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Lactotripeptides effect on office and 24-h ambulatory
blood pressure, blood pressure stress response,
pulse wave velocity and cardiac output in patients
with high-normal blood pressure or first-degree
hypertension: a randomized double-blind clinical trial

Arrigo FG Cicero, Martina Rosticci, Beatrice Gerocarni, Stefano Bacchelli, Maddalena Veronesi,
Enrico Strocchi and Claudio Borghi

Contrasting data partially support a certain antihypertensive efficacy of lactotripeptides (LTPs) derived from enzymatic treatment

of casein hydrolysate. Our aim was to evaluate this effect on a large number of hemodynamic parameters. We conducted a

prospective double-blind randomized clinical trial, which included 52 patients affected by high-normal blood pressure (BP) or

first-degree hypertension. We investigated the effect of a 6-week treatment with the LTPs isoleucine–proline–proline and valine–

proline–proline at 3mg per day, assumed to be functional food, on office BP, 24-h ambulatory BP monitoring (ABPM) values,

stress-induced BP increase and cardiac output-related parameters. In the LTP-treated subjects, we observed a significant

reduction in office systolic BP (SBP; �5±8mmHg, P¼0.013) and a significant improvement in pulse wave velocity (PWV;

�0.66±0.81ms�1, P¼0.001; an instrumental biomarker of vascular rigidity). No effect on 24-h ABPM parameters and BP

reaction to stress was observed from treatment with the combined LTPs. LTPs, but not placebo, were associated with a mild but

significant change in the stroke volume (SV), SV index (markers of cardiac flow), the acceleration index (ACI) and velocity index

(VI) (markers of cardiac contractility). No effect was observed on parameters related to fluid dynamics or vascular resistance.

LTPs positively influenced the office SBP, PWV, SV, SV index, ACI and VI in patients with high-normal BP or first-degree

hypertension.
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INTRODUCTION

Beyond the well-known effects on blood pressure (BP) of the Dietary
Approaches to Stop Hypertension1 plan and the Mediterranean diets,2

a recent meta-analysis has suggested that some peptides derived from
food proteins may lead to a significant reduction of systolic BP
(SBP: �5.13mmHg; 95% confidence intervals (CI): �7.1/�3.1) and
diastolic BP (DBP: �2.42mmHg; 95% CI: �3.8/�1.0).3 In particular,
these peptides that are part of the primary structure of milk proteins
and can be released by enzymatic hydrolysis, either during gastro-
intestinal digestion or during food processing, have been reported to
exert some angiotensin-converting enzyme inhibitory activity.4

A detailed description of the individual milk proteins with in vitro
angiotensin-converting enzyme-inhibitory activity is beyond the pur-
pose of this paper and has been reviewed elsewhere.5 However, the
best characterized peptides are those found in fermented milk that

contain the amino acid tripeptide sequence isoleucine–proline–proline
(IPP) and valine–proline–proline (VPP). For the most part, research-
ers have concentrated their efforts on finding a short-term antihy-
pertensive effect of these peptides on office-measured BP. A recent
meta-analysis by our group6 showed that the pooled effect of peptides
gave a reduction of �3.73mmHg (95% CI: �6.70, �1.76) for SBP
and 1.97mmHg (95% CI: �3.85, �0.64) for DBP. The effect
was more evident in Asian patients (SBP¼�6.93mmHg (95%
CI: �10.95, �2.94); DBP¼�3.98mmHg (95% CI: �5.38, �2.44))
than in Caucasians (SBP¼�1.17mmHg (95% CI: �2.82, 0.72);
DBP¼�0.52mmHg (95% CI: �1.39, 0.13)) and apparently was not
related to age, baseline BP values, assumed dose of lactotripeptides
(LTPs) or length of the treatment. There are only a few studies that
have extended the clinical investigation to the antihypertensive activity
of LTPs, including 24-h ambulatory BP monitoring (ABPM) values,

Received 26 January 2011; revised 27 March 2011; accepted 30 March 2011; published online 14 July 2011

