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Effect of concomitant vitamin D deficiency or insufficiency on
lumbar spine volumetric bone mineral density and trabecular
bone score in primary hyperparathyroidism
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1Department of Medicine, Columbia University College of Physicians and Surgeons, New York,
NY, USA ?Department of Radiology and Biomedical Imaging, University of California at San
Francisco, San Francisco, CA, USA 3Department of Surgery, Columbia University College of
Physicians and Surgeons, New York, NY, USA “Center of Bone Diseases, Bone and Joint
Department, Lausanne University Hospital, Lausanne, Switzerland

Abstract

Summary—Lower vitamin D and higher parathyroid hormone (PTH) levels are associated with
higher volumetric BMD and bone strength at the lumbar spine as measured by central quantitative
computed tomography in primary hyperparathyroidism (PHPT), but there are no differences in
bone microarchitecture as measured by trabecular bone score (TBS).

Introduction—The purpose of this study was to evaluate the association between 25-
hydroxyvitamin D (250HD) and volumetric bone mineral density (vBMD) and the TBS at the
lumbar spine (LS) in PHPT.

Methods—This is a cross-sectional analysis of PHPT patients with and without low 250HD. We
measured vBMD with quantitative computed tomography (cQCT) and TBS by dual-energy X-ray
absorptiometry (DXA) at the LS in 52 and 88 participants, respectively.

Results—In the cQCT cohort, those with lower vitamin D (<20 vs. 20-29 vs. =30 ng/ml) tended
to be younger (p = 0.05), were less likely to use vitamin D supplementation (p < 0.01), and had
better renal function (p = 0.03). Those with 250HD <20 ng/ml had 80 and 126 % higher serum
PTH levels respectively vs. those with 250HD 20-29 ng/ml (p = 0.002) and 250HD =30 ng/ml (p
< 0.0001). Covariate-adjusted integral and trabecular vBMD were higher in those with 250HD
20-29 vs. those with 250HD =30 ng/ml, but those with 250HD <20 did not differ. Because there
were few participants with 250HD deficiency, we also compared those with vitamin D <30 vs.
>30 ng/ml. Covariate-adjusted integral and trabecular vBMD were 23 and 30 % higher
respectively (both p < 0.05) in those with vitamin D <30 vs. =30 ng/ml. TBS was in the partially
degraded range but did not differ by vitamin D status.
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Conclusion—In mild PHPT, lower 250HD is associated with higher PTH, but vitamin D
deficiency and insufficiency using current clinical thresholds did not adversely affect lumbar spine
skeletal health in PHPT. Further work is needed to determine if higher vBMD in those with lower
vitamin D is due to an anabolic effect of PTH.

Keywords

Central quantitative computed tomography; Primary hyperparathyroidism; Trabecular bone score;
Vitamin D deficiency; Volumetric bone density

Introduction

The skeleton remains an important target organ in primary hyperparathyroidism (PHPT).
While osteitis fibrosa cysticais rarely seen in the USA today, subclinical skeletal disease in
asymptomatic PHPT is common. Dual-energy X-ray absorptiometry (DXA) demonstrates
preferential loss of bone mineral density (BMD) at cortical sites such as the distal third of
the forearm in PHPT while cancellous sites such as the lumbar spine are relatively spared
[1]. This pattern is thought to reflect the catabolic vs. anabolic effects of parathyroid
hormone (PTH) upon different skeletal compartments [2].

While data are limited, some studies suggest that coexisting vitamin D deficiency
exacerbates skeletal disease in PHPT [3-10]. We recently reported that concomitant vitamin
D deficiency (25-hydroxyvitamin D (250HD) <20 ng/ml) in PHPT is associated with higher
serum PTH levels [11]. The higher PTH, however, had nominal effects on skeletal health. By
DXA, we found only modestly lower areal BMD at the predominantly cortical one-third
radius site in women with PHPT and vitamin D insufficiency (25—-hydroxyvitamin D 20-29
ng/ml) [11]. In contrast, we found no differences in areal BMD by vitamin D status at the
more cancellous lumbar spine or hip sites using DXA.

Data regarding the effects of vitamin D deficiency in PHPT upon different skeletal
compartments (cancellous vs. cortical) are limited and somewhat conflicting.
Histomorphometric data from percutaneous iliac crest bone biopsies in our prior natural
history study of PHPT demonstrated reduced cortical width in PHPT patients with vitamin D
deficiency (<20 ng/ml) compared to those with higher levels (=20 ng/ml) [12]. In contrast,
trabecular indices including BV/TV, trabecular number, and separation were more favorable
in those with vitamin D <20 vs. those with vitamin D =20 ng/ml. While this finding is
consistent with an “anabolic” effect of the higher PTH levels in those with simultaneous
vitamin D deficiency, it contrasts with our more recent data using high-resolution peripheral
quantitative computed tomography (HRpQCT) [13]. In our HRpQCT study (in which mean
serum 250HD levels were higher and PTH levels were lower compared with those in the
histomorphometric study by Stein et al.[12]), neither vitamin D deficiency nor insufficiency
had a significant effect on either cortical or trabecular volumetric bone mineral density
(vBMD) and microarchitecture or bone strength at the radius or tibia [13].

