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ARTICLE INFO ABSTRACT
Article Type: Background: Calcium supplements can improve hypertension, hyperlipidemia, and
Original Article regulation of body weight in overweight persons.

Objectives: The aim of the study was to assess the effect of calcium supplementation on
blood pressure and serum lipid profile.

Materials and Methods: 49 overweight men (age range =34.4 + 4.8, BMI =27.5 £ 1.7) were
given a placebo or carbonate calcium (1,250 mg elemental calcium) daily for 8 weeks in
arandomized, double-blind clinical trial. Serum lipids and blood pressure were meas-
ured before and after the trial. A 24-hour dietary recall questionnaire was completed
for each person at baseline, in the 4th week, and at the end of the study.
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Kem ords: Results: There were no significant differences in weight, serum triglycerides, and HDL-c
Calcium .

. . between the experimental and control groups at the end of the study, but there were
Lipoproteins S . . o
Apolipoprotein B significant differences in the mean changes of total cholesterol (12.9 versus 1%, P <

polipoprote .001), LDL-c (8.5 versus 1.6%, P = .003), and apolipoprotein B (7.2 vs. 0.18%, P = .044) in
Blood pressure . o .

. the experimental versus control groups at the end of the study. Additionally, in the ex-
Overweight

perimental group, mean changes of systolic blood pressure had reduced significantly
compared to the placebo group (6.84 vs. 3.05%, P=.046).

Conclusions: The results suggest that calcium supplements may have a favorable effect
on reducing cardiovascular risk in overweight men.
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» Implication for health policy/practice/research/medical education:

This article has implication for health policy, research and medical education because the mortality due to cardiovascular disease is
increasing, on the other hand we have low calcium intake in our society and this article can be a good aricle for Health policy, research
and medical education.
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1. Background

Overweight and obesity, and their adverse effects such
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modification, heart attack remains the most common
Copyright © 2010, Iran Endocrine Society, Published by Kowsar M.P.Co. All rights reserved.



Calcium supplement, lipoproteins and blood pressure

Shidfar Fetal. &N

cause of death in developed and developing societies (3).
Major risk or even causative factors for heart attack, as
well as other cardiovascular diseases, are elevated blood
pressure, lipid profile and obesity (4). It seems reason-
able to concentrate more on the effects of dietary habits
and supplements on modifying hyperlipidemia because
treating the adverse effects of this problem such as insu-
lin resistance and atherosclerosis are much more expen-
sive, and yet the results are still unsatisfactory (5, 6) Thus,
finding dietary supplements to reduce these risk factors
has been one of the most important fields of medical re-
search (7-9). It has been established over a century that
some elements such as calcium and magnesium not only
can interact directly with lipid absorption, but also can
bind to bile acids and increase their excretion and lower
serum cholesterol when they are consumed more than
the intestine can absorb (10, 11). Other newer studies have
also shown similar results (12). These hypolipidemic ef-
fects may be beneficial for individuals with coronary
heart disease (CHD). For example in a study in lowa, the
mortality rate in women in the highest percentile of cal-
cium intake was a third of that of other women (13). An-
other study also has reported a strong inverse relation-
ship between calcium intake and CHD (14). Weight loss
has been shown to be the most efficient way to reduce
the risk of CHD (15); even small amounts of weight loss
can modify blood pressure, lipid profiles, and glucose
intolerance significantly. Some studies have shown that
calcium can help people lose weight (16). Other studies
have demonstrated thatan increase in dietary calcium in
American society could result in the loss of adipose mass
(17). Another study showed that calcium supplements
can explain a larger percentage of weight loss than diet
(18, 19). Simply put, an increase in calcium intake has
been reported to be beneficial for reducing weight and
regulating the serum lipid profile in most of studies (20,
21). There are articles that deny such relationships for in-
dividuals in certain situations (22, 23), but both of these
studies had limitations in sample size, general method-
ology, or the use of an insufficient calcium supplement
dose to change serum lipoproteins. On the other hand,
there are much less evidence about the relationship be-
tween calcium intake and the level of apolipoproteins;
furthermore, no such studies have been conducted on
the Iranian population.

