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Purpose: Pandemic-related confinement helps to contain the transmission of the novel
coronavirus disease (COVID-19) but restricts children’s exposure to sunlight, thereby pos-
sibly affecting their 25-hydroxyvitamin D [25(OH)D] levels. This study aimed to examine
the effect of COVID-19 measures on 25(OH)D levels in children.

Patients and Methods: This study included children who underwent health checks
between March 1 and June 30, 2020, and those over the equivalent period during
2017-2019 (N = 3600). Children’s 25(OH)D levels and the proportion of children with
vitamin D deficiency were compared between different observation periods.

Results: The mean serum 25(OH)D level was 84 + 25nmol/L. The overall proportion of
children with vitamin D deficiency (25(OH)D level <50 nmol/L) was 4.6%. Home confine-
ment led to an increase in the proportion of children aged 3-6 years with vitamin
D deficiency during March 1-June 30, 2020 compared with the same months in previous
years, and the most noticeable increase was found in March 2020. In children aged 3-6
years, 25(OH)D levels were lower in 2020 (65 + 17nmol/L) than during 2017-2019, and the
proportion of those with vitamin D deficiency was higher in 2020 (19.0%) than in previous
years. Among children aged 0.5-1 and 1-3 years, 25(OH)D levels were higher (97 + 25
nmol/L, 91 + 27 nmol/L), while the proportion of children with vitamin D deficiency was
lower in 2020 (2.3%, 3.0%) than during 2017-2019.

Conclusion: The 25(OH)D levels tended to decrease gradually with increasing age.
Reduced sunlight exposure during confinement is associated with lower 25(OH)D levels
among children aged 3—6 years. Therefore, vitamin D supplementation for children aged >3
years is recommended.

Keywords: 25-hydroxyvitamin D, coronavirus disease, deficiency, sunlight exposure

Introduction

The novel coronavirus disease (COVID-19) pandemic has been spreading world-
wide since December 2019. To reduce the rate of virus transmission, the Chinese
government implemented a series of social distancing policies, restricting travel and
movement and requiring a greater physical distance between people in public
spaces."” Levels 1 and 2 of public health response, including the shutdown of
public transportation systems, travel restrictions, and temperature measurement of
people entering public spaces, were initiated in Guangdong Province between
January 23 and May 8, 2020. Residents were encouraged to work from home and
leave home only for essential activities. Moreover, the Spring Festival holiday was
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extended, and return to work and school was postponed.
Libraries, factories, and government agencies were tem-
porarily closed.® Although these measures helped to
reduce COVID-19 transmission rates, they were asso-
ciated with short- and long-term consequences. Indeed,
reduced physical activity due to confinement is likely to
increase the adoption of unhealthy lifestyles, thereby
increasing the prevalence of risk factors for non-
communicable diseases and exacerbating existing clinical
problems.” In addition, an online survey of Canadian par-
ents evaluated changes in children’s play and exercise
patterns during pandemic-related confinement and showed
that up to 95.2% of children and 99.4% of youth did not
get the recommended amount of physical activity.® These
findings suggest that pandemic-related confinement affects
children’s well-being and health.

The prevalence of vitamin D deficiency is increasing
globally. The Endocrine Society’s clinical practice guide-
lines recommend that vitamin D status should be divided
into deficiency, insufficiency, and sufficiency, correspond-
ing to 25-hydroxyvitamin D [25(OH)D] levels of <50,
50-75, and >75 nmol/L, respectively.” Sources of vitamin
D include cutaneous synthesis from cholecalciferol upon
exposure to ultraviolet-B light, specific foods, and dietary
supplements. Notably, even among individuals who have
a high intake of vitamin D-containing products and those
who live in higher than mid-latitude regions, sunlight
exposure remains an essential factor in maintaining suffi-
cient 25(OH)D levels.® Consistently, our previous studies
also have shown that in Guangzhou, a city in southern
China with a subtropical climate and sufficient sunlight
exposure, children and pregnant women tend to have vita-
min D deficiency or insufficiency.”'°

Pandemic-related confinement reduces the amount of
time spent outdoors, particularly among children. It is
likely that 25(OH)D levels in children were lower during
the period of confinement than otherwise. To verify our
hypothesis, we conducted a retrospective cross-sectional
study to compare 25(OH)D levels among children before
and after pandemic-related confinement in the Guangzhou
area of southern China (23°70 N, 113°15 E).

