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Abstract
Background Tetracyclines have been used in the clinic for decades. However, there is some controversy
about the risk of tetracycline-associated hepatic injury. The aim of this pharmacovigilance study was to
evaluate the association between drug-induced liver injury (DILI) and tetracyclines based on the FDA
Adverse Event Reporting System (FAERS) database.

Methods All reported cases of tetracyclines as primary suspected drugs were extracted from the FAERS
between January 2004 and December 2020. The outcomes included all severe drug-related hepatic
disorders, hepatocellular injury, cholestatic injury and liver failure. Disproportionality analyses are
conducted by estimating both the reporting odds ratio (ROR) method and the information element (IC)
method.

Results A total of 1435 tetracycline-associated hepatic injury cases were identi�ed in FAERS. Tigecycline,
minocycline and doxycycline were found to be signi�cantly associated with severe DILI, and the ROR, IC
and their 95% CIs of tigecycline, minocycline and doxycycline were (ROR=5.85, 95% Cl 4.96~6.91,
IC=2.44, 95% Cl 1.85~2.95), (ROR=6.40, 95% Cl 5.76~7.11, IC=2.56, 95% Cl 2.19~2.89) and (ROR=2.07,
95% Cl 1.86~2.31, IC=1.03, 95% Cl 0.66~1.38), respectively. Compared to minocycline and doxycycline,
tigecycline showed a stronger association with hepatocellular injury (ROR=7.11, 95% Cl 6.13~8.23, IC=
2.68, 95% Cl 2.16~3.13) and cholestatic injury (ROR=12.16, 95% Cl 10.13~14.61, IC=3.51, 95% Cl
2.79~4.00). Tigecycline (ROR=6.56, 95% Cl 4.57~9.41, IC=2.69, 95% Cl 1.28~3.64) and minocycline
(ROR=4.22, 95% Cl 3.14~5.66, IC=2.06, 95% Cl 1.00~2.93) showed a signi�cant association with liver
failure.

Conclusion Based on current research, we discovered signi�cant associations between DILI and
tigecycline, minocycline and doxycycline. Tigecycline is more strongly correlated with hepatocellular
injury and cholestatic injury than minocycline and doxycycline.

Impacts On Practice
This article shows the impact of tetracyclines, including tigecycline, minocycline and doxycycline, on
different types of liver dysfunction. These results provide reference for drug selection and monitoring of
adverse drug reactions in clinical practice.

Introduction
Drug-induced liver injury (DILI) has become a serious public health problem that cannot be ignored
because it is the most common cause of acute liver failure [1]. Antibiotics are among the leading
contributors to DILI. The American DILI Network (DILIN) reported antibiotics involved in 45.4% of DILI
cases [2].
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Tetracyclines are commonly used antibacterial drugs and have been used extensively to treat a wide
range of infections. Although some tetracyclines are no longer used in clinical treatment due to drug
resistance, others are still important in clinical practice. Doxycycline and minocycline are the drugs with
the highest antibacterial activity against tetracyclines. However, tetracyclines can be incorporated into
teeth, cartilage and bone, resulting in discoloration of both the primary and permanent dentitions.
Therefore, most tetracyclines are recommended only to patients over 8 years old. Because of the low
binding to calcium of doxycycline, it can be used in children under 8 years old [3]. Tigecycline is the �rst
glycylcycline antibiotic and remains effective against tetracycline-resistant bacteria [4]. Tigecycline has
attracted clinicians' attention for its strong antibacterial activity against multidrug-resistant (MDR)
pathogens (e.g., Acinetobacter baumannii and Klebsiella pneumoniae) [5, 6].

