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Abstract

:

Background: The organic food market has grown rapidly worldwide in the past 15 years. However, evidence concerning the health effects of organic foods is scarce. We evaluated the cross-sectional association of organic food purchase, as a proxy of organic food consumption, with diabetes in a nationally representative population. Methods: We included 8199 participants aged ≥20 years from the National Health and Nutrition Examination Survey 2007–2008 and 2009–2010. Organic food purchase and frequency were ascertained by questionnaires. Diabetes was defined as a self-reported physician diagnosis or a hemoglobin A1c level ≥6.5% or both. We used logistic regression with sample weights to estimate the odds ratios (ORs) and 95% confidence intervals (CIs). Results: Individuals who reported purchasing organic foods were less likely to have diabetes compared to those who did not report organic food purchase. After adjustment for age, gender, race/ethnicity, family history of diabetes, socioeconomic status, and dietary and lifestyle factors, the OR of diabetes associated with organic food purchase was 0.80 (95% CI 0.68–0.93). The association remained significant after additional adjustment for BMI with OR of 0.80 (0.69–0.94). Conclusions: In a nationally representative population, frequent organic food purchase was inversely associated with diabetes prevalence in adults in the United States.
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1. Introduction


Diabetes is one of the major causes of morbidity and mortality in the United States, and has extensive financial burden [1]. By 2040, it will affect as many as 642 million people [2]. In recent years, accumulating evidence has highlighted the importance of modifiable risk factors, including diet and environmental factors, in the prevention of diabetes [3]. Reduced exposure to environmental chemical contaminants [3] and increased consumption of favorable nutrients [4], such as polyunsaturated fatty acids, polyphenolics, and antioxidants, have been demonstrated to be associated with a lower risk of diabetes in humans. Organic foods seem to be a good candidate for preventing diabetes because they possess both of the aforementioned benefits.



Organic foods are produced by methods that comply with organic standards, generally restricting the use of agrochemicals (e.g., pesticides, synthetic soluble fertilizers, antibiotics, and sex steroids or growth hormones, etc.) [5]. For example, in the U.S., organically grown foods consistently have about one-third as much pesticide residues as conventionally grown foods [6]. Moreover, organic foods contain a higher content of beneficial nutritional compositions, including polyphenolics, antioxidants, and polyunsaturated fatty acids, etc. [7,8]. Health benefits are the main motivation for the consumption of organic foods [5]. However, studies concerning the health effects of organic foods in humans are scarce [5,9,10]. Furthermore, there is an argument that people who purchase organic foods maintain a healthier lifestyle including a healthier diet, etc., potentially reducing the risk of several major diseases [11], and whether consumption of organic foods has an additional positive influence on health is still under scientific debate. The U.S market for organic foods has grown from $3.5 billion in 1996 to $18 billion in 2007 and continued to grow to $35 billion in 2014 [12,13]. With the rapidly growing organic food market in the U.S., it is important to understand whether organic food consumption will reduce the risk of major chronic diseases such as diabetes, and furthermore whether the effects are independent of socioeconomic status and other risk factors, such as race/ethnicity, family history of diabetes, smoking, physical activity, and dietary quality.



To address these questions, we used data from a nationally representative population to examine the association of organic food purchases, as a proxy of organic food consumption, and the frequency of purchasing total and individual organic foods with diabetes prevalence in U.S. adults.




2. Materials and Methods


2.1. Study Population


The study population consisted of participants from the 2007–2008 and 2009–2010 cycles of the National Health and Nutrition Examination Survey (NHANES) as the purchase of organic foods was only evaluated in these two cycles. Briefly, the NHANES is a large-scale, ongoing, nationally representative health survey of the non-institutionalized U.S. population. It is conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC). NHANES survey data are released every two years; each cycle consists of approximately 10,000 participants [14]. The data comprises population-based, cross-sectional surveys about diet, nutritional status, general health, disease history, and health behaviors [14]. Most questionnaire data are collected during in-house interviews, while health examinations and dietary interviews are performed in specially-designed and equipped mobile examination centers that travel to locations throughout the country. The surveys use multi-stage, probability clusters to develop a population sample that is nationally representative of the U.S. based on age, sex, and race/ethnicity. NHANES data along with documents on the survey methods and other information are publicly available on the NHANES website [15]. The NHANES has been approved by the National Center for Health Statistics Ethics Review Board. All subjects gave written informed consent. Due to the use of de-identified data, the University of Iowa institutional review board determined that the current study was exempt (IRB # 201706805).



In 2007–2008 and 2009–2010, 12,028 non-pregnant adults aged ≥20 years were initially included. After applying the exclusion criteria, we finally included 8199 participants in this analysis (Flowchart shown in the Figure S1).




2.2. Exposure Measurement


Only participants who completed a dietary interview in the mobile examination center were eligible to participate in the Flexible Consumer Behavior Survey follow-up interview, in which the questionnaire item about organic food purchase was asked.



The primary exposure of our study was purchase of organic foods. For both the 2007–2008 and 2009–2010 cycles, during the interview, participants were asked: “In the past 30 days, did you buy any food that had the word ’organic’ on the package?”



