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Coronary Artery Disease (CAD) is the result of multiple factors — many of which are now routinely tested for - which interact with each other and the patient to
produce an inflammatory effect within the walls of the coronary arteries, impairing the ability of these arteries to increase coronary blood flow when needed. Fundamental
to changes in these multiple factors as measured by blood tests, are the effect various diets have when consumed by people for an extended period of time. However,
changes in these blood tests are poorly correlated with changes in CAD - limiting our current knowledge about the true effect these diets have on CAD. This paper takes
a look at the only studies, which have looked at the impact of LowCarb-Ketogenic diets (LCKD) on these blood tests and corresponding changes in CAD.

Introduction

It is well recognized that coronary artery disease and cancer
are the result of inflammatory changes, which occur within
the tissues of the body - specifically the walls of the coronary
arteries (CAD) and within the specific organ (e.g. breast, colon)
tissue in question [1-3]-and not the blood (Figure 1). Despite
this obvious difference between blood and tissue, medical
studies looking at the impact of diets and drugs have primarily
utilized changes in qualitative or at best semi-quantitative
imaging [4-8], weight and blood tests to monitor presumed
changes in heart disease and cancer.

However, changes in heart disease and cancer cannot be
measured through the mere use of blood tests alone, since these
blood tests merely tell us what is happening within the blood
and not what is happening in the tissues of the body proper
[9-11]-hence, the persistent debate about the consequences
of different diets or drugs, and the potential risk for CAD and
cancer [12-17]-and the persistent doubt and confusion by the
public and media [18-21]. This review looks at the information,
which exists in the few studies that have actually compared
changes in CAD with changes in weight and blood tests, which
measure markers of CAD inflammation.

The only published studies, which have looked at low
carbohydrate ketogenic diets (LCKG)-discussed in this paper

-have shown variable changes in weight loss and blood tests,
while simultaneously showing progression of CAD at the tissue
level when semi-quantitatively measured.

Foundational work

The original work leading up to the investigation of LCKD
began in the early to mid-1990s [22] and was associated with
the development of the Inflammation and Heart Disease Theory [1].
The initial focus was the impact of dietary and drug treatment
on total cholesterol and triglyceride levels. A total of 70-subjects
were divided into four treatment groups including a control
group (Group 1) who received neither dietary counseling nor
medications to reduce lipid levels. A second group (Group 2)
received 18-months of dietary counseling encouraging them
to follow a vegetarian diet. Alternatively, they were provided
with dietary instructions on AHA step I and II. A third group
(Group 3) received dietary counseling for their first 6-months
of the study with lipid lowering medications for the duration
of 18-months -thus providing information on what happens
when patients no longer receive dietary counseling. The final
group (Group 4) were followed initially for 18-months without
any intervention and then were placed on lipid lowering
medications for 18-months.

While the study is not very sophisticated by today’s
standards, it demonstrated the importance of continued dietary
counseling. As shown in Figures 2 and 3, continued dietary

Citation: Fleming RM, Fleming MR (2020) The Impact of Low Carb-KETO Diets on CAD-Why more Research is needed. J Cardiovasc Med Cardiol 7(2): 110-121. DOI:

https://dx.doi.org/10.17352/2455-2976.000124



™ PeertechzPublications

Figure 1: The Fleming Unified Theory of Vascular — Coronary Artery Disease. [1].
The various factors involved in the process of coronary artery disease inflammation are schematically shown as they interact with each other and the walls of the coronary
arteries. The resulting inflammatory process initially impairs the ability of the coronary arteries to dilate upon demand to increase coronary blood flow and later will encroach
upon the coronary lumen making it visible by coronary arteriography [1,4,5].

counseling (Group 2) had the greatest impact on lowering total
cholesterol levels, while Group 3, which received lipid lowering
medications and at least 6-months of dietary counseling had
the greatest impact on lowering triglyceride levels. Doing
nothing (Group 1) or using medications alone (Group 4),
showed either worsening of lipid levels or a blunted response
compared to those who received dietary counseling. Thus this
study demonstrated the absolute necessity of modifying diet
to obtain maximum benefit from medications used for lipid
reduction.

This foundational work not only demonstrated the
importance of dietary counseling but the importance of
providing sufficient time for that counseling and by someone
with experience in nutrition. Thus establishing the foundation
for the studies, which followed thereafter.

Coronary artery disease is aggressive and is caused by
more than just cholesterol

As mentioned previously, during this period of investigation
into the role dietary counseling plays in the successful
treatment of CAD, the first author developed the theory of
Inflammation and Heart (Vascular) Disease [1]. The understanding
of these multiple factors producing CAD inflammation -
discussed on 20/20 and in Stop Inflammation Now! [23]-and
the aggressiveness of inflammatory CAD was demonstrated
through Positron Emission Tomography studies.

https://www.peertechz.com/journals/journal-of-cardiovascular-medicine-and-cardiology

The first publication demonstrated the aggressiveness with
which CAD could progress [24], when a 41-year old father
showed progression from mild to severe CAD within 104-days
of changing his dietary habits - signaling for the first time
the potentially life threatening changes to coronary blood flow,
which can occur from dietary change alone.

