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Background: Understanding the national burdens and trends of micronutrient deficiencies can help guide effective intervention strategies. However, there is a lack of evidence of secular trends and age and sex differences in China. This study aims to elucidate trends in common micronutrient deficiencies, in particular, dietary iron, iodine and vitamin A deficiencies in China, from 1990 to 2019 using Global Burden of Disease (GBD) 2019 study data.

Methods: Prevalence and DALYs trends of common micronutrient deficiencies from 1990 to 2019 were assessed by joinpoint regression analysis. Age, period and cohort effects on the prevalence of common micronutrient deficiencies were estimated by an age-period-cohort model.

Results: From 1990 to 2019, the age-standardized prevalence rates of iodine, vitamin A and dietary iron deficiencies changed by −0.6% (95% CI: −0.7% to −0.5%), −6.3% (−6.6% to −6.0%), and −3.5% (−3.6% to −3.4%) in males and + 0.8% (+ 0.6% to + 1.0%), −4.5% (−4.8% to −4.2%), and −3.3% (−3.4% to −3.2%) in females, respectively. The average annual percent change (AAPC) in the iodine deficiency prevalence increased in females aged 20 years and older. The relative risk (RR) of iodine deficiency associated with the age effect peaked at 30–34 years of age and then decreased with increasing age. The RR of vitamin A deficiency decreased with age. The age distribution of the RR of iron deficiency differed significantly between sexes. The RRs of vitamin A deficiency and dietary iron deficiency decreased over time, whereas the RR of iodine deficiency substantially increased starting in 2004. The RRs of iodine deficiency and dietary iron deficiency associated with the cohort effect decreased, but the vitamin A deficiency prevalence increased in successive birth cohorts.

Conclusion: Micronutrient deficiency prevalence rates and associated DALYs decreased from 1990 to 2019 in China. Young adults, children aged less than 5 years, and older individuals were disproportionately affected by iodine, vitamin A, and dietary iron deficiencies, respectively. The results of this study may help identify individuals who would benefit from interventions to improve micronutrient deficiency.
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INTRODUCTION

Micronutrient deficiency is an important contributor to the global burden of disease because it contributes to increases in incidence and mortality. An estimated 2 billion individuals worldwide suffer from at least one form of micronutrient deficiency (1). This burden exists worldwide, especially affecting children and pregnant women. According to a report from the World Health Organization (WHO), iodine, vitamin A and iron deficiencies of are of great concern worldwide (2).

Iodine deficiency in children leads to intellectual impairment and growth retardation and is an important cause of preventable mental disorders worldwide (2). China was previously identified as a severely iodine-deficient country; thus, mandatory universal salt iodization was introduced in 1996 (3). Vitamin A deficiency is associated with night blindness, impaired immune function and increases mortality due to measles and diarrhea among children (4, 5). It is estimated that approximately 10% of preschool children have been affected by vitamin A deficiency, which indicates that vitamin A deficiency has public health significance in China (6). In addition, individuals with iron deficiency may experience symptoms such as muscle weakness, dizziness, shortness of breath, fatigue and impaired immune function (7). Iron-deficiency anemia is the leading contributor to the burdens of maternal, neonatal and nutritional disorders in China according to the Global Burden of Disease (GBD) study 2010 (8).

Most deficiencies can be prevented through health education and the implementation of strategies promoting a healthy diet containing diverse foods, as well as fortified and supplemented foods, such as universal salt iodization (USI), vitamin A supplementation in children, and iron/folate supplementation in pregnant women. Assessing the current burden and secular trends of micronutrient deficiencies are critical to understanding their status under various conditions and evolving interventions. Previous studies on micronutrient deficiencies have been mainly focused on subpopulations or limited to certain regions in China (9, 10). In addition, sociodemographic development, economic transformation, and risk exposure have varied substantially over the past three decades. Therefore, the burden of micronutrient deficiency has also changed accordingly.

Given the limited epidemiological information on micronutrient deficiency in the Chinese population, more updated estimations are needed to help guide future research on disease control and prevention strategies. Recently, the GBD and Injuries Collaborators reported the global burdens of 369 diseases and injuries in 204 countries and territories from 1990 to 2019 (11, 12). Therefore, this study analyzed data from the GBD 2019 to examine the temporal trends in the prevalence of and disability-adjusted life years (DALYs) due to dietary iron deficiency, iodine deficiency, and vitamin A deficiency in China and to explore the net age, period, and cohort effects within the age-period-cohort framework.



