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Abstract

Objective: To assess the association between patterns of nutrient intake and
metabolic syndrome (MetS) in a large sample of Iranian adults.

Design: Baseline data from the Shahedieh cohort study were used in the current
cross-sectional study. Dietary intakes were assessed through the use of a validated
semi-quantitative FFQ. Nutrient patterns (NP) were derived using factor analysis.
The MetS was defined according to criteria introduced from the National
Cholesterol Education Program Adult Treatment Panel III, modified for Iranian
adults.

Setting: Yazd, Iran.

Participants: A total of 7325 Iranian adults aged between 30 and 75 years.
Results: Three NP were identified. A significant positive association was found
between adherence to semi-plant NP (characterised by the high intakes of P;
vitamins By, Bz, Bg and Bs; Se; Mg; Fe; protein; Cr; Cu; fibre; biotin; Mn; Zn and
Na) and odds of MetS (OR 1-68, 95% CI 1-43, 1-98). However, after adjusting
for potential confounders, this association became non-significant. In addition,
after taking potential confounders into account, individuals in the highest quintile
of the semi-animal NP, rich in Ca; K; vitamins B,, By,, A, D, K and C; SFA; dietary
cholesterol and trans-fatty acid, were 26 % more likely to have MetS compared
with those in the lowest quintile (OR 1-26, 95% CI 1-05, 1:51). No significant
association was seen between adherence to the high-carbohydrate/low-fat NP
and odds of MetS.

Conclusions: We found that adherence to a semi-animal NP was associated with
increased odds of MetS.
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Metabolic syndrome (MetS) is a complex metabolic disor-
der that is associated with an increased risk of CVD, stroke
and mortality™?. This syndrome imposes a large burden
and cost to healthcare system™. The prevalence of
MetS has been increasing at an alarming rate. In the USA,
40 % of adults are affected by this syndrome®™. National
estimates in Iran showed a prevalence of 30 % among
Iranian adults”. Therefore, finding the appropriate strate-
gies to prevent MetS is of great importance.
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A complicated combination between genetic, metabolic
and environmental factors, including diet, contributes to
the aetiology of MetS and its components”~'%, Prior studies
reported that lower intakes of hydrogenated vegetable
oil, refined grains and red meat, and greater intakes of
vegetables, antioxidants and Ca are associated with
decreased odds of MetS"31® Traditionally, published
studies have mainly focused on individual nutrients, foods
and food groups, and little attention has been laid on the
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patterns of dietary intakes, particularly patterns of nutrient
intake"??, As we know, people do not consume nutrients
separately and in fact, they consume several nutrients
together, which might interact with each other®,
Nutrients can synergistically affect the absorption and func-
tion of the others. Furthermore, considering the patterns of
nutrient intake has several priorities compared with dietary
patterns. Nutrients are consumed by people worldwide,
while the consumption of foods is dependent on geographi-
cal region and culture®?. Therefore, nutrient pattern (NP)
analysis provides a more realistic view of diet—disease
relationships than dietary pattern analysis, particularly
when comparing dietary intakes across different nations.
In addition, compared with foods, nutrients functionally
cannot be exchanged. In NP analysis, unlike food patterns,
the underlying mechanisms on the diet-disease associations
can be explained by nutrient content of patterns. Also, NP
analysis can be an interface between food patterns and food
metabolome integrating the measurements of both diet and
metabolism 229,

Based on our literature search, we only found two
studies examining the association between patterns of
nutrient intake and MetS?>2%_ In the study of Bian et al.*>,
‘B-vitamins’ pattern was inversely associated with MetS
in Chinese adults, while in another cross-sectional study,
adherence to a pattern rich in riboflavin and vitamin By,
was positively associated with MetS?®. Therefore, data
in this regard are conflicting. In addition, few studies are
available from the understudied region of the Middle
East, where the prevalence of MetS is estimated to be
high®®?” In this region, a specific type of abdominal
obesity, which is characterised by abdominal fat accumu-
lation and enlarged waist circumference, is prevalent,
particularly among women®®*”. This type of abdominal
obesity might be a reason for the high prevalence of
hyperlipidaemia among Middle Eastern women. Therefore,
assessing the contributing factors to MetS is important in this
region. Hence, the current study aimed to assess the relation-
ship between patterns of nutrient intake and MetS among
a large sample of Iranian adults.

