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ABSTRACT
Obese patients often have low serum levels of 25-OH-vitamin D (25-OH-D), and this may induce insulin resistance and
cardiovascular disease. In this study, we investigated whether a reduction in body weight, as achieved within a short period by
putting patients on a very low-calorie diet (VLCD), improved the serum 25-OH-D levels. Then we performed a secondary
analysis of data collected from a previous study on the impact of a lemon detox program on body fat reduction. We further
analyzed any potential correlation between alterations in 25-OH-D levels and changes in biomarkers of insulin resistance and
inflammation, which are both related to cardiovascular disease, after weight reduction. A total of 84 pre-menopausal overweight
women, who consumed either a VLCD (about 400 kcal/day) or a normal diet for 11 days, were divided into 4 groups by quartiles
based on their degree of weight loss. The average serum 25-OH-D level of the entire cohort before the trial was 11.7±3.9 ng/mL,
and this level significantly declined after the intervention. However, in the group with the highest weight loss (Q1), which
experienced an average body weight reduction of 5.7%, the serum 25-OH-D levels were slightly increased following the weight
loss. Further, this increase was significantly greater than that of the other weight loss groups. Weight-loss-induced elevation of
serum 25-OH-D levels was significantly associated with a reduction in body weight (p<0.01), body mass index (p<0.05),
waist-hip ratio (p<0.05), waist circumference (p<0.01), total body fat mass (p<0.05), serum adiponectin (p<0.01), insulin-like
growth factor-1 (p<0.05), and triglycerides (p<0.05). Additionally, as compared to the group with the lowest weight loss, the
group with the highest weight loss experienced the largest declines in serum glucose, glycosylated hemoglobin (HbA1c), insulin,
and leptin levels and finally insulin resistance. All this data suggests that a loss of 5% or more of body weight can improve
the serum 25-OH-D levels and the factors contributing to diabetes and cardiovascular disease.
Key words: 25-OH-vitamin D, very low-calorie diet, weight loss, insulin resistance, cardiovascular disease

INTRODUCTION

much interest in the non-skeletal effects of vitamin D deficiency
in recent years, particularly the effects related to cardio-

Obesity is a risk factor for chronic diseases such as

vascular disease, diabetes mellitus, cancer, and immune

hypertension, diabetes, cardiovascular disease, and cancer,

dysfunction (Gannagé-Yared MH et al 2009; Anderson JL et

which are gradually increasing (Broussard JL et al 2016).

al 2010; Rosen CJ 2011). It has been observed that an

According to Korean statistics, the adult obesity rate in Korea

increase in serum 25-hydroxyvitamin D (25-OH-D) concen-

has rapidly increased from 24.3% in 1998 to 34.8% in 2016,

trations cause a significant decrease in fasting glucose and

with 42.3% of men and 26.4% of women considered obese

insulin resistance, and vitamin D deficiency is a known risk

(Statistics Korea 2018). This trend correlates with an in-

factor for type 2 diabetes and the metabolic syndrome

creased consumption of dietary fat and simple sugars.

(Gannagé-Yared MH et al 2009). It has also been reported

Vitamin D is a pro-hormone that promotes calcium ab-

that a rapid reduction of the body weight by 4% significantly

sorption (Hatfield DP et al 2014); it is therefore linked to

decreases leptin and insulin levels, and activates beta-cell

diseases associated with calcium metabolism. Inadequate

function (Mohammad T et al 2015). In addition, vitamin D

vitamin D is a risk factor for skeletal, muscular, and cardio-

supplementation plays an important role in the management of

vascular diseases, as well as cancer, multiple sclerosis, and

cardiovascular disease (Brandenburg VM et al 2012). Therefore,

diabetes (Grant WB & Holick MF 2005). There has been

vitamin D has been proposed to be a preventive factor in
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The serum 25-OH-D level reflects the total body vitamin D

be inaccessible (Korea Ministry of Health & Welfare 2015).

status since both endogenous synthesis after ultraviolet (UV)

In view of these observations, this study intended to evaluate

light exposure and dietary intake from food sources are

whether serum 25-OH-D levels may be restored by weight

incorporated in this index. The Endocrine Society determined

loss in obese individuals.

that serum 25-OH-D levels of 30 ng/mL or above are normal,

Studies on vitamin D in Korea have focused on the BMI

and levels below 20 ng/mL indicate deficiency; these values

or metabolic syndrome in post-menopausal women or middle-

are used as the standard for assessment of the nutritional

aged adults (Jang SY et al 2012; Kim YJ et al 2012).

vitamin D status in Korea (Lim S et al 2012). The prevalence

Potential improvements in serum 25-OH-D levels by weight

of inadequate vitamin D levels in Korea is high and is

loss, or the mechanisms underlying low serum vitamin D

increasing over time due to altered life-style patterns, which

levels in obese pre-menopausal women, have not been

include more time spent indoors. In their study, Choi HS et

assessed. The very low-calorie diet (VLCD) is a weight loss

al (2011) found that the vitamin D deficiency rates in Korean

program that limits calorie intake to less than 500 kcal/day.

men and women were 47.3% and 64.5%, respectively, with

This diet can reduce body weight rapidly within a short period

the highest proportion observed in women in their 20s

of time, but may also cause imbalances in the vitamin and

(79.9%). According to a study by Park JH et al (2018),

mineral reserves of the body (Henry RR et al 1986), causing

vitamin D deficiency is increasing; the reported rates were

symptoms such as headache, dizziness, fatigue, and muscular

75.2% and 82.5% in men and women, respectively, in 2014

aches (Delbridge E & Proietto J 2006; Baker S et al 2009).

compared to corresponding values of 51.8% and 68.2%,

The lemon detox program is a type of VLCD for reducing

respectively, in 2008. The causes of very low 25-OH-D serum

body weight and fat and is designed to provide higher

levels (below 10 ng/mL) include poor dietary intake of

amounts of vitamin C and minerals than other VLCDs (Beyer

vitamin D coupled with negligible sun exposure, malabsorption

KA 2006). We hypothesized that body weight reduction

due to inflammatory bowel disease, gluten enteropathy, gastric

induced by VLCDs, including the lemon detox program, would

surgery, biliary disease, intestinal bacterial overgrowth, use of

restore serum 25-OH-D levels and improve cardiovascular and

antiseizure medications, and long-term use of glucocorticoids

diabetic risk factors related to 25-OH-D without causing

(DeLuca HF 2004).

imbalances in vitamins and minerals in obese individuals. To

Several epidemiological and experimental studies have

verify our hypothesis, we performed a secondary analysis of

reported a link between obesity and low serum 25-OH-D

data collected in our previous study, in which healthy pre-

levels. A study by Blum M et al (2008) suggests that serum

menopausal women were subjected to a short-term weight loss

25-OH-D levels are inversely correlated with body mass index

intervention with the lemon detox program (Kim MJ et al

2

(BMI); moreover, an elevation in the BMI by 5 kg/m or a

2015). Participants were divided into 4 groups according to

gain in body weight by 15 kg resulted in a decrease in

their weight loss; the changes in serum 25-OH-D levels, body

25-OH-D concentrations by 4 ng/mL in healthy older partici-

composition, homeostasis model assessment insulin resistance

pants. Several clinical trials also indicate that obesity might

(HOMA-IR) scores, blood insulin resistance, adipokines, and

lead to a lack of outdoor activities and a consequent decrease

levels of inflammatory biomarkers associated with cardio-

in vitamin D synthesis in the skin (Wortsman J et al 2000;

vascular risk factors were also compared.

