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Background: Vitamin D status is indicated by serum 25-hydroxyvitamin D [25(OH)D] levels, and the positive effects of high levels 
of vitamin D on bone mineral density (BMD) have not been ascertained. Therefore, we performed a study to analyze the association 
between serum 25(OH)D levels and osteoporosis in postmenopausal women.
Methods: We conducted a cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES). 
Multiple logistic regression was used to explore the relationship between serum 25(OH)D and osteoporosis of total femur, femoral 
neck and lumbar spine, with stratified analyses for age (<65 and ≥65 years), BMI (<25, 25 to <30, ≥30 kg/m2) and survey months 
(winter months and summer months).
Results: In total, 2058 participants were enrolled in our study. In the fully adjusted model, compared with serum 25(OH)D levels <50 
nmol/L, the odds ratios (ORs) and 95% confidence intervals (CIs) of serum 25(OH)D 50–<75 nmol/L and ≥75 nmol/L were 0.274 
(0.138, 0.544) and 0.374 (0.202, 0.693) in osteoporosis of total femur, 0.537 (0.328, 0.879) and 0.583 (0.331, 1.026) in osteoporosis of 
femoral neck, and 0.614 (0.357, 1.055) and 0.627 (0.368, 1.067) in osteoporosis of lumbar spine, respectively. The protective effect of 
high 25(OH)D was observed at all three skeletal sites in those ≥65 years of age, whereas it was observed only in the total femur in 
those <65 years of age.
Conclusion: In conclusion, adequate vitamin D may reduce the risk of osteoporosis in postmenopausal women in the United States, 
especially in those aged 65 years and older. More attention should be given to serum 25 (OH) D levels to prevent osteoporosis.
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Background
Osteoporosis is a major public health problem because of the increased risk of fracture. More than 2 million Americans 
suffered fragility fractures in 2005, and more than 70% of these occur in women.1,2 Through dual-energy X-ray 
absorptiometry (DXA), bone mineral density (BMD) is measured to determine if bone loss (osteopenia or osteoporosis) 
has occurred.3 Fifty percent of white women have osteopenia or osteoporosis by age 60 years, and age is a crucial risk factor 
for bone loss.4 The prevalence of osteoporosis in women (10–17%) is higher than that in men (3–5%) over the age of 50.5

Vitamin D is important for bone health.6 Vitamin D status is indicated by serum 25-hydroxyvitamin D [25(OH)D] 
levels, and less than 30 ng/mL is considered insufficient. 25(OH)D insufficiency is prevalent among elderly women 
worldwide, with a prevalence of approximately 52% in North American postmenopausal women.7 Approximately 85.3% 
of the postmenopausal Moroccan women with osteoporotic vertebral fractures have vitamin D insufficiency.8 25(OH)D 
concentrations decrease significantly with age.4 Calcium and vitamin D supplementation is recommended to strengthen 
the bones, prevent and treat osteoporosis.9–11

Previous articles have investigated the relationship between serum 25(OH)D and BMD by race, gender, adult and 
elderly populations extensively.5,9,12 Some studies suppose that vitamin D levels significantly influence BMD and high 
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25(OH)D concentrations have positive associations with BMD.13,14 To achieve bone health in general population, the 
Institute of Medicine (IOM) guidelines and the Endocrine Society guidelines recommend 50 and 75 nmol/L respectively 
as sufficient levels of 25(OH)D.15,16 In a study of 1829 men and postmenopausal women older than 45 years, the highest 
BMD at lumbar spine and total hip correspond to higher 25(OH)D concentrations (53 and 75 nmol/L, respectively).17 

Another study suggests that higher vitamin D levels maintain bone health and a greater drop in vitamin D results in 
a greater reduction in BMD of total hip and femoral neck.18 However, there is controversy regarding whether higher 
serum 25(OH)D has positive effects on BMD. The result of a cohort study, however, suggests that postmenopausal bone 
loss cannot be slowed by high serum 25(OH)D levels in Asian women.19 Another 3 years randomized controlled trial of 
260 healthy black American women, 60 years and older, indicates that there is no difference in bone loss rate between 
serum 25(OH)D above 75 nmol/L and of 50 nmol/L.20 Therefore, we performed a study to analyze the association 
between serum 25(OH)D levels and osteoporosis in postmenopausal women.