Materials and methods

Participants and study design

The current study was a cross-sectional analysis of the
Shahedieh cohort study which was a part of the PERSIAN
(Prospective Epidemiological Research Studies in Iran)
cohort study that is carrying out in different cities of Iran.
The purpose of the PERSIAN cohort was to identify the
potential risk factors of non-communicable diseases. This
cohort was done by investigators at local universities in
cooperation with the Ministrty of Health and Medical
Education. Detailed information about the study design, par-
ticipants and data collection methods of the PERSIAN cohort
has been published previously®”. In brief, the Shahedieh
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cohort study was started in the Shahedieh region of Yazd
city, Iran, in 2014. At baseline, all adults (72 10 194) with an
age range of 35-70 years from this region were invited to par-
ticipate in this cohort. Inclusion criteria were being of Iranian
descent and living in the Shahedieh region for at least
9 months of the year. However, we excluded individuals with
physical or psychological disabilities that render them unable
to complete the enrolment process. In order to collect data,
participants were invited to the health centre of Shahedieh.
They were asked to arrive in a fasting state for the collection
of biological samples. Among 10 194 adults who were
invited, 9977 participated in the current study. After taking
the blood sample from each participant, required information
about socio-demographic characteristics, physical activity
and dietary intakes was gathered by trained interviewers.
After merging data and excluding participants with incom-
plete data on exposure and outcome variables as well as
those who had under- and over-reporting for energetic intake
according to the £3 sD of mean energy intake, 7325 remained
for the final analysis. No significant difference was seen
in terms of demographical variables between individuals
included and excluded from the analysis. All participants
provided written informed consent.

Dietary assessment

We used a wvalidated block-format 120-item semi-
quantitative FFQ which was online for gathering data on
dietary intakes. This questionnaire was specifically
designed for Iranian adults. Details on the design, foods
included as well as the validity of this questionnaire were
published previously®”. Trained interviewers recorded
dietary intake of each food item in three steps based on par-
ticipants’ responses. In the first step, interviewer recorded
the frequency of consumption for each food item and then
the amount of consumption at any time was recorded (step
2). In the third step, the number of months that seasonal
foods were consumed during the past year was recorded.
To determine the amount of consumption, interviewers
showed household measures to individuals for increasing
the accuracy of estimations. Finally, based on the consump-
tion frequency and amount of consumption at each time
as well as the number of months that each food was
consumed in the past year, we calculated the intake of
each food item as g/d. In addition, we calculated the
daily nutrients intake for each participant according to
the nutrient contents of all foods. The US Department of
Agriculture’s national nutrient databank was used to obtain
nutrient contents of foods®?. Findings from previous
studies revealed that the FFQ could provide reasonably
valid and reliable measures of long-term dietary intakes
in the Iranian population3P,

Biochemical assessment
Twenty-five millilitres of blood was collected from each indi-
vidual in a fasting state using Vacutainers (Greiner Bio-One
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International GmbH). Then, blood was centrifuged and frac-
tioned into different aliquots which were labelled and stored
in freezers (=70°C). In addition to storing the samples, a small
amount of blood was used to measure fasting blood glucose,
TAG and HDL-cholesterol concentrations. We used an enzy-
matic colorimetric method to measure fasting blood glucose.
TAG levels were measured via enzymatic colorimetric tests
with glycerol phosphate. To measure HDL-cholesterol
concentrations, the precipitation of the apoB-containing
lipoproteins with phosphotungstic acid was determined.
We applied commercially available enzymatic reagents
(Pars Azmoon), adopted to an auto-analyzer system
(Selectra E; Vitalab) for all measurements.

Antbropometric measures

All anthropometric indicators were measured according to
the US National Institutes of Health protocols. Weight was
measured using a digital scale at the state of minimum
clothing without shoes to the nearest 100 g. Standing height
was measured using a standard stadiometer, without shoes,
to the nearest 0-5 cm. BMI was calculated as weight (kg)/
height (m?). Waist circumference was measured using a
strip metre at mid-distance interval between the super ellip-
tic bone and the last gear, to the nearest 0-5 cm. To reduce
measurement error/bias to the lowest levels, anthropomet-
ric data were acquired in the morning and after sample col-
lection, while the participant was still fasting.