Willis CM et al 2007); it also leads to reduced 25-OH-D
release from the adipose tissue owing to vitamin D accu-

STUDY METHODS

mulation in the fat cells (Shantavasinkul PC et al 2015). Since
body fat mass is increased in obesity and vitamin D is fat

1. Participants and Study Design

soluble and readily stored in adipose tissue, it may be

As this study was a secondary analysis of our previous

presumed that obese individuals have large stores of vitamin

study on the weight loss impact of the lemon detox program

D (Wortsman J et al 2000). However, the Korean Nutrition

(Kim MJ et al 2015), we used the same data set from that

Society recommends higher vitamin D intakes for obese

study, which was approved by the Institutional Review Board

people because the vitamin D accumulated in fat tissue may

of the Seoul Women's University (IRB-2013A-4). The partici-

․

240

․

Hyun Ji Ko Jung Hee Kim Mj Joung Kim

pants included 84 healthy pre-menopausal women aged
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≥23 kg/m , who did

by a chemiluminescence immunoassay using a commercial kit

not have diabetes or any other major medical conditions, and

Minnesota, USA). Serum lipid profiles, including serum trigly-

were consuming a regular Korean diet. The clinical inter-

cerides (TG), total cholesterol, high density lipoprotein cho-

vention period lasted 11 days; the recruitment of participants

lesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),

and our experimental intervention trial, including the nutrient

and free fatty acid levels were assessed. To investigate the

content for each ingredient, and the dietary intakes of the

impact of weight loss on factors related to insulin resistance,

lemon detox juice- and placebo juice-consuming groups, have

the levels of fasting serum glucose, HbA1c, serum insulin

been reported previously (Kim MJ et al 2015). The VLCD

levels, and the HOMA-IR score (according to Matthews DR et

group comprised participants consuming either lemon detox

al (1985)) were examined. Serum leptin and adiponectin levels

(409.3 kcal per a day) or placebo (403.2 kcal per a day) juice;

were also included in the analysis as these adipokines are

they were divided into 4 groups according to quartiles based

associated with insulin resistance and cardiovascular diseases.

on their final weight loss. The body weight of participants in

We also investigated the levels of serum insulin-like growth

the group with the highest weight loss decreased by more than

factor-1 (IGF-1), homocysteine, and highsensitivity C-reactive

3.2 kg (Q1 group). In the group with the second (Q2), third

protein (hs-CRP) as inflammatory biomarkers associated with

(Q3), and fourth (Q4) highest weight loss, participants lost

the early inflammatory events of cardiovascular disease (Ridker

between

PM et al 2000). The tests for all the serum biochemical

between 20 and 50 years, with a BMI

2

≥1.7 and <3.2 kg, ≥0.7 and <1.7 kg, and <0.7 kg

of body weight, respectively.

(Liaison Total 25-OH-Vitamin D kit, Diasorin, Stillwater,

indices, except serum 25-OH-D, have been described in our
previous study (Kim MJ et al 2015).

2. General Characteristics and Dietary Intakes
Data on general participant characteristics (age, occupation,

4. Statistical Analysis

household income, educational status, and marital status) were

All statistical analyses for this study were performed using

collected by a self-administered questionnaire survey. In order

the SPSS program (IBM SPSS Statistics version 21, SPSS

to identify differences in the household income between the

Inc, Chicago, Illinois, USA). All data have been presented as

weight loss groups, we divided the participants into 2 income

means±standard deviation (SD). Clinical data obtained before

categories of less than 5,000,000 won and more than 5,000,000

and after the intervention were compared using a paired t-test.

won. Factors related to obesity and weight loss, such as

One-way analysis of variance (ANOVA) and Duncan’s multiple

experience with previous weight loss programs, number of

range tests were performed to identify significant differences

previous participations, and perception of current weight, were

between the quartile groups in terms of the degrees of loss in

assessed. Data on vitamin D intake were obtained to

body weight. To exclude the effect of dietary vitamin D

investigate the differences in vitamin D status between the

intake, analysis of covariance was performed using a general

weight loss groups.

linear model to compare the changes in serum 25-OH-D
levels among the weight-loss groups. General characteristics

3. Anthropometric and Biochemical Parameters

have been presented as both numbers and percentages, and

To determine the impact of weight loss, anthropometric

significant differences between the quartile groups were

parameters, including height and weight, lean body mass, body

determined by χ2-tests. A p<0.05 was considered statistically

fat mass, body fat percentage, BMI, waist-hip ratio (WHR),

significant. Correlations between serum 25-OH-D and other

bone mineral density (BMD, compared with healthy adults of

variables were established using the Pearson’s and partial

the same age by t-score), and the BMD of vertebrae 1 4 of

correlation tests, adjusted for changes in vitamin D intake.

∼

the lumbar spine, were assessed before and after the trial. The
extent of weight loss was calculated from the difference

RESULTS AND DISCUSSION

between body weight before and after the intervention.
To determine whether the vitamin D status recovered after
losing body weight, the serum 25-OH-D levels were evaluated

1. Participant Demographics and Weight Loss
The average age of the cohort was 24.2±7.5 (Q1: 23.0±5.6,

∼
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Q2: 25.1±8.1, Q3: 25.4±9.3, Q4: 23.5±7.0) years. Most of the

Since a higher proportion of these women recognized them-

participants were students (72.6%), were unmarried (86.9%),

selves as obese, this probably reflected a greater desire or

and had an education of higher than the college level (88.1%)

motivation for weight loss in the Q1 group than in the other

(data not shown). General characteristics of the participants

groups.

including occupation, educational level, family income, and
marital status did not significantly differ between the quartile
groups, categorized by extent of weight loss. Overall, 76

2. Anthropometric Parameters and Bone Mineral
Density

women stated that they had attempted weight loss before;

The average height, body weight, and BMI of all subjects

51.3% had attempted it more than thrice. However, there were

before the intervention were 162.2 cm, 68.3 kg, and 25.9

no significant differences between the weight loss quartile

kg/m2, respectively. The average weight and BMI were both

groups. All participants considered themselves to be overweight

significantly reduced by the intervention (weight: 66.4 kg,

(50.0%) or obese (50.0%); the proportion of subjects who

BMI: 25.2 kg/m2). Likewise, a significant reduction in waist

recognized themselves as obese (76.2%) was significantly

circumference, WHR, trunk and total fat mass, and body fat

higher in the group with the highest weight loss (Q1) than in

percentage was achieved by the intervention. Comparing the

the other quartile groups (Table 1).

