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 Abstract
Objective: Ketone bodies can meet more than 60% of brain’s energy needs. Controlled studies consistently 
show neuroprotective effects in ketotic rodents with induced ischemia. We studied the safety and feasibility 
of using a ketogenic diet for acute stroke patients and investigated potential neuroprotective effects.

Research Methods & Procedures: Acute stroke patients were randomized to a 4:1 ketogenic diet or to a 
standard hospital diet for one week at three different hospitals in Copenhagen. Primary endpoints were: 
physical function, fasting b-glucose and p-C-peptide. Secondary endpoints included: nutritional intake, 
gastrointestinal complications, lipids, safety blood markers and degree of ketosis.

Results: 17 patients were randomized to intervention (n=6) and control (n=11). Differences were found 
from baseline to seven days for b-β-hydroxybutyrate (p=0.001), p-phosphate (p=0.009), and energy intake 
(p=0.005). Three of six patients in the intervention group developed clinically relevant ketosis (>1.5 mmol/l) 
at a median time of 2.5 days and patients on the ketogenic diet had a higher energy intake (p=0.005). No 
differences were found on the primary endpoints.

Conclusions: A 4:1 ketogenic diet is safe and well tolerated by acute stroke patients. The diet can increase 
energy intake, but the degree of ketosis was insufficient for investigating neuroprotective effects of a 
ketogenic diet. Other methods of inducing acute ketosis need to be developed to reveal potential clinically 
relevant effects. 
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Introduction

 A ketogenic diet can exert neuroprotection in epilepsy by reducing seizure frequencies [1]. Clinical 
studies also suggest that ketone metabolism may improve cognitive function in other neurological condi-
tions such as Alzheimer’s [2,3] and Parkinson’s Disease [4]. There are no published clinical studies re-
garding stroke, however, a systematic review of 16 controlled rodent studies [5] investigated effects of 
ketosis on stroke outcomes. All reviewed studies showed beneficial effects on pathological and functional 
outcomes following experimental stroke, independent of whether ketosis was induced by carbohydrate 
restriction, ketone bodies or ketogenic diet. The suggested neuroprotective mechanisms include decreased 
lactate and reactive oxygen species production and improved neuron energy status [6,7]. We investigated 
the feasibility and safety of a ketogenic diet to acute stroke patients in a randomized, controlled, multicen-
ter trial and assessed effects on physical function, fasting b-glucose and p-C-peptide levels. 

Materials and Methods

Study design and period

 This unblinded, randomized controlled trial took place in the acute stroke units of three Copenhagen 
hospitals (Glostrup, Bispebjerg, Herlev). Block randomization was used and randomization was concealed, 
using sealed, non-transparent envelopes. The Regional Scientific Ethical Committee approved the study 
protocol and informed written consent was obtained from every participant. The investigation was in ac-
cordance with the principles of Helsinki.

Eligibility

 Consecutive patients were screened for eligibility. Inclusion criteria were: ischemic or hemorrhagic 
stroke, National Institutes of Health Stroke Scale (NIHSS) score ≥5, primary and recurrent incidents, age 
≥18 years, randomization within 72 hrs after symptom onset and planned hospitalization ≥1 wk. Exclusion 
criteria were: sub-arachnoid hemorrhage, traumatic hematoma, pancreatic insufficiency or inability to give 
informed consent (Figure 1, Table 1).

Intervention

 Patients were randomized as soon as possible after admittance and diagnostic procedures to a one-
week dietary intervention of a classical 4:1 ketogenic diet or a standard hospital diet. The ketogenic diet (4 
g fat to 1 g protein and carbohydrate) intended to give patients a maximum of 20 g of carbohydrate daily and 
consisted of Ketocal 4:1 Lq® (Nutricia) and a variety of 4:1 ketogenic dishes (ice cream, yoghurt, shakes, 
muffins, soups and salmon mousse). Prepared at the hospitals, the ketogenic dishes had fixed amounts of 
calories (500 or 1000 kJ) to facilitate intake estimates. Patients who were able to eat chose their daily diet 
together with project staff. The selected dishes would then be placed on a tray with the patient’s name to 
help control that the patient would only eat ketogenic dishes. Patients were encouraged to drink Ketocal 
4:1 Lq® in between main meals. For patients requiring enteral nutrition, Ketocal 4:1 Lq® would be provi-
ded in 3-5 meals during the day. For all included patients, the intention was to meet a minimum of 75% of 
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their estimated energy needs every day during the intervention period.

