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Abstract

Obesity has been a well-known risk factor of low-level serum vitamin D. Compared
with the traditional obesity-related indicator (body mass index, BMI), associations for
two novel anthropometric indices, a body shape index (ABSI) and body roundness
index (BRI) with vitamin D deficiency or insufficiency, still remain unclear. This study
aimed to assess the associations of serum 25-hydroxy vitamin D (25(OH)D) status
with these three obesity-related indices among Chinese adults. A total of 1666 indi-
viduals were included. Anthropometric measurements were performed to calculate
the indices, and fasting blood was collected to determine serum 25(OH)D deficiency
(<12 ng/ml) and insufficiency (12-20 ng/ml). Deficiency or insufficiency of 25(OH)D
was found in 37.5% and 43.1% of the participants, respectively. After adjustment for
potential confounders, a significantly increased prevalence of 25(OH)D deficiency
was observed for higher ABSI (OR s 1 2.334, 95% CI 1.458-3.734; p ;.4 = 0.002)
and BRI (OR o, s q1 2- 215, 95%Cl 1.365-3.594; p g = 0.010), and for higher BMI
in men. Regarding 25(0OH)D insufficiency, a significant association was also found for
ABSI (OR o s 1 2-372,95%Cl1 1.558-3.612; p ;.4 = 0.001). The area under the ROC
of ABSI (0.731, 95%Cl 0.687-0.774) for predicting a low level of 25(OH)D was signifi-
cantly larger than that of BMI (0.695, 95%Cl 0.649-0.741) in men, but not in women.
A positive association between obesity and lower 25(OH)D serum concentration was
found among Chinese adults. Besides BMI, novel obesity-related indicator, ABSI and
BRI were associated with lower serum 25(0OH)D to some extent, and further studies

are needed to clarify their potential to be used as screening tools in clinical practice.
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1 | INTRODUCTION

Vitamin D, as a nutrient closely related to human health, has been
studied for a long time. In addition to its well-established effects on
the musculoskeletal system (Bischoff-Ferrari, 2012; Holick, 2005),
the relationship between vitamin D and obesity has drawn more
and more attention (Pereira-Santos et al., 2015; Pourshahidi, 2015).
Considering that vitamin D deficiency has emerged as one of the
major global public health problems concomitantly with obesity, it
is important to elucidate the underlying mechanism and implement
early interventions (Holick & Chen, 2008; James, 2018; Pereira-
Santos et al., 2015).

Vitamin D3 or D2 is mainly synthesized in the skin in response
to solar ultraviolet B (UVB) radiation and in lesser amounts from di-
etary or supplementary intake (Holick et al., 2011). As a fat-soluble
vitamin, it tends to be stored in and released from adipocytes into
the circulation, transported to the liver, and then converted to
25-hydroxy vitamin D (25(OH)D), the latter form being recognized
as a general indicator of vitamin D status (Holick, 2007). According
to previous studies, possible hypotheses underlying vitamin D de-
ficiency occurring in obese subjects include excessive sequestra-
tion in adipose tissue, less sun exposure due to a sedentary/indoor
lifestyle, decreased expression of vitamin D-dependent receptors,
changes in the gut microbiota, gut-derived metabolites, simple vol-
umetric dilution, and so on (Barrea et al., 2019; Cheng et al., 2010;
Drincic et al., 2012; Looker, 2007; Malmberg et al., 2014; Martini &
Wood, 2006).

Growing studies revealed that it is reasonable to predict vita-
min D deficiency using obesity-related anthropometric indices,
which has the advantage of being simple, inexpensive, and nonin-
vasive. Body mass index (BMI), as a traditional anthropometric index
according to height and weight, is possibly the most commonly as-
sessed indicator of obesity in relevant studies (Wood et al., 2012).
Systematic reviews and meta-analyses have revealed a significant
correlation between serum 25(0OH)D and BMI, albeit with gender
and country development status-related heterogeneity (S. Rafig &
Jeppesen, 2018; Saneei et al., 2013). Despite its widespread use,
it should be emphasized that the capacity of BMI to distinguish fat
from muscle or to reflect fat distribution is limited (Aly et al., 2016).
Further, a recent study indicated that different body fat distributions
may make special contributions to 25(OH)D concentrations, as vis-
ceral adipose tissue (VAT) showed a closer correlation than abdom-
inal subcutaneous adipose tissue (aSAT) or total body fat (TBF) (R.
Rafiqg et al., 2019).