The secondary exposure was the frequency of organic food purchase. For the 2007–2008 cycle, participants were further asked, “How often do you buy organic food? Would you say always, most of the time, sometimes, or rarely?” For the 2009–2010 cycle, the frequency of purchase of individual organic food items (fruits, vegetables, milk and other dairy products, eggs, poultry, and meats) was asked separately. For example, for fruits, the question was, “In the past 30 days, when you bought fruits, how often did you buy organic fruits? Would you say always, most of the time, sometimes, rarely, or never?” Participants who responded with “always” and “most of the time” were combined as “most of the time/always” due to the relatively small sample size in these two categories.




2.3. Outcome Measurement


Participants were classified as having diabetes if they reported having been previously diagnosed with diabetes (for women other than during pregnancy) by a doctor or health care professional. Participants who were not previously diagnosed with diabetes but had hemoglobin A1C ≥ 6.5% were also classified as having diabetes [16,17,18]. Hemoglobin A1c levels were measured using blood samples collected during the health examination according to a standardized protocol. The inter-assay coefficient of variation was 0.8% to 3.7% for glucose levels and 0.7% to 3.1% for HbA1c levels [1,19].




2.4. Covariate Assessment


Information on age, gender, race/ethnicity, education, annual household income, family history of diabetes, smoking status, and physical activity was obtained during the interview [20]. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, Hispanic (Mexican and non-Mexican Hispanic), and other race/ethnicity. Education was grouped as less than high school, high school, and college or higher. Family income-to-poverty ratios were categorized as ≤1.30, 1.31–3.50, and >3.50 [21]. Individuals who smoked less than 100 cigarettes in their lifetime were defined as never smokers; those who had smoked more than 100 cigarettes but did not smoke at the time of the survey were considered former smokers; those who had smoked more than 100 cigarettes and smoked cigarettes at the time of the survey were current smokers [22]. Dietary intake was assessed through two 24-h dietary recalls. Total energy intake and alcohol intake were calculated using the food composition database. Overall diet quality was indicated by the Healthy Eating Index (HEI) 2010, which has been previously associated with a lower risk of diabetes [23]. It is scored on the basis of the intake levels of 12 dietary components including total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, fatty acids, refined grains, sodium, and empty calories (i.e., energy from solid fats, alcohol, and added sugars) [24]. Alcohol intake was categorized as non-drinking (0 g/day), moderate drinking (0.1–27.9 g/day for men and 0.1–13.9 g/day for women), and heavy drinking (≥28 g/day for men and ≥14 g/day for women). Physical activity was assessed using the Global Physical Activity Questionnaire. We classified physical activity into three groups (<600, ≥600–1199, and ≥1200 metabolic equivalent (MET)-min/week). Measurements of height and weight were performed following a standardized protocol, and body mass index (BMI) was computed as weight in kilograms divided by the square of height in meters.




2.5. Statistical Analysis


All statistical analyses accounted for the complex, multistage, stratified, cluster-sampling design of NHANES by using sample weights, strata, and primary sampling units embedded in the NHANES data. Comparisons of characteristics according to organic food purchase in the past 30 days were performed using the t-test for continuous variables and the chi-square test for categorical variables.



We used multivariable logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) of diabetes in relation to organic food purchase and the frequency of organic food purchase. In multivariable models, we adjusted for age, gender, race/ethnicity, education, family income-to-poverty ratio, family history of diabetes, smoking status, alcohol intake, physical activity, total energy intake, HEI-2010 score, and BMI. For individual organic food, we also adjusted for the total consumption of the corresponding food group; for example, for organic fruits, we also adjusted for the consumption of total fruits in the model.



To evaluate the potential effect modification, we performed stratified analyses according to age (20–44, 45–64, and ≥65 years old), gender (male vs. female), race/ethnicity (white and non-white [non-Hispanic black, Hispanic, and others]), education (less than high school, high school, and college or above), ratio of family income to poverty (≤1.30, 1.31–3.50, and >3.50) [21], physical activity levels (<600, 600–1199, and ≥1200 MET-min/week), and diet quality (lower diet quality (below mean HEI-2010 score) vs. higher diet quality (above mean HEI-2010 score)). We conducted interaction tests via multiplicative interaction terms in the multivariable models. To reduce the concern of reverse causation (i.e., participants started to use organic foods after being diagnosed with diabetes), we did a sensitivity analysis restricted to participants with underlying diabetes who were not previously diagnosed but discovered by glucose and HbA1c tests during the NHANES examination. Although NHANES does not explicitly collect information on diabetes subtypes, we did a sensitivity analysis excluding those who possibly had type 1 diabetes, if they started insulin within one year of diabetes diagnosis, were currently using insulin, and were diagnosed with diabetes under age 30 [25]. All analyses were performed using survey procedures in SAS 9.4 (SAS Institute, Cary, NC, USA).





3. Results


We included 8199 participants in this study with an average age of 49.7 years (standard error [SE] = 0.36). We identified 343 cases of diabetes among 2899 participants who purchased organic food and 875 cases of diabetes among 5300 participants who did not purchase any organic foods. Participants who purchased organic foods in the past 30 days were more likely to be younger, female, white, with higher education and higher family income, without a family history of diabetes, non-smoker, with more alcohol intake and higher physical activity levels, with less total energy intake and higher overall diet quality, and with lower BMI (Table 1).



