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Summary
Cardiovascular disease (CVD) is the number one cause of morbidity and mortality in patients 
with type 2 diabetes (T2D) (Gregg et al., 2007). Virta Health provides the first clinically-
proven treatment to reverse type 2 diabetes and other chronic metabolic diseases without 
the use of added medications or surgery. At one year, 60% of patients in the Virta clinical trial 
achieved diabetes reversal, defined as hemoglobin A1c (HbA1c) <6.5% without medication 
other than metformin. 94% of insulin users reduced or eliminated usage altogether and 83% 
of patients remained active in the trial (Hallberg et al., 2018; McKenzie et al., 2017). In addition 
to T2D improvements, patients demonstrate dramatic improvement in many cardiovascular 
risk factors indicating an opportunity to substantially reduce CVD complications in T2D 
populations (Bhanpuri et al., 2018).

Here, we systematically review 29 parameters associated with CVD which were tracked 
in the clinical trial, 25 of which show statistically significant improvement following 1-yr of 
Virta treatment. A usual care group by contrast saw no significant improvement in the 29 
parameters. 

These parameters can be grouped into the following categories: 

1. 10-year ASCVD risk score (which improved by 11.9% following Virta treatment)

2. hypertension 

3. atherogenic dyslipidemia

4. low density lipoprotein (LDL) partitioning

5. inflammation

6. diabetes and insulin resistance

7. obesity

8. liver function

9. vascular intima measurement

10. Medication usage for hypertension, cholesterol and diabetes was also tracked and 
substantial prescription reduction was demonstrated following Virta treatment 

Together these findings provide a robust case for both near-term and projected long-term 
improvement in CVD outcomes in T2D patients with the Virta treatment.
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Introduction
In August of 2015, Virta Health and Indiana University Health (IUH) began a 2-yr prospective 
longitudinal non-randomized controlled clinical trial (n=465) to determine efficacy, safety 
and sustainability of the Virta treatment for 262 T2D patients and 116 pre-diabetes patients 
with an additional 87 T2D patients receiving usual care.  Virta treatment patients received 
online continuous remote care support including telemedicine, health coaching, individualized 
education for nutrition and behavior change (including nutritional ketosis), biometric 
feedback and peer support. Usual care patients were seen by an endocrinologist and met 
with a registered dietitian and diabetes educator. A description of the trial is provided by 
Bhanpuri et al., 2018; Hallberg et al., 2018; McKenzie et al., 2017 including 70-day and 1-yr 
outcomes for T2D patients.  (Outcomes for pre-diabetes patients will be described in a future 
publication.) The trial is registered at Clinicaltrials.gov, Identifier NCT02519309.

Methods
The statistical significance of biomarker changes for T2D patients following Virta treatment 
(n=262) or usual care (n=87) was determined by comparing baseline and 1-yr values. Two-
sample t-tests were used for comparisons between groups and ANCOVA and paired t-tests 
were used for comparisons within groups. Both intent-to-treat with multiple imputation 
(provided here) and completers analysis were conducted with Bonferroni adjustment for the 
number of variables examined (p<0.0017) (Hallberg et al., 2018) (p<0.0019) (Bhanpuri et 
al., 2018). Most of the improvements in CVD risk observed in the Virta Health trial have 
precedence in the published literature describing the application of dietary changes including 
nutritional ketosis under medical supervision for T2D, pre-diabetes and metabolic syndrome 
patients.  Examples are cited below with more extensive citations available in reviews 
by Feinman et al., 2015; Noakes and Windt, 2017. It should be noted that the biomarkers 
described here have varying degrees of validation from changes correlated with mortality 
in clinical trials, to correlations with mortality in epidemiological studies, to experimental 
support.  Some are tightly correlated with one another whereas others are independent. 
Together, they provide a global picture of cardiometabolic change.