MATERIALS AND METHODS


Data Sources

Data on micronutrient deficiency burdens in China from 1990 to 2019 were obtained from the Global Health Data Exchange GBD Results Tool1 (date of data extraction, May 20, 2021). The GBD 2019 incorporated all available epidemiological data and improved standardized methods, taking into account 369 diseases and injuries and 87 risk factors in 204 countries and regions, and conducted a comprehensive assessment of health loss (11, 12). Previous studies have described the general approach to the GBD 2019, including major changes compared to the previous year (11, 12). In brief, the GBD 2019 used standardized tools to model processed data to estimate each variable of interest based on age, sex, location, and year. The GBD 2019 used various related indicators to measure population health loss, including the number of deaths and mortality, the number of cases and prevalence, years of life lost (YLLs) due to premature death, years of life lived with disability (YLDs), and DALYs. In this study, we used the GBD results tool to extract estimates of the prevalence and DALYs and their 95% uncertainty intervals in China from 1990 to 2019 to measure the burden of dietary iron deficiency, iodine deficiency, and vitamin A deficiency.



Case Definitions

The assessment of the burden of vitamin A deficiency included the quantification of total vitamin A deficiency (serum retinol <0.7 μmol/L), as well as blindness and vision loss caused by vitamin A deficiency, which are related to corneal ulcers and corneal scars (11). Dietary iron deficiency was defined as insufficient dietary iron that cannot meet the body’s needs due to insufficient dietary iron intake rather than due to other absolute or functional iron deficiencies (11). The non-fatal burden of iodine deficiency included iodine deficiency associated with visible goiter (grade 2) and its related sequelae, including thyroid dysfunction, heart failure, and intellectual disability. It did not include estimates of subclinical iodine deficiency or invisible goiter (grade 1) caused by iodine deficiency (11).



Data Analysis

The joinpoint regression model is a set of linear statistical models, which was used for assessing the trends of disease burdens due to micronutrient deficiencies over time. The calculation principle of this model is to use the least square method to estimate the changing rule of disease rates, thereby avoiding the unobjectivity of traditional trend analysis based on linear trends. The turning point of the changing trend is determined by calculating the square sum of the residual error between the estimated value and the actual value. This model was performed by the Joinpoint software (version 4.7). In addition, the average annual percentage change (AAPC) was calculated. By comparing AAPC with 0, we determined whether the variation trend in different sections was statistically significant. Furthermore, the age-period-cohort model is developed to reflect the relative risk (RR) of micronutrient deficiency prevalence rates by estimating the age, period, and cohort effects. In the age-period-cohort model, individuals were divided into consecutive 5-year age groups (0–4, 5–9,…, 70–74, 75–79), consecutive 5-year periods (1994, 1999, 2004, 2009, 2014, and 2019), and corresponding consecutive 5-year birth cohort groups (1915–1919, 1920–1924, …, 2010–2014, and 2015–2019). The exponential value of the estimated coefficients of age, period, and cohort effects indicates the RR of age, period, and cohort effect. This model was conducted using STATA software (version 14.0).




RESULTS

Trends in the sex-specific age-standardized prevalence and DALY rates for micronutrient deficiencies in China from 1990 to 2019 are shown in Figure 1. Generally, the age-standardized prevalence and DALY rates for iodine deficiency, vitamin A deficiency and dietary iron deficiency decreased in both males and females, but the prevalence of iodine deficiency increased in females over the three decades. As shown in Figure 2, the age-specific prevalence rates of dietary iron deficiency increased, but the vitamin A deficiency prevalence decreased with age in 2019. Moreover, the highest iodine deficiency prevalence and DALY rates in 2019 were observed in individuals aged 30–34 years.
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FIGURE 1. Trends in the age-standardized prevalence (A) and DALY (B) rates of iodine deficiency, vitamin A deficiency and dietary iron deficiency by sex from 1990 to 2019.
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FIGURE 2. Age-specific prevalence and DALY rates of iodine deficiency, vitamin A deficiency, and dietary iron deficiency in 2019. (A) Age-specific prevalence rate. (B) Age-specific DALYs rate.


The AAPCs in the sex-specific prevalence and DALY rates for micronutrient deficiencies by age group from 1990 to 2019 are presented in Table 1. From 1990 to 2019, the age-standardized prevalence and DALY rates of iodine, vitamin A and dietary iron deficiency in males decreased by 0.6% (95% CI, −0.7 to −0.5%) and 2.0% (95% CI, −2.1 to −1.8%), 6.3% (95% CI, −6.6 to −6.0%) and 3.8% (95% CI, −3.8 to −3.7%), and 3.5% (95% CI, −3.6 to −3.4%) and 4.4% (95% CI, −4.6 to −4.3%), respectively. In females, the age-standardized prevalence rates of vitamin A and dietary iron deficiency decreased by 4.5% (95% CI, −4.8 to −4.2%) and 3.3% (95% CI, −3.4 to −3.2%), respectively, while that of iodine deficiency decreased by 0.8% (95% CI, 0.6 to 1.0%). In addition, a significant increase in the AAPC for iodine deficiency prevalence was observed among females aged 20 years and older.


