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Abstract

Introduction: The first line of treatment for hyper-
triglyceridemic (HTG) includes a well-balanced diet,
although the association of dietary components with
triglyceride (TG) concentrations in hypertriglyceridemic
patients is not fully understood.

Objective: To describe the main dietary patterns in a
cohort of hypertriglyceridaemic patients and to evaluate
the association between dietary components and TG levels.

Methods: This multicentre cross-sectional study
included subjects (n = 1.394) with HTG (TG = 2.25
mmol/L) visiting lipid units affiliated with the Spanish
Atherosclerosis Society. A validated 14-item food ques-
tionnaire was performed to assess diet. Clinical, anthro-
pometry and biochemical parameters were also obtained.

Results: Two dietary patterns were defined a posteriori
by cluster analysis. Patients following the “prudent dietary
pattern” (predominantly fish, fruits, vegetables, low-fat
dairy and legumes) had lower TG levels than those with the
“western dietary pattern” (predominantly red and
processed meat products, alcohol, cakes and pastries and
sugar) (3.51 = 2.41 vs. 3.96 = 3.61 mmol/L, P = 0.002). In a
multivariant test, low-fat dairy products (B: -0.089; 95 %
IC: -16.1, -3.1, P = 0.004) and alcohol intake (B: 0.070; 95 %
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ASOCIACION DEL CONSUMO DE LACTEOS
DESNATADOS CON MENORES NIVELES
DE TRIGLICERIDOS EN UNA COHORTE

ESPANOLA DE SUJETOS CON
HIPERTRIGLICERIDEMIA

Resumen

Introduccion: Una dieta cardiosaludable constituye el
tratamiento de primera linea en la hipertrigliceridemia
(HTG) aunque la asociacion de los diferentes componen-
tes de ésta con la concentracion de triglicéridos (TG) en
pacientes con HTG no esta completamente establecida.

Objetivo: Estudiar los patrones dietéticos en una
cohorte de pacientes hipertrigliceridémicos y evaluar la
asociacion entres los diferentes componentes de la dieta y
la concentraciéon de TG.

Meétodos: El estudio, multicéntrico y transversal,
incluyé sujetos (n = 1.394) diagnosticados de HTG (TG =
2,25 mmol/L) que fueron remitidos a diferentes Unidades
de Lipidos pertenecientes a la Sociedad Espaiiola de Arte-
riosclerosis. Se realizé una valoracion dietética mediante
un cuestionario validado de 14 items ademas de la obten-
cién de otras variables clinicas, antropométricas y bioqui-
micas.

Resultados: Se definieron dos patrones dietéticos
mediante analisis tipo cluster. Aquellos pacientes que
seguian una “dieta cardiosaludable” (en la que predomi-
naba el consumo de pescado, fruta, verduras, lacteos desna-
tados y legumbres) presentaron menores niveles de TG que
aquellos que mantenian una “dieta no cardiosaludable”
(con consumo de carne roja, productos carnicos procesa-
dos, alcohol, bolleria y aziicar predominantemente) (3,51 +
2,41 vs. 3,96 = 3,61 mmol/L, P = 0,002). El analisis multiva-
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IC: 1.1, 13.1, P = 0.022) were significantly associated with
TG concentrations independently of potential confounders.

Conclusions: Mediterranean dietary pattern including
low-fat dairy products and abstaining from alcohol
intake is highly associated with lower TG concentration
in hypertriglyceridaemic patients even under lipid-
lowering treatment. The reinforcement in nutritional
counselling mainly in these food groups should be done
and further specifically studies about the direct associa-
tion of these and other dietary groups should be carried
out to the development of more effective nutritional
recommendations.

(Nutr Hosp. 2013;28:927-933)
DOI:10.3305/nh.2013.28.3.6363

Key words: Low-fat dairy products. Triglycerides. Hyper-
triglyceridemic. Dietary patterns. Alcohol.

