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used to estimate odds ratios and 95% confidence 
intervals (95% CI) of insulin resistance and overweight 
risk, according to quartiles of MSG consumption with 
the lowest quartile specifi ed as the reference group.

 The research protocols were approved by the 
Human Ethical Committee of Khon Kaen University # 
HE521205. 

Results
 Three hundred forty nine healthy adults both males and 
females, aged between 35 and 55 years were investigated. 
General characteristics of participants as shown in 
Table 1. Average intake of MSG from 324 families (349 
persons) was 3.98+2.20 gram/day/person. There 
were significant positive trends in prevalence of 
nsulin resistance and overweight across quartile of 
MSG consumption (Mantel-Haenszel Chi-square test, 
P=0.024 and P=0.001, respectively).  After adjustment 
of confounders including gender, age, daily energy 
and nutrient intake, physical activity, smoking status, 
and family history of diabetes mellitus, therewas positive 
association between overweight and MSG consumption 
(P for trend <0.001). The participants in the highest 
quartile of MSG consumption (5.3-14.0 g/day/person) 
had a 3.63-fold increased risk of overweight (95% CI; 
1.73-7.60), as compared to the lowest quartile (0-2.3 
g/day/person). However, the association with insulin 
resistance disappeared when adjusted for confounders 
(P for trend = 0.453) (Table 2). 

Introduction
 Monosodium glutamate (MSG), a fl avor enhancer 
agent, is widely used in a variety of foods. Although 
the evaluations conducted by the U.S. Food and Drug 
Administration (FDA) and some other organizations 
have confi rmed that the use of MSG was safe for the 
general population1. A recent INTERMAP study of 752 
healthy Chinese has reported that MSG intake may 
be associated with increased risk of overweight 
independence of physical activity and total energy 
intake2. In rodent models, dietary MSG caused signifi cantly 
increased in body weight 3, fasting levels of glucose and 
insulin, in addition to increase of insulin resistance in 
these animals 4. Although animal studies have indicated 
that MSG intake may cause insulin resistance, data on the 
human has not yet been reported.   There for we aimed 
to investigate the association of MSG consumption with 
obesity and insulin resistance in humans.

Methods
 To assess MSG consumption, families which 
regularly consume MSG and reside in Khon Kaen 
province were asked to use provided MSG in food 
preparation for 10 days, the total amount of MSG 
consumed in the households was divided by the 
numbers of individuals per household. Insulin resistance 
was defi ned as the homeostasis model assessment 
of insulin resistance (HOMA-IR) >3. Overweight was 
defi ned by BMI > 25 kg/m2. Logistic regression was 
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Table 1 General characteristics of study participants

Characteristics
Quartile of MSG consumption

P value
Q1 n=88 Q2 n=88 Q3 n=86 Q4 n=87

Women (%) 57 (64.8 %) 52 (59.1 %) 51 (59.3 %) 57 (65.5 %) 0.724

Age (years) 43.5 (39.2-48.0) 46.0 (40.0-51.3) 47.0 (41.8-51.3) 47.0 (41.0-51.0) 0.022 †

Diabetes mellitus history 25 (28.4 %) 26 (29.5 %) 25 (29.1 %) 26 (29.8 %) 0.99

Smoking status

    Never smoking 64 (72.7 %) 64 (72.7 %) 62 (72.1 %) 66 (75.9%) 0.405

    Former 2 (2.3 %) 3 (3.4%) 2 (2.3 %) 3 (3.4 %)

    < 10 cigarettes/day 14 (15.9 %) 5 (5.7 %) 10 (11.6 %) 11 (12.6 %)

    > 10 cigarettes/day 8 (9.1 %) 16 (18.2 %) 12 (14.0 %) 7 (8.1 %)

Physical activity level

    Sedentary lifestyle 7 (8.0 %) 17 (19.3 %) 8 (9.3 %) 16 (18.4%) 0.172

    Moderately active lifestyle 22 (25.0%) 14 (15.9%) 18 (20.9 %) 16 (18.4%)

    Vigorously active lifestyle 59 (67.0%) 57 (64.8%) 60 (69.8%) 55 (63.2%)

Dietary nutrient intake

    Energy intake*(kJ/day) 8860 + 2046 8513 + 1987 9076 + 2138 8513 + 2149 0.202

    Carbohydrate (g/day) 343.3 (285.6-343.3) 314.3 (259.2-380.1) 351.6 (279.8-433..6) 340.1 (279.1-401.8) 0.187