Participants who purchased organic foods were less likely to have diabetes compared to those who did not. After adjustment for age, gender, race/ethnicity, socioeconomic status, family history of diabetes, and dietary and lifestyle factors, the multivariable-adjusted OR of diabetes associated with organic food purchase was 0.80 (95% CI, 0.68–0.93) (Table 2). The association remained significant after additional adjustment for BMI, with a multivariable-adjusted OR of 0.80 (95% CI, 0.69–0.94). The multivariable-adjusted ORs (95% CIs) were 0.96 (0.71–1.30), 0.84 (0.59–1.21), and 0.72 (0.35–1.45) for participants who purchased organic foods rarely, sometimes, and most of the time/always, respectively, compared with participants who never purchased organic foods (Table 3). The associations remained similar after an additional adjustment for BMI.



The association of the frequency of purchase of organic foods with risk of diabetes differed for different organic food items. Frequent purchase of organic milk, eggs, or meats tended to be associated with a lower risk of diabetes (Table 4). The multivariable-adjusted ORs (95% CIs) were 0.74 (0.46, 1.22), 0.67 (0.41, 1.08), and 0.66 (0.34, 1.28) (p = 0.04 for trend) for participants who purchased organic milk rarely, sometimes, and most of the time/always, respectively, compared with participants who never purchased organic milk. The multivariable-adjusted ORs (95% CIs) were 0.95 (0.63, 1.43), 0.84 (0.48, 1.48), and 0.47 (0.27, 0.83) (p = 0.01 for trend) for participants who purchased organic eggs rarely, sometimes, and most of the time/always, respectively, compared with participants who never purchased organic eggs. The multivariable-adjusted ORs (95% CIs) were 0.67 (0.39, 1.16), 0.78 (0.46, 1.32), and 0.67 (0.31, 1.45) (p = 0.09 for trend) for participants who purchased organic meats rarely, sometimes, and most of the time/always, respectively, compared with participants who never purchased organic meats. The associations were not appreciably changed after an additional adjustment for BMI. Organic fruits, vegetables or poultry purchases also showed an inverse association with diabetes, although the associations with diabetes were not statistically significant.



An association with the purchase of organic foods differed by age, race/ethnicity education, physical activity levels, and diet quality (Supplementary Table S1). The purchase of organic foods was associated with lower odds of diabetes among participants aged 45–65 and older than 65 years (multivariable-adjusted OR 0.69, 95% CI 0.49, 0.95 and OR 0.74, 95% CI 0.56–0.98), among whites (multivariable-adjusted OR 0.76, 95% CI 0.60–0.96), among people with physical activity levels ≥1200 MET-min/week (multivariable-adjusted OR 0.68, 95% CI 0.49–0.95), and among people with better diet quality (multivariable-adjusted OR 0.67, 95% CI 0.50–0.90), although the interactions were not statistically significant. The magnitude of association was virtually not changed in sensitivity analyses among those with undiagnosed diabetes (Supplementary Table S2), or excluding those who had started insulin within one year of diabetes diagnosis, were currently using insulin, and were diagnosed with diabetes under age 30 (Supplementary Table S3).




4. Discussion


With data from a nationally representative population, we found an inverse association between the purchase of organic foods and diabetes in U.S. adults. The association was independent of demographic, socioeconomic, dietary, and lifestyle factors. Moreover, the association showed a dose-response manner, with a more frequent purchase of organic foods being associated with lower odds of diabetes. In terms of individual organic food items, the associations were more pronounced for organic milk, eggs, and meats than for organic fruits or vegetables.



Although organic foods are presumed and perceived widely as healthier alternatives to conventional foods, limited empirical evidence is available to support the claim on the health benefits of organic foods [5,9,10,26,27]. At present, very few existing population studies have collected data on organic foods. To our knowledge, the association between organic foods and diabetes was examined in only one previous study, which showed that regular consumption of organic foods was associated with lower odds of type 2 diabetes in a cross-sectional study of a French population [10]. However, only minimal adjustment for confounders (i.e., age, education, occupation, and income) was performed in that study [10]. Whether the observed association was independent of well-established major risk factors for diabetes, such as race/ethnicity, family history of diabetes, smoking, physical activity, and dietary quality, was not assessed in that study [10]. In the present study, because NHANES collected detailed and comprehensive information on health-related topics, we were able to estimate the association between organic foods and diabetes after controlling for confounding by these factors. Moreover, because our study was based on a nationally representative population, our results can be generalized to a broader population. Finally, our study has expanded the findings of the previous study [10] by examining the associations of different organic food items (i.e., fruits, vegetables, milk and other dairy products, eggs, poultry, and meats), separately, with diabetes. The variations in the observed associations across organic food items with diabetes are important for a better understanding of the potential mechanisms for the inverse association between organic foods and diabetes in the previous [10] and the present study.



Previous studies have shown that people who purchase organic food are more likely to have better dietary and lifestyle habits [11,28]. However, after controlling for smoking, alcohol drinking, physical activity, total energy intake, and overall diet quality, the association remained significant in the present study. Moreover, people who purchase organic food usually have a higher socioeconomic status, e.g., higher education level and family income [29]. However, our results remained significant after adjustment for these variables.



