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Alcohol use disorder increases the risk
of necrotizing fasciitis
A nationwide retrospective cohort study
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Abstract
This nationwide retrospective cohort study determined the association between alcohol use disorder (AUD) and the risk of necrotizing
fasciitis (NF).
This study used health insurance claims data of 52,212 in-patients with AUD and 208,848 controls randomly frequency-matched

by age and sex at a 1:4 ratio. The AUD cohort included patients newly diagnosed with AUD between January 1, 2000 and December
31, 2008. The NF event occurrence was observed until December 31, 2011. We used the Kaplan–Meier method to present the
cumulative incidence curve and Cox proportional hazard models to depict the risk of NF in patients with AUD.
The incidence of NF was 19.4 per 10,000 person-years in the AUD cohort, which was nearly 7.73-fold higher than that in the

comparison cohort (2.54 per 10,000 person-years). After adjustment for age, sex, and comorbidities, the patients with AUDexhibited a
3.55-fold higher risk of NF than did the controls (hazard ratio [HR]=3.55, 95%confidence interval [CI]=3.00–4.20). Nevertheless, in the
AUD groups without any comorbidity, patients with AUD exhibited a significant 15.2-fold higher risk of NF than did the comparison
cohort (HR=15.2, 95%CI=10.9–21.3).Moreover, the adjustedHRsof NF riskwith respect to the severity of AUDwere 2.15 (95%CI=
1.76–2.62), 4.54 (95% CI=3.67–5.62), and 10.7 (95% CI=8.66–13.2) for mild, moderate, and severe AUD, respectively.
This study indicated that AUD should be considered an independent and significant risk factor for NF.

Abbreviations: aHR = adjusted hazard ratio, AUD = alcohol use disorder, CI = confidence interval, HR = hazard ratio, ICD-9-CM
= International Classification of Diseases, Ninth Revision, Clinical Modification, IRB = Institutional Review Board, NF = necrotizing
fasciitis, NIH = National Health Insurance, SD = standard deviation.
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1. Introduction

Necrotizing fasciitis (NF), commonly known as the flesh-eating
disease, is a rapidly progressing, synergistic bacterial infection of
the fascia with a high mortality rate.[1] Hippocrates was the
earliest to report NF as a description of a complication of
erysipelas in the fifth century BC.[2]

The incidence of NF is estimated to be 0.04 to 0.4 per 10,000
person-years.[3–5] Although NF is not a common disease, it has a
high mortality rate despite the advanced therapeutic methods
developed in the past 3 decades; its overall mortality, as reported
in 67 studies on NF including 3302 patients between 1980 and
2008, is 23.5%.[7] Another review article reported a mortality
rate of 21.5% and an amputation rate of 15%.[8]

Reported risk factors of NF include age more than 50 years,
peripheral vascular disease (PVD), diabetes mellitus, hyperten-
sion, ischemic heart disease (IHD), obesity, stroke, liver cirrhosis
or chronic alcoholism, chronic renal failure, chronic obstructive
pulmonary disease (COPD), cancer, trauma, steroid use,
nonsteroidal anti-inflammatory drug use, and intravenous drug
abuse.[6,8–13] Most review articles have suggested that diabetes
mellitus is the most common comorbidity and risk factor in
44.5%,[8] 31%,[10] and 32%[11] of patients withNF, respectively.
Among previous studies, few articles have identified alcohol use
disorder (AUD) as a risk factor in 17%[10] and 6.1%[11] of
patients with NF. Thus, AUD is considered a potential risk factor
for NF; however, the association between AUD and NF has not
been firmly established.
AUD is a major public health concern because it accounts for a

considerable burden of disease globally. It is a chronic illness with
a lifetime prevalence in approximately 20% of the general
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population. In 2014, the World Health Organization
estimated that 5.1% of the global burden of disease and injury
and 5.9% of all deaths worldwide are attributable to alcohol.[15]

In addition, social costs attributable to alcohol represent 1.3% to
3.3% of the gross domestic product.[15] Alcohol consumption is
associated with approximately more than 230 three-digit
International Classification of Diseases (ICD)-10 codes.[16]