TABLE 1. The average annual percentage changes (AAPCs) in the prevalence of and DALYs due to iodine deficiency, vitamin A deficiency and dietary iron deficiency, 1990–2019.

[image: Table 1]
The estimated RRs for micronutrient deficiencies due to age, period, and cohort effects are shown in Figure 3 and Supplementary Tables 1–3. When the period and cohort effects were controlled for, significant positive RRs for iodine deficiency were identified in those aged 15–19 years to 65–69 years in both males and females. With regard to the period effect, we observed significant increases in the risk of iodine deficiency from 2004 to 2009 in males and females (Figure 3). Regarding the cohort effect, the RRs for iodine deficiency continuously decreased in later birth cohorts in both males and females (Figure 3). The RRs of vitamin A deficiency associated with net age and period effects significantly decreased with increasing age group and calendar years, respectively; the RRs for vitamin A deficiency continuously increased in later birth cohorts in both males and females (Figure 3). For dietary iron deficiency, significant positive RRs were identified in children aged under 5 years and those aged 55 years and older in both males and females. The RRs for dietary iron deficiency associated with period effects showed significant decreases from 1994 to 2019. Regarding the cohort effect, the RRs for dietary iron deficiency decreased in later birth cohorts in both males and females (Figure 3).


[image: image]

FIGURE 3. Relative risk of iodine deficiency, vitamin A deficiency and dietary iron deficiency prevalence by sex in China from 1990 to 2019 due to age, period, and cohort effects. (A) Iodine deficiency in males. (B) Iodine deficiency in females. (C) Vitamin A deficiency in males. (D) Vitamin A deficiency in females. (E) Dietary iron deficiency in males. (F) Dietary iron deficiency in females.




DISCUSSION

We conducted a broad literature search of multiple databases and found no similar study. The present study is the first comprehensive evaluation of the continuously decreasing trends of the prevalence of and DALYs due to micronutrient deficiencies in China over the past three decades based on GBD data. The standardized methods for estimating the micronutrient deficiency metrics used in the GBD 2019 allowed the comparison of these metrics between years, as well as between sex and age groups. From 1990 to 2019, the age-standardized prevalence and DALY rates for iodine deficiency, vitamin A deficiency and dietary iron deficiency decreased in both males and females, while the prevalence of iodine deficiency increased in females.

Generally, declines in the prevalence and DALYs of iodine deficiency from 1990 to 2019 were observed. This could be explained by the USI program in China, which started in 1996. Over the course of two decades of USI implementation, the Chinese population consecutively experienced an iodine nutrition status of excessive iodine intake for 5 years, more than adequate iodine intake for 10 years, and adequate iodine intake for 5 years (13, 14). According to the latest national survey in 2017, the median urine iodine concentrations in school-age children and adults were 199.75 and 177.89 μg/L, with goiter prevalence rates of 3.50 and 1.17%, respectively, indicating adequate iodine status among the current Chinese population (15). However, national salt monitoring data indicate that adequate consumption of iodized salt has remained below 90% in some developed cities in China, and the low coverage seems to be due to the greater availability of non-iodized salt resulting from concerns that excess iodine might increase the prevalence of thyroid disorders (13). Thus, maintaining the adequately iodized salt consumption rate above 90% is likely to be the main challenge in the next goal of the elimination of iodine deficiency disorders in China.

This study showed that females and young adults were disproportionately affected by a higher prevalence of and more DALYs due to iodine deficiency. This difference may be explained by the fact that androgen stimulates thyroid growth in males, while estrogen has an inhibitory effect in females (16). The high prevalence in females can have a devastating effect on perinatal outcomes, as it can lead to miscarriage, stillbirth, congenital malformations, and neurological defects, and it increases the risks of perinatal and infant mortality. Therefore, the increasing trend of iodine deficiency among females is indeed worthy of attention. The cohort effect on iodine deficiency revealed continuously decreasing trends in the 1915–1919 to 2010–2014 birth cohorts in both males and females. The possible reason is that the later birth cohorts received better education and adequate iodine supplementation and had greater awareness of health and disease prevention than earlier birth cohorts (17). We found that the RR of iodine deficiency increased during 2004–2009, which may be partly due to the fact that national standards for iodized salt were revised to reduce the iodine concentration from 50 to 35 ± 15 mg/kg at the production level in 2002 (14). Therefore, it is necessary to prevent the resurgence of iodine deficiency while also preventing potential harm caused by excess iodine intake.

