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The Initial Hyperglycemia in Acute Type II Pyrethroid Poisoning

This retrospective observational case series study was conducted to describe the clinical 
feature of acute type II pyrethroid poisoning, and to investigate whether hyperglycemia at 
presentation can predict the outcome in patients with type II pyrethroid poisoning. This 
study included 104 type II pyrethroid poisoned patients. The complication rate and 
mortality rate was 26.9% and 2.9% in type II pyrethroid poisoned patients. The most 
common complication was respiratory failure followed by acidosis and hypotension. In 
non-diabetic type II pyrethroid poisoned patients, patients with complications showed a 
higher frequency of hyperglycemia, abnormalities on the initial X ray, depressed mentality, 
lower PaCO2 and HCO3- levels, and a higher WBC and AST levels at the time of admission 
compared to patients without complication. Hyperglycemia was an independent factor for 
predicting complications in non-diabetic patients. Diabetic patients had a significantly 
higher incidence of complications than non-diabetic patients. However, there was no 
significant predictive factor for complications in patients with diabetes mellitus probably 
because of small number of diabetes mellitus. In contrast to the relatively low toxicity of 
pyrethroids in mammals, type II pyrethroid poisoning is not a mild disease. Hyperglycemia 
at presentation may be useful to predict the critical complications in non-diabetic patients. 
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INTRODUCTION

Pyrethroids are widely used for agricultural, and house hold 
purposes due to their high insecticidal activity, environmental 
stability, and relatively low acute mammalian toxicity (1, 2). Py-
rethroids are classified into type I and type II based on the chem-
ical structure and intoxication syndromes following intravenous 
or intracerebral administration to rodents (1). Since type II py-
rethroids are more potent insecticides, type II pyrethroid poi-
soning is more common than type I pyrethroid poisoning (3). 
Type II pyrethroids accounted for more than 99.9% of cases of 
pyrethroid poisoning in China (4). However, despite extensive 
worldwide use, and high accountability for insecticide poison-
ing, there are only a few studies reporting the clinical features of 
acute type II pyrethroid poisoning in humans (5). Also, no re-
port on the factors that can be used during the early stage of 
type II pyrethroid poisoning to assess the patient outcome has 
been published.
  The association of hyperglycemia with mortality has been re-
ported in methanol or aluminum phosphide poisoning as well 
as in acute diseases such as acute myocardial infarction, isch-
emic stroke, and trauma (6-8). Hyperglycemia has an adverse 
effect on the outcome of acute disease through several mecha-
nisms including increased oxidative stress, impairment of leu-
kocyte function, induction of apoptosis of cells, intra- and ex-
tracellular dehydration, and stimulation of inflammation (9, 10). 

However, such an association has not been demonstrated in 
pyrethroid poisoning. Because blood glucose levels can be eas-
ily measured anywhere, and hence, evaluation of the prognos-
tic value of hyperglycemia in type II pyrethroid poisoning is clin-
ically valuable for physicians who treat patients with type II py-
rethroid poisoning at an early stage and determine the patients’ 
disposition.
  The purpose of this study was to review the clinical and labo-
ratory features of type II pyrethroid poisoning, and to determine 
whether hyperglycemia at presentation is a prognostic factor in 
type II pyrethroid poisoned patients.

MATERIALS AND METHODS

Study design and setting
This was a single institutional retrospective cohort study per-
formed by chart review. This study was conducted at Chonnam 
National University Hospital, a tertiary care teaching facility com-
prising an emergency department (ED) that provides care for 
approximately 45,000 patients per year.

