J Bone Miner Metab (2006) 24:58-64
DOI 10.1007/s00774-005-0647-y

© Springer-Verlag Tokyo 2006

ORIGINAL ARTICLE

Farahnaz Saleh - Rolf Jorde - Johan Sundsfjord
Egil Haug - Yngve Figenschau

Causes of secondary hyperparathyroidism in a healthy population:

the Tromso study

Received: March 1, 2005 / Accepted: August 15, 2005

Abstract Secondary hyperparathyroidism (SHPT) devel-
ops as a compensatory mechanism when the body is in
calcium deficit. SHPT may be harmful and has been associ-
ated with elevated blood pressure. The cause of SHPT
could be low calcium intake, reduced intestinal calcium ab-
sorption, or increased excretion. However, the relative im-
portance of these factors for the development of SHPT is
not known. During the 5th Tromsg study, serum PTH and
calcium were measured in 7954 subjects. Then 96 subjects
with SHPT (defined as serum PTH above 6.4pmol/l to-
gether with serum calcium below 2.40mmol/l) and 106
control subjects were examined at follow-up with a food
frequency questionnaire, calcium absorption test, measure-
ment of 24-h urinary calcium excretion, and serum vitamin
D status. The statistical analyses showed several interac-
tions necessitating subgroup analysis. It was found that the
calcium intake was significantly lower in the SHPT group,
but only in nonsmoking males; the calcium absorption was
nonsignificantly higher in the SHPT group; the serum 25-
hydroxyvitamin D levels were significantly lower in the
SHPT group but only in nonsmokers; and the 24-h urinary
calcium excretion was significantly lower in the SHPT group
but only in those not on blood pressure medication. The
most frequent cause of SHPT appeared to be low calcium
intake (18%) and a low serum 25-hydroxyvitamin D level
(18%). However, in most subjects with SHPT all tests were
within the normal range, and the cause is therefore prob-
ably a combination of several factors.
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Introduction

Parathyroid hormone (PTH), a polypeptide comprising of
84 amino acids, is produced in the parathyroid glands. Se-
cretion of PTH is mainly regulated by the serum ionized
calcium level, with a low level eliciting secretion of the
hormone; elevation of the ionized calcium level has the
opposite effect. PTH in turn affects the serum calcium level
by increasing calcium reabsorption in the renal tubules and
increasing resorption of calcium from the skeleton. Further-
more, PTH increases the conversion of 25-hydroxyvitamin
D toits active form 1,25-dihydroxyvitamin D in the kidneys,
which again increases intestinal calcium absorption [1]. Ac-
cordingly, if the body is in calcium deficit there is a compen-
satory increase in PTH secretion, giving rise to secondary
hyperparathyroidism (SHPT).

A low serum ionized calcium level or calcium deficit can
arise from several causes, such as low calcium intake, low
calcium absorption from the intestine, or increased excre-
tion of calcium by the kidneys. SHPT, defined as a combina-
tion of a high PTH level together with a relatively low
serum calcium level, is frequently found and has been asso-
ciated with elevated blood pressure [2], increased body
mass index (BMI) [3], and left ventricular hypertrophy [4].
Finding the causes of SHPT, which was the purpose of the
present study, may therefore be of clinical importance.

In 2001 a large epidemiological study was performed in
Tromsg for the fifth time. Serum PTH and calcium were
measured in almost 8000 subjects, enabling us to study a
large group of subjects with SHPT.
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Subjects and methods

The 5th Tromsg study was performed as a general health
survey in 2001 in a manner similar to the previous ones [5].
All men and women older than 29 years living in the munici-
pality of Tromsg and who participated in the second phase
of the 4th Tromsg study [6] or became 30, 40, 45, 60, or 75
years old during 2001 were invited to participate. All sub-
jects filled out a health questionnaire; they were also asked
if they would prefer not to be invited to participate in addi-
tional studies based on the results from the present one.
Nonfasting blood samples were obtained and measured for
serum PTH and calcium. Subjects with serum calcium
<2.40mmol/l and PTH >6.4 pmol/l were considered to have
SHPT; provided they had not declined participation in fur-
ther studies, they were invited to a follow-up examination.
Those who reported a history of coronary infarction, angina
pectoris, or stroke in the questionnaire, those participating
in other follow-up studies, and those above the age of 80,
were not invited. The hospital records were also controlled
to exclude subjects with serious diseases not reported in the
questionnaire. For each subject with SHPT an age- and sex-
matched control subject was also invited.

