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White Rice Consumption is a Risk Factor for Metabolic Syndrome
in Tehrani Adults: A Prospective Approach in Tehran Lipid and Glucose Study
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Abstract
Background: Consumption of white rice has been proposed as a dietary risk factor for development of metabolic disorders and type 2
diabetes, especially in populations who consume white rice as a staple food. In this study, we investigated the association between conVXPSWLRQRIZKLWHULFHDQGWKHRFFXUUHQFHRIPHWDEROLFV\QGURPHLQ7HKUDQLDGXOWVDIWHU\HDUVRIIROORZXS
Methods:7KLV ORQJLWXGLQDO VWXG\ZDV FRQGXFWHGZLWKLQ WKH IUDPHZRUN RI WKH7HKUDQ /LSLGDQG *OXFRVH 6WXG\ RQ  DGXOWVDJHG
±\HDUV'LHWDU\LQWDNHVZHUHPHDVXUHGXVLQJDYDOLGDWHGVHPLTXDQWLWDWLYHIRRGIUHTXHQF\TXHVWLRQQDLUHDWEDVHOLQH%LRFKHPLFDO
DQGDQWKURSRPHWULFPHDVXUHPHQWVZHUHDVVHVVHGDQGGRFXPHQWHGDWEDVHOLQH ± DQGDJDLQ\HDUVODWHU ± 0XOWLSOH
ORJLVWLFUHJUHVVLRQPRGHOVZHUHXVHGWRHVWLPDWHWKHRFFXUUHQFHRIWKH0HW6LQHDFKTXDUWLOHRIZKLWHULFHFRQVXPSWLRQ
Results:7KHPHDQDJHRISDUWLFLSDQWVZDV\HDUVDQGPHDQ%0,ZDV.JP2DWEDVHOLQH3DUWLFLSDQWVLQWKHKLJKHVW
TXDUWLOHRIZKLWHULFHFRQVXPSWLRQZHUHVLJQL¿FDQWO\\RXQJHUKDGORZHU+'/&OHYHOVDQGKLJKHUV\VWROLFDQGGLDVWROLFEORRGSUHVVXUHVDW
EDVHOLQH P +LJKHUFRQVXPSWLRQRIZKLWHULFHZDVDOVRDFFRPSDQLHGE\KLJKHULQFUHDVHLQVHUXPWULJO\FHULGHOHYHOVDIWHUWKH\HDU
IROORZXS vs.P $IWHUDGMXVWPHQWIRUDOOSRWHQWLDOFRQIRXQGHUVWKHULVNRIPHWDEROLFV\QGURPHLQWKHKLJKHVW
TXDUWLOHRIZKLWHULFHFRQVXPSWLRQFRPSDUHGZLWKWKHORZHVWZDV &,± 0RUHRYHUSDUWLFLSDQWVZLWKFHQWUDOREHVLW\ORZ
SK\VLFDODFWLYLW\RUORZ¿EHUGLHWKDGJUHDWHUULVNRIPHWDEROLFV\QGURPHLIZKLWHULFHFRQVWLWXWHGRIWRWDOHQHUJ\
Conclusion::HGHPRQVWUDWHGWKDWKLJKHUFRQVXPSWLRQRIZKLWHULFHPD\EHDULVNIDFWRUIRUGHYHORSPHQWRIPHWDEROLFV\QGURPHDPRQJ
Iranian adults.
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Introduction

