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Abstract

Pre-diabetes increases the risk of diabetes and CVD. Several studies have investigated the relationship between food intake and pre-diabetes
morbidity, but the dietary patterns of pre-diabetes subjects were not taken into consideration. The aim of this study was to determine the
relationship between dietary patterns and pre-diabetes. In this regard, 150 pre-diabetic subjects and 150 healthy controls, who attended the
diabetes screening centre in Shahreza, Iran, were matched for age group and sex. The weight, height, waist circumference, physical activity,
systolic and diastolic blood pressures, and blood glucose levels of all participants were measured. Dietary information was collected using
a semi-quantitative FFQ. Using factor analysis, two dietary patterns were identified: the vegetables, fruits and legumes (VFL) dietary pattern
and the sweet, solid fat, meat and mayonnaise (SSMM) dietary pattern. Multivariate logistic regression was used to assess the relationship
between pre-diabetes and dietary patterns. After adjusting for age, education, physical activity, BMI and energy intake, the VFL dietary pattern
was found to be negatively associated with lower pre-diabetes (OR 0-16; 95% CI 0-10, 0-26). Furthermore, the SSMM dietary pattern was
positively associated with pre-diabetes (OR 5:45; 95 % CI 3-22, 9-23). In conclusion, the VFL dietary pattern is inversely related to pre-diabetes,

whereas the SSMM dietary pattern is associated with increased risk of pre-diabetes.
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Pre-diabetes is a condition of abnormal glucose homoeostasis
such as impaired fasting glucose, impaired glucose tolerance
(IGT) or a combination of both™. This disorder is diagnosed by
the fasting blood glucose (FBG) test with values between 5-6 and
6-9mmol/l being regarded as pre-diabetic or by the 2-h oral
glucose tolerance test (OGTT) with values between 7-8 and
11mmol/l or glycosylated Hb (HbAlc) of 57-6-4% being
regarded as pre-diabetic'®. Pre-diabetes is associated with lack
of physical activity, abdominal obesity, dyslipidaemia and
hypertension, and can lead to the development of insulin
resistance, diabetes, chronic kidney disease and CVD®™. The
prevalence of pre-diabetes has been reported to be 28-7 % based
on FBG and 12-4 % based on HbA1c in the USA®. In 2008, about
7-7 % of the Iranian population was diagnosed with diabetes, and
16-8% was diagnosed with pre-diabetes by the FBG test"”. In the
past few decades, the prevalence and incidence of type 2
diabetes have increased, and the disease has therefore become

an epidemic around the world. In Asia, the rate of increase shows
no sign of slowing down®?. It has been reported that diabetes
can be prevented through lifestyle modification in individuals
who are at high risk of type 2 diabetes"*'". Western lifestyle,
characterised by reduced physical activity and consumption of
foods rich in SFA, refined grains and red meat, has been reported
to increase the risk of diabetes?. Identifying dietary patterns and
finding their relationship with chronic diseases is better than
studying the relationships between nutrients and diseases; this is
because people do not make use of the concept of nutrients and
food separately. In addition, the nutrients of different foods may
have synergistic or interactive effects on each other and it is easier
to educate subjects on dietary patterns®. Most available studies
have examined the relationship between dietary patterns and
diabetes™ but studies investigating the associations between
dietary patterns and pre-diabetes are limited*>!®’. Moreover, the
increasing incidence of diabetes and unique patterns of food

Abbreviations: FBG, fasting blood glucose; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test; SSMM, sweet, solid fat, meat and mayonnaise;

VFL, vegetables, fruits and legumes; WC, waist circumference.
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consumption among the Iranian population”, therefore, make it

interesting to assess the relationship between dietary patterns and
pre-diabetes. Most previous studies in Iran have only reported the
dietary patterns of healthy subjects'?,
sectional study in one of the cities of Iran found an inverse
association between vegetarian dietary patterns and IGT"”. The

However, a cross-

aim of the present study was therefore to determine the rela-
tionship between dietary patterns and pre-diabetes using a mat-
ched case—control study design.