2. Objectives

Thus, there is a real need to conduct precise, controlled
studies of individuals with different diets in other cul-
tures (especially in Iran, where the rates of overweight
and obesity are increasing and CHD due to increased
body fat has a high mortality rate). The aim of this study
is to investigate the potential effects of calcium supple-
mentation on serum lipoproteins, apolipoprotein B, and
blood pressure in moderately obese Iranian men.

3. Materials and Methods
3.1. Subjects

In this parallel, double-blind, randomized clinical trial,
82 overweight but otherwise healthy male workers aged
25 to 35 years from the shipwrights company, Bandar-e-
Anzali, Iran, were recruited.

Iclusion criteria were a serum cholesterol level of less
than 240 mg/dl, a serum triglyceride level of less than
400 mg/dl, and a body mass index (BMI) of more than
25 kg/m2. Any subject with diabetes or any kind of liver,
thyroid, or kidney disorder was excluded from the study.
None of the individuals were taking medications such
as calcium supplements, nonsteroidal anti-inflammato-
ries, antihypertensive medication, lipid-lowering drugs,
diuretics, or any other drug that affects the lipid metabo-
lism for at least 6 months. After the initial screening, 54
subjects who met all of our criteria were included in this
study. All individuals remained on their normal diets
(without a weight-reduction diet) and with no changes
in lifestyle. All participants were informed about the
process of the trial and that they were free to leave the
study whenever they wanted. Forty-nine subjects (25 ex-
perimental and 24 controls) successfully completed the
study.

3.2. Calcium supplement

The calcium supplement and the placebo were
provided by Amin pharmaceutical company, Tehran, Iran
as 625-mg capsules. The placebo contained dextrose, and
the supplement contained 250 mg of elemental calcium
in the form of calcium carbonate because of its higher
bioavailability, low cost, and availability compared to
other calcium supplements.

3.3. Study design

The participants were divided randomly (by random-
number tables) into case and placebo groups. In the be-
ginning, all subjects received an identification number.
The capsules were distributed weekly, and subjects were
prescribed 5 capsules daily (one with each meal, one be-
tween breakfast and lunch, and one at night time). The
subjects had to pick up their capsules each week from
the local clinic. No other changes were made to their life-
styles or diets. This protocol ended after 8 weeks.

3.4. Data gathering and Information

Weight and height were taken by an accurate scale
(Seca, Germany) and a standard measuring tape, respec-
tively, and then BMI was calculated. Waist circumference
was measured midway between the lowest rib and the ili-
ac crest with no garments included in the measurement.
Hip circumference was measured in undergarments at
the place of the largest circumference around the but-
tocks (24). Blood pressure was checked with a mercury

Int ] Endocrinol Metab. 2010,8(4):194-200



Shidfar Fetal.

Calcium supplement, lipoproteins and blood pressure

monometer (Richter, Germany) at the beginning and the
end of the study, twice at each time point in 30-minute
intervals, and the mean of the four values was recorded
as the patient’s blood pressure. Physical activity was as-
sessed by the International Physical Activity Question-
naire (25). A questionnaire was designed and used to
obtain demographic information such as age, marital
status, education level, smoking history, and other medi-
cal history. At the beginning and the end of the fourth
and eighth weeks, a 24-hour dietary recall was used (26).
Dietary calcium, lipid and protein consumption, and
total energy intake were analyzed with Nutrition III soft-
ware (26). All laboratory tests were conducted at a single
Medical Diagnostic Laboratory in the beginning and the
end of the study. Two 10-cc blood samples were obtained
by two technicians and a physician after 12 to 14 hours
of fasting and then centrifuged by 1,000 round/min to
separate the plasma. Total cholesterol levels, HDL-c, LDL-
¢, triglycerides, apolipoprotein B, and calcium were mea-
sured as follows: total cholesterol (TC) was assayed using
enzymatic CHOD-PAP, and laboratory kits were provided
by Pars Azmoon Inc., Tehran, Iran. The base test was run
with cholesterol oxidase and peroxidase enzyme and
their reaction with aminoantipyrin, a color reagent, and
then calculating the concentration by the means of the
color intensity. HDL-c was assayed with the same meth-
od. At first, very low density lipoprotein (VLDL) and low-
density lipoprotein (LDL) were excluded from HDL-c with
antihuman-B lipoprotein.

