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Lay summary
Cirrhosis and diabetes are chronic diseases
that weaken the immune system and
increase the risk of infections, but it is
unknown whether their combined effects
exceed the effect of cirrhosis alone. We
showed that the risk of infections was the
same in patients with cirrhosis, ascites and
diabetes as in patients with cirrhosis and
ascites alone. Thus, their combined effects
do not exceed the effect of cirrhosis alone.

Research Article



Research Article
Diabetes does not increase infection risk or mortality following
an infection in patients with cirrhosis and ascites
Lars Bossen,1,* Gitte A. Dam,1 Hendrik Vilstrup,1 Hugh Watson,2,3 Peter Jepsen1,4

1Department of Hepatology and Gastroenterology, Aarhus University Hospital, Aarhus, Denmark; 2Evotec ID, Lyon, France; 3Department of Clinical Pharmacology, Aarhus
University, Aarhus, Denmark; 4Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark

JHEP Reports 2019. https://doi.org/10.1016/j.jhepr.2019.07.008

Background & Aims: Both cirrhosis and diabetes are established risk factors for infections. However, it remains uncertain
whether diabetes adds to the risk of infections in patients with cirrhosis who are already at high risk of infections, or increases
the mortality following an infection. To answer these questions, we followed a cohort of trial participants with cirrhosis and
ascites for 1 year to compare the incidence of infections and post-infection mortality between those with or without diabetes.
Methods:We used Cox regression to estimate the hazard ratio (HR) of any infection, adjusting for confounding by patient age,
gender, MELD score, albumin, use of proton pump inhibitors and lactulose, cirrhosis aetiology, and severity of ascites. Further,
we analysed the mortality after infection.
Results: Among 1,198 patients with cirrhosis and ascites, diabetics (n = 289, 24%) were more likely than non-diabetics (n =
909, 76%) to be old and male, to have low platelets, and to use lactulose. At inclusion, similar proportions of diabetic and
non-diabetic patients were taking a quinolone antibiotic (13% vs. 12%) and they had similar median MELD scores (14 vs. 15).
During the follow-up, 446 patients had an infection. Diabetes did not increase the HR of infections (adjusted HR 1.08; 95% CI
0.87–1.35). Further, diabetes did not increase the mortality following an infection (adjusted HR 0.93; 95% CI 0.64–1.35).
Conclusions: In patients with cirrhosis and ascites, diabetes did not increase infection risk or mortality after infection. The
immune incompetence of each disease did not appear to be additive. In clinical terms, this means that particular attention
to infections is not indicated in patients with cirrhosis and diabetes.
© 2019 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Liver cirrhosis is the end stage of all chronic liver diseases, but it is
also one of the most common forms of acquired immunodefi-
ciency.1 This immunodeficiency increases the risk of infections. The
incidence of infections among patients with cirrhosis is not firmly
established, but infections quadruple the risk of mortality.2,3 This
makes it important to identify groups of patients with cirrhosis
who may be at greater risk of infections. Approximately one-
quarter of patients with cirrhosis also have diabetes,4–7 and
these patients could be at an increased risk of infections because
diabetes itself is an immune-deficient state that markedly
increases the risk of infections. In 2003, a large Canadian study
of diabetes patients without cirrhosis found a risk ratio of 1.21
(99% CI 1.20–1.22) for infections compared to non-diabetic
patients.8 Others have found a similar association.9,10

Multiple mechanisms may contribute towards the increased
risk of infections in cirrhosis11,12: decreased opsonisation,
dysfunctional phagocytic activity, and portosystemic shunting
all compromise the hepatic clearing of bacteria and bacterial
products, leaving the patients vulnerable to bacterial transloca-
tion.12 In diabetes, too, the innate immune system is altered,
Keywords: Infection; diabetes; Liver cirrhosis; prognosis.
Received 19 January 2019; received in revised form 19 July 2019; accepted 29 July 2019;
available online 8 August 2019
* Corresponding author: Department of Hepatology and Gastroenterology, Aarhus Uni-
versity Hospital, Palle Juul-Jensens Boulevard 99, DK-8200 AarhusN. Tel.: +45 2280 0676.
E-mail address: larsbossen@clin.au.dk (L. Bossen).
with complement dysfunction and impaired function of polymor-
phonuclear cells.13–15 Likewise, in 1985Kelly et al. found impaired
neutrophil and monocyte adherence as a common trait in 12
patients with alcoholic cirrhosis and 15 patients with diabetes.16

