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Background: To investigate whether chronic adherence to the French Nutrition and Health
Program (PNNS) guidelines was associated with better cardiovascular health.

Methods: A study nested within the SU.VL.MAX2 cohort was conducted on participants
without cardiovascular risk factors. Long-term adherence to the PNNS guidelines was estimated
using validated dietary scores from 2007 and 2012. Individuals who did (PNNS+) and did not
(PNNS-) continuously adhere to the PNNS guidelines were included. Applanation tonometry,
impedance cardiography, laser doppler flowmetry, heart rate, heart rate variability, endothelial
function was used for the assessment of cardiovascular health.

Results: A total of 49 subjects (mean age 65.4 + 5.6 years, 75.5% women) had been included.
Those in the PNNS+ group (n=26) were older, had a higher BMI and fat mass than those in the
PNNS- group, both groups had similar metabolic parameters. After adjusting for sex, age, and
BMI, PNNS+ subjects were found to have a lower heart rate (60.2 £ 8.0 vs 64.3 + 8.4 beats/min,
p=0.042), a lower heart rate x systolic blood pressure product (7166 + 1323 vs 7788 + 1680 beatsx
mmHg/min, p = 0.009), a longer diastole duration (66.7 £ 3.1% vs 64.6 +4.1% of the cardiac cycle
duration, p=0.049), and a shorter tension—time index (2145 + 489 vs 2307 + 428 ms * mmHg,
p=0.018) compared to the PNNS— group.

Conclusion: Long-term adherence to the PNNS guidelines had a favorable impact on heart
rate, diastole duration, and myocardial oxygen consumption.

Clinical Trial Registration number: NCT01579409.

Keywords: French Health and Nutrition Program, PNNS, heart rate, arterial stiffness,
cutaneous blood flow, endothelial function, heart rate variability

Introduction

Cardiac vago-sympathetic activity, arterial stiffness, and endothelial function have
been considered as integrators of cardiovascular risk factors given that they reflect
the duration and intensity of exposure to such factors. Cardiac vago-sympathetic
activity is altered in diabetes, obesity, and hypertension.' Nutritional factors can acutely
activate the autonomous nervous system during food intake through afferent vagal
nerve fibers via the release of neuro-endocrine hormones.> Accordingly, peripheral
sympathetic or parasympathetic nervous system activity regulates the function of
organs (such as the liver), white and brown fat, muscles, and alpha and beta cells of
pancreatic islets, thereby controlling metabolism and energy expenditure and storage.’
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Daily dietary habits, such as drinking coffee, have been
known to increase vagal nerve activity,* whereas mixing
energy drinks with alcohol can provoke reduced parasympa-
thetic tone.” Energy expenditure is closely associated with
both heart rate (HR)® and blood pressure (BP).” Notably, a
higher HR has been shown to predict worse cardiovascular

outcomes®™

© whereas lower HR has been associated with
lower mortality."" Arterial stiffness is influenced by several
modifiable determinants that represent current therapeutic
targets: obesity, glucose intolerance, type 1 and 2 diabetes,
dyslipidemia, metabolic syndrome,'? and smoking."* The
endothelium plays a major role in vascular tone regulation
and atherosclerosis development.'*'> Apart from gender and
age,'® components of the metabolic syndrome, such as
diabetes,'” hypertension, dyslipidemia, and obesity, have
also been associated with endothelial dysfunction.'?

Intervention studies involving both primary and second-
ary prevention have shown the beneficial effect of a
Mediterranean diet in reducing the occurrence of major car-
diovascular events.'® Nutrition can influence arterial stiffness
by as early as age 10, while the introduction of healthy
nutritional habits early in life can reduce arterial stiffness
later during adult life.* Although impaired endothelial func-
tion has been observed with a high-fat diet, improvements
therein have been found with the Mediterranean diet.”'

The protective effect of antioxidant vitamins against
endothelial dysfunction suggests oxidative stress as a potential
mechanism.** Currently, a discrepancy exists between results
from short- and long-term intervention studies involving anti-
oxidant treatment for arterial stiffness and oxidative stress
markers.”> A study conducted on a sample of over 1000
subjects included in the SUVIL.MAX (Supplémentation en
Vitamines et Minéraux Antioxydants) cohort revealed that
long-term supplementation with antioxidant vitamins and
minerals had no beneficial effect on carotid atherosclerosis
and arterial stiffness.”* However, only a few studies compared
cardiovascular parameters according to dietary patterns and
attempted to determine the mechanisms involved. Most stu-
dies presented relatively short-term results in populations that
had confounding factors, like cardiovascular risk factors.

The French Health and Nutrition Program [Programme
National Nutrition Santé (PNNS)], launched in 2001, has
developed nutritional guidelines with the objective of pre-
venting chronic diseases (cardiovascular diseases, cancer,
and obesity) through diet and lifestyle counseling.

The main objective of the NUTRIVASC study was to
investigate the protective mechanisms of nutrition pro-
vided by the long-term adherence to the PNNS guidelines

in subjects who have stable dietary habits and no cardio-
vascular risk factors. We hypothesized that subjects who
did not continuously adhere to the PNNS recommenda-
tions would have worse cardiovascular health, higher heart
rate, greater sympathetic nervous system activity, higher
arterial stiffness, and worse endothelial dysfunction com-
pared to those who did.

Subjects And Methods

Study Design

The longitudinal, randomized, double-blind study SU.VL
MAX was conducted between 1994 and 2002.%°> Moreover,
a total of 6850 agreed to participate in SU.VLMAX2, a
prospective cohort study. Subjects aging 45 to 70 years
were evaluated from 2007 to 2009 according to their anthro-
pometric and metabolic criteria and responses to validated
food frequency questionnaires.”® The NUTRIVASC study
was a registered study nested within the SU.VIL.MAX2
cohort (NCT 01579409, French Agency for the Security of
Health Products, registration number Afssaps: B111351-70,
08/11/2011 and CNIL: 1552838, 15/12/2011). The study was
conducted according to the Declaration of Helsinki of 1975
as revised in 1983, and written informed consent was
obtained from all subjects prior to inclusion. Data collection
had been completed by August 2016.