The second paper investigated the effect of a vegetarian
diet with stress reduction on both myocardial blood flow and
myocardial viability — the first such study to do so [25]. In
this study 31-participants were followed for 1-year after being
placed on a vegetarian diet with stress reduction and lifestyle
management. The studyused13N-Ammonia(NH) for myocardial
perfusion imaging (MPI) and 18F-Flurodeoxyglucose (FDG)
for viability. Of the 224 segments (7-segments per patient per
study) studied, 25.9% showed improvement, 49.6% stabilized
without significant change and 26.3 % showed progression of
disease — despite improvements in lipid levels-demonstrating
that more than lipid levels were involved in the process of
developing inflammatory coronary artery disease.

These two papers provided confirmation of the Inflammation
and Heart Disease Theory first discussed at American Heart
Association meetings in the mid to late 1990s and published
in 1999 [1] and the need to investigate the multi factorial
components of Inflammation and Heart Disease (Figure 1) in any
further studies investigating either the effect of diets, drugs or
their combined effect upon heart disease.

[ ]
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Figure 2: Changes in total cholesterol levels over 18-months.

Changes in total cholesterol levels as measured by those who received no
treatment (Group 1), those who receive dietary counseling only (Group 2), those
who received dietary counseling for 6-months and lipid lowering medications for
18-months (Group 3) and those who received lipid lowering medications without
dietary counseling (Group 4).
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Figure 3: Changes in triglyceride levels over 18-months.
Changes in triglyceride levels as measured by those who received no treatment
(Group 1), those who receive dietary counseling only (Group 2), those who received

dietary counseling for 6-months and lipid lowering medications for 18-months
(Group 3) and those who received lipid lowering medications without dietary
counseling (Group 4).

Investigating dietary impact on a multi factorial theory
of inflammation and heart disease

With an enhanced understanding of the inflammatory
causes of CAD and what needed to be measured, the next study
began measuring not only cholesterol and triglyceride levels,
but also, fibrinogen, homocysteine, lipoprotein(a), c-reactive
protein, the potential influence of certain bacterial pathogens
[26] and coronary blood flow itself-using the then available
semi-quantitative method of percent of area (extent) and
percent reduction from maximal blood flow shown during the
cardiac imaging (severity).

The first of the LCKD studies [27]

At this point the first author had no plans to investigate
LCKD of any kind. The premise that eliminating the fundamental
fuel used by the body for the alternative back up fuel had no
rationale for expecting this approach to be beneficial to the
coronary arteries. Instead he focused on the information at
hand-which had itself, only shown improvement in CAD in a
quarter of the arterial segments investigated [25].

https://www.peertechz.com/journals/journal-of-cardiovascular-medicine-and-cardiology

In 26-individuals, both a MPI using single photon
emission computed tomography (SPECT) imaging and an
echocardiogram were obtained at the beginning and end of a
1-year period of time. The dietary counseling instructed each
individual to consume approximately 10-kcal/pound body
weight/day. The goal was not to obtain weight loss but to
maintain weight while determining the effect of a diet, which
was 70% complex carbohydrates, 15% protein and 15% fat with
a ratio of 2:1 polyunsaturated and monosaturated, to saturated
fats. In addition to the dietary instructions, participants also
received medical management as detailed in the paper.

Blood tests were obtained every 6-weeks looking at total
cholesterol, LDL cholesterol, HDL cholesterol, triglyceride,
fibrinogen, homocysteine, lipoprotein(a), and C-reactive
protein. Our expectation-based upon our prior dietary
counseling experience [22]-was that participants were
following the recommended changes in dietary intake.
However, once the SPECT imaging and echocardiograms had
been completed for all participants in the study and the results
were analyzed-it was clear there were two completely different
sets of outcomes for a group of people who were supposedly all
following the same dietary regimen.

One group of people showed improvement in their coronary
blood flow with recovery of viable myocardium in 43.75% of
their heart segments studied. The other group showed a 5-10%
progression of CAD and deterioration in their coronary blood
flow with no recovery of viable myocardium.

After thorough conversations with each study participant, it
was discovered that those who showed improvements in their
CAD had followed the prescribed dietary regimen (Treatment
Group-TG), while those who experienced deterioration in
coronary blood flow had all followed a High-protein (HPG)
LCKD. This, as it turned out, would be the first study, which
actually measured the impact of LCKD.

As shown in Table 1, the LCKD group showed increased
levels in their measured blood tests, while the first group
showed improvements-and even though the differences in
these blood tests were not statistically significant-what was
statistically significant was the change in coronary blood flow
(p < 0.001) shown in Table 2.

