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ABSTRACT

ORIGINAL ARTICLE

Background: The prevalence of hypercholesterolemia is increasing globally. It
is associated with a significant risk of developing type 2 diabetes mellitus and
cardiovascular diseases. The aim of the current study was to explore the
relationship of nutrients patterns and other lifestyle-related factors with the
presence of hypercholesterolemia in a representative population of Iran.
Methods: Dietary information was collected using a 24-h recall from male and
female adults in the age range of 35-65 years. The relationship between
adherence to different nutrients patterns and hypercholesterolemia was explored
in 5700 participants from Mashhad, Iran. Results: Among the participants (n =
5700), 2195 (38.51%) were men and 3505 (61.49%) of them were women.
Furthermore, 722 (32.89%) male and 1434 (40.91%) female participants had
hypercholesterolemia. The group with hypercholesterolemia had significantly
higher intake rates of fiber, lactose, vitamin C, potassium, calcium, and
phosphorus, however, they had lower total energy intake than the control group
(P < 0.05). Conclusions: The results showed that consumption of nutrients
patterns high in lactose, calcium, phosphor, iodine, retinol, riboflavin, and
cobalamin is associated with the likelihood of hypercholesterolemia. Prospective
studies are required to examine the association between nutrient patterns and
hypercholesterolemia.
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Introduction
ardiovascular diseases (CVDs) are the cause
for 30% of all deaths in the world (Thabane et
al., 2015). These diseases have an increasing
prevalence in many countries all around the
world. This elevation is caused by many factors

C

such as population aging and adoption of
predisposing lifestyles like sedentary behaviors
and changes in eating habits (do Prado Junior et
al., 2015, Md, 2000). CVDs have also been
known as the cause of 38% of all deaths in
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Iran (Shadmani and Karami, 2013). Primary
risk factors that play a significant role in the
incidence of CVDs include hypercholesterolemia,
hypertension, hyperglycemia, smoking, and
overweight (Lloyd-Jones et al., 2010, Yang et al.,
2011). The World Health Organization (WHO)
declared that hypercholesterolemia is involved in
more than half of the coronary heart disease
cases annually all over the world (Churilla et al.,
2012). It was previously reported that the
prevalence of hypercholesterolemia was 42.9%
among 15-64 years Iranian citizens (Esteghamati
et al., 2009).
There are several factors associated with serum
cholesterol level, such as age, gender, body
weight, body mass index (BMI), lifestyle, amount
of activity, and dietary intake (Veghari et al.,
2013). Management of diets is known as a key
strategy for reducing the lipid disorders
(Anderson, 2003, Chitra et al., 2012). Some
studies reported a negative correlation of dietary
fiber intake and plant sterols with the prevalence
of hypercholesterolemia and higher levels of low
density lipoprotein (LDL) (Narayan et al., 2014,
Shinozaki et al., 2015). In addition, some other
researchers showed that dietary glycemic load
is associated with serum total cholesterol
concentrations and the other lipid profile markers
(Cocate et al., 2014a, Lin et al., 2012). Moreover,
it has been shown that consumption of some
micronutrients like selenium, calcium, iron, and
zinc may affect the cholesterol levels
(Christensen et al., 2015, Lorenzen and Astrup,
2011).
An individual’s diet is composed of different
kinds of food which have complex relationships
with nutrients (Hu, 2002, Jacobs and Steffen,
2003). Although many studies have been
conducted on single nutrients, food intake status,
and the risk of hypercholesterolemia, some
correlations among these factors might be ignored
due to limited evaluations (Castellanos-Jankiewicz
et al., 2014, Christensen et al., 2015, Cocate et al.,
2014a, Cocate et al., 2014b, Gunasekara et al.,
2011, Lin et al., 2012, Narayan et al., 2014,
Shinozaki et al., 2015). Furthermore, the effects of
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a single nutrient or food may be too small to be
recognized (Salehi-Abargouei et al., 2015). Dietary
pattern analysis has recently emerged as an
epidemiological method to investigate the
relationship between diet and the risk of diseases.
In this approach, the effects of overall diet instead
of individual nutrients and foods were measured to
predict the risk of diseases (Hu, 2002). Nutrients
patterns can give us a good insight about
correlation of nutrients and the risk of diseases in a
universal scale and for different people living in
various climates with different cultures and eating
behaviors. Variations in foods and the way they
are cooked or prepared are not due to nutrients
since they are global and consumed by people
with different cultural and behavioral background.
Instead, such variations are caused by difference
within populations (Freisling et al., 2010, SalehiAbargouei et al., 2015).
Monitoring of elevated levels in total serum
cholesterol concentration is one of the most
important strategies to reduce the risk of CVDs
(Hovsepian et al., 2015). So, it is necessary to
find and clarify the relationship of macronutrients
and micronutrients consumption with the risk of
hypercholesterolemia.
Therefore,
this
comprehensive study was carried out in a large
scale to investigate the correlation of nutrition
patterns and other lifestyle-related factors with
hypercholesterolemia in Mashhad city in north
east of Iran.
Materials and Methods
Study design and participants: In this casecontrol study, 5700 individuals participated, out
of whom 2156 (37.82%) had hypercholesterolemia.
They were recruited from an urban population of
Mashhad, a city in northeastern part of Iran, using a
stratified-cluster method. Participants were selected
from the Mashhad Stroke Heart Atherosclerosis
Disorder (MASHAD) study (Ghayour-Mobarhan et
al., 2015).
Households with individuals from 35 to 65
years were identified and the local population
authorities provided these families with an
information brochure of the study. Exclusion
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criteria were pregnancy and lactation, established
cardiovascular disease or diabetes, as well as
consumption of dietary supplements. All
participants signed the informed written consent
to contribute in the survey.
This case-control study was a part of
MASHAD study, the comprehensive prospective
cohort study which is currently being
implemented (Ghayour-Mobarhan et al., 2015,
Mirhafez et al., 2015a). This study was funded
and supported by Mashhad University of Medical
Sciences.
Measurements: The lifestyle, demographic and
anthropometric data were collected and recorded
by two certified health care professionals and a
nurse. The health-related questionnaires included
demographic data, physical exercise, tobacco and
alcohol use, as well as smoking status. Physical
activity was assessed using James and Schofield
human energy requirements equations. Physical
activity level was further calculated as the total
energy expenditure (TEE) and ratio of basal
metabolic rate (BMR) over a 24-hour period.
Questions on physical activity were based on
James and Schofield equations, and were
selected from those used in the Scottish Heart
Health Study (SHHS)/MONICA questionnaire.
Questions assessed the time spent on activities
during work (including housework), outside
work, and in bed (resting and sleeping). The
physical activity levels of individuals were
defined in 4 levels scored from 1 to 4; inactive,
low active, active, and very active. Smoking
status was determined by describing two groups:
current smoker and non-smoker groups. Current
smokers were those who smoked at least one
cigarette per day, while non-smoker group
contained individuals who had never smoked or
were former smokers.
Participants' body weight and height were
measured with light clothing and without shoes.
Body mass index (BMI) was calculated as weight
(kg) divided by height in meters squared. Waist
circumference (WC) was then measured at the
mid-point between the lowest rib margin and the
iliac crest during minimal respiration. Resting
290