Patients
The inclusion criteria consisted of 18 yr of age or older who pre-
sented to our ED after pyrethroid ingestion between 2003 and 
2014 and underwent the glucose testing at presentation. The 
diagnosis of pyrethroid ingestion was made based on the histo-
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ry of pyrethroid ingestion that was provided by the patients or 
the witness, and the respective hospital records with the physi-
cian’s notation of “pyrethroid” after he had checked the bottle 
brought by the patients or the witness. Through this review, 132 
patients were identified.
  The exclusion criteria consisted of mixed ingestion, includ-
ing ethanol, type I pyrethroid ingestion and a history of renal 
failure. We excluded patients who had a history of co-ingestion 
of pyrethroid with ethanol because ethanol can influence glu-
cose levels (11). Additionally, patients who were given fluids 
containing glucose before the measurement of glucose levels at 
presentation were excluded. Thus, data from a total of 104 pa-
tients were included in the analysis.

Data collection and analysis
The medical records were reviewed by an assistant, who was 
unaware of the purpose of the study, and the following data were 
collected: age, gender, comorbidity, chemical compound and 
the amount of type II pyrethroid ingested, history of adminis-
tration of gastric lavage or activated charcoal, the time interval 
from ingestion to arrival at our ED, initial vital signs, electrocar-
diographic (ECG) findings, blood glucose level at presentation, 
results of laboratory tests, complications, length of hospitaliza-
tion, and the cause of death. The amount of type II pyrethroid 
ingested was estimated as a spoonful (5 mL), a mouthful (25 mL), 
a cup (100 mL), and a bottle (300 mL) (12). The initial blood glu-
cose level at presentation was obtained by performing a routine 
blood test. Hyperglycemia was defined as a glucose concentra-
tion > 200 mg/dL (13). ECGs were interpreted by an emergen-
cy physician who was blinded to the patients’ clinical data. The 
corrected QT interval (QTc) was calculated using the Bazett’s 
formula (QT divided by the square root of RR). The prolonga-
tion of a QTc interval was defined as a QTc interval greater than 
440 ms. Medical complications included the following: acute 
kidney injury, respiratory failure, hypotension (the need for pres-
sor support to maintain blood pressure after admission), acido-
sis (pH < 7.20), seizures, cardiac arrest or death. Acute kidney 
injury was defined as an absolute increase in serum creatinine 
(Cr) of ≥ 0.3 mg/dL (26.52 μM/L) or a percentage increase in 
the serum Cr ≥ 50% from baseline. Respiratory failure was de-
fined as the need for mechanical ventilation. In addition, any 
other conditions encountered during the review of patient med-
ical records that were deemed to be serious and clinically sig-
nificant by the investigator were considered as medical compli-
cations.
  To demonstrate the association between hyperglycemia at 
presentation and patient outcome, the patients were divided 
into two groups according to the presence of DM, because the 
cut off value of blood glucose level differs according to the pres-
ence of DM in other acute illness (14). The presence of DM was 
determined based on a previous clinical or biochemical diag-

nosis of DM, or treatment with oral hypoglycemic agents or in-
sulin. Also, when the fasting plasma glucose level was higher 
than 120 mg/dL or the postprandial plasma glucose level was 
200 mg/dL at discharge, the patients were considered as having 
DM. Then the patients were subsequently divided into two groups 
based on the development of complications. Patients who de-
veloped a medical complication during hospitalization were 
assigned to the complicated group. 
  The predictive value of hyperglycemia at presentation was 
determined by univariate analysis. Also, for identifying other 
predictive factors associated with a high risk for complications, 
objective variables that could be easily assessed at presentation 
or that were previously reported as predictor variables such as 
age, intentional ingestion, Glasgow coma scale (GCS), radiolo
gic findings, and WBC were also evaluated (15). However, vari-
ables such as the result of arterial blood gas analysis, and sys-
tolic blood pressure were excluded because they were used to 
define complications such as hypotension and acidosis, and 
also because the patients who had these conditions at presen-
tation were assigned to the complicated group. Univariate anal-
ysis of the association between the covariates and the outcome 
was performed. Covariates with P values less than 0.05 were 
considered sufficient for the inclusion of a variable in the multi-
variate logistic regression analysis. Odds ratios (ORs) and confi-
dence interval (CI) were calculated for all significant variables. 
All statistical analyses were performed using the Statistical Pack-
age for the Social Sciences version 21.0.