Thus, it seems that there could be an overlap between the
mechanisms responsible for the increased risks of infection in cir-
rhosis and in diabetes. This raises the question of whether the
infection risk is additive in patients withmore than 1 risk disease,
and specifically whether this is the case in patients with cirrhosis
and diabetes. Only a few studies have dealt with the issue,17–21

and it remains unclear whether there is a difference in the risk
of infections between patientswith cirrhosis, with orwithout dia-
betes, particularly among patients with decompensated cirrhosis.
It is also unclear whether diabetes affects mortality following an
infection in patients with cirrhosis.

Given this background, we compared the risk of infections and
mortality following an infection between patients with cirrhosis,
with or without diabetes. Our a priori expectation was that dia-
betes would increase the risk of infections, as well as mortality
following an infection.

Patients and methods
Patients
In 2006-2008, 1,198 outpatients with cirrhosis and ascites were
included in 3 multicentre randomised controlled trials conducted
to examine the efficacy of satavaptan in treating ascites in
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Table 1. Baseline characteristics in patients with cirrhosis and ascites, with
and without diabetes.

Diabetes No diabetes

Number of patients 289 909

Age (median, IQR) 60 (55–67) 56 (49–63)

Men (%) 210 (73) 624 (69)

Cirrhosis aetiology (%)

Alcohol alone 153 (53) 540 (59)

Other 136 (47) 369 (41)

Child-Pugh score (median, IQR) 8 (7–9) 8 (7–10)

MELD score (median, IQR) 14 (11–18) 15 (11–18)

Serum sodium, mmol/L (median, IQR) 137
(134–139)

136
(133–139)

Albumin, g/L (median, IQR) 34 (30–38) 33 (29–37)

Platelet count, *1,000/μl (median, IQR) 113 (82–160) 134 (92–195)

Previous spontaneous bacterial peritonitis,
(%)

51 (18) 126 (14)

Lactulose, any dose (%) 102 (35) 272 (30)

Quinolone, any dose (%) 39 (13) 111 (12)

Non–selective β–blockers, any dose (%) 145 (50) 417 (46)

Proton pump inhibitors, any dose (%) 150 (52) 374 (41)
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patients with cirrhosis (www.clinicaltrials.gov registration num-
bers NCT00358878, NCT00359437 and NCT00366795).22 More
than 100 hospitals in more than 20 countries included patients in
this study. The responsible local and national Ethics Committees
and IRB’s for each participating site approved the study protocols,
patient information and consent forms prior to starting the study
as required by Good Clinical Practice and national laws. We refer
to the approval by the Barcelona clinical research ethics committee
(Barcelona Comités de Ética en Investigación Clínica de referencia,
CEIC-Ref), which was used as a reference committee for other sites.

The 3 trials had slightly different target populations: Patients
with diuretic-manageable ascites (n = 462), patients with ascites
managed with diuretics and occasional therapeutic paracentesis
(n = 496), and patients with diuretic-resistant ascites managed pri-
marilywith therapeutic paracentesis (n = 240). Otherwise, the trials
were identical. Patients with spontaneous bacterial peritonitis
(SBP) or variceal bleeding in the 10 days before randomisation
were excluded. Other reasons for exclusionwere: hepatic encepha-
lopathy ≥ grade 2 at randomisation, a functioning transjugular
intrahepatic portosystemic shunt, serum creatinine >150 μmol/L,
serum potassium >5.0 mmol/L, serum sodium >143 mmol/L,
serum bilirubin >150 μmol/L, international normalized ratio (INR)
>3.0, platelets <30,000/mm3, neutrophils <1,000/mm3, systolic
arterial pressure <80 mmHg or symptomatic orthostatic hypoten-
sion, hepatocellular carcinoma exceeding the Milan criteria, use of
a potent modifier of the cytochrome P450 3A pathway, or use of
drugs that increase the risk of QT interval prolongation.

Study design
Treatment duration in the trials was 1 year. In the analyses pre-
sented in this study, all patients were followed from randomisa-
tion until the first of the following events: infection, death, or
the date of the final drug safety assessment.

