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Abstract

Purpose Screening for vertebral fractures (VF) in primary hyperparathyroidism (PHPT) is recommended, but there are
limited data regarding which patients are at greatest risk for VF. We evaluated risk factors for VF in PHPT.

Methods This is a retrospective cross-sectional analysis of 117 participants with PHPT. We assessed Grades 2 and 3 VF by
vertebral fracture assessment (VFA) and the association of VF with the trabecular bone score (TBS), other skeletal parameters and
clinical risk factors. VFA was performed only in those who met National Osteoporosis Foundation criteria for VFA screening.
Results T-scores were in the osteopenic range and TBS was degraded. Overall VF rate based on VFA or other imaging was
12.8%. Serum PTH, calcium and TBS were not associated with VF. Those with VF were older (p = 0.04), had worse renal
function (p =0.04), were more likely to have received osteoporosis treatment (p = 0.03), and tended to have had a prior
fracture (p = 0.06). T-scores did not differ by fracture status at any skeletal site. Those with VF had nine times the odds of
osteoporosis at the hip (95% CI 2.4-34.5), but this risk factor had low sensitivity (46.7%) for VF. Hip T-score < —2.6, Age
>78.6 years, and GFR < 58.8 ml/min/1.73 m? (thresholds maximizing sensitivity and specificity) had areas under the curve
of 0.60-0.67 for VF (all p <0.05) and low sensitivity. Findings were similar when analyses were limited to women.
Conclusions In PHPT, VF risk factors included older age, prior fracture, worse renal function and osteoporosis at the hip, but
not osteoporosis at other sites, TBS or biochemical indices of PHPT. Since identified risk factors had low sensitivity and
were generally inaccurate for categorizing those with VF, the data do not support limiting screening to PHPT patients with
these specific VF risk factors.
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Introduction

Primary hyperparathyroidism (PHPT) is a common condi-
tion characterized by hypercalcemia and elevated or inap-
propriately normal parathyroid hormone (PTH). Today,
PHPT is usually asymptomatic and detected incidentally in
countries where calcium is routinely measured [1]. Despite
being asymptomatic, PHPT often causes bone loss that can
be detected by dual energy X-ray absorptiometry (DXA). In
PHPT, while mean T-scores as measured by DXA are
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typically in the osteopenic range, there is a preferential loss
of bone mineral density (BMD) at skeletal sites rich in
cortical bone such as the distal 1/3-radius. In contrast, DXA
indicates BMD at skeletal sites composed predominantly of
trabecular bone, such as the lumbar spine (LS), are rela-
tively spared [2, 3].

Despite this, most studies indicate increased risk of VF in
PHPT compared to age- and sex-matched controls, with
data suggesting a prevalence between 12.1% and 43.5% [4—
9]. Further, new data indicate that many PHPT patients have
silent VFs [10]. Visualization of bone microarchitecture
using high-resolution peripheral quantitative computed
tomography (HRpQCT) has elucidated the paradox of
increased VF risk in PHPT despite preserved spine BMD.
Studies indicate microstructural deficits in the trabecular
and the cortical skeletal compartments leading to reduced
whole bone and trabecular stiffness [11, 12].

Although HRpQCT is valuable, it is not widely avail-
able. TBS, an indirect index of trabecular microarchitecture,
can be obtained using DXA. TBS evaluates pixel gray-level
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variations in the 2-dimensional spine DXA image. Lower
TBS is associated with worse bone microarchitecture (fewer,
poorly-connected, and more widely spaced trabeculae) [13].
In prospective studies, TBS predicts VF and nonvertebral
fractures in non-PHPT patients, with some studies showing
it performs as well as BMD [14-16]. TBS added to the
predictive value of BMD for fracture in two studies [14, 16].
There are limited data regarding the utility of TBS for
identifying those with VFs in PHPT. While two studies
found that TBS is associated with prevalent VF in PHPT,
both were conducted in Europe. Given that the presentation
of PHPT varies geographically, with some regions of the
world having more severe, symptomatic PHPT than is
typically seen in the United States (US), it is not clear if
these results are applicable to US PHPT patients [8, 17].

