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Abstract

Objective—Distinguishing secondary hyperparathyroidism (SHPT) from eucalcemic primary
hyperparathyroidism (EC-pHPT) is important. The objective of this study was to measure
parathyroid hormone (PTH)-stimulated production of 1a,25-dihydroxyvitamin D (1,25[OH],D) in
early postmenopausal patients with idiopathic SHPT, who also fit the criteria for EC-pHPT,
compared to age-matched controls.

Methods—In this pilot case-control study, postmenopausal women aged 44 to 55 years with
normal serum calcium (Ca), glomerular filtration rate (GFR) =65 mL/min, and 25-hydroxyvitamin
D (25[OH]D) =75 nmol/L (30 ng/mL) were given an 8 hour infusion of PTH(1-34), 12 pmol/kg/h.
Patients (n = 5) had elevated PTH, normal 1,25(OH),D, and no hypercalciuria. Controls (n = 5)
had normal PTH. At baseline, 4, and 8 hours, serum Ca, creatinine (Cr), phosphorus (P),
1,25(0OH),D, fibroblast growth factor (FGF23), and 24,25(0OH),D as well as urine Ca, P, Cr, and
cAMP/GFR were measured. The fractional excretion of calcium (FeCa) and tubular reabsorption
of phosphorus (TMP)/GFR were calculated.

Results—Patients had lower 1,25(0H),D levels (+ SD) than controls at 4 (39.8 + 6.9 versus 58.8
+6.7; P =.002) and 8 hours (56.4 + 9.2 versus 105 + 2.3; P =.003) of PTH infusion, attenuated
after adjusting for higher body mass index (BMI) in patients (P = .05, .04), respectively. The
24,25(0H),D levels were lower in patients than controls (1.9 + 0.6 versus 3.4 * 0.6, respectively;
P =.007). No differences were seen in serum Ca or P, urine CAMP/GFR, TRP/GFR, FeCa, or PTH
suppression at 8 hours (patients 50%, controls 64%).
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Conclusion—Vitamin D sufficient patients who fit the criteria for EC-pHPT had reduced PTH-
stimulated 1,25(OH),D compared to controls, partially attributable to their higher BMI. Other
causes of reduced 1,25(OH),D production ruled out were excessive catabolism of vitamin D
metabolites, elevated FGF23, and CYP27B1 mutation. Elevated BMI and idiopathic reduced PTH-
stimulated 1,25(OH)2D production should be considered in the differential of SHPT.

INTRODUCTION

The phenotype of normocalcemia and elevated parathyroid hormone (PTH), with grossly
normal renal function, has been estimated to be present in 0.6% of postmenopausal women
(1) and 8.9% of postmenopausal women undergoing evaluation for osteoporosis (2). The
primary differential in this phenotype is secondary hyperparathyroidism (SHPT) versus
eucalcemic primary hyperparathyroidism (EC-pHPT) (3). It is important for the clinician to
distinguish between these two diagnoses because the treatments differ. The most common
causes of SHPT are chronic kidney disease (CKD) (4), aging (5-7), vitamin D deficiency
(8,9), and hypercalciuria (10). Recently, elevated body mass index (BMI) has also been
appreciated as a cause of sHPT through a reduction in the production of 1a,25-
dihydroxyvitamin D (1,25[OH],D) (11,12).

In CKD, the reduction in renal 1a-hydroxylation of 25-hydroxyvitamin D (25[OH]D) to
active 1,25(0OH),D is one of the earliest changes leading to SHPT (13,14). In addition, in
women, PTH has been shown to increase progressively with age after menopause, in the
absence of overt CKD (15). In vitamin D deficiency, the reduction in 25(OH)D available to
be converted to 1,25(0OH),D, similarly leads to sHPT (8,9). In hypercalciuria, the negative
calcium balance resulting from renal calcium loss is presumed to stimulate PTH release
(10). The mechanism of sHPT associated with elevated BMI is unclear (12,16).

