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Few studies have focused on quantifying the double burden of malnutrition (DBM) phenomenon in China. We aimed to
clarify the prevalence of DBM among Chinese adults as well as to examine whether daily dietary micronutrient status
varies by body mass index (BMI) categories.
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| 1. Introduction

Among Chinese studies, previous research on dietary intakes of micronutrients focused on differences in intakes or status
by sex or age groups for which the Chinese Dietary Reference Intakes 2013 have been established [, and previous
results reported that women had lower dietary intakes for retinol, vitamins A and C, thiamine, riboflavin, calcium,
phosphorus, magnesium, iron, zinc, copper, and selenium compared with men 284 and a significant higher percentage
of women were not meeting the estimated average requirement (EARs) for several nutrients such as retinol, riboflavin,
and thiamine without considering their BMI status 2,

To date, we have little understanding of the DBM at intra-individual level, with underweight/overweight/obesity and
micronutrient deficiency being present in the same individual, or of micronutrient intakes status by body status among
Chinese adults, particularly data in adults by sex are sparse. Therefore, explorations are needed to address this limit and
to clarify whether usual daily dietary micronutrient status varies by BMI categories. Here, we focused on quantifying the
prevalence and distribution of the DBM among Chinese adults and estimating the dietary micronutrient intakes and the
prevalence of nutritional inadequacies among them, using data from the China Health and Nutrition Survey (CHNS, 2015),
to further identify differences in micronutrient status from food between BMI categories. Such findings are important for
policymakers to support actions to implement interventions to improve diet quality to address undernutrition and
overnutrition in Chinese individuals.

| 2. Results
2.1. Double Burden of Undernutrition and Overnutrition

Among the studied population, the prevalence of vitamin or mineral deficiencies was as high as 96.80% or 99.97%,
respectively. Nearly half of subjects faced the problem of DBM (43.55%), of which 39.58% of adults experienced
overweight/obesity and micronutrient deficiency simultaneously, along with 3.97% of adults affected by underweight and
micronutrient deficiency concurrently. The prevalence of malnutrition in all forms was higher in men, the elder age group,
medium yearly income level group, current drinking group, and those with history of diet-related chronic diseases, which
was consistent with the distribution of overweight/obesity and micronutrient deficiency (Table 1).

Table 1. Characteristics of study participants and prevalence of multiple forms of malnutrition, China Health and Nutrition
Survey (CHNS) 2015 1.

Underweight
Characteristics  Participants  Underweight Overweight Obesity Vlta_rr!m Mln_er_al aer . and Micronutrient
Deficiency Deficiency Micronutrient
Deficiency
Number of
subjects 6602(100.00) 262(3.97) 2183(33.07) 430(6.51) 6391(96.80) 6600(99.97) 262(3.97)
Sex
Men 3699(56.03) 127(3.43) 3 1345(36.36) °  233(6.30)  3610(97.59) 3 3697(99.95) 127(3.43)
Women 2903(43.97) 135(4.65) 838(28.87) 197(6.79) 2781(95.80) 2903(100.00) 135(4.65)
Age

18-44years  3016(45.68)  185(6.13)%  887(29.41)3  188(6.23)  2928(97.08)  3016(100.00) 185(6.13) 3
45-59 years  3586(54.32) 77(2.15) 1296(36.14)  242(6.75)  3463(96.57)  3584(99.94) 77(2.15)

