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Introduction: The highly processed western diet is substituting the low-processed traditional diet in the last decades globally. Increasing research found that a diet with poor quality such as western diet disrupts gut microbiota and increases the susceptibility to various neurological and mental disorders, while a balanced diet regulates gut microbiota and prevents and alleviates the neurological and mental disorders. Yet, there is limited research on the association between the disease burden expanding of neurological and mental disorders with a dietary transition.

Methods: We compared the disability-adjusted life-years (DALYs) trend by age for neurological and mental disorders in China, in the United States of America (USA), and across the world from 1990 to 2019, evaluated the dietary transition in the past 60 years, and analyzed the association between the burden trend of the two disorders with the changes in diet composition and food production.

Results: We identified an age-related upward pattern in disease burden in China. Compared with the USA and the world, the Chinese neurological and mental disorders DALY percent was least in the generation over 75 but rapidly increased in younger generations and surpassed the USA and/or the world in the last decades. The age-related upward pattern in Chinese disease burdens had not only shown in the presence of cardiovascular diseases, neoplasms, and diabetes mellitus but also appeared in the presence of depressive disorders, Parkinson’s disease, Alzheimer’s disease and other dementias, schizophrenia, headache disorders, anxiety disorders, conduct disorders, autism spectrum disorders, and eating disorders, successively. Additionally, the upward trend was associated with the dramatic dietary transition including a reduction in dietary quality and food production sustainability, during which the younger generation is more affected than the older. Following the increase in total calorie intake, alcohol intake, ratios of animal to vegetal foods, and poultry meat to pulses, the burdens of the above diseases continuously rose. Then, following the rise of the ratios of meat to pulses, eggs to pulses, and pork to pulses, the usage of fertilizers, the farming density of pigs, and the burdens of the above disease except diabetes mellitus were also ever-increasing. Even the usage of pesticides was positively correlated with the burdens of Parkinson’s disease, schizophrenia, cardiovascular diseases, and neoplasms. Contrary to China, the corresponding burdens of the USA trended to reduce with the improvements in diet quality and food production sustainability.

Discussion: Our results suggest that improving diet quality and food production sustainability might be a promising way to stop the expanding burdens of neurological and mental disorders.
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Introduction

Both neurological disorders and mental disorders are two main neuropsychiatric disorders and among the leading causes of disability globally (1, 2). Although the number of total disability-adjusted life-years (DALYs) remained almost constant from 1990 to 2019, the DALYs caused by neurological disorders and mental disorders continued to rise globally. In addition, the burdens of neurological and mental disorders are higher in high-income countries than in low-income and middle-income countries (3, 4). The progress in intervention of the above neuropsychiatric disorders did not stop or slow down the expanding of DALYs in the past decades (1, 5), and more effective prevention measures are in great need.

A growing number of studies presented the importance of gut microbiota in brain function and neurological and mental disorders (6–10). The gut microbiota and the brain communicate with each other through the microbiota–gut–brain axis (9). Improvements in brain function and/or mental health through gut microbiota regulation have been shown in many brain disorders including depressive disorders (11–13), anxiety disorders (14, 15), eating disorders (16), autism spectrum disorders (17–19), schizophrenia (20), Alzheimer’s disease (21, 22), Parkinson’s disease (22, 23), epilepsy (24, 25), and multiple sclerosis (26).

Diet is essential for brain health and specific dietary components such as tryptophan, and omega-3 polyunsaturated fatty acids (PUFAs) play a great role in normal brain function (27, 28). Diet quality is strongly linked with mental health and brain disorders (29, 30), balanced diet containing a proper combination of all kinds of nutrition could boost brain and mental health (31), while poor diet is associated with the occurrence of various brain disorders including mood disorders (32), schizophrenia (33), neurodevelopmental disorders (34), and neurodegenerative diseases (35). Furthermore, diet is the major factor modulating gut microbiota (36, 37), and microbiota regulate the intake, digestion, and utilization of nutrients (36, 38). The influences of key nutrition on the brain are closely related to gut microbiota (29, 39–41), and a growing body of research suggests the role of gut microbiota in the dietary intervention of mental and neurological disorders in the past decade (6, 29, 42–47).

A suboptimal diet is regarded as the leading risk factor for non-communicable disease burdens (48), but its DALYs are mostly calculated from the burden of cardiovascular diseases, neoplasms, and diabetes mellitus (49, 50). In addition, few studies have associated the burden of neurological disorders and mental disorders with dietary risks. Meanwhile, previous studies usually used age-standardized DALYs or prevalence to compare the burdens of different countries or regions. This measure probably underestimated the effect of differences in age structure and the influences of the human second genome (the genome of gut microbiota). Yet, in the same population, the first genome (the human genes) is relatively stable while the second genome in different generations changes following the dietary and lifestyle transitions (6, 36, 51–53). Then, following food industrialization and globalization, more and more people have been involved in industrialized/westernized diet (54–56) and been experiencing gut microbiota industrialization/westernization (51, 53, 57).

Although the whole world is going through diet industrialization, the USA and China are still typical examples of developed and developing countries, respectively, and they are at different stages of diet industrialization. The disease burden attributed to dietary risks in China is still increasing while the corresponding burden in the USA has gotten through the rise period and started to reduce (48, 50). Both countries have experienced nearly half a century of peace and developing, own large population, and are facing huge neurological and mental disease burdens. Additionally, since most Americans and Chinese have access to enough food resources, they are all desperate to improve the diet quality and prevent chronic diseases. The disease burden attributed to dietary risks was 10% higher in China than in the USA in 2017 (48), and it is time to study what caused the burden increase in China and what induced the burden decrease in the USA.

China is a rapidly developing country, which moves from a low-income country to an upper-middle income country in 22 years. China is also the most populous country (18% of the global) that has been undergoing transition from traditional diet to industrialized diet (58–61). The process of food industrialization in China is much quicker than that in the USA. Different generations have experienced different income levels and diet during the industrialization of food system and the urbanization process in the past decades, and their gut microbiota are affected by industrialized diet to different degrees. Although different Chinese generations have similar first genome, their second genome is different. It is a valuable opportunity to observe such different populations at the same time. Studying the disease changes during different generations probably helps to find the effective ways to stop the expanding disease burden in China.

The USA is the largest high-income country (4% of the world’s population), among the first countries proceeding food industrialization and probably starting industrialized diet from 1800s (62, 63). Then, the USA is also among the first countries to find the close association between western diet and common non-communicable diseases, and it has published an increasing body of research and attempts to improve the dietary quality to reduce the disease burdens (53, 55, 57, 62, 64, 65). Then, the reduction of disease burdens attributable to dietary risks in the USA indicated that some effective measures had been taken. It is necessary to study what the measures are and whether they are useful to China and other countries. Analyzing the disease differences between the USA and China in different generations not only helps to uncover the association between disease burden and diet industrialization but also contributes to find the ways to reduce the adverse effects of diet industrialization and provide the references for China, the USA, and all the world.

Since the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that causes coronavirus disease 2019 (COVID-19) can invade the brain (66), change gut microbiota (67, 68), and induce abnormal microbiota for a long time after disease resolution (69), the COVID-19 pandemic will be imposing a great impact in the epidemiology of neurological and mental disorders. A systematic review showed that the survivors of COVID-19 had higher risks of neuropsychiatric disorders such as depression, anxiety, and cognition deficits (70), and even, the general population presented a high prevalence of adverse psychiatric symptoms such as anxiety, depression, and psychological distress during the pandemic (71). At the same time, the epidemic-related prevention policies such as quarantine, restrictions on dining together, and stricter sterilization of foods have an impact on the human diet. Studies showed that there was a reduction in diet quality in several populations, especially in low-income populations and in people who were quarantined (72, 73). Thus, it is a very precious opportunity to study the relationship between the epidemiology of neurological and mental disorders with a diet transition, unaffected by the COVID-19 pandemic.

In this study, we aimed to evaluate the trend difference in neurological and mental disorders between different generations and their dietary changes in the past decades to indentify the association between the disease burden and diet transition at the national level using the data mostly from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019 and the United Nations Food and Agriculture Organization (FAO).



Materials and methods


Overview and definitions

In this analysis, we selected the rapidly developing China, the highly developed USA, and the world to explore the association between diet industrialization with the burdens of neurological and mental disorders. We investigated the burden trend of neurological disorders and mental disorders among people with different ages from 1990 to 2019. The neurological disorders included in GBD 2019 were headache disorders, Alzheimer’s disease and other dementias, Parkinson’s disease, idiopathic epilepsy, multiple sclerosis, motor neuron diseases, and other neurological disorders. The mental disorders included in GBD 2019 were depressive disorders, anxiety disorders, bipolar disorder, schizophrenia, autism spectrum disorders, conduct disorder, attention-deficit hyperactivity disorder, eating disorders, idiopathic developmental intellectual disability, and a residual category of other mental disorders.

The dietary risks in GBD 2019 contain 10 risks of low in certain foods and 5 risks of high in certain foods. We defined the risks of low in certain foods as a total of 10 risks as low in whole grains, low in legumes, low in vegetables, low in fruits, low in fiber, low in seafood omega-3 PUFA, low in PUFA, low in nuts and seeds, low in milk, and low in calcium. In addition, the risks of high in certain foods were defined as a total of 5 risks comprising high in sodium, high in red meat, high in processed meat, high in trans fatty acids, and high in sugar-sweetened beverages. We also included other two diet-related risks from GBD 2019: nutritional deficiencies and alcohol use. The nutritional deficiency risks included in GBD 2019 were iron deficiency, zinc deficiency, and vitamin A deficiency. In addition, the burdens induced by high body mass index (BMI) were also considered.

The dietary transition was defined as the changes in both diet composition and food production sustainability in the present study. The diet quality mainly depends on whether the nutrition combination was balanced, and poor diet quality indicators included in the study were the overconsumption of calories and alcoholic beverages, high ratio of animal foods to vegetal foods, high ratio of major meat to pulses, and high ratio of refined grains to whole grains (64). Alcohol was among the most common risks inducing diseases and a disease burden in the world (50, 74). Excessive calories, excessive refined grains but lower whole grains, and excessive animal protein but lower plant protein were all indicators of the poor quality of diet (48, 65, 75, 76). The low food production sustainability indicators came from the sustainability indicators in FAOSTAT, including the usage of fertilizer and pesticides in crop planting and the farming density of major livestock. In addition, the farming density of major livestock could indicate the usage of antimicrobics in food animals (77, 78).

Since cardiovascular diseases, neoplasms, and diabetes mellitus are greatly related to diet and are the major diseases to evaluate the burdens induced by dietary risks (49, 50), we used the three diseases as control of neurological and mental disorders.



Data source and collection

We obtained the data on DALYs by age, country, and year from GBD 2019. The GBD approach to estimate cause-specific and risk-specific DALYs has been described in detail in another study (4).

For diet composition, we used the country availability data from FAO food balance sheets and estimated intake data from the global dietary database. For food production, we used the data from FAO sustainability and production indicator sheets, input sheets, and production sheets. The data of antimicrobial use in food animals (77, 79) and the data of excessive fertilizer (80) were obtained from previous research. We also used the body mass index (BMI) data from NCD-RisC to evaluate the body weight trend (81, 82).

In addition, Chinese data on processed foods and food processing were obtained from market investigations. The data on soft drinks, snack foods, Chinese marinating foods, instant foods, Chinese-style milk tea (a kind of attractive sweet beverage containing overdosed sugar or sweeteners and additives, which is usually prepared on site by milk tea shops and very popular in young people), baby foods, food additives, and feed additives were from qianzhan.com. The data on online food delivery, consumer data on Chinese marinating foods, and Chinese-style milk tea were obtained from iimedia.cn. The soft drink follower data came from gridsum.com, and the snack consumer data were obtained from analysys.cn. The antibiotic sale data were obtained from huaon.com.



Data processing and analyses

The DALY percent was used in the present study in the consideration of the different population bases and population structures of different countries. The proportions of animal foods to vegetal foods, major meat to pulses, eggs to pulses, refined grains to whole grains, and different meat to total meat consumption were calculated to estimate the diet quality. The proportions of cropland and livestock at country level to the world were also calculated to estimate the difference between the USA and China. The correlation between disease burden and dietary changes was analyzed using the yearly data of China, the USA, and the world. The Spearman’s correlation was used, and then, the false discovery rate (FDR) adjustment was conducted in this analysis. Only the adjusted p-value of less than 0.05 was considered significant. The analyses and plotting were all proceeded in the R4.1.2.




Results


The different trends of neurological and mental disorders in DALY percent in different income-level countries during the past 30 years

In 1990, the all-ages DALY percent caused by neurological disorders, mental disorders, neoplasms, cardiovascular diseases, and diabetes mellitus in high-income countries were higher than other countries, and it seemed that the higher the income levels, the more the DALY percent (Figure 1). However, the DALY percent in countries with different income levels had shown different trends. The all-ages DALY percent caused by diabetes mellitus had been increasing from 1990 to 2019 globally. The similar trend also showed in the DALY percent caused by neurological disorders, neoplasms, and cardiovascular diseases in low-income, low-middle income, middle-income, and upper-middle income countries. However, in high-income countries, the DALY percent caused by cardiovascular diseases was decreasing from 1990 to 2019, the DALY percent caused by neoplasms peaked in 2009 and then began a slow decline, and the DALY percent caused by neurological disorders peaked in 2017. For DALYs caused by mental disorders, low-income, low-middle income, and middle-income countries presented a steady increase, while the high-income and upper-middle income countries first rose and then fell.
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FIGURE 1
The burden trend of all-ages neurological disorders, mental disorders, and three major physiological diseases in China, the United States of America, the world, and different income countries from 1990 to 2019. (A–E) Showed the DALY percent of neurological disorders, mental disorders, neoplasms, cardiovascular diseases, and diabetes mellitus, respectively. The graphs of World Bank middle income overlapped with that of the world. Shaded sections indicate 95% uncertainty intervals. DALYs, disability-adjusted life-years.


The USA showed a typical pattern of high-income countries, and its DALY percent reduced earlier than high-income countries in neurological disorders, neoplasms, and cardiovascular diseases. Additionally, the DALY percent of mental disorders and neurological disorders in the USA reached the peak and reduced from 2010 and 2013. Although, China was listed as an upper-middle income country after 2010, its disease burdens in neurological disorders, mental disorders, neoplasms, and cardiovascular diseases has been rapidly increasing like upper-middle income countries from 1990. The Chinese DALYs caused by neoplasms and cardiovascular diseases were even remarkably higher than upper-middle income countries. In China, the DALY percent of mental disorders peaked in 2017 while the DALY percent of neurological disorders were on a steady rise.



The different trends of neurological and mental disorders in DALY percent in China and the USA during the past 30 years

Despite the all-ages Chinese DALY percent caused by mental disorders and neurological disorder were between global average and that of the USA, the corresponding DALY percent of Chinese people born in different generations showed a totally different trend (Figures 1, 2).
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FIGURE 2
The burden trend of neurological disorders, mental disorders, and three major physiological diseases in China, the United States of America, and the world, by age group. Shaded sections indicate 95% uncertainty intervals. DALYs, disability-adjusted life-years.


For mental disorders, the Chinese DALY percent of 75+ age group were lower than global average and that of the USA. The DALY percent of 50–74 age group exceeded the global average from 2008 and exceeded that of the USA from 2017. The DALY percent of 25–49, 10–24, and 0–9 age groups presented a similar increasing trend with all-ages.

For neurological disorders, the Chinese DALY percent of the 75+ age group were less than global average and that of the USA. The DALY percent of the 50–74 age group surpassed the global average from 1993. The DALY percent of the 25–49 age group surpassed the global average from 1991, and it exceeded that of the USA in 2019. The DALY percent of the 10–24 age group was also increasing rapidly, and it was higher than the global average from 1990 and surpassed that of the USA from 2003. The 0–9 age group presented a similar increasing trend with all-ages.