There are several possible explanations for the observed inverse association of organic food purchase with diabetes in our study. For vegetables and fruits, it has been reported that organic products have a 30% lower risk of contamination with any detectable pesticide residue than conventional products [9]. Studies have shown that exposure to various currently used pesticides such as organophosphates and pyrethroids is associated with a higher risk of diabetes [30] through mechanistic pathways involving oxidative damage and inflammatory cytokines, which lead to compensatory responses accompanied with reduced insulin signaling in insulin-sensitive organs [31,32]. However, lower pesticide residues, for which fruits and vegetables, but not animal products, are largely the only sources of exposure, cannot fully explain the association for overall organic product purchase in the present study because the association of organic fruit and vegetable intake with diabetes was not significant.



Organic animal foods or products are known to contain reduced amounts of antibiotic residues compared to conventional animal foods or products [33]. Previous studies have shown that chronic antibiotic exposure is associated with a higher risk of type 2 diabetes [34,35] via possible mechanisms including antibiotic-driven changes in insulin sensitivity, glucose tolerance, lipid deposition, and energy harvesting potential by altering the gut microbiota composition [35]. Furthermore, organic animal products may contain less sex steroids or growth hormones used in farm animals compared to conventional animal products. Lastly, studies suggest that organic foods such as eggs, milk, and meats may contain more beneficial unsaturated fatty acids such as omega-3 fatty acids than conventional products [7,8,9,34]. These fatty acids could have beneficial effects on insulin sensitivity and is likely to reduce the risk of diabetes [36]. However, it is questionable whether a small difference at relatively low intake levels can result in a meaningful difference in disease risk. Further investigation is warranted to determine the role of these chemicals or nutrients in mediating the health effects of organic foods.



The major strength of this population-based study is the use of a nationally representative sample, which facilitates the generalization of the findings to the general population in the United States. In addition, with the detailed data collected in the NHANES, we were able to control potential confounding effects from a variety of demographic, socioeconomic, and lifestyle factors. This study has some limitations. First, the NHANES was a cross-sectional study. As a result, we could not establish a temporal relation and causality for the association between organic foods and diabetes. However, in the situation of reverse causation (i.e., diabetes patients started to use more organic foods), the direction of association would have been towards null or even positive, which could not explain the observed significant and inverse associations in this study. Second, we were unable to distinguish between type 1 diabetes and type 2 diabetes. However, because type 2 diabetes constitutes 90% or more of all diabetes in adults [37], the observed association was likely to be largely reflected by the association of organic foods with type 2 diabetes. Furthermore, we did a sensitivity analysis excluding those who possibly had type 1 diabetes, and the results were not appreciably changed. Third, people with higher socioeconomic status and more organic food use might be more health conscious; thus, early screening and detection of diabetes were possible [38]. However, the OR remained virtually unchanged after we excluded those with already diagnosed diabetes. Fourth, we did not have information on the exact amount of organic food consumption for each participant. Organic food purchase was a proxy of organic food consumption. It is possible that the frequency of organic food purchase does not exactly reflect the frequency of organic food consumption at the individual level. In addition, there has been increasing interest in organic foods over the past decades. Because NHANES data on organic food purchase were collected around 10 years ago, future studies are warranted to determine the health effects of organic food purchase and consumption in the current population. Finally, although we have adjusted for a variety of potential confounders, residual confounding is still possible.



In conclusion, in a nationally representative population, our study has shown that frequent purchase of organic foods, in particular, organic milk, eggs, and meats, was inversely associated with diabetes in adults in the United States. Further investigation is needed to comprehensively evaluate the long-term effects of organic food consumption on chronic diseases, including diabetes.








Supplementary Materials


The following are available online at http://www.mdpi.com/2072-6643/10/12/1877/s1, Figure S1: Flowchart for participant inclusion and exclusion, Table S1: Stratified analyses for the association between organic food purchase and diabetes among 8199 participants, NHANES 2007–2010, Table S2: Association between organic food purchase and diabetes among 7221 participants (excluding those with already diagnosed diabetes), NHANES 2007–2010, Table S3: Association between organic food purchase and diabetes among 7919 participants excluding those who were suspected for type 1 diabetes (diagnosed with diabetes under age 30, started insulin within one year of diabetes diagnosis, and currently using insulin), NHANES 2007–2010.





Author Contributions


Y.S. and B.L. contributed to the design and analysis of the study and wrote the manuscript. W.B. conceived the idea, interpreted the results, and reviewed and edited the manuscript. Y.D., L.G.S., Q.S., and F.B.H. interpreted the results, and reviewed and edited the manuscript. Y.S., B.L. and W.B. are the guarantors of this work and, as such, had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. All authors have read and approved the manuscript.




Funding


This work was supported by research grants from the National Institutes of Health (R21 HD091458 and P30 ES005605).




Acknowledgments


We acknowledge the NHANES participants and staff for providing the data.




Conflicts of Interest


The authors declare no conflict of interest. Frank B. Hu reported being supported by grants HL60712, HL118264, and DK112940 from the National Institutes of Health and reported receiving research support from the California Walnut Commission and honoraria for lectures from Metagenics and Standard Process and honoraria from Diet Quality Photo Navigation, outside the submitted work.




