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ABSTRACT
Context: The influence of co-morbid conditions on the outcome of acute methanol poisoning in mass
poisoning outbreaks is not known.
Objective: The objective of this is to study the impact of burden of co-morbidities, complications, and
methanol-induced brain lesions on hospital, follow-up, and total mortality.
Methods: All patients hospitalized with methanol poisoning during a mass poisoning outbreak were
followed in a prospective cohort study until death or final follow-up after 6 years. The age-adjusted
Charlson co-morbidity index (ACCI) score was calculated for each patient. A multivariate Cox regression
model was used to calculate the adjusted hazards ratio (HR) for death. The survival was modeled using
the Kaplan–Meier method.
Results: Of 108 patients (mean age with SD 50.9 ± 2.6 years), 24 (54.4 ± 5.9 years) died during hospital-
ization (mean survival with SD 8±4 days) and 84 (49.9 ±3.0 years; p¼ .159) were discharged, including
27 with methanol-induced brain lesions. Of the discharged patients, 15 (56.3 ±6.8 years) died during
the follow-up (mean survival 37± 11 months) and 69 (48.5 ±3.3 years; p¼ .044) survived. The hospital
mortality was 22%, the follow-up mortality was 18%; the total mortality was 36%. Cardiac/respiratory
arrest, acute respiratory failure, multiorgan failure syndrome, and arterial hypotension increased the
HR for hospital and total (but not follow-up) mortality after adjustment for age, sex, and arterial pH
(all p< .05). All patients who died in the hospital had at least one complication. A higher ACCI score
was associated with greater total mortality (HR 1.22; 1.00–1.48 95% CI; p¼ .046). Of those who died,
35 (90%) had a moderate-to-high ACCI. The Kaplan–Meier curve demonstrated that patients with a
high ACCI had greater follow-up mortality compared to ones with low (p¼ .027) or moderate
(p¼ .020) scores. For the patients who died during follow-up, cancers of different localizations were
responsible for 7/15 (47%) of the deaths.
Conclusions: The character and number of complications affected hospital but not follow-up mortal-
ity, while the burden of co-morbidities affected follow-up mortality. Methanol-induced brain lesions
did not affect follow-up mortality. Relatively high cancer mortality rate may be associated with acute
exposure to metabolic formaldehyde produced by methanol oxidation.
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Introduction

Methanol mass poisoning outbreaks present a major public
health problem associated with high lethality rates, thera-
peutic demands, treatment cost, and serious health seque-
lae in survivors [1–4]. Recent studies estimate hospital
mortality during methanol “epidemics” above 20% and the

prevalence of toxic long-term visual and brain damage at
40–50% in survivors [5–9]. Poisoning outcome is mainly
determined by its severity (grade of metabolic acidosis,
state of consciousness, and ability to hyperventilate), time
to presentation after methanol ingestion, out-of-hospital
ethanol administration, and serum ethanol concentration
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(as an alcohol dehydrogenase (ADH) inhibitor) at admission
to the hospital [10–14].

Although a number of prognostic factors have been iden-
tified for hospital survival in acute methanol poisoning, no
studies investigated the impact of co-morbidities and compli-
cations during hospitalization, as well as long-term health
sequelae of poisoning, on hospital, follow-up, and total mor-
tality [15–20]. How to account for the influence of concomi-
tant medical conditions on a patient’s short- and long-term
outcomes remains unclear. No data are available in the litera-
ture as to whether co-morbid conditions and complications
may change the prognosis in methanol-poisoned patients
independently of poisoning severity. These facts make accur-
ate risk stratification and triage of newly diagnosed patients
during mass methanol poisoning outbreaks challenging [21].

Here we report the findings of a prospective cohort study
that investigated the impact of the character and number of
hospital complications as well as the burden of co-morbid-
ities – defined by the age-adjusted Charlson co-morbidity
index (ACCI) score and the number of co-morbid conditions
– on the methanol poisoning outcome. We further examined
the association of these factors with hospital and follow-up
mortality, cause of death, and long-term health sequelae.
The ACCI is an age-weighted prognostic score based on sev-
eral disease categories that has been validated over the last
30 years and has reliably predicted survival in many patient
populations [22,23].

We analyzed the associations on a disease-specific level
in order to identify separate co-morbidities and treatment
complications that especially increased the risk of death.
Further, we investigated the relationship between the bur-
den of multiple co-morbidities and complications and total,
hospital, and follow-up mortality. We hypothesized that
complications during hospitalization may affect hospital
mortality independently of age, sex, and severity of acide-
mia at admission, and the burden of co-morbidities may
have a significant influence on follow-up and total mortal-
ity after adjustment for these confounders.