The age-related rapid upward trend of DALYs caused by other common diseases seemed to appear earlier in China. The all-ages cardiovascular disease DALY percent of China were higher than the global average and exceeded that of the USA in 2001. Although the DALY percent of the 0–9 age group was less than that of the USA, the DALY percent of the 75+ age group surpassed that of the USA in 1997 and surpassed that of the world from 2000, and the DALY percent of the 10–24, 25–49, and 50–74 age groups were all higher than that of the USA and the world.

The all-ages neoplasm DALY percent of China was higher than the global average and surpassed that of the USA in 2004. However, the DALY percent of the 75+ age group was less than that of the USA and exceeded the global average from 2001. The DALY percent of the 50–74 age group was more than the global average and surpassed that of the USA in 2004. The DALY percent of the 0–9 age group was more than the global average and surpassed that of the since 1996. Other age groups below 50 were all higher than that of the global average and that of the USA.

A similar upward trend of DALY percent in China appeared later for diabetes mellitus. The diabetes mellitus DALY percent for age groups over 50 was less than that of upper-middle-income countries, the USA, and the global average. However, the DALY percent of the 25–49 age group exceeded the global average from 2002 and exceeded that of the USA from 2017. The DALY percent of the 10–24 age group surpassed the global average in 2007 and surpassed that of the USA from 2008.



The age-related trend of major neurological and mental disorders from 1990 to 2019

The all-ages Chinese DALY percent caused by Alzheimer’s disease and other dementias, Parkinson’s disease, headache disorders, anxiety disorders, autism spectrum disorders, depressive disorders, and conduct disorder lied between that of the USA and the world from 1990 to 2019, increasing similarly to neurological disorders or mental disorders. However, the DALY percent of China had exceeded that of the USA in some age groups (Figures 3, 4). Even the all-ages Chinese DALY percent caused by schizophrenia surpassed that of the USA in 2016.
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FIGURE 3
The burden trend of six common neurological and mental disorders in China, the United States of America, and the world, by age group. (A) Showed the DALY percentage of Alzheimer’s disease and other dementias and Parkinson’s disease; (B) showed the DALY percentage of headache disorders and schizophrenia; (C) showed the DALY percentage of anxiety disorders and autism spectrum disorders. Shaded sections indicate 95% uncertainty intervals. DALYs, disability-adjusted life-years.
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FIGURE 4
The burden of depressive disorders and other neurological and mental disorders, by age groups. (A) Showed the DALY percentage of depressive disorders; (B) showed the DALY percentage of motor neuron diseases; (C) showed the DALY percentage of idiopathic epilepsy; (D–I) showed the DALY percentage of conduct disorders, eating disorders, Idiopathic developmental intellectual disability, multiple sclerosis, attention-deficit/hyperactivity disorder, and bipolar disorders, respectively. Shaded sections indicate 95% uncertainty intervals. DALYs, disability-adjusted life-years; IDID, idiopathic developmental intellectual disability; ADHD, attention-deficit/hyperactivity disorder.


For Alzheimer’s disease and other dementias, the Chinese DALY percent was lower than that of the USA and the world in the 75+ age group. In the 50–74 age group, the Chinese DALY percent was higher both than that of the world and the USA from 1990 and increasing steadily, while that of the USA was on a decrease. In the 25–49 age group, the Chinese DALY percent also showed the fastest increase and exceeded that of the USA in 2013.

For Parkinson’s disease, the DALY percent of China in the 75+ age group was lower than that of the USA and the world. However, the Chinese DALY percent was much higher than that of the USA and the world in both the 50–74 and 25–49 age groups. Both Alzheimer’s disease and Parkinson’s disease were neurodegeneration diseases with a later onset and evaluated from 25 years old in GBD 2019.

For headache disorders, the Chinese DALY percent of the 50–74 age group showed an upward trend and exceeded that of the USA in 2019, yet the DALY percent of the 75+ age group were lower than that of the USA and the world. The Chinese DALY percent of the 25–49 and 10–24 age groups exceeded that of the USA from 2017 and 2016, respectively. The 0–9 Chinese age group showed a similar increasing trend with the all-ages.

For schizophrenia, the Chinese DALY percent in the 75+ age group was lower than that of the USA but surpassed the global average in 2016. The Chinese DALY percent of the 50–74 age group was increasing while still higher than the global average and lower than that of the USA from 1990 to 2019. However, the Chinese DALY percent surpassed that of the USA from 2015 and 2005 in the 25–49 and 10–24 age groups, respectively. The evaluative starting age of DALYs caused by schizophrenia was 10.

For anxiety disorders, the Chinese DALY percent of people over 25 years old were lower than that of the USA, fluctuating around the global average. But in 10–24 age group, the Chinese DALY percent were higher than that of the USA and the world from 1990 to 2019. In 0–9 age group, the Chinese DALY percent were higher than the global average, rose rapidly, and surpassed that of the USA from 2018.

For autism spectrum disorders, the Chinese DALY percent were lower than that of the USA and the world in 75+ age group while higher than global average but lower than that of the USA in 25–49, 10–24, and 0–9 age groups. Then in 50–74 age group, the Chinese DALY percent exceeded that of the world from 1994.

For depressive disorders, the Chinese DALY percent of 10–24 and 25–49 age groups were lower than that of the USA and fluctuating around the global average. The Chinese DALY percent of 0–9 age group were lower than that of the USA but increasing and surpassed that of the world from 1993. The Chinese DALY percent of 75+ age group were lower than global average but increasing and exceeded that of the USA from 2006. In 50–74 age group, the Chinese DALY percent was the lowest at first but increasing rapidly and surpassed both the global average and that of the USA from 2007.

For conduct disorder, the Chinese DALY percent of the 10–24 age group were higher than the global average and increasing and exceeded that of the USA from 1997. The Chinese DALY percent of the 0–9 age group were lower than that of the USA and higher than global average and increasing. The evaluative age of conduct disorder in GBD 2019 was below 25.

For eating disorders, the Chinese DALY percent of the 25–49 age group was lower than that of the USA and the world, and the Chinese DALY percent of 10–24 age group was also lower than the other two in the first but increasing and surpassed the global average from 2009. The evaluative age of burdens of eating disorder was below 50. The eating disorder DALYs of 0–9 age group only accounted for a small part of the all-ages, and the Chinese DALY percent in this age group was higher than the global average and lower than that of the USA, but on a steady rise.

For motor neuron diseases, the DALY percent of the USA was the highest in 0–9 and 25–49, 50–74, and 75+ age groups. The DALY percent of China were the lowest in both 50–74 and 75+ age groups and were in the middle in 0–9 age groups. However, the Chinese DALY percent surpassed that of the world in the 25–49 age group and was even higher than that of the world and the USA in the 10–24 age group.

For idiopathic developmental intellectual disability, the DALY percent of China were the lowest in the 0–9, 50–74, and 75+ age groups and were lower than that of the world but higher than that of the USA in both the 10–24 and 25–49 age groups. The Chinese DALY percent showed a downward trend in most age groups except the 0–9 age group.

For multiple sclerosis, the DALY percent of China was the lowest while that of the USA was in the highest for people aged above 10 years. However, the gap was narrowing, and the ratio of Chinese DALY percent to DALY percent of the USA was increasing from 6.5% in the 75+ age group to 7.4% in the 50–74 age group to 12.4% in the 25–49 age group and to 20.6% in the 10–24 age group.

For idiopathic epilepsy in all-ages groups, the DALY percent of the USA was the lowest, the DALY percent of China was the highest in 1990 but reducing from 1998, and the DALY percent of the world was increasing slowly and surpassed that of China from 2006. The DALY percent in the 10–24 and 25–49 age groups showed a similar trend. However, in the 50–74 and 75+ age groups, the DALY percent of China were the lowest and that of the world were the highest. However, in the 0–9 age group, the DALY percent of the USA was in the top but in the middle in China but increasing rapidly.

For attention-deficit/hyperactivity disorder, the DALY percent of China was highest in most age groups except in the 0–9 age group, while that of the world was always lowest. Although the Chinese DALY percent showed a downward trend in all-ages groups, the percent was both increasing in the 10–24 and 0–9 age groups.

Although the DALY percent of burdens caused by motor neuron diseases, multiple sclerosis, and idiopathic epilepsy showed different trends with that of neurological disorders in all-ages group, they also showed age-related patterns and only accounted for 14.9% of the burdens caused by neurological disorders. Similarly, the DALY percent of burdens caused by attention-deficit/hyperactivity disorder and idiopathic developmental intellectual disability presented a disparate trend with that of mental disorders in the all-ages group, while they also showed age-related pattern and only accounted for 3.2% of the burdens caused by mental disorders. The only disorder that showed a totally different trend from other mental disorders was bipolar disorders. The Chinese DALY percent caused by bipolar disorders were lower than that of the world and the USA in all the age groups evaluated, while the burdens of bipolar disorders only accounted for 5.3% of the burdens caused by mental disorders.



The age-related trend in body weight in the past half-century

Body weight also showed an age-related trend in the past decades. During the past 50 years, people are gaining weight globally (Figure 5). For adults over 20 years, the Chinese BMI was lower than the global average and that of the USA both in men and in women. However, the increasing pattern was different in children and adolescent (5–19 age group).
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FIGURE 5
The trend of BMI and BMI-induced DALYs in China, the United States of America, and the world, by age and sex group. (A) Showed the BMI of adolescent aged from 5 to 19, (B) showed the BMI of adults over 20 years old. (C–H) Showed the DALYs induced by high BMI in different age groups. Shaded sections indicate 95% uncertainty intervals. BMI, body mass index; DALYs, disability-adjusted life-years.


For boys, Chinese BMI exceeded the global average from 2005 in the 19-year age group, exceeded the global average from 1991 in 18 year age group, exceeded the global average from 1988 in the 17-year age group, exceeded the global average from 1986 in the 16-year age group, and exceed global average from 1985 in the 5–15 years age groups. The BMI of Chinese boys surpassed that of the USA from 2018 in the 7-year age group, surpassed that of the USA from 2016 in the 6 year age group, and surpassed that of the USA from 2012 in the 5-year age group.

For girls, Chinese BMI exceeded the global average from 2013 both in the 19- and 16-year age groups, exceeded the global average from 2015 in the 17–18 age groups, exceeded the global average from 2012 in the 15-year age group, exceeded the global average from 2010 in the 14-year age group, exceeded the global average from 2009 in the 12–13 age groups, exceeded the global average from 2008 in 11 age group, exceeded the global average from 2007 in 10 age group, exceeded the global average from 2005 in 9 age group, and exceeded the global average from 1985 in 5–8 age groups.

The DALY percent induced by high BMI (over 25) also showed a similar age-related trend. The all-ages Chinese percent was lower than that of the USA and the world at first but increased rapidly and surpassed the global average from 2007. The Chinese DALY percent exceeded that of the world from 2010 in 25–49 age group, exceeded that of the world from 2008 in 10–24 age group, and exceeded that of the world from 2009 in 0–9 age group. However, in age group over 50, the Chinese percent was lower than that of the world and the USA.



The age-related trend in disease burdens induced by dietary risks from 1990 to 2019

Both diseases and body weight are closely associated with diet. Then, diet is among the most important factors regulating DALYs (48).

From 1990 to 2019, the all-ages DALY percent induced by dietary risks was decreasing in the USA while increasing in China, and the Chinese percent was higher than the world and surpassed that of the USA from 2000. The DALY percent induced by both risks of low in certain foods and high in certain foods showed the similar trend.

The Chinese DALY percent induced by dietary risks in 75+ age group exceeded that of the USA from 2003 and exceeded the global average from 2004. The Chinese DALY percent induced by dietary risks in 25–49 and 50–74 age groups were both higher than that of the USA and the world. For the risks high in certain foods, the Chinese DALY percent were higher than global average, surpassed that of the USA from 1998 in all-ages group, surpassed that of the USA from 2001 in 75+ age group, and surpassed that of the USA from 1990 in 25–74 age groups. For the risks low in certain foods, the Chinese DALY percent exceeded that of the USA from 2004 in all-ages group, exceeded that of the USA from 2006 in 75+ age group, exceeded that of the USA from 2002 in 50–74 age group, and exceeded that of the USA from 1990 in 25–49 age group (Figure 6). The top five dietary risks in 2019 were high in sodium, low in whole grains, high in red meat, low in fruits, and low in legumes in China. Except low in fruits, the Chinese DALY percent induced by other four risks were increasing from 1990 to 2019.
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FIGURE 6
The DALYs induced by diet-related factors in China, the United States of America, and the world in 1990–2019. (A) Showed the DALYs induced by total dietary risks, diet high in certain foods, and diet low in certain foods by age group. (B) Showed the DALYs induced by alcohol use by age group. (C–E) Showed the DALYs of 0–9 age group induced by deficiencies of iron, vitamin A, and zine C, respectively. (F) Showed the trend of DALYs induced by top 5 dietary risks in China. Shaded sections indicate 95% uncertainty intervals. DALYs, disability-adjusted life-years.


During 1990–2019, the DALY percent induced by iron deficiency, vitamin A deficiency, and zinc deficiency in most age groups were all decreasing in China, the USA, and the world, while the DALY percent induced by iron deficiency showed an opposite but increasing trend in the 0–9 age group. Then in the 0–9 age group, the DALY percent induced by vitamin A deficiency showed a downward trend in both the USA and the world while showed first decreased and then increased trend in China. The DALY percent induced by zinc deficiency also presented a similar trend in 0–9 age groups.

The DALY percent induced by alcohol use also showed an upward trend in China, the USA, and the world in all-ages group, and the Chinese DALY percent was lay between that of the USA and the world. However, the Chinese DALY percent induced by alcohol use was lower than that of the USA and the world in the 25–49 age group, the Chinese DALY percent was lower than that of the USA but increasing rapidly in the 10–24 age group, and the Chinese percent of the 0–9 age group even surpassed that of the USA in 2019. The Chinese DALY percent induced by alcohol use was higher than that of the USA and the world in the 75+ age group, and the Chinese percent were lower than that of the USA in 2007 in the 50–74 age group.



The diet composition changes in the past six decades

From 1961 to 2019, people were taking in more and more calories globally. The fastest growth rate was in China, which was quicker than that of the USA and the global average (Figure 7). The USA had the highest animal foods/vegetal foods ratio than China and the global average, but it was in a slowdown trend. During the same time, the ratio was increasing rapidly in China.
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FIGURE 7
The diet composition differences between China, the United States of America, and the world during the past six decades. (A,C–K,M) Showed the daily consumption of total calorie, meat, pork, poultry meat, eggs, fish and seafood, vegetables, fruits, pulses, whole grains, and alcoholic beverages, respectively. (B,L) Showed the ratios of animal foods to vegetal foods and refined grains to whole grains, individually. (N–P) Showed the proportion of major meat intake. Shaded sections indicate 95% uncertainty intervals.


Over the past six decades, meat consumption presented a sharp increase in China, and the same trend appeared in the consumption of major animal foods such as pork, poultry meat, eggs, and fish and seafood. From 1961 to 2019, both the total meat consumption and the pork consumption increased by 18 times, the poultry meat consumption increased by 15 times, and egg consumption increased by 9 times. The most popular meat in China in 2019 was pork and poultry meat, accounting for 76 and 13.4% of the total meat consumption, while beef accounted only for 6.2%. Then, the top 3 most consumed meat in the USA were poultry meat (42.3%), pork (37.6%), and beef (19.1%).

During the same time, the consumption of some vegetal foods was also increasing rapidly in China, including vegetables and fruits, while the consumption of pulses was decreasing. From 1961 to 2019, Chinese fruit consumption increased 21 times and the vegetable consumption increased more than 3 times, while pulse consumption reduced to 87% and the ratio of meat to pulses increased sharply. From 1990 to 2018, the consumption of Chinese whole grains reduced to almost 28%, while that of the USA increased to 16%. Simultaneously, the Chinese refined grain/whole grain ratio rise was up to 10 times that of the USA.