blood pressure was assessed three times by a
trained technician using the standardized
protocol. The average of three recorded
measurements was then used in all data analyses.
For blood pressure measurements, participants
remained seated for 15 min and the minimum of
two readings were taken using a standard mercury
sphygmomanometer. Later, the mean values
of the closest two readings were calculated
(Emamian et al., 2015, Mirhafez et al., 2014).
Biochemical factors including total cholesterol
(TC), high density lipoprotein cholesterol (HDLc), low density lipoprotein cholesterol (LDL-c),
and triglyceride (TG), C-reactive protein (CRP),
and fasting blood glucose (FBG) were measured,
as reported earlier (Mirhafez et al., 2015b, Oladi
et al., 2015, Zomorrodian et al., 2015).
Dietary information was collected using a
24-h recall, administered by well -trained
dietary interviewers in a face-to-face interview.
Participants were supposed to recall and describe
every item of food and beverage consumed over
the 24 h period (Motamed et al., 2013). Individual
nutritional intakes were assessed using Dietplan6
software (Forest field Software Ltd., UK). The
variables selected for this study were total energy,
protein, total fat, cholesterol, minerals, and
vitamins. All nutrient intake values were adjusted
for total energy intake using the residual method.
Ethic consideration:
Ethic Committee of
Mashhad University of Medical Sciences
approved the study.
Data analysis: All data were analyzed using
SPSS software (version 20, SPSS Inc., IL, USA).
P-value < 0.05 was considered as statistically
significant. Values were expressed as a mean±
standard deviation (SD) for normally distributed
data and analyzed by Student t-test. Non-normally
distributed data were expressed by median and
analyzed through Kruskal-Willis test. Qualitative
data were finally tested using the chi-square test.
Participants were categorized into two groups of
case patients with hypercholesterolemia and
control participants without hypercholesterolemia.
Factor analysis was used to identify nutrient
groups and determine factor loadings. The
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association between nutrient patterns and odds of
hypercholesterolemia was assessed. Principal
component factor analysis (PCFA) was used to
calculate dietary nutrient patterns and determine
factor loadings. Varimax rotation was also
applied to retain uncorrelated factors and enhance
interpretability (Jae-On and Mueller, 1978). The
number of factors to maintain was selected based
on an Eigen value > 1, scree plot test, and factor
interpretability. The quartile cut-offs of dietary
nutrient pattern scores were classified based on
the factor scores of the controls. Nutrients were
found to have rotated factor loadings ≥0.32
(Norman and Streiner). The odds ratio (OR) and
95% confidential intervals (CI) were assessed
using the logistic regression models for each
quartile. These analyses were adjusted for
different variables in 3 models. Crude was not
adjusted for any variable. Model A was adjusted
for age and gender (male/female). Model B
included adjustment for BMI in addition to the
variables adjusted in model A. In this model, BMI
was included as a covariate to isolate the
independent effects caused by central adiposity
measured by WC.
Results
A total of 5700 participants were enrolled in
the study, 2195 (38.51%) of them were men and
3505 (61.49%) were women. Among the male
participants, 722 individuals (32.89%) and 1434
of females (40.91%) had hypercholesterolemia.
General characteristics of participants are shown
in Table 1. Gender and age were significantly
different between the hypercholesterolemia
and control groups (P < 0.001). But there was
no significant difference in physical activity
between the two groups. The number of
hypercholesterolemic females was more than
hypercholesterolemic males (P < 0.001). The
mean age of hypercholesterolemic patients
was higher than the control group (P < 0.001).
It was also found that participants with
hypercholesterolemia were more likely to smok
(P = 0.008). Dietary intakes status is presented in
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Table 2. According to dietary nutrient intake
status, intakes of fiber (P = 0.009), lactose (P =
0.004), vitamin C (P = 0.016), potassium (P =
0.007), calcium (P < 0.001), and phosphor (P =
0.013) were significantly higher but total energy
intake was lower in the hypercholesterolemia than
the control group (P < 0.001). Factor loading
scores and dietary nutrients are shown in Table 3.
Factor 1, classified as ―the first nutrient pattern‖
was defined by high levels of protein, thiamin,
niacin, potassium, magnesium, iron, zinc,
selenium, and fiber. Factor 2, identified as ―the
second nutrient pattern‖ had the greatest loading
of total fat, cholesterol, saturated fat,
monounsaturated fat, polyunsaturated fat, trans
fat, carbohydrate, maltose, and sucrose. Factor 3
was associated with greater level of consumption
of lactose, calcium, phosphor, iodine, retinol,
riboflavin, and cobalamin which was named ―the
third nutrient pattern‖. All 3 patterns
demonstrated 45.79% of variance in dietary
nutrient intake (16.80% for factor 1, 16.52% for
factor 2, and 12.47% for factor 3). The adjusted
ORs (95% CIs) of dietary nutrient pattern
quartiles and hypercholesterolemia were also
investigate (Table 4). The highest quartile (Q4)
of ―the first nutrient pattern‖ (OR: 1.17; 95% CI:
1.01-1.37; P for trend = 0.02) was associated with
the likelihood of hypercholesterolemia in crude
model; but no significant association was
observed between the first nutrient pattern and
odds of hypercholesterolemia in adjusted models.
In ―the third nutrient pattern‖, the highest
quartile (Q4) (OR: 1.18; 95%CI: 1.01-1.37; P for
trend = 0.02) was correlated with the odds of
developing hypercholesterolemia without any
adjustments and even after adjustment for age and
gender (OR: 1.14; 95% CI: 0.98-1.33; P for trend
= 0.04). However, no significant association was
found in further adjustments in model B.
Moreover, ―the second nutrient pattern‖ was not
significantly associated with the odds of
developing hypercholesterolemia in crude and
adjusted models.
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Table 1. General and clinical characteristics of study participants
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Variables
Age (y)
Gender (Male)
Current smoker
Physical activity
Inactive
Low active
Active
Very active
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Waist circumference (cm)
Total Cholesterol (mg/dL)
Triglycerides (mg/dL)
High density lipoprotein (mg/dL)
Low density lipoprotein (mg/dL)
Fasting blood glucose (mg/dL)
Uric acid (mg/dL)
a