EC-pHPT is defined as a normal serum calcium and elevated PTH in the absence of known
causes of SHPT (17). Given the many potential causes for SHPT, in the evaluation of the
middle-aged to elderly patient with normal serum calcium and elevated PTH, the effects of
age, elevated BMI and mild CKD need to be carefully considered as possible causes of
SHPT before diagnosing EC-hPHT. The definition of EC-pHTP does not require an elevated
1,25(0OH),D level. However, since PTH is the rate controlling factor in the production of
1,25(0OH),D (18), in the setting of young, healthy kidneys, an elevated PTH would be
expected to be associated with an elevated 1,25(0OH),D level. A previous study comparing
EC-pHPT to hypercalcemic pHPT (H-pHPT) showed that BMI was higher and renal
function was lower in the EC-pHPT group, supporting the importance of BMI and GFR to
both production of 1,25(0OH),D and serum calcium levels (16).

In the evaluation of patients for low bone mass/osteoporosis, we have occasionally observed
relatively young postmenopausal women with grossly normal GFR (>65 mL/min), normal
serum calcium, elevated PTH, normal 25(OH)D, and normal 1,25(OH),D. Given their
young age, normal GFR, and elevated PTH, their 1,25(0OH),D levels were expected by us to
be elevated, since PTH largely controls the production of 1,25(0OH),D in the setting of
normal kidney function. The normal 1,25(0OH),D levels in these patients suggested to us an
intrinsic reduction in the ability to produce 1,25(OH),D in response to PTH, hence sHPT
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rather than EC-pHPT. We hypothesized that patients with this phenotype (age <55 years,
GFR =65 mL/min, normal Ca, elevated PTH, absence of vitamin D deficiency and
hypercalciuria (<4 mg/kg) (19) had sHPT due to a primary defect of 1a-hydroxylation of
25(0OH)D to 1,25(0H),D, independent of renal function and age. We further hypothesized
that the reduced la-hydroxylation might be due to a mutation in the gene for la-
hydroxylase, CYP27B1. The precedent for this possibility is the partial deficiency of the 1a-
hydroxylase enzyme described in some patients with pseudovitamin D resistant rickets type
| (VDDR-1), a disorder due to mutations in CYP27B1 (20).

To test our hypothesis, a pilot study was performed in patients with normal serum calcium
and unexplained elevation of PTH, discovered during evaluation for low bone mass, and
controls, comparing the production of 1,25(0OH),D during an 8 hour intravenous infusion of
PTH(1-34). To evaluate for PTH resistance, changes in the fractional excretion of calcium
(FeCa) and tubular reabsorption of phosphorus (TRP/GFR) with PTH(1-34) infusion were
calculated. We report here results from 5 patients and 5 controls.

METHODS

Participants

Participants were studied at the University of Maryland Hospital (UMMS) General Clinical
Research Center (GCRC) after signing institutional review board (IRB) approved informed
consent, between 2006 and 2008. Participants in both groups, patients and controls, were
postmenopausal females aged <55 years with GFR =65 mL/min. GFR was calculated using
the National Kidney Foundation online calculator (http://www.kidney.org/professionals/
kdoqi/gfr_calculator.cfm), which calculates GFR using both the CKD-Epidemiology
Collaboration (CKD-EPI) and modification of diet in renal disease (MDRD) GFR equations,
serum creatinine, age, sex, and race (Caucasian versus African American), with units
expressed as mL/min/1.73 m2. GFR calculated from the CKD-EPI calculation was used for
study inclusion (21). Patients were recruited from the metabolic bone clinic (MBC) at
UMMS where they were referred for low bone mass or osteoporosis and found to have
idiopathic secondary hyperparathyroidism (SHPT) during metabolic evaluation. Inclusion
criteria for patients included: normal serum Ca, 25(OH)D=30 ng/mL, elevated PTH >65
pg/mL, (the reference upper level), normal TSH and normal urine Ca (determined by 24-
hour urine collection of <4 mg/kg) or fasting urine Ca/creatinine <0.2 [n = 1]). Normal
serum Ca and elevation of PTH were documented in patients prior to the study for at least 6
months in all and up to 5 years in some. Although not required for participation, in four
patients, after receiving oral calcitriol 0.5 pg for 2 weeks, PTH normalized and serum Ca
remained normal (performed at least 3 months before PTH infusion). During the 3 year
study period, 586 patients were seen in the MBC clinic for low bone mass, osteoporosis and
parathyroid disorder. Of these, 45 (7.8%) had pHPT (hypercalcemia and either elevated or
inappropriately normal PTH) and 31 (5.3%) had what we felt was unexplained sHPT
(normal serum Ca, elevated PTH), although they would satisfy the criteria for EC-pHPT.
Eight of the 31 patients with SHPT had GFR =65 mL/min, thereby meeting the criteria for
inclusion as patients and were enrolled in the study; 5 patients agreed to the PTH infusion.
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Controls were recruited from the UMMS MBC and by online advertising. Control inclusion
criteria included: female, age<55 years, GFR =65 mL/min, and normal serum Ca,
25(0H)D=30 ng/mL, TSH, and PTH. Additional exclusion criteria for both groups included
Paget disease of bone, active malignancy, nephrolithiasis, metabolic bone disease other than
osteoporosis, diuretic and anticonvulsant use, diabetes mellitus, glucocorticoid use, known
malabsorption syndrome, and symptoms suggesting malabsorption and smoking. Nine
participants were enrolled in the control group based on history criteria; 4 were excluded by
screening lab criteria (GFR <65 mL/min), 5 completed PTH infusion.

