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Abstract Studying dietary patterns and its relation to the
development of various chronic diseases have received
much interest during the past years, since they capture a
holistic approach of true diet. Haptoglobin (Hp) has been
associated with cardiovascular heart disease risk especially
with acute myocardial infarction, coronary and peripheral
artery disease, stroke, and heart failure. This study aimed to
evaluate the relationship between dietary patterns and Hp
blood levels among apparently healthy adults. During
2009, 490 volunteers (46 £ 16 years, 40 % male) were
consecutively enrolled to the study (participation rate
85 %). Biochemical analyses were performed through
established procedures, after 12 h fasting. Anthropometric,
lifestyle and dietary characteristics were also recorded to
account for potential confounders. Principal components
analysis (PCA) was the data-driven technique to extract the
dietary patterns. Pattern analysis revealed eight dietary
patterns through the application of PCA; however, four of
them were considered nutritionally important as they
explained 35 % of total variance in food consumption
(“Western diet”, “Mediterranean diet”, “Meat and bakery
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products” and “Alcohol and stimulants pattern”). The
fourth pattern (alcohol and stimulants intake) has been
characterised by intake of alcoholic drinks (wine, beer, and
spirits) and stimulants (coffee and tea). Adherence to the
latter pattern was associated with reduced Hp levels
(b £ SE —5.9 £ 2.7, p=0.03), adjusted for age, sex,
body mass index, physical activity, and smoking habits.
However, multi-adjusted analysis revealed that the indi-
vidual effect of alcohol or stimulants on lowering Hp levels
was not significant (p = 0.27 and p = 0.05, respectively).
Moderate drinking of alcoholic drinks and stimulants
seems to be associated with lower haptoglobin levels,
suggesting another potential mechanism for the health
benefits achieved through alcohol and stimulants drinking.

Keywords Haptoglobin - Alcohol - Dietary pattern -
Healthy individuals

Abbreviations

BMI Body mass index

CV  Coefficients of variation

FFQ Food frequency questionnaire
Hp Haptoglobin

PCA  Principal components analysis

Introduction

The role of overall dietary patterns in predicting outcomes
for cardiovascular diseases has been previously demon-
strated [1]. The Mediterranean diet, one of the most known
patterns for its cardioprotective actions was first considered
in the 1960s in Crete, Greece [2]. This pattern was char-
acterized by high consumption of monounsaturated fatty
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acids, primarily from olive oil, daily consumption of veg-
etables, fruits, whole grain cereals and low-fat dairy
products, weekly consumption of poultry, fish, legumes,
and tree nuts, monthly consumption of red meat, as well as
a moderate daily consumption of alcohol, normally with
meals. The Mediterranean dietary pattern has long been
associated with low cardiovascular disease risk in adult
population [3]. In addition, it is possible to reduce the
incidence of coronary heart disease with this diet [4, 5].

Among various inflammation markers, haptoglobin (Hp)
has been known as an indicator of haemolytic diseases
associated with the development of inflammation and
infection. Hp is a haemoglobin circulation binding protein
released from erythrocytes with high affinity and thereby
inhibits its oxidative activity. Hp is a protein that in
humans is encoded by the HP gene and it was found to be
related with the increased cardiovascular disease risk [6, 7].

To date, the protective role of healthy dietary habits to
the development of cardiovascular disease has been
established. However, diet’s protective mechanism is not
been fully understand. In particular, the relationship of
alcohol consumption with Hp regarding the development
of cardiovascular outcomes or coronary heart disease
remains unclear. Thus, the aim of this study was to
investigate the relationship between dietary patterns and
Hp blood levels among apparently healthy adults.