Healthy participants
(n = 3544)
48.00 ± 8.13
1473 ( 41.56)
791 (22.31)

Hypercholesterolemic
participants (n = 2156)
50.39 ± 7.81
722 (33.48)
418 (19.38)

907 (15.9)
971 (17.1)
1307 (23.0)
349 (6.1)
27.74 ± 4.63
120.97 ± 18.47
78.60 ± 11.74
94.71 ± 11.78
167.34 ± 22.91
108 ± 39
39.86 ± 9.00
100.26 ± 22.83
87.33 ± 31.81
4.50 ± 1.32

518 (9.1)
631 (11.1)
812 (14.3)
192 (3.4)
28.58 ± 4.56
125.50 ± 19.53
81.20 ± 11.95
97.17 ± 11.98
229.82 ± 25.99
152 ± 44
44.96 ± 9.37
147.86 ± 30.03
96.17 ± 42.59
4.87 ± 1.34

P-valuea
<0.001
<0.001
0.008
0.21

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

: ANOVA for continuous variables and chi-square test for categorical variables

Table 2. Daily dietary intakes of study participants
Variables
Energy (kcal)
Protein (g)
Carbohydrate (g)
Total fat (g)
Cholesterol (mg)
Saturated fat (g)
Monounsaturated fat (g)
Polyunsaturated fat (g)
Trans fat (g)
Fiber (g)
Maltose (mg)
Sucrose (mg)
Lactose (mg)
Retinol (µg)
Thiamin (mg)
Riboflavin (mg)
Niacin (mg)
Cobalamin (µg)
Vitamin C (mg)
Vitamin D (µg)
Sodium (mg)
292

