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Context. Drug-induced liver and kidney injuries are the most common adverse drug reactions in the clinic, and they have similar
pathogeneses. Aims. To analyze the clinical characteristics of patients with drug-induced liver and/or kidney injury. Settings and
Design. This was a retrospective study. Methods and Materials. We analyzed data from 162 patients with drug-induced liver and/or
kidney injury from 2008 to 2018 at the Chinese Rocket Force Characteristic Medical Center. Univariate and multivariate logistic
analyses were performed on the drugs used, sex, age, weight, complications, and laboratory test results. Statistical analysis was
performed using SPSS 25.0 statistical software. Results. (1) The most common drugs causing organ injury in this study were
antineoplastic drugs, antibiotics, traditional Chinese medicine, lipid-lowering drugs, and nonsteroidal anti-inflammatory drugs.
(2) Among 22 patients with drug-induced liver and kidney injuries, 68.18% had a hepatocellular pattern, 13.64% had a mixed
pattern, and 18.18% had a cholestatic pattern. Among the three groups, the P value for creatinine was 0.002. (3) The P value for
urinary protein between the isolated kidney injury group and the liver and kidney injury group was 0.028. (4) Multivariate analysis
showed that, among the drug-induced renal injury patients and all injury patients, those with a higher neutrophil percentage had a
lower risk of liver injury (OR=0.574, 95% CI: 0.390-0.846; OR=0.545, 95% CI: 0.396-0.749). Conclusions. (1) The serum
creatinine level was higher in liver injury patients with the cholestatic pattern than in those with the hepatocellular or mixed
pattern. (2) There was a significant difference in urinary protein between the isolated kidney and the liver and kidney injury
groups. (3) Among patients with drug-induced organ injury, those with a higher neutrophils percentage had a lower risk of
liver injury.

1. Introduction

The human liver is closely related to the kidney. In tradi-
tional Chinese medicine, there is the saying that the “liver
and kidney have the same origin.” In Western medicine,
there is the concept of a “hepatorenal disorder (HRD)” [1].
The liver and kidney are important organs for drug meta-
bolism and excretion. In recent years, the problem of clinical
drug-induced liver and kidney injuries has become more
prominent.

We studied the data of 162 patients with acute drug-
induced liver and/or kidney injury to determine their drug

use, the differences in liver and kidney injuries caused by the
same drug, the characteristics of liver and kidney injuries
caused by different drugs, and risk factors for liver and
kidney injuries. Our study may provide guidelines for ra-
tional drug use in the clinic.

2. Subjects and Methods

2.1. Research Subjects. From 2008 to 2018, patients with
acute drug-induced liver and/or kidney injury were hospi-
talized at the Chinese Rocket Force Characteristic Medical
Center.
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Patients with drug-induced liver injury were diagnosed
according to the RUCAM scale. The inclusion criteria for the
research subjects were as follows: (1) drug exposure history
within 3 months; (2) clinical chemistry parameters [2, 3] that
fit any one of the following criteria: “more than or equal to
fivefold elevation above the upper limit of normal (ULN) for
alanine aminotransferase (ALT), more than or equal to
twofold elevation above the ULN for alkaline phosphatase
(ALP), or more than or equal to threefold elevation in ALT
concentration and simultaneous elevation of bilirubin
concentration exceeding 2x ULN”; and (3) liver function
improved rapidly after withdrawal. The exclusion criteria
were as follows: (1) liver injury caused by other diseases; (2)
primary hepatobiliary diseases; (3) serious infections, shock,
pulmonary insufficiency, heart failure, and other diseases
that can cause hypoxic injury of whole body tissues; (4)
age < 18 years; and (5) incomplete medical records.

The diagnosis of drug-induced kidney injury was based
on the 2016 clinical guidelines in Japan [4]. The inclusion
criteria for this study were as follows: (1) patients with acute
kidney injury (AKI) with a drug exposure history within 3
months, (2) an abnormal estimated glomerular filtration rate
(eGFR) based on serum creatinine using the Modification of
Diet in Renal Disease (MDRD) formula developed by the
simplified American Kidney Disease Diet Improvement
Research Group:

MDRD formula: eGFR[ml-min '-(1.73 m?)™'] =186 x
[Scr(mg/dl)]~*"** x [age(year)] **** x gender (male = 1.000,
female=0.742), after medication eGFR <90 ml-min -
(1.73m?) 'or (3) the clinical manifestations of renal dys-
function such as hematuria or proteinuria under micros-
copy. The exclusion criteria were as follows: (1) acute renal
injury caused by other diseases such as decreased blood
volume or postrenal obstruction; (2) primary kidney disease;
(3) severe infections, shock, pulmonary insufficiency, heart
failure, and other diseases that can cause hypoxic injury to
whole body tissues; (4) age < 18 years; and (5) incomplete
medical records.

