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ABSTRACT
Introduction  Slush ice drinks are commonly available 
refreshments, aimed at children and young people. 
Glycerol is used to maintain the slush effect in the 
absence of a high sugar content.
Objective  To describe a series of children who became 
acutely unwell shortly after consuming a slush ice drink; 
their presentation mimics specific inherited metabolic 
diseases (IMDs).
Methods  A retrospective case review of 21 children 
who presented to centres across the UK and Ireland from 
2009 through 2024 was carried out.
Results  Almost all of the children (93%) became 
unwell within 60 min of slush ice drink consumption. 
None had any relevant past medical history. The 
median age at presentation was 3 years 6 months 
(range 2 years – 6 years 9 months). Presenting features 
include acute decrease in consciousness (94%), 
hypoglycaemia (95%), metabolic (lactic) acidosis (94%), 
pseudohypertriglyceridaemia (89%) and hypokalaemia 
(75%). Glyceroluria was present in all acute urine 
organic acid samples. No underlying IMD was found in 
the 14 patients who underwent further enzymatic or 
genetic testing. The majority (95%) subsequently avoided 
slush ice drinks and did not have reoccurrence.
Conclusion  Consumption of slush ice drinks 
containing glycerol may cause a clinical syndrome of 
glycerol intoxication in young children, characterised by 
decreased consciousness, hypoglycaemia, lactic acidosis, 
pseudohypertriglyceridaemia and hypokalaemia. This 
mimics inherited disorders of gluconeogenesis and 
glycerol metabolism. Clinicians and parents should be 
alert to the phenomenon, and public health bodies 
should ensure clear messaging regarding the fact that 
younger children, especially those under 8 years of age, 
should avoid slush ice drinks containing glycerol.

INTRODUCTION
The clinical triad of decreased consciousness, hypo-
glycaemia and metabolic acidosis raises suspicion 
of possible toxin ingestion or an acute decompen-
sation of an inherited metabolic disease (IMD). 
Rapid recognition and investigation of decreased 
consciousness and hypoglycaemia facilitates swift 
diagnosis of the underlying cause.1 Where an 
underlying IMD is present, prompt diagnosis is 

critical to ensure optimal long-term management 
and outcomes. Here, we describe a series of children 
who presented to emergency departments acutely 
unwell with this clinical triad, after consumption of 
slush ice drinks containing glycerol.

METHODS
We retrospectively reviewed the medical notes of 
patients with a diagnosis of slush ice drink-related 
hypoglycaemia who presented to our tertiary 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Slush ice drinks are popular and targeted at 
children. Glycerol (E422) is used in sugar-free 
slush ice drinks to maintain the slush effect.

	⇒ There are rare reports of glycerol intoxication in 
adults following ingestion or administration of 
large doses of glycerol.

WHAT THIS STUDY ADDS
	⇒ This is the first detailed description of glycerol 
intoxication syndrome in a series of children. 
Onset occurred shortly after ingestion of a slush 
ice drink.

	⇒ Clinical and biochemical features mimicked 
metabolic disease and included acutely 
decreased consciousness, hypoglycaemia and 
metabolic acidosis.

	⇒ Glyceroluria (on urine organic acid analysis) 
and pseudohypertriglyceridaemia (reflecting 
glycerolaemia) are key acute biochemical 
markers.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study may inform policy in relation to the 
use of glycerol in food and drinks and in issuing 
guidance for parents.

	⇒ Cases in this series informed recent national 
guidance in the UK and Ireland in relation to 
slush ice drink consumption by young children.

	⇒ This series illustrates the importance of 
obtaining acute hypoglycaemia investigations 
in the emergency department, including plasma 
triglyceride levels, when glycerol intoxication 
syndrome is suspected.
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metabolic services from 2009 through 2024. These patients 
were referred by paediatricians for metabolic review owing to 
the clinical history and abnormal hypoglycaemia investigations 
following the acute presentation to emergency departments.

Diagnosis of slush ice drink-related hypoglycaemia was based 
on the presence of an antecedent history of slush ice drink inges-
tion and clinical features, accompanied by laboratory confir-
mation of at least two of the following: (1) hypoglycaemia, (2) 
metabolic acidosis, (3) glyceroluria, and supported by negative 
biochemical, enzymology and/or genetic testing for underlying 
IMDs.

