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Tirzepatide-induced hypoglycemic ketoacidosis for weight loss in four nondiabetic patients
Diarrhea ¢ vomiting
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Critical Care Medicine

Unusual clinical course

Tirzepatide is a long-acting glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1
(GLP-1) receptor agonist administered via subcutaneous injection for weight reduction and treating type 2
diabetes.

We report case series of hypoglycemic ketoacidosis after the use of tirzepatide to treat nondiabetic patients
with obesity from Kuwait. The first case was a 29-year-old woman with a body mass index (BMI) of 32 kg/m?
who developed abdominal pain and vomiting after increasing the dose to 5 mg subcutaneously in week 5 of
treatment. The second case was a 34-year-old woman with a BMI of 31.3 kg/m? who presented with abdominal
pain, vomiting, and diarrhea after increasing the dose to 5 mg subcutaneously. The third case was a 17-year-
old girl with a BMI of 30.4 kg/m? who presented with abdominal pain, vomiting, and diarrhea in week 5 of
treatment. The fourth case was a 26-year-old woman with a BMI of 30.8 kg/m? who presented with abdomi-
nal pain, frequent loose motions, and vomiting. The median blood sugar level was <3.89 mmol/L and high an-
ion gap metabolic acidosis with ketosis occurred. All the patients required inpatient treatment with intrave-
nous fluid and the correction of hypoglycemia and ketosis.

Tirzepatide can induce hypoglycemic ketoacidosis in nondiabetic patients with obesity when used for weight
reduction. Measuring urine and serum ketone levels in patients with gastrointestinal symptoms who are tak-
ing dual GLP-1 and GIP receptor agonists is crucial. Medical supervision is recommended when this medica-
tion is prescribed.
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Case Reports

Ketone compounds (acetoacetate and beta-hydroxybutyrate)
and the occurrence of high anion gap metabolic acidosis are
the main characteristics of ketoacidosis [1]. The main mecha-
nism underlying ketoacid accumulation is the increased pro-
duction of free fatty acids and their conversion to ketone ac-
ids in the liver, consumed mainly in the brain [2]. A decreased
availability of excess insulin and glucagon is responsible for
the increased mobilization of free fatty acids from adipose
tissue and the metabolism of free fatty acids to keto acids
in the liver [2].

Tirzepatide is a dual glucose-dependent insulinotropic poly-
peptide (GIP) receptor and glucagon-like peptide 1 (GLP-1) re-
ceptor agonist [3]. It is administered once weekly via subcu-
taneous injection [3]. This medication is approved for type 2
diabetes management and as an adjunct for chronic weight
management in adults with obesity or overweight, with or
without diabetes [4]. A previous single-case report revealed
tirzepatide-induced euglycemic ketoacidosis in nondiabetic pa-
tients [5]. Here, we present a case series of hypoglycemic ke-
toacidosis in nondiabetic patients with obesity treated with
tirzepatide for weight reduction.

Table 1. Clinical characteristics.

Item Case 1

Age/sex 29/F
BMI (kg/m?) 32
Dehydration severity Severe
Abdominal pain duration c
(duration in days)
Vomiting (frequency/day,

Lo 3,5
duration in days)
Diarrhea (duration in days) No
Duration of symptoms (days) 5

2.5 mg for 4 weeks,

2.5 mg for 4 weeks,
then 5 mg for

3 weeks
Duration of tirzeptide until
.. 7
admission (weeks)
Weight loss (kg) 5
Calorie intake/day 1400

Four Kuwaiti patients were admitted to the Ahmadi Hospital
Emergency Department (ED) and were then seen from January
to June 2024. All patients were admitted to general medical
wards for rehydration and a correction of their serum glucose
levels. All of the patients returned for follow-up evaluations.
The 4 patients received over-the-counter tirzepatide for weight
reduction, and none were diabetic. A detailed history of dietary
intake and drug use was obtained for each patient. Clinical
evaluations were performed in the ED, followed by chemistry
profiles, arterial blood gases, and lactic acid measurements.
The blood levels of ketone bodies (serum p-hydroxybutyrate
levels) were measured via capillary finger blood tests (free sty-
let test Optimum Neo; Abbott Diabetes Care), and urine ace-
tone levels were checked.

