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Context and objective: Evidence that bacteria in the human gut may influence nutrient metabolism
is accumulating. We investigated whether use of antibiotics influences the risk of developing type
2 diabetes and whether the effect can be attributed to specific types of antibiotics.

Methods: We conducted a population-based case-control study of incident type 2 diabetes cases
in Denmark (population 5.6 million) between January 1, 2000, and December 31, 2012. Data from
the Danish National Registry of Patients, the Danish National Prescription Registry, and the Danish
Person Registry were combined.

Results: The odds ratio (OR) associating type 2 diabetes with exposure to antibiotics of any type was
1.53 (95% confidence interval 1.50–1.55) with redemption of more than or equal to 5 versus 0–1
prescriptions. Although no individual group of antibiotics was specifically associated with type 2
diabetes risk, slightly higher ORs for type 2 diabetes were seen with narrow-spectrum and bacte-
ricidal antibiotics (OR 1.55 and 1.48) compared to broad-spectrum and bacteriostatic types of
antibiotics (OR 1.31 and 1.39), respectively. A clear dose-response effect was seen with increasing
cumulative load of antibiotics. The increased use of antibiotics in patients with type 2 diabetes was
found up to 15 years before diagnosis of type 2 diabetes as well as after the diagnosis.

Conclusions: Our results could support the possibility that antibiotics exposure increases type 2
diabetes risk. However, the findings may also represent an increased demand for antibiotics from
increased risk of infections in patients with yet-undiagnosed diabetes. (J Clin Endocrinol Metab
100: 3633–3640, 2015)

The human gut is populated by a dense community of
microbes, the gut microbiota, that many-fold out-

numbers our eukaryotic cell count and provides the host
with an enormous complimentary microbial gene set, the
gut microbiome (1). Several metabolic disease states such
as obesity and type 2 diabetes have been linked with al-
terations in the microbiota composition and function (2,
3), and in animal models, it has been demonstrated that the
microbiota actively contributes to a number of host met-

abolic pathways such as energy harvesting potential, reg-
ulation of gut hormone secretion, and nutrient storage
(4–6).

Antibiotics cause marked alterations in the human gut
microbiota with stereotypic declines and expansions in the
abundance of certain taxa and incomplete recovery to the
initial composition in some individuals (7–9). In observa-
tional studies, exposure to antibiotics has been linked with
development of obesity (10–12), and specific antibiotics
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have been associated with glucose homeostasis distur-
bances in patients with type 2 diabetes (13). Recently, an
observational study from the United Kingdom reported an
increased risk of diabetes following exposure to any of five
commonly prescribed antibiotics, also showing a clear
dose-response effect. At the same time, patients with type
2 diabetes had increased incidence of infections, raising
the possibility of confounding by indication.

We conducted a nationwide case-control study to in-
vestigate whether use of antibiotics influences the risk of
developing type 2 diabetes and, if so, if the effect can be
attributed to individual types of antibiotics, individual
groups of antibiotics, or the number of antibiotics courses.

Materials and Methods

The analysis was conducted as a nationwide case-control study
of incident cases of type 2 diabetes in Denmark (population 5.6
million) between January 1, 2000, and December 31, 2012. Vir-
tually all medical care in Denmark is provided by public health
authorities, whereby the Danish health registries allow true pop-
ulation-based studies, covering all inhabitants of Denmark.

Data sources. We used data from three sources: the Danish Na-
tional Registry of Patients, the Danish National Prescription
Registry, and the Danish Person Registry.

The Danish National Registry of Patients (14) contains data
on all secondary care contacts in Denmark since 1977. From
1995, outpatient diagnoses have been included systematically.
Discharge diagnoses are coded according to International Clas-
sification of Diseases, eighth revision (ICD-8), from 1977 to
1993 and ICD-10 since 1994.

The Danish National Prescription Registry (15) contains data
on all prescription drugs redeemed by Danish citizens since 1995.
Prescription data include the Central Person Registry number,
date of dispensing, the substance, brand name, and quantity. The
dosing instruction and the indication for prescribing are not re-
corded. Drugs are categorized according to the Anatomical Ther-
apeutic Chemical (ATC) code, a hierarchical classification sys-
tem developed by the World Health Organization for purposes
of drug use statistics (16). The quantity for each prescription is
expressed by the defined daily dose (DDD) measure, also devel-
oped by the World Health Organization (16).