Major alcohol-attributable conditions include tuberculosis,
mouth, nasopharynx, other pharynx, and oropharynx cancer,
esophageal cancer, colon and rectum cancer, liver cancer, breast
cancer, diabetes mellitus, depressive disorders, epilepsy, hyper-
tensive heart disease, IHD, stroke, dysrhythmias, lower respira-
tory infections, cirrhosis of the liver, preterm birth complications,
fetal alcohol syndrome, pancreatitis, injuries, and violence.[17,18]

To date, few studies have explored the risk of NF in patients
with a history of AUD. The relationship between NF and AUD
should be investigated and clarified. We hypothesized that AUD
increases the risk of NF. Thus, we conducted a nationwide
retrospective cohort study in Taiwan to examine the association
between AUD and NF development.
2. Patients and methods

2.1. Data source

The Taiwan National Health Insurance (NHI) program is a
single-payer, compulsory health insurance program inaugurated
in 1995 that currently covers almost all of the country’s 23
million residents. For research and academic purposes, the
national health insurance research database (NHIRD), contain-
ing the complete set of medical claims data from the TaiwanNHI,
was established and is managed by the National Health Research
Institutes (NHRI). The NHIRD comprises the beneficiary
registry, outpatient and inpatient claims, prescription registry,
and other medical claims-based information. The disease record
system was established on the basis of the International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). This study collected each individual’s disease
history from inpatient files.
2.2. Study population

This study established 2 study cohorts, the AUD and non-AUD
(control) cohorts. The AUD cohort comprised patients newly
diagnosed with AUD (ICD-9-CM 303, 305.0, and V113)
between January 1, 2000 and December 31, 2008, with the
initial date of diagnosis considered the index date. The control
cohort comprised individuals without AUDwho were frequency-
matched with the AUD cohort by age and sex at a 1:4 ratio. The
index dates for control subjects were assigned the same dates as
those of the matched cases. Both cohorts excluded individuals
with a history of NF before the index date. Our outcome of
interest was the event occurrence of NF (ICD-9-CM 728.86). The
follow-up period for both cohorts started from the index date and
ended on the occurrence of any of the following 3 conditions:
withdrawal from the NHI program, an observed NF event, or
December 31, 2011 (end of observation period).
The patients with AUD were further classified into 3 groups

(mild, moderate, and severe) on the basis of the disease severity in
tertiles. We hypothesized that severe AUD group has longer
length of hospital stay. Therefore, we defined AUD severity as the
ratio of the length of hospital stay because of AUD and the
complete duration of the follow-up period.
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Age, sex, and comorbidity were considered the confounding
factors. The following comorbidities were included in the
analysis: hypertension (ICD-9-CM 401–405), hyperlipidemia
(ICD-9-CM: 272), diabetes (ICD-9-CM: 250), liver diseases
(ICD-9-CM: 571), end-stage renal disease (ICD-9-CM: 585 from
catastrophic illness registry), cancer (ICD-9-CM: 140–208 from
catastrophic illness registry), IHD (ICD-9-CM: 410–414), stroke
(ICD-9-CM: 430–438), COPD (ICD-9-CM: 491, 492, and 496),
and PVD (ICD-9-CM: 443.9).
2.3. Data availability statement

All data and related metadata were deposited in an appropriate
public repository in the NHRI. The data on the study population
that were obtained from theNHIRD (http://nhird.nhri.org.tw/en/
index.html) are maintained in the NHIRD (http://nhird.nhri.org.
tw/). The NHRI is a nonprofit foundation established by the
government. Only citizens of the Republic of Chinawho fulfill the
requirements of conducting research projects are eligible to apply
for the NHIRD. The use of NHIRD is limited to research
purposes only. Applicants must follow the Computer-Processed
Personal Data Protection Law (http://www.winklerpartners.
com/?p=987) and related regulations of National Health
Insurance Administration and NHRI, and an agreement must
be signed by the applicant and his/her supervisor upon
application submission. All applications are reviewed for
approval of data release.
2.4. Ethics statement

The NHIRD encrypts patient personal information to protect
privacy and provides researchers with anonymous identification
numbers associated with relevant claims information, including
sex, date of birth, medical services received, and prescriptions.
Therefore, patient consent is not required to access the NHIRD.
This study was approved to fulfill the condition for exemption by
the Institutional Review Board (IRB) of ChinaMedical University
(CMUH104-REC2-115). The IRB also specifically waived the
consent requirement.