Abbreviations

BMI: Body mass index.

DM2: Type 2 diabetes mellitus.

GGT: Gamma-glutamyl transpeptidase.

GIP: Glucose-dependent insulinotrophic polypep-
tide.

GLP-1: Glucagon-like peptide-1.

GOT: Alanine aminotransferase.

GPT: Aspartate transaminase.

HDLc: High density lipoprotein cholesterol.

HTG: Hypertriglyceridemic.

MS: Metabolic syndrome

TG: Tryglicerides.

Introduction

The association between elevated triglycerides (TG)
levels and cardiovascular disease has been widely estab-
lished."? Hypertriglyceridemic (HTG) is a common lipid
metabolism disorder with a high prevalence in the
Spanish population (at least 8% in middle-aged male
workers and 31% in primary care outpatients).*> HTG
is a multifactorial disease with an important interaction
between genetic and environmental factors, especially
with overweight, obesity, peripheral insulin resistance
and metabolic syndrome (MS).** The first line treat-
ment for HTG includes the promotion of a healthy
lifestyle including daily physical activity, normal body
weight and a well-balanced diet.>!* It is known that certain
macronutrients and food groups, such as carbohydrates,
fat or alcohol, increase TG concentration, however, the
potential impact of the dietary patterns and the associa-
tion between different dietary components in subjects
with HTG is unknown. '3

The Spanish Atherosclerosis Society created in 2007
the Spanish Hypertriglyceridemia Registry including
data from affiliated lipid units throughout Spain.

riante determiné que el consumo de lacteos desnatados (B: -
0,089; 95% IC: -16,1, -3,1, P = 0,004) y el de alcohol (B:
0,070; 95% 1C: 1,1, 13,1, P = 0,022) se asocio significativa, e
independientemente de otros factores de confusion, con la
concentracién de TG.

Conclusiones: Un patron dietético tipicamente medite-
rraneo incluyendo lacteos desnatados y un bajo consumo
de alcohol se relaciona con menores concentraciones de
TG en pacientes hipertrigliceridémicos, incluso en aque-
llos con tratamiento hipolipemiante. Queda patente asi la
importancia y necesidad del refuerzo del consejo dietético
en esta poblacion ademas de futuros estudios que anali-
cen directamente la asociacion de éstos y otros grupos de
alimentos que permitan el desarrollo y la consecucion de
recomendaciones nutricionales mas efectivas.

(Nutr Hosp. 2013;28:927-933)
DOI:10.3305/nh.2013.28.3.6363

Palabras clave: Ldcteos desnatados. Triglicéridos. Hiper-
trigliceridemia. Patrones dietéticos. Alcohol.

Therefore, the objective of the present study was to
describe the main dietary patterns of this group of
patients and to evaluate the possible association
between dietary components and TG levels.

Methods
Study design

A detailed description of the study has been previ-
ously published.'*" Briefly, the study included cross-
sectional data from the Spanish Hypertriglyceridemia
Registry of the Spanish Atherosclerosis Society where
patients aged = 18 years of both genders referred to the
lipid units belonging to this Society for the screening
and treatment of HTG were included. HTG was
defined as plasma levels of TG = 2.25 mmol/L in the
first fasting blood sample tested in the lipid unit. HTG
aetiology was defined by medical criteria and it was
classified in: primary (hyperchylomicronaemia, fami-
lial combined hyperlipidaemia, familial hypertriglyce-
ridaemia and dysbetalipoproteinaemia), and secondary
(to alcohol, MS, type 2 diabetes (DM2) or other
causes). The study was approved by the Ethics
Committee of the Carlos III Hospital (Madrid, Spain)
and by the other participant hospitals in the study.