Materials and methods
Participants

Between April 2009 and January 2010, a total of 490
consecutive adults (46 £ 16 years, 40 % men) who had
visited the “Polyclinic” General Hospital for an annual
health check, agreed to participate in the study (85 %
participation rate). Individuals with history of cancer or
recent infection were not included in the study. The
retrieved data were confidential, and the study followed the
ethical considerations provided by the World Medical
Association (52nd WMA General Assembly, Edinburgh,
Scotland, October 2000). Moreover, the Institutional
Review Board approved the design, procedures, and aims
of the study (GA 23/14.05.2009). All participants were
informed about the procedures of the study and agreed to
participate providing written informed consent.

Lifestyle and anthropometric characteristics
All the participants were Caucasians. Information regard-

ing age (years), sex (males vs. females), level of education
(years of school) and family status [singles (i.e., single,
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divorced, widowed) vs. married] were recorded in a self-
administrated questionnaire.

With respect to lifestyle characteristics, participants
were asked to fill in a 10-grade scale range regarding their
physical activity status (grade of scale used: 1-10, where
one denotes sedentary lifestyle and 10 daily hard activity of
at least 30 min). Participants with score <7 were classified
as with low/moderate activity, while those with score >7
were considered as highly active. Current smoking was
defined as those who smoke at least one cigarette/day for
the past year. The number of cigarettes per day and the
total years of smoking were also recorded. Finally, a
76-item valid semi-quantitative food frequency question-
naire (FFQ) was used to record participants’ dietary habits
[8].

Waist circumference and height (without shoes) were
measured to the nearest 0.5 cm, and weight was measured
with a lever balance, to the nearest 100 g, without shoes, in
light undergarments. Body mass index (BMI) was then
calculated as weight in kilograms divided by the square of
standing height in meters (kg/m?). Participants were then
classified in those with normal values of BMI (i.e., <25 kg/mz)
and to overweight/obese (BMI >25 kg/m?).

Biochemical and clinical characteristics

Systolic and diastolic blood pressure was measured in all
participants by the same physician using a standard mer-
cury sphygmomanometer on the right arm of the seated
subject. Venipuncture was performed for each participant,
early in the morning (between 07:00 and 11:00 a.m.),
after a 12-h fasting period by applying a natural latex
rubber strap and using a 20-mL syringe. Blood was
immediately transferred to two tubes without anticoagu-
lant (Greiner Vacuette, Cat. no. 455071). Samples were
left undisturbed for 20 min to clot and then centrifuged at
1,500 rpm.

Glucose and total cholesterol were determined by
enzymatic colorimetric tests (GOD-PAP, CHOD-PAP
Abell-Kendal, GPO-PAP and BCG, respectively). Hapto-
globin was determined via an immunoturbidimetric assay.
Reproducibility in the lab has been determined using
human samples and controls in an internal protocol. Within
run and between day coefficients of variation (CV) were
less than 7 %. All measurements were performed on a
Roche/Modular Analytics analyzer. Reagents, calibrators,
controls, and consumables were purchased from the same
supplier (Roche Diagnostics GmbH, Sandhofer Strasse
116, D-68305 Mannheim, Germany).

Hypertension was defined as a systolic blood pressur-
e >140 mmHg and/or a diastolic blood pressur-
e >90 mmHg or the use of anti-hypertensive drugs.
Coronary heart disease, heart failure, cerebrovascular
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disease, and peripheral arterial disease were assessed by
self-report and medication use. Diabetes was assessed
by self-report, medication use or a positive diagnosis
by fasting blood glucose level (>7.0 mmol/L) [9]. Hyper-
cholesterolemia was defined as a serum choles-
terol >200 mg/dL or by the use of cholesterol-lowering
drugs.

Statistical analysis

Results are presented as mean values = SD for the nor-
mally distributed continuous variables (i.e., age, years of
school, physical activity scale, waist circumference, BMI,
systolic and diastolic blood pressure, total cholesterol,
haptoglobin), as median (1st, 3rd quartile) for the skewed
ones (i.e., glucose) and as frequencies [N (%)] for the
categorical variables (i.e., sex, family status, high physi-
cally active, smoking, obesity status). Normality was tested
using graphical methods (i.e., p—p plots and histograms).
Differences between males and females regarding partici-
pants’ sociodemographic, anthropometric, lifestyle and
biomarkers’ characteristics were evaluated using the Stu-
dent’s ¢ test for the normally distributed variables, the
Mann—Whitney U test for the skewed ones and the Chi-
square test for the categorical ones.