References


	



Menke, A.; Casagrande, S.; Geiss, L.; Cowie, C.C. Prevalence of and trends in diabetes among adults in the united states, 1988–2012. J. Am. Med. Assoc. 2015, 314, 1021–1029. [Google Scholar] [CrossRef] [PubMed]

	



International Diabetes Federation. IDF Diabetes Atlas, 7th ed.; International Diabetes Federation: Brussels, Belgium, 2015. [Google Scholar]

	



Evangelou, E.; Ntritsos, G.; Chondrogiorgi, M.; Kavvoura, F.K.; Hernandez, A.F.; Ntzani, E.E.; Tzoulaki, I. Exposure to pesticides and diabetes: A systematic review and meta-analysis. Environ. Int. 2016, 91, 60–68. [Google Scholar] [CrossRef] [PubMed]

	



Hernandez-Alonso, P.; Camacho-Barcia, L.; Bullo, M.; Salas-Salvado, J. Nuts and dried fruits: An update of their beneficial effects on type 2 diabetes. Nutrients 2017, 9, 673. [Google Scholar] [CrossRef] [PubMed]

	



Brantsaeter, A.L.; Ydersbond, T.A.; Hoppin, J.A.; Haugen, M.; Meltzer, H.M. Organic food in the diet: Exposure and health implications. Annu. Rev. Public Health 2017, 38, 295–313. [Google Scholar] [CrossRef] [PubMed]

	



Baker, B.P.; Benbrook, C.M.; Groth, E., 3rd; Lutz Benbrook, K. Pesticide residues in conventional, integrated pest management (ipm)-grown and organic foods: Insights from three us data sets. Food Addit. Contam. 2002, 19, 427–446. [Google Scholar] [CrossRef] [PubMed]

	



Srednicka-Tober, D.; Baranski, M.; Seal, C.; Sanderson, R.; Benbrook, C.; Steinshamn, H.; Gromadzka-Ostrowska, J.; Rembialkowska, E.; Skwarlo-Sonta, K.; Eyre, M.; et al. Composition differences between organic and conventional meat: A systematic literature review and meta-analysis. Br. J. Nutr. 2016, 115, 994–1011. [Google Scholar] [CrossRef] [PubMed]

	



Palupi, E.; Jayanegara, A.; Ploeger, A.; Kahl, J. Comparison of nutritional quality between conventional and organic dairy products: A meta-analysis. J. Sci. Food Agric. 2012, 92, 2774–2781. [Google Scholar] [CrossRef] [PubMed]

	



Smith-Spangler, C.; Brandeau, M.L.; Hunter, G.E.; Bavinger, J.C.; Pearson, M.; Eschbach, P.J.; Sundaram, V.; Liu, H.; Schirmer, P.; Stave, C.; et al. Are organic foods safer or healthier than conventional alternatives?: A systematic review. Ann. Intern. Med. 2012, 157, 348–366. [Google Scholar] [CrossRef] [PubMed]

	



Baudry, J.; Mejean, C.; Peneau, S.; Galan, P.; Hercberg, S.; Lairon, D.; Kesse-Guyot, E. Health and dietary traits of organic food consumers: Results from the nutrinet-sante study. Br. J. Nutr. 2015, 114, 2064–2073. [Google Scholar] [CrossRef] [PubMed]

	



Eisinger-Watzl, M.; Wittig, F.; Heuer, T.; Hoffmann, I. Customers purchasing organic food—Do they live healthier? Results of the german national nutrition survey ii. Eur. J. Nutr. Food Saf. 2015, 5, 59–71. [Google Scholar] [CrossRef]

	



Forman, J.; Silverstein, J.; Committee on Nutrition; Council on Environmental Health; American Academy of Pediatrics. Organic foods: Health and environmental advantages and disadvantages. Pediatrics 2012, 130, e1406–e1415. [Google Scholar] [CrossRef] [PubMed]

	



Greene, C. Organic Market Overview; United States Department of Agriculture Economic Research Service: Washington, DC, USA, 2017.

	



Ahluwalia, N.; Dwyer, J.; Terry, A.; Moshfegh, A.; Johnson, C. Update on nhanes dietary data: Focus on collection, release, analytical considerations, and uses to inform public policy. Adv. Nutr. 2016, 7, 121–134. [Google Scholar] [CrossRef] [PubMed]

	



Ke, J.; Ford-Jones, E.L. Food insecurity and hunger: A review of the effects on children’s health and behaviour. Paediatr. Child Health 2015, 20, 89–91. [Google Scholar] [CrossRef] [PubMed]

	



Nathan, D.M.; Nathan, D.M.; Balkau, B.; Bonora, E.; Borch-Johnsen, K.; Buse, J.B.; Colagiuri, S.; Davidson, M.B.; DeFronzo, R.; Genuth, S.; et al. International expert committee report on the role of the a1c assay in the diagnosis of diabetes. Diabetes Care 2009, 32, 1327–1334. [Google Scholar] [CrossRef]

	



Cowie, C.C.; Rust, K.F.; Byrd-Holt, D.D.; Gregg, E.W.; Ford, E.S.; Geiss, L.S.; Bainbridge, K.E.; Fradkin, J.E. Prevalence of diabetes and high risk for diabetes using a1c criteria in the US population in 1988–2006. Diabetes Care 2010, 33, 562–568. [Google Scholar] [CrossRef] [PubMed]

	



Fang, M. Trends in the prevalence of diabetes among U.S. Adults: 1999–2016. Am. J. Prev. Med. 2018, 55, 497–505. [Google Scholar] [CrossRef] [PubMed]

	



Zipf, G.; Chiappa, M.; Porter, K.S.; Ostchega, Y.; Lewis, B.G.; Dostal, J. National health and nutrition examination survey: Plan and operations, 1999–2010. Vital Health Stat. 2013, 56, 1–37. [Google Scholar]

	



Centers for Disease Control and Prevention. Nhanes III Reference Manuals and Reports; Centers for Disease Control and Prevention: Hyatsville, MD, USA, 1996.

