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Abstract

Purpose Few studies have evaluated the association of fruit and vegetable (FV) intake and pre-diabetes. However, these
studies are very limited and incomplete. Therefore, the aim of our study was to compare FV consumption and their subgroups
between pre-diabetic and control subjects.

Methods This case—control study included 300 individuals, 150 subjects with normal fasting blood glucose (FBG), and 150
pre-diabetic subjects who were matched for sex and age. We collected the participants’ anthropometric and physical activity
data and measured their blood glucose level. A 168 items semi-quantitative food frequency questionnaire (FFQ) was used
for estimating the FV intake.

Results After adjustment for confounding variables, participants in the lower quartiles of FV and total fruit intake were
more likely to experience pre-diabetes compared with those in the higher quartiles (p trend < 0.007). In addition, cruciferous
vegetables, other vegetables, and berries were inversely associated with pre-diabetes (p <0.05), although a distinct dose—
response relationship was not found. Unexpectedly, higher intake of dark yellow vegetables was significantly associated
with a higher chance of pre-diabetes (p trend=0.006). Other vegetable and fruit subgroups did not show any significant
relationship with this disorder.

Conclusion Our findings suggest that higher intake of total FV and total fruits might be associated with lower odds ratio of
pre-diabetes.
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fasting glucose (IFG) and/or impaired glucose tolerance
(IGT). American Diabetes Association (ADA) defines IFG
as glucose levels of 100-125 mg/dl and IGT as 2-h glucose
levels of 140-199 mg/dl on the 75-g oral glucose tolerance
test (OGTT) [3]. Pre-diabetes may lead to T2DM and about
5-10% of people with pre-diabetes will eventually develop
T2DM every year [4].

A healthy diet combined with physical activity is crucial
to overcome this issue and improve the health status [5].
According to an international recommendation, the daily
intake of five servings of fruits and vegetables (FV) in all
forms provides a reasonable amount of fiber; vitamins, espe-
cially folate, vitamin C, vitamin E, and vitamin B6; carot-
enoids; minerals, particularly potassium, and magnesium;
and certain phytochemicals such as phenolics and flavonoids
with antioxidant activity [6, 7]. These compounds decrease
the incidence and mortality of many chronic diseases [6]. In
addition, the health benefits of FV are attributed to the syn-
ergy or interaction of bioactive compounds and nutrients [8].

Although a comprehensive analysis of the epidemiologi-
cal studies did not show the effect of high consumption of
FV on the risk of T2DM [1], a recent meta-analysis showed
that higher intake of fruits, especially berries, green leafy
vegetables, yellow vegetables, and cruciferous vegetables,
was associated with a lower risk of T2DM [9]. It has been
suggested that subgroups of fruits and vegetables do not
affect the risk of diabetes equally, maybe due to their differ-
ent contents of fiber, antioxidants, phytochemicals, and other
nutrients [9]. Higher consumption of cruciferous vegetables,
which are rich in glucosinolates with antioxidant properties,
is related to a lower risk of T2DM in cohort studies [10].
Previous cross-sectional and prospective studies showed
that intake of green vegetables, rather than total intake of
vegetables, may prevent the occurrence of T2DM [11, 12].
It has been suggested that higher intake of green and yellow
vegetables leads to higher serum f-carotene levels, which
mediates the oxidative stress and improves insulin sensitiv-
ity [10, 12]. Furthermore, it has been shown that variety in
the fruits consumed is associated with a lower risk of T2DM
in a prospective study [11]. Results from three prospective
longitudinal cohort studies showed that higher consump-
tion of individual fruits such as the blueberry, grapes, apple,
banana, and grapefruit is also associated with a lower risk of
T2DM [9]. The prune, peach, plum, apricot, and apple con-
tain chlorogenic acid [13], which decreases glucose absorp-
tion in rats [14]. In diabetic rats, citrus pectin improves
glucose tolerance [15]. The grapefruit is also a source of nar-
ingin [16], which improved glucose tolerance in a study in
rats with in vitro and in vivo design [17]. Adversely, results
from prospective studies showed that adding cantaloupe to
the diet increases the risk, which is justified by its high gly-
cemic index (60-70) [9]. Melons have lower levels of phy-
tochemicals compared to some other fruits [16]. However,

@ Springer

its effect on glucose metabolism is not clear. Therefore, it
is better to evaluate individual fruits and vegetables or their
specific subgroups.