The follow-up study took place at the Clinical Research
Unit at the University Hospital of North Norway 6-12
months after the Sth Tromsg study. A medical examination
was performed and the medical history recorded. The use of
blood pressure medication (including diuretics) was re-
corded. Height and weight were measured while the sub-
jects wore light clothing and no shoes. The BMI was defined
as weight (kg) divided by the height squared (m?). Blood
pressure was measured with an automatic device (Propaq
104 S/W version 6.0; Protocol Systems, Beaverton, OR,
USA). The subjects were seated for 15min, and three re-
cordings were made at 2-min intervals. The mean value of
the two last measurements was used. A food-frequency
questionnaire that included 40 food items focusing on cal-
cium and vitamin D intake was filled out, and daily intakes
were calculated [7].

On a separate day fasting blood samples were obtained
and a calcium absorption test performed according to the
method described by Nordin et al. [8]. Blood samples were
analyzed for serum calcium, phosphate, creatinine, PTH,
25-hydroxyvitamin D, and 1,25-dihydroxyvitamin D as pre-
viously described [9]. In our laboratory the reference range
for serum calcium is 2.20-2.60 mmol/l, for serum phosphate
0.75-1.55mmol/l, for serum PTH 1.1-6.8pmol/l for those
<51 years and 1.1-7.5pmol/l for those >50 years, serum
creatinine 55-100umol/l for women and 70-120 umol/l for
men, and for serum 25-hydroxyvitamin D 37-131 nmol/l and
for 1,25-dihydroxyvitamin D 42-169 pmol/l.

Analysis of antibodies to gliadin and tissue transgluta-
minase were performed with enzyme immunoassays
(Varelisa Gliadin IgA, Varelisa Gliadin IgG, and Celikey
Tissue Trans-glutaminase IgA Antibody Assay; Pharmacia
Diagnostics, Freiburg, Germany). Testing was performed
according to the recommendations of the manufacturer.
Subjects with a positive anti-tissue transglutaminase test or
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a strongly increased anti-gliadin immunoglobulin A (IgA)
or IgG level (>50U/ml) were considered to have celiac
disease.

Urine was collected for 24 h, and the urinary calcium was
measured (reference range 2.0-8.0mmol/24h).

Statistical analysis

Normal distribution was evaluated with visual inspection of
histograms and determination of skewness and kurtosis. All
variables, except intake of vitamin D, were considered nor-
mally distributed. After logarithmic transformation, vita-
min D intake assumed a normal distribution and was used
as such when evaluated as a dependent variable.

The SHPT group and the controls were compared using
Student’s #-test for independent samples; they were also
compared using a general linear model, with the parameter
in question as the dependent variable, SHPT/control group,
gender, smoking status, and use of blood pressure medica-
tion as factors and age and BMI as covariables. In addition,
for systolic and diastolic blood pressure, the serum calcium,
phosphate, and 1,25-dihydroxyvitamin D were dependent
variables, and creatinine was included as a covariable;
for creatinine, systolic blood pressure was added as a
covariable; and for 24-h urinary calcium excretion, serum
creatinine and systolic blood pressure were added as
covariables. In case of interaction between the factors, sub-
group analyses were performed. Comparisons between the
SHPT and the control group regarding gender, smoking
status, and use of blood pressure medication were done with
the chi-squared test.

To evaluate the cause of the SHPT, the number of sub-
jects in the SHPT group who had a calcium and vitamin D
intake, fractional calcium absorption, and serum 25-
hydroxyvitamin D level below the control group’s 5th per-
centile, and serum creatinine and 24-h urinary calcium
excretion above the control group’s 95th percentile, were
recorded.

Unless otherwise stated, all data are expressed as the
mean = SD. All tests were done two-sided, and P < 0.05 was
considered statistically significant. Statistical analyses were
performed with SPSS version 11.0 (SPSS, Chicago, IL,
USA).

Ethical approval

The study was approved by the Regional Ethics Committee,
and all subjects gave their written informed consent to
participate.