Assessment of other variables

To measure blood pressure, first, subjects were asked to
rest for 10 min. Then, blood pressure was measured by
the use of a standard mercury sphygmomanometer at
the right arm, three times with a 5-min interval, when sub-
jects were sitting. Subjects’ blood pressure was considered
as the average of three measurements. We used the
International Physical Activity Questionnaire to measure
the physical activity of participants through face-to-face
interviews. All results of the International Physical Activity
Questionnaire were expressed as metabolic equivalents
per week (MET-h/week). International Physical Activity
Questionnaire was translated to Farsi and validated for the
Iranian population previously®®. Further information on
age, gender (male/female), education (university gradu-
ated/non-university education), marital status (married/single/
divorced), house possession (ownet/non-owner), smoking
(non-smoker/ex-smoker/current smoker), family size (>4/<4
people), supplement use (yes/no), having frequent night
work shift (>1 shift per month) and history of depression
and thyroid disorders was collected using pretested ques-
tionnaires via face-to-face interview.

Definition of terms

We defined the MetS according to the National Cholesterol
Education Program Adult Treatment Panel I1I, modified for
Iranian adults®®. The presence of at least three
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components of the following abnormalities was considered
as MetS: (i) abnormal glucose homoeostasis (fasting blood
glucose of >5-55 mmol/D), (i) low concentrations of HDL-
cholesterol (<1-28 mmol/l for women and <1-02 mmol/I
for men), (i) high serum TAG (>1-69 mmol/D), (iv)
elevated blood pressure (systolic blood pressure
>130 mmHg and diastolic blood pressure >85 mmHg)
and (v) abdominal obesity (waist circumference > 95 cm
for both genders). Iranian National Committee of Obesity
proposed a single cut-point of waist circumference > 95
cm to define abdominal obesity for Iranian men and

women®>,

Statistical analysis

First, we obtained energy-adjusted intakes of thirty-four
nutrients and bioactive compounds by the residual
method® and then factor analysis with the orthogonal
transformation (varimax procedure) was applied to deter-
mine major NP. To examine if the distribution of the differ-
ent nutrients allows the use of principal components, the
Kaiser-Meyer—Olkin test was used. Obtained factors were
retained for further analysis based on Eigen values on the
Scree plot. In the current study, we retained factors with
Eigen values of >2-5 to extract major NP.

In the current study, participants were categorized
based on quintiles of NP’ scores. Differences in quantitative
variables across quintiles of NP’ scores were determined
using one-way ANOVA. To assess the distribution of cat-
egorical variables across quintiles of NP’ scores, the y? test
was used. We applied the binary logistic regression in
different models to determine OR and 95 % CI for MetS
across quintiles of NP’ scores. In the first model, we
adjusted for age, gender and energy intake. Further adjust-
ment was made for education (university graduated/non-
university education), marital status (married/single/divorced),
house possession (owner/non-owner), family size (>4/<4
people), smoking (none or ex-smoker/current smoker),
supplement use (yes/no), having frequent night work shift
(>1 shift per month), physical activity (continuous) and
history of depression and thyroid disorders in the second
model. BMI was additionally adjusted in the final model
to see if the association is independent of obesity. In all
models, participants in the first quintile of NP’ scores were
considered as the reference group. To obtain the trend of
OR across increasing quintiles of NP’ scores, we consid-
ered these categories as an ordinal variable. The statistical
analyses were conducted using SPSS version 20. P values
were considered significant at <0-05.

Results

Mean age of study participants was 48:51 + 9-69 years, and
549 % were female. The MetS was prevalent among 26-1 %
of individuals participated in the current study.
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Table 1 Factor-loading matrix of nutrients used in the nutrient
pattern (NP) analysis

Semi-plant Semi-animal  High-carbohydrate/
NP NP low-fat NP

P 0-919

Vitamin B4 0-840 —0-392 0-206
Se 0-830 —0-466 0-208
Vitamin Bs 0-823 —0-386

Mg 0-823 -0-312 0-242
Fe 0-822 —0-465 0-208
Protein 0-812 0-335

Cr 0-788 —0-506 0-249
Cu 0-775 —0-279

Total fibre 0-772 —0-331 0-350
Biotin 0-753 0-287
Mn 0-730 —0-534 0-309
Vitamin Bg 0-725 0-335

