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Abstract: Type 2 Diabetes (T2D) is a major public health concern. We have previously shown that the biochemical 
functions of the gut microbiome contribute to the postprandial glucose response and built a machine learned 
(ML) model that can personalize dietary choices using a stool metatranscriptomic test. We integrated this data-
driven personalized nutrition process into the Viome Precision Nutrition Program (VPNP), which includes 
sample collection kits (capillary blood and stool), an AI/ML nutritional recommendation engine, and an app for 
digital delivery of dietary recommendations. To test the efficacy of VPNP, we conducted a decentralized, 
blinded, randomized, placebo-controlled trial in a prediabetic and diabetic adult population in the USA, with 
HbA1c as the primary endpoint. For this pilot trial, we recruited 27 participants and randomized them into two 
arms. The placebo arm included sample collection, digital delivery of the USDA dietary recommendations, and 
physical delivery of supplements filled with inert material. The VPNP (interventional) arm included digital 
delivery of data-driven and personalized dietary recommendations, and physical delivery of precision 
supplements. The nutritional intervention lasted ~90 days. The ANCOVA analysis method was employed to 
control for potential confounders measured at baseline. VPNP intervention (n=12) reduced HbA1c more than 
the placebo (n=15) in a clinically significant manner (HbA1c difference of 0.42%, p = 0.028). We demonstrate that 
a precision nutrition program based on stool and blood metatranscriptomic data and AI/ML analyses can 
significantly reduce HbA1c relative to USDA recommended nutrition in a prediabetic and diabetic population. 
These results suggest that integrating data-driven precision nutrition into the healthcare system could reduce 
the burden of T2D. 

1. Introduction 
Type 2 diabetes (T2D) is a formidable challenge in the realm of public health, as it affects 

hundreds of millions globally, its incidence is increasing, and it has been identified as a risk factor for 
other chronic conditions [1–5]. This metabolic disorder, characterized by insulin resistance and 
subsequent hyperglycemia, reflects dramatic shifts in lifestyle and dietary patterns that have been 
occurring in the last few decades [6–8]. The urgency to address the growing T2D epidemic stems 
from its high prevalence, many serious complications, large cost of management, and a significant 
role as a nexus in the interplay of other chronic diseases. Obesity, cardiovascular diseases, renal 
complications, and neurological and neurodegenerative disorders often trail in the wake of T2D, 
underscoring the systemic impact of this condition [9–12]. 

The hallmark of T2D is hyperglycemia, which results from the combination of insulin 
dysregulation and consumption of foods that contain digestible carbohydrates [13]. While low 
carbohydrate diets can reduce hyperglycemia, they may not be well tolerated, can be difficult to 
follow for prolonged periods, may remove many essential nutrients from the diet, and may cause 
increased mortality [14–17]. Therefore, the best overall solution to a healthy human physiology may 
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be a data-driven moderate carbohydrate diet whose cumulative postprandial glycemic response is 
minimized, yet provides all essential nutrients found in carbohydrate-rich foods. We have previously 
developed machine learned models that predict the postprandial glycemic response based on a 
metatranscriptomic stool (gut microbiome) test [18]. We integrated these models into the Viome 
Precision Nutrition Program (VPNP) and tested it retrospectively in a longitudinal study, which 
showed reduced T2D molecular signature in a large population (~3,000 participants), and the effect 
strongly correlated with the adherence to VPNP [19]. These results gave us confidence to conduct a 
prospective, blinded, randomized, placebo-controlled trial, whose design, execution, and results are 
presented in this report. Our hypothesis was that VPNP can reduce HbA1c in adults with prediabetes 
and diabetes. 

2. Materials and Methods 
2.1. Study Design and Ethical Approvals.  

This was a prospective, decentralized (direct to participant), blinded, randomized, placebo-
controlled trial with an intervention lasting ~90 days. The study was registered at 
www.clinicaltrials.gov (https://clinicaltrials.gov/study/NCT05465616) and approved by a federally 
registered Institutional Review Board. The participants were blinded in terms of interventional arm 
assignment.  