Materials and methods

Study design and population

For this prospective longitudinal cohort study, we analyzed
data from the Czech methanol mass poisoning outbreak,
which took place in September–December 2012 [24]. All
patients hospitalized with confirmed acute methanol poisoning
during this outbreak were included in the study. Patients who
died before admission to the hospital were excluded. The clin-
ical, toxicological, and biochemical data, including data on per-
sonal and family history, co-morbidities, and chronic alcohol
abuse, were obtained from treatment providers by applying a
standardized data collection form. Responses were sent to the
Toxicological Information Center (TIC) on the day following
hospital admission. Information on pre-hospital and hospital
therapeutic interventions and the outcome was obtained from
hospital discharge reports.

The patients who survived and were discharged from the
hospital were informed about the prospective study and

invited to participate. Those who gave their written informed
consent were followed in a prospective and systematic manner
until death or the last follow-up 6 years later (31 December
2018; the end of the study). These patients were examined
four times (at discharge, then 2, 4, and 6 years after discharge)
in one hospital according to the same predefined study proto-
col described in detail in our previous publications [25–29].
The study was approved by the institutional Ethics Committee
and was conducted in accordance with the principles of the
Declaration of Helsinki.

Co-morbidity and mortality assessment

Basic demographic and medical parameters, including age,
sex, clinical admission (Glasgow coma scale, visual toxicity,
neurological, and other clinical signs and symptoms), labora-
tory data (serum methanol, ethanol, formic acid, arterial blood
pH, anion gap, base deficit, bicarbonate, lactate, glucose,
creatinine, and others), and treatment modalities (antidote
administration, renal replacement therapy, folate substitution,
alkalization, mechanical ventilation, vasopressors, and others),
were assessed. Co-morbidity data were collected from the
patients’ primary medical records and the results of the per-
formed clinical examinations. Specific diagnoses were than
grouped according to organ systems.

Co-morbidities were assigned to one of these categories:
arterial hypertension, diabetes mellitus, cardiovascular diseases
(including ischemic heart diseases, acute coronary syndrome,
cardiac arrhythmias, and heart valve diseases), hyperlipoprotei-
nemia, hyperuricemia, kidney diseases, cancer history, stroke
history, hypothyroidism, respiratory diseases, anemia, rheumatic
diseases, polyneuropathy, alcoholic hepatitis, and epilepsy. The
patients were further classified as having 0–1, 2, 3, or 4-or-
more co-morbidities. Chronic alcohol abuse and smoking were
also considered. Complications during hospital treatment were
assigned to one of the following categories: acute respiratory
failure/mechanical ventilation, cardiac/respiratory arrest, hos-
pital/aspiration pneumonia, arterial hypotension with low mean
arterial blood pressure/vasopressors, delirium, multiorgan failure
syndrome, and coma. The patients were categorized as having
0, 1–3, or 4-or-more complications during hospital treatment.

The ACCI score was calculated for each patient based on
comorbid health conditions present at the time of hospital-
ization. A 0–2 ACCI score was considered low, 3–5 was mod-
erate, and 6-or-more was high. Information on the outcome
and cause of death was collected from discharge reports
that were retrieved through the national total population
registry. The linkage was mediated by a personal identity
number, a 10-digit number unique to each Czech resident.
For patients who died during hospitalization or follow-up,
the cause of death was classified as: acute methanol poison-
ing, malignancy (cancer), cardiovascular disease, alcoholic
cirrhosis of liver, or other co-morbid health conditions.

Information on long-term poisoning health sequelae was
obtained from the results of follow-up clinical examinations
during 6 years of observation. For example, visual sequelae of
poisoning were diagnosed by complete ocular examination
and standard ophthalmic tests, including visual acuity
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measurement, slit-lamp examination, intraocular pressure
measurement, fundus examination, color vision, visual fields,
optical coherence tomography with retinal nerve fiber layer
measurements, and visual evoked potentials. Central nervous
system sequelae (methanol-induced brain lesions, mainly
bilateral necrosis of the putamen) were diagnosed using mag-
netic resonance (MR) imaging or computer tomography of
the brain, single-photon emission computer tomography, and
neurological and neuropsychological examinations [30–32].

Calculations and data analysis

Descriptive statistics were used to summarize baseline clin-
ical characteristics. Basic descriptive statistics (mean,
median, confidence interval (CI), standard deviation (SD),
skewness, and kurtosis) were computed for all variables,
which were subsequently tested for normality using the
Kolmogorov–Smirnov test. The Chi-squared test was used
to compare frequency counts of demographic and clinical
categorical variables. Explorative regression analyses were
applied to test associations between poisoning outcome
and each co-morbidity and complication. Significant results
were further analyzed by applying a multivariate Cox
regression model where we adjusted for age, sex, and poi-
soning severity (arterial blood pH) at admission. The hazard
ratio (HR) and corresponding 95% CI were reported as
measures of association and stability.