Case 1

A 29-year-old woman with a body mass index (BMI) of 32 kg/m?
and no known diabetes or hypertension was included. She start-
ed tirzepatide over-the-counter for weight reduction. She was
started on a dose of 2.5 mg weekly for 4 weeks and then in-
creased to 5 mg for 3 weeks. In week 4, the patient developed
severe generalized abdominal pain 5 days before admission,

Case 2 Case 3 Case 4
34/F 17/F 26/F
31.3 30.4 30.8
Mild Mild Mild

7 2 4
4,2 3,2 3,1
3 3 3
2 2 4

2.5 mg for 4 weeks,
then 5 mg for

2.5 mg for 4 weeks,

then 5 mg for then 5 mg for

2 weeks 1 week 2 weeks
6 5 6
7 8 7
1400 1500 1200

Outcome

Admitted to ward

Dextrose 5%/saline
infusion

Ward admission

Dextrose 10% for 1 h
followed by dextrose
5% with saline

Ward admission

Dextrose 10%
followed by ringer
lactate

Ward admission
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Table 2. Laboratory test results.

Item (units) Case 1 Case 2 Case 3 Case 4 Reference range

?:,;ZT/EL)IWE[ on admission 3 28 2.9 31 46
eH 704 3 T 73 738742
CWeos 6 20 w3 03 22
Ketone level (mmol/) s s 2 3 w02
White blood count oa 3 3 86 410000
Hemoglobin @/d) 148 10 125 65 1215
Platelet Count a0 100N NLACL 22000 140400
CSodium (mmolt) w7 139 136 139 16145
Serum potassium (mmol/l) a2 34 s 39 3551
 Blood urea nitrogen, (mmol/l) 26 8 35 > 214714
Corrected calcium (mmol/l) 220 22 23 25 2026
Phosphorus (mmol) 00 o7 3 13 osiias
Magnesum (mmolt) o7 oss 1z [ 08 oesl07
Totalbilirubin (umol) 0 2 % oa 27
"'E;j/ﬁé&;gig{;}{y] transpeptidase - . . | + I a0

?:gf;:gggr?g}i)tramf 12 13 20 14 5-32

Creatinine (umol/L) 45 69 66 94 62-106
WA s a3 63 64 <7
Curicacid @moln) 39 s04 50 470 160430
CAmylse@y) e 70 3 20 8100
ClpaseA) 25 33 360
Creactive protein mg/) 7 3 s B7 o5
lactate (nmolt) o 00 s a
Salicylates g/a) 3 o1 o o 50300

with a sensation of fullness but no diarrhea. This was accom-
panied by repeated vomiting 3 times per day for the same
duration. There was severe anorexia and a sensation of full-
ness. She was admitted to the Medical Ward due to dehydra-
tion and tachycardia of 110 beats per min, blood pressure of
100/70 mm Hg, and oxygen saturation level of 99% on room air.

Tables 1 and 2 present the clinical characteristics and labora-
tory test results. The patient was admitted with ketotic high
anion gap metabolic acidosis with hypoglycemia. She was
started on dextrose 5% infusion and Ringer’s lactate infusion
in another line until the anion gap was closed. Blood glucose
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levels were maintained between 4 and 6 mmol/L during treat-
ment with dextrose infusion. A 4-week follow-up revealed the
resolution of all symptoms, and the patient gained 1.5 kg. She
declined to continue treatment with tirzepatide.

Case 2

A 34-year-old woman with a BMI of 31.3 kg/m? and not known
to have diabetes mellitus or hypertension reported 7 days of
abdominal pain after starting treatment, followed by vomiting
3 times/day for 2 days, with loose motion. She had started tirz-
epatide over-the-counter for weight reduction and was on her
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second week of 5 mg subcutaneous injection after complet-
ing 4 weeks of 2.5 mg/week. She was mildly dehydrated and
had stable vital signs. Her blood sugar level at admission was
2.8 mmol (normal value is 4-6 mmol/L). Tables 1 and 2 pres-
ent the clinical characteristics and laboratory test results. She
was in ketotic high anion gap metabolic acidosis with hypo-
glycemia and normal lactate. She was started on dextrose 5%
infusion and Ringer’s lactate infusion in another line until the
anion gap was closed. Blood glucose levels were maintained
between 5 and 7 mmol/L during treatment with dextrose infu-
sion. A follow-up at 4 weeks showed the resolution of all symp-
toms, and the patient had gained 1 kg. She insisted on being
on a lower dose and was advised against taking tirzepatide.