2.2. Patients and Randomization. 
 Participants were recruited in the USA via digital advertisements. The inclusion criteria were 

as follows: signed and dated informed consent form and medical release, ages 18 years or older, able 
to speak and read English, HbA1c between 5.7-8.9% (inclusive) tested within the past 30 days, willing 
and able to visit a clinical laboratory, willing and able to follow the trial instructions and dietary 
recommendations, willing and able to use a smartphone and Viome app. The exclusion criteria were 
as follows: current or previous use of medications that increase insulin (sulfonylureas, such as 
glimepiride, glipizide, glyburide, etc.), current or previous use of exogenous insulin (such as Tresiba, 
Lantus, Toujeo, Levemir, Humalog, Novolog, Apidra, Fiasp, etc.), antibiotic use in the previous 
month, gestation within the previous six months, on a specific diet (e.g. ketogenic) for the purpose of 
reducing HbA1c and/or weight within the previous month, allergy to an ingredient in the Viome 
supplements, currently on an investigational product, significant surgery or medical procedure 
planned, planned diet or lifestyle change during the trial period (except those appropriate for the trial 
arm), has previously followed Viome nutritional recommendations (foods and/or supplements). 
Participants that met the eligibility criteria were enrolled into the trial and randomly assigned to the 
VPNP group or placebo control group using blocked randomization by age (<50 and >=50), sex, and 
Hba1c levels (5.7-6.4%, 6.5-7.9%, and 8-8.9%), self reported at this stage. After randomization, final 
eligibility for each participant was confirmed by sending them to a clinical lab and verifying their 
HbA1c levels were within the inclusion criteria. 

2.3. Trial Endpoints (Outcome Measures) 
The primary endpoint was glycated hemoglobin (HbA1c). The secondary endpoints included 

fasting insulin and fasting glucose. These endpoints were measured at a clinical laboratory before 
and after the ~90 day intervention. 

2.4. Sample Collections and Lab Analyses 
In addition to visiting a clinical laboratory for measuring the endpoints, each participant 

collected stool, blood, and saliva samples at home, both before and after the intervention. Sample 
collection kits included sample tubes with RNA preservative, collection instructions, and prepaid 
mailers. For VPNP arm participants, the blood and stool samples collected at baseline were analyzed 
using clinically validated and licensed RNA sequencing (metatranscriptomic) methods to generate 
personalized nutritional recommendations, as previously described [20–23]. 
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2.5. Interventions 
The intervention for all participants lasted ~90 days. The Viome Precision Nutrition Program 

(VPNP) arm participants received personalized nutritional intervention that consisted of Viome 
supplements, Viome biotics (prebiotics and probiotics), and food recommendations. The process of 
converting RNA sequencing data and survey answers into personalized nutritional 
recommendations was previously described [19]. The supplements and biotics were physically 
delivered to each participant, whereas food recommendations were delivered digitally. The foods 
were grouped into four categories: avoid, minimize, enjoy and superfoods. Avoid foods should not 
be consumed at all for the duration of the study; minimize foods may be consumed in small amounts 
totaling less than 20% of daily caloric intake; enjoy foods can be eaten at any frequency and are 
encouraged to be consumed regularly to add diversity to the diet; superfoods are recommended to 
be eaten daily and should be included in each meal. VPNP arm participants received different foods 
under these categories, depending on their sample results and their responses to the surveys. The 
nutritional recommendations are not one-size-fits-all but are tailored to individual needs and health 
goals. VPNP does not incorporate any recommendations that would reduce the carbohydrate intake. 
Instead, it enables the participant to consume foods that are predicted to minimize their postprandial 
glucose response (PPGR), and minimize or avoid foods that are predicted to spike PPGR, based on 
previously-developed machine learned algorithms [18]. Similar to the nutritional recommendations, 
the supplements and biotics were also tailored to each participant and consist of prebiotics, 
probiotics, herbs, amino acids, vitamins, minerals and food extracts. Each VPNP arm participant’s 
formula for the supplements and biotics was based on the individual's test results and their responses 
to the surveys. As a result, each precision supplement formula was unique to the individual. The 
nutritional intervention for the placebo arm participants consisted of a daily placebo capsule with 
inert ingredients and a standard healthy diet recommended to Americans by the USDA (Dietary 
Guidelines for Americans, https://www.dietaryguidelines.gov/). All study participants in the control 
arm took the same supplement and followed the same nutritional recommendations. 

2.6. Statistical Analysis 
The interim analysis described here was performed when at least 50% of the target enrollment 

was achieved. Analysis of covariance, with adjustment for sex, age, body mass index (BMI), and the 
baseline measure (primary or secondary endpoint) was used to compare the differences between the 
VPNP and the placebo groups. A difference of 0.40 units in Hba1c between the two arms was 
considered to be clinically significant.  

3. Results 
For this interim report from the randomized, blinded, placebo-controlled trial, we include data from 

27 participants with pre-diabetes and diabetes that completed the trial (Figure 1 and Table 1). Primary 

and secondary endpoints were measured prior and post intervention at a nationally recognized 

clinical laboratory network. The intervention lasted ~90 days, and there were no adverse events 

reported by any participants in the VPNP arm. HbA1c data were included in the analysis from all 27 

participants. Fasting insulin and fasting glucose data were analyzed from a subset of 19 participants, 

since the clinical lab that performed the tests could not confirm the fasting status for eight 

participants. 
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Figure 1. graphical overview of the trial. 

