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Abstract: The prognostic value of multiple glycemic parameters in poisoned patients was never
assessed. We aim to explore the effects of glucose variability on short-term outcomes in nondiabetic
and diabetic patients acutely poisoned with undifferentiated xenobiotics. We performed a prospective
observational study in a tertiary center for toxicology in northeastern Romania. Over the course of
3 years, we included 1076 adults, older than 18 years, admitted for acute poisoning with a xenobiotic.
The mortality rate was 4.1%. The admission blood glucose level (BGL) predicted mortality (OR 1.015,
95% CI 1.011–1.019, p < 0.001) and complications (OR 1.005, 95% CI 1.001–1.009, p 0.02). The mean
glucose level (MGL) after admission (OR 1.007, 95% CI 1.000–1.013, p 0.034) and coefficient of glucose
variability (CV) were predictive for complications (OR 40.58, 95% CI 1.35–1220.52, p 0.033), using
the same multivariable model. The receiver operating characteristic curve (ROC) analysis revealed
that BGL had good predictive value for in-hospital mortality (area under the curve (AUC) = 0.744,
95% CI = 0.648–0.841, p < 0.001), and complications (AUC = 0.618, 95% CI = 0.584–0.653, p < 0.001). In
patients acutely poisoned with xenobiotics, the BGL, MGL and CV can be useful as mortality and
short-outcome predictors.

Keywords: glycemia; mean glucose level; glucose variability; outcomes; poisoning; xenobiotics

1. Introduction

Hyper- and hypoglycemia are a common problem in hospitalized patients with or
without a history of diabetes mellitus (DM) [1,2]. Hyperglycemia proved to be associated
with increased morbidity, mortality and poor outcomes in patients with an acute illness,
such as coronary syndromes, pneumonia, or exacerbation of a chronic obstructive pul-
monary disease [3–5]. Hyperglycemia might exert an even more deleterious effect on those
patients without DM than among patients with DM during acute illness [6].

Increased glucose variability was associated with longer hospitalization and mortality
in both nondiabetic and diabetic patients, as well as with in-hospital complications fol-
lowing surgery [7,8]. Hyperglycemia is not a common feature of overdose [9]. There is a
wide range of studies about hyperglycemia in both medical, surgical, and intensive care
unit (ICU) patients [9–13]. To our best knowledge, hyperglycemia due to poisoning has
been studied only in acute intoxication with methanol and pesticides where it proved to
be a prognostic factor for lethality [14–17]. We have not found any study on non-diabetic
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and diabetic patients following acute poisoning with undifferentiated xenobiotics to show
multiple glycemic parameters with respect to poisoning severity score and outcome. In
particular, the predictive value of multiple glycemic parameters for in-hospital mortality
is unclear.

Therefore, the present study aims to assess if admission blood glucose level (BGL)
and glucose variability are associated with the short-term outcomes in both diabetic and
nondiabetic acutely poisoned patients admitted within 12 h of exposure to a medical or
ICU ward. Thus, the optimal care of critically poisoned patients with hyperglycemia can
be improved to decrease the mortality rate among these patients.

2. Materials and Methods
2.1. Study Population

From July 2017 to June 2020, we prospectively enrolled consecutive patients with
acute poisoning presented to the Emergency Department (ED) of an urban tertiary hospital
with over 100,000 ED visits annually, which is a referral center for clinical toxicology in
northeastern Romania. Patients eligible for enrollment were adults older than 18 years,
with a diagnosis of acute poisoning within 12 h of exposure to a xenobiotic, as the primary
reason for admission, hospitalized in a medical or ICU ward. Patients were excluded if
there was a lack of a signed informed consent, were younger than 18 years, had received
intravenous dextrose solution, glucocorticoids, catecholamines, glucagon or diazoxide
before sampling [18,19]. In addition, patients with another emergency associated (e.g.,
trauma, burns), or incomplete data were excluded.

2.2. Baseline Data Collection

The following data were collected: baseline characteristics, vital signs, mental status,
underlying diseases, the Charlson comorbidity index (CCI) calculated according to the
scoring system established by Charlson et al. [20], the xenobiotic involved, time from
exposure, the intent of the poisoning (self-harm or accident), co-ingestions, laboratory test
results upon presentation in the ED and during hospitalization, the poisoning severity
score (PSS) grading as (0) none, (1) minor, (2) moderate, (3) severe, and (4) fatal [21,22], the
complications, ICU admission days, and in-hospital outcomes. Based on their CCI score,
patients were divided into three groups: mild, with CCI scores of 1–2; moderate, with CCI
scores of 3–4; severe, with CCI scores ≥ 5. The patients were monitored during hospitaliza-
tion. Blood glucose samples were obtained on ED admission and subsequently every 3 h for
12 h; after that, upon indication of the attending physician. In cases of hypoglycemia, the
glucose level was checked every hour by glucometer until the normal blood glucose levels
were obtained. The BGL upon ED admission was measured using the ARCHITECT c16000
clinical chemistry analyzer (Abbott Laboratories, Abbott Park, IL, USA). The BGL upon
admission was divided into hypoglycemia (<70 mg/dL), normoglycemia (70–100 mg/dL),
impaired glucose level (101–139 mg/dL), and hyperglycemia (>140 mg/dL) ranges, based
on the guidelines’ threshold for in-hospital hyperglycemia [23–25]. We collected all glucose
values measured for every patient and calculated the mean glucose level (MGL) during hos-
pitalization and the SD. The mean amplitude of glycemic excursions (MAGE) was defined
as the mean of the absolute values of any delta glucose from consecutive measurements
that were higher than the SD of the entire set of glucose values [26]. The mean absolute
glucose (MAG) change per patient per hour, defined as the sum of the absolute value of all
glucose changes during the time of observation, divided by the total time of observation
(mg/dL/h) was calculated [10]. Coefficient of variation (CV) of glucose (SD/MGL, [%])
was derived for each patient.