2.2. Research Contents

(1) We checked the patients’ detailed medical records
and recorded data about age, sex, weight, and the
medical history of the use of suspected drugs such as
the drug name, dosage, administration method,
course of treatment, and time from exposure to the
onset. We also recorded data on patients’ past his-
tories including complications such as coronary
heart disease, diabetes, hypertension, and other basic
diseases.

(2) Laboratory tests were performed on blood and urine
samples. We recorded the results for the following
items: alanine aminotransferase, glutamic oxalo-
acetic aminotransferase, alkaline phosphatase, total
bilirubin, cholesterol, triglyceride, fasting blood
glucose, creatinine, urea nitrogen, uric acid, C-re-
active protein, white blood cell count, the percentage
of neutrophils, and the international standardized
ratio. We recorded the urine specimen test results

BioMed Research International

including urinary protein and microscopic hema-
turia of the first morning urine. All laboratory in-
spection items were completed by the Laboratory
Department of Rocket Force Characteristic Medical
Center.

2.3. Statistical Methods. Our statistical analyses were per-
formed with SPSS (Statistical Product and Service Solutions)
25.0 by International Business Machines Corporation:

(1) The measurement data were analyzed by the
Kolmogorov-Smirnov (K-S) test for normality.
Normally distributed data are expressed as the
means + standard deviations. Student’s t test (T test)
was used for comparisons between two groups, and
analysis of variance was used for comparisons among
three groups. The nonnormally distributed data are
expressed as the medians and interquartile ranges.
The Mann-Whitney U test (U test) was used for
comparisons between two groups, and the rank-sum
test was used for comparisons among three groups.
The count data are expressed as percentages. The
comparisons between two groups were performed
with the chi square test. P < 0.05 indicated statistical
significance.

(2) The possible risk factors were analyzed by binary
logistic regression analysis. Forward: the LR method
was used for the analysis. The entry standard was
0.05, and the deletion criterion was 0.10. P <0.05
indicated a correlation.

3. Results

3.1. General Information. Data from 162 patients were
collected, with more than 90% integrity of the medical
records. There were 68 males and 94 females. The average
age was 50.93 years, the youngest patient was 19-year-old,
and the oldest patient was 85-year-old. There were 105 cases
of drug-induced kidney injury, 25 cases of drug-induced
liver injury, and 32 cases of liver and kidney injuries.

3.2. Results of Drug Analysis
(1) In this study, the most common drugs causing acute
liver and/or kidney injury were antineoplastic drugs
(55 cases, 33.95%), antibiotics (36 cases, 22.22%),
traditional Chinese medicines (20 cases, 12.35%),
lipid-lowering drugs (13 cases, 8.02%), and nonste-
roidal anti-inflammatory drugs (8 cases, 4.94%), as
shown in Figure 1. In addition, immunosuppressants,
antithyroid drugs, antituberculosis drugs, hormones,
health products, sedatives, and psychotropic drugs
also caused liver and kidney injuries. This is in line
with Chinese drug use habits. Antibiotic abuse is
common in China. Environmental pollution and
food contamination are severe, causing the inci-
dence of cancer to increase greatly. With the de-
velopment in medical examinations, the early
detection rate of cancer is increasing, and the use of
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antineoplastic drugs is increasing. In recent years,
unreasonable abuse of traditional Chinese medi-
cines and Chinese patent medicines has become
common.