Survival was modeled using the Kaplan–Meier method with
a log-rank test to compare the burden for each co-morbidity
index. Overall survival was defined as time from admission to
death or last follow-up. The statistical significance was set
at p< .05. The statistical analysis was performed in Excel
(Microsoft, Redmond, WA), and formal calculations were pro-
duced in QC Expert software 3.1 (Trilobyte, Pardubice, Czech
Republic) and IBM SPSS version 24.0 (SPSS Inc., Chicago, IL).

Results

Patients and baseline characteristics

In August 2012, ten thousands liters of toxic spirits contain-
ing mixture of 33% of ethanol and 66% of methanol were
produced by two entrepreneurs with windshield liquids and
further distributed to several illegal producers of strong
alcoholic beverages; all of the specimens were mixed and
bottled outside the facilities of legal producers. The liquor
looked identical to original bottles of rum, vodka, and local
spirits. All samples of toxic alcohol contained mixtures of
methanol and ethanol, but the final proportion varied sub-
stantially, from 20% methanol/80% ethanol to 50% metha-
nol/50% ethanol, in different kinds of strong alcoholic
beverages with an alcohol content of around 40% alcohol
by volume [24]. During methanol mass poisoning outbreak,
108 patients were hospitalized with confirmed acute metha-
nol poisoning. Twenty additional patients died outside the
hospital and were excluded from the study. Of the 108 hos-
pitalized patients, 24 patients (mean age with SD 54.4 ± 5.9
years) died from acute methanol poisoning during

hospitalization, with a mean survival time with SD of 8 ± 4 d;
84 patients (49.9 ± 3.0 years; p¼ .159), including 27 patients
with methanol-induced brain lesions on MR, survived and
were discharged. Of these patients, 15 subjects (mean age
56.3 ± 6.8 years) died during the follow-up period, with a
mean survival time of 37 ± 11 months; 69 subjects (48.5 ± 3.3
years; p¼ .044) survived until the end of the 6-year study
period. Therefore, hospital mortality was 22% and follow-up
mortality was 18%; total mortality in the study population
was 36%. The youngest patient was 16 years old at the time
of methanol poisoning and the oldest was 79 years old. Of
those who survived acute methanol poisoning and were dis-
charged from the hospital, 54 patients (64%) were included
in the prospective clinical follow-up study. The follow-up
mortality data in the other 30 (36%) patients were retrieved
from the national total population registry. These 30
patients were older than those who agreed with follow-up
(mean age with SD 54.9 ± 4.7 versus 47.1 ± 3.7 years,
p¼ .012), with insignificant difference in gender distribution
(p¼ .341) and in the number of cases with chronic alcohol-
ism (p¼ .187). At admission, difference in serum methanol,
ethanol, and arterial blood pH between two groups was
insignificant (all p> .05). The follow-up survival time in the
patients who died in this group did not differ from the fol-
low-up survival of those who agreed with the study (31 ± 13
versus 41 ± 17 months, p¼ .439). The difference in the num-
ber of patients who died during the follow-up in both
groups was insignificant (10/54 versus 5/30, p¼ .832). Basic
demographic, clinical, and laboratory data of the patients
from the study population are presented in Table 1.

Patients and co-morbidities

At least one co-morbidity was present in 99 (92%) and at
least one treatment complication was present in 50 (46%) of
the patients in the study population. The prevalence of vari-
ous co-morbidities and complications is presented in Table 2.
Alcoholic hepatitis (including three cases of alcoholic hepa-
titis with cirrhosis), cardiovascular diseases, and metabolic
disorders were among the most frequent conditions. In most
patients, four-or-more co-morbidities (up to eight diseases)
were present, but there was a significant proportion of
patients with only one or none co-morbidity. More than half
of the patients had no complications during hospitalization,
and all the patients who died in the hospital had at least
one treatment complication.

In most of the patients, the ACCI score was moderate-to-
high at the time of hospitalization (74%), a result that reflects
a significant total burden from co-morbidities. Notably, 96%
of patients who died in the hospital had a moderate-to-high
ACCI score. Arterial blood pH at admission was the only
acute laboratory parameter that significantly impacted hos-
pital mortality.

For follow-up mortality, age and ACCI score had a signifi-
cant impact; 80% of patients who died during the 6-year
observation period had a moderate-to-high ACCI score and
were older than 50 years. The effect of poisoning severity
and character and number of hospital complications on
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survivor follow-up mortality was not significant. The patients
who survived poisoning with methanol-induced brain lesions
were elder, with more severe poisoning (lower arterial pH
and higher serum methanol), and had a greater number of
treatment complications compared to those without brain
lesions. The effect of chronic alcohol abuse and smoking was
not significant for hospital, follow-up, or total mortality.

Associations between specific treatment complications,
co-morbidities, and total and hospital mortality

Explorative analyses of the association between treatment
complications and outcome revealed a significant associ-
ation between hospital or total mortality and cardiac/respira-
tory arrest, acute respiratory failure, arterial hypotension
with low mean arterial blood pressure, coma, or multiorgan
failure syndrome, but not with hospital pneumonia or alco-
hol delirium. In separate co-morbidity categories, only kid-
ney diseases and metabolic disorders were associated with
poisoning outcome.