The Danish Person Registry (17) contains data on vital status
(date of death) and migrations in and out of Denmark, which
allowed us to extract controls and to keep track of all subjects.

All data sources were linked by use of the Central Person
Registry number, a unique identifier assigned to all Danish cit-
izens since 1968 that encodes gender and date of birth (14). All
linkage occurred within Statistics Denmark, a governmental in-
stitution that collects and maintains electronic records for a
broad spectrum of statistical and scientific purposes. Further
information on the Danish registries can be found elsewhere
(18).

Cases. Because many type 2 diabetes patients are handled in the
primary care system and only hospital diagnoses of type 2 dia-
betes are available for research purposes, we could not identify

cases based solely on diagnoses. In particular, the timing of type
2 diabetes onset would be artificially delayed. Instead, cases were
defined by a first-ever prescription of a noninsulin glucose-low-
ering agent (ATC A10B), using the date of the filling as the index
date. To ensure consistency in the timing of the diabetes diag-
nosis and treatment of cases, we excluded cases that, before the
index date, had a diabetes diagnosis (ICD-10 codes E10, E11,
E12, E13, E14, and H360). We further excluded patients who
were not inhabitants in Denmark at the index date or who im-
migrated to Denmark less than 5 years before their index date.
Last, we excluded cases with chronic pancreatitis (ICD10
DK86*), pancreatic cancer (ICD10 DC25*), or polycystic ovary
syndrome (ICD10 DE282).

With this inclusion strategy, we included most patients diag-
nosed with type 2 diabetes in Denmark in the study period, al-
though we excluded patients on insulin monotherapy (assumed
to account for less than 5% of Danish patients with type 2 dia-
betes (19)).

Controls. Controls were extracted by use of a risk-set sampling
strategy. For each case, we selected eight controls randomly
among all Danish citizens, matching by gender and birth year,
and assigning an index date identical to the corresponding case.
Subsequently, we excluded those controls that fulfilled any of the
exclusion criteria described under cases including type 2 diabetes
diagnosis before their index date. We allowed subjects to be
elected as controls before they became cases and that subjects
could be elected as controls more than once. Thereby, the gen-
erated odds ratio (OR) is an unbiased estimate of the incidence
rate ratio that would have emerged from a cohort study based on
the same source population (20).

Exposure definition. We obtained information on use of all sys-
temic antibiotics (ATC, J01*, or P01AB01) for the cohort be-
tween January 1, 1995, and July 1, 2012. Antibiotics were clas-
sified into narrow-spectrum or broad-spectrum and bactericidal
or bacteriostatic as described in the Supplemental Material.

Antibiotic prescriptions that were redeemed within 6 months
before the index date where disregarded in the analysis to avoid
reverse causation bias; a prediabetic condition could be exacer-
bated during infectious disease, early diabetes might cause in-
fections before it was diagnosed, or first symptoms of undiag-
nosed type 2 diabetes could lead to antibiotic treatment for
example by being misinterpreted as an infection.

Exposure was quantified according to number of antibiotic
courses before the index date, three different categories were
defined; 0–1 antibiotic courses (reference), 2–4 antibiotic
courses or �5 antibiotic courses. Filling a prescription on the
same antibiotic within 20 days of the first use was considered as
belonging to the same course.

Data analysis. The analysis conformed to a conventional
matched case-control study. The crude and adjusted ORs for
developing type 2 diabetes associated with antibiotic exposure
were estimated using conditional logistic regression, controlling
for potential confounders.

Our primary aim was to test if there was an increased OR of
type 2 diabetes with increasing levels of antibiotic exposure, with
and without adjustment for potential confounders. For all anti-
biotics, we calculated the exposure odds for a cumulative expo-
sure of 2–4 versus 0–1 prescriptions and for �5 vs 0–1 pre-
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scriptions. As an explorative analysis, we also calculated the
exposure odds for 2–4, 5–8, 9–15, 16–24 and �25 prescrip-
tions in order not to overlook a potential dose-response effect
outside of common exposure levels. These analyses were con-
ducted for narrow-spectrum and broad-spectrum antibiotics,
and bactericidal and for bacteriostatic antibiotics separately
(classification listed in the Supplemental Material).