Tetracyclines are generally considered to be safe, and the common adverse reactions are gastrointestinal
disorders, skin/subcutaneous tissue disorders and tooth discoloration [7, 8]. For hepatic injury,
minocycline is reported to be one of the top 10 drugs that might cause DILI in developed countries [9].
Earlier studies have shown that high doses of intravenous tetracycline might induce fatty liver disease,
which is more common among pregnant women [10, 11]. The association of other tetracyclines with
hepatotoxicity has been mentioned in studies but has not been proven [12–14]. With the increase in
atypical pathogens and MDR pathogen infection, tetracyclines are becoming increasingly needed by
clinicians. We must pay attention to their adverse effects on organ function, especially hepatotoxicity.
Because of their high lipid solubility, most tetracyclines are excreted through the liver and biliary tract,
causing damage to the hepatobiliary system [15]. In clinical practice, we repeatedly found liver
dysfunction in patients taking tetracyclines, including glycylcycline (tigecycline). However, it is di�cult to
distinguish whether liver injury is drug-related or disease-related. It is important and meaningful to �nd a
way to analyze the association between tetracyclines and hepatic injury events.

Aim of the study
The FDA Adverse Event Reporting System (FAERS) is a pharmacovigilance database of the United States
opened to the public. The FAERS data can be used to evaluate the association between drugs and
adverse events [16–18]. The objective of the current study was to detect the correlation between
tetracycline drugs and DILI events by comprehensively assessing spontaneous reports submitted to the
FAERS database.

Methods

Data Source
We downloaded FAERS data from the FAERS Quarterly Data Extract Files website from January 2004 to
December 2020 [19]. FAERS data are processed anonymously, so no ethical review is required.



Page 4/17

The FAERS datasets contain seven data tables as follows: the patient demographic and administrative
information table (DEMO table), the drug information table (DRUG table), the adverse events information
table (REAC table), the patient outcomes table (OUTC table), the report sources information table (RPSR
table), the drug therapy start and end dates table (THER table) and the indications for drug administration
table (INDI table). We managed FAERS data locally by Microsoft SQL server 2017 software.

According to the FDA's recommendation, we removed duplicated cases from the original data before
identifying target cases. We removed the same records from the DEMO table and left one, delete the
earliest cases when the case identity numbers (CASEID) were the same and removed the smaller event
identity number (PRIMARYID) when the CASEID and date number were the same. We further removed
cases listed in the FAERS deleted �les.

Target Drugs and DILI events Identi�cation
Drug names in the DRUG table may be documented in various forms, such as generic names, brand
names, synonymous names or their abbreviations. Before identifying target drugs, we standardized
different names of the same drug into a “generic name” using MedEx software (MedEx UIMA 1.3.8,
Vanderbilt University, US) [20, 21].

We attempted to identify �fteen single component tetracyclines according to the WHO Anatomical
Therapeutic Chemical (ATC) classi�cation (ATC code: J01AA) from the local FAERS database. The �fteen
agents (ATC code) included demeclocycline (J01AA01), doxycycline (J01AA02), chlortetracycline
(J01AA03), lymecycline (J01AA04), metacycline (J01AA05), oxytetracycline (J01AA06), tetracycline
(J01AA07), minocycline (J01AA08), rolitetracycline (J01AA09), penimepicycline (J01AA10), clomocycline
(J01AA11), tigecycline (J01AA12), eravacycline (J01AA13), sarecycline (J01AA14), and omadacycline
(J01AA15). The drugs in the DRUG table were classi�ed into primary suspected (PS), secondary
suspected (SS), concomitant (C) and unteracting (I) drugs, and the current study only includes PS drugs.

DILI event identi�cation was managed in two ways. The adverse events in the REAC table were managed
as preferred terms (PTs) according to the Medical Dictionary for Regularly Activities (MedDRA). First, we
identi�ed severe DILI cases using the Standardized MedDRA Queries (SMQs) version 23.1 (SMQ code:
20000007) narrow search, including 136 PTs. For cases reporting more than one PT of the same SMQ,
we removed duplicate records and kept only one. Second, we identi�ed DILI cases with three categories:
hepatocellular injury (26 PTs), cholestatic injury (16 PTs) and hepatic failure (6 PTs) based on previous
studies [22, 23].

