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The relationship between weight change history and 25(OH)D concentrations in adults
La relación entre la historia del cambio ponderal y las concentraciones de 25(OH)D en los adultos
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Background: although obesity has been consistently associated with lower 25-OH hydroxyvitamin D-25(OH)D-levels, little is known about the
effect of weight change on serum 25(OH)D levels.
Methods: the present analysis was based on data from the National Health and Nutrition Examination Survey. Percent weight changes were
calculated from participant-reported maximum lifetime weight and weight in the past year and 10 years ago. Subsequently, general linear models
adjusted for potential confounders were assembled to examine 25(OH)D concentrations across percent weight change categories.
Results: a total of 6,237 participants with a mean age of 57.5 (SE, 0.2) years comprised the study sample. After adjustment for potential
confounders, subjects who have gained weight ≥ 5 % in the past year and 10 years before had on average 4.5 and 5.1 nmol/L lower 25(OH)D
levels than those with a stable weight, respectively. Moreover, this association persisted even among participants with adequate vitamin D intake.
Notably, subjects who lost weight > 5 % from their maximum reported weight had significantly higher 25(OH)D levels than those who did not.
Conclusion: subjects with a stable weight and those who lost weight ≥ 5% from their maximum reported lifetime weight had significantly higher
25(OH)D concentrations than those who did not. Thus, maintaining a healthy weight over time may be an effective strategy to reach optimal
serum 25(OH)D levels.

Resumen

Palabras clave:
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Antecedentes: aunque la obesidad se ha asociado consistentemente con niveles más bajos de 25-OH-vitamina D (25(OH)D), poco se sabe
sobre el efecto del cambio de peso en los niveles de 25(OH)D.
Métodos: el presente análisis se basó en datos de la Encuesta Nacional de Examen de Salud y Nutrición. Los cambios porcentuales en el peso
se calcularon a partir del peso medido actual y el peso máximo reportado, peso en el último año, y hace 10 años. Se usaron modelos lineales
generales ajustados por posibles cofactores para examinar las concentraciones de 25(OH)D de acuerdo con el porcentaje de cambio ponderal.
Resultados: un total de 6.237 participantes con una edad promedio de 57,5 años constituyen la muestra del estudio. Los sujetos que
aumentaron de peso ≥ 5 % en el año anterior y en los 10 años previos tuvieron en promedio 4,5 y 5,1 nmol/L menos de 25(OH)D que aquellos
con peso estable, respectivamente. Además, esta asociación persistió incluso entre los participantes con una ingesta adecuada de vitamina D.
Por el contrario, los sujetos que perdieron ≥ 5 % de su peso máximo reportado tuvieron niveles más altos de 25(OH)D comparados con aquellos
que no perdieron peso.
Conclusión: los sujetos con un peso estable y aquellos que perdieron ≥ 5 % de su peso máximo reportado tuvieron concentraciones significativamente más altas de 25(OH)D frente a aquellos que aumentaron de peso. Por lo tanto, mantener un peso saludable con el tiempo puede ser
una estrategia eficaz para alcanzar niveles óptimos de 25(OH)D.

Received: 27/04/2020 • Accepted: 27/06/2020
Conflict of interest: The author declares no conflict of interest.
Orces CH. The relationship between weight change history and 25(OH)D concentrations in adults.
Nutr Hosp 2020;37(5):970-976
DOI: http://dx.doi.org/10.20960/nh.03133

Correspondence:
Carlos H. Orces. Department of Medicine. Laredo
Medical Center. 1700 East Saunders. Laredo, Texas
78041, United States of America
e-mail: corces07@yahoo.com

Copyright 2020 SENPE y ©Arán Ediciones S.L. Este es un artículo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).