	



Johnson, C.L.; Paulose-Ram, R.; Ogden, C.L.; Carroll, M.D.; Kruszon-Moran, D.; Dohrmann, S.M.; Curtin, L.R. National health and nutrition examination survey: Analytic guidelines, 1999–2010. Vital Health Stat. 2. 2013, 161, 1–24. [Google Scholar]

	



Centers for Disease Control and Prevention; National Center for Health Statistics. Adult Tobacco Use Information_Glossary. Available online: https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm (accessed on 27 November 2018).

	



Cespedes, E.M.; Hu, F.B.; Tinker, L.; Rosner, B.; Redline, S.; Garcia, L.; Hingle, M.; Van Horn, L.; Howard, B.V.; Levitan, E.B.; et al. Multiple healthful dietary patterns and type 2 diabetes in the women’s health initiative. Am. J. Epidemiol. 2016, 183, 622–633. [Google Scholar] [CrossRef] [PubMed]

	



Guenther, P.M.; Kirkpatrick, S.I.; Reedy, J.; Krebs-Smith, S.M.; Buckman, D.W.; Dodd, K.W.; Casavale, K.O.; Carroll, R.J. The healthy eating index-2010 is a valid and reliable measure of diet quality according to the 2010 dietary guidelines for americans. J. Nutr. 2014, 144, 399–407. [Google Scholar] [CrossRef] [PubMed]

	



Menke, A.; Orchard, T.J.; Imperatore, G.; Bullard, K.M.; Mayer-Davis, E.; Cowie, C.C. The prevalence of type 1 diabetes in the united states. Epidemiology 2013, 24, 773–774. [Google Scholar] [CrossRef] [PubMed]

	



Kesse-Guyot, E.; Baudry, J.; Assmann, K.E.; Galan, P.; Hercberg, S.; Lairon, D. Prospective association between consumption frequency of organic food and body weight change, risk of overweight or obesity: Results from the nutrinet-sante study. Br. J. Nutr. 2017, 117, 325–334. [Google Scholar] [CrossRef] [PubMed]

	



Bradbury, K.E.; Balkwill, A.; Spencer, E.A.; Roddam, A.W.; Reeves, G.K.; Green, J.; Key, T.J.; Beral, V.; Pirie, K.; Collaborators, M.W.S. Organic food consumption and the incidence of cancer in a large prospective study of women in the united kingdom. Br. J. Cancer 2014, 110, 2321–2326. [Google Scholar] [CrossRef] [PubMed]

	



Van de Vijver, L.P.; van Vliet, M.E. Health effects of an organic diet--consumer experiences in the netherlands. J. Sci. Food Agric. 2012, 92, 2923–2927. [Google Scholar] [CrossRef] [PubMed]

	



Curl, C.L.; Beresford, S.A.; Hajat, A.; Kaufman, J.D.; Moore, K.; Nettleton, J.A.; Diez-Roux, A.V. Associations of organic produce consumption with socioeconomic status and the local food environment: Multi-ethnic study of atherosclerosis (mesa). PLoS ONE 2013, 8, e69778. [Google Scholar] [CrossRef] [PubMed]

	



Starling, A.P.; Umbach, D.M.; Kamel, F.; Long, S.; Sandler, D.P.; Hoppin, J.A. Pesticide use and incident diabetes among wives of farmers in the agricultural health study. Occup. Environ. Med. 2014, 71, 629–635. [Google Scholar] [CrossRef] [PubMed]

	



Baudry, J.; Lelong, H.; Adriouch, S.; Julia, C.; Alles, B.; Hercberg, S.; Touvier, M.; Lairon, D.; Galan, P.; Kesse-Guyot, E. Association between organic food consumption and metabolic syndrome: Cross-sectional results from the nutrinet-sante study. Eur. J. Nutr. 2017, 57, 2477–2488. [Google Scholar] [CrossRef] [PubMed]

	



Mostafalou, S.; Abdollahi, M. Pesticides and human chronic diseases: Evidences, mechanisms, and perspectives. Toxicol. Appl. Pharmacol. 2013, 268, 157–177. [Google Scholar] [CrossRef] [PubMed]

	



Tang, K.L.; Caffrey, N.P.; Nóbrega, D.B.; Cork, S.C.; Ronksley, P.E.; Barkema, H.W.; Polachek, A.J.; Ganshorn, H.; Sharma, N.; Kellner, J.D.; et al. Restricting the use of antibiotics in food-producing animals and its associations with antibiotic resistance in food-producing animals and human beings: A systematic review and meta-analysis. Lancet Planet. Health 2017, 1, e316–e327. [Google Scholar] [CrossRef]

