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Abstract Methanol poisoning is seen in the form of isolated
episodes, or intentional ingestion and epidemics. Despite its
efficient treatment, methanol poisoning has high morbidity
and mortality rates. So far, several studies have been
performed to identify the prognostic factors in methanol
poisoning. Recently, during the treatment of patients with
methanol poisoning, we observed that patients’ blood glucose
levels were high on presentation to the hospital, particularly in
those who expired. Through a literature search, we found that
no studies have been performed on blood glucose levels or
hyperglycemia in methanol poisoning. Therefore, the present
retrospective study was done as a preliminary investigation to
understand whether there was a meaningful relationship
between methanol poisoning and blood glucose level on
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presentation, and also if hyperglycemia could be considered as
a prognostic factor for mortality. In this retrospective study, a
review of the hospital charts was performed for all patients
who were treated for methanol poisoning from March 2003 to
March 2010 in two hospitals in Tehran, Iran. Those with
definitive diagnosis of methanol poisoning, no history of
diabetes mellitus, and normal or low body mass index (<25)
were included. Patients’ demographic information, clinical
manifestations, time elapsed between ingestion and presenta-
tion, blood glucose level on presentation (before treatment),
results of arterial blood gas analysis, and the clinical outcome
were recorded. Statistical analysis was done using SPSS
software (version 17, Chicago, Illinois, USA) and application
of Mann—Whitney U test, Pearson's chi-square test, Pearson
correlation coefficient (), receiver operating characteristic
(ROC) curve, and logistic regression. P values less than 0.05
were considered as the statistically significant levels. Ninety-
five patients with methanol poisoning met the inclusion
criteria and were included in the study. Of these, 91
(96%) were male and 4 (4%) were female. Mean age was
31.61+14.3 years (range, 13 to 75). Among the 95
patients, 68 survived (72%) and 27 expired (28%). Median
blood glucose level was 144 mg/dL (range, 75 to 500). There
was no significant statistical correlation between blood
glucose level and time of treatment, age, pCO,, or serum
bicarbonate concentration, but blood glucose level had a
statistically significant correlation with pH (r=-0.242,
P=0.02) and base deficit (»=0.230, P=0.03). The mean
blood glucose level was 140+55 and 219+99 mg/dL in the
survivor and non-survivor patients, respectively (P<001).
Considering the cutoff level of 140 mg/dL for blood
glucose and wusing logistic regression analysis, and
adjusting according to the admission data with signifi-
cant statistical difference in the two study groups, the odds
ratio for hyperglycemia as a risk factor for death was 6.5
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(95% confidence interval=1.59-26.4). Our study showed that
blood glucose levels were high in methanol poisoning and
even higher in those who died in comparison with the
survivors. Therefore, hyperglycemia might be a new prog-
nostic factor in methanol poisoning, but further studies are
needed to determine whether controlling hyperglycemia has
therapeutic consequences.

Keywords Methanol poisoning - Prognosis -
Hyperglycemia - Mortality

Introduction

Methanol is converted to its toxic metabolite, formic acid,
which is responsible for the adverse effects seen in
methanol poisoning [1, 2]. In the early stage of methanol
poisoning, toxic effects are caused by the metabolic
acidosis, due to formation of formic acid [3]. In the late
stage of poisoning, as formate accumulates, toxicity is
mainly due to acidosis and the histotoxic effects of formate
that prevents the mitochondrial respiration (tissue hypoxia)
[4]. Therefore, the production of lactate causes increased
acidosis, and the acidosis shifts the equilibrium between
formate and formic acid, favoring the protonated formic
acid, causing increased cellular penetration of the ionized
form [2, 5]. In this late stage, metabolic acidosis is usually a
result of the combination of formate accumulation and
lactic acidosis [6, 7]. Early clinical features of poisoning are
headache, vertigo, nausea, vomiting, and abdominal pain, but
these are also seen in later stages. Visual disturbances may
appear alone or with other symptoms [1, 6, 8, 9]. Later in the
course, severely poisoned patients may refer with coma,
seizure, blindness, gastrointestinal hemorrhage, putaminal
hemorrhage and infarcts, and pancreatitis [1, 6, 10-12].