Methods
Subjects

A matched case—control study design was used to investigate
300 subjects, who attended the diabetes screening centre in
Shahreza, Iran, from May to October, 2014. Subjects >30 years
of age and who were at risk of diabetes morbidity based on the
existence of at least one of the following criteria were referred
to this centre: being overweight or obese, having a family
history of diabetes or existence of at least two symptoms of
diabetes. The diagnosis of pre-diabetes among subjects was
made at the clinic. This study included 150 subjects who had
been diagnosed with pre-diabetes (cases). After recruitment of
all cases, 150 healthy subjects with normal FBG, considering
other inclusion criteria, recruited as the control
group. Using the frequency matching method, the two groups
were matched by age and sex. The groups matched for
age were as follows: 35-44, 45-54 and 55-05 years; the two
groups were also matched for sex. Inclusion criteria for the
case group included subjects aged 35-65 years, FBG between
56 and 6:9mmol/l or 2-h OGTT of 7-8-11mmol/l, and
diagnosis confirmed at least 3 months before the start of the
study. Inclusion criteria for the control group included subjects
aged 35-65 years, FBG < 5-6 mmol/l and 2-h OGTT < 7-8 mmol/I
during screening. However, subjects who were found and/or
reported to be alcoholics, drug addicts (current use or stopped
within 3 months before the study), smokers or used any
tobacco products, such as a smoking of pipe at least once a
week, were excluded from the study. Subjects with BMI > 40
kg/m? pregnant or lactating women, those on a special

were

diet during the previous year, subjects with diagnosed heart
disease, diabetes, hypertension, dyslipidaemia, renal or hepatic
impairment and multiple sclerosis, and individuals on drugs
were also excluded. Dietary supplement intake was defined
as daily intake of supplements in the previous month. Written
informed consent was obtained from all participants before
commencement of the study. The study protocol was approved
by the ethics committee of Tehran University of Medical
Sciences.

Assessment of anthropometry, blood pressure and
physical activity

Anthropometric measurements such as weight, height, waist
circumference (WC), as well as systolic and diastolic blood
pressure were obtained from all participants. Weight was
measured to the nearest gram (100 g) without shoes and with

minimal clothing using the Seca scale. Height was measured to
the nearest 0-1 cm while standing without shoes using the Seca
stadiometer (Seca 216). WC was measured using a flexible tape
at the midpoint between the lowest rib and the iliac crest hip.
Systolic blood pressure and diastolic blood pressure were
measured once in the left arm while sitting using a manual
sphygmomanometer. The BMI of each participant was
calculated by dividing the weight in kilograms by the square of
height in metres. Abdominal obesity was defined as WC >80 cm
in women and WC>90cm in men®?. General obesity was
defined as BMI > 30 kg/m?. Physical activity was assessed using
the International Physical Activity Questionnaire (IPAQ)Y.
The information collected using IPAQ was categorised as
‘low physical activity’ (point score <600 metabolic equivalent
(MET)/h per week), ‘moderate physical activity’ (point score
between 600 and 3000 MET/h per week) and ‘high physical
activity’ (point score > 3000 MET/h per week).

Biochemical assessment

Blood samples were collected after an overnight fast (at least
8h) for FBG measurement. The subjects underwent a 2-h
OGTT. Venous blood was used, and plasma glucose was
analysed at 546 nm wavelength using the photometric method
(glucose oxidase method).

Dietary assessment

Dietary information was obtained by interview using a
168-item, semi-quantitative FFQ, which measured the previous
year’s food intake (for cases the year before diagnosis of
pre-diabetes and for controls during the previous year). The
participants were asked how often they consumed each food
item of different categories: daily, weekly, monthly or yearly.
Information obtained from the FFQ was converted to g/d in
order to estimate daily food intake. The validity and reliability
of the FFQ used were tested?.