In addition, Chinese alcoholic beverage consumption was also increasing sharply and increased 11 times from 1961 to 2019.

The last decade witnessed the expanding rapidly of Chinese highly processed food markets. As shown in Figure 8, accompanied by the surging demand in food additives, the market of Chinese marinating foods, snacks, instant foods, soft drinks, Chinese-style milk tea, and baby foods all presented increasing trend, demonstrating that the highly processed foods were replacing the fresh and low-processed foods in China. Another striking change in the Chinese diet was the surge of online food delivery. From 2011 to 2019, more and more Chinese people started eating takeaways. Semi-processed and high-processed takeout foods were replacing rapidly homemade foods.
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FIGURE 8
The surging consumption of processed foods in China in the past decade. (A,B) Showed the market expanding of six highly processed foods; (E,F) showed the rapidly increasing production of additives, and (C) showed the production and demand of antibiotics; (D) showed the rapidly increasing number of online food delivery users; (G–K) showed the age distribution of major processed food consumers. Shaded sections indicate 95% uncertainty intervals.


It was worth noting that the consumers of highly processed foods and the user of food delivery were mainly people younger than 50. For soft drink followers, people below 29 accounted for 72.5% of the total. For Chinese-style milk tea and marinating foods, consumers of the 22–40 age group were 83.8 and 78.9% of the total, respectively. For snacks consumers shopping online, the 18–48 age groups made up of 88.9% of the total. For food delivery users, the 25–49 age group accounted for more than half (63.4%), and the people under the age of 25 accounted for 33.4%, while the people over 50 only accounted for 3.2%.



The dramatic changes in food production over the past half-century

The past decades experienced dramatic changes not only in diet composition but also in food production in China. For animal food production, intensive livestock farming replaces traditional backyard production in the last decades, especially that of pigs and chickens (Figure 9). The intensive farming system requires premixed feedstuffs, antimicrobials, and other medicals to prevent animal diseases and stimulate their rapid growth. China has been among the largest production and consumption countries in antibiotics, additives, chemical fertilizers, and pesticides (79, 80, 83). The Chinese antimicrobial demand market and feed additives market were increasing rapidly in the last decade (Figures 8C,F). Contrary to the reduction in the USA, the antimicrobials used in food animals in China increased from 2010 to 2017, while the Chinese production of livestock decreased slightly during the same time. Following the increasing livestock numbers, the manure applied to the soil rose sharply in China compared to that of the USA and the world.
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FIGURE 9
The changes of animal and vegetal foods production in China, the United States of America, and the world in the past six decades. (A–C) Showed the farming density of major livestock, pigs, and chickens, individually; (D) showed the manure applied to soils per hectare; (E) showed the total pesticides used for per hectare; (F–H) showed the usage of chemical fertilizer nitrogen, phosphate, and potash, respectively. (I) Showed the proportion of total antimicrobics usage in food animals and (J) showed the proportion of livestock production during the same time. (K) Showed the proportion of total cropland, pesticides use, excessive nitrogen and excessive phosphorus in 2014. Shaded sections indicate 95% uncertainty intervals, LSU, livestock unit; ha, hectare.


Crop planting has also changed dramatically in the last decades. Most crop yields have been increasing in China (Figure 10), but both chemical fertilizer usage and pesticide usage are increasing more rapidly. From 1961 to 2019, chemical fertilizer usage (sum of nutrient nitrogen, phosphorus, and potash) in China increased 49 times, reaching almost 3 times that of the USA. From 1990 to 2019, pesticide usage doubled and reached 5 times that of the USA. Although China accounted for 8% of the world’s cropland in 2014, it used 43% of the world’s pesticides, resulting in 33% excessive nitrogen and 36% excessive phosphorus globally. However, the crop yields have not proportionally increased with the usage of fertilizer and pesticides, and the Chinese yields of major crops including cereals, pulses, vegetables, and fruits were all much lower than the USA.
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FIGURE 10
The major crops yield in China, the United States of America, and the world in the past six decades. (A–F) Showed yield per hectare of cereals, pulses, roots and tubers, vegetables, fruits, and sugar crops, respectively. ha, hectare.




The expanding burden of neurological and mental disorders was associated with the great changes in diet composition and food production sustainability

The all-ages DALY percent of cardiovascular diseases, neoplasms, and diabetes mellitus was undoubtedly positively correlated with total dietary risk burdens because of the calculation method in GBD 2019 (Figure 11). The positive correlation between these disease burdens with low in certain foods and high in certain foods was also natural. It was worth noting that the burdens of the three dietary risks were significantly positively correlated with the all-ages DALY percent of major neurological disorders (headache disorders, Alzheimer’s disease and other dementias, and Parkinson’s disease) and mental disorders (anxiety disorders, autism spectrum disorders, schizophrenia, and depressive disorders).
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FIGURE 11
The correlation between disease burdens and diet quality and food production sustainability. Only the correlation coefficients with adjusted p-value of below 0.05 were shown in the figure.


Moreover, the correlation analysis also presented a positive correlation between the DALY percent of cardiovascular diseases, neoplasms, and diabetes mellitus with poor diet quality indicators including the consumption of total calorie and alcoholic beverages and ratios of animal foods to vegetal foods and poultry meat to pulses. The positive correlation between these poor diet quality indicators and the above neurological and mental disorders was even stronger. In addition, the ratios of meat to pulses, eggs to pulses, and pork to pulses were positively correlated with the DALY percent caused by cardiovascular diseases, neoplasms, Parkinson’s disease, headache disorders, depressive disorders, anxiety disorders, schizophrenia, and autism spectrum disorders.

More notably, two food production sustainability indicators, the farming density of pigs and the chemical fertilizer (N + P + K) usage per hectare, are significantly positively correlated with the DALY percent caused by the above disease except diabetes. In addition, the farming density of major livestock is also positively correlated with the DALY percent of cardiovascular diseases, neoplasms, Parkinson’s disease, and autism spectrum disorders. The total pesticide usage per hectare significantly positively correlated with the DALY percent of cardiovascular diseases, neoplasms, Parkinson’s disease, and schizophrenia.




Discussion


Main findings

China has been experiencing the industrialization of food production over the past six decades. Compared with the USA and the world, China has used much more fertilizer and pesticides in crop planting. The Chinese farming density of major livestock such as pigs and chickens is also much higher, accompanied by the overuse of antimicrobics. The livestock manure applied to soils per hectare is much more. All these suggest the reduction of food production sustainability in China.

During the same time, the Chinese diet quality has been reduced remarkably. The consumption of total calorie and alcoholic beverages are increasing rapidly. The Chinese ratio of animal foods to vegetal foods has been increasing since 1961 while that of the USA has shown a downward trend. The major animal foods consumed in China are pigs and poultry, which are among the livestock being feed with the most amount of antimicrobics (77, 79). Although the consumption of vegetables and fruits is also increasing, the consumption of pulses and whole grains is reducing. The Chinese ratio of meat to pulses has exceeded that in the USA since 1991 and the Chinese ratio of refined grains to whole grains is also much higher than that of the USA. Furthermore, the consumption of processed foods has been increasing sharply in the last decade, and homemade foods are being replaced by processed foods, delivery foods, and restaurant foods. All the above indicate that China is going through the westernization or industrialization of diet.

Moreover, the consumers of processed foods in China were mostly young people. The BMI trend shows that Chinese children and adolescents were gaining weight quicker than those from the USA and the world, with the younger the quicker, although the BMI of Chinese adults was lower than that of the USA and the world. The Chinese DALYs induced by high BMI also showed an age-related pattern. The DALYs induced by high BMI were increasing rapidly in people below age 50, especially the young under age 25 in the last decade.

The age-related diet quality reduction was accompanied by the increasing trend of disease burden induced by dietary risk factors. The Chinese DALY percent induced by dietary risks were growing and surpassed that of the USA from 2000 in all-ages group, from 2003 in the 75+ age group, and from 1990 in the 25–74 age group. This age-related pattern in China appeared more apparent and earlier in risks of a diet high in certain foods than low in certain foods. The global dietary risk changes had been analyzed by the reports of GBD 2017 (48). and GBD2019 (50). Since the current evaluations of disease burden attributed by dietary risks were mostly assessed the later-onset diseases such as cardiovascular diseases, neoplasms, and diabetes mellitus from people over 25 years old, and it took time for the health results of poor diet in young people to emerge, the Chinese DALYs induced by dietary risks were probably underestimated. In addition, although the disease burden induced by nutritional deficiencies reduces in the past 30 years, the Chinese DALYs induced by vitamin A deficiency and zinc deficiency have started to increase again in the 0–9 age group in the last decade. Besides, the Chinese DALYs induced by alcohol use are also increasing remarkably in the 10–24 age group, opposing the downward trend in the USA and the world, and the Chinese DALYs are also increasing rapidly in people below 10 years of age.

Following the reduction in diet quality and food production sustainability, the Chinese trend of neurological disorders, mental disorders, and major chronic diseases presented an age-related increased pattern. The disease burdens of China were usually less in older people than that of the USA and the world, while climbed skyward and surpassed the global average or/and that of the USA in the younger one in the last decades. The Chinese burden of cardiovascular diseases and depressive disorders in the 75+ age group surpassed that of the USA from 1997 and 2006, individually. The Chinese burden of Alzheimer’s disease and other dementias, Parkinson’s disease, neoplasms, and mental disorders in the 50–74 age group surpassed that of the USA from 1990, 1990, 2004, and 2017, respectively. The Chinese burden of schizophrenia, headache disorders, idiopathic epilepsy, and diabetes mellitus in the 25–49 age group surpassed that of the USA in 2015, 2017, 1990, and 2017, respectively. The Chinese burden of anxiety disorders, conduct disorders, motor neuron disease, and neurological disorders in the 10–24 age group surpassed that of the USA in 1990, 1997, 1990, and 2003, respectively. By the way, three disorders were presenting an age-related upward trend although their disease burdens were lower than that of the USA. The Chinese burden caused by autism spectrum disorders exceeded the global average in the 50–74 age group from 1993, the Chinese burden caused by idiopathic developmental intellectual disability exceeded the global average in the 25–49 age group from 1990, and the Chinese burden caused by eating disorders exceeded the global average in 10–24 age group from 2009.

The burden changes of the above diseases are associated with the dietary transition. Not only the burdens of cardiovascular diseases and neoplasms but also the burdens of the above neurological and mental disorders were all increasing with dietary quality reduction. The poor diet quality indicators included higher ratios of animal foods to vegetal foods, poultry meat to pulses, meat to pluses, eggs to pulses, and pork to pulses, higher calorie intake, and higher alcohol intake. Furthermore, the burdens of cardiovascular diseases, neoplasms, and Parkinson’s disease were all increasing with the increase in fertilizer use, pesticide use, the farming density of pigs, and farming density of major livestock. Moreover, the burdens of mental disorders, anxiety disorders, autism spectrum disorders, schizophrenia, depressive disorders, neurological disorders, headache disorders, and Alzheimer’s disease and other dementias were all positively correlated with two poor food production sustainability indicators including the farming density of pigs and fertilizer use per hectare. The burdens of schizophrenia were also positively correlated with the pesticide usage per hectare, and the burdens of autism spectrum disorders were also positively correlated with the farming density of major livestock.



The industrialization of gut microbiota and increase of diseases susceptibility following the industrialized diet

The association between the burdens of neurological and mental disorders with dietary transition is not unreasonable, and the industrialization or westernization of gut microbiota could be the key link (6, 9, 29, 30).

The rapid dietary transition and urbanization are driving the industrialization or westernization of gut microbiota (52, 53, 84). In the USA, immigrants westernized their gut microbiota after migration, and the western diet played a great role in this transition (51, 85). In China, urbanization and dietary transition changed human gut microbiota (86, 87), even the herdsmen in remote Tibet were experiencing the gut microbiota transition (88). Poor diet quality that occurs in the dietary transition including high calorie, high alcohol consumption, high refined grains while low whole grains, high-processed foods, high meat while low pulses, and a variety of additives, similar to the western diet, could disturb gut microbiota, impair brain function through microbiota—gut–brain axis, and increase the susceptibility of many neurological and mental disorders (6, 8, 9, 29, 30, 35, 41, 89, 90).

Residues of pesticides, heavy metals, and antibiotics in foods are also important diet-related factors interfering with gut microbiota and brain function (43, 91–96). Tremendous use of fertilizers and pesticides have been used in China’s agriculture in the past decades, reducing the diversity of soil microbiota and soil fertility (97–99), leaving high and probably growing persistent organic pollutions (POPs) and heavy metals in soil and water (100, 101). Many POPs such as organochlorine and heavy metals such as cadmium and lead are carcinogenic and neurotoxic. Crops and other plants absorb these toxic substances from the environment as they grow. Then, livestock and fish accumulate more toxic substances in the body from these grains, grass, and environment. These toxic substances will probably pass to humans through food chains, disrupt human gut microbiota, and induce neurotoxicity and brain impairment through microbiota–gut–brain axis (43, 92, 94, 102–104).

The impact of antimicrobics originating from food animals is more complicated. Antibiotics or antimicrobics have been widely used in industrialized food animal production including pigs, poultry, cattle, and aquiculture for growth promotion, disease prevention, and therapy (105). Pigs are top 1 among the animals fed most antimicrobics (77, 79), and pork is more consumed in China than in the USA. It is not surprising that higher burdens of neurological and mental disorders followed a higher ratio of pork to pulses and farming density of pigs. The farming method disrupts animal gut microbiota [kill sensitive bacteria and prompt the thriving of antimicrobial resistance (AMR) bacteria] and reduces α-diversity, produces animals with a big and fat body but compromised immunity, creates pollution in the environment including AMR genes, heavy metals, antimicrobics and other drugs, greenhouse gases, and unintentionally but objectively avails the evolution of pathogens (106, 107). On the other hand, the antimicrobial residues and AMR genes in animal foods will transmit to humans through the food chain (108, 109), disturb gut microbiota and decrease α-diversity, induce overweight and obesity (110, 111), and impair brain function (6, 95, 96).

Long-term fertilization, whether chemical fertilizer or manure fertilizer or blended fertilizer, would increase the heavy metals including cadmium and arsenic in the soil (112, 113). Furthermore, a substantial portion of the antimicrobics, feed additives, and AMR genes excreted by animals also disrupted soil microbiota and returned to food chains by applying manure to the soil. These harmful substances were absorbed by crops and other plants from the soil and water and then transferred to food animals or humans (106, 114), impairing body and brain health finally (95, 111). Thus, animal foods often contain more harmful substances than vegetal foods following the biological huge concentration of pesticides, heavy metals, and antimicrobics and the transmission of AMR genes. It is not surprising that higher ratios of animal foods to vegetal foods, major meat to pulses, and eggs to pulses were accompanied by higher disease burdens of neurological and mental disorders.