Specific treatment of methanol poisoning includes
intravenous sodium bicarbonate to correct metabolic acido-
sis [13, 14] and antidotal therapy with ethanol or
fomepizole to prevent metabolism of methanol to formate
[1, 15, 16]. Hemodialysis is also performed for removing
methanol and formate to correct metabolic acidosis [1, 2,
16-19]. Administration of folic or folinic acid may have a
role in enhancing the metabolism of formate into CO, and
water [1, 20].

Methanol poisoning is seen in the form of isolated
episodes, or intentional ingestion and epidemics. Mass
poisoning with methanol is rare but regularly occurs in
developed and developing countries [10, 21-25]. In Iran,
alcohol consumption is prohibited, but consumers illegally
use the substances like hand-made liquor, smuggled
alcohol, industrial alcohol (containing a mixture of varying
percentages of ethanol and methanol with color additives),
or the pharmaceutical preparations of ethanol that have
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medical usage. This is the main reason why methanol
poisoning is observed in our country in the form of isolated
episodes or sometimes in the form of epidemics.

Despite its efficient treatment, methanol poisoning has a
high morbidity and mortality rate [1, 10, 21-25]. To date,
several studies have been performed to identify the
prognostic factors in methanol poisoning [8, 10, 21-26]
(Table 1). During the treatment of patients with methanol
poisoning, we observed that their blood glucose levels on
presentation to the hospital were high, particularly in those
who died. No literature was found describing the relation-
ship between blood glucose level and methanol poisoning.
We, therefore, performed a retrospective study to evaluate
the potential relationship between methanol poisoning and
hyperglycemia, as well as to look for potential prognostic
elements of this simple test.

Material and methods

This was performed as a retrospective review of the
hospital charts of all patients who had been treated for
methanol poisoning from March 2003 to March 2010 in
two hospitals in Tehran, Iran (Loghman Hakim and Hazrat
Rasul Akram hospitals). Treatment of patients included
administration of sodium bicarbonate, ethanol, folic, or
folinic acid, and hemodialysis if necessary. Fomepizole is
not available in Iran.

Cases with non-definitive diagnosis of methanol poisoning,
history of diabetes mellitus (DM), and obesity or overweight
(based on calculated body mass index; BMI>25) were
excluded. Definitive diagnosis of poisoning was based on a
positive history of alcohol consumption (hand-made, smug-
gled, industrial), clinical manifestations, result of qualitative
and quantitative tests, metabolic acidosis with an increased
anion gap, and reports of the computed tomography scan of
the brain.

Where the hospital charts were found incomplete in
regards to DM or BMI, the patients or their relatives were
contacted by phone. In Iran, all deceased patients who have
died from any type of poisoning are sent to the forensic
medical center (in Tehran: Kahrizak) for autopsy. Review
of the autopsy report was performed to add necessary
information on DM and BMI. The poisoned patients
referred from other medical centers after initial manage-
ment were excluded from the study if the information on
presentation at the primary centers was not available in
their files. Also, where the file information was incom-
plete and contact through telephone or investigation of
files and autopsy reports was not possible, the patients
were excluded.

Inclusion criteria of the study consisted of definitive
diagnosis of methanol poisoning, no history of DM, and
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Table 1 Published articles

Number of Prognostic factors for lethality or permanent
patients studied sequelae

related to the prognostic factors Puplished Author(s)

in methanol poisoning article (year)
1953 Bennet Jr IL
1979 Naragqi S, et al.
1981 Swartz RD, et al.
1989 Mathieu P, et al.
1998 Liu JJ, et al.
2005 Hovda KE, et al.
2007 Paasma R, et al.
2007 Hassanian-

Moghaddam H, et al.