In a Cox regression model, cardiac/respiratory arrest, acute
respiratory failure, and arterial hypotension with low mean
arterial blood pressure were significant complications for
both hospital and total mortality, while multiorgan failure
syndrome was a significant complication for hospital mortal-
ity (Table 3). All patients who died in the hospital had at
least one treatment complication, and the presence of any
complication influenced total mortality in the study popula-
tion after adjustment for sex, age, and poisoning severity.
For the separate co-morbidity categories, after adjustment,
only kidney diseases negatively affected hospital mortality,
while hyperlipoproteinemia demonstrated a certain protect-
ive effect on both hospital and total mortality.

The total number of co-morbidities, but not ACCI score,
affected hospital mortality closely to the limit of signifi-
cance after adjustment for confounders. However, a higher
ACCI score was associated with greater total mortality in
the study population. The risk of death was 22% higher for
the patients with a high ACCI score.

Association between the burden of co-morbidities and
6-year follow-up mortality

During the 6-year follow-up, 15 of 84 patients died. The
causes of death were the following: oncological diseases
in seven (47%) cases (cancer of prostate, pancreatic can-
cer, esophageal cancer, lung cancer, and acute leukemia),
cardiac diseases in four cases (coronary heart disease and
cardiomyopathy), alcoholic liver cirrhosis in three cases,
and complications from diabetes mellitus in one patient.
The patients who died were older than those who sur-
vived (56.3 ± 6.8 versus 48.5 ± 3.3 years, respectively;
p¼ .044). The patients who died during follow-up did not
differ from those who survived with regards to gender,
number of cases with chronic alcohol abuse, or smoking
(all p> .05). The presence of methanol-induced brain
lesions and long-term visual sequelae of poisoning did
not differ between patients who died and survivedTa
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(p¼ .277 and 0.490, respectively). Admission laboratory
parameters that reflected poisoning severity and the
presence and number of treatment complications had no
impact on follow-up mortality (all p> .05).

The effect of separate treatment complications on mortality
during the years following hospital discharge was not signifi-
cant. Only the patients with an episode of alcohol delirium dur-
ing hospitalization had an almost five-fold greater risk of death
during the 6-year follow-up (Table 4). These patients had
severe alcohol dependence at admission to the hospital, and
delirium was caused by withdrawal syndrome after stopping
treatment with the antidote.

With univariate analysis, a higher ACCI score was associ-
ated with greater follow-up mortality. Patients with cardio-
vascular and respiratory diseases had an increased risk
of death, but there was no effect of alcoholism and alco-
holic hepatitis on follow-up mortality. When controlling
for confounders, atrial fibrillation or other cardiac arrhyth-
mias and respiratory diseases increased the risk of death.
Methanol-induced brain lesions did not affect follow-
up mortality.

The Kaplan–Meier curve revealed a significant difference
in overall survival in patients with a higher ACCI score (6-or-

more) compared to low (p< .001) and moderate (p¼ .013)
scores (Figure 1) and in patients without complications dur-
ing hospital treatment compared to 1–3 or 4-or-more com-
plications (both p< .001). However, there was no survival
difference between patients with a moderate or high num-
ber of complications (Figure 2).

With regards to 30-d hospital survival, patients with a low
ACCI score had significantly higher survival compared to
those with moderate (p¼ .023) or high (p¼ .001) scores,
whereas the difference between the last two groups was not
significant (Figure 3). The results were similar for hospital sur-
vival when considering the complication number: patients
without hospital complications had significantly higher sur-
vival compared to 1–3 and 4-or-more complications (both
p< .001), but the difference was not significant between the
patients with moderate or high numbers of complications
(Figure 4).

Finally, for follow-up survival, patients with a higher ACCI
score (6-or-more) had significantly greater mortality com-
pared to ones with a low (p¼ .027) or moderate (p¼ .020)
score (Figure 5). There was no effect from the number of
complications during hospital treatment on six-year follow-
up survival for hospital survivors (Figure 6).

Table 3. Results of Cox regression analyses of hazard ratio (HR) of total mortality (n¼ 39), hospital mortality (n¼ 24), and separate complications and co-mor-
bidities in 108 patients with acute methanol poisoning (unadjusted and adjusted for sex, age, arterial blood pH at admission; HR with 95% CI are shown).

