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Potassium (mg) 3.598 3.692 3.746 3.824 3.640 0,05|3.524 3.638 3.629 3.639 3.461 NS
Sodium (mg) 2.524 25561 2515 2.308 2.025 0,001 |2.168 2.046 1.962 1.910 1.677 0,001
Calcium (mg) 1.046 1.008 958 974 900 0,001 | 1.000 1038 989 991 891 0,002
Magnesium (mg) 374,9 389,6 384,9 386,4 3645 N,S| 359 363 357 364 339 NS

Iron (mg) 19,2 19,4 191 187 17,3 0001| 160 164 163 16,1 149 0,02
Zinc (mg) 13,7 13,8 132 12,8 11,6 0,001 | 124 12,7 11,8 12,0 10,7 0,001
Selenium (ug) 745 73,9 69,2 664 636 0001| 732 684 685 669 60,6 0,001
Copper (mg) 18 19 18 18 171 NS 16 17 16 17 15 NS

We observed several associations between classical risk factors in the Girona popula-
tion and their diet, Table 23.

Table 23: Pearson’s
correlation coefficient
adjusted for age
between body mass
index (BMI), various
cardiovascular risk fac-
tors and dietary and
leisure time physical
activity factors

Men Women
Total cholesterol (mmol/L) 0,14+ 0,07
HDL-c (mmol/L) -0,19% -0,18%
LDL-c (mmol/L) 0,16% 0,09*
Energy (MJ) 0,23% 0,161
Fat (g) 0,221 0,04
Carbohydrate () 0,17% 0,07
Protein () 0,18% 0,12t
Fat (% total energy consumption) 0,11 -0,05
Carbohydrate (% total energy consumption) -0,06 0,01
Protein (% total energy consumption) -0,04 0,06
Saturated fatty acids (g) 0,20% -0,01
Unsaturated fatty acids (g) 0,21t 0,05
Saturated fatty acids (% total energy consumption) 0,08* -0,08*
Unsaturated fatty acids (% total energy consumption) 0,08 -0,01
Leisure time physical activity (MJ/dia) -0,10* -0,03
Alcohol consumption (g/dia) 0,07 0,02

*p<0.05; 1p<0.01; £p<0,001. HDL-c: High-density lipoprotein cholesterol. LDL-c : Low-density lipoprotein cholesterol

Gender differences in the association of BMI with total cholesterol and LDL-c explain
the lower cardiovascular risk in women compared with men of similar BMI, as has been
reported in the literature concerning the Mediterranean region of southern Europe.

An increase in BMI can be more damaging in populations where it is accompanied by
other risk factors such as a higher total fat intake, especially saturated fatty acids, or
low levels of leisure time physical activity [Schroder H(2)].

We have observed the importance of diet and, above all, sodium intake in the preven-

tion and non-pharmacological treatment of hypertension in the Girona population
[Schréder H(3)] and Table 24.
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Table 24: Odds Ratio OR Cl 95%

(OR) ahd 95% confi- Normotensives and untreated hypertensives

dence interval (Cl) for (n = 1357)

hypertension according - -

to calcium, sodium, Calcium RDA 0,85 (0,63-1 ,13)

magnesium and potas- Moderate consumption of sodium? 0,70 (0,52-0,94)

sium intake in Girona Moderate consumption of sodium + calcium RDA® 0,67 (0,50-0,91)
Magnesium RDA* 0,91 (0,63-1,31)
Potassium RDA® 1,05 (0,79-1,39)
Treated hypertensives
(n =210)
Calcium RDA' 0,57 (0,27-1,19)
Moderate consumption of sodium? 0,56 (0,22-1,39)
Moderate consumption of sodium + calcium RDA® 0,48 (0,24-0,95)
Magnesium RDA! 0,59 (0,38-1,47)
Potassium RDA® 0,75 (0,25-1,41)

OR adjusted for age, sex, Body Mass Index, alcohol and tobacco consumption
* Excluding treated hypertensive subjects

' Consumption = 800 mg/d

2 Consumption < 2400 mg/d

# Consumption of calcium = 800 mg/d and sodium < 2400 mg/d

* Consumption of magnesium = 350 mg/d for men and = 280 mg for women

® Consumption of potassium = 3500 mg/d

RDA: Recommended Dietary Allowance

We examined the effect of alcoholic beverage type in relation to AMI development.
Alcohol consumption is favourably related to the cardiovascular risk profile in women
but not in men. The relationship of alcoholic beverages with a cardiovascular risk pro-
file seems to lie more with total alcohol content than with type of beverage [Schroder
H(4)], Table 25.

Table 25: Alcohol consumption (g/day) 0 1-20 21-30 > 30 P by

Characteristics of par- trends

ticipants in the REGI- Men (n = 2.201)

COR population study 5o distriution (%) 199 458 120 223 -

according to daily alco-

hol consumption Age (years) 53,4 50,4 50,6 49,6 < 0,001
Leisure time physical activity (Mets:min-dia™) 381,7 378,5 344,5 358,0 0,192
Body Mass Index (kg/m2) 27,0 27,3 27,7 27,3 0,106
Tobacco (%) 20,1 22,9 30,3 40,3 < 0,001
Education level (%) t 7,0 12,3 9,9 5,6 0,280
Wine consumption (g alcohol/day) - 8,0 15,1 32,3 < 0,001
Beer consumption (g alcohol/day) - 1,8 6,5 10,6 < 0,001
Liquor consumption (g alcohol/day) - 1,2 3,2 8,3 < 0,001
Women (n = 301)
Population distribution (%) 59,6 36,8 2,2 1,3 -
Age (years) 51,5 48,9 46,8 45,2 0,007
Leisure time physical activity (Mets:min-dia’) 281,5 280,3 255,7 207,9 0,165
Body Mass Index (kg/m2) 27,4 26,2 25,1 24,8 < 0,001
Tobacco (%) 13,8 16,3 29,4 55,2 < 0,001
Education leve (%) t 8,4 13,0 14,3 16,1 0,152
Wine consumption (g alcohol/day) - 7,5 17,7 31,2 <0,001
Beer consumption (g alcohol/day) - 0,9 4,3 6,3 < 0,001
Liquor consumption (g alcohol/day) - 0,4 1,3 2,8 < 0,001

T University level
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Moderate alcohol consumption, regardless of alcoholic beverage type, was associated
with a reduced risk of non-fatal AMI [Schréder H(5)], Table 26. Food intake question-
naires used in the REGICOR study have been suitably validated in all cases [Schroder

H(©)].