2.3. Outcomes and Definitions

The primary outcome was in-hospital mortality. Secondary endpoints were time
spent in the ICU and in-hospital complications related to the poisoning, such as acute liver
injury and acute kidney injury, defined according to the guidelines [27,28]. We defined the
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patients discharged without any complication as result of the poisoning as having a good
outcome, a moderate outcome was for the patients with in-hospital complications and a
poor outcome was for the patients deceased during hospitalization.

2.4. Statistical Analysis

Numerical variables are presented as mean ± SD for normally distributed continuous
data, median with interquartile range for non-normally distributed continuous data, or
frequency for categorical variables. Independent sample t test or Mann–Whitney U test,
as appropriate were used to identify significant differences between the outcome groups
defined. The Chi-square test and Cochrane’s statistic for categorical variables were used to
perform univariate analysis. All variables found to be significant in the univariate analyses
for the outcomes were subjected to a multivariate logistic regression analysis. Risk was
expressed as odds ratios (ORs) with confidence intervals (CIs). The receiver operating
characteristic curve (ROC) was used as a measure of diagnostic performance, to validate
the discriminatory power of the model predictive variables. All tests were two-tailed, and
a p-value < 0.05 was considered statistically significant. Statistical analyses were performed
with SPSS (version 22.0; SPSS, Inc., Chicago, IL, USA).

3. Results
3.1. Baseline Characteristics

A total of 1076 patients (51.9% females) were enrolled (Figure 1). Median age was
45 years (range 18–98 years), 74.3% had intentional poisoning, 11.6% were overweight,
and 11.5% were obese. The median time from poison exposure was 3 h (ranged from
30 min to 12 h). The main categories of poisons involved were prescription drugs 31.5%,
pesticides 10.3%, toxic alcohols and chemicals 8.6%, caustic agents 7.7%, toxic gases 5.5%.
A combination of poisons were recorded in 26.2% patients. Over-the-counter medication,
illicit drugs, or plant toxins represented the rest of the cases (10.1%). Basic characteristics
are summarized in Table 1.
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Table 1. Baselines characteristics of the cohort.

Parameter Nondiabetic Poisoned Patients
(n = 970) p-Value * Diabetic Poisoned Patients

(n = 106) p-Value

Age (years) 44 [32–60] <0.001 57 [42–67.25] 0.083
CCI score (S/N, %)

0.757 0.896
CCI 0 96.8/3.2 -

CCI 1–2 97.9/2.1 83.1/16.9
CCI 3–4 98.1/1.9 85.2/14.8
CCI ≥ 5 97.7/2.3 80/20

Poison type (S/N, %)

0.422 0.021
Combination of poisons 26.8/0.8 13.2/0

Drugs/medicines 38.2/0.7 29.2/2.8
Non-pharmaceuticals 32.2/1.1 40.6/14.2

GCS (S/N, %)
0.002 0.001≥ 8 81.6/1.5 58.5/4.7

< 8 15.7/1.1 24.5/12.3
PSS (S/N, %)

<0.001 <0.001
Minor 44.3/0 25/0

Moderate 42.6/30.8 53.4/11.1
Severe 12.8/65.4 21.6/55.6
Fatal 0.2/3.8 0/33.3

SBP (mmHg) 125 [110–140] 0.018 135 [104–153.5] <0.001
HR (bpm) 84 [73–100] 0.048 91 [75–114] 0.147

pH 7.39 [7.35–7.43] 0.837 7.37 [7.25–7.41] <0.001
K+ (mmol/L) 4 [3.7–4.3] 0.984 3.9 [3.4–4.43] <0.001
CRP (mg/dL) 0.37 [0.12–1.49] <0.001 0.59 [0.15–1.92] 0.189

Hb (g/dL) 13.70 [12.5–14.9] 0.279 13.4 [12.4–14.53] 0.612
BGL (mg/dL) 109 [93–132] <0.001 221.5 [200.5–266.25] <0.001
MGL (mg/dL) 109 [94.58–136.25] 0.386 112.84 [94.92–140.19] 0.935

SD (mg/dL) 12.02 [4.51–29.16] 0.759 13.20 [4.95–27.93] 0.658
CV (%) 0.11 [0.04–0.24] 0.781 0.12 [0.05–0.21] 0.915

MAGE (mg/dL) 28 [7–94.25] 0.899 40 [9–117.75] 0.831
MAG (mg/dL/h) 13 [6–28] 0.532 13.55 [5.7–27.31] 0.696

Creatinine (mg/dL) 0.77 [0.69–0.90] <0.001 0.83 [0.73–1.05] <0.001
ALAT (U/L) 20 [14–32] 0.133 27 [17–48.5] 0.044

ICU therapy (S/N, %)
<0.001 <0.001No 82.9/0.2 60/1.9

Yes 14.4/2.5 22.9/15.2
ICU hospitalization (days) 4 [3–6] <0.001 5 [3–7.25] 0.631

Data are presented as median [25–75 percentile], or percentage; *, between survivors (S) and non-survivors (N); CCI, Charlson comorbidity
index; GCS, Glasgow Coma Scale score; PSS, poisoning severity score; SBP, systolic blood pressure; HR, heart rate; CRP, C reactive protein;
BGL, blood glucose level; MGL, mean glucose level; SD, standard deviation; CV, coefficient of glucose variation; MAGE, mean amplitude
of glycemic excursions; MAG, mean absolute glucose change per hour; ALAT, alanine aminotransferase; ICU, intensive care unit.