Intravenous Teriperatide Infusion Protocol

An IND was obtained (#76,579) to use teriparatide (Forteo) intravenously (1V) for this
study. The Clinical Trials identifier was NCT0075444. After an overnight fast, teriparatide
was infused 1V at 12 pmol/kg/h over 8 hours. The infusion was prepared in our
Investigational Drug Pharmacy by withdrawing 100 pg (0.4 mL) of teriparatide from a
commercially available Forteo pen (with a syringe) and adding this to an IV bag containing
100 mL of saline and 4 mL of human serum albumin (HSA) 25%. The volume infused to
participants was weight specific. The purpose of HSA was to prevent PTH from adhering to
plastic infusion tubing. The final teriparatide concentration in infusions was 1 pg/ml and of
HSA was 1%. This dose was chosen because in prior studies, 7 hours of infusion of
PTH(1-34) resulted in an approximate doubling of the 1,25(OH),D level (22). We chose an
8 hour infusion time to maximize stimulation of 1,25(0OH),D, the longest infusion time
possible in our GCRC. Blood was collected at baseline, 4, and 8 hours for Ca, P, and
1,25(0OH),D; at baseline and 8 hours for PTH and 24,25-dihydroxyvitamin D; and at
baseline for albumin and fibroblast growth factor 23 (FGF23). Participants remained fasting
until the 4 hour samples were collected and then were given a standardized lunch containing
200 mg of phosphorus (P). Collected blood was immediately placed on ice; after 30 minutes,
the samples were centrifuged for 10 minutes at 4°C and immediately frozen on dry ice and
stored at —80°C until the assay was performed. Urine was collected at baseline, 4, and 8
hours for calcium (Ca), P, cCAMP, and creatinine (Cr). Calculations were performed for
FeCa, TRP/GFR, and urine (U) cCAMP/GFR.

Laboratory Studies

Serum and urine chemistries, 25(OH)D (Diasorin kit), and PTH were performed at the
clinical chemistry lab at UMMS. Assays for 1,25(0OH),D were performed in the laboratory
of Dr Michael F Holick (Boston University Medical Center) (23); coefficient of variation
(CV) for the assay was 8 to 10%. Urine for cAMP was immediately acidified after collection
and analyzed at the ARUP Lab (Salt Lake City, UT, USA). Intact FGF23 was measured in
all participants by ELISA (Johns Hopkins Bayview lab, Kainos kit) and a C-terminal FGF23
level assessment was conducted for 3 patients by the Mayo Medical Laboratory
(Immunometric assay) in order to confirm the prior results. The 24,25(0OH),D assays were
performed by Dr Ronald Horst (lowa State University) (24). The entireCYP27B1 gene was
sequenced using 10 primers (for 8 exons, 9 introns including promoter). PCR products were
sequenced using ABI Big Dye v3.1 dye terminator, run on an ABI 3730 sequencer, and
analyzed with Sequencer v4.5 software (Life Technologies Corp, Carlsbhad, CA, USA).
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Statistical Analyses