Statistical methods

Statistical analysis was performed using Statistical Package for
Social Sciences, version 16 (SPSS Inc.). On the basis of the
similarity of food items and previous studies"'**®, twenty-seven
food groups were created. A food item was categorised into an
independent group if its nutrient content had a huge difference
from other food items (such as eggs) or the consumption of
such an item was a special food habit (such as pickles)
(Table 1). Factor analysis was used to determine the dietary
patterns of all participants®®. In this study, principal compo-
nent analysis with varimax rotation was used to determine the
major dietary patterns, and then the factors were pre-selected
to determine which set of factors meaningfully described the
distinct dietary patterns. Factors with eigenvalues >1-8 were
chosen as the major dietary patterns. Thereafter, a factor score
was calculated for each participant by summing the intakes of
food groups, weighted by their factor loading. Factor loading
represents the correlation between a dietary pattern and
each food group. A larger absolute value indicates greater
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Table 1. Food grouping used in the factor analysis

Table 2. Factor loading for major dietary patterns*

Food groups Subgroups

Vegetable Lettuce, cucumber, squash, eggplant, celery, green
peas, green beans, carrots, garlic, onions, all kinds
of cabbage, bell peppers, spinach, turnip,
mushrooms, green peppers, maize

Legume Lentils, beans, peas, beans, soyabeans, mung
beans, split peas

Dried fruit Dried fruit

Tomato Tomato

Fruits All fruits and juice

Low-fat dairy Low-fat milk, low-fat yogurt, cheese

products

Chicken Chicken

Vegetable oil Vegetable oil

Whole grains Maize, barley, whole-grain bread

Nuts Peanuts, almonds, walnuts, pistachios, hazelnuts,
sunflower

Fish Fish

Refined grains White breads, baguettes, rice, spaghetti, vermicelli

Sweets and Biscuits, crackers, cakes and pastries, sweets, sugar,

desserts honey, jam, chocolate, candy

Solid fat Butter, margarine, fat, animal fat

Red and Beef or veal, lamb, burgers, sausages

processed meat

Mayonnaise Mayonnaise

High-fat dairy Whole milk, chocolate milk, yogurt, cream cheese,

products cream, ice cream, curd

Fried potato French fries, chips

Compote Fruit compote

Pickle Pickle

Pizza Pizza

Egg Egg

Soft drinks Soft drinks

Cooked potato
Tea and coffee

Cooked potato
Tea and coffee

Salt Salt
Liver and organic Heart, liver and kidney
meat

correlation, and a positive or negative sign shows direct or
inverse relationship, respectively, between the food group and
dietary pattern.

Factor loadings <0-3 were retained in the analysis, but
removed from the table for simplicity (Table 1). The normality
of distribution of the data was tested using the Kolmogorov—
Smirnov test. The variables with normal and non-normal
distribution were compared using the independent ¢ and
Mann-Whitney tests, respectively. The y* test was used to
compare the qualitative variables between cases and controls.
To assess the correlation between dietary patterns and quanti-
tative variables with normal and non-normal distribution,
Pearson’s and Spearman’s correlation coefficients were used,
respectively. Multivariate logistic regression analysis was
performed to assess the relationship between pre-diabetes
and dietary patterns. Statistical significance was set at P<0-05.

Results

In the present study, two dietary patterns were identified
using factor analysis. The identified dietary patterns were
the vegetables, fruits and legumes (VFL) dietary pattern,
characterised by high intakes of vegetables, legumes, dried

Dietary patterns

Food groups VFL SSMM
Vegetables 0-721

Legumes 0-605

Dried fruit 0-536

Tomato 0-525

Fruits 0-475

Low-fat dairy products 0-463

Chicken 0416 0-348
Vegetable oil 0410

Whole grains 0-400

Nuts 0-370

Fish 0-369

Refined grains -0-311 0-454
Sweets and desserts 0-728
Solid fat 0-711
Red and processed meat 0-665
Mayonnaise 0-644
High-fat dairy products 0-578
Fried potato 0-526
Compote 0-459
Pickle 0-449
Pizza 0418
Eggs 0-397
Soft drinks 0-395
Cooked potato 0-373
Tea and coffee 0-366
Salt 0-323
Liver and organic meat 0-303
Percentage of variance explainedt 11.7 16-0

VFL, vegetables, fruits and legumes; SSMM, sweet, solid fat, meat and mayonnaise.