In this study, an improvement in the prevalence of vitamin A deficiency was observed from 1990 to 2019. This may be the result of the implementation of vitamin A supplementation programs. Large variations were observed among age groups; children aged less than 5 years were the most affected group, consistent with other studies (18–20). Vitamin A status is associated with the growth rate among children (21). This implies that children with a high growth rate have an increased demand for vitamin A. However, a review has suggested that children’s diets in China generally contain only small amounts of plant carotenoids (22). The daily administration of fortified biscuits is suggested for schoolchildren since it has been shown to be effective in reducing vitamin A deficiency and is easily applied in schools (23). Among certain micronutrient deficiencies in China, Vitamin A deficiency seems to be a moderate public health issue. Given that the inadequate intake of vitamin A-rich foods may result in vitamin A deficiency, a comprehensive long-term national strategy needs to be implemented in China for the treatment and prevention of Vitamin A deficiency.

The age-standardized prevalence and DALY rates of dietary iron deficiency in China declined from 1990 to 2019. Dramatic changes in the food supply, dietary behaviors, and national economy in recent years might be possible reasons (24). According to the National Bureau of Statistics of China, the average intake of pork increased from 37.1 g/d in 1992 to 64.33 g/d in 2012 (25). Furthermore, data from the Chinese National Nutrition Survey showed that the total average meat intake increased from 58.9 to 89.7 g/d during 1992–2012 (25). Despite several programs to address iron deficiency in the last three decades, dietary iron deficiency is still one of the most common micronutrient deficiencies in China. When iron intake no longer meets the amount required considering normal iron turnover and loss, iron-deficiency anemia, which accounts for 50% of anemia globally, will occur (26, 27).

The present study showed variation in the burden of dietary iron deficiency by sex; the prevalence and DALY rates in females were higher than those in males. The main reason for the sex difference in the prevalence of iron deficiency is that the iron requirement in women of reproductive age is almost double that in men, and during pregnancy, the amount is triple that in men. When diets are largely plant-based, iron requirements further increase to compensate for the lower bioavailability of iron in plant foods. The impact of female iron deficiency on public health is more pronounced because if measures are not taken in time, iron deficiency will persist in future generations.

Overall, the prevalence of and DALYs due to dietary iron deficiency are higher among children under the age of five and older adults. Young children are at high risk for iron deficiency anemia due to their high dietary iron requirements. In addition, traditional dietary patterns are associated with a high prevalence of iodine deficiency among older Chinese individuals, as previously reported (28). Future research on whether correcting micronutrient deficiencies by promoting an overall healthy diet rather than iron supplementation is an appropriate strategy to prevent anemia in elderly individuals is needed (28). Of note, the definition of dietary iron deficiency used in the current study did not quantify ferritin levels. To better understand the global burden of dietary iron deficiency, it is recommended that the WHO update the data by using gold standard biomarker measurements.

This study analyzed the current conditions and changes in the prevalence of and DALYs due to micronutrient deficiency over the past three decades in China. Our research revealed decreasing burdens of micronutrient deficiencies. However, the interpretation of our study has several limitations. First, bias and gaps in micronutrient deficiency burdens could not be avoided in the modeling process, as described previously (11, 12). Second, there was a lack of high-quality data, particularly regarding the prevalence of other nutritional deficiencies, including zinc, calcium, folate, vitamin B12, and vitamin C deficiencies. Third, due to the absence of mortality data, the DALYs were calculated from only YLDs, which might have led to underestimation. Last, iodine deficiency was estimated using only grade 2 goiter, which might have underestimated the prevalence. Including all forms of iodine deficiency is a goal of future GBD research.



CONCLUSION

The burdens of micronutrient deficiencies decreased in China from 1990 to 2019. A higher burden of total micronutrient deficiency was observed in females than in males, and an increasing prevalence of iodine deficiency was observed in females. The results of this study could aid policy makers in evaluating current interventions and guide the future direction of nutritional supplementation, thereby reducing the burden of micronutrient deficiency in China.



DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in the GBD at: http://ghdx.healthdata.org/gbd-results-tool.



AUTHOR CONTRIBUTIONS

YL conceived the ideas for this research and provided overall guidance. HC, JL, and YL accessed and verified the data. HC and YL prepared the first draft. All authors contributed to the analysis and approved the manuscript.



FUNDING

This work was supported by the National Natural Science Foundation of China (Grant No. 82000753) and the China Postdoctoral Science Foundation (Grant No. 2021MD703910).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.754351/full#supplementary-material


FOOTNOTES

1http://ghdx.healthdata.org/gbd-results-tool


REFERENCES

1. FAO. The State of Food Insecurity in the World 2004: Monitoring Progress Towards the World Food Summit and Millennium Development Goals. Rome: FAO (2004).

2. World Health Organization. Micronutrient Deficiencies: Iodine Deficiency Disorders. Internet. (2021). Available online at: http://www.who.int/nutrition/topics/micronutrients/en/index.html (accessed May 1, 2021).