2.5. Statistical analysis

We analyzed the characteristics of the study population,
including mean age, corresponding standard deviation (SD),
and the number and proportion by sex and comorbidity. To
assess the differences in the distribution, the mean age was
assessed using the t test, whereas sex and comorbidity were
examined using the chi-squared test. The incidence density of NF
in the study groups was plotted against the occurrence of NF
events represented using the length of follow-up duration in
10,000 person-years. Moreover, we presented the cumulative
incidence curves for each study group by using the Kaplan–Meier
method and examined the differences by using the log-rank test.
To indicate the risk of NF between the AUD and comparison
cohorts, the hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs) were estimated using univariate and
multivariate Cox proportional hazard models. In addition,
multiplicative interaction was assessed. We further analyzed the
risk of NF in patients with AUD compared with individuals
without AUD stratified by age, sex, comorbidity, and follow-up
duration.
SAS 9.4 software (SAS Institute, Cary, NC) was used to

perform all statistical analyses. R software (R Foundation for
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Table 1

Demographic risk factors and comorbidity history between the
AUD and non-AUD groups.

AUD

No (N=208,848) Yes (N=52,212)

n % n % P

Sex .99
Women 20,560 9.84 5140 9.84
Men 188,288 90.2 47,072 90.2

Age, y .99
<35 49,052 23.5 12,263 23.5
35–65 145,292 69.6 36,323 69.6
≥65 14,504 6.94 3626 6.94
Mean (SD)

∗
44.3 (12.6) 44.3 (12.5) .51

Comorbidity
Hypertension 22,659 10.8 14,864 28.5 <.001
Hyperlipidemia 7605 3.64 9493 18.2 <.001
Diabetes 13,639 6.53 12,528 24.0 <.001
IHD 10,089 4.83 5407 10.4 <.001
Stroke 9333 4.47 8358 16.0 <.001
COPD 8358 4.00 5484 10.5 <.001
Live diseases 8657 4.15 28,337 54.3 <.001
ESRD 1418 0.68 414 0.79 <.001
Cancer 9619 4.61 5621 10.8 <.001
PVD 83 0.04 83 0.16 <.001
Mean of follow-up
years (SD)

7.21 (2.80) 5.81 (3.23) <.001

Chi-square test.
AUD= alcohol use disorder, COPD= chronic obstructive pulmonary disease, ESRD=end-stage
kidney disease, IHD= ischemic heart disease, PVD=peripheral vascular disease, SD= standard
deviation;
∗
Student t test.
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Statistical computing, Vienna, Austria) was used for plotting the
incidence curves. Statistical significance was set at <0.05 in 2-
sided tests.
3. Results

Table 1 shows the demographic characteristics of the study
population. This study enrolled 52,212 patients with AUD and
208,848 controls with a male predominance of 90%. No
statistical difference in mean age between the AUD and
Table 2

Risk of necrotizing fasciitis stratified by sex, age groups, and comor

AUD

No Y

Variables Event PY Rate Event

Overall 383 1,506,389 2.54 587 303
Sex
Women 13 147,456 0.88 38 32
Men 370 1,358,933 2.72 549 270

Age, y
<35 37 359,149 1.03 101 80
35–65 283 1,055,338 2.68 457 206
≥65 63 91,901 6.86 29 16

Comorbidity
No 75 1,199,453 0.63 65 79
Yes 308 306,936 10.0 522 223

AUD= alcohol use disorder, CI= confidence interval, HR=hazard ratio, PY=person-year; rate = incide
† Obtained by using the Cox proportional hazards model adjusted for age, sex, and comorbidities.
∗∗∗