While our HRpQCT study provides insight regarding how vitamin D deficiency and
insufficiency affect peripheral skeletal sites, data on trabecular vBMD and on
microarchitecture at the clinically important cancellous lumbar spine are lacking. We
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hypothesized that vitamin D deficiency and subsequent heightened PTH levels in PHPT
might be associated with more favorable vBMD and trabecular bone score (TBS) values at
the lumbar spine using cQCT and DXA, respectively. For purposes of this analysis we
assessed the relevance of commonly employed clinical vitamin D thresholds which are
recognized by the Endocrine Society Clinical Practice guidelines and other bone and mineral
organizations (insufficiency: defined as 250HD 20-29 ng/ml and deficiency: <20 ng/ml)
[14] to skeletal health in PHPT.

This is a cross-sectional study assessing vBMD by quantitative computed tomography
(cQCT) and TBS by DXA. All patients gave written, informed consent. This study was
approved by the Institutional Review Board of Columbia University Medical Center
(CUMC).

Participants were recruited from the Metabolic Bone Diseases Unit as well as the Endocrine
Surgery and General Endocrinology Clinics at CUMC. Participants represent a subset of
participants in our previous reports on the effects of vitamin D deficiency and insufficiency
in PHPT [11, 13]. DXA images and thus TBS data were available for 88 participants while
52 participants agreed to undergo cQCT. Forty-five participants had both cQCT and TBS
values available. Participants with TBS did not differ from those without TBS in age (p=
0.51), sex (p = 0.69), race/ethnicity (p = 0.69), mean serum calcium (p=0.75), PTH (p=
0.30), or vitamin D levels (p=0.17). Likewise, participants who underwent cQCT did not
differ from those who refused. Recruitment methods and enrollment criteria have been
described [11, 13]. Briefly, participants had PHPT, diagnosed by both hypercalcemia
(calcium >10.2 mg/dl) and an elevated or inappropriately normal PTH level on more than
one occasion prior to enrollment. None had thiazide-induced hyperparathyroidism or
familial hypocalciuric hypercalcemia (FHH; excluded on the basis of family history and 24-
h urine calcium). Exclusion criteria included bisphosphonate use within 2 years; current use
of cinacalcet or denosumab; current or previous use of prednisone 7.5 mg >6 months;
current or past use of carbamazepine, phenytoin, or phenobarbital >3 months; malignancy
within 5 years other than non-melanomatous skin cancer; granulomatous diseases, HIV, and
serum creatinine level =1.5 mg/dl; liver disease; gastrointestinal diseases known to affect
calcium metabolism such as Crohn’s disease, celiac disease, or gastric bypass; and
pregnancy.

Clinical and biochemical evaluation

Demographic data, medical history, and medication use were obtained from participants.
Calcium and vitamin D intake and sun exposure were assessed by validated questionnaire
[15, 16]. Fasting samples for serum calcium, phosphate, albumin, and creatinine were
measured by an automated chemistry analyzer. PTH was measured by radioimmunoassay
(RIA) for intact PTH, which detects PTH (1-84) and PTH (7-84) (Scantibodies, Laboratory,
Santee, CA, USA). Serum 250HD and 1,25-dihydroxyvitamin D were measured by liquid
chromatography/tandem mass spectrometry (Quest Diagnostics, Teterboro, NJ, USA, and
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Chantilly, VA, USA, respectively). Estimated glomerular filtration rate (eGFR) was
calculated using the Modification of Diet in Renal Disease (MDRD) equation [17].

Dual-energy X-ray absorptiometry

Areal bone density was measured at the lumbar spine, L1-L4 (LS) (Hologic Inc., Waltham,
MA, USA). In vivo precision, determined according to the standard method at this facility, is
1.28 % at the lumbar spine [18].

Quantitative computed tomography

Helical CT images (GE LightSpeed 64 VCT Scanner; GE Medical Systems, Milwaukee,
WI, USA) were acquired at the L1 and L2 vertebrae as previously described [19-21] at
CUMC. De-identified images were processed to extract measures of integral and trabecular
volumetric BMD and bone size using analysis techniques described previously at UCSF
[19-21]. Cortical density cannot be measured with this methodology and software. The
processing task included calibration of the CT images from the native scanner Hounsfield
Units to equivalent concentration (in g/cm?3) of calcium hydroxyapatite. The following BMD
and geometric measures were determined according to previously published methods by a
blinded reader [19-21]: L1-L2 vertebral cross-sectional area (CSA) as well as L1-L.2
average mid-vertebra integral and trabecular volumetric BMD. Vertebral strength was
estimated as [(cross-sectional area) x (mid-centrum integral vBMD)?]. Precision values for
QCT measures are 1.76-2.93 % for lumbar spine density measures and 1.4-2.4 % for cross-
sectional area.

Trabecular bone score

Site-matched spine TBS parameters were extracted from the DXA images using TBS
iNsight software (v1.9, Medimaps Group, Geneva, Switzerland). TBS measurements were
performed by an investigator blinded to vitamin D status in the Bone Disease Unit at the
University of Lausanne, Lausanne, Switzerland, using de-identified spine DXA files from
scans obtained at CUMC. TBS was evaluated by determining the variogram of the trabecular
bone projected image, calculated as the sum of the squared gray-level differences between
pixels at a specific distance and angle. As previously described, TBS was then calculated as
the slope of the log-log transform of this variogram [22]. The mean value of the individual
measurements for L1 to L4 represents the lumbar spine TBS (unitless). The precision of
TBS ranges from 1.12 to 1.9 %, as previously reported [23, 24]. The following
postmenopausal female norms were utilized for TBS: TBS =1.31, normal; TBS 1.23-1.31,
partially degraded; and TBS < 1.23, degraded [25]. In addition to the standard region of
interest, we also assessed TBS limiting the region of interest (ROI) to L1-L2 to match that
of cQCT. The TBS has been shown to be significantly associated with direct measurements
of bone microarchitecture and mechanical behavior [22, 26, 27] and predictive of fragility
fractures in postmenopausal women with primary and secondary [25, 28, 29] osteoporosis.

