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Backgr ound

Honocysteine is an am no acid currently under
investigation for its relationship to heart di sease due to
the finding that individuals with el evated serum
honocyst ei ne (honobcysteinem a) are at increased risk for
cardi ovascul ar di sease. Strawberries are a good source of
folate (30 pg/ 6-0z serving) and honocysteine | evels are
known to decrease with supplenental folate. This study ained
at investigating whether a daily serving of strawberries (6-
7medi um) woul d i ncrease plasma folate | evel s and decrease
serum honocysteine |l evels in healthy human subjects. CRP
| evel s were al so anal yzed because CRP is a general narker of
i nfl ammation, recently becone the focus of much research,
and appears to be associated with risk of future nyocardi al
infarction, stroke, peripheral vascul ar di sease and
cardi ovascul ar death, even in apparently healthy
popul ations. In addition, serumtriglycerides (TG and
| i poproteins - total cholesterol (TC, |owdensity-
| i poprotein (LDL) and hi gh-density-Iipoprotein (HDL)
chol esterol - were neasured as secondary objective, given
their established relationship to cardi ovascul ar di sease.
Finally, blood pressure was nmeasured to nonitor any

pot enti al changes.
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Subj ect s

Thirty-nine healthy adults, all residents of the San
Franci sco Bay area, volunteered to be screened for the
study. In addition, 8 participants of a previous pilot study
who qualified for the screening criterion volunteered to
partici pate. Twenty-six of the screened participants
gqualified for the study and volunteered to participate, to
give a total of 34 participants. During the study, however,
2 participants left for personal reasons (one went
travelling and the other had time constraints) and one |eft
because she started taking chol esterol -1 owering nmedication
m d-way through the study. Finally, 2 participants could not
attend the final blood draw, hence a total of 29 subjects
conpl eted the study.

There were 11 nmal es and 18 fenml es, between the ages of
34 and 92 (mean age 66 years). All subjects signed a consent
formand a standard subjects’ Bill of Rights. In addition,
they conpleted a health questionnaire to ensure that they
were healthy and had no allergy to strawberries. There was
no conpensation for participation in the study. However,
each participant received a half-flat of strawberries per
week for 8 weeks at no cost and the results of the anal yses.

St udy Desi gn

Bef ore being accepted into the study, the volunteers were
screened for serum honocysteine and a fasting bl ood sanple
was taken honocystei ne analysis. The inclusion criterion was
a serum honocysteine level « 6.9 pnol/L. In addition,
participants had to be in general good health and free from
cardi ovascul ar di seases, kidney diseases, diabetes or
cancer .

The participants who qualified for the study were asked
to consune at | east one serving of strawberries 6 days a
week (7 days if possible) for 8 weeks. A serving of
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strawberries conprised about 6-7 nedium (about 6-7 0z)
California strawberries. They were allowed to eat nore if

t hey wi shed and were given a few extra strawberries to
account for | osses due perishability. Fresh strawberries
were picked up by the participants weekly at HRSC to ensure
freshness. Participants were asked not to change their
typical diet or their supplenent routine. They were asked to
fill out a weekly questionnaire on bowel function,

eval uating frequency, anount, effort and consi stency of
stools, as well as l|axative or stool softener use. In
addition, they conpleted 3 basic food frequency
questionnaire to ensure that there were no major changes in
dietary patterns: one reflecting their pre-study diet, one
during the first week of the study (week 1), and one during
the final week (week 8). The participants’ height was taken
at the first blood draw visit and their weight was measured
at both blood draw visits (week 1 and week 8) in order to
cal cul ate the Body Mass Index (BM) and nonitor any wei ght
changes.