Not only was this the first study on the effect of LCKD, but it
also demonstrated that the use of indirect blood-tests-markers
for assessing the inflammatory process occurring within the
walls of the coronary arteries, is inadequate and missed the
treatment effect of dietary changes and if it misses the effect
of dietary change, it most probably misses the treatment effect
of drugs and interventional procedures as well.

The second of the LCKD studies

Following the continued measurements and discordant
outcomes between serum blood tests routinely used to monitor
treatment of CAD risk factors-including markers of lipids and
inflammation-the next study was divided into two parts. The
first part was to compare the outcomes of four fundamentally
different diets, while the second part combined the results
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Table 1: Measured changes in blood tests from baseline. The treatment group representing those who followed the recommended dietary regimen and the high-protein

group representing those following a LCKD.

Independent Variable Changes by Group

Treatment Treatment

Group Group
Independent Variable Initial Values Final Values
Weight 178.7 182.7
Homocysteine 8.9 8.7
Lipoprotein (a) 47.5 57.6
C-reactive protein 0.9 0.4
Triglycerides 215.2 246.7
Total cholesterol 222.6 188.6
HDL cholesterol 50.6 46.5
LDL cholesterol 132.8 117.3
VLDL cholesterol 39.2 24.8
Fibrinogen 371.1 347.9

Percent Change

High-Protein High-Protein Percent Change

in Treatment Group Group in High-Protein

Group Initial Values Final Values Group
+2.2 194.7 194.3 0.2
2.8 6.9 9.0 +3.0
+21.2 5.0 10.5 +110.0
52.1 3.0 1.2 +61.0
-38.8 108.5 169.3 +56.0
-15.3 132.5 156.7 +18.2
-8.0 50.0 45.7 -9.6
-11.7 60.5 77.3 +27.8
-36.8 21.5 33.7 56.6
6.2 292.0 329.5 +12.8

Table 2: Semi-quantitative changes in coronary blood flow as measured using Single Photon Emission Computed Tomography (SPECT) Imaging.

Changes in Extent and Severity of Disease

Percent

Percent

Percent Percent Percent Percent Percent Percent Percent Percent
Extent Severity Extent Severity Extent Severity Extent Severity Extent Severity
LAD LAD RCA RCA LCx LCx L-C L-C Total Total
TG -4.7 -5.0 -6.1 -10.3 -6.9 -8.2 -5.2 -3.2 22.9 -21.8
HPG +1.5 +8.0 +5.2 +18.1 +15.3 +12.7 +17.7 +13.2 +39.7 +52.0
p Value <0.20 <0.005 <0.005 <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 <0.001

TG
L-C = left anterior descending-left circumflex, p value

of all study participants independent of diet treatment, and
their semi-quantitative measures of MPI to determine the
relationship between changes in surrogate markers of heart
disease (cholesterol-HDL, LDL, VLDL, triglycerides, insulin
resistance-TG/HDL, fibrinogen, homocysteine, lipoprotein(a),
CRP and interleukin-6-IL) and actual measured changes in
CAD.

In the first part of the study [28], 28-people were placed on
a moderate fat (MF) diet, 16-people followed a Phase I Fleming
Diet (Phase I)-explained in further detail elsewhere [23,29],
38-individuals were placed on Phase II Fleming Diet (Phase II),
and 38-participants were placed on a high fat (HF) LowCarb-
Ketogenic Diet (LCKD), as shown in Table 3.

treatment group, HPG = high-protein group, LAD = left anterior descending, RCA = right coronary artery, LCx
level of statistical significance between groups.

left circumflex,

As expected serum lipid levels and markers of inflammation
increased as the fat content of the diet increased; however, the
LCKD (HF) diet showed the most increase and was the only
dietary regimen associated with an increase in fibrinogen
levels. The results of the changes in these blood tests are shown
in Table 4, Figure 4.

The importance of these measured changes in blood levels
of lipids and markers of inflammation cannot be overstated,
as they are consistent with what others have reported in the
literature [30,31]; however, the question remains — as raised
[24,25,27] previously-how reliable are changes in these blood
tests as they relate to measured changes in CAD? For this, we
turned to the second part of the study [9].
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Table 3: Four fundamentally different diets investigated for their impact on serum blood markers of hyperlipidemia and inflammation [1].

DieT TorAL CALORIES Far CARBOHYDRATES PROTEIN
(kcAL/DAY) (G/% KcAL/TOTAL (G/% kcaL/TOTAL (G/% kca/ToTAL
KCAL/DAY ) KCAL/DAY ) KCAL/DAY )
Typical American diet 2200 85/35%/770 275/50%/1100 82/15%(330
High-fat 1400-1500 97/55%—-65%/870 36/10%/145 100/25%-30%/400
Moderate-fat 2000-2200 58/20%—30%/525 315/60%/1260 79/15%/315
Moderate-fat, calorie- 1500-1600 26/15%/232 271/70%/1085 58/15%/232
controlled (phase II)
Low-fat (phase I) 1300-1400 15/10%/135 253/75%/1012 51/15%/202

Table 4: Changes in weight, lipid and inflammatory blood tests, from baseline following four prescribed dietary regimens at 4-, 8- and 12-months.