Among 55 cases of injury caused by antineoplastic
drugs, 54 cases (98.18%) had kidney injury or si-
multaneous liver and kidney injuries. Among 36 cases
of antibiotic-induced injury, 33 cases (91.67%) had
kidney injury or simultaneous liver and kidney in-
juries. Among the 20 cases of injury caused by tra-
ditional Chinese medicines, 18 cases (90%) had liver
injury or simultaneous liver and kidney injuries.
Among 13 cases of injury caused by lipid-lowering
drugs, 9 cases (69.23%) had liver injury or simulta-
neous liver and kidney injuries. Among the 8 cases of
injury caused by nonsteroidal anti-inflammatory
drugs, 6 cases (75%) had kidney injury or simulta-
neous liver and kidney injuries. These results are
shown in Figure 2. In this study, antitumor drugs,
antibiotics, and nonsteroidal anti-inflammatory drugs
were found to be more likely to lead to renal injury,
while traditional Chinese medicines and lipid-low-
ering drugs were found to be more likely to lead to
liver injury.

In this study, the most common drugs causing acute
liver injury were Chinese medicines, lipid-lowering
drugs, and antibiotics, while the drugs causing acute
kidney injury were antineoplastic drugs, antibiotics,
and traditional Chinese medicines. These results are
shown in Figure 2.

(2) Antineoplastic drugs and antibiotics were the two
classes of drugs that caused the most acute drug-
induced injury in this study. We divided patients
into an antineoplastic drug group and an antibiotic
group. The levels of alanine aminotransferase and
total bilirubin were compared between the two
groups to determine whether there were any dif-
ferences in liver injury caused by these two types of
drugs. The levels of creatinine, uric acid, and urea
nitrogen were compared between the two groups to
determine whether there were any differences in
renal injury caused by these two types of drugs. The
results showed that there was no significant differ-
ence in the effects of antineoplastic drugs and an-
tibiotics on liver and renal biochemical tests, as
shown in Table 1.

(3) Patients with antibiotic-induced kidney injury were
divided into an isolated kidney injury group and a
simultaneous liver and kidney injury group. We
compared the serum creatinine, uric acid, and urea
nitrogen levels between the two groups with T tests
and compared the urinary protein levels and mi-
croscopic hematuria with chi square tests. There
were no significant differences in renal function
between the two groups, as shown in Table 2.

The patients with liver injury caused by antibiotics
were divided into an isolated liver injury group and a

liver and kidney injury group. The levels of alanine
aminotransferase,  glutamyltransferase, alkaline
phosphatase, and total bilirubin were compared
between the two groups with T tests or Mann-
Whitney U tests. There were no significant differ-
ences between the two groups, as shown in Table 3.

(4) Analysis of acute drug-induced liver injury com-
bined with renal injury.

There were 22 patients with simultaneous liver and
kidney injuries with available ALT and ALP results. The
following criteria for classifying the clinical pattern of drug-
induced liver injury (DILI) were used [5, 6]: “R val-
ue = (ALT/ULN)/(ALP/ULN), hepatocellular pattern of
DILI=R>5; mixed pattern of DILI=R>2 and <5; and
cholestatic pattern of DILI = R < 2.” The results showed that,
in 22 patients with simultaneous liver and kidney injuries,
there were 15 (68.18%) with the hepatocellular pattern, 3
(13.64%) with the mixed pattern, and 4 (18.18%) with the
cholestatic pattern. These results are shown in Figure 3.
Therefore, we speculate that patients with a hepatocellular
pattern of DILI are most likely to suffer from kidney injury,
and traditional Chinese medicines are more likely to cause
the hepatocellular pattern. It should be stated that the R
value was able to be calculated in only 22 of 32 patients with
simultaneous liver and kidney injuries, so the results of this
study about the injury patterns and their association with
renal injury may not be accurate.

We compared the levels of creatinine, uric acid, and urea
nitrogen in patients with three patterns of liver injury. The P
value for creatinine was 0.002 (<0.05). The difference was
statistically significant. The average creatinine level in pa-
tients with the cholestatic pattern of liver injury was higher
than that in the patients with the hepatocellular pattern and
mixed pattern, as shown in Table 4.

3.3. Analysis of Acute Drug-Induced Liver and Kidney Injuries
(1) The patients with kidney injury were divided into
105 with isolated kidney injury and 32 with simul-
taneous liver and kidney injury group. We compared
the levels of serum creatinine, uric acid, urea ni-
trogen, and urinary protein and microscopic he-
maturia between the two groups. The P value for
urinary protein was 0.028 (<0.05). There was a
significant difference. The results are shown in

Table 5.

