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ABSTRACT
Objectives  To examine the association between the use 
of oral antibiotics and subsequent colorectal cancer risk.
Design  Matched case–control study.
Setting  General practice centres participating in the 
Integrated Computerised Network database in Flanders, 
Belgium.
Participants  In total, 1705 cases of colorectal cancer 
diagnosed between 01 January 2010 and 31 December 
2015 were matched to 6749 controls by age, sex, 
comorbidity and general practice centre.
Primary outcome measure  The association between 
the number of prescriptions for oral antibiotics and the 
incidence of colorectal cancer over a period of 1–10 years, 
estimated by a conditional logistic regression model.
Results  A significantly increased risk of colorectal cancer 
(OR 1.25, 95% CI 1.10 to 1.44) was found in subjects with 
one or more prescriptions compared with those with none 
after correction for diabetes mellitus. No dose-response 
relationship was found.
Conclusions  This study resulted in a modestly higher 
risk of having colorectal cancer diagnosed after antibiotic 
exposure. The main limitation was missing data on known 
risk factors, in particular smoking behaviour. This study did 
not allow us to examine the causality of the relationship, 
indicating the need of further investigation.

INTRODUCTION
The development of antibiotics during the 
20th century has had a ground breaking 
impact on modern medicine.1 However, their 
administration is known to be associated with 
the development of short-term gastrointes-
tinal symptoms such as diarrhoea.2 While 
these conditions are generally self-limiting, 
both oral and intravenous use of antibiotics 
have been linked to a more permanent state of 
distorted colonic balance, one example being 
a Clostridium difficile infection.3 The human 
gut contains a diverse microbial community 
and has a crucial role in the defence against 
pathogenic bacteria, a balance that can be 
influenced by numerous factors.4 Little is 
known about long-term effects of oral anti-
biotic exposure, for example, in the rela-
tionship between antibiotic exposure and 

development of colorectal cancer (CRC). A 
systematic review of the link between carcino-
genesis and microbial dysbiosis suggests a rela-
tionship, yet hard conclusions about causality 
could not be stated. In particular, there are 
hints that the metabolic environment is 
involved, which can create a proinflammatory 
state.5 In addition a persistent altered micro-
biotic state after oral antibiotic exposure was 
shown by Dethlefsen and Relman 10 months 
after initial exposure.6 Human studies with 
a clear link between an altered colonic state 
and colorectal oncogenesis in vivo were not 
found.

The development of CRC in general is typi-
cally a multifactorial process with a develop-
ment time of over 10 years and is dependent 
on modifiable and unmodifiable factors.7 8 
Having a first-degree relative with CRC and 
having an inflammatory bowel disease (IBD) 
are major risk factors.8 Minor risk factors are 
smoking,9 abdominal obesity,10 lack of phys-
ical activity, diabetes mellitus (DM), male sex 
and increased age.8 Roughly 3%–5% of CRC 
is a hereditary form.8 Whether exposure to 
oral antibiotics might be one of these factors 
is a complex association to investigate.

The importance of investigating the 
potential presence of such a relationship 
can be demonstrated by the current disease 
burden caused by the development of CRC, 

Strengths and limitations of this study

►► This case–control study was sufficiently powered to 
detect an association between antibiotic prescrip-
tions and colorectal cancer.

►► The large data set minimised selection bias.
►► This study provided us an insight into the prescrip-
tion behaviour of the general practitioner.

►► Smoking and obesity, known risk factors for colorec-
tal cancer, were missing in Integrated Computerised 
Network database. These potential confounders 
could not be taken into account in our study.
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which is significant by measurement of incidence and 
consequence. For instance in Europe it is estimated 
to account for 12% of all cancers and cancer-related 
deaths annually.11 Analysis of geographical distribu-
tion between 21 European countries during the first 
2 decades of the 21st century resulted in great inter-
country differences.12 Outpatient antibiotic use also 
differs greatly between countries in this region. This 
was shown by an analysis of 33 European countries 
resulting in a factor of 3.8 when comparing the highest 
and lowest national consumption.13 Considering the 
heterogeneous geographical distribution of both anti-
biotic use and CRC incidence an investigation in a 
country where this has not yet been analysed yet might 
be of additional value.