Pre-Screening

Among the participants included in the SU.VIL.MAX?2
cohort, those who had filled out the validated food fre-
quency questionnaire from 2007 to 2009 were 50 to 75
years old and were living within the Paris area were
screened. The exclusion criteria included a history of
cancer, a history of cardiovascular disease (stroke, myo-
cardial infarction, or amputation), hypertension [systolic
blood pressure (SBP) > 140 mmHg, diastolic blood pres-
sure (DBP) > 90 mmHg, or anti-hypertensive treatment].
dyslipidemia (LDL cholesterol > 4.9 mmol/L or lipid-low-
ering treatment), active smoking or smoking cessation
within the last 3 years, known diabetes before inclusion
(fasting glycemia > 126 mg/dL or anti-diabetic therapy),
fasting hyperglycemia (fasting glycemia > 110 mg/dL),
and the presence of a pacemaker.

Screening

The objective of the present study was to compare subjects
who adhered to the PNNS recommendations with those who
did not. Screening was performed using the 2007-2009
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database. Accordingly, the PNNS guideline scores were used
after removing the physical activity component in 2007 and
2012 (mPNNS-GS), a method that has been previously
validated.?” Nutritional quality scores have been often shown
to positively correlate with energy intake.”® Therefore, the
probability of adhering to the recommendations increases
with high-energy intake, i.e., by eating large quantities of
food. To avoid this potential bias, a penalty system had been
developed. Energy requirements were calculated using the
Schofield equations, which include age, sex, size, and body-
weight of the subject, adjusted for a coefficient of physical
activity.” If the estimated energy intake determined from the
food questionnaire was at least 5% higher than that determined
from theoretical calculations using the Schofield equation,
then the score was penalized as previously detailed.”” The
penalized score was an important predictor of weight change
within the SU.VLMAX cohort.*® Accordingly, 28% of the SU.
VIL.MAX?2 cohort had a penalized score.

We preselected subjects who had a 2007-2009
mPNNS-GS that fell between the 1st and 40th (lower
adherence to PNNS recommendations) and between the
60th and 100th (higher adherence to PNNS recommenda-
tions) percentile.

Selection

In 2012, an information leaflet detailing the protocol, a
questionnaire aiming to confirm eligibility (screening cri-
teria), a participation request form, and a new food fre-
quency questionnaire were mailed to the preselected
subjects. The 2012 mPNNS-GS was then calculated for
patients who satisfied the inclusion and non-inclusion cri-
teria (Figure 1).

Finally, individuals who did (exposed) and did not (non-
exposed) continuously adhere to the PNNS guidelines
were identified. Those who did not adhere to the guidelines
(PNNS-) had a 2007 mPNNS-GS between the 1st and 40th
percentile and a 2012 mPNNS-GS below the first quartile.
Meanwhile, those who adhered to the guidelines (PNNS+)
had a 2007 mPNNS-GS between the 60th and 100th percentile
and a 2012 mPNNS-GS at the 4th quartile. Once selected
subjects were prospectively included in the study.

Physical Activity Questionnaire

Physical activity in 2007 was also assessed using a validated
questionnaire. The questionnaire included questions regard-
ing physical activity and duration during leisure and working
hours or at home according to intensity (weak, medium, or
high), as well as sedentary behavior and duration.>'

6850 participated at the
SUVIMAX2 study
| 400 did not fill the
N mPNNS-GS
6450 had a 2007
mPNNS-GS score
| 5171 did not reside in
\l/ Paris

1279 resided in Paris area

L 138 had cancer or
v cardiovascular disease

1141 had no history of cancer
or cardiovascular disease

| 147 were smokers or did not give any
\l/ information regarding smoking

994 did not smoke

1 47 had diabetes
v

947 did not have diabetes

L 47 had fasting
\l/ hyperglycemia
900 had glycemia <110 mg/L glucose tolerance

|

720 belonged either to the
0-40 or 60-100 percentile
of the 2012 mPNNS-GS score

|

200 replied

| 49 accepted to participate
‘l/ to the study
glucose tolerance

26 adhered to the PNNS guidelines

Figure | The NUTRIVASC study flow chart.

Cardiovascular Investigations

Tests were performed between September 2012 and December
2013 at the Department of Endocrinology-Diabetology-
Nutrition, Jean Verdier Hospital, Bondy, France. The investi-
gator (M.F) was blinded for the group of participants.
Participants arrived at 07:30 in the morning after an overnight
fast and were instructed to abstain from drinking alcoholic
beverages, coffee, or tea on the morning prior to the study
and to empty their bladder. Approximately 20 min after cathe-
ter insertion on the right arm for drawing blood, measurements
were conducted at an ambient temperature of 22 °C to 24 °C in
a room where noise and light were kept to a minimum.
Participants remained at rest in the supine position throughout
the tests. All cardiovascular tests were non-invasive and lasted
for approximately 2 hrs (Figure S1). The following tests had
been performed.

Cardiovascular Autonomic Nervous System Activity
Finger arterial BP and HR were recorded continuously in
the supine position for 6 min at a paced breathing rate of 12
breaths/min using photoplethysmographic sensors and syn-
chronous 6-lead ECG recordings (Task force monitor™,
CNSystems Medizintechnik, Austria).
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Cardiac autonomic nervous system activity was
of HR and SBP

variations.! The opposite brachial artery was used to cali-

assessed using spectral analysis
brate digital arterial BP measurements. Cardiac autonomic
activity was expressed as normalized spectral HR varia-
bility: i) normalized spectral index [i.e., the percentage of
the high-frequency band (HF: 0.15-0.40 Hz/total spec-
trum) of HR variations (HF-HR: vagal function); ii) the
ratio between low frequency (LF: 0.03—-0.15 Hz/total spec-
trum) and HF bands of HR variations (LF/HF-HR: sympa-
thetic—parasympathetic balance), and iii) LF band of the
SBP spectrum (LF-SBP: 0.075-0.15 Hz; vascular sympa-
thetic activity).