Case 3

A 17-year-old girl with a BMI of 30.4 kg/m? was referred from
the ED with consistent abdominal pain for 3 days, vomiting for
2 days, and diarrhea for 3 days. She had been taking tirzepa-
tide for 5 weeks, starting with 2.5 mg/week for 4 weeks, after
which the dose was increased to 5 mg in week 5. Her blood
presssure was 104/56 mm Hg and pulse was 110 beats per min.

Tables 1 and 2 present the clinical characteristics and labo-
ratory test results of the patient in the ED. The patient was
treated for high anion gap metabolic acidosis with hypogly-
cemia and ketosis. She was started on dextrose 5% infusion
and Ringer’s lactate infusion in another line until the anion
gap was closed. Blood glucose levels were maintained above
4 mmol/L during her stay in the ED, and she was discharged
in good condition and hydrated, with normal pH and blood bi-
carbonate levels. One month later, the patient was asymptom-
atic and had not gained weight.

Case 4

A 26-year-old woman with a BMI of 30.8 kg/m? and no known
diabetes or hypertension presented to the ED after experienc-
ing abdominal pain for 4 days, followed by frequent loose mo-
tions and vomiting 3 times/day for a duration of 1 day. She
was taking 2.5 mg tirzepatide for 4 weeks and 5 mg tirzepa-
tide once weekly for 2 weeks before presenting to the ED. She
was also mildly dehydrated. Tables 1 and 2 present the clini-
cal characteristics and laboratory test results. Vital signs were
normal, apart from tachycardia at 104 beats per min.

The patient’s blood sugar was 3.1 mmol/L (normal value is
4-6 mmol/L). Hypoglycemic ketotic high anion gap metabolic
syndrome was diagnosed. A 10% dextrose infusion was start-
ed to correct the hypoglycemia, followed by adding Ringer’s
lactate for rehydration. At the 4-week follow-up, the patient
was asymptomatic and had gained 2 kg.
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Discussion

Tirzepatide is a dual-acting therapy comprising GLP-1 and
GIP receptor agonists that control serum glucose by increas-
ing glucose-dependent insulin secretion, modifying gastric
emptying, and decreasing postprandial glucagon and food in-
take [6]. Tirzepatide has been approved for weight management
alongside diet and exercise in patients with a BMI >30 kg/m?
and in patients with a BMI >27 kg/m? and 1 weight-associat-
ed comorbidity (eg, cardiac disease, chronic hypertension, ob-
structive sleep apnea, type 2 diabetes mellitus) [4]. The drug
is also approved for treating type 2 diabetes mellitus [4]. The
major adverse effects are gastrointestinal effects, mainly nau-
sea, vomiting, and diarrhea, which occur in 10% of individu-
als on therapy [7]. There are reported cases of pancreatitis,
hepatobiliary cholelithiasis, and cholecystitis [8]. Tirzepatide
does not usually cause hypoglycemia in the absence of oth-
er diabetic therapies that might induce hypoglycemia. Even
with overdoses of GLP1 agonists, hypoglycemia has not been
reported [9,10]. The proposed mechanism for the hypoglyce-
mia observed in the present case series could be multifactori-
al. The most important factor is the depletion of available gly-
cogen stores in the liver after a period of starvation for days
or even hours. Additionally, GLP-1 therapy can augment insu-
lin release and inhibit the effect of glucagon, thereby decreas-
ing hepatic gluconeogenesis [11]. Insulin and glucagon work
in a counteractive mode to regulate glucose metabolism. Low
insulin and high glucagon levels occur during fasting. These
hormones increase hepatic gluconeogenesis and glycogenol-
ysis (glycogen breakdown) while decreasing glycogen synthe-
sis, to prevent blood sugar from dropping too low [11]. GLP-1
therapy antagonizes all these mechanisms.

