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Abstract

Background: High blood pressure (BP) is the leading risk factor for global disease burden, contributing to 7%
of global disability adjusted life years. Angiotensin converting enzyme (ACE)-inhibiting bioactive peptides
have the potential to reduce BP in humans. These peptides have been identified in many dairy products and
have been associated with significant reductions in BP.

Objective: The objective of this trial was to examine whether a cheese rich in ACE-inhibiting peptides
(Gamalost®), or a standard Gouda-type cheese could lower BP.

Design: A total of 153 healthy participants were randomised to one of three parallel arms: Gamalost®
(n =53, 50 g/day for 8 weeks), Gouda-type cheese (n =50, 80 g/day for 8 weeks), and control (n = 50). BP and
anthropometric measurements were taken at the baseline and at the end, with an additional BP measurement
midway. Based on BP at baseline, participants were categorised as having optimal BP ( <120/ <80 mmHg),
normal-high BP (120-139/80-89 mmHg), or being hypertensive ( > 140/ >90 mmHg). Questionnaires about
lifestyle, health, and dietary habits were completed at baseline, midway and end.

Results: In total, 148 participants (mean age 43, 52% female) completed the intervention. There were no
differences among the three groups in relevant baseline characteristics. BP was reduced in the entire study
population, but the cheese groups did not differ from control. However, in a subgroup of participants with
slightly elevated BP, BP at 4 weeks of intervention seemed to be borderline significantly more reduced in the
Gamalost® group compared with the control group (Dunnett test: diastolic BP —3.5 mmHg, 95% confidence
interval (CI) —7.3, 0.4, systolic BP: —4.3 mmHg, 95% CI —9.8, 1.1).

Conclusion: An intention-to-treat analysis of the data showed no cheese effect upon BP compared to control,
but Gamalost® seemed to have a small, non-significant lowering effect on diastolic BP after 4 weeks in people
with a normal-high BP.
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ardiovascular diseases (CVD) are the most com-
‘ mon contributors to worldwide morbidity and

mortality (1), and ischemic heart disease is the
leading cause of death in the world (2). Hypertension is a
major risk factor for CVD, and it has been estimated
from prospective observational studies that just a
5 mmHg reduction in diastolic blood pressure (BP)
would reduce the risk of stroke by 34% (3). BP was
identified as the leading risk factor contributing to global

disease burden in ‘the Global Burden of Disease Study
2010’, and it was estimated that 16.5% of all deaths can
be attributed to high BP (4).

Hypertension is mostly treated pharmacologically,
but lifestyle and dietary changes, such as weight loss and
reduced salt intake, have been effective in preventing
hypertension (5). The dietary approach to stop hyperten-
sion (DASH diet), which emphasises a high intake of
dairy and fruits and vegetables, is one of the trials showing

Food & Nutrition Research 2016. © 2016 Rita Nilsen et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http:// I
creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose, even

commercially, provided the original work is properly cited and states its license.

Citation: Food & Nutrition Research 2016, 60: 32017 - http://dx.doi.org/10.3402/fnrv60.32017

(page number not for citation purpose)


http://www.foodandnutritionresearch.net/index.php/fnr/rt/suppFiles/32017/0
http://www.foodandnutritionresearch.net/index.php/fnr/rt/suppFiles/32017/0
http://www.foodandnutritionresearch.net/index.php/fnr/rt/suppFiles/32017/0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/32017
http://dx.doi.org/10.3402/fnr.v60.32017

Rita Nilsen et al.

that diet is a successful tool to reduce hypertension (6).
Dairy products are rich sources of protein, calcium, and
potassium, which have all been shown to independently
reduce BP (7-9). Dairy proteins are also one of the main
sources of bioactive peptides in the human diet (10),
which are present in varying amounts in different cheeses.
These bioactive peptides have several known activities,
including angiotensin-converting enzyme (ACE) inhibition.
The function of ACE is to activate angiotensin II, a
vasoconstrictor, as well as inactivating bradykinin, a
vasodilator (11), resulting in increased BP. ACE-inhibiting
peptides have been identified in several cheeses and
other fermented milk products, including cheddar (12),
manchego (13), asiago (14), and the traditional Norwegian
cheese Gamalost® (15). Some randomised, controlled
trials have shown that fermented milks and extracts of
ACE-inhibiting peptides from milk products can reduce
BP in humans. A meta-analysis showed that food-derived
peptides, such as the two lactotripeptdies valine-proline-
proline (VPP) and isoleucine-proline-proline (IPP), had
the potential to lower systolic BP by 5 mmHg (16).

Gamalost® is a cheese made from skimmed milk that
does not contain salt and is naturally low in fat ( <1%)
and very rich in protein (50%). A detailed account of the
production of Gamalost® has been described previously
(15). The cheese is rich in bioactive peptides and was
found to have a better ACE-inhibitory activity, in terms
of the concentration of cheese peptides needed to inhibit
50% of ACE, than other cheeses (15, 17, 18). Compared
to cheeses from other studies, Gamalost was one of the
cheeses with the highest ACE-inhibitory potential (19). A
cross-sectional study on Gamalost® and BP was carried
out in 2012 and showed that Gamalost® intake frequency
was associated with slightly lower systolic BP (20). Given
its bitter taste and crumbly texture, Gamalost® is not
widely consumed, while mild and versatile Gouda-type
cheeses have the highest consumption in Norway. A
simulated human gastrointestinal digestion trial showed
that the moderate ACE-inhibitory activity of Gouda-type
cheeses increased greatly after digestion (18), making the
cheese an interesting addition to this trial. We are not
aware of any previously published randomised, controlled
trials specifically investigating the effect of cheese on BP.

