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  Abstract
  Animal studies and one large cross-sectional study of 752 healthy Chinese men and women suggest that monosodium glutamate (MSG) may be associated with overweight/obesity, and these findings raise public concern over the use of MSG as a flavour enhancer in many commercial foods. The aim of this analysis was to investigate a possible association between MSG intake and obesity, and determine whether a greater MSG intake is associated with a clinically significant weight gain over 5 years. Data from 1282 Chinese men and women who participated in the Jiangsu Nutrition Study were analysed. In the present study, MSG intake and body weight were quantitatively assessed in 2002 and followed up in 2007. MSG intake was not associated with significant weight gain after adjusting for age, sex, multiple lifestyle factors and energy intake. When total glutamate intake was added to the model, an inverse association between MSG intake and 5 % weight gain was found (P = 0·028), but when the model was adjusted for either rice intake or food patterns, this association was abolished. These findings indicate that when other food items or dietary patterns are accounted for, no association exists between MSG intake and weight gain.
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   Glutamate, a derivative of the non-essential amino acid, l-glutamate, is the most abundant amino acid found in nature, and it is present, in a free and bound form, in many foods of animal and plant origin. Food additives such as monosodium glutamate (MSG) or hydrolysed vegetable proteins are also significant sources. Glutamate is a major taste component of dietary protein, and its unique taste has been described as ‘Umami’(Reference Kurihara and Kashiwayanagi1, Reference Yamaguchi and Ninomiya2). Evidence from human subjects, rats and non-primates indicate that free glutamate functions as a signal to regulate protein intake and nutritional status(Reference Smriga and Torii3–Reference Laska and Hernandez Salazar7), as well as other physiological processes, i.e. thermoregulation and energy homeostasis(Reference Kondoh, Mallick and Torii8).
 Great public concern has been expressed in Westernised countries that the widespread use of MSG as a flavour enhancer is not good for health(9). In response to these claims, all clinical and laboratory evidence on the adverse effects of MSG were reviewed by several expert health committees, and their findings concluded that MSG had no long-term serious health consequences(Reference Walker and Lupien10). Additional concern over the MSG content of commercial foods has been raised due to reports of a link with overweight/obesity. Studies in monkeys, mice and rats provided some evidence that weight gain may be associated with MSG intake, and this may be independent of an increase in appetite(Reference Olney and Sharpe11–Reference Hermanussen, Garcia and Sunder13). For example, weight gain over a 4-month period was greater (compared with controls injected with saline) in male and female mice that were subcutaneously injected immediately post birth with a large dose of MSG(Reference Olney12). Most probably, the observed weight gain was due to the destruction of several brain regions (including the hypothalamus) that are involved in appetite and energy metabolism. At least among the scientific community, it is accepted that the brain lesions observed in such animal studies resulted from relatively high doses of MSG being injected (i.e. approximately 2·5–12 mg/g), without food, in the neonatal period(Reference Walker and Lupien10, Reference Monno, Vezzani and Bastone14, Reference Kondoh and Torii15).
 Human data obtained from the investigations of the link between MSG and obesity are limited, but the coincident increase in obesity since 1960s in Westernised countries and the addition of MSG to commercially prepared foods continue to fuel public debate. Moreover, a recent cross-sectional study of 752 healthy Chinese reported that the MSG intake was positively associated with BMI, independent of total energy intake or physical activity(Reference He, Zhao and Daviglus16). A major criticism of the present study was that the total free glutamate (specified as glutamic acid) intake of the non-users compared with of the users of MSG was the same, possibly due to the fairly homogenous dietary patterns among the predominantly rural community, or it may have resulted from inaccuracy in the assessment of MSG intake.
 Given these limited and discrepant findings, further investigation of a possible association between MSG intake and obesity is warranted. Herein, we report the findings from a large population-based study, the Jiangsu Nutrition Study, where MSG intake and body weight were quantitatively assessed in 2002 and followed up in 2007.
 Subjects and methods
 Subjects
 In 2002, China launched a national study in nutrition and health. The data presented in this article are from a subsample of participants from the province of Jiangsu. This subsample represents the current cohort, the Jiangsu Nutrition cohort, where associations between nutrition and other risk factors of non-communicable chronic disease are being investigated(Reference Shi, Hu and Yuan17–Reference Shi, Hu and Yuan19). A rural sample was selected from three randomly selected small towns within each of the six counties of Jiangsu (i.e. Jiangyin, Taichang, Shuining, Jurong, Sihong and Haimen). An urban sample was selected from the capital cities of the two prefectures, Nanjing and Xuzhou; and from each capital city, three streets were randomly selected. The six counties and the two prefectures represented a geographically and economically diverse population. In each town/street, two villages/neighbourhoods were randomly selected, and ninety households were further selected randomly from each village/neighbourhood. All the members in the households were invited to take part in the study. In addition, one-third of the households were interviewed by a trained health worker about their dietary intake, and all family members aged 3 years and older from these households were invited to have fasting blood samples taken. Written consents were obtained from all the participants. The study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by Jiangsu Provincial Center for Disease Control and Prevention.
 In 2002, height, weight and dietary information were obtained from 2849 adults aged 20 years and above, and fasting plasma glucose was measured. In 2007, an attempt to contact all the original participants was made, but some had either moved to other cities for temporary work or moved to other streets within the urban area. Therefore, of the original 2849 participants, 1682 were identified for follow-up, 1492 (88·7 %) actually participated in the follow-up interview, and 190 participants refused to participate, and height and weight were obtained from 1282 (76·2 %) of them (210 participants finished interview at home, but missed the measurement in the clinic). For the analysis of change in body weight over 5 years, we excluded those participants who had extreme values of weight change (i.e. >20 kg, n 11), and those who had known diabetes, stroke or cancer at baseline (n 40). Four participants had missing values for MSG intake at baseline. The final sample in the study for weight change consisted of 509 men and 718 women (total n 1227). Compared with the retained participants, those lost to the follow-up were generally younger (45·5 v. 49·3 years), but there were no differences in the mean BMI or energy intake.

