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Abstract

Patients with metabolic acidosis often present with obscure, multifactorial etiologies, making efficient
diagnosis and treatment key to preventing poor clinical outcomes. This case report describes a patient with
severe metabolic acidosis in which the underlying cause was not immediately apparent. After a thorough
work-up and history taking, the patient’s strict ketogenic diet was identified as the most likely source of his
illness. Over multiple days, the patient improved as he resumed a normal diet and was treated for refeeding
syndrome. This case highlights the importance of taking a comprehensive social and diet history when
assessing a patient with metabolic acidosis. It also highlights the need for physicians to understand and be
ready to counsel on the possible effects of fad diets, such as the ketogenic diet.
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Introduction

Metabolic acidosis is a life-threatening condition that must be assessed in a systematic and timely fashion.
While there are a myriad of etiologies, they all result in the lowering of the blood pH and stressing the body’s
ability to maintain homeostasis. The pathogenesis of metabolic acidosis includes three major mechanisms:
increased acid generation, decreased acid secretion by the kidneys, and loss of bicarbonate. These
mechanisms can help to distinguish the underlying cause and direct therapy. Additionally, the calculation of
the anion gap and osmolal gap can help narrow the wide differential [1].

However, in clinical practice, the underlying diagnosis is often much less black and white and requires a
thorough medical work-up to assess for underlying disease such as diabetes or renal disease, along with
thorough history taking if the patient is alert and oriented. This case report describes a patient whose
clinical picture and workup did not initially fit any of the most common causes of metabolic acidosis, and
was found to have an unexpected, self-induced etiology.

Case Presentation

A 58-year-old male with a history of hyperlipidemia and resolved hepatitis B infection presented to the
emergency department with progressive fatigue for two months, along with worsening nausea, vomiting,
shortness of breath, and dizziness over the past few days. Initial vitals were within normal limits other than
a tachycardic heart rate of 120 beats per minute. No hyperventilation was noted. Physical exam
demonstrated dry mucous membranes and scleral icterus. The body mass index at admission was 22.1 kg/m2.
On initial intake, basic metabolic panel results suggested an anion gap acidosis with an anion gap of 15
mEgq/L and bicarbonate of 13 mmol/L. Initial venous blood gas in the Emergency Department recorded a pH
of 7.17. Sequential arterial blood gas showed a primary metabolic acidosis with compensatory respiratory
alkalosis. The osmolal gap was calculated to be 28 mOsm/kg. Details of the initial venous and arterial blood
gases can be found in Table 1.
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Blood Gas Component
pH
pCO2

HCO3

Reference Range
7.38-7.44
35-45 mmHg

22-26 mmol/L

Venous Blood Gas Day 1
717
33 mmHg

12.5 mmol/L

Arterial Blood Gas Day 1
7.265
21.3 mmHg

9.7 mmol/L

Venous Blood Gas Day 3
7.359
45.3 mmHg

25 mmol/L

TABLE 1: Results of the initial venous blood gas evaluated in the Emergency Department,
followed by confirmatory arterial blood gas. Venous blood gas from the day of discharge is also

displayed.

pCO2: partial pressure of carbon dioxide; HCO3: bicarbonate

Laboratory Test
Lactic acid
Procalcitonin
Creatinine

Blood Urea Nitrogen
Ammonia
Hemoglobin A1c
Glucose

Ethanol
Salicylates
Acetaminophen
Serum Ketones

Urine Ketones

An extensive history was gathered regarding possible toxic ingestions along with screening for metabolic
abnormalities. The patient denied ingestion of products containing ethylene glycol or methanol and
reported no use of medications or supplements. Screening for salicylates, acetaminophen, and ethanol were
all negative. He denied any history of kidney disease. Lactic acid, creatinine, hemoglobin Alc, and glucose
were all within normal limits. Notably, serum ketones were too high to be calculated and urine ketones were
80 mg/dL. He had not been taking any SGLT2 (sodium-glucose cotransporter-2) inhibitors. Upon further
history, the patient reported recently following a strict ketogenic diet for the last four months. His diet
consisted solely of meat and fat, with the avoidance of all carbohydrates. Details of the initial workup can be
found in Table 2.

Reference Range Laboratory Value Day 1

0.5-2.2 mEq/L 1.1 mEq/L
<0.05 ng/mL <0.05 ng/mL
0.70-1.40 mg/dL 1.29 mg/dL
5-25 mg/dL 11 mg/dL
11-35 mcmol/L 15 memol/L
4.3-5.6% 5.1%
60-100 mg/dL 99 mg/dL
Neg mg/dL Neg

2.9-9 mg/dL <10.0 mg/dL
10-20 meg/mL <10 mecg/mL
0.05-0.27 mmol/L >5 mmol/L
neg-trace >80 mg/dL

TABLE 2: Results of laboratory testing at the time of admission for evaluation of anion gap

metabolic acidosis.