Principal components analysis was applied in order to a
posteriori extract dietary patterns using 24 food groups of
the FFQ (refer “Appendix1”). The varimax orthogonal
rotation type was furthermore applied in order to derive
more interpretable dietary patterns. The Kaiser criterion
(i.e., components with eigenvalues of >1.0) was used to
retain meaningful patterns. The percentage of variance
explained was used to finally consider the number of the
components to be included in the analysis. Each rotated
component was interpreted (“named”) based on the foods
that had loadings >10.3l, which were considered as signif-
icantly contributing to the specific diet component (pat-
tern). The extracted patterns were afterwards included in
linear regression models to evaluate the association with
the levels of Hp, adjusted for age, sex, physical activity
status, BMI and smoking. Results are presented as
b-coefficients & standard error, along with their 95 %
confidence intervals (95 % CI).

Significance level for all tested hypothesis was set at
0.05 %. All statistical analyses were performed using SPSS
v18.0 (SPSS Inc., Chicago, IL, USA).

Results

Participants’ sociodemographic, lifestyle and clinical
characteristics are presented in Table 1. Males were found
to have higher values of waist circumference, BMI, systolic

Table 1 Participants sociodemographic, lifestyle and clinical char-
acteristics. Results presented as mean £ SD, P50 (P25-P75), or
frequencies

Males Females P
N (%) 194 (40) 296 (60)
Age (years) 47 £ 16 46 £+ 16 0.34
Married versus singles?, 113 (58) 168 (57) 0.74
N (%)
Years of school (years) 14 £ 4.7 13 £ 48 0.003
Physical activity (1-10) 55+21 6+23 0.64
High physically active 35 (18) 68 (23) 0.42
(vs. sedentary), N (%)
Smoking (vs. no), N (%) 70 (36) 92 (31) 0.25
Waist circumference (cm) 99 £+ 12 87 £ 13 <0.0001
Body mass index (kg/m?) 28 +£4.0 26 £53 <0.0001
Overweight/obesity (vs. no), 149 (77) 132 (45) <0.0001
N (%)
Systolic blood pressure 123 £ 17 116 £ 19 <0.0001
(mmHg)
Diastolic blood pressure 77 £ 11 72 £ 11 <0.0001
(mmHg)
Glucose (mg/dL) 97 (91, 106) 92 (85, 100) <0.0001
Total cholesterol (mg/dL) 199 £+ 43 201 £+ 38 0.61
Haptoglobin (mg/dL) 126 + 54 128 + 57 0.74

* p-values derived through the Student’s ¢ test for the normally dis-
tributed continuous variables (i.e., age, years of school, physical
activity scale, waist circumference, body mass index, systolic and
diastolic blood pressure, total cholesterol, haptoglobin), the Mann—
Whitney U test for the skewed ones (i.e., glucose) and the Chi-square
test for the categorical (i.e., family status, high physically active,
smoking, prevalence of overweight/obesity)

4 Widowers and divorced are included under the “singles” family
status category

and diastolic blood pressure and glucose blood levels.
Additionally, the prevalence of overweight/obese was
higher among males (Table 1).