M

etabolic syndrome, also named the insulin resistance
V\QGURPH KDV EHHQ LGHQWL¿HG DV D FOXVWHULQJ RI PHWDbolic disorders including abdominal obesity, impaired
glucose homeostasis, dyslipidemia (increased triglycerides and
reduced high-density lipoprotein cholesterol) and hypertension,
all of which directly promote the development of type 2 diabetes
and cardiovascular disease.1,2 Lifestyle factors, especially physical activity and dietary patterns have been considered as major
factors contributing to the incidence of metabolic syndrome
among different populations worldwide.3–6 Effects of total dietary
carbohydrate, as well as its sources and quality, on insulin resistance and metabolic syndrome is one of the most controversial
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LVVXHVKRZHYHUPRVWVWXGLHVKDYHFRQFOXGHGWKDW¿EHUULFKFDUERK\GUDWHVRXUFHVVXFKDVZKROHJUDLQVXQOLNHSRRU¿EHUFDUERK\GUDWH VRXUFHV VXFK DV UH¿QHG JUDLQV OHDG WR EHWWHU PHWDEROLF
outcomes, particularly attenuation of insulin resistance, a main
feature of metabolic syndrome.7–9 Rice is an important grain and
is considered as staple food for two-thirds of the world population.
Compared to brown rice (hulled rice), white rice is the predominant type of rice consumed.10 In contrast to brown rice, white rice
FRQWDLQVPRUHVWDUFKOHVV¿EHUELRDFWLYHFRPSRQHQWVYLWDPLQV
and minerals, and has higher glycemic index (64 ± 7 vs. 55 ± 5).
11,12
Although most investigations suggested that consumption of
white rice contributes to development of type 2 diabetes and cardiometabolic risk factors, particularly among populations including Asians who consume rice as a staple food, some studies have
reported different results12–16. Currently, it seems that there is no
consensus on this subject.
In the Iranian dietary patterns, white rice is a main component
and provides a major part of daily energy and carbohydrate requirements17. To our knowledge, however, the effects of habitual
white rice consumption on metabolic outcomes, especially the
metabolic syndrome, have been rarely studied in this population.
In the current prospective population-based study, we aimed to
answer the question whether consumption of white rice could affect the occurrence of metabolic syndrome after 3 years of followup in Tehrani adults.
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Material and Methods
Study population
This study was conducted within the framework of the Tehran
/LSLGDQG*OXFRVH6WXG\ 7/*6 %ULHÀ\7/*6LVDFRPPXQLW\
based ongoing prospective study being conducted to investigate
and prevent non-communicable diseases in a representative samSOH RI UHVLGHQWV DJHG  \HDUV IURP GLVWULFW  RI7HKUDQ WKH
FDSLWDORI,UDQ7KH¿UVWSKDVHRIWKH7/*6EHJDQLQ0DUFK
and data collection, at three-year intervals, is ongoing.18
Baseline examination of the current study included 2799 adults
(1129 men and 1438 women), aged 19–70 years, with complete
data (demographics, anthropometrics, biochemicals and dietary
data), who participated in the third phase of TLGS (2006–2008).19
3DUWLFLSDQWVZHUHH[FOXGHGIURPWKH¿QDODQDO\VLVLIWKH\UHSRUWHG
implausible energy intake (below 800 Kcal/d or over 4200 Kcal/d)
RUZHUHRQVSHFL¿FGLHWV Q  KDGQRIROORZXSLQIRUPDtion on anthropometrics and biochemical measurements on the
second examination in 2009–2011 (n = 629), or were consistent
ZLWKWKHGH¿QLWLRQRIPHWDEROLFV\QGURPHDWEDVHOLQH Q  
Finally, data from 1476 participants was included in the analysis.
The mean duration of the follow-up was approximately 3 years.
Informed written consents were obtained from all participants
and the study protocol was approved by the ethics research council of the Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences.
0HWDEROLF V\QGURPH FRPSRQHQWV ZHUH GH¿QHG DFFRUGLQJ WR
the diagnostic criteria proposed by NCEP ATP III,20 and the new
cutoff points of waist circumference for Iranian adults.21 Participants were considered to have metabolic syndrome at baseline if
possessing least 3 of the metabolic abnormalities: 1) HyperglycePLD)DVWLQJEORRGJOXFRVHPJG/ PPRO/ RUPHGLFDO
treatment of impaired fasting glucose; 2) Hypertriglyceridemia:
6HUXPWULJO\FHULGHVPJG/ PPRO/ RUPHGLFDOWUHDWment; 3) Low HDL-C: Serum HDL-cholesterol <40 mg/dL (1.04
mmol/L) for men, and <50 mg/dL (1.29 mmol/L) for women
RUPHGLFDOWUHDWPHQW +\SHUWHQVLRQ%ORRGSUHVVXUH
mmHg or medical treatment for hypertension and 5) Abdominal
REHVLW\:DLVWFLUFXPIHUHQFHFPIRUERWKJHQGHUV0HWDEROLF
syndrome incidence after the 3-year follow-up was determined by
the same criteria used at baseline. After 3 years, 249 participants
were diagnosed with metabolic syndrome.
Data collection
At baseline, some known or suspected risk factors for metabolic
syndrome including age, smoking status, educational level, body
mass index, waist circumference and physical activity were assessed. Smoking status was determined through face-to-face interviews; subjects who smoked on a daily basis or occasionally
were considered current smokers, while non-smokers included
those who had never smoked and those who had quit smoking.
Weight was measured to the nearest 100 g using digital scales,
while the subjects were minimally clothed without shoes. Height
was measured to the nearest 0.5 cm, in a standing position without shoes, using a tape meter. Body mass index was calculated
as weight (Kg) divided by height squared (m2). Physical activity
level was assessed based on the frequency and time spent on light,
moderate, high and very high intensity activities according to the
list of common activities of daily life over the past year. Physical
activity levels were expressed as metabolic equivalent hours per
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week (METs h/wk).
To identify the metabolic syndrome, its components including
waist circumference, fasting blood glucose, serum triglycerides,
HDL-C, and blood pressure were assessed at baseline and again
after 3 years. Waist circumference (WC) was measured to the
nearest 0.1 cm (at anatomical landmarks), at the widest portion,
over light clothing, using a soft, tape meter, without any pressure to the body. Fasting blood samples were taken after 12–14
hours from all study participants at baseline and after a 3-year
follow-up. Fasting plasma glucose (FPG) was measured by the
enzymatic colorimetric method using glucose oxidase. Triglyceride (TG) level was measured by enzymatic colorimetric analysis
with glycerol phosphate oxidase. High-density lipoprotein cholesterol (HDL-C) was measured after precipitation of the apolipoprotein-B-containing lipoproteins with phosphotungstic acid.
Analyses were performed using Pars Azmoon kits (Pars Azmoon
,QF7HKUDQ,UDQ DQGD6HOHFWUDDXWRDQDO\]HU 9LWDO6FLHQWL¿F
6SDQNHUHQWKH1HWKHUODQGV ,QWHUDQGLQWUDDVVD\FRHI¿FLHQWVRI
variation of all assays were both <5%. For blood pressure (BP)
measurements, after a 15-minute rest in the sitting position, two
measurements of BP were taken on the right arm, using a standardized mercury sphygmomanometer; the mean of the two measurements was considered as the participant’s BP.
2Q¿UVWH[DPLQDWLRQDLWHPIRRGIUHTXHQF\TXHVWLRQQDLUH
(FFQ) was used to assess typical food intake over the previous
year. The validity of the food frequency questionnaire was previously evaluated by comparing food groups and nutrient values
determined from the questionnaire with values estimated from the
average of twelve 24-h dietary recall surveys.22 Trained dietitians,
with at least 5 years of experience in the TLGS survey, asked participants to designate their intake frequency for each food item
consumed during the past year on a daily, weekly, or monthly basis. Portion sizes of consumed foods reported in household measures were then converted to grams.
To analyze foods and beverages for their energy and nutrient
content, we used the US Department of Agriculture FCT because
the Iranian Food Composition Table is incomplete, and has limited
data on nutrient content of raw foods and beverages. Dietary intakes of participants including dietary energy and energy density,
macronutrients, micronutrients, and food groups, were determined.
Statistical methods
3DUWLFLSDQWV ZHUH FODVVL¿HG LQWR TXDUWLOHV RI GDLO\ FRQVXPStion of white rice at baseline. Confounding variables considered
were sex, age (years, continuous), BMI (Kg/m2, continuous), total