Results
A review of all scores, biomarkers, and medication use shows statistically significant 
improvement in 25 of 29 factors along with decreased medication use during the first year 
of the Virta treatment.  For each measure, the forest plot shows the Virta treatment first 
in blue followed by the usual care in gray.  Position of the bar indicates population mean 
and the black line indicates standard error. Movement to the right is considered favorable 
(i.e. improved biomarker status, decreased medication use) and movement to the left is 
considered unfavorable.  Results are from the intention-to-treat analysis with missing values 
imputed. Next, we present these changes in ten sections.
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1. Aggregate Cardiovascular Disease Risk Score Improves
The aggregate atherosclerotic cardiovascular disease (ASCVD) risk score was developed by 
the American Heart Association and American College of Cardiology to estimate the 10-year 
and lifetime risks for atherosclerotic cardiovascular disease (ASCVD), defined as coronary 
death, nonfatal myocardial infarction, or fatal or nonfatal stroke based on the aggregation 
of systolic blood pressure, total, LDL and HDL cholesterol, along with diabetes history, 
medication use, age, sex, and race (Goff et al., 2014). Following 1-yr of the Virta treatment, the 
mean patient 10-year ASCVD risk score decreased 11.9% (P=4.9x10-5) indicating a potential 
reduced risk of myocardial infarction or stroke. Usual care mean ASCVD risk increased 10.4% 
(P=0.17).  Therefore, relative to the usual care group, the Virta treatment showed a trend 
toward greater risk reduction (net percent change of -22.3%, P=0.008) (Bhanpuri et al., 
2018). (Note that taking a conservative approach, diabetes status was scored as unchanged 
in the calculation despite improvements observed in the Virta treatment group.) 

A meta-analysis of 17 trials comparing low carbohydrate versus low fat diets showed a greater 
10-yr ASCVD risk score improvement with the low carbohydrate groups (Sackner-Bernstein 

et al., 2015).

2. Hypertension Improves
Strong evidence exists that hypertension is a primary cardiovascular risk factor; reduction 
in blood pressure (BP) is therefore a major target for medical therapy (Ettehad et al., 2016). 
Revised 2017 guidelines from the ACC/AHA task force recommend treatment, through 
lifestyle modification and/or medication, should begin at 130/80 mm Hg rather than 140/90 
(Whelton et al., 2017). Following 1-yr of the Virta treatment, the mean patient systolic BP 
decreased 4.8% from 132 to 126 (P=1.3x10-8) while mean patient diastolic BP decreased 
4.3% from 83 to 79 (P=7.2x10-8) (Bhanpuri et al., 2018). Blood pressure reductions in the 
Virta treatment group occurred simultaneous with reduced overall use of antihypertensive 
medication (-17.0%) and especially diuretics (-24.8%) as described in detail below (section 
10). The usual care group showed no statistically significant change in BP at one year; 130/82 
to 129/81 (P=0.67 and 0.45, respectively), and no reduction in use of antihypertensive 
medication.
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Blood pressure reductions following carbohydrate restriction and/or nutritional ketosis have 
been demonstrated in several trials (Ballard et al., 2013; Shai et al., 2010; Tay et al., 2014).

3. Atherogenic Dyslipidemia Improves
Atherogenic dyslipidemia, a known risk factor for CVD (Fruchart et al., 2008) is highly 
prevalent in patients with T2D (Arca et al., 2012). The condition is characterized by lipid 
profile abnormalities including increased triglycerides and decreased high-density lipoprotein 
cholesterol (HDL-C). Furthermore, evidence suggests that elevated large very low-density 
lipoprotein particles (large VLDL-P) may be one of the key underlying abnormalities in 
atherogenic dyslipidemia (Adiels et al., 2008). In addition to impacting the eight factors 
shown here, atherogenic dyslipidemia also results in increased small LDL-P described below 
(section 4). Following 1-yr of the Virta treatment, mean fasting triglyceride was reduced 24.4%  
(P<10-16), triglyceride/HDL-C ratio was reduced 29.1% (P<10-16), total cholesterol/HDL-C 
ratio was reduced 11.2% (P=1.7x10-5), ApoB/ApoA1 ratio was reduced 9.5% (P=1.9x10-7), 

