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ABSTRACT

Objective To investigate factors associated with
COVID-19 severity in ambulatory individuals with type

2 diabetes mellitus (T2DM) and obesity treated with a
medically supervised ketogenic diet (MSKD).

Research design and methods In this real-world,
retrospective, exploratory analysis, multivariate modelling
was used to assess clinical factors associated with
hospitalisation for COVID-19 in a geographically diverse
outpatient population with T2DM treated virtually.
Results Leading up to COVID-19 onset, non-hospitalised
patients had higher average ketones (0.64 vs 0.52
mmol/L; p=0.016) and greater weight loss (6.8% vs 4.2%;
p=0.009) compared with those hospitalised. Greater
weight loss was significantly associated with lower
likelihood of hospitalisation (adjusted OR=0.91, p=0.005),
controlling for enrolment demographics and medical
characteristics.

Conclusions Therapies such as MSKD, which elicit rapid,
significant weight loss, may favourably impact COVID-19
hospitalisation rate and severity in individuals with T2DM
and obesity.

INTRODUCTION
Type 2 diabetes mellitus (T2DM)' * and
obesity” are independent, non-additive® risk
factors for severe COVID-19 infection and
death. A medically supervised ketogenic diet
(MSKD), together with continuous remote
care, can quickly reduce glycaemia and weight
in those with T2DM.” A ketogenic diet shows
promise in reducing the severity of and risk of
death from COVID-19, as demonstrated in a
retrospective inpatient hospital study.’
However, the impact of a ketogenic diet
and its clinical effects on COVID-19 severity
in an ambulatory population are unknown.
Thus, we explored factors associated with
COVID-19 severity in patients with T2DM in a
US-based, geographically diverse, outpatient,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Type 2 diabetes and obesity are independent risk
factors for severe COVID-19 infection and death.

WHAT THIS STUDY ADDS

= Patients not hospitalised had higher mean ketones
during treatment with a medically supervised keto-
genic diet and achieved greater weight loss at the
time of COVID-19 diagnosis.

= Greater weight loss in those with type 2 diabetes
and obesity is associated with lower odds of hospi-
talisation in those diagnosed with COVID-19.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= Therapies such as a medically supervised weight
loss treatment which elicit rapid, significant weight
loss may be a useful tool for individuals with type
2 diabetes mellitus and obesity to reduce risk of
COVID-19-related hospitalisation.

remote care clinic delivering an MSKD for
T2DM treatment.

RESEARCH DESIGN AND METHODS

This real-world, retrospective, exploratory
analysis assessed the COVID-19 severity of
those who reported that diagnosis among the
T2DM outpatient population treated at Virta
Health. Patients in our telemedicine clinic are
treated with an MSKD and supported by a care
team of health coaches and licensed medical
providers through a continuous remote care
platform. We guide patients to restrict carbo-
hydrate intake to sustain nutritional ketosis
as assessed by blood beta-hydroxybutyrate.
Nutrition recommendations are individual-
ised, though this typically means less than 50
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g of carbohydrates daily. Dietary fats are encouraged to be
consumed to satiety.

Initial guidance for protein intake is calculated using
1.5g/kg of reference body weight (ie, medium-frame
‘ideal’ and gender-specific) using the Metropolitan Life
Insurance ‘Ideal Body Weight tables’ with adjustments
made ad hoc based on factors such as activity level and
biomarker responses. Our previous study demonstrated
that these recommended targets were sufficient in
limiting lean mass loss compared with other weight loss
interventions,® pointing to the adequacy of these recom-
mendations. While patients are not required to report
dietary intake, these recommendations generally result in
5%-10% of energy as carbohydrates, 15%—-20% protein
and 70%-75% fat.

Patientreported clinical events are recorded in medical
records and monitored in ongoing safety evaluations.
Patients who reported a COVID-19 diagnosis were asked
for additional information regarding symptoms, severity,
and treatment via questionnaire as part of a quality
improvement initiative and recorded in medical records.
De-identified data obtained from medical records of
patients with T2DM who reported a COVID-19 diagnosis
between 1 March 2020 and 9 May 2021 were included.
Prevalence of hospitalisation, treatment with supple-
mental oxygen or ventilation, and death were assessed
from patient or emergency contact report.

We assessed differences in demographics (age, gender),
enrolment characteristics (hemoglobin Alc (HbAlc),
weight and body mass index (BMI)), and clinical markers
during treatment (mean blood glucose, mean blood
ketones and weight change) between patients with
COVID-19 diagnosis who were and were not hospitalised.
X? tests were used to compare group distributions for
categorical variables. Welch independent samples t-tests
were used for continuous variables given unequal sample
sizes. Multivariate logistic regression was used to assess
associations with hospitalisation, controlling for demo-
graphics, enrolment characteristics, days in treatment
and clinical markers during treatment. To assess survey
response bias, demographics, enrolment characteristics,
and clinical markers during treatment were compared
between survey responders and non-responders.