4 quartile groups, the declines in the BMI, WHR, and trunk

Schaumberg K et al (2015) demonstrated that overweight

and total fat mass were significantly higher in the Q1 group

young women lost significantly more weight than those with

than in the Q3 and Q4 groups. However, no significant diffe-

a healthy weight at the beginning of a weight loss program,

rences were observed between the groups in terms of changes

and suggested that women who perceive themselves as

in waist circumference and percentage of body fat (Table 2).

overweight are more motivated to lose weight. In their study,

The average weight loss of participants in the 2 dietary

Czeglédi E (2017) reported that the acceptable weight loss

restriction groups (lemon detox and placebo) was lower than

percentage was higher in younger participants with excess

that of the regular diet group (data not shown). In terms of

weight, and the motivation for weight loss was linked to

quartile groups, 72.2% of the participants on the VLCD were

dissatisfaction with their body image. In this study, the

in the Q1 (average weight loss 5.7%) and Q2 (average weight

highest weight loss was achieved by women in the Q1 group.

loss 3.8%) groups, and dietary restriction significantly affected

Table 1. General characteristics and experience with weight loss programs
Group
Age (years)

Q1 (n=21)

Q2 (n=21)

Q3 (n=21)

Q4 (n=21)

Total (n=84)

χ2-score1)

23.0±5.62)

25.1±8.1

25.4±9.3

23.5±7.0

24.2±7.5

-

Family income per month (won) (n=82)
Less than 5,000,000

13(65.0)3)

12(57.1)

12(57.1)

13(65.0)

50(61.0)

More than 5,000,000

7(35.0)

9(42.9)

9(42.8)

7(35.0)

32(39.0)

5(23.8)

13(61.9)

13(61.9)

11(52.4)

42(50.0)

16(76.2)

8(38.1)

8(38.1)

10(47.6)

42(50.0)

10(52.6)

10(47.6)

10(58.8)

7(36.8)

37(48.7)

9(47.4)

11(52.4)

7(41.2)

12(63.2)

39(51.3)

0.532
Perception of current weight
Overweight
Obese

8.190*

Number of previous weight loss programs (n=76)
Less than two times

1.894
More than three times

≥

≤

Q1, weight loss
3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg
weight loss < 3.2 kg (mean weight loss 3.8%); Q3, 0.7 kg
loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss <0.7 kg (mean weight loss 0.3%).
1) 2
χ -score obtained by chi-square test, *; Significantly different at p<0.05 between the four quartile groups.
2)
Mean±S.D.
3)
Number of participants (% of participants).

≤ weight
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Table 2. Changes in anthropometric parameters and bone mineral density after the intervention
Group

Weight
(kg)

Q1 (n=21)

Q2 (n=21)

Q3 (n=21)

Q4 (n=21)

Total (n=84)

Pre

72.21±7.981)***

66.19±5.64***

66.36±10.77***

68.55±7.64

68.33±8.42***

Post

68.09±7.88

63.71±5.62

65.19±10.75

68.77±7.89

66.44±8.35

Change

BMI
(kg/m2)

Body fat (%)

L1-L4 BMD
(g/cm2)

—1.89±1.70

Post

25.34±2.59

24.38±1.81

25.32±3.42

25.84±2.77

25.22±2.71

a

**

—0.95±0.16

b

—0.46±0.13

c

0.1±0.26d

*

*

—0.71±0.64

Pre

85.50±6.74

82.55±6.25

82.06±9.12

83.58±7.50

83.42±7.47***

Post

82.57±8.08

79.26±7.51

80.23±10.15

82.29±7.19

81.09±8.28

—2.93±4.02

***

***

0.22±0.64d

25.93±2.69***

—3.29±2.63

—1.83±3.62

—1.30±2.57

—2.34±3.31

Pre

0.84±0.03***

0.84±0.04***

0.84±0.04

0.83±0.03

0.84±0.04***

Post

0.83±0.03

0.83±0.04

0.84±0.04

0.83±0.04

0.83±0.04

—0.01±0.01

a

—0.01±0.01

a

—0.00±0.01

—0.00±0.01

b

—0.01±0.01

b

Pre

15.83±3.30***

14.33±2.43***

14.25±4.36

14.95±3.36

14.84±3.43***

Post

14.59±3.19

13.40±2.62

13.74±4.03

14.99±3.35

14.18±3.34

—1.23±0.93

a

***

—0.93±0.76

ab

***

—0.52±0.93

b

*

—0.66±0.97

0.03±0.81c

Pre

27.96±5.91

26.47±4.18

26.41±7.29

27.45±5.64

27.07±5.79***

Post

25.95±5.91

24.96±4.43

25.77±7.42

27.48±5.42

26.04±5.86

Change

—2.01±1.15

—1.52±0.78

—0.64±1.03

Pre

43.07±4.04

42.23±3.91

41.86±6.05

42.22±4.95

42.35±4.75

Post

42.62±4.49

41.94±4.58

41.94±6.17

42.41±4.43

42.25±4.89

0.08±1.41

0.28±1.50

Change

T-score

c

25.75±2.65

—1.53±0.24

***

—1.17±0.31
25.79±3.43

Change

Total fat (kg)

b

25.32±1.81

Change

Trunk fat
(kg)

***

—2.48±0.41

26.88±2.55

Change

Waist-hip ratio
(%)

a

Pre

Change

Waist size
(cm)

—4.11±0.73

a

—0.45±1.65

a

—0.29±1.46

b

0.032±0.983c

—1.03±1.26
—0.10±1.51

Pre

0.23±0.83**

0.67±0.92*

0.22±0.82**

0.19±0.98

0.33±0.90**

Post

0.42±0.89

0.79±0.96

0.39±0.87

0.25±1.04

0.46±0.95

Change

0.19±0.27

0.12±0.20

0.17±0.19

0.06±0.19c

0.13±0.22

Pre

1.218±0.101**

1.262±0.116

1.220±0.102***

1.235±0.123

1.234±0.110**

Post

1.248±0.109

1.290±0.113

1.248±0.107

1.224±0.128

1.252±0.115

Change

0.029±0.034a

0.028±0.062a

0.027±0.023a

—0.011±0.085

b

0.018±0.058

L1-L4 BMD, lumbar spine vertebrae 1-4 bone mineral density; t-score, standard deviation compared with bone mineral density of healthy
adults of the same age.
Q1, weight loss
3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg
weight loss < 3.2 kg (mean weight loss 3.8%); Q3, 0.7 kg
weight
loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss < 0.7 kg (mean weight loss 0.3%).
1)
Mean±S.D.
*, **, ***
Significantly different at p<0.05, p<0.01, p<0.001, respectively, between pre-intervention and post-intervention determined by
paired t-test.
a∼d
Means with different superscript letter are significantly different (at p<0.05) between the 4 quartile groups determined by ANOVA
and Duncan’s multiple range test.