Variables included in our regression model as potential con-
founders were disposable income (categorized in four groups as
described in Table 1), Charlson index of comorbidity (none � 0
points, low � 1 point, or high �2 points) (21), and exposure to
certain drug classes known to influence the risk of type 2 dia-
betes. Exposure to a given drug class included as a confounder
was defined as having filled prescriptions for more than 500
DDD (except 30 DDD of glucocorticoids) before the index date.
The following drug classes were included: thiazide diuretics, glu-
cocorticoids, oral contraceptives, statins, calcineurin inhibitors,
and antipsychotics. As for exposure to antibiotics, only diagno-
ses or prescriptions occurring earlier than 6 months before the
index date were included. Age and gender were not included in
the regression because they were handled by the matching
procedure.

As sensitivity analyses we 1) considered only cases who re-
deemed two or more prescriptions of noninsulin antidiabetics
(ATC codes A10B*), 2) considered only cases that received a type
2 diabetes diagnosis (ICD10 DE11) in the Danish National Reg-
istry of Patients following redemption of one or more prescrip-
tions of noninsulin antidiabetics, 3) considered only antibiotic
prescriptions occurring within the past 5 years of the index date
(to detect an effect of variation in the available observation time),

and 4) disregarded all antibiotic prescriptions occurring within
the first 0–24 months (in 1-month intervals) from the index date.

Approval. The study was approved by the scientific board of
Statistics Denmark. Approval from an ethics committee is not
required according to Danish law (22).

Results

Between January 1 and December 31, 2012, we identified
231 745 incident users of glucose-lowering agents. Fol-
lowing exclusions, we had 170 504 cases that were
matched to 1 364 008 control persons without diabetes
(52.3% males, median age 62 years, interquartile range
51–71) Supplemental Figure 1).

Patients with type 2 diabetes generally had slightly
lower income, higher exposure to diabetogenic drugs, and
higher Charlson index than the age- and gender-matched
controls from the background population (Table 1).

Patients with type 2 diabetes redeemed on average 0.8
prescriptions on antibiotics per year compared to 0.5 pre-
scriptions per year among controls. Only 15 809 (9%) of
cases and 180 653 (13%) of controls did not redeem any
antibiotics before their index date.

Comparing having filled 2–4 prescriptions for antibi-
otics of any type to having filled 0–1 prescriptions for
antibiotics, we found an adjusted OR of 1.21 (95% con-
fidence interval [CI] 1.19–1.23) for type 2 diabetes,
whereas redemption of prescriptions was associated with
an OR of 1.53 (95% CI 1.50–1.55) for type 2 diabetes.
Slightly higher ORs were found for narrow-spectrum and
bactericidal antibiotics compared with broad-spectrum
and bacteriostatic antibiotics, respectively (Table 2).

The most commonly redeemed antibiotics were �-lac-
tamase sensitive penicillins followed by macrolides (ATC
J01FA) and penicillins with extended spectrum (data not
shown).

We found increased ORs for all groups of antibiotics
except for clindamycin. Glycopeptides were very infre-
quently prescribed in primary care and therefore an OR
could not be calculated for this drug (Table 3).

There was a dose-response relation between exposure
to antibiotics and type 2 diabetes for all types of antibi-
otics, although the dose-response relationship was slightly
stronger for narrow-spectrum and bactericidal antibiotics
compared to broad-spectrum and bacteriostatic types, re-
spectively. The OR for type 2 diabetes increased almost
linearly with the exposure to antibiotics, also outside the
common exposure window as shown in Figure 1.

The observed associations between antibiotic exposure
and type 2 diabetes risk were identical when stratifying by
age, gender, and observation periods (data not shown).