Although most studies have addressed the relationship
between FV intake and T2DM, a few studies have evalu-
ated the association of FV intake and pre-diabetes. A cross-
sectional study among Framingham offspring suggested that
diets rich in fruits, vegetables, whole grains, and low in fat
are associated with lower IFG and IGT [18]. Moreover, a
cross-sectional study showed that diets rich in vegetables
and fruits are inversely associated with IFG in Chinese men
[19]. Assessment of the intake of FV has been shown to be
useful for existence of oxidative stress and inflammation in
pre-diabetic subjects [6].

In comparison with T2DM, pre-diabetes does not pre-
sent with distinct clinical symptoms, so it can be managed
by nutritional interventions [6]. The priority is to prevent
pre-diabetes or decrease its prevalence instead of treating
T2DM and cardiovascular disease. Although the relationship
between the intake of FV and pre-diabetes has been reported
in a few studies, the association of specific subgroups of
FV and pre-diabetes has not been investigated yet. There-
fore, the aim of our study was to determine the relationship
between the consumption of FV and their specific subgroups
and pre-diabetes.

Methods
Subjects

The subjects were recruited from a diabetes screening
center in Shahreza, Iran from May to October 2014. The
aim of the study was to determine the relationship between
dietary intake and pre-diabetes using a matched case—con-
trol study design. The detailed methodology of the study
was described previously [3] and is described here in brief.
The participants were 300 subjects who attended a diabetes
screening center. Overweight or obese individuals who were
above 30 years of age, and had a family history of diabetes or
at least two symptoms of diabetes (excessive thirst, frequent
urination, excessive hyperphagia) were considered at risk of
diabetes and were referred to this center.

This study recruited 150 subjects who were diagnosed
with pre-diabetes (cases) and 150 healthy subjects with
normal FBG (control) at the clinic. We used the frequency
matching method and matched the two groups by age and
sex. The age frame for matching was as follows: 35-44,
45-54, and 55-65 years. The study criteria for the case
group subjects were age 35-65 years, and fasting blood
glucose (FBG) 100-125 mg/dl or 2-h OGTT 140-199 mg/
dl diagnosed no longer than three months before the inter-
view. The inclusion criteria for the control group were age
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35-65 years, and FBG < 100 mg/dl and 2-h OGTT < 140 mg/
dl during screening. Subjects with alcohol, drug and any
tobacco product use, body mass index (BMI) > 40 kg/m?,
or a special diet during the last year were excluded from the
study. Moreover, pregnant or lactating women, and those
with heart disease, diabetes, hypertension, dyslipidemia,
hepatic or renal impairment, and multiple sclerosis were
excluded, as well. The objective and protocol of the study
were explained to the participants, and informed consent was
obtained from them before the study. The Ethics Commit-
tee of Tehran University of Medical Sciences approved the
protocol of this case—control study.

Anthropometric and physical activity assessment

During the first interview at the clinic, weight was measured
with minimal clothing and without shoes. Standing height
was measured without shoes by a Seca stadiometer (Seca
216). All measurements were done by a dietitian. To calcu-
late the BMI, the weight was divided by the square of height
(kg/m?). A flexible measuring tape was used at the midpoint
between the lowest rib and the iliac crest to measure waist
circumference (WC). The International Physical Activity
Questionnaire-short form was used to assess the physical
activity of the participants [20]. Inquiries were made regard-
ing vigorous and moderate activity and walking for at least
10 min/day during the previous 7 days. To calculate the
activity, the duration and frequency of activity days were
multiplied by the metabolic equivalent task (MET) value of
the activity. The sum of the scores was calculated as the total
physical activity per week.

Laboratory assessment

After an overnight fast, blood samples were drawn for FBG
measurement. In addition, the participants underwent a 2-h
OGTT. The plasma glucose level was measured at 546 nm
using the photometric method (glucose oxidase method)
[21].

Dietary assessment

Dietary intake was assessed by a dietitian on the first visit
at the clinic. The usual dietary intake during the past year
was assessed using a validated semi-quantitative FFQ which
included 168 food items [22] (the year before the diagnosis of
pre-diabetes for cases and the previous year for controls). The
participants were asked to report the frequency of consump-
tion for each food item in terms of daily, weekly, monthly, and
yearly. For estimating daily food intake, the information of the
FFQ was converted to g/day. The food items were analyzed
for their energy and nutrients content using the Nutritionist
1V software (First Databank, San Bruno, CA), modified for

Iranian foods. The software database drawn from United States
Department of Agriculture (USDA) food composition tables
[23].