≥

≤

≤

∼

29(3): 238 252 (2019)

243

Impact of Weight Loss on Changes in Serum Vitamin D in Overweight Women

weight loss. Several studies have reported reductions in body

Since our program lasted for only 11 days and did not induce

weight, BMI, abdominal fat, and visceral fat with diets that

a weight reduction comparable to long-term weight loss

restricted energy intake to less than 1,000 kcal/day for 9 to

programs, it did not apparently cause any changes in BMD.

20 weeks (Janssen I et al 2002; Laaksonen DE et al 2003).

3. Serum 25-OH-D Levels and Dietary Vitamin D

Although the duration of this study was considerably short
compared to that of other studies, we still observed remarkable

Intake

declines in body weight, BMI, body fat percentage, WHR,
and waist circumference owing to the dietary restriction.

In our study, the average serum 25-OH-D level of the
entire cohort was 11.67 ng/mL before the intervention; this

Except for Q4 group, the average t-score was significantly

level was indicative of a vitamin D-deficient state. Dietary

increased by the intervention in all weight loss groups. In

restriction caused a further reduction of this level to 10.95

particular, the weight-loss-induced increases in the BMD of

ng/mL. Decreased dietary vitamin D intake was observed in

vertebrae 1 4 of the lumbar spine were significantly higher in

all groups after the intervention; this may have been caused

Q1, Q2, and Q3 groups than in Q4 group (Table 2). Gossain

by calorie restriction in the VLCDs. However, the absolute

VV et al (1999) evaluated the impact of weight loss on the

changes were not significantly different between the groups

BMD in obese women; after consuming an 800-calorie diet for

(Table 3). Since it has a long half-life and is not tightly

12 weeks, the cohort experienced a noticeable decline in total

regulated to maintain blood homeostasis, serum 25-OH-D is a

BMD without remarkable changes in the mineral density of the

good indicator of vitamin D status, and reflects both, oral

lumbar spine. Nishizawa Y et al (1992) suggested that VLCD

intake and skin synthesis of vitamin D (Hatfield DP et al

may cause bone mineral changes that may disturb calcium

2014). Compared to healthy people, patients with obesity have

homeostasis. However, these effects appeared to vary between

been observed to have lower serum vitamin D levels, and

different bones of the body; the mineral content of the cranial

about 60% of seriously obese people are considered vitamin

bones increased, while that of bones in the legs decreased. In

D-deficient (Carlin AM et al 2006; Goldner WS et al 2008).

contrast, in our study, we observed a significant increase in

However, on comparing the changes in serum 25-OH-D

the lumbar spine BMD and no changes in total BMD after

levels based on weight reduction among the quartile weight loss

dietary restriction. These results agree with those of previous

groups, serum 25-OH-D levels were significantly decreased in

studies, in which the impact of VLCD on BMD varied by

groups with less than 5% weight loss after the intervention

body region. In addition, the BMD did not significantly

(Q2, Q3, and Q4 groups). Conversely, the Q1 group with an

correlate with the masses of fat or lean body (data not shown).

average weight loss of 5.7% showed a slight increase in

∼

Table 3. Changes in serum 25-OH-D levels and dietary vitamin D intake after the intervention
Group
Serum 25-OH-D
(ng/mL)

Q1 (n=21)

Q2 (n=21)

Q3 (n=21)

Q4 (n=21)

Total (n=84)

Pre

12.21±4.811)

10.69±2.94**

13.23±3.87***

10.33±3.19**

11.67±3.88***

Post

12.66±5.19

10.06±2.86

11.70±3.54

Change
Vitamin D intake
(µg/day)

a

0.46±1.57

—0.84±1.04

b

—1.53±1.09

b

9.40±2.32

—0.94±1.50

b

10.95±3.81

—0.71±1.49

Pre

2.71±2.71***

2.54±1.35***

3.50±2.42***

4.38±6.54***

3.28±3.80*

Post

2.20±0.12

2.24±0.49

2.36±0.68

2.80±1.37

2.40±0.83

—0.30±1.47
—1.13±2.56
—1.58±5.97
—0.88±3.57
Q1, weight loss ≥ 3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg ≤ weight loss < 3.2 kg (mean weight loss 3.8%); Q3, 0.7 kg ≤ weight
Change

—0.51±2.75

loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss < 0.7 kg (mean weight loss 0.3%).
1)
Mean±S.D.
*, **, ***
Significantly different at p<0.05, p<0.01, and p<0.001, respectively, between pre-intervention and post-intervention determined
by paired t-test.
a,b
Means with different superscript letters are significantly different (at p<0.05) between the 4 quartile groups determined by ANOVA
and Duncan’s multiple range test.
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serum 25-OH-D levels. However, the difference was not

encing considerable weight loss, despite decreased dietary

significant. Notably, serum 25-OH-D levels were significantly

vitamin D intakes. Since vitamin D is fat soluble, the reduc-

decreased in the Q2 group, which experienced the least

tion of body fat mass in obese patients might reduce the

reduction in vitamin D intake. Although the vitamin D intake

stores of vitamin D, which leads to increased levels in the

in Q1 group was lower than that in Q2 group, the serum

blood (Wortsman J et al 2000). Several clinical trials have

levels rose slightly in this group (Table 3).

indicated that serum 25-OH-D levels decrease with weight

It is possible that the reduced serum 25-OH-D concentration in the group that lost less than 5% of body weight

gain and recover with weight loss (Parikh SJ et al 2004;
Tzotzas T et al 2010).