Table 1. Baseline Characteristics of Cases With Type 2
Diabetes and Control Subjects Free of Diabetes Matched
by Gender and Age

Cases Controls

All (n � 170 504) (n � 1 364 007)
Men 89 237 (52.3%) 713 887 (52.3%)
Women 81 267 (47.7%) 650 120 (47.7%)
Age (median, IQR) 62 (51–71) 62 (51–71)
Exposure to

antibiotics (any)
0–1 redemptions 36 314 (21.3%) 376 550 (27.6%)
2–4 redemptions 47 184 (27.7%) 409 901 (30.1%)
�5 redemptions 87 006 (51.0%) 577 556 (42.3%)

Income
�24 444 USD 90 015 (52.8%) 602 291 (44.2%)
24 444–44 069 USD 69 089 (40.5%) 615 345 (45.1%)
44 070–66 105 USD 8384 (4.9%) 108 334 (7.9%)
�66 105 USD 2826 (1.7%) 37 762 (2.8%)
Unknown 190 (0.1%) 275 (0.0%)

Drug exposure
Glucocorticoids 24 821 (14.6%) 161 228 (11.8%)
Oral contraceptives 13 923 (8.2%) 121 745 (8.9%)
Statins 31 777 (18.6%) 125 479 (9.2%)
Antipsychotics 4179 (2.5%) 15 712 (1.2%)
Thiazides 14 857 (8.7%) 60 006 (4.4%)

Charlson index
None (0) 112 500 (66.0%) 995 998 (73.0%)
Low (1) 29 899 (17.5%) 183 867 (13.5%)
High (�2) 28 105 (16.5%) 184 142 (13.5%)

Abbreviation: IQR, interquartile range.
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Also, when considering only antibiotic exposure occur-
ring within the past 5 years prior to the index date, the
associations were unchanged (Supplemental Tables 1–3).
The observed associations were confirmed in sensitivity
analyses using more strict criteria to define cases (ie, those
receiving a hospital diagnosis of type 2 diabetes or those
filling two or more prescriptions for antidiabetics) (sup-
plemental tables).

In post hoc analyses, we found a steep increase in OR
for type 2 diabetes with increasing exposure to narrow-
spectrum antibiotics when the exposure to broad-spec-
trum antibiotics was held fixed. In contrast, there was a
relatively unchanged OR for type 2 diabetes with increas-
ing exposure to broad-spectrum antibiotics when expo-
sure to narrow-spectrum antibiotics was fixed (Table 4).

The increased exposure to antibiotics was observed
both 5 years before and 5 years after the type 2 diabetes
index date for cases, with a small but consistent increase
in relative exposure rate (between cases and controls) in

the year immediately before and after the index date (Sup-
plemental Figure 2).

In further analyses, we found that the increased expo-
sure to antibiotics among cases was observed up to 15
years before the type 2 diabetes index date with a relative
exposure rate (cases versus controls) that slowly but con-
sistently increased from 1.20 15 years before the index
date to 1.35 in the year prior to the index date (Figure 2).
A similar pattern was seen when considering broad-spec-
trum, narrow-spectrum, bactericidal, and bacteriostatic
antibiotics separately (data not shown).

Discussion

In this nationwide register-based study, we find an in-
creased OR for risk of type 2 diabetes with increasing
exposure to antibiotics. A slightly stronger association
was seen with bactericidal and narrow-spectrum antibi-

Table 3. Adjusted OR (with 95% CI) for Type 2 Diabetes According to Antibiotic Exposure (Categorized in ATC
Code Groups) Before Initiation of Type 2 Diabetes Treatment