Statistical analysis

Between-group differences in demographic and skeletal indices were evaluated with analysis
of variance (ANOVA), Student’s ftest, chi-square, or Fisher’s exact test as appropriate.

Osteoporos Int. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

Results

Page 5

Values are expressed as least squares means + SD or percentages. Relationships between
250HD, PTH, calcium, and skeletal indices were assessed with Spearman correlation.
Analysis of covariance (ANCOVA) models were used to assess between-group differences
adjusting for covariates and to assess for the interaction between vitamin D and PTH upon
vBMD and vertebral strength (VSTR). Analyses were adjusted for age and weight regardless
of between-group differences due to their known effects on BMD and microarchitecture and
tendency to correlate with TBS (age = —-0.38, p< 0.001; weight r=-0.31, p< 0.01) as well
as trabecular (weight r=-0.26, p=0.06) and integral (r=-0.24, p=0.09) vBMD.
Statistical analysis was performed using SAS, Version 9.4 (Cary, NC, USA). A two-tailed p
value <0.05 was considered significant.

cQCT cohort

Among the 52 participants with cQCT data, 86.5 % were female and mean age was 62.1

+ 10.1 years. Participants had mild PHPT (mean calcium 10.6 + 0.6 mg/dl, PTH 75 + 32
pg/dl, 250HD 30.9 £ 11.4 ng/ml). Vitamin D ranged from 9 to 54 ng/ml. In this group,

19.2 % had vitamin D deficiency (mean 250HD 14.1 + 2.3 ng/ml) while 28.8 % had levels
in the insufficient range (250HD 26.0 + 2.0 ng/ml) and 51.9 % were vitamin D replete
(250HD 39.8 £ 6.9 ng/ml). Only one participant had 250HD <10 ng/ml. None of the linear
correlations between cQCT parameters and PTH, 250HD, calcium, or TBS were significant.

In addition to the linear associations between vitamin D and cQCT, we were also interested
in cQCT differences by vitamin D status, using common clinical cut points (<20 vs. 20-29
vs. =230 ng/ml). Between-group differences in demographic factors are shown in Table 1.
Those with lower vitamin D tended to be younger (o = 0.05). They were also less likely to
be using vitamin D supplementation (p < 0.01). There were no significant between-group
differences in sex, race/ethnicity, height, weight, BMI, meeting surgical guidelines, or
tobacco use. Lumber spine T-score by DXA was normal (-1.0 + 1.7) and did not differ by
vitamin D status (Table 2).

Those with vitamin D deficiency had a mean PTH value above the reference range that was
80 and 126 % higher compared to those with vitamin D insufficiency (o = 0.002) and those
who were replete respectively (p < 0.0001; Table 2). Mean PTH level was also above the
reference range in those with vitamin D levels 20-29 ng/ml, but did not differ from those
with 250HD =30 ng/ml (p = 0.48). Mean PTH was normal in those who were vitamin D
replete. There was a non-significant trend toward higher calcium levels in those with lower
vitamin D. Phosphate was lower in those with lower vitamin D (p= 0.003), but 1,25-
dihydroxyvitamin D levels did not differ between groups. Estimated GFR tended to be
higher in those with vitamin D deficiency and insufficiency vs. those who were vitamin D
replete (Table 2).

As shown in Table 3, neither vertebral size, nor trabecular or integral vBMD, nor bone
strength differed by vitamin D status before adjusting for covariates. After adjusting for age,
weight, and eGFR, mid-vertebral (LI-L2) trabecular (p=0.03) and integral vVBMD (p =
0.03) as well as vertebral strength (p = 0.04) were higher in those with 250HD 20-29 vs.
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those with 250HD =30 ng/ml (Fig. 1a). There were no differences between those with
250HD <20 ng/ml vs. the other groups or differences in vertebral size (p= 0.92) after
adjusting for age, weight, and eGFR. Additionally adjusting for sex did not alter results. In
order to assess the possibility that mild elevations in PTH (<100 pg/ml) above the normal
range (as in the 250HD 20-29 ng/ml) might be anabolic while higher levels (=100 pg/ml)
could be catabolic (as in the <20 ng/ml group), we assessed the interaction between 250HD
and PTH category upon vBMD and VSTR. None of the interaction terms were significant in
adjusted or unadjusted models.

In the subset of women only (7= 45), there were no significant differences in age, height,
weight, BMI, race/ethnicity, smoking, or meeting criteria for parathyroidectomy by vitamin
D status. Those with higher vitamin D had higher rates of vitamin D supplementation (12.5
vs. 75 vs. 84 %, p=0.001). Between-group differences in biochemistries were similar to the
overall cQCT cohort. Before adjustment for covariates, there were no differences in
trabecular or integral vBMD, vertebral size, or strength (Table 3). As shown in Fig. 1b, after
adjusting for age, weight, and eGFR, trabecular (p= 0.04) and integral vBMD (p = 0.04) and
bone strength (p= 0.04) were 26-63 % higher in those with 250HD 20-29 vs. =30 ng/ml
but those with 250HD <20 did not differ from either group in any parameter. Likewise,
vertebral size did not differ (o=0.91).

