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Broad cardiometabolic benefits were 
sustained over five years among people 
living with type 2 diabetes

Introduction Results

Conclusions

The American Diabetes Association (ADA), the European Association for the Study of Diabetes (EASD), and 
the American Heart Association acknowledge a very low carbohydrate diet as an effective lifestyle 
approach for type 2 diabetes (T2D).  We previously reported the rapid improvement and two-year durability 
of a very low carbohydrate intervention including nutritional ketosis (VLCI) delivered via continuous remote 
care (CRC) for safe, significant, and sustained reductions in glucose, weight, antihyperglycemic and 
antihypertensive medications, and broad cardiometabolic health improvements for people with T2D, 
including achievement of diabetes remission among a quarter of participants treated two years. Similarly, 
we reported significant improvements in weight and components of metabolic syndrome in people with 
prediabetes (preD) with reversion to normoglycemia in more than half of participants over two years. Here, 
we evaluated effects of the VLCI via CRC over five years in people with T2D and preD.

Methods
People with T2D and preD who were initially enrolled in a two-year non-randomized, controlled trial and 
received the VLCI via CRC were offered continued participation in a three-year prospective follow up. 
Of 194 people with T2D completing the two-year trial, 169 (87.1%) consented to the extension and 122 
(72.2%) were retained at five years. Fifty-eight (80%) of the preD cohort completing the two-year trial 
consented, and 78% completed five-year follow up. Among those who extended, baseline versus five-year 
changes in markers of metabolic health were assessed using LMM and ITT analysis. Changes in medications 
and percent of patients meeting glycemic targets among five-year completers with T2D and prevalence of 
weight loss (WL) thresholds and incidence of reversion to normoglycemia and progression to T2D among 
those with preD were described. 

Previously Published Two-Year Results

Results demonstrate that a VLCI delivered via CRC elicits sustained, clinically meaningful cardiometabolic benefits to people with T2D and preD over five years, enabling remission of T2D and reversion to 
normoglycemia in those with preD.
Nutritional changes drive rapid, durable, and significant improvements in cardiometabolic parameters and delivery through a continuous remote care model including health coaches and medical providers 
(physicians and NPs) facilitates sustainability of lifestyle changes and safe titration (mostly deprescription) of medication in accordance with glucose changes. 
Given the broad metabolic health benefits observed, future research might explore the application of this treatment for related chronic conditions such as heart failure and chronic kidney disease.

These data were originally presented at the American Diabetes Associationʼs 82nd Scientific Sessions (Diabetes 2022; 71 (Supplement_1): 832-P, 1176-P, 212-OR, 59-OR) and submitted to CMHC with permission.
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Veterans with T2D maintained 7% weight loss over two years
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HbA1c declined 0.6 — from 8.1 to 7.5%

41% fewer veterans required medication beyond metformin
N diabetes medications per patient declined from 

2.4 to 1.3 at 1y and 1.6 at 2y (p<0.05)

*
*

* *

Carbohydrate restricted nutrition therapy 
including nutritional ketosis enables deprescription 

of diabetes medication across all drug classes.

After two years, 42% fewer patients require insulin.

Medication Changes After One Year
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Medication Changes After Two Years

*

*

SULF INSULIN TZD SGLT2i DPP4 GLP1 METF

SULF INSULIN TZD SGLT2i DPP4 GLP1 METF

Athinarayanan SJ et al. Front Endocrinol. 2019;10:348. 

Change in markers of metabolic health over five years in a CRC emphasizing a VLCI

<<< Distribution of medication dose 
changes among prescribed users by 
medication class at 5 years.

After 5 years treatment, 50% fewer 
patients needed insulin. Among those 
continuing insulin at 5 years, dose was 
reduced 61% from 98 to 38 units per day.

Statin use was unchanged, while use of 
bile acid sequestrants, fibrates, niacin, 
omega-3 fatty acid ethyl esters, and 
ezetimibe significantly decreased.

Disclosures: The intervention studied is provided by Virta Health, who also funded the research. All authors are or were employees of Virta Health or are co-founders of Virta Health and have received salary and/or stock options. Virta Health 
has an interest in selling this service to employers, health plans, government entities, and directly to patients.