Total mortality Hospital mortality

Crude
HR 95 % CI p

Adjusted
HR 95 % CI p

Crude
HR 95 % CI p

Adjusted
HR 95 % CI p

Treatment complication
Cardiac/respiratory arrest 23.04 7.73–68.64 <.001 11.89 3.34–42.38 <.001 23.04 7.73–68.64 <.001 7.80 2.08–29.26 .002
Arterial hypotension/vasopressors 5.89 3.01–11.53 <.001 4.41 1.69–11.53 .002 22.04 6.48–74.93 <.001 6.23 1.38–28.11 .017
Acute respiratory failure 4.52 2.25–9.09 <.001 2.99 1.03–8.69 .044 41.56 5.58–309.63 <.001 11.24 1.10–115.33 .042
MOF 7.33 3.22–16.66 <.001 4.22 1.73–10.27 .002 7.96 3.19–19.87 <.001 3.61 1.30–10.05 .014
Coma 3.61 1.87–6.98 <.001 2.28 0.82–6.28 .112 13.42 4.52–39.89 <.001 3.45 0.65–18.22 .145
Hospital/aspiration pneumonia 1.05 0.46–2.39 .911 0.76 0.32–1.77 .522 0.92 0.31–2.71 .874 0.76 0.24–2.37 .634
Alcohol delirium 1.55 0.60–4.00 .364 1.01 0.39–2.66 .977 0.84 0.20–3.60 .816 0.49 0.11–2.18 .345
Any complication 4.64 2.23–9.66 <.001 2.66 1.00–7.09 .051

Co-morbidity
Arterial hypertension 0.77 0.39–1.50 .444 0.50 0.24–1.04 .062 0.70 0.29–1.66 .415 0.55 0.20–1.52 .252
Diabetes mellitus 1.24 0.48–3.18 .660 0.96 0.36–2.60 .943 0.75 0.18–3.23 .705 0.70 0.14–3.46 .666
Cardiovascular disease, any 1.45 0.68–3.08 .335 1.58 0.69–3.58 .277 0.66 0.20–2.24 .507 1.27 0.34–4.74 .727
Ischemic heart disease 1.26 0.55–2.89 .578 1.17 0.48–2.83 .730 0.52 0.12–2.22 .375 0.79 0.17–3.67 .767
Acute coronary syndrome 1.60 0.22–11.70 .643 0.94 0.12–7.19 .949 2.34 0.31–17.44 .406 1.27 0.15–10.56 .824
Atrial fibrillation/ cardiac

arrhythmia
2.07 0.50–8.65 .317 1.42 0.32–6.26 .641 1.42 0.19–10.59 .730 0.79 0.10–6.21 .826

Heart valve disease 1.87 0.45–7.79 .390 2.40 0.56–10.31 .239 1.42 0.19–10.59 .730 1.96 0.25–15.54 .523
Hyperlipoproteinemia 0.33 0.16–0.69 .003 0.43 0.20–0.91 .028 0.05 0.01–0.34 .003 0.10 0.01–0.72 .023
Hyperuricemia 0.51 0.18–1.45 .208 0.54 0.19–1.55 .249 0.20 0.03–1.52 .121 0.38 0.05–3.01 .362
Kidney diseases 1.70 1.22–2.37 .002 1.38 0.92–2.07 .124 2.45 1.58–3.79 <.001 1.71 1.01–2.88 .044
Cancer history 1.55 0.76–3.17 .227 1.28 0.60–2.75 .524 1.36 0.50–3.71 .550 0.80 0.26–2.49 .704
Stroke history 1.11 0.15–8.13 .916 1.06 0.13–8.50 .953 1.85 0.25–13.73 .550 0.73 0.07–7.34 .792
Alcoholic hepatitis 0.82 0.42–1.63 .577 0.86 0.44–1.70 .669 0.56 0.24–1.30 .176 0.53 0.22–1.27 .155
Hypothyroidism 0.33 0.05–2.41 .275 0.32 0.04–2.45 .274 0.04 0.00–47.58 .381
Respiratory diseases 2.67 1.04–6.88 .042 2.06 0.76–5.57 .154 1.59 0.37–6.79 .534 1.80 0.40–8.10 .443
Anemia 1.07 0.38–3.04 .894 0.84 0.29–2.41 .741 0.39 0.05–2.89 .356 0.33 0.04–2.52 .283
Polyneuropathy 0.56 0.22–1.45 .235 0.45 0.17–1.19 .107 0.17 0.02–1.27 .084 0.17 0.02–1.30 .088
Epilepsy 1.00 0.24–4.18 .996 2.96 0.63–13.96 .171 0.05 0.00–159.88 .459
Chronic alcoholism 1.62 0.56–4.64 .373 1.48 0.51–4.34 .474 1.64 0.37–7.26 .516 1.29 0.27–6.15 .748
Methanol-induced brain lesions 0.35 0.08–1.55 .165 0.85 0.15–4.87 .858
Any comorbidity 1.00 0.24–4.15 .996 0.42 0.10–1.82 .246 0.61 0.14–2.60 .501 0.23 0.05–1.07 .061

ACCI score 1.33 1.17–1.51 <.001 1.22 1.00–1.48 .046 1.35 1.16–1.58 <.001 1.17 0.92–1.49 .201
Number co-morbidities 0.95 0.78–1.15 .568 0.87 0.71–1.07 .195 0.74 0.56–0.97 .032 0.75 0.57–1.00 .050

HR: hazard ratio; MOF: multiorgan failure; ACCI: age-adjusted Charlson co-morbidity index.
p< 0.05 was considered significant (bold figures).
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Table 4. Results of Cox regression analyses of hazard ratio (HR) of 6-year follow-up mortality and separate complications and co-morbidities in 84 survivors of
acute methanol poisoning (unadjusted and adjusted for sex, age, arterial blood pH at admission; HR with 95% CI are shown).

