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Obesity is an epidemic with high burden of disease. It is directly proportional to increased risk of morbidity and mortality.
Ketogenic diet and herbal supplements have recently gained popularity amongst patients struggling with weight loss. (ere
are limited data available for most of these supplements contrary to the claims laid by the mainstream media. Due to lack of
awareness, this patient population is at high risk of adverse effects. We present a case of severe acidosis secondary to
ketogenic diet and acetic acid (vinegar) ingestion. (e use of dietary acetic acid is usually well tolerated; however, in this
case, the large quantities and presence of acute renal injury and metformin use may have worsened the acidosis. Severe
ketosis in setting of ketogenic diets is a serious complication, which is infrequently reported in literature. Many of these diets
and supplements may seem harmless, but as our case illustrates, when combined with other risk factors, patients can face
serious adverse effects and even require hospitalization. It is imperative that such dietary practices are physician supervised
to avoid complications. With the recent surge of over-the-counter weight loss supplements and ketogenic diets, physicians
also need to engage in dietary discussion with patients when attempting to lose weight.

1. Introduction

Obesity is an epidemic with high burden of disease. In 2016, the
prevalence of obesity among adults in the United States was
close to 40% [1]. Obesity is related to worse outcomes and
increased physicalmorbidity as well asmental health disease [2].
Weight loss is a challenging journey. More than 50–60% of the
American adult obese population embarks on this journey
yearly [3, 4]. Obese patients try different methods and strategies
to lose weight including dietary modifications, dietary restric-
tions, exercise, weight loss medications, or programs [3, 4]. Low
carbohydrate, or ketogenic, diets have gained popularity over
the past few years. Ketogenic diets and reducing carbohydrate
intake will lead to weight loss through different mechanisms
including appetite suppression, increased lipolysis, and changes
in lipidmetabolism as well as gluconeogenesis [5, 6]. Acetic acid
ingestion has also been proposed to be beneficial in weight

management [7]. Obese patients seek medical information and
help with weight management from various sources including
television, online, and social media platforms [8].(ese sources
may provide unreliable information [8–10]. (is may translate
into patients engaging in new dietary habits without consulting
medical professionals.We present here a unique case of a young
female patient who presented to our hospital with severe aci-
dosis secondary to ketogenic diet and acetic acid ingestion. To
our knowledge, this is the first case of combined ketogenic acid,
metformin use, and acetic acid ingestion leading to severe
acidemia in literature.

2. Case Presentation

A 43-year-old female with a medical history significant for
diabetes mellitus type 2, hypertension, iron deficiency
anemia, gastroesophageal reflux disease, and Potts
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syndrome presented to the emergency department with
complaints of weakness and lightheadedness for two weeks.
(e patient started developing intermittent nausea without
any abdominal pain, vomiting, or diarrhea. Symptoms
started two weeks prior to presentation. (e patient re-
ported no fever, no chills, denied urinary urgency, or in-
creased frequency but complained of dysuria. She also
denied any chest pain, cough, or dyspnea. She reported
recent weight loss of approximately 14 lbs after starting on
ketogenic diet along with regular ingestion of apple cid
vinegar. She would drink it as a stand-alone drink or add it
to various foods in the last two months. Her diet included
little to no carbohydrate. She did not report that she sought
advice from a medical professional prior to initiation of her
diet. She denied illicit drug use, significant alcohol intake,
or ingestion of locally produced alcohols such as moon-
shine. She consumed alcohol on an infrequent basis, and
her last drink was a half glass of wine a day prior to
presentation. She denied any prior episodes of diabetic
ketoacidosis or use of sodium-glucose cotransporter-2
(SGLT2) inhibitors. She admitted to taking ibuprofen or
acetaminophen occasionally for pain. Her medications
included lisinopril, hydrochlorothiazide, ferrous sulphate,
omeprazole, gabapentin, and metformin. (e dose of
metformin was increased from 500mg twice daily to 2000
twice daily 4–5 months before admission. On arrival to the
emergency department, she was found to have hypotension
and tachycardia. Physical exam was unremarkable except
for labored breathing and dry mucous membranes. Her
labs revealed metabolic acidosis (pH 7.15) with an in-
creased anion gap of 27mEq/L, lactic acid of 4.9mmol/L,
blood sugar of 108mg/dl, serum ethanol level of 18mg/dL,
and elevated creatinine level of 2.7mg/dL (Table 1). She
received 3 L intravenous bolus of normal saline (0.9%
NaCl) and was started on IV Dextrose 5% in water (D5W)
@100ml/hr for suspicion of starvation ketosis. She also
received 100mEq of sodium bicarbonate intravenously in
addition to initiation of fomepizole empirically, given an
elevated osmolal gap of 18mOsm/kg. With volume ex-
pansion, bicarbonate supplementation, as well as dextrose
supplementation, the patient’s acidosis, acute kidney injury
(AKI), and ketosis resolved. Nephrology service was
consulted to assist in patient’s care, and after reviewing
case, they agreed that her acidosis was likely a combination
of starvation ketosis, in setting of acetic acid consumption,
hypovolemia, and AKI. Other etiologies like ingestion of
methanol, isopropyl alcohol, salicylate, or D lactic acidosis
were also ruled out. She denied frequent use of acet-
aminophen; hence, diagnosis of pyroglutamic aciduria was
not entertained. Lactic acid level returned to normal within
4 hours and her anion gap closed in the first 14 hours after
presentation. A repeat venous pH was recorded as 7.35. On
urinalysis, the patient was positive for a urinary tract in-
fection, and the patient endorsed that she had dysuria. (e
patient was started on IV ceftriaxone. On day 2, the pa-
tient’s lab work-up was within normal limits. (e patient
was counseled about dietary intake and was told to abstain
from use of vinegar. Metformin was discontinued. (e
patient was discharged with an endocrinology outpatient