Comorbidities recorded were psychiatric diseases (31.8%), mainly depression (16.9%),
and addiction (12.7%), cardiovascular diseases (23.8%), while chronic renal diseases were
recorded in 2.6% patients, and chronic liver diseases in 3.7%. Three patients were infected
with SARS-CoV2 virus. In total, 214 patients (19.9%) had no associated comorbidities. Com-
plete recovery was observed in 33% of patients, 62.9% developed one or more complications
resolved before discharge, and 44 patients died during hospitalization (4.1%). The most
frequently observed were CNS (13.2%), gastroenteric and cardiovascular complications
(9.8%, and 8%, respectively).

Presence of diabetes was significantly correlated with mortality in acutely poisoned
adults (p < 0.001). In addition, an altered mental status (GCS < 8), the PSS and the need
of ICU therapy were correlated with mortality in both nondiabetic and diabetic patients
(Table 1). We found no correlation between gender, poisoning intent, and body mass index
(BMI) with mortality in acutely poisoned adults, regardless of diabetes status.
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3.2. Admission Blood Glucose Level and Outcomes

The admission BGL was not correlated with the BMI of the patients. In addition, it
was not correlated with the time after exposure to a xenobiotic. BGL was significantly
correlated with mortality both in nondiabetic and diabetic acutely poisoned patients
(Table 1, Figure 2). The mortality rate in poisoned patients with hyperglycemia upon ED
admission was significantly higher as compared with patients with a normal glucose level
(65.9% vs. 15.9%, p < 0.001).
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We found that BGL upon admission is significantly correlated with the poison in-
volved (Table 2) in acutely poisoned nondiabetic patients. Higher BGL was recorded in
pesticide poisoning compared with all other groups of poisons analyzed (p < 0.014). BGL
was significantly higher after exposure to toxic alcohols and chemicals compared with drug
poisoning (p < 0.001), caustic agent poisoning (p 0.006) and combination of toxin acute poi-
soning (p < 0.001). Acute poisoning with toxic gases resulted in higher BGL upon admission
compared with poisoning involving drugs (p < 0.001), combination of toxins (p 0.001), and
caustic agents (0.044). In addition, significant differences in BGL were recorded in acute
poisoning with plant toxins, compared with drug poisoning (p 0.005) and combination of
toxins (p 0.018) in nondiabetic adults. However, in diabetic patients, BGL was significantly
higher in toxic alcohols and chemicals acute poisoning compared with poisoning with
prescription drugs (p 0.02), combinations of toxins (0.001), and pesticides (0.024).

Table 2. Correlation between admission BGL with type of poison involved in nondiabetic and
diabetic poisoned adults.

Poison Involved Nondiabetic Patients
(n = 970) p-Value Diabetic Patients

(n = 106) p-Value

Prescription drugs 107.67 ± 25.899

<0.001

233.72 ± 52.949

0.066

Combination of
poisons 110.54 ± 27.422 194.79 ± 61.481

Pesticides 144.05 ± 54.999 227.75 ± 70.404
Caustic agents 115.26 ± 33.349 244.80 ± 80.372

Toxic alcohols and
chemicals 130.86 ± 56.109 280.45 ± 90.574

Toxic gases 127.77 ± 31.167 257.14 ± 57.389
OTC 110.65 ± 24.245 231.00 ± 46.669

Plant toxins 125.45 ± 28.346 203.33 ± 19.009
Drugs of abuse 120.40 ± 33.721 228.33 ± 98.083

Data are presented as mean ± standard deviation; OTC, over the counter medicines.
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Univariate logistic regression revealed that the admission BGL was associated with
mortality (OR = 1.015, 95% CI = 1.011–1.019, p < 0.001). Multivariate logistic regression
(Table 3) confirmed that admission glucose level was a predictor of mortality (OR = 1.007,
95% CI = 1.002–1.013, p 0.005). There was no significant statistical influence of the CCI with
regards of mortality in our cohort (Supplementary Table S1).

Table 3. Independent predictors of mortality identified with logistic regression analysis includ-
ing initial glucose level and other statistically significant variables, which can easily be assessed
at presentation.

Variable
Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI p-Value OR 95% CI p-Value

Age 1.065 1.033–1.098 <0.001 1.065 1.033–1.098 <0.001
GCS < 8 0.174 0.094–0.321 <0.001 2.774 0.933–8.244 0.066

CRP 1.066 1.023–1.111 0.003 0.992 0.933–1.055 0.804
BGL 1.015 1.011–1.019 <0.001 1.007 1.002–1.013 0.005

ICU therapy 0.019 0.007–0.054 <0.001 0.021 0.005–0.088 <0.001
Creatinine 1.650 1.230–2.212 0.001 1.176 0.813–1.699 0.389

Lactate 1.480 1.35–1.62 <0.001 1.349 1.199–1.517 <0.001
OR, odds ratio; CI, confidence interval; GCS, Glasgow Coma Scale score; CRP, C-reactive protein; BGL, admission
blood glucose level; ICU, intensive care unit.

ROC curve analysis (Supplementary Figure S1) revealed that admission BGL had
a good predictive value for in-hospital mortality (area under the curve (AUC) = 0.744,
95% CI = 0.648–0.841, p < 0.001). The cut-off value corresponding to the minimal false-
negative and false-positive results for BGL was 104.5 mg/dL with 84% sensitivity, 41%
specificity, 6% positive predictive value, 98% negative predictive value.

The admission BGL was significantly correlated with the need of ICU therapy (p < 0.001).
Time spent in the ICU was significantly increased in patients with a moderate outcome
(5.4 ± 4.2 days), and a poor outcome (7.5 ± 6.2 days) as opposed to patients with a good
outcome (1.9 ± 0.1 days, p < 0.001).