*Values <0-3 were excluded from the table for simplicity.

tKaiser-Meyer-Olkin measure of sampling adequacy=0751. Bartlett’s test of
sphericity <0-001.

fruits, tomatoes, fruits, low-fat dairy products, chicken, vege-
table oil, whole grains, nuts and fish and low intakes of refined
grains, and the sweet, solid fat, meat and mayonnaise (SSMM)
dietary pattern, characterised by high consumption of sweets
and desserts, solid fats, red meat and processed meat, mayon-
naise, high-fat dairy products, fried potato, compote, pickles,
pizza, eggs, soft drinks, cooked potato, tea and coffee, salt,
chicken, liver and organ meat. The factor scores were cate-
gorised as tertiles. This showed that in the VFL pattern the first
tertile was less healthy, the second was moderate and the third
was the healthiest. A similar interpretation was applied to the
SSMM pattern. The total variance for the identified dietary
patterns was 27-7% (Table 2). The general characteristics and
comparison of the subjects in the case and control groups are
shown in Tables 3 and 4. The mean years of education, blood
pressure, FBG, 2-h OGTT, weight, WC, BMI, energy intake, the
percentage of abdominal and general obesity and low physical
activity were higher in subjects with pre-diabetes as compared
with the control group (P<0-001). No significant difference
was, however, observed between the two groups with regard to
the other characteristics.

The relationship between the general characteristics and
the dietary patterns is shown in Table 5. The data show that
subjects in the third tertile of the VFL dietary pattern had
lower weight, WC, BMI, energy intake, diastolic blood pressure,
fasting blood sugar and 2-h OGTT compared with those in the
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Table 3. Characteristics of the study participants across case and control groups

(Mean values and standard deviations)

Controls (n 150)

Pre-diabetes (n 150)

Quantities variables Mean sD Mean sD P

Age (years) 477 72 47-4 75 0.7*

Education (years) 69 38 89 4.7 <0-001*
Weight (kg) 724 114 779 12.9 <0-001%
Height (cm) 162.7 9-1 1632 85 05t

Waist circumference (cm) 88-6 99 94.2 114 <0-001t
BMI (kg/m?) 271 36 294 4.2 <0-001%
Energy intake (kJ/d) 9336-2 1244.7 101382 1216 <0-001%
Energy intake (kcal/d) 22314 2975 24231 2907 <0-001t
Systolic blood pressure (mmHg) 118-3 109 122.8 125 <0-001*
Diastolic blood pressure (mmHg) 73-4 77 78-6 10-5 <0-001*
Fasting blood glucose (mmol/l) 4.6 0-39 6-1 0-36 <0-001*
2-h glucose (mmol/l) 6-7 0-53 8.0 1.0 <0-001*

* Mann-Whitney test.
1 Independent  test.

Table 4. Characteristics of the study participants across case and control groups

(Numbers and percentages)

Controls (n 150)

Pre-diabetes (n 150)

Variables n % n % P*
Sex 05
Male 51 34-0 51 34-0
Female 99 66-0 99 66-0
Marital status 02
Single 11 7-3 5 33
Married 129 86-0 133 887
Divorce/widow 10 6-7 12 8:0
Occupation 05
Unemployed 5 3-3 3 2.0
House keeper 65 433 71 47.3
Worker 10 67 9 6-0
Employee 30 20-0 21 14.0
Retired/self-employed 40 267 46 307
Dietary supplement intake 0-08
Yes 20 133 30 20-0
No 130 86-7 120 80-0
Physical activityt <0-001
Low 37 24.7 92 61-3
Moderate 91 60-7 42 28-0
High 22 14.7 16 107
BMI (kg/m?) <0-001
<25 43 287 20 134
25-29.9 81 54.-0 65 433
>30 26 17-3 65 43-3
Waist circumference (cm) <0-001
<80 women to <90 men 43 286 19 12:6
>80 women to >90 men 107 71-4 131 874

MET, metabolic equivalent.
* ¢° test.