Hypertension Research Center, Department of Internal Medicine, Aging and Kidney Disease, University of Bologna, Bologna, Italy
Correspondence: Dr AFG Cicero, Hypertension Research Center, Department of Internal Medicine, Aging and Kidney Disease, University of Bologna, Poliambulatorio Pad. 2, Via
Albertoni, 15, 40138 Bologna, Italy.
E-mail: afgcicero@cardionet.it

Hypertension Research (2011) 34, 1035–1040
& 2011 The Japanese Society of Hypertension All rights reserved 0916-9636/11

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2011.92
mailto:afgcicero@cardionet.it
http://www.nature.com/hr


and contrasting results have been obtained. A positive effect was
observed in the US,7 Japanese8 and southern European subjects,9 but
not in northern Europeans.10 In Japanese subjects only, investigations
confirmed an effect of LTP on flow-mediated dilation,11 artery
compliance,12 and central BP.13 Because the antihypertensive effect
of LTPs seems to be strongly related to the ethnicity of patients,6

it would be beneficial to increase our understanding of the effect
of these nutraceuticals on different cardiovascular parameters in
European subjects.
In this context, the aim of our study was to evaluate the effect of

LTPs supplemented as functional food on a large number of hemo-
dynamic parameters in southern European subjects with high-normal
BP or first-degree hypertension.

METHODS
The study was conducted in a group of volunteers with normal or high-normal

BP according to a randomized double-blind design. We consecutively enrolled

50 adult untreated subjects (men:women¼29:21) aged 25–70 years old

(51.2±10.94 years old) with high-normal BP (SBP¼130–139mmHg;

DBP¼85–89mmHg) or first-degree hypertension (SBP¼140–159mmHg;

DBP¼90–99mmHg) as defined previously14 and in primary prevention for

cardiovascular disease. This was the patients’ first visit to the Hypertension

Clinic of the Department of Internal Medicine, Aging and Kidney Disease,

University of Bologna, Bologna, Italy.

Patients with extreme variability of BP, as observed by patient diaries

(±10%) in the month before the beginning of the study, receiving antihyper-

tensive medications, those with chronic gastrointestinal disorders and receiving

medication for the treatment of these disorders, with kidney function abnorm-

alities and/or known intolerance to the component of the tested products were

excluded from the study.

All patients were evaluated at baseline where they were given standard

behavioral and dietary suggestions to correct unhealthy habits. After 4 weeks,

they were allocated to treatment with fruit juice containing 3mg of added IPP/

VPP LTPs from casein (AmealPeptide, kindly furnished by Calpis, Tokyo,

Japan) or with placebo (kindly furnished by Barilla SpA, Parma, Italy).

Randomization was performed by using a drawing of envelopes that contained

randomization codes prepared by an independent statistician and specific

software. The envelopes were then further mixed and distributed to the

investigators who assigned the randomization code in a progressive way to

the enrolled subjects. A copy of the code was provided only to the person

responsible for performing the statistical analysis. The juice bottles were

indistinguishable by color and taste. The patients were instructed to take one

bottle (250ml) in the morning with breakfast. Each serving provided 90kcal

(383 kJ), 1mg of IPP and 2mg of VPP. After 6 weeks of treatment, the patients

were given a final evaluation to determine the treatment efficacy. Product

compliance was assessed by counting the number of product doses returned at

the time of the final study visit.

The study was conducted in accordance with the Declaration of Helsinki.

The study protocol was approved by the Ethics Committee of the University of

Bologna, and informed consent was obtained from all patients before inclusion

in the study.

Blood pressure measurement
BP measurements were taken from each patient (using the right arm) in the