The aim of this work was to investigate whether the
consumption of cheese might lower BP during 8 weeks of
intervention.

Materials and methods

Subjects

Participants were recruited through local newspapers,
radio, and television, from the general population. The
target population was persons with moderately high
blood BP, who were not medicated. Males and females
over 18 years of age who spoke Norwegian fluently were

included. Exclusion criteria included pregnancy and the
use of BP-lowering medications.

Design

The study performed was a randomised, single-blinded
controlled trial with three parallel arms, as illustrated in
Fig. 1. The intervention period lasted for 8§ weeks with
measurements taken at baseline, midway, and at the end
of the trial. An independent person not involved in
the study prepared the randomisation envelopes containing
information on which intervention the participants would
follow. Independent of baseline BP, the participants were
handed envelopes by two independent persons not
involved in the conduct of the study. The sample size
estimate for a one-way analysis of variance with three
groups, with a power of 0.80 and criterion for significance
set at 0.05, yielded a sample size of 53 cases per group
and a total of 159. We initially aimed for a larger sample
of about 300 participants, but recruitment yielded a total
sample size of 153.

This study was carried out at the Department of
Chemistry, Biotechnology and Food Science, Norwegian
University of Life Sciences, Aas, Norway, from April
2013 to July 2013 and was approved by the Regional
Committees for Medical and Health Research Ethics
(Oslo, Norway) on 7 March 2013 (2013/166) (registered
at www.clinicaltrials.gov; NCT01913756). The study was
conducted according to the guidelines laid down in the
Declaration of Helsinki and written informed consent
was obtained from all subjects.

Interventions

Participants were randomised to one of three arms:
Gamalost®, Gouda-type cheese, or control. All partici-
pants in the cheese groups were asked to maintain their
habitual diet and not make any other major lifestyle
changes. Subjects in the control group were asked
to maintain their habitual diet, but to avoid the two
intervention cheeses as well as similar cheeses. They were
given lists of suggestions of other cheeses they could
freely consume, such as blue cheese, mozzarella cheese,
or cream cheese.

Participants in the Gamalost® group were instructed to
consume 50 g/day of the cheese, whereas participants in
the Gouda-type cheese group were instructed to consume
80 g/day of the cheese. These amounts were chosen
because they were judged to be higher than the average
intake of each cheese, but not so high that the participants
were unable to consume the designated amount. In order
to have similar cheese protein intakes in the two cheese
groups, the Gouda-type intervention was larger than the
Gamalost® intervention. The cheeses were not portioned,
but the participants were provided with digital scales to
accurately weigh out the daily intake. All the Gamalost®
cheeses were from the same batch and were ripened
for 10 days. All the Gouda-type cheeses were from the
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Fig. 1. Flow chart of a single-blinded, randomised, controlled trial of Gamalost® and Gouda-type cheeses and blood pressure

in 153 Norwegian participants. BP, blood pressure.

same batch and were ripened for 3 months. The cheese
needed for the duration of the trial was provided for
all participants, and they were given more as needed.
Furthermore, participants were instructed to freeze the
Gamalost® cheese throughout the trial so that the rapid
proteolysis occurring in the cheese would not change
the activity of the ACE-inhibiting peptides, as freezing
does not affect the ACE-inhibitory activity of the cheese.
The nutritional properties and ACE-inhibitory activity
of the two cheeses can be found in Table 1. A portion of
the study population filled out charts of weighed daily cheese
intake, used to evaluate compliance with the cheese intake.

Socio-demographic and dietary assessment

A questionnaire was developed for a cross-sectional trial
on Gamalost® intake and BP in a Norwegian population
(20), and it was based on the previously validated ques-
tionnaire from the Oslo Health Study (main questionnaire
and second supplementary questionnaire 1 of the Oslo
Health Study). Experience from this cross-sectional trial
showed that the questionnaire was suitable, but a couple
more questions on food intake were added. The ques-
tionnaire contained questions on age, education, health,

leisure time physical activity, medication, and supplement
use, as well as several questions on diet, including some
focusing specifically on dairy product intake. A translated
version of the questionnaire used at baseline can be found
in Supplementary file 1. Total dairy product intake was
calculated by summarising the frequency of intake of all
cheese, all milk, and fermented milk products. A revised
version of the questionnaire containing only questions on
food intake was distributed at the midway measurements,
whereas a third version, which included some of the
questions on health and physical activity from the first
questionnaire, was used at the end of the trial. The second
and third questionnaires were used to assess whether
any major changes to diet and physical activity pattern
occurred during the intervention period. Participants
were also asked to record any difficulties they had with
compliance. The last questionnaire also included a ques-
tion regarding discomforts the participants may have
experienced during the intervention period.