Triglyceride (TG) was also assayed by the same meth-
od. All subjects had a TG level of less than 400 mg/dl.
To measure the LDL-c correctly, the Friedwald equation
was used; specifically, apolipoprotein B (apo-B) was mea-
sured by immunoturbidometric assays (Pars Azmoon
Inc., Tehran, Iran) based on changes of the solution to
filter light before and after the reaction between anti-
gen and goat antihuman apo-B antibody, which is spe-
cific for apo-B. Calcium was measured by a colorimetric

method using the Cresolphthalein complex and special
kits (Pars Azmoon Inc., Tehran, Iran). The measurements
were taken in duplicates (Hitachi 912 automatic analyzer,
Japan). The intra-assay CV for these assays (n.10) were 1.1,
0.9, 0.95, 0.95,and 1.3% for TC, HDL-c, LDL-c, TG, apo-B, and
calcium, respectively, and the interassay CVs (n.10) were
1.3,1.3,1.4,1.4,1.2, and 1.6%, respectively.

3.5. Statistical analyses

All data were gathered in a checklist and then tran-
ferred into SPSS version 15 for further analysis. First, the
normal distribution of the quantitative variables was
verified by Kolmogorov Smirnov tests. Statistical tests
such as paired and student’s t tests, Chi-squares, and one-
way ANOVAs were used as appropriate. Correlations were
assessed by Pearson correlation coefficients. The results
were reported as means + SDs, and P values of less than
0.05 were considered to be statistically significant.

4. Results

This study began with 27 individuals in each group but
ended with 49 (25 in the experimental group and 24 in
the control group) because four participants used low-
calorie diets and we had to exclude them from the study.
The mean age was 34.42 + 4.85 years. The anthropometric
data are shown in Table 1. No significant differences were
found between the two groups.

BMI measuring was done in the beginning and the end
of the 8th week of the study for both groups. There was
no significant difference between these two groups, as
shown in Table 2. All BMIs were over 25, and 21% of all in-
dividuals had abdominal obesity (waist circumference
of more than 95 cm). BMI and waist circumference were
significantly, positively correlated (P <.001, r = 0.538).
Daily dietary intakes at the beginning and end of the 4th
and 8th weeks are illustrated in Table 3. There were no sig-
nificant differences in the energy consumption and nu-

Table 1. Age, weight, height, and waist circumference data in two groups

Group Control, n=24 Calcium, n=25 Total, n=49
Age,y 33.8+4.8 35.1+4.8 3431+4.8
Weight, kg 85.6 £8.0 81.4t7.7 84.318.6
Height,cm 175.8+ 6.4 172.6 £ 6.0 17411 6.6
Waist circumference,cm 93.5%5.5 94+4.4 93.7+5.0
BMI, kg/m2 27.9*1.8 27.5+1.6 27.5%+17

Table 2. Changes of BMI at beginning and end of the study
Group Control, n=24 Calcium, n=25 Pvalue
Beginning 27.9£1.8° 27.5£1.6 NS?
End 2811+ 0.5 27.6+2.7 NS
Changes (%) 03+1.2(1.07) 0.02£1.17 (0.01) NS
Pvalue NS NS -

3NS: Not significant

> Mean £ SD
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Table 3. Total energy and nutrient intake at different interval during the study

Nutrients and energy Calcium group Control group

Beginning 4th week 8th week Beginning 4th week 8th week
Energy, kcal/day 3181+ 516 3266 £478 3149 + 443 3117 £ 418 3263 571 3102+ 421
Carbohydrates, g/day 4854280 480+ 252 480+ 230 4714271 478 £310 478 £310
Protein, g/day 10230 106 +22 99+30 99+18 110+ 95 95+29
Lipid, g/day 9026 98129 92125 99+29 93+16 89+18
Cholesterol, mg/day 362193 386t71 331+ 85 355+58 380 £119 326+78
Calcium, mg/day 739 £ 262 857+ 281 756 + 213 786 %219 873 +354 787 £321
SFA, g/day 40.1£9.0 40.5+5.4 40.2t5.4 36.7+8.5 39.0+4.2 3751t4.4
MUEFA, g/day 341+£6.8 38.9+10.5 35.8%8.6 33+£3.3 3711£4.3 34.2+8.2
PUFA, g/day 17.7+ 8.6 19.6+8.3 19.1£ 6.7 18.2£7.0 19.0+9.4 19.8£58
Magnesium, mg/day 364 +£109 38+130 355+98 3831148 394119 405 +140
Iron, mg/day 17.8 £4.0 17.9+2.6 17.6 +3.4 183+5.0 18.2+3.1 181+ 6.4
Phosphor, mg/day 1539 + 465 1608 + 648 1561+ 479 1600 # 515 1613 £ 582 1619 + 413

trients throughout the study, not only within each group
but also between the two groups.