Two novel anthropometric indices, a body shape index (ABSI)
and body roundness index (BRI) which were first published in 2012
and 2013, took body shape into account. The ABSI was calculated
by standardizing waist circumference (WC) for height and BMI. Its
inventors, Krakauer NY and Krakauer JC, have claimed that ABSI
appeared to be significantly related to abdominal adipose tissue
(AAT), and superior to BMI or WC for predicting premature death
(Krakauer & Krakauer, 2012). The BRI, based on height and WC,

was developed by Thomas DM et al. and considered an improved
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predictor of body fat and VAT (Thomas et al., 2013). To date, ABSI
and BRI have been associated with a series of chronic diseases (Ji
etal., 2018), while, to the best of our knowledge, there are only two
studies relevant to 25(0OH)D status. Both of the studies reported
a positive association between the obesity-related indices and
lower vitamin D levels; however, further studies are still needed
since their study sample only represented older Portuguese or
southern Chinese adults, respectively (Sousa-Santos et al., 2018;
Zhu et al., 2019).

Thus, the aim of the present study is to evaluate the associa-
tion between obesity-related indices (ABSI, BMI and BRI) and serum
25(0OH)D status and to examine the performance of these two
new and one old indices of screening for low-level 25(OH)D risk in
Chinese adults.

2 | MATERIALS AND METHODS
2.1 | Subjects

The data in this study were from the Chinese Urban Adults Diet
and Health Study (CUADHS), which was a cross-sectional study
conducted from March to July 2016. As described in detail pre-
viously (Zhao et al., 2017), a multistage sampling method was
adopted for participant recruitment. First, eight cities, including
two first-tier cities (Beijing, Guangzhou) and six nonfirst-tier cit-
ies (Chengdu, Chenzhou, Jilin, Lanzhou, Wuhu and Xuchang), were
purposively selected based on differences in geographical location
and economic status. Second, a convenience sampling method was
applied to select two communities in each first-tier city or one in
nonfirst-tier cities, respectively. According to resident registration
forms, potential participants were then randomly recruited via tel-
ephone by local trained health workers. The inclusion criteria were
local residents or those who had lived in an urban area for more
than one year. The exclusion criteria were subjects with disabili-
ties, infectious or mental diseases, memory problems, or pregnant
and lactating women.

The sample size was calculated based on a formula for cross-

sectional study:

_Zuppti-p) M
&2
where n was sample size required, a was significant level set as 0.05,
pwas estimated prevalence of vitamin D sufficiency (220 ng/ml) set
as 0.3 (Lu et al., 2009), g was 1-p, and d was the permissible error set
as 0.1p. A minimum sample size of around 900 was calculated as the
number needed to satisfy the requirements. Finally, a total of 1806
individuals were invited and 1739 were enrolled. The current analysis
consisted of 1666 individuals as 43 were excluded due to the lack of
a blood sample and a further 30 participants were excluded due to
missing values of key variables (anthropometric information; education

level; household monthly income).
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2.2 | Sociodemographic characteristics and
lifestyle factors

Data on sociodemographic characteristics (e.g., age, sex, educa-
tion level, and household monthly income) and lifestyle factors
(current smoking status, drinking status, physical activity over the
last seven days, and use of vitamin D supplements) were collected
by trained interviewers using a uniform questionnaire. Based on
the International Physical Activity Questionnaire (short version)
(IPAQ group, 2005) used in the questionnaire, a continuous score
expressed as metabolic equivalents of tasks (METs) was calculated
and then transformed into tertiles, from the lowest to the highest
and marked as the low, medium, and high groups of physical activ-
ity. According to the latitude, eight cities were divided into two
groups: lower latitude (Chengdu, Chenzhou, Guangzhou, Lanzhou,
Wouhu, and Xuchang) and higher latitude (Beijing and Jilin) than
37°.