Methods
Study Population
In this study, our data come from the National Health and Nutrition Examination Survey (NHANES) public database. 
The NHANES is a research project designed to assess the health and nutritional status of adults and children in the 
United States. Each participant provided written informed consent prior to participating in the survey, which was 
approved by the Ethics Review Board of the National Center for Health Statistics (NCHS). In addition, this study was 
based on a secondary analysis of the NHANES publicly available database and was therefore considered exempt by our 
own institution’s IRB.

Each consecutive 2 years in the NHANES database is a survey cycle. In this study, we included a total of 5 cycles 
(2005–2010, 2013–2014, 2017–2018). Femur and spine BMD data were not collected for the 2011–2012 and 2015–2016 
cycles. In the five cycles included, there were 50,463 participants. Among 5526 postmenopausal women aged 50 years or 
older, participants with cancer (n=944) and missing BMD (n=2187), 25(OH)D (n=129), and covariates (n=208) were 
excluded. In total, 2058 participants were enrolled in our study (Figure 1).

Study Variables
In this study, serum 25(OH)D was the independent variable. The DiaSorin Radioimmunoassay method was used for 
NHANES 2005–2006 to measure serum 25(OH)D concentrations. For NHANES 2007–2010, 2013–2014 and 2017– 
2018, the liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was employed. To provide data 
consistent across cycles for analysis, serum 25(OH)D data in NHANES 2005–2006 have been converted by using 
regression to equivalent 25(OH)D measurements from a standardized LC-MS/MS method. According to the Endocrine 
Society, serum 25(OH)D levels of <50, 50–<75, and ≥75 nmol/L are considered deficient, insufficient, and sufficient, 
respectively.16

The dependent variables of this study were osteoporosis of total femur, femoral neck and lumbar spine. DXA scans of 
the lumbar spine and proximal femur have been administered in the NHANES mobile examination center (MEC) from 
2005–2010, 2013–2014, and 2017–2018. The femur scans were obtained with Hologic QDR-4500A fan-beam densit-
ometers (Hologic, Inc., Bedford, Massachusetts). The spine scans were acquired with Hologic QDR-4500A fan-beam 
densitometers in NHANES 2005–2010 and with Hologic Discovery model A densitometers (Hologic, Inc., Bedford, 
Massachusetts) in NHANES 2013–2014 and 2017–2018. In the 2005–2010 period, the femur scans were analyzed using 
Hologic Discovery v12.4 software, and spine scans were analyzed using Hologic APEX v3.0 software. APEX v4.0 was 
used to analyze femur and spine scans acquired in 2013–2014 and 2017–2018. Further details of the DXA examination 
protocol are provided on the NHANES website (https://www.cdc.gov/nchs/nhanes/index.htm). Osteoporosis was defined 
as a BMD 2.5 or more standard deviations below the young normal (T-score ≤ −2.5).21

The covariates included in our study were age, race, education level, family poverty income ratio (PIR), body mass 
index (BMI), total calcium, serum phosphorus, smoking behavior, alcohol consumption, moderate activities, survey 
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months, and years since menopause. Among these variables, age, family PIR, BMI, total calcium, serum phosphorus, and 
years since menopause were used as continuous variables, and the rest were categorical variables.

Statistical Analysis
Because of the complex sample design of NHANES, we applied appropriate sample weights when analyzing the data. In 
the description of baseline data, continuous and categorical variables were expressed as the weighted mean (standard 
error, SE) and numbers (weighted percentage), respectively. Between different groups of serum 25(OH)D concentrations, 
for continuous and categorical variables, P values were calculated using the weighted linear regression and chi-square 
test, respectively. Multiple logistic regression was used to explore the relationship between serum 25(OH)D and 

Figure 1 Flow chart of research sample selection.
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osteoporosis of total femur, femoral neck and lumbar spine, with stratified analyses for age (<65 and ≥65 years), BMI 
(<25, 25 to <30, ≥30 kg/m2) and survey months (winter months and summer months). Full adjustment model was 
adjusted for age, race, education level, family PIR, BMI, total calcium, serum phosphorus, smoking behavior, alcohol 
consumption, moderate activities, survey months, and years since menopause. The analyses were conducted using Stata/ 
BE V17 (StataCorp LLC, USA), R software (version 4.2.0) and EmpowerStats software (X&Y Solutions, Boston, MA), 
and P<0.05 was considered statistically significant.