1 <600 MET/h per week: ‘low’, 600-3000 MET/h per week: ‘moderate’, >3000 MET/h per week: ‘high’.

first tertile. Furthermore, those in the third tertile of the SSMM
dietary pattern were found to have higher educational level,
weight, WC, BMI, systolic and diastolic blood pressures, FBG
and 2-h OGTT compared with those in the lowest tertile. The
VFL dietary pattern score negatively correlated with weight,
WC, BMLI, energy intake, diastolic blood pressure, FBG and 2-h
OGTT (P<0-03). The SSMM dietary pattern score positively
correlated with education, weight, WC, BMI, systolic and
diastolic blood pressures, FBG and 2-h OGTT (P< 0-002).

The OR for pre-diabetes across dietary patterns are shown in
Table 6. The scores of the VFL dietary pattern were associated with
lower pre-diabetes morbidity (OR 0-16; 95% CI 0-10, 0-25). After
adjusting for age, education, physical activity, BMI and energy
intake in model 3, the relationship remained significant (OR 0-16;
95% CI 0-10, 0-26). The OR of pre-diabetes was positively asso-
ciated with the SSMM dietary pattern (OR 3-01; 95 % CI 213, 4-26),
and the OR was found to be higher even after controlling for
possible confounding variables (OR 5-45; 95 % CI 3-22, 9-23).
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Table 6. Association between dietary patterns and pre-diabetes morbidity
(Odds ratios and 95 % confidence intervals)

Dietary patterns

VFL SSMM
n OR 95% Cl n OR 95 % Cl P>
Model 11 300 0-16 0-10, 0-25 <0-001 300 301 213, 426 <0-001
Model 21 300 0-15 0-10, 0-25 <0-001 300 2.56 1.76, 3-74 <0-001
Model 3§ 300 0-16 0-10, 0-26 <0-001 300 545 322, 9-23 <0-001

VFL, vegetables, fruits and legumes; SSMM, sweet, solid fat, meat and mayonnaise.
* Multivariate logistic regression analysis.

1 Crude model.

1 Adjusted for age, education, physical activity and BMI.

§ Additionally adjusted for energy intake.

It has been reported that healthy diets with high intakes of
vegetables, vegetable oil, fish, fruits and nuts have food com-
pounds or nutrients such as fibre, vitamins and minerals, which
may decrease diabetes through a decrease in inflammation,
improved metabolism of glucose and endothelial function, and
sensitivity to insulin?3%.

The positive relationship found between the SSMM dietary
pattern and pre-diabetes could be a result of low intakes of
healthy foods such as fruits and vegetables and high intakes of
foods such as red meat, processed meat and animal fat. The
identified dietary patterns high in red meat and processed meat
have been related to diabetes morbidity®*>>. Processed meat
contains a lot of salt and nitrite; moreover, a decrease in insulin
action with higher Na intake has been repor‘ted<36). Nitrite
changes to nitrous amine, which is poisonous to the g cells of
the pancreas, and leads to insulin resistance and glucose
intolerance®”. In addition, meat is an important source of SFA.
High intake of SFA has been shown to be associated with high
risk of pre-diabetes and glucose intolerance®”. In this study,
the low dietary fibre intake observed in the SSMM dietary pat-
tern could have also played a role in the risk of pre-diabetes, as
studies have shown that dietary patterns high in fibre (specially
fibre of grains) protect against diabetes®®. The high intake of
whole grains, legumes, vegetables and fruits containing high
fibre, owing to their low energy content and high satiety effect,
may decrease food intake and weight gain®®. However, the
inverse relationship between fibre and risk of diabetes is not
clear. It seems that viscose fibre lowers the speed of gastric
evacuation and absorption in the small intestine®®**®