Healthy participants
1905.58 ± 665.00
68.54 ± 21.25
241.98 ± 53.66
70.04 ± 21.67
225.32 ± 166.70
18.28 ± 7.03
19.52 ± 6.75
23.73 ± 12.76
1.77 ± 0.65
17.04 ± 9.04
3.39 ± 2.52
34.51 ± 26.93
11.36 ± 12.56
422.72 ± 2030.09
1.79 ± 0.56
2.09 ± 0.78
16.90 ± 9.22
2.92 ± 8.16
91.79 ± 86.93
2.02 ± 2.37
3157.49 ± 7711.06

Hypercholesterolemia participants
1838.67 ± 633.97
69.33 ± 20.51
239.54 ± 51.50
70.72 ± 20.40
231.24 ± 211.26
18.50 ± 7.13
19.70 ± 6.42
23.90 ± 12.26
1.78 ± 0.66
17.68 ± 8.96
3.35 ± 2.22
33.55 ± 23.18
12.37 ± 13.16
414.69 ± 2035.36
1.82 ± 0.52
2.13 ± 0.78
16.74 ± 8.66
2.98 ± 7.87
97.63 ± 91.54
1.99 ± 2.16
3077.99 ± 6378.49

P-valuea
<0.001
0.171
0.092
0.232
0.241
0.257
0.357
0.628
0.486
0.009
0.579
0.157
0.004
0.885
0.122
0.062
0.516
0.783
0.016
0.681
0.688
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Potassium (mg)
Calcium (mg)
Magnesium (mg)
Phosphor (mg)
Iron (mg)
Zinc (mg)
Selenium (µg)
Iodine (µg)
a:
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2816.00 ± 939.10
844.94 ± 331.90
246.99 ± 93.24
1308.02 ± 342.56
10.83 ± 5.01
9.18 ± 2.90
37.03 ± 25.35
110.21 ± 85.52

2885.32 ± 932.36
877.37 ± 342.12
251.51 ± 88.50
1330.99 ± 329.56
10.93 ± 5.08
9.21 ± 2.78
36.62 ± 27.23
113.88 ± 86.58

0.007
<0.001
0.071
0.013
0.468
0.665
0.562
0.118

Obtained from ANOVA

Table 3. Factor loading matrix and explained variance for nutrient patterns identified by factor analyses

Variables
Carbohydrate (g)
Maltose (mg)
Sucrose (mg)
Lactose (mg)
Total fat (g)
Cholesterol (mg)
Saturated fat (g)
Monounsaturated fat (g)
Polyunsaturated fat (g)
Trans fat (g)
Retinol (µg)
Thiamin (mg)
Riboflavin (mg)
Niacin (mg)
Cobalamin (µg)
Vitamin C (mg)
Vitamin D (µg)
Sodium (mg)
Potassium (mg)
Calcium (mg)
Magnesium (mg)
Phosphor (mg)
Iron (mg)
Zinc (mg)
Selenium (µg)
Iodine (µg)
Proportion of explained variance (%)
Cumulative explained variance (%)

First pattern
-0.069
-0.067
-0.183
0.074
-0.208
-0.069
-0.153
-0.151
-0.180
0.111
0.003
0.712
0.189
0.500
0.058
0.293
-0.058
0.077
0.709
0.119
0.834
0.551
0.720
0.719
0.374
-0.044
16.801
16.801

Second pattern
-0.959
-0.402
-0.349
-0.189
0.883
0.447
0.674
0.870
0.635
0.450
0.097
-0.181
0.025
0.225
0.168
-0.117
0.282
0.106
-0.158
-0.253
-0.123
0.039
-0.110
0.243
0.126
0.184
16.521
33.322

Third pattern
-0.007
0.006
-0.011
0.684
-0.112
0.276
0.181
-0.073
-0.255
0.091
0.482
0.027
0.864
0.063
0.538
-0.035
0.064
0.097
0.257
0.727
0.110
0.588
-0.020
0.126
0.097
0.675
12.470
45.792
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Table 4. Multivariable-adjusted odds ratios (95% CIs) for hypercholesterolemia across quartile (Q)
categories of nutrient pattern scores
Nutrient patterns

Downloaded from jnfs.ssu.ac.ir at 1:18 IRST on Wednesday October 24th 2018

Q1
First nutrient pattern
Crude
Model A
Model B
Second nutrient pattern
Crude
Model Aa
Model B
Third nutrient pattern
Crude
Model A
Model B
a

Quartile of dietary nutrient pattern score
Q2
Q3
Q4

P-trend

1
1
1

1.09 (0.93-1.27)
1.01 (0.86-1.21)
1.00(0.86-1.17)

1.14 (0.98-1.32)
1.04 (0.89-1.21)
1.03 (0.9-1.2)

1.17 (1.01-1.37)
1.1 (0.94-1.28)
1.07 (0.91-1.2)

0.02
0.21
0.29

1
1
1

1.02 (0.86-1.17)
0.96 (0.82-1.13)
0.98 (0.84-1.12)

1.07 (0.92-1.25)
1.02 (0.88-1.19)
1.03 (0.88-1.21)

1.03 (0.89-1.20)
1.04 (0.89-1.21)
1.05 (0.90-1.22)

0.49
0.46
0.39

1
1
1

1.02 (0.88-1.19)
0.99 (0.85-1.16)
1.01 (0.85-1.16)

1.09 (0.94-1.27)
1.07 (0.92-1.25)
1.06 (0.89-1. 25)

1.18 (1.01-1.37)
1.14 (0.98-1.33)
1.11 (0.93-1.3)

0.02
0.04
0.08

Model A was adjusted for age and sex. Model B included additional adjustment for BMI, current smoking and education level.