Dietary pattern analysis revealed eight dietary patterns
through the application of PCA; however, four of them
were considered nutritionally important as they explained
35 % of total variance in food consumption. In particular,
the first component was characterized by high intakes of
full fat dairy products, white starchy products, eggs, pota-
toes, red meat, full fat delicatessens, sweets, sodas, and fats
and oils (olive oil excluded) and lower intake of low fat
dairy products (i.e., Western diet). The second component
reflected the “Mediterranean diet”, as it was mainly
characterized by high intakes of low fat dairy products,
whole meal starchy products, poultry, fish, legumes, veg-
etables, fruit, stimulants (i.e., coffee and tea) and olive oil.
The third component was high loaded by whole meal
starchy products, red meat, full and low fat delicatessens,
bakery products and light sodas, describing a “Meat
and bakery” pattern. Finally, the fourth component was
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Table 2 Components’ score coefficients®, for four major dietary
patterns, derived from the application of Principal Components
Analysis (orthogonal rotation) in 24 food groups, from a 76-item
semi-quantitative FFQ (n = 490)

Food group (g mL/day) Principal components”

Ist 2nd 3rd 4th

Full fat dairy 052 0.03 —-0.12 -0.20
Low fat dairy -047 032 021 -0.05
White starchy 042 0.08 —0.05 040
Wholemeal starchy -027 045 037 -0.16
Egg 035 022 0.08 —0.01
Potato 056 024 0.09 0.09
Red meat 054 019 033 0.15
Poultry 020 031 021 0.09
Full fat delicatessens 0.50  0.00 0.40 —-0.01
Low fat delicatessens -0.16 —-0.09 0.73  0.06
Fish 005 042 -0.08 0.06
Legumes 0.15 051 -0.02 0.01
Vegetables 0.01 0.72 0.15 0.05
Fruit —0.06 056 0.05 —0.23
Bakery 027 —0.05 0.68 0.00
Sweets 043 0.05 0.11 001
Wine —-0.10  0.10 0.03  0.66
Beer 0.05 —0.04 023 0.62
Spirits 0.04 —-0.04 0.1 0.67
Stimulants 0.00 032 —-0.01 031
Sodas 0.56 —0.09 —0.02 0.06
Light sodas 003 0.06 043 0.10
Olive oil —-0.01 051 -0.20 022
Other oils and fats 046 -0.07 -0.04 -0.03
% of variance explained by each 11 9.3 7.6 73
component

Bold fonts indicate values >10.3], which was considered as the critical
value for the interpretation of the components

* Score coefficients are similar to the correlation coefficients. Higher
absolute values indicate that the food variable is correlated with the
respective component

® Patterns derived from the administration of the 76-item FFQ were:
first “Western diet”, second “Mediterranean diet”, third “Meat and
bakery products”, fourth “Alcohol and stimulants pattern”

interpreted as “Alcohol and stimulants” pattern, as it was
characterized by high intakes of wine, beer, spirits, stim-
ulants, and white starchy products. Component’s scores
coefficients are presented in Table 2.

Results of the regression models adjusted for age, sex,
body mass index, physical activity, and smoking habits
revealed that from the aforementioned patterns, adherence to
the latter pattern (i.e., “alcohol and stimulants”) was
associated with reduced Hp levels (b £ SE: —5.9 &+ 2.7,

@ Springer

Table 3 Results from linear regression analysis that evaluated the
association between dietary patterns and the haptoglobin blood levels

b + SE 95 % CI) p
Pattern 1: western diet —24 £3.1 (-8.6,3.8) 0.45
Pattern 2: mediterranean diet —2.8 £3.5 (-9.6, 3.9) 0.41
Pattern 3: meat and bakery 39+ 34 (=27, 11) 0.24
products
Pattern 4: alcohol and —-59+27 (-11,-0.63) 0.03
stimulants

All models were additionally adjusted for: age, sex (males vs.
females), physical activity status (1-10), body mass index (kg/mz)
and smoking (yes vs. no)

p = 0.03) (Table 3). However, when the analysis was per-
formed separately for alcohol and stimulants, their rela-
tionship with Hp blood levels was not significant (p = 0.27,
p = 0.05; data not shown here). Moreover, gender was
related to Hp levels in all four models tested. Therefore,
sensitivity analyses by gender were also performed. Results
shown that the “alcohol and stimulants” pattern was related
with ~ 9 mg/dL lower levels of Hp among females
(b £ SE —8.6 & 4.1, p = 0.04), while no association was
found for males (b == SE —4.0 = 3.7, p = 0.28).