PSS score,
1 (n, %)
2 (n, %)
3 (n, %) Crude HR 95 % CI p Adjusted HR 95 % CI p

Treatment complications
Arterial hypotension/vasopressors 1 (8%)

1 (8%)
11 (84%)

0.96 0.21–4.29 .957 2.98 0.50–17.58 .228

Acute respiratory failure 1 (5%)
2 (9%)
19 (86%)

0.77 0.21–2.75 .682 3.17 0.58–17.24 .183

MOF 0
0

2 (100%)

5.17 0.67–39.67 .114 9.68 0.85–110.19 .067

Coma 0
0

17 (100%)

0.29 0.04–2.21 .232 0.66 0.08–5.67 .705

Hospital/aspiration pneumonia 4 (27%)
2 (13%)
9 (60%)

1.29 0.36–4.62 .696 2.03 0.51–8.17 .318

Alcohol delirium 2 (25%)
2 (25%)
4 (50%)

3.34 0.93–12.01 .065 4.67 1.25–17.42 .022

Any complication 4 (16%)
2 (8%)
19 (76%)

0.90 0.28–2.88 .861 1.67 0.45–6.16 .444

Co-morbidities
Arterial hypertension 16 (42%)

8 (21%)
14 (37%)

0.90 0.31–2.58 .839 0.53 0.17–1.69 .282

Diabetes mellitus 3 (27%)
3 (27%)
5 (46%)

2.14 0.60–7.68 .242 1.70 0.44–6.51 .440

Cardiovascular disease, any 10 (46%)
8 (36%)
4 (18%)

3.46 1.20–9.98 .022 2.36 0.76–7.35 .140

Ischemic heart disease 7 (46%)
4 (27%)
4 (27%)

2.96 0.99–8.83 .052 1.88 0.56–6.32 .307

Atrial fibrillation/ cardiac arrhythmia 1 (33%)
0

2 (67%)

3.74 0.49–28.76 .205 13.25 1.33–131.81 .027

Heart valve disease 2 (100%)
0
0

2.71 0.35–20.74 .337 2.13 0.27–16.82 .471

Hyperlipoproteinemia 17 (35%)
10 (21%)
21 (44%)

1.35 0.45–4.02 .594 1.57 0.50–4.91 .439

Hyperuricemia 8 (45%)
4 (22%)
6 (33%)

1.05 0.29–3.75 .945 1.01 0.28–3.67 .994

Kidney diseases 11 (73%)
4 (27%)

0

0.82 0.39–1.73 .596 1.06 0.47–2.39 .890

Cancer history 0
1 (50%)
1 (50%)

1.87 0.67–5.18 .232 1.47 0.52–4.12 .466

Alcoholic hepatitis 23 (41%)
15 (26%)
19 (33%)

1.70 0.47–6.09 .415 1.71 0.47–6.24 .419

Hypothyroidism 1 (14%)
2 (29%)
4 (57%)

0.82 0.11–6.25 .846 1.12 0.12–10.01 .922

Respiratory diseases 1 (20%)
2 (40%)
2 (40%)

4.86 1.34–17.54 .016 4.99 1.16–21.48 .031

Anemia 3 (34%)
2 (22%)
4 (44%)

2.55 0.71–9.15 .152 2.42 0.67–8.74 .177

Polyneuropathy 11 (52%)
4 (19%)
6 (29%)

1.35 0.42–4.30 .614 1.21 0.36–4.03 .762

(continued)
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Discussion

Limited information is available regarding the impact of
co-morbidities on the long-term outcome of acute metha-
nol poisoning and the cause of death following discharge
[33]. Here we report a study that evaluated 6-year survival
in a cohort of patients with acute methanol poisoning
and the relationships between survival outcome and

hospital treatment complications, co-morbidities, or poi-
soning sequelae. Our study demonstrated that the nature
and number of treatment complications strongly affected
hospital but not follow-up mortality. On the other hand, the
co-morbidity burden affected both total and follow-up mor-
tality; patients with a higher ACCI score had a significantly
greater risk of death during the study period after adjust-
ment for age, gender, and poisoning severity. There was no

Table 4. Continued.