In contrast to the increase of the above harmful substances, the nutrient density decreased in the foods. The reduction of nutrition value would further exacerbate the poor diet problem (115). Although there is limited research that directly analyses the influence of crop nutrition due to modern agriculture, several research studies showed that fertilizer, pesticides, heavy metals, pollutants, global warming, and antibiotics changed soil pH value, disturbed soil ecosystem, and plant root microbiota (98, 99, 116–118). Similar to the animal gut microbiota, the root microbiota not only play an important role in plant growth and health but also influence crop performance (119–122). Soil microbiota diversity especially of bacteria declined (123) and root microbiota changed (117) following the increase of atmospheric CO2 and temperature, and nutrient density reduced in a range of staple crops including wheat, rice, barley, field peas, soybeans, chickpea, potatoes, fruits, C3 vegetables during the same time (124, 125). The decreased nutrition was protein, zinc, and iron, among the most common nutritional deficiencies (115, 125). Repairing the soil ecosystem and root microbiota through applicating beneficial microbiota could not only promote crop growth, immunity, and nutrient utilization but also improve nutrition value and reduce the usage of pesticides and fertilizer (121, 122). Inoculating Rhodopseudomonas palustris strain PS3 not merely significantly improved the yield of marketable tomato fruit but also promoted the sweetness, taste, and the content of vitamin C, total phenolic compounds, and lycopen (126). Applicating Azospirillum along with half a dose of nitrogen and phosphate fertilizers not only increased the yield of sesame but also enhanced the oil quality with lower acid value and healthier fatty acid composition (127). Inoculation with Azospirillum brasilense increased the yield of hydroponic lettuce and increased the leaf accumulation of important minerals such as iron and zinc (128). Our study in crops also supported the use of Lactobacillus fermented products as a safe alternative to pesticides. In addition, healthy soil microbiota could possibly decrease the harmful substances absorption of crops. Antibiotic exposure not only reduced soil bacteria diversity but also increased AMR gene accumulation in vegetables (118), while indigenous soil microbiota played a great role in preventing the spread of AMR genes (129).

The nutrients in the meat are closely related to the gut microbiota of the animal. Antimicrobics used in the farming process could disrupt the gut microbiota of animals, promote body weight gain, also facilitate fat deposition, and suppress muscle development (130, 131), making similar influences with what it does in the human body (96, 110, 132, 133). Compared to wild fish with undisturbed gut microbiota, cultured fish had less omega-3 PUFA, more omega-6 PUFA, and more saturated fatty acids (134, 135). Compared to traditional grass-fed beef with undisturbed gut microbiota, modern grain-fed beef had more saturated fatty acids and less omega-3 PUFA, conjugated linoleic acid, β-carotene, α-tocopherol, vitamin B12, iron, zinc, and glutathione (136–138). Researchers have been seeking more sustainable alternatives to antibiotics for decades, and probiotics and prebiotics could be a suitable one (139). Probiotics or/and prebiotic supplementation enhanced the immunity of the animal, increased feed digestibility, promoted the growth and reproductive performance, improved the yield and quality of meat, milk, and eggs, increased the content of free amino acids, eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), superoxide dismutase, glutathione peroxidase, decreased the content of saturated fatty acids, triglyceride, and cholesterol (140–146), and reduced the noxious gas emission including ammonia and sulfuretted hydrogen (147) and harmful substance accumulation such as chromium (146). Our study in food animals also found that feeding certain Lactobacillus strains fermented feed not only increased feed conversion ratio, decreased noxious gas in feces, and reduced aggressive behaviors, but also lesson the cholesterol in eggs and meat and increased the lean body mass and content of EPA and DHA.

All the above changes both in dietary structure and in food production sustainability were pushing the industrialization of human gut microbiota. Current gut microbiota research has focused more on bacteria, although it is still controversial, and a growing body of research found that industrialization decreased the α-diversity but increased the β-diversity of human gut microbiota, decreased the fiber-degrading genes, and increased complex chemicals-degrading genes (51, 53, 85, 87, 148, 149). Meanwhile, overweight and obesity people also owned gut microbiota with lower α-diversity compared to normal bodyweight control, especially the people eating more high-fat red meat and having higher veterinary antibiotic levels in their body (111, 150–152). Many studies showed that the patients with mental and neurological disorders including depressive disorders, schizophrenia, Alzheimer’s disease, Parkinson’s disease, autism spectrum disorders, attention-deficit/hyperactivity disorder, and eating disorders also had a lower α-diversity in gut microbiota compared to healthy controls (16, 153–157). The patients with many chronic diseases such as cardiovascular diseases, cancers, and diabetes mellitus presented a lower α-diversity in gut microbiota, too (158–162). The abnormal gut microbiota could impair brain function through microbiota–gut–brain axis, making the host more susceptible to the above diseases (6–9, 163). Furthermore, the industrialized gut microbiota shaped by a poor diet containing unsafe substances are the compromised gut microbiota, reduce the host’s ability to excrete heavy metals and harmful substances, and increase the susceptibility to various diseases including neurological and mental disorders (6, 29, 30, 36, 41, 164, 165). Finally, it would become a vicious cycle without dietary quality and food production sustainability improvement.

Yet, the association between cancer, cardiovascular diseases, neurological disorders, and mental disorders with food production sustainability was more insidious. It is well known that environment POPs, pesticides, heavy metal, and some antimicrobics would increase the risks of cancer and cardiovascular diseases (166, 167). Among the neurological and mental disorders, neurodegenerative diseases such as Parkinson’s disease and neurodevelopmental disorders such as autism spectrum disorders are more sensitive to the above harmful residues in foods (92–94, 104, 168). It is not surprising that the disease burden of Parkinson’s disease is positively correlated with the usage of pesticides and fertilizers and the farming density of major livestock and pigs. The association between these harmful residues and schizophrenia was recently noticed (43), and their links with other neurological and mental disorders are probably going to be found in the future. Food production sustainability not only affects the resilience to a possible full-blown AMR crisis or climate changes in the future (107, 169) but also influences the body and brain health of current people and future generations.



The differences in diet composition and food production sustainability between China and the USA

The Chinese food system has been increasingly industrialized in the past decades, and despite the growing similarities with the USA, their differences are still stark.


Differences in diet composition

Processed foods already make up for more than 60% of the current USA diet (62). Its proportion in China is increasing rapidly, almost 30% in total and nearby 50% for children and adolescents (58, 61). There are more differences in processed foods between the USA and China.

The FEDERAL court of the USA approved The Nutrition Labeling and Education Act (NLEA) (Public Law 101-535) in 1990 not only regulated the nutrition labeling of packed foods in detail, but also emphasized related education for consumers to choose healthy foods. In 2014, the US Food and Drug Administration (FDA) issued Food Labeling: Nutrition Labeling of Standard Menu Items in Restaurants and Similar Retail Food, asking chain restaurant (more than 20 branch chain) and retail food producer indicate the food that contains energy, retail food firms and vending machines also need the food that contains energy labeling. In 2016, FDA updated the Nutrition Facts Label, requiring more specified description of nutrient labeling and health effects for consumer to do healthier choice.

Chinese Ministry of Health has required packaged foods to be labeled with nutrition facts since 2002 like the NLEA 1990 of the USA but has not proceeded with sufficient public education. According to the 2020 reports of the United Nations International Children’s Emergency Fund, processed foods whose nutritional composition does not meet World Health Organization recommendations including soft drinks, snacks, baby foods, and fast foods have been increasingly popular in Chinese children and adolescents in the last decade. These trends were in accordance with the obvious increase of burdens induced by high BMI in the young. More strict marketing restrictions, more taxes on highly processed foods, more clear nutrition labels such as front-of-pack labeling, and more understanding about healthier foods are all in urgent need to stop the worrying trend (170).

In addition, more education, research, and popular science on healthy eating are also needed very much in China since lots of people still choose food according to the traditional experiences and advertisement and marketing of foods, while the Chinese traditional food culture sometimes makes a negative impact in this respect. For example, the “the more refined grains and meat, the better” by Confucius encourages many to pursue finely processed and delicately cooked foods. The concept of “Alcohol is the quintessence of grains” and the Alcohol Culture (JiuWenHua) enforcing people drinking make most Chinese people unaware of the harm of alcohol.



Differences in food production sustainability

Although the problem of AMR in food animal production has been recognized worldwide, the policy in different countries is completely different. Antimicrobics in food animal production are now strictly prohibited in European Union but not completely prohibited in the USA, while the attitude of China is more compromised and reliable access to cheap meat seems to be more valued. Even so, the USA has banned the use of antibiotics as growth promoters and managed to stall decades of increasing antibiotic use and establish surveillance systems with which to hold policymakers accountable to stewardship commitments (105). While China has issued a series of policies to regulate antimicrobial use in the last decades and started to prohibit the use of drugs other than traditional Chinese medicine as feed additives since 1 July 2020 (Announcement of the Ministry of Agriculture and Rural People’s Republic of China No. 194.), the increasing trend does not seem not to be stopped (77, 79). Previous research found that China had a serious problem with the misuse and overuse of antimicrobics in food animal farming including the preference for new and highly effective drugs, the excessive use of non-prohibited and prohibited antibiotics, long-term and continuous use, the absence of veterinarians’ instructions, use of counterfeited and substandard products, repeated use of different brands but same substance, violating drug withdrawal time, etc (171–173). Although the percent of intensive livestock farming was increasing and up to 58% in 2017 in China (China Animal Husbandry and Veterinary Yearbook 2018), the majority were small-scale farms with insufficient pollution treatment conditions, making the monitor and control extremely difficult (106). Thus, more technical assistance for farmers on antimicrobial use, more regulations, and supervision are needed to stop the alarming increasing trend in antimicrobial use in food animal production.

For pesticides, lots of countries make clear regulations on the production, sale, and consumption of pesticides, and they also set maximum residue limits (MRLs, known as pesticide tolerances in the USA) to improve food safety. The USA has established a relatively complete legal system and relatively comprehensive MRLs for pesticide use, which are being updated as needed. In addition, the USA has proceeded with several long-term and systematic regulatory monitoring programs on pesticide residues. FDA has published annual reporters summarizing the results of the pesticide residue monitoring program since 1988 and conducted the Total Diet Study, which monitors pesticide residues in foods prepared as home cooking. The United States Department of Agriculture updated the database continuously according to its Pesticide Data Program results, too (174). Compared with the USA, China is a late starter in pesticide management. China issued the Regulations on Pesticide Administration in 1997 and constantly improved the related regulations, and its numbers of MRLs have been increasing rapidly since then. However, the biggest difference seemed probable not in regulations and MRLs numbers, but in supervision. It was reported that the detection rate of highly hazardous or banned pesticides in Chinese food was gradually decreasing, and the rate of violative residue was also reducing (83, 175, 176). However, there is still a gap between the violation rate and that of the USA, and it is difficult for China’s consumers to see detailed official reports on MRLs in food.

For fertilizer, less than half of it is utilized by crops globally, and the rest runs off farms into the natural environment and causes pollution and inducing ecosystem imbalances and biodiversity reduction. The nitrogen use efficiency (the ratio of nitrogen in harvested products) is only 0.25 in China compared to 0.68 in the USA and 0.42 in the world (169). While long-term excessive chemical fertilization will not only disturb soil microbiota and reduce soil fertility but also cause heavy metals pollution and other environmental pollution. However, it is possible to reduce chemical fertilizer use without decreasing crop yields (126, 177). A large-sale study proceeded in China reduced nitrogen fertilizer use by around one-sixth and increased crop yields by around 11%, and the results were mainly achieved by educating and training farmers on good management practices (178). China has initiated restrictions on heavy metal maximum limits in kinds of fertilizers, but only effective monitoring could stop this pollution from increasing.




Future direction

Increasing research has indicated that mental disorders and neurological disorders are the diseases closely related to the dysbiosis of gut microbiota and dysfunction of microbiota–gut–brain axis in the past two decades, and improving that gut microbiota through diet quality enhancement is one of the best ways to prevent and alleviate the two brain disorders (6–11, 179–184). Although mounting studies showed the relationship between mental and neurological disorders with diet quality (27–35, 42, 44–47, 163), the relationship between the disorders and food production sustainability indicators is not well studied. This is the first research that analyzed the association between the burdens of mental and neurological diseases and dietary-related factors at such a macrolevel (country level).

Following globalization, diet composition and food production transition toward industrialization have become an almost irreversible trend. This tendency started in high-income countries, spread to the upper-middle income countries, and then accelerated in low-income and middle-income countries (55, 56, 58, 59, 79, 80, 105), followed by the surging of neurological and mental disorders burdens. China has made amazing economic development and successfully solved the problem of insufficient food in the last decades, but it also experienced increasing burdens of mental disorders, neurological disorders, cardiovascular diseases, neoplasms, and diabetes mellitus, following the reduction in dietary quality and food production sustainability. It is time to stop the rise of disease burdens and make more balanced progression.

Furthermore, development and disease burden are not an either-or choice. Albeit the USA is not the best in enhancing dietary quality and food production sustainability (48, 105), it has stopped and inversed some upward tendencies in disease burdens through the food system improvement. Dietary quality and food production sustainability might play a key role in the prevention of the above disorders. Thus, serious attention should be paid to promoting diet quality and food production sustainability; otherwise, the burden for neurological and mental disorders could expand rapidly in the next decade and the control could be more costly as we know those are the world’s most expensive diseases. Active prevention is usually a more cost-effective way than treatment afterward.

Although the industrialized food system feed a larger population than ever before, it also brings some problems. How to avoid the adverse effects including expanding of disease burden during developing should be the concern of every country. The experiences and lessons during the development of China and the USA not only help to improve themselves but also provide reference to the world. Every country should focus on diet quality and food production sustainability in diet industrialization, especially for low-income and middle-income countries.

For example, India has become the largest country of population development in the world, and the present comparative study between China and the USA has a very important reminder of India’s rapid rise. The present study argues that food processing and food security are the key to a country’s health and sustainable development, and without this key, human health and world peace and stability are difficult to maintain.

The COVID-19 pandemic has brought more challenge in disease burdens including neurological and mental disorders (70, 71). The pandemic probably induces diet quality reduction (72, 73, 185) while poorer diet quality was accompanied with higher risks and severity of COVID-19 infection (186, 187). In addition, pandemic increased the difficulty to access traditional treatments requiring in-person social interaction, resulting more and more patients without sufficient help and treatment (188). Thus, it is in urgent need for an effective remote intervention like diet quality improvement to prevent and alleviate neurological and mental disorders. This is not only a personal problem or a researcher’ subject, but also a topic should be concerned by all the world including policy maker, food producer, doctors and other health practitioner, researchers, and food consumers.



Limitations

In the present study, we mainly focused on the association between total calories, alcohol beverages, animal foods to vegetal foods, and various meat to pulses with disease burden, the other diet quality indicators, including the ratios of refined grains to whole grains, processed foods to total dietary calorie, and omega-3 to omega-6 PUFA were not deeply analyzed. This is mainly due to their data being partially inadequate or unreliable but not because they were unimportant. Similarly, the association of antimicrobial use in food animal production was also not analyzed in depth due to insufficient data. Although we studied the differences in the disease burdens across age groups, no age-related correlation analysis was conducted due to data insufficiency. In the correlation analysis, the effects of sex, living environment, antibiotics use, and economic condition, on disease burden and diet were not analyzed because of the data inadequacies. More research is needed to figure out the impact of these factors on the association in the future.




Conclusion

China has experienced a great increase in burdens of neurological and mental disorders in the past 30 years of rapid development process, although the corresponding DALY percent of the elderly is lower than the global average and the USA, the corresponding DALY percent of the younger generations is increasing faster than the global average and the USA. This age-related changing pattern in disease burden is greatly associated with the dietary transition during the past six decades. Following the reduction of diet quality characterized by high consumption of calories, alcohol, and processed foods, high ratios of animal to vegetal foods, and high ratios of major meat to pulses, the burdens of major mental disorders and major neurological disorders, cardiovascular diseases, neoplasms, and diabetes mellitus are increasing. Furthermore, the burdens of Parkinson’s disease, schizophrenia, autism spectrum disorders, cardiovascular diseases, and neoplasms are all associated with food production sustainability reduction. What is worse, children and teenagers are probably harmed more by this dietary transition than older people because they are more attracted to industrialized diet. However, it is inspiring that the burdens of the above diseases trend to reduce following the improvement in diet quality and food production sustainability in the USA. The right diet and sustainable food production would stop and/or even reverse neurological and mental disease burdens expanding.



Data availability statement

The original contributions presented in this study are included in this article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

SL designed the study, collected and analyzed the data, draw the figures, and wrote the manuscript. FJ supervised the study and edited the manuscript. LW gave valuable suggestions. XW, XH, and TW offered help in data collection. All authors have contributed to the work and read and approved the final manuscript.