Percent Change From Bascline Values for Each of the Independent Variables Studied
Diet oW1 %TH
MoONTH 4 8 12 EFFECT 4 8 12 EFFECT
MF 0 0.8 -2.6 4 MEF +2.1 +3.8 -5.3 -
Phase | -8.0 -14.2 —-18.4 1 Phase | =292 —44.3 —45.8 !
Phase Il -5.5 -9.2 -12.6 l Phase I -13.8 -27.4 -34.7 l
HF 7.5 -109  -13.7 L HF 14 +1.8 +9.8 T
%T( \ %TG
MEF +3.0 +1.7 5.0 l MF +6.5 +6.0 +1.0 T
Phase | -24.5 -379 -39.1 1 Phase | -11.8 -31.3 -37.3 l
Phase 1l -14.0 -24.7 -30.4 ! Phase 11 -17.5 -31.5 -36.9 l
HF 0.7 F LS F4.3 i} HF =35 £33 +5.5 T
% LDL %Ho
MF £3.7 +2.6 6.1 l MF +7.2 +6.2 +9.7 T
Phasel  -35.2  -512 =520 1 Phasc I 4.2 -11.1 -13.6 1
Phase Il -17.7 -31.1 -38.8 1 Phase 11 9.3 -12.2 ~14.6 )
HF +13 F1.5 +6.0 T HF F6.8 +9.4 F12.4 T
9% HDL Y% Lp(a)
MF -0.8 3.4 -1.5 3 MF +7.4 +7.1 4.7 T
Phasc | +3.6 +7.8 +9.0 T Phase | -3.6 +1.1 7.4 l
Phase Il +1.0 +2.4 +3.6 T Phase 1 2.7 -5.8 -10.8 1
HEF +3.4 -1.9 -5.8 1 HF F10.8 +28.3 310 T
%Fib
MF S = -0.6 d
Phasc 1 - - -11.0 l
Phasc Il - - -6.3 =
HF - - +11.9 T
MF=modecrate fat; HF=high fat; %Wt=percent change in weight; %TC=percent change in total cholesterol;
Y LDL=percent change in low-density lipoprotemn cholesterol; %oHDL=percent change in high-density lipoprotemn
cholesterol; %o T/H=percent change in TCG/HDL-C ratio; %TG=percent change in triglycerides; %aHo=percent
change in homocysteine; %oLp(a) =percent change in hipoprotein(a); %oFib= percent change in fibrinogen

One of the very fundamentals aspects involved in diagnosing based medicine [32-34] and our ability to depend upon our
and treating patients is the use of applicable tests to determine test results to provide meaningful/useful data to guide our
(A) if a problem is present, and (B) has treatment helped the treatment.

patient. Reliance upon these tests is determined by outcomes
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Figure 4: The bar graphs show the percent change from baseline for weight and each of 8-meausred blood tests for lipids and inflammation at 4-, 8- and 12-months on each

of four dietary regimens.

While it is clear what many of the factors responsible for the
production of inflammatory CAD plaques and their subsequent
impairment in regional coronary blood flow producing angina
are [1], the questions remained: What is the relationship
between the measured lipid and inflammatory markers and
CAD itself? [1], and What is the relationship between changes
in these blood tests and changes in measured CAD itself?

By combining the results of all the study participants
together, with their resulting increased and decreased changes
in lipid and inflammatory markers from baseline, the changes in
these blood tests were compared with the changes in measured
coronary blood flow [9].

When baseline values and changes in coronary blood
flow following a year of dietary treatment was compared
with baseline values and 1-year changes in Total Cholesterol
(TC), Low-Density Lipoprotein cholesterol (LDL), Very
Low-Density Lipoprotein Cholesterol (VLDL), High-Density
Lipoprotein cholesterol (HDL), Triglycerides (TG), TG/HDL
(Insulin Resistance), lipoprotein(a)-(Lp), Homocysteine (Hcy),
Fibrinogen (Fib), C-Reactive Protein (CRP) and literleukin-6
(IL), we discovered the following extremely important clinical
information.

First, when the baseline values in coronary blood flow were
measured using semi-quantitative ischemic index (II) from
the extent and severity of blood flow reduction as described
previously [27] and as shown in Figure 5, were compared
with the measured baseline blood tests results, there was no
demonstrable relationship (P = 0.38, R*> = 0.0078) between the
blood tests and the measured coronary blood flow as shown in
Table 5. Hence, if the patient has not been seen before, merely
drawing these blood tests will not tell you if the patient has
or doesn’t have CAD. This is the fundamental difference [32-
34] between understanding the important difference between
blood levels of lipids and inflammatory markers and the actual
tissue level of inflammation (CAD) itself.