Our aim is to evaluate the association between oral 
antibiotics prescribed in Flemish general practice 
and subsequent diagnosis of CRC with correction for 
comorbidity including DM, an established risk factor 
for CRC.8

A thorough search with this focus can be summarised 
by describing the results of three meta-analyses, which 
combined analysed a total of 11 individual case–control 
and cohort studies.14–24 In 2019 Syanolu et al25 investigated 
a total of eight studies and their quantitative synthesis 
resulted in a significant OR of 1.20 (95% CI 1.10 to 1.32) 
when cumulatively assessing the number of prescriptions. 
In their conclusion they consider a weak association 
between exposure and outcome but no clear signs for a 
dose-response relationship. The other two meta-analyses 
were both published in 2020, were both based on the 
same 10 studies and resulted in comparable results. Qu et 
al26 analysed a total of over 4.8 million participants, which 
resulted in an OR of 1.09 (95% CI 1.02 to 1.17). In partic-
ular, the additional analysis of anti-aerobic antibiotics 
showed an increased risk. Lastly, Simin et al27 compared 
ever users to none users which resulted in an OR of 1.17 
(95% CI of 1.05 to 1.30). Limitations mentioned by these 
meta-analyses are the high heterogeneity between studies 
in terms of measurement of exposure, measurement 
of outcome, differing antibiotic use per country and 
potential biases such as residual confounding. In addi-
tion to the already present studies, ours will add weight 
in its geographical location since this is the first study in 
Belgium, with its own prescription behaviour and CRC 
diagnostic procedures and incidence.

METHODS
Study design and context
For this nested case–control study we used the Belgium 
based Integrated Computerised Network (Intego). Since 
its foundation in 1994 general practitioners (GPs) have 
recorded over 3 million diagnoses and 12 million prescrip-
tions. It covers more than 2% of the Flemish population 
and is representative for the Flemish population in terms 
of age and gender distribution.28

Data
Registered details contain information about the subjects’ 
age, gender, general practice and date of prescriptions 
and diagnosis. The latter two were coded using the 
Anatomical Therapeutic Chemical (ATC) classification 
system and the International Classification of Primary 
Care (ICPC-2), respectively.28

Case and control selection
A flow diagram of the patient selection is presented in 
figure 1. All patients aged above 18 years old registered in 
the Intego database during the period of 01 January 2010 
to 31 December 2015 (hereinafter called the selection 
interval) were eligible for inclusion. Cases were those with 
a first diagnosis of CRC (ICPC-2 code D75) registered by 
their GP during the selection interval. The index date 
used for the CRC cases was equal to the date of their first 
diagnosis. Everyone with the presence of CRC prior to the 
selection interval was excluded. Furthermore, subjects 
with IBD prior to the index date were excluded, since 
IBD might distort the association between antibiotics and 
CRC.8

Each case was matched to four optimally chosen 
control subjects matched on age (±5 years), sex, the 
number of comorbidities (±1 disease) and general prac-
tice. Controls were assigned the same index date as their 
case counterpart. Mamouris et al developed an optimal 
algorithm to match cases and controls in an optimal, 
fast and efficient way. This algorithm is efficient, since 
it accommodates replacement with or without controls; 
fast, since it is executable in seconds even with millions of 
controls; and optimal, since the closest control is always 
captured. Specifically, in the scenario that a case has only 
one control we assured that this control will be matched 
to this case, thus maximising the cases to be used in the 
analysis. For additional information about our applied 
method we refer to an elaborate paper authored by our 
statistician Mamouris and coauthored by us.29

To clarify the concept of matching on comorbidities, 
consider a case with three chronic diseases the number 
of comorbidities equals three. When matching this case 
to a control, we allow for an absolute difference of one 
chronic disease, meaning that the controls could have 
two, three or four diseases. A total of 105 chronic diseases 
were taken into account for the operationalisation of 
comorbidity, of which 51 actually occurred in our study 
population.30

Exposure and covariates
To minimise the potential influence of a protopathic 
bias, prescriptions 1 year prior to the index date were not 
considered. The main exposure was defined as any oral 
antibiotic therapy during 1–10 years prior to the index 
date, subdivided into the following eight classes (ATC 
code): tetracyclines (J01A), amphenicols (J01B), beta-
lactam antibiotics, penicillines (J01C), other beta-lactam 
antibacterials (J01D), sulfonamides and trimethoprim 
(J01E), macrolides, lincosamides and streptogramins 
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(J01F), quinolone antibacterials (J01M) and other 
antibacterial drugs (J01X). Classes with aminoglyco-
side (J01G) and combinations of antibacterials (J01R) 
were not prescribed. These classes consist of chemical 
subgroups which categorise individual antibiotics on a 
molecular level.31