20% of patients treated five years achieved diabetes remission 

Conclusions

Baseline 5 years Change from Baseline

Hemoglobin A1c (%) 7.5 (7.3, 7.7) 7.2 (7.0, 7.5) -0.3 (0.0, -0.6) *

Fasting glucose (mg/dL) 158.5 (149.4, 167.6) 151.4 (142.9, 159.8) -7.2 (18.1, 3.8)

Fasting insulin (mIU/L) a 25.8 (23.4, 28.1) 17.9 (16.0, 19.7) -7.9 (-5.8, -10.0) *** Δ Δ Δ

HOMA-IR (insulin-derived), all a 9.1 (8.2, 9.9) 6.6 (5.8, 7.4) -2.5 (-3.5, -1.5) *** Δ Δ Δ

HOMA-IR excluding exogenous users a 8.9 (7.9, 9.9) 6.8 (5.9, 7.7) -2.1 (-3.2, -1.0) *** Δ Δ

Medication Effect Score (MES) 1.5 (1.3, 1.7) 0.9 (0.8, 1.0) -0.6 (-0.4, -0.8) *** Δ Δ Δ

Weight (kg) 116.4 (11.2.6, 120.2) 107.6 (104.2, 111.1) -8.8 (-6.6, -11.0) *** Δ Δ Δ

Total Cholesterol (mg/dL) 182.3 (176.1, 188.4) 179.6 (173.0, 186.1) -2.7 (-10.0, 4.5)

LDL-Cholesterol (mg/dL) 104.6 (99.5, 109.8) 100.0 (94.3, 105.8) -4.6 (-10.8, 1.6)

HDL-Cholesterol (mg/dL) 43.0 (41.0, 45.1) 50.6 (48.3, 52.8) 7.5 (5.5, 9.6) *** Δ Δ Δ

Triglycerides (mg/dL) a 202.3 (178.3, 226.4) 165.1 (147.3, 183.0) -37.2 (-62.7, -11.7) **

Non-HDL-cholesterol (mg/dL) 139.3 (133.2, 145.4) 129.0 (122.3, 135.6) -10.3 (-17.7, 3.0) **

Apolipoprotein B (mg/dL) 103.3 (98.9, 107.6) 100.0 (95.6, 104.5) -3.2 (-7.9, 1.5)

Apolipoprotein A1 (mg/dL) 146.9 (142.8, 151.0) 153.5 (148.8, 158.2) 6.6 (2.5, 10.7) ** Δ

hs C-reactive protein (nmol/L) a 7.8 (6.8, 8.9) 4.4 (3.6, 5.3) -3.4 (-4.2, -2.5) *** Δ Δ Δ

White blood cell (k/cumm) 7.2 (6.9, 7.4) 6.4 (6.1, 6.7) -0.7 (-1.0, -0.5) *** Δ Δ Δ

Alanine aminotransferase (ALT, U/L) a 29.2 (26.9, 31.5) 28.7 (26.1, 31.2) -0.6 (-3.4, 2.3)

Aspartate aminotransferase (AST, U/L) a 22.3 (20.8, 23.8) 22.9 (21.2, 24.6)  0.6 (-1.4, 2.7)

Alkaline Phosphatase (ALP, U/L) 74.0 (70.7, 77.2) 81.0 (77.4, 84.6)  7.0 (3.9, 10.1) *** Δ Δ Δ

Bilirubin (mg/dL) 0.6 (0.5, 0.6) 0.4 (0.4, 0.5) -0.1 (-0.1, -0.2) *** Δ Δ Δ

BUN (mg/dL) a 17.1 (6.4, 17.9) 17.4 (17.1, 18.8) 0.3 (-0.7, 1.2)

Creatinine (mg/dL) 0.9 (0.8, 0.9) 0.9 (0.8, 0.9) 0.0 (-0.0, 0.0)

eGFR (mL/min/1.73m2) 80.0 (78.1, 82.0) 78.3 (76.2, 80.4) -1.7 (-0.0, 3.5)

Enrollment 5 Years Change
HbA1c (%) 5.9 (5.9, 6.0) 5.9 (5.8, 6.0) -0.0 (-0.2, 0.1) 
Fasting glucose (mg/dL) 112 (108, 116) 108 (103, 113) -4 (-9, 1)
Fasting insulin (mIU/L) a 22.2 (19.0, 25.4) 17.5 (14.2, 20.9) -4.7 (-8.5, -0.8) * 
HOMA-IR (insulin-derived) a 6.1 (5.2, 7.0) 4.7 (3.8, 5.7) -1.4 (-2.5, -0.3) * 
Weight (kg) 109.2 (103.2, 115.2) 103.4 (98.1, 108.7) -5.8 (-8.8, -2.8) *** Δ Δ 