Results
Subjects

A total of 10419 men and women (age 30-89 years) were
invited to participate in the S5th Tromsg study; 8128
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Table 1. Serum PTH levels (pmol/l) at the 5th Tromsg study and at follow-up in the 202 subjects

Serum PTH level at
Sth Tromsg study (pmol/l)

No. of subjects, by
serum PTH level at follow-up

0.1-6.4 pmol/l 6.5-6.9 pmol/l 7.0-7.9 pmol/l 8.0-8.9 pmol/l >8.9 pmol/l
0.1-6.4 104 2
6.5-6.9 25 1 2 1 1
7.0-7.9 36 2 1 3
8.0-8.9 5 1 2 3 3
>8.9 4 1 1 4
Table 2. Demographic and biochemical variables at follow-up in SHPT and control groups
Variable Original classification' Follow-up classification®

SHPT Controls SHPT Controls

Males/females 46/50 56/50 10/12 53/43
Age (years) 60.3 £13.9 60.8 £13.9 61.1£15.6 61.3+134
Smokers/nonsmokers 18/78" 36/70 220" 32/64
BP medication (yes/no) 31/65* 17/89 2/20 15/81
BMI (kg/m’) 28150 27.0+39 29.1+7.1 26.9 3.9
Systolic BP (mmHg) 134.1 £22.9 128.7 £22.6 137.8 £22.5 1282 £21.9
Diastolic BP (mmHg) 81.1 £11.8" 78.0 £11.1 83.6 £ 11.4" 77.7+11.0
Serum PTH (pmol/l) 6.0+22 32+12 91+x21 31+1.1
Serum calcium (mmol/l) 229 +0.107 2.34+£0.10 221 +0.08" 2.35+0.07
Serum phosphate (mmol/l) 0.99 + 0.17 1.03 £0.14 0.97 £0.14 1.03 £0.14
Serum creatinine (umol/l) 87.3 £20.0 84.8 £14.3 87.1+£18.7 85.5+£ 145
Serum 25-OH-vitamin D (nmol/l) 60.0 + 16.7° 642 £18.4 53.5 +15.07 65.0 £ 18.3
Serum 1,25-(OH),-vitamin D (pmol/l) 108.8 £ 38.1 1103 £32.1 110.0 £ 424 109.8 £32.3
Calcium intake (mg/day) 674 + 359% 842 + 393 647 + 369 847 +392
Vitamin D intake (ug/day) 10.6 £9.7 10.8+7.5 10.9 £ 8.9 113+£7.6
Fractional calcium absorption 0.82 +0.28" 0.75 £ 0.17 0.75+0.13 0.74 £ 0.17
Urinary Ca excretion (mmol/24h) 3.59 £2.52% 494 +£2.78 331 +239™ 4.90 £2.67

! Classified on basis of serum PTH levels from the 5th Tromsg study
*Those still fulfilling the SHPT and control group criteria at follow-up
"P<0.05; 7P < 0.01 (Student’s r-test or the chi-squared test)

*P < 0.001 for women; P < 0.001; P < 0.05 for nonsmoking men; ‘P < 0.05 for nonsmoking men; ¢ P < 0.05 except for nonsmokers on blood
pressure medication; ' P < 0.05; for non-smokers; ¢ P < 0.05 for men; "P < 0.01 for those not on blood pressure medication (linear regression)
SHPT, secondary hyperparathyroidism; BP, blood pressure; BMI, body mass index; PTH, parathyroid hormone

attended. Serum PTH and calcium were successfully
measured in 7954. Altogether, 1893 subjects (988 men, 905
women; ages 68.0 £ 9.6 and 68.3 £ 10.7 years, serum PTH 3.8
+2.2 and 3.8 £2.1 pmol/l, and serum calcium 2.35 = 0.09 and
2.37 £ 0.10mmol/l, respectively) were excluded on the basis
of the questionnaire. Of the 1893 subjects, 112 had SHPT
according to our criteria. Among the remaining 6061
subjects (2459 men, 3602 women; age 56.5 + 14.4 and 57.2 £
14.0 years, serum PTH 33 + 1.5 and 3.3 £ 1.6pmol/l,
and serum calcium 2.35 £ 0.08 and 2.36 + 0.09mmol/l,
respectively), 166 subjects were considered to have SHPT.
From the hospital records, 37 were found unfit for the
follow-up study; accordingly, 129 subjects were invited to
participate. Among them, 102 consented to participate,
but two were excluded after the medical examination
because of severe illness. Among the remaining 100 sub-
jects, 4 were excluded because of a serological diagnosis
of celiac disease. Thus, 96 subjects were included in the
SHPT group based on serum PTH and calcium values from
the 5th Tromsg study. For the control group, 149 subjects

were invited, and 107 consented to participate. One subject
was excluded because of severe illness at the medical exami-
nation. The remaining 106 subjects were included in the
study.