Discussion

The present work is one of the first in the literature to
examine the role of the relationship between dietary pat-
terns and Hp blood levels among apparently healthy adults.
Data revealed that moderate drinking of alcoholic drinks
and stimulants seems to be associated with lower hapto-
globin levels, suggesting another potential mechanism for
the health benefits achieved through alcohol and stimulants
drinking.

The findings of this study, regarding the influence of
alcohol, did not differ from previous reports [10—14] in the
literature indicating that moderate drinking of alcoholic
drinks decreased the cardiovascular diseases. In addition,
this study depicted a correlation with alcohol and stimu-
lants pattern and Hp, which may possibly lead to a sus-
pension of inflammatory diseases appearance, according to
the drinking alcohol guidelines.

In a previous study, it was found that the association
between light-to-moderate alcohol intake and the risk of
developing hypertension differed in women and men while
confirming that heavy alcohol intake increases hyperten-
sion risk [15]. However, clinical guidelines on the primary
prevention of hypertension recommend limiting alcohol
intake to <2 drinks per day in men and to <1 drink per day
in women [16, 17].
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Alcohol has been part of the diet for many people and a
very important component of the dietary patterns. When
enjoyed in small amounts and together with meals, alcohol
may have positive effects on health, especially on the
prevention of coronary heart disease. Research suggests
that moderate alcohol intake is associated with some health
benefits, among them a decreased risk of cardiovascular
disease [18, 19]. Several studies observed an independent
effect of alcohol on survival [20-22]. A specific study
demonstrated that when alcohol was included in the
Mediterranean diet, a 14 % lower risk of mortality was
found [1]. Numerous studies indicate that a moderate
intake of alcohol is associated with a reduced risk of
morbidity and mortality and secondary to cardiovascular
diseases [23, 24]. In larger amounts, alcohol is a toxic and
dependence-inducing substance, with many short- and
long-term detrimental effects [25]. Excessive alcohol
intake has been associated with an elevated risk of liver
disease, heart failure, some cancers, and accidental injury,
and is a leading cause of death in industrialized countries
[26].

Findings of a recent study [27] showed that the cardio-
protective effect of the Mediterranean diet expands its
protective actions regarding stroke development, even in
participants with hypercholesterolemia. Rissanen et al. [28]
in a prospective, cohort study indicate that a higher intake
of fruits, berries, and vegetables is associated with a
reduced risk of cardiovascular disease-related, non-car-
diovascular disease related and overall mortality in middle-
aged men in eastern Finland. Several dietary patterns may
help prevent cardiovascular outcomes, especially diets with
low fat products as well as the Mediterranean are still
considered to be a healthy choice for prevention of car-
diovascular events [29].

The relation between dietary patterns and inflammation
markers has been recently evaluated in several studies [30].
Results of these studies revealed a negative association
between the Mediterranean dietary pattern and the
inflammation markers. However, the association with Hp
has not been previously detected. With respect to our data,
analysis revealed a significant negative association
between the “Alcohol and stimulants” pattern and Hp
blood levels, while no association of the rest dietary pat-
terns (i.e., “Western”, “Mediterranean”, “Meat and bak-
ery”) with Hp blood levels was observed. The analyses
were performed taking into account age, gender, physical
activity status, body mass index and smoking. All of them
are well-known factors that are related with cardiovascular
disease. Thus, adjusted for the above factors the potential
relationship of “Western”, “Mediterranean” or “Meat and
bakery” dietary pattern with Hp blood levels is negligible.
It is well known that moderate alcohol consumption has
been associated with reduction of inflammation markers.