 Data collection and measurements
 Participants were interviewed at their homes by health workers using a standard questionnaire(Reference Shi, Hu and Yuan18). The health workers were intensively trained in all aspects of data collection.
 Dietary intake
 In 2002, dietary intake patterns during the previous year were investigated by a series of detailed questions about the usual frequency and quantity of intake of thirty-three food groups and beverages(Reference Shi, Hu and Yuan18, Reference Shi, Hu and Yuan19). The FFQ has been validated(Reference Zhao, Hasegawa and Chen20, Reference Li, He and Zhai21) and reported to be a useful method for the collection of individual food consumption information in face-to-face interviews, but not in self-administered surveys due to the current educational level of the majority of the Chinese population. To determine the amount of MSG and other seasonings consumed by individuals, each household was specifically asked about its usual monthly consumption of these items. Individual consumption of MSG was calculated according to the total amount of MSG consumed in the household divided by the number of individuals per household, and was then adjusted for the proportion of the household energy intake by each individual. Average total glutamate intake was also calculated by adding the glutamate concentrations of all foods/seasonings consumed by an individual per day. Nutrient and vegetable oil intakes were also assessed using a 3 d weighed food diary which recorded all the foods consumed by each individual on three consecutive days; this was done to confirm the intakes reported from the FFQ data. We did not consider under- and over-reporting of energy intake to be an issue, because upon reviewing the food diaries with the subjects, the health workers would clarify any intake value for a particular food that fell below or above the usual value reportedly consumed by the population within the region. Food consumption data were analysed using the Chinese Food Composition Table(Reference Yang22).

 Dietary patterns
 Dietary patterns were identified by factor analysis based on food intake measured by the FFQ using standard principal component analysis as described elsewhere(Reference Shi, Hu and Yuan18). In short, four food patterns were obtained – Factor 1 (‘macho’) was characterised by various kinds of animal foods and alcohol, i.e. foods commonly consumed by men; Factor 2 (the ‘traditional’ pattern) loaded heavily on rice and fresh vegetables, and inversely on wheat starch; Factor 3 (‘sweet tooth’) contained cake, milk, yoghurt and drinks; and Factor 4 (‘vegetable-rich’ pattern) included whole grains, fruits, root vegetables, fresh and pickled vegetables, milk, eggs and fish. The four factors explained 28·5 % of the variance in intake.