energy intake (Kcal/d), dietary intake of carbohydrate (g/d), proWHLQ JG WRWDO¿EHU JG 7KHDVVRFLDWLRQEHWZHHQFRQIRXQGLQJ
factors and daily consumption of white rice was assessed by chisquare test for categorical variables and linear regression analysis
for continuous variables.
Participant characteristics, baseline MetS components and
3-year changes, and the prevalence of MetS on the follow-up
examination were compared across quartile categories of white
rice consumption using chi-square test for categorical variables or
general linear models with adjustment of sex and age for continuous variables.
Mean dietary intakes of participants were compared across quartile categories of white rice consumption using the general linear
model, adjusted for sex, age (years, continuous), and energy intakes (Kcal/d). To estimate the odds (95% CI) of MetS on the
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8.2% in men and women, respectively).
Compared with participants in the lowest quartile, those in the highHVW TXDUWLOH RI ZKLWH ULFH FRQVXPSWLRQ ZHUH VLJQL¿FDQWO\ \RXQJHU
(35.7 vs. 39.9 years, P 7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFH
between baseline characteristics of participants, baseline and 3-year
changes of metabolic syndrome components across categories of
white rice consumption (Table 1). The mean dietary intake of participants across quartile categories of fast food consumption are shown
in Table 2. Men and women who consumed higher white rice had
lower energy intake and higher dietary energy density (P < 0.05).
In addition, higher consumption of white rice was associated with
higher intake of carbohydrates, and lower intake of proteins, total
fats, saturated fats and cholesterol (P 7KHUHZDVDVLJQL¿FDQW
decreasing trend in dietary intake of whole grains, vegetables (both
starchy and non-starchy), fruits, total meat and dairy products with
increasing consumption of white rice (P < 0.05). Dietary intakes of
SRWDVVLXPFDOFLXPYLWDPLQV&DQG(DQGULERÀDYLQLQSDUWLFLSDQWV
ZLWKKLJKHUFRQVXPSWLRQRIZKLWHULFHZHUHVLJQL¿FDQWO\ORZHUZKLOH
Results
dietary intake of thiamine was higher in these participants (P < 0.05).
The mean age of participants was 37.8 ± 12.3 years, and mean BMI The odds and 95% CI for occurrence of the metabolic syndrome in
was 26.0 ± 4.5 Kg/m2 at baseline. Thirty nine percent of the partici- each quartile category of white rice consumption after the 3-year
pants were men. The mean weight gain was 1.87 ± 5.14 Kg (2.20 ± follow-up are presented in Table 3.
,QWKHDJHDQGVH[DGMXVWHGPRGHODQRQVLJQL¿FDQWLQYHUVHDV5.3 Kg in men and 1.65 ± 4.93 Kg in women) during the 3-year peULRGWKHUHZDVQRVLJQL¿FDQWGLIIHUHQFHLQPHDQZHLJKWJDLQDFURVV sociation was observed between white rice consumption and the
quartiles of white rice consumption. Mean daily intake of white rice risk of the metabolic syndrome. In the second model, after addiwas 249 ± 173 g/d (293 ± 188 and 220 ± 156 g/d, in men and women, WLRQDODGMXVWPHQWIRUERG\PDVVLQGH[ZHREVHUYHGDVLJQL¿FDQW
respectively). Mean daily energy intake of white rice from total en- association between white rice consumption and the metabolic
ergy intake also was 14.3% ± 8.56% (16.1% ± 8.8% and 13.1% ± syndrome (OR: 1.54, 95% CI: 1.01–2.37). To modify potential efsecond examination for quartile categories of white rice consumption, multivariable logistic regression models were used, with the
lowest category used as reference. To assess the overall trends of
the odds ratios of the metabolic syndrome across quartile categories of white rice consumption, median intake of white rice in each
quartile was used as a continuous variable in the logistic regression models. We also conducted additional analyses to estimate
the odds of the metabolic syndrome in each quartile category of
ZKLWHULFHFRQVXPSWLRQVWUDWL¿HGE\FDWHJRULHVRIZDLVWFLUFXPIHUHQFH DQGFP ERG\PDVVLQGH[ DQG.JP2),
GLHWDU\IDW DQGRIHQHUJ\LQWDNH GLHWDU\¿EHU 
DQG  J .FDO RI HQHUJ\ LQWDNH  SK\VLFDO DFWLYLW\ OHYHOV
PHGLDQDQGPHGLDQ 7KHVHDQDO\VHVZHUHDGMXVWHGIRUDOOWKH
above mentioned confounders.
All statistical analysis were conducted using SPSS (Version 16.0;
Chicago, IL), and P YDOXHVZHUHFRQVLGHUHGVLJQL¿FDQW

