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Abstract: Objective: To assess whether the composite dietary antioxidant index (CDAI) is associated with osteoporo-
sis (OP) in middle-aged and older US populations. Methods: We conducted a cross-sectional survey and identified 
individuals aged 40-85 years (n=11,664) from secondary datasets from the 2007-2010, 2013-2014, and 2017-
2018 National Health and Nutrition Examination Survey (NHANES). Dual-energy X-ray absorptiometry was used to 
measure bone mineral density (BMD), and OP was defined as a BMD T-score ≤-2.5 at the femoral neck or lumbar 
spine. The CDAI score was calculated based on dietary data from the first NHANES 24-hour dietary recall. Multivari-
ate logistic regression models were used to evaluate the association between CDAI and OP. Results: Among the 
11,664 participants, the average age was 60.3 (11.8), 5,898 (50.6%) were female, and 925 (7.9%) had OP. The 
median CDAI was -2.0 (interquartile range, -6.9 to 4.2). After adjusting for age, sex, race, family income, body mass 
index, physical activity, calorie intake, estimated glomerular filtration rate, smoking and drinking status, hyperten-
sion, and diabetes, the CDAI was associated with OP (odds ratio (OR), 0.98; 95% CI: 0.96-0.99). Participants in the 
highest CDAI quantile were at low risk of osteoporosis (OR, 0.61; 95% CI: 0.44-0.85) versus those in the lowest 
quantile. Moreover, this association was stable in the subgroup and sensitivity analyses. Conclusion: Dietary anti-
oxidant ability assessed by using the CDAI was inversely associated with OP among US adults aged 40-85 years.
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Introduction

Osteoporosis (OP) is one of the most prevalent 
public health issues, especially in older adults, 
that manifests as decreased bone mass and 
destruction of bone microstructures. It affects 
an estimated 200 million people worldwide and 
contributes to a disease burden greater than 
that of hypertension [1, 2]. A proper lifestyle 
and proper nutrition are needed to prevent OP. 
Diet is crucial since it is one of the few healthy 
changes people can make. The risk of OP has 
been linked to the intake of multiple nutrients, 
including calcium, zinc [3, 4], vitamin D [5], vita-
min E [6], and other nutrients [7]. Several 
researchers have also discovered that adher-
ence to certain dietary patterns, such as the 
Mediterranean diet [8, 9], promotes bone 
health and reduces OP risk. In addition, diet 
quality plays an essential role in determining 

health outcomes because all dietary intakes 
often work in concert [10-14]. To investigate  
the influence of overall diet quality on the bone 
health of middle-aged and older US popula-
tions, we used the Composite Dietary Antioxi- 
dant Index, which is considered a factor in pre-
venting OP [15].

Diet is an important source of exogenous anti-
oxidants, which provides an effective auxiliary 
function for the body’s antioxidant system. 
Previous studies have found that a higher intake 
of dietary antioxidants, such as carotenoids 
and vitamin E, is associated with decreased OP 
risk [16, 17]. However, these studies focused 
on specific dietary antioxidants, and the effect 
of the whole dietary antioxidant capacity on OP 
remains unclear. The composite dietary antioxi-
dant index (CDAI) is a scoring system developed 
by Wright et al. to quantify the potential dietary 
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antioxidant capacity of a daily diet [18]. To bet-
ter understand the relationship between die- 
tary antioxidant capacity and OP, we aimed to 
explore the association between CDAI and OP 
in the US population aged 40 and older using 
data from the National Health and Nutrition 
Examination Survey (NHANES) in this cross-
sectional study.

Materials and methods

Study population

Research ethics review board approval was 
obtained from the National Centers for Health 
Statistics Research Ethics Review Board for the 
NHANES study protocol.

The NHANES is an ongoing nationwide survey 
to evaluate the health and nutritional status of 
the non-institutionalized US civilian population. 
Bone mass density (BMD) data were available 
only in the NHANES 2007-2010, 2013-2014, 
and 2017-2018. Thus, we combined the 8-year 
data for our analysis.

A total of 40,115 participants completed the 
survey.

Participants aged <40 (n=24,258) were exclud-
ed. The following participants were also exclud-
ed: those with unreliable or incomplete dietary 
recall data (n=576), implausible total energy 
intake (<500 or >5,000 kcal/day; n=218) [19], 
missing BMD data (n=3,399). Finally, 11,664 
participants who completed a 1-day 24 h 
dietary recall were included in the final analy-
sis. Prior to participating in the study, partici-
pants provided written consent to the National 
Center for Health Statistics Research Ethics 
Review Board. Observational studies were re- 
ported in accordance with the Strengthening 
the Reporting of Observational Studies in 
Epidemiology-nutritional Epidemiology Guide- 
lines.