RESULTS

A COVID-19 diagnosis was reported by 756 patients with
T2DM; 600 (79.3%) had a known COVID-19 event date
and 440 (58.3% of total; 73.3% of those with known
dates) responded to medical providers’ questionnaires
regarding COVID-19 severity and treatment (figure 1).
Patients who received a COVID-19 diagnosis prior to
beginning an MSKD (n=102) were excluded from this
analysis. Outcomes were assessed among individuals
who received a COVID-19 diagnosis after initiation of an
MSKD and responded to the survey plus one individual
with a known COVID-19-related death (n=339). Patients
were 54.9+8.7 years of age with a BMI of 34.8+6.8kg/m”

COVID-19 cases
reported; n=756

1 known death

Surveys requested
n=755

Non-responders
n=315 (41.7%)

Responders
n=440 (58.3%)

Confirmed cases post

Confirmed cases post
enroliment; n=160

enroliment; n=338

+1 known death

Total for comparison;

Total for final analysis;
n=160

n=339

Figure 1 Reported COVID-19 cases (n=756) and severity
surveys eligible for analysis in patients with type 2 diabetes
(n=339). Final analysis=analysis comparing those hospitalised
versus non-hospitalised; comparison=analysis comparing
characteristics of responders versus non-responders; eligible
for final analysis=returned surveys with a corresponding
known COVID-19 event date post-initiation of MSKD. MSKD,
medically supervised ketogenic diet.

at the time of COVID-19 diagnosis, 50% female and from
44 US states.

Hospitalisation, supplemental oxygen use, ventilation,
and death were reported by 38 (11.2%), 34 (10%), 6
(1.8%), and 1 (0.29%) patients, respectively. Symptoms
reported by more than 70% of the patients included
fatigue, headache, muscle/joint pain and fever/chills.
Ongoing health issues were reported in 38.9% of patients,
who commonly reported fatigue, shortness of breath,
headache and brain fog.

There were no differences in demographics or enrol-
ment characteristics between hospitalised and non-
hospitalised patients. Patients not hospitalised had higher
mean ketones during treatment with MSKD and achieved
greater weight loss at the time of COVID-19 diagnosis
(table 1). In a multivariate logistic regression, greater
weight loss was significantly associated with lower likeli-
hood of hospitalisation (adjusted OR=0.91, p=0.005),
controlling for age, gender, enrolment weight and
HbAlc, and days since MSKD initiation (table 2). The
relationship between mean ketones and hospitalisation
in a separate model controlling for the same factors was
not significant (p=0.192).

No differences in age, time in treatment (days on
MSKD), enrolment HbAlc or weight, or mean blood
glucose levels during treatment with MSKD were
detected between survey responders and non-responders
with a known COVID-19 diagnosis date after MSKD
initiation (n=160). However, responders had a higher
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Table 1 Characteristics of patients with type 2 diabetes by hospitalisation status following COVID-19 diagnosis
Non-hospitalised Hospitalised
n=301 (88.8%) N n=38 (11.2%) N P value
Age (years) 54.7+8.9 301 56.9+7.4 38 0.100
Gender
Male 152 (50.5 %) 301 16 (42.1%) 38 0.422
Female 149 (49.5 %) 22 (57.9%)
Days on MSKD 317.3+390.0 301 381.0+491.0 38 0.445
HbA1c at enrolment (%) 8.0+1.7 301 7.9+1.8 38 0.761
Mean glucose (mg/dL), enrolment to
COVID-19 onset
Fasting 134.7+29.7 293 139.1+28.6 36 0.390
All 131.7+£28.9 298 139.4+30.6 36 0.158
Mean ketones (mmol/L), 0.64+0.4 301 0.52+0.3 38 0.016
enrolment to COVID-19 onset
Weight (kg)
Enrolment 110.6+24.1 299 112.9+26.8 38 0.622
COVID-19 onset 102.8+22.0 293 108.8+27.1 36 0.206
Per cent weight loss 6.8+6.2 291 4.2+5.2 36 0.009
BMI (kg/m?)
Enrolment 37.3+7.4 299 38.3+7.8 38 0.467
COVID-19 onset 34.6+6.7 293 36.7+7.6 36 0.118

Table reports mean+SDor N (%). Welch t-tests with unequal variances were performed for continuous variables, and X? tests were performed

for categorical variables.

BMI, body mass index; HbA1c, Hemoglobin A1c; MSKD, medically supervised ketogenic diet.

enrolment BMI compared with non-responders (37.4+7.5
vs 85.8+6.6kg/m?; p=0.028), and non-responders had less
weight loss (5.3+5.7vs 6.6+6.4%; p=0.034), lower mean
ketones (0.55+0.3 vs 0.62+0.4mmol/L; p=0.022) and
less ketone logging (0.66+0.4 vs 0.79+0.4 values/week;
p<0.001).

CONCLUSIONS

In a geographically diverse outpatient telemedicine clinic
patient population with T2DM and obesity, only 11% of
patients who reported a COVID-19 diagnosis required
hospitalisation. Fewer were treated with supplemental
oxygen and ventilation, and only one death (0.3% of

diagnosed) due to COVID-19 was reported. No baseline
differences were noted between those requiring hospital-
isation and those who did not. During treatment and prior
to developing COVID-19, non-hospitalised patients had
higher mean ketones and greater percentage weight loss
in univariate analyses. Greater weight loss was associated
with lower likelihood of hospitalisation after controlling
for demographics and clinical markers.