Lifestyle parameters

Patients were asked about tobacco consumption,
physical activity and a dietary assessment was
performed. Physical activity evaluation included work
activity and leisure-time activity questions with a score
from O to 4, being 0 the most sedentary level. The short
food questionnaire was developed by the Spanish
Hypertriglyceridemia Registry and included 14 ques-
tions (yes/no) about the frequency of the main foods
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consumption based on Mediterranean dietary pattern.
The food questionnaire was validated in 63 consecu-
tive patients attending to the lipids units of Reus and
Zaragoza comparing to the validated 134-items food
frequency questionnaire used in PREDIMED trial and
a high concordance was observed between both
methods.' All items showed a kappa index upper than
0.75 with a mean concordance index of 0.722. The
strongest concordance was observed in added sugar
variable with a kappa of 0.876. Daily intake of low-fat
dairy showed a concordance of 0.747 between data
included in both registers. Alcohol intake was sepa-
rately registered including the total intake and the kind
of beverage consumed during a week.

Clinical and laboratory determinations

Demographic, medical treatment and personal and
family background data (coronary disease, cerebrovas-
cular disease, peripheral artery disease, hypertension,
diabetes and smoking habits) were registered. Clinical
and anthropometric data involved weight, height,
calculated body mass index (BMI), waist circumfer-
ence and blood pressure. The presence of metabolic
syndrome was registered, according to The National
Cholesterol Education Program (Adult Treatment
Panel III) criteria.”"” Laboratory analyses were locally
performed in the lipid units in accordance with standard-
ized methods. Analyses of total cholesterol, TG, high
density lipoprotein cholesterol (HDLc), glycaemia,
alanine aminotransferase (GOT), aspartate transami-
nase (GPT), gamma-glutamyl transpeptidase (GGT)
were performed using enzymatic and turbidimetric
assays. When plasma TG concentration was > 4.52
mmol/L, LDLc was calculated by using the Friedewald
formula.

Statistical analysis

Normality distribution of variables was assessed
with the Kolmogorov-Smirnov test. Differences in
anthropometrical or biochemical data were analyzed
using the Kruskall-Wallis test or chi-squared test when
indicated. To identify major baseline dietary patterns
and to segregate subjects based on the similar diets we
used a two-step cluster analysis with Schwarz Baye-
sian criteria. Unadjusted and adjusted lineal stepwise
logistic regression models were performed to determi-
nate predictors of TG concentrations in all of the parti-
cipants including TG levels as dependent variable and
the 14 items of the food questionnaire plus alcohol
intake as independent ones. Adjusted factors were age,
gender, BMI, presence of type 2 diabetes mellitus,
HTG aetiology, lipid-lowering drugs, physical activity
level and tobacco consumption. P-values were calcu-
lated as two-sided; a p-value of less than 0.05 was
considered statistically significant. SPSS version 18.0

(SPSS Inc., Chicago, IL) was used for all statistical
analyses.

Results
Dietary patterns

Participants were classified a posteriori into two
major dietary patterns according to 14 items data using
a cluster analysis. The cluster labelled “prudent dietary
pattern” included daily intake of fruits, vegetables and
low-fat dairy products, three or more servings a week
of fish and two o more servings a week of legumes (n =
682). The cluster labelled “western dietary pattern”
included daily intake of sugar, daily alcohol, consump-
tion of red meat and processed meat products (more
than two servings a week of each one) and cakes,
pastries and other in baked goods with added sugar
more than once a week, (n = 557). Daily consumption
of olive oil and salt were closely related in the two
dietary patterns. Furthermore, consumption of eggs
(more than 3 units a week), nuts (two or more servings
a week) and crisps or other snacks more than once a
week were excluded from both dietary patterns.
Loading factors of food across these major food
patterns are presented in table I.