Hp is a haemolysis index, has antioxidant properties and
has been associated with inflammation, infection, and
increased cardiovascular disease risk. Thus, probably the
association of Hp blood levels with alcohol may provide an
indication of the mechanism through ethanol or flavonoids
of alcohol and inflammation.

Hp genotype is an independent risk factor for cardio-
vascular disease and this relationship is specific for dia-
betes [31]. Furthermore, a previous study demonstrated
that Hp phenotype may contribute to the algorithm used
in cardiovascular disease risk stratification, and in the
evaluation of new therapies to prevent cardiovascular
events in diabetic patients [32]. In one recent study with
male diabetic patients, increased plasma levels of homo-
cysteine and the Hp 2-2 genotype had higher carotid
plaque iron deposition. The increased intraplaque iron
deposition may be associated with increased oxidative
stress, affecting the stability of the carotid plaque [33].
Hp is a genetically determined acute phase protein, the
synthesis of which is increased during inflammation.
Inflammation is associated with the disruption of the
aortic media and appears to play a significant role not
only in cardiovascular events but also in the progression
and development of abdominal aortic aneurysm. Pan et al.
[34], demonstrated that plasma Hp concentrations are
elevated in patients with abdominal aortic aneurysm,
particularly those with the Hp 2-2 phenotype. In addition
HP and especially HP 2-2 type is associated with preva-
lence of coronary artery disease, shorter graft survival
time in coronary artery bypass surgery, arterial hyper-
tension, extension of coronary lesions and myocardial
infarct size. Thus, our results suggest that moderate
drinking of alcoholic drinks and stimulants may be related
to lowering the cardiovascular risk by reducing the hap-
toglobin levels.

Conclusion

The consumption pattern of “alcohol and stimulants
intake” was found to be related with decreased levels of
haptoglobin, inhibiting the appearance of inflammatory
disease, but always within a balanced consumption of
beverages in accordance with the common recommenda-
tions. The adoption of proper eating behavior and daily
habits can ensure long term quality of life by preventing the
development of chronic diseases. However, further studies
are required to better understand the underlying mechanism
of light-to-moderate alcohol intake impact on Hp in healthy
adults.

Conflict of interest The authors declare that they have no com-
peting interests.
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Appendix

See Table 4

Table 4 Food groups used in PCA to extract dietary patterns

Food groups

Food items

Full fat dairy
products

Low fat dairy
products

Refined grains

Whole-wheat
grains

Eggs

Potato

Red meat

Poultry

Full fat
delicatessens

Low fat
delicatessens

Fish and seafood
Legumes
Vegetables

Fruit
Bakery
Sweets

Wine

Beer

Spirits
Stimulants

Soft drinks
Light soft drinks
Olive oil

Other oils and
fats

Full fat milk/yogurt, yellow cheese, white cheese

Low fat milk/yogurt, low fat cheese (i.e., light/
cottage cheese)

White bread/toast, burger bread, white rice, pasta,
pearl barley

Whole-wheat bread/toast, crisp breads, cereals,
brown rice, whole-wheat pasta

Eggs

Potato baked/mashed/fried
Pork, beef, lamp, minced meat
Chicken, turkey

Cold, sliced meat, sausages, bacon, processed
meat products

Light/no fat cold sliced meat, processed meat
products

Fish (small, large), seafood
Lentils, beans, fava beans

Tomato, cucumber, carrots, fresh green
vegetables, cabbage, broccoli

Fresh fruit (orange, apple, pear, banana, cherries,
strawberries etc.), fresh fruit juice

Pies (spinach pie, cheese pie, meat pie etc.),
sandwiches

Jelly, sugar, marmalade, croissant, cake, gofer,
biscuits, chocolate, tartes, ice-cream

Red wine, white wine

Beer

Whiskey, vodka, gin, liqueurs
Coffee, tea

Cola type sodas

Light cola type sodas

Olive oil

Seed oil, butter, margarine
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