BP measurements
BP was measured according to the American Heart
Association recommendations (21). Participants rested
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Tuble 1. Nutrient composition (per 100 g and daily intake) of intervention cheeses

Gamalost® Gouda-type cheese

Nutrient 100 g Daily intake, 50 g 100 g Daily intake, 80 g
Energy®, kcal 213 107 351 281
Protein®, g 50 25 27 22
Fat’, g | 0.5 27 22
Carbohydrates?, g | 0.5 0 0
Calcium?, mg 160 80 800 640
Sodium?®, mg 24 12 402 322
Magnesium®, mg 13 7 33 26
Potassium?®, mg 98 49 77 62
ICso ACE-inhibition® 0.34 0.34 0.59 0.59
ACE-inhibitory potential®, mg 0.24 0.12 0.03 0.02

From TINE SA, manufacturer of the two cheeses; °ICso per unit weight of freeze-dried pH 4.6 soluble fraction (SF), expressed as mg pH 4.6 SF per ml.
From Qureshi et al. (15); “ACE-inhibitory potential, expressed as mg captopril equivalents per cheese weight. From Qureshi et al. (15).

for approximately 10 min before the measurement was
taken using a Microlife BP A200 sphygmomanometer
(Microlife, Widnau, Switzerland). In a sitting position,
three consecutive measurements were taken and the aver-
age of the second and third measurements was used for
analysis (automatically calculated by the BP device).
If needed, the device took four measurements to get a
more accurate reading. All BP measurements were taken
between 06:30 and 10:30, after an overnight fast. Partici-
pants were notified of their BP and whether the BP was
within the normal range or not. Based on baseline BP,
participants were grouped into categories according to the
guidelines published by the European Society of Hyper-
tension and the European Society of Cardiology (22).
Consequently, participants were categorised as optimal if
systolic BP was <120 mmHg and diastolic BP was <80
mmHg, normal-high if systolic BP was 120—139 mmHg
and/or diastolic BP was 80-89 mmHg, and hypertensive if
systolic BP was > 140 mmHg and/or diastolic BP was >
90 mmHg.

Anthropometric measurements

Height was measured to the nearest 0.1 cm using a portable
stadiometer (Seca 217, Seca, Hamburg, Germany). Body
weight was measured to the nearest 0.1 kg, without shoes
or heavy clothing, using digital scales (TBF-300A Body
Composition Analyzer, Tanita, Tokyo, Japan). Body mass
index (BMI) was computed as weight (kg) divided by the
square of height (m). Waist circumference was measured
to the nearest 0.1 cm using a measuring tape (Seca 201
Circumference measuring tape, Seca), in accordance with
World Health Organization recommendations, i.e. at the
midpoint between the iliac crest and the lowest rib margin
(23). All anthropometric measurements were also per-
formed between 06:30 and 10:30.

Statistical analyses

Prior to statistical analysis, the dataset was recoded by an
independent person to remove information on interven-
tion groups, hence the primary researchers were blinded
while performing the analyses. Statistical analyses were
performed according to the intention-to-treat principle.
One-way ANOVA with Bonferroni correction for multi-
ple comparisons or the chi-square (x?) test were used as
appropriate to assess differences between the intervention
groups. Baseline characteristics are presented as mean
(standard deviation) or percentages, where appropriate.
The paired samples z-test was used to evaluate change in
BP from start to end in each intervention group. Dunnett
test was used to evaluate mean BP changes between each
treatment group and the control group. A p <0.05 was
considered statistically significant. All statistical analyses
were performed using the SPSS 21.0 software package
(IBM Corporation, Armonk, New York).

Results

Baseline characteristics

A total of 153 participants were included in the study
from the beginning (1 =53 in Gamalost® group, n =50
each in both Gouda-type cheese and control groups). At
baseline, 22% had optimal BP, 46% had moderately high
BP, and 31% were hypertensive. Some baseline character-
istics of the total study sample and the three groups are
presented in Table 2. There were no major differences
between the groups in selected health variables, salt,
alcohol, or dairy product intake. BP was not significantly
different at baseline, even though the prevalence of
hypertension was slightly lower in the Gouda-type cheese
group compared to the control group. The participants
consumed on average seven servings of cheese per week,
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Tuable 2. Baseline characteristics (mean (standard deviation (SD))) or %, by intervention group

Intervention group

All Gamalost® Gouda-type Control
(n=153) (n=53) cheese (n =50) (n =50)
Characteristic Mean SD Mean SD Mean SD Mean SD p
Gender, female (%) 523 50.9 60.0 46.0 0.4
Age (years) 43.1 16.4 412 17.0 42.7 15.8 45.5 16.4 0.4
Weight (kg) 772 14.8 75.6 13.7 76.0 13.6 79.9 16.8 0.3
Height (cm) 173.9 8.9 174.9 8.7 171.9 8.7 174.7 9.4 0.2
BMI (kg/m?) 25.7 37 24.6 33 25.6 35 26.0 37 0.1
Waist circumference (cm) 83.1 11.8 80.9 1.3 82.8 10.9 85.8 12.9 0.1
Systolic BP (mmHg) 1323 17.2 131.5 19.3 130.6 14.7 134.8 17.2 0.4
Diastolic BP (mmHg) 824 9.8 825 10.6 8l.4 8.9 83.1 10.0 0.7
Hypertension® (%) 314 340 24.0 36.0 0.4
Education (years) 16.6 29 16.6 27 17.0 23 16.4 35 0.6
Smoking® (%) 33 38 2.0 4.1 0.9
Physical activity® (%) 384 39.6 36.7 388 0.9
Salt usage? (%) 725 717 720 740 0.9
Alcohol consumption® (%) 57.2 64.2 53.1 54.0 0.1
Total dairy’ 18.4 1.9 19.7 12.9 17.5 10.1 18.0 12.7 0.6
Gouda-type cheese' 5.7 43 6.1 4.6 5.4 3.6 5.6 4.8 0.7
Gamalost®" 0.7 1.9 0.6 1.7 0.6 1.8 0.8 22 0.9

?Percentage who have either SBP > 140, or DBP > 90; "percentage daily smokers; “percentage who reported moderate to hard physical activity more
than 4 h per week; dpercentage who salt their food; °percentage who consume alcohol > |/week; fservings per week.

whereas Gamalost® intake was predictably low with less
than one serving per week.