Discussion
To the best of our knowledge, this study was
the first study examining the relationship
between three major nutrient patterns and
hypercholesterolemia. The same result was also
obtained in previous studies (Ahaneku et al., 2015,
Doupa et al., 2014). The achieved results
suggested that prevalence of hypercholesterolemia
is positively associated with age, BMI, systolic,
diastolic blood pressure, and WC. Some studies
also reported the same results (Ahaneku et al.,
2015, Bijari et al., 2015, Lee et al., 2001).
In the current study, a positive association was
observed with hypercholesterolemia for the first
nutrient group (greater amount of protein,
thiamine, niacin, potassium, magnesium, iron,
zinc, selenium, and fiber) when it was not adjusted.
However, there was no significant association for
the adjusted models. A significant correlation was
also observed between the third nutrient group
(greater amount of lactose, calcium, phosphor,
iodine, retinol, riboflavin, and cobalamin) and the
odds of hypercholesterolemia in crude model.
However, the second nutrient pattern (greater
amount of total fat, cholesterol, saturated fat,
monounsaturated fat, polyunsaturated fat, trans fat,
carbohydrate, maltose, and sucrose) was not
294

significantly associated with presence of
hypercholesterolemia.
Our results suggested that the third nutrient
pattern (higher amount of lactose, calcium,
phosphor, iodine, retinol (vitamin A), riboflavin
(vitamin B2) and cobalamin (vitamin B12)) was
positively associated with the presence of
hypercholesterolemia. Riboflavin and cobalamin
are both water soluble vitamins required to be
consumed in adequate amounts because the
human body cannot synthesize them (Dali-Youcef
and Andrès, 2009, Reihl and Stolz, 2005,
Watanabe et al., 2010). In this study, dietary intake
of riboflavin and cobalamin showed no significant
association with hypercholesterolemia. These
results are in line with the results of a study
conducted in Poland in which the relationship
between lipids and vitamin B levels was
investigated in persons with elevated risk of
atherosclerosis. The results indicated no significant
association between lipid profile levels and B
vitamins. At last, it was concluded that lipid
parameters’ levels and B-vitamins may have an
independent additional effect on the risk of
atherosclerosis (Wasilewska et al., 2003).
In the current study, a non-significant lower
level of dietary intake of retinol (vitamin A) was
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observed in individuals with hypercholesterolemia.
A study carried out on children with
hypercholesterolemia in Slovak republic evaluated
parameters of lipid profile, lipophilic vitamins, and
antioxidants (retinol, β-carotene, α-tocopherol, γtocopherol, xanthophyll and lycopene) as well as
markers of oxidative damage to lipids (8isoprostanes and lipoperoxides). Findings showed
no correlation between these lipophilic
antioxidants and the total serum’s cholesterol in
female children with hypercholesterolemia, which
confirms findings about retinol (Ondrejovicova et
al., 2010). Inconsistent to the results of the present
study, Smith et al. reported that serum vitamin A
concentration is higher in individuals with
hypercholesterolemia than the healthy control
group (Smith et al., 1992).
Findings further showed higher levels of iodine
in hypercholesterolemic individuals but this
difference was not statistically significant in
comparison with the control group. A study
carried out in China also represented that
iodine excess has time- and dose-dependent
hypercholesterolemic effects. Authors declared
that the hypercholesterolemic effects induced by
higher levels of iodine may be due to the role of
TRbeta1-mediated down regulation of hepatic
LDLr gene (Zhao et al., 2010). Contrary to results
of the current study on iodine, the study conducted
in Morocco suggested that iodine supplementation
in iodine deficient and overweight women
may reduce prevalence of hypercholesterolemia
(Herter-Aeberli et al., 2015). It should also be
noted that these studies were performed in
different populations with different geographical,
cultural, and behavioral situation, which may
explain the different results. Hence, it is worth
noting that both deficient and over consumption of
iodine may have hypercholesterolemic effects.
Individuals with hypercholesterolemic in this
study had higher levels of calcium and lactose in
their dietary intake. A double-blind, randomized,
placebo-controlled trial was conducted on 190
premenopausal women (30-40 years) and 182
postmenopausal women (50-60 years) with
dyslipidemia. The participants received 800
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mg Ca/day or a placebo for 2 years. Results
suggested that increase in the serum TC is
positively
associated
with
calcium
supplementation in postmenopausal women (Li et
al., 2013). However, opposite results were
reported in some other studies demonstrating that
high calcium diet decreased the total TC
(Jacqmain et al., 2003, Lorenzen and Astrup,
2011). On the other hand, other studies reported
no association between Ca consumption and the
total TC (Rajpathak et al., 2010, Reid et al.,
2010). This seems to be caused by lack of
nutritional knowledge. Iranian people consume
full fat dairy products as a main dietary calcium
source; on the other hand, it was proved that
full fat dairy products contribute to the
dyslipidemia, which may explain the results of
the current study about calcium consumption
and hypercholesterolemia.
In the current study, a significant positive
association was found between dietary
phosphorus
intake
and
the
odds
of
hypercholesterolemia.
Overconsumption
of
phosphor may have harmful effects even in the
case of low serum phosphor concentration level.
Parathyroid hormone (PTH) and fibroblast growth
factor-23 (FGF-23) are two powerful regulators
for serum phosphorus concentrations. This
hormone increases urinary phosphor excretion. In
healthy individuals with high phosphorus dietary
intake, serum phosphorus levels are maintained
in normal range by increasing parathyroid
hormone and FGF-23 physiologically (Chang et
al., 2014). Excessive consumption of phosphorus
for a long time may be a direct or indirect
predisposing factor for diabetes mellitus,
cardiovascular disease, hypercholesterolemia,
bone problems, chronic kidney disease
progression, left ventricular hypertrophy, heart
failure, and mortality (Chang et al., 2014,
Onufrak et al., 2008, Uribarri and Calvo, 2014).
Onufrak et al. carried out a study in US on
13,340 individuals (45–64 years). Participants
were selected from the atherosclerosis risk in
communities study and did not have any known
coronary heart disease, stroke, or renal disease.
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Downloaded from jnfs.ssu.ac.ir at 1:18 IRST on Wednesday October 24th 2018