323 Low serum bicarbonate levels [10]

28 Coma or seizure on presentation and prolonged
acidosis [21]

44 Coma on presentation and high serum methanol
concentration [26]

10 >10 h of delay from intake to treatment and
blood formate level>0.5 g/L [22]

50 Coma or seizure on presentation, severe metabolic

acidosis, in particular initial arterial pH<7 and
high serum methanol concentration [23]

51 Respiratory arrest, coma on presentation, severe
metabolic acidosis (pH<6.9, BD>28), and
patients’ inability to hyperventilate [8]

111 Coma on presentation, degree of metabolic
acidosis, high serum methanol concentration and
the patients’ inability to hyperventilate [24]

25 pH<7, coma on admission and >24 h of delay
from intake to admission [25]

normal or low BMI. The data of the enrolled patients was
recorded in a standard questionnaire, designed before the study.
The data included demographic information, clinical manifes-
tations, time elapsed between ingestion and presentation, blood
glucose level on presentation (before treatment), results of
arterial blood gas analysis, and the clinical outcome. This
questionnaire was filled out on the basis of the hospital charts,
files, and autopsy reports registered in the forensic medical
center of Tehran, and information was obtained by contacting
the patients or relatives of the dead patients by telephone.

Statistical analysis was done using SPSS software (version
17, Chicago, Illinois, USA), and application of Mann—
Whitney U test, Pearson's chi-square test, Pearson correlation
coefficient (r), receiver operating characteristic (ROC) curve,
and logistic regression. P values less than 0.05 were
considered to be statistically significant. Our study was
approved by the Regional Ethics Committee.

Results

Ninety-five patients with methanol poisoning met the
inclusion criteria and were included in the study. Of these,
91 (96%) were male and 4 (4%) were female. Mean age
was 31.6+£14.3 years (range, 13 to 75) (Fig. 1). A total of
68 patients survived (72%) and 27 expired (28%).
Comparisons between the admission data of the two groups
(non-survivors and survivors) are shown in the Table 2. The
median blood glucose level was 144 mg/dL (range, 75 to 500).
There was no significant statistical correlation between
blood glucose level and time to treatment (r=-0.038,
P=0.733), age (r=0.154, P=0.136), pCO, (#=0.133,

P=0.207), or serum bicarbonate concentration
(r=-0.139, P=0.184), but blood glucose level had a
significant statistical correlation with pH (r=-0.242,
P=0.02) and base deficit (BD) (+=0.230, P=0.03). Mean
blood glucose level was 140+55 and 219499 mg/dL in the
live and dead patients, respectively (P<0.001). Considering the
cutoff level of 140 mg/dL for blood glucose (obtained by ROC
curve analysis), and adjusting according to the admission data
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Fig. 1 Age of the survivor and non-survivor methanol-poisoned
patients. There was no significant statistical difference between these
two groups (P=0.253)
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pCO, (mmHg) HCO; (mmol/L)* BD (mmol/L)*

H*

BG (mg/dL)*

Seizure*

Elapsed time to treatment (h)* Coma*

Sex (M/F)

Table 2 Distribution of age, sex, time interval between ingestion and treatment, coma and seizure on admission, blood glucose level, pH, pCO,, HCO; , and BD on presentation to the hospital
Age (years)

Patient group

@ Springer

19 (£9)
28 (£9)
<0.001

10 (+6)
6 (+4)
0.003

24 (£10)
28 (18)

0.639

7.16 (£0.2)
6.94 (£0.2)
<0.001

140 (+55)
219 (£99)

<0.001

1/67
4/23

11/57
18/9

41 &18)
32 (17)

0.018

65/3

31 (£14)
34 (£14)

M-W U test (P value) 0.253

Chi? test (P value)

Survivors

26/1

Non-survivors

0.009

<0.001

0.877

Data are represented as mean £+ SD

M male, F female, BD base deficit, BG blood glucose, M—W Mann—Whitney

*P<0.05, represents significant differences at P level

that had significant statistical differences between the two
study groups using logistic regression analysis—i.e., elapsed
time to treatment, coma, seizure, pH, pCO,, serum bicarbonate
concentration, and BD (Table 2)—the odds ratio for hypergly-
cemia (blood glucose levels more than 140 mg/dL) as a risk
factor for death was 6.5 (95% confidence interval (CI)=1.59—
26.4).