Patients with hyperglycemia (22%) and impaired glucose level (25.7%) upon admission
developed significantly more complications during hospitalization, as opposed to patients
having a normal glucose level and hypoglycemia upon presentation to the ED (17.9% and
1.4%, respectively, p < 0.001). BGL was correlated with the moderate and poor outcomes
(Table 4). The admission BGL was significantly higher in patients with a moderate outcome
(130.51 ± 51.1 mg/dL) and a poor outcome (215.05 ± 116.5 mg/dL) as opposed to patients
with a good outcome of the poisoning (113.96 ± 36.77 mg/dL, p < 0.001).

Table 4. The significant variables influencing the outcomes identified after multinomial logistic regression.

General Outcome a B Std. Error Wald p-Value OR 95% CI

Moderate

Age 0.009 0.005 3.666 0.056 1.009 1.000–1.018
Admission BGL 0.005 0.002 5.451 0.020 1.005 1.001–1.009

Creatinine 0.725 0.354 4.205 0.040 2.065 1.033–4.131
Lactate 0.086 0.044 3.796 0.051 1.090 0.999–1.188
GCS > 8 −1.689 0.426 15.695 0.000 0.185 0.080–0.426

No ICU therapy −1.259 0.433 8.448 0.004 0.284 0.121–0.664

Poor

Age 0.076 0.017 20.068 0.000 1.079 1.044–1.116
Admission BGL 0.013 0.004 14.105 0.000 1.013 1.006–1.020

Creatinine 0.854 0.390 4.802 0.028 2.348 1.094–5.040
CV 6.758 3.653 3.422 0.064 860.937 0.669–1,107,985.854

MAG −0.048 0.026 3.310 0.069 0.954 0.906–1.004
Lactate 0.385 0.074 26.759 0.000 1.469 1.270–1.700

No ICU therapy −5.220 0.866 36.349 0.000 0.005 0.001–0.030
a. The reference category is: Good; BGL, blood glucose level; GCS, Glasgow Coma Scale score; ICU, intensive care unit; CV, coefficient of
glucose variability; MAG, mean absolute glucose change per hour.
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Univariate logistic regression revealed that the admission BGL was associated with in-
hospital complications (OR = 1.010, 95% CI = 1.006–1.013, p < 0.001). Multivariate logistic
regression confirmed that the admission BGL was a predictor of a moderate outcome
(Table 4). ROC curve analysis revealed that ED admission glucose had acceptable predictive
value for in-hospital complications (AUC = 0.618, 95% CI = 0.584–0.653, p < 0.001).

3.3. Other Glycemic Parameters and Outcomes

When analyzing MGL, SD, CV, MAGE, and MAG with the toxin involved in the
poisoning, we observed that in nondiabetic patients, only CV was significantly lower in
plant toxin poisoning (0.11 ± 0.12%) as compared with poisoning with OTC medicines
(0.18 ± 0.17%, p 0.034), pesticides (0.18 ± 0.15%, p 0.023), toxic gases (0.18 ± 0.18%, p 0.04),
and with combination of toxins (0.16 ± 0.15%, p 0.039). In diabetic poisoned patients, MGL,
SD and CV were also correlated with the poison type. MGL was significantly higher in
diabetic patients poisoned with OTC medicines (222.25 ± 76.01 mg/dL), as opposed to
patients poisoned with prescription drugs (131.62 ± 50.46 mg/dL, p 0.046), caustic agents
(128.6 ± 37.95 mg/dL, p 0.05), combination of toxins (126.58 ± 39.96 mg/dL, p 0.042),
and pesticides (126.15 ± 85.53 mg/dL, p 0.039). SD was significantly higher in diabetic
patients poisoned with toxic alcohols and chemicals (31.07 ± 36.29 mg/dL), compared
with poisoning involving combination of toxins (10.64 ± 15.33 mg/dL, p 0.038). CV was
higher in diabetic patients diagnosed with toxic alcohols and chemicals acute poisoning
(0.19 ± 0.18%, p 0.016) and prescription drugs overdose (0.17 ± 0.12%, p 0.043), versus
patients poisoned with combination of toxins (0.07 ± 0.09%).

MGL, SD, CV, MAGE, and MAG were not significantly correlated with mortality. However,
MAG was significantly higher in patients with a moderate outcome (24.59 ± 28.63 mg/dL/h),
compared with patients with a good outcome (20.48 ± 27.3 mg/dL/h, p 0.035), irrespective of
diabetes status.

After univariate logistic regression, both MGL (OR = 1.007, 95% CI = 1.000–1.013,
p 0.034) and CV (OR = 40.578, 95% CI = 1.349–1220.519, p 0.033) were predictive for in-
hospital complications. (Supplementary Table S2). CCI was not correlated statistically
significant with in-hospital complications in our cohort (Supplementary Table S3).

4. Discussion

In this cohort of unselected, prospectively followed nondiabetic and diabetic patients
with acute poisoning within 12 h of exposure to a xenobiotic, several glycemic parameters
during hospitalization were associated with the worst outcomes. While hypoglycemia is
a common feature of overdose with sulphonylureas, insulin, ethanol, non-selective beta-
blockers and paracetamol, hyperglycemia is not a common feature of poisonings [9,29].
Although acute poisonings represent an important cause of significant morbidity and mor-
tality in patients admitted to the ED, the value of BGL on admission as an outcome predictor
had been previously studied only in poisoning with methanol and pesticides [14–16,30,31].
Several glycemic parameters are associated with mortality and outcomes in different clini-
cal situations, such as pneumonia, exacerbation of COPD, acute coronary syndromes, in
cardiac arrest survivors, post-operatively, or in patients admitted in ICU for medical or
surgical problems [3–5,8,12,32,33]. However, multiple glucose parameters were not studied
in nondiabetic and diabetic patients acutely poisoned with xenobiotics.