3. Ma T, Guo J, Wang F. The epidemiology of iodine-deficiency diseases in China. Am J Clin Nutr. (1993) 57:264S–6S. doi: 10.1093/ajcn/57.2.264S

4. Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ. Comparative risk assessment collaborating group. Selected major risk factors and global and regional burden of disease. Lancet. (2002) 360:1347–60. doi: 10.1016/S0140-6736(02)11403-6

5. Rahmathullah L, Tielsch JM, Thulasiraj RD, Katz J, Coles C, Devi S, et al. Impact of supplementing newborn infants with vitamin A on early infant mortality: community based randomised trial in southern India. BMJ. (2003) 327:254. doi: 10.1136/bmj.327.7409.254

6. Stevens GA, Bennett JE, Hennocq Q, Lu Y, De-Regil LM, Rogers L, et al. Trends and mortality effects of vitamin A deficiency in children in 138 low-income and middle-income countries between 1991 and 2013: a pooled analysis of population-based surveys. Lancet Glob Health. (2015) 3:e528–36. doi: 10.1016/S2214-109X(15)00039-X

7. WHO.Iron Deficiency Anaemia: Assessment, Prevention and Control: A Guide for Programme Managers. Geneva: WHO (2001).

8. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al. A systematic analysis of global anemia burden from 1990 to 2010. Blood. (2014) 123:615–24. doi: 10.1182/blood-2013-06-508325

9. Song P, Wang J, Wei W, Chang X, Wang M, An L. The prevalence of vitamin A deficiency in Chinese children: a systematic review and Bayesian meta-analysis. Nutrients. (2017) 9:1285. doi: 10.3390/nu9121285

10. Sun J, Zhang L, Cui J, Li S, Lu H, Zhang Y, et al. Effect of dietary intervention treatment on children with iron deficiency anemia in China: a meta-analysis. Lipids Health Dis. (2018) 17:108. doi: 10.1186/s12944-018-0749-x

11. 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) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

12. GBD 2019 Risk Factors 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) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

13. Sun D, Codling K, Chang S, Zhang S, Shen H, Su X, et al. Eliminating iodine deficiency in China: achievements, challenges and global implications. Nutrients. (2017) 9:4. doi: 10.3390/nu9040361

14. Sun X, Shan Z, Teng W. Effects of increased iodine intake on thyroid disorders. Endocrinol Metab. (2014) 29:240–7. doi: 10.3803/EnM.2014.29.3.240

15. Li Y, Teng D, Ba J, Chen B, Du J, He L, et al. Efficacy and safety of long-term universal salt iodization on thyroid disorders: epidemiological evidence from 31 provinces of mainland China. Thyroid. (2020) 30:568–79. doi: 10.1089/thy.2019.0067

16. Rossi R, Zatelli MC, Valentini A, Cavazzini P, Fallo F, del Senno L, et al. Evidence for androgen receptor gene expression and growth inhibitory effect of dihydrotestosterone on human adrenocortical cells. J Endocrinol. (1998) 159:373–80. doi: 10.1677/joe.0.1590373

17. Cohen AK, Syme SL. Education: a missed opportunity for public health intervention. Am J Public Health. (2013) 103:997–1001. doi: 10.2105/AJPH.2012.300993

18. Vuralli D, Tumer L, Hasanoglu A, Biberoglu G, Pasaoglu H. Vitamin A status and factors associated in healthy school-age children. Clin Nutr. (2014) 33:509–12. doi: 10.1016/j.clnu.2013.07.008

19. Breidenassel C, Valtuena J, Gonzalez-Gross M, Benser J, Spinneker A, Moreno LA, et al. Antioxidant vitamin status (A, E, C, and beta-carotene) in European adolescents – the HELENA Study. Int J Vitam Nutr Res. (2011) 81:245–55. doi: 10.1024/0300-9831/a000070

20. Custodio VI, Daneluzzi JC, Custodio RJ, Del Ciampo LA, Ferraz IS, Martinelli CE Jr., et al. Vitamin A deficiency among Brazilian school-aged children in a healthy child service. Eur J Clin Nutr. (2009) 63:485–90. doi: 10.1038/sj.ejcn.1602962

21. Hu W, Tong S, Oldenburg B, Feng X. Serum vitamin A concentrations and growth in children and adolescents in Gansu Province, China. Asia Pac J Clin Nutr. (2001) 10:63–6. doi: 10.1046/j.1440-6047.2001.00208.x

22. Yin S. Regional case studies – China. Nestle Nutr Workshop Ser Pediatr Program. (2009) 63:25–32. doi: 10.1159/000209970

23. Zhang X, Chen K, Qu P, Liu YX, Li TY. Effect of biscuits fortified with different doses of vitamin A on indices of vitamin A status, haemoglobin and physical growth levels of pre-school children in Chongqing. Public Health Nutr. (2010) 13:1462–71. doi: 10.1017/S1368980010000820

24. Zhai F, Wang H, Du S, He Y, Wang Z, Ge K, et al. Prospective study on nutrition transition in China. Nutr Rev. (2009) 67:S56–61. doi: 10.1111/j.1753-4887.2009.00160.x