Table 26: Odds Ratio
(OR) and 95% confi-
dence interval (Cl) for
AMI according to alco-
holic beverage con-
sumption

Model 1’
OR (Cl: 95%)

Model 22
OR (Cl: 95%)

Model 3°
OR (Cl: 95%)

Alcohol g/day
0

1

1

1

>0=<20 0,19 (0,12-0,31) 0,24 (0,14-0,42) 0,22 (0,11-0,44)
>20=<30 0,14 (0,07-0,26) 0,13 (0,06-0,27) 0,14 (0,06-0,36)
> 30 0,34 (0,20-0,58) 0,35 (0,19-0,66) 0,50 (0,23-1,15)

" Adjusted for age.

2 Adjusted for variables in model 1 and also for smoking, educational level, and leisure time physical activity.

# Adjusted for variables in model 2 and also for total cholesterol, LDL-c, HDL-c, diabetes, treatment for hypercholesterolemia,
and diagnosed hypertension.

4.4.3. Overweight and obesity trends in Girona

In recent years we have focused on an important risk factor for southern European
populations: obesity. Food choices are strongly influenced by economic limitations. The
monetary cost of food, Table 27, in particular of items associated with a low risk of
obesity, has increased considerably over the last few years, Figure 19. For this reason,
we calculated the cost differences between lower and higher levels of adherence to
two dietary patterns that are inversely associated with BMI and obesity (BMI >30). The
results obtained in the Girona population showed that high adherence to the
Mediterranean dietary pattern and to the North American “health index”, both inverse-
ly associated to BMI and obesity, represented a higher monetary cost compared to low
adherence. This could be of importance for public health policies to develop health pro-
motion strategies aimed at preventing obesity [Schroder H(7)].

Table 27: Cost of foods
consumed by the pop-
ulation of Girona

Cost' (euro) Cost? (euro) Cost® (%)
Cereals 0,53 0,58 8,9
Dairy products 0,45 0,64 8,8
Vegetables and pulses 0,36 1,66 21,5
Meats and sausage 0,68 1,24 17,3
Fruits and nuts 0,40 0,96 13,5
Fish 1,46 1,15 15,3
Pastries and sweets 0,48 0,25 3,5
Qlive ol 0,31 0,09 1,4

" Cost per 100 g of food.
2 Cost per actual population food consumption.
* Cost of food (in percentage of total diet cost) to the current population.
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Figure 19: Percentage
differences in cost by
quartile score of adher-
ence to the
Mediterranean diet
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Likewise, we identified the Mediterranean diet as a protective factor against obesity in
the Girona population. The Mediterranean diet is a healthy dietary pattern with protec-
tive effects against chronic diseases. Our data show that the traditional Mediterranean
diet is inversely associated with BMI and obesity. This information can be useful in
dietary advice for preventing obesity [Schroder H(8)], Table 28, Figure 20.

Figure 20: Relative risk 1.2
of obesity by quartile
score of adherence to 1.1
the Mediterranean diet
1 L
0,9
i) N
T 08
§ | |
o 07 M p=0,004
0,6
0,5
0’4 T T T 1
1 2 3 4
(Reference) Quartiles of Mediterranean diet adherence
Table 28: Odds Ratio Men Women
(OR) and 95% confi- Model adjusted Model completely Model adjusted Model completely
dlfnce 'nt‘ijwal Ior obe- for age adjusted" for age adjusted
sity according to quar- - -
tile score of adherence First MDP quartile 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
to a Mediterranean Second MDP quartie 1,02 (0,71-1,45) 0,92 (0,63-1,33) 0,91 (0,65-1,26) 0,85 (0,60-1,20)
dietary pattern (MDP) Third MDP quartile 0,85 (0,60-1,21) 0,73 (0,49-1,07) 0,72 (0,50-1,02) 0,68 (0,46-1,00)
Final MDP quartile 0,78 (0,55-1,09) 0,61 (0,40-0,92) 0,58 (0,41-0,82) 0,61 (0,40-0,93)
P Linear trend 0,180 0,012 0,001 0,011

" Adjusted for age, energy consumption, education level, and consumption of tobacco and alcohol.
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In that respect, we have described the association of fast food consumption with BMI,
energy consumption and diet quality in the population of Girona. Fast food consump-
tion in Girona was associated with higher energy consumption, poor diet quality and
higher BMI [Schroder H(9)], Table 29.

Table 29: Regression
coefficients and 95%
confidence interval (Cl)
for Body Mass Index
(BMI) according to fast
food consumption in
Giron*

BMI (kg/m2)
Regression coefficient IC P
Fast food consumption (g/d)! 1,760 0,223; 3,298 0,025
Fast food consumption 1,643 0,297; 2,99 0,017

(kcal/d)*

* Adjusted for sex, age, education level, leisure time physical activity, energy consumption from sources other than fast food,
and consumption of tobacco and alcohol.
* Logarithmically transformed variable.

We evaluated the time trends for obesity, abdominal obesity and cardiovascular risk
factors by BMI categories and abdominal circumference in the Girona population.
During the 5-year study period, average BMI standardised for age increased 1.0 units
in men and 0.8 units in women. In the same time period, obesity prevalence increased
from 15.4% to 21.9% in men and 15.4% to 21.4% in women. An increasing trend was
observed only in men with regard to abdominal circumference (AC) and abdominal
obesity (AC >102 cm in men and >88 cm in women). The proportion of men and
women with hypercholesterolemia, diabetes and low serum concentrations of HDL-c
remained stable in each BMI and AC category. The proportion of hypertension and
tobacco consumption in obese men increased significantly from 1995 to 2000. The 5-
year increase in BMI and AC was of considerable magnitude in the Girona population,
even though various risk factors remained stable in each BMI and AC category
[Schroder H(10)], Table 30.