Patients and Methods

This study included children who underwent a routine
physical examination between March 1 and June 30 during
2017-2020. Children were excluded if they had a medical
history of vitamin D-associated metabolic disorders, such
as skeletal or gastrointestinal system diseases, liver or

kidney diseases, genetic syndromes, obesity, malnutrition,
or malabsorption disorders. We extracted data on date of
birth, sex, date of hospital visits, and 25(OH)D levels,
which were stored in the Hospital Information System.
Plasma 25(OH)D levels were determined using an electro-
chemiluminescence immunoassay (Abbott Laboratories,
Lake Bluff, IL, USA) with an intra/inter-assay coefficient
of variation of <10.0%. Vitamin D deficiency and insuffi-
ciency were defined as 25(OH)D levels of <50 and 50-75
nmol/L, respectively, according to the Endocrine Society’s
clinical practice guidelines.’

Children were examined between March 1 and
June 30, 2020 (ie, during the period when confinement
measures were introduced from January 23 to May 8,
2020), and their 25(OH)D levels were compared with
those in children examined over the equivalent quarter
during 2017-2019. The 2020 children included 150 boys
and 150 girls aged 3—6 years, 300 infants aged 0.5-1 year,
and 300 toddlers aged 1-3 years. Age- and sex-matched
children examined during 2017-2019 were also included.
A total of 300 children were included in each age group
per year, and in total, 3600 children were included in the
study.

Serum 25(OH)D levels are presented as means and
standard deviations, and categorical variables are pre-
sented as absolute values and relative frequencies. Mean
serum 25(OH)D levels were compared between different
observation periods (from March to June), age groups, and
observation groups (2017-2019 and 2020) using the
ANOVA test. Pearson’s chi-square test was used for com-
parisons of categorical variables. P-values <0.05 were
considered statistically significant. SPSS statistical soft-
ware version 23 (IBM Corp, Armonk, NY, USA) was
used for statistical analysis.

Results

The mean age of participants was 29 + 23 (range, 6—84)
months. The mean serum 25(OH)D level was 84 + 25
(range, 28-247) nmol/L. The overall proportion of children
with vitamin D deficiency (25(OH)D level <50 nmol/L) was
4.6%. The overall average 25(OH)D level in 900 children
evaluated from March to June 2020 was 84 + 27 nmol/L.
The proportion of children with vitamin D deficiency
recorded between March and June 2020 (8.1%) was higher
than that recorded during the same period in previous years
(2017, 2018, and 2019: 4.9%, 2.2%, and 43.1%, respec-
tively) (p < 0.05). Notably, the proportion of children with
vitamin D sufficiency (25(OH)D > 75 nmol/L) recorded in
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Table | Characteristics of the Participants (N = 3600)
2020 (N=900) 2019 (N=900) 2018 (N=900) 2017 (N=900) P value
Mean of age (Mean * SD, months) 28 £ 23 29 £23 28 + 22 29 £22 0.96°
Month of blood collection, n (%)
March 95 (10.6%) 204 (22.7%) 231 (25.7%) 194 (21.6%) <0.001*
April 183 (20.3%) 208 (23.1%) 230 (25.6%) 207 (23.0%)
May 316 (35.1%) 256 (28.4%) 224 (24.9%) 233 (25.9%)
June 306 (34.0%) 232 (25.8%) 215 (23.9%) 266 (29.6%)
25(OH)D level (Mean + SD, nmol/L) 84 + 27 86 + 25 84 +24 82+ 125 0.03°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 73 (8.1%) 28 (3.1%) 20 (2.2%) 44 (4.9%) <0.001*
Insufficiency (50-75 nmol/L) 290 (32.2%) 326 (36.2%) 372 (41.3%) 383 (42.6%)
Sufficiency (275 nmol/L) 537 (59.7%) 546 (60.7%) 508 (56.4%) 473 (52.6%)

Notes: “Differences between groups were tested using the chi-square test. ®Differences between groups were tested by the ANOVA test.