Acknowledgments

We thank GBD 2019 for the disease burdens data access and thank FAO for the food balance and food production data access. We also thank Tufts University for the share of diet data and NCD-RisC for the BMI data. The qianzhan.com, iimedsia.cn, gridsum.com, analysys.cn, and huaon.com are all thanked for their market-related data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

GBD 2019, Global Burden of Diseases, Injuries, and Risk Factors Study 2019; DALYs, disability-adjusted life-years; FAO, United Nations Food and Agriculture Organization; BMI, body mass index; POPs, persistent organic pollutions; AMR, antimicrobial resistance; FDA, the US Food and Drug Administration; MRLs, maximum residue limits.



References

1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry. (2022) 9:137–50. doi: 10.1016/S2215-0366(21)00395-3

2. GBD 2019 Neurology Collaborators. Global, regional, and national burden of neurological disorders, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2019) 18:459–80.

3. Patel V, Saxena S, Lund C, Thornicroft G, Baingana F, Bolton P, et al. The lancet commission on global mental health and sustainable development. Lancet. (2018) 392:1553–98. doi: 10.1016/S0140-6736(18)31612-X

4. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396: 1135–59.

5. GBD 2015 Neurological Disorders Collaborator Group. Global, regional, and national burden of neurological disorders during 1990–2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet Neurol. (2017) 16:877–97.

6. Liang S, Wu X, Jin F. Gut-brain psychology: rethinking psychology from the microbiota-gut-brain axis. Front Integr Neurosci. (2018) 12:33. doi: 10.3389/fnint.2018.00033

7. Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER, McCue T, et al. Microbiota modulate behavioral and physiological abnormalities associated with neurodevelopmental disorders. Cell. (2013) 155:1451–63. doi: 10.1016/j.cell.2013.11.024

8. Rogers GB, Keating DJ, Young RL, Wong ML, Licinio J, Wesselingh S. From gut dysbiosis to altered brain function and mental illness: mechanisms and pathways. Mol Psychiatry. (2016) 21:738–48. doi: 10.1038/mp.2016.50

9. Morais LH, Schreiber HL, Mazmanian SK. The gut microbiota-brain axis in behaviour and brain disorders. Nat Rev Microbiol. (2021) 19:241–55. doi: 10.1038/s41579-020-00460-0

10. Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role of short-chain fatty acids in microbiota-gut-brain communication. Nat Rev Gastroenterol Hepatol. (2019) 16:461–78. doi: 10.1038/s41575-019-0157-3

11. Liang S, Wang T, Hu X, Luo J, Li W, Wu X, et al. Administration of Lactobacillus helveticus NS8 improves behavioral, cognitive, and biochemical aberrations caused by chronic restraint stress. Neuroscience. (2015) 310:561–77. doi: 10.1016/j.neuroscience.2015.09.033

12. Chahwan B, Kwan S, Isik A, van Hemert S, Burke C, Roberts L. Gut feelings: a randomised, triple-blind, placebo-controlled trial of probiotics for depressive symptoms. J Affect Disorders. (2019) 253:317–26. doi: 10.1016/j.jad.2019.04.097

13. Minayo MS, Miranda I, Telhado RS. A systematic review of the effects of probiotics on depression and anxiety: an alternative therapy? Cien Saude Colet. (2021) 26:4087–99. doi: 10.1590/1413-81232021269.21342020

14. Pirbaglou M, Katz J, de Souza RJ, Stearns JC, Motamed M, Ritvo P. Probiotic supplementation can positively affect anxiety and depressive symptoms: a systematic review of randomized controlled trials. Nutr Res. (2016) 36:889–98. doi: 10.1016/j.nutres.2016.06.009

15. Le Morvan de Sequeira C, Hengstberger C, Enck P, Mack I. Effect of probiotics on psychiatric symptoms and central nervous system functions in human health and disease: a systematic review and meta-analysis. Nutrients. (2022) 14:621. doi: 10.3390/nu14030621

16. Carbone EA, D’Amato P, Vicchio G, De Fazio P, Segura-Garcia C. A systematic review on the role of microbiota in the pathogenesis and treatment of eating disorders. Eur Psychiatry. (2020) 64:e2. doi: 10.1192/j.eurpsy.2020.109

17. Kang DW, Adams JB, Gregory AC, Borody T, Chittick L, Fasano A, et al. Microbiota transfer therapy alters gut ecosystem and improves gastrointestinal and autism symptoms: an open-label study. Microbiome. (2017) 5:10. doi: 10.1186/s40168-016-0225-7

18. Kang DW, Adams JB, Coleman DM, Pollard EL, Maldonado J, Caporaso JG, et al. Long-term benefit of Microbiota Transfer Therapy on autism symptoms and gut microbiota. Sci Rep. (2019) 9:5821. doi: 10.1038/s41598-019-42183-0

19. Davies C, Mishra D, Eshraghi RS, Mittal J, Sinha R, Bulut E, et al. Altering the gut microbiome to potentially modulate behavioral manifestations in autism spectrum disorders: a systematic review. Neurosci Biobehav Rev. (2021) 128:549–57. doi: 10.1016/j.neubiorev.2021.07.001

20. Okubo R, Koga M, Katsumata N, Odamaki T, Matsuyama S, Oka M, et al. Effect of bifidobacterium breve A-1 on anxiety and depressive symptoms in schizophrenia: a proof-of-concept study. J Affect Disord. (2019) 245:377–85. doi: 10.1016/j.jad.2018.11.011

21. Hazan S. Rapid improvement in Alzheimer’s disease symptoms following fecal microbiota transplantation: a case report. J Int Med Res. (2020) 48:300060520925930. doi: 10.1177/0300060520925930

22. Xiang S, Ji JL, Li S, Cao XP, Xu W, Tan L, et al. Efficacy and safety of probiotics for the treatment of alzheimer’s disease, mild cognitive impairment, and parkinson’s disease: a systematic review and meta-analysis. Front Aging Neurosci. (2022) 14:730036. doi: 10.3389/fnagi.2022.730036

23. Xue LJ, Yang XZ, Tong Q, Shen P, Ma SJ, Wu SN, et al. Fecal microbiota transplantation therapy for Parkinson’s disease: a preliminary study. Medicine (Baltimore). (2020) 99:e22035. doi: 10.1097/MD.0000000000022035

24. Gomez-Eguilaz M, Ramon-Trapero JL, Perez-Martinez L, Blanco JR. The beneficial effect of probiotics as a supplementary treatment in drug-resistant epilepsy: a pilot study. Benef Microbes. (2018) 9:875–81. doi: 10.3920/BM2018.0018

25. Wang X, Ma R, Liu X, Zhang Y. Effects of long-term supplementation of probiotics on cognitive function and emotion in temporal lobe epilepsy. Front Neurol. (2022) 13:948599. doi: 10.3389/fneur.2022.948599

26. Jiang J, Chu C, Wu C, Wang C, Zhang C, Li T, et al. Efficacy of probiotics in multiple sclerosis: a systematic review of preclinical trials and meta-analysis of randomized controlled trials. Food Funct. (2021) 12:2354–77. doi: 10.1039/D0FO03203D

27. Ekstrand B, Scheers N, Rasmussen MK, Young JF, Ross AB, Landberg R. Brain foods - the role of diet in brain performance and health. Nutr Rev. (2021) 79:693–708. doi: 10.1093/nutrit/nuaa091

28. Muth AK, Park SQ. The impact of dietary macronutrient intake on cognitive function and the brain. Clin Nutr. (2021) 40:3999–4010. doi: 10.1016/j.clnu.2021.04.043

29. Berding K, Vlckova K, Marx W, Schellekens H, Stanton C, Clarke G, et al. Diet and the microbiota-gut-brain axis: sowing the seeds of good mental health. Adv Nutr. (2021) 12:1239–85. doi: 10.1093/advances/nmaa181

30. Lopez-Taboada I, Gonzalez-Pardo H, Conejo NM. Western diet: implications for brain function and behavior. Front Psychol. (2020) 11:564413. doi: 10.3389/fpsyg.2020.564413

31. Muscaritoli M. The impact of nutrients on mental health and well-being: insights from the literature. Front Nutr. (2021) 8:656290. doi: 10.3389/fnut.2021.656290

32. Lassale C, Batty GD, Baghdadli A, Jacka F, Sánchez-Villegas A, Kivimäki M, et al. Healthy dietary indices and risk of depressive outcomes: a systematic review and meta-analysis of observational studies. Mol Psychiatry. (2019) 24:965–86. doi: 10.1038/s41380-018-0237-8

33. Cha HY, Yang SJ, Kim SW. Higher dietary inflammation in patients with schizophrenia: a case-control study in Korea. Nutrients. (2021) 13:2033. doi: 10.3390/nu13062033

34. Harris HA, Mou Y, Dieleman GC, Voortman T, Jansen PW. Child autistic traits, food selectivity, and diet quality: a population-based study. J Nutr. (2022) 152:856–62. doi: 10.1093/jn/nxab413

35. Wieckowska-Gacek A, Mietelska-Porowska A, Wydrych M, Wojda U. Western diet as a trigger of Alzheimer’s disease: from metabolic syndrome and systemic inflammation to neuroinflammation and neurodegeneration. Ageing Res Rev. (2021) 70:101397. doi: 10.1016/j.arr.2021.101397

36. Zmora N, Suez J, Elinav E. You are what you eat: diet, health and the gut microbiota. Nat Rev Gastroenterol Hepatol. (2019) 16:35–56. doi: 10.1038/s41575-018-0061-2

37. Gentile CL, Weir TL. The gut microbiota at the intersection of diet and human health. Science. (2018) 362:776–80. doi: 10.1126/science.aau5812

38. Gupta A, Osadchiy V, Mayer EA. Brain-gut-microbiome interactions in obesity and food addiction. Nat Rev Gastroenterol Hepatol. (2020) 17:655–72. doi: 10.1038/s41575-020-0341-5

39. Ezra-Nevo G, Henriques SF, Ribeiro C. The diet-microbiome tango: how nutrients lead the gut brain axis. Curr Opin Neurobiol. (2020) 62:122–32. doi: 10.1016/j.conb.2020.02.005

40. Gao K, Mu CL, Farzi A, Zhu WY. Tryptophan metabolism: a link between the gut microbiota and brain. Adv Nutr. (2020) 11:709–23. doi: 10.1093/advances/nmz127

41. Bodden C, Hannan AJ, Reichelt AC. Of ‘junk food’ and ‘brain food’: how parental diet influences offspring neurobiology and behaviour. Trends Endocrinol Metab TEM. (2021) 32:566–78. doi: 10.1016/j.tem.2021.04.001

42. Bear TLK, Dalziel JE, Coad J, Roy NC, Butts CA, Gopal PK. The role of the gut microbiota in dietary interventions for depression and anxiety. Adv Nutr. (2020) 11:890–907. doi: 10.1093/advances/nmaa016

43. Simkin DR. Microbiome and mental health, specifically as it relates to adolescents. Curr Psychiatry Rep. (2019) 21:93. doi: 10.1007/s11920-019-1075-3

44. Marx W, Lane M, Hockey M, Aslam H, Berk M, Walder K, et al. Diet and depression: exploring the biological mechanisms of action. Mol Psychiatry. (2021) 26:134–50. doi: 10.1038/s41380-020-00925-x

45. Joseph J, Depp C, Shih PB, Cadenhead KS, Schmid-Schonbein G. Modified mediterranean diet for enrichment of short chain fatty acids: potential adjunctive therapeutic to target immune and metabolic dysfunction in schizophrenia? Front Neurosci. (2017) 11:155. doi: 10.3389/fnins.2017.00155

46. Alfonsetti M, Castelli V, d’Angelo M. Are we what we eat? impact of diet on the gut-brain axis in Parkinson’s disease. Nutrients. (2022) 14:380. doi: 10.3390/nu14020380

47. Zhang M, Zhao D, Zhou G, Li C. Dietary pattern, gut microbiota, and Alzheimer’s disease. J Agric Food Chem. (2020) 68:12800–9. doi: 10.1021/acs.jafc.9b08309

48. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2019) 393:1958–72. doi: 10.1016/S0140-6736(19)30041-8

49. GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017. Lancet. (2018) 392:1923–94.

50. GBD 2019 Risk Factor Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990–2019_ a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1135–59.

51. Vangay P, Johnson AJ, Ward TL, Al-Ghalith GA, Shields-Cutler RR, Hillmann BM, et al. US immigration westernizes the human gut microbiome. Cell. (2018) 175:962–972.e910. doi: 10.1016/j.cell.2018.10.029

52. Carmody RN, Sarkar A, Reese AT. Gut microbiota through an evolutionary lens. Science. (2021) 372:462–3. doi: 10.1126/science.abf0590

53. Zuo T, Kamm MA, Colombel JF, Ng SC. Urbanization and the gut microbiota in health and inflammatory bowel disease. Nat Rev Gastroenterol Hepatol. (2018) 15:440–52. doi: 10.1038/s41575-018-0003-z

54. Baker P, Friel S. Food systems transformations, ultra-processed food markets and the nutrition transition in Asia. Global Health. (2016) 12:80. doi: 10.1186/s12992-016-0223-3

55. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing countries. Nutr Rev. (2012) 70:3–21. doi: 10.1111/j.1753-4887.2011.00456.x

56. Sievert K, Lawrence M, Naika A, Baker P. Processed foods and nutrition transition in the pacific: regional trends, patterns and food system drivers. Nutrients. (2019) 11:1328. doi: 10.3390/nu11061328

57. Broussard JL, Devkota S. The changing microbial landscape of Western society: diet, dwellings and discordance. Mol Metab. (2016) 5:737–42. doi: 10.1016/j.molmet.2016.07.007

58. Zhou Y, Du S, Su C, Zhang B, Wang H, Popkin BM. The food retail revolution in China and its association with diet and health. Food Policy. (2015) 55:92–100. doi: 10.1016/j.foodpol.2015.07.001

59. Popkin BM. Synthesis and implications: China’s nutrition transition in the context of changes across other low- and middle-income countries. Obesity Rev. (2014) 15(Suppl. 1):60–7. doi: 10.1111/obr.12120

60. Yu D, Zhao L, Zhao W. Status and trends in consumption of grains and dietary fiber among Chinese adults (1982-2015). Nutr Rev. (2020) 78:43–53. doi: 10.1093/nutrit/nuz075

61. Fardet A, Aubrun K, Rock E. Nutrition transition and chronic diseases in China (1990-2019): industrially processed and animal calories rather than nutrients and total calories as potential determinants of the health impact. Public Health Nutr. (2021) 24:5561–75. doi: 10.1017/S1368980021003311

62. Lee JH, Duster M, Roberts T, Devinsky O. United States dietary trends since 1800: lack of association between saturated fatty acid consumption and non-communicable diseases. Front Nutr. (2022) 8:748847. doi: 10.3389/fnut.2021.748847

63. Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, et al. Origins and evolution of the Western diet_ health implications for the 21st century. Am J Clin Nutr. (2005) 81:341–54. doi: 10.1093/ajcn.81.2.341

64. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy implications. Nat Rev Endocrinol. (2013) 9:13–27. doi: 10.1038/nrendo.2012.199

65. Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of type 2 diabetes: dietary components and nutritional strategies. Lancet. (2014) 383:1999–2007. doi: 10.1016/S0140-6736(14)60613-9

66. Song E, Zhang C, Israelow B, Lu-Culligan A, Prado AV, Skriabine S, et al. Neuroinvasion of SARS-CoV-2 in human and mouse brain. J Exp Med. (2021) 218:e20202135. doi: 10.1101/2020.06.25.169946

67. Zuo T, Zhang F, Lui GCY, Yeoh YK, Zhan H, Wan Y, et al. Alterations in Gut Microbiota of Patients With COVID-19 During Time of Hospitalization. Gastroenterology. (2020) 159:944–955.e948. doi: 10.1053/j.gastro.2020.05.048