We also determined whether alcohol consumption could be a risk factor for abdominal
obesity in the Girona population. Our results show that high alcohol consumption is
associated with risk of abdominal obesity in men, regardless of under- reporting ener-
gy intake [Schroder H(11)], Figure 21.

Figure 21: Adjusted®
association of abdomi-
nal circumference (AC)
and alcohol consump-
tion categories in men
and women
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Women

86

p linear trend < 0,151

85

p linear trend < 0,362°

PAbd (cm)

84

83 -
82
81
80
79
78

|

< 1 dose / day

Light blue column = Includes participants who under-report energy intake.

1 - 2 dose / day

> 2 dose / day

2 Adjusted for age, dietary energy intake, leisure time physical activity, education level, smoking, and diet quality.
°: Including under-reporting of dietary energy intake.
°: Excluding under-reporting of dietary energy intake.

Table 30: Prevalence of
cardiovascular risk fac-
tors according to Body
Mass Index (BMI) clas-
sification and increased
abdominal circumfer-
ence
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BMI (kg/m?)
18,5-24,9

BMI (kg/m?)
25,0-29,99

1995 2000

1995 2000

Men

Total cholesterol
(= 240 mg/d)

24,5 (19,5-29,5) 18,4 (14,4-22,5)

37,3 (32,4-42,2) 30,5 (27,0-34,0)

P per model, raw

0,066

0,026

p per model, adjusted”

0,103

0,081

HDL-c
(< 40mg/d))

22,3 (17,4-27,1) 21,3 (17,1-25,5)

36,3 (31,4-41,2) 31,8 (28,3-35,2)

P per model, raw 0,766 0,133

p per model ajustat* 0,275 0,065

Hypertension® 31,0 (25,7-36,2) ‘ 30,6 (26,0-35,2) 47,9 (43,0-52,9) ‘ 51,7 (48,0-55,3)
p per model cru 0,923 0,237

p per model, adjusted” 0,179 0,111

Diabetes* 10,2 (6,7-13,7) ‘ 8,7 (5,8-11,5) 15,6 (12,0-19,2) ‘ 11,4 (9,1-13,7)
P per model, raw 0,495 0,043

p per model, adjusted”| 0,904 0,158

Tobacco 61,0 (55,4-66,6) 59,1 (54,1-64,1) 26,1 (21,7-30,5) 28,0 (24,7-31,3)
(current smoker)
P per model, raw 0,635 0,507
p per model, adjusteds 0,415 0,042
BMI (kg/m?) BMI (kg/m?)
18,5-24,9 25,0-29,99

1995 2000

1995 2000

Women

Total cholesterol
(= 240 mg/d)

23,7 (19,4-28,0) 27,7 (24,0-31,5)

38,7 (33,3-44,1) 36,5 (32,3-40,6)

P per model, raw 0,168 0,531

p per model, adjusted| 0,129 0,893

HDL-c 7,5 (4,8-10,2) 6,6 (4,6-8,7) 11,5 (8,0-15,0) 9,2 (6,8-11,7)
(< 40mg/d)

P per model, raw 0,610 0,286

p per model, adjusted’| 0,714 0,595

Hypertension®

22,5(18,3-26,6) | 20,5(17,2-23,7)

47,4 (42,0-52,8) | 42,3(38,2-46,5)
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P per model, raw 0,452 0,286
p per model, adjusted”| 0,980 0,740
Diabetis* 6,4 (4,0-8,9) ‘ 3,9 (2,5-5,4) 11,6 (8,1-15,1) ‘ 9,0 (6,6-11,4)
P per model, raw 0,067 0,208
p per model, adjusted| 0,564 0,401
Tabac 22,5 (18,3-26,6) 27,1 (23,5-30,8) 10,7 (7,4-14,1) 14,4 (11,4-17,3)
(fumadora actualment)
P per model, raw 0,103 0,125
p per model, adjusteds 0,321 0,144
BMI (kg/m?) Increased abdominal circumference
> 30 Men > 102 cm / Women > 88 cm
1995 2000 1995 2000
Men
Total cholesterol 44,3 (36,1-52,2) 37,0 (32,0-42,0) 40,3 (83,0-47,7) 36,0 (31,1-40,9)
(= 240 mg/d)
P per model, raw 0,136 0,318
p per model, adjusted| 0,128 0,431
HDL-c 36,0 (28,0-43,9) 38,7 (33,7-43,7) 39,1 (81,7-46,4) 37,4 (32,5-42,3)
(< 40mg/d)
P per model, raw 0,766 0,728
p per model, adjusted” 0,275 0,148
Hypertension® 56,9 (48,9-65,0) ‘ 74,0 (69,6-70,4) 57,8 (50,6-65,0) ‘ 77,0 (72,8-81,2)
P per model, raw <0,001 <0,001
p per model, adjusted| <0,001 <0,001
Diabetes* 23,4 (16,6-30,3) ‘ 19,6 (15,6-23,6) 26,7 (20,2-33,1) ‘ 21,1 (17,1-25,2)
P per model, raw 0,328 0,147
p per model, adjusted” 0,854 0,300
Tobacco 16,1 (10,1-22,1) 22,0 (17,8-26,2) 19,1 (18,3-24,9) 19,9 (15,9-23,9)
(current smoker)
P per model, raw 0,137 0,826
p per model ajustat§ 0,036 0,182
BMI (kg/m?) Increased abdominal circumference
> 30 Men > 102 cm / Women > 88 cm
1995 2000 1995 2000
Dones
Total cholesterol 44,7 (36,9-52,4) 38,0 (33,1-42,8) 41,5 (36,1-47,0) 41,4 (37,3-45,5)
(= 240 mg/dl)
P per model, raw 0,149 0,975
p per model, adjusted| 0,380 0,756
HDL-c 16,4 (10,6-22,1) 19,0 (15,2-22,9) 15,0 (11,1-19,0) 16,7 (13,6-19,8)
(< 40mg/d)
P per model, raw 0,828 0,460
p per model, adjusted”| 0,755 0,611
Hypertension® 65,1 (58,1-72,2) ‘ 66,7 (62,1-71,2) 62,5 (57,3-67,4) ‘ 63,4 (59,4-67,3)
P per model, raw 0,460 0,514
p per model, adjusted| 0,753 0,656
Diabetes* 19,4 (18,6-25,3) ‘ 18,3 (14,6-22,1) 21,7 (17,3-26,1) ‘ 16,3 (13,3-19,3)
P per model, raw 0,931 0,041
p per model, adjusted| 0,958 0,359
Tobacco 8,0 (4,0-12,0) 9,9 (7,0-12,8) 7,4 (4,6-10,2) 88,8 (6,5-11,1)
(current smoker)
P per model, raw 0,476 0,478
p per model, adjusted$ 0,379 0,359