Abbreviations: SD, standard deviation; 25(OH)D, serum 25-hydroxyvitamin D.

2020 (59.7%) was higher than that recorded in 2017 (52.6%)
and 2018 (56.4%) but lower than that recorded in 2019
(60.7%) (p < 0.05). Baseline characteristics of participants
are reported in Table 1.

Between 2017 and 2020, 25(OH)D levels showed
a consistent and gradual downward trend with increasing
age. Meanwhile, the proportion of participants with vitamin
D deficiency increased with age; 25(OH)D levels in partici-
pants aged 0.5-1 years were higher in 2020 than during
2017-2018 but lower than in 2019 (p = 0.03), and 25(OH)
D levels in participants aged 1-3 years in 2020 were higher
than those observed in the same age groups during
2017-2019 (p < 0.001). Moreover, the proportion of parti-
cipants with vitamin D deficiency observed in these two age
groups (aged 0.5-1 years and aged 1-3 years) was lower
than that observed in the same age groups in previous years
(p = 0.01 and p = 0.003, respectively). However, opposite
trends in 25(OH)D levels were observed among participants
aged 3—6 years; 25(OH)D levels among children aged 3-6
years were lower in 2020 than during 2017-2019 (p <
0.001), and the proportion of children aged 3—6 years with
vitamin D deficiency was higher in 2020 than in previous
years (p < 0.001) (Table 2; Figure 1). Between 2017 and
2020, 25(OH)D levels gradually increased from March to
June. The proportion of children with vitamin D deficiency
gradually decreased from March to June, and 25(OH)D
levels among participants who visited the study site in
March 2020 were lower than those observed in the same
month during 2017-2019 (p < 0.001). Consistently, the
proportion of children with vitamin D deficiency reported

in March 2020 was higher than that observed in the same
month during 2017-2019 (p < 0.001) (Table 3; Figure 1).

Discussion

To our knowledge, this study is the first to explore changes
in 25(OH)D levels in children due to COVID-19 pan-
demic-related confinement. The present study found that
25(OH)D levels before and after confinement were lower
among children aged 3—6 years than among children aged
<3 years. Consistently, Zhang et al analyzed 25(OH)D
levels in 6953 children aged 0—6 years and revealed that
the rates of vitamin D deficiency among children aged
0-1, 1-3, and 3-6 years were 17.9%, 21.2%, and 48.1%,
respectively,' and Isa et al found a decrease in 25(OH)D
levels of 2.164 nmol/L per year of age and showed that 25
(OH)D levels were negatively associated with increasing
age.'? Taken together, these findings suggest that 25(OH)
D levels decline with increasing age.