All subjects were male and married. Only 2.5% of the sub-
jects had an academic degree. Fifty-five percent of the
individuals did not exercise regularly. No significant dif-
ference was found for physical activity between the two
groups. The amount of physical activity had significant,

negative correlations with BMI (P = .045, r = 0.288) and
waist circumference (P=.002, r=0.423). A comparison of
plasma lipoprotein and apo-B between the experimental
and control groups at the beginning and the end of the
study is shown in Table 4. There was a significant decrease
in TC at the end of study compared to beginning values
in the experimental group (P < .0001). Similarly, a sig-

Table 4. Comparison of lipid profile and other serum parameters between and within groups in the beginning and the end of the study

Parameters Groups Beginning End Changes (Mean SD (%)) pb

Total cholesterol, mg/dl Ca? 218.4 421 190.0 £33.6 -28.3£16.7 (12.9) <0.001
Control 211.9 +£39.3 209.9+44.9 -2.1£17.5 (1) NS
pc NS NS <0.001

Triglyceride, mg/dl Ca 238.7+81.2 218.3+80.9 -20.3 £ 81.4 (-85) NS
Control 217.8 £59.5 231.9+£75.5 13.4 £ 47.6 (6.4) NS
pe NS NS NS

LDL-c, mg]dl Ca 125.8 +35.9 102.9 2745 22.9 +24.1(-8.5) <0.001
Control 128.6 £37.2 124.4+421 -4.2+18.1(6.4) NS
p° NS 0.04 0.003

HDL-c, mg/dl Ca 46.4+71 40.7+57 5.6 % 5.5 (-12) <0.001
Control 452+63 39.5+6.7 -6.5£5.0 (d12.4) <0.001
pe NS NS NS

Apo-B, mg/dl Ca 116.0 +20.5 108.0 +18.1 -8+8.7(7.2) <0.001
Control 111.4 £17.1 111.2£19.5 -0.02 £15.9 (-0.18) NS
pe NS NS 0.044

Serum Calcium, mg/dl Ca 9.1+ 0.06 9.8+03 0.6 £ 0.4 (7.10) <0.001
Control 9.2+0.1 9.5+ 0.5 0.3+ 0.4 (3.56) <0.001
pe NS NS 0.02

TC/HDIL-c Ca 47412 4741 -0.05 * 0.7 (1.04) NS
Control 4.9+19 5.4%15 0.5 +1.02 (11.6) NS
p° NS 0.006 0.018

LDL-c/HDL-c Ca 2.7+0.8 25+0.6 -0.2+ 0.6 (-7.6) <0.001
Control 29+09 3.2+%1.2 0.2+ 0.7(84) <0.001
p¢ NS 0.02 0.02

LDL-c/Apo-B Ca 1.08+0.3 0.95+0.2 -0.13+0.18 0.02
Control 115+ 0.29 110+ 0.3 -0.04+0.2 NS
pe NS NS NS

4 Calcium group
b paired t-test
€ Student t-test
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nificant difference was observed in the mean changes of
TC between the two groups (P <.0001). There was an 8%
reduction of TG in the experimental group and a 6% rise
in the control subjects, but significant differences were
not observed within or between the groups. We found a
significant reduction in LDIL-c in the experimental group
(18%) after the intervention compared to the baseline
values (P < .001) and also between the mean changes
of LDL-c for the control group (P <.001 and P =.003, re-
spectively). HDL-c was significantly different at the end
of study compared to the initial values in the placebo (P
<.001 ) and experimental (P < .001) groups. Apo-B also
had a significant difference in the case group at the end
of the study compared to initial values (P <.001) and also
between the mean changes of the two groups (P =.044)
at the end of study. The mean change of the TC/HDL-c and
the LDL-c/[HDL-c ratio showed a significant difference be-
tween the two groups (P =.018 and P =.026, respectively).
There were significant differences in LDL-c/HDL- and TC|
HDL-c between the two groups at the end of study (P =
.018 and P = 0.006, respectively). LDL-c/apo-B (which is
the indirect indicator of LDL particle size and an impor-
tant risk factor of CHD) decreased significantly from the
beginning to the end of the study in the experimental
group (P =.02). Systolic and diastolic blood pressure and
their changes are shown in Table 5. Both systolic and dia-
stolic blood pressure decreased significantly in the ex-
perimental group (P <.001) but not in the placebo group.
In addition, the mean changes of systolic blood pressure
were significantly different between the two groups (P =
.046). At the beginning of the study, no correlation was
found between calcium intake and serum calcium and
all other measured parameters. At the end of the study,
only the changes in serum calcium and LDL-c had moder-
ate, positive correlations (r = 0.334, P =.035). Other indi-
ces did not correlate significantly.