25. He Y, Yang X, Xia J, Zhao L, Yang Y. Consumption of meat and dairy products in China: a review. Proc Nutr Soc. (2016) 75:385–91. doi: 10.1017/S0029665116000641

26. Hallberg L. Bioavailability of dietary iron in man. Annu Rev Nutr. (1981) 1:123–47. doi: 10.1146/annurev.nu.01.070181.001011

27. Stoltzfus RJ. Iron deficiency: global prevalence and consequences. Food Nutr Bull. (2003) 24:S99–103. doi: 10.1177/15648265030244S206

28. Xu X, Hall J, Byles J, Shi Z. Dietary pattern, serum magnesium, ferritin, C-reactive protein and anaemia among older people. Clin Nutr. (2017) 36:444–51. doi: 10.1016/j.clnu.2015.12.015


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.

Copyright © 2022 Chen, Lu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnut-09-754351-g002.jpg
Age-specific prevalence rate

Age-specific DALYs rate

per 100,000 population

per 100,000 population

10000-

8000+

6000-

4000+

2000+

- |odine deficiency
- \/itamin A deficiency
- Dietary iron deficiency

Ax A gk D ok A ph D o D P @D 1k Q\\@

‘.}
\)(\ée ' \Q\O ‘\6\0 ,LQ\O 16\.0 %Q\O '56\’0 59\'0 &3\9 60\.0 66\.0 60\0 66\.0 1Q\° ,‘6\0 P

150+

100+

50+

Age group

- |odine deficiency
- Vitamin A deficiency
- Dietary iron deficiency

\\91&3&9»@?.@@@15‘1@\)@

%
S (\de o0 ’\0\0 Ao© 10\0 16\0 DO B0 100 (B0 QO kO GO KON 160 o0

Age group





OPS/images/fnut-09-754351-g001.jpg
A Prevalence
S
= 20000+
Q@
©
> C
oo
f_)' E 15000 1
=
© 3
FONe)
Tc <&
_; o 10000+
® 3
L
2o
© v !
S o 2000
c o
T Qo
> =
% O L} L} L} L] L} L] L L} L} L] L} L] L} L} L] L} L L L} L} L L} L} L L} L L L]
< ONIVDIENOA LD *H oA QN 3D a3 05,00 A 1B,
B S S P S RS A D DRSS S D DA oS
Year
— lodine deficiency for males — lodine deficiency for females
— Vitamin A deficiency for males — Vitamin A deficiency for females
—— Dietary iron deficiency for males —— Dietary iron deficiency for females
B DALYS
n 500'
>_
<
=
O o 400-
5
QO >
T & 300-
2o
N
© © 200+
o
o B
c v
S ¢ 100+
® a
()
©)]
< 0 | | | | | | L} L} L}

ONL DM PO DLDON LD
AN e e S A e e I AN AN AN
APPSO

N

lodine deficiency for males

Vitamin A deficiency for males
Dietary iron deficiency for males

lodine deficiency for females
—— Vitamin A deficiency for females
Dietary iron deficiency for females





OPS/images/fnut-09-754351-g003.jpg
Age effect
0-41

5-9
10-14
15-19

2019
Cohort effect
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019

'I'*L

"++++++

0.0

D

Age effect
0-

1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019

1.

1 I 1
0 1.5 2.0 2.5

Relative risk

0.0

1.

1 1 1
0 1.5 2.0 2.5

Relative risk

Age effect
0-41

Cohort effect
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014

¥

2015-2019
I

0

Age effect
0-4

2019
Cohort effect
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014

Relative risk

ii?.‘

)

2015-2019
1

0.0

1.0

Relative risk

C

Age effect
0-4

5-9
10-14

Cohort effect
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019

.*-‘

I
0

Age effect
0-4

2019
Cohort effect
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014

Relative risk

otk ]

2015-2019
1

0.0

1.0

Relative risk





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Secular Trends in the Prevalence of and Disability-Adjusted Life Years Due to Common Micronutrient Deficiencies in China From 1990 to 2019: An Age-Period-Cohort Study and Joinpoint Analysis



		INTRODUCTION



		MATERIALS AND METHODS



		Data Sources



		Case Definitions



		Data Analysis







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/cover.jpg
frontiers
1N Nutrition

Secular Trends in the Prevalence
of and Disability-Adjusted Life
Years Due to Common
Micronutrient Deficiencies
in China From 1990 to 2019: An
Age-Period-Cohort Study
and Joinpoint Analysis









OPS/images/fnut-09-754351-t001.jpg
Age group (year) AAPC of prevalence,% (95% CI) AAPC of DALYs,% (95% CI)