Data collection
Baseline data were collected at inclusion. During the follow-up
patients were seen every 4 weeks in their specialised hepatology
departments. Blood biochemistry, urine dipstick analysis, use of
medical drugs, and development of infections were recorded in
detail at each of these visits and on the date of the final drug
safety assessment. The protocols for the trials did not specify
diagnostic criteria for infections, so all infections in our study
rely on the diagnostic criteria used in the participating hepatol-
ogy departments. Infections were recorded and classified accord-
ing to the ICD-10 system, a standard WHO system for classifying
diagnoses, and were categorised according to infection agent and
site. An infection could be classified as bacterial, viral, or fungal
based on clinical criteria; the trial protocols did not require con-
firmation by culture or other means. The results of microbiologi-
cal tests were not recorded, even if they had been done. For the
analysis presented here we counted all SBP episodes as bacterial
infections. Sepsis was recorded as a severe adverse event in the
trials, but the diagnostic criteria were not specified. Data on sur-
vival was collected at the end of the planned trial duration.

Statistical analysis
The 1-year cumulative risk of infection was calculated using the
cumulative incidence function with death as a competing risk.
We used Cox proportional hazards regression to estimate the
effect of diabetes on the hazard ratio (HR) of infection of any
kind, meaning any site and any infectious agent. We adjusted
for confounding by patient age; gender; cirrhosis aetiology
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(alcoholic or other) and severity as indicated by severity of ascites
(refractory or diuretic-responsive), model for end-stage liver dis-
ease (MELD) score, serum albumin, use of lactulose (yes or no),
and use of proton pump inhibitors (PPI) (yes or no).23 We com-
puted the MELD score using serum bilirubin, creatinine, INR,
and sodium, computed according to current guidelines from the
United Network of Organ Sharing [https://optn.transplant.hrsa.
gov/media/1575/policynotice_20151101.pdf]. The measures of
cirrhosis severity were included as time-dependent variables,
updated whenever they were measured.

We conducted additional analyses: first, we examined the effect
of diabetes on theHR of sepsis, because sepsis is a specific and clini-
cally well-defined marker of dangerous infection. We adjusted for
the same confounders as in the primary analysis. Second, we con-
ducted analyses excluding (a) patients with a history of SBP, and
(b) patients with a history of SBP and patients taking quinolone
antibiotics. In both cases, we investigated the risk of any infection
and the risk of SBP in patientswith andwithout diabeteswhile con-
trolling for the same confounders as in the primary analysis. Third,
we stratified the patients into 3 equal-sized groups by their MELD
score at inclusion and repeated the primary analysis within each
group to clarify whether the effect of diabetes depends on cirrhosis
severity. Fourth,we investigated the effect of diabetes treatment on
the HR of infection. Thus, patients with diabetes were categorised
according to current treatment: 1) diet/no treatment, 2)
metformin-treated, 3) insulin-treated, and 4) other antidiabetic
treatments. The treatments were included as a categorical variable
in a Cox regression with patients without diabetes being the refer-
ence category. We included the same confounding variables as in
the primary analysis. Fifth, we investigated the effect of diabetes
control on the HR of infection by categorising patients with dia-
betes according to positive or negative dipstick analysis for glyco-
suria. Again, non-diabetic patients were the reference category,
and we included the same confounding variables.
vol. 1 | 265–269 266
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Table 2. Adjusted hazard ratios of infection.

Adjusted hazard ratio (95% CI)

Diabetes, yes vs. no 1.08 (0.87–1.35)

Age, per 10 years 0.90 (0.82–0.99)

Male vs. female 0.82 (0.67–1.01)

MELD score, per point increase 1.03 (1.01–1.05)

Albumin, per 5 g/L increase 0.79 (0.72–0.86)

Lactulose use, yes vs. no 1.34 (1.09–1.64)

Refractory ascites, yes vs. no 1.10 (0.91–1.33)

Cirrhosis aetiology, alcohol vs. other 0.81 (0.66–0.99)

Proton pump inhibitor use, yes vs. no 1.45 (1.19–1.76)

Statistically significant results are highlighted with bold font.

Table 3. Adjusted hazard ratios of infection within categories of diabetes
patients.