The 2014 International Guidelines for the Management
of Asymptomatic PHPT recommend screening for VFs by
obtaining X-ray, computed tomography (CT), magnetic
resonance imaging (MRI), or vertebral fracture assessment
(VFA) [18]. Parathyroidectomy is recommended if a VF is
detected. The guidelines also suggest obtaining TBS if
available, although it is not currently used as a criterion for
recommending parathyroidectomy. The purpose of this
study is to evaluate risk factors for VF in a US cohort with
PHPT, including bone quality by TBS, as well as risk factor
accuracy for categorizing those with VF. Ultimately, such
information could allow spine imaging to be targeted to
those most likely to have VFs.

Methods
Design

This is a cross-sectional retrospective analysis of 117
patients with PHPT who were evaluated at Columbia Uni-
versity Medical Center (CUMC), a tertiary referral center,
between January 1, 2013 and December 31, 2017 and
additionally had VFA. During this period, VFA was
obtained on all patients having DXA who met 2013
National Osteoporosis Foundation (NOF) screening criteria:
women age 270 or men 280; or individuals 65-69 with a 7-
score < —1.5; or those 250 years with other risk factors (low
trauma fracture, height loss, or long-term steroid use) [19].
Those enrolled represent a non-consecutive series of
patients because VFA was obtained only on those who met
NOF criteria. This study was approved by the CUMC
Institutional Review Board.

Participants

We initially identified potential subjects with PHPT via
CUMC PHPT registries and the electronic medical record

(EMR): those with VFA at CUMC within the study period
and International Classification of Diseases (ICD) codes ICD-
9 252.01 (PHPT), ICD-9 252.00 (unspecified hyperparathyr-
oidism), ICD-10 E21.0 (primary or familial hyperparathyr-
oidism), or ICD-10 E21.3 (unspecified hyperparathyroidism)
in order to broadly screen for potential patients with PHPT.

Records were rigorously reviewed to verify biochemical
PHPT criteria. We included those with PHPT, defined as a
recurrent pattern of hypercalcemia for >1 year with con-
current PTH within or above the normal range
(15.1-85.7 pg/ml). We excluded those with normocalcemic
PHPT, secondary PHPT, familial hypocalciuric hypercal-
cemia by history or genetic testing, lacking biochemical
data within 6 months of VFA, with a VFA that was unin-
terpretable (due to scoliosis, bowel gas, etc.) or achieving
surgical cure of PHPT before VFA. Patients on thiazides
were included if they had confirmed PHPT off thiazides.
We did not exclude those with history of osteoporosis
medication use as doing so would have biased us against
including those at highest risk of VF. 548 potential parti-
cipants were screened. Four hundred and thirty-one were
excluded based on biochemistries or other criteria (para-
thyroidectomy prior to the VFA).

Clinical data were abstracted from the EMR: demo-
graphics, classical fracture risk factors [age, sex, weight,
height, prior fracture, glucocorticoid use >3 weeks at phy-
siological doses or above (prednisone equivalent >5mg
daily), rheumatoid arthritis], diabetes, estimated PHPT dura-
tion (time from onset of hypercalcemia to VFA), osteoporosis
medication use (including antiresorptives, teriparatide,
raloxifene) for 21 year or estrogen use, symptoms of PHPT
(urolithiasis, fragility fracture), biochemistries closest to the
date of VFA, and BMD and T-scores by DXA at the LS,
femoral neck (FN), total hip (TH) and distal 1/3-radius.

DXA and TBS

Areal BMD was measured at the LS (L1-L4), TH, FN, and
the distal 1/3-radius using a QDR 4500 (Hologic Inc., Wal-
tham, MA). T-scores were calculated using the manufacturer’s
norms. In vivo precision is 1.28%, 1.36%, and 0.70% for the
LS, TH and distal 1/3-radius, respectively. Spine TBS was
calculated from subjects’ spine DXA image acquired on the
day of VFA using TBS iNsight software (version 1.9; med-
imaps, Geneva, Switzerland) [20]. TBS was classified as
degraded (<1.200), partially degraded (1.200 < TBS < 1.350)
or normal (>1.350) [20]. TBS was assessed in 115 subjects.
Spine DXA images could not be retrieved in 2 participants.