Our study demonstrated that the admission BGL is important in predicting the out-
comes of the hospitalized patients acutely poisoned with xenobiotics, regardless of diabetes
status. Admission BGL was a predictor of mortality in acutely poisoned hospitalized
patients. Our study revealed that the in-hospital mortality rate among patients with hy-
perglycemia upon ED admission was very high. With the exclusion of poisoned patients
that received drugs influencing the glucose levels as part of the initial stabilization, we
might conclude that hyperglycemia was induced by the stress of poisoning, which is an
acute severe illness, inducing significant degrees of metabolic stress, and as a consequence,
transient hyperglycemia [34]. Another explanation could be the toxin’s effect on the or-
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gans/systems involved in glucose homeostasis (i.e., liver, pancreas). The exact mechanism
of the high predictive value of stress hyperglycemia on admission for adverse outcome
in acute poisoning is not known. This could be due to gluconeogenesis, high adrenergic
drive, or oxidative stress, similar to the mechanism encountered in other acute clinical
situations [3,18].

In the current study population, the incidence of stress hyperglycemia in accidental
and deliberate poisoning with undifferentiated xenobiotics was comparable with previous
reports in self-poisoning with agents that do not produce hyper- or hypoglycemia [16],
while the incidence of hypoglycemia was lower in our study. We found that BGL is corre-
lated significantly with the type of poison, both in nondiabetic and diabetic patients. The
incidence of hyperglycemia upon admission is high in patients poisoned with pesticides,
toxic alcohols and chemicals, as well as toxic gases. In our cohort, OP pesticides repre-
sented the majority of pesticide poisoning recorded. It is known that OPs induce metabolic
pathways in brain, skeletal muscles, and liver in favor of increased glucose production,
and there is an involvement of oxidative/nitrosative stress. In addition, insulin resistance,
disturbed insulin secretion, and pancreatitis are the consequences of OP exposure, which
might explain the hyperglycemia recorded in this poisoning [31].

The high incidence of hyperglycemia upon admission in both nondiabetic and diabetic
patients poisoned with a toxic alcohol that our study revealed can be explained, apart from
stress-induced hyperglycemia, by the effect of methanol on the pancreas, acute pancreatitis
being a recognized early complication in this toxicity [14]. Hyperglycemia was noticed in
acute ethylene glycol (EG) poisoning, both in experimental studies and in clinical settings.
EG poisoning can cause transient pancreatitis which results in reduction in serum insulin
level; also an insulin resistance can be seen in association with acute renal failure which
develops in EG poisoning within 24–72 h of exposure [35].

One of the original contributions of the present study is the effect that moderate
glucose elevation upon admission has on mortality. In addition, we did not find a significant
influence of CCI on short-term hospital mortality and morbidity in this cohort of acutely
poisoned patients, similar to other studies involving acutely ill patients [36,37].

Complications and death were more often present in patients with hyperglycemia
(defined as > 126 mg/dL) in a study which assessed deliberate self-poisoning in 345 non-
diabetic patients, with a mortality rate of 0.6% [16]. Hyperglycemia is found to be associated
with increased risk of infectious complications and septic shock, reduced immune response,
dehydration and electrolyte imbalances and lethal multiple organ failure in traumatic and
acute ischemic events [12,32,33,38]. In our study, hyperglycemia and impaired admission
glucose were associated with multiple complications during hospitalization, and we proved
that higher glucose levels upon admission had a predictive value for the development of
in-hospital complications.

Another original contribution of this study was to show that none of the glycemic
parameters with a predictive value for mortality in other categories of medical or surgical
patients [12,32,38] proved efficient in predicting mortality in acutely poisoned patients.
Although CV is correlated with the poison type in nondiabetic intoxicated patients, and
MGL, SD, and CV are correlated with the toxin involved in poisoned diabetic adults,
only MGL and CV proved to be predictive for a moderate outcome in acute poisoning,
while MAG is significantly higher in patients with this outcome, irrespective of diabetes
presence. MAG was associated with adjusted hospital mortality in surgical patients but not
in medical patients [38]. In medical ICU patients, only SD was independently associated
with mortality [12]. High glucose variability by itself mediates harm by increasing oxidative
stress, endothelial cell damage, mitochondrial damage, and coagulation activation [32].
Since continuous glucose sensors are not widely available in many countries, methods using
intermittent glucose measurements, such as MAG, have been used instead of measures
requiring continuous glucose monitoring [39].

Our study has several limitations. First, as a prospective single center study, the results
may not be representative of all patients with acute poisoning with a xenobiotic. Thus, a
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multicenter study should be conducted to confirm our findings. Second, we did not have
a standard protocol for monitoring the frequency of blood glucose levels in the first 24 h
after admission. The relationship between blood glucose levels and the timing of a last
meal before ED admission could not be assessed. However, most patients had at least
3-h delay between exposure to poison and admission to the hospital, with no food being
consumed during this period. Third, the number of poisoned patients with DM was too
small for conclusions to be drawn on the relation of glycemic variability and outcomes in
this subgroup of patients. We did not systematically record HbA1c to be able to analyze
the glycemic gap as part of the glycemic variability parameters in this cohort. Finally, there
were wide 95% CIs for certain analyses, despite a significant p value, resulting from the
relatively small sample size of each group, which implies a lower precision of the sample
parameter, so a larger sample size is needed to replicate our results [40].

Despite these limitations, our study showed that there are significant relationships
between glucose variability and short-term outcomes in both nondiabetic and diabetic
poisoned adults. In addition, this is the first study to compare different glucose variability
parameters in a cohort of patients acutely poisoned with xenobiotics.