The present findings are related to public health poli-
cies in China. Lack of regular vitamin D supplementation,
reduced intake of dietary products fortified with vitamin
D, insufficient sunlight exposure, and reduced amounts of
outdoor activities contribute to vitamin D deficiency in
older children. Prolonged confinement is associated with
reduced exposure to sunlight, which is associated with
a lower rate of cutaneous vitamin D synthesis. As
expected, in the present study, 25(OH)D levels measured
in 2020 among children aged 3—6 years were lower than
those measured in previous years among children at the
same age, while the proportion of children with vitamin
D deficiency was higher in 2020 than in previous years. To
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Table 2 Vitamin D Status of Different Age Groups from 2017 to 2020
Age Group 2020 (N=900) | 2019 (N=900) | 2018 (N=900) | 2017 (N=900) | P value
0.5-ly 25(OH)D level (Mean % SD, nmol/L) | 97 + 25 98 + 26 94 + 29 92 £ 29 0.03°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 7 (2.3%) 8 (2.7%) 10 (3.3%) 13 (4.3%) 0.01*
Insufficiency (50-75 nmol/L) 55 (18.3%) 49 (16.3%) 76 (25.3%) 79 (26.3%)
Sufficiency (275 nmol/L) 238 (79.3%) 243 (81.0%) 214 (71.3%) 208 (69.3%)
-3y 25(OH)D level (Mean * SD, nmol/L) | 91 + 27 89 + 24 84+ 24 84 + 24 <0.001°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 9 (3.0%) 7 (2.3%) 10 (3.3%) 14 (4.7%) 0.003*
Insufficiency (50-75 nmol/L) 73 (24.3%) 79 (26.3%) 106 (35.3%) 109 (36.3%)
Sufficiency (275 nmol/L) 218 (72.7%) 214 (71.3%) 184 (61.3%) 177 (59.0%)
3-6y 25(OH)D level (Mean % SD, nmol/L) | 65 17 70+ 16 73+ 13 70 + 14 <0.001°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 57 (19.0%) 13 (4.3%) 0 (0.0%) 17 (5.7%) <0.001*
Insufficiency (50-75 nmol/L) 162 (54.0%) 198 (66.0%) 190 (63.3%) 195 (65.0%)
Sufficiency (275 nmol/L) 81 (27.0%) 89 (29.7%) 110 (36.7%) 88 (29.3%)

Notes: *Differences between groups were tested using the chi-square test. "Differences between groups were tested by the ANOVA test.
standard deviation; 25(OH)D, serum 25-hydroxyvitamin D.

Abbreviations: SD,

prevent vitamin D-related rickets, vitamin D at a dose of

400 IU/day is administered to infants up to 2 years of age.

As

children aged <3 years

took daily vitamin

D supplements, their 25(OH)D levels were not affected
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Figure | The percentage of vitamin D deficiency (25(OH)D < 50 nmol/L) in 2017-2019, stratified by age group (A) and month (B).

2672

Dove

submit your manuscript

Risk Management and Healthcare Policy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Yu et al
Table 3 Vitamin D Status in Different Months from 2017 to 2020

Month 2020 (N=900) 2019 (N=900) 2018 (N=900) 2017 (N=900) P value

March 25(OH)D level (Mean + SD, nmol/L) 76 £ 29 85+ 24 84 + 23 77 £23 <0.001°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 18 (18.9%) 10 (4.9%) 1 (0.4%) 20 (10.3%) <0.001*
Insufficiency (50-75 nmol/L) 32 (33.7%) 70 (34.3%) 91 (39.4%) 91 (46.9%)
Sufficiency (275 nmol/L) 45 (47.4%) 124 (60.8%) 139 (60.2%) 83 (42.8%)

April 25(OH)D level (Mean * SD, nmol/L) 82 + 24 84 +24 81 £23 80 + 25 0.39°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 19 (10.4%) 4 (1.9%) Il (4.8%) 15 (7.2%) 0.001*
Insufficiency (50-75 nmol/L) 56 (30.6%) 85 (40.9%) 96 (41.7%) 94 (45.4%)
Sufficiency (275 nmol/L) 108 (59.0%) 119 (57.2%) 123 (53.5%) 98 (47.3%)

May 25(OH)D level (Mean + SD, nmol/L) 85+ 25 85+ 25 85+ 24 86 * 26 0.98°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 17 (5.4%) Il (4.3%) 6 (2.7%) 4 (1.7%) 0.25%
Insufficiency (50-75 nmol/L) 109 (34.5%) 94 (36.7%) 91 (40.6%) 93 (39.9%)
Sufficiency (275 nmol/L) 190 (60.1%) I51 (59.0%) 127 (56.7%) 136 (58.4%)

June 25(OH)D level (Mean % SD, nmol/L) 88 + 29 89 £ 27 86 + 27 86 £ 25 0.34°
25(OH)D categories, n (%)
Deficiency (<50 nmol/L) 19 (6.2%) 3 (1.3%) 2 (0.9%) 5 (1.9%) <0.001*
Insufficiency (50-75 nmol/L) 93 (30.4%) 77 (33.2%) 94 (43.7%) 105 (39.5%)
Sufficiency (275 nmol/L) 194 (63.4%) 152 (65.5%) 119 (55.3%) 156 (58.6%)

Notes: *Differences between groups were tested using the chi-square test. "Differences between groups were tested by the ANOVA test.