Zn 0-700

Vitamin Bg 0-631 0-587

Na 0-424 —0-300

Fluoride —0-362 0-256
Folate 0-263

Ca 0-217 0-784

K 0-739

Vitamin Bz 0-704 —0-230
Vitamin B, 0-553 0-666

Vitamin A 0-663

SFA -0-297 0-613 —0-510
Cholesterol 0-576 -0-278
Vitamin C —0-265 0-556

Vitamin D 0-503

Vitamin K 0-359

Trans-fatty 0-208

acids
MUFA —0-256 —0-846
Carbohydrate 0-213 —0-415 0-842
PUFA -0-313 —0-781
Refined 0-747
sugar
Vitamin E —0-203 —0-657

Factor loadings <0-20 are not shown for simplicity.

Based on factor analysis, we identified three NP (Table 1).
The Kaiser—Meyer—Olkin value was 0-77 indicating good
sampling adequacy. The first nutrient pattern (NP1) was rich
in P; vitamins By, Bs, Bg and Bs; Se; Mg; Fe; protein; Cr; Cu;
dietary fibre; biotin; Mn; Zn and Na. The second one (NP2)
was greatly loaded with Ca; K; vitamins B, By, A, D, Kand C;
SFA,; dietary cholesterol and trans-fatty acid (TFA). The third
nutrient pattern (NP3) was characterised by the high con-
sumption of carbohydrate and refined sugar, and lower
intakes of vitamin E, PUFA, MUFA and SFA. Overall, these
NP explained 62-4 % of the variance.

General characteristics of participants across quintiles
of NP’ scores are indicated in Table 2. Compared with
participants in the bottom quintile of NP1, those in the
top quintile were more likely to be female, house owner,
have thyroid disorders, abnormal glucose homoeostasis,
abdominal obesity and MetS, and less likely to be of large
family sizes, current smoker, university educated and have
frequent night work shift. In addition, greater adherence
to NP1 was associated with higher age, BMI, fasting blood
glucose, HDL-cholesterol and lower physical activity.
Within the NP2, individuals in the highest quintile were
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more likely to be male, physically active, married, current
smoker, university graduated, have frequent night work
shift and elevated concentrations of serum TAG, and less
likely to have depression, thyroid disorders, low serum
HDL-cholesterol concentrations and abdominal obesity
compared with those in the lowest quintile. In terms of
NP3, participants in the fifth quintile were more likely
to be older, female, house owner, current smoker, have
abnormal glucose homoeostasis, abdominal obesity and
MetS, and less likely to be married, university graduated,
of large family sizes and to have frequent night work shift
compared with those in the first quintile.

Dietary intakes of participants across quintiles of
NP’ scores are shown in Table 3. Greater adherence to
the NP1 was associated with higher intake energy,
protein, carbohydrate, vitamin Bg, folate, Fe, Ca, Na, dietary
fibre and refined grains, and lower intake of fat, SFA,
vitamin E, vitamin C, vegetables, dairy, fruits, whole grains,
legumes, nuts and red meat. Within the NP2, participants in
the top quintile had greater intake of fat; protein; SFA; vita-
mins Bg and C; Ca; vegetables; dairy; fruits; whole grains;
legumes; nuts and red meat, and lower intake of energy,
carbohydrate, vitamin E, folate, Fe, Na, dietary fibre and
refined grains than those in the bottom quintile. Greater
adherence to NP3 was associated with higher intake of
energy, carbohydrate, vitamin Bg, folate, vitamin C, Fe,
dietary fibre, vegetables, fruits and refined grains, and
lower intake of protein, fat, SFA, vitamin E, Ca, Na, dairy,
whole grains, legumes, nuts and red meat.