0% 5%4%3%2%1% 6%-1%

Mean % Improvement From Baseline

Diastolic Blood Pressure

Systolic Blood Pressure

0%-10%-20% 10% 20% 30% 40% 50%-30%

Mean % Improvement From Baseline

Triglycerides

Triglycerides/HDL-C

ApoB/ApoA1

Large VLDL-P

HDL-C

Total HDL-P

Large HDL-P

ApoA1

Total Cholesterol/HDL-C



The Cardiovascular Benefits 
of the Virta Treatment

7 VIRTA CONFIDENTIAL

Virta Usual Care

large VLDL-P was reduced 38.9% (P=4.2x10-15), HDL-C increased 18.1% (P<10-16), total 
HDL particles (HDL-P) increased 4.9% (P=5.6x10-6), and large HDL-P increased 23.5% 
(P=1.2x10-11). Apolipoprotein A1 (Apo A1), a marker of HDL particles, also increased 9.9% 
(P<10-16) (Bhanpuri et al., 2018; Hallberg et al., 2018). All of these changes are favorable and 
together indicate an improvement of atherogenic dyslipidemia following the Virta treatment. 
The usual care group showed no statistically significant change in these parameters; 
triglyceride +10.1% (P=0.43), triglyceride/HDL-C ratio +9.8% (P=0.24), total cholesterol/
HDL-C ratio +7.9% (P=0.24), ApoB/ApoA1 ratio +2.8% (P=0.58), large VLDL-P +0% 
(P=0.77), HDL-C -2.6% (P=0.41), total HDL-P -2.3% (P=0.23), large HDL-P +2.6% (P=0.74), 
and Apo A1 -1.4% (P=0.37).

Greater improvement of atherogenic dyslipidemia in low carbohydrate versus low fat diets 
have been reproduced in many trials measuring triglycerides and HDL-C including Westman 
et al., 2008 (T2D), Volek et al., 2008 (metabolic syndrome), Hussain et al., 2012 (T2D), Tay 
et al., 2014 (T2D), and Bazzano et al., 2014 (obesity) and confirmed in a meta-analysis of 
eleven trials (Mansoor et al., 2016).

4. LDL Particles Shift Toward the Non-atherogenic Fraction
While higher calculated low-density lipoprotein cholesterol (LDL-C) has traditionally been 
associated with increased CVD risk (Giugliano et al., 2017; Law et al., 2003), LDL-C  has recently 
been correlated with improved survival in two large prospective studies and a systematic 
review (Orozco-Beltran et al., 2017; Ravnskov et al., 2016; Zuliani et al., 2017). The pattern is 
especially apparent in elderly cohorts. Studies also indicate tracking Apolipoprotein B (ApoB) 
(Barter et al., 2006) or LDL-P particle number (Otvos et al., 2011) provides a better CVD risk 
measure.  Further, the subfraction distribution of LDL particles is likely more important with 
small, dense LDL particles (small LDL-P) associated with atherogenesis while large, buoyant 
LDL particles appear relatively neutral in their effect on CVD risk (Gardner et al., 1996; Rizzo 
and Berneis, 2007; Superko, 2001). Following 1-yr of the Virta treatment, while mean LDL-C 
rises (+9.6%, P=4.9x10-5), overall LDL particle number is unchanged as measured by both 
Apo B (-1.9%, P=0.37) and LDL-P (-4.9%, P=0.02).  The distribution of LDL particles shifts 
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significantly away from small LDL-P (-20.8%, P=1.2x10-12) and the mean LDL particle size 
rises (+1.1%, P=6.0x10-10) (Bhanpuri et al., 2018). While counter to the traditional metric, the 
overall picture is of a potentially beneficial change in the LDL profile. The usual care group 
showed no statistically significant change in LDL parameters; LDL-C (-11.0%, P=0.02), Apo B 
(+0%, P=0.95), LDL-P (-4.4%, P=0.31), small LDL-P (+2.5%, P=0.67) and mean LDL-P size 
(-0.3%, P=0.25).