after the intervention was probably related to the decrease in

However, we observed an increased serum 25-OH-D level

vitamin D intake on the VLCD. Therefore, to remove the

after weight reduction only in the Q1 group; this increase was

confounding influence of reduced vitamin D intake during

not significantly different from the level prior to weight

calorie restriction on changes in serum 25-OH-D levels, we

reduction. In a study by Rock CL et al (2012), serum

analyzed the changes in serum 25-OH-D levels between the

25-OH-D levels increased when the body weight reduced by

weight loss groups after statistical adjustment for changes in

5% or more following a 24-month long-term weight loss

vitamin D intake. The increase in the serum 25-OH-D level

program. Furthermore, a study employing a diet-restricted

was significantly higher in the group with the highest weight

exercise regimen demonstrated elevated serum 25-OH-D

loss than in groups with other weight loss; the decline in the

concentrations with body weight reductions of 5% or more

serum 25-OH-D level in the Q2 group, which lost more

(Mason C et al 2011). The results of our study corroborate

weight than the Q3 group, was significantly lower than that

these observations, in that serum 25-OH-D levels increased

in the Q3 group (Fig. 1). Since a certain level of weight loss

when the body weight was reduced by an average of 5.7%.

affected the serum 25-OH-D level, these results suggest that

We speculated that the increase in serum 25-OH-D induced

the serum 25-OH-D level may be elevated in groups experi-

by weight loss in the Q1 group was not significant because

Fig. 1. Changes in serum 25-OH-D levels after adjustment for changes in vitamin D intakes across the weight loss groups
Values are estimated means±Standard error; estimated means were determined using a general linear model after adjustment
for changes in vitamin D intake.
a∼c
Significantly differed (at p<0.05) between the quartile weight loss groups on analysis of covariance and least significant
difference multiple range tests.
Q1, weight loss
3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg
weight loss < 3.2 kg (mean weight loss 3.8%);
Q3, 0.7 kg
weight loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss < 0.7 kg (mean weight loss 0.3%).
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the VLCD intervention extended for only 11 days; this may

groups, and these declines were significantly greater in the Q1

not have been adequate in restoring blood vitamin D levels by

group than in the Q4 group. However, it did not differ

releasing accumulated vitamin D from body fat. Therefore, we

between the Q2 group and Q3 and Q4 groups. The HOMA-IR

speculate that the weight reduction in the Q1 group may

score, which indicates insulin resistance, was significantly

represent a cut-off point for the recovery of serum 25-OH-D

reduced in Q1 and Q2 groups, and the decrease was signifi-

levels, and further weight loss over prolonged periods may

cantly greater in both groups than in the Q4 group. The levels

potentially elevate these levels.

of fasting plasma glucose, HbA1c, serum insulin, and the
HOMA-IR score were significantly reduced in the group with

4. Serum Glucose, HbA1c, Insulin, and Adipokine
Levels and Insulin Resistance

the highest weight loss, indicating a significant improvement
in blood glucose-related metabolism (Table 4).

Serum glucose, insulin levels, and HbA1c content were

Tzotzas T et al (2010) reported that insulin resistance,

significantly decreased by the intervention in the Q1 and Q2

including serum insulin levels and the HOMA-IR score,

Table 4. Changes in the levels of serum glucose, HbA1c, insulin, and adipokines and in HOMA-IR scores after the
intervention
Group
Glucose
(mg/dL)

Q1 (n=21)
Pre

90.38±6.04

Post

83.48±7.28

Change
HbA1c
(%)

86.57±6.52

—5.05±8.68

Q4 (n=21)

Total (n=84)

89.24±5.64

90.44±6.93

90.44±6.93***

86.81±8.70

86.65±8.22

ab

—2.43±8.80

—3.79±8.47

ab

5.16±0.28

Post

5.03±0.25

4.94±0.26

5.02±0.22

5.13±0.24

—0.13±0.14

a

Pre

11.19±4.23***

Post

6.83±3.85

—4.36±4.20

a

—0.10±0.16

5.10±0.27***
5.03±0.25

0.00±0.08

—0.03±0.12

—0.07±0.13

8.27±5.16**

7.78±3.09

11.25±6.49

9.62±5.08

5.42±3.78

6.27±3.09

—2.85±3.70

a

c

—1.51±3.57

ab

2.52±1.01***

1.93±1.36**

1.72±0.72

Post

1.42±0.86

1.17±0.85

1.37±0.72

—1.10±1.00

—3.79±8.47

ab

Pre

a

86.65±8.22

b

5.02±0.20

—0.76±0.99

a

—0.35±0.85

ab

bc

14.65±17.17
b

3.40±15.51

8.29±9.71

—1.33±8.78

2.56±1.55

2.18±1.24

3.34±4.20

1.83±2.35

—0.36±2.16

b

0.78±3.8

Pre

14.48±4.91***

12.48±5.18***

13.42±6.64

15.21±8.37

13.90±6.39***

Post

7.62±4.00

7.59±3.92

12.21±7.14

16.64±8.11

11.01±7.07

Change
Adiponectin
(µg/mL)

91.62±7.51

Q3 (n=21)

5.04±0.29**

Change
Leptin
(ng/mL)

*

5.17±0.27***

Change
HOMA-IR
score

—6.9±7.37

a

Q2 (n=21)

Pre

Change
Insulin
(µU/mL)

1)***

—6.86±3.14

a

a

b

1.43±6.27b

**

—2.88±5.54

9.41±4.78

8.55±2.43

8.62±2.60

7.81±3.29

8.60±3.39***

Post

7.44±3.52

7.88±2.23

7.81±2.23

7.71±3.85

7.71±3.02

—1.96±1.82

a

**

—1.21±4.65

Pre

Change

***

—4.89±3.63
—0.66±1.03

b

—0.81±0.98

b

—0.11±1.32

b

—0.89±1.47

HOMA-IR: homeostasis model assessment insulin resistance score, (insulin (µU/mL) × glucose (mg/dL)) / 405 (Matthews DR et al 1985).
Q1, weight loss
3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg
weight loss < 3.2 kg (mean weight loss 3.8%); Q3, 0.7 kg
weight
loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss < 0.7 kg (mean weight loss 0.3%).
1)
Mean±S.D.
*, **, ***
Significantly different at p<0.05, p<0.01, and p<0.001, respectively, between pre-intervention and post-intervention determined
by paired t-test.
a∼c
Means with different superscript letters are significantly different (at p<0.05) between the 4 quartile groups determined by ANOVA
and Duncan’s multiple range test.
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improved after a 10% reduction in body weight following 20

et al 2012).

weeks on a low-calorie diet. Calorie restriction is known to

The serum levels of leptin and IGF-1 significantly

improve the levels of adipokines such as leptin and adipo-

decreased in the Q1 (p<0.001) and Q2 (p<0.001) groups after

nectin, that are produced in adipocytes (Laaksonen DE et al

dietary restriction (Table 5). Studies that administered restricted

2003). Leptin is an indicator of obesity and cardiovascular

diets to rodents with cancer showed that IGF-1 levels were

disease, and may induce insulin resistance (Havel PJ 2002). In

lowered by the dietary intervention, thereby increasing apop-

our study, serum leptin levels decreased in the Q1 and Q2

tosis, decreasing cell proliferation, and consequentially depre-

groups, and the reduced leptin concentrations correlated with

ssing tumor progression (Hursting SD et al 1993; Harvey AE

the decrease in body weight. Therefore, despite the short study

et al 2013). McCarty MF (1999) suggested that reduced

period, dietary restriction using a VLCD seemed to exert a

IGF-1 levels caused by increased glucagon levels could inhibit

positive effect on leptin levels and insulin resistance. Serum

the hyperproliferation of endometrial smooth muscle, thereby

adiponectin levels are typically low in obese patients (Kardas

lowering the risk of cardiovascular disease.