BP changes

Paired samples ¢-test (Supplementary file 2) showed that
both systolic and diastolic BP decreased significantly from
baseline to midway, and from baseline to the end of the
trial in the entire study population. All groups had
significant decreases in systolic BP (Fig. 2a, Supplementary
file 2), whereas, at the end of the trial, only the Gamalost®

O

155
150
145
140
135 A
130 NL e A
125 1
120
115
110
105

Systolic blood pressure (mmHg)

0 4 8
Time (weeks)

—

Diastolic blood pressure (mmHg)

group had significantly decreased diastolic BP (Fig. 2D,
Supplementary file 2). An intention-to-treat analysis of BP
change, and comparing the intervention groups with the
control group, showed no effect of the cheeses on midway
or end BP (Supplementary file 3).

When stratifying by baseline BP category, the paired
samples ¢-test (Supplementary file 4) showed that the
participants with optimal BP at baseline did not have any
reductions throughout the trial, as illustrated in Fig. 3.
Figure 3a and b shows mean systolic and diastolic BP
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Fig. 2. Mean values (standard deviation) for systolic (a) and diastolic (b) blood pressure at baseline, midway, and end in the

three groups. ©Gamalost®, @Gouda-type cheese, AControl.
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Fig 3. Systolic (a) and diastolic (b) blood pressure (mean (SD)) at baseline, midway, and end, in the three intervention groups.
Solid lines: participants with hypertension at baseline; dashed lines: participants with normal-high BP at baseline, and dotted
lines: participants with optimal BP at baseline. ©Gamalost®, @ Gouda-type cheese, AControl.

changes through the trial, respectively, grouped by BP
category at baseline. Systolic BP decreased significantly
in the hypertensive subgroup in both the Gamalost®
(» =0.001) and control (p <0.001) groups at both midway
and end measurements. Systolic BP was also significantly
lower at the end of the trial (p =0.049) for participants
with normal-high BP in the Gouda-type cheese group.
At the end of the trial, diastolic BP was significantly
decreased in the normal-high BP (p =0.038) and hyper-
tensive (p =0.004) subgroups of the Gamalost® inter-
vention group only.

Further analyses stratified by BP categories are pre-
sented in Table 3. Here, the intervention cheese groups are
compared against the control group. Systolic BP shows
a borderline significant effect of consuming Gamalost®
compared to control also in the normal-high BP subgroup
(—4.3 mmHg, 95% CI —9.8, 1.1, p =0.14). Even though
BP decreased overall in all groups, when comparing change
in BP in those with hypertension at baseline, the Gouda-
type cheese group had significantly higher midway and
end systolic BP compared to the control group (midway:
10.5 mmHg, 95% CI 0.9, 20.2, p =0.03, end: 10.1 mmHg,
95% CI 1.6, 18.6, p=0.02). In the Gamalost® group,
there seems to be a small borderline significant effect on
diastolic BP compared to control at week 4, for partici-
pants with normal-high BP at baseline (—3.5 mmHg,
95% CI —17.3, 0.4, p =0.08). At 8 weeks, the association
remained but was less significant.

Other changes

At the end of the intervention, waist circumference
decreased significantly in all three intervention groups
(» <0.001), whereas weight was only significantly reduced
in the Gamalost® and control groups (data not shown).
Dairy product and Gamalost® intake was significantly
different between the groups at the end of the trial
(ANOVA, data not shown, p <0.001), with total dairy
intake increasing in the two cheese groups and decreasing
in the control group. Five participants failed to complete
the trial, as illustrated in Fig. 1, due to adverse events
unrelated to the study itself.

Discussion
This randomised, controlled trial showed systolic BP
reductions in all intervention groups, and reductions in
diastolic BP in the Gamalost® group after 8 weeks of
intervention. However, compared to the control, there
was no BP-lowering effect of Gamalost®, a cheese rich in
ACE-inhibiting peptides, or of a standard Gouda-type
cheese in 153 subjects recruited from a general healthy
population. When participants were stratified by base-
line BP, there was a non-significant effect of consuming
Gamalost® compared to control at 4 weeks in participants
with normal-high BP, but this was not present at 8 weeks.
In this trial, systolic BP was significantly reduced in
hypertensive subjects in both the Gamalost® and control
groups, but not the Gouda-type group. It is uncertain
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Tuable 3. Stratified analysis based on blood pressure category at baseline, comparing control group with the two cheese diets

4 weeks (midway)

8 weeks (end)

Baseline BP Mean BP BP change Difference from control (95% Cl) P Mean BP BP change Difference from control (95% Cl) P

Systolic BP
Hypertensive Control 152.7 (3.1) 141.8 (3.3) —10.9 (2.2) 139.1 (2.9) —13.7 (2.5)

Gamalost® 150.8 (4.4) 144.2 (4.6) —6.7 (2.8) 43 (—43, 129 0.43 141.3 (3.9) —9.50 (2.5) 42(—34,118) 0.36

Gouda-type 151.5 (2.6) 147.9 (3.5) —04 (3.7) 10.5 (0.9, 20.2) 0.03 147.9 (3.5) —3.6(2.1) 10.1 (1.6, 18.6) 0.02
Normal-high Control 129.2 (2.1) 129.7 (2.1) 0.3 (1.7) 128.7 (1.9) —0.6 (1.7)

Gamalost® 1284 (1.4) 124.4 (2.2) —4.1 (1.7) —43 (—98, 1.1) 0.14 125.4 (1.9) —3.0(1.7) —24(—-8.1,34) 0.55