Because there were few participants with vitamin D deficiency, we also compared those with
vitamin D <30 vs. 230 ng/ml (including men and women). Between-group differences in
demographic factors and laboratories were similar to the overall cQCT cohort. Mean PTH
level (103 £ 60 vs. 62 £ 27 pg/ml, p=0.003) was higher in those with 250HD <30 vs. =30
ng/ml, while calcium levels did not differ (10.8+0.7 vs. 10.5+0.5 mg/dl, p= 0.07). There
were no differences in cQCT parameters before adjustment for covariates (data not shown).
As shown in Fig. 2, after adjusting for age, weight, and renal function, trabecular (p=0.02)
and integral (p=0.01) vBMD as well as bone strength (p= 0.03) were 23-45 % higher in
those with vitamin D <30 vs. 230 ng/ml. There were no differences in vertebral size (9.14
+11.7 vs. 9.13 + 1.68 cm?, p= 0.98). Additionally adjusting for sex did not change results.

The characteristics of the 88 participants with TBS were similar to that of the cQCT cohort:
predominantly female (81 %; mean age 62 + 13 years) and with mild PHPT (mean calcium
10.7+ 0.6 mg/dl, PTH 86 + 51 pg/dl, 250HD 29 + 10 ng/ml). Vitamin D levels ranged from
6 to 54 ng/ml. Vitamin D deficiency was present in 19.3 % (mean 250HD 14+ 3 ng/ml),
while 37.5 % had levels in the insufficient range (250HD 25 + 3 ng/ml) and 43.2 % were
vitamin D replete (250HD 38 £ 7 ng/ml). Seven participants had 250HD <10 ng/ml. As
shown in Table 4, between-group differences in demographics and biochemistries were
similar to the cQCT cohort (Table 4).

Mean lumbar spine DXA T-score was normal (-1.0 £ 1.7 SD), while mean TBS was in the
partially degraded range (1.302 £ 0.124). Neither PTH (r=-0.14, p=0.21), nor 250HD (r
=-0.12, p=0.27), nor serum calcium (r=-0.08, p= 0.46) levels correlated with TBS. TBS
did not differ by vitamin D status (<20 vs. 20-29 vs. 230 ng/ml) before (1.306 £ 0.134 vs.
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1.331 £ 0.105 vs. 1.274 £ 0.132, p= 0.15) or after adjusting for age, weight, and GFR (p=
0.24). There were no differences additionally adjusting for sex (p= 0.40).

Subgroup analyses of TBS data were not revealing. In the subset of women only (7=71),
TBS results were similar to the larger cohort: TBS was in the partially degraded range (mean
1.293+0.121) and did not correlate with vitamin D (/=—0.04, p=0.73). TBS did not differ by
vitamin D status (<20 vs. 20-29 vs. =30) before (1.300 + 0.129 vs. 1.303 £ 0.105 vs. 1.283
+0.132, p=0.81) or after adjusting for age and weight (p=0.63). Similarly, comparing those
with vitamin D <30 vs. 230 ng/ml (including men and women), between-group differences
in demographic factors and laboratories were similar to the analysis comparing those <20 vs.
20-29 vs. 230. A trend toward higher TBS in those with 250HD <30 vs. =30 ng/ml (1.323
+0.115 vs. 1.274+0.132, p=0.07) was attenuated after adjusting for age, weight, and eGFR
or additionally sex (p=0.10 for both). Limiting the ROI of TBS to L1-L2, there were no
significant differences in TBS by vitamin D status in the whole group or any subgroup using
either threshold (data not shown).

Discussion

In this study, we assessed the association between low serum 250HD levels, vBMD, bone
strength, and TBS at the lumbar spine in patients with PHPT. To our knowledge, this is the
first study to utilize cQCT to assess the effects of vitamin D status upon the skeleton in
PHPT. We hypothesized that those with lower vitamin D levels and heightened PTH
elevations might have more favorable trabecular vBMD and TBS due to an anabolic effect of
PTH. These hypotheses were not uniformly confirmed. After adjusting for between-group
differences in demographic factors, we found that those with 250HD levels in the
insufficient range (20-29 or <30 ng/ml) had higher integral and trabecular vBMD as well as
higher vertebral strength compared to those with vitamin D =30 ng/ml; however, we found
no statistical differences between those with the lowest vitamin D (<20 ng/ml) compared to
those with vitamin D insufficiency and sufficiency and no between-group statistical
differences in TBS.

Our cQCT findings could point to a potential anabolic effect of higher PTH in those with
lower vitamin D at the spine, though not all our findings are consistent with this possibility;
first, we would have anticipated a “dose response” relationship with the highest trabecular
vBMD in those with the lowest vitamin D and highest PTH (i.e., those with 250HD
deficiency), which was not the case. However, we cannot completely rule out this possibility
with the current study. Absolute adjusted vBMD and VSTR values in the <20 ng/ml group
were higher than those with 250HD =30 ng/ml, but with the small number of participants
with 250HD <20 ng/ml, we had limited power to detect an effect in this group. For this
reason, we conducted continuous analyses and also grouped patients using a 250HD
threshold of 30 ng/ml. We also assessed an alternative possibility—that mildly elevated PTH
levels in the 250HD 20-29 group might be anabolic but higher levels in the <20 ng/ml
group could be catabolic. However, we did not find evidence for this effect.