While higher saturated fat consumption can result in an LDL-C rise, it does not result in 
an increase in CVD risk (Chowdhury et al., 2014; Mente et al., 2017; Ramsden et al., 2016; 
Siri-Tarino et al., 2010a), contradicting the diet-heart hypothesis (Noakes and Windt, 2017; 
Siri-Tarino et al., 2010b). Low carbohydrate and nutritional ketosis trials often show a rise 
in LDL-C (Mansoor et al., 2016; Nordmann et al., 2006), but trials also show a consistent 
reduction in the small, dense LDL particles and a corresponding increase in large, buoyant 
LDL particles relative to low fat diets (Aude et al., 2004; Forsythe et al., 2010; Volek et al., 
2008; R. J. Wood et al., 2006). A reasonable interpretation of the evidence is that LDL-C is 
not a useful marker of CVD risk in the context of a ketogenic diet where fat is the primary fuel 
source, the LDL profile is dominated by large non-atherogenic LDL particles (T. R. Wood et al., 
2016), and other CVD risk factors are showing favorable changes.

5. Inflammation Improves
Inflammation is an independent CVD risk factor involved in all stages of atherogenesis (Libby 
et al., 2009). High-sensitivity C-reactive protein (hsCRP) and white blood cell count (WBC) 
are widely accepted markers of inflammation and risk factors for CVD (Folsom et al., 2002; 
Kannel et al., 1992). Following 1-yr of the Virta treatment, hsCRP was reduced 39.3% (P<10-16) 
and WBC was reduced 9.1% (P<3.2x10-11) indicating a substantial reduction in inflammation 
(Bhanpuri et al., 2018). The usual care group showed no statistically significant change in 
hsCRP (+14.4%, P=0.93) or WBC (-1.2%, P=0.76).

Reductions in inflammation through carbohydrate restriction and/or nutritional ketosis have 
been demonstrated in several prior clinical trials. Forsythe found significant decreases in 
inflammatory markers following twelve weeks of a low carbohydrate diet in overweight adults 
including hsCRP (-23%) and significantly larger decreases than a low fat diet for TNF-a, IL-8, 
MCP-1, E-selectin and I-CAM (Forsythe et al., 2007). Shai observed a significant decrease in 
hsCRP (-29%) following a 2-yr low carbohydrate diet (Shai et al., 2008).
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6. Type 2 Diabetes Status Improves
Diabetes itself is a major CVD risk factor. CVD risk increases two to four-fold with a diagnosis 
of T2D (Martín-Timón et al., 2014) and risk is reduced with lowered HbA1c (Eeg-Olofsson 
et al., 2016). T2D status following one year of Virta treatment improves based on mean 
HbA1c decrease of 17% (P<1.0x10-16) (from 7.6% to 6.3%), fasting glucose decrease of 22% 
(P<1.0x10-16), fasting insulin decrease of 43% (P=6.7x10-16), homeostatic model assessment 
of insulin resistance (HOMA-IR) decrease of 55% (P=73.2x10-5) (Hallberg et al., 2018) 
and NMR-derived lipoprotein insulin resistance score (LP-IR) decrease of 19.6% (P<10-16) 
(Bhanpuri et al., 2018). Additionally, 69.8% of Virta patients achieved a 1-yr HbA1c below 
the diabetes threshold of 6.5%.  Diabetes status improvements in the Virta treatment group 
occurred simultaneous with reduced use of diabetes medications other than metformin 
(-47.8% of all prescriptions discontinued) and especially insulin (94% of prescriptions 
reduced or discontinued) as described in detail below (section 10). 60% of patients had a 
1-yr HbA1c <6.5% while taking no diabetes medications or metformin only, a metric used 
by Virta for “diabetes reversal”. Virta manages toward long-term reversal through continued 
nutritional and behavior change. The usual care group showed no improvement in diabetes 
status; mean changes included HbA1c +2.6% (P=0.18), fasting glucose +7.3% (P=0.2), fasting 
insulin +3.0% (P=0.81), HOMA-IR +17.5% (P=0.22), and LP-IR -1.4% (P=0.74).  Aggregate 
scores are described by Matthews et al., 1985 for HOMA-IR and by Shalaurova et al., 2014 for 
LP-IR, a combination of six lipoprotein measures.