Hemodynamic Parameters

Transthoracic bioimpedance cardiography (Task Force
Monitor®, CNSystems Medizintechnik, Austria) was used
for the measurement of the following hemodynamic para-
meters: stroke volume, cardiac output, total peripheral
resistance, ventricular ejection time, left ventricular work
index, and thoracic fluid content.

Arterial Stiffness And Central BP

The pulse wave velocity (PWV) was measured as pre-
viously described, in the supine position.*> BP was mea-
sured just before PWV measurements with an Omron 750
IT BP device. Briefly, PWV was measured as the arterial
distance divided by the transit time from the carotid to the
femoral artery. The arterial distance was assessed from
surface measurements subtracting the sternal notch
femoral distance to the carotid-sternal notch distance.
Transit time was automatically calculated from the foot
of carotid and femoral pulses measured successively by
applanation tonometry using R-wave of an ECG as a
timing reference. Only measurements with a beat to beat
transit time standard deviation below 5% were considered
of good quality and used in the study.

Using applanation tonometry on the radial artery
(Sphygmocor®, Atcor Medical, Australia), the following
measurements had been obtained: (i) radial and central
BPs, pulse pressures (PP = SBP — DBP), and PP augmen-
tation ratio; (ii) two arterial stiffness indices [carotid-to-
femoral PWV and augmentation index adjusted for a HR
of 75 beats/min (Alx@?75)]; and (iii) cardiac cycle, sys-
tole, and diastole durations based on the BP curve.
Myocardial oxygen demand was determined by calculating
the double product (HR X central SBP) and the tension—

time index (systolic pressure—time integral x HR), whereas

myocardial perfusion were determined by calculating the
subendocardial viability ratio (diastolic time index/ten-
sion-time index).*

Arterial Endothelial Function

Arterial endothelial function and HR were assessed in one
of the digital arteries by recording finger arterial pulsatile
volume changes for 15 min using the Endopat2000® sys-
tem (Itamar Medical, Israel), which makes use of plethys-
mographic biosensors. Reactive hyperhemia was measured
after occluding brachial artery blood flow for 5 min. The
reactive hyperhemia index represents the post-to-pre
occlusion signal ratio on the occluded side normalized to
the control side.

Cutaneous Blood Flow Measurement

Cutaneous blood flow (CBF) at rest and during 1 min of
paced breathing (6 breaths/min) was measured for 6 min in
the forearm using laser Doppler flowmetry (Periflux
System 5000® PERIMED, Sweden). CBF fluctuations dur-
ing the 1 min of paced breathing reflect microvascular
autonomic activity. Moreover, CBF decreases during inha-
lation due to sympathetic nervous system activation. The
percentage decrease in the signal wavelet from the zenith
to nadir was calculated, and the mean decrease during the
three last breaths was used as the index of microvascular
sympathetic activity.

Changes in CBF after transcutaneous administration of
acetylcholine (Ach) (Miochol-E®, 20 mg of Ach chloride/
vial; CHAUVIN®, topical application of 4 mg) through
iontophoresis were also measured to explore endothelial
function. Ach chloride was diluted in 1 mL of sterile
water, after which 200 pL of this solution was placed
into a special chamber of a sponge that was used for
skin application. After Ach administration, we measured
1) maximal CBF, ii) CBF incremental area under the curve
3 min after Ach administration, which is considered an
integrator of microvascular endothelial function, iii) delay
from Ach administration to maximal CBF (peak delay), iv)
peak tangent from basal to maximal CBF (tangent increase
represents acceleration in tissue perfusion), and v) vasodi-
lation duration from Ach administration until return to
levels at least 20% higher than those for basal CBF.**

Body Composition Analysis

Body composition (lean and fat mass) was determined
using bioelectrical impedance (Bodystat® Quadscan,
EuroMedix, Germany).
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Biochemistry

Blood samples were collected from fasted subjects upon arri-
val and were stored at —80 °C at the CRB (liver disease
biobank), Groupe Hospitalier Paris Seine-Saint-Denis BB-
0033-00027. Glucose levels in venous plasma were measured
through colorimetry using the glucose oxidase method (Kone
Optima, Thermolab System, France). HbAlc measurements
were based on the turbidimetric inhibition immunoassay prin-
ciple (Dimension® technology, Siemens Healthcare Diagnosis
Inc., Newark, NJ, USA), while HbAlc levels were standar-
dized according to the Diabetes Control and Complications
Trial. Serum fructosamine was measured using the nitroblue
tetrazolium  colorimetric procedure (COBAS; Roche
Diagnostics GmBH, Penzberg, Germany).

Total cholesterol, HDL cholesterol, and triglycerides
were measured using enzymatic colorimetry (Hitachi
912, Roche Diagnostic, France), whereas LDL cholesterol
was calculated using the Friedwald formula. None of the
participants had triglyceride concentrations greater than
400 mg/dL. Laser immunonephelometry (BN100; Dade-
Behring) was used to measure the urinary albumin excre-

tion rate from urine specimens.