Secondly, PTH was significantly higher in those with deficiency vs. insufficiency and higher
in those with deficiency vs. sufficiency, but not significantly different in those with
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insufficiency vs. sufficiency, where we observed differences in vBMD. It is possible,
however, that there is a threshold effect of PTH to induce vBMD changes, and it is notable
that PTH levels were frankly elevated compared to the reference range in those with vitamin
D deficiency and insufficiency but normal in those who were sufficient.

In our prior work on the effect of vitamin D deficiency in PHPT, higher-order imaging was
used at peripheral sites only. There is reason to pursue site-specific data in PHPT, where
fracture rates are increased at some (wrist) but not all (hip) sites. Although the data are not
uniform, most studies suggest an increased risk of vertebral fractures in PHPT [30-33].
Using vertebral fracture assessment by DXA, Vignali et al. found a marked increase in
morphometric vertebral fractures in the 150 PHPT women than in 300 matched healthy
controls (25 vs. 4.0 %) [33]. More recently, Lundstam et al. reported that incident vertebral
fracture rates tended to be higher in PHPT patients randomized to observation vs. PTX [34].
Both studies point to the value of obtaining higher-order imaging data specifically at the
spine in PHPT, where aBMD by DXA often tends to be preserved.

The higher trabecular vBMD at the lumbar spine in the current study in those with 250HD
<30 ng/ml is generally consistent with prior histomorphometric data in PHPT indicating
more favorable trabecular indices (BV/TV, trabecular number and separation) at the iliac
crest in those with 250HD <20 vs. =20 ng/ml [12]. In contrast, we did not find higher
trabecular vBMD or microarchitecture at the radius or tibia by HRpQCT in a cohort which
included the subset of patients described in this study. The disparate results could be due to
differences in technology and their sensitivities. Alternatively, taken together, these data
could support differences in the site-specific effects of PTH (radius and tibia vs. lumbar
spine and iliac crest).

Similar to prior studies, we found TBS to be in the partially degraded range in these patients
with mild PHPT [35]. The absence of between-group differences in TBS (a surrogate for
trabecular microarchitecture) according to vitamin D status is somewhat unexpected in light
of higher trabecular vBMD in those with 250HD <30 ng/ml. Potential explanations for this
include an effect of vitamin D upon mineralization but not microarchitecture or lower
sensitivity of TBS. While our study does not enable us to distinguish between these
possibilities, the data are consistent with a prior study that demonstrated no change in TBS
with vitamin D treatment in PHPT [36].

The data from this study and our recent work using DXA and HRpQCT suggest that neither
vitamin D deficiency nor insufficiency using the currently utilized thresholds (<20 and 20—
29 ng/ml) has detrimental effects on trabecular bone at the LS, radius, or tibia in PHPT [11,
13]. Even in the general population without PHPT, there are limited data using newer
imaging modalities (such as cQCT and TBS) on the effect of vitamin D deficiency and
insufficiency on skeletal health. In a subset of the MrOS study, 250HD level was positively
associated with integral vBMD and cortical volume at the hip as measured with cQCT in
elderly men [37]. Standard clinical thresholds for vitamin D deficiency and insufficiency,
however, were not utilized in this study and the effect of 250HD level was small. The spine
was not assessed. The limited available data suggest no association between vitamin D level
and TBS in the general population [38, 39].
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Our study has several limitations. Most notably, few participants had very low 250HD levels
(<10 ng/ml), which may have impaired our ability to detect between-group differences. Our
recent work suggests that vitamin D deficiency is now less common in PHPT than in the
past, likely related to increasing use of vitamin D supplementation [40]. The findings of this
study therefore cannot be generalized to populations with more widespread, severe, or
prolonged vitamin D deficiency and may not be applicable to PHPT patients in other
countries where vitamin D supplementation is uncommon. It is also possible that a single
250HD level may not be reflective of chronic exposure, particularly when many participants
were taking vitamin D supplements. Additionally, duration of vitamin D deficiency was
unknown. Further, the 250HD =30 ng/ml group was older than the other groups. However,
given that BMD was lower in this group only after adjusting for this difference, age is
unlikely to account for this finding. It is unfortunate that the limitations of cQCT did not
allow us to measure cortical parameters at the spine.

Despite these limitations, the study has important strengths, including the comprehensive
assessment of skeletal health in this cohort using newer techniques, such as cQCT and TBS
as well as more traditional methods, and the use of liquid chromatography/tandem mass
spectroscopy to measure vitamin D [11]. In addition, we assessed the utility of commonly
employed clinical vitamin D thresholds to assess the effects of vitamin D upon the skeleton.

Taken together with our prior work in this area, these data on the lumbar spine highlight the
importance of examining the influence of vitamin D broadly across the skeleton, as the
effect of vitamin D may be site-specific. Inconsistencies in vBMD and PTH data across
vitamin D levels do not permit us to make definitive conclusions regarding a potential
anabolic effect of higher PTH in those with lower vitamin D. Though some results are
suggestive in this regard, further work is needed. We conclude that despite the increased risk
of vertebral fractures in PHPT, advanced imaging techniques do not suggest that vitamin D
insufficiency or deficiency, using current clinical thresholds, has a further negative effect on
skeletal health at the lumbar spine.