Improvements in T2D status through nutritional ketosis under medical supervision have been 
demonstrated previously in short-term randomized in-patient experiments (Boden et al., 
2005), in randomized out-patient trials of up to one year (Goday et al., 2016; Saslow, 2017; 
Saslow et al., 2017; 2014; Westman et al., 2008) in trial follow-up of over 3 years (Nielsen 
and Joensson, 2008), in non-randomized trials (Hussain et al., 2012), and in clinical case 
series (Dashti et al., 2007).
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7. Obesity Improves
Obesity is an important independent CVD risk factor (GBD 2015 Obesity Collaborators et 
al., 2017; Hubert et al., 1983). Virta intervention trial participants had a mean starting weight 
of 116.5 kg (256.9 lbs.), mean body mass index (BMI) of 40.4 kg/m2, 93% were obese and 
45.6% had class III (high risk) obesity. Following 1-yr of the Virta treatment, the mean patient 
weight declined 12% (P<1.0x10-16) or 30.8 lbs, mean BMI declined 4.8 to 35.6 kg/m2, and 
class III obesity was reduced to 19.6% of the cohort (Hallberg et al., 2018). The usual care 
group had a mean starting weight of 105.6 kg (232.9 lbs), mean BMI of 36.7, and 82% were 
obese; no improvement in mean weight was observed at 1-yr (-0.15%, P=0.85), and BMI and 
obesity class distribution were also unchanged.

Improvements in obesity through carbohydrate restriction or nutritional ketosis have been 
demonstrated in numerous clinical trials including Bazzano et al., 2014; Gardner et al., 
2007; Moreno et al., 2014; Shai et al., 2008; Yancy et al., 2005. It should be noted that 
few trials have obtained the degree of weight loss achieved by the Virta treatment at one 
year possibly because expectations around dietary changes were less intensive (e.g. mild 
carbohydrate restriction versus monitored nutritional ketosis) or support for behavior change 
was less effective (e.g. group instruction versus individualized online health coaching and 
telemedicine) (Gardner et al., 2018).

8. Liver Function Improves
Non-alcoholic fatty liver disease (NAFLD) is highly prevalent among obese and T2D patients 
(Portillo-Sanchez et al., 2015) and is associated with increased CVD risk (Adams et al., 2017). 
NAFLD can progress to non-alcoholic steatohepatitis (NASH), advanced fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC). Elevated serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and alkaline phosphatase (ALP) are often observed in NAFLD; 
elevated ALT and ALP are CVD risk factors (Targher and Byrne, 2015). ALT and AST are used 
in calculating NAFLD liver fat score (NAFLD-LFS) and NAFLD fibrosis score (NFS) (Angulo 
et al., 2007; Kotronen et al., 2009).  Following 1-yr of the Virta treatment, mean patient ALT 
declined 29.4% (P=2.4x10-10), AST declined 20.0% (P=5.1x10-7) and ALP declined 12.9% 
(P<1.0x10-16) (Hallberg et al., 2018). The usual care group showed no significant change in 
enzymes; ALT +2.2% (P=0.77), AST +2.5% (P=0.72) and ALP +1.0% (P=0.67).
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Few studies have examined liver enzymes and liver fat in long-term ketogenic diets. A two-
year study of a low carbohydrate diet with weight loss resulted in statistically significant 
reduction in ALT (-9.2%) (Shai et al., 2008). A caloric restriction diet resulting in weight 
loss with or without mild carbohydrate restriction (38% or 53% carbohydrate) reduced ALT 
from elevated levels (de Luis et al., 2010). Short-term (two week) carbohydrate restriction 
(<20 g/day) resulted in sharp reduction in liver fat (Browning et al., 2011) and improved 
cardiometabolic risk factors in NAFLD patients (Mardinoglu et al., 2018).