P< .001.
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comparison cohort was observed; the mean age was 44.3 years.
The proportion of comorbidities was significantly higher in the
AUD cohort than in the comparison cohort (all P< .001). The
mean follow-up duration was 5.81 (SD: 3.23) and 7.21 (SD:
2.80) years in the AUD and comparison cohorts, respectively.
Table 2 shows the risk of NF between the AUD and

comparison cohorts. In this study, 587 and 383 NF events were
observed in the AUD and comparison cohorts, respectively. The
incidence of NF was 19.4 per 10,000 person-years in the AUD
cohort, which was nearly 7.73-fold higher than that of the
comparison cohort (2.54 per 10,000 person-years). Moreover,
Fig. 1 shows that the cumulative incidence curve of NF was
significantly higher in patients with AUD than in comparisons
(log-rank test, P< .001). After adjustment for age, sex, and
comorbidities, patients with AUD exhibited a significant 3.55-
fold higher risk of NF than did controls (HR=3.55, 95% CI=
3.00–4.20). Female patients with AUD exhibited a 4.72-fold
higher risk of NF than did female comparisons (HR=4.72, 95%
CI=2.16–10.3); a 3.50-fold higher risk of NF was observed in
male patients with AUD than in male comparisons (HR=3.50,
95% CI=2.94–4.16). Stratified by age, compared with controls,
the HRs were 4.80 (95% CI=2.93–7.85), 3.48 (95% CI=
2.86–4.24), and 2.23 (95%CI=1.37–3.65) in patients with AUD
in<35-, 35- to 65-, and ≥65-year age groups, respectively. In the
study population with at least 1 comorbidity, patients with AUD
exhibited only a 2.39-fold higher risk of NF than did the
comparison cohort (HR=2.39, 95% CI=2.06–2.77); however,
in the study population without any comorbidity, patients with
AUD exhibited nearly 15.2-fold higher risk of NF than did the
comparison cohort (HR=15.2, 95% CI=10.9–21.3).
Table 3 shows the risk of NF with respect to the severity of

AUD. Relative to comparisons, the HRs of NF risk were 2.15
(95% CI=1.76–2.62), 4.54 (95% CI=3.67–5.62), and 10.7
(95%CI=8.66–13.2) in patients withmild, moderate, and severe
AUD, respectively. The risk of NF increased with the severity of
AUD (P value for trend <.001).
Table 4 shows the risk of NF between patients with AUD and

comparisons stratified by follow-up years. The results revealed
that the NF risk was drastically higher in patients with AUD
compared with comparisons at a follow-up time <1 year (HR=
13.9, 95%CI=8.90–21.6). Compared with the comparisons, the
HRs of NF risk were 3.89 (95%CI=2.67–5.68), 2.18 (95%CI=
bidity (yes/no) between the AUD and non-AUD groups.

es Compared with non-AUD group

PY Rate Crude HR (95% CI) Adjusted HR† (95% CI)

,413 19.4 7.73 (6.80–8.80)
∗∗∗

3.55 (3.00–4.20)
∗∗∗

,438 11.7 13.5 (7.21–25.4)
∗∗∗

4.72 (2.16–10.3)
∗∗∗

,975 20.3 7.56 (6.63–8.63)
∗∗∗

3.50 (2.94–4.16)
∗∗∗

,434 12.6 12.4 (8.52–18.1)
∗∗∗

4.80 (2.93–7.85)
∗∗∗

,138 22.2 8.38 (7.22–9.73)
∗∗∗

3.48 (2.86–4.24)
∗∗∗

,842 17.2 2.67 (1.72–4.15)
∗∗∗

2.23 (1.37–3.65)
∗∗∗

,523 8.17 13.1 (9.38–18.2)
∗∗∗

15.2 (10.9–21.3)
∗∗∗

,890 23.3 2.38 (2.07–2.74)
∗∗∗

2.39 (2.06–2.77)
∗∗∗

nce rate (per 10,000 person-years).
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Figure 1. Cumulative incidence of necrotizing fasciitis between the alcohol use
disorder (dashed line) and nonalcohol use disorder groups (solid line).
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1.54–3.07), and 2.66 (95%CI=2.04–3.47) in patients with AUD
at a follow-up of 1 to 3, 3 to 5, and ≥ 5 years, respectively.
4. Discussion

NF is more prone to develop in immunocompromised patients
with underlying medical conditions, and several studies have
reported AUD as a risk factor.[6,8–13] However, some review
articles have not reported AUD as a risk factor.[19–24] The
concrete relationship between NF and AUD remains debatable.
In our study, we found a strong positive association between
AUD and NF. According to our review of relevant literature, the
present study is the first to examine the risk of NF in patients with
AUD by using a retrospective cohort design.
Previous studies have shown that NF is a rare life-threatening

disease with a low incidence rate (0.04–0.4 per 10,000 person-
years).[3–5] In our cohort study, we observed a substantially
higher NF incidence rate of 2.54 and 19.4 per 10,000 person-
years in the comparison andAUD cohorts, respectively. The AUD
cohort exhibited a nearly 7.73-fold higher risk of NF than did the
Table 3

Risk of necrotizing fasciitis stratified by severity of AUD compared
with the non-AUD group.