 Other lifestyle factors
 Cigarette smoking was assessed by asking the frequency of daily cigarette smoking. Eating out was assessed by asking whether individuals ate out on a frequent basis, and was coded as yes or no. Alcohol consumption was assessed by asking the frequency and amount of alcohol consumed. Questions on daily commuting were grouped into three categories: (1) using motorised transportation, or no work (0 min of walking or cycling); (2) walking or bicycling for 1–29 min; (3) walking or bicycling for ≥ 30 min. Daily leisure time physical activity was grouped into three categories: 0, 1–29 and ≥ 30 min. Daily time spent on sedentary activities (viewing television, operating computer, playing video games and reading during leisure time) was classified into four categories: < 1, 1–1·9, 2–2·9 and ≥ 3 h. Education was recoded into either ‘Low’ (illiteracy, primary school), ‘Medium’ (junior middle school) or ‘High’ (high middle school or higher) based on six categories of education levels in the questionnaire. Occupation was recoded into ‘Manual’ or ‘Non-manual’ based on a question with twelve occupational categories.

 Anthropometric measurements
 In both 2002 and 2007, anthropometric measurements were obtained by the use of standard protocols and techniques. Body weight was measured in light indoor clothing without shoes to the nearest 100 g. Height was measured without shoes to the nearest mm using a stadiometer. Waist circumference was measured to the nearest mm midway between the inferior margin of the last rib and the crest of the ilium, in the mid-auxillary line in a horizontal plane.


 Statistics
 MSG intake was recoded into quartiles. Weight change was recoded into three groups: weight loss (loss ≥ 5 %); weight maintenance (weight change < 5 %); and weight gain (gain ≥ 5 %). χ2 Test was used to compare differences between categorical variables, and ANOVA was used to compare differences in continuous variables between the groups. Multilevel mixed-effects linear regression was used to determine the association between MSG intake and weight change adjusted for age, education, occupation, active commuting, leisure time physical activity, smoking, alcohol drinking, eating out and energy intake. Multilevel logistic regression was used to assess the association between MSG intake and the development of a clinically significant weight gain ≥ 5 %(Reference Knowler, Fowler and Hamman23, Reference Field, Malspeis and Willett24). Household cluster was adjusted in these multivariate models using the xtmelogit command. We tested for linear trend across categories of MSG intake by assigning each participant the median value for the category, and by modelling this value as a continuous variable. Food patterns were also included in the multivariate models to control for the residual confounding, as suggested by Imamura et al. (Reference Imamura, Lichtenstein and Dallal25). All the analyses were performed using STATA 10 (Stata Corporation, College Station, TX, USA). Statistical significance was considered when P < 0·05 (two sided).


 Results
 The mean intake of MSG for the entire population was 3·8 (sd 4·3) g/d. Of the 1227 participants, 72 reported no use of MSG, and median intakes across the quartiles were 0·8, 2·0, 3·7 and 6·9 g/d, respectively. Table 1 shows the cross-sectional associations between MSG intake and nutrients and specific food items or food groups. MSG intake was positively associated with fat intake (P < 0·001), but was inversely associated with carbohydrate intake (P < 0·001). No significant difference in energy and protein intake was found across MSG intake quartiles. Total glutamate was the same in the first, second and third quartiles, but was on average 37 % greater in the fourth quartile (P < 0·001). Rice intake was greater among individuals in the higher quartiles of MSG intake (P < 0·001). Intakes of fruit and vegetables were not different across levels of MSG intake. The prevalence of smoking and alcohol drinking was higher among individuals in the higher quartiles of MSG intake (P < 0·001). Cross-sectionally, there was an inverse association between MSG intake and weight status and BMI; body weight and BMI tended to decrease across quartiles of MSG intake (all P < 0·05). At baseline, the overall prevalence of overweight/obesity (BMI ≥ 25 kg/m2) was 29·0 %. Only 9·0 % of the sample were obese (BMI ≥ 28 kg/m2). Across quartiles of MSG intake, there was a significant decrease in the prevalence of obesity (P = 0·016). However, this association existed after adjusting for socio-demographic factors and dietary patterns in logistic regression. OR for obesity across quartiles of MSG were 1, 0·91 (0·54, 1·55), 0·87 (0·48, 1·58) and 0·56 (0·29, 1·09; P for trend 0·005). When we used all the available data including those lost to follow-up, the baseline association between MSG and obesity was NS: OR across quartiles of MSG intake were 1, 0·93 (0·66, 1·32), 1·01 (0·72, 1·43) and 0·71 (0·49, 1·04; P for trend = 0·142; data not shown).