Table 1.&KDUDFWHULVWLFVRISDUWLFLSDQWVE\FDWHJRULHVRIZKLWHULFHFRQVXPSWLRQ7HKUDQ/LSLGDQG*OXFRVH6WXG\
(n = 1476)

Rice consumption (g/d)
Range(g/d/1000 Kcal)
Mean
Age at baseline (years)
Men (%)
Physical activity (Met-h/week)*
Current smoker (%)
Weight
At baseline (Kg)*
3-year changes (%)*
Waist circumference
At baseline (cm)*
3-year changes (%)*
Serum triglycerides
At baseline (mg/dL)*
3-year changes (%)*
Serum HDL-C
At baseline (mg/dL)*
3-year changes (%)*
Fasting serum glucose
At baseline (mg/dL)*
3-year changes (%)*
Systolic blood pressure
At baseline (mmHg)*
3-year changes (%)*
Diastolic blood pressure
At baseline (mmHg)*
3-year changes (%)*
Metabolic syndrome (%)

Q1
(n = 369)

Q2
(n = 369)

Q3
(n = 369)

Q4
(n = 369)

<68
93 ± 59
39.9 ± 12.3
27.4
33.5 ± 2.4
9.5

68–102
209 ± 58
38.2 ± 12.0
39.7
36.6 ± 2.4
9.8

103–142
262 ± 60
37.5 ± 12.6
39.8
32.7 ± 2.4
9.1

>142
432 ± 224
35.7 ± 12.2 **
50.4
38.1 ± 2.4
11.1

71.0 ± 0.64
2.8 ± 0.4

69.3 ± 0.64
2.9 ± 0.4

70.4 ± 0.64
2.9 ± 0.4

68.7 ± 0.64
3.3 ± 0.4

85.5 ± 0.56
5.9 ± 0.44

86.5 ± 0.55
6.2 ± 0.44

85.9 ± 0.55
7.0 ± 0.44

86.0 ± 0.56
7.2 ± 0.44

114 ± 3.1
8.2 ± 2.3

112 ± 3.1
7.8 ± 2.3

118 ± 3.1
7.1 ± 2.3

120 ± 3.1
9.9 ± 2.3 **

45.2 ± 0.5
14.6 ± 1.1

43.9 ± 0.5
13.8 ± 1.1

43.9 ± 0.5
13.1 ± 1.1

42.8 ± 0.5 **
11.2 ± 1.1

84.9 ± 0.57
6.8 ± 0.5

85.9 ± 0.56
6.3 ± 0.5

85.9 ± 0.56
6.7 ± 0.5

86.8 ± 0.57
7.4 ± 0.5

106 ± 0.7
3.9 ± 1.4

108 ± 0.7
6.6 ± 1.4

108 ± 0.7
4.5 ± 1.4

110 ± 0.7 **
4.1 ± 1.4

70 ± 0.5
5.2 ± 1.1
17.1

71 ± 0.5
6.0 ± 1.1
16.8

72 ± 0.5
7.5 ± 1.1
16.9

73 ± 0.5 **
8.3 ± 1.1
17.9

Data are mean ± SD unless stated otherwise. * Adjusted for age and sex. ** 6LJQL¿FDQWGLIIHUHQFHVDFURVVTXDUWLOHVRIZKLWHULFHFRQVXPSWLRQ &KLVTXDUHWHVW
analysis of variance, or linear regression models with adjustment for sex and age was used).
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Table 2.'LHWDU\LQWDNHVRISDUWLFLSDQWVE\FDWHJRULHVRIZKLWHULFHFRQVXPSWLRQ7HKUDQ/LSLGDQG*OXFRVH6WXG\
(n = 1476)
Q1
(n = 369)

Q2
(n = 369)

Q3
(n = 369)

Q4
(n = 369)

93 ± 59
121 ± 76
5.1 ± 2.6

209 ± 58
271 ± 76
10.9 ± 1.3

262 ± 60
342 ± 78
15.5 ± 1.4

432 ± 224
561 ± 292
25.6 ± 7.5

2342 ± 32
96 ± 1.2
317 ± 2.2

2492 ± 32
96 ± 1.2
320 ± 2.2

2204 ± 32
97 ± 1.2
330 ± 2.2

2106 ± 32 *
100 ± 1.2 *
344 ± 2.2 *

Fat (g/d)

85 ± 0.9

84 ± 0.9

79 ± 0.9

72 ± 0.9

Protein (g/d)

81 ± 0.7

78 ± 0.7

76 ± 0.7

73 ± 0.7 *

Cholesterol (mg/d)

244 ± 5.8

235 ± 5.8

226 ± 5.8

196 ± 5.8 *

11.2 ± 0.3
41.1 ± 0.8

10.9 ± 0.3
38.4 ± 0.8

10.5 ± 0.3
37.4 ± 0.8

10.1 ± 0.3 *
32.5 ± 0.8 *

120 ± 5.2

87 ± 5.2

86 ± 5.2

72 ± 5.2 *

White rice consumption
g/d
Kcal/d
Kcal/total energy intake
Energy and macronutrients
Energy intake (Kcal/d)
Energy density(Kcal/100 g of foods)
Carbohydrate (g/d)

Saturated fatty acid (% of total energy)
7RWDO¿EHU JG
Food groups
Whole grains (g/d)

Fruits (g/d)
461 ± 14.4
428 ± 14.4
384 ± 14.4
Starchy vegetables (g/d)
31.0 ± 1.3
29.1 ± 1.3
27.5 ± 1.3
Non-starchy vegetables (g/d)
307 ± 9.0
259 ± 9.0
259 ± 9.0
Legumes (g/d)
17.6 ± 1.1
14.9 ± 1.1
15.4 ± 1.1
Dairy (g/d)
504 ± 14.5
498 ± 14.5
478 ± 14.5
Nuts (g/d)
6.3 ± 0.5
6.7 ± 0.5
7.6 ± 0.5
Total meat (g/d)
72 ± 2.2
65 ± 2.2
63 ± 2.2
Micronutrients
Sodium (g/d)
4.7 ± 0.2
4.7 ± 0.2
4.4 ± 0.2
Potassium (g/d)
4.1 ± 0.05
3.8 ± 0.05
3.7 ± 0.05
Calcium (mg/d)
1306 ± 19.2
1287 ± 19.2
1248 ± 19.2
Vitamin C
164 ± 4.1
152 ± 4.1
143 ± 4.1
Vitamin E
12.6 ± 0.2
12.4 ± 0.2
11.5 ± 0.2
Thiamin
1.8 ± 0.02
1.8 ± 0.02
1.9 ± 0.02
5LERÀDYLQ
2.2 ± 0.03
2.1 ± 0.03
1.9 ± 0.03
Niacin
22 ± 0.5
21.5 ± 0.5
21.8 ± 0.5
Data are mean ± SEM (adjusted for age, sex, or energy intake)
*
P <0.05; linear regression models were used to compare dietary intakes of participants across quartiles of white rice consumption.