FV was divided into specific groups, including cruciferous
vegetables, green leafy vegetables, other vegetables, berries,
citrus fruits, and other fruits based on the previous studies [24,
25]. The Healthy Eating Index (HEI-2015) [26] score summa-
rizes the consumption of 13 foods or nutrients, including total
fruits, whole fruits, total vegetables, greens and beans, whole
grains, dairy products, total protein foods, seafood and plant
proteins, fatty acids, refined grains, sodium, added sugars, and
saturated fats. Each component was scored on a scale of 0-10.
Similar to another study [9], we excluded FV when calculating
the HEI score.

Statistical analysis

Data analysis was performed using the SPSS version 16 (SPSS
Inc.). The Kolmogorov—Smirnov test was used to evaluate
the normality of the data. Data with a non-normal distribu-
tion were logarithmically transformed for statistical analyses.
The geometric mean (standard error of mean) was calculated
for the transformed data. The independent ¢ test was used
to compare quantitative variables between case and control
groups. The mean values of the quantitative variables across
the FV quartiles were compared using the ANOVA test. The
ANCOVA was used to compare the mean FV intake in the case
and control groups after adjusting for potential confounders
including BMI, energy intake, and HEI score. Variables with
p value <0.05 in ANOVA test were selected for adjustment.
In addition, based on evidence from the literature, we selected
age and physical activity as potential confounders [27].

Total vegetable and total fruit intakes were mutually
adjusted. For each vegetables and fruits subgroups, total
fruit and vegetable intakes were adjusted. The relationship
between the FV intake and chance of pre-diabetes was ana-
lyzed by simple logistic regression. In addition to the unad-
justed analysis (Model 1), we used multivariable models
to assess the relation between FV intake and pre-diabetes
(Model 2). In Model 2, we adjusted for age, BMI, physical
activity, energy intake, and HEI. Total vegetable and total
fruit intakes were mutually adjusted. For each vegetables
and fruits subgroups, total fruit and vegetable intakes were
adjusted. Tests for trend were performed by entering the cat-
egorical variables as continuous parameters in the models. P
values less than 0.05 were considered significant.

Results
The characteristics of the participants according to the quar-

tiles of intake of total vegetables and fruits are presented in
Tables 1, 2 and 3. Across increasing total FV (Table 1) and
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total vegetable (Table 2) quartiles, the subjects had lower ~ lower FBG and 2-h OGTT and higher energy intakes and
BMI, WC, FBG and 2-h OGTT. In addition, the subjects HEI score (p <0.05) (Table 3).

had a higher energy intake and, as expected, had a higher The comparison of FV intake between the case and con-
HEI score with increasing total FV and total vegetable quar-  trol groups is shown in Table 4. The intake of total FV, total
tiles. Across increasing total fruit quartiles, the subjects had ~ vegetables, cruciferous vegetables, green leafy vegetables,

Table 1 Characteristic of study participants according to quartiles of total vegetable and fruit intakes

Quartiles of total vegetable and fruit intakes

1 (n=74) 2 (n=175) 3(n=74) 4 (n=74) p trend®
g/day (median) 363.1 566.2 771.7 1039.5
Male (%) 23 (31.1) 28 (37.3) 26 (35.1) 24 (32.4) 0.9
Age (years) 48.1+74 47.0+7.6 47.8+8.2 47.5+6.5 0.7
Education (years) 6.8+0.5° 6.1+0.6 6.0+0.5 7.6+0.4 0.4
BMI (kg/m?) 28.9+4.0 28.6+4.1 28.2+3.5 272+4.2 0.01
Waist circumference (cm) 94.1+10.0 91.4+11.7 91.6+11.5 88.5+10.3 0.004
Physical activity (MET/h/week) 631.7+136.4° 709.7 +165.1 683.7+141.6 868.8+141.0 0.1
Dietary supplement use (%) 10 (13.5) 17 (22.7) 10 (13.5) 12 (16.2) 0.9
Energy intake (kcal/day) 2114.7+£721.2 2416.0 +£696.8 2402.1+527.9 2617.7+690.3 <0.001
Healthy eating index 39.4+5.6 42.4+8.2 46.8+7.7 489+7.5 <0.001
Fasting blood glucose (mg/dl) 100.7+13.1 99.6+14.7 91.5+16.5 90.1+13.3 <0.001
2-h glucose (mg/dl) 136.8+18.1 134.4+20.4 1285+17.2 127.2+16.3 <0.001