Table 1 Baseline sample characteristics according to monosodium glutamate intake quartiles (Q) among Chinese adults
 (Mean values with their standard errors)



* Adjusted for age and sex.

† Adjusted for age, sex and energy intake.

‡ Based on International Diabetes Federation definition for Chinese population.



 Table 2 shows the longitudinal associations between MSG intake and changes in body weight status. The mean 5-year weight gain among all the participants was 0·8 (sd 4·7) kg. The prevalence of 5 % weight gain, weight maintenance and weight loss were 26·2, 59·0 and 14·8 %, respectively. No association between MSG intake and status of weight change over 5 years was found. The mean MSG intake was 3·8 (sd 4·0) g among those having 5 % weight gain. The corresponding figures were 3·7 (sd 5·0) g for 5 % weight loss and 3·9 (sd 4·0) g for weight maintenance (data not shown). There was, however, a significant difference in the weight and BMI change across quartiles of MSG intake. Compared with those in the first quartile of MSG intake, those in the fourth quartile of MSG intake had lower weight and BMI gain, but had a greater increase in waist circumference. After adjusting for age and sex, there was an inverse association between MSG intake and 5 % weight gain; the OR for 5 % weight gain across quartiles of MSG intake were 1, 0·62 (95 % CI 0·38, 1·01), 0·48 (95 % CI 0·29, 0·80) and 0·58 (95 % CI 0·35, 0·97; P for trend = 0·066). After adjusting for lifestyle, demographic factors, energy intake, sex and total glutamate intake, a linear inverse trend between MSG intake and 5 % weight gain was observed (Model 4, P = 0·028). However, this association disappeared when Model 3 was adjusted for either rice intake (P = 0·90) or food patterns (P = 0·85).

Table 2 Weight gain (5 %) according to monosodium glutamate (MSG) intake quartiles (Q) among adults in China
 (Mean values with their standard errors, odds ratios and 95 % confidence intervals)



* All the models were adjusted for baseline weight. Household was treated as a cluster variable.

† Multivariate Model 2 was adjusted for variables in Model 1 plus smoking (yes/no), drinking (yes/no), eating out (yes/no), active commuting (no, 1–29 and ≥ 30 min/d), leisure time physical activity (no, 1–29 and >30 min/d), sedentary activity ( < 1, 1–9, 2–2·9 and ≥ 3 h/d), education (low, medium and high) and occupation (manual/non-manual).

‡ In addition to the factors included in Model 2, Model 3 included an adjustment for energy intake.

§ Model 4 included an adjustment for total glutamate intake.

∥ In addition to the factors included in Model 3, Model 5 included an adjustment for rice intake.

¶ Derived by factor analysis.

** In addition to the factors included in Model 3, Model 6 included an adjustment for food patterns.



 In the province, a distinct definition of urban/rural is difficult due to economic development. Since we have adjusted for education and job status plus dietary patterns, we decided not to adjust for urban/rural. Because of the small number of the urban sample, we restricted the sensitivity analysis to the rural sample. The above-described associations did not change when the analyses were limited to the rural sample or to those reporting the main eating place as home. In the multivariate analysis, traditional food pattern was inversely associated with 5 % weight gain (OR 0·50, 95 % CI 0·39, 0·64, P < 0·001).