Education

Overweight/Obesity

Deficiency



Underweight

Vitamin Mineral and Overweight/Obesity

Characteristics Participants  Underweight Overweight Obesity Deficiency Deficiency Micronutrient and_ Micronutrient
Deficiency Deficiency
llliterate 952(14.42) 40(4.20) 329(34.56) 66(6.93) 929(97.58) 952(100.00) 40(4.20) 395(41.49) 2
Primary school  2572(38.96) 88(3.42) 878(34.14) 179(6.96)  2498(97.12) 2571(99.96) 88(3.42) 1057(41.10)
>High school  3078(46.62) 134(4.35) 976(31.71) 185(6.01)  2964(96.30) 3077(99.97) 134(4.35) 1161(37.72)
Urbanicity
index
Low 2208(33.44) 93(4.21) 712(32.25)  139(6.30)° 2155(97.60)°  2207(99.95) 93(4.21) 851(38.54)
Medium 2197(33.28) 92(4.19) 710(32.32) 166(7.56)  2124(96.68)  2197(100.00) 92(4.19) 876(39.87)
High 2197(33.28) 77(3.50) 761(34.64) 125(5.69)  2112(96.13) 2196(99.95) 77(3.50) 886(40.33)
Yearly Income
Low 2199(33.31) 105(4.77) 685(31.15) °  142(6.46)  2141(97.36) 2197(99.91) 105(4.77) 827(37.61) 2
Medium 2202(33.35) 80(3.63) 774(35.15) 157(7.13)  2129(96.68)  2202(100.00) 80(3.63) 931(42.28)
High 2201(33.34) 77(3.50) 724(32.89) 131(5.95)  2121(96.37)  2201(100.00) 77(3.50) 855(38.84)
Physical
activity
Low 2200(33.32) 96(4.36) 721(32.77) 158(7.18)  2123(96.50) 2199(99.95) 96(4.36) 879(39.95)
Medium 2201(33.34) 84(3.82) 707(32.12) 138(6.27)  2125(96.55)  2201(100.00) 84(3.82) 845(38.39)
High 2201(33.34) 82(3.73) 755(34.30) 134(6.09)  2143(97.36) 2200(99.95) 82(3.73) 889(40.39)
Current
smoking
No 4516(68.40) 185(4.10) 1454(32.20)°  305(6.75)  4360(96.55) 4515(99.98) 185(4.10) 1759(38.95)
Yes 2086(31.60) 77(3.69) 729(34.95) 125(5.99)  2031(97.36) 2085(99.95) 77(3.69) 854(40.94)
Current
drinking
No 4306(65.22)  197(4.58)°  1340(31.12) 3 285(6.62) 4150(96.38) > 4306(100.00)°  197(4.58) % 1625(37.73) 3
Yes 2296(34.78) 65(2.83) 843(36.72) 145(6.32)  2241(97.60) 2294(99.91) 65(2.83) 988(43.03)
History of diet-related chronic diseases
No 1692(25.63)  147(8.69) ° 327(19.33) 34(2.01) 1649(97.46) 1691(99.94) 147(8.69) ° 361(21.33) 2
Yes 4910(74.37) 115(2.34) 1856(37.80)  396(8.07)  4742(96.58) 4909(99.98) 115(2.34) 2252(45.87)

1 Al values are n (%). CHNS, China Health and Nutriton Survey; 2 malnutriton defined as having
underweight/overweight/obesity and micronutrient deficiency; 3 showed a significant difference in the prevalence of
multiple forms of malnutrition tested by Chi-square test (p < 0.05).

2.2. Disparity in Micronutrient Deficiency Status across BMI Levels

Of men, 85.8-86.3% did not meet the EAR for riboflavin, with the noticeably highest prevalence for the obese group.
Likewise, obese men did not meet the EAR for dietary intakes of retinol (91.4%), vitamin C (67.7%), and zinc (58.8%)
from foods, with a greater percentage than for other BMI groups. For dietary calcium intake, close to 100% of men failed
to meet the EAR regardless of their BMI status. Meanwhile, 74.1-79.9% of men were not meeting the EARs for dietary
intake of thiamin, with the highest prevalence for the normal-weight group. Underweight men had the highest prevalence
of not meeting EAR for selenium (62.9%), magnesium (53.3%), and phosphorus (8.7%), followed by normal-weight
(selenium: 57.7%; magnesium: 53.1%; phosphorus: 7.6%). Less than 3% of men in all BMI groups consumed copper and
iron intakes from foods below the EARs (Eigure 1). Among women, the percentage having a usual intake below the EAR
tended to be higher in the underweight group for calcium (97.8%), zinc (90.1%), thiamin (78.5%), magnesium (73.3%),
vitamin C (68.2%), and iron (28.2%), followed by the normal-weight group (calcium: 96.4%, zinc: 88.9%, thiamin: 75.7%,
magnesium: 68.5%, vitamin C: 66.7%, iron: 17.4%). Obese women had the highest prevalence of not meeting the EAR for
retinol (87.8%), phosphorus (16.2%), and copper (4.6%). Similarly, close to 100% of women had dietary calcium intake
below the EAR in all BMI groups (Eigure 2).
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Figure 1. Percentage of Chinese men aged 18-59 years with dietary micronutrient intakes below the estimated average
requirements (EARs) by body weight status.
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Figure 2. Percentage of Chinese women aged 18-59 years with dietary micronutrient intakes below the estimated
average requirements (EARs) by body weight status.