Hypoglycemia with ketoacidosis occurs in certain situations,
such as alcoholism, starvation, and cases where birth defects
result in faulty fatty acid metabolism. This condition can also
occur when insulin release is blocked by alpha receptor block-
ers and diazoxide, salicylate intoxication, and renal sodium-glu-
cose transporter 2 inhibitor therapy [12]. A previous single-case
report revealed tirzepatide-induced euglycemic ketoacidosis
in nondiabetic patients [5]. The main mechanism of euglyce-
mic ketoacidosis is starvation due to vomiting, diarrhea, and
poor caloric intake induced by dual-acting GLP-1 agonists. In
addition, dual-acting GLP-1 agonists can suppress appetite,
prolong gastric emptying, and decrease calorie intake [5]. The
present case series featured hypoglycemia with ketoacidosis.

In contrast, the Food and Drug Administration and the Medicines
and Healthcare Products Regulatory Agency of the United
Kingdom reported a link between GLP-1 receptor agonists (GLP-
1RAs) and diabetic ketoacidosis in people with diabetes who
were taking medications targeting GLP-1. The FDA Adverse
Event Reporting System (FAERS) database was used to assess
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Figure 1. Mechanism of hypoglycemic
ketoacidosis. Depleting available
glycogen stores in the liver and
tirzepatide can increase insulin
release and inhibit the effect of
counterregulatory hormones, thereby
decreasing hepatic gluconeogenesis
in a state of insulin resistance in the
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peripheral tissue. This figure was
created using digital art on an iPad, an
Apple pencil, and an application called
“Notebook”.

the association between GLP-1RAs and diabetic ketoacidosis/ke-
tosis. A total of 1382 diabetic ketoacidosis cases from the first
quarter of 2004 to the fourth quarter of 2019 were associat-
ed with GLP-1RAs in the FAERS database. After the effects of
SGLT2i and insulin were removed, a slightly higher rate of di-
abetic ketoacidosis was reported when GLP-1RAs were used
(proportional reporting ratio 1.49, 95% Cl 1.24-1.79, P<0.001).
After GLP-1RAs were combined with insulin for comparison,
this disproportionality disappeared. Disproportionate report-
ing of diabetic ketoacidosis associated with GLP-1RAs occurred
when they were not used in combination with insulin [13].

The present study is an important case series in which hypo-
glycemic ketoacidosis in nondiabetic patients with obesity re-
ceiving the dual-acting GLP-1 agonist therapy, tirzepatide, for
weight reduction was studied. Starvation ketoacidosis with de-
pletion of liver glycogen is the most likely mechanism. Starvation
ketoacidosis is caused by vomiting, diarrhea, and poor caloric
intake induced by dual-acting GLP-1 agonists. In addition, du-
al-acting GLP-1 agonists reduce appetite, delay gastric empty-
ing, and lower caloric intake (Figure 1). Patients with obesity
with a limited caloric intake, sometimes less than 500 calo-
ries a day, are at risk of ketosis [14]. Another possible mecha-
nism is the association between metabolism-related unhealthy
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obesity and insulin resistance [15]. Our patients met the cri-
teria for metabolically unhealthy obesity in the form of viscer-
al fat depositions (fatty liver), impaired lipid profiles, high uric
acid levels, and high BMIs [15]. The excessive accumulation of
free fatty acids in insulin-sensitive non-adipose tissues causes
increased insulin resistance [16]. In patients with obesity and
diabetes, insulin resistance can result in relative insulin defi-
ciency. Insulin withdrawal or dose reduction has been identi-
fied as a critical factor in the development of diabetic ketoaci-
dosis among patients treated with GLP-1 receptor agonists [13].

Conclusions

We reported a case series of hypoglycemic ketoacidosis caused
by the dual-acting GLP-1 and GIP receptor agonist tirzepatide
in nondiabetic patients with obesity. The most likely causes
are starvation ketosis and impaired hepatic gluconeogenesis
in patients with insulin resistance. Measuring urine and se-
rum ketone levels in patients with gastrointestinal symptoms
who are taking dual GLP-1 and GIP receptor agonists is nec-
essary, and stopping the medication is necessary when need-
ed. Tirzepatide should be prescribed only under medical su-
pervision, not for over-the-counter use.
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