Nutrient pattern and hypercholesrolemia

This study demonstrated that rises in serum
phosphorus concentration is considerably
associated with the chance of having
hypercholesterolemia, which I the same line with
the current study (Onufrak et al., 2008). It should
be considered that most of phosphor sources in
the human diet are from animal protein that
contain high amount of saturated fat and may
cause hypocholesterolemia.
In spite of unique sampling which represented a
large adult population of Iran, this study had some
limitations. First of all, dietary information was
collected using a 24h recall questionnaire by an
interviewer to recall and describe every item of food
and beverage consumed over the 24h period. But
sometime individuals may report wrong dietary
information for any reason, mostly because of
incomplete remembering and forgetting. Second, in
this study individual nutritional intakes were
assessed using Dietplan6 software (Forest field
Software Ltd., UK), which was designed for
European diet assessment. Difference in habitual
eating and the ways of foods preparation
between Iranian and European people may have
affected interpretation of data in this software.
Next, individuals with certain anthropometric
characteristics may have changed their dietary habit
to control the elevated levels of serum TC. Finally,
References
Ahaneku GI, et al. 2015. Lipid and Some Other
Cardiovascular Risk Factors Assessment in a
Rural Community in Eastern Nigeria. Annals of
Medical and Health Sciences Research. 5 (4):
284-291.
Anderson JW 2003. Diet first, then medication
for hypercholesterolemia. The journal of
the American medical association. 290 (4):
531-533.
Bijari B, et al. 2015. The relationship between
serum lipids and obesity among elementary
school in Birjand: a case control study. Journal
of research in health sciences. 15 (2): 83-87.
Castellanos-Jankiewicz A, Del Bosque-Plata L
& Tejero ME 2014. Combined effect of plant
sterols and dietary fiber for the treatment of
296

the current study was conducted in cross-sectional
design which is unable to deduce causality.
Conclusions
In conclusion, no significant association was
found between nutrients patterns and the odds of
hypercholesterolemia. Prospective studies are
required to examine the nutrient patterns as well as
to confirm and clarify the relationships found in
this study.
Acknowledgment
This study was approved and founded by
Mashhad University of Medical Sciences
(MUMS).
Authors’ contributions
The paper was drafted by participation of
Amirkalali MSA, Khayyatzadeh SS, and Baghernyia
M. Ghayour-Mobarhan M, Safarian M and Parizadeh
SMR designed the study. Khayyatzadeh SS helped
in statistical analyses and Ghayour-Mobarhan M
supervised the study. All authors contributed in the
development of study, they also read and approved
the final version of the manuscript.
Conflict of interest
The authors have no conflict of interest to
disclose.

hypercholesterolemia. Plant foods human
nutrition. 69 (2): 93-100.
Chang AR, Lazo M, Appel LJ, Gutiérrez OM &
Grams ME 2014. High dietary phosphorus
intake is associated with all-cause mortality:
results from NHANES III. The American journal
of clinical nutrition. 99 (2): 320-327.
Chitra U, Reddy NK & Balakrishna N 2012.
Role of lifestyle variables on the lipid profile of
selected South Indian subjects. Indian heart
Journal. 64 (1): 28-34.
Christensen K, Werner M & Malecki K 2015.
Serum selenium and lipid levels: Associations
observed in the National Health and Nutrition
Examination Survey (NHANES) 2011-2012.
Environmental research. 140: 76-84.

Downloaded from jnfs.ssu.ac.ir at 1:18 IRST on Wednesday October 24th 2018

Amirkalali MS, et al.

