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Abstract: Serum C-reactive

protein (CRP), a marker of systemic
inflammation, is associated with
increased risk for numerous
inflammation-driven chronic diseases.
A prior longitudinal study showed that
the Low Inflammatory Foods Everyday
(LIFE) diet, which is rich in dark green
leafy vegetables (DGLV), lowered CRP
over a mean follow-up period of 6
months. In this retrospective study,

we investigate whether patients who
consume the LIFE diet or their regular
diet plus one component of the LIFE diet
(LIFE smoothie), experience reductions
in high-sensitivity CRP (hsCRP) in 7
days. Sixteen patients in a community
practice met inclusion criteria. Patient
compliance was assessed by patient
interviews and measurements of beta-
carotene, which is abundant in DGLV.
Following the interventions,

CRP decreased in both the LIFE diet
(-0.47 mg/L, P = .02) and smoothie
groups (-1.2 mg/L, P = .04). No
statistically significant difference

in reduction was observed between
groups (P = .18). Plasma beta-carotene
increased in both groups (+23.2,

P =.02: +20.6, P = .000, respectively).
These findings suggest that the

LIFE diet or a regular American

diet supplemented with the LIFE
smoothie may quickly reduce systemic
inflammation and the risk of many
chronic diseases.

Keywords: C-reactive protein;

CRP; beta-carotene; dark green leafy
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erum C-reactive protein (CRP) is a

well-established indicator of

systemic inflammation." As a
nonspecific acute-phase reactant, CRP is
released in response to many
inflammatory stimuli in the body, but it
can also play a more direct
proinflammatory role by activating
endothelial cells and adhesion molecules
itself."* CRP levels, particularly high-
sensitivity CRP (hsCRP) levels, also
predict the risk of many chronic diseases
involving inflammation,” such as

myocardial infarction,” stroke,* sudden
cardiac death,’ peripheral artery disease,’
type 2 diabetes,’ autoimmune diseases
such as rheumatoid arthritis,” and
multiple forms of cancer.*"" This
relationship between CRP and future risk
of cardiovascular events holds even after
adjustment for age, gender, or
preexisting cardiovascular disease
(CVD).? Elevations in CRP are also
associated with increased risk for death
and severe infection from COVID-19 (as
defined by Chinese National Health
Commission criteria and computed
tomographic [CT] severity scores),"*"*
acute kidney injury,” chronic kidney
disease,” age-related macular
degeneration (AMD)," nonallergic
asthma,"” chronic obstructive pulmonary
disease," hypertension,19 and all-cause
mortality.”

As a marker and mediator of
inflammation that is also predictive of
disease, CRP is a suitable target for
primary disease prevention. This was
proven in a secondary analysis of the
CANTOS trial, which found that patients
with CRP concentrations <2 mg/L after
treatment with an interleukin-1p
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inhibitor had a 31% reduction in
all-cause mortality and cardiovascular
mortality versus no significant reduction
in treated patients with CRP
concentrations >2 mg/L.*' Further
analysis indicated that the predictive
value of CRP for future cardiovascular
events was strongly linear across all CRP
values, meaning that the risk of CVD
continually decreased the further CRP
was reduced down to <0.5 mg/L.*

CRP can also be diminished with
lifestyle modifications such as diet and
exercise.”® Specifically, the retinol
precursor beta-carotene, an antioxidant
found in many fruits and dark green
leafy vegetables (DGIV),* has a strong
inverse relationship with CRP.* Most
recently, this was demonstrated in the
Low Inflammatory Foods Everyday (LIFE)
diet study, which found that patients
who adhered to a diet high in beta-
carotene-rich vegetables for up to 1 year
had decreased CRP levels and increased
plasma beta-carotene levels (= -0.08, P
<.0001).” These results were consistent
with an earlier randomized control trial,
which reported a significant reduction in
plasma CRP after a 4-week diet
consisting of 8 servings of fruits and
vegetables per day.”