 Discussion
 To our knowledge, this is the second human study to investigate a possible association between MSG intake and obesity, but more importantly it is the first to determine whether a greater MSG intake is associated with a clinically significant weight gain over 5 years. In contrast to the InterMap study of 752 healthy Chinese men and women(Reference He, Zhao and Daviglus16), we found that the MSG intake in a Chinese population from Jiangsu province was neither associated with obesity nor associated with a clinically significant weight gain (i.e. ≥ 5 %) after 5 years.
 Data from the 2002 National Nutrition and Health Survey showed that 14·7 % of Chinese were overweight (using the WHO definition of BMI ≥ 25 kg/m2), and that another 2·6 % were obese (BMI ≥ 30 kg/m2)(Reference Wu26). In the current Jiangsu province population, the prevalence of overweight and obesity (BMI ≥ 25 kg/m2) was 29·0 % in 2002, which reflects the relatively high socio-economic status of this region of China. It has been established that China's rapidly increasing prevalence of overweight and obesity is the result of changes in the traditional diet, reduced levels of physical activity and increased sedentary lifestyle. However, in the current Jiangsu sample, the mean weight gain over 5 years was low (only 0·8 kg). This finding may have at least two explanations: (i) the socio-economic status of the Jiangsu population is relatively high compared with of other regions of China, and once a high socio-economic status is reached, the prevalence of obesity tends to plateau(Reference Wu26); (ii) the fact that a large proportion of this sample maintained their usual lifestyle over this 5-year period (regardless of whether it was ‘traditional’ or not), and hence, this indicates that specific populations which can resist the changing environment are less prone to weight gain. It must be acknowledged that the participants who were most likely to have changed their lifestyle were probably those who could not be contacted at follow-up, and this may bias the findings for weight gain over 5 years.
 An interesting observation from this population was that when total glutamate intake (i.e. that derived from added MSG plus from other food sources) was incorporated into the change in body weight model (adjusted for age, sex, energy intake and lifestyle), a significant negative association between MSG intake and 5 % weight gain was found. However, when the model was adjusted for dietary patterns, the relationship between total glutamate intake and weight gain was abolished. This highlights the fact that epidemiological observations can be limited because of potential residual confounding by correlated dietary components(Reference Imamura, Lichtenstein and Dallal25, Reference Newby and Tucker27). Accordingly, dietary patterns associated with overweight and obesity, and not just individual nutrients, should be considered in multivariate regression models of health outcomes.
 Overweight and obesity are usually the result of excess energy intake. Although average energy intake was almost the same in every quartile of MSG intake, the lower quartile had higher weight and waist circumference, than the higher quartile (despite a high intake of fat and low intake of fibre in this quartile). Although there may be other specific factors relating to weight change missed in this population, the inverse association between traditional food pattern and 5 % weight gain shows the importance of overall dietary pattern in weight change.
 Just as excess energy intake may cause obesity, being underweight results from deficiencies in energy and protein. A study of underweight, protein and energy malnourished infants found that they preferred higher concentrations of MSG (and also a casein hydrolysate) in soup, and actually consumed a great volume of it, when compared with their respective controls with good nutritional and protein status(Reference Vazquez, Pearson and Beauchamp4). Although the study did not assess the prolonged effects of MSG-supplemented soup on the body weight gain of infants, its findings implied that such a heightened sensory response to amino acids is an adaptation to relieve a protein deficiency in the first instance. In addition, Essed et al. (Reference Essed, van Staveren and Kok28) performed a single-blind, randomised 16-week parallel study in eighty-three apparently well-nourished (mean BMI, 27·8 kg/m2) elderly nursing home patients – they added 700 mg flavour and/or 300 mg MSG to the animal protein part of the cooked lunchtime meal to increase the protein intake of subjects. After 16 weeks, they found that enhancing the taste of the protein component of the meal increased protein intake, but it did not lead to a higher overall energy intake or cause a change in weight (presumably the extra energy consumed as protein was off-set by a reduction in energy obtained from other nutrients, as was shown by Bellisle et al. (Reference Bellisle, Dalix and Chapppuis29)). In the current Jiangsu population, since MSG users in each quartile, and especially those in the top quartile of MSG users, were not, on average, suffering from a deficiency in protein or energy intake, it is of no great surprise that we did not observe an association between the added MSG/total free glutamate concentration and weight change.
 Although our findings differ from those of the InterMap study(Reference He, Zhao and Daviglus16), the two populations are not directly comparable for several reasons. The intake of MSG in the current study population (mean of 3·8 g/d) was approximately 11-fold higher than that of MSG in the InterMap population (mean of 0·33 g/d). Discrepant values may be due to an inaccuracy in the measurement of MSG, but it is not possible to determine whether our study overestimated, or the InterMap study underestimated the amount of MSG consumed. Economically, our participants were from a heterogenous, but largely affluent area of China, whereas the InterMap subjects were predominantly from less developed rural areas. The economic development of the study sites in the InterMap study is many years behind that of the rural study sites in the present study. In rural areas with booming economies, consumption of MSG would be expected to be higher than that in poor rural areas due to both affordability and availability. In the InterMap study, MSG consumption was significantly positively associated with animal protein consumption (across levels of MSG consumption, the animal protein intakes (% energy) were 1·9, 2·3, 2·7 and 3·1 %, P < 0·01), suggesting a positive association between MSG consumption and socio-economic status in rural Chinese populations. Thus, it would be reasonable to see a higher MSG consumption in our sample than in the InterMap sample. Data from Japan, China and Korea indicate that intakes of MSG in these Asian countries are approximately 1·4–1·6 g/d(Reference Loliger30), and it is acknowledged that highly seasoned restaurant meals can contain as much as 5 g or more(9). Moreover, consumer data from the United Kingdom indicated a higher mean intake of MSG (0·6 g/d) than the InterMap population (with extreme users consuming as much as 2·3 g/d)(9). We also considered that discrepant values of MSG intake may be a reflection of varying dietary patterns in the different sampling regions of China; our population was from the south, whereas the InterMap population was mainly from the north (two north areas and one south area). Both rice and wheat are staple foods in South China, whereas wheat starch is a staple food in Northern China. However, wheat starch contains approximately eight times the glutamate concentration of rice (3600 v. 450 mg/100 g dry weight of food), and therefore, it could be expected that the total intake of glutamate for the InterMap population may have been higher than that for our population. Again, this highlights the need to comprehensively adjust regression models for various dietary patterns and not for just selected individual nutrients; to our knowledge, the InterMap results were not adjusted for complex dietary patterns. On the other hand, the InterMap population had a daily energy intake of approximately 8364 kJ/d, whereas the current sample consumed about 9618 kJ/d, which accounts for at least a small proportion of the difference.
 The main limitation of the study is that the measurement of MSG consumption was done according to the total amount of MSG consumed in the household divided by the number of individuals per household and then adjusted for the proportion of the household energy intake. The method may not be accurate, although in a large epidemiological study, this would be the most practical way of measuring MSG consumption. Other limitations include the inability to account for the change in MSG consumption during the 5-year follow-up period, and the lack of control for medication use, which may affect weight change. Because the overall prevalence of obesity was low in this population, the power to generalise the relationship between MSG intake and obesity was limited. Nevertheless, the large intake variation in MSG and high mean intakes provides the power to study the association between MSG and weight gain. There was a relatively high attrition rate in the study. Loss to follow-up occurred mainly because of job migration in rural areas and construction in urban areas. Because the exposure measurements were done at baseline, loss to follow-up is an unlikely source of bias between the exposure variable and outcome variable. However, it does affect the ability to generalise the findings as the baseline association between the MSG intake and obesity differed between those followed up and the general population. More research, especially in different regions and populations, is needed to confirm our findings.
 In conclusion, these findings from a Chinese sample from Jiangsu province indicate that an MSG intake that ranges from 2·5 to 9 times greater than the MSG intake of ‘non-users’ is not associated with a higher prevalence of obesity, or with a clinically significant weight gain over 5 years, even after adjustment for a number of covariates including dietary patterns. We suggest that further research in human subjects is warranted to determine if dietary glutamate intake is associated with weight gain in individuals who have a poor protein and energy status.
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 Table 1 Baseline sample characteristics according to monosodium glutamate intake quartiles (Q) among Chinese adults(Mean values with their standard errors)
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 Table 2 Weight gain (5 %) according to monosodium glutamate (MSG) intake quartiles (Q) among adults in China(Mean values with their standard errors, odds ratios and 95 % confidence intervals)