Assessment of OP and CDAI

In the NHANES, BMD was examined using dual-
energy X-ray absorptiometry (DXA), and details 
are provided in the NHANES protocol (https://
www.cdc.gov/nchs/nhanes/about_nhanes.
htm). This study defined OP as a BMD T-score 
≤-2.5 at the femoral neck or lumbar spine. 
Dietary intake information was acquired th- 

rough the first NHANES 24-hour dietary recall. 
The CDAI was developed by Wright et al. [18]. It 
is the sum of dietary intakes of six antioxidants 
(selenium, magnesium, zinc, vitamin A, vitamin 
C, and vitamin E) computed by subtracting the 
global mean and dividing the result by the glob-
al standard deviation to estimate CDAI. The 
CDAI was calculated by summing the standard-
ized intake of these vitamins and minerals and 
equal weight, as described below [20-22]: 

DAI SD
Individual Intake Mean

i 1

n 6

=
-

=

=

/

The dietary antioxidant quality score (DAQS) 
was used to calculate the antioxidant nutrient 
intake [23]. The score refers to the intake of 
certain vitamins and minerals that have been 
proven to act as dietary antioxidants: selenium, 
zinc, vitamin A, vitamin C, and vitamin E. Daily 
nutrient intake was compared with the recom-
mended daily intake (RDI) for the study popula-
tion. The intake of each of the five antioxidant 
nutrients was evaluated separately by assess-
ing potential covariates. Each nutrient was as- 
signed values of 0 or 1. When the intake was 
below 2/3 of the RDI, it was assigned a value of 
0, whereas when it was higher than 2/3, it was 
assigned a value of 1. The quality of the dietary 
antioxidants ranged from 0 (very poor) to 5 
(high). 

Assessment of potential covariates

Based on the literature, the following covari-
ates were included: age, sex, race, family 
income, caloric intake, body mass index (BMI), 
estimated glomerular filtration rate (eGFR), 
self-reported hypertension and diabetes, and 
smoking and drinking status [24, 25]. Family 
income was categorized into three levels based 
on the family poverty income ratio (PIR): low 
income (≤1.3), medium income (1.3-3.5), and 
high income (>3.5). The eGFR was calculated 
using the Chronic Kidney Disease Epidemiolo- 
gy Collaboration equation [26]. Smoking status 
was based on self-reports and divided into 
three levels (never smoked, ex-smoker, and cur-
rent smoker). Drinking status was determined 
through self-reporting. Individuals who drank 
≥12 standard drinks in any year were consid-
ered drinkers, and others were considered non-
drinkers [27]. Moreover, those without drinking 
data were imputed as non-responders. Based 
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Figure 1. Flow diagram of the 
screening and enrollment of 
study participants. NHANE: Na-
tional Health and Nutrition Ex-
amination Survey; BMD: Bone 
Mass Density; CDAI: Composite 
Dietary Antioxidant Index.

on a previous study, physical activity was cate-
gorized into three groups: no physical activity, 
low-intensity physical activity, and high-intensi-
ty physical activity [14]. The details of all the 
variables can be obtained at http://www.cdc.
gov/nchs/nhanes/. 

Statistical analysis

All statistical analyses were performed with R, 
version 4.0.5 (R Project for Statistical Com- 
puting) using the survey package, version 4.1-
1, and with Free Software Foundation statistics 
software, version 1.3. In all tests, P<0.05 (two-
sided) was considered statistically significant. 
Normally distributed and skewed continuous 
variables were reported as mean (SD) and 
median (interquartile range (IQR)), respectively. 
Categorical variables were reported as counts 
and proportions. Comparisons among CDAI 
quartiles were performed using a one-way an- 
alysis of variance for continuous variables and 
the chi-square test for categorical variables. 
Four models were constructed using logistic 
regression analysis to investigate the associa-
tion between CDAI and OP. Multicollinearity was 
tested using the variance inflation factor (VIF) 
method. A VIF ≥10 indicated the presence of 
multicollinearity in the analysis. Model 1 was 