Results are expressed as a percentage of subjects (Cl 95%). Adjusted for age, educational level, tobacco and alcohol consumption,
and leisure time physical activity. ' Systolic blood pressure 140 mm Hg and/or diastolic blood pressure 90 mm Hg or under
treatment for hypertension. * History of diabetes or glycaemia > 125 mg/dL. ¢ Adjusted for age, educational level, alcohol consumption,
and leisure time physical activity. HDL-c: High-density lipoprotein cholesterol.
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4.5. Genetic
aspects of
cardiovascular
disease

64

In 1995 the REGICOR study initiated a line of research aimed at determining genetic
variations associated with susceptibility to developing cardiovascular disease and
analysing the possible interactions between genetic and environmental factors.

The most frequently selected research design is cases and controls. We use more than
1,500 AMI cases prospectively recruited at Hospital Universitari Dr. Josep Trueta since
1996 and the 10,000-plus participants in cross-sectional studies carried out in 1995,
2000 and 2005 as healthy controls.

For the first few years, we focused on genetic polymorphisms related to platelet glyco-
protein llb/llla, lipoprotein lipase and paraoxonase, an enzyme with antioxidant capac-
ity associated with high-density lipoproteins, and other candidate genes involved in
lipid metabolism and atherosclerosis.

In 2006, Spain’s national DNA bank accredited our DNA Biobank, which contains sam-
ples from more than 20,000 individuals, both healthy and with various pathologies
(AMI, CVD, diabetes, hypertension, and cardiac failure).

Since 2006, our research objectives include studying some candidate genes in greater
depth, by analysing the impact of polymorphisms on the codified protein function and
taking part in international genome-wide scan association studies including the geno-
type of hundreds of thousands of single nucleotide polymorphisms and copy number
variants from participants in the REGICOR cross-sectional studies of cardiovascular
risk factors, and AMI patients. With this approach, we can use case-control and cohort
designs that allow us to participate in international collaborative studies, and set in
motion procedures to validate findings in other genome-wide scan studies.

The main findings in this research field are shown below.

4.5.1. Paraoxonase gene and risk of myocardial infarction

Paraoxonase (PONT) is an enzyme associated with high-density lipoproteins that has
antioxidant action. A genetic variation has been described that produces an amino acid
substitution at codon 192 linked with risk for AMI. The goal of these studies was to
determine the association between this polymorphism and the risk of AMI in the Girona
population, also analysing the interaction with classical cardiovascular risk factors.

In a population case—control study, we compared the genetic characteristics of PON1
in cases recruited prospectively from Hospital Universitari Dr. Josep Trueta, and of
healthy controls selected among participants in the 1995-2000 cross-sectional studies
of the Girona population. The number of cases included in these studies varied from
156 to 280 and the controls from 310 to 396.

The PONT7-192 polymorphism was not associated with risk for AMI in the overall sam-
ple. Nevertheless, we did observe an interaction between this polymorphism and dia-
betes that modulated individual risk of AMI occurrence. R allele carriers and diabetic
subjects showed an AMI risk more than twice as high as that for non-diabetic carriers
of this allele (OR: 2.65). We also observed other interactions between this polymor-
phism and tobacco, age, and HDL-c levels. Tobacco use, age, and low concentrations
of HDL-c were associated with a higher risk of heart attack, especially in individuals
with the QQ genotype (non-R allele carriers).
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Our results indicate, then, that the R genetic variant of the PON7-192 polymorphism is
not an independent risk factor for AMI in our population, but it can modulate the risk
associated with diabetes, which is more significant in patients who carry this genetic
variant. On the other hand, the risk associated with tobacco consumption, low HDL-c
concentration and age, is more important to patients carrying the QQ genotype of the
PON1-192 polymorphism [Aubd C, Senti M(1), Senti M(2), Senti M(3), Senti M(4)],

Figure 22.
Figure 22: Association 10
between low HDL-c 9
levels and AMI risk 8
according to paraox-
onase 1 (PON1)-192 7
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4.5.2. Paraoxonase gene and cardiovascular risk factors

Subsequently, we determined the association between this polymorphism and plasma
lipid concentration, and other risk factors in the Girona population, also analysing the
interaction with dietary elements and exercise. We used a random sample of men and
women aged 25 to 74 years who took part in the 1995 cross-sectional study of the
Girona population. The number of participants included in these studies is approxi-
mately 600 men and 600 women. Exercise was measured with the Minnesota Leisure-
Time Physical Activity questionnaire, validated for use in our population [Elosua R(1),
Elosua R(2)]. Diet was studied using a three-day food recall questionnaire.