Acknowledgments

Marcella D. Walker—acquisition of data, data analysis and interpretation, drafting of manuscript
Isra Saeed—acquisition of data, manuscript revision

James Lee—acquisition of data, manuscript revision

Chengchen Zhang—analysis of data, manuscript revision

Didier Hans—acquisition of data, manuscript revision

Thomas Lang—acquisition of data, manuscript revision

Shonni J. Silverberg—design, acquisition of data, interpretation of data, manuscript drafting

Funding sources This work was supported by NIH grants RO1 DK084986 and K24 DK074457 as well as the
Joseph Weintraub Family Foundation.

Osteoporos Int. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

References

1.

Page 10

Silverberg SJ, Shane E, de la Cruz L, Dempster DW, Feldman F, Seldin D, Jacobs TP, Siris ES,
Cafferty M, Parisien MV, et al. Skeletal disease in primary hyperparathyroidism. J Bone Miner Res.
1989; 4:283-291. [PubMed: 2763869]

. Parisien M, Silverberg SJ, Shane E, Dempster DW, Bilezikian JP. Bone disease in primary

hyperparathyroidism. Endocrinol Metab Clin N Am. 1990; 19:19-34.

. Rao DS, Honasoge M, Divine GW, Phillips ER, Lee MW, Ansari MR, Talpos GB, Parfitt AM.

Effect of vitamin D nutrition on parathyroid adenoma weight: pathogenetic and clinical
implications. J Clin Endocrinol Metab. 2000; 85:1054-1058. [PubMed: 10720039]

. Rao DS, Agarwal G, Talpos GB, Phillips ER, Bandeira F, Mishra SK, Mithal A. Role of vitamin D

and calcium nutrition in disease expression and parathyroid tumor growth in primary
hyperparathyroidism: a global perspective. J Bone Miner Res. 2002; 17(Suppl 2):N75-N80.
[PubMed: 12412781]

. Moosgaard B, Vestergaard P, Heickendorff L, Melsen F, Christiansen P, Mosekilde L. Vitamin D

status, seasonal variations, parathyroid adenoma weight and bone mineral density in primary
hyperparathyroidism. Clin Endocrinol (Oxf). 2005; 63:506-513. [PubMed: 16268801]

. Silverberg SJ, Shane E, Dempster DW, Bilezikian JP. The effects of vitamin D insufficiency in

patients with primary hyperparathyroidism. Am J Med. 1999; 107:561-567. [PubMed: 10625024]

. Ozbey N, Erbil Y, Ademoglu E, Ozarmagan S, Barbaros U, Bozbora A. Correlations between

vitamin D status and biochemical/clinical and pathological parameters in primary
hyperparathyroidism. World J Surg. 2006; 30:321-326. [PubMed: 16467981]

. Beyer TD, Chen EL, Nilubol N, Prinz RA, Solorzano CC. Short-term outcomes of

parathyroidectomy in patients with or without 25-hydroxy vitamin D insufficiency. J Surg Res.
2007; 143:145-150. [PubMed: 17950085]

. Moosgaard B, Christensen SE, Vestergaard P, Heickendorff L, Christiansen P, Mosekilde L. Vitamin

D metabolites and skeletal consequences in primary hyperparathyroidism. Clin Endocrinol (Oxf).
2008; 68:707-715. [PubMed: 17980013]

10. Yamashita H, Noguchi S, Uchino S, Watanabe S, Koike E, Murakami T, Fujihira T, Koga Y,

Masatsugu T, Yamashita H. Vitamin D status in Japanese patients with hyperparathyroidism:
seasonal changes and effect on clinical presentation. World J Surg. 2002; 26:937-941. [PubMed:
12016478]

11. Walker MD, Cong E, Lee JA, Kepley A, Zhang C, McMahon DJ, Silverberg SJ. Vitamin D in

primary hyperparathyroidism: effects on clinical, biochemical, and densitometric presentation. J
Clin Endocrinol Metab. 2015; 100:3443-3451. [PubMed: 26079779]

12. Stein EM, Dempster DW, Udesky J, Zhou H, Bilezikian JP, Shane E, Silverberg SJ. Vitamin D

deficiency influences histomorphometric features of bone in primary hyperparathyroidism. Bone.
2011; 48:557-561. [PubMed: 20950725]

13. Walker MD, Nishiyama KK, Zhou B, Cong E, Wang J, Lee JA, Kepley A, Zhang C, Guo XE,

Silverberg SJ. Effect of low vitamin D on volumetric bone mineral density, bone
microarchitecture, and stiffness in primary hyperparathyroidism. J Clin Endocrinol Metab. 2016;
101:905-913. [PubMed: 26745256]

14. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, Murad MH,

Weaver CM. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2011; 96:1911-1930. [PubMed: 21646368]

15. Hertzler A, Frary R. A dietary rapid assessment method (RAM). Top Clin Nutr. 1994; 9:76-85.
16. Stein EM, Strain G, Sinha N, Ortiz D, Pomp A, Dakin G, McMahon DJ, Bockman R, Silverberg

SJ. Vitamin D insufficiency prior to bariatric surgery: risk factors and a pilot treatment study. Clin
Endocrinol (Oxf). 2009; 71:176-183. [PubMed: 19018785]

17. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate

glomerular filtration rate from serum creatinine: a new prediction equation. Modification of Diet in
Renal Disease Study Group. Ann Intern Med. 1999; 130:461-470. [PubMed: 10075613]

Osteoporos Int. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 11

Bonnick SL, Johnston CC Jr, Kleerekoper M, Lindsay R, Miller P, Sherwood L, Siris E.
Importance of precision in bone density measurements. J Clin Densitom. 2001; 4:105-110.
[PubMed: 11477303]