VFA

Lateral VFA was acquired from T4 to LS. Subjects were
categorized as having VF(s) based on an International
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Society for Clinical Densitometry-certified densitometrist’s
reading of the interpretable image (typically T10-L5) using
the Genant semi-quantitative method: mild, moderate, and
severe compression fractures were defined as a 20-25,
2640, or >40% reduction in vertebral height, respectively
[21]. The Genant visual semi-quantitative method is the
current clinical technique of choice for diagnosing vertebral
fracture with VFA. However, only grades 2 and 3 fractures
were typically reported as VFs by readers due to VFA’s low
specificity for grade 1 VF. At CUMC, equivocal fractures
were typically confirmed by spine radiographs. We extrac-
ted available spine imaging by other modalities (X-Ray,
CT, or MRI) from the EMR. Fifty-five participants (39.3%)
had other imaging within 3 years before or 1 year after
VFA. Ultimately those categorized as having VF for the
analysis comparing those with vs. without VF had fractures
identified by either (1) VFA (with equivocal fractures
categorized as fractures only if confirmed by another
modality) or (2) other imaging.

Biochemistries

Biochemistries were abstracted from the EMR and the value
closest to the date of VFA/DXA was utilized. In some cases
serum calcium was normal on the date closest to DXA but all
patients had a recurrent pattern of hypercalcemia. The
majority were performed at CUMC. However, in some cases,
biochemistries were measured in outside commercial labora-
tories. At CUMC, serum calcium (normal: 8.8-10.3 mg/dL),
phosphorus (2.5-4.5mg/dL), and creatinine (0.50-0.95 mg/
dL) were measured by auto-analyzer. PTH (15.1-85.7 pg/mL)
was measured by two-site IRMA and 25-hydroxyvitamin D
(20.0-50.0 ng/mL) was measured by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). The glomerular
filtration rate was calculated using the modification of diet in
renal disease (MDRD) equation [22].

Statistical analysis

Descriptive statistics were expressed as absolute (n) and
relative (%) frequency and mean and standard deviation
(SD) for categorical and continuous variables. We assessed
the normality of all variables with the Shapiro-Wilk test.
The Student’s ¢ test, Chi-squared test or Fisher’s exact test
were used, as appropriate, to assess between-group differ-
ences in normally distributed continuous or categorical
variables, respectively. We assessed non-normally dis-
tributed continuous variables with the Wilcoxon Rank Sum
test (BMI, estimated PHPT duration, calcium and vitamin D
intake, serum calcium, serum PTH, BMD/T-scores at the
FN and TH). Means and SD were used to describe normally
distributed variables while medians and ranges were used
for non-normally distributed variables. Comparisons,
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adjusted for age and/or history of osteoporosis treatment
(for 21 year), were assessed with analysis of covariance
(ANCOVA). The ability of TBS, DXA, etc. to categorize
VF was evaluated with receiver operating characteristic
curves and calculation of area under the curve (AUC) as
well as sensitivity and specificity. Forward logistic regres-
sion was used to assess independent predictors of VF. We
assessed the whole cohort and women only. SAS Version
9.4 and R 64-bit, version 3.5.1 was used for analysis. A
two-tailed p-value of <0.05 was considered statistically
significant for all analyses.

Results
Whole cohort

In the whole cohort (N = 117), mean age (+SD) was 72.9 +
9.3 years and most were women (Table 1). The majority
were non-Hispanic white (62%) but 28% were Hispanic,
Black, or Asian. All women were postmenopausal. Serum
calcium (median 10.5, range 9.0-11.7 mg/dl) and PTH
(median 74, range 19-265 pg/ml,) tended to be mildly ele-
vated. As shown in Table 1, mean 25-hydroxyvitamin D
was normal (230 ng/ml). Osteoporosis (7-score < —2.5) was
present in 54.7%, but mean or median 7-scores were in the
osteopenic range at all sites. Mean TBS was in the degraded
range and 94% had values that were degraded (48.7%) or
partially degraded (45.3%). Median estimated duration of
PHPT was 7.2 years (range 0.2-44 years). History of fra-
gility fracture was reported by 35% and 15% had a history
of nephrolithiasis.

VFs were identified in 10 participants (8.5%) by VFA
between T6 and L5. Based on other imaging or VFA,
12.8% (n=15) had a VF, 10 of whom had no clinical
history of VF. Fractures not identified by VFA were mild,
outside the interpretable VFA region or discovered on other
imaging performed for pulmonary complaints, a fall, and
back pain. All VFs occurred in women. Of those with VF,
66.6% had osteoporosis by DXA at any site (Table 1), but
only 21% had a LS T-score < —2.5.