Fasting bl ood sanples were taken at the begi nning and at
the end of the study. The main bl ood neasurenents were
honocysteine, folate, and CRP. Triglycerides, TC, and HDL
were al so neasured; LDL values were estimated with the
Friedewal d equation. The subjects were asked to consune
their serving of strawberries in the last nmeal prior to the
final blood draw. In addition, triplicate blood pressure
measurenents were taken by two certified nurses, either on
t he sane day of the blood draw or on the previous day. The 3
nmeasurenents were taken 5 mnutes apart, in a quiet room |If
the participants were having their blood pressure taken the
sanme day of their blood draw, they were allowed to rest
about 30 m nutes after the bl ood draw, or had their blood
pressure taken before the blood draw. To ensure that
basel i ne and end of study data could be properly conpared,
pl asma sanpl es were packed in dry ice for shipping and
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stored at about —-70°C at Pacific Bionetrics Laboratories

(Seattle, WA, where the tests were perforned. Sanples were
pool ed and anal yzed together at the end of the study.

Dat a Anal ysi s

The results of the blood neasurenents are described as
nmean + standard deviation (SD). Paired t-tests were used to
conpare the changes between the begi nning and end val ues of
the paraneters analyzed. In the LDL cal cul ati on, one subj ect
was excl uded because having triglycerides > 400 ng/dL, which
does not allow an accurate cal cul ation of LDL. Description
of bl ood pressure neasurenents reflects 28 of the 29
subj ects because one subjects was unable to conme for the
first blood draw and bl ood pressure exam and had his
basel i ne bl ood draw one week | ater.

Results
D etary I ntake and Wi ght

The food frequency questionnaires were reviewed to
conpare the consunption of three categories of food intake —
fruits, vegetables, and dairy products — prior to the study
and at week 8. These categories were selected as being those
that may influence folate intake and bl ood pressure
measurenents. This review revealed that the mgjority of the
participants (52% increased their intake of fruits of 4-5
servings/week; in addition, intake of vegetabl es increased
by 3-4 servings/week in 31% of the participants; and
consunption of dairy products also increased by 3-4
servings/week in 40% of the study subjects.

The nmean wei ght of the subjects did not change for the
duration of the study (77 £ 17 kg both at week 1 and week 8;
BM = 27 + 4 kg/n).

Fol ate, Honocystei ne and CRP

After 8 weeks of daily strawberry consunption, there was

a statistically significant increase of 22%in plasma fol ate
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| evel s (P<0.001) (Table 1 and Figure 1). However, no
significant changes were observed in serum honocystei ne and
CRP (Table 1). Figures 2, 5, and 8 illustrate the changes in
folate (fig. 2), honocysteine (fig. 5) and CRP (fig. 8) for
each subject. Figures 3, 6, and 9 show the sane changes
ordered by baseline values. Finally, figures 4, 7, and 10
show t he changes in each subject ordered by baseline val ues.
No specific trend can be observed (see Additional Figures).

Table 1. Honocysteine, folate, and Creactive proteins (CRP)
at baseline and end of study (neans = SD).

Par anet er Basel i ne End Change
Honocyst ei ne 9.9 £ 3.2 9.5 £ 2.2 -0.4 £ 2.8
(nmol /L)

Fol ate (ng/nlL) 32.7 £ 10.6 40.0 + 11.8 7.3 + 6.3 *
CRP (ng/L) 2.1+ 1.7 2.1+ 2.0 - 0.1+1.0

*statistically significant (P<0.001).

Figure 1. Mean folate | evels at baseline and end of the
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* significantly different from baseline (P<0.001).
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Bl ood Pressure

At the end of the study there was a statistically
significant reduction (4% P<0.001) in systolic bl ood
pressure, whereas diastolic blood pressure did not change
over the course of the study (Table 2).

Table 2. Blood pressure at baseline and end of study (neans
+ SD).

Bl ood Basel i ne End Change
Pressure
Systolic 121 + 9 116 + 7 -5+ 7 *
(1 Hg)
D astolic 71 + 4 71 £+ 5 0.3 £ 6.2
(1 Hg)

*statistically significant (P<0.001).