Group of Antibiotics OR1 OR2

�-lactamase sensitive penicillins (J01CE) 1.19 (1.18–1.21) 1.51 (1.49–1.54)
�-lactamase-resistant penicillins (J01CF) 1.35 (1.32–1.38) 1.61 (1.52–1.70)
Trimethoprim and derivatives (J01EA) 1.19 (1.13–1.25) 1.26 (1.17–1.36)
Short-acting sulfonamides (J01EB) 1.15 (1.13–1.17) 1.16 (1.12–1.20)
Macrolides (J01FA) 1.25 (1.23–1.27) 1.49 (1.46–1.52)
Steroid antibacterials (fusidic acid) (J01XC) 1.64 (1.36–1.98) 1.62 (1.00–2.62)
Nitrofurantoin derivatives (J01XE) 1.16 (1.11–1.21) 1.30 (1.22–1.39)
Penicillins with extended spectrum (J01CA) 1.19 (1.17–1.21) 1.31 (1.28–1.34)
Tetracyclines (J01AA) 1.17 (1.14–1.21) 1.19 (1.13–1.25)
Combinations of penicillins including �-lactamase inhibitors (J01CR) 1.22 (1.13–1.33) 1.41 (1.19–1.67)
Fluoroquinolones (J01MA) 1.16 (1.13–1.20) 1.23 (1.15–1.32)
Metronidazole (J01XD01 & P01AB01) 1.13 (1.09–1.16) 1.12 (1.02–1.23)
Clindamycin (J01FF) 1.18 (0.97–1.44) 0.88 (0.45–1.72)
Cephalosporins (J01DB, J01DC, and J01DD) 1.24 (1.01–1.53) 1.28 (0.74–2.20)
Comb. of sulfonamides and trimethoprim (J01EE) 1.18 (1.03–1.34) 0.95 (0.74–1.22)
Linezolid (J01XX) 1.29 (1.06–1.57) 1.46 (1.24–1.72)

Abbreviations: ATC, Anatomical Therapeutic Chemical; OR1, the OR for type 2 diabetes with redemption of 2–4 compared with 0–1 prescriptions
of the specific antibiotic group; OR2, the odds for type 2 diabetes with redemption of �5 compared with 0–1 prescriptions of the specific
antibiotic group.

Table 2. Crude and Adjusted ORs (95% CI) for Type 2 Diabetes According to Antibiotic Exposure (Categorized in
Types of Antibiotics) Before initiation of Type 2 Diabetes Treatment

Crude Adjusted

Type of Antibiotics 2–4 >5 2–4 >5

Any antibiotic 1.23 (1.21–1.25) 1.65 (1.63–1.67) 1.21 (1.19–1.23) 1.53 (1.50–1.55)
Narrow-spectrum 1.24 (1.23–1.26) 1.68 (1.65–1.70) 1.22 (1.20–1.23) 1.55 (1.53–1.57)
Broad-spectrum 1.24 (1.23–1.26) 1.45 (1.43–1.48) 1.18 (1.16–1.20) 1.31 (1.29–1.34)
Bactericidal 1.21 (1.20–1.23) 1.61 (1.59–1.63) 1.18 (1.17–1.20) 1.48 (1.46–1.50)
Bacteriostatic 1.25 (1.24–1.27) 1.49 (1.47–1.52) 1.20 (1.19–1.22) 1.39 (1.36–1.41)

Abbreviations: c, crude; OR1, the OR for type 2 diabetes with redemption of two to four antibiotic prescriptions compared with zero to one
redemptions; OR2, the odds for type 2 diabetes with redemption of five or more compared with zero to one antibiotic prescriptions.
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otics compared to bacteriostatic and broad-spectrum
groups, although the OR for type 2 diabetes risk with
individual types of antibiotics was generally found to be
homogenous. Importantly, the increased use of antibiotics
among patients with type 2 diabetes was found after the
time of type 2 diabetes onset as well as for the 15 years
leading up to this.

As for any observational study, the impact of bias and
confounding must be considered carefully. We used the
Danish Person Registry Number as a unique linkage to
combine data from the Danish National Prescription Reg-
istry, the Danish National Registry of Patients, and the
Danish Person Registry. This allowed us to identify all
Danish citizens who started treatment with a noninsulin
glucose-lowering agent during 2000–2012 and compare
the antibiotic exposure pattern in this population with an
age- and gender-matched control population free of dia-
betes for a period of up to 17 years before type 2 diabetes
index date. The combined data from the registers allowed
adjustment for differences in income, Charlson index of

comorbidity, and exposure to diabetogenic drugs in both
the case and the control group. However, we did not have
access to data on anthropometric measures such as body
mass index, blood sample results, or assessments of the gut
microbiota composition in these individuals that could
provide hints toward the mechanisms underlying our ob-
servations. Moreover, we were unable to study the influ-
ence of antibiotic prescriptions occurring in the early life
of our population (median age 62 years) because the Dan-
ish National Prescription Registry did not provide data on
drugs prescriptions before 1995.