5.Discussion

Our data suggest that 1,250 mg/day of supplemental
calcium may reduce total cholesterol, LDL-c, apo-B, TC|
HDL-c, and LDL-c/[HDL-c in overweight men. In this study,
there was a significant decrease in TC at the end of the
trial between the two groups, which was consistent with
the findings from Denke (27), Paydas et al (28), Yocowitz
et al. (11) and Fleischman et al. (29). The significant, 6%

decrease in TC in the Denke et al. study was due to high
calcium intake (27). Bell et al. reported no significant ef-
fects on TC, which was in part due to low doses of the
calcium supplement (400 mg/day), the high mean age
of the participants, and not matching the subjects in
the calcium and placebo groups by sex (30) Shahkhalili
reported a nonsignificant, 9% decrease in TC, but a low
calcium dose (980 mg/day), short duration of the study
(2 weeks), and an inadequate number of participants (N
=10) might have influenced the results (31). Other stud-
ies reported greater decreases in serum TC after inter-
vention when the participant had higher TC before the
trial (32, 33). The biological plausibility for a cholesterol
lowering effect is that calcium is known to bind to bile
acids to form insoluble soaps and thus presumably pre-
vent cholesterol entering into the enterohepatic circula-
tion (27, 31, 34). Experimental animal evidence strongly
supports this theory. One study found that a calcium
supplements that lowered cholesterol levels in rats, rab-
bits, and goats but not in pigs were associated with an
increase in the excretion of fecal bile acids in most but
not all studies, and was more pronounced when the diet
contained a higher proportion of saturated fats (35). In-
creased fecal loss of fat, especially saturated fatty acids
(SFAs), is important because SFAs will increase serum
cholesterol levels when absorbed. This effect of saturated
fats has been known for decades, but its mechanisms are
not yet fully understood; most likely, SFAs inhibit the re-
ceptor-mediated uptake of LDL into hepatocytes, thereby
decreasing the clearance of LDL particles from circula-
tion. Consequently, decreased absorption of saturated
fat would lead to decreases in serum TC. On the other
hand, LDL uptake by LDL receptors requires the acid-de-
pendent mechanism on which the receptors themselves
are” LDL itself is dependent to normal intake of calcium
(21). Calcium and other divalent cations such as magne-
sium may explain this effect (21). In our study, there was
no significant difference in serum TG before and after the
intervention in the calcium group or at the end of study
between the two groups. Other studies have shown simi-
lar results. Ried et al. reported the same result in post-
menopausal women who took calcium supplements for
1year (1,000 mg/day; (36). Vaskonen et al. showed no sig-
nificant change in serum TG in obese rats that were fed a
high-fat diet with calcium supplements, but he reported
a significant decrease in TG with for rats that were fed

Table 5. Comparison of systolic and diastolic blood pressure between and within groups in the beginning and the end of the study

Parameters Group Beginning End Changes (%) PvalueP
Systolic blood pressure Ca? 116.8 £11.9 108.9+9.7 -8.0£7.0(-6.84) <0.001
Control 1211+12.8 117.4+9.9 -3.7+7.8(:3.05) Nsd
p¢ NS 0.031 0.046 _
Diastolic blood pressure Ca 79.5+5.5 75.2+53 -4313.4(-5.40) <0.001
Control 80.9+6.6 78.8 8.2 -2.1% 6.1(-2.60) NS
p* NS NS NS ~
2 Calcium group
b from paired t-Test
€ from student t-Test