Values are means (standard deviations) or percentages unless stated otherwise

Fruits include strawberry, cran berry, blackberry, mulberry, orange, tangerine, sweet lemon, grapefruit, cantaloupe, melon, water melon, pears,
apricot, cheery, apple, plum, peach, persimmon, nectarine, green gage, figs, kiwi fruit, pomegranate, date, plum, sour cherry, banana, pineapple,
apple juice, cantaloupe juice, grapes, raisin, dry peach, apricot, and fruit juice

Vegetables include white cabbage, red cabbage, broccoli, cauliflower, spinach, lettuce, vegetable greens, carrot, yellow squash, cucumber,
tomato, green squash, eggplant, celery, green peas, green beans, garlic, onion, bell peppers, turnip, mushroom, green peppers, olive, and corn

SANOVA
®Geometric mean + SEM

Table 2 Characteristic of study participants according to quartiles of total vegetable intakes

Quartiles of total vegetable intakes

1 (n=74) 2 (n=175) 3 (n=74) 4 (n=174) p trend®
g/day (median) 2534 369.7 430.0 480.4
Male (%) 24 (32.4) 29 (38.7) 22 (29.7) 26 (35.1) 0.9
Age (years) 48.1+74 46.7+7.8 48.6+7.4 47.0+7.0 0.7
Education (years) 6.6+0.5° 6.9+0.6 59+0.5 6.9+0.5 0.6
BMI (kg/m?) 29.0+4.4 28.3+3.9 28.6+3.7 27.1+4.1 0.007
Waist circumference (cm) 93.4+10.9 92.1+11.9 91.2+10.8 88.91+10.1 0.01
Physical activity (MET/h/week) 595.7 +139.0° 779.6+161.1 725.3+140.9 789.6+143.6 0.2
Dietary supplement use (%) 10 (13.5) 14 (18.7) 13 (17.6) 12 (16.2) 0.7
Energy intake (kcal/day) 2091.2+734.2 2449.1 +£667.1 2479.7+652.2 2530.0+600.0 <0.001
Healthy eating index 39.1+6.0 422+6.8 46.5+7.8 49.6+79 <0.001
Fasting blood glucose (mg/dl) 101£13.2 98.9+15.0 93.2+14.6 88.8+14.9 <0.001
2-h glucose (mg/dl) 136.9+17.1 134.6+21.3 129.5+18.5 1259+14.3 <0.001

Values are means (standard deviations) or percentages unless stated otherwise

Total vegetables were defined as in Table 1

“ANOVA

®Geometric mean + SEM
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Table 3 Characteristic of study participants according to quartiles of total fruit intakes

Quartiles of total fruit intakes

1 (n=74) 2 (n=175) 3 (n=175) 4 (n="73) p trend®
g/day (median) 158.5 213.8 263.0 309.0
Male (%) 23 (31.1) 27 (36.0) 31 (41.3) 20 (27.4) 0.8
Age (years) 47.8+73 484+7.8 472475 47.1£7.0 0.6
Education (years) 6.1+0.6° 5.8+0.5 7.4+0.5 72+04 0.2
BMI (kg/m?) 28.5+3.9 28.6+4.3 282+4.4 27.7+3.7 0.5
Waist circumference (cm) 93.5+104 91.9+11.2 91.1+11.6 89.0+10.6 0.09
Physical activity (MET/h/week) 677.5+137.5° 605.9+151.6 828.8+148.8 783.9+148.2 0.3
Dietary supplement use (%) 14 (18.9) 9 (12.0) 17 (22.7) 9(12.3) 0.6
Energy intake (kcal/day) 2161.8+688.9 2365.0+632.6 2421.8 +£669.7 2605.0 +684.3 0.001
Healthy eating index 41.7+7.1 42.7+8.1 46.4+9.2 46.8+7.0 <0.001
Fasting blood glucose (mg/dl) 98.8+14.5 98.1+15.3 92.6+15.4 924+14.4 0.009
2-h glucose (mg/dl) 133.3+17.8 136.2+21.8 128.5+15.8 128.9+16.9 0.02
Total fruits were defined, as shown in Table 1
Values are means (standard deviations) or percentages unless stated otherwise
*ANOVA
®Geometric mean + SEM
other vegetables, total fruits, berries, citrus fruits, and other Discussion