BMI (kg/m2) 38.8 (36.9, 40.8) 36.6 (35.0, 38.4) -2.2 (-3.3, -1.1) ***

Note. Estimated means and confidence intervals were derived from linear mixed effect model using the maximum-likelihood approach 
adjusted for within-subject correlation of measures. The following covariates were also included in the models: baseline age, sex. race, 
body mass index, insulin use, and diabetes duration. An additional covariate, statin use, was included in the models for cardiovascular 
and inflammatory markers. 
P-values were adjusted using Holm-Bonferroni sequential corrections. Both adjusted and unadjusted significant p-values are listed in 
the table.
Δ Δ Δ adjusted p-value <0.001; Δ Δ   adjusted p-value <0.01; Δ adjusted p-value <0.05; *** unadjusted p-value <0.001; ** unadjusted 
p-value <0.01; * and unadjusted p-value <0.05
a Variable with non-normal distribution. Analyses were conducted on data excluding the top 1% of values for each variable (skew and 
kurtosis fell within acceptable ranges).
Abbreviations. CI, confidence interval; HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low density lipoprotein; 
HDL, high density lipoprotein; hs, high sensitivity; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate. 

Metabolic Condition Baseline  1 Year  2 Years 
 n Mean±SE n Mean±SE n Mean±SE 
Prediabetes (%)  96 100.0±0.0 70 54.0±6.0*** 63 67.0±5.9***
Normoglycemia (%) 96 0.0±0.0 70   46.0±6.0*** 63 33.0±5.9*** 
Type 2 Diabetes (%) 96 0.0±0.0 70    4.0±2.7* 63 5.0±3.1**
Metabolic Syndrome (%) 94 94.0±2.5 65    30.0±5.7*** 47 49.0±7.1*** 
Obesity ≥ Class II (%) 96 67.0±4.8 77    38.0±5.5*** 72 43.0±5.6***
Suspected Steatosis (%) 89 88.0±3.5 58    41.0±6.1*** 42 48.0±6.5*** 

Among people living with type 2 diabetes

Among people living with prediabetes

McKenzie AL et al. Nutrients. 2021; 13(3):749. *** p<0.001, ** p=0.02, * p=0.04 

STANDARD CARE VLCI with CRC

Metabolic Disease
A1c (absolute change, % units) +0.5 -1.0
Weight +5% -12%

HOMA-IR +49% -32%

Inflammation hsCRP -13% -35%

Cardiovascular
Systolic Blood Pressure 0% -5%
Diastolic Blood Pressure 0% -4%

Triglycerides -12% -22%

Liver
NAFLD: Liver Fat Score +20% -74%

NAFLD: Fibrosis Score +75% -71%

Medication Changes

Patients on Diabetes-Specific  Medications +18% -52%
Patients on Insulin +18% -62%
Patients on Cholesterol/Statin Meds +20% -7%

Patients on Blood Pressure Meds +11% -14%

 REGRESSION TO NORMOGLYCEMIA 

Crude incidence to first occurrence: 
18.9 cases per 100 person-years

Estimated cumulative incidence 
over 5 years: 55.6%

PROGRESSION TO TYPE 2 DIABETES

Crude incidence: 
2 cases per 100 person-years

Estimated cumulative incidence 
over 5 years: 12.2%

Clinically significant weight loss at 5 years
5.8% weight loss at 5 years    48% with ≥5% weight loss
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Clinically significant weight loss at 5 years

Prevalence of normoglycemia and type 2 diabetes

13±665±722±6

The estimated mean percentage were from generalized estimating equations (GEE) with binary logistic models and unstructured covariance matrices. The following co-variates were also 
included in the models: baseline age, sex. race, and baseline metformin use. Missing values for intent-to-treat analysis were multiple imputed 40 times. 

100

The percentage of patients prescribed diabetes medication other than metformin 
alone decreased from 55.7 to 32.8%

After 5 years, A1c did not rise and HOMA-IR improved with sustained weight loss 

Percent of Patients Treated 5 Years

People living with prediabetes maintained clinically significant weight loss, 
most reverted to normoglycemia, and few progressed to type 2 diabetes

48% of people maintained 
at least 5% weight loss

at five years

26% reduction in BMI≥40, 
20% reduction in moderate risk obesity, and 

3x increase in those no longer living with obesity