seated position using a standard mercury sphygmomanometer (Erkameter

3000, ERKA, Bad Tolz, Germany; Korotkoff I and V) with a cuff of appropriate

size. BP was measured by the same investigator at each visit in the morning

before daily drug intake and after the patient had rested for 10min in a quiet

room. Three successive BP readings were obtained at 1-min intervals, and the

mean of the three readings was calculated. The BP measurements were

performed by physicians not belonging to the study to preserve the study

blinding.15

ABPM was performed for 24h, using a non-invasive automatic monitor

(Space Labs, Redmond, WA, USA, model 90207). For ABPM, patients were

instructed to act and work normally between 0600 h and 2200h and rest or

sleep between 2200h and 0600 h. They were not to receive any antihypertensive

drug treatment at any time, nor any other type of drug that might affect their

BP level. Readings were obtained automatically at 15-min intervals throughout

a 24-h study period. Separate averages were obtained for the 24-h, daytime

(0600 h–2200h) and night time (2200h–0600 h) values. The accuracy of the

automatic BP readings was checked twice for each ABPM against manual

readings, taken using a standard mercury sphygmomanometer. BP was mea-

sured with the patient sitting, before the beginning of the ABPM, and after a

5-min rest period. Three readings were obtained and averaged. The accuracy

test was repeated after the end of each 24-h ABPM. Patients with more than a

5-mmHg difference in SBP between the manual and automatic readings were

excluded from further analysis. All sampled records were decoded by a trained

physician in a double-blind manner.16

Handgrip stressor test
Short-term moderate static handgrip exercise (30%) elicits an increase in

multiunit post-ganglionic sympathetic nerve activity, directed to muscles by

activating metaboreceptors, mechanoreceptors and central command. The

participants were asked to squeeze a hand dynamometer (Stoelting, Wood

Dale, IL, USA) with maximal force. The highest force attained from three

attempts was considered the maximum voluntary contraction (MVC). Static

handgrip exercise 30% was performed by squeezing the hand dynamometer at

30% of maximum voluntary contraction in a sustained manner for 3min. The

participant was instructed to avoid performing an inadvertent Valsalva

maneuver and to maintain normal breathing patterns. BP was measured at

the baseline after the sustained squeezing phase and after a 3-min rest.17

Pulse wave measurement
The pulse wave velocity (PWV) was calculated using the SphygmoCor System

(Vx Pulse Wave Velocity; AtCor Medical Head Office, West Ryde, Australia),

with the patient in the supine decubitus position. The carotid and femoral

pulse wave were analyzed, the delay in the electrocardiogram wave was

estimated and the PWV was calculated. Using a measuring tape, the space

measurements were taken from the suprasternal notch to the carotid and

femoral arteries at the sensor location.18

Cardiac output evaluation
After rubbing and cleaning the skin with alcohol to achieve a skin-to-electrode

impedance as low as possible, two sensors including gel pads were carefully

placed on each side of the thorax along the midaxillary line, and the two

remaining sensors were placed on each side of the neck just above the clavicle.

An alternating current of 1.5mA (85 kHz) was applied and the impedance

cardiographic signal was continuously displayed on the screen, together with

the electrocardiographic signal. The impedance cardiographic signal was the

first derivative of the thoracic impedance (dZ/dt). Bioimpedance values were

updated on the impedance cardiographic monitor every 15 heartbeats. An

impedance cardiographic quality indicator, which represented the percentage of

the evaluable heartbeats, was determined. Distortions or artifacts in the

impedance cardiographic signal were detected and excluded from the analysis.

In case of excessive distortions or artifacts, the test was repeated to obtain an

acceptable report. With impedance cardiography, the left ventricular ejection

time (LVET) was directly measured. The left ventricular stroke volume (SV)

was calculated using the formula VEPT�dZmax/Z0�LVET, where VEPT was

calculated from the patient’s data (weight, height, age, gender), Zmax repre-

sented the amplitude of the systolic wave of the impedance cardiography and

Z0 the base impedance. The SV calculation was computed every single heartbeat

and averaged over 15 heartbeats to account for physiological respiratory

variations of the SV. The cardiac index was then calculated based on the SV,

the heart rate and the body surface area. The thoracic fluid content, an

expression of thoracic fluid level that could be useful for evaluating thoracic

blood volume, was calculated as 1000/Z0, where Z0 indicated the base

impedance (Sonosite, Hitchin, Herts, GB, UK). Raw data were analyzed offline

and all impedance cardiographic measurements were performed with a single

monitor using PC-version 1.9 of the Niccomo software.19
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Laboratory data
All plasma parameters were obtained after a 12-h overnight fast. Venous blood

samples were drawn by a nurse in all patients between 0800h and 0900 h.