Herein, we build upon our earlier LIFE
diet study by determining whether the
LIFE diet (which includes 1 daily LIFE
smoothie) or patients’ regular diets
supplemented with 1 LIFE smoothie each
day leads to increased beta-carotene and
decreased CRP in only 7 days. We
include the regular diet plus smoothie
group in order to investigate the effects
of a simple modification that may be
easy for patients to implement in their
daily lives. The smoothie component of
the LIFE diet was isolated specifically
because previous studies have shown
that absorption of beta-carotene from
DGLV is dependent on the physical state
of the food consumed (ie, liquefied vs
whole) due to differential disruption of
the cellular food matrix.”** Castenmiller
et al’' showed that enzymatically
liquefied spinach increased beta-carotene
absorption by 86% compared to the
whole food version. Moreover, in
contrast to our first LIFE diet study, the

present study evaluates the possible
short-term benefit of the LIFE diet and
the LIFE smoothie. To our knowledge,
this is the first study to report diet-
intervention-induced changes in CRP and
beta-carotene in only 7 days.

We report a retrospective diet-
intervention study examining CRP levels
among 16 patients in a community
practice who were instructed to eat the
LIFE diet or their regular diet plus one
LIFE smoothie per day for 7 days. The
goal of this study was to determine
whether 7 days on the full LIFE diet or
the LIFE smoothie reduced CRP, which
may indicate a rapid reduction in the risk
of CVD and other inflammatory
conditions.

Materials and Methods
Subject Population

Charts were reviewed from new
patients in the integrative medicine
practice of DMD. The first criterion for
eligibility was that subjects had adhered
to the specific “dose” of ingredients and
frequency of consumption required by
the LIFE diet and/or LIFE smoothie.
Specifying dose and frequency was
essential to quantify the diets, allowing
us to draw more accurate conclusions
regarding efficacy. Second, subjects could
not have an active infection, a flare-up of
seasonal allergies, or physical trauma, as
these events can alter CRP irrespective of
dietary DGLV intake. Third, subjects had
to use the same laboratory on day 0 and
day 7 because CRP levels may differ
between labs. Fourth, subjects in the
LIFE diet group could not eat beta-
carotene supplements, plant-based
nutritional powders, or other
supplements that could increase beta-
carotene independent of dietary intake.
Patients were also excluded if they ate
more than 1 medium sweet potato or 4
cooked carrots during the study period,
as these starchy vegetables are high in
beta-carotene but are relatively low in
phytonutrients, which are likely to be
responsible for the anti-inflammatory
effects of DGLV.*"* These dietary
restrictions did not apply to subjects in
the smoothie group, whose only
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intervention was the addition of the LIFE
smoothie to their regular American diet.
In fact, these subjects were excluded if
significant alterations were made to their
routine diets, such as consuming more
ultraprocessed foods than usual, as the
study was not meant to investigate
whether the LIFE smoothie could
compensate for increased unhealthy
eating. Fifth, patients could not start or
stop a medication during the 1 week
study period because some medications,
such as rosuvastatin, alter CRP
concentrations.”* All new patients at a
community practice were asked to follow
one of these regimens as a component
of their routine care in DMD’s integrative
medicine practice. Laboratory data were
collected on day 0 and day 7 of the
study period.

Study Design

Thirty-two charts covering a 1-year
period (March 2019 to March 2020) were
reviewed for eligibility. Sixteen patients
met inclusion criteria, and 16 were
excluded. Failure to adhere to the LIFE
diet or LIFE smoothie instructions was
the most common reason for exclusion.
Other excluded patients had flare-ups of
seasonal allergies, stopped their
medications, had acute infections, or
physically injured themselves. Each
patient who met inclusion criteria
belonged to one of the following
treatment arms: patients who followed
the full LIFE diet (n = 7) or patients who
added a once-daily LIFE smoothie to
their regular American diet (n = 9).