Lactated Ringer's/5% dextrose was initiated, and the patient agreed to resume a normal diet while
hospitalized. By the morning of hospital day two, his acidosis and symptoms largely resolved, but
magnesium and phosphorus were below normal limits. Due to the patient’s presumed previous malnutrition
and rapid initiation of a normal diet, these electrolyte abnormalities were attributed to a process resembling
refeeding syndrome. His electrolytes normalized with two days of intravenous electrolyte replenishment.
Table 3 displays the evolution of his electrolyte abnormalities throughout admission. The patient was
discharged on day three after further potassium and phosphorus replenishment and instructed to no longer
follow a ketogenic diet.
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Laboratory Test
Potassium
Magnesium

Phosphorus

Reference Range
3.5-5.0 mEq/L
1.8-2.4 mEq/L

2.5-4.5 mg/dL

Laboratory Value Day 1
3.8 mEq/L

2.0 mg/dL

Laboratory Value Day 2
3.7 mEq/L
1.7 mg/dL

1.4 mg/dL

Laboratory Value Day 3
2.9 mEqg/L
2.0 mg/dL

1.8 mg/dL

TABLE 3: Electrolyte values displayed for each day of admission.

Discussion

This case discusses a patient who presented as euglycemic ketoacidosis in the absence of diabetes or SGLT2
inhibitors. His metabolic acidosis was due to a strict ketogenic diet. Ketogenesis can occur in both
physiologic and pathologic processes, including but not limited to states of exercise, starvation, fasting, and
diabetes. Ketone bodies are synthesized in the liver as a response to decreased carbohydrate availability,
providing an alternative source of energy for the body. These ketone bodies, primarily acetoacetate and
beta-hydroxybutyrate dehydrogenase, can then be circulated to the heart and skeletal muscle and converted
to adenosine triphosphate (ATP) [2]. Ketogenic diets with severely limited carbohydrate intake can lead

to elevated levels of ketone bodies, causing ketoacidosis.

There is growing evidence of both potential harms and benefits in specific patient populations adhering to
the ketogenic diet. The populations that may benefit from the ketogenic diet include patients with obesity
[3], Alzheimer's disease [4], drug-resistant epilepsy [5], and those undergoing treatment of certain cancers
[6]. The recommended ketogenic diet in these settings usually consists of high fats, moderate proteins, and
very low carbohydrates approximately divided into 55% to 60% fat, 30% to 35% protein, and 5% to 10%
carbohydrates. At the same time, potential harms of the ketogenic diet include impaired bone remodeling in
response to exercise [7], along with reduced exercise performance during high-intensity, short-duration
activities [8]. Additionally, ketogenic diets with extremely limited carbohydrate consumption, as in this
case, can lead to severe metabolic disturbance, similar to starvation ketosis.

Based on previously published case reports, there may be a trend in ketogenic diets triggering severe
metabolic acidosis in certain patient populations, specifically those with diabetes [9,10], SGLT2 inhibitor use
[11,12], or current lactation [13-15]. However, only one other previously published case vignette reports a
similar presentation of hospitalization following a ketogenic diet in a non-lactating, non-diabetic patient.
The case describes a patient who presented in metabolic acidosis after three weeks of a strict no-
carbohydrate ketogenic diet for weight loss. She recovered by day three in the hospital after receiving 5%
dextrose and sliding-scale insulin [16]. This case, along with the presented case, shows that the ketogenic
diet has potentially life-threatening risks, even in previously healthy patients with no history of diabetes or
current lactation.

Conclusions

As the popularity of the ketogenic diet and other fad diets grows, physicians should be aware of and
prepared to counsel patients on the potential risks associated with these diets. Specifically with the
ketogenic diet, emphasis should be placed on continuing to include a small amount of carbohydrates and
understanding the evidence-based indications for such a diet. Although certain patient populations such as
those with diabetes, SGLT2 inhibitor use, and current lactation may be at increased risk, there are still
potential dangers for previously healthy patients.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Fenves AZ, Emmett M: Approach to patients with high anion gap metabolic acidosis: core curriculum 2021 .
Am | Kidney Dis. 2021, 78:590-600. 10.1053/j.ajkd.2021.02.341
2. Harvey KL, Holcomb LE, Kolwicz SC Jr: Ketogenic diets and exercise performance. Nutrients. 2019,

2023 Ward et al. Cureus 15(5): €38741. DOI 10.7759/cureus.38741

3of4


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1053/j.ajkd.2021.02.341?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2021.02.341?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu11102296?utm_medium=email&utm_source=transaction

Cureus

10.

15.

16.