The patient and control group phenotypes were compared by the Student's paired t test. This
study was performed prior to publication of reports of an effect of BMI on PTH (11) and
1,25(0OH),D (12), so we did not control for BMI in participant selection. Patients had higher
BMI than controls. To evaluate the magnitude of effect of BMI on PTH and PTH-stimulated
1,25(0OH),D, we performed two analyses using data outside of this study. First, to evaluate
the BMI/PTH relationship, we used our database of 1096 generally healthy Amish
individuals (25), mean age 50.6+15.5 years, to perform a linear regression analysis between
BMI and PTH (after adjusting PTH for serum creatinine and age). Secondly, since there
were no published data on the relationship between BMI and PTH-stimulated 1,25(0OH),D,
we used unpublished data from PTH infusion studies from one of our authors (MH),
performed at the University of Pittsburgh (22) using PTH infusions concentrations of 12
pmol/kg/h and 1,25(0OH),D values at 7 hours (no results available for 8 hours) to perform
linear regression analysis between BMI and PTH-stimulated 1,25(0OH),D.

RESULTS

Clinical characteristics of the patient group are shown in Table 1. All participants were
Caucasian. Compared to controls, patients had higher PTH (expected per protocol), lower
24,25(0H),D, and higher BMI (Table 2). The GFR values given in Table 1 are for the GFR-
EPI calculation method (21), where GFR is expressed in mL/min/1.73 m2.

With PTH infusion, patients had lower 1,25(0OH),D levels (+SD) than controls at 4 hours
(39.8 + 6.9 versus 58.8 + 6.7 pg/mL, respectively; P =.002) and 8 hours (56.4 + 9.2 versus
105 + 2.3 pg/mL, respectively; P =.003) of PTH infusion, as shown in Figure 1, which was
attenuated after adjusting for higher BMI in patients (P = .05, .04).

As shown in Table 3, serum Ca increased and P decreased with PTH infusion as expected.
In patients and controls, Ca increased at 8 hours versus baseline (P = .02, P =.001), with no
difference in magnitude of Ca increase between groups (P = .34). However, the decrease in
serum P at 8 hours versus baseline was significant in patients (P = .004) but not controls (P
=.27), with a significant difference between P change over time between groups (P = .03, P
= .05 after adjusting for BMI). After 8 hours of PTH infusion, PTH was suppressed to a
similar extent in controls (by 64%), and patients (59%), although the 8 hour PTH levels
were higher in patients. At 4 hours, FeCa increased paradoxically in patients but decreased
in controls; at baseline and 8 hours there was no difference (Table 3).

Intact FGF23 levels from Johns Hopkins Bayview were undetectable in controls and in three
patients; in 2 patients, intact FGF23 was normal (mean 27 + 30 RU/mL, normal <180 RU/
mL). Because undetectable FGF23 levels were unexpected, C-terminal FGF23 was repeated
at the Mayo Clinic Lab in three patients (including the two who had detectable values in the
JHH Bayview assay) and was normal in all three (92 + 32 RU/mL; normal <180 RU/ mL),
ruling out excessive FGF23 as the cause of reduced 1,25(OH),D production. Due to funding
limits, C-terminal FGF23 was not performed in all participants.

Endocr Pract. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Streeten et al.