9. Carotid Intima Media Thickness is Unchanged
Carotid intima media thickness (cIMT) is a non-invasive measure of atherosclerosis that is 
significantly associated with CVD morbidity (Doneen and Bale, 2013). However, a recent 
meta-analysis found that cIMT progression over an average of 3.6 years in 3,902 T2D patients 
did not correlate with increased CVD events (Lorenz et al., 2015). Following 1-yr of the Virta 
treatment or usual care there was no significant change in cIMT from baseline (P=0.65 and 
0.87, respectively) (Bhanpuri et al., 2018). 

Change in cIMT following long-term use of a ketogenic diet for epilepsy control has been 
examined in small cohorts.  In 13 patients over two years (Kapetanakis et al., 2014) and 10 
patients over a decade (Heussinger et al., 2017), no significant change in cIMT was observed.  
Progression or regression of cIMT may take many years to manifest and may require a larger 
cohort to achieve statistical significance. In summary, there is currently no cIMT evidence of 
vascular harm or benefit from long-term nutritional ketosis.
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10. Medication use for Hypertension and Diabetes is Decreased
Prescription medications have powerful physiological impacts that come with substantial 
risk of iatrogenic effect so that reduced medication use when pharmaceutical treatment is 
no longer required can be beneficial (Gnjidic et al., 2012; Iyer et al., 2008). Negative effects 
of medications can result from side effects, allergic reactions, incorrect doses and timing, 
missed doses, overdose, drug-drug interactions (polypharmacy), physician and pharmacy 
mistakes, and product quality control issues (Classen et al., 2011; Ernst and Grizzle, 2001; 
Garfinkel et al., 2015; Poudel et al., 2017). Medications for hypertension can be problematic 
for hypotension and syncope especially in elderly patients (Williamson et al., 2016). Diabetes 
medications, especially insulin and sulfonylureas, can cause hypoglycemia and syncope 
(Abdelhafiz and Sinclair, 2017; Action to Control Cardiovascular Risk in Diabetes Study Group 
et al., 2008; McCoy et al., 2016). Insulin use also results in weight gain (Henry et al., 1993) 
and tight glycemic control achieved with pharmaceuticals is associated with a paradoxical 
increase in cardiovascular mortality (the ACCORD Study Group, 2011).  Therefore, in both 
hypertension and diabetes care, an excellent rationale exists for removing medications when 
the health conditions can be managed effectively with individualized nutrition and behavior 
change.

Virta has developed physician-directed guidance for patient medication reductions and 
eliminations as blood pressure and blood glucose measurements and symptoms allow 
(Bhanpuri et al., 2018; Hallberg et al., 2018). Following resolution of hypertension, diuretics 
and beta blockers are often discontinued first. Angiotensin-converting-enzyme inhibitors 
(ACEs) and angiotensin II receptor blockers (ARBs) are generally continued due to known 
renal protection with diabetes (Jafar et al., 2001; Schmieder et al., 2011). Glycemic medications 
are reduced or eliminated to safely adjust for targeted decreases in glucose concentrations 
with a primary focus on preventing episodes of symptomatic hypoglycemia. Medication 
eliminations typically occur by first discontinuing sulfonylureas and SGLT-2 inhibitors, 
followed by short-acting, and then long-acting insulin. Thiazolidinediones, DPP-4 inhibitors, 
and GLP-1 are discontinued later.  Metformin, given its effectiveness, low cost, tolerability and 
recommendation for use in pre-diabetes (American Diabetes Association, 2018), is often 
continued.