(2) The patients with liver injury were divided into 25
with the isolated liver injury group and 32 with the
simultaneous liver and kidney injury group. We
compared the levels of alanine aminotransferase,
glutamyl transpeptidase, glutamic oxalate amino-
transferase, alkaline phosphatase, and total bilirubin
between the two groups. The results showed that
there was no significant difference in liver bio-
chemical tests between the two groups, as shown in
Table 6.

(3) Univariate analysis of acute drug-induced liver in-
jury and kidney injury.
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FiGUure 1: Drugs and the incidence of liver and/or kidney injury.
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FIGURE 2: Different drugs causing liver and/or kidney injury.
@ Statistical analysis of count datasex and under- the sex, coronary heart disease, diabetes, and hy-
lying diseases are nongenetic factors affecting drug- pertension data between the three groups: the kidney

induced liver and/or kidney injury. We compared injury group, the liver injury group, and the
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TaBLE 1: Comparison of liver and renal biochemical tests between antibiotic group and antineoplastic group.

Antibiotic group Antineoplastic drug group Statistic P value
Alanine aminotransferase (U/L) M=572, Q=141.7 68.769 +48.5607 892.5 0.659
Total bilirubin (ymol/L) M=10.53, Q=19.09 13.8509 + 8.3966 914.5 0.691
Blood urea nitrogen (mmol/L) 8.55+7.116 M=497, Q=3.12 843.5 0.234
Uric acid (umol/L) 304.95 +196.721 293.0707 + 136.5688 0.305 0.761
Creatinine (ymol/L) 118.463 + 83.8618 M=66091, Q=37.11 800 0.123

M means median, and Q means interquartile range.

TasLE 2: Differences in renal injury in patients with isolated renal injury and simultaneous liver and kidney injuries induced by antibiotics.

Antibiotic Isolated renal injury group  Simultaneous liver and kidney injury group  Statistics of T'test P value
Creatinine (ymol/L) 128.6122 + 88.5228 103.8233 +72.72 0.644 0.524
Uric acid (ymol/L) 279.943 + 167.493 416.65 +£298.5011 —1.454 0.159
Urea nitrogen (mmol/L) 8.4944 +7.8330 3.6633 £1.7097 1.35 0.186

Isolated renal injury group  Simultaneous liver and kidney injury group  Fisher’s exact test P value
Urine protein

Yes 5 1 0.73
No 14

Microscopic hematuria
Yes 8 2 0.596
No 11 2

TasLE 3: Differences in liver biochemical tests in patients with isolated liver injury and liver and kidney injuries induced by antibiotics.

Antibiotic Isolated liver injury  Simultaneous liver and kidney injury Statistics of T test or Mann-Whitney P

group group U test value
ﬁljjlﬁi)“e aminotransferase o3 co67 4+ 114.7687 507.8667 + 277.9499 ~0.257 0.804
(Gé‘/lgm‘/l transpeptidase 254.3 +281.086 606.7333 + 126.2854 ~1.981 0.119
?Lljljil)me phosphatase 203.1333 + 98.8588 300.7333 + 86.1836 ~1.289 0.267
Total bilirubin (umol/L) 58.4967 + 78.5981 1.2499 + 1.06243 1.261 0276

INR: international normalized ratio of prothrombin.

simultaneous liver and kidney injury group. These nonhereditary factors, in addition to the charac-
data were statistically analyzed used the chi square teristics of the drug itself, such as the dosage, course
test. The results showed that the sex, coronary heart of treatment, and drug interactions among the
disease, diabetes mellitus, and hypertension of the combination of drugs administered. Hereditary
three groups of patients are not significantly dif- factors include polymorphisms of drug meta-
ferent (all P> 0.05), as shown in Table 7. bolism-related genes and genetic susceptibility.
®@ Statistical analysis of measurement data:we Nonbhereditary factors include sex, age, and un-
compared the age, weight, blood cholesterol, tri- derlying diseases. We collected data on sex, age,
glyceride, fasting blood glucose, white blood cell weight, and laboratory tests for analysis.

counts and INR of the kidney injury group, the
liver injury group, and the simultaneous liver and
kidney injury group. The results showed that the P

® Risk factors for liver injury in patients with
drug-induced renal injury

value of the comparison of the percentage of According to the criteria of whether liver function
neutrophils in the three groups was 0.049 (<0.05). dfimage. o‘ccurrfed, 137 patients With drgg-i'rlduced