fruits was significantly lower in pre-diabetic subjects as
compared to the control group (p <0.001). However, pre-
diabetic subjects had a significantly higher intake of dark
yellow vegetables (p <0.001). After adjustment for con-
founding variables, these differences remained significant
for total FV, total vegetables, dark yellow vegetables, total
fruits, and berries (p < 0.04).

The odds ratio (OR) of pre-diabetes across quartiles of FV
intake, before and after adjustment for confounding factors,
is presented in two different models, as shown in Table 5.
Before adjusting the confounders, subjects in the lowest
quartile of total FV intake and its all subgroups, except for
yellow vegetables, had a higher OR of pre-diabetes com-
pared with those in the highest quartile (p trend < 0.002).
After adjusting for the confounders, the participants in the
lowest quartile of total FV and total fruits had a higher OR
of pre-diabetes compared with those in the highest quar-
tile (p trend <0.007). Furthermore, compared with the
highest quartile, subjects in the lowest quartile of dark
yellow vegetables intake had a lower OR of pre-diabetes
(p trend =0.006).

Participants in the second and third quartiles of crucifer-
ous vegetables also had a higher OR compared with those in
the highest quartile (p <0.04). In addition, participants in the
first quartile of other vegetables (p =0.04) and those in the
second quartile of berries (p=0.02) had a higher OR com-
pared with those in the highest quartile (p <0.05). However,
a dose—response relationship was not observed after testing
pre-diabetes across the quartiles of cruciferous vegetables,
other vegetables, and berries.

The result of this case—control study showed that higher
consumption of total FV and total fruits was significantly
associated with lower OR of pre-diabetes. We also found
that cruciferous vegetables, other vegetables, and berries
might be associated with pre-diabetes, although a distinct
dose-response relationship was not found. On the other
hand, higher intake of dark yellow vegetables was signifi-
cantly associated with higher chance of pre-diabetes. Other
vegetable and fruit subgroups did not show any significant
relationship with pre-diabetes.

Evidence on the relationship between FV consumption
and pre-diabetes is very limited and incomplete. Our find-
ings are consistent with the results of other studies suggest-
ing an inverse association between diets rich in FV and IGT.
A cross-sectional study showed that high intake of fruits and
green leafy vegetables was associated with lower plasma
HbA1C levels in individuals not diagnosed with diabetes
[28]. Moreover, another cross-sectional study showed that
diets rich in fruits, vegetables, seaweed, cereals, and mush-
rooms beside low intake of alcohol retarded the progression
of IFG in Chinese men [19]. Diets rich in fruits, vegetables,
and whole grains and low in fat were also associated with
lower IFG and IGT in a cross-sectional study on Framing-
ham offspring [18]. However, a cross-sectional study con-
cluded that high intake of fruits and juices may cause glu-
cose metabolism disturbances [29]. Our study showed that
pre-diabetes was inversely associated with the intake of total
FV and total fruits, and to a lesser extent with cruciferous
vegetables, other vegetables, and berries.

@ Springer



2958

European Journal of Nutrition (2018) 57:2953-2962

Table 4 Fruit and vegetable
intakes across controls and pre-

diabetic subjects

Daily intake (g) Controls (n = Pre-diabetics (n = p* »° P°

150), mean + SD  147), mean + SD
Total vegetables and fruits 809.1+297.7 575.9+240.1 <0.001 <0.001 <0.001
Total vegetables 490.5+219.8 341.8.5+1539 <0.001 <0.001 0.03
Cruciferous vegetables 3.53+0.44 22+0.3 <0.001 <0.001 0.3
Green leafy vegetables 73.0+4.2¢ 453+3.2 <0.001 <0.001 0.3
Dark yellow vegetables 11.2+2.1¢ 12.6+1.6 0.5 0.8 0.001
Other vegetables 373.7£1704 260.9+122.8 <0.001 <0.001 0.7
Total fruits 281.0+13.6¢ 200.6+11.6 <0.001 <0.001 0.001
Berries fruits 22+0.2¢ 1.5+1.0 <0.001 <0.001 0.02
Citrus fruits 57.6+3.7¢ 424+2.7 <0.001 <0.001 0.8
Other fruits 214.0+10.8¢ 153.7+9.3 <0.001 <0.001 0.1