©

THE RELATIONSHIP BETWEEN WEIGHT CHANGE HISTORY AND 25(OH)D CONCENTRATIONS IN ADULTS

INTRODUCTION
The prevalence of obesity is increasing worldwide and accounts
for the expanding prevalence of chronic comorbidities (1). Although
low serum 25-hydroxyvitamin D (25(OH)D) concentrations have
been consistently reported among obese subjects across different
races and latitudes, the precise mechanism of this association has
not been fully elucidated (2-6). However, previous studies have concluded that limited sun exposure, inadequate use of vitamin D supplements, decreased bioavailability of vitamin D once in fat tissue,
or simply dilution of ingested or synthesized vitamin D in fat mass
may explain low vitamin D status in subjects with obesity (7-9).
Clinical trials of restricted calories and exercise interventions
among children and women with overweight and obesity have
reported increasing serum 25(OH)D concentrations among those
who achieved moderate weight loss. Similarly, a recent systematic review and meta-analysis of randomized and nonrandomized weight-loss trials reported that 25(OH)D concentrations were
marginally increased with weight loss in comparison with weight
maintenance under similar conditions of supplemental vitamin D
intake (10-14).
Despite these facts, no previous population-based study has
reported the effect of weight history on serum 25(OH)D and its
metabolites concentrations. Therefore, the present study aimed
to examine the relationship between short- and long-term weight
change and weight loss from the maximum reported weight, and
25(OH)D concentrations in a nationally representative sample of
adults.
METHODS
STUDY PARTICIPANTS
The National Health and Nutrition Examination Survey (NHANES)
is a biannual cross-sectional study conducted by the National
Center for Health Statistics of the Centers for Disease Control and
Prevention. The purpose of the NHANES is to collect data about
the health, nutritional status, and health of the noninstitutionalized civilian resident population of the U.S. Information about the
analysis and reporting guidelines of the NHANES are described
elsewhere (15).
WEIGHT HISTORY
In the Weight History section, participants aged 40 years and
older were asked “How much did you weigh in pounds a year
and 10 years ago? If you don’t know your exact weight, please
make your best guess.” In the mobile examination center, body
mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared, and then rounded to one decimal place.
For this analysis, weight in pounds was converted to kg. Weight
change was calculated by subtracting baseline measured weight
from self-reported weight in the past year and 10 years ago.
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Then, this result was divided by the baseline weight and reported as percent weight change. As previously described, weight
change was defined as weight loss ≥ 5 %, stable weight as a
change of < 5 %, and weight gain as an increase of ≥ 5 % (16).
Weight change from subjects who reported their maximum
weight was calculated based on the following question: “Up to the
present time, what is the most you ever weighed? Percent change
in weight from the patients’ reports of their maximum reported
lifetime weight was calculated, and weight loss was categorized
as previously defined (< 5 % loss, 5 %-10 % loss, and > 10 %
loss). Percent change from reported maximum weight was corrected to 0 % if maximum weight was observed at the current
evaluation (17). Obesity history was also categorized according
to the subject’s baseline BMI and estimated BMI 10 years ago,
which was calculated by using subjects baseline measured height
and reported weight 10 years ago. Subjects were then classified
as never obese, previously obese and presently non-obese, previously non-obese and presently obese, and always obese (18).
COVARIATES
In the demographic file, data on the following variables were
obtained: examination period, age, gender, race/ethnicity, education, and ratio of family income to poverty threshold as a measure of socioeconomic status. Moreover, participants reported
their smoking status and general health, which was grouped as
good to excellent or fair to poor. Based on the 2018 Physical
Activity Guidelines for Americans, the participants’ leisure-time
physical activity was classified as physically active, insufficiently
active, or inactive (19). The NHANES dietary data were used to
estimate vitamin D intake from the types and amounts of foods
and beverages consumed during the 24-hour period prior to the
interview. Similarly, the 30-day dietary supplement file was used
to provide a summary record of the mean daily vitamin D intake
from all supplements and antacids. Data were routinely examined
for discrepancies and erroneous entries.
25(OH)D CONCENTRATIONS
The CDC developed the standardized liquid chromatography-tandem mass spectrometry (LC-MS/MS) to measure 25(OH)
D3, 25(OH)D2, and total 25(OH)D. For the LC-MS/MS method, total
25(OH)D (in SI units of nmol/L) was defined as the sum of 25(OH)
D3 and 25(OH)D2 and excluded the C3 epimer of 25(OH)D3. The
LC-MS/MS method has better analytical specificity and sensitivity
compared to immunoassay methods, and fixed analytical goals for
imprecision (≤ 10 %) and bias (≤ 5 %) (20).
STATISTICAL METHODS
The characteristics of participants were reported as weighted
percentages and mean values with their corresponding standard
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errors. General linear models adjusted for possible confounders
were used to examine the associations between percent weight
change categories (≥ 5 % weight loss, loss or gain weight < 5 %,
and gain weight ≥ 5 %) in the past year and 10 years, and 25(OH)
D concentrations. Similarly, 25(OH)D and its metabolites levels,
stratified according to age groups, were compared by obesity
history status in the previous 10 years. Moreover, the effect of
progressive weight loss (> 10 %, 5 to 10 %, < 5 %, and 0 %) from
the participants’ maximum lifetime weight on 25(OH)D concentrations was also examined. Statistical analyses were performed
using the SPSS Complex Sample software, V.17 (SPSS Inc, Chicago, Illinois, USA) to incorporate constructed weights and obtain
unbiased, national estimates. A p-value < 0.05 was considered
statistically significant.
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Table I. Demographic characteristics
of participants in the NHANES 2011-2014
No.
participants