The P values for the comparisons of age, weight, k{dney injury (mcludmg. 105 pa.tlen.ts with 1sqlated
cholesterol, triglyceride, fasting blood sugar, white kidney injury and 32 patients with liver and kidney
blood cell counts, and INR were all >0.05, as injuries) were divided into two groups: the group
shown in Table 8. with liver injury and the group without liver injury.
Possible risk factors such as sex, age, weight, and

(4) Multivariate logistic analysis of acute drug-induced cholesterol and triglyceride levels considered the
liver and/or kidney injury independent variables (X), and liver injury was
The risk factors for drug-induced liver and/or considered the response variable (Y=0, Y=1). In

kidney injury include hereditary factors and univariate analysis, the P value of the percentage of
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FIGURE 3: Patterns of liver injury in patients with simultaneous liver and kidney injuries.

TaBLE 4: Comparison of renal injury in patients with three patterns of liver injury.

Patterns of liver injury ~ Cholestatis pattern =~ Mixed pattern ~ Hepatocellular pattern Statistics of Kruskal-Wallis test P value

Creatinine (ymol/L) 156.425 + 63.4374 81.5333£7.6173 62.3027 +14.1525 12.638 0.002

Uric acid (ymol/L) 581.45+405.9916  326.5667 £92.3952  272.9462 +93.5693 2.945 0.229

Urea nitrogen (mmol/L) 7.2375+£4.2323 4.2667 +0.7506 4.4973 +1.0801 2.819 0.244
neutrophils was less than 0.05. Therefore, the The logistic regression model was adjusted for fac-
percentage of neutrophils was also included in the tors such as sex, age, weight, cholesterol levels, and
regression model as an independent variable. It was triglyceride levels. The results showed that patients
divided into four groups according to interquartile with a higher percentage of neutrophils had a lower
ranges. Logistic stepwise regression was performed risk of liver injury, as shown in Table 10.
using the forward LR method. The entrance stan- ®Risk factors for kidney injury in patients with
dard was 0.05, while the deletion standard was 0.10. drug-induced liver injury
P <0.05 indicated a correlation. According to the criteria of whether kidney injury
The logistic regression model was adjusted for occurred, 57 patients with drug-induced liver in-
sex, age, weight, cholesterol levels, triglyceride jury (including 25 patients with isolated liver injury
levels, and other factors. The results showed that and 32 patients with simultaneous liver and kidney
patients with a higher percentage of neutrophils injuries) were divided into two groups. Possible risk
had a lower risk of liver injury, as shown in factors such as sex, age, weight, and cholesterol and
Table 9. triglyceride levels considered the independent
@Risk factors for drug-induced liver injury variables (X), and kidney injury was considered the
All 162 patients were divided into a liver injury response variable (Y=0, Y=1). The results showed
group and a nonliver injury group according to that there was no significant difference in the in-
whether liver injury occurred. Possible risk factors dependent variable X.
such as sex, age, weight, and cholesterol and tri- @Risk factors for drug-induced kidney injury
glyceride levels considered the independent vari- All 162 patients were divided into two groups
ables (X), and liver injury was considered the according to whether kidney injury occurred.

response variable (Y=0, Y=1). Possible risk factors such as sex, age, weight, and
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TaBLE 5: Comparison of renal function indicators between the isolated kidney injury group and the simultaneous liver and kidney injury
group.

Isolated kidney injury Simultaneous liver and kidney injury  Statistics of Mann-Whitney U P

group group test value
Creatinine (umol/L) M=7528, Q=63.85 M=70.47, Q=26.23 1535.5 0.462
Uric acid (ymol/L) 296.6806 + 129.8390 M=307.25, Q=137.93 906.5 0.371
Urea nitrogen _ _ _ _
(mmol/L) M=529, Q=4.44 M=4.885, Q=1.665 1341.5 0.085
Isolated kidney injury Simultaneous liver and kidney injury Statistics of chi square P
group group q value
Urine protein
Yes 20 9 4.803 0.028
No 52 7
Microscopic
hematuria
Yes 25 3 1.539 0.215
No 47 13

M means median, and Q means interquartile range.

TaBLE 6: Comparison of liver biochemical tests between the isolated liver injury group and the simultaneous liver and kidney injury group.