5. Conclusions

This study reveals that several glycemic parameters assessed in acutely poisoned
nondiabetic and diabetic patients with xenobiotics, hospitalized in a medical or ICU ward,
are predictive for their outcomes. Thus, the admission blood glucose level is predictive for
in-hospital mortality and could provide an early risk assessment tool for the patients acutely
poisoned with xenobiotics. The mean glucose level and coefficient of variation of glucose
after admission are predictive for in-hospital complications’ development and might be
considered for use as a prognostic tool for short-term outcomes in acutely poisoned patients,
hospitalized in a medical or ICU department. High glucose level upon admission in a
stressful situation, such as acute poisoning, is correlated with the outcomes. It is useful
for practitioners to benefit from this outcome predictor, easily available in the ED, when
the patients are admitted within 12 h of exposure to xenobiotics. Whether intervention to
prevent either pattern of changing glycemia would affect outcomes in this setting needs
further studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/2075-4
418/11/2/361/s1, Table S1: Independent predictors of mortality identified with logistic regression
analysis including initial glucose level and CCI, which can easily be assessed at presentation; Table
S2: Variables predictive for in-hospital complications; Table S3: Variables predictive for in-hospital
complications analyzed including CCI score; Figure S1. Receiver operating characteristic (ROC)
curve for admission BGL.

Author Contributions: Conceptualization, C.L., C.B. and V.S.; methodology, C.L., O.R.P.; validation,
C.L. and I.A.; data analysis, C.L., E.J., V.S. and L.S.; investigation, C.L., C.B., I.A. and V.S.; resources,
C.L., C.B. and V.S.; data curation, O.R.P., E.J. and V.S.; writing—original draft preparation, C.L.;
writing—review and editing, C.B., V.S. and E.J.; supervision, C.L. and L.S. All authors contributed
equally to this work. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the University of
Medicine and Pharmacy’s Commission for Research Ethics (No.52/05.01.2015), and by the Clinical
County Emergency Hospital’s Ethics Committee (No.7231/11.02.2015). This study was conducted
according to the ethical guidelines of the 1975 Declaration of Helsinki Principles.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article or Supplementary Materials.

Acknowledgments: We gratefully acknowledge the staff at the hospital’s Emergency Department
and Central Laboratory for their support during the collection period.

https://www.mdpi.com/2075-4418/11/2/361/s1
https://www.mdpi.com/2075-4418/11/2/361/s1


Diagnostics 2021, 11, 361 10 of 11

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Boord, J.B.; Greevy, R.A.; Braithwaite, S.S.; Arnold, P.C.; Selig, P.M.; Brake, H.; Cuny, J.; Baldwin, D. Evaluation of hospital

glycemic control at US Academic Medical Centers. J. Hosp. Med. 2009, 4, 35–44. [CrossRef]
2. Zaccardi, F.; Dhalwani, N.N.; Webb, D.R.; Davies, M.J.; Khunti, K. Global burden of hypoglycaemia-related mortality in

109 countries, from 2000 to 2014: An analysis of death certificates. Diabetologia 2018, 61, 1592–1602. [CrossRef]
3. Garadah, T.S.; Kassab, S.; Al-Shboul, Q.M.; Alawadi, A. The Threshold of Admission Glycemia as a Predictor of Adverse Events

in Diabetic and Non-Diabetic Patients with Acute Coronary Syndrome. Clin. Med. Cardiol. 2009, 3, 29–36. [CrossRef]
4. Foltran, F.; Gregori, D.; Caropreso, A.; Pagano, E.; Bruno, A. Is blood glucose on admission a predictor of mortality in adult acute

pneumonia? Clin. Respir. J. 2013, 7, 276–280. [CrossRef]
5. Baker, E.H.; Janaway, C.H.; Philips, B.J.; Brennan, A.L.; Baines, D.L.; Wood, D.M.; Jones, P.W. Hyperglycaemia is associated with

poor outcomes in patients admitted to hospital with acute exacerbations of chronic obstructive pulmonary disease. Thorax 2006,
61, 284–289. [CrossRef]

6. Krinsley, J.S. Glycemic Variability and Mortality in Critically Ill Patients: The Impact of Diabetes. J. Diabetes Sci. Technol. 2009, 3,
1292–1301. [CrossRef]

7. Akirov, A.; Diker-Cohen, T.; Masri-Iraqi, H.; Shimon, I. High glucose variability increases mortality risk in hospitalized patients. J.
Clin. Endocrinol. Metab. 2017, 102, 2230–2241. [CrossRef] [PubMed]

8. Shohat, N.; Foltz, C.; Restrepo, C.; Goswami, K.; Tan, T.; Parvizi, J. Increased postoperative glucose variability is associated with
adverse outcomes following orthopaedic surgery. Bone Joint. J. 2018, 100, 1125–1132. [CrossRef]

9. Jones, A.F. Metabolic effects of poisoning. Medicine 2016, 44, 87–90. [CrossRef]
10. Hermanides, J.; Vriesendorp, T.M.; Bosman, R.J.; Zandstra, D.F.; Hoekstra, J.B.; DeVries, J.H. Glucose variability is associated with

intensive care unit mortality. Crit. Care. Med. 2010, 38, 838–842. [CrossRef] [PubMed]
11. Li, X.; Zhou, X.; Wei, J.; Mo, H.; Lou, H.; Gong, N.; Zhang, M. Effects of Glucose Variability on Short-Term Outcomes in

Non-Diabetic Patients After Coronary Artery Bypass Grafting: A Retrospective Observational Study. Heart Lung Circ. 2019, 28,
1580–1586. [CrossRef] [PubMed]