Abbreviations: SD, standard deviation; 25(OH)D, serum 25-hydroxyvitamin D.

restricted. During the COVID-19 pandemic, many medical
centers have shifted from person-to-person appointments
to providing telemedicine and online services. Some med-
ical centers provide online drug-related services, including
placing orders, making payments, and arranging drug pre-
scription and delivery.'*'* A study of the dietary diversity
of China’s residents indicates that online services have
likely helped residents maintain a diversified diet during
pandemic-related confinement.'” This finding suggests that
internet access and online services can help ensure that
people continue to receive vitamin D supplements and
fortified dietary products during pandemic-related
confinement.

Although the vitamin D supplementation policy is
aimed to prevent rickets, the rate of compliance among
children remains very low. Daily intake over extended

periods of time is a common cause of therapeutic
dropout.'® The COVID-19 pandemic has both positive
and negative effects on lifestyle choices.!” For example,
during confinement, patients with type 1 diabetes had
more time to manage their disease and achieve better
glycemic control.'® Similarly, more time at home might
have increased the extent of parental supervision of chil-
dren, thereby improving vitamin D supplementation com-
pliance among children aged <3 years.

Seasonal variations in 25(OH)D levels have been pre-
viously reported and are associated with seasonal varia-
tions in sunlight. For example, Chaoimh et al showed that
the proportion of children with vitamin D deficiency who
lived in Cork, Ireland (51°N) was 45.2% between
November and April and 10.4% between May and
October,lg al examined seasonal

and Nakano et
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fluctuations in serum 25(OH)D levels among children who
lived in Shizuoka (35.2°N, 138.4°E) and Tokyo (35.4°N,
139.4°E) and found that serum 25(OH)D levels were
lower in winter and spring than in summer and
autumn.”® Home confinement led to an increase in the
proportion of children with vitamin D deficiency between
March and June 2020 compared to the same month in
previous years. Public health responses were initiated in
Guangdong Province on January 23, 2020. Reduced sun-
light exposure led to lower 25(OH)D levels, and conse-
quently, the proportion of children with vitamin
D deficiency in March 2020 was higher than that during
2017-2019 (p < 0.001). After restrictions were lifted, sun-
light exposure and children’s outdoor activities increased
during the summer months. Between April and June 2020,
the impact of home confinement on children’s 25(OH)D
levels gradually decreased.

The present study is associated with the following
limitations. First, in China, the preventive use of vitamin
D is common among healthy children aged <3 years;
however, similar preventive supplementation is rare
among older children. As this study included participants
from both groups, the present findings are unlikely to be
representative in the general population. Second, due to
lack of participant dietary information, including details of
daily vitamin D intake, we were unable to control for the
effect of vitamin D intake on the present findings; these
factors might have resulted in biased estimates. Third, this
retrospective study did not account for the amount or
duration of sunlight exposure among participants.
Variations in sunlight exposure between participants
might have biased our findings. Fourth, the present study
was based on a single measurement of 25(OH)D levels
and did not account for its longitudinal changes. In addi-
tion, there was no detailed information on parathyroid
hormone in this study. Therefore, we cannot assess the
associations between parathyroid hormone and 25(OH)D
levels in children. Finally, the diversity of vitamin
D receptors might also affect individual 25(OH)D levels;
however, this aspect was outside the scope of the present

study.

Conclusion

Pandemic-related confinement had different effects on 25
(OH)D levels among different ages of children. Serum
vitamin D levels decreased with increasing age, and the
decline in 25(OH)D levels among children aged 3—6 years
was related to reduced sunlight exposure. However, no

decline in 25(OH)D levels among children aged <3 years

was observed, likely due to regular vitamin
D supplementation. These findings can inform future pol-
icy on preventive vitamin D supplementation among older

children.