In the present study, the SSMM dietary pattern was observed
to be characterised by high consumption of cooked potatoes,
refined grains, sweets and desserts. These foods seem to have
high glycaemic indices and their load could be of concern.
There are reports of a direct relationship between glycaemic
load and type 2 diabetes®”, and although the exact mechanism
is not clear there are some suggested approaches. High
amounts of carbohydrate with high glycaemic load have been
reported to increase the glucose level of the blood and the
demand for insulin. Besides, high demand for insulin has been
demonstrated to have some effects on the pancreas and could
gradually lead to glucose intolerance®. Several studies have
shown the relationship between sweets and sugar intake and
risk of type 2 diabetes“™”’. It has been reported that high intakes

of refined sugar and sweet drinks with high glycaemic load
could lead to an increase in weight gain, which can affect the
metabolism of glucose and sensitivity to insulin, and could
eventually increase the risk of diabetes®™. In this study, tea,
coffee and mayonnaise were included in the SSMM dietary
pattern, although some studies have shown that the consump-
tion of tea and coffee has protective effect on diabetes™";
however, in some other studies, both featured in Unhealthy
dietary patterns<25’25) , and this might be because of the intake of
sugar and sweets along with tea or coffee. Mayonnaise has
high-fat, creamy sauce"*?
the Western dietary pattern®342_In this study, chicken was
included in both dietary patterns, which might be attributed
to its high consumption in Iran.

Furthermore, in this study, the mean education level was
higher in pre-diabetic subjects compared with the control
participants. In a study in Bangladesh, the results showed that
high education level was positively related to the risk of
both diabetes and pre-diabetes®®. It has been reported that
education and wealth increases the risk of obesity™®, which
is a risk factor for pre-diabetes"*. However, several studies in
Tran®“®  Spain”
association between diabetes morbidity and level of education.
Therefore, further investigation is required in this regard.

The present study has some limitations. First and foremost,
the dietary patterns were obtained from food intake patterns
using a validated FFQ, although food consumption behaviours
such as pattern, time, number of meals and ways of preparing
the food are also important®”. Second, a questionnaire was
used to collect dietary information and as such there is the
possibility of error because the information collected depends
largely on recall. Third, despite the fact that pre-diabetes sub-
jects were asked to report their dietary intake of the year before
the diagnosis of pre-diabetes, they would have received dietary
advice after diagnosis, which might affect their dietary
responses. Fourth, factor analysis was used to identify the
dietary patterns, and as such food categorisation usually can
change on the basis of the researchers’ interest. Fifth, although
pre-diabetes was not observed in the controls, they were
referred to our centre because of the existence of some criteria
such as being overweight or obese, having a family history of
diabetes or existence of at least two symptoms of diabetes.
Thus, the comparison between pre-diabetics and controls could

, and in some studies it features in

and the USA®® have found an inverse
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potentially not reflect a comparison between cases and true
controls. Sixth, similar to all case—control studies, this study
could not determine the temporal relationship between dietary
patterns and pre-diabetes. However, despite the aforemen-
tioned limitations, the present study is one of the few studies
that have examined the relationship between dietary patterns
and risk of pre-diabetes using a case—control study design.

In conclusion, the VFL and SSMM dietary patterns are inver-
sely and directly related to pre-diabetic morbidity, respectively.
In addition, the VFL dietary pattern is associated with risk of
obesity and hypertension, which are implicated in impaired
glucose metabolism and development of diabetes and CVD.
Future studies are therefore needed to confirm our findings with
other populations.
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