Multivariable-adjusted OR and 95 % CI for MetS across
quintiles of NP’ scores are shown in Table 4. A significant
positive association was found between adherence to the
NP1 and MetS (OR 1-68, 95 % CI 1-43, 1-98). This association
was significant even after controlling for age, gender and
energy intake (OR 122, 95% CI 1-03, 1-45). However,
after adjusting for socio-demographic variables and BMI,
this association became non-significant. In terms of NP2,
no significant association was seen with MetS. However,
after taking potential confounders into account, individuals
in the highest quintile of NP2 were 26 % more likely to have
MetS compared with those in the lowest quintile (OR 1-26,
95 % CI 1-05, 1-51). Moreover, a significant positive associ-
ation was found between adherence to NP3 and odds of
MetS (OR 1-41, 95% CI 1-19, 1-:66); however, in the fully
adjusted model, this association became non-significant.

Discussion

In the current study, we found that adherence to NP2 was
positively associated with MetS. NP2 was rich in Ca; K;
vitamins B;, By2, A, D, K and C; SFA,; dietary cholesterol
and TFA. This association was obtained after taking
potential confounders into account. However, in the fully
adjusted model, no significant association was seen between
adherence to NP1 and NP3 and MetS.
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Table 2 General characteristics of participants across quintiles of nutrient patterns’ (NP) scores

Semi-plant NP Semi-animal NP High-carbohydrate/low-fat NP
Q1 Q3 Q5 Q1 Q3 Q5 Q1 Q3 Q5

Mean se Mean sE Mean sE P* Mean s Mean se Mean SE P* Mean sE Mean sE Mean sE P
n 1465 1465 1465 1465 1465 1465 1465 1465 1465
Age (years) 46-0 02 480 02 517 02 <0001 484 02 480 02 487 02 024 448 02 480 02 527 02 <0-001
Female (%) 392 58-0 61.0 <0-001 657 55.9 398 <0-001 51.2 58-2 52.0 <0-001
BMI (kg/m?) 28.0 02 285 0-1 289 0-1 0-002 285 0-1 286 02 283 02 092 284 01 286 0-1 28-.3 0-1 0-61
WC (m) 944 0-3 1014 58 978 03 032 957 03 956 02 960 02 040 951 03 954 03 961 03 0-36
PA (MET-h/d) 41.9 01 407 0-1 403 0-1 <0-001 403 O0-1 41.0 01 416 01 <0-001 41-0 0-1 40-6 01 411 01 0-07
FBG (mmol/l) 5-64 0.04 582 0.05 646 0.07 <0-001 576 004 580 006 6-11 006 <0-001 5.82 005 5.87 005 5.97 0-05 0-34
TAG (mmol/l) 1.90 0-03 1.87 0-03 1-83 0-02 044 1.80 003 1.87 003 1.93 0.03 0-004 1.89 003 1.82 0.02 1.91 0-03 0-31
HDL-cholesterol (mmol/l) 1.31 0-007 1.35 0.007 1.38 0.007 <0-001 1.37 0-007 1.36 0-01 1.33 0-007 0-06 1.33 0.007 1.36 0-007 1.35 0-007 0-09
Married (%) 96-7 95.2 94.7 0-05 924 96-3 97-3 <0-001 95-8 95.7 93-4 <0-001
University graduated (%) 14.5 16-3 123 <0-001 10-5 158 18-6 <0-001 184 159 109 <0-001
House owner (%) 914 95.5 977 <0-001 941 95.2 95.9 0-13 92.2 95-4 96-0 <0-001
Family size (>4 people) (%) 677 63-9 54.0 <0-001 61.7 61-3 62.7 0-30 67-4 63-2 52.6 <0-001
Current smoker (%) 24.3 10-7 72 <0-001 126 11-5 15.2 0-006 13-4 10-3 16-3 <0-001
Frequent night work shift (%) 8-5 4.4 4.0 <0-001 4.2 5.5 6-9 0-01 7-8 4.6 3-8 <0-001
Depression (%) 14.5 159 16-2 0-63 19-1 14.9 111 <0-001 149 14.7 17-6 0-05
Thyroid disorders (%) 10-0 13-6 13.0 <0-001 15.7 14.3 10-2 <0-001 12.7 14.0 12.4 0-18
Supplement use (yes) (%) 25 3-6 33 0-40 35 33 31 0-57 35 28 23 0-05
MetS (%) 225 254 328 <0-001 25.0 25-3 274 0-55 226 231 291 <0-001
Abnormal glucose 313 36-0 495 <0-001 357 36-7 42.7 0-001 335 375 412 <0-001

homoeostasis (%)