 

 

         



 
  
 
 



 You have 
Access
 
 	73
	Cited by


 

   




 Cited by

 
 Loading...


    


 













Cited by





	



73




	


















Crossref Citations










This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Shi, Zumin
Yuan, Baojun
Taylor, Anne W
Dai, Yue
Pan, Xiaoqun
Gill, Tiffany K
and
Wittert, Gary A
2011.
Monosodium glutamate is related to a higher increase in blood pressure over 5 years: findings from the Jiangsu Nutrition Study of Chinese adults.
Journal of Hypertension,
Vol. 29,
Issue. 5,
p.
846.


	CrossRef
	Google Scholar






He, Ka
Du, Shufa
Xun, Pengcheng
Sharma, Sangita
Wang, Huijun
Zhai, Fengying
and
Popkin, Barry
2011.
Consumption of monosodium glutamate in relation to incidence of overweight in Chinese adults: China Health and Nutrition Survey (CHNS).
The American Journal of Clinical Nutrition,
Vol. 93,
Issue. 6,
p.
1328.


	CrossRef
	Google Scholar






Shi, Zumin
Yuan, Baojun
Taylor, Anne W.
Dal Grande, Eleonora
and
Wittert, Gary A.
2012.
Monosodium glutamate intake increases hemoglobin level over 5 years among Chinese adults.
Amino Acids,
Vol. 43,
Issue. 3,
p.
1389.