Physical activity was not associated with lipid levels in men and women carrying the
QQ genotype of the PONT7-192 polymorphism. In men and women carrying the R
allele, however, exercise was associated with a decrease in plasma triglyceride con-
centration and an increase in high-density lipoprotein cholesterol [Tomas M(1), Manresa
JM]. Also, oleic acid consumption was associated with higher HDL-c levels in men car-
rying the R genetic variant of the PON7-192 polymorphism [Senti M(4)].

Finally, we observed that women who carry the QQ genotype of the PON7-192 poly-
morphism show higher total and LDL-c cholesterol levels in plasma than women who
carry the R allele, particularly after menopause [Senti M(5)].

These results suggest that R variant carriers of the PON7-192 polymorphism may ben-
efit greatly, in terms of their lipid profile, from exercising regularly and following a diet
rich in oleic acid. On the other hand, women carrying the QQ genotype of the PONT-
192 polymorphism have a higher risk of presenting a worse lipid profile, particularly
after menopause [Tomas M(1), Senti M(4), Senti M(5), Manresa JM], Figure 23.
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Figure 23: Cholesterol
levels in women
according to paraox-
onase 1 (PON1)-192
genotype and
menopause status
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4.5.3. Lipoprotein lipase gene and interaction with cardiovascular risk factors
Abdominal obesity is an important risk factor for coronary disease, normally associat-
ed with a high concentration of triglycerides and low concentration of HDL-c in plas-
ma. A lipoprotein lipase gene polymorphism (Hind Ill) has been described, that is also
associated with these changes in triglyceride and HDL-c levels. The purpose of the
study was determining whether an interaction exists between abdominal obesity and
this polymorphism on triglyceride and HDL-c levels.

In this case, a random sample was taken of 156 women and 520 men ages 25-74 who
took part in the cross-sectional study conducted on the Girona population in 1995.
Abdominal obesity was calculated from the waist-to-hip ratio. Physical activity was
assessed using the Minnesota Leisure-Time Activity questionnaire, validated for use in
our population [Elosua R(1), Elosua R(2)]. Plasma triglyceride concentration was high-
er in women who carried an H+H+ genotype and women with abdominal obesity who
also had a lower HDL-c level [Senti M(6)].

We observed a statistically significant interaction between the Hind /Il genetic variant
and abdominal obesity with regard to the lipids studied. In female H- allele carriers,
obesity was not associated with increased triglyceride levels, while in women with an
H+H+ genotype, there was an association between abdominal obesity and a worse
lipid profile [Senti M(7)].

Furthermore, we observed that exercise was related to increased HDL-c and
decreased triglycerides. This association was observed in H+H+ genotype carriers as
well as in H- allele carriers. Regarding tobacco use, we observed that among male
smokers, sedentary carriers of the H+H+ genotype had higher triglyceride and lower
HDL-c levels than sedentary H- allele carriers. On the other hand, there were no signif-
icant differences between active male smokers compared by genotype [Senti M(7)],
Figure 24.
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Figure 24: Interaction
between the lipoprotein
lipase (LPL) gene
Hindlll polymorphism

and tobacco and physi-

cal activity on lipids
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The H+H+ risk genotype of the lipoprotein lipase gene is only associated with a worse
lipid profile in women with abdominal obesity and in sedentary male smokers. These
results indicate the importance of a healthy lifestyle (weight control, exercise and smok-
ing cessation) for women and men with a potential genetic risk profile.

4.5.4. A potassium channel gene and risk of hypertension

Arterial hypertension is a highly prevalent cardiovascular risk factor in our population
[Grau M]. More than 90% of cases are idiopathic, of unknown cause. One very impor-
tant element in vascular tone control is a potassium channel formed by various sub-
units, among them a beta subunit. The HERACLES network, of which the REGICOR
team is a very active participant, identified genetic variants in the gene that codified the
potassium channel beta subunit (KCNMB1) and we assessed whether these variants
were related to the risk of hypertension.

To this effect, we sequenced the KCNMBT1 gene in 15 severely hypertensive subjects
and 15 subjects with normal blood pressure to identify new genetic variants in this
gene. We then determined the presence of each genetic variant in 1,500 participants
of the cross-sectional study conducted in the Girona population in 1995, to assess the
association with hypertension and with the risk of sustaining a cardiovascular event in
a 5-year monitoring period.

We identified one genetic variant in the KCNMB7 gene (352G->A) that caused an
amino acid change in the protein (E65K). This variant was associated with a lower risk
for diastolic hypertension. In addition, the presence of this mutation increased the pro-
tein’s functional capacity and induced arterial smooth muscle relaxation [Fernandez-
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Fernandez JM]. The presence of this variant was associated with a lower risk of car-
diovascular events (hazard ratio=0.11; Cl 95%= 0.01-0.79) [Senti M(8)], Figure 25.

Figure 25: Location of
the genetic variant (SNP
EB5K) identified in the
potassium channel beta
subunit gene KCNMBH1
and its association with
diastolic blood pressure
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The genetic variation (352G->A) improves functionality of the potassium channel
responsible for regulating vascular tone and is associated with a reduced risk of dias-
tolic hypertension cardiovascular events. This finding was the motivation for registering
a patent.
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Over the past 30 years, the management and prognosis of AMI patients has improved
substantially in Girona. We have moved from a situation (until the end of the '80s) in
which the sparse population meant that many patients spent long hours in small local
hospitals — a fact that increased mortality — to the provision of medical transport, at first
secondary and more recently primary with the medical emergencies system, which has
improved access to the referral hospital’s coronary unit. Another factor playing a signif-
icant role in the case-fatality improvement observed is the introduction of new thera-
peutic drugs and diagnostic strategies with proven effectiveness from 1985 to the
present date. The reduction in 28-day mortality observed in the REGICOR register of
AMI patients is largely explained by the use of thrombolysis or new drugs such as
acetylsalicylic acid, even though approximately 12% of the “periodic effect” improve-
ment found in our studies is probably related to this improvement in patient transport.