2.3 | Food consumption

Daily consumption of several food items in one recent month was
calculated using a semiquantitative Food Frequency Questionnaire
(semi-FFQ), including cereals and potatoes, vegetables, fruits,
meat and poultry, aquatic products, eggs, milk and dairy prod-
ucts, and soybeans and nuts. Standard reference picture books,
bowls, plates, and spoons were used to assist the estimation of
dietary intakes. To include food consumption into the multivari-
ate analysis, we converted the continuous form of food consump-
tion to a binary variable (deficiency or not), according to the
Dietary Guidelines for Chinese Residents (version 2016) (Chinese
Nutrition Association, 2016).

2.4 | Obesity-related indices

Height (m), weight (kg), and waist circumference (WC, m) were re-
corded by trained researchers or professional nurses using a stand-
ardized procedure and identical equipment. BMI, ABSI, and BRI were

calculated according to the following formulas:

_ Weight
Height?

BMI

2
BRI = 364.2 — 3655 x 11 — (WC/(27))2
(0.5 x Height)?2

ABSI= — W€ (4)

BMI?/3 x Height/?

According to the China overweight/obesity medical nutrition
expert consensus (version 2016) (Drafting committee of Chinese

consensus on overweight/obesity medical nutrition therapy,

2016), underweight, normal weight, overweight, and obesity were
defined as a BMI < 18.5, 18.5-23.9, 24-27.9, and = 28 kg/m?,

respectively.

2.5 | Serum 25(OH)D concentration

Fasting venous blood samples were drawn in the morning to as-
sess serum 25(OH)D concentrations (25(0OH)D2 and 25(0OH)D3). All
blood samples were transported to Beijing by cold chain and tested
in a qualified laboratory (Lawke Health Laboratory, Beijing, China).
Serum 25(0OH)D was detected by liquid chromatography-tandem
mass spectrometry (LC-MS/MS), with lower limits of quantifica-
tion of 2 and 1 ng/ml, via a high-performance liquid chromatograph
(Agilent 1,100; Agilent Technologies Inc., Santa Clara, CA, USA) and
a mass spectrometer (AP14000Q trap; AB SCIEX LLC., Redwood
City, CA, USA).

The deficiency, insufficiency, and sufficiency of 25(OH)D were
identified according to the Application Guideline for Vitamin D
and Bone Health in Adult Chinese (2014 Standard Edition) (Liao
et al., 2014), with a concentration of < 12, 12-20 and = 20 ng/ml,

respectively.
2.6 | Statistical analysis
IBM SPSS version 22.0 (International

Corporation, Armonk, NY, USA) and R 3.6.3 were used for statis-

tical analysis. Categorical variables were described as proportions,

Business Machines

and continuous BMI, ABSI, and BRI were presented as median (in-
terquartile range, IQR) after normality tests. Chi-squared analysis or
Kruskal-Wallis tests were used for single factor analysis across dif-
ferent 25(0OH)D status. Quartiles of ABSI and BRI were calculated by
sex and marked as Q1-Q4 from the lowest to the highest.
Multinomial logistic regressions were carried out to analyze
the relationship between BMI, ABSI or BRI, and serum 25(OH)D
deficiency or insufficiency, with the sufficiency group as the ref-
erence. The following confounders with a p <.10 of single factor
analysis were included in the adjusted model: sex, age, education
level, monthly household income, dietary intakes (vegetables,
fruits, meat and poultry, aquatic products, and use of vitamin D
supplements), current smoking and drinking status, physical ac-
tivity, and latitude of survey points. Combing 25(OH)D deficiency
and insufficiency into one group, multivariate binary logistic re-
gressions were applied to calculate the predicted values. The val-
ues were then used to establish receiver operating characteristic
(ROC) curves and areas under the curves (AUCs) to estimate the
prediction capability of three indices for low-level serum 25(OH)
D (<20 ng/ml). Further, the Delong test was used to compare the
AUCs. Multivariate analyses mentioned above were also strat-
ified by sex. In addition, to account for missing values, multiple
imputation was performed using the mice package (Buuren &