Page 6

There was a trend toward correlation between 8 h PTH-stimulated 1,25(0OH),D and BMI
(Fig. 2A) and a significant correlation between PTH and BMI (Fig. 2B) from the current
study. To evaluate the effect of BMI on PTH values in a larger population, as described
above, linear regression analysis of BMI versus PTH (adjusted for age and serum creatinine)
performed in our Amish database (20) (n = 1096) showed a weak but significant inverse
correlation of 0.1 (P =.001), similar to the correlation of —0.11 previously reported (11).
Although BMI has recently been reported to be inversely associated with 1,25(0OH),D levels
(12), no information is available on the effect of BMI on PTH-stimulated 1,25(0OH),D.
Using data from PTH infusion studies conducted by MH on healthy, young individuals (n =
14, mean age 28.7 = 1.05 years, BMI mean 26.2 + 3.9, range 22.5 to 32.6) given a similar
PTH infusion dose as in the current study of 12 pmol/kg/h (n = 10) and similar dose of 16
pmol/kg/h (n = 4), linear regression analysis showed no correlation between BMI and PTH-
stimulated 1,25(OH),D after 7 hours of infusion (data not shown). We did not combine
1,25(0OH),D data from these 14 subjects with data from the current study (Fig. 2A) because
of the different type of PTH used (Forteo in the current study versus generic lyophilized
PTHI[1-34] powder with no stabilizers in the prior study), the age difference, and PTH
infusion time (8 hours in current study versus 7 hours in the prior study).

Treatment with calcitriol in 4 patients (the 51 was not followed clinically after study)
showed normalization of PTH with retention of eucalcemia in all during 3-12 months of
follow up (data not shown).Sequencing of CYP27B1 revealed an intronic variant of
unknown significance between exons 1 and 2 in one patient, which was not present in the
other 4 patients or 5 controls. There was no association of genotype of any of the 8 SNPs of
CYP27BL1 with the patient phenotype.

DISCUSSION

In this pilot study, idiopathic secondary hyperparathyroidism (SHPT) was associated with
reduced PTH-stimulated 1,25(OH),D production in 5 vitamin D sufficient, postmenopausal
Caucasian women aged <55 years with low bone mass compared to 5 age and sex-matched
controls. The difference in PTH-stimulated 1,25(0OH),D production was partially attenuated
after adjusting for higher BMI in the patients group. Although we found that in a young,
healthy population (<30 years of age), BMI did not significantly affect PTH-stimulated
1,25(0OH),D production, the effect of older age may have contributed to the difference in our
current study. PTH has been shown to increase in healthy postmenopausal women over the
age of 55 (11), and reduced production of 1,25(0OH),D may be the cause. BMI has been
recently reported to significantly affect 1,25(OH),D, such that for every increase of 1 kg/m?
in BMI, 1,25(0OH),D decreased by 2.1 pg/mL (0.9 pmol/L) (12). We are unaware of any
prior studies on the effect of BMI on PTH-stimulated 1,25(OH),D in postmenopausal
women.

The higher BMI in our patient group may have led to an overestimation of GFR by the
CKD-EPI equation, as shown previously (26). Although the serum Cr in both groups
appeared grossly normal, calculation of their GFR by the MDRD method revealed that they
had mild renal insufficiency, CKD Stage Il. Among the numerous stimuli to PTH secretion
in CKD, reduced production of 1,25(0OH)2D is one of the first to occur (14). Although sHPT
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is well known to occur with overt CKD, stage 11l and worse (GFR< 60), it can occur with
more mildly reduced GFR below 70 mL/min (13). In fact, a large cross-sectional study of
>1800 patients (mean age 71 years) reported sHPT in 12% with a GFR >80 mL/min and
17% with a GFR 40 to 89 mL/min (14). Since we did measure creatinine clearance, we
cannot rule out the possibility that our patient group had slightly lower GFR than controls,
due to their higher BMI, and that this could have contributed to their reduced 1,25(0OH),D
production.

The patient group in this study satisfied the criteria for EC-pHPT, which as currently defined
(3), does not specify a 1,25(0OH),D level. However, a lower 1,25(0OH),D level has been
reported in EC-pHPT patients compared to hypercalcemic pHPT patients (16). In this study,
Cr was lower and BMI was higher in EC-pHPT than pHPT patients, supporting the concept
that reduced renal function and elevated BMI may be important for the EC-pHPT
phenotype. Of note, in that study, 40% of patients with EC-pHPT had hypercalcuria or
nephrolithiasis, which are known causes of SHPT, suggesting that these patients may have
started with sHPT, and developed “tertiary” HPT over time, although this was felt to be
unlikely by the authors (16). In our study, we excluded patients with hypercalciuria, since
this is a known cause of SHPT. Our findings that PTH normalized with calcitriol supported
the diagnosis of sHPT rather than EC-pHPT in our patients group. A larger trial of calcitriol
in patients with this phenotype is needed to evaluate the response to calcitriol as a possible
discriminator between EC-pHPT and sHPT.