follow-up. Laboratory investigations at time of admission
and discharge are outlined in Table 1.

3. Discussion

Ketogenic diets are popular among patients seeking weight
loss. However, there is no clear consensus on the overall
health benefits of these diets [11, 12]. During states of low
carbohydrate intake, body will promote gluconeogenesis for
endogenous glucose production. After few days of low
carbohydrate intake, ketogenesis is promoted as a source of
energy [5, 6]. Ketogenesis includes overproduction of ace-
toacetate, beta-hydroxybutyric acid, and acetone, with these
processes occurring mainly in the liver. Ketogenesis asso-
ciated with low carbohydrate diets or dietary ketosis is
thought to be safe, which is different from pathologic cases of
ketoacidosis that happens in patients with diabetes [5, 6].
During normal and controlled conditions of caloric intake
and hydration, use of very low carbohydrate diet seems to
produce safe levels of ketosis [13–15]. Studies have shown
that restricting carbohydrate intake is safe from an elec-
trolyte and acid base stand point, especially with adequate
caloric and fluid intake as performed in such studies [13–15].
Nonetheless, there are several cases in the literature of severe
acidosis associated with ketogenic diets [16–21]. Acute
kidney injury, dehydration, and other complications have
been also reported in the pediatric population adhering to
ketogenic diets for epilepsy management [22, 23]. Ingestion
of dietary forms of vinegar is usually safe. Dietary vinegar
contains acetic acid [24, 25]. Normally, acetic acid is me-
tabolized to bicarbonate in the liver and should not alter acid
base balance; however, there may be a delay between the
actual ingestion and buffering which could create a tem-
porary acid base disturbance [26]. Vinegar may be ketogenic
as well [27]. A link between acetic acid consumption and
ketosis has been demonstrated in animal studies. [28] Re-
ports of complications or fatalities related to vinegar or
acetic acid ingestion are mostly secondary to consumption
of concentrated forms of acetic acid [29–31]. We did find
one fatality reported to homicidal massive ingestion of di-
etary vinegar in a pediatric patient [32]. (e combination of
metformin to carbohydrate-restricted diets has been re-
ported to aid in management of diabetes patients [33]. None
the less, metformin may exacerbate ketosis through inhi-
bition of gluconeogenesis and stimulation of fatty acid
oxidation as previously reported [34]. Our case is unique in a
way that the patient engaged in aggressive carbohydrate
restriction along with frequent ingestion of vinegar in the
setting of an increasing dose of metformin, and all these
factors worked in concert to promote unrestricted keto-
genesis which led to life-threatening anion gap acidosis. She
was not following with a dietician or a healthcare profes-
sional to guide her dietary changes and did not maintain
appropriate fluid intake. To our knowledge, this is the first
case in literature that is reported with severe acidosis in
setting of ketogenic diet, vinegar ingestion, and metformin
use. (is should serve as a good resource for clinicians and
public to educate about the risks of various, presumed to be
harmless, dietary changes. In conclusion, ketogenic diets and
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vinegar consumption can lead to life-threatening acidosis. It
is imperative that trained healthcare providers supervise
patients seeking weight loss if they want to engage in either
of these options to avoid potentially serious complications.
We should also work in our communities to educate the
public and produce reliable media outlets to help spreading
reliable medical advice.
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