Groothuis-Oudshoorn, 2011) in R software. Sensitivity analyses
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TABLE 1 Characteristics of the study sample by 25(OH)D status, n (%) or median (IQR)

25(0OH)D
Variables Deficiency (n = 625) Insufficiency (n = 718) Sufficiency (nh = 323) p value
Sex
Men 140 (22.4) 273 (38.0) 153 (47.4) <.001
Women 485 (77.6) 445 (62.0) 170 (52.6)
Age (years)
18 ~ 44 303 (48.5) 239 (33.3) 78 (24.1) <.001
45 ~ 64 191 (30.6) 249 (34.7) 120 (37.2)
265 131(21.0) 230(32.0) 125 (38.7)
Education level
Secondary or under 165 (26.4) 249 (34.7) 135 (41.8) <.001
High or equal 303 (48.5) 273 (38.0) 109 (33.7)
Bachelor or above 157 (25.1) 196 (27.3) 79 (24.5)
Household monthly income (RMB: yuan)
<4,999 336 (53.8) 344 (47.9) 155 (48.0) <.001
5000-9999 210 (33.6) 216 (30.1) 98 (30.3)
210,000 79 (12.6) 158 (22.0) 70 (21.7)
Dietary intakes
Cereals and potatoes < 250 g/day 255(40.8) 283(39.4) 116 (35.9) .342
Vegetables < 300 g/day 331(53.0) 346 (48.2) 147(45.5) .063
Fruits < 200 g/day 402 (64.3) 490 (68.2) 238(73.7) .013
Meat and poultry < 40 g/day 305 (48.8) 232(32.3) 83(25.7) <.001
Aquatic product < 40 g/day 508 (81.3) 548 (76.3) 216 (66.9) <.001
Eggs < 40 g/day 285 (45.6) 320 (44.6) 150 (46.4) .841
Milk and dairy products < 300 g/day 595 (95.2) 668 (93.0) 309 (95.7) 121
Soybean and nuts < 25 g/day 244 (39.0) 278 (38.7) 124 (38.4) .980
Use of vitamin D supplementation 38 (6.1) 66(9.2) 37 (11.5) .012
Regular drinking 144 (23.0) 212(29.5) 106 (32.8) .002
Current smoking status
Smoker 66 (10.6) 95(13.2) 54 (16.7) .026
Never or quit smoking 559 (89.4) 623 (86.8) 269 (83.3)
Physical activity
Low 231(37.0) 216 (30.1) 71(22.0) <.001
Medium 196 (31.4) 211 (29.4) 107 (33.1)
High 153 (24.5) 253(35.2) 126 (39.0)
Unable to determine 45(7.2) 38(5.3) 19 (5.9)
Latitude of survey points
<37° 321 (51.4) 584 (81.3) 285 (88.2) <.001
>37° 304 (48.6) 134 (18.7) 38(11.8)
Obesity measurements (median (IQR))
BMI 23.7 (4.8) 23.4 (4.6) 24.0 (4.6) 107
ABSI 0.078 (0.007) 0.079 (0.007) 0.079 (0.007) .002
BRI 3.55(1.9) 3.61(1.8) 3.69 (1.6) 721

Note: Chi-squared test was used for categorical variables and Kruskal-Wallis test for continuous non-normal variables. Bold text represents a
statistically significant difference (p <.05).
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were conducted in which the main analyses were repeated with
imputed data. The level of statistical significance in this study was
set at 0.05.