Sample Size Calculation

To obtain 80% power to detect a 1 m/s difference in PWV and
a 1.7 m/s standard deviation between the two groups using
Student’s #-test, the number of participants per group was set at
47. Alpha (o) was set at 5%, while, for all other parameters, the
sample size yielded 80% power to detect a difference between
groups at an effect size (A/c) of about 0.6. Differences in PWV
were interpreted according to results from a Finnish study on
the consumption of fruits and vegetables during childhood and
adolescence in young healthy subjects (age range: 4045
years). PWV was 0.47 m/s lower among those who consumed
fruits and vegetables.”” The non-adherence to the PNNS
guidelines had been considered to cause a 1 m/s difference
in PWV between both groups. The clinical relevance of this
difference in PWV was demonstrated by Blacher et al* in a
population with a very high cardiovascular risk who found that
a 1 m/s increase in PWV was consistent with a 14% increase in
cardiovascular and total mortality.

Statistical Analyses

All quantitative parameters were summarized according to
group and time collected. Descriptive statistics, which
included means and standard deviations, was used to
each time.

describe all quantitative parameters at

Qualitative parameters have been presented as frequency
distributions. The level of significance was set at 5% for
all statistical analyses conducted between both groups.

Relationships between parameters were measured during
a fasted state. Analysis of covariance (ANCOVA) was used
to compare quantitative parameters between the PNNS+ and
PNNS- groups according to their status. Age, BMI, and
waist circumference were considered as covariates, with the
first model including age and BMI (model 1), the second one
including age and waist circumference (model 2), and the
third one gender, age, and BMI (model 3).

Results
Study Flow Chart, Demographics, And

Biological Parameters Of The Patients
Figure 1 shows the flow chart of the study. A total of 49
subjects were ultimately included, 37 of whom were women.
Subject characteristics and a comparison between those who
did (PNNS+: n = 26) and did not (PNNS—: n = 23) adhere to
the PNNS guidelines are shown in Table 1. Compared to
those in the PNNS— group, those in the PNNS+ group were
older, had a higher BMI, had greater waist and hip circum-
ferences, and had more fat mass. Other characteristics were
similar, including physical activity (evaluated in 2007) and
biological parameters (Table 1). Age correlated to heart rate
(p=0.014), BMI was not correlated neither with age nor with
heart rate (data not shown).

Weight change between 2007 and 2012 was similar in the
PNNS— and PNNS+ groups (0.4 + 3.3 vs —0.2 + 3.3 kg,
p=0.529). Energy and nutrient intake in 2007 and 2012 are
shown in Tables S1 (for all participants) and S2 (for each
group). Individuals in the PNNS+ group had declared lesser
intake of calories, added sugars, and saturated fat and higher
intake of vegetable proteins than those in the PNNS— group.

Heart Rate Measurements

HR was lower after adjustment in the PNNS+ group when
measured with applanation tonometry on the radial, caro-
tid, and femoral arteries. HR after adjustment was also
lower in the PNNS+ group during an average 15 min
recording with finger plethysmography (Table 2).

Cardiovascular Autonomic Nervous
System Activity And Hemodynamic

Parameters
No significant difference in any of the cardiovascular
autonomic activity indices and parameters provided by
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Table | Participant Characteristics

Total, n=49 PNNS-, n=23 PNNS+, n=26 [
Age (years) 65.415.6 63.6%5.6 67.0£5.2 0.036
Female gender (%) 37 (76) 20 (87) 17 (65) 0.104
Height (cm) 165.1+8.6 164.4+8.0 165.8+9.3 0.583
Weight (kg) 64.4£13.3 60.8+12.5 67.5£13.4 0.082
Body mass index (kg/m?) 23.5+3.4 224435 24.4+3.1 0.043
Waist circumference (cm) 79.8%11.9 76.3%11.1 82.9+12.0 0.050
Hip circumference (cm) 96.919.5 93.849.6 99.6+8.7 0.033
Body composition
Lean body mass (kg) 45.1£11.6 43.9£10.8 47.3x122 0.310
Fat body mass (kg) 18.4+5.8 16.5+4.7 20.1+6.3 0.036
Physical activity score (2007)
During leisure time hours (Minutes/day) 19.2%17.9 17.3£19.1 20.9%17.0 0.532
At working hours (Minutes/day) 19.4+43.2 27.1+47.4 13.0£39.7 0.373
At home (Minutes/day) 27.7£33.8 26.8422.0 28.6+43.8 0.904
Sedentarity score 13,697+6972 13,657+6735 13,728+7298 0.974
Sedentarity (Minutes/day) 228.3%116.2 227.6x116.2 2288+£121.6 0.970
Biological parameters
HbAlc (%) 5.4+0.3 5.5£0.2 5.4+0.4 0.568
HbAlc (mmol/mmol) 35.5£3.0 36.6+2.0 355%1.0
Fructosamine (umol/L) 233.1£21.7 227.3+21.4 238.3#£21.1 0.078
Glycemia (mmol/L) 5.0+0.4 4.9+0.4 5.1+0.4 0.133
Total cholesterol (mmol/L) 6.0+0.9 5.9+0.9 6.0+0.9 0.462
HDL-cholesterol (mmol/L) 1.9+0.7 2.1+0.9 1.8+0.4 0.261
LDL-cholesterol (mmol/L) 3.6+0.8 3.5+0.8 3.7+0.8 0.236
Triglycerides (mmol/L) 1.0£0.6 1.0£0.7 1.0+£0.4 0919
Urinary albumin excretion (mg/L) 6.9+10.8 5.8+7.4 7.9%133 0.524

Notes: Data are expressed as mean + SD or % as appropriate. Parameters were measured in 2012 during cardiovascular investigation, whereas physical activity was

measured in 2007.

cardiac impedancemetry were found between the PNNS—
and PNNS+ groups (Table 3).