Abbreviations
25(0OH)D, 25-hydroxyvitamin D (vitamin D); COVID-19,
coronavirus disease.

Ethics Approval and Informed
Consent

Ethics approval was obtained from the Medical Research
Ethics Committee of Guangdong Women and Children
China (No.202,001,183). This
study was conducted in accordance with the principles

Hospital, Guangdong,
stated in the Declaration of Helsinki. The requirement for
informed consent was waived due to the retrospective
nature of the study. Data were processed anonymously to
ensure the privacy of patients.

Author Contributions

All authors made substantial contributions to conception
and design, acquisition of data, or analysis and interpreta-
tion of data; drafted the article or revised it critically for
important intellectual content; agreed to submit to the
current journal; gave final approval of the version to be
published; and agree to be accountable for all aspects of
the work.

Funding

This work was supported in part by the Medical Scientific
Research Foundation of Guangdong Province, China
(grant number: A2019482).

Disclosure
The authors declare that they have no competing interests.

References

1. Lai S, Ruktanonchai NW, Zhou L, et al. Effect of non-pharmaceutical
interventions to  contain COVID-19 in  China. Nature.
2020;585:410-413.

2. Chen S, Yang J, Yang W, Wang C, Béarnighausen T. COVID-19 control
in China during mass population movements at new year. Lancet.
2020;395:764-766. doi:10.1016/S0140-6736(20)30421-9

3. Zhang J, Lin G, Zeng J, Lin J, Tian J, Li G. Challenges of SARS-CoV-
2 and lessons learnt from SARS in Guangdong Province, China. J Clin
Virol. 2020;126:104341. doi:10.1016/j.jcv.2020.104341

submit your manuscript

2674

Dove

Risk Management and Healthcare Policy 2020:13


https://doi.org/10.1016/S0140-6736(20)30421-9
https://doi.org/10.1016/j.jcv.2020.104341
http://www.dovepress.com
http://www.dovepress.com

Dove

Yu et al

W

10.

. Kraemer MUG, Yang CH, Gutierrez B, et al. The effect of human

mobility and control measures on the COVID-19 epidemic in China.
Science. 2020;368:493-497. doi:10.1126/science.abb4218

. Palmer K, Monaco A, Kivipelto M, et al. The potential long-term

impact of the COVID-19 outbreak patients ~ with
non-communicable diseases in Europe: consequences for healthy
ageing. Aging Clin Exp Res. 2020;32:1189-1194. doi:10.1007/
$40520-020-01601-4

on

. Moore SA, Faulkner G, Rhodes RE, et al. Impact of the COVID-19

virus outbreak on movement and play behaviours of Canadian chil-
dren and youth: a national survey. Int J Behav Nutr Phys Act.
2020;17:85. doi:10.1186/512966-020-00987-8

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation,
treatment, and prevention of vitamin D deficiency: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab.
2011;96:1911-1930. doi:10.1210/jc.2011-0385

. O’Sullivan F, Raftery T, van Weele M, et al. Sunshine is an important

determinant of vitamin D status even among high-dose supplement
users: secondary analysis of a randomized controlled trial in Crohn’s
disease patients. Photochem  Photobiol. 2019;95:1060—-1067.
doi:10.1111/php.13086

.Yu L, Guo Y, Ke HJ, He YS, Che D, Wu JL. Vitamin D status in

pregnant women in Southern China and risk of preterm birth: a
large-scale  retrospective  cohort study. Med Sci  Monit.
2019;25:7755-7762. doi:10.12659/MSM.919307

Guo Y, Yu L, Deng YH, Ke HJ, Wu JL. Associations between serum
25-hydroxyvitamin D levels and allergic sensitization in early
childhood.  Allergol  Immunopathol  (Madr). 2020;48:84-89.
doi:10.1016/j.aller.2019.06.016

. Zhang H, Li Z, Wei Y, et al. Status and influential factors of vitamin

D among children aged 0 to 6 years in a Chinese population. BMC
Public Health. 2020;20:429. doi:10.1186/s12889-020-08557-0

Risk Management and Healthcare Policy

Publish your work in this journal

Risk Management and Healthcare Policy is an international, peer-
reviewed, open access journal focusing on all aspects of public
health, policy, and preventative measures to promote good health
and improve morbidity and mortality in the population. The journal
welcomes submitted papers covering original research, basic
science, clinical & epidemiological studies, reviews and evaluations,

20.