3 | RESULTS

3.1 | Characteristics and 25(0OH)D status of the
study sample

A total of 1666 participants (34% men) were included in this study.
The average age was 50.3 + 17.4 years. Overall, the median level
of serum 25(OH)D was 14.1 ng/ml (IQR 8.3). The percentage of
adults with 25(0OH)D deficiency or insufficiency was 37.5% (24.7%
in men and 44.1% in women) and 43.1% (48.2% in men and 40.5%
in women), respectively. However, only 8.5% reported intake of vi-
tamin D supplements.

Descriptive data are presented in Table 1. Among all the
studied variables, sex, age, education level, monthly house-
hold income, dietary intakes (fruits, meat and poultry, aquatic
products, and use of vitamin D supplements), current smoking
and drinking status, physical activity, and the latitude of survey
points were significantly relevant to 25(0OH)D status (p <.05), as
well as ABSI.

3.2 | Multinomial logistic regressions for 25(0OH)
D status

After adjustment for possible influential factors (Table 2), no sig-
nificant association was observed between BMI and 25(OH)D de-
ficiency or insufficiency. Compared with Q1, participants in Q4 of
ABSI and BRI were 2.334 and 2.215 times more likely to be in the
25(OH)D deficiency group. In terms of 25(OH)D insufficiency, only
the ABSI was found to reach statistical significance. In sensitivity
analyses conducted after multiple imputation, results were similar to
the current analyses (Table S1).

Further analysis stratified by sex is shown in Figure 1. Among
men, a significantly increased prevalence of 25(0OH)D deficiency was
observed for all three indices. Among women, a significant associa-
tion with 25(0OH)D deficiency was also found for ABSI and BRI, but
not for BMI. When it comes to 25(OH)D insufficiency, the results for
men and women were both in line with the entire study population.

No significant correlation was observed except for ABSI.

3.3 | Multivariate ROC analyses for 25(OH)D

To predict a lower level of serum 25(OH)D (combining 25(0OH)
D deficiency and insufficiency into one group), ROCs of each

TABLE 2 Association between BMI, ABSI, and BRI with serum 25(OH)D status, OR (95%Cl)

1.068 (0.763-1.494)
1.393(0.828-2.343)

1.00 (Ref.)

1.472 (0.946-2.291)
1.255 (0.809-1.946)
2.334 (1.458-3.734)

1.00 (Ref.)

1.479 (0.945-2.316)
0.977 (0.619-1.541)
2.215(1.365-3.594)

Overweight 0.826(0.619-1.102)

Obesity 1.163(0.739-1.830)

p for trend .905 .268
ABSI categories®

Q1 1.00 (Ref.)

Q2 1.325(0.901-1.948)

Q3 0.925 (0.646-1.325)

Q4 1.071(0.733-1.567)

p for trend .842 .002
BRI categories®

Q1 1.00 (Ref.)

Q2 1.202(0.815-1.772)

Q3 0.739 (0.510-1.069)

Q4 1.285(0.873-1.890)

p for trend .702 .010

?Unadjusted.

0.759 (0.573-1.005)
0.878 (0.557-1.386)
166

1.00 (Ref.)

1.757 (1.199-2.573)
1.027 (0.716-1.473)
1.676 (1.156-2.429)
.082

1.00 (Ref.)

1.204 (0.824-1.758)
0.785 (0.549-1.123)
1.139 (0.779-1.666)
.890

Serum 25(OH)D
Deficiency Insufficiency
Indices Crude® Adjusted”® Crude® Adjusted”®
BMI categories
Under/normal weight 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

0.843(0.626-1.133)
0.996 (0.618-1.607)
.573

1.00 (Ref.)

1.894 (1.269-2.826)
1.267 (0.850-1.887)
2.372(1.558-3.612)
.001

1.00 (Ref.)

1.400 (0.937-2.090)
0.931(0.624-1.391)
1.459 (0.945-2.252)
.297

bAdjusted for sex, age, education level, monthly household income, dietary intakes (vegetables, fruits, meat and poultry, aquatic product, and use of

vitamin D supplements), current smoking and drinking status, physical activity, and latitude of survey points.