In 2000, the American and European cardiology societies adopted a new AMI diagnos-
tic system that included testing for troponines, which are much more sensitive to
myocardial necrosis than the cardiac enzymes normally used up until then. We know
this new technique increases the number of AMIs identified by about 20%, mainly at
the expense of patients who would previously have been diagnosed with unstable
angina and now are non-Q wave AMI cases. The exact impact of this technique will
become clear when we have access to 5-8 years of data on the implementation of this
measure, since the use of troponines in clinical practice was initially gradual and did not
become generalised until 3 or 4 years after it was first introduced in 2000.

Concerning the magnitude of the problem, we must point out that we have not
observed any overall change in AMI incidence in the REGICOR region. Nonetheless,
men under 65 years — about half the total population register — showed a significant
reduction in incidence rates between 1990 and 1999. On the other hand, the trend in
men ages 65-74 seemed to increase, although not significantly. This situation can be
explained by the primary prevention measures for cardiovascular diseases, which
unfortunately are not achieving a reduction in the total number of cases but do seem
to be postponing their occurrence until later in life.

Risk factors improved between 1995 and 2005 in terms of cholesterol (even in the
untreated population) and blood pressure. In addition to specific institutional prevention
campaigns, we must also assume that the population have experienced a growing
interest in their health in the case of cholesterol, and that primary care has improved
the detection and purposeful treatment of hypertension.

Unfortunately, tobacco consumption has increased substantially among young women
in recent decades. AMI incidence rates, which were usually the lowest in the developed
world, almost doubled in 2000-2003 compared with 1990-1999. The main impact of
this change in women'’s habits, together with the sustained increase in BMI observed
in men over the past 10 years, will take some time to translate into higher AMI inci-
dence and mortality rates since the effects of these risk factors, most of all excess
weight, are slow to appear. However, current knowledge allows us to predict this
change will occur. It’s time to take preventive action.

The impact of Spain’s recent anti-smoking law will probably show up in our register,
since it is well known that interventions of this type immediately translate into fewer
IHD-related hospital admissions. We hope to be able to publish this information about
three years after passage of the law.
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The Mediterranean diet, the most suitable for cardiovascular prevention, is related to
better lifestyle profiles, ideal weight, and fewer cardiovascular risk factors, but it is more
expensive than fast-food-based diets. Surely there is room within the public health
framework for protecting and promoting consumption of the foods that make up this
dietary pattern, so rooted in our customs and at risk of being lost to fast food.

The 35- to 55-year-old population is excessively sedentary. It is necessary, then, to pro-
mote physical activity among younger people in order for them to acquire the habit
early, and help the working age population find ways of engaging in regular physical
activity.

In coming years it will be possible, based on follow-up data from the cohorts created
over the study period, to carry out a deeper analysis of the validity of the adaptations
made by the REGICOR team on the Framingham cardiovascular risk function. It will
even be possible to create new functions with our own data and include factors like
diet and exercise in addition to measures such as BMI or waist circumference.
Incorporating these new factors, or others like oxidated LDL-c, microalbuminuria, renal
insufficiency, C-reactive protein, fibrinogen, or family history of IHD, and perhaps even
others, in the risk functions will make it essential that information systems automatical-
ly incorporate risk calculations into the patients’ clinical history. Therefore, it is neces-
sary to develop technology that is intended for and directed towards prevention using
this type of screening tools.

There is no doubt that genetic factors can be more easily measured with the genome-
wide scan techniques described in this report. In the coming years, it will be necessary
to see how this new information is incorporated, and its predictive capacity and ease
of use as a primary or secondary population screening tool.

Imaging techniques will probably play an important decision-making role in a third
screening level for subjects who have shown intermediate or high cardiovascular risk
and who present emerging as well as classical risk factors. Figure 26 shows a possi-
ble approach that is more reflective of science fiction than imminent reality, but all the
same it points out the preventive possibilities currently under discussion and assess-
ment.

Some researchers debate the role of multicut multidetector computerised tomography
in population screening, since the radiation dose is that of about 300 conventional X-
rays, the cost is still high, and image resolution, while good, is not yet optimal. An alter-
native proposal is to conduct stress tests, but we believe that this is neither sensitive
nor specific enough for an asymptomatic population. A conventional treadmill provides
67% sensitivity and 70% specificity, while isotopes yield 81% and 87%, respectively,
using coronariography as a gold standard. When event occurrence is used as refer-
ence, characteristics get even worse. This fact renders it inadequate for this position in
the screening algorithm shown in Figure 26. On the other hand, it is useful in selected
patients when coronary lesions are observed in the multicut multidetector tomography
to determine whether these lesions are symptomatic.

Naturally, we must test the hypotheses that are implicit in this vision, ideally through
clinical trials. In fact, we should first analyse whether the systematic use of risk func-
tions reduces cardiovascular events, compared with using clinical criteria alone.
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In the immediate future, we will need to redirect the research agenda and the needs of
our cardiovascular epidemiology information system towards a continued monitoring of
AMI incidence and risk factor prevalence, with special emphasis on the following:

a) Determining the effects of anti-smoking laws on the number of hospitalisations for

coronary diseases and other side effects of tobacco consumption.

b) Considering the immigration phenomena we are currently experiencing and includ-

ing in the register and in the cross-sectional studies of risk factors the immigrant
populations that may establish themselves in the REGICOR project zone, in order to
determine the risk dimension and the magnitude of IHD in this subpopulation, which
is certainly still young.

c) Exploring the impact of systematic troponine use in AMI diagnostic procedures. In

this arena, we now have annual data for a cluster of years (since 2000) that will per-
mit the establishment of a correction factor for the incidence rates in order to con-
tinue evaluating trends over time, correcting for this diagnostic innovation.

d) One remaining challenge is to evaluate in all of Spain’s possible population-based

cohorts the adapted cardiovascular risk function we developed, which has already
been officially adopted in Catalonia, the Basque Country and the Balearic Islands,
and is used regularly in many other Autonomous Communities. Recently, this has
been the motivation for a motion, which unanimously passed the Senate, calling on
the Spanish government to promote the systematic use of this tool throughout the
country. It is important to stimulate, consolidate, and nourish this contribution
Catalonia has made to the whole of Spain.

e) Another new challenge is understanding the aging of our population, given that it

represents an implicit increase in incidence and mortality rates for cardiovascular dis-
eases in general and coronary disease in particular. Now more than ever we must
find a way to add quality of life and disease-free life expectancy in the population.
For a couple of years, we will probably need to extend the register to include all ages
and have a point of comparison with what we established in 1997 and 1998, exact-
ly 10 years ago.