Gouda-type 128.6 (1.0) 127.9 (1.6) —0.5 (1.5) —0.8 (—6.0,4.3) 091 124.9 (2.1) —35(1.7) —2.9(—83,25) 0.37
Optimal Control 111.5 (1.4) 114.9 (2.8) 34 (24) 111.8 (2.6) 0.3 (22)

Gamalost® 112.5 (1.3) 112.3 (2.5) —0.1 (1.9) —35(—11.7,47) 0.50 113.5 (2.0) 0.5 (1.6) 02 (—6.8,64) 1.0

Gouda-type 112.9 (1.3) 127.9 (1.6) —04 (3.1) —3.8(—125,5.0) 0.50 109.7 (2.3) —35(1.9) —38(—102,27) 0.31
Diastolic BP
Hypertensive Control 91.9 (2.2) 141.8 (3.3) —5.1 (2.0) 88.5 (2.3) —34 (2.1)

Gamalost® 92.2 (2.6) 144.2 (4.6) —4.1 (1.4) 1.0 (—4.5, 6.5) 0.89 87.6 (2.6) —4.6 (1.4) —12(—6.8,44) 0.85

Gouda-type 92.0 (2.3) 147.9 (3.5) —0.9 (2.1) 4.1 (—2.0, 10.3) 0.23 92.3 (2.5) —0.8(1.8) 26 (—3.6,89) 0.54
Normal-high Control 80.8 (1.0) 80.5 (1.6) —0.1 (1.3) 80.6 (1.5) 0.1 (1.5)

Gamalost® 81.0 (1.2) 77.5 (1.1) —3.6 (I.1) —35(—73,04) 0.08 78.8 (1.3) —2.2 (1.0 —22(—64,21) 0.42

Gouda-type 80.9 (0.8) 79.3 (1.1) — 1.4 (1.0) —1.3(—49,24) 0.65 79.7 (1.3) —0.9 (1.3) —0.9 (—4.9,3.1) 0.84
Optimal Control 70.5 (1.2) 68.5 (1.2) —20(1.3) 71.8 (2.4) 1.3 (1.8)

Gamalost® 73.0 (1.0) 69.7 (1.9) —3.7(1.7) —1.7(—77,43) 0.72 71.9 (1.4) —1.5(1.5) —28(—8.0,24) 0.36

Gouda-type 71.3 (1.5) 79.3 (1.1) 1.3 (2.0) 33(-3.1,9.7) 0.38 71.2 (1.1) —0.8(1.3) —2.1(—=75,34) 0.59

Values are mean (SE), 2-sided p-values for the difference from control (Dunnett test).
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why BP was reduced in the control group, but it could be
a result of the statistical phenomenon known as regres-
sion to the mean (24). Another reason for the reduction
of systolic BP in the control group could be the seasonal
variations in BP that are known to occur throughout the
year (25). BP tends to be higher in the winter months and
lower in the summer, which is consistent with the start of
this study in April and ending in June. Even though there
was no significant difference in baseline BP between the
three groups, the Gouda-type cheese group had fewer
subjects with hypertension compared to the Gamalost®
and control groups. This could possibly explain why the
hypertensive subgroup in the Gouda-type cheese group
did not have the same reductions in BP as the other two
groups. It was hypothesised that during the intervention,
BP would decrease in the Gamalost® group compared to
the control, due to the high intake of ACE-inhibiting
bioactive peptides. A borderline significant reduction
in diastolic BP in the Gamalost® group was seen in
the subcategory of subjects with normal-high BP. The
association was less significant at 8 weeks, which could be
explained by regression to the mean or problems with
compliance. This borderline significant change in diasto-
lic BP is in accordance with a larger diet intervention
trial on the effect of the Mediterranean diet on BP,
which found a small significant effect on diastolic but
not systolic BP (26). In the previous cross-sectional trial
(20), the opposite occurred as systolic BP, but not
diastolic BP, was significantly lower with higher intakes
of Gamalost®. With the high prevalence of high BP and
hypertension in the Norwegian and worldwide popula-
tion, a small lowering of mean BP in the normal-high BP
subgroup in the Gamalost® group compared to control
at 4 weeks could be clinically meaningful if they were
able to achieve a significant effect beyond 4 weeks. The
normal-high BP category was the largest subgroup in
all three intervention groups, leading to the assumption
that results from these groups have the best statistical
power. In the general population, this subgroup of people
is also those who might benefit from lifestyle changes, for
example, a diet including a cheese rich in ACE-inhibiting
peptides, such as Gamalost®.

It has been estimated that a small reduction in diastolic
BP of 2 mmHg could reduce the risk of coronary heart
disease by 6% (27), indicating that only small reductions
are needed for cheese and dairy products to have a
clinically meaningful effect on BP. Previous randomised,
controlled trials on the BP-lowering effect on milk-derived
bioactive peptides showed mixed results. VPP and IPP,
derived from casein, are usually considered the two lacto-
tripeptides with the most promising antihypertensive poten-
tial (28). However, in a double-blinded placebo-controlled
trial on subjects with elevated BP (SBP > 140 mmHg) given
concentrates of these two peptides, they did not exert any
BP-lowering effect compared to the placebo group (28).