The cumulative number of prescriptions per drug class 
prior to the index date were assessed. Multiple prescrip-
tions prescribed during one consultation were added 
up only if they were of a different molecule. Subjects 
were categorised based on total number of prescriptions 
into the following categories: non-users, low (1st–33rd 
percentile), intermediate (34th–66th percentile), high 
(67th–90th percentile), very high (above 90th percentile) 
and all (1st percentile and above). Multiple categories 

might allow us to witness a dosage-response relationship. 
The presence of DM (ICPC-2 code T90) was taken into 
account as confounder. The main factor for which we 
lacked registration of sufficient quality and quantity was 
tobacco use. In addition certain genetic variants, such as 
Lynch syndrome, increase the chance of development of 
CRC.8 Due to missing details in the database about these 
often hereditary disorders we were not able to correct for 
these types.

Statistical analysis
The proportion of cases and controls using antibiotics, as 
well as the proportion of subjects using different classes 
of antibiotics were described. For continuous variables 
we used Student’s t-test and Mann-Whitney U test. The 

Figure 1  Patient selection flowchart. aTotal number of unique eligible subjects in the Intego database during 1 January 2010 
until 31 December 2015. bControls with presence of IBD before the index date were excluded during matching. CRC, colorectal 
cancer; IBD, inflammatory bowel disease; Intego, Integrated Computerised Network.
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Pearson χ2 test was used for categorical variables. The 
primary analysis was a conditional logistic regression 
analysis to estimate OR and 95% CIs for the association 
between antibiotic prescriptions for oral use and the 
subsequent diagnosis of CRC. The multivariate analysis 
was conditioned on the presence of DM. Based on liter-
ature we decided to consider a minimal OR of 1.20 as a 
relevant risk factor.8 The predominance of the J01C class 
of 45% allowed us to estimate ORs of those who used one 
or more prescription of this class.

RStudio Team (2019) was used for statistical analysis.32

Ethics statement
The Intego procedures were approved by the ethical 
review board of the KULeuven Faculty of Medicine (no. 
ML 1723) and by the Belgian Privacy Commission (no. 
SCSZG/13/079).

Patient and public involvement
No patients were involved in the development of the 
research question, study design or interpretation of the 
data.

RESULTS
Baseline characteristics
The group of 1705 cases with a first diagnosis of CRC 
between 01 January 2010 and 31 December 2015 were 
matched to 6749 controls. Nineteen cases were excluded 
due to lack of any controls. As indicated in table 1, there 
were no statistically significant differences between the 
case and control groups in the terms used by matching. 
Due to the near perfect matching in terms of age and 
gender these factors were not corrected for during the 
analysis. The top three most prevalent comorbidities, 
which were similar in controls and cases, by most frequent 

occurrence were hypertension, hypercholesterolaemia 
and asthma.

Exposure
In total 5217 antibiotic prescriptions were prescribed 
for the cases versus 18 263 for the controls, resulting in 
a total average of respectively 3.06 and 2.71 per patient 
during the observation period of on average 9 years. This 
correlates to on average one prescription for every 3-year 
period for cases and on average one prescription every 
3-year and 4 months period for controls. The categorisa-
tion of cases and controls resulted in a combined group 
of non-users of 3590 individuals (42% of total), 2110 in 
the low category (25%), 1056 (12%) in the intermediate 
category, 1188 (14%) in the high exposure category and 
lastly 510 (6%) in the very high group. The percentage 
non-users in the case group were a bit lower compared 
the control group (40% vs 43%, p<0.01). The highest 
individual number of prescriptions was 122 prescriptions 
in total, which appeared a credible number after further 
investigation.

Figure  2 presents the relative share of the six most 
prescribed classes of antibiotics per year during the 
entire observational period. The major share consisted 
of beta-lactam antibacterials (45% on average), which in 
turn consisted of 89% of amoxicillin. Noteworthy is the 
gradual decline of other beta-lactam antibacterials, which 
consisted for over 90% of cefuroxime. Lastly there was 
an apparent increase of the class named other antibacte-
rials, which mainly consisted of nitrofurantoin derivatives 
(68%). Figure  3 presents the timewise use of prescrip-
tions relative to the index date per case or control. As 
shown, there is a gradual increase in both the case and 
the control group. After the first year of measurement it 
shows a non-crossing pattern, with the cases consistently 
having a higher number of prescriptions.