In our patients, excessive catabolism of vitamin D metabolites was ruled out as the cause of
reduced PTH-stimulated 1,25(0OH),D by their lower 24,25(0OH),D levels. We speculate that
lower levels of 24,25(0OH),D in patients may be due to reduced activation of CYP24A1 from
reduced 1,25(0OH),D production over time, since 1,25(0OH),D is a more potent stimulator of
CYP24A1 than 25(0OH)D (27). We found no evidence of excessive FGF23 or PTH resistance
in patients to explain their reduced la-hydroxylation. Although fasting serum P levels and
FeCa at 4 hours were higher in patients than controls, these levels, as well as TRP/GFR and
serum Ca, were the same in both groups at baseline and after 8 hours of PTH infusion, and
the differences at 4 hours resolved after adjusting for higher patient BMI. Reduced renal
reabsorption of Ca has been previously noted in EC-pHPT, although the cause is unknown
(16). Since the difference in FeCa in our study resolved after adjusting for BMI, factors
associated with elevated BMI appear to be mediating this effect on urine Ca. Since
1,25(0OH),D plays a role in renal Ca reabsorption (28), the lower 1,25(0OH),D levels in our
patients may have been the cause of their transient increase in FeCa.

Our findings of reduced PTH-stimulated 1,25(OH),D production in postmenopausal women
with low bone mass are similar to those reported over 30 years ago in elderly women with
osteoporosis (5), except for the important difference that our patients were more than 20
years younger. An inherent reduction in 1,25(OH),D production may be a true cause of
secondary osteoporosis; however, whether normalizing PTH in sHPT in patients with
osteoporosis improves BMD is currently unknown.

Prior studies have reported SHPT with normal renal function in 0.6 to 8.9% (1,2) of
postmenopausal women. What proportion of these women have reduced PTH-stimulated
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production of 1,25(0OH),D is unknown. Our findings suggest that two underappreciated
contributors of apparently idiopathic SHPT are occult CKD and elevated BMI-associated
reduction in 1,25(OH),D production. Clinicians need to carefully consider the effects of
high BMI and subtle renal insufficiency when evaluating patients with a normal serum Ca
and elevated PTH. In all four of our patients treated with calcitriol, PTH normalized and
serum Ca remained normal, supporting sHPT as the diagnosis. A larger study of calcitriol,
preferably with long-term follow-up, in patients who satisfy the criteria for EC-pHPT will
be needed to determine if response to calcitriol could be a useful test to distinguish EC-
pHPT from sHPT.

The main limitation of this study was the small sample size, which is true of pilot studies. In
addition, we did not closely evaluate Ca intake in participants and we did not measure serum
magnesium. The strengths of this study include the use of PTH infusion to stimulate
1,25(0OH),D production, exclusion of patients with known hypercalciuria and nephrolithiasis
to give a more consistent phenotype, and measurement of 1,25(OH),D in an accurate assay.
We excluded both excessive catabolism of vitamin D metabolites by 24-hydroxylase and
overtly elevated FGF23 as potential causes of SHPT. Although the inadvertent mismatch of
our groups on BMI was a limitation, it allowed us to determine that the higher BMI in the
patient group partially explained their sHPT. However, after adjusting for BMI, a significant
difference remained between patients and controls, so other unknown factors affecting PTH-
stimulated 1,25(OH),D production appear to be present. Larger studies, matching patient
and control groups for BMI, should be performed to further clarify the effect of BMI on
1,25(0OH)2D in postmenopausal women. We found no convincing evidence that a mutation
in CYP27B1 was the cause.

CONCLUSION

In conclusion, we have studied Vitamin D sufficient postmenopausal woman with low bone
mass, normal serum calcium, and elevated PTH, who satisfy the current criteria for
ECpHPT, and found preliminary evidence in a pilot study that these patients may have a
variant of SHPT due to reduced PTH-stimulated 1,25(OH),D production. The reduced
1,25(0OH),D production was partially, but not completely, attributable to elevated BMI. We
propose that elevated BMI should be considered as a potential contributor to SHPT in the
evaluation of middle-aged women with eucalcemic PTH elevation. Whether or not a trial of
calcitriol to determine PTH suppressibility would help discriminate EC-pHPT from sHPT
warrants further study.