Plasma was obtained by addition of Na2–EDTA, 1mgml�1 and centrifuged at

3000 g for 15min at 4 1C. Immediately after centrifugation, the plasma samples

were frozen and stored at �80 1C for no more than 3 months. The following

parameters were evaluated: total cholesterol, high-density lipoprotein choles-

terol, triglycerides, glucose, uric acid, liver transaminases and creatinine via

standardized methods. All measurements were centrally performed in the

laboratory of our department. Laboratory technicians drew the blood samples

and a biologist performed the assays using standardized methods.20

Statistical analysis
An intention-to-treat analysis was conducted in the patients who had received

X1 dose of study medication and had a subsequent efficacy observation. The

distribution normality of the tested parameters was evaluated by the Kolmo-

gorov–Smirnov test. Continuous variables were compared by analysis of

variance. Intervention effects were adjusted for additional potential confoun-

ders using analysis of covariance. Analysis of variance was also used to assess

the significance within and between groups. Outcome variables with a skewed

distribution were transformed to a log scale before statistical testing. The

statistical significance of the independent effects of treatments on the other

variables was determined using analysis of covariance. A one-sample t-test was

used to compare values obtained before and after treatment administration;

two-sample t-tests were used for between-group comparisons. The Bonferroni

correction for multiple comparisons was also carried out. All analyses were

repeated by further sub-dividing patients for those with high-normal BP and

first-degree hypertension. All data were expressed as mean and s.d. A P-level

less than 0.05 was considered significant for all tests.

RESULTS

Fifty-four patients were screened and four screening failures occurred.
At the screening visit, the main characteristics of the enrolled
patients (25 with high-normal BP, 25 with first-degree hypertension)
were: body mass index¼26.7±3.7 kgm�2, SBP¼138.8±8.8mmHg,
DBP¼87.7±6.0mmHg, pulse pressure¼51.1±10.5mmHg, and
heart rate¼71.1±10.2 b.p.m.
Only two patients withdrew from the study because of personal

problems (no safety issues were encountered).
Basic hemodynamic and laboratory data at the baseline in subjects

randomized to LTPs or placebo treatment are presented in Table 1.
The treatment groups were cross-matched for baseline age, body mass
index, waist circumference, BP and PWV. No significant changes were
observed in the placebo group during the study, whereas in the
LTP-treated patients, SBP (�4.8±8.7mmHg, P¼0.013) and PWV
(�0.66±0.80m s�1) significantly improved when compared with the
baseline (Figure 1). The PWV change was also significantly higher
compared with that observed in the placebo group. The PWV change
was significantly related to its baseline value in LTP-treated patients
(b¼�0.518, P¼0.010), but not in those taking placebo (b¼�0.375,
P¼0.710) (Figure 2). No significant relationship was observed between
SBP and PWV change (b¼�0.003, P¼0.843). The other basic vari-
ables, including those from the laboratory, did not change in either the
LTP or the placebo group.
No statistically significant differences between LTP- and placebo-

treated subjects, either in those with high-normal hypertension or
with first-degree hypertension at baseline, were observed for the
ABPM data (Table 2) and the handgrip stress test (Table 3).
Among cardiac output-related parameters, SV (P¼0.013), stroke
index (P¼0.049), the acceleration index (ACI; P¼0.044) and velocity
index (VI; P¼0.048) significantly improved, compared with the
baseline in the LTP-treated subjects only (Table 4). No effect
was observed on parameters related to fluid dynamics or vascular

resistance. Overall, no differences were observed between subjects with
high-normal hypertension or first-degree hypertension at baseline.

DISCUSSION

On one hand, a large body of evidence suggests a certain antihyper-
tensive efficacy of LTPs,6 whereas on the other hand, recent studies do
not support the presumed angiotensin-converting enzyme inhibitor-
like activity of these peptides.21 In this context, we conducted a clinical
trial and included advanced tests to better understand the possible
efficacy of these peptides and their mechanism of action.