the crude model, not adjusted 
for covariates. Model 2 was 
adjusted for age, sex, race/eth-
nicity, and family income. Mo- 
del 3 (the main model) was 
based on Model 2 and the 
eGFR, BMI, calorie intake, 
physical activity, and drinking 
status. A fully adjusted model 
was used for Model 4, which 
was adjusted for all covariates 
in Model 3 and diabetes, hy- 
pertension, and smoking sta-
tus. To further explore the 
potential associations, the CD- 
AI score was also classified by 
quantile for multivariable logis-
tic regression analyses, and a 
trend test was performed. St- 
ratified and interaction analy-
ses were performed according 
to age, sex, race, and ethnicity. 
Finally, three sensitivity analy-
ses were conducted to assess 
the robustness. First, consid-
ering the potential association 
between medication and BMD, 

we excluded participants taking medicines th- 
at potentially affect BMD, including thiazide 
diuretics, glucocorticoids, bisphosphonates, 
allopurinol, sex hormone therapy, thyroid re- 
placement therapy, bone resorption inhibitors, 
and participants with chronic kidney disease, 
diabetes, and rheumatoid arthritis. Second, 
considering that dietary recalls over 24 h may 
not be adequate to estimate average intakes, 
the CDAI score was calculated based on the 
averages of two NHANES dietary recalls. Third, 
the dietary antioxidant capacity was access 
ed by the dietary antioxidant quality (DAQ) 
score, a scoring system developed by Rivas et 
al. [22].

Results

Characteristics of the study population: CDAI 
was significantly different between the highest 
and lowest quantiles

Of the 40,115 participants aged 0-85, 28,451 
were excluded due to age (<40) and unavail-
able or implausible data. A total of 11,664 par-
ticipants were included in the analysis (Figure 
1). The baseline characteristics are shown in 
Table 1. The mean age of the included partici-
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Table 1. Distribution of characteristics of participants
Quartiles of composite dietary antioxidant index (CDAI)

Total (n=11664) Q1 (n=2916) Q2 (n=2916) Q3 (n=2916) Q4 (n=2916) P value
CDAI score -2.0 (-6.9, 4.2) -9.8 (-11.7, -8.2 -4.4 (-5.6, -3.2) 0.7 (-0.6, 2.3) 9.6 (6.5, 14.9) <0.001
Age (years) 60.3±11.8 61.7±11.8 60.9±11.9 60.0±11.8 58.6±11.5 <0.001
Sex (%) <0.001
    Female 5898 (50.6) 1846 (63.3) 1664 (57.1) 1394 (47.8) 994 (34.1)
    Male 5766 (49.4) 1070 (36.7) 1252 (42.9) 1522 (52.2) 1922 (65.9)
Race (%) <0.001
    Asian 577 (4.9) 115 (3.9) 147 (5.0) 136 (4.7) 179 (6.1)
    Mexican American 1724 (14.8) 446 (15.3) 432 (14.8) 443 (15.2) 403 (13.8)
    Non-hispanic Black 2283 (19.6) 726 (24.9) 545 (18.7) 511 (17.5) 501 (17.2)
    Non-hispanic White 5492 (47.1) 1222 (41.9) 1361 (46.7) 1434 (49.2) 1475 (50.6)
    Other hispanic 1191 (10.2) 315 (10.8) 337 (11.6) 277 (9.5) 262 (9.0)
    Others 397 (3.4) 92 (3.2) 94 (3.2) 115 (3.9) 96 (3.3)
Family income (%) <0.001
    BMI (kg/m2) 29.1±6.0 29.1±6.1 29.2±5.9 29.1±6.0 28.9±5.9 0.23
    Calorie intake (kcal/day) 1963.0±821.6 1217.9±401.0 1704.8±466.9 2126.4±571.2 2802.8±801.2 <0.001
    eGFR (ml/(min*1.73 m2)) 83.8±20.5 81.5±22.3 83.5±20.4 84.4±20.2 85.7±18.7 <0.001
Osteoporosis (%) <0.001
    No 10739 (92.1) 2603 (89.3) 2668 (91.5) 2718 (93.2) 2750 (94.3)
    Yes 925 (7.9) 313 (10.7) 248 (8.5) 198 (6.8) 166 (5.7)
BMI (kg/m2) 29.1±6.0 29.1±6.1 29.2±5.9 29.1±6.0 28.9±5.9 0.23
    Low 2950 (27.9) 970 (37.0) 768 (28.9) 647 (24.6) 565 (21.2)
    Medium 4065 (38.4) 1027 (39.2) 1079 (40.5) 1004 (38.1) 955 (35.9)
    High 3565 (33.7) 624 (23.8) 814 (30.6) 984 (37.3) 1143 (42.9)
Drinking status (%) <0.001
    Non-drinker 3950 (33.9) 1111 (38.1) 1018 (34.9) 956 (32.8) 865 (29.7)
    Drinker 6457 (55.4) 1441 (49.4) 1579 (54.1) 1679 (57.6) 1758 (60.3)
    Missing 1257 (10.8) 364 (12.5) 319 (10.9) 281 (9.6) 293 (10)
Smoking status (%) <0.001
    Never smoked 6013 (51.6) 1479 (50.7) 1551 (53.2) 1513 (51.9) 1470 (50.4)
    Ex-smoker 3569 (30.6) 800 (27.4) 861 (29.5) 946 (32.5) 962 (33.0)
    Current smoker 2080 (17.8) 637 (21.8) 503 (17.3) 456 (15.6) 484 (16.6)
Diabetes (%) <0.001
    No 9600 (82.3) 2314 (79.4) 2378 (81.6) 2422 (83.1) 2486 (85.3)
    Yes 2058 (17.7) 601 (20.6) 536 (18.4) 491 (16.9) 430 (14.7)
Hypertension (%) <0.001
    No 7028 (60.3) 1655 (56.9) 1748 (60.1) 1784 (61.3) 1841 (63.2)
    Yes 4618 (39.7) 1255 (43.1) 1161 (39.9) 1128 (38.7) 1074 (36.8)
Physical activity (%) <0.001
    No 3626 (31.1) 1184 (40.6) 971 (33.3) 774 (26.5) 697 (23.9)
    Low 4929 (42.3) 1139 (39.1) 1233 (42.3) 1318 (45.2) 1239 (42.5)
    High 3109 (26.7) 593 (20.3) 712 (24.4) 824 (28.3) 980 (33.6)
Note: BMI: Body Mass Index; eGFR: estimated Glomerular Filtration Rate; CDAI: Composite Dietary Antioxidant Index.