Clinical and biochemical characteristics
between dietary patterns

Anthropometric, demographic and biochemical
differences according to dietary patterns (prudent
dietary pattern and western dietary pattern) are shown in
table II. Those subjects following a prudent dietary
pattern had significantly lower TG levels compared to
those with a western dietary pattern subjects (3.51 £2.41
vs. 3.96 +3.61 mmol/L, P =0.002). HDLc was higher in
participants with the prudent dietary pattern (1.04 = 0.36
vs. 0.98 £ 0.34 mmol/L, P =0.034) as well as glycaemia
(5.83 £2.00 vs. 5.50 = 1.55 mmol/L, P < 0.001). In the
prudent dietary pattern study group, there were more
patients with DM2 (28.0 vs. 17.8%, P < 0.001), primary
HTG (60.7 vs. 52.0%, P = 0.003) and MS (65.2 vs.
63.8%, P = 0.019) than in the western dietary pattern
group. Moreover, the percentage of active smokers (44.5
vs. 27.5%, P < 0.001) and sedentary lifestyle (83.7 vs.
70.5%, P < 0.001) were higher in individuals following
the western dietary pattern compared with those patients
with the prudent dietary pattern. When patients with
DM2 (n = 340) were excluded from the analysis, differ-
ences in glycaemia between participants in the prudent
dietary pattern compared to participants in the western
dietary pattern (5.38 +0.94 vs. 5.33 £ 0.94 mmol/L, P =
0.385) were not observed and TG concentration
remained significantly lower for individuals with the
prudent dietary pattern (3.53 + 2.31 vs. 3.79 + 3.59
mmol/L, P=0.041).

Low-fat dairy products association with
trygliceride concentrations in
hypertriglyceridaemia
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Table I
Factors loading and percentage of intake according to the dietary pattern’®

Dietary pattern
Food groups Loading factor
Prudent diet Western diet

Processed meat products 1 27.1 75
Fish 0.92 75.7 30
Cakes & pastries 0.84 13 53.7
Fruits 0.82 88.7 49.6
Crisps and other snacks 0.74 6.2 39.7
Low-fat dairy products 0.63 78.2 41.5
Sugar 0.56 35.1 74.7
Vegetables 0.56 70.4 34.8
Red meat 0.53 472 80.8
Alcohol 0.32 342 60.7
Olive oil 0.23 97.1 84.4
Salt 0.16 55 72.9
Legume 0.12 63 47.4
Eggs 0.07 28.4 39.1
Nuts 0.01 18.9 15.8

*Percentage of patients that answered “yes” or “no” on each item according to the eating register. Those foods in bold have been included in the
“prudent” dietary pattern and those that appear in bold and underlined in the “western” dietary pattern. Foods in cursive not discriminated between
dietary patterns.

Table I1
Clinical characteristics of the patients according to their dietary pattern*

All(n=1,394) Prudent diet (n = 682) Western diet (n = 557) P between groups

Age, years 5015 53+15 47+15 <0.001
Gender, % men 74.1 64.7 83.8 <0.001
Hypertension, % 38.8 413 36.8 0.128
DM2, % 232 28 17.8 <0.001
Active smokers, % 353 27.5 44.5 <0.001
Primary HTG, % 53.8 60.7 52 0.003
Metabolic Syndrome, % 64.6 65.2 63.8 0.019
Physical activity, % 76.9 70.5 83.7 <0.001
Lipid-lowering treatment, % 36.2 35.6 36.9 0.672
BMI, kg/m? 28.72+5.32 28.61 +£5.26 29.03+5.57 0.127
Waist circumference, cm 99+ 14 99+ 14 10015 0.021
Systolic blood pressure, mm 132+20 132+20 13120 0.796
Diastolic blood pressure 80+15 80+ 14 82+14 0.112
Total cholesterol, mmol/L 6.29+1.99 6.21+2.04 6.32+1.94 0.292
LDL cholesterol, mmol/L 3.67+1.86 355+1.94 3.70+1.63 0.461
HDL cholesterol, mmol/L 1.01£0.34 1.04£0.36 0.98+0.34 0.034
Triglycerides, mmol/L 3.69+3.01 3.51+241 3.96+3.61 0.002
Glucose, mmol/L 5.66+1.72 5.83£2.00 5.50+1.55 0.001
GOT, ukat/L 042+0.22 0.40+0.18 0.45+0.23 <0.001
GPT, ukat/L 0.51+041 0.48+0.38 0.55+0.43 <0.001
GGT, ukat/L 0.65+0.72 0.60+0.51 0.76+£0.95 <0.001