Patients in the LIFE diet arm of the
study followed all components of the
LIFE diet as designed by one of the
authors (DMD), an integrative physician.”
This diet was adapted from Dr. Joel
Fuhrman’s high nutrient density (HND)
diet, which promotes the consumption of
foods with a high nutrient per calorie
ratio, particularly green vegetables.”
Adherence to the LIFE diet involved (1)
Consumption of one 32-ounce LIFE
smoothie every day. The LIFE smoothie
consists of 8 ounces (by weight) of DGLV
(eg, spinach, baby bok choy, or baby
kale), 2.25 cups of blueberries, 1 banana,
1 tablespoon of unsweetened cocoa
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powder, 1 tablespoon of ground flaxseed,
Y2 cup of soy milk (plain or vanilla) or
unsweetened vanilla almond milk, and %2
cup of water. Patients were counseled by
DMD on how to properly measure and
combine the ingredients. (2)
Consumption of at least 5 ounces by
weight of DGLV in salad or cooked
vegetables per day. Examples of DGLV
are spinach, kale, collard greens, bok
choy, broccoli, cauliflower, cabbage,
Brussels sprouts, arugula, Swiss chard,
endive, asparagus, mustard greens, beet
greens, mache, broccolini, broccoli rabe,
radish, watercress, escarole, romaine, and
green leaf lettuce. Other non-starchy
vegetables, such as onions, mushrooms,
garlic, green and yellow zucchini,
eggplants, peppers, or tomatoes were
also recommended. (3) Daily
consumption of fruit, specifically berries
(the amount required per day is satistied
by the fruit in the LIFE smoothie, but
additional fruit consumption was
welcomed). (4) Daily consumption of at
least ¥z cup of beans or legumes or 3
ounces of bean pasta. (5) Limiting
consumption of whole grains and starchy
vegetables (eg, potatoes, sweet potatoes,
winter squashes, peas, corn, and cooked
carrots) to no more than 2 servings total
per day. Patients could not eat more than
1 medium cooked or uncooked sweet
potato or 4 cooked carrots during the
study period because these foods contain
beta-carotene and could confound
beta-carotene levels derived from DGLV.
(6) Limiting consumption of refined
grains by consuming no more than 1
serving or 4 ounces once over 7 days. (7)
Consuming no more than 24 g/day of
sugar, which is in accordance with the
American Heart Association and the
World Health Organization’s guidelines.
(8) Limiting consumption of raw seeds
and nuts to no more than 2 ounces per
day. (9) Limiting consumption of animal
protein, including all types of meat, fish,
eggs, or dairy products to no more than 4
to 6 ounces once per day. Consumption
of cold cuts, bacon, butter, and cheese
was prohibited during the study period.
(10) Limiting consumption of oils to no
more than 1 tablespoon per day (1
teaspoon or less was encouraged if

possible). (11) Limiting consumption of
dates to no more than 2 medium-sized
dates per day. Finally, patients with low
vitamin B | (<550 pg/mL according to
European standards) or methylmalonic
acid (MMA) levels above the normal
range as determined by their labs were
advised to take 500 to 1000 pg vitamin
B, daily.

In the LIFE smoothie arm of the study,
patients were required to consume a
32-0z LIFE smoothie as described above
every day for 7 days without any other
changes to their usual diet. None of the
patients in this group were following
special diets such as a vegetarian, vegan,
paleo, or keto diet. Like the LIFE diet
group, the smoothie group was
intensively counseled on the proper way
to measure and combine the smoothie
ingredients by DMD.

Adherence to the requirements of each
diet was subjectively assessed by DMD
during patient interviews 1 week after
the initiation of the diet. Compliance
was also objectively evaluated using
plasma beta-carotene levels on study
day 7. As beta-carotene is abundant in
DGLV, an increase in plasma levels
would suggest at least some adherence
to the diets. This retrospective analysis
of de-identified patient data was
approved by the University of
Pennsylvania’s Institutional Review
Board (IRB Protocol #: 831560).

Laboratory Measurements

Plasma CRP concentrations were
measured using an hsCRP test at any one
of the following labs: Quest, LabCorp, or
BioReference. Plasma beta-carotene
levels were also measured. Patients were
required to undergo blood testing at the
same lab on study days 0 and 7. Eight
patients (50%) were tested at Quest, 7
patients (44%) were tested at LabCorp,
and 1 patient (6%) was tested at
BioReference.

Statistical Analysis

Patient characteristics were summarized
using mean (standard deviation) for
continuous measures and percentage for
categorical measures. The comparisons
of patient characteristics between 2

American Journal of Lifestyle Medicine

treatment groups were performed using
the 2-sample ¢ test for continuous
measures and the Fisher exact test for
categorical measures. The differences
between day 0 and day 7 in CRP, beta-
carotene, HbA1C, COz’ UpH (urinary
pH), GFR (glomerular filtration rate),
BUN (blood urea nitrogen), Cr
(creatinine), BUN/Cr ratio, ferritin, and
WBC (white blood cells) were tested
within the same treatment group using
the paired ¢ test and compared between
2 treatment groups using the 2-sample ¢
test. The Spearman correlation coefficient
was used to evaluate the association
between change of beta-carotene and
change of CRP and other measures. All
statistical analyses were performed in
SAS v9.4 (SAS Institute Inc), and 2-sided
P < .05 was considered to be statistically
significant.