	CrossRef
	Google Scholar






Insawang, Tonkla
Selmi, Carlo
Cha’on, Ubon
Pethlert, Supattra
Yongvanit, Puangrat
Areejitranusorn, Premjai
Boonsiri, Patcharee
Khampitak, Tueanjit
Tangrassameeprasert, Roongpet
Pinitsoontorn, Chadamas
Prasongwattana, Vitoon
Gershwin, M Eric
and
Hammock, Bruce D
2012.
Monosodium glutamate (MSG) intake is associated with the prevalence of metabolic syndrome in a rural Thai population.
Nutrition & Metabolism,
Vol. 9,
Issue. 1,


	CrossRef
	Google Scholar






Shi, Zumin
Yuan, Baojun
Wittert, Gary A.
Pan, Xiaoqun
Dai, Yue
Adams, Robert
Taylor, Anne W.
and
Cameron, D. William
2012.
Monosodium Glutamate Intake, Dietary Patterns and Asthma in Chinese Adults.
PLoS ONE,
Vol. 7,
Issue. 12,
p.
e51567.


	CrossRef
	Google Scholar






Tordoff, Michael G.
Aleman, Tiffany R.
and
Murphy, Michelle C.
2012.
No effects of monosodium glutamate consumption on the body weight or composition of adult rats and mice.
Physiology & Behavior,
Vol. 107,
Issue. 3,
p.
338.


	CrossRef
	Google Scholar






Drewnowski, Adam
and
Monsivais, Pablo
2012.
Present Knowledge in Nutrition.
p.
1027.


	CrossRef
	Google Scholar






Davalli, Alberto M.
Perego, Carla
and
Folli, Franco B.
2012.
The potential role of glutamate in the current diabetes epidemic.
Acta Diabetologica,
Vol. 49,
Issue. 3,
p.
167.


	CrossRef
	Google Scholar






Maluly, Hellen D. B.
Areas, Miguel A.
Borelli, Primavera
and
Reyes, Felix G. R.
2013.
Evaluation of Biochemical, Hematological and Histological Parameters in Non Diabetic and Diabetic Wistar Rats Fed with Monosodium Glutamate.
Food and Nutrition Sciences,
Vol. 04,
Issue. 01,
p.
66.


	CrossRef
	Google Scholar






Bauchart-Thevret, Caroline
Stoll, Barbara
Benight, Nancy M.
Olutoye, Oluyinka
Lazar, David
and
Burrin, Douglas G.
2013.
Supplementing Monosodium Glutamate to Partial Enteral Nutrition Slows Gastric Emptying in Preterm Pigs.
The Journal of Nutrition,
Vol. 143,
Issue. 5,
p.
563.


	CrossRef
	Google Scholar






Shi, Zumin
Taylor, Anne W.
and
Wittert, Gary A.
2013.
Re. Association between monosodium glutamate intake and sleep-disordered breathing among Chinese adults with normal body weight: Emerging opportunities for research on monosodium glutamate intake and health at a population level.
Nutrition,
Vol. 29,
Issue. 10,
p.
1276.


	CrossRef
	Google Scholar






Insawang, Tonkla
Selmi, Carlo
Cha’on, Ubon
Gershwin, M Eric
Yongvanit, Puangrat
and
Prasongwattana, Vitoon
2013.
Response to Dr. Roger’s letter: further studies are necessary in order to conclude a causal association between the consumption of monosodium L-glutamate (MSG) and the prevalence of metabolic syndrome in the rural Thai population.
Nutrition & Metabolism,
Vol. 10,
Issue. 1,


	CrossRef
	Google Scholar






Thu Hien, Vu Thi
Thi Lam, Nguyen
Cong Khan, Nguyen
Wakita, Andrea
and
Yamamoto, Shigeru
2013.
Monosodium glutamate is not associated with overweight in Vietnamese adults.
Public Health Nutrition,
Vol. 16,
Issue. 5,
p.
922.


	CrossRef
	Google Scholar






Rogers, Michael D
2013.
Further studies are necessary in order to conclude a causal association between the consumption of monosodium L-glutamate (MSG) and the prevalence of metabolic syndrome in the rural Thai population.
Nutrition & Metabolism,
Vol. 10,
Issue. 1,
p.
14.