	



Dangour, A.; Aikenhead, A.; Hayter, A.; Allen, E.; Lock, K.; Uauy, R. Comparison of Putative Health Effects of Organically and Conventionally Produced Foodstuffs: A Systematic Review; Nutrition and Public Health Intervention Research Unit London School of Hygiene & Tropical Medicine: London, UK, 2009. [Google Scholar]

	



Mikkelsen, K.H.; Knop, F.K.; Frost, M.; Hallas, J.; Pottegard, A. Use of antibiotics and risk of type 2 diabetes: A population-based case-control study. J. Clin. Endocr. Metab. 2015, 100, 3633–3640. [Google Scholar] [CrossRef] [PubMed]

	



Riserus, U.; Willett, W.C.; Hu, F.B. Dietary fats and prevention of type 2 diabetes. Prog. Lipid Res. 2009, 48, 44–51. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Xu, G.F.; Liu, B.Y.; Sun, Y.B.; Du, Y.; Snetselaar, L.G.; Hu, F.B.; Bao, W. Prevalence of diagnosed type 1 and type 2 diabetes among us adults in 2016 and 2017: Population based study. BMJ Br. Med. J. 2018, 362, k1497. [Google Scholar] [CrossRef] [PubMed]

	



Kiefer, M.M.; Silverman, J.B.; Young, B.A.; Nelson, K.M. National patterns in diabetes screening: Data from the national health and nutrition examination survey (nhanes) 2005–2012. J. Gen. Intern. Med. 2015, 30, 612–618. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Characteristics among 8199 participants in the National Health and Nutrition Examination Survey (NHANES) 2007–2010, according to their purchase of organic foods.






Table 1. Characteristics among 8199 participants in the National Health and Nutrition Examination Survey (NHANES) 2007–2010, according to their purchase of organic foods.





	

	
Purchased any Organic Food in the Past 30 Days




	
Characteristics

	
No

	
Yes

	
p-Value






	
No. of participants

	
5300

	
2899

	




	
Age, years

	
47.7 (0.35)

	
46.4 (0.54)

	
0.02




	
Gender

	

	

	




	
 Male

	
50.0 (0.78)

	
40.9 (0.89)

	
<0.001




	
 Female

	
50.0 (0.78)

	
59.1 (0.89)




	
Race/ethnicity, %

	

	

	




	
 Non-Hispanic white

	
68.6 (2.85)

	
76.3 (1.82)

	
<0.001




	
 Non-Hispanic black

	
12.6 (1.31)

	
7.4 (0.82)




	
 Hispanic

	
14.2 (2.10)

	
9.8 (1.04)




	
 Other

	
4.6 (0.58)

	
6.5 (0.86)




	
Education, %

	

	

	




	
 Less than high school

	
22.1 (0.84)

	
10.1 (1.01)

	
<0.001




	
 High school

	
28.2 (1.07)

	
16.3 (1.04)




	
 College or above

	
49.7 (1.38)

	
73.6 (1.46)




	
Ratio of family income to poverty, %

	

	

	




	
 ≤1.30

	
22.7 (1.17)

	
12.3 (0.88)

	
<0.001




	
 1.31–3.50

	
35.1 (1.18)

	
29.6 (1.47)




	
 >3.50

	
35.3 (1.50)

	
51.6 (1.54)




	
 Missing

	
6.9 (0.65)

	
6.5 (0.75)




	
Family history of diabetes, %

	

	

	




	
 Yes

	
38.6 (1.00)

	
33.7 (1.17)

	
<0.001




	
 No

	
61.4 (1.00)

	
66.3 (1.17)




	
Smoking status, %

	

	

	




	
 Non-smoker

	
52.4 (1.35)

	
58.5 (1.50)

	
<0.001




	
 Current smoker

	
24.2 (1.01)

	
14.5 (0.87)




	
 Former smoker

	
23.4 (0.78)

	
27.0 (1.18)




	
Alcohol intake *, %

	

	

	




	
 Non-drinker

	
76.0 (1.14)

	
66.3 (1.32)

	
<0.001




	
 Moderate drinker

	
8.4 (0.53)

	
12.5 (0.89)




	
 Heavy drinker

	
15.6 (0.88)

	
21.3 (1.28)




	
Physical activity, MET-min/week

	

	

	




	
 <600

	
40.0 (0.87)

	
30.1 (1.43)

	
<0.001




	
 600–1199

	
9.4 (0.45)

	
13.9 (0.87)




	
 ≥1200

	
50.6 (1.01)

	
56.0 (1.37)




	
Total energy intake (kcal/day)

	
2187 (24)

	
2123 (18)

	
0.03




	
Healthy Eating Index 2010 score

	
47.6 (0.30)

	
54.0 (0.50)

	
<0.001




	
BMI categories, %

	

	

	




	
 Normal/underweight

	
26.0 (0.87)

	
37.1 (1.81)

	
<0.001




	
 Overweight

	
35.5 (1.01)

	
31.4 (1.16)




	
 Obesity

	
37.8 (0.81)

	
30.8 (1.31)




	
 Missing

	
0.6 (0.1)

	
0.6 (0.16)