315 ± 14.4 *
24.7 ± 1.3 *
231 ± 9.0 *
14.4 ± 1.1
397 ± 14.5 *
7.1 ± 0.5
61 ± 2.2 *
4.2 ± 0.2
3.3 ± 0.05 *
1089 ± 19.2 *
121 ± 4.1 *
10.7 ± 0.2 *
2.1 ± 0.02 *
1.7 ± 0.03 *
23 ± 0.5

Table 3.2GGVDQGFRQ¿GHQFHLQWHUYDOIRURFFXUUHQFHRIWKHPHWDEROLFV\QGURPHDIWHU\HDUIROORZXSLQHDFKTXDUWLOHFDWHJRULHVRIZKLWHULFH
FRQVXPSWLRQ7HKUDQ/LSLGDQG*OXFRVH6WXG\
(n = 1476)
Q1
Q2
Q3
Q4
P for trend*
(n = 369)
(n = 369)
(n = 369)
(n = 369)
Model 1 *
1
0.96 (0.64–1.44)
1.06 (0.71–1.57)
1.22 (0.81–1.82)
0.51
Model 2 ***
1
1.13 (0.73–1.74)
1.82)–0.78)1.19
1.54 (1.01–2.37)
0.23
Model 3 ¶
1
1.11 (0.72–1.72)
1.23 (0.79–1.89)
1.66 (1.04–2.66)
0.18
*
To assess the overall trends of odds ratios across quartile categories of white rice consumption, the median for each quartile was used as a continuous variable
in logistic regression models. **Adjusted for age at baseline (years) and sex. ***Additional adjustment for body mass index at baseline (Kg/m2). ¶Additional
DGMXVWPHQWIRUHQHUJ\LQWDNH .FDOG FDUERK\GUDWH JG SURWHLQ JG ¿EHU JG 
Table 4.6WUDWL¿HGDQDO\VHVRIZKLWHULFHFRQVXPSWLRQE\DQWKURSRPHWULFGLHWDU\IDFWRUVDQGSK\VLFDODFWLYLW\FDWHJRULHVRQWKHRFFXUUHQFHRIWKH
PHWDEROLFV\QGURPH7HKUDQ/LSLGDQG*OXFRVH6WXG\
(n = 1476)
wais circumference (cm)
<95
Q1

1



Body mass index (Kg/m2)
<25

Dietary fat (% of energy) 'LHWDU\¿EHU J.FDO



<30

1

1



<14



Physical activity (MET/h-w)
<median

>median

1

1

1

1

1

1

1

0.59
Q2
(0.34–1.04)

1.72
(0.88–3.36)

0.87
(0.33–2.28)

1.02
1.28
(0.64–1.62) (0.65–2.54)

0.82
(0.49–1.38)

1.00
(0.43–2.33)

1.2
(0.72–2.03)

1.68
(0.84–3.37)

0.82
(0.46–1.44)

Q3

0.92
(0.54–1.55)

1.56
(0.78–3.12)

0.78
(0.27–2.22)

1.17
1.18
(0.70–1.71) (0.59–2.33)

1.10
(0.65–1.87)

1.83
(0.83–4.05)

0.99
(0.58–1.69)

1.53
(0.75–3.11)

1.02
(0.58–1.79)

Q4

1.02
(0.58–1.78)

2.35
(1.08–5.10)

1.40
(0.47–4.15)

1.33
1.56
(0.80–2.20) (0.78–3.10)

1.30
(0.71–2.40)

2.38
(1.05–5.41)

1.14
(0.60–2.15)

2.73
(1.31–5.71)

1.12
(0.58–2.11)