At follow-up, 70 of those in the SHPT group now had
serum PTH levels <6.5 pmol/l; and among the remaining 26
subjects, 4 had serum calcium >2.39mmol/l. Accordingly,
only 22 of the original SHPT group still met the original
inclusion criteria. As expected, the tendency toward nor-
malization of the serum PTH levels was most pronounced
among those with marginally elevated serum PTH
(Table 1). Among the original 106 control subjects, 96 still
met the control subject criteria at follow-up (2 subjects had
a serum PTH level >6.4pmol/l, 7 had a serum calcium
level <2.20mmol/l, and 1 subject had serum calcium
>2.60mmol/l).

The results from the study are given both for the classifi-
cation based on serum PTH and calcium levels from the Sth
Tromsg study and for those still fulfilling the original crite-
ria. They are summarized in Table 2.



SHPT and control group based on original classification
from the 5th Tromsg study

The mean age and the male/female ratio were similar in the
two groups. There were significantly more smokers in the
control group than in the SHPT group (34.0% and 18.8%,
respectively; P < 0.05). In both groups smokers had lower
PTH levels than nonsmokers (5.5 + 1.4 and 6.1 + 2.4pmol/l
in the SHPT group, P=NS; and 3.1+ 1.4 and 3.2 £ 1.1 pmol/
1 in the control group; P = NS). However, when analyzing
the two groups together, the smokers had significantly
lower PTH levels: 3.9 £ 1.8 and 4.7 £ 2.4 pmol/l, respectively;
P < 0.05 (linear regression analysis).

Significantly more subjects in the SHPT group than in
the control group used blood pressure medication (diuretics
included) (32.3% and 16.0%, respectively; P <0.01). In both
groups the serum PTH levels were lower in those on blood
pressure medication: for the SHPT group 5.4+ 1.5 and 6.3 +
2.4pmol/l, respectively, and for the controls 3.0+ 1.0 and 3.3
+ 1.3pmol/l, respectively. In the SHPT group this difference
was statistically significant when evaluated with Student’s #-
test (P < 0.01), but using the linear regression model it was
significant only in nonsmokers (5.4 £ 1.6 and 6.4 = 2.6 pmol/
1, respectively; P < 0.01). In the SHPT group five subjects
used a loop diuretic (PTH 5.0 £ 0.9 pmol/l) and three used a
thiazide diuretic (PTH 5.1 £ 0.5pmol/l); and in the control
group three subjects used a thiazide diuretic (PTH 2.8 £
0.6pmol/l). These PTH levels were lower than in the sub-
jects not using diuretics.

The BMI, systolic blood pressure, serum phosphate,
and serum creatinine were nonsignificantly higher in the
SHPT group. For diastolic blood pressure there was an
interaction between the SHPT/control group and gender.
When analyzed in regard to being sex-specific, the diastolic
blood pressure was significantly higher in the SHPT females
than in their controls (80.9 £ 9.6 and 74.6 £ 11.6mmHg,
respectively; P < 0.001), whereas the difference was
not significant in the males (82.8 + 12.4 and 79.6 £
11.1mmHg, respectively). As expected, serum calcium was
significantly lower in the SHPT group than in the controls
(P < 0.001).

The calcium intake was significantly lower in the SHPT
group than in the controls (Student’s t-test). However, there
were significant interactions between SHPT/control group,
gender, and smoking status. Thus, during subgroup analysis,
the calcium intake was significantly lower only in nonsmok-
ing males (660 + 244 and 927 + 398 mg/day in the SHPT and
control groups, respectively; P < 0.05). The vitamin D in-
take was similar in the two groups.

Fractional calcium absorption was not measured in
women below the age of 50 years (15 in the SHPT group
and 18 in the control group). In addition 2 males in the
SHPT group declined to do the test. Thus, 44 males and
35 females in the SHPT group and 56 males and 32 females
in the control group underwent the calcium absorption test.
Using Student’s #-test, the fractional calcium absorption was
significantly higher in the SHPT group. However, after
adjusting for smoking status (in addition to age, these were
the only significant predictors of fractional calcium absorp-
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tion), the difference between the two groups was no longer
significant.

The serum 25-hydroxyvitamin D levels were lower in the
SHPT group. In the regression model there was an interac-
tion between SHPT/control group, gender, and smoking
status. In subgroup analyses, nonsmoking males in the
SHPT group had significantly lower 25-hydroxyvitamin D
levels than the corresponding controls (65.5 + 15.8 and
69.9 £ 17.7nmol/l, respectively; P < 0.05). The serum 1,25-
dihydroxyvitamin D levels were almost identical in the two
groups.