Values are means (standard deviations) or percentages unless stated otherwise

Total vegetables and fruits were defined, as shown in Table 1
Cruciferous vegetables include white and red cabbage, broccoli, and cauliflower

Green leafy vegetables include spinach, lettuce, and green vegetables such as basil, parsley, cress, leek,
spearmint, origany, coriander, and scallion

Dark yellow vegetables include carrot and yellow squash

Other vegetables include cucumber, tomato, zucchini, eggplant, celery, green pea, green bean, garlic,
onion, green pepper, turnip, mushroom, olive, and corn

Berries fruits include strawberry, cornel, white mulberry, and black mulberry

Citrus fruits include orange, tangerine, grapefruits, sweet lemon and orange/grapefruit juice. Other fruits
include cantaloupe, melon, water melon, pear, apricot, cherry, apple, peach, nectarine, greengage, fig, kiwi
fruit, persimmon, pomegranate, date, plum, sour cherry, banana, pineapple, grapes, dry peach and apricot,

raisin, and fruit juice

*Unadjusted, Student 7 test

®Adjusted for energy intake; ANCOVA test

“Adjusted for age, body mass index, physical activity, energy intake and healthy eating index score. Total
vegetable and total fruit intakes were mutually adjusted. For each vegetables and fruits subgroups, total
fruit and vegetable intakes were adjusted; ANCOVA test

4Geometric mean + SEM

Most of the studies on FV intake and glucose metabo-
lism disturbances have been conducted on T2DM patients
[1,6-11, 15,18, 19, 28—41]. The results of these studies are
inconsistent. Our findings in pre-diabetic subjects are simi-
lar to the previous prospective studies on T2DM patients,
indicating an inverse association between consumption of
cruciferous vegetables [31], total fruits [9, 31, 36] and ber-
ries [36] and the risk of T2DM. However, some prospective
studies have not found any association between the intake of
total FV, fruits, or vegetables separately [11], berries [42],
and citrus [11, 43] and the risk of T2DM.

A meta-analysis on prospective studies found no signifi-
cant association between the risk of T2DM and the intake
of total FV, total vegetables, or total fruits [44]. However,
a meta-analysis on high-quality prospective studies showed
that higher intake of fruits, especially berries, green leafy
vegetables, yellow vegetables, and cruciferous vegetables
was associated with a lower risk of T2DM [9].

Therefore, the previous studies have not consistently
found an inverse association between FV intake and T2DM,
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but have found it for pre-diabetes. This may reflect that
choosing T2DM as an end-point outcome for FV consump-
tion is not sufficient. Since the disease process is long-term
and has slow progression, the pre-clinical manifestations of
T2D might have lead to changes in diet. Future prospective
studies conducted with pre-diabetes as an end-point may
clearly indicate the relationship between FV intake and IGT.

We found no significant association between the total
vegetable intakes and OR of pre-diabetes. Similar results
have been reported for T2DM in the previous meta-analyses
[11, 44, 45]. Although other fruits may also be related to
glucose metabolism, no significant associations were found
between other fruits and chance of pre-diabetes in the pre-
sent and previous prospective investigations [11, 25].