Weighted %
(SE)

Nov 1st to Apr 30th

2,952

42.9 (4.7)

May 1st to Oct 31th

3,285

57.1 (4.7)

40-59

3,280

59.6 (0.8)

≥ 60

2,957

40.4 (0.8)

Male

3,048

48.9 (0.7)

Female

3,189

51.1 (0.7)

Normal-weight

1,677

25.7 (0.7)

Overweight

2,134

35.5 (0.8)

Obese

2,426

38.8 (1.0)

Hispanic

1,261

10.5 (1.4)

Non-Hispanic white

2,682

73.0 (2.3)

Non-Hispanic black

1,451

10.0 (1.3)

843

6.6 (0.6)

Less than high school

2,218

26.9 (1.6)

High school graduate

1,597

26.1 (1.1)

Some college or AA degree

1,679

31.6 (1.3)

740

15.5 (1.4)

< 1.00

1,125

11.9 (1.1)

≥ 1.00

4,648

88.1 (1.1)

Never

3,285

52.0 (1.1)

Former

1,795

29.7 (0.9)

Current

1,153

18.2 (0.9)

Inactive

3,387

50.2 (1.4)

< 150 min/week

1,001

16.6 (0.9)

≥ 150 min/week

1,845

33.2 (1.2)

Good to excellent

4,586

80.4 (1.0)

Fair to poor

1,649

19.6 (1.0)

< 400 IU

3,571

53.3 (1.0)

≥ 400 IU

2,666

46.7 (1.0)

< 50 nmol/L

1,646

19.7 (1.4)

> 50 nmol/L

4,591

80.3 (1.4)

Six-month period

Age (years)

Gender

BMI (kg/m2)

RESULTS
A total of 6,237 participants with a mean age of 57.5 (SE,
0.2) years comprised the study sample. As shown in table I, the
majority of participants were examined between May 1st to Oct
31th, were non-Hispanic whites, had some college education,
and reported a sedentary lifestyle. Notably, 21 % and 47 %
of participants had gained weight ≥ 5 % in the past year and
10 years, respectively. In contrast, an estimated 56 % of subjects
had lost weight ≥ 5 % from their maximum weight, which was
reported on average at 90.2 kg. Overall, 47.5 % (SE, 1.0) and
19.7 % (SE, 1.4) of adults aged 40 years and older reported
taking vitamin D supplements and had evidence of vitamin D
deficiency, respectively.
As shown in table II, participants who had gained weight
≥ 5 % in a year and in the past 10 years had considerably lower
25(OH)D3 and 25(OH)D concentrations than those with a stable weight. Indeed, mean 25(OH)D level differences between
subjects who gained weight and those with stable weight in the
previous year and 10 years were 4.5 and 5.1 nmol/L, respectively. As expected, 25(OH)D concentrations were higher among
participants with vitamin D intake ≥ 400 IU/day than among
those without it. However, subjects who gained weight ≥ 5 %
in the past year had significantly lower mean 25(OH)D levels
than those with stable weight, irrespective of their daily vitamin
D intake. In fact, the lowest mean 25(OH)D level was seen
among participants who gained weight and had a vitamin D
intake < 400 IU/day (Fig. 1).
Table III shows 25(OH)D and its metabolites concentrations
according to obesity history in the previous 10 years and stratified by age groups. In general, mean 25(OH)D and its metabolites levels were lower among middle-aged than in older adults.
After adjustment for potential confounders, participants defined
as always obese and those previously non-obese but presently
obese had significantly lower 25(OH)3 and 25(OH)D levels compared with their never obese counterparts. Notably, mean 25(OH)
D3 and 25(OH)D levels were 10.6 and 10.0 nmol/L lower among
subjects with obesity in the previous 10 years than among those
never obese, respectively.