Assessment of dietary micronutrient intakes showed that close to 100% of participants had multiple micronutrient
deficiencies, not meeting the EARs for at least two dietary selected micronutrient intakes, regardless of their BMI
categories. Similarly, close to 100% of underweight men and women had multiple mineral deficiencies (men: 98.4%,
women: 99.3%), followed by normal-weight (men: 95.1%, women: 97.5%), overweight (men: 93.8%, women: 97.4%), and
obese individuals (men: 91.8%, women: 97.2%). For multiple vitamin deficiencies, the overweight men tended to have a
higher percentage (92.2%), while the overweight women had a lower one (86.9%) (Eigure 3). Both men and women
suffering from diet-related chronic diseases had increasing percentages of multiple micronutrient deficiencies and its
subtypes with the increasing BMI status, which were lower than that without consideration of chronic diseases (Eigure 4).
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Figure 3. Percentage of multiple micronutrient deficiencies among Chinese adults aged 18-59 years by their body weight
status.
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Figure 4. Percentage of malnutrition forms including multiple micronutrient deficiencies and diet-related chronic diseases
among Chinese adults aged 18-59 years by body weight status.

| 3. Discussion

Using CHNS 2015, this study quantified the DBM among Chinese adults aged 18 to 59 years as well as examined
whether usual daily dietary micronutrient status varies by BMI categories. Our results indicated that nearly half of subjects
faced the problem of DBM, of which 40% of adults experienced overweight/obesity and micronutrient deficiency
simultaneously; more than 80% of participants had at least two selected vitamin or mineral deficiencies in all BMI
categories, and there were weight composition disparities in dietary intake status for several key micronutrients.

Daily consumptions of dietary micronutrients were relatively low among Chinese men and women because a large
number of individuals did not reach the Chinese EAR for several key micronutrient intakes from foods. Mean daily dietary
intakes of vitamins among men and women from all BMI categories in our study were lower than that in Korea &, while
the inverse correlation was found for most mineral intakes. Studies in other countries reported that lower intakes of
vitamins and minerals were observed across higher BMI categories 4, which indicates that BMI is inversely associated
with micronutrient intakes and obesity is associated with chronic inadequate intakes of micronutrients &l Consistently, the
current study observed that the prevalence of insufficiencies for riboflavin, retinol, vitamin C, and zinc from foods was
particularly high among obese men; meanwhile, obese women did not meet the Chinese EAR for dietary intakes of retinol,
phosphorus, and copper from food, with a greater percentage than for other BMI groups. However, the similar correlation
between weight status and the usual dietary micronutrient intake was not observed among male and female participants
in this study. A trend towards a decrease in most micronutrient intakes over the study period from 1991 to 2015 @, and
multiple diversities in age, study population, the study design, and dietary structures, may make these differences.

Dietary calcium is one of the essential micronutrients in keeping bones healthy B!, and may have beneficial effects on
adiposity, insulin resistance, dyslipidemia, and blood pressure [&. However, dietary calcium inadequacy has been
identified as one of the most prevalent deficiencies in the Chinese adult population 4, which was not much different from
that in foreign individuals 29, Of note, nearly all of Chinese men and women aged 18 to 59 years failed to reach the EAR
for dietary calcium intake regardless of their BMI status in our study. Actions therefore on improving the population’s poor
dietary calcium intake, such as nutritional interventions on increasing dietary intakes of milk and dairy products, are
necessary to take. Dietary retinol, another key micronutrient concern, plays an important role in vision, immunity,
embryological development, and growth hormone production 24, A study presented that approximately 87% of Chinese
adults consumed less retinol than the EAR, and only 6% of adults consumed more than Chinese recommended nutrient
intake in 2015 [3. Consistently, there was also a substantial percentage of Chinese adults who had low intakes of retinol in
all BMI groups in our study. This indicated that dietary retinol insufficiency remained a major micronutrient deficit among
Chinese men and women. In addition, we observed dietary zinc inadequacy prevailed among women, and the prevalence
was particularly high in the underweight group. Zinc deficit in the diet was associated with adverse long-term effects on
growth, immunity, and metabolic status of surviving offspring 22, There is a need to address possible effective
approaches or guidance for dietary diversification and management.

| 4. Conclusions

The present study showed that Chinese adults aged 18-59 years faced the burning issue of DBM; Chinese men and
women across different BMI categories had a poor-quality diet, with intakes well below the EARs for several key
micronutrients (i.e., calcium, retinol, riboflavin, thiamin, vitamin C, selenium, zinc, and magnesium), and these
inadequacies were more prevalent in underweight and obese groups. The study also showed the extent to which multiple
micronutrient deficiencies overlap in these settings. Understanding and controlling micronutrient inadequacies for Chinese
adults can have significant public health impact. Therefore, the promotion of population-wide intakes of more nutrient-
dense foods—through encouragement of self-selection in food supply and reinforcement of precise dietary supplement
programs or interventions—is needed to tackle the inadequate intake of micronutrients for target subgroups in China.
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