*Values are given as medians + interquartile ranges for numerical variables or percentages for categorical ones. P differences between participants with prudent
dietary pattern and with the western dietary pattern.
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Triglyceride concentrations, mmol/L

Low-fat dairy (y vs. n) f = f
Legume (y vs. n) f = |
Vegetables (y vs. n) I = f
Nuts (y vs. n) w1
Fish (y vs. n) B S —
Fruits (y vs. n) I ]

Eggs (y vs. n)
Sugar (y vs. n)

Salt (y vs. n)

Olive oil (y vs. n) f =

Crisps (y vs. n) JE - —

Red meat (y vs. n) I
Processed meat (y vs. n) }

Cakes (y vs. n) I

Alcohol intake (y vs. n) I

-20 -10 0

B-regression coefficient

*Calculated by multivariant stepwise linear regression test (dependent variables: triglyceride concentrations
(mmol/L) and independent variables: eating register items, daily alcohol intake); Model adjusted by age,
gender, BMI, presence of DM2, HTG aetiology, lipid-lowering drugs and physical activity level; R*> = 0.51.

Fig. 1.—Food determinants
of TG concentrations*.

Triglyceride concentrations determinants

The multiple linear stepwise regression model was
performed to assess the relation between food patterns
and TG concentration. Unadjusted analysis showed
significant associations between daily consumption of
low-fat dairy (B: -0.092; 95% CI: -16.61, -3.95, P =
0.001) and alcohol intake (B: 0.084; 95%CI: 2.98,
15.31, P = 0.004) with TG levels. After adjusting the
analysis by age, gender, BMI, DM2, lipid-lowering
drugs and physical activity level, the significance
remained between low-fat dairy (B: -0.089; 95%CT: -
16.1, -3.1, P = 0.004) and alcohol intake (B: 0.070. IC:
95% 1.1,13.1, P=0.022) (fig. 1).

Figure 2 shows the differences in TG according to
each dietary pattern and the consumption of low-fat
dairy products. Those patients in the western dietary
pattern group with regular intake of low-fat dairy (n =
231) had lower TG concentration than individuals in
the same group but without habitual consumption of
low-fat dairy (n = 326) (3.65 £ 2.89 vs. 4.17 + 4.11
mmol/L, P =0.033). The same results were observed in
individuals in the prudent dietary pattern group; non-
habitual consumers of low-fat dairy (n = 149) had
higher TG levels than habitual consumers of low-fat
dairy (n=533), (3.61 £ 3.57 vs. 3.50 £ 2.14 mmol/L, P
=0.015).

Discussion

This study was firstly aimed to determine the main
dietary patterns in a group of hypertriglyceridemic

[ Daily low-fat dairy
B0 No daily low-fat dairy
501
P=0.033
4.5
= P=0015
£ 407
= T
£ 35| & L
= 3.0
St
=
2.5
2.0 ‘ ‘
Prudent dietary pattern Western dietary pattern
*Black bars: patients without low-fat dairy products consumption;
White bars: patients who with regular intake of low-fat dairy pro-
ducts. Values are expressed as medians =+ interquartile ranges.

Fig. 2—TG concentration according to each dietary pattern
and consumption of low-fat dairy products*.

patients included in a Spanish Hypertriglyceridaemic
Registry. Secondly, we aimed to evaluate the associ-
ation between dietary components and TG concen-
trations in these patients. We mainly observed that a
dietary pattern characterized by: daily consumption
of fruits, vegetables and low-fat dairy products, three
or more servings a week of fish and two or more serv-
ings a week of legumes was associated with lower
TG concentrations. This pattern also included the
lack of consumption of red and processed meat prod-
ucts more than two servings a week, daily intake of
sugar and alcohol, and more than once a week of
cakes, pastries and other in baked goods with added
sugar.