Isolated liver injury  Simultaneous liver and kidney Statistics of T test or P
group injury group Mann-Whitney U test value
Alanine aminotransferase (U/L) 600.79 + 387.382 671.22 +676.185 —-0.464 0.644

Glutamyl transpeptidase (U/L) M=129.5, Q=245 436.7636 + 607.1882 157 0.174
Glutamic oxaloacetic 468.57 + 330.24 419.5582 + 352.5932 0.388 0.701
transaminase (U/L)

Alkaline phosphatase (U/L) 197.0063 + 133.1402 222.0682 + 123.7677 ~0.597 0.554
Total bilirubin (umol/L) 75.6354 + 108.2917 58.6334 + 58.4483 0.755 0.454

M means median, and Q means interquartile range.

TaBLE 7: Univariate analysis of count data of kidney injury group, simultaneous liver and kidney injury group, and liver injury group.

Kidney injury group Liver and kidney injury group Liver injury group Statistics of chi square P value
Sex
Male 43 16 9 1.258 0.533
Female 62 16 16
Coronary heart disease
Yes 10 2 2 0.348 0.84
No 95 30 23
Diabetes
Yes 12 3 2 0.306 0.858
No 93 29 23
Hypertension
Yes 21 8 4 0.726 0.696
No 84 24 21

cholesterol and triglyceride levels considered the
independent variables (X), and kidney injury was
considered the response variable (Y=0, Y=1). The
logistic regression analysis results showed that there
was no significant difference in the independent
variable X.

drug is metabolized, decomposed, or excreted through the
liver and kidney. Drug-induced liver and kidney injuries are
key factors affecting the interruption of new drug research
and drug withdrawal due to safety concerns [7]. Organ
damage is also an important factor that leads to the inter-
ruption of patients’ treatment, which makes clinical diag-
nosis and treatment difficult. In recent years, an increasing

4, Discussion

Drug-induced liver or kidney injury is a type of damage to
the liver or kidney caused by drugs or metabolites via direct
toxicity or the induction of an immune response when the

number of new drugs have been used in the clinic, but the
abuse of nonstandard drugs, overdoses, and irrational
combinations of drugs, such as antibiotics, traditional
Chinese medicines, and health products, are still common.
Under the influence of many factors, such as unreasonable
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TaBLE 8: Univariate analysis of measurement data of kidney injury group, simultaneous liver and kidney injury group, and liver injury

group.
Kidney injury group Liver and kidney injury Liver injury F value of variance P

group group analysis value

Age (y) 51.23+16.911 50.88 +14.318 49.76 + 14.967 0.084 0.92

Weight (kg) 63.25+11.274 65.75+9.247 64.78 £11.698 0.71 0.493

Cholesterol (mmol/L) 4.3516 +1.6511 42231 +1.1637 3.8328 +0.9036 1.257 0.287

z;r)cemage of neutrophils o7 13,34 191865 57.9312 + 16.0345 59.2480 + 32.5661 3.073 0.049

0

Liver and kidney injury Liver injury P

Kidney injury group

Statistics of rank-sum test

group group value
Triglyceride (mmol/L) M=1.37, Q=0.975 1.6725+0.8626 1.5056 £ 0.6379 2.454 0.293
Fasting blood glucose M =5.4150,
(mmol/L) Q=1.4450 5.6264 + 1.4650 5.9216 + 2.0646 0.962 0.618
White blood cell (10°/L) 6.9263 £ 4.8850 M=5.73, Q=2.995 5.9713 £2.0841 1.062 0.588
INR M=0.99, Q=0.125 1.099 £ 0.1828 1.0336 £0.1994 3.298 0.192

INR: the international standardized ratio. M means median, and Q means interquartile range.

TABLE 9: Regression analysis results for liver injury in patients with drug-induced renal injury.

Percentage of neutrophils P value OR (95% CI)

Mean of no liver injury group Mean of liver injury group

<53.15 0.054 1

53.15-68.2 0.302 0.582 (0.208-1.627)
68.2-76.8 0.115 0.419 (0.142-1.235)
>76.8 0.008 0.156 (0.040-0.617)
P for trend 0.005 0.574 (0.390-0.846)

67.1323 57.9312

OR: odds ratio.

TaBLE 10: Regression analysis results for drug-induced liver injury.