Association between antibiotics and risk of CRC
Table 2 shows the main outcome of our study in terms of 
crude and adjusted ORs. The OR of developing CRC for 
antibiotic users with one or more prescriptions compared 
with non-users was 1.25 (95% CI 1.10 to 1.44). Due to the 
lack of a clear increase of ORs, the CIs of all categories 
were overlapping with their lesser-exposed category, an 
evident dose-response relationship could not be shown. 
The additional comparison of individuals who used one 
or more prescription of the penicillin and other beta-
lactam antibacterials (J01C class) to non-users resulted in 
a crude OR of 1.13 (95% CI 1.00 to 1.28). Due to this 
number being low and nearly insignificant we deemed an 
isolated effect of this subclass unlikely. Analysis of other 
classes did not result in significant ORs.

DISCUSSION
Statement of the principal findings
Antibiotic prescriptions compared with none were associ-
ated with a 25% higher chance of developing CRC over 

Table 1  Baseline characteristics of cases and controls

Cases Controls P value*

Absolute number of 
subjects

1705 6749

Mean age at index 
date (±SD)

58.85 (13.48) 58.53 (14.11) 0.40

Male gender 
(percentage)

791 (46.39) 3143 (46.57) 0.92

Prevalence of 
diabetes mellitus 
(percentage)

386 (22.64) 877 (12.99) <0.01

Non-exposed 
individuals 
(percentage)

675 (39.59) 2915 (43.19) <0.01

Average number of 
comorbidities per 
subject

2.35 2.29 0.35

*Pearson χ2 test was used for categorical variables and 
Student‘s t-test for continuous variables.
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a 9-year period, a number that remained significant after 
correction for DM. All subdivided categories, except for 
low exposure (one to two prescriptions), showed a signifi-
cantly increased OR. A dose-response relationship was 
not shown.

Strengths and weaknesses
The benefit of the Intego database was twofold. First 
the size of more than a quarter of a million of unique 
individuals during the selection period has allowed us to 
investigate a relatively rare disease. Second it has shown 
its representativeness for the Flemish–Belgian popu-
lation in terms of the geological spread, age and sex.28 
Exact and recent European statistics comparing outpa-
tient and hospital prescriptions were not found. In the 
USA the GP, with 24% of all antibiotic prescriptions in 
2011, accounted for the greatest share of all specialties.33 
Considering the likelihood of the GP being the most 
frequent prescriber the impact of long-term side effects 
would be the greatest. Two unique features of our study 
were the use of an optimal matching procedure29 which 
optimised the use of controls and matching based on 
general disease burden using the comorbidity index.

The major limitation of this study is the absence of 
known risk factors, especially smoking. Furthermore 
two studies were found that indicated a lower threshold 
for doctors to prescribe antibiotics of certain classes for 
tobacco users.34 35 Considering the increased relative risk 
of 1.20 (95% CI 1.10 to 1.30) of developing CRC when 
comparing smokers to non-smokers found by Kelvin et al9 
it is doubtful, but not excludable, that our found OR can 
fully be explained by smoking. One further limitation of 

the used database is that Belgian patients are free to visit 
different GPs of their choice, possibly resulting in incom-
plete patient data regarding prescription of antibiotics 
and registration of relevant diagnoses. Lastly it should 
be stated that while a case–control study is often suited 
to test a certain hypothesis about the link between a risk 
factor and an outcome, its retrospective nature limits the 
power of investigating causality.

Comparison to previous studies
Comparing our results to similar studies, differences can 
be found in terms of investigated population, registra-
tion of exposure, diagnosis and method of correction for 
comorbidities. Our OR of any versus none users of 1.25 
(95% CI 1.10 to 1.44) is very similar to the pooled results 
from the meta-analysis of Simin et al27 who found an OR 
of 1.17 (95% CI 1.05 to 1.30). Ten studies lay the founda-
tion for this meta-analysis, of which three were conducted 
in the USA15–17, five in Europe (UK N=319 21 22, the Neth-
erlands N=114, Finland N=120), one in New Zealand23 and 
one in Taiwan.18 In 2009 Belgium ranked sixth out of 33 
countries for the amount of antibiotic prescriptions and 
was higher than the three aforementioned European 
countries, suggesting relatively high exposure in our 
study.13 Potential explanations for a positive correlation 
might be a causative relationship or potentially persistent 
lacking correction for a common confounder. A clear 
dose-response relationship was generally not considered 
shown, and lacking in our study. However, considering 
the described permanent effect of antibiotics on the 
microbiome6 it might behave more like a threshold type 
of model instead.