	CrossRef
	Google Scholar






Sharma, Amod
Prasongwattana, Vitoon
Cha’on, Ubon
Selmi, Carlo
Hipkaeo, Wiphawi
Boonnate, Piyanard
Pethlert, Supattra
Titipungul, Tanin
Intarawichian, Piyapharom
Waraasawapati, Sakda
Puapiroj, Anucha
Sitprija, Visith
Reungjui, Sirirat
and
Burdmann, Emmanuel A
2013.
Monosodium Glutamate (MSG) Consumption Is Associated with Urolithiasis and Urinary Tract Obstruction in Rats.
PLoS ONE,
Vol. 8,
Issue. 9,
p.
e75546.


	CrossRef
	Google Scholar






Chinna, Karuthan
and
Karupaiah, Tilakavati
2013.
Assessment of monosodium glutamate (MSG) intake in a rural Thai community: questioning the methodological approach.
Nutrition & Metabolism,
Vol. 10,
Issue. 1,
p.
52.


	CrossRef
	Google Scholar






Shi, Zumin
Wittert, Gary A.
Yuan, Baojun
Dai, Yue
Gill, Tiffany K.
Hu, Gang
Adams, Robert
Zuo, Hui
and
Taylor, Anne W.
2013.
Association between monosodium glutamate intake and sleep-disordered breathing among Chinese adults with normal body weight.
Nutrition,
Vol. 29,
Issue. 3,
p.
508.


	CrossRef
	Google Scholar






Ėmužytė, Regina
Firantienė, Regina
Sasnauskienė, Sofija
Kalibatienė, Danutė
and
Kinčinienė, Odeta
2014.
PADIDĖJĘS JAUTRUMAS MAISTO PRIEDAMS: GLUTAMATO KLINIKINIAI ASPEKTAI.
Medicinos teorija ir praktika,
Vol. 20,
Issue. 4,
p.
324.


	CrossRef
	Google Scholar






Shi, Zumin
Zhen, Shiqi
Wittert, Gary A.
Yuan, Baojun
Zuo, Hui
Taylor, Anne W.
and
Matsuo, Keitaro
2014.
Inadequate Riboflavin Intake and Anemia Risk in a Chinese Population: Five-Year Follow Up of the Jiangsu Nutrition Study.
PLoS ONE,
Vol. 9,
Issue. 2,
p.
e88862.


	CrossRef
	Google Scholar






Carocho, Márcio
Barreiro, Maria Filomena
Morales, Patricia
and
Ferreira, Isabel C.F.R.
2014.
Adding Molecules to Food, Pros and Cons: A Review on Synthetic and Natural Food Additives.
Comprehensive Reviews in Food Science and Food Safety,
Vol. 13,
Issue. 4,
p.
377.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference




Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	









	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Monosodium glutamate is not associated with obesity or a greater prevalence of weight gain over 5 years: findings from the Jiangsu Nutrition Study of Chinese adults








	Volume 104, Issue 3
	
Zumin Shi (a1) (a2) (a3), Natalie D. Luscombe-Marsh (a4), Gary A. Wittert (a4), Baojun Yuan (a1), Yue Dai (a1), Xiaoqun Pan (a1) and Anne W. Taylor (a2) (a3)

	DOI: https://doi.org/10.1017/S0007114510000760





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Monosodium glutamate is not associated with obesity or a greater prevalence of weight gain over 5 years: findings from the Jiangsu Nutrition Study of Chinese adults








	Volume 104, Issue 3
	
Zumin Shi (a1) (a2) (a3), Natalie D. Luscombe-Marsh (a4), Gary A. Wittert (a4), Baojun Yuan (a1), Yue Dai (a1), Xiaoqun Pan (a1) and Anne W. Taylor (a2) (a3)

	DOI: https://doi.org/10.1017/S0007114510000760





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Monosodium glutamate is not associated with obesity or a greater prevalence of weight gain over 5 years: findings from the Jiangsu Nutrition Study of Chinese adults








	Volume 104, Issue 3
	
Zumin Shi (a1) (a2) (a3), Natalie D. Luscombe-Marsh (a4), Gary A. Wittert (a4), Baojun Yuan (a1), Yue Dai (a1), Xiaoqun Pan (a1) and Anne W. Taylor (a2) (a3)

	DOI: https://doi.org/10.1017/S0007114510000760





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