PSS score,
1 (n, %)
2 (n, %)
3 (n, %) Crude HR 95 % CI p Adjusted HR 95 % CI p

Epilepsy 1 (20%)
2 (40%)
2 (40%)

2.77 0.62–12.41 .182 1.65 0.34–8.06 .535

Chronic alcoholism 31 (41%)
15 (20%)
29 (39%)

1.59 0.36–7.12 .542 1.67 0.35–7.91 .516

Methanol-induced brain lesions 6 (22%)
2 (8%)
19 (70%)

0.35 0.08–1.55 .165 0.85 0.15–4.87 .858

ACCI score 1.28 1.02–1.60 .030 1.35 0.96–1.89 .087
Number co-morbidities 1.29 0.98–1.69 .069 1.23 0.93–1.63 .151

HR: hazard ratio; MOF: multiorgan failure syndrome; ACCI: age-adjusted Charlson co-morbidity index.
p<.05 was considered significant (bold figures).

Figure 1. Kaplan–Meier curve of overall survival estimate by ACCI score in the
study population (n¼ 108).

Figure 2. Kaplan–Meier curve of overall survival estimate by the number of
treatment complications in the study population (n¼ 108).

Figure 3. Kaplan–Meier curve of 30-d hospital survival estimate by ACCI score
in the study population (n¼ 108).

Figure 4. Kaplan–Meier curve of 30-d hospital survival estimate by the number
of treatment complications in the study population (n¼ 108).
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effect from chronic alcoholism or alcoholic hepatitis on hos-
pital, follow-up, or total mortality, but the patients with an
episode of alcohol delirium caused by withdrawal syndrome
during hospitalization had a five-fold higher risk of death
during the subsequent years. Long-term CNS sequelae
(methanol-induced brain lesions) did not affect follow-up
mortality. Finally, in the patients who died during the follow-
up period, malignant neoplasms were responsible for
approximately half of the deaths.

In our study population with a relatively young mean age,
co-morbidities were common at the time of acute methanol
poisoning, with alcoholic hepatitis, arterial hypertension, and
hyperlipoproteinemia each observed in more than 40% of
the patients. Despite the high prevalence of co-morbidities,
45% of patients had fewer than three co-morbidities, a fact
that points to a relatively low individual burden of co-morbid
conditions in the relatively young patients. Separate co-mor-
bidity categories had a low impact on hospital mortality,
whereas the effects of poisoning severity (metabolic acidosis)
and treatment complications clearly dominated. In separate
co-morbid conditions, only kidney diseases were associated
with higher hospital mortality. These patients were treated
with renal replacement therapy (RRT), intermittent hemodi-
alysis, extended daily dialysis, or continuous methods of RRT

[34,35]. As we previously demonstrated, the RRT modality
did not have a significant effect on the outcome [36].

While the ACCI score and number of co-morbidities had
limited prognostic value for hospital mortality, the presence of
treatment complications increased the risk of hospital death
independently of age and poisoning severity. Therefore, epi-
sodes of cardiac/respiratory arrest, multiorgan failure syn-
drome, arterial hypotension with low mean arterial pressure
that required high catecholamine doses, and acute respiratory
failure had independent prognostic value. All patients who
died in the hospital had at least one complication, and only
10% of patients with more than four complications survived.
Coma at admission is a known prognostic factor for a poor
outcome. In our study, this complication had no independent
prognostic value after adjustment for confounders, because
this condition was typically accompanied by acute respiratory
failure with the need for intubation and mechanical ventila-
tion, low mean arterial pressure that required vasopressors,
and often cardiac/respiratory arrest with the need of cardio-
pulmonary resuscitation.

Hospital or aspiration pneumonia was a relatively frequent
complication, but it had no effect on hospital mortality.
Timely diagnosis and effective antibiotic therapy may explain
this finding. Delirium as a result of alcohol withdrawal syn-
drome after cessation of hospital treatment with ethanol is
another frequent complication in chronic alcohol abusers
[37–39]. Its impact on hospital mortality was also not signifi-
cant; on the other hand, this complication was the only one
with independent prognostic value for follow-up mortality.
Other complications had no impact on survival during the
years following hospital discharge. This finding could be
because the patients with delirium were relatively elderly
with a long history of severe alcoholism and a high burden
of co-morbidities.

Patient mortality during the follow-up period was high;
approximately one-fifth of the patients discharged from hospi-
tals died within 26–48 months. In a study by Paasma et al, 6-
year follow-up mortality was even higher, at least 30% [33].
The causes of death in the cited study were most frequently
alcohol intoxication (unknown alcohol kind or origin; 27%), fol-
lowed by cardiac diseases (23%), trauma (11%), carbon mon-
oxide poisoning (11%), and pneumonia (8%). Interestingly, in
our study, almost half (47%) of the patients who died during
the follow-up period succumbed to different cancers (mean
survival of 44±21 months after acute methanol poisoning).
Their median age at the time of poisoning was 67 (range
49–69) years. Formaldehyde is the first product of methanol
oxidation by ADH, and its half-life is very short due to activity
of aldehyde dehydrogenase, which can be different due
to genetic polymorphism and other reasons [40]. The
International Agency for Research on Cancer (IARC) classifies
formaldehyde as a Group 1 human carcinogen [41]. In 2011,
the National Toxicology Program, an interagency program of
the Department of Health and Human Services, named formal-
dehyde as a known human carcinogen [42]. It is not known if
high metabolic formaldehyde production from methanol in
acute poisoning may exert carcinogenic potential that is real-
ized in subsequent years. Relatively high cancer mortality rate

Figure 5. Kaplan–Meier curve of the follow-up 6-year survival estimate by ACCI
score in the hospital survivors (n¼ 84).