Results
After excluding the missing data of serum 25(OH)D, BMD of total femur, femoral neck and lumbar spine, and 
covariates, the final analysis sample was 2058 (Figure 1). Table 1 presents the characteristics of the participants in the 
study. Race, education level, family PIR, BMI, smoking behavior, alcohol consumption, moderate activities, and survey 
months differed significantly among the three serum 25(OH)D groups (<50, 50–<75, ≥75 nmol/L).

Table 2 shows the associations between serum 25(OH)D and osteoporosis of total femur, femoral neck and lumbar 
spine. In the unadjusted model, statistical significance was observed only in the total femur. After adjusting for age, race, 

Table 1 Weighted Characteristics of the Study Participants Based on Serum 25-Hydroxyvitamin D [25(OH)D] 
Concentrations

Characteristics Serum 25(OH)D Concentrations (nmol/L) P value

<50  
(n = 574)a

50–<75  
(n = 683)b

≥75  
(n = 801)c

Age (years), mean (SE) 61.61 (0.42) 61.40 (0.43) 62.06 (0.33) 0.387

Race, n (%) <0.001

Non-Hispanic white 181 (59.59) 289 (71.27) 465 (83.17)
Non-Hispanic black 195 (22.15) 107 (8.03) 114 (5.79)

Mexican American 122 (8.37) 143 (7.01) 64 (2.41)

Other race 76 (9.90) 144 (13.69) 158 (8.64)
Education level, n (%) 0.002

Less than high school 180 (21.53) 195 (18.12) 142 (11.38)

High school 152 (30.88) 164 (27.05) 209 (28.69)
More than high school 242 (47.59) 324 (54.83) 450 (59.93)

Family PIR, mean (SE) 2.83 (0.11) 3.07 (0.07) 3.46 (0.08) <0.001

Body mass index (kg/m2), mean (SE) 30.33 (0.28) 27.85 (0.24) 27.14 (0.34) <0.001
Total calcium (mmol/L), mean (SE) 2.36 (0.00) 2.37 (0.00) 2.38 (0.00) 0.051

Serum phosphorus (mmol/L), mean (SE) 1.25 (0.01) 1.26 (0.01) 1.27 (0.01) 0.193

Smoking behavior, n (%) <0.001
Never 312 (50.98) 444 (62.32) 505 (60.78)

Current 131 (23.48) 94 (14.84) 81 (11.10)

Former 131 (25.53) 145 (22.84) 215 (28.12)
Alcohol consumption, n (%) 0.001

Non-drinker 288 (43.50) 319 (34.36) 312 (31.03)

Moderate drinker 134 (27.62) 219 (39.94) 308 (41.26)
Heavy drinker 152 (28.87) 145 (25.69) 181 (27.70)

Moderate activities, n (%) <0.001

Yes 262 (48.94) 398 (64.76) 494 (68.58)
No 312 (51.06) 285 (35.24) 307 (31.42)

Survey months, n (%) 0.005

November to April (Winter months) 303 (47.62) 321 (36.16) 320 (34.32)
May to October (Summer months) 271 (52.38) 362 (63.84) 481 (65.68)

Years since menopause (years), mean (SE) 15.20 (0.47) 14.61 (0.54) 15.75 (0.48) 0.346

Notes: Except for sample sizes, all estimates are weighted. Values are weighted mean (SE) or n (weighted %). aWeighted n = 3,403,621. bWeighted 
n = 5,281,840. cWeighted n = 7,509,745. 
Abbreviations: SE, standard error; PIR, poverty income ratio.
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and BMI, with the increase in serum 25(OH)D concentrations, the risk of osteoporosis in the total femur, femoral neck, 
and lumbar spine decreased. In the fully adjusted model, compared with serum 25(OH)D levels <50 nmol/L, the odds 
ratios (ORs) and 95% confidence intervals (CIs) of serum 25(OH)D 50–<75 and ≥75 nmol/L were 0.274 (0.138, 0.544) 
and 0.374 (0.202, 0.693) in osteoporosis of total femur, 0.537 (0.328, 0.879) and 0.583 (0.331, 1.026) in osteoporosis of 
femoral neck, and 0.614 (0.357, 1.055) and 0.627 (0.368, 1.067) in osteoporosis of lumbar spine, respectively.