“Sex-specific quartiles. Reference category was the group of 25(0OH)D sufficiency. Bold text represents a statistically significant difference (p <.05).
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FIGURE 1 OR(95% Cl) for BMI, ABSI, OR (95%CT)
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insufficiency by sex. Results were derived
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anthropometric index were established using the predicted values
based on binary logistic regressions, after adjusting for a series of
possible influential factors (Figure 2). Overall, models with ABSI
showed the largest AUCs among the three indices, while no signifi-
cant difference was found. When stratified by sex, the AUCs of ABSI
were significantly larger than that of BMI in men. However, no sig-
nificant difference was observed in women (Table 3).

4 | DISCUSSION
Our study revealed that vitamin D deficiency and insufficiency were
severe in Chinese adults, and the frequency of milk and dairy product
or vitamin D supplement intake was also low. Despite the existence of
gender heterogeneity, lower vitamin D levels may be one of the po-
tential adverse consequences of obesity, supported by the significant
associations between BMI, ABSI, and BRI with 25(OH)D found in this
cross-sectional study. Among these three indices, the ABSI showed a
superior predictive ability for identifying low-level serum 25(OH)D.
Using a method of radio-labeling, the correlation between vita-
min D and obesity was first reported in rats as early as in 1971, which

suggested that vitamin D3 might be primarily stored in the adipose

tissue (Rosenstreich et al., 1971). Since then, extensive research
work has been carried out in different populations, of which BMI
is the most commonly used anthropometric index to define obesity
(Pourshahidi, 2015; Rafiqg & Jeppesen, 2018; Saneei et al., 2013).
Related systematic reviews and meta-analyses were first published
by Saneei et al., 2013, and a significant but weak association was
reported, but not for women living in developing countries (Saneei
et al., 2013), while in some other studies, the relation was stronger in
women or did not exist (Bolland et al., 2007; Vanlint et al., 2011; Zhu
et al., 2019). The discrepancies in published studies might be partly
due to different study populations (developmental status, culture,
lifestyle, diet, etc.), BMI groups, detections and definitions of the
25(0OH)D status, residual confounders, and so on.

Two novel indices, ABSI and BRI, that took body shape into ac-
count were also applied in recent studies and have been implicated
in a series of chronic diseases, including diabetes, cardiometabolic
abnormalities (CMA), metabolic syndrome, and hyperuricemia
(Calton et al., 2015; Ji et al., 2018; Kuk et al., 2005; Pradhan, 2014;
Slagter et al., 2017). However, to the best of our knowledge, only
two articles published at the present are related to serum vitamin D.
Sousa-Santos, A.R., et al. were the first to report that higher BRI and
ABSI were associated with lower serum 25(OH)D (Q1) in older adults
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TABLE 3 AUCs of BMI, ABSI, and BRI

Al Men Women for the presence of low-level 25(OH)D in
Indices AUC 95%ClI AUC 95%ClI AUC 95%ClI men and women
BMI 0.716% 0.687-0.746 0.695° 0.649-0.741 0.722? 0.682-0.761
ABSI 0.725° 0.695-0.755 0.731° 0.687-0.774 0.723° 0.683-0.762
BRI 0.720? 0.690-0.750 0.715% 0.668-0.761 0.720? 0.681-0.760

Note: Receiver operating characteristic curves were based on binary logistic regression. Delong
test was used to compare the AUCs. Different letters in same column indicate significant

differences between groups (p <.05).

in Portugal (Sousa-Santos et al., 2018). Another study conducted in
central southern China by Zhu X-L et al. founded that lower 25(0OH)
D (<30 ng/ml) was linked with increases odds of the highest quartile
group of ABSI and BRI only in men (Zhu et al., 2019).

In line with Sousa-Santos, A.R. and Zhu X-L et al’s results (Sousa-
Santos et al., 2018; Zhu et al., 2019), we did find strong relation-
ships between obesity-related indices and 25(OH)D: Compared with
Q1, Q4 of ABSI and BRI had a significantly higher risk of 25(0OH)D
deficiency in both men and women. When 25(OH)D insufficiency
was used as outcomes, the significant association was observed only
with ABSI. However, the serum 25(0OH)D deficiency was related to
BMI only in men in our study.