Central And Peripheral Blood Pressures,
Arterial Stiffness, And Cardiac Cycle

Parameters
Table 4 shows a comparison of parameters obtained using
applanation tonometry. After adjusting for age, BMI and
gender (model 3), subjects in the PNNS— group had
greater double product, higher tension—time index, lesser
percent diastole duration (diastole duration as a percentage
of the cardiac cycle), and a trend toward lower subendo-
cardial viability ratio compared to those in PNNS+ group.
Measured PWV values were similar in both groups
(p=0.522). Age-predicted PWV values in all participants

were also analyzed. Given the higher age of our subjects
(60—65 years) and the increase in PWV with age, the full
quadratic equation would provide better R? values than a
linear fit (0.000 x age + 0.83 x 10-3 x age” + 5.55).%¢
Measured values were significantly lower than age-predicted
values (p<0.001), with mean predicted values being 9.3 + 0.6
and 8.9 £ 0.6 m/s for the PNNS+ and PNNS— groups,
respectively (PNNS— vs PNNS+, p=0.306) (Figure S2). We
also compared predicted PWV values with the direct path
length measurements according to the equation from the
paper that established the reference values®® and the results
remained the same (Table S3).

After adjusting for HR, cardiac cycle duration (p=0.352),
diastole duration (p = 0.370), percent diastole duration
(p=0.966) and SEVR (p=0.945) were similar in both groups.
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Table 2 Heart Rate Measured In The Radial, Carotid, Femoral Arteries (applanation Tonometry) And Digital Artery (plethysmography)

Total PNNS— PNNS+ P p* Pt pi
n=49 n=23 n=26
Radial artery (beats/min) 62.1+8.5 64.3£8.4 60.2+8.0 0.084 0.005 0.004 0.042
Carotid artery (beats/min) 63.8+9.3 66.4£10.6 61.3£7.3 0.059 0.006 0.003 0.001
Femoral artery (beats/min) 63.8+9.3 61.3£7.3 57.6x7.0 0.026 <0.001 <0.001 0.020
Digital artery (beats/min) 63.3+8.5 65.6+9.3 61.1£7.3 0.068 0.001 0.001 0.003

Notes: *Covariates appearing in model | [age and body mass index (BMI)] were considered to have the following values (mean values for the total population): age = 65.4
years, BMI = 23.5 kg/mz. tCovariates appearing in model 2 (age and waist circumference) were considered to have the following values: age = 65.4 years, waist
circumference = 79.8 cm. }Covariates appearing in model 3 (age, BMI, and gender) were considered to have the following values: age = 65.4 years, BMI = 23.5 kg/m?.
Bold values indicate statistical significance.

Table 3 Cardiac Autonomic Nervous System Activity And Cardiac Impedancemetry Measurements

Total, n=49 | PNNS—, n=23 | PNNS+, n=26 | p p* pt | pt
Digital artery blood pressure measurements
Systolic blood pressure (mmHg) 107.2+14.8 106.0+17.7 108.2+12.0 0.622 | 0310 | 0.323 | 0.331
Diastolic blood pressure (mmHg) 69.6%12.9 67.9%£14.2 71.0£11.8 0.404 | 0.751 | 0.651 | 0.721
Mean blood pressure (mmHg) 85.4%13.0 84.2+15.0 86.5%11.1 0.545 | 0.472 | 0.438 | 0.456
Pulse pressure (mmHg) 36.8+9.6 36.5+12.3 37.1%6.6 0.821 | 0.677 | 0.893 | 0.545
Heart rate variability
LFnu-RRI (%) | 42.1%15.1 44.7x15.9 40.2+14.4 0.331 | 0.300 | 0.287 | 0.363
HFnu-RRI (%) | 57.9+15.1 55.5£15.9 59.8+14.4 0.331 | 0.300 | 0.287 | 0.363
LF/HF-HR | 0.8+0.5 0.9£0.6 0.8+0.3 0.228 | 0.272 | 0.301 | 0.680
LF-SBP (mmHg?) | 39.2%11.6 39.4x12.6 39.1%11.0 0.929 | 0.757 | 0.708 | 0.823
Cardiac impendancemetry
Stroke volume (mL) 64.5%14.9 62.5+8.0 66.1£18.8 0.403 | 0.370 | 0.369 | 0.464
Indexed stroke volume (mL/m?) 37.8+7.9 37.9+6.2 37.8+9.3 0.979 | 0.380 | 0.363 | 0.427
Cardiac output (L/min) 4.6x1.0 4.5+0.8 47%1.2 0.616 [ 0.940 | 0.957 | 0.946
Indexed cardiac output (L/min*m?) 2.7+0.5 2.7+0.5 2.7+0.6 0.729 | 0.884 | 0.921 | 0.867
Total peripheral resistance (dyne*sec/cm®) 1508+380 1464320 1545+426 0.464 | 0.680 | 0.687 | 0.957
Indexed total peripheral resistance (dyne*sectm? BSA/cm®) | 2567672 2438+574 2676 +739 0.225 | 0.722 | 0.779 | 0.930
Index of contractility (1000/sec) 41.9%14.2 43.6x13.1 40.6x15.1 0.465 [ 0.707 | 0.698 | 0.646
Acceleration index (100/sec?) 58.8+19.9 61.1+19.2 56.9+20.6 0.472 | 0.567 | 0.582 | 0.513
Left ventricular work index (kg*m/m?) 3.1£0.7 32407 3.1£0.6 0.694 | 0.292 | 0.322 | 0.557
Left ventricular ejection time (msec) 305.1%15.3 303.2%15.2 306.7x15.5 0.493 | 0.056 | 0.081 | 0.303
Thoracic fluid content (1/Ohm) 27.4+4.0 27.5%£3.9 27.414.1 0.936 | 0.507 | 0.612 | 0.592

Notes: Data are expressed as mean * SD. Imeasurements performed under paced breathing at 12 breaths/min. *Covariates appearing in model | [age and body mass index
(BMI)] were considered to have the following values (mean values for the total population): age = 65.4 years, BMI = 23.5 kg/m>. +Covariates appearing in model 2 (age and
waist circumference) were considered to have the following values: age = 65.4 years, waist circumference = 79.8 cm. $Covariates appearing in model 3 (age, BMI, and
gender) were considered to have the following values: age = 65.4 years, BMI = 23.5 kg/mZ.