11:10.3390/nu11102296

Choi Y], Jeon SM, Shin S: Impact of a ketogenic diet on metabolic parameters in patients with obesity or
overweight and with or without type 2 diabetes: a meta-analysis of randomized controlled trials. Nutrients.
2020, 12:10.3390/nu12072005

Phillips MC, Deprez LM, Mortimer GM, et al.: Randomized crossover trial of a modified ketogenic diet in
Alzheimer's disease. Alzheimers Res Ther. 2021, 13:51. 10.1186/s13195-021-00783-x

Martin-McGill K], Bresnahan R, Levy RG, Cooper PN: Ketogenic diets for drug-resistant epilepsy. Cochrane
Database Syst Rev. 2020, 6:CD001903. 10.1002/14651858.CD001903.pub5

Weber DD, Aminzadeh-Gohari S, Tulipan J, Catalano L, Feichtinger RG, Kofler B: Ketogenic diet in the
treatment of cancer - where do we stand?. Mol Metab. 2020, 33:102-21. 10.1016/j.molmet.2019.06.026
Heikura IA, Burke LM, Hawley JA, et al.: A short-term ketogenic diet impairs markers of bone health in
response to exercise. Front Endocrinol (Lausanne). 2019, 10:880. 10.3389/fendo0.2019.00880

Wroble KA, Trott MN, Schweitzer GG, Rahman RS, Kelly PV, Weiss EP: Low-carbohydrate, ketogenic diet
impairs anaerobic exercise performance in exercise-trained women and men: a randomized-sequence
crossover trial. ] Sports Med Phys Fitness. 2019, 59:600-7. 10.23736/50022-4707.18.08318-4

Blanco JC, Khatri A, Kifayat A, Cho R, Aronow WS: Starvation ketoacidosis due to the ketogenic diet and
prolonged fasting - a possibly dangerous diet trend. Am J Case Rep. 2019, 20:1728-31.
10.12659/AJCR.917226

Malhi MS, Duerson F, Salabei JK, Okonoboh P: Starvation ketoacidosis induced by ketogenic diet and
consumption of ketone supplement. Cureus. 2021, 13:e15778. 10.7759/cureus.15778

Dorcely B, Nitis ], Schwartzbard A, Newman JD, Goldberg IJ, Sum M: A case report: euglycemic diabetic
ketoacidosis presenting as chest pain in a patient on a low carbohydrate diet. Curr Diabetes Rev. 2021,
17:243-6. 10.2174/1573399816666200316112709

Kapila V, Topf]: Sodium-glucose co-transporter 2 inhibitor-associated euglycemic diabetic ketoacidosis
after bariatric surgery: a case and literature review. Cureus. 2021, 13:e17093. 10.7759/cureus.17093
Osborne KC, Oliver JJ: Lactation ketoacidosis induced by breastfeeding while on a ketogenic diet . Am |
Emerg Med. 2022, 56:392.e5-6. 10.1016/j.ajem.2022.02.054

Hong M]J, Schwartz LE, Ward HH, Morgan JC, Jacoby JL: Metabolic acidosis in a lactating woman induced by
a deliberate ketogenic diet. JAAPA. 2021, 34:31-3. 10.1097/01.JAA.0000800304.52410.9¢

von Geijer L, Ekelund M: Ketoacidosis associated with low-carbohydrate diet in a non-diabetic lactating
woman: a case report. ] Med Case Rep. 2015, 9:224. 10.1186/s13256-015-0709-2

Slade S, Ashurst J: Diet-induced ketoacidosis in a non-diabetic: a case report . Clin Pract Cases Emerg Med.
2020, 4:259-62. 10.5811/cpcem.2020.2.44736

2023 Ward et al. Cureus 15(5): €38741. DOI 10.7759/cureus.38741

4 0of 4


https://dx.doi.org/10.3390/nu11102296?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12072005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12072005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13195-021-00783-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13195-021-00783-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001903.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/14651858.CD001903.pub5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molmet.2019.06.026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molmet.2019.06.026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2019.00880?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fendo.2019.00880?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S0022-4707.18.08318-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S0022-4707.18.08318-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.917226?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.917226?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.15778?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.15778?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1573399816666200316112709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1573399816666200316112709?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.17093?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.17093?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ajem.2022.02.054?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ajem.2022.02.054?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.JAA.0000800304.52410.9c?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.JAA.0000800304.52410.9c?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13256-015-0709-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13256-015-0709-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5811/cpcem.2020.2.44736?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5811/cpcem.2020.2.44736?utm_medium=email&utm_source=transaction

	A Case of Severe Metabolic Acidosis in the Setting of a Strict Ketogenic Diet
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Results of the initial venous blood gas evaluated in the Emergency Department, followed by confirmatory arterial blood gas. Venous blood gas from the day of discharge is also displayed.
	TABLE 2: Results of laboratory testing at the time of admission for evaluation of anion gap metabolic acidosis.
	TABLE 3: Electrolyte values displayed for each day of admission.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