Data collection

 Baseline data were collected on the inclusion day or day 1. Patients were monitored closely for ad-
verse effects, dietary intake and metabolic blood markers during the intervention period. Follow up mea-
surements took place at 7 days ± 1 day after inclusion, 30 days ± 3 days and 90 days ± 7 days. 

Primary  outcomes

 Primary endpoints included the standard stroke function scores (NIHSS, Barthel 100 and Modified 
Rankin Score), fasting b-glucose and fasting p-C-peptide. Effects were estimated as difference from baseline 
score at day 7, 30 and 90. During the intervention period, fasting b-glucose was measured every morning 
before breakfast. Fasting p-C-peptide was measured in the morning before breakfast at baseline, day 7, 30 
and 90.

Secondary outcomes

 Secondary endpoints included blood ketone concentration, nutritional markers, gastrointestinal 
complications, lipids, liver tests, mortality, infections, and electrolytes. 

 Fasting blood ketone, β-hydroxybutyrate (β-OHB) concentrations were monitored every morning 
before breakfast during the intervention period (Freestyle Precision, Abbott laboratories, Abbott Park, IL, 
USA). 

 Nutritional risk (NRS 2002) was assessed at baseline and day 7, 30 and 90. Food and energy intake 
was recorded meticulously every day of the intervention period by the research- or ward staff. Intake of 
the drink thickener, Resource® ThickenUp™, used for patients with some degree of dysphagia, was also 
recorded daily since it contains carbohydrates and could possibly affect ketosis negatively.

 P-LDL and liver biochemistry was measured at baseline and day 7, 30 and 90. Fasting p-triglyceride, 
p-phosphate, p-potassium, gastrointestinal complications (nausea, vomit, diarrhea, constipation, abdomi-
nal pain) and pneumonia were measured/registered daily before breakfast during the intervention period.

Statistical analysis

 Mann-Whitney rank sum test was used for unpaired variables, Wilcoxon rank sum test for paired 
variables, and Fisher’s exact test for binary variables. Statistical analysis was performed by the intention-
to-treat principle, using STATA® (version 12.1 ).

Results

 Participant flow is summarized in figure 1. Six-hundred-twenty-eight acute stroke patients were 
screened for eligibility, and 17 patients were randomly assigned to either the intervention (n=6) or the 
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Table 1: Baseline characteristics for patients with acute stroke. Median (range)/number (%).

Intervention n=6 Control n=11 Total‡ n=17

Age, years 74 (56-88) 77 (47-91) 77 (47-91)

Men 2 (33.3) 6 (54.5) 8 (47) 

Stroke:

Symptom onset to randomization, hrs* 25.75 (23-48.25) 31.5 (18.5-70.5) 30 (18.5-70.5)

Hemorrhage 2 (33.3) 2 (18) 4 (23.5)

NIHSS 14 (7-15) 9 (5-16) 10 (5-16)

Nutrition:

Nutritional risk (NRS2002) 2 (2-4) 3 (2-5) 3 (2-5)

BMI, kg/m2 26.7 (21.7-38.2) 23.3 (17.7-36.2) 25.8 (17.7-38.2)

Tube feeding 1 (17) 3 (27) 4 (23.5)

Stroke risk factor:

Diabetes 0 (0) 3 (27) 3 (17.5)

‡ P=No significant differences between any groups

Table 2: Whole blood β-hydroxybutyrate values (mmol/L) at baseline and after seven days

Median (range) Intervention (n=6) Control (n=11) P*

Baseline 0,2 (0,1-0,7) 0,3 (0,1-2,2) N/S

7 days 1,1 (0,7-3,6) 0,1 (0,1-0,7) n=10 0.001

Figure 1: Patient flow diagram.