Abbreviations: BSA, body surface area; LFnu-RRI and HFnu-RRI, low and high-frequency band of the heart rate spectrum in normalized units expressed as percentage of
the total spectrum; LF/HF-HR, ratio between the low- and high-frequency bands of the heart rate spectrum; LF-SBP, low-frequency band of the systolic blood pressure

spectrum; PNNS+ and PNNS—, individuals who did (PNNS+) and did not (PNNS—) continuously adhere to the “Programme National Nutrition Santé” guidelines.

Endothelial Function Discussion

Endothelial function in small arteries (reactive hyperhemia  The NUTRIVASC study has been the first to extensively
index) and cutaneous microcirculation (CBF after Ach examine the effect of long-term adherence to the French
administration), CBF, and sympathetic microvascular nutritional guidelines on cardiovascular risk integrators in
activity were all similar between both groups (Table 5). patients without cardiovascular risk factors. Compared to
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Table 4 Peripheral And Central Blood Pressures Measured Through Applanation Tonometry, Indices Of Arterial Stiffness, And

Cardiac Cycle Duration

The p values of the last colomn do not have 3 digits | Total PNNS- PNNS+ P p* Pt Pi

as the other colomns. The original PDF is ok, if there | n=49 n=23 n=26

is no problem you can ignore my comment

Blood pressure

Radial SBP (mmHg) 1253162 | 126.3£16.8 124.4£15.8 0.676 | 0.039 | 0.014 0.091
Radial DBP (mmHg) 80.1£10.3 80.6+9.7 79.7x11.0 0.750 | 0.192 | 0.103 0.460
Radial PP (mmHg) 45.2+10.0 45.7x10.7 44.7+9.6 0.729 | 0.074 | 0.057 0.066
Central SBP (mmHg) 119.8£155 | 120.4£15.4 119.3£15.8 0.796 | 0.084 | 0.039 0.188
Central DBP (mmHg) 81.0+10.4 81.6+9.8 80.5+11.1 0.724 | 0.171 | 0.088 0.427
Central PP (mmHg) 38.849.0 38.848.7 38.7+9.5 0.971 | 0222 | 0.198 0.208
MBP (mmHg) 97.5+12.2 98.2+12.0 96.9+12.5 0.706 | 0.090 | 0.039 0.240
Pulse pressure augmentation ratio 1.2+0.1 1.2+0.1 1.2+0.1 0.496 | 0.260 | 0.216 0.269
Double product (beats*mmHg/minute) 7458%1518 | 7788 + 1680 | 7166 £1323 0.155 | 0.001 | <0.001 | 0.009
Arterial stiffness

PWYV (m/sec) 7.3x2.1 7.1x2.4 74x1.8 0.554 | 0.458 [ 0.578 0.522
Peripheral Alx (%) 93.3%11.5 91.6+8.5 94.9+13.6 0.312 | 0293 | 0.244 0.340
Central Alx (%) 35.7+6.6 35.316.1 36.047.1 0.720 | 0.556 | 0.517 0.447
Central Alx@75 (%) 29.6+6.0 30.1+£5.8 29.1+6.3 0.568 | 0.377 | 0.394 0.822
Reflection time (msec) 138.1£9.7 137.9£10.5 138.4+£9.2 0.864 | 0.546 | 0635 0.725
Cardiac cycle parameters

Subendocardial Viability Ratio (%) 166.9£29.5 | 159.8432.3 173.3£25.7 0.1 | 0.023 | 0.016 0.067
Tension time index (msec*mmHg) 22214388 23071428 2145.6+489 0.147 | 0.002 | 0.001 0.018
Diastolic time index (msec*mmHg) 3631+483 3588+483 3668.6+489 0.569 | 0.902 | 0.784 0.898
Cardiac cycle (msec) 983+145 947+124 1016157 0.098 | 0.013 | 0.010 0.076
Diastole duration (msec) 651132 617117 681139 0.090 | 0.015 | 0.011 0.078
Diastole duration (% cardiac cycle) 65.7+3.7 64.64.1 66.7%3.1 0.049 | 0.011 | 0.008 0.049

Notes: Data are expressed as mean + SD. ¥*Covariates appearing in model | [age and body mass index (BMI)] were considered to have the following values (mean values for
the total population): age = 65.4 years, BMI = 23.5 kg/m? {Covariates appearing in model 2 (age and waist circumference) were considered to have the following values:
age = 65.4 years, waist circumference = 79.8 cm. fCovariates appearing in model 3 (age, BMI, and gender) were considered to have the following values: age = 65.4 years,

BMI = 23.5 kg/m Bold values are statistically significant.

Abbreviations: Alx, augmentation index; Alx@75, augmentation index adjusted for heart rate; DBP, diastolic blood pressure; MBP, mean blood pressure; PNNS+ and
PNNS—, individuals who did (PNNS+) and did not (PNNS-) continuously adhere to the “Programme National Nutrition Santé” guidelines; PP, pulse pressure; PWYV, pulse

wave velocity; SBP systolic blood pressure.