Race/ethnicity

Other races
Education

College graduate or above
RIP

Smoking status

Physical activity status

Self-reported health status

Vitamin D intake

25(OH)D level

SE: standard error. AA: Associates of Arts; RIP: ratio of family income to poverty
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Table II. Serum 25(OH)D and metabolite levels across weight change history among adults
Weight change in one year
Vitamin D
(nmol/L)

Weight loss (≥ 5 %)
(n = 1,475)

Stable weight a
(n = 3,382)

Weight gain (≥ 5 %)
(n = 1,380)

25(OH)D3

71.7 (1.4)

70.9 (1.0)

65.9 (1.0)*

25(OH)D2

5.5 (0.8)

4.4 (0.4)

4.9 (0.8)

25(OH)D

77.2 (1.0)

75.4 (0.9)

70.9 (1.1)*

Weight change in 10 years
Vitamin D
(nmol/L)

Weight loss (≥ 5 %)
(n = 1,473)

Stable weight a
(n = 1,812)

Weight gain (≥ 5 %)
(n = 2,952)

25(OH)D3

77.7 (1.1)

73.2 (1.1)

67.1 (1.0)*

25(OH)D2

5.2 (0.8)

4.0 (0.3)

25(OH)D

76.9 (0.9)

77.3 (1.1)

5.1 (0.6)
72.2 (0.9)*

Models adjusted for six-month study period, age, gender, race/ethnicity, education, poverty level, smoking status, physical activity, self-reported health, and vitamin D
intake. a: Reference category (loss or gain weight < 5 %); *: p-value < 0.05

Vitamin D < 400 IU

Vitamin D ≥ 400 IU

100,0

* P < .05

90,0

*

80,0

70,0

25(OH)D (nmol/L)

*
60,0

50,0

40,0

30,0

20,0

10,0

0,0

Weight loss ≥ 5%

Weight loss or gain < 5% (reference)

Weight gain ≥ 5%

Figure 1.
25(OH)D levels according to vitamin D intake and percent weight change in the past year.

Figure 2 shows adjusted 25(OH)D levels across the participants’ percent weight change categories from their maximum
weight. Notably, participants who lost weight had significantly
higher total 25(OH)D levels than those with a present maximum
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and 2.4 nmol/L higher 25(OH)D levels than those who did not,
respectively.
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Table III. The association between obesity status in thes previous 10 years and 25(OH)D
concentrations among middle-aged and older adults
Never obese
(reference)

Previously obese
and presently nonobese

Previously nonobese and presently
obese

Always obese

40-59 yearsa
25(OH)D3

70.1 (1.0)

68.0 (3.5)

61.7 (1.7)*

60.1 (1.1)*

25(OH)D2

3.3 (0.3)

3.2 (0.8)

4.4 (0.7)

4.1 (0.6)

Total 25(OH)D

73.4 (0.9)

71.3 (3.1)

66.1 (1.5)*

64.2 (1.1)*

79.4 (1.3)

74.8 (1.7)

71.4 (1.9)*

68.6 (1.4)*

≥ 60 years

a

25(OH)D3
25(OH)D2

6.4 (1.0)

5.8 (1.2)

6.2 (1.2)

6.8 (1.0)

Total 25(OH)D

85.9 (1.2)

80.7 (3.0)