A similar trial using a milk fermented with Lactobacillus
helveticus, which gave a product naturally rich in VPP and
IPP, found a significant BP-lowering effect on diastolic
BP, which was not maintained after 4 weeks’ intervention
in the normal-high BP category, whereas both systolic and
diastolic BP was decreased in the hypertensive category
until 4 weeks (29). Many trials investigating the BP-
lowering effect of foods have used extracts of foods or
synthetic foods/drinks containing active ingredients that
may occur naturally in foods. Trials that use actual
foods as the intervention, such as the current trial, have
mixed results in terms of BP reductions. A BP-lowering
effect of foods consumed as part of a normal diet in a free
living population has been observed for foods such as
kiwifruit (male smokers) (30), flaxseed (peripheral artery
disease patients) (31), and fermented milk (buttermilk)
(moderately hypercholesterolemic subjects) (32), whereas
no significant effects were found for other foods, such as
walnuts (33).

Information obtained from participants in the cross-
sectional trial (20), which included many people who
regularly consumed Gamalost®, indicated that 50 grams
of Gamalost® was a feasible daily intake of the cheese. It
is possible that a true BP-lowering effect of Gamalost®
would be observed if the serving was increased, but we
judged that a bigger serving would be unlikely to be tol-
erated by regular and non-consumers. The study popu-
lation in the current intervention trial was recruited from
the general population and they had no underlying con-
ditions and diseases. We were unable to recruit solely sub-
jects with increased BP at baseline, as evidenced by the
initial BP in the overall study population (132/82 mmHg).
A significant correlation between initial BP and the
change in BP has been found (34), with initial higher BP
showing greater response to the BP-lowering agent,
suggesting that, should further trials on the BP-lowering
effect of Gamalost® be performed, subjects with optimal
BP should be excluded. With the inclusion of normo-
tensive participants in the trial, it is possible that this
study is actually underpowered since we would not ex-
pect a reduction in BP in those with normal BP. Even
though many cheeses have been found to be rich in ACE-
inhibiting bioactive peptides, the results from the present
trial suggest that the effect may not be transferrable to
healthy human populations through the amount of cheese
consumed in this trial. A meta-analysis of randomised,
controlled trials on the effect of VPP and IPP on BP
found that the response to treatment was generally greater
in Japanese studies compared to European studies (35).
The authors suggested that one cause was the typically
higher habitual intake of dairy products in Europe, which
may have an effect on the BP response to lactotripeptides
treatment. The fact that participants in the control group
in the current trial could consume dairy products could
have confounded the results of this trial and contributed
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towards the null findings. Suggestions for future trials are
to include a wash-out period before the baseline, during
which participants do not consume dairy products, and to
remove dairy products from the diet of the control group.

It is uncertain why waist circumference was reduced
in all groups from baseline to the end of the trial. The
questionnaire used in this trial was not detailed enough
to detect changes in energy intake, but it did not seem
that food intake changed significantly. The change in
waist circumference could be caused by increased physi-
cal activity as the season changed from late winter/early
spring to late spring/early summer. It is also possible that
the reduction in waist circumference was due to the
phenomenon known as the Hawthorne effect, in which
participants in a trial will change their behaviour because
they know they are being observed.

A limitation of this trial is the use of a sphygmoman-
ometer for in-office BP measurements, as opposed to
ambulatory 24-h BP measurements, which would produce
values of higher accuracy. BP varies throughout the day
and the current trial is therefore unable to distinguish
whether the participants had an effect of the intervention
on nocturnal BP. White-coat hypertension, reported to
occur in about 15-35% of people (21, 36, 37), is a source
of error that could be greatly reduced by ambulatory
BP measurements (38). If the baseline BP measurements
were falsely high, it is expected that BP will decrease
slightly on subsequent visits, a result of getting used to the
situation and regression to the mean. However, subjects
were randomly allocated to groups and statistical analyses
were adjusted according to the subject’s baseline BP.
At the baseline BP measurement, the participants were
informed of their BP. They were not given any medical
advice, but they were told if their BP was outside of the
recommended range, they could make an appointment
with their general practitioner. None of the participants
reported starting any medical antihypertensive treatments
during the trial. Furthermore, since the participants were
of generally good health and had, on average, a BP within
the normal range at baseline, the generalisability of these
findings to populations with a higher BP may be some-
what limited. The participants were only provided with
the intervention cheese, and though they were asked to
maintain their habitual diet, we had only partial control
of the diet during the trial.

The strengths of this study include the relatively long
duration and design of the trial, specifically that it is a
randomised, single-blinded controlled trial. The retention
of participants in the trial was good, with only five subjects
lost to follow-up, and the same number of subjects dropped
out in the Gamalost® group and the control group.

In conclusion, when compared to the mean change
in BP in the control group, there was no major effect of
a cheese rich in ACE-inhibiting peptides or a standard
Gouda-type cheese on BP in a general population.

Blood pressure effect of a cheese rich in ACE-inhibiting peptides

However, when stratified by BP category at baseline, there
was a non-significant reduction in diastolic BP in the
group that consumed the cheese rich in ACE-inhibiting
peptides, compared to the control group of those partici-
pants with normal-high BP at 4 weeks of intervention.
The current results suggest cheeses rich in ACE-inhibiting
bioactive peptides may not have an effect on BP when
consumed in moderate amounts, but further similar trials
on other cheeses should be performed to evaluate these
findings.

Authors’ contributions

All authors contributed to formulating the research
question, designing the study, carrying out the statistical
analysis and critically revising the manuscript. Addition-
ally, RN carried out the study and drafted the manuscript.

Acknowledgements

The authors are grateful to all participants in the trial. The staff in
the dairy group at the Norwegian University of Life Sciences for all
the practical help, and Eirin Huseby, who made the trial run
smoothly for both the participants and the researchers, are all highly
acknowledged.