Figure 6. Kaplan–Meier curve of the follow-up 6-year survival estimate by the
number of treatment complications in the hospital survivors (n¼ 84).
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may be associated with acute exposure to metabolic formalde-
hyde produced by methanol oxidation. Possible mechanisms
of reactive oxygen species production increased by formalde-
hyde and oxidative stress may play a role as well [43–45].
Alcoholic beverages per se, with low content of methanol, are
classified by IARC as a Group 1 human carcinogen as well.

The second most common cause of death during the fol-
low-up period was cardiovascular diseases (27%), a finding
similar to Paasma et al. [33]. Several epidemiological studies
demonstrated a higher risk of mortality from cardiac diseases
in subjects who excessively consumed alcohol [46,47]. On
the other hand, despite the fact that 81% of the patients in
the study population were chronic alcohol abusers, and the
symptoms of alcoholic hepatitis were present in 64% of the
patients, only three of 84 (4%) patients died from alcoholic
liver cirrhosis during the 6-year follow-up period. There was
no association between chronic alcohol abuse, alcoholic
hepatitis, and total, hospital, and follow-up mortality. This
fact may be explained by the high prevalence of alcoholism
in the study population, the dominant impact of poisoning
severity and the character of complications on hospital mor-
tality, and the longer time span required for the progression
of alcoholic hepatitis to cirrhosis and then to the decompen-
sated form during the observation period in our study [48].
Finally, methanol-induced brain lesions, mainly bilateral puta-
men necrosis, had no impact on 6-year follow-up survival.
Methanol-induced acute neuroinflammation typically does
not persist during the years following poisoning suggesting
against the shift to chronic neuroinflammation, as it was
demonstrated in our previous study [49]. Only three out of
27 patients with brain lesions, two males (53 and 58 years
old), and one female (52 years old), died during the follow-
up period from alcoholic liver cirrhosis (two cases) or pancre-
atic cancer (one case).

Predicting follow-up mortality and causes of death during
the years after discharge from hospitals in acute methanol
poisoning patients is very important for planning screening,
clinical examination, and therapeutic intervention measure
programs, especially if therapy is needed [50]. Currently,
many patients who survive acute methanol poisoning are
not involved in long-term medical surveillance programs. The
fact that one-fifth of the acute methanol poisoning survivors
died within approximately 5 years after discharge, and two-
thirds of those deaths were due to malignant neoplasms or
cardiovascular diseases highlights the importance of screen-
ing, prevention, timely diagnosis, and therapy for these dis-
eases. Ultimately, these measures may translate into longer
survival and lower total healthcare-associated costs.

Limitations of the study

The study has certain strengths and limitations. The strengths
include the prospective design with a high participation rate,
complete 6-year follow-up according to the same standardized
clinical protocol in the same medical facility, and the ability to
adjust the results for confounders, including acidemia severity
at admission (a well-established prognostic factor for acute
methanol poisoning). The population of 108 patients poisoned

over a relatively short-time period during one mass poisoning
outbreak, with two-thirds of survivors systematically followed
at one center, represents a sufficient sample size for regression
model estimates, but it should be considered as limited; a
larger sample size might have provided more significant asso-
ciations for separate co-morbidity and complication categories.
Type II error can be possible due to a limited number of
patients with methanol-induced brain lesions in estimating the
effect of brain damage on the follow-up mortality.

Further strengths include the fact that clinical, biochemical,
toxicological, and co-morbidity data were analyzed in depth
and that a total of 16 categories of disorders were considered.
We chose a 6-year follow-up period that was longer than the
typical 5-year period considered as the criterion for long-term
survival in oncological diseases. This period provided sufficient
time to estimate the long-term outcome of poisoning; there-
fore, we operated with complete and reliable information on
the long-term impact of co-morbidities and other survival
parameters. We analyzed both the impact of specific entities
(separate co-morbidity and complication categories) and the
overall burden estimated by the ACCI score and the numerical
indices (total number of co-morbidities and complications).
However, the ACCI score might not reflect the true co-morbid-
ity burden since it is based on International Classification of
Diseases (ICD) codes without considering the degree, stage,
or disease severity. Nevertheless, it is still a common, widely
used simple and objective tool.
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