F et al 2013); in this study, they significantly decreased in
Q1, Q2, and Q3 groups, but not in Q4 group (Table 4).

The levels of serum adiponectin, which is known to protect
from cardiovascular disease (Zoccali C et al 2002), significantly decreased in all groups except for Q4 group, with a

5. Serum Lipid Profiles and Cardiovascular Diseaserelated Inflammatory Biomarkers

significantly greater decline observed in Q1 group than in
other groups (p<0.001, Table 4). Other long-term clinical trials

Serum lipid levels (total cholesterol, TG, HDL-C, and

that extended for 5 to 6 months observed increases in the

LDL-C) typically decrease after dietary restriction. We

plasma adiponectin concentration following weight loss

observed a significant decrease in total cholesterol (p<0.001),

(Golubović MV et al 2013; Harvey AE et al 2013); our study

TG (p<0.01), HDL-C (p<0.001), and LDL-C (p<0.01) levels

period was probably inadequate for observing improvements

in the Q1 group. Free fatty acid concentrations increased in

in adiponectin levels.

all 4 groups, with the highest increase detected in the Q1
group (p<0.001, Table 5).

The serum homocysteine levels increased after dietary
restriction in groups Q1 and Q2. Serum hs-CRP levels did not

Elevated serum TG, total cholesterol, and LDL-C levels are

significantly change after weight loss in any group (Table 5).

risk factors for cardiovascular disease. Therefore, reductions

It is known that oral vitamin intake can inhibit increases in

in these lipids after dietary restriction are beneficial for the

homocysteine levels during weight loss (Henning BF et al

cardiovascular disease index. In contrast, although HDL-C

1998). Nevertheless, we attribute the increase in homocysteine

levels were reported to increase in obese patients following a

levels observed in our study to an insufficient intake of folic

calorie restricted diet, they decreased in our study. This may

acid, which is required for homocysteine catabolism (Beck B

be attributed to the extremely limited amount of food and

et al 2012). In addition, in the participants of our study, a

nutrients in our experimental diet. Krikken JA et al (2012)

trend towards lower hs-CRP levels was observed despite the

reported that short-term sodium restriction decreased HDL-C

short study period; this suggests that in cardiovascular

levels by affecting the glomerular filtration of HDL apoli-

diseases such as myocardial infarction, the VLCD may exert

poproteins, thereby stimulating HDL catabolism.

certain inhibitory effects on the inflammatory response.

In states of fasting or short-term starvation, levels of serum
free fatty acids rise owing to the release of fatty acids from

6. Correlation between Changes in Serum 25-OH-D

adipose tissue induced by increases in glucagon (Joesting JJ

Levels with Changes in Anthropometric and Biochemical

et al 2014). In our study, the free fatty acid concentration was

Parameters

found to be significantly increased by the intervention,

The changes in serum 25-OH-D levels were significantly

particularly in the Q1 group. Since this group experienced the

negatively correlated with changes in body weight (r= 0.369,

highest weight loss, the observed changes in free fatty acids

p<0.01),

may be attributed to the fact that participants in the Q1 group

p<0.05), waist circumference (r= 0.333, p<0.05), and total

followed the dietary restrictions more carefully (Huffman KM

body fat mass (r= 0.260, p<0.05). In terms of biochemical

BMI

—

(r= 0.335,

—

p<0.05),

—

WHR

—
(r=—0.277,

∼
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Table 5. Changes in serum lipid profile and inflammatory biomarker levels after the intervention
Q1
(n=21)

Group

Triglycerides
(mg/dL)

74.57±33.03

121.88±91.94

93.77±57.05**

Post

66.86±20.27

72.00±17.96

73.19±35.85

109.95±68.04

80.50±43.59

hs-CRP
(mg/L)

***

—1.38±34.45

—13.27±37.34

59.72±7.66

58.52±13.70

59.96±11.60***

Post

49.47±11.50

57.86±10.08

59.01±10.85

56.16±13.01

55.62±11.80

—10.12±8.20

*

—11.93±50.37

62.01±11.68

—4.15±7.58

a

—0.71±6.49

b

**

—2.37±8.66

b

—4.34±8.43

b

Pre

87.21±14.04

92.17±14.14

84.50±17.03

94.81±23.94

89.67±17.89***

Post

78.95±15.10

86.86±18.38

79.00±15.15

89.95±24.55

83.69±18.99

—8.26±11.20

—5.31±15.04

—5.50±12.23

—4.86±16.02

—5.98±13.58

Pre

180.19±23.28***

188.86±25.63*

174.19±25.13*

194.95±38.69**

184.55±29.43***

Post

155.10±22.87

175.19±23.92

163.43±26.46

182.33±39.80

169.01±30.42

Post

—25.10±18.48

—13.67±24.41

564.19±186.10***
1,065.48±480.51
b

—10.76±19.17

—12.62±24.32

—15.54±22.11

689.62±267.56**

611.14±180.76**

584.90±181.30

612.46±208.99***

957.52±394.12

793.57±245.75

732.62±335.31

887.30±390.21

ab

a

a

Change

501.29±445.32

267.90±389.14

182.43±260.60

147.71±402.25

274.83±398.58

Pre

296.68±72.26***

265.49±57.35***

266.05±68.13

284.71±64.87*

278.23±66.02***

Post

186.67±42.08

178.18±43.71

243.65±71.02

266.50±73.59

218.75±69.41

a

—110.01±66.24

—87.31±41.40

Pre

8.46±1.69**

8.13±1.41**

9.12±3.43

9.83±3.10*

8.89±2.60

Post

9.57±1.50

8.97±1.49

9.12±3.61

8.77±2.90

9.11±2.52

Change

1.11±1.38c

0.84±1.03bc

Pre

1.20±1.45

Post

1.49±2.80

Change

0.29±2.90

Change
Homocysteine
(µmol/L)