Severity of AUD N Event Rate Adjusted HR† (95% CI)

Non-AUD group 208,848 383 2.54 1.00
AUD group
Mild (T1) 26,385 203 10.74 2.15 (1.76–2.62)

∗∗∗

Moderate (T2) 14,233 181 24.11 4.54 (3.67–5.62)
∗∗∗

Severe (T3) 11,594 203 51.7 10.7 (8.66–13.2)
∗∗∗

P for trend <.001

AUD=alcohol use disorder; CI= confidence interval, HR=hazard ratio, rate = incidence rate (per
10,000 person-years), T1=first tertile, T2= second tertile, T3= third tertile, severity of alcoholism=
(total length of hospital stay because of AUD during the follow-up duration)/(length of follow-up
duration).
† Adjusted for age, sex, and comorbidities.
∗∗∗

P< .001.
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comparison cohort. After adjustment for age, sex, and
comorbidities, the AUD cohort exhibited a 3.55-fold higher risk
of NF than did the comparison cohort. These findings may
indicate the rapid increase in the risk of NF in the recent decades,
particularly in patients with AUD and underlying diseases.
Because our cohort study design included hospitalized patients
with AUD and had a longer follow-up period, the results are more
accurate with relatively lesser underestimation of the incidence.
Alcohol consumption is known to contribute to increased

deaths and illnesses and is causally related to more than 60
medical conditions.[25] Therefore, as expected, our study revealed
that the AUD group had a significantly higher rate of
comorbidities than did the comparison group (Table 1). In the
study population with at least 1 comorbidity, patients with AUD
exhibited a 2.39-fold higher risk of NF than did the comparison
cohort (HR=2.39, 95% CI=2.06–2.77); however, in the study
population with no comorbidity, patients with AUD exhibited
nearly 15.2-fold higher risk of NF than did the comparison
cohort (HR=15.2, 95%CI=10.9–21.3; Table 2). This finding of
an evidently high risk is inconsistent with those of previous
studies.[6,8–13,19–24] The most likely etiology is alcohol-related
immunosuppression. Previous studies have proven that alcohol
consumption, particularly chronic heavy drinking, affects all
components of the immune system.[26–31] Chronic alcohol abuse
reduces the number of peripheral T cells, disrupts the balance
between various T-cell types, affects T-cell activation, impairs T-
cell functioning, and increases T-cell apoptosis.[26,27,29,30]

Furthermore, it reduces the number of B cells, reduces antigen-
specific antibody responses, and alters B-cell development and
maturation.[27,28,30,31] Consequently, alcoholics exhibit an
increased susceptibility to diseases caused by viral[32–35] and
bacterial infections,[36–40] thereby augmenting coincident disease
progression leading to higher morbidity and mortality.
In addition, the impact of alcohol exposure on dermal wound

healing has been studied before. The upregulated vimentin in
injured muscles enhances the development of group A strepto-
cocci infection.[41–44] Other factors observed were poor compli-
ance and increased injury risk in AUD groups. Systemic reviews
have illustrated that acute alcohol intoxication was a significant
risk factor for traumatic injury, and 41.0% of trauma recidivism
was related to alcohol use.[45,46] This finding may cause skin
injuries and further infection. In general, alcohol abusers are
considered to have a low level of compliance with respect to
seeking medical treatment,[47] which may lead to delay in
treatment and disease progression. These factors may lead to an
increase in NF occurrence.
Alcohol has a dose–response relationship with many disease