An inherent difficulty in observational studies of type 2
diabetes lies in the definition of type 2 diabetes onset. It has
been estimated that at least 40% of patients with type 2
diabetes in Denmark are undiagnosed (23), and before
diagnosis, patients may have had impaired glucose toler-
ance, prediabetes, or as-yet undiagnosed type 2 diabetes
for several years (24). In a recent register study from Den-
mark, around 26% of Danish patients with type 2 diabetes
did not receive glucose-lowering agents in the first year
following diagnosis (19). These patients were only in-
cluded in our study if they later and within the study period
redeemed a prescription on a noninsulin glucose-lowering
agent. As a consequence, the index date for this subgroup

Figure 1. OR for type 2 diabetes according to the number of
antibiotics prescriptions prior to the initiation of treatment for type 2
diabetes.

Figure 2. Proportional ratio of antibiotics (any) use in cases versus
controls in the 15 years before the initiation of treatment for type 2
diabetes. Results are only for cases with an index date between 2010
and 2012.

Table 4. OR (with 95% CI) for Type 2 Diabetes According to the Number of Exposures to Broad-Spectrum and/or
Narrow-Spectrum Antibiotics Before Initiation of Type 2 Diabetes Treatment

Broad Spectrum
(0–1)

Broad Spectrum
(2–4)

Broad
Spectrum (>5)

Narrow spectrum (0–1) (Reference) 1.14 (1.09–1.19) 1.12 (1.01–1.25)
Narrow spectrum (2–4) 1.22 (1.20–1.24) 1.27 (1.23–1.31) 1.24 (1.17–1.32)
Narrow spectrum (�5) 1.52 (1.49–1.55) 1.59 (1.55–1.63) 1.64 (1.59–1.69)

When exposure to narrow-spectrum antibiotics was held fixed, a relatively unchanged OR for type 2 diabetes was seen with increasing exposure to
broad-spectrum antibiotics.
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could be falsely delayed in comparison to the time of
diagnosis.

Related to the issue of index time definition and the
possible delay in the time to diagnosis of type 2 diabetes is
the risk of confounding by indication. As discussed later,
it is commonly accepted that type 2 diabetes is a risk factor
for certain infections. In addition, an increased suscepti-
bility to infections has been demonstrated in obese pa-
tients (25). The prevalence of obesity is increased in pa-
tients with type 2 diabetes but also in patients with
prediabetes. Any difference in susceptibility to infection
between the case and the control group would bias our
results. To minimize this bias, we first excluded all anti-
biotic prescriptions filled less than 6 months before the
index date. When this period was extended to 3 years
before the index date, it had limited effect on the OR (de-
creased from 1.52 [95% CI 1.50–1.55] to 1.43 [95% CI
1.41–1.46]). Finally, post hoc analyses revealed that the
antibiotic exposure was increased among cases up to 15
years before the index date, which we find unlikely to be
caused by increased susceptibility to infections resulting
from, for example, prediabetes.

Recently, an observational study was published based
on United Kingdom primary care patients. This study used
a general practitioner-based database to study the antibi-
otic exposure in patients diagnosed with diabetes (n �
208 002) and matched controls (n � 815 576) free of di-
abetes between 1995 and 2013 with a median follow-up
duration of 5.5 years (26). In this study, there was also an
homogenously increased OR for diabetes (combined type
1 diabetes and type 2 diabetes in main analysis) risk with
increasing exposure to any one of five commonly pre-
scribed antibiotics: penicillins, cephalosporins, macro-
lides, quinolones, and tetracycline/sulfamethiazole (the
latter two were analyzed as one group). The ORs for di-
abetes risk were similar to the ones observed in our study,
although the OR with penicillin was lower than in our
study: OR 1.23 (95% CI 1.05–1.11) with � 5 versus 0
prescriptions for penicillins.