Table 1. Participant characteristics. 

 VPNP (n= 12) Placebo (n= 15) 

Female n (%) 9 (75) 10 (66.7) 

Age n (%)   

  < 50  4 (33.3) 6 (40) 

 > 50 8 (66.7) 9 (60) 

Hba1c (%)   

 Prediabetes (5.7-6.4) 10 (83.3) 6 (40) 

 Low diabetes (6.5-7.9) 1 (8.3) 9 (60) 

 High diabetes (8.0-8.9) 1 (8.3) 0 (0) 

Analysis of covariance, with adjustment for sex, age, BMI, and the baseline HbA1c measure was 
used to compare the differences between the two trial arms at three months. All three endpoints 
improved in the VPNP arm relative to the placebo arm (Table 2). 
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Table 2. Pre-post measurements. 

Measures 
VPNP 

n 
Placebo 

n 

VPNP Placebo  VPNP - 
Placebo 

difference P value Baseline 3 months Baseline 3 months 

Hba1c (%) 12 15 6.32 ± 0.76 5.99 ± 0.46 6.51 ± 0.57 6.53 ± 0.65 -0.42 0.028 

Fasting Insulin 
(mIU/L) 7 12 10.36 ± 7.91 7.29 ± 3.95 13.41 ± 9.35 14.26 ± 10.02  -5.05 0.117 

Fasting glucose 
(mmol/L) 7 12 118.43 ± 39.73 103.57 ± 17.43  116.25 ± 22.81 126.08 ± 38.65  -25.89 0.086 

 

 
Figure 2. Hba1c changes from baseline to 3 months post intervention. 

4. Discussion 
The prevalence and incidence of T2D are increasing worldwide, including younger populations. 

It has become clear that diet plays a significant role in the onset and progression of T2D, starting from 
insulin resistance to full-blown disease. However, choosing which diet to follow is a very 
controversial topic. The main reason, we think, is that nutritional studies have focused on the average 
human, asking if a certain food is good or bad for them. In reality, these findings do not apply to the 
vast majority of people, as foods need to be personalized, taking into account each person’s 
microbiome, immune system, genetics, environment, etc. One example is the glycemic index, which 
applies to the average human. However, as others and we have shown, different people can have 
very different PPGR to the same foods [18]. 

Because we know that different people will have individualized responses to nutritional 
ingredients, we have developed the Viome Precision Nutrition Program (VPNP), a personalized 
nutritional intervention whose goal is to maintain or re-establish the healthy homeostasis in the 
human body by modulating human and microbial physiology using nutritional ingredients [23]. 
VPNP is based on the technology platform that uses a person’s biochemical and phenotypic data to 
compute a highly personalized diet and supplement recommendations. The mathematical algorithms 
that compute the nutritional recommendations have been trained on very large datasets [18,22]. 

Here, we report the results of a pilot, blinded, randomized, placebo-controlled trial that tested 
the efficacy of VPNP on three major metabolic disease endpoints: HbA1c, fasting insulin, and fasting 
glucose. As shown in table 2 and figure 2, the VPNP improved all three endpoints relative to placebo. 
These results represent an interim analysis of the trial data, with the trial continuing on. These 
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preliminary results are very encouraging, for several reasons. Not only was the HbA1c improved, 
which is likely due to the data-driven personalized carbohydrate choices, but the fasting insulin and 
fasting glucose also improved. This is very important, since elevated fasting insulin and fasting 
glucose are hallmarks of insulin resistance, which is required for further disease progression into type 
2 diabetes (T2D). If we can effectively reverse insulin resistance, it would truly prevent the onset of 
T2D, and have many positive downstream effects on humanity. Just like all other trials, this study 
has some limitations. This report includes the results of an interim analysis, and most of the 
participants fell into the prediabetes category. However, it is very encouraging that we are seeing 
positive results for HbA1c, even though the average baseline HbA1c was only 6.41%. Despite 
observing a greater reduction in fasting insulin and fasting glucose in the VPNP group, the sample 
size was too small to observe a significant difference; for this reason, the trial is continuing. 

5. Conclusions 
In this pilot, blinded, randomized, placebo-controlled trial, we measured the effects of data-

driven personalized diet and supplements on core metabolic biomarkers: HbA1c, fasting insulin, and 
fasting glucose. The personalized nutritional intervention lasted approximately 90 days, and 
compared to placebo, improved all three endpoints. The data-driven personalized nutritional 
program reduced HbA1c clinically significantly. Further investigations with a larger sample size are 
needed to observe a significant reduction in fasting insulin and fasting glucose, which are required 
for further disease progression into T2D. 

Data Availability: Supporting data is not applicable. 
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