Secondly, having found that these 11-blood tests were not
diagnostic of the extent of actual coronary artery blood flow
status, we then asked whether changes in these risk factors as
measured in the blood were associated with changes in CAD.
Table 6 shows the results of the relationship between these
11-blood tests and changes in coronary blood flow. While
suggestive of a possible benefit - it was not conclusive - so we
conducted further varimax factor analysis and discovered that
changes in 5 of the 11-blood tests moderately correlated with
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changes in Coronary Artery blood flow (CAD), when combined
together.

Of these Triglycerides (fat), TC, Lp(a), IL-6, and HDL-
in decreasing order of magnitude-provided some predictive
value as shown in Table 7. Fibrinogen showed some potential
predictive value and was therefore included in the final
regression analysis as shown in Figure 6.

Combined together these 6-blood tests provide a regression
coefficient of 0.47 to 0.70, with an R of 0.36-consistent with
a moderate relationship between changes in these 6-blood
tests and changes in coronary blood flow, with no relationship
between initial measurements of all 11-blood tests and initial
measurement of coronary blood flow. Absent the initial
measure of coronary blood flow, the changes in these 6-blood
tests provide little useful clinical information-reminding us to
appreciate that correlation does not mean cause and effect [35].

Having repeatedly demonstrated the statistically significant
beneficial effect of reducing caloric intake, refined processed
foods and fat content in the diet and the adverse - although
not remarkably statistically significant changes - effects of
LCKD on several blood tests, several of which are not correlated
with changes in coronary blood flow, we set out to conduct the
third and recently published study looking not only at changes
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Figure 5a: Semi-quantification of myocardial blood flow using myocardial perfusion
imaging (MPI), to provide an Ischemic Index.

(a). Region-of-interest quantification of isotope.

This bull's-eye display of isotope flow (Q) shows how regions of interest (ROIs) are
quantified. Three ROIs are shown, each of which represent 10 x 10 pixels for a total
pixel area of 100 (N=100). To the right of the color image, the actual radioactive
counts are shown along with the mean + standard deviation of these counts along
with the minimal and maximal counts throughout the ROI. The isotope flow is
further standardized by measuring the radioactive counts (C)/number of pixels per
ROI(P)/the number of millicuries (M) of isotope administered (CPM). As shown,
the flow (Q) in region 1 is less (49.26) than region 2 (53.05), however, qualitatively
both regions are displayed as green on the color-coded image. The third region is
displayed in red and quantitatively shown to have the greatest amount of isotope
(blood) flow with a value of 92.08 CPM.

e Region 1: Q=137922/100/28 equals 49.26

o Region 2: Q=148542/100/28 equals 53.05

» Region 3: Q=257825/100/28 equals 92.08
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Figure 5b: Resulting Ischemic Index (Il) obtained from myocardial perfusion
imaging.

Qualitative determination of regional perfusion differences determined by color
scale as shown here is a frequent method of MPI interpretation. Nuclear computers
assign colors based upon quantitative information obtained by the camera. This
same information can be seen by the investigator when asked for as shown in
the figure. This example shows four regions perfused by the epicardial arteries
including the left anterior descending (LAD) artery, the right coronary (RCA) artery,
the left circumflex (LCx or CIRC) artery and the region supplied by both the LAD
and CIRC arteries which is sometimes referred to as the watershed zone or region.
Each region accounts for a portion of the entire myocardium. All four regions added
together account for 100% of total myocardial blood flow. When each arterial
region is taken into account it represents a certain extent of the entire myocardium.
Within that region, a reduction in blood flow can be quantified to determine both the
amount (extent) of the region involved and the severity (reduction in isotope flow)
of disease in that region, yielding an ischemic index (ii) for the given artery. When
all of these regions of ischemia (ii) are added together, a total Ischemic Index (II)
for the heart is determined.

in these frequently tested for blood tests but also changes in
enhanced semi-quantitative measurements of coronary blood
flow.

The third of the LCKD studies

In an effort to enhance the amount of information obtained
from this study, and to increase the role of study participants
in their selection of foods-reducing dependence upon the study
coordinators-self-efficacy behavioral counseling occurred
every 6-weeks during sessions where fasting blood work
was obtained. Initial coronary blood flow (MPI) imaging and
semi-quantification using the methods already discussed were
obtained at the beginning and end of the 12-month intervention
period. An additional evaluation was performed approximately
4-months following study completion to measure any changes
in dietary habits and resulting changes in blood work. The full
details of this study flow are shown in Figure 7 [36].

Of the 120-final study participants, subjects were randomly
assigned to one of six treatment groups based upon the roll of a
die. Once a group was full it was closed to further participants.
The three fundamental dietary groups consisted of a vegan
group, a low to moderate fat (15-20% of caloric intake)
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and a LCKD group. While the LCKD group had the option of
consuming up to 100 grams of carbohydrate per day — on the
basis of the urinary ketone results these participants more
than sufficiently reduced their carbohydrate intake to qualify
for LCKD.