outcomes, particularly in patients with heavy alcohol consump-
tion.[48] We therefore examined the risk of NF stratified by the
severity of AUD. We hypothesized that patients with heavier
alcohol consumption have more severe AUD and have a longer
duration of hospitalization. The risk of NF increased with the
severity of AUD (P value for trend <.001; Table 3), which is
consistent with findings of previous studies. Furthermore, we
examined the incidence of NF between the AUD and non-AUD
groups at various follow-up years. The AUD group exhibited a
significantly higher risk of NF than did the non-AUD group at the
<1 year follow-up (adjusted HR [aHR]=13.9, 95% CI=
8.90–21.6). These findings indicated that AUD significantly
increased the risk of NF.
Although the current medical advancement has reduced the

mortality and morbidity of many diseases, treatment of NF
remains a challenge. Once the NF is diagnosed, the current



Table 4

Incidence of necrotizing fasciitis between the AUD and non-AUD groups, stratified by follow-up year.

AUD

No Yes Compared with non-AUD group

Variables Event PY Rate Event PY Rate Crude HR (95% CI) Adjusted HR† (95% CI)

Follow time, y
<1 33 207,088 1.59 122 49,222 24.8 15.4 (10.5–22.6)

∗∗∗
13.9 (8.90–21.6)

∗∗∗

1–3 71 404,931 1.75 128 89,046 14.4 8.24 (6.17–11.0)
∗∗∗

3.89 (2.67–5.68)
∗∗∗

3–5 105 358,021 2.93 124 72,057 17.2 5.87 (4.53–7.61)
∗∗∗

2.18 (1.54–3.07)
∗∗∗

≥5 174 536,348 3.24 213 93,088 22.9 7.06 (5.78–8.62)
∗∗∗

2.66 (2.04–3.47)
∗∗∗

AUD= alcohol use disorder, CI= confidence interval, HR=hazard ratio, PY=person-year; rate = incidence rate (per 10,000 person-years).
† Obtained by using the Cox proportional hazards model adjusted for age, sex, and comorbidities.
∗∗∗

P< .001.
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recommendation is to refer patient to teaching hospital. Patient
who is treated in teaching hospital has lower mortality rate than
in community hospital.[46] Our study findings indicate that AUD
significantly increases the risk of NF. In addition, alcohol
consumption is known to contribute many major chronic
diseases. Therefore, as a measure of preventive medicine,
alcohol-related health policies should be developed to reduce
the alcohol-attributable diseases and social burden.
4.1. Study limitations

Several limitations of our study should be considered. First, the
retrospective design and the use of an administrative dataset with
its associated limitations may have influenced the interpretation of
our results. The NHIRD does not include detailed information on
NF-related lifestyle factors, such as smoking history, accidental
traumahistory, obesity,medicationuse, and socioeconomic status.
Therefore, we considered COPD as a comorbidity to substitute for
smoking history. In addition,we adjusted for various potentialNF-
associated comorbidities, and AUD was consistently associated
with NF development. Second, the accurate diagnosis of AUD
remains a challenge. We identified hospitalizations with AUD
based on specific ICD-9-CM codes to increase the accuracy. This
may have led to bias because patients with AUD may have been
hospitalized because of other simultaneously existing severe
diseases. Thus, we cannot exclude possible misclassification.
However, theNHIprogramcurrently coversmore than99%of the
Taiwan population. Physicians or hospitals are liable to be heavily
penalized if a peer review identifies chart findings inconsistent with
coding. Miscoding is unlikely to have occurred systematically or
incrementally over time. Therefore, the AUD diagnoses based on
ICD-9 codes in this study were highly reliable. Finally, laboratory
dataonalcohol level, severity ofAUDbasedon the criteria outlined
in the Diagnostic and Statistical Manual ofMental Disorders, and
the amount of alcohol consumed or drinking pattern were not
available, which may have influenced the results of our study to
some extent.

5. Conclusion

According to our review of relevant literature, this population-
based retrospective cohort study is the first to examine the
relationship between NF and AUD. We conclude that AUD
without comorbidity significantly increased the risk of NF
(aHR=15.2, 95% CI=10.9–21.3). AUD should be considered
an independent and significant risk factor for NF. The risk
increased with the length of hospital stay because of AUD and
within the first year of follow-up. Additional prospective clinical
5

studies are needed to validate the casual association between NF
and AUD.
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