pants was 60.3 years old, 5,898 (50.6%) were 
female, and 925 (7.9%) had OP. The median 
CDAI was -2.0 (IQR, -6.9 to 4.2). Compared to 
those in the lowest quantiles, participants in 
the highest CDAI quantile were more likely to be 

women, younger, non-Hispanic black, high-
income, with higher eGFR, high-intensity physi-
cal activity, higher BMI and daily calorie intake, 
and without hypertension, alcohol drinking, or 
diabetes. 
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Table 2. Association between CDAI and osteoporosis
Osteoporosis/n Prevalence/% Model 1a Model 2b Model 3c Model 4d

CDAI (continuous) 925/11664 7.9 0.97 (0.97-0.98) 0.99 (0.98-1.00) 0.97 (0.96-0.99) 0.98 (0.96-0.99)
CDAI categories
    Quantile 1 313/2916 10.7 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
    Quantile 2 248/2916 8.5 0.77 (0.65-0.92) 0.83 (0.68-1.01) 0.77 (0.62-0.96) 0.79 (0.63-0.98)
    Quantile 3 198/2916 6.8 0.61 (0.50-0.73) 0.75 (0.61-0.93) 0.64 (0.50-0.83) 0.66 (0.51-0.85)
    Quantile 4 166/2916 5.7 0.50 (0.41-0.61) 0.82 (0.65-1.03) 0.59 (0.42-0.81) 0.61 (0.44-0.85)
P for trend <0.001 0.03 <0.001 0.001
Note: a. Model 1: crude model; b. Model 2: adjusted for age, sex, race/ethnicity and family income; c. Model 3: model 2 + BMI, eGFR, calorie 
intake, physical activity and drinking status; d. Model 4 (the fully adjusted model): model 3 + diabetes, hypertension and smoking status. BMI: 
Body Mass Index; eGFR: estimated Glomerular Filtration Rate; CDAI: Composite Dietary Antioxidant Index.

Multivariable regression analyses: high-quar-
tile CDAI had a lower risk of OP

Table 2 summarizes the results of the logistic 
regression analyses. In all four models, CDAI 
was associated with OP. In the crude model 
(Model 1), the odds ratio (OR) of CDAI for OP 
was 0.97 (95% CI, 0.97-0.98). Participants in 
the highest CDAI quantile were at a relatively 
lower risk of OP than those in the lowest CDAI 
quantile (OR=0.5 (95% CI, 0.41-0.61)). In the 
main model (Model 3) adjusted for age, sex, 
race, ethnicity, family income, BMI, eGFR, calo-
rie intake, physical activity, and drinking status, 
the OR of CDAI for OP was 0.98 (95% CI, 0.96-
0.99). For CDAI quantiles 2, 3, and 4, the ORs 
were 0.77 (95% CI, 0.62-0.96), 0.64 (95% CI, 
0.50-0.83), and 0.59 (95% CI, 0.42-0.81), 
respectively (p for trend <0.001). This relation-
ship remained in the fully adjusted model. 