Comparison of those with vs. without vertebral
fracture

Median serum PTH [80 (range 19-265) vs. 73 (range
26-258) pg/ml, p =0.95] and calcium levels [10.5 (range
9.9-11) vs.10.5 (range 9.0-11.7) mg/dl, p =0.71] were not
different in those with vs. without VF (Table 1). Those with
fracture were older (mean 77.4 £ 11.0 vs. 72.2 £ 8.9 years,
p =0.04), had worse kidney function (GFR 61.8 + 18.8 vs.
72.2 +17.6 mL/min/1.73 m2, p =0.04), tended to be more
likely to have had other fractures (p = 0.06) and were more
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Table 1 Characteristics by vertebral fracture status
Variable Whole cohort Fracture present Fracture absent p-value
N=117 N=15 N=102

Age (years) 72.9+9.3 774+11.0 72.2+89 0.04
BMI (kg/m?) 24.6 (range 14.8-47.8) 23.4 (range 14.8-35.6) 24.8 (range 18.5-47.8) 0.35
Sex (% female) 94% 100% 93% 0.64
Race

White non-Hispanic (%) 62% 67% 61% 0.97
Hispanic (%) 14% 13% 14%

Black non-Hispanic (%) 10% 13% 10%

Asian/Pacific Islander (%) 5% 0% 5%

Unknown (%) 10% 7% 10%
Estimated PHPT duration (years) 7.2 (0.2-44.4) 8.4 (1.7-21.3) 7.0 (0.2-44.4) 0.74
Kidney stones (%) 15% 27% 14% 0.36
Prior fracture (%) 35% 60% 31% 0.06
Rheumatoid arthritis (%) 3% 7% 2% 0.84
Diabetes (%) 15% 13% 15% 1.0
Steroids (%) 3% 7% 3% 1.0
Ever used estrogen (%) 17% 7% 19% 0.43
Osteoporosis treatment (%) 50% 80% 46% 0.03
Calcium supplement dose (mg/day) 0 (0-1260) 0 (0-1000) 0 (0-1260) 0.57
Vitamin D dose (IU/day) 950 (0-7143) 800 (0-7000) 1000 (0-7143) 0.44
Biochemistries

Serum calcium (mg/dL) 10.5 (9-11.7) 10.5 (9.9-11.0) 10.5 (9-11.7) 0.71
Albumin-adjusted calcium (mg/dL) 10.2+04 10.3+0.4 10.1£0.4 0.34
PTH (pg/dL) 74 (19-265) 80 (19-265) 73 (26-258) 0.95
Phosphate (mg/dL) 33+0.6 32+0.6 34+0.6 0.45
Creatinine (mg/dL) 0.87+0.23 0.96 +0.26 0.86 £0.23 0.12
GFR ml/min 71.0+18 61.8+18.8 722+17.6 0.04
25-hydroxyvitamin D (ng/ml) 354=+x11.1 377124 35.0+£10.9 0.43
DXA results

Osteoporosis, any site (%) 54.7% 66.6% 52.9% 0.59
Osteoporosis, lumbar spine (%) 21.6% 21.4% 21.6% 1.0
Osteoporosis, femoral neck (%) 29.9% 46.7% 27.5% 0.14
Osteoporosis, total hip (%) 13.7% 46.7% 8.8% <0.001
Osteoporosis, 1/3-radius (%) 33.6% 46.7% 31.7% 0.26
Lumbar spine BMD (g/cm?) 0.880+0.13 0.910+0.19 0.876 +0.12 0.52
Lumbar spine T-score —15+12 —13+1.38 —1.6+1.1 0.57
FN BMD (g/cm?) 0.630 (0.402-0.996) 0.587 (0.402-0.762) 0.630 (0.438-0.996) 0.22
FN T-score —2.0(—4.0to 1.1) —2.4 (—4.0 to 0.8) —2.0 (=3.7to 1.1) 0.26
Total hip BMD (g/cm?) 0.769 (0.505-1.181) 0.724 (0.505-0.889) 0.769 (0.523-1.81) 0.16
Total hip T-score —1.4 (-3.6 to 1.0) —1.8 (=3.6 to 0.4) —1.4 (-3.3to 1.0) 0.20
1/3-radius BMD (g/cm?) 0.589 +0.08 0.559 £0.07 0.594 +0.09 0.13
1/3-radius T-score —19+1.3 —23%12 —1.8+1.3 0.23
TBS 1.197 £0.108 1.182+0.137 1.199 +0.103 0.73