Data regarding history, clinical features, biochemistry and 
management were recorded. As with other newly recognised 
clinical syndromes, the first cases had a more extensive inves-
tigative work-up than more recent cases, after recognition of 
the syndrome and sharing of cases at medical conferences. The 
CARE (CAse REport) reporting guidelines were used.2

RESULTS
Clinical and biochemical data for 21 cases across nine centres in 
the UK and Ireland were reviewed. Table 1 summarises the key 
clinical and biochemical characteristics. Information regarding 
sex was available for 18 patients; 56% of these were male 
(n=10) and 44% were female (n=8). At the time of presenta-
tion, the median age was 3 years 6 months (range 2 years – 6 
years 9 months); 38% of the patients were aged ≥4 years (n=8), 
and two patients (10%) were aged ≥5 years.

None of the patients had any history of hypoglycaemia or 
other relevant condition. None had been significantly unwell, 
although the dietetic history in two patients indicated a period 
of fasting in the hours preceding the slush ice drink ingestion, 
and suggested rapid consumption of the drink. Two patients had 
minor head injuries at play parks in the hours before the slush ice 
drink consumption. One patient had a cough and one episode of 
loose stool prior to consuming the slush ice drink.

Information was available regarding the time of onset in rela-
tion to the slush ice drink consumption for 15 patients; 14 of 
these (93%) became unwell within 60 min of ingestion. Informa-
tion about consciousness level at presentation was available for 

17 patients; 16 of these (94%) demonstrated an acute decrease 
in consciousness. One patient had a generalised tonic clonic 
seizure. Urgent neuroimaging was carried out in 4 (33%) of 12 
patients; no other cause for decreased consciousness was found 
in any patient.

Twenty children (95%) had documented hypoglycaemia at 
presentation (blood glucose ≤2.6 mmol/ L); the blood glucose 
was <1.5 mmol/L in 13 (65%) of these, indicating severe hypo-
glycaemia. The median blood glucose was 1.2 mmol/L (range 
0–3.3 mmol/L).

Metabolic acidosis was present in 16 (94%) of the 17 patients 
for whom this information was available. The median pH at 
presentation (for the 13 patients in whom pH was recorded) 
was 7.21 (range 7.16–7.26). Nineteen patients had a docu-
mented initial lactate level; this was elevated >3.0 mmol/L in 
18 patients (95%). The median lactate was 4.3 mmol/L (range 
2.5–7.5 mmol/L).

Potassium level was available for 16 patients; 75% of these 
had hypokalaemia at presentation (n=12). The median potas-
sium level was 2.7 mmol/L (range 2.2–3.9 mmol/L).

Of the nine patients who had plasma triglycerides measured 
at presentation, 89% (n=8) had transient pseudohypertriglyce-
ridaemia. The median triglyceride level was 19.5 mmol/L (range 
10.85–25.6 mmol/L; n=6). The normal range for triglycerides is 
0.35–1.49 mmol/L.

Free fatty acids (FFA) and 3-hydroxybutyrate (3-OHB) were 
measured in eight patients; 75% (n=6) of these had an elevated 
FFA:3-OHB ratio (>2). The median FFA level was 2668 µmol/L 
(range 1239–3361 µmol/L; n=5), and the median 3-OHB level 
was 564 µmol/L (range 291–1051 µmolL; n=5).

Urine was obtained at presentation for organic acid analysis 
in 17 patients; all of these samples were abnormal and demon-
strated a large glycerol peak (glyceroluria). Other consis-
tent changes seen in the urine organic acid profiles include 
elevated lactate (n=15; 88%) and ketonuria (n=10; 59%). 
The remaining four patients either did not have a sample taken 
(n=3), or the sample was obtained >24 hours after presenta-
tion and therefore did not capture acute biochemical changes 
(n=1). None of the urine samples obtained at follow-up 

Table 1  Key clinical and biochemical characteristics of the patients in our cohort (‘Yes’: present; ‘No’: absent; ‘Not known’: not documented or not 
measured)

Features at presentation Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

Decreased consciousness Yes Yes Yes Yes Yes Yes Not known Yes Yes Yes

Hypoglycaemia Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Metabolic acidosis Yes Yes Yes Yes Yes Not known Yes Not known Not known Yes

Elevated lactate Yes Yes No Yes Yes Not known Yes Yes Yes Yes

Hypokalaemia Yes Yes Yes Yes Yes Yes No Yes Not known Yes

Glyceroluria Yes Yes Yes Yes No (delayed) Yes Yes Yes Not known Yes

History of hypoglycaemia No No No No No No No No No No

Reoccurrence No No No No No No No Yes with slush No No

Features at presentation Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20 Case 21

Decreased consciousness Yes Yes Yes Yes No Not known Not known Not known Yes Yes Yes

Hypoglycaemia Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes

Metabolic Acidosis Yes Yes Not known Yes Yes Yes Yes Yes Yes No Yes

Elevated lactate Yes Yes Not known Yes Yes Yes Yes Yes Yes Yes Yes

Hypokalaemia Not known Yes Not known No Not known No Yes Yes Yes No Not known

Glyceroluria Yes Yes Yes Yes Not known Yes Yes Yes Not known Yes Yes

History of hypoglycaemia No No No No No No No No No No No

Reoccurrence No No No No No No No No No No No
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appointments (when patients were well) demonstrated glycer-
oluria (n=4).