—13.79±21.02

59.59±12.99

Pre

IGF-1
(ng/mL)

—25.98±36.05

Pre

Change
Free fatty acids
(mg/dL)

Total
(n=84)

85.79±30.12**

Change
Total cholesterol
(mg/dL)

Q4
(n=21)

92.83±42.071)**

Change
LDL-C
(mg/dL)

Q3
(n=21)

Pre

Change
HDL-C
(mg/dL)

Q2
(n=21)

a

—22.40±51.72

b

—18.21±36.88

b

—59.48±63.74

—0.00±2.04

—1.05±1.75

a

0.22±1.78

0.78±0.72

1.88±4.09

1.23±1.50

1.27±2.32

0.66±1.13

0.61±0.59

1.35±1.69

1.03±1.77

—0.11±0.65

b

—1.27±3.76

0.12±0.85

—0.24±2.47

HDL-C, high density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IGF-1, insulin-like growth factor-1; LDL-C, low
density lipoprotein cholesterol.
Q1, weight loss
3.2 kg (mean weight loss 5.7%); Q2, 1.7 kg
weight loss < 3.2 kg (mean weight loss 3.8%); Q3, 0.7 kg
weight
loss < 1.7 kg (mean weight loss 1.8%); Q4, weight loss < 0.7 kg (mean weight loss 0.3%).
1)
Mean±S.D.
*, **, ***
Significantly different at p<0.05, p<0.01, p<0.001, respectively, between pre-intervention and post-intervention determined by
paired t-test.
a∼c
Means with different superscript letters are significantly different (at p<0.05) between the 4 quartile groups determined by ANOVA
and Duncan’s multiple range test.

≥

≤

≤

parameters, changes in serum 25-OH-D levels correlated

correlated positively with changes in homocysteine (r=0.220,

negatively with changes in IGF-1 (r= 0.241, p<0.05), adi-

p<0.05) and uric acid (r=0.322, p<0.01) levels (Table 6).

—
ponectin (r=—0.283, p<0.01), TG (r=—0.279, p<0.05), and
HDL-C (r=—0.238, p<0.05) after the VLCD intervention, but

Several clinical trials have reported a negative correlation
between serum 25-OH-D levels and body weight, BMI, and
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body fat mass; serum 25-OH-D was found to be noticeably

anthropometric indices such as body weight, BMI, WHR, and

lower in obese participants than in their healthy counterparts

total body fat mass in our cohort may have therefore been

(Parikh SJ et al 2004; Tzotzas T et al 2010). Despite the short

related to the decline in accumulated 25-OH-D in adipose

study period, we also observed a negative correlation between

tissue, with increased release into the blood on reduction of

the serum 25-OH-D level and anthropometric measurements

body fat.

such as body weight, BMI, WHR, waist circumference, and

Tzotzas T et al (2010) observed that increased levels of

total body fat mass. These results were similar on partial

25-OH-D after 10% weight loss following a calorie-restricted

correlation, statistically adjusted for changes in vitamin D

diet remarkably correlated with a reduction in insulin levels

intake (body weight (r= 0.377, p<0.001), BMI (r= 0.343,

—
—0.331, p<0.05), and total body fat mass (r=—0.267, p<0.05).

and the HOMA-IR index. Our study was too short to derive

p<0.01), WHR (r= 0.280, p<0.05), waist circumference (r=

a similar correlation between 25-OH-D and insulin resistance.

In a study that administered 700 IU of vitamin D daily to

that adiponectin concentrations in the blood increase following

older adults aged over 65 years for 1 year, the serum 25-OH-

weight reduction (Golubović MV et al 2013; Harvey AE et

D concentration decreased by approximately 4 ng/mL (10

al 2013). However, we could not observe a similar effect

nmol/L) for every 15 kg of increased body weight compared

during our short dietary intervention. We observed that

to the baseline, and showed an inverse correlation with the

increased 25-OH-D levels were significantly linked to

BMI (Blum M et al 2008). Wortsman J et al (2000) had

decreased serum IGF-1 and TG levels, relative to the degree

observed that in obese patients, the vitamin D accumulated in

of weight loss. This suggests that vitamin D might inhibit

adipose tissue could not be released into the blood as

IGF-1-induced endothelial cell hyperproliferation and improve

required. They suggested that this may be related to an

unfavorable blood lipid profiles associated with arterio-

increased sequestration of 25-OH-D in fat tissues in obese

sclerosis.

—

—

Similarly, long-term dietary intervention studies have reported

patients with a large body fat pool, since vitamin D is

SUMMARY AND CONCLUSION

fat-soluble and is easily stored in adipose tissue; its release
into the blood is limited. The negative correlations between
the alterations in serum 25-OH-D levels and changes in

This study investigated the impact of weight loss induced

Table 6. Correlation between changes in serum 25-OH-D levels and changes in anthropometric and biochemical parameters
after the intervention

Anthropometric
parameters

Weight

BMI

—0.369
(—0.377 )

—0.335
(—0.343 )

—0.277
(—0.280 )

Fasting glucose

insulin

HbA1c

0.039
(0.029)

0.045
(0.042)

—0.195
(—0.196)

IGF-1

hs-CRP
0.059
(0.055)

**

+++ 1)

Biochemical
parameters

—0.241
(—0.252 )
*

+

WHR
*

++

*

+

Waist
circumference

—0.333
(—0.331

**

++

)

HOMA-IR score

Trunk
fat mass

—0.116
(—0.124)
Leptin

0.060
(0.056)

—0.151
(—0.158)

Homocysteine

Uric acid

Triglycerides

0.220*
(0.231+)

0.322**
(0.321++)

—0.279
(—0.276 )
*

+

Total body
fat mass

BFP

—0.260
(—0.267 )

—
—

*

0.069
( 0.072)

+

Adiponectin

—0.283
(—0.287

**

++

HDL-C

—0.238
(—0.251 )
*

+

)
LDL-C

—
—

0.071
( 0.093)

BFP, body fat percentage; BMI, body mass index; HDL-C, high density lipoprotein cholesterol; HOMA-IR score, homeostasis model
assessment insulin resistance score; hs-CRP, high-sensitivity C-reactive protein; IGF-1, insulin-like growth factor-1; LDL-C, low density
lipoprotein cholesterol; WHR, waist-hip ratio.
1)
Pearson’s correlation coefficient (Pearson’s partial correlation coefficient).
*, **, ***
Significantly different at p<0.05, p<0.01, and p<0.001, respectively, as determined by Pearson’s correlation test.
+, ++, +++
Significantly different at p<0.05, p<0.01, and p<0.001, respectively, as determined by partial correlation test after adjusting for
changes in vitamin D intakes.
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by a VLCD on serum 25-OH-D levels, and the associated

4. Compared to the other groups, after adjustment for changes

insulin resistance and inflammation related to cardiovascular

in vitamin D intake, the serum 25-OH-D after intervention

disease. The VLCD program extended for 11 days, with

was significantly increased in Q1 group, with the highest

participants consuming less than 500 kcal per day. We

weight loss. Q2 group, which lost more weight than Q3

analyzed serum 25-OH-D levels and biochemical indices

group, showed a significant decline in serum 25-OH-D

including serum lipid profiles, fasting glucose, insulin, IGF-1,

levels compared to the latter.