Ethics statement
The study design was approved by the institutional review board 
at Chonnam National University Hospital (IRB No. CNUH-2014-
248). Informed consent was exempted by the board.

RESULTS

Patient characteristics
Baseline characteristics and clinical course of the 104 patients 
who were enrolled in this study are summarized in Table 1. The 
complication rate and mortality rate was 26.9% and 2.9% in type 
II pyrethroid poisoned patients. Eleven (10.6%) patients had DM. 
Diabetic patients had a higher frequency of complications com-
pared to non-diabetics patients (63.6% in diabetics vs. 22.6% in 
non-diabetics, P value = 0.004), but there was no significant 
difference in mortality between the two groups. (9.1% in dia-
betics vs. 2.2% in non-diabetics, P value = 0.193).
  In the 93 non-diabetic patients, complicated patients showed 
a higher frequency of hyperglycemia, abnormalities on the ini-
tial radiograph, depressed mentality (GCS ≤ 13), lower PaCO2, 
and HCO3

- levels, and higher WBC and AST levels at the time of 
admission than non-complicated group (Fig. 1, Table 1).
  In the 11 diabetic patients, complicated group had a higher 
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frequency of depressed mentality and a lower blood urea nitro-
gen (BUN) level at admission. However, the glucose level at pre-
sentation and frequency of hyperglycemia did not differ accord-
ing to the development of complications (Fig. 1, Table 1).

Outcome
Twenty eight (26.9%) patients experienced at least one compli-
cation during hospitalization, and the most common compli-
cations were respiratory failure (21.2%) (Table 2). The incidenc-
es of acidosis, hypotension, and renal failure were significantly 
higher in diabetic patients than in non-diabetic patients. 

  All of the complications developed within 24 hr after presen-
tation. Three patients died because of refractory hypotension 
and azotemia accompanied by hyperkalemia and metabolic 
acidosis. Cardiac arrest developed in a 26-yr-old male who had 
ingested 600 mL of cypermethrin. He underwent a therapeutic 
hypothermia, and regained an alert mentality with a normal 
lifestyle at discharge.

Risk stratification
In the 93 non-diabetic patients, hyperglycemia, GCS ≤ 13, WBC, 
AST, and X ray abnormality were included in multivariate anal-

Table 1. Baseline characteristics and clinical features of type II pyrethroid poisoned patients

Variables

Non-diabetic (n = 93) Diabetic (n = 11)

Non-complicated 
(n = 72)

Complicated  
(n = 21)

P value
Non-complicated 

(n = 4)
Complicated  

(n = 7)
P value

Age (yr) 63.0 (46.0-77.0) 66.0 (54.0-74.0) 0.591 73.5 (64.3-76.0) 64.0 (52.0-72.0) 0.315
Male 53 (73.6%) 11 (52.4%) 0.065 4 (100.0%) 4 (57.1%) 0.125
Hypertension 16 (22.2%) 9 (42.9%) 0.061 2 (50.0%) 4 (57.1%) 0.819
Chemical formulation 0.578 0.213
   Cypermethrin 21 (29.2%) 6 (28.6%) 0 (0.0%) 1 (14.3%)
   Lambda cyhalothrin 18 (25.0%) 7 (33.3%) 2 (40.0%) 3 (42.9%)
   Deltamethrin 15 (20.8%) 6 (28.6%) 0 (0.0%) 1 (14.3%)
Intentional ingestion 67 (77.9%) 20 (95.2%) 0.720 4 (100.0%) 7 (100.0%)
Ingested amount (mL) 100.0 (50.0-300.0) 275.0 (200.0-400.0) 0.007 175.0 (112.5-200.0) 275.0 (212.5-375.0) 0.057
Time interval (hr)* 3.0 (2.0-4.0) 4.0 (2.0-4.3) 0.395 5.0 (2.0-5.8) 4.5 (4.0-11.0) 0.788
Systolic blood pressure (mmHg) 130.0 (110.0-140.0) 120.0 (110.0-140.) 0.175 115.0 (100.0-430.0) 110.0 (100.0-130.0) 0.927
Clinical manifestation†