For detailed results comparable individual case–control 
studies are more suitable for comparison. Our OR when 
comparing our group with high exposure, meaning five 
or more prescriptions, to non-users was 1.40 (95% CI 1.10 
to 1.79). Dik et al established an OR of 1.23 (95% CI 1.08 
to 1.40) when comparing eight or more prescriptions 
versus none during 1–6 years prior to CRC diagnosis.14 
Kilkkinen et al found an increased risk of developing 

Figure 2  Relative antibiotic use per class per year 
(excluding two classes with <2% of total prescriptions).

Figure 3  Average cumulative prescriptions per case or 
control prior to index date. *Observation period ranged from 
1 to 10 years prior to the index date.

Table 2  Antibiotic prescriptions and OR of developing 
colorectal cancer

Amount of 
prescriptions 
compared with 
none*

OR (95% CI lower limit–upper limit)

Crude Adjusted†

>0 1.26 (1.10 to 1.45) 1.25 (1.10 to 1.44)

1–2 1.11 (0.95 to 1.31) 1.12 (0.95 to 1.32)

3–4 1.37 (1.07 to 1.75) 1.36 (1.06 to 1.74)

5–122 1.43 (1.12 to 1.82) 1.40 (1.10 to 1.79)

5–10 1.31 (1.01 to 1.71) 1.30 (1.00 to 1.70)

11–122 2.00 (1.27 to 3.41) 1.92 (1.17 to 3.16)

*Category (number of prescriptions): All (>0), low (1–2), 
intermediate (3–4), high (5–10), very high (11–122).
†Adjusted for presence of type 2 diabetes mellitus.
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CRC with an OR of 1.15 (95% CI 1.04 to 1.26) when 
comparing six or more prescriptions versus 0–1 during 
a follow-up period of 3–9 years after use.20 Our number 
is slightly higher, yet in line with these studies. In accor-
dance with these studies14 20 we did not find a significant 
relationship in our lowest exposure category (one to two 
prescriptions) when comparing to non-users. One study 
which corrected for smoking behaviour was by Armstrong 
et al. They found an increased OR of 1.90 (95% CI 1.61 to 
2.19) for the overall amount of prescriptions during the 
entire follow-up duration, which had a median of 6 years 
and a maximum of 15 years.21

Recommendations for further research and clinical practice
One possible explanation for our results might be the 
influence of antibiotics on the human gut, which contains 
a diverse microbial community and has a crucial role in 
the defence against pathogenic bacteria.4 Human studies 
with convincing evidence of a direct relationship between 
antibiotic use and CRC however are lacking.7 36 In order 
to study such a relationship one needs further investi-
gation of the drug—microbiome relationship and its 
long-term effects. Considering the possibility of a perma-
nent altered colonic state after antibiotic exposure, it is 
questionable whether this effect could result in a clas-
sical dose-response relationship or would behave as a 
threshold type model. The amount of exposure while we 
measured it seems relatively high in comparison to other 
countries.13 We consider our study, which was performed 
in a unique region by a unique matching procedure, has 
added weight to the hypothesis of an existent correla-
tion between the exposure to oral antibiotics and CRC 
development. Its results highlight the value of additional 
research to improve the understanding of the interaction 
between antibiotics and CRC. Our results do support 
rational use, a trend which seems to become stronger due 
to the increased presence of antibiotic resistance.37 In our 
opinion additional clinical implications of our study are 
limited due to the inherent limitations of retrospective 
research.

CONCLUSION
In this case–control study, prescribed oral antibiotics 
predicted an increased risk of CRC without a clear dosage-
response relationship. The major limitation was lack 
of information on known risk factors of cancer, such as 
smoking. The retrospective observational nature warrants 
caution interpreting these results as proof of causality. 
Our inability of disproving the correlation between 
antibiotic exposure and development of CRC indicates 
the need of additional investigation. This study further 
supports the opinion of reserved and prudent usage of a 
potential lifesaving medicine.
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