These results might be a potentially evidence to understand how
differences between indices may relate to 25(OH)D levels. As a tra-
ditional index, BMI was a good predictor of TBF, but its ability to
distinguish fat from muscle and reflect fat distribution was limited
(Aly et al., 2016). On the other hand, growing studies indicated that
both ABSI and BRI showed a better ability to identify AAT or VAT
(Krakauer & Krakauer, 2012; Thomas et al., 2013). In addition, recent
studies revealed that the gender difference in body fat distribution
should also be considered. Computed tomography measurements
showed that, for a given TBF, men tended to have significantly more
VAT or hepatic fat than women (Bawadi et al., 2019; Gomez-Peralta
et al., 2018). For a given WC, men had less total abdominal adipose
tissue (TAAT) or aSAT than did women (Tian et al., 2016). A further
study by Rafiq et al. (2019) indicated a gender difference whereby
VAT and TBF were found to be associated with 25(OH)D in women,
whereas VAT and hepatic fat showed the same association in men.
Among all the fat deposits, VAT showed the strongest associations,
which might be due to its metabolic activity of secreting proinflam-
matory adipokines (Rafiq et al., 2019; Zhang et al., 2016). These
underlying mechanisms may at least in part explain the lack of asso-
ciation between BMI and 25(OH)D in women in our study.

In addition, we applied multivariate ROC analyses to compare the
ability of these three anthropometric indices of screening 25(OH)D
deficiency or insufficiency for the first time, and the models with
ABSI showed the highest value of AUC, even though they were not
very high. Gender stratification revealed that the difference was
more pronounced in men than in women. Multivariate ROC analyses
of these indices were also used previously for the prediction of hy-
peruricemia, while ABSI showed the lowest value (around 0.580) in

both men and women (Calton et al., 2015). However, comparability

between these studies is limited as the outcomes vary. Further stud-
ies are still needed to make up for the paucity of serum vitamin D
studies.

Although our study provides interesting results, it was not
possible to verify the temporal sequence between exposure and
outcome due to the cross-sectional study design, so a causal in-
ference cannot be established. Considering the evidence of sev-
eral interventional studies that higher BMI did negatively influence
the response to supplemental vitamin D (Pourshahidi, 2015), in
this study we tended to assume that vitamin D deficiency is a kind
of malnutrition within morbidly obese population, while some re-
searchers hypothesized that it is the cause of obesity (Foss, 2009;
Mansouri et al., 2019; Mathieu et al., 2018). Despite the growing
body of evidence, no prospective or randomized controlled studies
are currently available that address the regulation of ABSI or BRI
on serum 25(OH)D. Additionally, the strength of association var-
ied among previous studies. There remains much need for further
elucidation.

Several other limitations should also be mentioned. Although we
have adjusted for multiple confounding factors, daily dietary vita-
min D intakes were not been obtained due to data limitations. Nor
did we have baseline data on indoor/outdoor work or the season of
sampling, which could be related to sun exposure and thereby levels
of vitamin D. Nonetheless, it must be kept in mind that anthropo-
metric indices are not true measures of body distribution. In addition
to the fat distribution mentioned earlier, recent study has suggested
that vitamin D levels are associated with muscle mass (Hassan-Smith
et al., 2017), which indicated that the type of obesity (sarcopenic/
nonsarcopenic) potentially confounded study results. Future studies
combined with imaging diagnostic methods, such as magnetic reso-
nance imaging or computed tomography, will contribute to clarify-
ing the associations and promoting the clinical application of these
indices.

5 | CONCLUSION

A positive association between obesity and lower 25(OH)D serum
concentration was found among Chinese adults. Besides BMI, novel
obesity-related indicator, ABSI and BRI were associated with lower
serum 25(0OH)D to some extent, and further studies are needed to

clarify their potential to be used as screening tools in clinical practice.
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