Values represent means +SD for normally distributed continuous variables, medians and ranges for non-normally distributed variables, or

percentages

BMI body mass index, PHPT primary hyperparathyroidism, PTH parathyroid hormone, GFR glomerular filtration rate, FN femoral neck; BMD
bone mineral density, 7BS trabecular bone score
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likely to have been treated for osteoporosis (80% vs. 46%,
p =0.03). In contrast, those with vs. without VF did not
differ by race (p =0.97), sex (p =0.64), BMI (p =0.39),
phosphorus (p = 0.45), 25-hydroxyvitamin D levels (p =
0.43), estimated duration of PHPT (p = 0.74), calcium (p =
0.57) or vitamin D supplementation dosage (p =0.44) or
co-morbidities including diabetes (p =1.00), rheumatoid
arthritis (p = 0.84) and steroid use (p = 1.00).

Those with vs. without VF did not differ by BMD or 7-
score at any site (Table 1), before or after adjusting for age
and medication use. However, those with VF were much
more likely to have osteoporosis at the hip (Table 1 and
Fig. 1). TBS did not differ before (p =0.73) or after
adjusting for age (p =0.95), or age and history of osteo-
porosis treatment (p =0.96). Distributions of TBS cate-
gories were also similar between those with or without VF
(p =0.39; Fig. 2).

A logistic model that evaluated risk factors differing
between groups (age, GFR, osteoporosis at hip, and history
of medication use) indicated that having osteoporosis at the
hip and prior osteoporosis medication use (Table 2) were
independently associated with an increased odds of having a
VE. Those with osteoporosis at the hip had nine times the
odds of VF, whereas those with a history of medication use
had 5.8 times the odds of VF.

ROC analysis indicated that age >78.6 years, eGFR <
58.8 mL/min/1.73 m?, hip T-score < —2.6 and (thresholds
maximizing sensitivity and specificity) had AUCs of 0.67,
0.67, and 0.60 respectively for detecting VF (all p <0.05),
indicating they were fairly poor discriminators of fracture
(Table 3). In contrast, TBS had an AUC of only 48.0%
(p =0.66), no better than a random classifier. Sensitivity
and specificity for each significant risk factor is shown in
Table 2. All risk factors had low sensitivity; specificity was
>90% for hip T-score < —2.6 and the presence of osteo-
porosis at the hip.

Forty-three  participants (36.8%) underwent para-
thyroidectomy. Pathologic examination (available for 41/43
patients) demonstrated adenomas or hyperplasia.

Women only (n=110)

Women made up 94% of the cohort. As expected, female
sex had high sensitivity for VF (100%), but the specificity
of this association was low (6.9%). Analysis of the subset of
women only did not show any differences from that of the
cohort as a whole. Women with VF tended to be older
(774+11.0 vs. 72.3+£9.0 years, p=0.047) and almost
twice as likely to have prior fracture (60 vs. 32.6%, p =
0.04). They were also more likely to be treated for osteo-
porosis compared to those without VF (80.0 vs. 49.5%, p =
0.048) and had lower GFR (62 +19 vs. 72 + 18 mL/min/
1.73m? p=0.046). They also had osteoporosis more
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Fig. 2 Distribution of TBS categories in those with and without
fractures

Table 2 Logistic model—vertebral fracture

Odds ratio 95% CI p-value
Osteoporosis at hip 9.0 2.4-34.5 0.001
Prior osteoporosis treatment 5.8 1.2-29.4 0.03

Potential predictors = Age, GFR, osteoporosis at hip, and history of
osteoporosis treatment

frequently at the TH (46.7 vs. 9.5%, p = 0.001). There were
no other between-group differences.

Discussion

This study investigated clinical, biochemical and skeletal
risk factors associated with VF in PHPT. It is the first to be
conducted in the US or include a significant number of
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Table 3 Risk factor accuracy, sensitivity, and specificity

Risk factor AUC AUC p-value Sensitivity Specificity
Age >78.6 years 0.67 <0.001 66.6% 77.5%
GFR < 58.8 ml/ 0.67 <0.001 53.3% 83.5%
min/1.73 m?