We also need to use the data we are accumulating on the evolution of AMI inci-
dence, case-fatality, mortality, and prevalence of cardiovascular risk factors to eval-
uate whether the Catalan government’s health plan (Pla de Salut de Catalunya)
achieves its objectives.

g) And finally, prove that researching genetic factors, other risk markers, and markers

for unstable plaque implicated in coronary disease will also help us to improve its
prediction and prevention, even though this will still take several years to gather
momentum. It is a priority for our research team to take part in this type of work,
made possible by our foresight, during the 1990s, in creating a DNA biobank that is
currently one of the world’s largest, both in terms of coronary disease and general
population subjects.
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Year

Funding source

Description

1990

Sistemes d’Emergencies Mediques (SEM, Medical
Emergency Systems) S.A.

Collaborative agreement between IMIM and SEM S.A. to main-
tain the heart attack register for six comarques (counties) in
Girona province.

1990

Travel Grant FIS-7800

Financial aid to attend a national conference: Il Reunion Nacional
de la Sociedad Espafiola de Arteriosclerosis: Lipoproteinas de
densidad intermedia y fenotipos de la apolipoproteina E en la
enfermedad cardiovascular. Seville, Spain.

1990

Departament de Sanitat i Seguretat Social. Generalitat de
Catalunya

Collaborative agreement with the Catalan Government’s
Ministry of Health and Social Security to examine death regis-
ters in Catalonia.

1991

Travel Grant FIS-7826

Financial aid to attend the Xill Congress of the European
Society of Cardiology: Subsequent cardiac mortality after a first
myocardial infarction: the role of clinical parameters in the in-
hospital period. Amsterdam, The Netherlands.

1992

Grant FIS-0009

Recursos empleados en el sindrome coronario y tiempos de
espera (RESCATE, a coordinated study of the utilization of
diagnostic and therapeutic resources).

1993

Research grant: FIS - 0568

Study of the incidence and rate of heart attack, case-fatality,
and mortality from ischemic heart disease in 6 comarques in
Girona province.

1994

Research grant: FIS 94/0539

Population study of risk factors in Girona province.

1995

Accreditation: SGR — 00167

Accreditation as a Recognized Research Group in Catalonia by
the Comissio Interdepartamental de Recerca i Tecnologia
(CIRIT, Inter-ministerial Council for Research and Technological
Innovation).

1995

Research grant: Sociedad Espafiola de Cardiologia.
Seccion Cardiopatia Isquémica

Project coordination, “Registro de infartos agudos de miocar-
dio hospitalarios” (PRIAMHO, a hospital register of acute
myocardial infarction (AMI).

1995-1998

Independent research grant: AstraZeneca

Investigacion, busqueda especifica y registro de isquemia
coronaria aguda (IBERICA, Research and registry of acute
coronary ischemia).

1996

Research grant: FIS 96/1571

Genetic polymorphisms and coronary heart disease: Case-
control study of patients younger than age 60 and healthy sub-
jects older than age 74.

1996

Grant: FIS — 0026

Coordination of a population register study of myocardial
infarction (M) in six regions of Spain (IBERICA), monitoring the
incidence and the rate of heart attack, case-fatality, and mor-
tality from ischemic heart disease, 1996-1998.

1996

Further studies grant: FIS — 5653

Study of the impact on patient survival of changes in Ml man-
agement.

1996

Research grant: Societat Catalana de Cardiologia

Polymorphisms of the lipase lipoprotein gene associated
with cardiovascular risk profile in a population sample in
Girona

1997

Further studies grant: FIS — 5324

Genetic polymorphisms and coronary heart disease: Case-
control study of patients younger than age 60 and healthy sub-
jects older than age 74.

1997

CATSALUT

Subsidy for the Registre Gironi del Cor (REGICOR, the Girona
province heart registry) project.

1997

Accreditation: SGR - 00218

Renewal of CIRIT accreditation as a Recognized Research
Group in Catalonia.

1997

Comision Interministerial de Ciencia y Tecnologia (CICYT, Inter-
ministry Commission on Science and Technology): FD — 0626

Molecular research on potential protective factors against
coronary disease in Spain.

1997

Exchange funding: Comision de Intercambio Cultural,
Educativo y Cientifico entre Espafa y los Estados Unidos
de América. Commission for Educational, Cultural and
Scientific Exchange between Spain and the United States

Comparison between an area with high Ml incidence and high
prevalence of cardiovascular risk factors (Framingham, MA,
USA) and an area with low Ml incidence and high prevalence
of cardiovascular risk (Girona, Spain).
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Year Funding source Description

1998 CATSALUT Subsidy for the REGICOR project

1998 Post-doctoral grant: TDOC 00041 Trends in 28-day case-fatality and 3-year mortality in patients
hospitalised for AMI, 1978-93.

1999 CATSALUT Subsidy for the REGICOR project.

1999 Research grant: FIS — 0655 Infection with Chlamydia pneumoniae and cytomegalovirus,
the relationship with oxidative state and MI, and population
prevalence in Girona.

1999 Research grant: FIS - 0013 Molecular research on potential protective factors against
coronary disease in Spain.

1999 Research grant: FIS — 9342 High-density lipoproteins, apo Al, paraoxonase, genetic poly-
morphisms, oxidated low-density lipoproteins, and cardiovas-
cular risk factors.