   Nausea 32 (50.8%) 6 (60.0%) 0.588 2 (50.0%) 1(100.0%) 0.361
   Vomiting 26 (41.3%) 6 (60.0%) 0.267 2 (50.0%) 1(100.0%) 0.361
   Abdominal pain 12 (19.0%) 3 (30.0%) 0.426 2 (50.0%) 1 (100.0%) 0.361
   Diarrhea 3 (4.8%) 2 (20.0%) 0.076 2 (50.0%) 0 (0.0%) 0.361
   GCS ≤ 13 21 (29.2%) 18 (85.7%) < 0.001 0 (0.0%) 6 (85.7%) 0.006
Laboratory results
   pH 7.39 (7.37-7.42) 7.37 (7.20-7.42) 0.104 7.38 (7.37-7.44) 7.33 (6.60-7.44) 0.412
   PaCO2 (mmHg) 34.6 (30.0-38.0) 30.6 (26.7-33.9) 0.015 32.3 (29.6-34.3) 30.2 (30.0-30.7) 0.527
   HCO3

- (mM/L) 20.9 (18.0-22.7) 15.6 (11.9-20.7) 0.002 19.2 (18.4-20.5) 15.6 (2.8-19.9) 0.315
   WBC ( × 103/µL) 11.4 (7.5-16.8) 16.2 (11.4-23.5) 0.015 17.7 (9.9-21.9) 22.7 (10.8-24.5) 0.527
   BUN (mg/dL) 14.5 (10.8-17.9) 14.3 (10.7-17.1) 0.985 27.2 (23.3-27.6) 15.1 (14.3-16.3) 0.006
   Creatinine (mg/dL) 0.8 (0.6-1.1) 0.9 (0.8-1.1) 0.164 1.3 (0.9-1.5) 1.0 (0.8-1.6) 0.927
   AST (U/L) 28.5 (22.5-40.8) 36.0 (30.0-71.0) 0.023 26.0 (20.0-48.5) 105.0 (33.0-183.0) 0.109
   ALT (U/L) 22.0 (12.3-25.8) 22.0 (13.0-37.0) 0.490 25.5 (23.0-31.0) 66.0 (16.0-70.0) 0.788
   Creatine kinase‡ (U/L) 124.0 (77.5-164.0) 108.0 (71.0-221.0) 0.884 88.5 (55.0-147.5) 186.0 (123.0-1942.0) 0.109
   Lactate‡ (mM/L) 2.8 (1.9-4.8) 6.4 (3.7-10.2) < 0.001 4.9 (3.3-7.8) 7.0 (5.1-25.4) 0.230
Hyperglycemia§ 3 (4.2%) 10 (76.9%) < 0.001 2 (50.0%) 3 (42.9%) 0.819
X ray abnormality 3 (4.2%) 5 (23.8%) 0.005 2 (50.0%) 1 (14.3%) 0.201
QTc prolongationll 42 (66.7%) 14 (73.7%) 0.564 4 (100.0%) 7 (100.0%) > 0.999
Treatment
   Gastric lavage 69 (95.8%) 18 (85.7%) 0.097 3 (75.0%) 6 (85.7%) 0.658
   Administration of charcoal 39 (54.2%) 8 (38.1%) 0.195 2 (50.0%) 3 (42.9%) 0.819
Outcome
Complication
   Death 0 (0.0%) 2 (9.5%) 0.008 0 (0.0%) 1 (14.3%) 0.888
   Duration of hospitalization (days) 2.0 (2.0-5.0) 9.0 (4.0-24.0) < 0.001 5.0 (2.8-9.5) 16.5 (5.3-29.0) 0.171