In addition to dietary counseling and measurement of
compliance with dietary counseling through the use of urine
ketone testing and measurement of respiratory quotients (RQ),
half of each dietary group was provided with a B-6, B-12, folate
supplement, to assure adequate intake independent of any
potential dietary limitations — which had been suggested by
previous studies [27,28].

While there were no statistically significant differences
between groups upon entry into the study, there were clearly

Table 5: Baseline regression of coronary blood flow - Ischemic Index (Il) - as

estimated by blood chemistry risk factors.

Coelficients Estimate Standard Error  t Value  Pr (>)t])

(Intercept) —-1.252¢-01 1.952¢-01 -0.641 0.5228
c -2.337¢-03 5.781e-03 —0.404 0.6868
LDL 2.746e-03 5.821e-03 0.472 0.6380
Low HDL 3.928¢-03 7.570e-03 0.519 0.6049
I'C/HDI 6.978e-04 2.928¢-02 0.024 09810
G 4.751e-04 1.370e-03 0.347 0.7294
TGHDL 1.374e-04 4.036e-02 0.003 0.9973
CRP 3.062¢-04 2.725¢-03 0.112 0.9107
1L ~8.593e-04 1.466e-03 -0.586 0.5591
Hey =3.01 le-04 6G.488ce-04 —0.464 0.6436
Fib 1.749¢-04 7.745¢-05 2.259 0.0259
Lp 4.030e-04 4.458¢-04 0.904  0.3680

Note: TC, total cholesterol; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; TG, triglycerides; CRP, C-reactive pro-
tein; IL, interleukin; Hey, homocysteine; Fib, fibrinogen; Lp,
lipoprotein.

“Residuals: —0.1057 (Min), —0.0352 (1Q), -0.0057 (Median),
0.0267 (3Q), 0.1529 (Max).

"No statistically significant (Bonferroni) coefficients; residual
standard error: 0.05342 on 108 degrees of freedom; multiple R*:
0.09955, adjusted R*: 0.007837; F-statistic: 1,085 on 11 and
108 DF, P value: .3798.

Table 6: Changes in coronary blood flow - Ischemic Index () — as estimated by

changes in blood chemistry risk factors.

CoelTicients Linear Robust
(Intercept) 0.0 -0.0671
TC -3.0460 -2.5141
LDL 2.7440 2.1774
Low HDL 0.1684 0.0697
IC/HDL 0.2819 0.2947
TG 1.4230 1.2793
TG/HDL —0.6348 -0.7153
CRP -0.0134 -0.0331
IL 0.0502 0.0301
Hey 0.0579 0.0544
Fib 0.1746 0.1098
l_|l 0.0542 0.0462
Residual standard error 0.8327 0.5533

Note: TC, total cholesterol; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; TG, triglycerides; CRP, C-reactive pro-
tein; IL, interleuking Hey, homocysteine; Fib, fibrinogen; Lp,
lipoprotein.

‘Residuals—Linear: -2.2006 (Min), —0.3913 (1Q), -0.0399
(Median), 0.3430 (3Q), 3.0821 (Max); Robust: =2.2605 (Min),
~0.3488 (1Q), 0.0125 (Median), 0.3325 (3Q), 3.3593 (Max).
"Multiple R* (Linear): 0.3706, adjusted R*: 0.3065; F-statistic:
5.782 on 11 and 108 DF; P value: 2.736¢-07.
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Table 7: Changes in 5-blood tests are predictive of changes in coronary blood flow.

Coelficients Estimate t Value Pr (>]t])
Intercept 0 0 1.000"
Factorl cholesterol 276 3.648 0.000"
Factor2 fat 329 4.315 0.000°
Factor3 low high- 133 1.747 0.083"
density lipoprotein
Factor4 interleukin-6 173 2.236 0.027¢
Factor5 lipoprotein-a 220 2.897 0.005°
Fibrinogen measure 180 2.299 0.023¢

*Residuals: =2.084051 (Min), —0.412194 (1Q), —0.001096 (Median),
0.400191 (3Q), 3.106253 (Max)

Significance codes: *0.1, ©0.001, “0.05, “0.01.

‘Residual standard error: 0.83 on 113 degrees of freedom; mul-
tiple R*: 0.36, adjusted R*: 0.32; F-statistic: 10.46 on 6 and 113
DF; P value: 3.333¢-09.
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A Composite Blood Profile

Figure 6: Blood flow changes versus Blood chemistry changes.