Data Mining
We gathered the characteristics of DILI cases with tetracyclines treatment, including age, sex, reporter,
report country, report year, case outcomes, drug daily dosage and drug indications. We use both the
reporting odds ratio method (ROR, a frequency method) and the information component method (IC, a
Bayesian method) to detect "signals", which indicates the association between DILI events and
tetracyclines treatment. A signi�cant signal was de�ned as both ROR and IC signals detected. The ROR
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signal criteria were case number ≥3 and a lower limit of 95% CI > 1. The IC signal was detected when
IC>0, and the lower limit of 95% CI > 0. The calculation method of ROR, IC and the 95% con�dence interval
(95% CI) are shown in Supplementary Table S2.

Statistical Analysis
The data management and statistical analyses were conducted by Microsoft Excel software version 2013
(Microsoft corporation, Redmond, Washington, USA) and SPSS software version 25.0 (IBM corporation,
Armonk, New York, USA).

Results

Characteristics Analysis
During the study period (between January 2004 and December 2020), a total of 18042 primary suspected
tetracycline-related adverse reactions were reported in the FAERS. Of these, 1435 cases are related to DILI
events. We tried to identify 15 tetracyclins; however, only 10 drugs were retrieved with relevant reports,
including minocycline, doxycycline, tigecycline, tetracycline, omadacycline, oxytetracycline, sarecycline,
lymecycline, eravacycline and demeclocycline. Minocycline, doxycycline and tigecycline rank as the top
three in terms of the number of reported cases. The female to male ratio with DILI events was 1.34. More
DILI cases occurred in the 18- to 64-year-old group (45.20%). A total of 82.50% of DILI cases were
reported by health professionals. The top �ve DILI reporter countries are the United States (606 cases,
42.20%), the United Kingdom (212 cases, 14.80%), France (106 cases, 7.40%), China (61 cases, 4.30%)
and Germany (50 cases, 3.50%). The proportions of death, life threatening and hospitalization were much
higher in the DILI group than in the non-DILI group. The details are in Table 1.
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Table 1
Primary characteristics of tetracycline-associated DILI cases and non-DILI cases in FAERS.

Characteristics DILI cases Non DILI cases

Case number (n) Proportion (%) Case number (n) Proportion (%)

Tetracyclines

Minocycline 547 38.10 3549 21.40

Doxycycline 545 38.00 10028 60.40

Tigecycline 288 20.10 1478 8.90

Tetracycline 41 2.90 1253 7.50

Omadacycline 4 0.30 110 0.70

Oxytetracycline 3 0.20 87 0.50

Sarecycline 2 0.10 54 0.30

Lymecycline 2 0.10 4 0.00

Eravacycline 2 0.10 16 0.10

Demeclocycline 1 0.10 28 0.20

Age group

18 years 234 16.30 1198 7.20

18 to 64 years 648 45.20 7527 45.30

≥65 years 290 20.20 3297 19.90

Unknown 263 18.30 4585 27.60

Gender

Female 730 50.90 9572 57.60

Male 545 38.00 5183 31.20

Unknown 160 11.10 1852 11.20

Reporter occupation

Health professionals 1184 82.50 10836 65.20

Non-health professionals 124 8.60 4541 27.30

Unknown 127 8.90 1230 7.40

Outcomes

Death 174 12.10 837 5.00
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Characteristics DILI cases Non DILI cases

Case number (n) Proportion (%) Case number (n) Proportion (%)

Life threatening 104 7.20 638 3.80

Hospitalization 467 32.50 2828 17.00

Disability 34 2.40 600 3.60

Congenital anomaly 0 0.00 31 0.20

Required intervention 5 0.30 82 0.50

Other serious events 561 39.10 6149 37.00

Unknown 90 6.30 5442 32.80

Reporter country (top 5)

United States 606 42.20 9473 57.00

United Kingdom 212 14.80 2963 17.80

France 106 7.40 564 3.40

China 61 4.30 232 1.40

Germany 50 3.50 372 2.20

The number of tetracycline-associated DILI event cases increased pronouncedly after 2018. The
proportion of DILI in the total adverse events was bounded by 2018, gradually decreased before 2018,
and then showed an upward trend (Figure 1).