Because different groups of bacteria may have either a
positive or negative impact on host energy homeostasis
and glucose metabolism, our primary aim of this study was
to test the possibility that different antibiotic groups tar-
geting specific gut bacteria classes could induce different
effects on the risk for development of type 2 diabetes.
Supporting this hypothesis, a previous interventional
study found decreased insulin sensitivity following 1 week
of treatment with vancomycin, but not ampicillin, in a
group of obese males with the metabolic syndrome (27). In
addition, increases in body weight were reported follow-
ing exposure to vancomycin, but not following exposure
to other antibiotics in an observational study. Unfortu-

nately, because of very few redemptions on glycopeptides
in our population, we were unable to assess the risk of type
2 diabetes associated with vancomycin exposure. How-
ever, the uniformly increased ORs for type 2 diabetes be-
tween groups of antibiotics in our study do not support the
idea of one or a few antibiotics with particularly strong
metabolic side effects.

There are two competing interpretations of our find-
ings: 1) patients with type 2 diabetes are more prone to
develop infections many years before they become diag-
nosed with type 2 diabetes and therefore have increased
demand for antibiotics and 2) antibiotics increase the risk
of type 2 diabetes.

In support for the first interpretation, we found an es-
sentially unchanged exposure rate in cases versus controls
before and after the type 2 diabetes index date. Boursi et
al found higher incidence of urinary tract infections, skin
infections, and respiratory tract infections in cases with
type 2 diabetes compared with controls (26), and higher
risk of infections has previously been reported in patients
with uncontrolled diabetes compared with controls free of
diabetes (28). Moreover, obesity, which often precedes
development of type 2 diabetes, is suggested to increase
risk of infection (25). Etiologically, complications of type
2 diabetes such as sensory peripheral neuropathy, vascular
insufficiency, and autonomic neuropathy can all increase
susceptibility to infection (29, 30), and hyperglycemia has
been suggested to impair immune function (31). Because
some of our patients may have had undiagnosed diabetes
or hyperglycemia for an uncertain period before the index
date and because the prevalence of obesity within the case
group could be increased, we would expect a slightly in-
creased demand for antibiotics treatment in the case group
also prior to the index date.

In support of the second interpretation, there is now
mounting evidence from rodent models suggesting that
antibiotics may drive changes in insulin sensitivity, glu-
cose tolerance, lipid deposition, and energy harvesting po-
tential by altering the gut microbiota composition (32–
38). In most of these studies, antibiotics have been shown
to confer increased adiposity or weight gain independently
of the type of antibiotics used (32, 36, 37), although an-
tibiotic eradication or suppression of gut microbiota has
also been shown to protect against diet-induced obesity or
metabolic endotoxemia when the rodents where fed a
high-fat diet (33, 34, 38). In line with a general growth
promoting effect of antibiotics, they (several types) have
been used in agriculture to achieve weight gain in livestock
for decades (39) and exposure to antibiotics has been
linked with development of obesity and increased body
mass index in several observational studies (10–12). Fi-
nally, antibiotics could exert effects on glucose homeosta-
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sis or risk of type 2 diabetes independently of the gut mi-
crobiota (13). To our knowledge, however, no such
mechanism has been documented in human intervention
studies and the metabolic effects of antibiotics are abol-
ished if animals are raised under sterile conditions (40).

Conclusions

Patients with type 2 diabetes, compared to control subjects
free of type 2 diabetes, are overexposed to antibiotics be-
fore their diagnosis with type 2 diabetes as defined by the
first redemption of a prescription on an oral glucose-low-
ering agent. This may represent an increased demand for
antibiotics from an increased risk of infections in patients
with yet-undiagnosed diabetes, prediabetes, or manifest
type 2 diabetes. However, the possibility that antibiotics
exposure increases diabetes risk cannot be excluded and
deserves further investigation in interventional studies.
Thus, our results call for new investigations of the long-
term effect of antibiotics on lipid and glucose metabolism
and body weight gain. In particular, we suggest investi-
gation of commonly used narrow-spectrum penicillins be-
cause these drugs are frequently prescribed and showed
the highest OR for type 2 diabetes risk.
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