. Isa H, Almaliki M, Alsabea A, Mohamed A. Vitamin D deficiency in

healthy children in Bahrain: do gender and age matter? East Mediterr
Health J. 2020;26:260-267. doi:10.26719/emh;j.19.084

. Anthony B Jr. Use of telemedicine and virtual care for remote treat-

ment in response to COVID-19 pandemic. J Med Syst. 2020;44:132.
doi:10.1007/s10916-020-01596-5

. Liu L, Gu J, Shao F, et al. Application and preliminary outcomes of

remote diagnosis and treatment during the COVID-19 outbreak:
retrospective cohort study. JMIR MHealth UHealth. 2020;8:¢19417.
doi:10.2196/19417

. Zhao A, Li Z, Ke Y, et al. Dietary diversity among Chinese residents

during the COVID-19 outbreak and its associated factors. Nutrients.
2020;12:1699. doi:10.3390/nul12061699

. Dalle CL, Valenti MT, Del FF, Caneva E, Pietrobelli A. Vitamin D:

daily vs. monthly use in children and elderly-what is going on.
Nutrients. 2017;9:652. doi:10.3390/nu9070652

. Hu Z, Lin X, Chiwanda Kaminga A, Xu H. Impact of the COVID-19

epidemic on lifestyle behaviors and their association with subjective
well-being among the general population in Mainland China:
cross-sectional study. J Med Internet Res. 2020;22:¢21176.
doi:10.2196/21176

. Fernandez E, Cortazar A, Bellido V. Impact of COVID-19 lockdown

on glycemic control in patients with type 1 diabetes. Diabetes Res
Clin Pract. 2020;166:108348. doi:10.1016/j.diabres.2020.108348

. Chaoimh CN, McCarthy EK, Hourihane JO, et al. Low vitamin

D deficiency in Irish toddlers despite northerly latitude and a high
prevalence of inadequate intakes. Eur J Nutr. 2018;57:783-794.
doi:10.1007/s00394-016-1368-9

Nakano S, Suzuki M, Minowa K, et al. Current vitamin D status in
healthy Japanese infants and young children. J Nutr Sci Vitaminol
(Tokyo). 2018;64:99—105. doi:10.3177/jnsv.64.99

Dove

guidelines, expert opinion and commentary, case reports and
extended reports. The manuscript management system is completely
online and includes a very quick and fair peer-review system, which
is all easy to use. Visit http://www.dovepress.com/testimonials.php
to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/risk-management-and-healthcare-policy-journal

Risk Management and Healthcare Policy 2020:13

submit your manuscript

Dove

2675


https://doi.org/10.1126/science.abb4218
https://doi.org/10.1007/s40520-020-01601-4
https://doi.org/10.1007/s40520-020-01601-4
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1111/php.13086
https://doi.org/10.12659/MSM.919307
https://doi.org/10.1016/j.aller.2019.06.016
https://doi.org/10.1186/s12889-020-08557-0
https://doi.org/10.26719/emhj.19.084
https://doi.org/10.1007/s10916-020-01596-5
https://doi.org/10.2196/19417
https://doi.org/10.3390/nu12061699
https://doi.org/10.3390/nu9070652
https://doi.org/10.2196/21176
https://doi.org/10.1016/j.diabres.2020.108348
https://doi.org/10.1007/s00394-016-1368-9
https://doi.org/10.3177/jnsv.64.99
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Patients and Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure
	References