Results

Characteristics of
Study Participants

Sixteen patient records met the
inclusion criteria and were included in
the analysis: 7 in the LIFE diet group and
9 in the smoothie group. Baseline
characteristics of participants from each
group are shown in Table 1. In the LIFE
diet group, 3 (42.9%) patients were male
and 4 (57.1%) were female. In the
smoothie group, 4 (44.4%) patients were
male and 5 (55.6%) patients were female.
Patients in the LIFE diet group were
significantly older than patients in the
smoothie group, with mean ages of 65
and 49, respectively (P = .01). Both
groups were racially diverse. In the LIFE
diet group, 2 (28.0%) patients were
Asian, 1 (14.3%) patient was Black, 2
(28.6%) patients were White, and 2
(28.6%) patients were Hispanic. In the
smoothie group, 3 (33.3%) patients were
Black and 6 (66.7%) patients were
Hispanic. Common chronic diseases
were represented in both patient
populations. Four (57.1%) patients had
diabetes, 3 (42.9%) patients had
hypertension, and 6 (85.7%) patients had
hyperlipidemia in the LIFE diet group.
One (11.1%) patient had diabetes, 4
(44.4%) patients had hypertension, and 1
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Table 1.
Characteristics of Study Participants (N = 16).

Characteristic LIFE diet group (n=7) Smoothie group (n=9) Pvalue
Age (years), mean (SD) 65 (9.5) 49 (11.4) .01
Gender, male (%) 3 (42.9%) 4 (44.4%) 1.00
Race, n (%) 0.10

Asian 2 (28.6%) 0 (0.0%)

Black 1(14.3%) 3(33.3%)

White 2 (28.6%) 0 (0.0%)

Latino 2 (28.6%) 6 (66.7%)
Diabetes, n (%) 4 (57.1%) 1(11.1%) 11
Hypertension, n (%) 3 (42.9%) 4 (44.4%) 1.00
Hyperlipidemia, n (%) 6 (85.7%) 1(11.1%) .009
CRP (mg/L), mean (SD) 1.32(0.78) 2.86 (2.03) .06
Beta-carotene (ug/dL), mean (SD) 70.24 (47.65) 40.56 (25.53) 13
HbA1C (%), mean (SD) 6.45 (1.00) 5.53 (0.53) .08
CO2 (mmol/L), mean (SD) 26.0 (2.16) 26.8 (3.63) .63
UpH, mean (SD) 6.07 (0.53) 6.25 (0.96) .67
GFR (mL/min/1.73 m?), mean (SD) 87.1 (13.1) 80.6 (12.9) 33
BUN (mg/dL), mean (SD) 16.4 (8.58) 17.2 (4.82) .82
Cr (mg/dL), mean (SD) 0.80 (0.18) 0.99 (0.19) .06
BUN-Cr ratio, mean (SD) 20.4 (8.70) 17.6 (4.33) 40
Ferritin (ug/L), mean (SD) 89.8 (46.2) 137 (210) 56
WBC (x10%L), mean (SD) 5.55 (1.23) 5.58 (0.74) 96
Weight (Ibs), mean (SD) 144 (33.9) 203 (40.7) .01
% of fat, mean (SD) 31.0 (5.63) 32.9 (7.03) .58
BMI (kg/m?), mean (SD) 25.22 (4.21) 30.18 (4.54) .05

Nov ¢ Dec 2022

Abbreviations: LIFE, Low Inflammatory Foods Everyday diet; CRP, C-reactive protein; UpH, urinary pH; GFR, glomerular filtration rate; BUN, blood urea
nitrogen; CR, creatinine; WBC, white blood cells; BMI, body mass index.

(11.1%) patient had hyperlipidemia in
the smoothie group. There was no
significant difference in baseline
laboratory values between subjects in
either study arm. In the LIFE diet group,
baseline CRP ranged from <0.3 to 2.19
mg/L, with a mean of 1.32 mg/L. In the

smoothie group, baseline CRP ranged
from 1.2 to 7.6 mg/L, with a mean of
2.86 mg/L. Baseline beta-carotene ranged
from 19.7 to 168 pg/dL, with a mean of
70.24 pg/dL in the LIFE diet group, and
from 7 to 98 pg/dL, with a mean of 40.56
ug/dL in the smoothie group.

Comparison of Outcomes
Between Subjects in

the LIFE Diet Group and
Smoothie Group

After the 7-day dietary interventions,

the mean (SD) change in CRP from
baseline was significantly reduced in
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Table 2.