'DWDDUHRGGUDWLR FRQ¿GHQFHLQWHUYDO PXOWLYDULDEOHORJLVWLFUHJUHVVLRQPRGHOVZHUHXVHGZLWKDGMXVWPHQWIRUVH[DJH \HDUVFRQWLQXRXV ERG\PDVVLQGH[
at baseline (Kg/m2 WRWDOHQHUJ\LQWDNH .FDOG FDUERK\GUDWH JG SURWHLQ JG ¿EHU JG 
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HUFRQVXPSWLRQRIZKLWHULFHGH¿QHGDVVHUYLQJVZHHNFRPpared to <1 serving/month, was related to increased risk of type 2
diabetes (RR: 1.17, 95% CI: 1.02–1.36); in contrast, higher conVXPSWLRQRIEURZQULFHGH¿QHGDVVHUYLQJVZHHNFRPSDUHG
to <1 serving/month decreased the risk of type 2 diabetes.26 The
same results were obtained in a follow-up of middle-age Chinese
women; multivariable-adjusted relative risk of type 2 diabetes was
1.78 (95% CI: 1.48–2.15) for women who consumed rice > 300
g/d; this relative risk increased in women who had greater waist to
KLSUDWLR  ZHUHRYHUZHLJKW %0, KDGORZSK\VLFDO
activity levels, or had higher insulin resistance.15 In contrast with
our results and other studies, a 5-year follow-up of Chinese adults
in the Jiangsu Nutrition Study showed that consumption of white
rice >401 g/day was associated with less weight gain (-2.08 kg,
95% CI: -2.75, -1.41), and 42% lower risk of hypertension compared to rice consumption of <200 g/day.14
In our study, we observed that participants with overweight and
abdominal obesity were also at greater risk of metabolic disorders
if they consumed more white rice. Another study also reported
that overweight and obese subjects were more susceptible to metaDiscussion
bolic disorders, type 2 diabetes and cardiovascular disease if they
In this prospective study, we observed a positive association be- had a high carbohydrate diet, high glycemic index diet or higher
tween daily consumption of white rice and the occurrence of the consumption of white rice.15,27
Considering the null association which we observed between
metabolic syndrome after a 3-year follow-up in Tehrani adults.
This association was strengthened after considering potential con- ZKLWHULFHFRQVXPSWLRQDQGWKHPHWDEROLFV\QGURPHLQKLJK¿EHU
founders of the metabolic syndrome and dietary factors. Mean GLHW J.FDO FRPSDUHGWRWKHPRUHSURQRXQFHGDVVRFLDdaily consumption of white rice > 430 g/d (more than 25% of total tion between consumption of white rice and the metabolic synenergy intake/d) increased the risk of the metabolic syndrome in GURPHLQORZ¿EHUGLHWV J.FDO LWFDQEHFRQFOXGHG
men and women approximately up to 66%. In our study, strati- WKDW KLJKHU LQWDNH RI GLHWDU\ ¿EHU DQG ¿EHUULFK IRRGV FRXOG DW¿HGDQDO\VLVDOVRVKRZHGWKDWDGYHUVHHIIHFWVRIZKLWHULFHFRQ- tenuate the adverse metabolic outcomes of white rice consumpsumption on the occurrence of the metabolic syndrome may be WLRQ5HFHQW¿QGLQJVIURPWKH.RUHDQ*HQRPHDQG(SLGHPLRORJ\
strengthened in participants who had abdominal obesity, were Study revealed that rice-eating patterns, including consumption of
white rice either per se or combined with beans or grains, could
SK\VLFDOO\LQDFWLYHRUKDGDORZ¿EHUGLHW
In our study, we observed that higher consumption of white rice have different effects on the risk of the metabolic syndrome; conwas related to lower dietary intake of potassium, calcium, vitamin sumption of rice with beans and multi-grains, compared to white
& YLWDPLQ ( DQG ULERÀDYLQ ZKLFK FRXOG EH FRQVLGHUHG LQ OLQH ULFHZDVVLJQL¿FDQWO\UHODWHGWRORZHUULVNRIFHQWUDOREHVLW\DQG
with lower consumption of dairy products, fruits and vegetables. impaired fasting glucose.28 Other studies have also emphasized
Moreover, dietary intake of thiamine was increased across the that combination of white rice with whole grains, including barely
quartile categories of white rice consumption; the explanation for or brown rice, was accompanied by better postprandial outcomes
this observation is that although white rice contains less thiamine including reduced postprandial levels of glucose, insulin and ghrecompared to whole grains and nuts, increased consumption of lin, as well as better weight control, and improvement of lipid pro¿OHVDQGDQWLR[LGDQWHQ]\PHVDFWLYLW\29,307KHVH¿QGLQJVFRXOGEH
white rice is accompanied by higher thiamine intake.
In this study, higher consumption of white rice was also associ- the basis for dietary recommendations among populations eating