Hip T-score<—2.6 0.60 0.04 46.7% 94.1%
Hip osteoporosis n/a n/a 46.7% 91.2%
Female sex n/a n/a 100% 6.9%

AUC not calculated for binary risk factors

AUC area under the curve, GFR glomerular filtration rate, n/a not
applicable

racial minorities. We found that about 1 in 8-9 participants
had grade 2 or 3 VF in the lower thoracolumbar spine based
on VFA, most of which were clinically silent. Based on
VFA and/or other imaging, the VF prevalence rate was
12.8%. In this PHPT cohort, VF was associated with age,
osteoporosis at the hip, prior fractures, osteoporosis treat-
ment, and poorer renal function. Of note, these risk factors
for VF are similar to those in non-PHPT patients. In contrast
to our expectations, there was no association between VF
and TBS, spine BMD or the biochemical severity of PHPT.

Guidelines for the management of asymptomatic PHPT
recommend spine imaging for patients with PHPT. One of
the goals of this analysis was to determine if clinical or
skeletal risk factors could accurately categorize those with
VF so that spine imaging could be targeted to those most
likely to have VFs. Despite some risk factors, such as
osteoporosis at the hip, being strongly associated with VF,
all identified risk factors had generally poor ability (low
AUC) to categorize those with fracture. Since none of these
risk factors discriminated those with VF well, our results
suggest routine spine imaging is needed.

Further, targeting only those with osteoporosis at the hip
or GFR < 58 ml/min/1.73 m? for VF screening would miss
half of those with VF. Importantly, from a clinical stand-
point, finding a positive result would not change the
recommendation for PTX, as PHPT patients with osteo-
porosis or low GFR already meet guidelines for recom-
mending parathyroidectomy. Identification of VF in these
subgroups may, however, be a useful clinical adjunct in
patients who are unsure about parathyroidectomy, in whom
such knowledge might influence their acceptance of
surgery.

Our ability to accurately assess the prevalence of VF was
limited by the fact that VFA was obtained only on a subset
of “high risk” PHPT patients, did not include mild VF, and
assessed the lower thoracolumbar spine only. Despite this,
the observed prevalence is similar to that of a Japanese
study in which 12.1% had VF as determined by lateral
radiographs (VF defined as height loss >20%) [9]. The VF
rate is also in the range (11.8-34.5%) reported for US adults

age 250 years of various races without PHPT [23-26]. In
contrast, our VF rate is lower than that in some recent PHPT
studies (21-43.5%) conducted in Europe and Canada in
white women [8, 10, 17, 27], all of which utilized lateral
radiographs but defined VF variably as vertebral height loss
>20 or 225%.

There are several possible reasons for the disparity in
rates. This study has a significant proportion (24.3%) of
racial minorities who may have lower rates of VF than
white women [28, 29], though there was no difference in
participants’ racial distribution between those with and
without VF in our study. Secondly, our cohort had a milder
biochemical profile (lower serum calcium and PTH) than
many other studies, although neither our study nor several
others found biochemistries to be associated with VF in
PHPT [8-10, 17, 27].

As noted above, differences in imaging modality may
have also contributed. Many studies used standard radio-
graphs to detect VFs. Our study utilized VFA, corroborated
by other modalities when available. VFA cannot visualize
vertebra above T7 well [30]. However, most VFs related to
osteoporosis occur between T10 and L2 [31, 32]. Although
VFA is sensitive (87-93%) and specific (93-95%) for
moderate to severe VFs, it has low sensitivity for mild VFs
compared to radiographs [33]. The prevalence rate in our
study, therefore, reflects that of moderate to severe fractures
within the lower thoracolumbar spine. Whether mild VFs
have the same clinical significance as more severe VFs is
unclear. Grade 1 fractures may not predict fracture to the
same degree as higher grade fractures and may not be an
indication for treatment if isolated [32, 34]. Despite these
limitations, VFA is attractive for screening because of its
low cost and radiation as well as the ease of obtaining it
simultaneously with BMD measurement.

In contrast to our study, two European studies indicated
TBS is associated with prevalent VFs in PHPT [8, 17]. In
the general population, TBS predicts incident VFs in post-
menopausal women [14, 16, 35]. In the general population
as well as those with PHPT, studies indicate TBS performs
the same or better at detecting or predicting VF than BMD
by DXA and some studies have found that TBS adds to the
predictive power of BMD [8, 14, 16, 17, 35]. For these
reasons, recent guidelines recommend VF assessment in
PHPT and obtaining TBS when possible [18].