dINs: Not significant
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a low-fat diet (20% of total calorie intake; (37). Similarly,
Torres reported a significant decrease in TG with 1,200
to 1,300 mg of calcium and an energy-reduced diet (9).
Flatt’s study showed a similar, significant decrease with
the same regimen (38). Indeed, in our study participants
consumed a regular-fat diet (about 28% of total calorie in-
take), so it is reasonable to expect that there would be no
significant decrease in serum TG. LDL-c decreased signifi-
cantly (by 18%) by the end of the study compared to the
control group. Paydas reported a 28% decrease of LDL-c
in hemodialytic patients who consumed 3 g of calcium
per day for 10 months (28). It seems that higher doses of
calcium and a longer time period are the reasons for the
higher reduction. Other studies have shown 15% (31), 11%
(27), 6% (36), and 4.4% (36) decreases in LDL-c. The lack of
a significant difference in Bostick’s study was probably
due to sporadic adenoma, patient disease, not matching
for sex and age, and a nonfasting state (39). At the end of
our study, there was no significant difference in HDL-c be-
tween the two groups, but the LDL-c/[HDL-c ratio, which
is a well-established risk factor for CVD, had significantly
decreased in the calcium group compared to the placebo
group. Ried reported a higher decrease in this ratio com-
pared to our study, perhaps because of the longer period
of their trial (36). In our study, calcium supplements led
to significant decrease, about 7%, in apo-B. Denkeh also
reported a 7% decrease in apo-B hypercholesterolemic
men after 2,100 mg/day of calcium consumption over 10
days (27). Due to the fact that the RDA of calcium is about
1,000 mg/day (40), it seems that 2,100 mg/day may be
not a suitable dose for intervention or recommendation.
Other studies have shown no difference before and after
calcium supplementation, perhaps due to low doses of
the calcium supplements used. Areasonable explanation
of this decrease is that higher calcium intake may lead
to more conversion of apo-B100 mRNA to apoB-48 mRNA
and finally a decrease of apo-B100, which translates to a
decrease of LDL particles (30). Apo-B is the best predictor
of high cardiovascular risk and subclinical extracoro-
nary and coronary atherosclerosis (41). After the trial, sys-
tolic blood pressure in our case group had decreased sig-
nificantly,and its changes showed significant differences
between groups (P =.031). Still, diastolic blood pressure
changes did not have the same result (P =.078). There are
several studies in favor of reducing the effects of calcium
supplementation on blood pressure (42). A Meta-analysis
on 23 observational studies estimated that a 100-mg in-
crease in calcium intake can lower systolic by about 0.39
mmHg and diastolic blood pressure by 0.35 mmHg (43).
One possible explanation for this is that high calcium in-
take can increase sodium urinary exertion, increase the
activity of calcium ATPase in erythrocytes’ membranes,
and result in lower intracellular calcium and dilation of
vessels (44). More recent studies have also showed that
increased dilatation of vessels (because of calcium-medi-
ated potassium channels opening), heightened sensitiv-
ity to nitric oxide, and lower production of superoxide

and vessel constrictor prostaglandins can be a part of the
cause of the blood-pressure-lowering effect of calcium
(9,23, 45, 46). Other studies have shown that the negative
feedback on and decreased levels of PTH and vitamin D
in serum are other possible contributors to this effect be-
cause these hormones can increase intracellular calcium
and make the soft muscle cells contract and constrict the
vessels, which finally result in higher blood pressure (47).
In our study, the number of hypertensive individuals was
limited; probably because our subjects were younger
and more active than samples in many other studies.
Furthermore, because of genetic variety, an individual’s
blood pressure can respond to obesity in different ways.
We matched subjects on gender and close similarity in
nutrition intake between groups, which may make our
results more authentic. However, our study was limited
in that we did not have access to ultracentrifuge to assay
subtypes of lipoproteins (e.g. HDL2 and HDL3) directly,
and we were unable to measure apoA-I or body fat per-
centage. For further study we recommend that trials be
done on larger sample sizes for longer durations in other
age groups with different physiological conditions. Oth-
er studies, such as the effects of calcium on the liver or
vessel wall fat composites or lipids, should demonstrate
insightful results. In conclusion, it seems that 1,250 mg/
day of a calcium supplement may lower serum apo-B,
lipoproteins, and systolic blood pressure and may have
beneficial effects on risk factors of cardiovascular dis-
eases.
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