The observed incidence of COVID-19-related hospi-
talisation and death among ambulatory patients with
T2DM in our clinic was low relative to other reports.
A regional medical system reported COVID-19 hospi-
talisation and death rates of 44% and 5%, respectively,

Table 2 Multivariate logistic regression of factors associated with hospitalisation in patients with type 2 diabetes and a

COVID-19 diagnosis

Variable Coefficient SE P value aOR (95% Cl)

Age 0.045 0.024 0.062 1.04 (1.00 to 1.10)
Gender -0.533 0.393 0.175 0.60 (0.27 to 1.26)
Enrolment HbA1c -0.014 0.105 0.896 0.99 (0.80 to 1.20)
Enrolment weight 0.005 0.003 0.113 1.00 (0.99 to 1.01)
Per cent weight loss -0.095 0.034 0.005 0.91 (0.85 to 0.97)
Days on MSKD -0.0002 0.0004 0.480 1.00 (0.99 to 1.00)

Patients missing data for weight (n=12) were excluded from analyses.
aOR, adjusted OR; HbA1c, Hemoglobin A1c; MSKD, medically supervised ketogenic diet; SE, Standard Error.
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among ambulatory patients with T2DM." In patients with
T2DM hospitalised with COVID-19, over 20% mortality
has been observed within 4 weeks of admission.” Beyond
demographic and geographical diversity, our population
may differ from other healthcare systems in that patients
proactively chose to engage in a digital intervention and
many had already experienced metabolic improvements.
Additionally, existing access to telemedicine and the
ability to maintain ongoing care and monitor metabolic
health markers from home may have contributed to lower
observed severity rates in our population.

Among our patients, greater per cent weight loss was
associated with lower likelihood of hospitalisation. A
recent retrospective, matched cohort study similarly
observed that in people with or without type 2 diabetes,
prior substantial weight loss (20.8%) resulting from
surgery was associated with a 49% lower risk of hospital-
isation relative to a control group who lost only 2.3% body
weight on average.'” This suggests that clinically signifi-
cant weight loss achieved through a variety of interven-
tions may improve COVID-19 outcomes. Past research on
MSKD demonstrated weight loss concurrent with signifi-
cant reductions in inflammatory cytokines over 2years.""
COVID-19 mortality is highly correlated with the severity
of the inflammation-related cytokine storm and presence
of multiple comorbidities, including diabetes and obesity,
which increase one’s risk of developing severe infection. '
Weight loss, and perhaps associated reductions in inflam-
mation, may play a critical role.’

Ketones are also known to be potent modulators of
inflammation."”” However, in a multivariate logistic regres-
sion, greater weight loss, but not ketones, was signifi-
cantly associated with lower likelihood of hospitalisation,
controlling for age, gender, enrolment weight and HbAlc,
and days since MSKD initiation. Higher mean ketones were
present in non-hospitalised patients, and in past research,
ketones have been associated with greater per cent weight
loss."*

Mean glucose during treatment with MSKD was not
associated with hospitalisation. Although high glucose on
hospital admission'” '® and during infection'® has been
associated with poor prognosis, no relationship between
HbAlc and mortality has been observed.!”” Taken
together, this suggests longer term glycaemic control may
play a lesser role in risk of severe disease, while glycaemic
control during infection may be a modifiable risk factor
worthy of attention.

Limitations of this analysis include self-reported events
and total unreturned surveys (41.7% of total; 26.7%
of known COVID-19 dates). Survey non-responders
displayed features of lower healthcare engagement as
seen by less weight loss, lower mean ketones and lower
logging frequency, demonstrating a potential bias toward
patients with greater health improvement. However, given
that patients reported the diagnosis of COVID-19 and
remained engaged with their care team, it is less likely
they suffered severe cases resulting in hospitalisation and
death without reporting.

Patients included in this analysis were not asked to
complete any tasks not already part of their care in the Virta
Clinic. Since food tracking is not a required component of
the treatment, dietary information was not reported and
therefore, details regarding micronutrient intake are unavail-
able. Though we recognise that specific micronutrients such
as zinc, vitamin C, vitamin D, vitamin A and others'® ¥ can
play a significant role in disease severity including hospitalisa-
tion, we were unable to analyse their potential influence and
interaction on our outcomes.

Additionally, due to the nature of the study design, a real-
world retrospective analysis of patients enrolled in the Virta
Clinic and its treatment, there was no control group avail-
able for comparison with our results. Future analyses could
compare these results with those of a group not following an
MSKD to explore dietspecific influences on the likelihood of
hospitalisation in those diagnosed with COVID-19.

Our results demonstrate that therapies such as MSKD,
which elicit rapid, significant weight loss, may favourably
impact hospitalisation rate and severity of COVID-19
in patients with T2DM. In addition to vaccination and
following public health recommendations, an MSKD may
be an effective preventive strategy to mitigate the severity
of future COVID-19 in individuals with T2DM and obesity.
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