Standardized regression of coronary blood flow (nuclear imaged ischemic index) on
composite blood profile (cholesterol, fat-triglycerides, HDL, IL-6, Lp-a, and Fib). The
X-axis displays the composite blood profile including TC, fat, low HDL, IL-6, Lp, and

Fib. The Y-axis displays changes in ischemia as measured by nuclear imaging. The
standard regression analysis shows both the range of estimates (yellow) and the
95% confidence intervals (green). HDL, high-density lipoprotein; IL-6, interleukin-6;
Lp-a, lipoprotein-a; Fib, fibrinogen; Tc, total cholesterol.

statistically significant differences between the groups by the
end of the study. Those following LCKD regimens demonstrated
both worsening of their blood tests results and a reduction in
their coronary blood flow. The best outcomes were seen by
those following the low to moderate fat intake, with the vegan
group having results similar to the low to moderate fat group.

Table 8, Figure 8, shows the change for each group following
1-year of treatment for each of the 16-variables including BMI,
Respiratory Quotient, coronary blood flow, total cholesterol,
very-low density lipoprotein, low density lipoprotein, high
density lipoprotein, TC/HDL ratio, triglycerides, insulin
resistance as assessed using TG/HDL ratio, Interleukin-6,
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Figure 7: Study participant recruitment and testing sequence.

Patent recruitment and sequence of counseling and testing from entry through the 4-month follow up after completion of the 12-month study.
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Figure 8: Changes in each of the measured outcomes for each dietary group over 1-year.

Notched boxplots of quantile distributions of 1-year changes in each cardiovascular risk factor index under each target diet. Boxes include the interquartile range;
whiskers extend 1.5 times the interquartile range; all outliers are shown. Medians differ significantly (p<0.05) for non-overlapping notches.
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C-reactive protein, homocysteine, fibrinogen and finally
lipoprotein(a). Table 8, also shows the results for each group
compared with the other two groups.

Finally, it should be noted that eating is a behavior associated
with species survival, which would suggest considerable genetic
material being devoted to this survival mechanism. In an effort
to determine what impact the dietary counseling would have,
after the participants had been instructed in self-efficacy
counseling (Bandura conditioning — [37]), participants were
asked to return for measurement of respiratory quotients to
determine any potential changes in dietary patterns, in addition
to weight and height measurements for BMI calculation. The
results of which demonstrated an increase in carbohydrate
consumption among the LCKD group and a decrease in
carbohydrate consumption among the Vegan participants. BMI
remained stable or improved, with the exception of the LCKD

group.

Table 7: Changes in 5-blood tests are predictive of changes in coronary blood flow.

Coefficients Estimate t Value Pr (=]t])
Intercept 0 0 1.000"
Factor] cholesterol 276 3.648 0.000°
Factor2 fat 329 4.315 0.000
Factor3 low high- 133 1.747 0.083"
density lipoprotein
Factor4 interleukin-6 173 2.236 0.027*
Factor3 lipoprotein-a 220 2.897 0.005°
Fibrinogen measure 180 2.299 0.0234

*Residuals: —2.084051 (Min), —0.412194 (1Q), -0.001096 (Median),
0.400191 (3Q), 3.106253 (Max)

Significance codes: 0.1, “0.001, #0.05, <0.01.

‘Residual standard error: 0.83 on 113 degrees of freedom; mul-
tiple R*: 0.36, adjusted R* 0.32; F-statistic: 10.46 on 6 and 113
DF; P value: 3.333¢-09.
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Discussion and the need for further quantification

Following almost three-quarters of a century of debate, it
is now clearly understood that CAD is an inflammatory process
[1] resulting from more than cholesterol. A process associated
with ever increasing tissue levels of inflammatory materials [1],
which ultimately result in the deposition of an inflammatory
plaque that impairs the ability of coronary arteries to dilate
to increase coronary blood flow upon demand. Until recently
[11,38], our ability to measure coronary blood flow has been
limited to semi-quantitative measurements.

A review of the three studies done to date - looking at
the blood levels of lipids, inflammatory markers and semi-
quantitative coronary blood flow in individuals on Vegan,
LMF and LCKD - reveals no relationship between initial
measurements of these blood tests and coronary blood flow
itself, and only a moderate relationship between changes in a
composite of 6-combined blood tests and actual changes in
coronary blood flow.

While changes in lipids and inflammatory blood tests have
been repeatedly shown to increase following treatment with
a LCKD, the failure to demonstrate a statistically significant
correlation between outcomes on blood tests (blood levels of
inflammation) and consequential changes in coronary blood
flow (tissue levels of inflammation) makes it impossible to
predict with certainty what these and other diets are doing to
the coronary blood flow proper.

If we as physicians are going to talk to our patients, or
publish papers in medical journals, or discuss findings with
the media - so the media can write second hand stories,
which someone else will write third hand stories about — then

Table 8: Changes in each of the measured outcomes within groups following 1-year of dietary intervention and comparisons between groups.