Comparison of Qutcomes Between Treatment Groups.

Change of outcome

LIFE diet group (n=7)

American Journal of Lifestyle Medicine

Smoothie group (n=9)

measures from baseline Mean (SD) Pvalue” Mean (SD) P value” Pvalue®
Change of beta-carotene 23.2(19.1) .02 20.6 (16.5) .006 .78
Change of CRP —0.47 (0.38) .02 -1.2(1.5) .04 18
Change of HbA1C -0.02 (0.18) 83 NA NA NA
Change of C02 0.71(3.35) .59 1.89 (2.62) .06 44
Change of UpH 0.43 (1.02) 31 0.14 (1.07) 74 62
Change of GFR 2.57 (10.4) 54 0.88 (5.03) .64 .69
Change of BUN -2.7(5.3) 22 -2.0 3.57) 13 75
Change of Cr -0.01 (0.11) .87 -0.01 (0.06) .69 99
Change of BUN-Cr ratio -3.1(6.69) .26 -2.3(3.77) .10 .76
Change of ferritin -14 (15.3) Nh —-29 (52.6) a7 .57
Change of WBC ~45(0.52) .06 0.29 (1.11) 46 13

Abbreviations: LIFE, Low Inflammatory Foods Everyday diet; CRP, C-reactive protein; UpH, urinary pH; GFR, glomerular filtration rate; BUN, blood urea

nitrogen; CR, creatinine; WBC, white blood cell.

“To test whether the difference between 2 treatment groups is statistically significant or not using 2-sample t test.
®To test whether there is statistically significant change from baseline using paired ttest.

both groups (Table 2). In the LIFE diet
group, mean plasma CRP decreased by
0.47 (0.38) mg/L, from 1.32 to 0.85 mg/L
(P =.02). In the smoothie group, mean
plasma CRP decreased by 1.2 (1.50)
mg/L, from 2.86 to 1.66 mg/L (Figure 1;
P =.04). There was no significant
difference in CRP reductions between
groups (P =.18).

Change in mean beta-carotene from
baseline was also statistically significant
in both the LIFE diet group and the
smoothie group after 7 days (Table 2). In
the LIFE diet group, mean (SD) beta-
carotene increased by 23.2 (19.1) pg/dL,
from 70.2 to 93.4 pg/dL (P = .02). In the
smoothie group, mean beta-carotene
increased by 20.6 pg/dL (16.5), from
40.5 10 61.1 pg/dL (Figure 2; P = .006).
There was no significant difference in
beta-carotene increases between groups
(P=78.

Changes in HbA1C, CO , UpH, GFR,
BUN, Cr, BUN/Cr ratio, and ferritin

were not statistically significant in
either group or between groups. There
was a reduction in WBC from baseline
in the LIFE diet group, though this
decline did not quite reach statistical
significance (P = .00). There was no
significant change in WBC in the
smoothie group or between the 2
groups (Table 2).

Association Between Changes
in Plasma Beta-Carotene
Levels and CRP Levels

Table 3 shows the correlation between
change in beta-carotene and change in
CRP and other measures for all subjects
not separated by treatment group. As
expected, the change in mean beta-
carotene was inversely correlated with
the change in CRP levels for all patients,
though this relationship was not
significantly significant (r = -0.3, P =
.20). Beta-carotene was again inversely
related to CRP when patients were

separated into the LIFE diet (r = —0.21)
or smoothie group (r=-0.35; Table 4).
In the LIFE diet group, beta-carotene
increased 33.0% from baseline, which
corresponded to a 35.8% decrease in
CRP. Likewise, in the smoothie group,
beta-carotene increased 50.7% from
baseline, which corresponded to a 43.4%
decrease in CRP (Table 5). Overall,
however, the inverse relationship
between CRP and beta-carotene was not
statistically significant in either group
(P=.65; P= 30, Table 4).

When all patients were analyzed
together, there was no statistically
significant correlation between change in
plasma beta-carotene and change in
HbAIC, CO,, UpH, GFR, BUN, Cr, BUN/
Cr ratio, ferritin, or WBC (Table 4). When
subjects were separated by their
respective groups, a statistically
significant positive correlation was
observed between change in beta-
carotene and change in BUN/Cr ratio for
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Figure 1.
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Boxplots and line plots for the distribution of C-reactive protein (CRP) at baseline and day 7 in the LIFE diet and smoothie groups.
For the purposes of maintaining the scale of the graph, we excluded one outlier in the smoothie group. Statistical analysis was

performed using a 2-sample £ test.
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the smoothie group (= 0.69, P = .04).