DILI related signal detection
We �rst analyzed the severe DILI cases identi�ed by a narrow SMQ search. Nine drugs were identi�ed,
and only tigecycline, minocycline and doxycycline were detected with signi�cant signals. The signals of
tigecycline (ROR=5.85, 95% Cl 4.96~6.91, IC=2.44, 95% Cl 1.85~2.95) and minocycline (ROR=6.4, 95% Cl
5.76~7.11, IC=2.56, 95% Cl 2.19~2.89) were both higher than that of doxycycline (ROR=2.07, 95% Cl
1.86~2.31, IC=1.03, 95% Cl 0.66~1.38). (Table 2)
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Table 2
Signal detection of tetracycline-associated severe DILI cases identi�ed by SMQ narrow search in FAERS.
Drug name DILI

cases (n)
All AE
cases (n)

DILI
proportion
(%)

ROR 95% Cl for
ROR

IC 95%
Cl for
IC

Minocycline 382 4096 9.33 6.40 5.76 ~
7.11

2.56 2.19
~
2.89

Tigecycline 152 1766 8.61 5.85 4.96 ~
6.91

2.44 1.85
~
2.95

Doxycycline 341 10573 3.23 2.07 1.86 ~
2.31

1.03 0.66
~
1.38

Tetracycline 35 1294 2.70 1.73 1.23 ~
2.42

0.77 -0.36
~
1.84

Eravacycline 2 18 11.11 7.77 1.79 ~
33.78

2.81 -2.84
~
5.25

Lymecycline 2 6 33.33 31.07 5.69 ~
169.61

4.40 -3.06
~
5.93

Sarecycline 2 56 3.57 2.30 0.56 ~
9.44

1.17 -3.20
~
4.51

Demeclocycline 1 29 3.45 2.22 0.30 ~
16.31

1.12 -4.32
~
5.19

Oxytetracycline 1 90 1.11 0.70 0.10 ~
5.01

-0.51 -4.94
~
4.37

The signal detection results of hepatocellular injury, cholestatic injury and hepatic failure are shown in
Table 3.

For hepatocellular injury analysis, three drugs detected signi�cant signals, including tigecycline
(ROR=7.11, 95%Cl 6.13~8.23, IC= 2.68, 95% Cl 2.16~3.13), minocycline (ROR=5.5, 95%Cl 4.94~6.12,
IC=2.35, 95%Cl 1.98~2.68) and doxycycline (ROR=1.91, 95%Cl 1.71~2.12, IC=0.91, 95%Cl 0.55~1.26).

For cholestatic injury analysis, the same three drugs detected signi�cant signals: tigecycline (ROR=12.16,
95%Cl 0.13~14.61, IC=3.51, 95%Cl 2.79~4), minocycline (ROR=3.23, 95%Cl 2.59~4.04, IC=1.67, 95%Cl
0.9~2.37) and doxycycline (ROR=2.86, 95%Cl 2.47~3.31, IC=1.5, 95%Cl 1~1.97).
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For liver failure analysis, only two drugs detected signi�cant signals: tigecycline (ROR=6.56, 95% Cl
4.57~9.41, IC=2.69, 95% Cl 1.28~3.64) and minocycline (ROR=4.22, 95% Cl 3.14~5.66, IC=2.06, 95% Cl
1~2.93).
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Table 3
Signal detection of tetracyclines associated hepatocellular injury, cholestatic injury and hepatic failure in

FAERS.
Drug name DILI

cases (n)
All AE
cases (n)

DILI
proportion
(%)