77.6 (2.3)*

75.5 (1.2)*

Totalb
25(OH)D3

73.9 (1.0)

70.7 (2.1)

65.7 (1.4)*

63.3 (1.0)*

25(OH)D2

4.5 (0.5)

5.2 (0.6)

4.3 (0.8)

5.2 (0.6)

Total 25(OH)D

78.5 (0.8)

74.9 (1.4)

70.9 (1.4)*

68.5 (1.0)*

: Model 1 adjusted for six-month study period, gender, race/ethnicity, education, poverty level, smoking status, leisure-time physical activity, self-reported health, and
vitamin D intake; b: Model 2 adjusted for age and all variables in model 1; *: p-value < 0.05.

a

80,0

* P < .05

*

*

78,0

76,0

25(OH)D (nmol/L)

*
74,0

72,0

70,0

68,0

66,0

> 10%

5 to 10%

< 5%

0% (ref)

Figure 2.
Percent weight change from self-reported maximum weight and 25(OH)D levels.

DISCUSSION
The present findings suggest that adults who maintained a
stable weight over time had significantly higher 25(OH)D3 and

25(OH)D concentrations than their counterparts who gained
weight. Notably, 25(OH)D and its metabolites concentrations were
similarly distributed across weight change in the past year and
over the past 10 years. For instance, 25(OH)D levels were 4.5 and
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5.1 nmol/L lower among participants who gained weight ≥ 5 %
in the previous year and since 10 years ago when compared
with those with stable weight, respectively. In contrast, 25(OH)
D levels were marginally increased in participants who had lost
weight ≥ 5 % in the previous year.
The study results are consistent with those from a recent systematic review and meta-analysis of 4 randomized and 11 nonrandomized clinical trials of caloric restriction and exercise in which
25(OH)D levels slightly improved with weight loss in comparison
with weight maintenance under similar conditions of supplemental
vitamin D intake (14). Likewise, Pannu et al., in a meta-regression
analysis of clinical trials, reported a small increase in 25(OH)D
levels after weight loss in obese subjects not taking vitamin D
supplements (21). Moreover, participants who gained weight ≥ 5 %
in the past year had significantly lower 25(OH)D levels than their
counterparts with stable weight, irrespective of their daily vitamin
D intake. However, subjects who gained weight and reported taking
vitamin D ≥ 400 IU/d had on average 23.9 nmol/L higher 25(OH)D
levels than those who did not.
Notably, participants who lost weight from their maximum
reported weight had significantly higher 25(OH)D levels than those
who did not, which was more marked among subjects who lost
weight ≥ 5 %. The present findings are consistent with the results
from the diabetes prevention program, in which participants in the
lifestyle intervention who lost a mean body percent of 7.3 % in
the first 6 months had mean 25(OH)D levels 0.8 ng/mL higher
than those in the placebo group who lost only 0.4 % (22). Thus,
the study findings suggest that adipose tissue is a storage site
for vitamin D, which may be slowly released into the circulation in subjects who lose weight through lifestyle interventions.
Since exercise is a powerful stimulus for lipolysis, it is feasible
that the vitamin D deposited in adipocytes may be mobilized by
increasing physical activity (23). Moreover, the increased 25(OH)D
levels across weight loss categories from the subjects’ maximum
reported weight found in the present study do not support the
hypothesis of sequestration of dietary or endogenous synthesis
of cholecalciferol in the fatty tissue in subjects with obesity (7).
For instance, a recent study conducted to examine the association
between leisure-time physical activity and 25(OH)D concentrations
among older adults demonstrated that obese subjects physically
active had on average 9.2 nmol/L higher 25(OH)D3 levels than
their counterparts with a sedentary lifestyle (24).
The study results are in agreement with the vitamin D dilutional
model previously described by Drincic et al., in which any given
increment of cholecalciferol would be distributed not only in the
serum, but also in the totality of body fat. Accordingly, if the fat
mass is twice as much in an obese subject as compared to a
normal-weight subject, then the induced rise in serum cholecalciferol would be roughly predicted as half as much (8). Similarly, a
cross-sectional study designed to compare vitamin D concentrations in subcutaneous and omental adipose tissue between women with obesity and those without obesity scheduled for surgery
concluded that the enlarged adipose mass in subjects with obesity
serves as reservoir for vitamin D, and that the increased amount of
vitamin D required to saturate this compartment may predispose
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individuals with obesity to inadequate serum 25(OH)D levels (25).
Of relevance, Ganfloff et al., in a 1-year lifestyle interventional
study among men with obesity not taking vitamin D supplementation, described that the visceral adipose tissue was the adipose
depot most correlated with increasing 25(OH)D levels (26).
Several limitations should be mentioned while interpreting the
results. First, percent weight change over time was calculated
from participants’ self-reported weight, which may have been
a source of recall bias. Nevertheless, a recent report from the
Finnish twin study demonstrated high correlations between
self-reported and measured anthropometric values (27). Second,
sunlight exposure and sun protection measures were not included
in the present analysis, which may have affected the synthesis of
vitamin D. Third, the effect of latitude on subject 25(OH)D levels
was undetermined. Despite these limitations, the present population-based study is the first to demonstrate a significant relationship between weight change history and 25(OH)D concentrations.
In conclusion, subjects with a stable weight or those who lost
weight ≥ 5 % from their maximum lifetime weight had significantly higher 25(OH)D concentrations than their counterparts who
gained weight over time. Thus, maintaining a healthy weight may
be an effective strategy to reach optimal serum 25(OH)D levels.