In the present study, we found an unexpected positive
association between the intake of dark yellow vegetables
and pre-diabetes. In a Finnish cohort study, the intake of
yellow/red vegetables was not associated with a lower inci-
dence of T2DM [36]. However, the results of a meta-analysis
on prospective studies showed that higher intake of yellow
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Table 5 Odds ratio (95% CI) of pre-diabetes according to quartiles (Q) of fruit and vegetable intakes
Daily intake Ql Q2 Q3 Q4 p trend*
Total vegetables and fruits
g/day (median) 363.1 566.2 771.7 1039.5
Cases of pre-diabetic 52 51 25 19
Model 1 <0.001 (3.33-14.08) 6.15 (3.02-12.54) 1.48 (0.73-3.0) 1 <0.001
p 6.84 <0.001 0.2
Model 2 2.47 (0.86-7.15) 5.04 (1.83-13.9) 1.15 (0.44-3.01) 1 0.005
p 0.09 0.002 0.7
Total vegetables
g/day (median) 186.5 333.8 461.2 629.4
Cases of pre-diabetic 53 44 32 18
Model 1 7.85 (3.77-16.34) 4.56 (2.25-9.24) 2.37 (1.17-4.78) 1 <0.001
p <0.001 <0.001 0.02
Model 2 2.33 (0.79-6.81) 1.99 (0.76-5.25) 1.28 (0.49-3.3) 1 0.4
P 0.1 0.1 0.6
Cruciferous vegetables
g/day (median) 1 35 6 11.7
Cases of pre-diabetic 36 59 32 20
Model 1 3.21 (1.57-6.58) 3.35 (1.75-6.42) 2.86 (1.38-5.9) 1 0.001
P 0.001 <0.001 0.005
Model 2 1.39 (0.47-4.14) 2.70 (1.07-6.81) 2.99 (1.07-8.38) 1 0.4
P 0.5 0.03 0.03
Green leafy vegetables
g/day (median) 23.1 47.6 82.2 129.8
Cases of pre-diabetic 53 42 32 20
Model 1 6.81 (3.32-14.0) 3.54 (1.78-7.06) 2.01 (1.01-3.99) 1 <0.001
P <0.001 <0.001 0.04
Model 2 1.25 (0.4-3.89) 1.04 (0.38-2.87) 0.69 (0.27-1.76) 1 0.5
P 0.7 0.9 0.4
Dark yellow vegetables
g/day (median) 35 10.3 19.2 53.5
Cases of pre-diabetic 34 39 37 37
Model 1 0.89 (0.47-1.71) 1.08 (0.57-2.06) 0.95 (0.5-1.8) 1 0.9
P 0.7 0.8 0.8
Model 2 0.16 (0.05-0.52) 0.5 (0.18-1.42) 0.42 (0.15-1.17) 1 0.006
P 0.002 0.1 0.09
Other vegetables
g/day (median) 135.8 246.8 353.7 492.4
Cases of pre-diabetic 51 45 34 17
Model 1 7.44 (3.58-15.46) 5.03 (2.47-10.25) 2.85 (1.4-5.79) 1 <0.001
P <0.001 <0.001 0.004
Model 2 2.78 (1.02-7.62) 2.12 (0.80-5.58) 1.49 (0.58-3.85) 1 0.2
P 0.04 0.1 0.4
Total fruits
g/day (median) 123.8 199.8 284.2 452.5
Cases of pre-diabetic 49 48 28 22
Model 1 4.54 (2.27-9.1) 4.12 (2.07-8.19) 1.38 (0.7-2.74) 1 <0.001
P <0.001 <0.001 0.3
Model 2 3.50 (1.2-10.15) 3.36 (1.28-8.81) 1.54 (0.59-4.01) 1 0.006
)4 0.02 0.01 0.3
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Table 5 (continued)

Daily intake Q1 Q2 Q3 Q4 p trend*
Berries fruits
g/day (median) 12 17 3.1 5.6
Cases of pre-diabetic 43 43 40 21
Model 1 3.44 (1.73-6.82) 3.33 (1.68-6.59) 2.83 (1.43-5.59) 1 0.001
)4 <0.001 0.001 0.003
Model 2 2.76 (0.93-8.18) 3.38 (1.2-9.52) 2.46 (0.88-6.87) 1 0.06
p 0.06 0.02 0.08
Citrus fruits
g/day (median) 22.3 41.7 63.8 106.8
Cases of pre-diabetic 45 43 37 22
Model 1 3.67 (1.85-7.26) 3.18 (1.61-6.25) 2.36 (1.2-4.64) 1 <0.001
p <0.001 0.001 0.01
Model 2 0.87 (0.26-2.94) 1.63 (0.52-5.08) 0.76 (0.28-2.16) 1 0.8
p 0.8 0.3 0.6
Other fruits
g/day (median) 96.6 148 2194 364.8
Cases of pre-diabetic 51 45 27 24
Model 1 4.62 (2.31-9.23) 3.12 (1.60-6.11) 1.20 (0.6-2.36) 1 <0.001
D <0.001 0.001 0.6
Model 2 1.64 (0.42-6.31) 2.04 (0.67-6.28) 0.66 (0.23-1.86) 1 0.1
4 0.4 0.2 0.4