Continuous variables were expressed in median with interquartile range. *Time interval, Time interval from ingestion to arrival at our emergency department; †Clinical manifes-
tation, Clinical manifestation was checked in 73 non diabetic patients and 5 diabetic patients; CK‡ and Lactate‡, CK level and lactate level was available in 83 non diabetic pa-
tients and 11 diabetic patients; §Hyperglycemia, Hyperglycemia was defined as blood glucose > 200 mg/dL; llQTc prolongation, Corrected QT interval, ECG was available in 82 
non diabetic patients, and 11 diabetic patients; GCS, Glasgow coma scale; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase.
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ysis. The ingested amount variable was not included in the mul-
tivariate analysis, even though a significant difference was found 
for the development of complications in a univariate analysis, 
because it is possible the reported information is inaccurate. 
Hyperglycemia at presentation and GCS ≤ 13 were indepen-
dent factors for predicting complications in non-diabetic type II 
pyrethroid poisoned patients. The ORs for hyperglycemia were 
higher than the ORs for GCS score (Table 3). 
  However, in 11 diabetic patients, none of the investigated vari-
ables showed a significant difference in the development of com-
plications in multivariate analysis probably because of small 
number of diabetic patients (data not shown).

DISCUSSION

Multiple isoforms of targeted sodium channels with varied sen-
sitivities to pyrethroids, rapid metabolism to nontoxic substanc-
es by liver enzymes, cell membrane lipids with lower avidity, and 
a relatively high body temperature contribute to lower acute 
toxicity of pyrethroids in mammals (15). However, despite a rel-
atively lower acute toxicity of pyrethroids in mammals, type II 
pyrethroid poisoning is not a mild disease, and it had mortality 
rate of 2.9% and a complication rate of 26.9% in this study. 
  The most common complication found in this study was re-

spiratory failure followed by acidosis and hypotension. Similar-
ly, Cha et al. (15) reported that respiratory failure requiring a 
mechanical ventilator is the most common symptom of type I 
or II pyrethroid poisoning. Other complications, such as seizure, 
cardiac arrest, acute renal failure, arrhythmia, takotsubo cardio
myopathy and death, have been reported for pyrethroid poison-
ing (15, 16).
  Consistent with previous results, gastrointestinal tract symp-
toms, such as nausea and vomiting, followed by depressed men-
tality (GCS ≤ 13) were the most common symptoms reported 
in our study (15, 16). Solvents, such as xylene and surfactant, 
were suggested to play a role in the development of gastrointes-
tinal tract symptoms (15). 
  Consistently with previous study including 59 type I or II py-
rethroid poisoned patients, an altered mental status at presen-
tation (GCS ≤ 13) was an independent factor for complication 
(15). Modification of sodium, chloride, and calcium channels 
in the neurons and the effect of pyrethroid on peripheral type 
benzodiazepine receptors associated with the GABA receptor 
contribute to the development of the central nervous system 
symptoms in pyrethroid poisoned mammals (1). Many com-
mercial pyrethroid insecticides contains hydrocarbon as the 
solvent vehicle. The vehicle also partially contributes to the de-
velopment of an altered mental state. In a reported case of a pa-
tient poisoned with deltamethrin insecticide, altered mental 
state with apnea and asystole unresponsive to catecholamines 
were due to the effect of the hydrocarbon that was used as a sol-

Fig. 1. The initial glucose level at presentation based on the development of complications. (A) In non-diabetics patients, initial glucose level at presentation was significantly 
associated with complication; (213.0 [160.0-240.0] mg/dL in complicated patients vs. 122.0 [108.0-153.0] mg/dL in non-complicated patients, P value < 0.001). (B) In dia-
betic patients, there was no significant association between initial glucose level and the development of complication; (184.5 [157.8-206.0] mg/dL in complicated patients vs. 
233.0 [163.0-245.0] mg/dL in non-complicated patients, P value = 0.215).
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Table 2. Complications of patients after type II pyrethroid ingestion 