Churilla J, Johnson T & Zippel E 2012.
Association of physical activity volume and
hypercholesterolemia in US adults. Quarterly
journal of medicine. 106 (4): 333-340.
Cocate PG, et al. 2014a. Usual dietary glycemic
load is associated with cardiometabolic risk
factors in physically active Brazilian middleaged men. Nutrición hospitalaria. 29 (2): 444451.
Cocate PG, et al. 2014b. Usual dietary glycemic
load is associated with cardiometabolic risk
factors in physically active Brazilian middleaged men. Nutrición hospitalaria. 2 (29): 444451.
Dali-Youcef N & Andrès E 2009. An update on
cobalamin deficiency in adults. Quarterly
journal of medicine. 102 (1): 17-28.
do Prado Junior PP, de Faria FR, de Faria ER,
Castro Franceschini SdC & Priore SE 2015.
Cardiovascular risk and associated factors in
adolescents. Nutricion hospitalaria. 32 (2): 897904.
Doupa D, et al. 2014. Lipid profile frequency and
the prevalence of dyslipidaemia from
biochemical tests at Saint Louis University
Hospital in Senegal. The pan African medical
journal. 17 (75).
Emamian M, et al. 2015. The lipoprotein lipase
S447X and cholesteryl ester transfer protein
rs5882 polymorphisms and their relationship
with lipid profile in human serum of obese
individuals. Gene. 558 (2): 195-199.
Esteghamati A, et al. 2009. Third national
Surveillance of Risk Factors of NonCommunicable Diseases (SuRFNCD-2007) in
Iran: methods and results on prevalence of
diabetes, hypertension, obesity, central obesity,
and dyslipidemia. BMC public health. 9 (1): 167.
Freisling H, et al. 2010. Region-specific nutrient
intake patterns exhibit a geographical gradient
within and between European countries. The
journal of nutrition. 140 (7): 1280-1286.
Ghayour-Mobarhan M, et al. 2015. Mashhad
stroke and heart atherosclerotic disorder
(MASHAD)
study:
design,
baseline
characteristics and 10-year cardiovascular risk

JNFS | Vol (2) | Issue (4) | Nov 2017

estimation. International journal of public
health. 60 (5): 561-572.
Gunasekara P, Hettiarachchi M, Liyanage C &
Lekamwasam S 2011. Effects of zinc and
multimineral vitamin supplementation on
glycemic and lipid control in adult diabetes.
Diabetes, metabolic syndrome and obesity:
targets and therapy. 26 (4): 53.
Herter-Aeberli I, et al. 2015. Iodine
Supplementation Decreases Hypercholesterolemia
in Iodine-Deficient, Overweight Women: A
Randomized Controlled Trial. Journalf nutrition.
145 (9): 2067-2075.
Hovsepian S, et al. 2015. Prevalence of
dyslipidemia in Iranian children and adolescents:
A systematic review. Journal of research in
medical sciences. 20 (5): 503-521.
Hu FB 2002. Dietary pattern analysis: a new
direction in nutritional epidemiology. Current
opinion in lipidology. 13 (1): 3-9.
Jacobs DR, Jr. & Steffen LM 2003. Nutrients,
foods, and dietary patterns as exposures in
research: a framework for food synergy. the
American journal of clinical nutrition. 78 (3
Suppl): 508S-513S.
Jacqmain M, Doucet E, Despres JP, Bouchard
C & Tremblay A 2003. Calcium intake, body
composition, and lipoprotein-lipid concentrations
in adults. The American journal of clinical
nutrition. 77 (6): 1448-1452.
Jae-On K & Mueller CW 1978. Factor analysis:
statistical methods and practical issues. SAGE
publication Ltd: New Delhi.
Lee SL, Kim SY & Chang YK 2001. A study on
dietary patterns and nutrient intake in women
with hypercholesterolemia. Korean journal of
community nutrition. 6 (5): 819-829.
Li S, et al. 2013. Long-term calcium
supplementation may have adverse effects on
serum cholesterol and carotid intima-media
thickness in postmenopausal women: a doubleblind, randomized, placebo-controlled trial. The
American journal of clinical nurition. 98 (5):
1353-1359.
Lin PH, et al. 2012. Glycemic index and glycemic
load are associated with some cardiovascular risk
297