HOMA-IR, HbA1, adipokines, and inflammatory biomarkers

5. In groups Q1 and Q2, the serum glucose, insulin, HbA1c,

after dividing the participants into 4 groups according to the

and HOMA-IR score were significantly lowered with

quartile of the degree of weight loss (Q1: highest weight loss
of

significantly higher than that in Q4 group. The serum levels

≥3.2 kg, Q2: second highest weight loss of 1.7 kg to <3.2

reductions in body weight; the reduction in Q1 group was

kg, Q3: third highest weight loss of 0.7 kg to <1.7 kg, Q4:

of leptin and IGF-1 significantly decreased after dietary

lowest weight loss of <0.7 kg). The results are summarized as

restriction in groups Q1 (p<0.001) and Q2 (p<0.001), and

follows:

except for Q4 group, the serum adiponectin levels signifi-

1. The participants were 84 pre-menopausal women with an

cantly decreased in all groups, with a significantly higher

average age of 24.2±7.5 years. General characteristics,

decrease observed in Q1 group than in the other groups.

including occupation, educational level, and marital status,

6. The levels of serum total cholesterol (p<0.001), TG

did not significantly differ between the quartile groups

(p<0.01), HDL-C (p<0.001), and LDL-C (p<0.01) signifi-

categorized by degree of weight loss. Compared to the

cantly decreased in Q1 group, and free fatty acid con-

other quartile groups, the proportion of participants con-

centrations increased in all 4 groups after dietary restriction.

sidering themselves obese was significantly higher in the

Serum homocysteine levels increased after dietary restric-

highest weight loss group (Q1) than in the other weight

tion in groups Q1 and Q2. Serum hs-CRP levels were not

loss groups. Other factors associated with obesity, such as
previous experience with weight loss programs, did not
differ between the quartile groups.

significantly altered by weight loss in any group.
7. Changes in serum 25-OH-D levels significantly negatively
correlated with changes in body weight, BMI, WHR, waist

2. The average percentage of weight loss in the Q1 group was

circumference, total body fat mass, and serum levels of

5.7%, which was significantly higher than that in the other

IGF-1, adiponectin, TG, and HDL-cholesterol, but correlated

groups. The average percentage of weight loss in the Q2,

positively with changes in serum homocysteine and uric

Q3, and Q4 groups was 3.8%, 1.8%, and 0.3%, respec-

acid levels after the reduction of body weight, induced by

tively. The observed decrease in BMI, WHR, and trunk and

VLCD. These trends persisted after statistical adjustment

total fat masses in the Q1 group were significantly higher

for changes in vitamin D intake.

than that of the Q3 and Q4 groups, with no significant

In conclusion, the most significant findings from our study

differences in the changes of waist circumference and

were the negative correlation between alterations in serum

percentage of body fat between the groups. The average

25-OH-D levels and changes in body weight, and elevations

t-score significantly increased in all weight loss groups

in serum 25-OH-D levels after weight loss of 5% or more.

except for Q4 group, and the weight-loss-induced increases

∼

Vitamin D has been proposed to be an important nutrient that

in the BMD of vertebrae 1 4 of the lumbar spine were

plays a role in metabolic pathways linked to chronic diseases

significantly higher in Q1, Q2, and Q3 groups than in Q4

such as diabetes and cardiovascular disease (Pilz S et al

group.

2012). The results from our cohort show that VLCD-induced

3. Q1 group demonstrated an increase in serum 25-OH-D

weight loss of 5% or more not only increases serum 25-OH-D

levels after reduction of body weight. Conversely, the

levels in overweight individuals but may also reduce their risk

25-OH-D concentrations in the other groups were reduced

of these diseases. Nevertheless, the duration of our study was

after the trial. Dietary vitamin D intake decreased in all

too short to achieve a degree of weight loss that would

groups, but the changes were not significantly different

effectively improve insulin resistance. In addition, the VLCDs

between the groups.

resulted in an unexpected increase in homocysteine levels and

․
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a decrease in HDL-C due to insufficient intake of vitamins

in healthy older adults. J Am Coll Nutr 27(2): 274-279.

and other nutrients. To evaluate the relationship between

Brandenburg VM, Vervloet MG, Marx N (2012) The role of

elevated serum 25-OH-D levels and risk factors for diabetes

vitamin D in cardiovascular disease: From present evidence

and cardiovascular disease, long-term trials are required using

to future perspectives. Atherosclerosis 225(2): 253-263.

VLCDs with high nutritional density and an adequate supply

Broussard JL, Nelson MD, Kolka CM, Bediako IA, Paszkiewicz

of vitamins and protein that may achieve a 10% reduction in

RL, Smith L, Szczepaniak EW, Stefanovski D, Szczepaniak

body weight.

LS, Bergman RN (2016) Rapid development of cardiac

The scope of this study has been limited by the lack of a
significant correlation between oral vitamin D intake and

dysfunction in a canine model of insulin resistance and
moderate obesity. Diabetologia 59(1): 197-207.

serum 25-OH-D concentrations. This information could not be

Carlin AM, Rao DS, Meslemani AM, Genaw JA, Parikh NJ,

derived because vitamin D intake was assessed using the

Levy S, Bhan A, Talpos GB (2006) Prevalence of vitamin

24-hour diet recall method, that entirely depends on the

D depletion among morbidly obese patients seeking gastric

accuracy of recollection of the participants. Furthermore, we

bypass surgery. Surg Obes Relat Dis 2(2): 98-103.

did not collect information related to outdoor activities or

Choi HS, Oh HJ, Choi H, Choi WH, Kim JG, Kim KM, Kim

hours of exposure to daylight. These limitations necessitate

KJ, Rhee Y, Lim SK (2011) Vitamin D insufficiency in

further analysis of the relationship between serum 25-OH-D

Korea--a greater threat to younger generation: The Korea

and vitamin D consumption by considering the levels of

National Health and Nutrition Examination Survey (KNHA

activity and by estimating actual vitamin D intakes.

NES) 2008. J Clin Endocrinol Metab 96(3): 643-651.
Czeglédi E (2017) Motivation for weight loss among weight
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