68. Yeoh YK, Zuo T, Lui GC-Y, Zhang F, Liu Q, Li AY, et al. Gut microbiota composition reflects disease severity and dysfunctional immune responses in patients with COVID-19. Gut. (2021) 0:1–9. doi: 10.1136/gutjnl-2020-323020

69. Zuo T, Wu X, Wen W, Lan P. Gut microbiome alterations in COVID-19. Genomics Proteomics Bioinform. (2021) 19:679–88. doi: 10.1016/j.gpb.2021.09.004

70. Schou TM, Joca S, Wegener G, Bay-Richter C. Psychiatric and neuropsychiatric sequelae of COVID-19 - A systematic review. Brain Behav Immunity. (2021) 97:328–48. doi: 10.1016/j.bbi.2021.07.018

71. Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-19 pandemic on mental health in the general population: a systematic review. J Affect Disord. (2020) 277:55–64. doi: 10.1016/j.jad.2020.08.001

72. Buhlmeier J, Frolich S, Ludwig C, Knoll-Pientka N, Schmidt B, Föcker M, et al. Changes in patterns of eating habits and food intake during the first German COVID-19 lockdown: results of a cross-sectional online survey. Eur J Nutr. (2022) 61:3293–306. doi: 10.1007/s00394-022-02919-7

73. Wolfson JA, Posluszny H, Kronsteiner-Gicevic S, Willett W, Leung CW. Food insecurity and less frequent cooking dinner at home are associated with lower diet quality in a national sample of low-income adults in the United States during the initial months of the coronavirus disease 2019 pandemic. J Acad Nutr Diet. (2022) 122:1893–1902.e1812. doi: 10.1016/j.jand.2022.05.009

74. Rumgay H, Shield K, Charvat H, Ferrari P, Sornpaisarn B, Obot I, et al. Global burden of cancer in 2020 attributable to alcohol consumption: a population-based study. Lancet Oncol. (2021) 22:1071–80. doi: 10.1016/S1470-2045(21)00279-5

75. Mariotti F. Animal and plant protein sources and cardiometabolic health. Adv Nutr. (2019) 10:S351–66. doi: 10.1093/advances/nmy110

76. Perraud E, Wang J, Salome M, Huneau JF, Lapidus N, Mariotti F. Plant and animal protein intakes largely explain the nutritional quality and health value of diets higher in plants: a path analysis in French adults. Front Nutr. (2022) 9:924526. doi: 10.3389/fnut.2022.924526

77. Tiseo K, Huber L, Gilbert M, Robinson TP, Van Boeckel TP. Global trends in antimicrobial use in food animals from 2017 to 2030. Antibiotics (Basel). (2020) 9:918. doi: 10.3390/antibiotics9120918

78. Price LB, Koch BJ, Hungate BA. Ominous projections for global antibiotic use in food-animal production. Proc Natl Acad Sci USA. (2015) 112:5554–5. doi: 10.1073/pnas.1505312112

79. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al. Global trends in antimicrobial use in food animals. Proc Natl Acad Sci USA. (2015) 112:5649–54. doi: 10.1073/pnas.1503141112

80. West PC, Gerber JS, Engstrom PM, Mueller ND, Brauman KA, Carlson KM, et al. Leverage points for improving global food security and the environment. Science. (2014) 345:325–8. doi: 10.1126/science.1246067

81. NCD Risk Factor Collaboration (Ncd-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128⋅9 million children, adolescents, and adults. Lancet. (2017) 390:2627–42.

82. NCD Risk Factor Collaboration (Ncd-RisC). Height and body-mass index trajectories of school aged children and adolescents from 1985 to 2019 in 200 countries and territories: a pooled analysis of 2181 population-based studies with 65 million participants. Lancet. (2020) 396:1511–24. doi: 10.1530/ey.18.13.15

83. Li C, Zhu H, Li C, Qian H, Yao W, Guo Y. The present situation of pesticide residues in China and their removal and transformation during food processing. Food Chem. (2021) 354:129552. doi: 10.1016/j.foodchem.2021.129552

84. Bello MGD, Gilbert JA, Blaser RK. Preserving microbial diversity. Science. (2018) 362:33–4. doi: 10.1126/science.aau8816

85. Wang Z, Usyk M, Vazquez-Baeza Y, Chen GC, Isasi CR, Williams-Nguyen JS, et al. Microbial co-occurrence complicates associations of gut microbiome with US immigration, dietary intake and obesity. Genome Biol. (2021) 22:336. doi: 10.1186/s13059-021-02559-w

86. Zuo T, Sun Y, Wan Y, Yeoh YK, Zhang F, Cheung CP, et al. Human-Gut-DNA Virome Variations across Geography, Ethnicity, and Urbanization. Cell Host Microbe. (2020) 28:741–751.e744. doi: 10.1016/j.chom.2020.08.005

87. Du Y, Ding L, Na L, Sun T, Sun X, Wang L, et al. Prevalence of chronic diseases and alterations of gut microbiome in people of Ningxia China during urbanization: an epidemiological survey. Front Cell Infect Microbiol. (2021) 11:707402. doi: 10.3389/fcimb.2021.707402

88. Li H, Li T, Li X, Wang G, Lin Q, Qu J. Gut microbiota in tibetan herdsmen reflects the degree of urbanization. Front Microbiol. (2018) 9:1745. doi: 10.3389/fmicb.2018.01745

89. Bishehsari F, Magno E, Swanson G, Desai V, Voigt RM, Forsyth CB, et al. Alcohol and Gut-Derived Inflammation. Alcohol Res. (2017) 38:163–71.

90. Carbia C, Lannoy S, Maurage P, López-Caneda E, O’Riordan KJ, Dinan TG, et al. A biological framework for emotional dysregulation in alcohol misuse: from gut to brain. Mol Psychiatry. (2021) 26:1098–118.

91. Roman P, Cardona D, Sempere L, Carvajal F. Microbiota and organophosphates. Neurotoxicology. (2019) 75:200–8. doi: 10.1016/j.neuro.2019.09.013

92. Gama J, Neves B, Pereira A. Chronic effects of dietary pesticides on the gut microbiome and neurodevelopment. Front Microbiol. (2022) 13:931440. doi: 10.3389/fmicb.2022.931440

93. Ijomone OM, Olung NF, Akingbade GT, Okoh COA, Aschner M. Environmental influence on neurodevelopmental disorders: potential association of heavy metal exposure and autism. J Trace Elem Med Biol. (2020) 62:126638. doi: 10.1016/j.jtemb.2020.126638

94. Forero-Rodriguez LJ, Josephs-Spaulding J, Flor S, Pinzon A, Kaleta C. Parkinson’s disease and the metal-microbiome-gut-brain axis: a systems toxicology approach. Antioxidants (Basel). (2021) 11:71. doi: 10.3390/antiox11010071

95. Champagne-Jorgensen K, Kunze WA, Forsythe P, Bienenstock J, McVey Neufeld KA. Antibiotics and the nervous system: more than just the microbes? Brain Behav Immunity. (2019) 77:7–15. doi: 10.1016/j.bbi.2018.12.014

96. Mu C, Zhu W. Antibiotic effects on gut microbiota, metabolism, and beyond. Appl Microbiol Biotechnol. (2019) 103:9277–85. doi: 10.1007/s00253-019-10165-x

97. Ikoyi I, Fowler A, Schmalenberger A. One-time phosphate fertilizer application to grassland columns modifies the soil microbiota and limits its role in ecosystem services. Sci Total Environ. (2018) 630:849–58. doi: 10.1016/j.scitotenv.2018.02.263

98. Zarraonaindia I, Martinez-Goni XS, Linero O, Muñoz-Colmenero M, Aguirre M, Abad D, et al. Response of horticultural soil microbiota to different fertilization practices. Plants (Basel). (1501) 2020:9. doi: 10.3390/plants9111501

99. Onwona-Kwakye M, Plants-Paris K, Keita K, Lee J, Van den Brink PJ, Hogarh JN, et al. Pesticides decrease bacterial diversity and abundance of irrigated rice fields. Microorganisms. (2020) 8:318. doi: 10.3390/microorganisms8030318

100. Sun J, Pan L, Tsang DCW, Zhan Y, Zhu L, Li X. Organic contamination and remediation in the agricultural soils of China: a critical review. Sci Total Environ. (2018) 615:724–40. doi: 10.1016/j.scitotenv.2017.09.271

101. Li Q, Zhu K, Liu L, Sun X. Pollution-induced food safety problem in China: trends and policies. Front Nutr. (2021) 8:703832. doi: 10.3389/fnut.2021.703832

102. Yuan X, Pan Z, Jin C, Ni Y, Fu Z, Jin Y. Gut microbiota: an underestimated and unintended recipient for pesticide-induced toxicity. Chemosphere. (2019) 227:425–34. doi: 10.1016/j.chemosphere.2019.04.088

103. Balaguer-Trias J, Deepika D, Schuhmacher M, Kumar V. Impact of contaminants on microbiota: linking the gut-brain axis with neurotoxicity. Int J Environ Res Public Health. (2022) 19:1368. doi: 10.3390/ijerph19031368

104. He X, Tu Y, Song Y, Yang G, You M. The relationship between pesticide exposure during critical neurodevelopment and autism spectrum disorder: a narrative review. Environ Res. (2022) 203:111902. doi: 10.1016/j.envres.2021.111902

105. Kirchhelle C. Pharming animals: a global history of antibiotics in food production (1935–2017). Palgrave Commun. (2018) 4:96. doi: 10.1057/s41599-018-0152-2

106. Hu Y, Cheng H, Tao S. Environmental and human health challenges of industrial livestock and poultry farming in China and their mitigation. Environ Int. (2017) 107:111–30. doi: 10.1016/j.envint.2017.07.003

107. Boeckel TPV, Pires J, Silvester R, Zhao C, Song J, Criscuolo NG, et al. Global trends in antimicrobial resistance in animals in low- and middle-income countries. Science. (2020) 365:eaaw1944. doi: 10.1126/science.aaw1944

108. Treiber FM, Beranek-Knauer H. Antimicrobial residues in food from animal origin-A review of the literature focusing on products collected in stores and markets worldwide. Antibiotics (Basel). (2021) 10:534. doi: 10.3390/antibiotics10050534

109. Wang H, Wang N, Wang B, Fang H, Fu C, Tang C, et al. Antibiotics detected in urines and adipogenesis in school children. Environ Int. (2016) 8:204–11. doi: 10.1016/j.envint.2016.02.005

110. Del Fiol FS, Balcao VM, Barberato-Fillho S, Lopes LC, Bergamaschi CC. Obesity: a new adverse effect of antibiotics? Front Pharmacol. (2018) 9:1408. doi: 10.3389/fphar.2018.01408

111. Li J, Wang B, Liu S, Zhang Y, Chen C, Jin Y, et al. Antibiotic exposure and risk of overweight/obesity in school children: a multicenter, case-control study from China. Ecotoxicol Environ Saf. (2022) 240:113702. doi: 10.1016/j.ecoenv.2022.113702

112. Zhang X, Zhong T, Liu L, Ouyang X. Impact of soil heavy metal pollution on food safety in China. PLoS One. (2015) 10:e0135182. doi: 10.1371/journal.pone.0135182

113. Gao P, Huang J, Wang Y, Li L, Sun Y, Zhang T, et al. Effects of nearly four decades of long-term fertilization on the availability, fraction and environmental risk of cadmium and arsenic in red soils. J Environ Manage. (2021) 295:113097. doi: 10.1016/j.jenvman.2021.113097

114. Zhen H, Jia L, Huang C, Qiao Y, Li J, Li H, et al. Long-term effects of intensive application of manure on heavy metal pollution risk in protected-field vegetable production. Environ Pollut. (2020) 263:114552. doi: 10.1016/j.envpol.2020.114552

115. Smith MR, Myers SS. Impact of anthropogenic CO2 emissions on global human nutrition. Nat Clim Change. (2018) 8:834–9. doi: 10.1038/s41558-018-0253-3

116. Deng S, Ke T, Li L, Cai S, Zhou Y, Liu Y, et al. Impacts of environmental factors on the whole microbial communities in the rhizosphere of a metal-tolerant plant: Elsholtzia haichowensis Sun. Environ Pollut. (2018) 237:1088–97. doi: 10.1016/j.envpol.2017.11.037

117. Gao K, Mao Z, Meng E, Li J, Liu X, Zhang Y, et al. Effects of elevated CO(2) and warming on the root-associated microbiota in an agricultural ecosystem. Environ Microbiol. (2022) 24:6252–66. doi: 10.1111/1462-2920.16246

118. Sun Y, Guo Y, Shi M, Qiu T, Gao M, Tian S, et al. Effect of antibiotic type and vegetable species on antibiotic accumulation in soil-vegetable system, soil microbiota, and resistance genes. Chemosphere. (2021) 263:128099. doi: 10.1016/j.chemosphere.2020.128099

119. Hacquard S, Garrido-Oter R, Gonzalez A, Spaepen S, Ackermann G, Lebeis S, et al. Microbiota and host nutrition across plant and animal kingdoms. Cell Host Microbe. (2015) 17:603–16. doi: 10.1016/j.chom.2015.04.009

120. Hacquard S, Spaepen S, Garrido-Oter R, Schulze-Lefert P. Interplay between innate immunity and the plant microbiota. Annu Rev Phytopathol. (2017) 55:565–89. doi: 10.1146/annurev-phyto-080516-035623

121. Tian L, Lin X, Tian J, Ji L, Chen Y, Tran LP, et al. research advances of beneficial microbiota associated with crop plants. Int J Mol Sci. (2020) 21:1792. doi: 10.3390/ijms21051792

122. Sun H, Jiang S, Jiang C, Wu C, Gao M, Wang Q. A review of root exudates and rhizosphere microbiome for crop production. Environ Sci Pollut Res Int. (2021) 28:54497–510. doi: 10.1007/s11356-021-15838-7

123. Nottingham AT, Scott JJ, Saltonstall K, Broders K, Montero-Sanchez M, Püspök J, et al. Microbial diversity declines in warmed tropical soil and respiration rise exceed predictions as communities adapt. Nat Microbiol. (2022) 7:1650–60. doi: 10.1038/s41564-022-01200-1

124. Myers SS, Zanobetti A, Kloog I, Huybers P, Leakey AD, Bloom AJ, et al. Increasing CO2 threatens human nutrition. Nature. (2014) 510:139–42. doi: 10.1038/nature13179

125. Medek DE, Schwartz J, Myers SS. Estimated effects of future atmospheric CO2 concentrations on protein intake and the risk of protein deficiency by country and region. Environ Health Perspect. (2017) 125:087002. doi: 10.1289/EHP41

126. Lee SK, Chiang MS, Hseu ZY, Kuo CH, Liu CT. A photosynthetic bacterial inoculant exerts beneficial effects on the yield and quality of tomato and affects bacterial community structure in an organic field. Front Microbiol. (2022) 13:959080. doi: 10.3389/fmicb.2022.959080

127. Nosheen A, Bano A, Naz R, Yasmin H, Hussain I, Ullah F, et al. Nutritional value of Sesamum indicum L. was improved by Azospirillum and Azotobacter under low input of NP fertilizers. BMC Plant Biol. (2019) 19:466. doi: 10.1186/s12870-019-2077-3

128. Moreira VA, Oliveira C, Jalal A, Gato IMB, Oliveira TJSS, Boleta GHM, et al. Inoculation with Trichoderma harzianum and Azospirillum brasilense increases nutrition and yield of hydroponic lettuce. Arch Microbiol. (2022) 204:440. doi: 10.1007/s00203-022-03047-w

129. Perez-Valera E, Kyselkova M, Ahmed E, Sladecek FXJ, Goberna M, Elhottova D. Native soil microorganisms hinder the soil enrichment with antibiotic resistance genes following manure applications. Sci Rep. (2019) 9:6760. doi: 10.1038/s41598-019-42734-5