Changes in beta-carotene were not
associated with changes in any of the
other laboratory measures for either
group (Table 4).

T O
DAY

Discussion

In this retrospective analysis, we
showed that CRP was significantly
reduced in a small group of patients over

~

a week-long dietary intervention. The
decrease in CRP, and therefore decrease
in systemic inflammation, was apparent
in patients who adhered to the LIFE diet
as well as in patients who maintained
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Figure 2.

Boxplots and line plots for the distribution of beta-carotene at baseline and day 7 in the LIFE diet and smoothie groups. Statistical
analysis was performed using a 2-sample ttest.
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their regular diet with the addition of a
32-oz LIFE smoothie per day. Serum
beta-carotene levels significantly
increased from baseline in both groups,

70
DAY

indicating that all patients were
objectively adherent to the diet. As
expected, decreases in CRP
corresponded with increases in plasma

beta-carotene, although the inverse
correlation between beta-carotene and
CRP did not reach statistical significance
in this small patient population.
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Table 3.
Correlation Between Change of Beta-Carotene and Change of CRP and Other Measures (N = 16).

Change of measures # of subjects included for Spearman correlation
from baseline correlation analysis coefficient (P value)
Change of CRP 16 ~0.30 (.26)
Change of HbA1C 6 0.50 (.31)
Change of CO2 16 0.13(.62)
Change of UpH 14 -0.15 (.61)
Change of GFR 15 0.16 (.58)
Change of BUN 16 0.31(.24)
Change of Cr 16 —0.20 (.46)
Change of BUN-Cr ratio 16 0.37 (.16)
Change of ferritin 13 0.09 (.76)
Change of WBC 16 0.33(.21)

Abbreviations: LIFE, Low Inflammatory Foods Everyday diet; CRP, C-reactive protein; UpH, urinary pH; GFR, glomerular filtration rate; BUN, blood urea
nitrogen; CR, creatinine; WBC, white blood cells.

Table 4.

Correlation Between Change of Beta-Carotene and Change of CRP and Other Measures by Treatment Group.

LIFE diet group (n =7) Smoothie group (n=9)

# of subjects Spearman # of subjects Spearman
Change of measures included for correlation included for correlation
from baseline correlation analysis coefficient (P value) correlation analysis coefficient (P value)
Change of CRP 7 -0.21 (.65) 9 -0.35(.36)
Change of HbA1C 6 0.50 (.31) 0 NA
Change of CO, 7 -0.11 (.82 9 0.21 (.58)
Change of UpH 7 -0.13(.79) 7 -0.07 (.88)
Change of GFR 7 0.11 (.82) 8 0.18 (.67)
Change of BUN 7 -0.05 (.91) 9 0.60 (.09)
Change of Cr 7 -0.11 (.82 9 -0.19(.62)
Change of BUN-Cr 7 0.00 (1.00) 9 0.69 (.04)

ratio

Change of ferritin 5 0.50 (.39) 8 0.05 (.91)
Change WBC 7 0.20 (.67) 9 0.45 (.22)

Abbreviations: LIFE, Low Inflammatory Foods Everyday diet; CRP, C-reactive protein; UpH, urinary pH; GFR, glomerular filtration rate; BUN, blood urea
nitrogen; CR, creatinine; WBC, white blood cell.
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Table 5.

Comparison of Percent Change in Mean CRP and Mean Beta-Carotene by Treatment Group.

American Journal of Lifestyle Medicine

LIFE diet group day 0 LIFE diet group day 7 % Change
Beta-carotene mean 70.24 93.45 +33.04
CRP mean 1.32 0.847 -35.83

Beta-carotene mean

Smoothie group day 0

40.56 61.11

Smoothie group day 7

% Change
+50.67

CRP mean

2.86 1.62

—-43.36

Abbreviations: LIFE, Low Inflammatory Foods Everyday diet; CRP, C-reactive protein.