12. Meynaar, I.A.; Eslami, S.; Abu-Hanna, A.; van der Voort, P.; de Lange, D.W.; de Keizer, N. Blood glucose amplitude variability as
predictor for mortality in surgical and medical intensive care unit patients: A multicenter cohort study. J. Crit. Care. 2012, 27,
119–124. [CrossRef]

13. Dungan, K.M.; Binkley, P.; Nagaraja, H.N.; Schuster, D.; Osei, K. The effect of glycaemic control and glycaemic variability on
mortality in patients hospitalized with congestive heart failure. Diabetes Metab. Res. Rev. 2011, 27, 85–93. [CrossRef]

14. Sanaei-Zadeh, H.; Esfeh, S.K.; Zamani, N.; Jamshidi, F.; Shadnia, S. Hyperglycemia Is a Strong Prognostic Factor of Lethality in
Methanol Poisoning. J. Med. Toxicol. 2011, 7, 189–194. [CrossRef] [PubMed]

15. Moon, J.M.; Chun, B.J.; Cho, Y.S. Hyperglycemia at presentation is associated with in hospital mortality in non-diabetic patient
with organophosphate poisoning. Clin. Toxicol. 2016, 54, 252–258. [CrossRef] [PubMed]

16. Sabzghabaee, A.M.; Eizadi-Mood, N.; Gheshlaghi, F.; Adib, N.; Safaeian, L. Is there a relationship between admission blood
glucose level following acute poisoning and clinical outcome? Arch. Med. Sci. 2011, 7, 81–86. [CrossRef]

17. Penney, D.G. Hyperglycemia exacerbates brain damage in acute severe carbon monoxide poisoning. Med. Hypotheses 1988, 27,
241–244. [CrossRef]

18. Viana, M.V.; Moraes, R.B.; Fabbrin, A.R.; Santos, M.F.; Gerchman, F. Avaliação e tratamento da hiperglicemia em pacientes graves
[Assessment and treatment of hyperglycemia in critically ill patients]. Rev. Bras. Ter. Intensive. 2014, 26, 71–76. [CrossRef]

19. Nikkanen, H.E.; Shannon, M.W. Endocrine toxicology. In Haddad and Winchester’s Clinical management of Poisoning and Drug
Overdose, 4th ed.; Shannon, M.W., Borron, S.W., Burns, M.J., Eds.; Saunders Elsevier: Philadelphia, PA, USA, 2007; pp. 317–346.

20. Charlson, M.E.; Pompei, P.; Ales, K.L.; Mackenzie, R.C. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chron. Dis. 1987, 40, 373–383. [CrossRef]

21. Persson, H.E.; Sjoberg, G.K.; Haines, J.A.; Pronczuk de Garbino, J. Poisoning severity score. Grading of acute poisoning. J. Toxicol.
Clin. Toxicol. 1998, 36, 205–213. [CrossRef]

22. Casey, P.B.; Dexter, E.M.; Michell, J.; Vale, J.A. The prospective value of the IPCS/EC/EAPCCT poisoning severity score in cases
of poisoning. J. Toxicol. Clin. Toxicol. 1998, 36, 215–217. [CrossRef]

23. Moebus, S.; Göres, L.; Lösch, C.; Jöckel, K.H. Impact of time since last caloric intake on blood glucose levels. Eur. J. Epidemiol.
2011, 26, 719–728. [CrossRef] [PubMed]

24. American Diabetes Association. Diabetes Care in the Hospital: Standards of Medical Care in Diabetes-2019. Diabetes Care 2019,
42, S173–S181. [CrossRef]

25. Kavanagh, B.P.; McCowen, K.C. Clinical practice. Glycemic control in the ICU. N. Engl. J. Med. 2010, 363, 2540–2546. [CrossRef]
[PubMed]

26. Ali, A.N.; O’Brien, M.J., Jr.; Dungan, K.; Phillips, G.; Marsh, B.C.; Lemeshow, S.; Connors, F.A., Jr.; Preiser, C.J. Glucose variability
and mortality in patients with sepsis. Crit. Care. Med. 2008, 36, 2316–2321. [CrossRef]

27. Chalasani, N.P.; Hayashi, P.H.; Bonkovsky, H.L.; Navarro, V.J.; Lee, W.M.; Fontana, R.J. ACG Clinical Guideline: The diagnosis
and management of idiosyncratic drug-induced liver injury. Am. J. Gastroenterol. 2014, 109, 950–967. [CrossRef]

http://doi.org/10.1002/jhm.390
http://doi.org/10.1007/s00125-018-4626-y
http://doi.org/10.4137/CMC.S2289
http://doi.org/10.1111/crj.12003
http://doi.org/10.1136/thx.2005.051029
http://doi.org/10.1177/193229680900300609
http://doi.org/10.1210/jc.2017-00450
http://www.ncbi.nlm.nih.gov/pubmed/28368484
http://doi.org/10.1302/0301-620X.100B8.BJJ-2017-1283.R1
http://doi.org/10.1016/j.mpmed.2015.11.013
http://doi.org/10.1097/CCM.0b013e3181cc4be9
http://www.ncbi.nlm.nih.gov/pubmed/20035218
http://doi.org/10.1016/j.hlc.2018.08.006
http://www.ncbi.nlm.nih.gov/pubmed/30322761
http://doi.org/10.1016/j.jcrc.2011.11.004
http://doi.org/10.1002/dmrr.1155
http://doi.org/10.1007/s13181-011-0142-x
http://www.ncbi.nlm.nih.gov/pubmed/21336799
http://doi.org/10.3109/15563650.2015.1128544
http://www.ncbi.nlm.nih.gov/pubmed/26763288
http://doi.org/10.5114/aoms.2011.20608
http://doi.org/10.1016/0306-9877(88)90151-X
http://doi.org/10.5935/0103-507X.20140011
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.3109/15563659809028940
http://doi.org/10.3109/15563659809028941
http://doi.org/10.1007/s10654-011-9608-z
http://www.ncbi.nlm.nih.gov/pubmed/21822717
http://doi.org/10.2337/dc19-S015
http://doi.org/10.1056/NEJMcp1001115
http://www.ncbi.nlm.nih.gov/pubmed/21175316
http://doi.org/10.1097/CCM.0b013e3181810378
http://doi.org/10.1038/ajg.2014.131