Elevated BP (%) 39 5-9 5.5 0-05 52 4-9 5.0 0-86 35 4-6 6-3 0-01
High serum TAG (%) 46-3 45.9 45.9 0-45 42-6 472 491 <0-001 46-3 44.0 478 013
Low serum HDL-cholesterol (%) 234 26-8 22.7 0-09 25.9 25-1 19-9 0-001 251 22.5 237 0-41
Abdominal obesity (%) 49-1 52.2 60-7 <0-001 52.4 53.0 55.5 0-48 49.0 514 56-2 <0-001

WC, waist circumference, PA, physical activity, FBG, fasting blood glucose, MetS, metabolic syndrome, BP, blood pressure.

Data are presented as mean and SE or percentages.
*Obtained from one-way ANOVA or 42 test, where appropriate.
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Table 3 Dietary intakes of participants across quintiles of nutrient patterns’ (NP) scores

Semi-plant NP Semi-animal NP High-carbohydrate/low-fat NP
Q1 Q3 Q5 Q1 Q3 Q5 Q1 Q3 Q5
Mean SE Mean SE Mean SE P Mean SE Mean SE Mean SE P Mean SE Mean SE Mean SE P
n 1465 1465 1465 1465 1465 1465 1465 1465 1465
Nutrients
Energy 36791 25 2915 28 3951-8 33 <0-001 36789 34 3148-9 29 3507 27 <0-001 3470-2 28 31409 30 35242 32 <0-001
Protein (g/d) 984 03 1164 0-1 127.3 02  <0-001 1092 04 1149 02 12009 03 <0-001 1138 04 1171 02 1100 03  <0-001
Fat (g/d) 1004 06 903 0-3 785 03  <0.-001 83.3 05 89-0 04 985 176  <0-001 1125 04 87.0 02 740 03  <0.-001
Carbohydrate 5180 1.5 529-5 09 5516 1.0 <0-001 5546 1-1 5341 09 5039 1.2  <0-001 4767 11 5367 05 57711 07  <0-001
(9/d)
SFA (g/d) 309 02 282 01 24.5 01 <0-001 22.7 01 276 0-1 342 01 <0-001 333 02 275 01 236 01 <0-001
Vitamin E 204 02 185 01 159 01 <0-001 206 02 181 01 17.2 01 <0-001 262 02 16-8 0-1 141 0-09 <0.-001
(mg/d)
Vitamin Bg 21 0-009 25 0-004 2.7 0-005 <0-001 2.3 0-008 24 0-006 2.6 0-008 <0-001 2.3 0-008 2,5 0-006 24 0.009 <0-001
(mg/d)
Folate (pg/d) 6573 33 6974 1.7 7090 16  <0.001 6876 23 692.2 21 683-0 25 0-01 663-0 24 7020 19 6925 2.7  <0-001
Vitamin C 1450 24 120-8 16 850 1.5  <0-001 672 11 1113 1.2 1837 2.7 <0001 1143 16 109-0 1.5 1412 2.7  <0-001
(mg/d)
Fe (mg/d) 22.0 01 287 0-06 342 01 <0-001 314 01 289 0-1 24.4 01 <0-001 255 01 295 01 289 01 <0-001
Ca (mg/d) 1085-3 81 1183.8 6-3 1240-8 87  <0-001 9277 37 1142.6 3-8 15276 92  <0.001 11743 8.9 11962 7.0 112844 7.3  <0-001
Na 4987-5 36 57577 26 6562-9 32 <0-001 6285-4 38 5834-0 34 51632 32 <0-001 57132 40 58922 29 5576-3 32 <0-001
Fibre (g/d) 39-1 03 55.9 01 697 02  <0-001 609 04 56-0 0-3 47.8 03  <0-001 455 0-3 57.5 0-2 599 04 <0-001
Food groups (g/d)
Vegetables 2796 47 2647 3-8 2321 45  <0.001 1593 25 2515 2.9 380-6 6-1 <0-001 267-3 4.0 2489 36 280-7 5.7  <0-001
Dairy 3258 55 317.0 47 2886 66 <0001 1304 22 2856 25 576-0 67 <0-001 3486 6-3 3148 52 2717 541 <0-001
Fruits 543-8 10-1 4418 63 3010 56 <0001 2490 4.8 4209 57 652.9 102 <0-001 3814 6.0 3937 61 567-4 10-7 <0-001
Whole grains 2059 4.9 254.6 55 1972 84 <0001 1944 74 2466 60 2414 55 <0001 2417 538 2276 60 2116 65  <0-001
Refined grains 3835 7-2 559-5 6-6 7849 104  <0.001 752.8 99 572.9 741 3644 69 <0.001 4451 76 6192 7.7 594.8 95  <0.-001
Legumes 329 07 316 06 260 07  <0-001 241 05 2999 06 362 07  <0-001 352 07 301 06 27.0 06  <0.-001
Nuts 278 1.0 155 04 58 03  <0-001 118 07 158 06 20-0 07  <0-001 279 11 139 04 100 04 <0-001
Red meat 372 07 352 0 269 08  <0-001 22.8 05 34.3 0 439 09  <0-001 44.4 1.0 319 05 260 05  <0-001