Cheng X, LiJ, Lu Y, Keyak J, Lang T. Proximal femoral density and geometry measurements by
quantitative computed tomography: association with hip fracture. Bone. 2007; 40:169-174.
[PubMed: 16876496]

Lang T, LeBlanc A, Evans H, Lu Y, Genant H, Yu A. Cortical and trabecular bone mineral loss
from the spine and hip in long-duration spaceflight. J Bone Miner Res. 2004; 19:1006-1012.
[PubMed: 15125798]

Lang TF, Leblanc AD, Evans HJ, Lu Y. Adaptation of the proximal femur to skeletal reloading
after long-duration spaceflight. J Bone Miner Res. 2006; 21:1224-1230. [PubMed: 16869720]

Hans D, Barthe N, Boutroy S, Pothuaud L, Winzenrieth R, Krieg MA. Correlations between
trabecular bone score, measured using anteroposterior dual-energy X-ray absorptiometry
acquisition, and 3-dimensional parameters of bone microarchitecture: an experimental study on
human cadaver vertebrae. J Clin Densitom. 2011; 14:302-312. [PubMed: 21724435]

Dufour R, Winzenrieth R, Heraud A, Hans D, Mehsen N. Generation and validation of a
normative, age-specific reference curve for lumbar spine trabecular bone score (TBS) in French
women. Osteoporos Int. 2013; 24:2837-2846. [PubMed: 23681084]

Popp AW, Guler S, Lamy O, Senn C, Buffat H, Perrelet R, Hans D, Lippuner K. Effects of
zoledronate versus placebo on spine bone mineral density and microarchitecture assessed by the
trabecular bone score in postmenopausal women with osteoporosis: a three-year study. J Bone
Miner Res. 2013; 28:449-454. [PubMed: 23018784]

McCloskey EV, Oden A, Harvey NC, Leslie WD, Hans D, Johansson H, Barkmann R, Boutroy S,
Brown J, Chapurlat R, Elders PJ, Fujita Y, Gluer CC, Goltzman D, Iki M, Karlsson M, Kindmark
A, Kotowicz M, Kurumatani N, Kwok T, Lamy O, Leung J, Lippuner K, Ljunggren O, Lorentzon
M, Mellstrom D, Merlijn T, Oei L, Ohlsson C, Pasco JA, Rivadeneira F, Rosengren B, Sornay-
Rendu E, Szulc P, Tamaki J, Kanis JA. A meta-analysis of trabecular bone score in fracture risk
prediction and its relationship to FRAX. J Bone Miner Res 2015. 2015

Roux JP, Wegrzyn J, Boutroy S, Bouxsein ML, Hans D, Chapurlat R. The predictive value of
trabecular bone score (TBS) on whole lumbar vertebrae mechanics: an ex vivo study. Osteoporos
Int. 2013; 24:2455-2460. [PubMed: 23468074]

Muschitz C, Kocijan R, Haschka J, Pahr D, Kaider A, Pietschmann P, Hans D, Muschitz GK,
Fahrleitner-Pammer A, Resch H. TBS reflects trabecular microarchitecture in premenopausal
women and men with idiopathic osteoporosis and low-traumatic fractures. Bone. 2015; 79:259-
266. [PubMed: 26092650]

Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley N, McCloskey EV, Kanis JA,
Bilezikian JP. Trabecular bone score: a noninvasive analytical method based upon the DXA image.
J Bone Miner Res. 2014; 29:518-530. [PubMed: 24443324]

Ulivieri FM, Silva BC, Sardanelli F, Hans D, Bilezikian JP, Caudarella R. Utility of the trabecular
bone score (TBS) in secondary osteoporosis. Endocrine. 2014; 47:435-448. [PubMed: 24853880]
Khosla S, Melton LJ 3rd, Wermers RA, Crowson CS, O’Fallon W, Riggs B. Primary
hyperparathyroidism and the risk of fracture: a population-based study. J Bone Miner Res. 1999;
14:1700-1707. [PubMed: 10491217]

Vestergaard P, Mollerup CL, Frokjaer VG, Christiansen P, Blichert-Toft M, Mosekilde L. Cohort
study of risk of fracture before and after surgery for primary hyperparathyroidism. BMJ. 2000;
321:598-602. [PubMed: 10977834]

De Geronimo S, Romagnoli E, Diacinti D, D’Erasmo E, Minisola S. The risk of fractures in
postmenopausal women with primary hyperparathyroidism. Eur J Endocrinol. 2006; 155:415-420.
[PubMed: 16914595]

Vignali E, Viccica G, Diacinti D, Cetani F, Cianferotti L, Ambrogini E, Banti C, Del Fiacco R,
Bilezikian JP, Pinchera A, Marcocci C. Morphometric vertebral fractures in postmenopausal
women with primary hyperparathyroidism. J Clin Endocrinol Metab. 2009; 94:2306-2312.
[PubMed: 19401378]

Osteoporos Int. Author manuscript; available in PMC 2017 October 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

34.

35.

36.

37.

38.

39.

40.