Abbreviations

1,25(0H),D 1a,25-dihydroxyvitamin D

25(OH)D 25-hydroxyvitamin D

BMI body mass index

CKD chronic kidney disease

EC-pHPT eucalcemic primary hyperparathyroidism
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H-pHPT hypercalcemic pHPT
PTH parathyroid hormone
SHPT secondary hyperparathyroidism
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Fig. 1.

Unadjusted 1a,25-dihydroxyvitamin D (1,25[0OH]2D) levels during parathyroid hormone
(PTH) (1-34) infusion in patients and controls. For the unadjusted difference between
patients and controls at 4 hours (P = .002) and 8 hours (P = .003). After adjusting for body
mass index (BMI), the difference between groups was attenuated (4 hours [P = .05] and 8
hours [P = .04]).
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Fig. 2.

Correlations of body mass index (BMI) with parathyroid hormone (PTH) levels and 1a,25-
dihydroxyvitamin D (1,25[OH]2D). A. 1,25(0H)2D after 8 hours of PTH infusion versus
BMI in patients and controls. B. Baseline PTH levels versus BMI in patients. Patients are
notated as open squares and controls are notated as closed diamonds. n=5 in each group.
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Baseline Laboratory Data on Patient VVersus Control Groupsa

Table 2

M easurement Patients (SD) | Controls(SD) | Pvalue
Age (y) 53.0 (2.5) 51.8 (4.4) 0.61
Cr (mg/dL) 0.78 (0.11) 0.80 (0.10) 0.79
GFR (mL/min/1.73 m?) 76.1(11.4) 76.1(7.9) 0.90
BMI (kg/m? 31.5 (6.0) 23.3(3.5) 0.03
25(0H)D (ng/mL) 37.7(2.63) 42.7 (5.67) 0.11
1,25(0H),D (pg/mL) 40.6 (5.6) 46.2 (3.7) 0.10
PTH (pg/mL) 71.8 (18.5) 44.0 (14.3) 0.03
24,25(0H),D (ng/mL) 1.9 (0.6) 3.4 (0.6) 0.007

Page 14

Abbreviations: 1,25(0H)2D = 1a,25-dihydroxyvitamin D; 25(OH)D = 25-hydroxyvitamin D; BMI = body mass index; Cr = creatinine; GFR =
glomerular filtration rate; PTH = parathyroid hormone.

an =5 for each group.
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Table 3
Results for Patients and Controls with PTH(1-34) Infusion

Par ameter Patients (SD) | Controls(SD) P value? Pvalueb

Ca (mg/dL)
t=0h 9.2 (0.34) 9.0 (0.26) 45 88
t=4h 9.3 (0.40) 9.3(0.18) 69 80
t=8h 9.7 (0.24) 9.8 (0.23) 90 81

P (mg/dL)
t=0h 4.0 (0.33) 3.5(0.22) 02 .06
t=4h 3.5(0.32) 3.3(0.25) 26 29
t=8h 3.4 (0.40) 3.3(0.30) 73 .90

PTH (pg/min)

t=8h 29.6 (11.5) 16.2 (5.6) .05 74
TMP/GFR

t=0h 3.44 (0.34) 2.52 (1.43) 23 .08

t=4h 2.54 (0.11) 2.50 (0.35) 84 37

t=8h 2.62 (0.26) 2.62 (0.38) 98 .99
FeCa

t=0h 0.66 (0.16) 0.61 (0.19) 61 93

t=4h 1.05 (0.42) 0.31 (0.53) 04 29

t=8h 0.57 (0.30) 0.36 (0.52) 45 75

Abbreviations: Ca = calcium; FeCa = fractional excretion of calcium; P = phosphorus; PTH = parathyroid hormone;

TMP/GFR = tubular reabsorption of phosphorus/glomerular filtration rate ratio.
aBold numbers indicate statistical significance P <.05.

bBMI adjusted.
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