Financial support for the current trial (grant number: 185041)
was provided by the Norwegian Research Council (Oslo), the
Norwegian Foundation for Research Levy on Agricultural Products
(Oslo), the Norwegian Agricultural Agreement Research Fund, and
TINE SA (Oslo, Norway). Cheeses for the trial were provided by
TINE SA. The funders had no role in the design, analysis or writing
of this article. A.H.P. was supported by the South-Eastern Norway
Regional Health Authority.

Conflict of interest and funding
None of the authors have any conflicts of interest to
declare.

References

1. Alwan A. Global status report on noncommunicable diseases
2010. World Health Organization; 2011. Available from: http:/
www.who.int/nmh/publications/ncd_report_full_en.pdf [cited 4
April 2015].

2. World Health Organization. The top 10 causes of death. 2014.
Available from: http://www.who.int/mediacentre/factsheets/fs310/
en/ [cited 22 August 2014].

3. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J,
et al. Blood pressure, stroke, and coronary heart disease. Part 1,
Prolonged differences in blood pressure: prospective observa-
tional studies corrected for the regression dilution bias. Lancet
1990; 335(8692): 765-74.

4. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990-2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet 2012; 380:
2224-60. doi: http://dx.doi.org/10.1016/S0140-6736(12)61766-8

5. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ,
Sacks FM. Dietary approaches to prevent and treat hypertension:

Citation: Food & Nutrition Research 2016, 60: 32017 - http:/dx.doi.org/10.3402/fnrv60.32017

(page number not for citation purpose)


http://www.who.int/nmh/publications/ncd_report_full_en.pdf
http://www.who.int/nmh/publications/ncd_report_full_en.pdf
http://www.who.int/mediacentre/factsheets/fs310/en/
http://www.who.int/mediacentre/factsheets/fs310/en/
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/32017
http://dx.doi.org/10.3402/fnr.v60.32017

Rita Nilsen et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

a scientific statement from the American Heart Association.
Hypertension 2006; 47(2): 296-308.

. Sacks FM, Svetkey S, Vollmer WM, Appel LJ, Bray GA,

Harsha D, et al. Effects on blood pressure of reduced dietary
sodium and the Dietary Approaches to Stop Hypertension
(DASH) diet. DASH-Sodium Collaborative Research Group. N
Engl J Med 2001; 344(1): 3—10. doi: http://dx.doi.org/10.1056/
NEJM200101043440101

. HeJ, Wofford MR, Reynolds K, Chen J, Chen CS, Myers L, et al.

Effect of dietary protein supplementation on blood pressure: a
randomised, controlled trial. Circulation 2011; 124(5): 589-95.

. Wang L, Manson JE, Buring JE, Lee IM, Sesso HD. Dietary

intake of dairy products, calcium, and vitamin D and the risk of
hypertension in middle-aged and older women. Hypertension
2008; S1(4): 1073-9. doi: http://dx.doi.org/10.1161/HYPER
TENSIONAHA.107.107821

. Houston M. The importance of potassium in managing

hypertension. Curr Hypertens Rep 2011; 13: 309-17.
Korhonen H, Pihlanto A. Bioactive peptides: production and
functionality. Int Dairy J 2006; 16: 945-60.

Silva SV, Malcata FX. Caseins as source of bioactive peptides.
Int Dairy J 2005; 15: 1-15.

Pritchard SR, Phillips M, Kailasapathy K. Identification of
bioactive peptides in commercial Cheddar cheese. Food Res Int
2010; 43: 1545-8.

Gomez-Ruiz JA, Ramos M, Recio 1. Angiotensin-converting
enzyme-inhibitory peptides in Manchego cheeses manufactured
with different starter cultures. Int Dairy J 2002; 12: 697-706.
Lignitto L, Cavatorta V, Balzan S, Gabai G, Galaverna G,
Novelli E, et al. Angiotensin-converting, enzyme inhibitory
activity of water-soluble extracts of Asiago d’allevo cheese. Int
Dairy J 2010; 20(1): 11-17.

Qureshi TM, Vegarud GE, Abrahamsen RK, Skeie S. Character-
ization of the Norwegian autochthonous cheese Gamalost and its
angiotensin I-converting enzyme (ACE) inhibitory activity dur-
ing ripening. Dairy Sci Technol 2012; 92(6): 613-25. doi: http://
dx.doi.org/10.1007/s13594-012-0078-1

Pripp A. Effect of peptides derived from food proteins on blood
pressure: a meta-analysis of randomised controlled trials. Food
Nutr Res 2008; 52. doi: 10.3402/fnr.v52i0.1641

Pripp AH, Sorensen R, Stepamak L, Sorhaug T. Relationship
between proteolysis and angiotensin-I-converting enzyme in-
hibition in different cheeses. LWT Food Sci Technol 2006; 39(6):
677-83. doi: http://dx.doi.org/10.1016/j.1wt.2005.03.018
Qureshi TM, Vegarud GE, Abrahamsen RK, Skeie S. Angio-
tensin 1-converting enzyme (ACE) inhibitory activity of the
Norwegian autochthonous cheese Gamalost and Norvegia after
in vitro human gastrointestinal digestion. J Dairy Sci 2013;
96(2): 838—-53. doi: http://dx.doi.org/10.3168/jds.2012-5993
Sieber R, Butikofer U, Egger C, Portmann R, Walther B,
Wechsler D. ACE-inhibitory activity and ACE-inhibiting pep-
tides in different cheese varieties. Dairy Sci Technol 2010; 90(1):
47-73. doi: http://dx.doi.org/10.1051/dst/2009049