ROR 95% Cl for
ROR

IC 95%
Cl for
IC

Hepatocellular injury

Tigecycline 200 1766 11.33 7.11 6.13 ~
8.23

2.68 2.16
~
3.13

Minocycline 368 4096 8.98 5.50 4.94 ~
6.12

2.35 1.98
~
2.68

Doxycycline 350 10573 3.31 1.91 1.71 ~
2.12

0.91 0.55
~
1.26

Tetracycline 17 1294 1.31 0.74 0.46 ~
1.19

-0.43 -1.95
~
1.14

Omadacycline 4 114 3.51 2.02 0.75 ~
5.48

0.99 -2.25
~
3.70

Oxytetracycline 2 90 2.22 1.26 0.31 ~
5.13

0.33 -3.62
~
4.02

Sarecycline 2 56 3.57 2.06 0.50 ~
8.45

1.02 -3.28
~
4.44

Eravacycline 1 18 5.56 3.27 0.44 ~
24.58

1.65 -4.26
~
5.42

Lymecycline 1 6 16.67 11.12 1.30 ~
95.2

3.24 -4.39
~
6.05

Cholestatic injury

Tigecycline 123 1766 6.96 12.16 10.13 ~
14.61

3.51 2.79
~
4.00

Minocycline 80 4096 1.95 3.23 2.59 ~
4.04

1.67 0.90
~
2.37

Doxycycline 183 10573 1.73 2.86 2.47 ~
3.31

1.50 1.00
~
1.97
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Drug name DILI
cases (n)

All AE
cases (n)

DILI
proportion
(%)

ROR 95% Cl for
ROR

IC 95%
Cl for
IC

Tetracycline 7 1294 0.54 0.88 0.42 ~
1.85

-0.18 -2.47
~
2.15

Oxytetracycline 2 90 2.22 3.69 0.91 ~
14.98

1.86 -2.87
~
4.77

Sarecycline 2 56 3.57 6.01 1.47 ~
24.65

2.54 -2.70
~
5.01

Demeclocycline 1 29 3.45 5.80 0.79 ~
42.59

2.49 -4.00
~
5.51

Hepatic failure

Tigecycline 30 1766 1.70 6.56 4.57 ~
9.41

2.69 1.28
~
3.64

Minocycline 45 4096 1.10 4.22 3.14 ~
5.66

2.06 1.00
~
2.93

Doxycycline 41 10573 0.39 1.48 1.09 ~
2.01

0.56 -0.46
~
1.55

Tetracycline 2 1294 0.15 0.59 0.15 ~
2.35

-0.77 -4.32
~
3.21

Eravacycline 1 18 5.56 22.31 2.97 ~
167.63

4.40 -3.91
~
5.77

Tetracyclines dose Analysis
The results of dose analysis are listed in Table 4. We found no difference in the daily dose of doxycycline
between the DILI group and the non-DILI group. The median daily dose of minocycline was slightly higher
in the DILI group. It is worth noting that the daily dose of tigecycline at the 75% quartile in the DILI group
was 200 mg, which was higher than that in the non-DILI group (100 mg). In addition, all doses listed in
Table 4 are within the range recommended by drug labels, except for the 75% quartile dose of tigecycline
that exceeded the recommended dose.
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Table 4
Daily tetracyclines doses in the DILI case group and non-DILI case group

Drug name Daily dose of DILI group (mg) Daily dose of non-DILI group (mg)

Case
number
(n)

Median 25%

quartile

75%

quartile

Case
number
(n)

Median 25%

quartile

75%

quartile

Doxycycline 162 200 100 200 2225 200 100 200

Minocycline 76 100 100 200 633 110 100 200

Tigecycline 99 100 100 200 355 100 100 100

Discussion
Many countries and organizations have established adverse event reporting systems to monitor and re-
evaluate the safety of postmarketing drugs. The FAERS database is widely used because of its large data
volume and free access to the public. To the best of our knowledge, this is the �rst pharmacovigilance
analysis for tetracycline-associated DILI using FAERS real-world big data.