Page 12

Lundstam K, Heck A, Mollerup C, Godang K, Baranowski M, Pernow Y, Varhaug JE, Hessman O,
Rosen T, Nordenstrom J, Jansson S, Hellstrom M, Bollerslev J, Group SS. Effects of
parathyroidectomy versus observation on the development of vertebral fractures in mild primary
hyperparathyroidism. J Clin Endocrinol Metah. 2015; 100:1359-1367. [PubMed: 25636048]

Silva BC, Boutroy S, Zhang C, McMahon DJ, Zhou B, Wang J, Udesky J, Cremers S, Sarquis M,
Guo XD, Hans D, Bilezikian JP. Trabecular bone score (TBS)—a novel method to evaluate bone
microarchitectural texture in patients with primary hyperparathyroidism. J Clin Endocrinol Metab.
2013; 98:1963-1970. [PubMed: 23526463]

Rolighed L, Rejnmark L, Sikjaer T, Heickendorff L, Vestergaard P, Mosekilde L, Christiansen P.
Vitamin D treatment in primary hyperparathyroidism: a randomized placebo controlled trial. J Clin
Endocrinol Metab. 2014; 99:1072-1080. [PubMed: 24423366]

Martin EN, Haney EM, Shannon J, Cauley JA, Ensrud KE, Keaveny TM, Zmuda JM, Orwoll ES,
Harrison SL, Marshall LM. Femoral volumetric bone density, geometry, and strength in relation to
25-hydroxy vitamin D in older men. J Bone Miner Res. 2015; 30:562-569. [PubMed: 25418140]
Shawwa K, Arabi A, Nabulsi M, Maalouf J, Salamoun M, Choucair M, Hans D, El-Hajj FG.
Predictors of trabecular bone score in school children. Osteoporos Int. 2016; 27:703-710.
[PubMed: 26323328]

Aloia JF, Mikhail M, Usera G, Dhaliwal R, Islam S. Trabecular bone score (TBS) in
postmenopausal African American women. Osteoporos Int. 2015; 26:1155-1161. [PubMed:
25304457]

Walker MD, Cong E, Lee JA, Kepley A, Zhang C, McMahon DJ, Bilezikian JP, Silverberg SJ. Low
vitamin D levels have become less common in primary hyperparathyroidism. Osteoporos Int.
2015; 26:2837-2843. [PubMed: 26084258]

Osteoporos Int. Author manuscript; available in PMC 2017 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Walker et al.

Fig. 1.
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cQCT-measured volumetric vBMD and vertebral strength by vitamin D status in a the whole
cohort and b women only. 25-Hydroxyvitamin D <20, 20-29, and =30 ng/ml are denoted by
black, charcoal, and light gray, respectively (color figure online)
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cQCT-measured volumetric vBMD and vertebral strength by vitamin D status in the whole

cohort. 25-Hydroxyvitamin D <30 and =30 ng/ml are denoted by black and charcoal,
respectively (color figure online)
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cQCT cohort characteristics by vitamin D level

Table 1

Variable 250HD <20 ng/ml (n =10) 250HD 20-29 ng/ml (n =15) 250HD 230 ng/ml (n =27) pvalue
Age (years) 59.4+12.4 58.0+9.6 65.4 + 8.64 0.05
Female (%) 80.0 % 80.0 % 92.6 % 0.41
White race (%) 88.9 % 86.7 % 100 % 0.17
Hispanic ethnicity (%) 20.0 % 20.0 % 18.5% 0.99
Height (in.) 63.8+5.7 63.8+32 64.1+2.8 0.96
Weight (pounds) 167.3+53.7 162.7 + 256 158.5 + 38.2 0.82
BMI (kg/m?) 28.3+53 282+45 27.1+57 0.73
Vitamin D supplements (%) 20 % 73 % 86 % <0.01
Meet 2008 PTX criteria 90.0 % 60.0 % 74.1% 0.25
Current tobacco (%) 0% 0% 11.1% 0.54

Values represent mean + SD or percentages

A/s. 20-29, p=0.06
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Table 4

TBS cohort demographic and biochemical characteristics by vitamin D level

Page 18

Variable 250HD <20 ng/ml (n =17) 250HD 20-29 ng/ml (n =33) 250HD =30 ng/ml (n=38) pvalue
Age (years) 57+14 58+ 13 67 +94 0.001
Female (%) 82.4% 723 % 86.8 % 0.36
White race (%) 88.2 % 84.9 % 92.1% 0.68
Hispanic ethnicity (%) 29.4% 152 % 13.2% 0.37
Height (in.) 65.1+4.8 65.3 3.8 64.0 £2.8 0.23
Weight (pounds) 181.4 +56.9 1742 + 36.8 156.5 +38.5 0.053
BMI (kg/m?) 29.6+6.3 28.7+5.9 26.7 +6.0 0.16
Vitamin D supplements (%) 17.7% 60.6 % 84.2 % <0.0001
Meets surgical guidelines (%) 82.4 % 57.6 % 73.7% 0.18
Current tobacco use (%) 5.9 % 1.1% 4.6 % 0.63
250HD (ng/ml) 14+3 26+2 38+7 N/A
Calcium (mg/dl) 108+0.8 10.7+0.6 106 +0.6 0.45
PTH (pg/ml) 130+ 64 81+ 430 71+ 390 0.0001
1,25(0H),D (pg/ml) 79+ 29 7221 64 + 22 0.08
Phosphate (mg/dl) 28+04 3.0£04 3.0+040 0.003
GFR (ml/min/1.73 m?) 7T £17 86 +21 92 +18€ 0.02

Values represent mean + SD or percentages

ap< 0.05 vs. <20 ng/ml and 20-29 ng/ml

bp< 0.01 vs. <20 ng/ml group

€h< 0.05 vs. <20 ng/ml
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