Nilsen R, Pripp AH, Hostmark AT, Haug A, Skeie S. Short
communication: is consumption of a cheese rich in angiotensin-
converting enzyme-inhibiting peptides, such as the Norwegian
cheese Gamalost, associated with reduced blood pressure? J
Dairy Sci 2014; 97(5): 2662-8. doi: http://dx.doi.org/10.3168/
jds.2013-7479

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J,
Hill MN, et al. Recommendations for blood pressure measure-
ment in humans and experimental animals. Hypertension 2005;
45(1): 142—-61. doi: http://dx.doi.org/10.1161/01.HYP.0000150859.
47929.8¢

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A,
Bohm M, et al. 2013 ESH/ESC practice guidelines for the

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

management of arterial hypertension. Blood Press 2014; 23(1):
3-16.

WHO (2011). Waist circumference and waist-hip ratio: report of
a WHO expert consultation, Geneva, 8-11 December 2008.
Geneva, Switzerland: WHO.

Barnett AG, van der Pols JC, Dobson AJ. Regression to the
mean: what it is and how to deal with it. Int J Epidemiol 2005;
34: 215-20.

Modesti PA. Season, temperature and blood pressure: a
complex interaction. Eur J Intern Med 2013; 24(7): 604-7.
Toledo E, Hu FB, Estruch R, Buil-Cosiales P, Corella D, Salas-
Salvado J, et al. Effect of the Mediterranean diet on blood
pressure in the PREDIMED trial: results from a randomised
controlled trial. BMC Med 2013; 11: 207.

Cook NR, Cohen J, Hebert PR, Taylor JO, Hennekens CH.
Implications of small reductions in diastolic blood pressure for
primary prevention. Arch Intern Med 1995; 155(7): 701-9.
Engberink MF, Schouten EG, Kok FJ, van Mierlo LAJ,
Brouwer IA, Geleijnse JM. Lactotripeptides show no effect on
human blood pressure. Hypertension 2008; 51(2): 399-405. doi:
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.098988
Aihara K, Kajimoto O, Hirata H, Takahashi R, Nakamura Y.
Effect of powdered fermented milk with Lactobacillus helveti-
cus on subjects with high-normal blood pressure or mild
hypertension. J Am Coll Nutr 2005; 24(4): 257-65.

Karlsen A, Svendsen M, Seljeflot I, Laake P, Duttaroy AK,
Drevon CA, et al. Kiwifruit decreases blood pressure and
whole-blood platelet aggregation in male smokers. J Hum
Hypertens 2013; 27(2): 126-30.

Rodriguez-Leyva D, Weighell W, Edel AL, LaVallee R,
Dibrov E, Pinneker R, et al. Potent antihypertensive action of
dietary flaxseed in hypertensive patients. Hypertension 2013;
62(6): 1081-9.

Conway V, Couture P, Gauthier S, Pouliot Y, Lamarche B.
Effect of buttermilk consumption on blood pressure in moder-
ately hypercholesterolemic men and women. Nutrition 2014;
30(1): 116-19.

Katz DL, Davidhi A, Ma Y, Kavak Y, Bifulco L, Njike VY.
Effects of walnuts on endothelial function in overweight adults
with visceral obesity: a randomised, controlled, crossover trial.
J Am Coll Nutr 2012; 31(6): 415-23.

Sumner DJ, Meredith PA, Howie CA, Elliott HL. Initial
blood pressure as predictor of the response to antihypertensive
therapy. Br J Clin Pharmacol 1988; 26(6): 715-20.

Fekete AA, Givens DI, Lovegrove JA. Casein-derived lacto-
tripeptides reduce systolic and diastolic blood pressure in a
meta-analysis of randomised clinical trials. Nutrients 2015; 7:
659-81.

Franklin SS, Thijs L, Hansen TW, O’Brien E, Staessen JA.
White-coat hypertension new insights from recent studies.
Hypertension 2013; 62(6): 982—7.

Pickering TG, Coats A, Mallion JM, Mancia G, Verdecchia P.
Blood pressure monitoring. Task force V: white-coat hyperten-
sion. Blood Press Monit 1999; 4(6): 333-41.

O’Brien E, Parati G, Stergiou G, Asmar R, Beilin L, Bilo G,
et al. European Society of Hypertension position paper on
ambulatory blood pressure monitoring. J Hypertens 2013;
31(9): 1731-68.

*Rita Nilsen

Norwegian University of Life Science
PO. Box 5003, 1432 As

Norway

Email: rita.nilsen@nmbu.no

Citation: Food & Nutrition Research 2016, 60: 32017 - http://dx.doi.org/10.3402/fnrv60.32017

(page number not for citation purpose)


http://dx.doi.org/10.1056/NEJM200101043440101
http://dx.doi.org/10.1056/NEJM200101043440101
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.107821
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.107821
http://dx.doi.org/10.1007/s13594-012-0078-1
http://dx.doi.org/10.1007/s13594-012-0078-1
http://dx.doi.org/10.1016/j.lwt.2005.03.018
http://dx.doi.org/10.3168/jds.2012-5993
http://dx.doi.org/10.1051/dst/2009049
http://dx.doi.org/10.3168/jds.2013-7479
http://dx.doi.org/10.3168/jds.2013-7479
http://dx.doi.org/10.1161/01.HYP.0000150859.47929.8e
http://dx.doi.org/10.1161/01.HYP.0000150859.47929.8e
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.098988
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/32017
http://dx.doi.org/10.3402/fnr.v60.32017