REFERENCES
1. Bovet P, Chiolero A, Gedeon J. Health effects of overweight and obesity in 195
countries. N Engl J Med 2017;377:1495-6. DOI: 10.1056/NEJMc1710026
2. Liel Y, Ulmer E, Shary J, Hollis BW, Bell NH. Low circulating vitamin D in
obesity. Calcif Tissue Int 1988;43:199-201.
3. Palacios C, Gil K, Pérez CM, Joshipura K. Determinants of vitamin D status among overweight and obese Puerto Rican adults. Ann Nutr Metab
2012;60:35-43. DOI: 10.1159/000335282
4. Savastano S, Barrea L, Savanelli MC, Nappi F, Di Somma C, Orio F, et al. Low
vitamin D status and obesity: Role of nutritionist. Rev Endocr Metab Disord
2017;18:215-25. DOI: 10.1007/s11154-017-9410-7
5. Samuel L, Borrell LN. The effect of body mass index on optimal vitamin D
status in U.S. adults: The National Health and Nutrition Examination Survey 2001-2006. Ann Epidemiol 2013;23:409-14. DOI: 10.1016/j.annepidem.2013.05.011
6. Arunabh S, Pollack S, Yeh J, Aloia JF. Body fat content and 25-hydroxyvitamin
D levels in healthy women. J Clin Endocrinol Metab 2003;88:157-61.
7. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased bioavailability
of vitamin D in obesity. Am J Clin Nutr 2000;72:690-3.
8. Drincic AT, Armas LA, Van Diest EE, Heaney RP. Volumetric dilution, rather
than sequestration best explains the low vitamin D status of obesity. Obesity
(Silver Spring) 2012;20:1444-8. DOI: 10.1038/oby.2011.404
9. Orces C. The Association between Body Mass Index and Vitamin D Supplement Use among Adults in the United States. Cureus 2019;11(9):e5721.
DOI: 10.7759/cureus.5721
10. Reinehr T, de Sousa G, Alexy U, Kersting M, Andler W. Vitamin D status and
parathyroid hormone in obese children before and after weight loss. Eur J
Endocrinol 2007;157:225-32.
11. Tzotzas T, Papadopoulou FG, Tziomalos K, Karras S, Gastaris K, Perros P, et al.
Rising serum 25-hydroxy-vitamin D levels after weight loss in obese women
correlate with improvement in insulin resistance. J Clin Endocrinol Metab
2010;95:4251-7. DOI: 10.1210/jc.2010-0757
12. Rock CL, Emond JA, Flatt SW, Heath DD, Karanja N, Pakiz B, et al. Weight
loss is associated with increased serum 25-hydroxyvitamin D in overweight
or obese women. Obesity (Silver Spring) 2012;20:2296-301. DOI: 10.1038/
oby.2012.57
13. Mason C, Xiao L, Imayama I, Duggan CR, Bain C, Foster-Schubert KE, et al.
Effects of weight loss on serum vitamin D in postmenopausal women. Am J
Clin Nutr 2011;94:95-103. DOI: 10.3945/ajcn.111.015552