Downloaded from jnfs.ssu.ac.ir at 1:18 IRST on Wednesday October 24th 2018

Nutrient pattern and hypercholesrolemia

factors among the PREMIER study participants.
Food nutrition research. 56.
Lloyd-Jones D, et al. 2010. Heart disease and
stroke statistics—2010 update A report from the
American Heart Association. Circulation. 121
(7): e46-e215.
Lorenzen JK & Astrup A 2011. Dairy calcium
intake modifies responsiveness of fat metabolism
and blood lipids to a high-fat diet. British journal
nutrition. 105 (12): 1823-1831.
Md SG 2000. Risk Assessment and Guidelines for
the Management of High Blood Cholesterol. In
Endotext (ed. L. J. De Groot, P. Beck-Peccoz, G.
Chrousos, K. Dungan, A. Grossman, J. M.
Hershman, C. Koch, R. McLachlan, M. New, R.
Rebar, F. Singer, A. Vinik and M. O. Weickert).
MDText.com, Inc.: South Dartmouth MA.
Mirhafez SR, et al. 2014. An imbalance in serum
concentrations of inflammatory and antiinflammatory cytokines in hypertension. The
journal of the American society of hypertension
8(9): 614-623.
Mirhafez SR, et al. 2015a. Cytokine and growth
factor profiling in patients with the metabolic
syndrome. British journal of nutrition. 113 (12):
1911-1919.
Mirhafez SR, et al. 2015b. Relationship between
serum cytokine and growth factor concentrations
and
coronary artery disease.
Clinical
biochemistry. 48 (9): 575-580.
Motamed S, et al. 2013. Micronutrient intake
and the presence of the metabolic syndrome.
North American journal of medical sciences.
5 (6): 377.
Narayan S, et al. 2014. Association of dietary
fiber intake with serum total cholesterol and low
density lipoprotein cholesterol levels in Urban
Asian-Indian adults with type 2 diabetes. Indian
journal of endocrinology and metabolism. 18 (5):
624-630.
Norman G & Streiner D Biostatistics:the bare
essentials. BC Decker.
Oladi M, et al. 2015. Impact of the C1431T
Polymorphism of the Peroxisome Proliferator
Activated Receptor-Gamma (PPAR-gamma)
Gene on Fasted Serum Lipid Levels in Patients
298

with Coronary Artery Disease. Annals of
nutrition & metabolism. 66 (2-3): 149-154.
Ondrejovicova I, Muchova J, Mislanova C,
Nagyova Z & Durackova Z 2010.
Hypercholesterolemia, oxidative stress and
gender dependence in children. Prague medical
report. 111 (4): 300-312.
Onufrak SJ, et al. 2008. Phosphorus levels are
associated with subclinical atherosclerosis in the
general population. Atherosclerosis. 199 (2):
424-431.
Rajpathak SN, et al. 2010. Effect of 5 y of
calcium plus vitamin D supplementation on
change in circulating lipids: results from the
Women's Health Initiative. The American journal
of clinical nutrition. 91 (4): 894-899.
Reid IR, et al. 2010. Effects of calcium
supplementation on lipids, blood pressure, and
body composition in healthy older men: a
randomized controlled trial. The American
journal of clinical nutrition. 91 (1): 131-139.
Reihl P & Stolz J 2005. The monocarboxylate
transporter homolog Mch5p catalyzes riboflavin
(vitamin B2) uptake in Saccharomyces
cerevisiae. Journal of biological chemistry. 280
(48): 39809-39817.
Salehi-Abargouei A, et al. 2015. Nutrient patterns
and their relation to general and abdominal
obesity in Iranian adults: findings from the
SEPAHAN study. Europian journal nutrition. 55
(2): 505-518.
Shadmani FK & Karami M 2013. Joint effect of
modifying selected risk factors on attributable
burden of cardiovascular diseases. International
journal preventive medicine. 4 (12): 1461-1467.
Shinozaki K, Okuda M, Sasaki S, Kunitsugu I
& Shigeta M 2015. Dietary Fiber Consumption
Decreases the Risks of Overweight and
Hypercholesterolemia in Japanese Children.
Annals of nutrition & metabolism. 67 (1): 58-64.
Smith DK, et al. 1992. Vitamin A in
hypercholesterolemia. The American journal of
the medical sciences. 304 (1): 20-24.
Thabane L, Kaczorowski J, Dolovich L,
Chambers LW & Mbuagbaw L 2015.
Reducing the confusion and controversies around

Downloaded from jnfs.ssu.ac.ir at 1:18 IRST on Wednesday October 24th 2018

Amirkalali MS, et al.

pragmatic trials: using the Cardiovascular Health
Awareness Program (CHAP) trial as an
illustrative example. Trials. 16 (1): 387.
Uribarri J & Calvo MS 2014. Dietary phosphorus
intake and health⇓ . The American journal of
clinical nutrition. 99 (2): 247-248.
Veghari G, et al. 2013. Obesity and risk of
hypercholesterolemia in Iranian northern adults.
ARYA Atherosclerosis. 9 (1): 2-6.
Wasilewska A, Narkiewicz M, Rutkowski B
& Lysiak-Szydlowska W 2003. Is there
any relationship between lipids and vitamin B
levels in persons with elevated risk of
atherosclerosis? Medical scince monitor. 9 (3):
CR147-151.
Watanabe T, et al. 2010. Dietary intake of seven
B vitamins based on a total diet study in Japan.

JNFS | Vol (2) | Issue (4) | Nov 2017

Journal of nutritional science and vitaminology.
56 (5): 279-286.
Yang Z-J, et al. 2011. Prevalence of
cardiovascular disease risk factor in the Chinese
population: the 2007–2008 China National
Diabetes and Metabolic Disorders Study.
European heart journal. 33 (2): 213-220.
Zhao LN, et al. 2010. Dose and time-dependent
hypercholesterolemic effects of iodine excess via
TRbeta1-mediated down regulation of hepatic
LDLr gene expression. Europian journal
nutrition. 49 (5): 257-265.
Zomorrodian D, et al. 2015. Metabolic syndrome
components as markers to prognosticate the risk
of developing chronic kidney disease: evidencebased study with 6492 individuals. Journal of
epidemiology community health. 69 (6): 594-598.

299