Values are means (SE) or percentages (SE) and are weighted. Abbreviations: BMI, body mass index; MET, metabolic equivalent. * Non-drinker: 0 g/day; Moderate drinker: 0.1–28 g/day for men and 0.1–14 g/day for women; Heavy drinker: ≥28 g/day for men and ≥14 g/day for women.
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Table 2. Association between organic food purchase and diabetes among 8199 participants, NHANES 2007–2010.
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Purchased any Organic Food in the Past 30 Days




	

	
No

	
Yes

	
p-Value






	
No. of diabetes cases/participants

	
875/5300

	
343/2899

	




	
Model 1 †

	
1.00 (reference)

	
0.65 (0.56, 0.75) *

	
<0.001




	
Model 2 ‡

	
1.00 (reference)

	
0.80 (0.68, 0.93)

	
0.004




	
Model 3 §

	
1.00 (reference)

	
0.80 (0.69, 0.94)

	
0.01








* Odds ratio (95% confidence intervals). † Multivariable model 1: adjusted for age (years) and gender. ‡ Multivariable model 2: multivariable model 1 plus race/ethnicity, education, ratio of family income to poverty, family history of diabetes, smoking status, alcohol intake, physical activity, total energy intake, and HEI-2010 score. § Multivariable model 3: multivariable model 2 plus BMI. All of the covariates were either continuous or categorized as in Table 1.
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Table 3. Association between the frequency of purchase of organic foods and diabetes among 3940 participants, NHANES 2007–2008.






Table 3. Association between the frequency of purchase of organic foods and diabetes among 3940 participants, NHANES 2007–2008.





	

	
Frequency of Purchase of Organic Foods




	

	
Never

	
Rarely

	
Sometimes

	
Most of the Time/Always

	
p for Trend






	
No. of diabetes cases/participants

	
455/2612

	
46/300

	
84/693

	
35/335

	




	
Model 1 †

	
1.00 (reference)

	
0.81 (0.58, 1.15) *

	
0.74 (0.51, 1.07)

	
0.60 (0.29, 1.27)

	
0.02




	
Model 2 ‡

	
1.00 (reference)

	
0.96 (0.71, 1.30)

	
0.84 (0.59, 1.21)

	
0.72 (0.35, 1.45)

	
0.11




	
Model 3 §

	
1.00 (reference)

	
0.90 (0.64, 1.28)

	
0.82 (0.57, 1.19)

	
0.76 (0.38, 1.54)

	
0.12








* Odds ratio (95% confidence intervals). † Multivariable model 1: adjusted for age (years) and gender. ‡ Multivariable model 2: multivariable model 1 plus race/ethnicity, education, ratio of family income to poverty, family history of diabetes, smoking status, alcohol intake, physical activity, total energy intake, and HEI-2010 score. § Multivariable model 3: multivariable model 2 plus BMI. All of the covariates were either continuous or categorized as in Table 1.
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Table 4. Association between the frequency of purchase of different organic foods and diabetes among 4250 participants, NHANES 2009–2010.
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Frequency of Purchase of Organic Foods

	




	

	
Never

	
Rarely

	
Sometimes

	
Most of the Time/Always

	
p for Trend






	
Organic fruits

	

	

	

	

	




	
 No. of diabetes cases/participants

	
437/2848

	
37/385

	
85/703

	
37/314

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.80 (0.49, 1.30)

	
0.72 (0.49, 1.05)

	
0.91 (0.52, 1.61)

	
0.16




	
Organic vegetables

	

	

	

	

	




	
 No. of diabetes cases/participants

	
443/2872

	
36/353

	
82/701

	
37/325

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.74 (0.46, 1.19)

	
0.87 (0.63, 1.19)

	
0.85 (0.49, 1.50)

	
0.31




	
Organic milk and dairy products

	

	

	

	

	




	
 No. of diabetes cases/participants

	
498/3301

	
38/351

	
37/305

	
23/292

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.74 (0.46, 1.22)

	
0.67 (0.41, 1.08)

	
0.66 (0.34, 1.28)

	
0.04




	
Organic eggs

	

	

	

	

	




	
 No. of diabetes cases/participants

	
505/3,346

	
37/293

	
32/277

	
22/329

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.95 (0.63, 1.43)

	
0.84 (0.48, 1.48)

	
0.47 (0.27, 0.83)

	
0.01




	
Organic poultry

	

	

	

	

	




	
 No. of diabetes cases/participants

	
504/3328

	
33/310

	
38/393

	
23/219

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.87 (0.55, 1.35)

	
0.71 (0.41, 1.22)

	
0.80 (0.44, 1.48)

	
0.20




	
Organic meats

	

	

	

	

	




	
 No. of diabetes cases/participants

	
510/3395

	
28/322

	
42/354

	
14/172

	




	
 OR (95% CI) *

	
1.00 (reference)

	
0.67 (0.39, 1.16)

	
0.78 (0.46, 1.32)

	
0.67 (0.31, 1.45)

	
0.09








* Adjusted for age, gender, race/ethnicity, education, ratio of family income to poverty, family history of diabetes, smoking status, alcohol intake, physical activity, total energy intake, HEI-2010 score, the consumption of the corresponding food group, and BMI. All of the covariates were either continuous or categorized as in Table 1.
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