Importantly, patients in this study were
excluded if they made any alterations to
their medications (ie, starting, stopping,
changing dose) or plant-based nutritional
powder intake over the course of the
study, as these behaviors could have
confounded our findings. While
plant-based supplements increase plasma
beta-carotene, they fail to lower CRP
because they lack the other
phytonutrients found in DGLV. Moreover,
supplement-induced increases in
beta-carotene have been associated with
either no effect or adverse effects on the
risk of death from lung cancer and
CVD.” One patient in the smoothie
group had been regularly taking
beta-carotene supplements prior to and
during the study period. However, this
did not confound results as her plasma
beta-carotene levels increased from her
baseline, while her CRP levels decreased,
with no additional changes made to her
supplement or dietary routine aside from
the LIFE smoothie. Similarly, CRP levels
were not confounded by medications or
smoking because no patients added and/
or increased their doses of medications,
and no patients were smokers.

Overall, our findings were consistent
with previous studies that have reported
decreased plasma CRP with increased
fruit and vegetable intake, % including
our first LIFE diet study published in
2019.” The study presented herein adds
new information in several ways. First, it
shows that the LIFE diet and LIFE
smoothie can produce a 30% to 40%

reduction in CRP in just 1 week. This rate
of statistically significant change is the
fastest diet-induced reduction in CRP we
found in the literature.

Rapid CRP reduction could have
important implications for patients in the
current health care climate. Studies
published in April and May of 2020
found that CRP is an independent risk
factor that predicts mortality and severity
of infection from COVID-19 (as defined
by Chinese National Health Commission
criteria and CT severity scores)."*™*
Therefore, dietary modification with the
LIFE diet or the LIFE smoothie may offer
accessible and rapidly effective options
for patients to reduce their plasma CRP
levels, which may help decrease their
risk of death and severe infection. At the
very least, these findings warrant future
studies to examine the association
between a diet, such as the LIFE diet,
and COVID-19 disease mortality and
severity more specifically.

Second, patients were able to
significantly decrease their inflammatory
load by adding one 32-oz LIFE smoothie
per day to their normal routine diet.
Food often has intimate social,
emotional, and cultural undertones,
making dietary change a long and
challenging process for many patients.
Dr. Joel Fuhrman maintains that most
overweight Americans, and therefore
most Americans in general, are addicted
to the food they eat,” and the difficulty
in overcoming this addiction has been
widely established in current

literature.” ™ The present study suggests
that a single dietary modification can
provide quick and substantial health
benefits by lowering CRP. While we do
not suggest that a daily LIFE smoothie
can compensate for a diet high in
ultra-processed and fatty foods, it may
offer a more practical first step for
patients interested in improving their
health through diet, but who are not
ready to implement the more sweeping
changes required by the entire LIFE diet.

Third, the baseline characteristics of
patients in the present study differed
from those in the original LIFE diet study.
In the previous study, most patients were
White, with only one Hispanic patient
and no Asian patients included in the
analysis. The current study includes a
racially diverse patient population. Eight
patients were Hispanic, 4 were Black, 2
were Asian, and 2 were White. The
increased diversity suggests that the LIFE
diet and LIFE smoothie may benefit
patients of more diverse races than
previously demonstrated. Furthermore,
our population had a substantially lower
baseline CRP than the patient population
in the initial LIFE diet study. Mean
baseline CRPs were 1.32 mg/L and 2.86
mg/L in the current LIFE diet and
smoothie groups, respectively, compared
to 6.67 mg/L among patients in the initial
LIFE diet study (“normal” CRP <3 mg/L).
Regardless of these low baseline values,
we know from Ridker et al** that
decreasing CRP from baseline levels even
as low as 0.5 mg/L produces a linear
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reduction in the risk of future
cardiovascular events. Because there is
no threshold to the benefits reached
once patients attain or even start with
lower than normal CRP levels, our goal
should still be continued reduction. Here
we showed that a significant decrease in
CRP achievable in only 1 week on the
LIFE diet or on a regular diet
supplemented with the LIFE smoothie,
offers a spectrum of effective
interventions for patients seeking to
rapidly alleviate systemic inflammation
and associated risks.

Fourth, we observed that WBC count
trended downward for patients who
consumed the LIFE diet for 7 days.
Though this decrease was not statistically
significant, it is important to mention
because WBC count, like plasma CRP, is
a widely accepted biomarker of systemic
inflammation* that is also predictive of
ischemic heart disease independent of
CVD risk factors.*™ Patients in this
study with an already low-normal mean
baseline WBC count (5.5 x 10°/L),
experienced an even further reduction in
7 days on the LIFE diet. These results are
consistent with a previous diet-based
population cohort study, which reported
that of 14 000 patients who consumed
the Mediterranean diet, those with the
strictest adherence based on the Italian
Mediterranean Index had increased odds
of being in the lowest WBC count group
(WBC < 4 x 10’/L; odds ratio = 1.41; 95%
confidence interval = 1.07-1.86).* Our
findings suggest that the LIFE diet may
provide an additional diet-based means
of reducing WBC count and chronic
low-grade inflammation.