All values are presented as mean and st and adjusted for energy except for dietary energy intake.
*Obtained from one-way ANOVA.


https://doi.org/10.1017/S1368980020001639

Public Health Nutrition

o

https://doi.org/|

Nutrient patterns and metabolic syndrome 3385
Table 4 OR and 95 % ClI for the metabolic syndrome across quintiles of nutrient patterns’ (NP) scores
Crude Model 1* Model 2t Model 3%
n OR 95 % Cl OR 95 % Cl OR 95 % Cl OR 95 % Cl
Semi-plant NP
Q1 1465 1-00 1.00 1.00 1-00
Q2 1465 1-06 0-89, 1-26 1.00 0.84, 1-:20 0-99 0-83, 1-19 0-97 0-81, 1-17
Q3 1465 118 0-99, 1-39 1.08 091, 1.29 1.07 0-89, 1-28 1-03 0-86, 1-25
Q4 1465 1.24 1.05, 1-47 1.06 0-89, 1-27 1.06 0-88, 1-27 1-03 0-85, 1-25
Q5 1465 1-68 1.43,1-98 1.22 1.03, 145 1.20 1.00, 1-44 1.20 0-99, 1.45
Prrend <0-001 0-021 0-036 0-043
Semi-animal NP
Q1 1465 1-00 1.00 1.00 1-00
Q2 1465 1-09 0-92, 1.28 1.16 0-98, 1-38 1.16 0-97, 1.38 1.15 0-96, 1-39
Q3 1465 1.02 0-86, 1-20 114 0-96, 1-36 116 0-97, 1-38 115 0-96, 1-39
Q4 1465 1.07 091, 1-26 1.20 1.00, 1-42 1.21 1.01, 1-44 117 0-97, 1-41
Q5 1465 114 0-96, 1-34 1.26 1.07, 1-51 1.32 110, 1.57 1.26 1.05, 1-51
Pirend 0-204 0-011 0-003 0-027
High-carbohydrate/low-fat NP
Q1 1465 1.00 1.00 1.00 1-00
Q2 1465 1.23 1.04, 1-46 1-15 0.97, 1-36 118 0-99, 1-41 1.18 0-98, 1-42
Q3 1465 1-03 0-87, 1.22 0-89 0-75, 1.07 0-92 0-76, 1-10 0-93 077,113
Q4 1465 1-42 1.20, 1-68 113 0.95, 1-34 1.16 0-97, 1-38 117 0.97, 1-41
Q5 1465 1-41 1-19, 1.66 0-99 0-83,1-18 1.01 0-85, 1-21 1.06 0-88, 1-28
Pirend <0-001 0-797 0-978 0-611

*Model 1: adjusted for energy, age and gender.

tModel 2: additionally adjusted for marital status, education, smoking, family size, house possession, night working shift, physical activity, supplement use, history of

depression and thyroid diseases.
tModel 3: further adjustment for BMI.