Three patients had functional enzyme studies carried out, 
all of which confirmed normal fructose-1,6-bisphosphatase 
(FBPase) activity. Due to the possibility of an underlying IMD, 
genetic testing was undertaken in 14 patients. The genetic testing 
strategy varied according to regional practice. Nine patients 
underwent targeted testing with appropriate gene panels (64%) 
and five patients underwent whole exome/genome sequencing 
(36%). The results were negative in all patients with no genetic 
evidence of an underlying IMD.

Following the acute admission for hypoglycaemia management 
and monitoring, patients were discharged with advice to avoid 
slush ice drinks. The majority of patients (95%; n=20) subse-
quently avoided slush ice drinks and had no further episodes of 
hypoglycaemia. However, one patient drank another slush ice 
drink (at the age of 7 years 3 months), and became symptomatic 
within an hour, rapidly progressing to vomiting and drowsiness. 
Recognising the symptoms and likely link to the slush ice drink, 
the parents gave a glucose polymer drink (S.O.S 20 (Vitaflo); 
provided to them in clinic after the initial presentation), and 
called an ambulance. When the paramedics arrived, the blood 
glucose was normal and symptoms were resolving, so the child 
was not transferred for further assessment or investigations.

DISCUSSION
Patients in this series were identified through regional metabolic 
teams due to the clinical and biochemical phenotype, which 
mimics specific IMDs. Glyceroluria was a consistent finding; this 
is a characteristic feature of specific IMDs, such as FBPase defi-
ciency (disorder of gluconeogenesis) and isolated X-linked glyc-
erol kinase (GK) deficiency (disorder of glycerol metabolism).3 4 
However, glyceroluria may be caused by exogenous sources, such 
as glycerol in nappy cream (which directly contaminates urine 
samples) and glycerol ingested in some enteral medication (eg, 
some paracetamol formulations and glycerol phenylbutyrate), 
food and drink.5

Slush ice drinks are popular, brightly coloured soft drinks, 
designed to appeal to children and young people. They are sold 
in locations frequented by children and young people, including 
newsagents, parks and soft play/ trampolining centres. Some 
brands sell kits which enable members of the public to make 
slush ice drinks at home. Slush ice drink ingredients vary, but 
the majority available in the UK and Ireland are marketed as 
‘no added sugar’ or ‘sugar free’. Some contain fructose in the 
form of fruit juice or corn syrup. Varieties which are sugar free 
or have no added sugar contain glycerol (E422; also referred 
to as glycerin) in order to maintain the slush effect, along with 
additional sweeteners such as stevia or sucralose (E955; also a 
source of fructose).

Glycerol occurs naturally in lipids and is an endogenous 
metabolite in mammals. When consumed enterally it is rapidly 
absorbed from the gastrointestinal tract, distributed into the 
total body water space and primarily metabolised in the liver. 
Glycerol is used as an energy substrate via glycolysis or partic-
ipates in gluconeogenesis and lipogenesis. Glycerol is oxidised 
and exhaled as carbon dioxide, with minimal excretion via urine 
or faeces. Excretion in urine occurs following administration 
of high-dose glycerol.6 Glycerol has generally been thought to 
be safe in humans; it is an authorised group I food additive in 
the EU, in accordance with Annex II and Annex III of Regu-
lation (EC) number 1333/2008, and can be used at quantum 
satis.7–9 However, there are rare reports of glycerol intoxication 

syndrome (GIS) following ingestion or administration of large 
doses of glycerol.10

The patients reported here all presented shortly after 
consuming slush ice drinks containing glycerol; the other ingre-
dients varied depending on the brand. Although ingredients 
are listed on several brands’ websites, there is poor transpar-
ency around glycerol concentration. Dosing or mixing errors 
(leading to a higher concentration of glycerol) might possibly 
have been involved in some of our cases. However, in at least 
one case where a child rapidly consumed a large quantity of 
slush ice drink, environmental health officers promptly visited 
the site and confirmed the slush ice drink machine was operating 
correctly and the drink was ‘ready to use’ (no preparation or risk 
of dosing errors).