Subgroup analyses: in different populations, 
CDAI did not interact with OP

Figure 2 shows the results of the subgroup 
analysis. There was an inverse relationship 
between OP and CDAI among participants aged 
60 or older (OR, 0.97; 95% CI, 0.95-0.99), 
among females (OR, 0.97; 95% CI, 0.95-0.99), 
and among non-Hispanic whites (OR, 0.97; 95% 
CI, 0.95-0.99). No significant interactions were 
observed. 

Sensitivity analyses: the results of CDAI and 
OP were still robust by re-analysis of 3 models

The results of the sensitivity analysis are pre-
sented in Table 3. After excluding participants 
who received bone resorption inhibitors, gluco-
corticoids, bisphosphonates, thiazide diuretics, 

allopurinol, sex hormone therapy, and thyroid 
replacement therapy and excluding those with 
chronic kidney disease, diabetes, and rheuma-
toid arthritis, CDAI score was associated with 
OP (OR, 0.97; 95% CI, 0.96-0.99). The adjusted 
OR suggested an inverse association between 
the highest CDAI quartile and OP compared to 
the lowest quartile (OR, 0.57; 95% CI, 0.35-
0.92). After redefining the CDAI score based on 
the averages of two NHANES dietary recalls 
(n=10,554), the association remained (OR, 
0.96; 95% CI, 0.95-0.98). For CDAI quantile 4, 
the OR was 0.66 (95% CI, 0.47-0.94). In addi-
tion, when dietary antioxidant capacity was as- 
sessed using the DAQ score (n=18,935), it was 
still associated with OP (OR, 0.90; 95% CI, 
0.84-0.95). 

Discussion

This study found an inverse association bet- 
ween composite dietary antioxidant index 
(CDAI) and osteoporosis (OP) risk in US adults 
aged 40 and older. To our knowledge, this is the 
first large population-based study to explore 
the association between dietary antioxidant 
capacity and OP in the US. 

Related research has shown that oxidative 
stress is an independent risk factor for OP [28]. 
Oxidative stress refers to a state in which the 
generation and elimination of reactive oxygen 
species (ROS) are unbalanced, and the level  
of ROS increases. Elevated ROS levels can 
affect various enzymes, proteins, and cyto-
kines to disrupt the coupling of osteoblasts  
and osteoclasts, thus suppressing the osteo-
genic lineage. In addition, ROS affects osteo-
blasts, osteoclasts, and the bone matrix and 
promotes the development of OP. Antioxidants 
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Figure 2. Association between CDAI and osteoporosis. Each stratification was adjusted for age, sex, race/ethnicity 
and family income, BMI, eGFR, caloric intake, physical activity, and drinking status, except the stratification factor it-
self. BMI: Body Mass Index; eGFR: estimated Glomerular Filtration Rate; CDAI: Composite Dietary Antioxidant Index; 
CI: Confidence Interval; OR: Odd Ratio.

can inhibit oxidative stress. When the antioxi-
dant balance in the body is disrupted, exoge-
nous antioxidants can prevent or delay OP 
development. 

Previous studies usually focus on the effects  
of antioxidant supplementation alone on bone 
health [29-38]. A meta-analysis indicated that 
greater dietary vitamin C intake was associat- 
ed with a lower risk of OP and higher BMD [30]. 
Several studies have also indicated a protec-
tive effect of vitamin E supplementation against 
OP [29-31]. However, a clinical review [39] 
showed mixed observational findings on the 
association between vitamin A intake or serum 
concentration and bone mass density (BMD)  
or fracture. In addition, zinc, magnesium, sele-
nium, and other trace elements, which are 
essential components of antioxidants, play a 
role in bone growth, development, and mainte-
nance. There are also conflicting reports re- 
garding the association between serum mag-

nesium (Mg) levels and postmenopausal OP. A 
meta-analysis [40] showed that low serum Mg 
levels appeared to be a risk factor for OP in 
postmenopausal women. However, the sub-
group analysis found contradictions in terms of 
ethnicity and geography, such as in China and 
Turkey. The uncertain results of previous stud-
ies may be due to the different study popula-
tions and lifestyles. It is important to note that 
although individual dietary antioxidants may 
contribute to the development and progression 
of OP, it would be more meaningful to assess 
their combined effects on OP risk. Currently, 
there are limited epidemiologic studies on the 
relationship between dietary antioxidant capac-
ity and bone health. A recent cross-sectional 
study of 280 Spanish women reported a posi-
tive association between DAQ and BMD [5]. 
Among premenopausal women, dietary total 
antioxidant capacity positively correlated with 
lumbar spine and total femur BMC. In middle-
aged and older populations in the US, HEI-2015 
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Table 3. Sensitivity analyses