Table 1 Basic hemodynamic and laboratory data at the baseline in

subjects randomized to lactotripeptides or placebo treatment

Lactotripeptides (N. 25) Placebo (N. 25)

Mean s.d. Mean s.d.

WC (cm) 98.16 8.26 97.62 12.54

BMI (kg m�2) 26.61 3.23 27.01 4.07

SBP (mm Hg) 141.96 10.88 141.20 9.64

DBP (mm Hg) 86.36 8.22 86.62 7.72

PP (mm Hg) 55.60 11.12 54.58 8.53

HR (b.p.m.) 71.68 9.59 70.54 10.38

TC (mg dl�1) 211.96 34.09 217.04 31.27

TG (mgdl�1) 121.96 67.20 113.44 43.53

HDL-C (mg dl�1) 54.77 11.90 58.20 13.58

LDL-C (mg dl�1) 132.80 27.29 136.15 30.54

FPG (mg dl�1) 86.96 9.86 86.96 11.26

Creatinine (mgdl�1) 0.89 0.15 0.91 0.12

SUA (mg dl�1) 5.54 1.19 5.58 1.07

GOT (mgdl�1) 20.57 4.30 22.72 6.99

GPT (mg dl�1) 23.69 10.30 26.52 11.58

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; GOT, glutamic-oxalacetate transaminase; GPT, glutamic-pyruvate transaminase;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
PP, pulse pressure; SBP, systolic blood pressure; SUA, serum uric acid; TC, total cholesterol;
TG, triglycerides; WC, waist circumference.
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Figure 1 Changes in blood pressure (BP) and pulse wave velocity (PWV)

observed during the study in the lactotripeptides (LTP) and placebo-treated
patients.
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Beyond the small but significant effect of reducing SBP, the limited
antihypertensive efficacy of LTPs on office-measured BP is in
agreement with the results recently reported in northern European
subjects by van der Zanker et al.22 Even if the observed effect on SBP is
negligible, the reduction of DBP could have some potential prognostic
value, considering that the enrolled patients were all relatively young.
Recently, it has also been proposed that the mild peripheral anti-
hypertensive effect of LTPs is associated with improvements in central
arterial stiffness.13

The lack of observations of an LTP effect on ABPM data is partially
in contrast with our data previously obtained on normotensive

subjects and patients with high-normal BP.9 This may be because
we administered the functional food twice daily in that study, whereas
in this study, we administered it once daily and the halflives of the
LTPs are short, presumably. Similarly, a non-significant LTP effect on
BP has also been observed in other European studies where the
product was administered once a day.10,23 In contrast, when the
product was administered twice daily, a significant improvement in
ABPM parameters was observed.24

What is new in our study is the evaluation of a large number of
surrogate parameters of cardiovascular risk. Increased arterial stiffness,
which is assessed by the PWV, causes increased cardiac afterload,
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Figure 2 Pulse wave velocity (PWV) changes and baseline PWV in placebo-

and lactotripeptide (LTP)-treated patients.

Table 2 24-h ambulatory blood pressure measurement parameters during the treatment with lactotripeptides or placebo (values reported as

mean±s.d.)