95% CI of Changes within Diet Groups and between Diet Groups in Mean Cardiovascular Risk Indices with One Year of Dieting

Within diet groups

Between diet groups

Index (Risk factor) LMF LoCarb

Body Mass Index (kg/m?) -4.93 10 -4.39 -4.78 10 -4.24
Respiratory Quotient +0.02 to +0.04 -0.07 to -0.06

Coronary Blood Flow +0.04to +0.02  -0.02t0-0.05

Total Cholesterol (mg/dl) -72.3t0-48.1 -0.431t0 +23.8
VLDL (mg/dl) -158 to-11.4 +0.82 to +5.21
LDL (mg/dl) -63.9t0 -40.8 -2.15t0 +21.0
HDL (mg/dl) +4.32t0 +7.68  -2.56 to +0.81
TC/HDL -2.56 to -1.86 -0.01 to +0.69
Triglycerides (mg/dl) -79.0 to -57.0 +4.11 to +26.1
Insulin Resistance (TG/HDL ) -24310-1.78 +0.08 to +0.72
Interleukin-6 (pg/ml) -340to-1.44 +1.88 to +3.85
C-reactive Protein (mg/dl) -1.08 to +0.06 -0.64 to +0.50
Homocysteine (mmol/L) -8.36 to -4.30 +1.13 to +5.36
Fibrinogen (mg/dl) -24.0 to +8.91 +18.3 to +51.2
Lipoprotein(a) (mg/dl) -10.7 to -7.36 +3.76 to +7.09

Veg Locarb-LMF Veg-LMF LoCarb-Veg

-4.9110 -4.38 -0.24 to +0.53 -0.32 to +0.45 -0.30 to +0.47
+0.07 to +0.08 -0.11 to -0.09 +0.03 to +0.05 -0.08 to -0.05

+0.02 to +0.00 -0.05 to -0.08 +0.00to -0.03 -0.03 to -0.06

-60.2 to -35.9 +54.8 to +89.0 -5.00 to +29.3 +42 6 to +76.9
-16.0to -11.6 +13.5t0 +19.7 -3.32to +2.30 +13.7t0 +19.9
-50.7 to -27.6 +45.4 to +78.2 -3.14 to +29.6 +32.2to +64.9
+3.27 to +6.63 -9.25 to -4.50 -3.43to0 +1.33 -8.20to-3.45

-1.9910 -1.29 +2.06 to +3.04 +0.08 to +1.06 +1.49to +2.47
-80.1 to -58.1 +67.6 to +98.6 -16.6 to +14.5 +68.6 to +99.7
-2.26 to -1.62 +2.04 to +2.95 -0.30 to +0.62 +1.88 to +2.80
-3.4510 -1.48 +3.89 to +6.67 -1.44 10 +1.35 +3.94 to +6.72
-1.86to -0.72 -0.37 to +1.25 -1.59 to +0.03 +0.41 to +2.03
-6.50 to -2.46 +6.78 to +12.5 -1.02 to +4.72 +4.93 to +10.7
-20.6to +12.3 +19.1to +65.6 -19.91to +26.7 +15.7 to +62.2
-6.97 to -3.63 +12.1to +16.3 +1.37 to +6.08 +8.37to +13.1
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Figure 9: Changes in dietary eating habits as measured by changes in respiratory
quotients (RQ) revealed no change 4-months post dietary counseling for the group
following the low to moderate fat (LMF) dietary regimen, which continued to show

weight loss with continued reduction in BMI. The vegan group showed further
reduction in carbohydrate consumption as revealed by the continued reduction in
RQ with little change in weight, while the LCKD (LoCarb) group showed weight gain
- increasing BMI - and increased consumption of carbohydrates revealed by the
increased RQ.

we need to conduct further studies on the impact of these
diets, quantitatively measuring the effect these diets have on
coronary blood flow. There is no substitute for measuring the
effect of a drug or diet upon coronary blood flow other than the
quantification of the change in coronary blood flow itself.

Conclusion

While the medical and lay literature would suggest
considerable information has been obtained as to the effect
of LowCarb-Ketogenic diets - the opposite is true. There are
only three published studies, which have measured the actual
impact these diets have on the coronary arteries (CAD). These
studies have admittedly used the semi-quantitative methods
available at the time of their investigation.

Before people are told that LowCarb-Ketogenic diets are
safe, harmful, or have no impact on heart disease — independent
of their effect on weight change and blood test results — given
what we know about the semi-quantitative measured changes
associated with these diets, we need to first objectively measure
the true effect these diets have on the arteries of the heart with
FMTVDM. Then and only then will we be able to intelligently,
objectively, advise patients — and the media - about these diets
and their consequential impact on coronary artery disease; the
number one cause of death in men and women.

Of great concern are the recent comments made by LCKD
pundits claiming that patients with lower LDLc levels are at
an increased risk from CoVid-19 infections and that the use
of ketogenic diets are somehow protective against CoVid-19.
These statements are not only scientifically unproven but also
potentially quite dangerous given the measured worsening
of comorbid states like CAD associated with people following
these diets. Such unsubstantiated claims are concerning.
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