Osteoporosis/n Prevalence/% Adjusted OR 
(95% CI)a

Sensitivity analyses 1b

    CDAI (continuous) 415/6716 6.7 0.97 (0.96-0.99)
    CDAI categories
        Quantile 1 132/1544 8.5 1.00 (Ref.)
        Quantile 2 113/1544 7.3 0.90 (0.65-1.25)
        Quantile 3 96/1544 6.2 0.71 (0.49-1.04)
        Quantile 4 74/1544 4.8 0.57 (0.35-0.92)
Sensitivity analyses 2c

    CDAI (continuous) 830/10554 7.9 0.96 (0.95-0.98)
    CDAI categories
        Quantile 1 281/2636 10.7 1.00 (Ref.)
        Quantile 2 225/2636 8.5 0.84 (0.66-1.06)
        Quantile 3 181/2636 6.9 0.80 (0.61-1.05)
        Quantile 4 143/2636 5.4 0.66 (0.47-0.94)
Sensitivity analyses 3d

    DAQ (continuous)
    DAQ categories 915/10989 8.3 0.90 (0.84-0.95)
        <5 355/4241 8.4 1.00 (Ref.)
        ≥5 560/6748 8.3 0.79 (0.65-0.97)
Note: a. All models are adjusted for age, sex, race/ethnicity, family income, BMI, 
eGFR, calorie intake, physical activity and drinking status; b. Excluding partici-
pants taking medicines that may affect BMD which include thiazide diuretics, 
glucocorticoids, bisphosphonates, allopurinol, sex hormone therapy, thyroid 
replacement therapy, bone resorption inhibitors and excluding participants 
with chronic kidney disease, diabetes, and rheumatoid arthritis; c. Calculating 
CDAI based on the averages of two NHANES dietary recall; d. Accessing dietary 
antioxidant capacity by using DAQ score. CDAI: Composite Dietary Antioxidant 
Index; DAQ: Dietary Antioxidant Quality; BMI: Body Mass Index; eGFR: estimated 
Glomerular Filtration Rate; BMD: Bone Mass Density; NHANE: National Health and 
Nutrition Examination Survey.

total and component food scores were associ-
ated with a reduced risk of OP [41]. Regu et al., 
in a study of 8,022 Korean adults, showed that 
postmenopausal women in the highest quintile 
of daily beta-carotene intake had a lower risk of 
osteopenia in the lumbar spine [34]. These 
results are consistent with our findings. The 
CDAI, designed to measure the total amount of 
antioxidants in a diet, captures a dietary anti-
oxidant profile more precisely, can reduce expo-
sure to misclassification, and shows a protec-
tive effect. By calculating the CDAI in the diet, 
the present study (n=11,664) investigated the 
association between OP and dietary antioxi-
dant capacity as a whole and can complement 
previous studies. 

The present study has some limitations. First, 
as with other cross-sectional studies, this study 
cannot establish a causal inference regarding 

the association between die- 
tary antioxidant capacity and 
OP. Additional cohort studies 
are needed in the future. Se- 
cond, an analysis of dietary 
intake using a 1-day 24-hour 
recall at baseline might not be 
representative of the partici-
pants’ cumulative usual diet. 
Nonetheless, 24-hour dietary 
recalls can provide an ade-
quate estimate of a popula-
tion’s average intake if the 
sample size is sufficiently lar- 
ge. Furthermore, we conduct-
ed a sensitivity analysis based 
on the average of the two 
dietary recalls to reduce bias. 
Third, since this study did not 
describe dietary supplements 
in detail, we did not consider 
the CDAI. Finally, although we 
considered the effects of med-
icine and diseases that can 
affect BMD, unidentified con-
founders still exist. In summa-
ry, this cross-sectional analy-
sis found an inverse associa- 
tion between dietary antioxi-
dant capacity and OP among 
US adults aged 40-85. This 
relationship may provide evi-
dence for future dietary guide-
lines for patients with OP. 
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