Adjusted hazard ratio
(95% CI)

By antidiabetic treatment (N at the beginning of
follow–up)

Diet (n = 84) 0.88 (0.58–1.32)

Metformin-treated (n = 29) 1.53 (0.89–2.63)

Insulin-treated (n = 134) 1.15 (0.86–1.52)

Other oral antidiabetic (n = 42) 0.96 (0.54–1.72)

Patients without diabetes (n = 909) Reference

By urinary glucose

Diabetes and positive dipstick for
glycosuria (n = 44) 0.87 (0.50–1.53)

Diabetes and negative dipstick for
glycosuria (n = 245) 1.12 (0.89–1.41)

Patients without diabetes (n = 909) Reference

MELD, model for end-stage liver disease; PPI, proton pump inhibitor.
Hazard ratios are adjusted for confounding by patient age, gender, cirrhosis aetiology,
severity of ascites, MELD score, serum albumin, use of lactulose, and use of PPI.
Weused Cox regression to examine whether patients with cir-
rhosis and diabetes had a higher HR of death after they developed
a) any infection or b) sepsis, compared to patients with cirrhosis
without diabetes, adjusting for the same confounders as in the
primary analysis. This analysis included only those patients who
had an infection during the follow-up, and patients were fol-
lowed from the day of their first infection to death, or they
were censored alive on the date of survival assessment at the
end of the planned trial duration.

Results
A total of 1,198 patients, of whom 289 (24%) had diabetes, were
followed for 569 person-years in total. During the follow-up,
446 patients had an infection (Fig. S1), the 1-year cumulative
risk of infection being 44.5% (95% CI 41.2%–47.8%). At inclusion,
the patients with diabetes were older, more often men, had
lower platelets, and were more likely to use lactulose than
those without diabetes (Table 1). Satavaptan use did not influ-
ence the rate of infections (adjusted HR 0.98; 95% CI 0.81–1.19).

Patients with diabetes did not have an increased rate of infec-
tion compared to those without diabetes (adjusted HR 1.08; 95%
CI 0.87–1.35, Table 2), nor did they have an increased rate of sep-
sis (57 episodes in total, 12 of them in diabetics; adjusted HR
0.88; 95% CI 0.45–1.69), of bacterial infections (adjusted HR
0.1 0.2 0.5

Adjus

Miscellaneous (Bacteria) (n = 24)

Upper respiratory (n = 67)

Gastroenteritis (n = 32)

Skin (n = 35)

Urinary tract infection (n = 63)

Lower respiratory (n = 64)

Spontaneous bacterial peritonitis (n = 102)

Site of infection

Unknown (n = 263)

Fungus (n = 16)

Viral (n = 30)

Bacteria (n = 136)

Cause of infection

Any infection

Diabetes decreases risk of infectio

Fig. 1. The effect of diabetes on the hazard ratio of any infection, specific infec
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1.33; 95% CI 0.90–1.95), or of any other infection (Fig. 1). We
found no association between diabetes and risk of any infection
(adjusted HR 0.99; 95% CI 0.77–1.27) or of SBP (adjusted HR
1.05; 95% CI 0.59–1.84) among the 1,021 patients without a his-
tory of SBP. Likewise, we found no association between diabetes
and risk of any infection (adjusted HR 1.03; 95% CI 0.78–1.34) or
of SBP (adjusted HR 1.28; 95% CI 0.79–2.05) among the 987
who had no history of SBP and were not taking quinolone
antibiotics.

Moreover, diabetes was not associated with an increased risk
of infections in any of the groups defined by MELD score, i.e.
adjusted HR among patients with an MELD score of 6 to 11:
0.97 (95% CI 0.64–1.47); MELD 12 to 16: 1.26 (95% CI
0.84–1.89); MELD 17 to 36: 1.02 (95% CI 0.71–1.45). Finally, dia-
betes was not a risk factor for infections in any of the diabetes
categories defined by antidiabetic treatment or by glycosuria
(Table 3).
1.0 2.0 4.0 6.0

ted hazard ratio

1.75 (0.72−4.24)

1.01 (0.56−1.83)

0.76 (0.31−1.89)

1.55 (0.74−3.26)

0.88 (0.48−1.60)

1.36 (0.77−2.40)

1.14 (0.72−1.80)

0.99 (0.74−1.33)

2.25 (0.78−6.48)

0.54 (0.18−1.57)

1.33 (0.90−1.95)

1.08 (0.87−1.35)

ns Diabetes increases risk of infections

tious agents, and specific sites of infection.
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Fig. 2. Cumulative mortality after development of infection in patients with
cirrhosis, with or without diabetes.
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Patients with diabetes did not have increased mortality after
an infection (adjusted HR 0.93; 95% CI 0.64–1.35) (Fig. 2), or
after sepsis (adjusted HR 1.06; 95% CI 0.48–2.37).