Serum Li pi ds and Li poproteins

Finally, no significant changes were observed in serum
triglycerides, TC, LDL, VLDL or HDL at the end of the study
(Table 3).

Table 3. Serumlipids and |ipoproteins at baseline and end
of study (neans = SD).

Serum Basel i ne End Change
| i pids/lipoprote
ins
Triglycerides 156 + 108 151 + 90 -5 + 56
Tot al 208 + 41 209 £ 35 1.0 + 22
chol est er ol
LDL chol esterol 128 + 40 129 + 35 1.0 + 18
VLDL chol esterol |[28.8 + 17.8 28.4 £ 15.5 0.4 = 11
HDL chol est er ol 52 = 15 52 + 14 0 £6

Bowel Function
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The review of the bowel function questionnaires reveals
no pattern of bowel function inprovenent. Mst people (62%
di d not experience any change in bowel function. N ne
participants (31% experienced an increase in stool
frequency; 6 (21% reported softer stools and 7 (24%
i ncreased stool amount; lastly, only 2 participants (7%
experienced | essened effort in stool elimnation. Anong the
29 participants, only 2 were maki ng habitual use of
| axatives/stool softeners and continued to use themw th the
same or increased frequency during the study.

Di scussi on

Daily consunption of a daily serving of strawberries for
8 weeks resulted in a statistically significant but nodest
(22% increase in plasna folate levels in healthy nmen and
wonen. |t al so brought a significant but small reduction in
systolic blood pressure (49%.

However, serum | evels of honocysteine and CRP renai ned
unchanged. Unlike in our previous pilot study, a screening
for serum honocysteine | evels was executed and resulted in a

popul ation with an average baseline |l evel of ~ 10 pnol /L.

Al t hough no recommended optimal |evel for serum honocysteine
has been established, several studies indicate that the risk
for adverse outcones seens to rise at |evels above 10

pnol /L. Nonet hel ess, serum honocystei ne did not change
significantly with daily consunption of a serving of 6-7 oz
of strawberries for 8 weeks. It is possible that the folate
present in the anount of strawberries provided in the study
(30 pg/ 6-0z) m ght not have been sufficient to bring a
significant change in serum honocysteine. Significant
decreases in serum honocyst ei ne have been observed with
suppl enmentation providing 1 ng of folate /day. In addition,

t hese changes have been observed in individuals with
confirmed el evat ed honocyst ei ne.
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Addi tional Figures

Folate Changes in Individual Subjects
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Figure 2. Folate levels (ng/nL) at baseline and end of study
for each subject.
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Folate (ng/mL)

Folate Changes in Individual Subjects
Ordered by Increasing Baseline Levels
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Figure 3. Folate levels (ng/nL) at baseline and end of study
for each subject according to baseline |evels.
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Figure 4. Changes (post-pre)
each subject according to baseline |evels

Homocysteine Changes in Individual Subjects
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Figure 5. Honocysteine levels (unol/L) at baseline and end
of study for each subject.
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Homocysteine Changes in Individual Subjects
Ordered by Decreasing Baseline Levels
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Figure 6. Honocysteine levels (unol/L) at baseline and end
of study for each subject according to baseline |evels.
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Changes in homocysteine according to baseline values
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Figure 7. Changes (post-pre) in honocysteine |levels (unol/L)
for each subject according to baseline |evels.
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Figure 9. Creactive protein (CRP) |levels (ng/L) at baseline
and end of study for each subject according to baseline
| evel s.

Changes in C-reactive protein according to baseline values
2.5

CRP (mg/L)
1=
.
|
|
=
a
|
C
=
|
m
C |
=
u
u|
=
n

—~ N 000N O~ Q%0 0D
(e

00 00 I~
(@\| — o — OO OO

Basleine CRP (mg/L)

N = 0 en Yoo M
N T AN N

AN N oA
o~ cococ o

Figure 10. Changes (post-pre) in Creactive protein (CRP)
| evel s (ng/L) each subject according to baseline |evels.
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