Tetracycline and minocycline, especially at high doses intravenously, have been reported to be positively
associated with hepatic injury in previous studies [24–27]. The mechanism of tetracycline-induced
hepatotoxicity is likely related to mitochondrial injury due to inhibition of mitochondrial protein synthesis,
while minocycline is probably related to immunology [9]. In the current study, we found that minocycline,
tigecycline and doxycycline showed signi�cant associations with DILI. Moreover, the signals of
tigecycline were stronger than those of minocycline and doxycycline in hepatocellular injury and
cholestatic injury. Tigecycline and minocycline had a similar risk of severe DILI, and both were higher
than doxycycline. In addition, minocycline and tigecycline might cause liver failure. Other drugs (including
tetracycline) do not showed signi�cant signals, possibly due to their fewer reported case numbers.

Tigecycline, minocycline and doxycycline are the most commonly used tetracycline drugs in clinical
practice. Their correlation with DILI in real-world data is noteworthy, especially for tigecycline. Tigecycline
is a glycylcycline antibiotic with broad-spectrum activity against almost all gram-negative, gram-positive,
anaerobic, and atypical pathogens and is increasingly used in MDR pathogen infections. Some studies
suggested that the correlation between tigecycline and hepatic injury is not signi�cant or only led to a
mild increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST) [28–30]. Some
researchers believe that tigecycline is rarely metabolized by the liver and is mainly excreted unchanged
through the bile duct and urine, which may explain its lower hepatotoxicity. However, in Kadoyama's study
[31], tigecycline might result in elevated ALT/AST and blood bilirubin levels, as well as liver failure.
Similarly, Chen's retrospective study showed that hepatic injury, including increased ALT and TBIL, was
common in both the high-dose and low-dose tigecycline groups [12]. Interestingly, it seems that the
hepatotoxicity of tigecycline is much easier to detect in real-world data. To analyze the possible reasons,
we collated the diagnoses of cases reported in our study (Table S3). Minocycline and doxycycline were



Page 13/17

more commonly used for acne, while tigecycline was mainly used in pneumonia, abdominal infection and
sepsis. In reality, tigecycline is mostly used for a variety of complex and severe infections, and sometimes
we cannot distinguish whether abnormal liver function is drug-related or a complication of sepsis or
septic shock. Misjudgment of tigecycline-associated hepatotoxicity cannot be excluded.

In our study, the DILI group had a higher 75% quartile daily dose (daily dose of 200 mg) of tigecycline.
This may suggest a higher risk of liver damage from high doses of tigecycline. Meanwhile, off-label use
of tigecycline (daily dose of 200 mg) is recommended for the treatment of MDR pathogen infection [32,
33]. With the prevalence of MDR infection, the use of high-dose tigecycline may lead to a higher incidence
of DILI. However, the dosage reporting in FAERS was incomplete, and the results of the dose analysis may
be inaccurate.

Our study has some limitation. First, this is a retrospective study based on spontaneous reporting system
data, and we cannot assess the causal relationship between DILI events and tetracyclines. Second, the
missing data of the FAERS database are unavoidable, which may affect the accuracy of the results, for
example, drug dose analysis. We hope that more studies will explorer the hepatotoxicity of tetracyclines,
especially for tigecycline.

Conclusion
In conclusion, the current study suggested a strong association between DILI and tigecycline, minocycline
and doxycycline by mining the FAERS data, including severe DILI, hepatocellular injury and cholestatic
injury. Tigecycline was more strongly correlated with hepatocellular injury and cholestatic injury than
minocycline and doxycycline. More studies are needed to explore the risks and characteristics of the
hepatotoxicity of tetracyclines, especially tigecycline.
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Figure 1

Annual reported case number and proportion in total cases of tetracycline-related DILI in FAERS. Results
show that the proportion of DILI in the total adverse events was bounded by 2018, gradually decreased
before 2018, and then showed an upward trend
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