Discussion

Poisoning with methanol is a classical example of a life-
threatening condition where species differences prevent us
from obtaining information from the experimental studies
[27]. Only certain primates and animals made folate
deficient have been used as models [5, 28]. Other species
do not develop acidosis or toxicity on exposure with
methanol [1, 29]. Therefore, most of our knowledge is
based on the case series and studies and outbreaks. It has
been shown that prognosis for methanol poisoning depends
on the degree of metabolic acidosis (reflected by the
decrease in pH and increase in BD) [1, 8, 17]. Different
findings on admission have been suggested as poor
prognostic factors, e.g., high serum levels of methanol
(not shown in this study) [23, 24, 26] or the long time
elapsed from consumption to the time of admission [22,
25]; however, others did not find these [8, 21, 25]. In
methanol poisoning, coma on admission and seizures are
generally considered to be poor prognostic signs [8, 21, 23—
26]. Recently, respiratory arrest and increased pCO, in the
severely acidotic patients (lack of compensatory hyperven-
tilation) have been suggested as new markers [8, 24].

The current study confirms earlier studies showing
mortality correlating with coma and seizure on admission
[8, 21, 23-26], severe metabolic acidosis [8, 21, 23-25],
low serum bicarbonate levels [10], and a high base deficit
[8] (Table 2). The current study also shows that hyperglyce-
mia might be a new prognostic factor, as shown by regression
analysis adjusted for other known prognostic factors [8, 10,
21-26]. The odds ratio for hyperglycemia as a risk factor for
death is here calculated to be 6.5 (95% CI=1.59-26.4).

The potential mechanism of hyperglycemia in methanol
poisoning is not clear. It has been reported that methanol
poisoning can be associated with acute pancreatitis [12, 30,
31], and this can be suggestive of the role of acute
pancreatitis in creating hyperglycemia. Hanston and
Mahieu showed that acute pancreatitis in methanol poison-
ing might be more common than earlier thought. In their
study, seven out of 22 patients were observed to have acute
pancreatitis before treatment with ethanol [12]. Of course,
regarding the current retrospective study which reviews the
patients' files, the patients were not investigated at the time
of hospitalization for biomarkers and the radiographic signs
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of pancreatitis. Also, the autopsy reports had not mentioned
signs of pancreatitis and thus cannot be considered in our
patients. In addition to that, few studies that reported the
autopsy cases of methanol poisoning did not mention the
pancreatic changes [32-34].

Another mechanism that may be suggestive of the
increased blood glucose level in methanol poisoning is a
stress-induced hyperglycemia, which is usually seen in the
critically ill patients. In other words, increased counter
regulatory hormones from the acute stress of methanol
intoxication may contribute to hyperglycemia [35-38].
Therefore, it is possible that treating with insulin and
glycemic control may have a role in the management of
methanol poisoning. Further studies, particularly on the
outbreak cases, are required to determine if this simple
intervention may be of therapeutic value.

Interestingly, our study shows that there is a significant
correlation between blood glucose level and both pH and
BD: decrease in pH and increase in BD both seem to be
correlated to an increase in the blood glucose level.
Metabolic acidosis in methanol poisoning is either due to
formate alone (early), or a combination of formate and
lactic acidosis [6, 7]. We have not found any known
relation in the literature between hyperglycemia and the
toxic mechanisms of formate and lactate, and so the
mechanisms remain unknown [1, 8, 17].

Conclusions

Our study shows that blood glucose levels were high in
methanol poisoning. Hyperglycemia was significantly
higher in those dying as compared to the survivors.
Hyperglycemia might therefore be a new prognostic factor
in methanol poisoning, but further studies are needed to
determine whether controlling hyperglycemia may have
therapeutic consequences.
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