
items, units, individuals, or animals; therefore, it is called an infinite or uncountable population. 
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Accessible population 
The accessible (study) population [8] refers to the entire group of human individuals, or animals selected based on pre-
defined inclusion and exclusion criteria and is accessible at the time of the study. To generalize the study findings and 
conclusions to the target population, the accessible population should represent the target population closely. Moreover, 
it is the population from which the sample will be selected. 
 
Sample 
The sample [8] refers to a specific group of items, human individuals, or animals that represent the accessible population 
and will be included in the study. The sample items should be selected in a way that represents the study population 
closely. The size of the sample is always less than the size of the accessible population. 
 
Sample size  
The sample size refers to the minimum or sufficient number of units, human individuals or animals to be included in the 
study and is usually represented by n. The main purpose of the sample size calculation is to determine the minimum 
number of observations that are sufficient to provide an estimate of prevalence (p) with certain precision associated with 
a level of confidence. 
 
Factors that affect the sample size   
Level of significance 
The level of significance is denoted by alpha (α) and refers to a threshold that represents the random sampling variation in 
the results of the study. It refers to the acceptable level of risk that the findings of the study are due to random variation 
only. For example, a common value of α=0.05 indicates a 5% random sampling variation, i.e., the risk that the study 
concludes a difference exists when there is no actual difference.  
 
Confidence level   
The confidence level refers to the probability that the sample estimate of the population prevalence falls within certain 
specified limits and is usually denoted by "1- α". A common 95% value is widely used.  
 
Confidence interval  
It is an estimated interval computed from the sample data based on pre-defined statistical methodology. This interval is 
associated with a level of confidence (commonly 95%) that a specified proportion of these intervals contain the true value 
of the unknown population prevalence in repeated sampling. It is usually denoted by CI. 
 
Expected prevalence   
The expected prevalence refers to the historical prevalence that can be obtained from previous studies with similar study 
design or a pilot study conducted or based on the recommendation of a subject matter expert. If we have a range of values 
of historical prevalence, then it is better to use the value that is close to 0.5 If no information is available, then we 
recommend using 0.5, as it leads to a larger (i.e., more conservative) sample size. 
 
Desired precision of an estimate 
The desired precision (also called the margin of error, allowable error, or acceptable error in the estimate) refers to the 
clinically meaningful (acceptable) difference between estimated prevalence and the population's prevalence (which is 
still an unknown parameter) that we want to estimate. It is an estimated value (commonly 5%) usually set at half the width 
of the desired confidence interval of the population's prevalence and usually denoted by d. For example, for the desired 
width of the confidence interval of 0.1, the value of the precision is +/- 0.05 or 5%.  Based on our experience, we suggest 
using a precision of 5% if the expected prevalence of the condition of interest is common (i.e., between 10% and 90%). In 
the case of rare condition (or diseases), when the expected prevalence is below 10%, then we suggest using a precision 
value that is half of the expected prevalence. In the case of a very common condition (or diseases), when the expected 
prevalence is more than 90%, we suggest using a precision value that can be {0.5(1- expected prevalence)}. For example, 
if the expected prevalence is 0.04, you may choose a precision of =0.02, and if the expected prevalence is 0.98, then you 
may use a precision of 0.01. 
 
The formula for sample size calculation for prevalence estimation 

• Infinite population   
 In the case of an infinite or very large population, the minimum required sample size n can be obtained using the 
following formula: 

n =
(Zα

2
)

2

× p(1 − p)

d2
                                                                    (1) 
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where n is the required sample size, d is the precision and p is the expected prevalence, Zα

2
 is the critical value of 

the normal distribution at α/2 (e.g. for a confidence level of 95%, α is 0.05 and the critical value is 1.96).   
• Finite population 
In the case of a finite or small population, the sample size n can be corrected as follows: 

Adjusted sample size = (N×n)

(N+n−1)
 

Where N is the number of items, units, human individuals, or animals in the study population, and n is the 
calculated sample size 

 
Assumption of the normal approximation  
The above formula (1) is based on a common rule of thumb that the normal approximation for the binomial works well 
when np > 5 and n(1-p) > 5. Therefore, a small sample size might not fulfill this assumption. Also, the suggested precision 
(d) as half of the expected prevalence for a rare condition (or disease) or {0.5(1- expected prevalence)} in case of a very 
common condition (or disease), will ensure this assumption is met. 
 
Design effect    
The above formula (1) is based on simple random sampling where the probabilities of selection are known. However, in 
the case of collecting sample data using other types of sampling methods such as stratified or multistage sampling, etc. 
Then the sample size needs to be adjusted for that. One way is to multiply the sample size by a design effect, which is the 
ratio of the variance of the estimated prevalence based on current sampling selection (different from simple random 
sampling) to the expected variance of the estimated prevalence had the sample been collected using simple random 
sampling. One way, we may suggest, is to use a bootstrapping method to estimate the variance. The bootstrap method is 
a statistical resampling technique used to draw large numbers of samples of the same size, with replacement, from the 
original sample dataset. Then, the empirical variance across bootstrap samples is used as an estimate of the variance.   
 
Clusters 
The above formula (1) is based on the assumption that sampling units are independent. However, in some cases, this 
assumption is violated, such as when human individuals or animals are clustered within some (physical) clusters or 
groups such as provinces, hospitals, herds, etc. Therefore, the sample size needs to be adjusted according to the number 
of clusters.  
 
Software for calculating the required sample size for estimating prevalence 
For sample size calculation for estimating prevalence, we recommend using EpiInfo, a software program developed by the 
United States Centers for Disease Control and Prevention (CDC) and freely available via the link 
https://restoredcdc.org/www.cdc.gov/epiinfo/pc.html. Once the software is installed, follow the next steps to use this 
software: 

•  Open the software, 

 
Figure (1): Epiinfo main menu 

 
Select “STATCALC” for sample size calculation 
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Figure (2): Epiinfo - STATCALC menu 

• Select “population survey”, 
 

 
Figure (3): Epiinfo - STATCALC - Inputs 

 
• Submit your data, 
o Population size: It refers to how many people there are in the population from which you are sampling. If the 

size of the population is not known, enter 1,000,000 as the sample size should not  change much for a very 
large population, 

o Expected frequency: it refers to the expected prevalence 
o Acceptable margin of error: it refers to the precision value 
o Design effect: can be considered only if the selection is not based on simple random sampling  
o Clusters: refers to the number of clusters that may exist 

• Check the calculation results. 
 

Example  
Let us assume that we are planning a baseline study to estimate the prevalence of a certain disease. From the literature, 
we found a similar study that showed a prevalence estimate of 30%. We choose a confidence interval of 95%, a precision 
value of 5%, and the population is very large. Moreover, the sample is to be collected based on simple random sampling. 
   

 
Figure (4): Epiinfo - STATCALC – results 

 
Then, as depicted in figure 4, the results showed the minimum required sample size is 323.  
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Summary  
The calculation of adequate sample size is an important part of any prevalence study and is required by ethics 
committees for study approval. Yet the process is challenging and depends on assumptions that are rarely precise. The 
calculated sample size should not be treated as a definitive answer; the final choice must balance statistical guidance 
with practical constraints, including time, cost, and clinical judgment. Therefore, consulting a professional statistician 
during study planning is strongly recommended. He/she may assist you to ensure the correct application of formula, 
considering the assumptions, design effects, and finite population correction. 
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