Diagnostics 2021, 11, 361 11 of 11

28. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. KDIGO Clinical Practice Guideline for
Acute Kidney Injury. Kidney Inter. Suppl. 2012, 2, 1–138. [CrossRef]

29. Lionte, C.; Sorodoc, L.; Laba, V. Toxic-induced hypoglycemia in clinical practice. Rom. J. Intern. Med. 2004, 42, 447–455. [PubMed]
30. Mehrpour, O.; Alfred, S.; Shadnia, S.; Keyler, D.E.; Soltaninejad, K.; Chalaki, N.; Sedaghat, M. Hyperglycemia in acute aluminum

phosphide poisoning as a potential prognostic factor. Hum. Exp. Toxicol. 2008, 27, 591–595. [CrossRef] [PubMed]
31. Rahimi, R.; Abdollahi, M. A review on the mechanisms involved in hyperglycemia induced by organophosphorus pesticides.

Pestic. Biochem. Physiol. 2007, 88, 115–121. [CrossRef]
32. Lee, B.K.; Lee, H.Y.; Jeung, K.W.; Jung, Y.H.; Lee, G.S.; You, Y. Association of blood glucose variability with outcomes in comatose

cardiac arrest survivors treated with therapeutic hypothermia. Am. J. Emerg. Med. 2013, 31, 566–572. [CrossRef]
33. Wang, S.H.; Xu, C.; Tan, T.L.; Goswami, K.; Cooper, A.M.; Parvizi, J. Increased Postoperative Glucose Variability Is Associated

With Adverse Outcome Following Two-Stage Exchange Arthroplasty for Periprosthetic Joint Infection. J. Arthroplast. 2020, 35,
1368–1373. [CrossRef]

34. Winter, W.E.; Pittman, D.L.; Devaraj, S.; Li, D.; Harris, N.S. Evaluation of hyperglycemia. In Handbook of Diagnostic Endocrinology,
3rd ed.; Winter, W.E., Sokoll, L.J., Holmquist, B., Bertholf, R.L., Eds.; Academic Press: London, UK, 2021; pp. 237–286. [CrossRef]

35. Kunnummal Madathodi, A.R.; Andrews, M.; Madhavan, I. Ethylene Glycol Poisoning; an Unusual Cause of Hyperglycemia: A
Case Report. Asia. Pac. J. Med. Toxicol. 2015, 4, 55–57. [CrossRef]

36. Quach, S.; Hennessy, D.A.; Faris, P.; Fong, A.; Quan, H.; Doig, C. A comparison between the APACHE II and Charlson Index
Score for predicting hospital mortality in critically ill patients. BMC Health Serv. Res. 2009, 9, 129. [CrossRef]

37. Yalin, S.F.; Bakir, A.; Trabulus, S.; Seyahi, N.; Altiparmak, M.R. The Charlson Comorbidity Index: Can it predict the outcome in
acute kidney injury? Int. Urol. Nephrol. 2020, 52, 1713–1718. [CrossRef] [PubMed]

38. Bellaver, P.; Schaeffer, A.F.; Dullius, D.P.; Viana, M.V.; Leitão, C.B.; Rech, T.H. Association of multiple glycemic parameters at
intensive care unit admission with mortality and clinical outcomes in critically ill patients. Sci. Rep. 2019, 9, 18498. [CrossRef]
[PubMed]

39. Hill, N.R.; Oliver, N.S.; Choudhary, P.; Levy, J.C.; Hindmarsh, P.; Matthews, D.R. Normal reference range for mean tissue glucose
and glycemic variability derived from continuous glucose monitoring for subjects without diabetes in different ethnic groups.
Diabetes Technol. Ther. 2011, 13, 921–928. [CrossRef]

40. Sim, J.; Reid, N. Statistical inference by confidence intervals: Issues of interpretation and utilization. Phys. Ther. 1999, 79, 186–195.
[CrossRef]

http://doi.org/10.1038/kisup.2012.6
http://www.ncbi.nlm.nih.gov/pubmed/15529635
http://doi.org/10.1177/0960327108096382
http://www.ncbi.nlm.nih.gov/pubmed/18829736
http://doi.org/10.1016/j.pestbp.2006.10.003
http://doi.org/10.1016/j.ajem.2012.11.002
http://doi.org/10.1016/j.arth.2019.11.046
http://doi.org/10.1016/B978-0-12-818277-2.00008-X
http://doi.org/10.22038/apjmt.2015.4165
http://doi.org/10.1186/1472-6963-9-129
http://doi.org/10.1007/s11255-020-02499-7
http://www.ncbi.nlm.nih.gov/pubmed/32519240
http://doi.org/10.1038/s41598-019-55080-3
http://www.ncbi.nlm.nih.gov/pubmed/31811218
http://doi.org/10.1089/dia.2010.0247
http://doi.org/10.1093/ptj/79.2.186

	Introduction 
	Materials and Methods 
	Study Population 
	Baseline Data Collection 
	Outcomes and Definitions 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Admission Blood Glucose Level and Outcomes 
	Other Glycemic Parameters and Outcomes 

	Discussion 
	Conclusions 
	References