* Mann Whitney rank sum test
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control diet (n=11). Baseline characteristics in the two groups were similar (Table 1). By one week, one 
patient had died in the control group and by 90 days, one patient refused follow up in the control group. 

 No differences were found in the primary outcomes, physical function, fasting b-glucose and p-C-
peptide.

 Compliance with the ketogenic diet was high and patients in the intervention group had increases 
in b-β-hydroxybutyrate levels to a median of 1.1 mmol/l (0.7-3.6) after seven days compared to a median 
of 0.1mmol/l  in the control group  (0.1-0.7) (p=0.001) (table 2). 

 Despite the high compliance with the ketogenic diet, only three of six patients in the intervention 
group developed convincing ketosis (>1.5 mmol/l) after a median of 2.5 days (1-4 days). Two of the three 
were able to maintain ketosis for the rest of the intervention period. The three non-ketotic patients in the 
intervention group all used the drink thickener, Resource® ThickenUp™, daily. 

 The median energy intake in the intervention group ranged from 4560-10040 kJ/day, represen-
ting 65-111% of their estimated needs, compared to 2000-6330 kJ/day among control patients, represen-
ting 33-85% of their estimated needs (p=0.005, p=0.018, respectively). No difference in nutritional risk 
screenings in the intervention and control groups were found at 7, 30 and 90 days.

 Regarding GI symptoms, lipids, liver tests, mortality or pneumonia, the intervention group did not 
experience adverse effects different from the control group. Difference in p-phosphate values from base-
line-day 7 was significantly higher (p=0.015) in the intervention group, most likely explained by phos-
phate-rich dairy products in the ketogenic dishes.

Discussion

 Most important, our findings indicate that acute stroke patients tolerate a 4:1 ketogenic diet.  

 Additionally, a ketogenic diet may help acute stroke patients eat sufficiently. This is an advantage 
because stroke patients typically face initial eating difficulties [8] which increases the likelihood of beco-
ming at nutritional risk while hospitalized [9]. The higher energy intake can most likely be explained by the 
nutrient density of the ketogenic dishes, which made it relatively easy for patients to meet a minimum of 
75% of their estimated energy needs.

 Study strengths include the randomized controlled design, high compliance with the diet and pro-
portion of completers (88%). The largest limitation of this study is its small sample size, which was pri-
marily due to very restrictive inclusion criteria, particularly the requirement of a NIHSS score ≥5. Fur-
thermore, the ketogenic diet proved inefficient in inducing and sustaining ketosis on a convincing level. 
This cannot be explained by low compliance with the diet, since compliance was high, ensured by close 
communication between patients, their families, ward and research staff and by close monitoring of intake.  
The most likely explanation for the lack of ketosis among three patients can be explained by their intake of 
Resource® ThickenUp™ due to various levels of dysphagia. Resource® ThickenUp™  is high in the carbohy-
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drates maltodextrin and zanthan gum, which meant that the patients exceeded the maximum daily intake 
of 20 grams of carbohydrates in the 4:1 ketogenic diet. The use of Resource® ThickenUp™  was a concern 
when planning the study, however the hospitals had no alternatives. A fasting protocol that could have in-
duced ketosis more quickly was considered but deemed unethical, because malnutrition is a well-known 
phenomenon among older stroke patients [8]. 

 To our knowledge, this is the first randomized trial to test effects and safety of a ketogenic diet in pa-
tients with stroke in the acute phase. Future research should use other methods for the induction of acute 
ketosis faster/within few hours such as medium-chain triglycerides [10], ketone esters [11] or fasting if 
clinically relevant neuroprotective effects are to be obtained in a stroke population. At the same time, the 
load of fast acting carbohydrates should be minimal.

Disclosures: No author had any conflict of interest.
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