Following 1-yr of the Virta treatment, antihypertensive medication use declined 17.0% (from 
67.2 to 55.8% of the population prescribed any BP medication, (P=5.3x10-5) and diuretic use 
declined 24.8% (from 40.8 to 31.2%, P=0.0004).  Changes in ACE or ARB use (+2.0%, from 
29.4 to 30.0%, P=0.76) were not significant. Statin use did not change significantly (-6.6%, 
from 50.0 to 46.7%, P=0.15) (Bhanpuri et al., 2018). The use of any diabetes medication other 
than metformin declined 47.8% (from 56.9 to 29.7%, P<1.0x10-16). Use of individual diabetes 
prescriptions changed as follows: sulfonylureas, -100% (from 23.7% to 0%, P<1.0x10-16), 
SGLT-2 inhibitors -91.3% (10.3% to 0.9%, P=9x10-7), thiazolidinediones -73.3% (from 1.5% 
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to 0.4%, P=.23), insulin -44.0% (from 29.8% to 16.7%, P=4.3x10-9), DPP-4 -36.4% (from 9.9 
to 6.3%, P=.11), metformin -9.0% (71.4% to 65.0%, P=.04) and GLP-1 +7.5% (from 13.4% to 
14.4%, P=.67).  Reductions in sulfonylureas, SGLT-2 inhibitors and insulin use were statistically 
significant. Patients who continued to use insulin reduced daily dosage significantly (-48.9%, 
from 105.2 to 53.8 units, P<0.0001) (Hallberg et al., 2018). The usual care group showed 
a trend toward increased medication use at 1-yr; any antihypertensive (+15.7%, P=0.09), 
diuretics (+10.4%, P=0.44), ACE/ARBs (+27.2%, P=0.13), statins (+15.0%, P=0.04), any 
diabetes medication other than metformin (+9.0%, P=0.09), sulfonylureas (+7.9%, P=0.65), 
SGLT-2 inhibitors (+6.1%, P=0.78), thiazolidinediones (+21.0%, P=0.67), insulin (+6.9%, 
P=0.39), DPP-4 (+32.6%, P=0.37), metformin (+0.1%, P=0.99), and GLP-1 (+20.9%, 
P=0.44). For the usual care participants who continued using insulin, the average daily dose 
increased significantly (+16.6% from 96.0 to 111.9 units, P<0.0001).

Medication eliminations following initiation of a ketogenic nutrition plan in T2D patients has 
been previously demonstrated for sulfonylureas and DPP-4 inhibitors at three months and 
one year (Saslow et al., 2017; 2014). Hussain et al., 2012 also report medication reductions 
and eliminations upon initiation of a ketogenic diet in T2D patients.
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Conclusions
In published 1-yr results of a prospective longitudinal clinical trial comparing 262 
intervention subjects and 87 usual care subjects with type 2 diabetes, the Virta treatment 
has demonstrated substantial and sustained beneficial impact on cardiovascular risk 
factors including improvement in the 10-year ASCVD risk score, hypertension, atherogenic 
dyslipidemia, LDL partitioning, inflammation, diabetes and insulin resistance, obesity and liver 
function. Simultaneously, medication usage for hypertension and diabetes was significantly 
reduced. Usual care subjects showed no improvements in CVD risk factors and no medication 
reductions. Numerous published studies of nutritional ketosis and carbohydrate restriction 
provide precedence for the observed CVD risk factor improvements. Together these findings 
provide a robust case for both near-term and projected long-term improved CVD outcomes 
in Virta’s T2D patients.
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