Earlier studies on the link between nutrients and
MetS have been mostly limited to individual nutrient
intake®%3®_ NP analysis is a new approach in nutrition
epidemiology that covers the intake of all nutrients in
addition to their interactions®”. Previous studies on
the NP named the patterns based on the nutrients loaded
in each pattern, for example, B vitamins-rich NP, vitamin
and fibre NP, carbohydrate-rich NP, animal product NP.
In the current study, we found three NP with a very com-
plex set of nutrients that made our interpretation some-
what difficult. In NP1, sixteen nutrients including P;
vitamins By, Bz, Bs and Bs; Se; Mg; Fe; protein; Cr; Cu;
dietary fibre; biotin; Mn; Zn and Na were loaded. We
can label it as a semi-plant NP because plant-based foods
such as whole grains, vegetables, legumes and nuts con-
tain a high amount of these nutrients. However, this pat-
tern may have a high amount of animal protein because
of phosphorous and protein loaded. Overall, the inter-
actions between these nutrients with neutral, MetS-
inducing®?” and MetS-protecting effects“04D
in a non-significant association between NP1 and
MetS. This was the case for NP3 that was not significantly
associated with MetS. NP3 was rich in carbohydrate and
refined sugar, and poor in vitamin E, MUFA, PUFA and
SFA resulting in, we labelled it as, a high-carbohydrate/
low-fat NP.

In the current study, we found a significant positive
association between NP2 and odds of MetS. This pattern
was characterised by the high intakes of Ca; K; vitamins
B,, Biz, A, D, K and C; SFA; dietary cholesterol and TFA.
We labelled it as a semi-animal NP because the majority

resulted

0.1017/51368980020001639 Published online by Cambridge University Press

of nutrients in this pattern are present in animal-based
foods. However, K and vitamins C and K are mostly avail-
able in plant-based foods. Dietary intakes of SFA, TFA and
dietary cholesterol have been positively related to MetS in
the previous studies“>#®. In contrast, there is evidence
indicating an inverse association between Ca; K and
vitamins Bj,, By, C and D with MetS©®#47 In regard
to Ca and MetS, there is a controversy; some studies pre-
sented a protective association, while others failed to find
a significant association between dietary Ca intake and
MetS“849  The combination of nutrients with neutral
(vitamins A and K), MetS-protecting (Ca, K and vitamins
B12, B2, C and D) and MetS-inducing (SFA, TFA and dietary
cholesterol) effects in NP2 made our interpretation compli-
cated. However, the overall effect of this pattern, by consid-
ering the interactions between nutrients, increased the
odds of MetS. It should be kept in mind that patients with
MetS might change their diet to alleviate the components of
MetS, and this issue might be a reason for the presence of
MetS-protecting nutrients in this pattern.

Several mechanisms have been reported for the role of
nutrients in MetS. Saturated fat intake increases the NEFA
concentration in serum and induces insulin resistance as
the main risk factor for MetS®?. Dietary intake of TFA con-
tributes to increased risk of dyslipidaemia, hypertension
and consequently MetS©®'5?, Findings from experimental
studies revealed that animal protein intake was positively
associated with the low-grade inflammation which is a
known risk factor for all components of MetS including
abdominal obesity, hypertension, dyslipidaemia and
hyperglycaemia®3>%.
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The current study has several strengths. The current
study was the first comprehensive study with a large sam-
ple size to examine the association between NP and MetS
in the Middle East. We controlled for a wide range of poten-
tial confounders. However, the potential effects from
residual confounders cannot be excluded. We collected
questionnaire-based information via face-to-face inter-
views for increasing the accuracy of data. However, some
limitations should be considered when interpreting our
findings. The nature of our study was cross-sectional,
and therefore we cannot confer a causal link between
NP and MetS because of the transposition of exposure
and outcome. Further studies with prospective designs
are required to confirm our findings. In the current study,
patients with MetS might have changed their diet to manage
lipid profile and blood pressure or to lose weight.
However, this confounding effect would tend to attenuate
the effect sizes; therefore, the true estimates may be even
stronger than those obtained. In addition, like other epi-
demiological studies, the existence of measurement error
and misclassification of study participants cannot be
excluded in the current study as well. However, we used
a validated FFQ for the assessment of dietary intakes.

In conclusion, we found that adherence to a semi-
animal NP characterised by the high intakes of Ca; K;
vitamins B;, By,, A, D, K and C; SFA,; dietary cholesterol
and TFA was positively associated with MetS. Further
studies, particularly those with a prospective design, are
required to confirm our findings.
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