In this study, we decided to isolate
the smoothie component of the LIFE
diet because the LIFE smoothie itself, as
a homogenized liquid, may have
inherent properties that support
phytonutrient absorption, and therefore,
CRP reduction. In a prospective
randomized controlled trial,
Castenmiller et al®' investigated the
effects of variously processed spinach
products on serum carotenoid
concentrations. In the study, subjects
consumed whole leaf spinach, minced
spinach, or enzymatically liquefied

spinach from a single batch for 3 weeks
after completion of a 3-week washout
period in which subjects avoided
carotenoid-rich foods. Results of the
study showed a 48% increase in
beta-carotene bioavailability in the
liquefied spinach group versus the
minced spinach group (P =.05), and an
86% increase in beta-carotene
bioavailability in the liquefied spinach
group compared to the whole leaf
spinach group (P = .03). The authors
attributed the impressive bioavailability
of liquefied spinach to the complete
disruption of cellular integrity achieved
through the liquefaction processes. The
increased beta-carotene absorption
observed after enzymatic liquefaction of
spinach suggests that high-intensity
mechanical liquefaction may also
promote absorption; however, a study
directly comparing the 2 methods of
liquefaction is still needed.
Nevertheless, the rapid increase in
beta-carotene following smoothie
consumption indicates that beta-
carotene was well absorbed. Thus, by
liquefying spinach with a high-intensity
blender, the LIFE smoothie may provide
ample benefit (high absorption of
beta-carotene and hundreds of other
phytonutrients) with modest behavioral
change (consumption of 1 smoothie
daily).

Importantly, the LIFE diet and LIFE
smoothie are highly specific and readily
quantifiable dietary modifications.
Patients were counseled on how often to
consume the respective components of
their diets and the precise way to
measure ingredients. This was done
purposefully so that evaluations of
efficacy were based on measurable doses
and frequencies, similar to the dose
responses exhibited by medications. For
example, in a multicenter randomized
double-blind placebo-control trial, when
patients received 2.5, 5, and 10 mg of
amlodipine, target blood pressure goals
were reached in 41%, 56%, and 73% of
patients, respectively.”’ Similar linear
dose responses have been observed for
lisinopril,48 simvastatin, ” valsartan, and
dabigatran.” Diet studies exhibit
dose-response associations as well.”
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Fruit consumption, for example, has a
powerful dose-response relationship with
reduced mortality from cerebrovascular
disease, heart disease, and all-cause
mortality.”® Furthermore, the initial LIFE
diet study showed that patients classified
as adherent (ie, consumed the proper
dose at the correct frequency) saw
decreases in CRP versus patients
classified as nonadherent who did not.”
Overall, the concept presented here can
be represented in the following equation:
health benefit = frequency x dose. This
equation is meant to demonstrate that
the health benefit derived from a specific
and quantifiable dietary modification, just
like medication, can be directly related to
the frequency of consumption and dose
of ingredients, up to the recommended
dose. Importantly, doses in dietary
interventions can be significantly affected
by the physical state of food. The
liquefied DGLV in the LIFE smoothie, for
example, may have increased absorption
capability compared to whole vegetables.
Consumption of the liquefied ingredients
in the smoothie, therefore, could
represent higher dosages, which should
result in increased efficacy.

It is important to acknowledge that our
study is small in sample size and
retrospective in nature, but our
achievement of CRP reduction to <2 mg/L
in 7 days justifies larger, prospective
follow-up studies.

Overall, this study shows that the LIFE
diet and a regular diet supplemented with
the LIFE smoothie are associated with
increased beta-carotene and decreased
systemic CRP in 7 days. Lower CRP
concentrations have been associated with
reduced risk of inflammation-driven
conditions, such as AMD, CVD,
autoimmune diseases, and COVID-19. The
easily quantifiable, beta-carotene-rich LIFE
diet and/or LIFE smoothie may offer fast,
effective, and practical ways to reduce this
risk and improve overall health.
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