    Fat (g/day) 33.3 (24.5-44.6) 34.3 (28.4-42.3) 30.7 (25.1-44.2) 32.4 (24.1-43.4) 0.645

    Total protein (g/day) 80.9 (70.6-97.9) 79.1 (66.8-93.1) 83.3 (71.0-100.6) 79.1 (65.5-95.1) 0.349

    Animal protein (g) 42.0 (34.4-61.5) 40.2 (28.1-54.2) 43.5 (30.7-56.8) 42.3 (29.7-57.2) 0.598

    Vegetable protein (g) 29.8 (24.6-37.3) 27.2 (22.8-35.0) 30.2 (24.1-37.3) 29.2 (23.4-35.7) 0.43

    Calcium (mg/day) 492.3 (368.4-677.2) 441.7 (325.3--705.4) 452.9 (333.0-736.8) 415.2 (274.6-662.4) 0.14

    Iron (mg/day) 10.9 (8.6-13.9) 11.0 (8.6-14.2) 10.4 (8.1-13.4) 9.9 (6.5-12.3) 0.024 †

    Vitamin A (RE/day) 348.9 (214.3-613.3) 312.6 (190.5-627.6) 268 (143.0-484.0) 277.3 (171.5-439.7) 0.021 †

    Vitamin B1 (mg/day) 0.8 (0.60-1.11) 0.7 (0.50-1.20) 0.8 (0.56-1.10) 0.8 (0.50-1.20) 0.583

    Vitamin B2 (mg/day) 1.55 (1.13-2.03) 1.52 (1.20-1.92) 1.4 (1.10-1.95) 1.45 (1.20-2.00) 0.591

    Niacin (mg) 16.3 (14.2-19.5) 15.3 (12.7-18.1) 15.7 (14.1-20.0) 16.1 (13.8-19.2) 0.382

Metabolic risk factors

    HOMA-IR 2.07 (1.59-2.90) 2.33 (1.70-3.14) 2.04 (1.63-3.27) 2.75 (1.90-3.81) 0.014 †

    Insulin (pmol/L) 8.28 (6.51-12.34) 8.99 (7.13-12.66) 8.70 (6.80-11.94) 11.14 (7.81-14.55) 0.026

    Glucose (mmol/L) 97.0 (93.0-101.0) 97.0 (90.2-105.0) 98.0 (92.0-104.0) 99.0 (92.0-106.0) 0.589

    BMI* (kg/m2) 23.17 + 3.67 a 24.55 + 3.90 23.70 + 4.33 24.85 + 3.70 b 0.017 †

Data were expressed as Mean + SD or Median (Interquartile range). HOMA-IR indicates Homeostasis Model Assessment for insulin 

resistance; BMI, body mass index

*Adjust for gender and age.
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Table 2  Odds ratio (and 95% coeffi cient interval) and prevalence for insulin resistance and overweight according 
   to quartile of MSG consumption

Quartiles of MSG consumption P

Q1 Q2 Q3 Q4

No. of participants 88 88 86 87

Median MSG intake (range) 
g/day

1.75 (0.40-2.30) 2.95 (2.40-3.60) 4.30 (3.70-5.20) 6.30 (5.30-14.0)

Prevalence of HOMA-IR > 3 19 (21.6%) 22 (25.0%) 23 (26.7%) 32 (36.8%) 0.024

Insulin resistance* Reference 0.76 (0.34-1.73) 1.21 (0.55-2.70) 1.38 (0.64-2.98) 0.453

Prevalence of  BMI >25 
kg/m2

22 (25.0%) 43 (48.9%) 27 (31.4 %) 41 (47.1 %) <0.001

Overweight* Reference 4.05 (1.93-8.48) 1.65 (0.77-3.50) 3.63 (1.73-7.60) <0.001

*Adjustment for age, gender; total energy intake, physical activity levels, diabetes mellitus history, smoking status, 
carbohydrate, animal protein, vegetable protein, fat, iron, calcium, vitamin A, vitamin B1, vitamin B2 and Niacin.

Conclusion
 This study indicated that MSG consumption was 
positively associated with increased risk of overweight. 
However, no association exists between MSG 
consumption and insulin resistance after adjustment for 
confounding factors. 
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