130. Han Q, Huang X, Yan F, Yin J, Xiao Y. The role of gut microbiota in the skeletal muscle development and fat deposition in pigs. Antibiotics (Basel). (2022) 11:793. doi: 10.3390/antibiotics11060793

131. Chen B, Li D, Leng D, Kui H, Bai X, Wang T. Gut microbiota and meat quality. Front Microbiol. (2022) 13:951726. doi: 10.3389/fmicb.2022.951726

132. Klancic T, Reimer RA. Gut microbiota and obesity: impact of antibiotics and prebiotics and potential for musculoskeletal health. J Sport Health Sci. (2020) 9:110–8. doi: 10.1016/j.jshs.2019.04.004

133. Riley LW, Raphael E, Faerstein E. Obesity in the United States - dysbiosis from exposure to low-dose antibiotics? Front Public Health. (2013) 1:69. doi: 10.3389/fpubh.2013.00069

134. Vliet T, Katan MB. Lower ratio of n-3 to n-6 fatty acids in cultured than in wild fish. Am J Clin Nutr. (1990) 51:1–2. doi: 10.1093/ajcn/51.1.1

135. Zhao F, Zhuang P, Zhang L, Shi Z. Biochemical composition of juvenile cultured vs. wild silver pomfret, Pampus argenteus: determining the diet for cultured fish. Fish Physiol Biochem. (2010) 36:1105–11. doi: 10.1007/s10695-010-9388-5

136. Daley CA, Abbott A, Doyle PS, Nader GA, Larson S. A review of fatty acid profiles and antioxidant content in grass-fed and grain-fed beef. Nutr J. (2010) 9:10. doi: 10.1186/1475-2891-9-10

137. Leheska JM, Thompson LD, Howe JC, Hentges E, Boyce J, Brooks JC, et al. Effects of conventional and grass-feeding systems on the nutrient composition of beef. J Anim Sci. (2008) 86:3575–85. doi: 10.2527/jas.2007-0565

138. Krusinski L, Maciel ICF, Sergin S, Goeden T, Schweihofer JP, Singh S, et al. Fatty acid and micronutrient profile of longissimus lumborum from red angus and red angus x akaushi cattle finished on grass or grain. Foods. (2022) 11:3451. doi: 10.3390/foods11213451

139. Rafiq K, Tofazzal Hossain M, Ahmed R, Hasan MM, Islam R, Hossen MI, et al. Role of different growth enhancers as alternative to in-feed antibiotics in poultry industry. Front Vet Sci. (2021) 8:794588. doi: 10.3389/fvets.2021.794588

140. Liu Y, Li Y, Feng X, Wang Z, Xia Z. Dietary supplementation with Clostridium butyricum modulates serum lipid metabolism, meat quality, and the amino acid and fatty acid composition of Peking ducks. Poult Sci. (2018) 97:3218–29. doi: 10.3382/ps/pey162

141. Tian Z, Deng D, Cui Y, Chen W, Yu M, Ma X. Diet supplemented with fermented okara improved growth performance, meat quality, and amino acid profiles in growing pigs. Food Sci Nutr. (2020) 8:5650–9. doi: 10.1002/fsn3.1857

142. Yang J, Zhang M, Zhou Y. Effects of selenium-enriched Bacillus sp. compounds on growth performance, antioxidant status, and lipid parameters breast meat quality of Chinese Huainan partridge chicks in winter cold stress. Lipids Health Dis. (2019) 18:63. doi: 10.1186/s12944-019-1015-6

143. Joysowal M, Saikia BN, Dowarah R, Tamuly S, Kalita D, Choudhury KBD. Effect of probiotic Pediococcus acidilactici FT28 on growth performance, nutrient digestibility, health status, meat quality, and intestinal morphology in growing pigs. Vet World. (2018) 11:1669–76. doi: 10.14202/vetworld.2018.1669-1676

144. Abd El-Tawab MM, Youssef IM, Bakr HA, Fthenakis GC, Giadinis ND. Role of probiotics in nutrition and health of small ruminants. Pol J Vet Sci. (2016) 19:893–906. doi: 10.1515/pjvs-2016-0114

145. Alagawany M, Abd El-Hack ME, Farag MR, Sachan S, Karthik K, Dhama K. The use of probiotics as eco-friendly alternatives for antibiotics in poultry nutrition. Environ Sci Pollut Res Int. (2018) 25:10611–8. doi: 10.1007/s11356-018-1687-x

146. Cheng Y, Chen Y, Li X, Yang W, Wen C, Kang Y, et al. Effects of synbiotic supplementation on growth performance, carcass characteristics, meat quality and muscular antioxidant capacity and mineral contents in broilers. J Sci Food Agric. (2017) 97:3699–705. doi: 10.1002/jsfa.8230

147. Biswas S, Kim MH, Baek DH, Kim IH. Probiotic mixture (Bacillus subtilis and Bacillus licheniformis) a potential in-feed additive to improve broiler production efficiency, nutrient digestibility, caecal microflora, meat quality and to diminish hazardous odour emission. J Anim Physiol Anim Nutr (Berl). (2022). doi: 10.1111/jpn.13784

148. Lu J, Zhang L, Zhai Q, Zhao J, Zhang H, Lee YK, et al. Chinese gut microbiota and its associations with staple food type, ethnicity, and urbanization. NPJ Biofilms Microbiomes. (2021) 7:71. doi: 10.1038/s41522-021-00245-0

149. Gillings MR, Paulsen IT, Tetu SG. Ecology and evolution of the human microbiota: fire. Farming Antibiot Genes (Basel). (2015) 6:841–57. doi: 10.3390/genes6030841

150. Stanislawski MA, Dabelea D, Lange LA, Wagner BD, Lozupone CA. Gut microbiota phenotypes of obesity. NPJ Biofilms Microbiomes. (2019) 5:18. doi: 10.1038/s41522-019-0091-8

151. Koutoukidis DA, Jebb SA, Zimmerman M, Otunla A, Henry JA, Ferrey A, et al. The association of weight loss with changes in the gut microbiota diversity, composition, and intestinal permeability: a systematic review and meta-analysis. Gut Microbes. (2022) 14:2020068. doi: 10.1080/19490976.2021.2020068

152. McDonnell L, Gilkes A, Ashworth M, Rowland V, Harries TH, Armstrong D, et al. Association between antibiotics and gut microbiome dysbiosis in children: systematic review and meta-analysis. Gut Microbes. (2021) 13:1–18. doi: 10.1080/19490976.2020.1870402

153. Nikolova VL, Smith MRB, Hall LJ, Cleare AJ, Stone JM, Young AH. Perturbations in gut microbiota composition in psychiatric disorders: a review and meta-analysis. JAMA Psychiatry. (2021) 78:1343–54. doi: 10.1001/jamapsychiatry.2021.2573

154. Prehn-Kristensen A, Zimmermann A, Tittmann L, Lieb W, Schreiber S, Baving L, et al. Reduced microbiome alpha diversity in young patients with ADHD. PLoS One. (2018) 13:e0200728. doi: 10.1371/journal.pone.0200728

155. Hung C-C, Chang C-C, Huang C-W, Cheng RN. Gut microbiota in patients with Alzheimer’s disease spectrum: a systematic review and meta-analysis. Aging. (2022) 14:477–96. doi: 10.18632/aging.203826

156. Lou M, Cao A, Jin C, Mi K, Xiong X, Zeng Z, et al. Deviated and early unsustainable stunted development of gut microbiota in children with autism spectrum disorder. Gut. (2022) 71:1588–99.

157. Aho VTE, Houser MC, Pereira PAB, Chang J, Rudi K, Paulin L, et al. Relationships of gut microbiota, short-chain fatty acids, inflammation, and the gut barrier in Parkinson’s disease. Mol Neurodegener. (2021) 16:6. doi: 10.1186/s13024-021-00427-6

158. Almeida C, Barata P, Fernandes R. The influence of gut microbiota in cardiovascular diseases-a brief review. Porto Biomed J. (2021) 6:e106. doi: 10.1097/j.pbj.0000000000000106

159. Wagenaar CA, van de Put M, Bisschops M, Walrabenstein W, de Jonge CS, Herrema H, et al. The effect of dietary interventions on chronic inflammatory diseases in relation to the microbiome: a systematic review. Nutrients. (2021) 13:3208. doi: 10.3390/nu13093208

160. Huybrechts I, Zouiouich S, Loobuyck A, Vandenbulcke Z, Vogtmann E, Pisanu S, et al. The human microbiome in relation to cancer risk: a systematic review of epidemiologic studies. Cancer Epidemiol Biomarkers Prev. (2020) 29:1856–68. doi: 10.1158/1055-9965.EPI-20-0288

161. Letchumanan G, Abdullah N, Marlini M, Baharom N, Lawley B, Omar MR, et al. Gut microbiota composition in prediabetes and newly diagnosed type 2 diabetes: a systematic review of observational studies. Front Cell Infect Microbiol. (2022) 12:943427. doi: 10.3389/fcimb.2022.943427

162. Bai J, Behera M, Bruner DW. The gut microbiome, symptoms, and targeted interventions in children with cancer: a systematic review. Support Care Cancer. (2018) 26:427–39. doi: 10.1007/s00520-017-3982-3

163. Shi H, Ge X, Ma X, Zheng M, Cui X, Pan W, et al. A fiber-deprived diet causes cognitive impairment and hippocampal microglia-mediated synaptic loss through the gut microbiota and metabolites. Microbiome. (2021) 9:223. doi: 10.1186/s40168-021-01172-0

164. Srednicka P, Juszczuk-Kubiak E, Wojcicki M, Akimowicz M, Roszko ML. Probiotics as a biological detoxification tool of food chemical contamination: a review. Food Chem Toxicol. (2021) 153:112306. doi: 10.1016/j.fct.2021.112306

165. Duan H, Yu L, Tian F, Zhai Q, Fan L, Chen W. Gut microbiota: a target for heavy metal toxicity and a probiotic protective strategy. Sci Total Environ. (2020) 742:140429. doi: 10.1016/j.scitotenv.2020.140429

166. Habeeb E, Aldosari S, Saghir SA, Cheema M, Momenah T, Husain K, et al. Role of environmental toxicants in the development of hypertensive and cardiovascular diseases. Toxicol Rep. (2022) 9:521–33. doi: 10.1016/j.toxrep.2022.03.019

167. Han H, Safe S, Jayaraman A, Chapkin RS. Diet-host-microbiota interactions shape aryl hydrocarbon receptor ligand production to modulate intestinal homeostasis. Annu Rev Nutr. (2021) 41:455–78. doi: 10.1146/annurev-nutr-043020-090050

168. Pouchieu C, Piel C, Carles C, Gruber A, Helmer C, Tual S, et al. Pesticide use in agriculture and Parkinson’s disease in the AGRICAN cohort study. Int J Epidemiol. (2018) 47:299–310. doi: 10.1093/ije/dyx225

169. Zhang X, Davidson EA, Mauzerall DL, Searchinger TD, Dumas P, Shen Y. Managing nitrogen for sustainable development. Nature. (2015) 528:51–9. doi: 10.1038/nature15743

170. UNICEF. The Market for Highly Processed Food and Drink: Driving Children’s Diets. New York, NY: UNICEF (2020).

171. Xu J, Sangthong R, McNeil E, Tang R, Chongsuvivatwong V. Antibiotic use in chicken farms in northwestern China. Antimicrob Resist Infect Control. (2020) 9:10. doi: 10.1186/s13756-019-0672-6

172. Zhang Q-Q, Ying G-G, Pan C-G, Liu Y-S, Zhao J-L. A comprehensive evaluation of antibiotics emission and fate in the river basins of China: source analysis, multimedia modelling, and linkage to bacterial resistance. Environ Sci Technol. (2015) 49:6772–82. doi: 10.1021/acs.est.5b00729

173. Wu Z. Antibiotic use and antibiotic resistance in food-producing animals in China. Paper presented at OECD Food, Agriculture and Fisheries. Paris: OECD Publishing, (2019). p. 134.

174. Liang CP, Sack C, McGrath S, Cao Y, Thompson CJ, Robin LP. US Food and Drug Administration regulatory pesticide residue monitoring of human foods: 2009-2017. Food Addit Contam Part A Chem Anal Control Expo Risk Assess. (2021) 38:1520–38. doi: 10.1080/19440049.2021.1934574

175. Yu Y, Hu S, Yang Y, Zhao X, Xue J, Zhang J. Successive monitoring surveys of selected banned and restricted pesticide residues in vegetables from the northwest region of China from 2011 to 2013. BMC Public Health. (2017) 18:91. doi: 10.1186/s12889-017-4632-x

176. Li H, Chang Q, Bai R, Lv X, Cao T, Shen S, et al. Simultaneous determination and risk assessment of highly toxic pesticides in the market-sold vegetables and fruits in China: a 4-year investigational study. Ecotoxicol Environ Saf. (2021) 221:112428. doi: 10.1016/j.ecoenv.2021.112428

177. Wuepper D, Le Clech S, Zilberman D, Mueller N, Finger R. Countries influence the trade-off between crop yields and nitrogen pollution. Nat Food. (2020) 1:713–9. doi: 10.1038/s43016-020-00185-6

178. Cui Z, Zhang H, Chen X, Zhang C, Ma W, Huang C, et al. Pursuing sustainable productivity with millions of smallholder farmers. Nature. (2018) 555:363–6. doi: 10.1038/nature25785

179. Li W, Wu X, Hu X, Wang T, Liang S, Duan Y, et al. Structural changes of gut microbiota in Parkinson’s disease and its correlation with clinical features. Sci China Life Sci. (2017) 60:1223–33. doi: 10.1007/s11427-016-9001-4

180. Zhang P, Wu X, Liang S, Shao X, Wang Q, Chen R, et al. A dynamic mouse peptidome landscape reveals probiotic modulation of the gut-brain axis. Sci Signal. (2020) 13:1–14. doi: 10.1126/scisignal.abb0443

181. Hu X, Wang T, Jin F. Alzheimer’s disease and gut microbiota. Sci China Life Sci. (2016) 59:1006–23. doi: 10.1007/s11427-016-5083-9

182. Duan Y, Wu X, Yang Y, Gu L, Liu L, Yang Y, et al. Marked shifts in gut microbial structure and neurotransmitter metabolism in fresh inmates revealed a close link between gut microbiota and mental health: a case-controlled study. Int J Clin Health Psychol. (2022) 22:100323. doi: 10.1016/j.ijchp.2022.100323

183. Luo J, Wang T, Liang S, Hu X, Li W, Jin F. Ingestion of Lactobacillus strain reduces anxiety and improves cognitive function in the hyperammonemia rat. Sci China Life Sci. (2014) 57:327–35. doi: 10.1007/s11427-014-4615-4

184. Wang T, Hu X, Liang S, Li W, Wu X, Wang L, et al. Lactobacillus fermentum NS9 restores the antibiotic induced physiological and psychological abnormalities in rats. Benef Microbes. (2015) 6:707–17. doi: 10.3920/BM2014.0177

185. Renteria I, Garcia-Suarez PC, Moncada-Jimenez J, Machado-Parra JP, Antunes BM, Lira FS, et al. Unhealthy dieting during the COVID-19 pandemic: an opinion regarding the harmful effects on brain health. Front Nutr. (2022) 9:876112. doi: 10.3389/fnut.2022.876112

186. Merino J, Joshi AD, Nguyen LH, Leeming ER, Mazidi M, Drew DA, et al. Diet quality and risk and severity of COVID-19: a prospective cohort study. Gut. (2021) 70:2096–104. doi: 10.1136/gutjnl-2021-325353