participants who did not adhere to the nutritional guidelines,
those who did adhere were found to have higher intake of
vegetable protein and lesser intake of calories, saturated fat,
and added sugar. Despite sharing similar physical activity
and metabolic profiles, those who adhered to the guidelines
were older and presented worse anthropometric characteris-
tics (i.e., higher BMI, higher waist circumference and higher
fat mass) compared to those who did not. After adjustment
for these differences, subjects in the PNNS+ group had a
lower HR, longer diastole duration, lower HR x BP product,
and lower tension—time index. Both groups had similar SBP,
arterial stiffness, endothelial function, and vago-sympathetic
cardiac activity. These results suggest that aside from the
favorable effect on myocardial oxygen consumption as sug-
gested by lower HR x BP product, nutritional adequacy in

terms of adherence to the PNNS guidelines could prevent
deterioration in cardiovascular risk integrators with age.
Arterial stiffness indices, like the carotid to femoral PWV
and digital, radial and aortic Alx, were not affected. Alx
measurements remained similar despite differences in age,
even after adjusting for a HR of 75 beats/min (AIx@75). A
diet favoring meat, alcohol and low micronutrient intake has
been associated with increased arterial stiffness.>’ On the
contrary, a meal rich in ©-3 polyunsaturated fatty acids has
been found to acutely reduce arterial stiffness in healthy
subjects.>® Nutrient quality, especially in low-glycemic-
index diets, have been shown to lower insulin secretion in
healthy subjects, while the preventive properties of this type
of diet in large cohort studies have shown to decrease the risk

of developing diabetes and cardiovascular diseases.>”
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Table 5 Endothelial Function In Small Arteries And Laser Doppler Results

Total PNNS- PNNS+ n=26 | p p* Pt PE
n=49 n=23
Endopat2000®
Reactive hyperemia index 2.3+0.5 2.3+0.5 2.2+04 0.895 | 0.813 [ 0.620 | 0.444
Alx (%) 22.4£13.3 21.6%11.5 23.1£14.9 0.706 | 0.625 | 0.591 | 0.464
Alx@75 (%) 15.0+11.0 15.7+8.7 14.4+13.0 0.699 | 0435 | 0473 | O.l10
Laser doppler
Mean basal cutaneous blood flow (PU) 6.6+3.04 6.6%3.5 6.7+2.6 0.878 | 0.902 | 0.839 | 0.377
Cutaneous blood flow variation during deep breathing (%) | 26.6+8.8 27.249.3 26.0+8.6 0.635 | 0.878 [ 0.723 | 0.469
Cutaneous blood flow after acetylcholine stimulation
Maximal cutaneous blood flow (PU) 46.5+30.6 38.2+21.8 54.5+35.7 0.074 | 0.068 | 0.063 | 0.365
Peak delay (sec) 0.3£0.2 0.210.1 0.3+0.2 0.070 | 0.073 | 0.075 | 0.102
CBFauc (PU*sec) 118.2+31.0 104.8+32.0 | 131.1£24.3 0.060 | 0.068 | 0.063 | 0.371
Peak tangent (PU/sec) 4971+3054 | 4100+2311 | 5805+3475 0.123 | 0.090 | 0.082 | 0.344
Vasodilation duration (sec) 291.5+£86.6 | 283.7x91.7 | 299.7482.6 0.571 | 0.590 | 0.765 | 0.923

Notes: Data are expressed as mean * SD. lpaced deep breathing (6/min). *Covariates appearing in model | [age and body mass index (BMI)] were considered to have the
following values (mean values for the total population): age = 65.4 years, BMI = 23.5 kg/m> + Covariates appearing in model 2 (age and waist circumference) were
considered to have the following values: age = 65.4 years, waist circumference = 79.8 cm. } Covariates appearing in model 3 (age, BMI, and gender) were considered to have

the following values: age = 65.4 years, BMI = 23.5 kg/m*.

Abbreviations: Alx, augmentation index; Alx@75, augmentation index adjusted for heart rate; CBFauc, Area under the curve for cutaneous blood flow after
iontophoretic administration of acetylcholine; PNNS+ and PNNS—, individuals who did (PNNS+) and did not (PNNS—) continuously adhere to the “Programme National

Nutrition Santé” guidelines; PU, perfusion units.

Notably, the mean measured PWV values in both PNNS+
and PNNS— groups were less than the 10th percentile of
reference values (7.9 m/s) obtained from a group of subjects
from the general population who had the same age category,
optimal or normal BP, and no additional CV risk factors.*®
Although the study was designed based on the assumption
that adherence to the PNNS guidelines could lead to a 1 m/s
difference in PWV between both groups, the actual differ-
ence was only 0.36 m/s. Measured PWYV values were lower
than age predicted ones for both groups (mean PWV differ-
ence of 1.8 m/s), probably because we selected patients
without any cardiovascular risk factor. This may have atte-
nuated differences in arterial stiffness.

One of the major findings of the present study was that
participants who adhered to the PNNS guidelines had
lower HR independent of age, with vago-sympathetic car-
diac activity and sympathetic vascular activity being simi-
lar. Lower HR was confirmed using two different methods,
the first of which was applanation tonometry of the radial,
carotid and femoral arteries during Alx and PWV mea-
surements. The second method utilized finger plethysmo-
graphy (average HR recording of 15 min), which
evaluated arterial endothelial function. It is important to
note that Mediterranean Diet Scores and PNNS-GS scores

predicted obesity risk equally well among French adults
and that strong adherence to the PNNS guidelines was
protective against weight gain and obesity.>° The current
results are in line with those of previous studies that
reported lower HRs with adherence to the Mediterranean
diet.** However, although the aforementioned trial had
used a semi-automatic oscillometer during HR assessment,
such a finding has yet to be confirmed in a prospective 5-
year diet intervention.*' A resting HR between 50 and 70
beats/min has been associated with lower rates of mortality
among the general population.'' However, obtaining the
same HR using a p-blocker doubled the mortality,** sug-
gesting that a naturally occurring slow resting HR was
indicative of good overall health. The present study
selected subjects who had no confounding factors, like
hypertension and anti-hypertensive therapy.

Higher resting HR has been independently associated
with arterial stiffness. Accordingly, HR reduction could
also slow accelerated age-related endothelial dysfunction
through two potential mechanisms: reduction in mechan-
ical stress and prolongation of the period of steady laminar
flow.*? In the current study, subjects who adhered to the
nutritional guidelines had a longer diastole, which was

associated with better myocardial perfusion as suggested
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by SEVR measurements. This positive association was
HR-dependent given that differences between the two
groups were no longer significant after adjusting for HR.