Model 1: unadjusted

Model 2: adjusted for age, body mass index, physical activity, energy intake, and healthy eating index. Total vegetable and total fruit intakes
were mutually adjusted. For each vegetable and fruit subgroup, total fruit and vegetable intakes were adjusted

Fruits and vegetables were defined, as shown in Tables 1 and 4

*Tests for trend were performed by entering the categorical variables as continuous parameters in the models

vegetables was associated with a lower risk of T2DM [9].
We do not have a ready explanation as to why higher intake
of dark yellow vegetables is associated with a higher OR
of pre-diabetes. However, this may reflect dark yellow veg-
etables preparation methods such as frying. Frequent fried-
food consumption was associated with higher risk of T2DM
in cohort studies [46]. In addition, the oils used for frying
in Iran have considerable amounts of trans fatty acids [47]
which is related to blood glucose disturbances [48].

However, this information was not collected. More
research is needed to investigate the association between
this type of vegetables and pre-diabetes.

The biological mechanisms behind the inverse association
between the FV intake and pre-diabetes are not clear. How-
ever, FV are rich sources of folate, potassium, magnesium,
vitamin K, antioxidants such as vitamin C, E, carotenoids,
and flavonoids, which are related to lower risk of T2DM
[49]. Cruciferous vegetables have a high content of glucosi-
nolates which have antioxidant properties and are related to
a lower risk of T2DM in the prospective studies [10]. Ber-
ries are rich in anthocyanins which was inversely related to
glucose disturbances in a cohort study [40]. Lower dietary

@ Springer

magnesium intake has been linked to higher risk of T2DM
or glucose intolerance in a cohort study [50]. In an obser-
vational study, higher dietary vitamin K intake was related
to greater insulin sensitivity and better glycemic status in
adults [51]. Folate, due to its antioxidant properties [52],
together with vitamin C and carotenoids, can suppress oxida-
tive stress which is involved in the onset of chronic diseases
like T2DM [53]. Furthermore, FV are rich sources of fiber
which can protect against diabetes by reducing adiposity and
postprandial glycaemia. In addition, fiber increases insulin
sensitivity [54]. Diets rich in FV can also improve the feel-
ing of fullness and consequently may decrease the intake of
energy-dense foods and lower the risk of obesity, which is a
risk factor for pre-diabetes and T2DM [55, 56].

The result of the Comprehensive Study on Household
Food Consumption Patterns and Nutritional Status of I.R.
Iran during 2001-2003 showed that the mean intake of fruits
and vegetables was 229.3 and 142.5 g/day, respectively [57].

Compared to these figures at a national level, the subjects
in the present study consumed much more fruits and vegeta-
bles. The reason may be the place of the study (Shahreza),
which has plenty of gardens and fruit trees.
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Selecting the subjects who were diagnosed within the
past 3 months was one of the strengths of the current
study, which minimized the possible effect of diagnosis
on the dietary report.

However, since participants were aware of their pre-
diabetes diagnosis, they may report their dietary intake
differently than the controls. Furthermore, in our statisti-
cal analysis, instead of adjusting only for a few dietary
factors, we adjusted for overall quality of diet. We found
that the inverse association between total FV and total
fruits and chance of pre-diabetes persisted after adjust-
ment for HEI. It appears that eating more FV is related to
lower OR of pre-diabetes, regardless of the quality of diet.
However, our study had some limitations. First, response
errors are possible in the FFQ. In addition, the evaluation
of reliability and validity of the FFQ used in our study
was performed in a different population. Second, like
all case—control studies, no cause and effect relationship
could be determined between the FV intake and pre-dia-
betes. Third, although we adjusted for many confounding
variables, residual confounding remains a possible con-
cern for our results, together with potential unmeasured
confounders. Fourth, the findings of the study might not
be generalized to other populations. Regardless of these
limitations, this study is among a few studies to exam-
ine the relationship between the FV intake and chance of
pre-diabetes.

In conclusion, we investigated the relationship between
the intake of FV and their specific subgroups and pre-dia-
betes. We found that higher consumption of total FV, total
fruits, cruciferous vegetables, other vegetables, and berries
might be associated with a lower OR of pre-diabetes. How-
ever, some parts of the results should be interpreted with
caution due to the lack of a dose—response relationship. Fur-
ther studies are needed to confirm these findings.
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