ated with lower energy intake (Kcal) but higher energy density white rice as a staple food.
Although most related studies provide evidence that high con.FDOJRIIRRGV VLQFHGLHWDU\¿EHULVDPDLQGHWHUPLQDQWRI
GLHWDU\HQHUJ\GHQVLW\VLJQL¿FDQWO\ORZHULQWDNHRIGLHWDU\¿EHULQ sumption of white rice is associated with undesirable metabolic
the highest quartile category of white rice could explain this ob- outcomes, potential mechanisms have not been explained clearly.
servation. Studies showed that higher energy density is associated White rice has a high glycemic index and is a predominant conwith higher risk of the metabolic syndrome and its components.23,24 tributor to dietary glycemic load, especially among populations
Most studies conducted among Asian populations indicate that which consume white rice as a staple food; studies show that high
consumption of white rice is a dietary risk factor for development glycemic load and glycemic index diet independently increase the
of abdominal obesity, type 2 diabetes, insulin resistance and the risk of developing type 2 diabetes and related disorders.31 Regular
metabolic syndrome,15,16 although contradictory results have also consumption of high GI foods could induce chronic hyperglycebeen reported.14 A recent meta-analysis reported that the average PLDDQGLQFUHDVHGZRUNORDGRISDQFUHDWLFȕFHOOVDVZHOODVLQVXintake levels of white rice in Asian populations were 3-4 servings/ lin resistance, through increased free fatty acid levels and counter
day, while they were 1–2 servings/week among Western popu- regulatory hormones. These metabolic changes lead to decreased
lations. Comparing the highest to the lowest levels of white rice concentration of HDL-cholesterol, increased oxidative stress and
consumption, the relative risk of type 2 diabetes was 1.55 (95% endothelial dysfunction.32,33 As compared to whole grains which
CI: 1.20–2.01) in Asian populations, whereas it was 1.11 (1.08 to are minimally processed, white rice has lower amounts of essen1.14) in Western populations.25 In a prospective cohort study, high- WLDO QXWULHQWV DQG ELRDFWLYH FRPSRXQGV LQFOXGLQJ ¿EHU OLJQDQV
fects of dietary factors, we made additional adjustments for total
daily energy intake, dietary intake of carbohydrate, protein, and
¿EHULQWKHODVWPRGHOWKHUHVXOWVVKRZHGDQHOHYDWHGULVNRIWKH
metabolic syndrome in the highest quartile of white rice consumpWLRQ 25&,± )XUWKHUDQDO\VHVVWUDWL¿HGE\
categories of waist circumference and body mass index showed
that higher consumption of white rice was more strongly related
to the risk of the metabolic syndrome in participants with abdominal obesity (OR: 2.35, 95% CI: 1.08–5.10 vs. OR:1.02, 95% CI:
±  7DEOH $GGLWLRQDODQDO\VHVVWUDWL¿HGE\FDWHJRULHV
RIGLHWDU\IDWDQGGLHWDU\¿EHUDOVRUHYHDOHGWKDWWKHDVVRFLDWLRQ
of white rice and the risk of the metabolic syndrome was more
SURQRXQFHGLQSDUWLFLSDQWVRQORZ¿EHUGLHWV 25&,
1.05 – 5.41 vs. OR: 1.14, 95% CI: 0.60 – 2.15). Compared to highly active persons, participants with lower physical activity levels
(<median) had greater risk of the metabolic syndrome in relation
to higher consumption of white rice (OR: 2.73, 95% CI: 1.31–5.71
vs. OR: 1.12, 95% CI: 0.58–2.11) (Table 4).
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phytoesterogens, phenolic compounds and acid phytic, vitamins
and minerals. It is obvious then that consumption of white rice as
WKHEDVLFGLHWDU\JUDLQOHDGVWRDGLHWORZLQ¿EHUQXWULHQWVDQG
phytochemicals which have health promoting effects and prevent
against metabolic disorders.34
Some limitations of the current study should be considered; the
usual dietary intakes of participants were assessed only at baseline, while several evaluations of dietary intakes could have increased the validity of the results. Using the USDA FCT, rather
than a comprehensive Iranian FCT is another limitation.
In conclusion, we demonstrated that higher consumption of
white rice may increase the incidence of the metabolic syndrome,
especially in subjects with central obesity, low physical activLW\ RU ORZ¿EHU GLHW LQGHSHQGHQWO\ IURP NQRZQ DQG VXVSHFWHG
confounding variables. However, the weak association warrants
further studies to clarify this association.
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