Discussion
This analysis of data from nearly 1,200 trial participants with cir-
rhosis and ascites showed that concomitant diabetes did not
increase their risk of infections or post-infection mortality. This
result refutes our a priori expectation of an additive effect on
the risk of infections.

The results and conclusions presented here are based on sys-
tematically collected data from 3 multicentre trials. Out of 5 stu-
dies previously published within this area, 4 reported a relative
risk of infections of >2.5 in patients with cirrhosis and diabetes
compared to those with cirrhosis without diabetes17–21 (Table
S1). One possible way to explain the discrepancy with our find-
ings is that cirrhosis – in its most severe, decompensated state –

confers such an overwhelming risk of infections that any addi-
tional risk by diabetes becomes difficult to detect. Most of those
previous studies did not describe the severity of cirrhosis,17–20

but one of them was limited to patients with compensated cir-
rhosis21 (Table S1). It found an HR for infections of 4.08 (95% CI
1.43–11.66) among patients with cirrhosis due to hepatitis B
infection, but did not attempt to control for confounding. Instead,
the study identified predictors of infection risk, and diabetes was
JHEP Reports 2019
not included among the statistically significant predictors on
multivariable analysis.

The infection risk in both type 1 and type 2 diabetes tends to
increase with poor control of glycaemia,24,25 but we could not
confirm this pattern. However, it was a limitation of our study
that we did not have data on HbA1c, which would have given
us a more clinically relevant measure of glycaemic control. The
available data suggest that our patients’ diabetes was generally
well controlled: only 44 (15%) of 289 diabetic patients had glyco-
suria at inclusion, and the prognosis following infection was the
same for patients with or without infection. Thus, in our interpre-
tation, diabetes did not affect the risk of infections or the mortal-
ity following an infection because our patients had ‘poorly
controlled’ cirrhosis and well controlled diabetes. We cannot
exclude the possibility that some cirrhotic patients with diabetes
have an increased risk of infections or a worse prognosis follow-
ing infection.

Reducing the incidence of complications, particularly of infec-
tions, in patients with cirrhosis is an important clinical objective.
Prophylactic antibiotic therapy is tempting, but needs to be tar-
geted to the patients with documented benefit to avoid selection
of multidrug resistant bacteria,26 adverse effects, and expenses.
According to the 2018 EASL Clinical Practice Guidelines, patients
with cirrhosis and acute gastrointestinal haemorrhage, with a
low protein content in the ascitic fluid, or with a previous history
of SBP, are known to be at greater risk of SBP and should be con-
sidered for prophylactic antibiotic treatment.27 Risk factors for
non-SBP bacterial infections in patients with cirrhosis include
PPI use,23 ascites, advanced disease stage (Child-Pugh or MELD
score), and a previous episode of bacterial infection.28,29 We
found a 1.08-fold increased rate of infections in patients with dia-
betes within our cohort of cirrhotic patients, not much lower than
the 1.1- to 1.2-fold increased rate of infections in patients with
diabetes within a cohort from the general population.8 The
upper confidence limit around our 1.08 estimate is 1.35, a value
suggesting that prophylactic antibiotics could be considered.
However, the lower confidence limit (0.87) is just as compatible
with our data as the upper confidence limit, and the 1.08 point
estimate gives the most solid guidance from our data for deci-
sions about prophylactic antibiotics.30

In conclusion, we have shown that patients with cirrhosis,
ascites and concomitant diabetes do not have an increased risk
of infection compared to those without diabetes, nor do they
have an increasedmortality following an infection. These findings
indicate that the immune deficiencies resulting from cirrhosis
and diabetes are not additive.
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