The clinical and biochemical phenotype of the children in this 
series is remarkably consistent and occurred shortly after slush 
ice drink consumption. Almost all patients presented with acutely 
decreased consciousness, hypoglycaemia and metabolic (lactic) 
acidosis. Other consistent biochemical features included hypoka-
laemia, elevated FFA:3-OHB ratio, pseudohypertriglyceridaemia 
and glyceroluria. Pseudohypertriglyceridaemia (high measured 
triglyceride levels in a sample with a low lipaemic index) occurs 
owing to overestimation of the serum triglyceride levels due to 
the laboratory assay used, which measures glycerol after hydro-
lysis of triglycerides, rather than triglycerides directly.11 Pseudo-
hypertriglyceridaemia is therefore an important diagnostic clue 
on the acute blood samples in these cases, although this does not 
negate the need for acute urine sampling for organic acids, as 
part of the hypoglycaemia screen.

Patients with FBPase deficiency and GK deficiency may 
present with a similar clinical and biochemical phenotype, and 
diagnosis is confirmed through enzymatic and/or genetic testing. 
Isolated GK deficiency is usually mild, and pseudohypertri-
glyceridaemia and glyceroluria are persistent, even in well, non-
decompensated patients. In FBPase deficiency, these biochemical 
features are usually seen only during acute metabolic decompen-
sation.4 5 12 An elevated FFA:3-OHB ratio has been described in 
fasting patients with FBPase deficiency.3 13 There are other rare 
IMDs which may present in a similar manner, but with important 
differences. Glycerol-3-phosphate dehydrogenase (GPD1) defi-
ciency, another disorder of glycerol metabolism, is less well 
described; features include transient infantile hypertriglyceri-
daemia, ketotic hypoglycaemia, glyceroluria, hepatomegaly and 
hepatic fibrosis.12 Hereditary fructose intolerance, an inherited 
disorder of fructose metabolism, is characterised by acute crises 
with hypoglycaemia, lactic acidosis and gastrointestinal symp-
toms after ingesting fructose (and fructose-containing ingredi-
ents such as sucrose, sorbitol and sucralose). However, patients 
typically present at weaning, when fructose-containing foods 
are introduced into the diet, and glyceroluria is not a feature 
of hereditary fructose intolerance.14 15 This series emphasises 
the importance of obtaining appropriate biochemical samples at 
the time of the acute presentation, to guide accurate diagnosis, 
management and follow-up.

GIS is not well defined; very few cases have been reported 
in the literature and the specific pathophysiology remains 
unknown.10 16–20 Episodes in adults were triggered by rapid 
and large doses of glycerol intake with or without catabo-
lism, and characterised by metabolic acidosis and lethargy, 
which may progress to coma and seizures. Patients may also 
be hypothermic.5 Adults develop hypoglycaemia less readily 
than children, and this was not a feature in two adult cases 
of GIS reported in the literature, though both had profound 
neurological symptoms.18–20 These were postulated to be due 
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to intracellular dehydration caused by the osmotic effect of 
glycerol.18–20 After oral ingestion of glycerol, a maximum effect 
on plasma osmolarity is found at approximately 80 min. This 
timing correlates with the maximum reduction in intracranial 
pressure seen following enteral high-dose glycerol administra-
tion in patients with traumatic brain injury.6 21 We do not have 
acute osmolality measurements in our patients; we therefore 
cannot exclude the possibility that osmotic effects contributed 
to their decreased consciousness.18–20

As with FBPase deficiency, the biochemical findings in GIS 
include transient glyceroluria and pseudohypertriglyceridaemia. 
None of our patients had any history of significant intercurrent 
illness on the day of presentation, although several had a history 
of increased physical activity and two were in a relatively fasting 
state. Our patients all swiftly recovered after initial resuscitation 
and hypoglycaemia management, and none of those who subse-
quently avoided slush ice drinks have had any further episodes. 
Repeat urine organic acid analysis carried out when these chil-
dren had fully recovered confirmed that the glyceroluria was 
transient, and results were negative in all who underwent genetic 
or enzymatic testing. We therefore conclude, based on the avail-
able evidence, that the patients in this series became acutely 
unwell due to glycerol intoxication. The reasons why this cohort 
of children were susceptible to GIS are probably multifactorial 
and may include environmental, situational, physiological and 
genetic influences.