Percentage of neutrophils P value OR (95% CI)

Mean of no liver injury group Mean of liver injury group

<50.6 0.003 1

50.6-67.3 0.187 0.554 (0.231-1.330)
67.3-76.25 0.007 0.270 (0.105-0.696)
>76.25 0.001 0.171 (0.061-0.477)
P for trend 0.000 0.545 (0.396-0.749)

67.1323 58.5088

OR: odds ratio.

drug use and the interactions among drugs, drug-induced
liver and kidney injuries, as the most important adverse drug
reactions, have attracted increasing attention from clini-
cians. The ability to diagnose these conditions is also con-
tinually improving [8, 9]. Drug-induced liver and kidney
injuries are easily missed due to the lack of specific clinical
manifestations and biochemical and pathological changes.
Clinicians should pay attention to the standardization and
rational use of drugs, be vigilant in the use of drugs with
hepatic and renal toxicity and pay attention to monitoring.

The liver is the most important organ for drug catab-
olism in vivo. According to “Guidelines for the Diagnosis
and Treatment of Drug-Induced Liver Injury” published in
“Journal of Practical Hepatology” in 2017 by Pharmaceutical
Hepatology Group of Chinese Medical Association, the
incidence of drug-induced liver injury in China accounts for
20% of hospitalized patients with acute liver injury. Drug-
induced liver injury is the main cause of acute liver failure in
the United States and the most common reason for the FDA
to enact regulatory measures to approve drugs in the United
States [10, 11]. There are more than 1,000 drugs known to
cause liver injury. The pathogenesis of drug-induced liver

injury can be summarized as follows [12]: (1) direct toxicity
of the drug or metabolite for the liver or (2) a specific
heterogeneous response [13]: mediated by the immune re-
sponse or the metabolic response, including oxidative stress,
mitochondrial damage [14], and the adaptive immune re-
sponse. These reactions are related to individual genetic
susceptibility but not to the dose or course of treatment.
The kidney is the main organ for excreting drugs and
various metabolic end products. It has abundant blood flow,
active metabolism, and many types of active enzymes. It is
susceptible to drug effects and is very vulnerable to drug-
induced damage [15]. The main pathogenesis of drug-in-
duced renal injury is as follows [16]: (1) the direct toxicity of
drugs or metabolites for the kidney, which is related to the
dosage and course of drug use, is most likely to occur in the
renal tubules, because of the active metabolism and easy
accumulation of drugs in the renal tubules; (2) effects on
renal blood flow can occur because some drugs can cause
kidney vasoconstriction to reduce renal blood flow and renal
perfusion, leading to a decrease in the glomerular filtration
rate; (3) obstruction leads to kidney damage because with the
acidification of renal tubules and urine pH changes, some
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drug solubility decreases, causing precipitation and depo-
sition in the renal tubular cavity, which results in obstructive
lesions in the kidney; (4) metabolic disorders; (5) the im-
mune response mediates oxidative stress [17], mitochondrial
damage, and the adaptive immune response.

At present, most of the studies on drug-induced liver or
kidney injury have separated the patients with liver or
kidney injury and analyzed the groups separately. Our study
analyzed the patients with drug-induced liver and kidney
injuries, the differences in liver and kidney injuries caused by
the same drug, the differences in liver and kidney injuries
caused by different drugs, and the risk factors for liver and
kidney injuries, all of which provided guidelines for rational
clinical drug use. The results of our research included the
following aspects: hepatocyte pattern, mixed pattern, and
cholestasis pattern.

(1) Drug-induced liver injury can be divided into the
hepatocyte pattern, mixed pattern, cholestasis pat-
tern, and others. In this study, there were significant
differences in serum creatinine levels among patients
with the three types of liver injury. The average
serum creatinine level of patients with the cholestasis
pattern was the highest, which may indicate that
their kidney injury was worse than that in the pa-
tients with the other two patterns. The results of this
study are consistent with those reported in the lit-
erature [18]. The mechanism may be related to the
inflammatory reaction induced by cholestasis. When
cholestasis occurs, because of the obstruction of the
intrahepatic and extrahepatic bile ducts, excretion
disorders develop. Bile stasis leads to elevated levels
of bile acid, bilirubin, and endotoxin in the blood,
which leads to extensive inflammation in vivo. The
kidney is one of the most affected target organs, and
the inflammation and oxidative stress in the kidney
damages the epithelial cells of the renal tubules.