Figures 2-4 show the results of the regression analysis after stratification by age, BMI and survey months. As shown 
in the figure, the protective effect of high 25(OH)D was observed at all three skeletal sites in those ≥65 years of age, 
whereas it was observed only in the total femur in those <65 years of age (Figure 2). In addition, the protective effect of 
high 25(OH)D on total femur was observed at BMI ≥25 kg/m2, and this relationship was also seen in the femoral neck at 
BMI 25 to <30 kg/m2 (Figure 3). After stratification by survey months, a decreased risk of osteoporosis in the total femur 
and lumbar spine was observed in the winter months with increasing serum 25(OH)D concentrations (Figure 4).

Discussion
The results of our study showed that postmenopausal women with higher serum 25(OH)D levels are less likely to suffer 
from osteoporosis. Both serum 25(OH)D levels of 50–<75 nmol/L and ≥75 nmol/L were protective against osteoporosis, 
compared with serum 25(OH)D levels <50 nmol/L. Specifically, high serum 25(OH)D levels had a significant protective 
effect on total femur and femoral neck, but not on lumbar spine. After age stratification, the protective effect of high 25 
(OH)D levels was observed at all three skeletal sites in elderly women aged ≥65 years.

Deficiency of vitamin D in elderly postmenopausal women is common, and it is considered a key determinant for 
bone health.7 Vitamin D deficiency leads to lower BMD and osteoporosis.12,22 Several studies have shown that higher 
serum 25(OH)D levels improve bone health, and thus reduce the risk of osteoporosis and fragility fractures.23,24 

However, the relationship between 25(OH)D levels and BMD at different bone sites in postmenopausal women is 
controversial. A study of postmenopausal Chinese women showed that serum 25(OH)D predicted femoral neck BMD, 
but not lumbar spine BMD.25 According to another study, higher levels of 25(OH)D in postmenopausal Japanese women 
(≥70 nmol/L) were associated with a greater BMD in femoral neck.24 Furthermore, Yoshimura et al26 discovered that 
osteoporosis at the femoral neck, but not at the L2-4, may be prevented by higher serum 25(OH)D levels. In contrast, 
Garnero et al27 noted that 25(OH)D levels were not related to hip BMD. However, Pasco et al13 reported that lumbar and 
hip BMD were more likely normal in women with high serum 25(OH)D levels than in those with low levels. According 

Table 2 Associations Between Serum 25(OH)D and Osteoporosis of Total Femur, Femoral Neck and Lumbar 
Spine

25(OH)D (nmol/L) Model 1a Model 2b Model 3c

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Total femur
<50 Reference Reference Reference

50 to <75 0.389 (0.229, 0.663) <0.001 0.232 (0.126, 0.427) <0.001 0.274 (0.138, 0.544) <0.001
≥75 0.494 (0.296, 0.825) 0.009 0.274 (0.154, 0.489) <0.001 0.374 (0.202, 0.693) 0.003

Femoral neck

<50 Reference Reference Reference

50 to <75 0.678 (0.452, 1.017) 0.064 0.430 (0.275, 0.672) <0.001 0.537 (0.328, 0.879) 0.016
≥75 0.731 (0.474, 1.126) 0.159 0.413 (0.239, 0.714) 0.002 0.583 (0.331, 1.026) 0.066

Lumbar spine

<50 Reference Reference Reference
50 to <75 0.815 (0.515, 1.289) 0.384 0.573 (0.344, 0.954) 0.036 0.614 (0.357, 1.055) 0.083

≥75 0.812 (0.525, 1.258) 0.355 0.533 (0.336, 0.846) 0.009 0.627 (0.368, 1.067) 0.091

Notes: Bold fonts indicate statistically significant. aNo covariates were adjusted. bAge, race, and BMI were adjusted. cAge, race, education level, 
family PIR, BMI, total calcium, serum phosphorus, smoking behavior, alcohol consumption, moderate activities, survey months, and years since 
menopause were adjusted. 
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; OR, odds ratio; CI, confidence interval.
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Figure 2 Forest plot of age-stratified analyses of the associations between serum 25(OH)D and osteoporosis. (Age, race, education level, family PIR, BMI, total calcium, 
serum phosphorus, smoking behavior, alcohol consumption, moderate activities, survey months, and years since menopause were adjusted).