Another important finding was that the HR x SBP double
product** and the tension—time index, both hemodynamic
determinants of myocardial oxygen demand, were also
lower in the PNNS+ group than in the PNNS— group. The
presence of similar stroke volume, preload, afterload, and
contractility with a lower HR suggested a more efficient
myocardial metabolism for achieving similar cardiac work-
load. These results could not have been attributed to physical
activity considering that no difference in physical activity
existed between those who did and did not adhere to the
PNNS recommendations. Nutritional factors, which could
account for the lower HR, remain to be determined. A
study on cultured myocardial cells suggested that enrichment
with n—3 fatty acids, like docosahexaenoic acid, had a posi-
tive influence on B-adrenergic transduction.*” Intrinsic diet-
ary effects on the myocardium have been described to be
independent from dietary effects on circulating hormone or
substrate levels in murine models.*® In the current study,
although no difference had been found between the PNNS+
and PNNS— groups in terms of estimated docosahexaenoic
acid intake, the PNNS+ group had a lower saturated
fat intake (Table S2). Dietary patterns, such as the
Mediterranean diet or the Dietary Approach to Stop
Hypertension (DASH) diet have shown greater benefits.
Potential health benefits of fruits and vegetables, olive oil,
nuts, wine and fiber have been shown by many epidemiolo-
gical studies. A recent meta-analysis*’ showed that a higher
intake of fruits or vegetables was inversely associated with
the levels of inflammatory biomarkers. Recently, icosapent
ethyl, an omega-3 fatty acid found in fish oil, decreased
ischemic events and cardiovascular death compared to pla-
cebo despite the use of statins.*® Other substances like lyco-
pene, phytosterols and polyphenols have also antioxidant
actions.*” Nonetheless, the effects of docosahexaenoic acid
intake on HR merit further investigation.

The hemodynamic profile of both groups, which
included stroke volume, peripheral resistance, myocardial
contractility, left ventricular ejection time and venous
return, was also similar. Previous studies have shown
that the consumption of high-fat meals with high levels
of saturated fat over the course of several weeks may lead
to higher total peripheral resistance compared to the con-
sumption low-fat meals.’® BP was measured on the radial
artery, while central BP was derived from the generalized
transfer function. DBP has been known to decrease during

the sixth decade, whereas SBP increases with age, usually
leading to increased PP. Moreover, a decrease in PP ampli-
fication with age has been due to large artery stiffening.”’

The absence of a difference in endothelial function
indices, measured either at the digital artery level or
using CBF at rest and after Ach iontophoresis, is also
worth considering. The role of nutrients in endothelial
function has been thoroughly studied: intra-arterial glucose
infusion impairs endothelium-dependent vasodilation in
healthy humans in vivo,>* transient hypertriglyceridemia
decreases brachial artery reactivity, presumably through
both endothelium-dependent and endothelium-independent
mechanisms,” while intravenous infusion of L-arginine
improved endothelial function.®* The similarity in hemo-
dynamic profile and endothelial function in the present
study was probably due to the good nutritional habits
and adequate caloric intake among those that did not
follow the PNNS recommendations given that their mean
BMI was less than 25 kg/m* with practically no weight
change during a S5-year period. These results could not
have been related to antioxidant supplementation consider-
ing that none of the patients received any antioxidants
since 2002. Moreover, recent meta-analyses have con-
firmed that diet, and not antioxidant supplementation,
seems to have been the optimal source of antioxidants in
subjects with no nutritional deficits.>

Our study has limitations and strengths. We included a
smaller sample size than initially designed which resulted in a
loss of statistical power. One of the limitations of question-
naires is that unanswered answers were not assessed and the
inevitable of forgetfulness by interviewed subjects. The
strengths of the present study were that participants were
tested for their adherence to nutritional guidelines at two
time points over a 5-year period and were selected because
their evaluations were concordant throughout the study period.
Moreover, to avoid high-energy intake bias, a penalty system
was used when both groups were selected. Both groups had no
cardiovascular confounders given that they were free of car-
diovascular risk factors and did not take any drug that could
modify cardiovascular measurements. After considering
anthropometric measurements and metabolic profiles, both
groups were found to have probably shared a healthy way of
living prior to study participation, thus increasing selection
accuracy based on the mPNNS-GS. Finally, a follow-up eva-
luation of physical activity level in 2012 would have been
useful. Pronounced changes in physical activity would have
been unlikely considering that practically no weight change
had been observed over a 5-year period. However, it is known
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that prolonged modest changes in physical fitness in indivi-
duals can have important effects on cardiovascular health not
mediated by changes in BMI. We also compared the indices
for physical activity from 2001 to 2007 (data not shown)
during leisure (p=0.510), working hours (p=0.059, tendency
to decrease) and at home (p=0.250). Our subjects had a mean
age of 65.4 £5.6 years, and at this age were less likely to start a
physical activity and more likely to decrease their physical
activity.”® We also observed that the weight change (data not
shown) from 2001 to 2012 was not significant (0.655 = 3.9 kg,
p=0.256).

In conclusion the NUTRIVASC study suggests that
adherence to the French nutritional guidelines has a posi-
tive impact on resting HR and myocardial perfusion
indices. Beneficial effects of adhering to nutritional guide-
lines also encompass delayed vascular aging and
decreased myocardial oxygen consumption. Molecular
pathways of nutritional intervention need to be studied,
since information about possible mechanisms implicated
in the cardioprotective effect of diet patterns, nutrients or
bioactive compounds is lacking.

These results not only describe a mechanism whereby
nutrition protects against cardiovascular diseases but also
underline the importance of programs geared toward pre-
venting cardiovascular diseases as recommended in the
PNNS. Future randomized controlled studies in order to
confirm the results of the current study are necessary.
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