Males Females Males Females
lodine deficiency
ASR —0.6 (0.7 to —0.5) 0.8 (0.6 to 1.0 —-2.0(-2.1t0 —1.8) —0.2 (-0.4 t0 0.0)
04 —2.5(—2.7t0 —2.3) —3.2(—3.4to -3.1)* —4.3 (—4.6to —4.0)" —5.2(-5.7to —4.7)
5-9 —2.6 (—2.7 to —2.5)* —3.4 (-3.4t0 -3.3* —4.6 (-4.9t0 —4.3)" —5.4 (-5.7 to —=5.2)
10-14 —23(-2.41t0 -2.2) —2.4 (—2.4to0 —-2.3)" —4.2 (—4.5t0 -3.9)" —4.2 (—4.6t0 -3.9"
15-19 —-16(-1.6t0 —1.6) —0.6 (-0.7 to —0.5) —3.3(-3.4t0 -3.1)" —-2.0(-2.2to —1.8)*
20-24 —-09(-1.0to —0.8) 0.5 (0.4 to 0.6) —-2.3(-25t0 —2.2)" —0.5(-0.7 to —0.4)
25-29 —0.6 (0.7 to —0.5) 0.8 (0.6 to 1.0 —-1.9(-2.0to —1.7)" 0.0(-0.2t00.2)
30-34 —0.4 (-0.5t0 —0.3) 1.0(0.91t0 1.2* —-1.5(-1.7to —1.3)" 0.4 (0.2t0 0.5)*
35-39 —0.3(-0.4to —0.1) 1.1(0.910 1.3)* —1.4(-1.6to —1.3)" 0.4 (0.1 to 0.6)*
40-44 —0.2 (-0.4 t0 0.0* 12(1.0t0 1.3 —1.4(—1.6to —1.2)* 0.4 (0.2 t0 0.6)"
45-49 —0.2 (0.4 to —0.1)* 1.2 (1.0to0 1.4 —-1.5(-1.7to —1.3)" 0.3(0.1t0 0.5)"
50-54 —0.2(-0.4to —0.1)* 1.2(1.0to 1.4) —1.5(—1.7to —1.4)* 0.3 (0.1 t0 0.5)"
55-59 —0.2 (-0.4t0 0.0) 1.2(1.0to 1.4)* —-1.5(-1.7to —1.3)" 0.3 (0.1 to 0.5)*
60-64 -0.2 (-0.3to —0.1)* 1.2(1.0to 1.5)* —1.6(-1.8to —1.4) 0.2 (0.0t0 0.5)
65-69 -0.2 (-0.3to —0.1)* 1.3 (1.1t0 1.4)* —-1.6(-1.8to —1.5)" 0.1(0.0t00.3)
70-74 —0.2 (-0.3 t0 0.0)* 1.3 (1.1t0 1.5* —1.6(-1.8t0 —1.4) 0.1(-0.2t00.3)
75-79 0.0 (0.1 t0 0.1) 1.5(1.3t01.7) —1.4(-1.5t0 —1.2)" 0.2 (0.0to 0.5)
>80 —0.1(=0.2t0 0.0) 1.2(1.0to 1.4)* —-1.3(-1.5t0 —1.1) 0.1 (-0.2100.3)
Vitamin A deficiency
ASR —6.3 (—6.6 to —6.0) —4.5(-4.8t0 —4.2) —3.8(-3.8t0 -3.7)" —3.4 (-3.5t0 —3.4)
04 —6.2 (—6.5to —5.9) —3.7 (-4.2to =3.1) —4.9 (-5t0 —4.7)* —4.2 (—4.5t0 —=3.9)*
5-9 —5.1(-5.4t0 —4.7) —2.9(-3.6t0 —2.2) —4.7 (—4.9t0 —4.6)" —4.3(—4.4t0 —4.2)*
10-14 —5.8 (-6.1to —5.5) —4.6 (—4.8to —4.4) —5.1(-5.2t0 —=5.0) —-5.3(-5.4to —5.1)
15-19 —5.7 (-6.0to —5.5) —4.2 (-4.5t0 —4.0 0.2(-0.1t0 0.4) —0.6 (-0.8to —0.4)
20-24 —5.7 (-6.0to —5.5) —4.3(-4.5t0 —4.2)" —0.2(-0.5t00.1) —-1.0(-1.3t0 -0.7)
25-29 —5.7 (—-6.0to —5.4) —4.1 (4.3 to -3.9)" —0.4 (-0.7 to —0.1)* —1.1(-1.41t0 -0.7)
30-34 -5.9(-6.2to —5.6) —3.6 (—3.8t0 —3.4) —0.4 (-0.6 to —0.3)" —-1.0(-1.1t0 -0.8)
35-39 —5.8 (-6.1to —5.5) —3.1(=3.4to —2.9) —0.4 (-0.6to —0.2) —0.7 (-0.9 to —0.6)
40-44 —5.8 (6.1 to —5.5) —3.3(-3.6to -3.0 —0.2 (-0.4to —0.1) —0.2(-0.5t0 0.0)