Placebo Lactotripeptides

Basal 6 week Basal 6 weeks

SBP (mm Hg) 132.9±8.1 131.1±10.2 132.0±9.5 131.8±8.7

DBP (mmHg) 83.4±5.5 82.5±7.4 82.6±8.5 82.6±8.2

MBP (mm Hg) 100.1±5.6 98.6±7.6 99.3±8.6 98.9±8.0

PP (mm Hg) 49.5±6.6 48.6±7.1 49.4±5.8 49.3±6.2

HR (p.p.m.) 72.2±7.2 73.2±9.3 72.2±8.9 72.4±8.6

%SBP4normal 54.3±22.4 46.8±26.4 52.7±28.4 52.6±26.7

%DBP4normal 52.4±20.2 50.2±24.0 48.2±28.5 49.7±28.2

Diurnal SBP (mm Hg) 137.6±9.2 136.1±10.6 136.7±9.7 135.6±8.5

Diurnal DBP (mm Hg) 87.8±6.2 86.9±6.7 87.2±9.2 86.6±9.2

Diurnal MBP (mm Hg) 104.5±6.8 103.0±7.2 103.9±9.2 102.8±8.4

Diurnal PP (mm Hg) 49.9±7.1 49.2±8.1 49.5±6.0 49.0±6.7

Diurnal HR (p.p.m.) 75.2±8.1 76.1±9.9 76.0±9.6 75.7±10.2

% Diurnal SBP4normal 54.4±24.8 46.8±27.3 52.8±29.2 50.9±28.2

% Diurnal DBP4normal 60.1±20.0 55.8±25.0 54.9±30.4 53.5±30.8

Night SBP (mmHg) 124.2±7.7 120.1±11.2 122.2±10.6 124.3±11.5

Night DBP (mm Hg) 75.4±6.3 72.7±8.8 73.3±8.9 74.7±8.9

Night MBP (mmHg) 88.3±9.2 86.7±8.9 90.2±8.9 91.3±9.4

Night PP (mmHg) 49.2±5.9 47.7±6.4 49.2±6.6 48.1±11.1

Night HR (p.p.m.) 65.6±7.4 66.0±8.4 64.5±8.5 66.5±6.8

% Night SBP4normal 56.5±24.3 45.7±31.1 52.5±30.4 56.7±30.7

% Night DBP4normal 36.4±24.4 31.8±28.9 29.3±28.2 40.9±37.3

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; MBP, mean blood pressure; PP, pulse pressure; SBP, systolic blood pressure.

Table 3 Changes in blood pressure level from baseline to after the

handgrip stress, and from the end of the stress to the resting phase in

lactrotripeptides- and placebo-treated patients (values reported as

mean±s.d.)

Placebo Lactotripeptides

After stress After recover After stress After recover

Pre-treatment values

SBP (mm Hg) 17.0±12.8 �18.2±13.4 15.5±11.0 �16.39±10.1

DBP (mm Hg) 10.7±8.1 �9.8±11.1 7.5±9.8 �8.3±5.8

Post-treatment values

SBP (mm Hg) 17.8±11.9 �16.8±15.3 15.5±11.4 �17.3±11.9

DBP (mm Hg) 8.9±7.6 �8.4±9.6 10.9±7.3 �9.2±9.2

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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impaired coronary arterial blood supply, atherogenesis and/or micro-
vascular damage.25 Here, we observed that LTP-treated patients
experienced a significant improvement in vascular rigidity, as deduced
from the increase in PWV. This result is partially in agreement
with the recent observations of Japanese colleagues who used different
instrumental markers of vascular rigidity.11–13 In fact, it seems
that LTPs are able to improve the endothelial function independently
from their effect on BP.26 Therefore, this can at least partly explain our
result of no significant relationship between SBP and PWV change.
On the other hand, LTPs were also associated in our study with a mild
but significant change in markers of cardiac flow (SV and stroke
index) and of cardiac contractility (ACI and VI), but not in markers of
fluid dynamics or vascular resistance. This could lead to a hypothesis
of a mechanism of action different from angiotensin-converting
enzyme inhibition, support for which would require further research.
However, our observations on PWV suggest that the change in
myocardial contractility could be a response of the heart to the
reduced peripheral resistance. Therefore, to the best of our knowledge,
there is actually no evidence of a direct effect of LTPs on myocardial
contractility.
Our study had some limitations. First, the sample size of the study

was relatively small, even if similar to most of the previous trials that
investigated the antihypertensive effects of LTPs. Another limitation,
also similar to previous trials, was the relatively short duration of the
treatment, which could mask long-term treatment effects. Finally, the
administration of a large number of tests to the patients on the same
day could have influenced their spontaneous stress reactions and,
consequently, their reactions to the measured BP. On the other
hand, this is the first report of a complete set of data taken from
LTP-treated patients, with respect to cardiac output-related parameters
in particular.
In conclusion, VPP and IPP, assumed to be functional foods,

positively influenced office SBP, PWV, SV, stroke index, ACI and VI
in southern European patients with high-normal BP or first-degree
hypertension.
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