Complications Total Non-diabetics Diabetics P value

Respiratory failure 22 (21.2%) 18 (19.4%) 4 (36.4%) 0.191
Acidosis 13 (12.5%) 9 (9.7%) 4(36.4%) 0.011
Hypotension 13 (12.5%) 10 (10.8%) 3 (27.3%) 0.011
Renal failure 6 (5.8%) 3 (3.2%) 3 (27.3%) 0.001
Seizure 3 (2.9%) 2 (2.2%) 1 (9.1%) 0.193
Death 3 (2.9%) 2 (2.2%) 1 (9.1%) 0.193
Cardiac arrest 1 (1.0%) 1 (1.1%) 0 (0.0%) 0.730

Table 3. Independent predictors identified by multivariate analysis 

Variables Odds ratios P value 95% Confidence intervals

Glucose > 200 (mg/dL) 16.629 0.001 3.145-87.931
GCS ≤ 13 12.277 0.001 2.854-52.813

GCS, Glasgow coma scale.
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vent rather than to deltamethrin action (17). 
  The mechanism of hyperglycemia in pyrethroid poisoning is 
not clear. Blood glucose, and plasma noradrenaline and adren-
aline levels in rats were increased following treatment with del-
tamethrin (3, 18). The increased adrenalin level may be one of 
the mechanisms for the increased blood glucose level. The phys-
iological responses to choreoathetosis induced by pyrethroid 
neurotoxicity and the action of pyrethroid on the supraspinal 
centers were proposed as one of the underlying mechanisms 
(19, 20). The alternative mechanisms for hyperglycemia may be 
an impairment of insulin secretion from the pancreatic islets 
due to the effect on voltage sensitive calcium channels and stress 
induced hyperglycemia. Development of pancreatitis (lipase >  
100 U) with mild abdominal pain developed 7 days after inges-
tion in one patient who experienced acidosis and respiratory 
failure. Acute pancreatitis in this patient may be suggestive of 
the effect of type II pyrethroid on the pancreas. Regardless of 
the mechanism for hyperglycemia, hyperglycemia induces in-
creased oxidative stress, impairment of leukocyte function, in-
duction of apoptosis of cells, intra- and extracellular dehydra-
tion, and induction of inflammation (1, 9). This mechanism may 
account for the association between hyperglycemia and poor 
outcome in several diseases (6-8). Also, in our study, hypergly-
cemia was an independent predictive factor for complications 
in non-diabetic type II pyrethroid poisoned patients. The pa-
tients who have hyperglycemia should be considered at a high 
risk for developing complications. However, further studies are 
needed to determine whether controlling hyperglycemia may 
have a therapeutic benefit.
  In diabetic patients, GCS and BUN levels were found to be 
significant in the univariate analysis, but were not significant in 
the multivariate analysis. This can be attributed to the small num-
ber of diabetic patients. Considering higher incidence of com-
plication in diabetic patients, a further study with a large num-
ber of diabetic patients is needed.
  This study has several limitations. First, this study was per-
formed in one center and the results may lack wider applicabil-
ity. Second, the sample size of this study was not sufficient to 
derive strong conclusions. Especially, the number of non-dia-
betic patients who experienced complications and the number 
of patients who had DM were relatively low. A prospective study 
with a large number of patients is needed to validate these find-
ings. Third, in this study, we only demonstrated the association 
between the blood glucose level and the outcome. To find an-
swers to the questions such as, what is the cause of an increased 
blood glucose level, and whether glycemic control has an effect 
on outcomes; a large, randomized study needs to be performed.
  In conclusion, type II pyrethroid poisoning has a complica-
tion rate of 26.9% in humans, which is contrast to the relatively 
low acute toxicity of pyrethroids in other mammals. Hypergly-
cemia at presentation may be useful to predict the critical com-

plications and to determine a disposition of non-diabetic type 
II pyrethroid poisoned patients. 
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