45-49 —-5.9(-6.1to —5.6) —3.6 (—3.7 to —3.4) 0.0 (-0.2t0 0.1) 0.2(-0.1t00.5)
50-54 —5.7 (-6.0to —5.4) —4.1(-4.4t0 -3.8) 0.3(0.2t0 0.5)" 0.6 (0.4 t0 0.8)
55-59 —5.8 (-6.1to —5.5) —4.5(-4.7 to —4.3) 0.6(0.41t00.7)" 0.8 (0.6 to 1.0
60-64 —5.8 (-6.1to —5.5) —5.0(-5.3to0 —4.8) 0.6(0.41t00.8)" 0.7 (0.5t0 1.0
65-69 —6.0 (-6.3to —5.8) —5.4 (-=5.7 to =5.1) 0.5(0.3t00.7)" 0.7 (0.4 t0 0.9
70-74 —6.0 (-6.3to —5.7) —5.8(—6.1to —5.6) 0.4(0.2t0 0.6) 0.5 (0.4 t0 0.6)
75-79 —6.0 (-6.2to —5.7) —6.3 (—6.6 to —6.1) 0.3(0.2t0 0.4)" 0.3(0.2t0 0.5)"
>80 —6.0 (-6.3to —5.7) —6.2 (-6.5to —5.9) 0.1(0.1t0 0.2 0.0(0.0t00.1)
Dietary iron deficiency
ASR —3.5(-3.6to —3.4) —-3.3(-3.4t0 -3.2 —4.4 (—4.6 to —4.3)" —4.5(—4.6to —4.4)*
04 —3.4 (-3.6to —3.3) —3.5(-3.7 to -3.3) —4.4 (-4.5t0 —4.3)" —4.6 (—4.8to —4.3)*
5-9 —3.9(-4.0to —-3.9" —5.0 (5.1 to —4.8) —4.4 (-4.51t0 —4.3)" —5.5(—5.7 to —5.4)*
10-14 —-3.8(-8.9to0 -3.7)* —4.6 (—4.8to —4.5) —4.2 (-4.3to —4.1)" -5.2 (-5.3t0 —5.0)
15-19 —-2.8(-29to —2.7) —-3.9(-3.9t0 -3.8)" —3.7 (-3.8t0 -3.6) —5.0(=5.1to —4.9)
20-24 —4.0(—4.1t0 -3.9" —3.3(—3.4to -3.1)* —4.7 (—4.8t0 —4.6)" —4.5(—4.7 to —4.3)"
25-29 —-3.8(-3.9t0 -3.7) —3.6 (—3.7 to —-3.5) —4.5(-4.6to —4.4) —4.9 (-5.0to —4.7)*
30-34 —3.7 (-3.8t0 —3.6) —3.1(-3.4to —2.8) —4.4 (—4.5t0 —4.4) —4.3 (—4.6to —4.0)*
35-39 —3.6 (3.7 to —3.5) —-2.9(-3.0to —2.8) —4.4 (—4.5t0 —4.3)" —4.1 (—4.2to0 -3.9*
40-44 —3.7 (-3.8t0 —-3.6) —2.7 (—2.8t0 —2.7)" —4.5(—4.6to —4.4) —-3.9(—4.0to -3.9)
45-49 —3.5(-3.6t0 —3.4) —2.6(-2.7 to —2.5) —4.4 (-4.5t0 —4.3)" —3.7 (-3.9t0 —3.6)*
50-54 —-3.5(-3.6to —3.5) —2.7 (-2.8t0 —2.7) —4.5(-4.5t0 —4.4) —3.9(-4.0to —-3.8)
55-59 —-3.2(-3.3t0 —3.1) -3.2(-3.2to0 =3.1) —4.4 (—4.6 to —4.3)" —4.4 (—4.5t0 —4.3)*
60-64 —3.7 (-3.7 to -3.6) —3.5(-3.5t0 —3.4) —4.8 (—4.8to —4.7) —4.6 (—4.7 to —4.6)*
65-69 —3.5(-3.6to —3.4) —-3.3(-3.4t0 -3.2) —4.7 (-4.81t0 —4.6) —4.5(—4.6to —4.3)*
70-74 —3.4 (-3.6to —3.3) —3.4(-3.6to -3.2) —4.8 (-4.9t0 —4.6) —4.6 (—4.8t0 —4.4)*
75-79 —3.4 (-3.4t0 -3.3" —3.6 (—3.6 to —3.5) —4.8 (-4.9t0 —4.7) —4.9(-5.0to —4.8)
>80 —-29(-3.1t0 -2.8" —3.4(-3.6to -3.3) —4.6 (—4.8to —4.4) —4.9 (-5.1 to —4.7)*

Cl, confidence interval; ASR, age-standardized rate. *Indicates a p-value <0.05.
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