The clinical and biochemical phenotype described in our 
patients demonstrates that GIS particularly mimics FBPase defi-
ciency; further research is required to elucidate the mechanisms 
underlying the aberrant biochemistry. We postulate that it might 
reflect increased sensitivity of the FBPase enzyme to inhibition 
by glycerol-3-phosphate in young children, dysregulated NADH/
NAD+ dependent recycling between dihydroacetone phos-
phate and glycerol-3-phosphate, or delayed maturation of other 
enzymes of glycerol or gluconeogenesis metabolic pathways. 
Reduced enzyme function due to haploinsufficiency is unlikely 
but cannot be ruled out, although FBPase enzyme activity was 
normal in all patients in this cohort who were tested (n=3). 
Of the 14 cases where genetics were performed, both copies of 
FBP1 and/or GK genes were present and without variants.

Glycerol is an osmotic agent; a characteristic which has been 
exploited in the past in neurosurgery and ophthalmological 
surgery to reduce intracranial and intraocular pressure respec-
tively.6 21 However, its use has not been systematically studied 
in children. The hypokalaemia noted in this cohort may be due 
to the osmotic effect of glycerol causing intracellular potassium 
shift; alternatively, glycerol may exert an osmotic diuretic effect 
resulting in renal tubular loss of potassium. It is also possible that 
some of the biochemical features seen in our patients are caused 
by other ingredients (Stevia rebaundiana, for example, which has 
been reported to induce insulin secretion,22 23 although this was 
not a consistent ingredient in all brands, and no hyperinsulinism 
was detected).

Although slush ice drinks have been around for some time, 
there are no published medical reports regarding this associated 
GIS. A cause of the recent apparent surge in cases may be the 
reduced sugar content of these drinks, secondary to two main 
factors: first, public health and parental concerns about high 
sugar ingestion, and second, the introduction of a ‘sugar tax’ 
on high sugar (>5%)-containing drinks in Ireland and the UK 
in 2018 and 2019, respectively. Slush ice drinks in countries 
without a sugar tax typically contain a much higher glucose 
content, and many do not contain glycerol at all. With the excep-
tion of one patient, who presented in 2009, the other patients 

in our series presented between 2018 and 2024, coincident with 
the introduction of the sugar tax.

This clinical syndrome following slush ice drink ingestion has 
been highlighted recently to public health bodies and the media, 
based on cases included in this series. In 2023, the UK Food 
Standards Agency recommended that children aged ≤4 years 
should not be given slush ice drinks containing glycerol, and that 
children aged ≤10 years should not have more than one slush ice 
drink.24 The Food Safety Authority of Ireland (FSAI) followed 
suit with similar guidance in 2024.25 There is poor transpar-
ency around slush ice drink glycerol concentration; estimating 
a safe dose is therefore not easy. It is also likely that speed and 
dose of ingestion, along with other aspects such as whether the 
drink is consumed alongside a meal or during a fasting state, 
or consumed after high-intensity exercise, may be contributing 
factors.8 Food Standards Scotland and the FSAI suggested that 
125 mg/kg of body weight per hour is the lowest dose that is 
associated with negative health effects. For a toddler this may 
equate to 50–220 mL of a slush ice drink. The standard size 
drink sold in the UK and Ireland is 500 mL.

From a public health perspective, there are no nutritional 
or health benefits from these drinks and they are not recom-
mended as part of a balanced diet. Recommendations on their 
safe consumption therefore need to be weighted towards 
safety. To ensure safe population-level recommendations can 
be easily interpreted at the individual parental level, and given 
the variability across an age cohort of weight, we suggest that 
recommendations should be based on weight rather than age. 
Alternatively, the recommended age threshold may need to be 
higher (8 years), to ensure the dose per weight would not be 
exceeded given normal population variation in weight.

Based on experience with early cases, the UK National 
Poisons Information Service changed its advice. A new page on 
slush ice drinks and a specific alert about glycerol were added 
to TOXBASE,26 the information resource that is accessed by 
healthcare staff while managing poisoning in the UK. An online 
enquiry was later added to TOXBASE to facilitate more feed-
back about potential cases of glycerol intoxication.

CONCLUSION
Healthcare professionals and parents should be aware that young 
children can become seriously unwell due to glycerol intoxica-
tion, shortly after consuming slush ice drinks containing glyc-
erol. Features include decreased consciousness, hypoglycaemia, 
metabolic (lactic) acidosis, pseudohypertriglyceridaemia, hypo-
kalaemia and glyceroluria. This clinical and biochemical pheno-
type mimics specific IMDs; it is therefore important for clinicians 
to obtain appropriate investigations at the time of presentation 
(including urine for organic acid analysis), and discuss the situa-
tion with their regional metabolic service. This case series should 
also inform public health bodies and food safety authorities 
when making recommendations on glycerol ingestion in young 
children, with an emphasis on safety.
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