1999 Accreditation: SGR - 00243 Renewal of CIRIT accreditation as a Recognized Research
Group in Catalonia.

1999 Bilateral [talian-Spanish funding, Ministry of Education Evaluation of ischemic heart disease risk attributable to classi-

and Science. MEC COOP/ITALIA - 953202680 cal risk factors in the Mediterranean region.

2000 CATSALUT Subsidy for the REGICOR project.

2000 Basic and clinical cardiology research grant: Sociedad Factores de Riesgo Ocultos en el Infarto Agudo de Miocardio

Espanola de Cardiologia (FORTIAM, a study of hidden AMI risk factors).

2001 CATSALUT Subsidy for the REGICOR project.

2001 Research grant: FIS — 0105 FORTIAM — RESCATE |l

2001 Research grant: EU QLK1-CT-2001-00287 The effect of olive oil consumption on oxidative damage in
European populations. The EUROLIVE Study.

2001 Accreditation: SGR - 00408 Renewal of CIRIT accreditation as a Recognized Research
Group in Catalonia.

2001 Research grant: CICYT SAF — 0431 Gene-environment interactions and their relationship with high-
density lipoproteins and cardiovascular events during follow-up
of a population cohort.

2001 Research grant: Sociedad Espafiola de Cardiologia. Project coordination, PRIAMHO I, a second study of hospital

Seccion Cardiopatia Isquémica AMI registers.

2001 Independent research grant: Sanofi-Synthelabo, S.A. Subsidy for the FORTIAM study.

2002 CATSALUT Subsidy for the REGICOR project.

2002 Research grant: FIS — 0471 Armonizacion de las Ecuaciones de Riesgo Cardiovascular en
Europa del Sur (HERMES, a study to determine appropriate
equations for predicting coronary risk in Mediterranean south-
ern Europe).

2002 Research grant: UE QLK4-CT-2002-02236 Air pollution and inflammatory response in Myocardial
Infarction Survivors: Gene-Environment Interaction in a High
Risk Group. AIRGENE Project.

2002 Research grant: Fundacion Espafiola del Corazon. Subsidy for the HERMES project.

Sociedad Espariola de Cardiologia

2003 CATSALUT Subsidy for the REGICOR project.

2003 Red RECAVA: FIS C03/01 Factores de Riesgo, Evolucion y tratamiento de las enfer-
medades cardiovasculares (RECAVA Network, a study of risk
factors, progress and treatment of cardiovascular diseases).

2003 Red HERACLES: FIS G03/45 Hipertension esencial: red de andlisis de canales idnicos y lig-
andos de estrégenos sintéticos (HERACLES Network, a study
of genetic and environmental determinants of vascular dys-
function in hypertension and ischemic heart disease).

2003 Red ERICE: FIS GO3/065 Study of regional variation in cardiovascular risk factors and
development of the cardiovascular risk equation for Spain.

2003 Red PREDIMED: FIS G03/140 Efectos de la dieta mediterranea en la prevencion primaria de

la enfermedad cardiovascular (PREDIMED Network, a study of
the effects of Mediterranean diet on primary prevention of car-
diovascular disease).
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Year Funding source Description

2003 Red RCESP: FIS C03/09 Red de Centros de Investigacion en Epidemiologia y Salud
Publica (RCESP Network of research centres in epidemiolo-
gy and public health).

2003 Research grant: EU SANCO 2003/134 Public Health Outcome Research and Indicators Collection.
EUPHORIC.

2003 Research grant: Societat Catalana de Cardiologia Sports practice and risk of atrial fibrillation.

2003 Conference organization: 03/MSC-136.10.102 XXV anniversary of the REGICOR study.

2004 CATSALUT Subsidy for the REGICOR project.

2004 Grant: FIS — 1556 Coordinated project, Manejo del Sindrome Coronario Agudo.
Registro actualizado (MASCARA, Management of acute
coronary syndrome. Updated register). Impact of the new
AMI definition on epidemiological surveillance.

2004 Fundacié Jordi Gol i Gurina Research agreement: Validez de la Ecuacion de Riesgo
Individual de Framingham de Incidentes Coronarios
Adaptada (VERIFICA, Validity of the adapted Framingham
individual risk equation for coronary incidents).

2004 Fundacié Jordi Gol i Gurina Research agreement: VERIFICA study.

2004 Research grant: CICYT SAF -08173-C03-00 Molecular mechanisms involved in the protective role of olive
oil against the development of atherosclerosis.

2005 CATSALUT Subsidy for the REGICOR project.

2005 Accreditation: SGR - 00577 Renewal of accreditation as a Recognized Research Group in
Catalonia, formerly under CIRIiT, now Agencia de Gesti¢
d’Ajuts Universitaris i de Recerca (AGAUR, Agency for
Administration of University and Research Support).

2005 Private donor Contribution to the REGICOR project

2006 CATSALUT Subsidy for the REGICOR project.

2006 Red RECAVA: FIS — PI-06/1251 Support for the RECAVA Network

2006 Research grant: FIS — PI 06/2025 Gene-environment interactions and their relationship with
essential hypertension, endothelial dysfunction and cardio-
vascular events during follow-up of a population-based
cohort.

2006 Research grant: FIS CP05/00290 FIMAGAMI: “Fine Mapping” to identify genes and genetic
variations related to AMI: A case-control study

2006 Red HERACLES: RD/0009/0000 Support for coordinating the HERACLES Network

2006 RETICS Subdireccion General de Redes grant: Red HER- Support for the HERACLES Network

ACLES RD/0009/0000

2006 CIBER OBENU CB 06/03/0028 CIBER Research in obesity and nutrition

2006 CIBER RESP CB 06/02/0029 CIBER Research in epidemiology and public health

2006 Course offerings: ARCS-100021 Summer 2005 course on the epidemiology and prevention of
cardiovascular diseases

2006 Direccié General de Planificacio. Generalitat de Research agreement with Generalitat de Catalunya for main-

Catalunya: ST45103 taining the REGICOR register
2007 Conveni. Fundacio Institut d'Investigacio Medica Mantenimento del registro REGICOR
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