Low-fat dairy products association with
trygliceride concentrations in
hypertriglyceridaemia
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Low-fat dairy products and alcohol intake were the
main food groups related to lower TG levels in our
study population. According with this observation,
different studies have suggested a beneficial role of
low-fat dairy consumption on MS and DM2, but not
yet in TG concentrations.'*?! It is complex to define the
physiologic effect of low-fat dairy products on TG
concentrations, but several studies suggested that the
insulinotropic effect of milk has been attributed to
casein and other soluble whey proteins that increased
the incretin hormones concentrations.?? It seems that
the mechanism by which whey proteins induce hype-
rinsulinaemia involve two separate pathways: one
connected to the significant increment in certain amino
acids, such as branched chain amino acids; and other
one connected through incretins, with glucose-depen-
dent insulinotrophic polypeptide (GIP) being particularly
stimulated.? It was reported that saturated fatty acids
decrease postprandial biodisponibility of glucagon-like
peptide-1 (GLP-1) and GIP suggesting that the benefit
of low-fat dairy products in insulin-mediated meta-
bolic pathways are not attributable in whole dairy
products.*?

The effect of alcohol in TG levels has been widely
proved and our data provide more evidence on the
matter in a specific well characterized cohort of hyper-
triglyceridemic patients with a relative regression coef-
ficient of alcohol of 7%.*%** A meta-analysis inclu-
ding 42 studies the authors described that TG
concentrations increased by 0.19 mg/dl per gram of
alcohol consumed per day and 5.69 mg/dl (2.49 to
8.89) per 30 g consumed a day, representing a 5.9%
increase over baseline™.

Olive oil and nuts are representative foods of the
traditional Mediterranean dietary pattern, and their
properties are associated with a lower risk of MS and
cardiovascular disease.’** However, we did not observe
a relationship between these foods and the prudent
dietary pattern. It may be explained by the fact that the
majority of participants in the study (97.1% in the
prudent dietary pattern group and 84.4% in the western
dietary pattern group) consumed olive oil every day
and did not present a consumption of nuts two times per
week (18.9% in prudent dietary pattern group and
15.8% in western dietary pattern group), thus this was
not considered a discriminating factor for the different
dietary patterns.

Another observation of this work is the larger
number of subjects with MS, DM2 and primary HTG
found in the group of the prudent dietary pattern. It
might be explained by the possibility that these patients
had probably received previous nutritional advice from
a general practitioner before being referred to the lipids
unit. Other explication of this observation is the reverse
cause of cross-sectional studies, particularity in studies
focused on lifestyle and cardiovascular risk factors.

One limitation of our study is its observational
nature; therefore, we cannot conclude that increase in
low-fat dairy intake reduces TG concentration in

causal manner. We included in this study Spanish
patients, therefore the extrapolation regarding the asso-
ciation of dietary patterns and foods with TG must be
performed with caution in other study populations.
Another inherent limitation is related to the potential
measurement error in the dietary assessment by using a
short food questionnaire which provides subjective
information.

Conclusions

This is the first study, to our knowledge, carried out
in specific hypertriglyceridaemic patients evaluating
the main food predictors of TG concentrations. We
mainly observed that daily intake of low-fat dairy prod-
ucts are related to lower TG concentrations whereas
alcohol consumption was directly associated, both in
patients with primary or secondary HTG even if they
were under lipid-lowering therapy. A dietary pattern
including fruits and vegetables, legumes, fish and low-
fat dairy seems to be a better dietary pattern associated
with lower TG concentration. Interventional studies in
different aethiology of hypertriglyceridemic in hyper-
triglyceridemic subjects with specific foods are needed
to elucidate and clarify the associations found in this
study.
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