There are several potential explanations for why TBS
was not useful in our study. Differences in PHPT cohorts
may have played a role. We assessed only a subset who had
VFA at our center and on average these patients were older
and “higher risk” compared to other PHPT studies [8, 17].
Further, most had degraded or partially degraded TBS. Few
participants with normal TBS may have contributed to the
inability of TBS to discriminate those with and without
fracture. It is unlikely that study sample size was a factor.
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Our study was similar in size to other published studies on
PHPT and TBS and was able to detect a TBS difference of
0.0856, similar to other studies, with 80% power and a two-
tailed alpha of 5% [8, 9, 17].

We found prevalent VFs were strongly associated with
osteoporosis at the hip but not osteoporosis or BMD at other
sites. Other studies have shown an association between VF
and lower FN and TH BMD [8, 10]. In addition, like our
study, most have found PHPT patients with VFs to be older
[9, 17, 27, 36]. Patients with VF in our study also had a
higher rate of treatment for osteoporosis, which likely
reflects that those with VF had lower BMD, were older and
more likely to have other fractures. We also observed lower
GFR in PHPT patients with VFs, similar to a 2018 Danish
study [27].

All VF occurred in women in our study, though there
was no statistically significant difference in the sex dis-
tribution between those with and without VF. Few studies
have assessed the association between sex and VF in PHPT.
One previous study found no overall difference in VF
prevalence by sex, but when stratified by age, found
younger men (<59 years) to have higher rates than women
[27]. Our cohort may have contained too few men to allow
any meaningful conclusions in this regard.

The prevalence of osteoporosis in our study (54.7%) is at
the high end of the range (39-62.9%) reported in PHPT
[3, 10, 37]. This likely reflects the VFA screening para-
meters at our center. Only older individuals or those >50
years old with risk factors were eligible for VFA, which
would predispose to a greater likelihood of osteoporosis.
The majority (66%) with VF had osteoporosis by DXA,
however few (21%) had a LS T-score < —2.5. Similarly, in
the study by Cipriani et al, 62.9% of PHPT patients had
osteoporosis but only 39.1% of those with VF had spine 7-
scores < —2.5. This highlights the limitation of spine BMD
to accurately classify those with VF in PHPT.

Our study has several limitations. We used ICD codes to
identify subjects. While we only included those with bio-
chemistries consistent with PHPT, this “screening” method
may have missed patients with PHPT if they lacked
appropriate coding. As noted this study used clinical data
and we were only able to include those who had VFA as
part of their clinical assessment. Because VFA was only
obtained on a subset of patients with PHPT, results may
only be applicable to older, higher risk patients or women,
though this may have been expected to increase the yield of
predictive risk factors, since this group was more at risk
than all-comers. In addition, prevalence rates were likely
affected by use of VFA which does not detect grade 1
fractures or assess the upper thoracic spine. Further, bio-
chemistries were analyzed in multiple laboratories which
may have introduced assay variability that limited our
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ability to detect differences in markers of PHPT severity
between those with and without fracture. We did not have a
non-PHPT control group and cannot formally compare if
prevalence or risk factors for VF differ between those with
and without PHPT. Compared to the prevalence rate for VF
detected by VFA in the general population in other studies
(4.3-11.8%), our rate appears at the high end reported,
though direct comparison is difficult [38—40]. We also did
not have information on smoking and parental hip fracture
as risk factors. Lastly, a major limitation of this study is that
it is retrospective. A prospective study assessing baseline
risk factors for future fracture would have provided stronger
evidence of associations.

Our study also has several strengths. We examined a
large cohort of patients with PHPT in the USA as well as a
racially diverse group of participants. In addition, we
avoided surveillance bias in screening for VF by limiting
the study period to that in which VFAs were routinely
performed at the time of DXA.

In summary, we found VF to be associated with older
age, lower GFR, history of fracture, higher rates of osteo-
porosis treatment, and osteoporosis at the hip but not
osteoporosis at other skeletal sites, TBS or biochemical
indices associated with severity of PHPT. Because identi-
fied risk factors were generally poor discriminators of those
with VF, our data support the use of routine spine imaging
to accurately identify subclinical VF in PHPT patients.
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