Figure 3 Forest plot of BMI stratified analyses of the associations between serum 25(OH)D and osteoporosis. (Age, race, education level, family PIR, BMI, total calcium, 
serum phosphorus, smoking behavior, alcohol consumption, moderate activities, survey months, and years since menopause were adjusted).
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to our findings, high levels of 25(OH)D protected bone health in the total femur and femoral neck, but not the lumbar 
spine.

Vitamin D deficiency causes an increase in parathyroid hormone (PTH) secretion, which results in high bone turnover and 
increases bone resorption in postmenopausal women.28 Vitamin D deficiency leads to bone loss, which occurs from the 
cortical bone and thus contributes to the pathogenesis of osteoporosis.29 In studies of vitamin D supplementation, one study30 

reported that vitamin D supplementation can delay bone loss. Another study23 indicated that vitamin D supplementation can 
improve bone mass in people with vitamin D deficiency. Burger et al31 showed that femoral neck BMD increased significantly 
with vitamin D supplementation, while lumbar BMD did not change. Given vitamin D promotes calcium absorption and may 
have a positive effect on cortical BMD. Because of this, femoral necks with a significant amount of cortical bone may be more 
susceptible than lumbar spines. Our results are consistent with this principle.

In our study, we found that high vitamin D status has significant protective effects at the three bone sites in elderly 
women aged ≥65 years, but not in women aged <65 years. There was an inconsistency according to the relationship between 
25(OH)D levels and BMD changes in several studies in elderly men and women. The negative effect of low 25(OH)D levels 
on hip BMD varied by age, with an association among older men (aged ≥75 years) but not younger men.32 In a 4-year 
follow-up study of older subjects (mean age, 74 years), there was no association with 25(OH)D levels and lumbar or hip 
BMD changes.33 Furthermore, Kitamura et al19 showed that high serum 25(OH)D levels do not retard bone loss at lumbar 
spine or femoral neck in Japanese women (mean age, 63.1 years). The reason for the inconsistency is unclear. It is assumed 
that the age and vitamin D status of populations in different studies are responsible for the various results.

In the present study, the mean value of serum 25(OH)D was 76.65 nmol/L in summer months, which was significantly 
higher than that of 70.99 nmol/L in winter months (P = 0.015). The results were consistent with the previous study.34 

Seasonal changes in BMD had also been reported, and BMD in winter was lower than that in summer.35 The changes of 
BMD were affected by the variations of vitamin D levels.18 Our results suggested that sufficient vitamin D in winter has 

Figure 4 Forest plot of survey months stratified analyses of the associations between serum 25(OH)D and osteoporosis. (Age, race, education level, family PIR, BMI, total 
calcium, serum phosphorus, smoking behavior, alcohol consumption, moderate activities, and years since menopause were adjusted).
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a stronger protective effect on osteoporosis in elderly postmenopausal women. It might be more important for 
postmenopausal women to maintain higher concentrations of serum 25(OH)D in winter.

We assessed the association of serum 25(OH)D levels and osteoporosis at multiple bone sites in a representative 
sample of the US population, and adjusted for exhaustive covariates. There are several limitations. First, this is a cross- 
sectional study, and a causal role for higher vitamin D levels in reducing the risk of osteoporosis cannot be determined. 
Second, some variables were self-reported by participants, which may have recall bias. Longitudinal studies with larger 
sample sizes are needed in the future to further investigate the association of serum 25(OH)D concentrations and 
osteoporosis.

Conclusion
In conclusion, adequate vitamin D may reduce the risk of osteoporosis in postmenopausal women in the United States, 
especially in those aged 65 years and older. More attention should be given to serum 25(OH)D levels to prevent 
osteoporosis.

Abbreviations
25(OH)D, 25-hydroxyvitamin D; NHANES, National Health and Nutrition Examination Survey; ORs, odds ratios; CIs, 
confidence intervals; DXA, dual-energy X-ray absorptiometry; BMD, bone mineral density; NCHS, National Center for 
Health Statistics; LC-MS/MS, liquid chromatography-tandem mass spectrometry; MEC, mobile examination center; PIR, 
poverty income ratio; BMI, body mass index; PTH, parathyroid hormone.
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