976

14. Mallard SR, Howe AS, Houghton LA. Vitamin D status and weight loss: a
systematic review and meta-analysis of randomized and nonrandomized
controlled weight-loss trials. Am J Clin Nutr 2016;104:1151-9.
15. https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx [Accessed
March 2020].
16. Ensrud KE, Ewing SK, Stone KL, Cauley JA, Bowman PJ, Cummings SR;
Study of Osteoporotic Fractures Research Group. Intentional and unintentional
weight loss increase bone loss and hip fracture risk in older women. J Am
Geriatr Soc 2003;51:1740-7.
17. Baker JF, Ziolkowski SL, Long J, Leonard MB, Stokes A. Effects of Weight
History on the Association Between Directly Measured Adiposity and Mortality in Older Adults. J Gerontol A Biol Sci Med Sci 2019;74:1937-43. DOI:
10.1093/gerona/glz144
18. Stenholm S, Sallinen J, Koster A, Rantanen T, Sainio P, Heliövaara M, et al. Association between obesity history and hand grip strength in older adults--exploring
the roles of inflammation and insulin resistance as mediating factors. J Gerontol
A Biol Sci Med Sci 2011;66:341-8. DOI: 10.1093/gerona/glq226
19. Physical Activity Guidelines for Americans 2nd edition. [Accessed March
2020]. Available at: https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
20. https://wwwn.cdc.gov/nchs/nhanes/vitamind/analyticalnote.aspx?h=/Nchs/
Nhanes/2013-2014/VID_H.htm&t=VID_H%20Doc [Accessed March, 2020].
21. Pannu PK, Zhao Y, Soares MJ. Reductions in body weight and percent fat
mass increase the vitamin D status of obese subjects: a systematic review

C. H. Orces

22.

23.
24.

25.
26.

27.

and metaregression analysis. Nutr Res 2016;36:201-13. DOI: 10.1016/j.
nutres.2015.11.013
Ceglia L, Nelson J, Ware J, Alysandratos KD, Bray GA, Garganta C, et al. Association between body weight and composition and plasma 25-hydroxyvitamin
D level in the Diabetes Prevention Program. Eur J Nutr. 2017;56:161-70. DOI:
10.1007/s00394-015-1066-z
Hengist A, Perkin O, Gonzalez JT, Betts JA, Hewison M, Manolopoulos KN, et
al. Mobilising vitamin D from adipose tissue: The potential impact of exercise.
Nutrition Bulletin 2019;44:25-35.
Orces CH. Association between leisure-time aerobic physical activity and
vitamin D concentrations among US older adults: the NHANES 20072012. Aging Clin Exp Res 2019;31:685-93. DOI: 10.1007/s40520-0181031-9
Carrelli A, Bucovsky M, Horst R, Cremers S, Zhang C, Bessler M, et al. Vitamin
D Storage in Adipose Tissue of Obese and Normal Weight Women. J Bone
Miner Res 2017;32:237-42. DOI: 10.1002/jbmr.2979
Gangloff A, Bergeron J, Pelletier-Beaumont E, Nazare JA, Smith J, Borel AL,
et al. Effect of adipose tissue volume loss on circulating 25-hydroxyvitamin
D levels: results from a 1-year lifestyle intervention in viscerally obese men.
Int J Obes (Lond) 2015;39:1638-43. DOI: 10.1038/ijo.2015.118
Tuomela J, Kaprio J, Sipilä PN, Silventoinen K, Wang X, Ollikainen M, et
al. Accuracy of self-reported anthropometric measures - Findings from the
Finnish Twin Study. Obes Res Clin Pract 2019;13:522-8. DOI: 10.1016/j.
orcp.2019.10.006

[Nutr Hosp 2020;37(5):970-976]