187. Zhou L, Li H, Zhang S, Yang H, Ma Y, Wang Y. Impact of ultra-processed food intake on the risk of COVID-19: a prospective cohort study. Eur J Nutr. (2022) 16:1–13. doi: 10.1007/s00394-022-02982-0

188. Öngür D, Perlis R, Goff D. Psychiatry and COVID-19. JAMA. (2020) 324:1149–50. doi: 10.1001/jama.2020.14294



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The different trends in the burden of neurological and mental disorders following dietary transition in China, the USA, and the world: An extension analysis for the Global Burden of Disease Study 2019



		Introduction



		Materials and methods



		Overview and definitions



		Data source and collection



		Data processing and analyses









		Results



		The different trends of neurological and mental disorders in DALY percent in different income-level countries during the past 30 years



		The different trends of neurological and mental disorders in DALY percent in China and the USA during the past 30 years



		The age-related trend of major neurological and mental disorders from 1990 to 2019



		The age-related trend in body weight in the past half-century



		The age-related trend in disease burdens induced by dietary risks from 1990 to 2019



		The diet composition changes in the past six decades



		The dramatic changes in food production over the past half-century



		The expanding burden of neurological and mental disorders was associated with the great changes in diet composition and food production sustainability









		Discussion



		Main findings



		The industrialization of gut microbiota and increase of diseases susceptibility following the industrialized diet



		The differences in diet composition and food production sustainability between China and the USA



		Differences in diet composition



		Differences in food production sustainability









		Future direction



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

The different trends
in the burden of neurological
and mental disorders following
dietary transition in China,
the USA, and the world: An
extension analysis for the Global
Burden of Disease Study 2019












OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition






OPS/images/fnut-09-957688-g001.jpg
>

== China
Global

== United States of America

== World Bank High Income

Neurological disorders

== World Bank Middle Income

~ World Bank Low Income

10.0%+

7.5%

5.0%+

Percentage of total DALYs

2.5%+

@)

1990

2000

Neoplasms

2010

2020

20.0%+

15.0%+

10.0%+

Percentage of total DALYs

5.0%+

m

1990

2000

Diabetes mellitus

2010

2020

4.0%+

3.0%+

2.0%+

Percentage of total DALYs

1.0%+

1990

2000

Year

2010

2020

Percentage of total DALYs

O

Percentage of total DALYs

== World Bank Lower-Middle Income
« World Bank Upper-Middle Income

Mental disorders

7.5%

5.0%+

2.5%

1990 2000 2010

Cardiovascular diseases

2020

20%

10%+

1990 2000 2010
Year

2020





OPS/images/fnut-09-957688-g002.jpg
Percentage of total DALYs

== China == Global == United States of America
25to 49 50to 74 75 plus
16.0% s
z
» b
12.0% s S
" g
8.0% a|
73
4.0% s %
20.0% +
=
(]
15.0% s _ %
i r=s g
10.0% s
_ 2
a
0.0% +
40.0% s
a
30.0% o A _ g
c
20.0% o §
=
@
e
e e Y
0.0% +
20% s ; g
—_—— s H
10% o
6.0%
=)
Y
4.0% s : §
2.0% 1 f E
0'0% - - - - - L - - - - - - L] - - Ll
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020

Year







OPS/images/email.jpg





OPS/images/fnut-09-957688-g007.jpg
>

Total Calorie

L
Y
3
= 3000 s
o
1]
O
= o
© ®
Q
=< 2000 s
[ )
®
1961 1981 2001 2021
E Poultry Meat
L ]
=
© o
3 =00 TR
©
.
8 1504
3
s
8 100
-
50 » —.-""‘"'
0 " - L] L L]
1961 1981 2001 2021
| Fruits

100+

kcal/capita/day
3

1961

1981 2001 2021

Alcoholic Beverages

kcal/capita/day

1961

1581 2601 2621

Year

kcal/capita/day T

== China == Global

Animal Foods / Vegetal Foods

05+
04 -
0.3+ “""‘-l.ul.ill
02 P
0.1 :,‘.l..‘.lllli-'l'.'-""
1961 1981 2001 2021
Eggs
80s .
60 = *®
40 =
20
1961 1981 2001 2021
Pulses

1961 2021

== United States of America
C Meat
500 A
g
| 400
.é' 300 ’
L
3 200+
-
1004
0 o
1961 1981 2001 2021
G Fish & seafood
60
=
K
o
bt
S 40
3 oo
—]
©
Q
-
20« E
1961 1981 2001 2021
K Whole Grains
50 » - '
ag %
T 40
g
e 20
S
® 20 - -
{e)]
10 » m
1990 1995 2000 2005 2010 2015
Year
Global

5.84%

O

Pork

400+

300+

200+

kcal/capita/day

100+

)

-

1961 1981 2001 2021

Vegetables

kcallcapita/day
N
o
o

100+

r

1961 1981 2001 2021

Refined Grains / Whole Grains

(=23
@

kcallcapita/day
B
o

[S]
o
i

P

1990 1995 2000 2005 2010 2015
Year

United States of America
1.1%

Meat [J] Pork [ Poultry meat Il Beef [l Others





OPS/images/fnut-09-957688-g008.jpg
A Processed foods market 1 B Processed foods market 2 C Chinese antibiotics market

. Baby foods . ;?IT:::-SMO . Marinating foods .Soft drinks . Production - Quantity demanded

l Instant foods D Snacks

80004 =
20 =
£ 10000+ c 6000+ »
2 8 )
3 3 2
m m 4000 (=
= = 3
& 50004 x = 144
2000+
114
0« [ "
2015 2016 2017 2018 2019 2020 2011 2013 2015 2017 2019 2011 2013 2015 2017 2019
D Online food delivery users E Production of food additive F Production of feed additive
1300+ 1200+
400 =
1100+
® 1200+ ®
€ 300+ g g
o - < 1000+
= o o
i [=} o
= S 1100s =
2004 h ¥ 9004
100+ 1000+ 800+
. . . . i . . i} : . 7004 2 . . . i
2011 2013 2015 2017 2019 2013 2014 2015 2016 2017 2014 2015 2016 2017 2018 2019
Year Year Year
G Food delivery users H Soft drinks followers I Marinating foods consumers J Chinese-style milk tea K Snacks consumers
(2015) (2016) (2021) consumers(2021) (online shopping 2018)

50+ (3.2%) 50 plus (0.8%)

o





OPS/images/fnut-09-957688-g009.jpg
A Farming density of Major livestock B

== China w= Global
Farming density of Pigs

0.20+4

w= United State of Americas

Farming density of Chickens D Manure applied to Soils (N content)

0.100+

0.075s
g 0.154 g s
2 ? E
0.050s ~
= 0.104 -~
1961 1971 1981 1991 2001 2011 2021 1961 1971 1981 1991 2001 2011 2021 1961 1971 1981 1991 2001 2011 2021 1961 1971 1981 1991 2001 2011 2021
E Pesticides (total) F Nutrient nitrogen N (total) G Nutrient phosphate P205 (total) H Nutrient potash K20 (total)
10 4 s
o ©
< <
o o
4 at
5+
1990 1995 2000 2005 2010 2015 2020 1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011 2021 1961 1971 1981 1991 2001 2011 2021
Year Year Year Year
| Antimicrobics use J Livestock production
60 »
60 s
40 »
40 »
-t -t
c c
[ [
:
a o
20 4 20 4
0 0«
2010 - 2017 2010 - 2017
K [ China [ Other countries [Jl] United States of America
804
604
-
=
[}
S 404
[«
204
VI

Total -cropland

Total p;sticides use

Excess'ive Nitrogen Excessi\'le Phosphous





OPS/images/fnut-09-957688-g003.jpg
A == China == Global == United States of America

25 to 49 50 to 74 ZE Eus
15.0%
10.0% « '
U
%
g 50%4
s
= ——
L
S 0.0%
& 1.50%
£
[}
5
& 1.00% s
0.50%
0.00%
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
10 to 24 AllAges
12.5% 4
10.0% 3
7.5% 4 8
» (1]
>
< 50%4
a
8 25%4 ®
o ~ a
5
O 0.0%
[«)]
8 3.0%:
-
Q
g
&
2.0% 1
@
— |
i A i
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
0t09 1010 24 7510 49 AllAges
6.0% <
=
o 1 A
>
-
8
s . o
2 .| — ’
=
Uy
O 0.0% s
Q
[}
S
& 1.50%
e i o 5
8 @
1.00%
=
3
0.50%
e R
0.00% - Ll - - - - - - - Ll - - L -
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020

Year





OPS/images/fnut-09-957688-g004.jpg
Location == China == Global == United States of America
A, - .
> 0to9 50 to 74 years 75 plus All Ages o
< =
- 3% @
s o
° @)
<
% 2% o
@ 7]
g 1% = e
s @
[}
g 0°/o - a
o 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
B. n— E— _
> 10 to 24 25 to 49 50 to 74 years 75 plus
g o
Q 0.3%4 o
3 s
= B
— 0.2%+ -
o | S
B
S 0.1%H / a-
g m—— &
(3]
= 0.0% ®
[}] L] Ll L L L) L L] L E L v L L
o 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
Co
> 0to9 10 to 24 25to 49 50 to 74 years
<
(-} =
g 3
81 -
-
o—
5] )
o , <
g T ——— g
[ -0 0
® @
o e |9
[ 0.0% T L) L L g T v T L L) L L v T T L] L]
o 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
D > E >
i 0to9 10to 24 = 10to 24 25 to 49
< < 2.0%
3 s g :
o 3 o g‘
- 2% < — @
5 = o &
(7]
g 1% 7] g e
c =} c g-
3 sl ¢ g
o 0%l = - - . . . o o . . . : - . '
o 1990 2000 2010 2020 1990 2000 2010 2020 a 1990 2000 2010 2020 1990 2000 2010 2020
Fo Gy
| 25 to 49 50 to 74 years d 10 to 24 75 plus
< < 0.08%
[a) ) - o =
£ ) | g / 5
- = 0.06% =
] = ° =
- (w) - °
'S 0.2%s+ O S — @
() o 0.04% s
o o Q
8 0.1%; S 0029 e S— I
g " - - - — g 0.02%~ » = = = 8
¢ — § | em———————— 2
0 OnO/" - - - - - L 0 0000/ L - - - L -
o 1990 2000 2010 2020 1990 2000 2010 2020 Q 1990 2000 2010 2020 1990 2000 2010 2020
H, | ,
2 0to9 10 to 24 2 10 to 24 25 to 49
O 1.00%s o ™
g s 1.5% =1
©0.75% > S '_3_
— — Y
5) O o =
o 0.50% o o 1.0%+ o
> & > g
+ 0.25% = =
s € 0.5%1 =1
Q (] )
o o =
@ 0.00%4 - - ; . . ' ] . . ; « < .
o 1990 2000 2010 2020 1990 2000 2010 2020 o 1990 2000 2010 2020 1990 2000 2010 2020
Year Year





OPS/images/fnut-09-957688-g005.jpg
Percentage of total DALYs ()

m

Percentage of total DALYs

== China

— 10 |

== Global

== United States of America

11

12

13

14

LE g

18

19

© ]

—

=

—

—

—=

=

=

\l

16-’|

1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015 1985 2000 2015

=

—-4

L

\HL\M;

/

.“

-
_/

D
-—_‘

s
/

s
’

Ll \)
W)l \s

S|

Men Women
30.0
275 s P
2
250 @
O
7 0 |
225 4 o
- )
20.0 4
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
0to9 10 to 24 25 to 49
1.00% 10.0%
1.50%s
0.75% 7.5%
0.50%s o 5.0%+
0.25%+ 0.50%3 2.5%
Rel (L
0.00%. ‘4 0 nno/
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
50 to 74 75 plus AllAges
20.0% 15.0%s
15.0%s
5.0% 10.0%¢
10.0%s
10.0%s
5.0%4 5.0%+
5.0%+
L] Ll Ll L 00% L] L L L Oe/" L L] Ll Ll
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020

Year





OPS/images/fnut-09-957688-g006.jpg
A

Global == United States of America

75 plus

20.0% o

15.0% «

10.0% «

5.0% o

sysu Aiejaig

20.0%

15.0% =

10.0% o

5.0% =

Percentage of total DALYs

15.0% =

10.0% o

5.0% o

SPOO} Ulepad ul YbiH | | SpPoo) ulepad ul moT |

75 plus

7.5%

o

o

x
A

2.5%

Percentage of total DALYs

0.0%+

1990 2000 2010

Iron deficiency

3.0%

2.0%+

1.0%+

Percentage of total DALYs o

1990 2000

“

O

Percentage of total DALYs

2020 1990 2010

Vitamin A deficiency

3.0%+

2.0%+

1.0%+

0.0%+

2020 1990 2000 2010

Zinc deficiency

0.20%+

0.10%+

Percentage of total DALYs

0.00%+

_—

2000 2010 2020

1990 2000 2010 2020

12.0%+

8.0%

4.0%+

Percentage of total DALYs

0.0%+

Dietary risks
[] High in red meat
| High in sodium

E] Low in fruits

Low in legumes

[ ] Low in whole grains

2000

Year

2020





OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnut-09-957688-g010.jpg
Cereals (Total)

1961 1971 1981 1991 2001 2011 2021

Vegetables Primary

1961 1971 1981 1991 2001 2011 2021

== China

== Global

Pulses (Total)

== United States of America

1961 1971 1981 1991 2001 2011 2021
Fruit Primary
25 . ®
204
154
104
5

1961

1971

1981

1991

2001

2011

2021

C

Roots and Tubers (Total)

1961 1971 1981 1991 2001 2011 2021

Sugar Crops Primary

1561 1571 1581 1591 2601 2611 2621





OPS/images/fnut-09-957688-g011.jpg
Dietary risks Diet quality Food production sustainability
Spearman’s Correlation

0.664 0.734 0.650 0.942 0.871 0.922 0.894 0.433 0.438 0.394 0.337 0.293 Mental disorders 0.8
0.668 0.698 0.660 0.879 0.824 0.890 0.859 0.461 0.466 0.433 0.360 0.289 Anxiety disorders 0.6

0.4
0.645 0.638 0.625 0.888 0.862 0.869 0.924 0.508 0.518 0.464 0.409 0.377 0.237  Autism spectrum disorders 0.2

0
0.717 0.720 0.699 0.863 0.859 0.856 0.893 0.524 0.526 0.496 0.451 0.379 0.224 Schizophrenia
0.621 0.712 0.600 0.952 0.873 0.917 0.887 0.385 0.393 0.340 0.303 0.279 Depressive disorders
0.591 0.672 0.564 0.964 0.868 0.918 0.907 0.387 0.400 0.331 0.288 0.302 Neurological disorders
0.650 0.769 0.603 0.916 0.859 0.925 0.843 0.373 0.383 0.344 0.278 0.260 Headache disorders
0.573 0.662 0.547 0.975 0.853 0.922 0.903 0.373 0.385 0.314 0.264 0.293 Alzheimer's disease and other dementias
0.690 0.654 0.684 0.896 0.795 0.833 0.952 0.583 0.596 0.517 0.489 0.530 0.390 0.386 Parkinson's disease
0.997 0.897 0.984 0.534 0.525 0.632 0.698 0.830 0.829 0.843 0.753 0.691 0.626 0.504 Cardiovascular diseases
0.965 0.895 0.940 0.643 0.635 0.711 0.780 0.784 0.783 0.790 0.693 0.644 0.557 0.432 Neoplasms
0.404 0.584 0.377 0.965 0.781 0.884 0.799 Diabetes mellitus

; ; ) ) A A P A
% o e, M %y B %, % Y, % %y %
# Q e %, ° . Y % (7 %. (4 DA % (4
<) Lo s, % & s o N S, o, % ¢, Xy %
% 2 %, % o e, S $ % S % %
% % % S % L b S L7
2, % % % % %, (N % %,
% % S % N %, %, > -
() 7 Cx. (Y
) % % %
® R (R
e /’L
s,
)