Among the 22 patients with simultaneous liver and
kidney injuries with ALT and ALP results from the
same blood sample, 68.18% had the hepatocyte
pattern. Therefore, we speculate that patients with
the hepatocellular pattern of liver injury are the most
likely to suffer from kidney injury, and traditional
Chinese medicines are more likely to cause the he-
patocellular pattern. However, the sample size of this
study is small, and further cases should be collected
to increase the power of the statistical analysis.

(2) In this study, there were significant differences in the
urinary protein level between patients with isolated
kidney injury and those with liver and kidney in-
juries, but there were no significant differences in
serum creatinine, uric acid, and urea nitrogen levels.

(3) In this study, the risk factors for drug-induced liver
injury, kidney injury, and liver and kidney injuries
were analyzed by using logistic regression. Risk
factors were not identified for drug-induced kidney
injury, while the percentage of neutrophils was an
influencing factor for drug-induced liver injury.

In patients with drug-induced organ injury, patients
with a higher percentage of neutrophils had a lower
risk of liver injury. Saijou et al. [19] and Wang and
Ding [20] found that some sSRNAs in neutrophils has a
protective effect against acute liver injury. The innate
immune system in the human liver mainly consists of
Kupffer cells (KCs), neutrophils, monocytes, and
natural killer cells/natural killer T cells (NK/
NKT cells) [21-23]. Neutrophils can aggregate into
the hepatic microvascular system under the action of
interleukin and play an important role in resisting
infection, tissue damage, and inflammatory signals.
They can also regulate immunity by inhibiting T cell
proliferation and regulating B lymphocytes.

(4) In this study, the most common drugs causing liver
and/or kidney injury were antineoplastic drugs,
antibiotics, traditional Chinese medicines, lipid-
lowering drugs, nonsteroidal anti-inflammatory
drugs, antituberculosis drugs [24], antithyroid drugs,
hormones, antiviral drugs, and sedative and psy-
chotropic drugs. Antineoplastic drugs [25], antibi-
otics, and nonsteroidal anti-inflammatory drugs are
more likely to lead to kidney injury, while traditional
Chinese medicines and lipid-lowering drugs are
more likely to lead to liver injury.

(1) In China, traditional Chinese medicines, antitu-
berculosis drugs, antibiotics, and nonsteroidal anti-
inflammatory drugs are common drugs that cause
drug-induced liver injury, while Tripterygium
wilfordii, Radix Notoginseng, and Radix Polygoni
Multiflori rank highest in terms of hepatotoxicity
among traditional Chinese medicines. In this
study, the most common drugs causing acute liver
injury were traditional Chinese medicines, lipid-
lowering drugs, and antibiotics, which are in line
with the general conditions in China.

(2) In China, common drugs that can cause kidney
injury are antibiotics, contrast agents, nonste-
roidal anti-inflammatory drugs, and anticancer
drugs. Among antibiotics, aminoglycosides and
B-lactams are the most common causes of kidney
injury. China is a country with a high incidence
of tuberculosis; therefore, the incidence of kidney
injury caused by antituberculosis drugs such as
rifampicin and acyclovir has been increasing. In
this study, the most common drugs causing acute
kidney injury were antineoplastic drugs, antibi-
otics, and traditional Chinese medicines.

There are limitations in our study. (1) This is a retrospective
analysis lacking some detailed data including detection of ALP
and urinary sediment and medical history of the sequence of
drug-induced liver and/or kidney injury. (2) In the research
subjects, there were 32 patients suffering from simultaneous
liver and kidney injuries, among which there were 22 (68.75%)
patients whose R value could be calculated as these people had
detected ALT and ALP simultaneously in the blood sample. So
the conclusions drawn about the injury patterns and their
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association with renal injury may be inaccurate. (3) Although
our study selected all patients met the inclusion criteria in our
hospital from 2008 to 2018, the number of patients with kidney
injury is relatively large, while those with liver injury is small.
So there may be biases in the analysis results.

The liver and kidney, as the main organs involved in drug
metabolism and excretion in vivo, are inextricably linked [26].
However, there have been few studies conducting a joint
analysis of drug-induced liver injury and kidney injuries. In this
study, we studied the liver and kidney injuries caused by dif-
ferent drugs and the risk factors for drug-induced liver and/or
kidney injury to provide guidance for clinical practice. Because
the research subjects were obtained from the same hospital and
the sample size was limited, further study should be performed,
with an increased sample size and reduced sampling bias, and
prospectively if possible, to further elucidate the relationship
between drug-induced liver injury and kidney injury.
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