Regarding 24-h urinary calcium excretion, there was in
the general linear model an interaction between SHPT/
control group, smoking status, and use of blood pressure
medication. However, 24-h urinary calcium excretion was
significantly lower in the SHPT group than the controls in
all subgroups (P < 0.05), except for nonsmokers on blood
pressure medication.

The 24-h urinary calcium excretion was lower in those
on blood pressure medication than in those not on it but
significantly so only in the nonsmokers (3.09 £+ 2.03 and
4.82 +2.82mmol/day, respectively; P > 0.001, linear regres-
sion). All types of blood pressure medication, including
thiazide and loop diuretics, reduced 24-h urinary calcium
excretion.

The cutoff values for the 5th (or when appropriate the
95th) percentile obtained from the control group, and the
percentage of those in the SHPT group who had an “abnor-
mal” value, were for the calcium intake 345mg/day and
17.7%, for the vitamin D intake 3.3pg/day and 14.6%, for
the fractional calcium absorption 0.49 and 3.8%, for the
serum 25-hydroxyvitamin D level 37nmol/l and 8.3%, for
the serum creatinine level 114pumol/l and 7.3%, and for
24-h urinary calcium excretion 10.7mmol/day and 2.1%.
Thus, among the SHPT group 44.8% had one or more
“abnormal” values among the above parameters, in com-
parison to the control group in whom the corresponding
figure was 21.7%.

If the smokers and those on blood pressure medication
were excluded, there were significantly more females in the
SHPT group (P < 0.05), but the main results were un-
changed with significantly lower calcium intake and 24-h
urinary calcium excretion (P < 0.05) (Table 3).

SHPT and control subjects who still met the inclusion
criteria at follow-up

A statistical analysis similar to that for the original classifi-
cation was performed. In general, the differences between
the two groups were more pronounced than when the origi-
nal classification was used (Table 2). However, the SHPT
group was now considerably smaller, and the differences
versus the controls were only statistically significant in the
linear regression model for 25-hydroxyvitamin D in non-
smokers (53.1 £ 14.1 and 67.2 £ 18.2nmol/l, respectively; P <
0.05), for calcium intake in males (619 + 233 and 902 +
365mg/day, respectively; P < 0.05), and for the 24-h urinary
calcium excretion in those not on blood pressure medica-
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Table 3. Demographic and biochemical variables at follow-up in the SHPT and control groups for nonsmokers who were not using blood pressure

medication
Variable Original classification' Follow-up classification”

SHPT Controls SHPT Controls
Males/females 23/27" 37/20 10/8 36/18
Age (years) 59.0+£154 614+143 634155 62.5+13.8
BMI (kg/m®) 27.9+55 26.7 + 3.4 302 £ 7.1% 26.6 + 3.4
Systolic BP (mmHg) 130.3 £23.1 128.8 £18.8 139.4 £20.9° 129.0 £18.7
Diastolic BP (mmHg) 793124 79.2£104 84.1+12.5 78.9 £10.4
Serum PTH (pmol/l) 6.4+26 32+12 93+2.1 32+1.1
Serum calcium (mmol/l) 2.28 +0.10" 2.34 £0.08 2.21 +0.09" 2.35+0.07
Serum phosphate (mmol/l) 0.99 £0.17 1.00 £ 0.14 0.96 £ 0.14 1.00 £ 0.14
Serum creatinine ((mol/l) 84.8 £18.7 87.4+16.3 87.3+£18.8 87.8£16.4
Serum 25-OH-vitamin D (nmol/l) 61.8+17.9 649 +17.9 535+15.6' 65.7+17.9
Serum 1,25-(OH),-vitamin D (pmol/l) 107.6 £ 35.0 116.7 £32.8 110.2 £ 37.6 116.3 £33.1
Calcium intake (mg/day) 651 + 320" 867 + 407 709 £ 379¢ 864 £ 403
Vitamin D intake (ug/day) 9.6 £8.0 11.0 £ 8.0 11.3+9.6 11.4£8.0
Fractional calcium absorption 0.83 £0.30 0.78 £0.19 0.73 £0.11 0.77 £ 0.18
Urinary Ca excretion (mmol/24 h) 413 +£2.71" 5.45+2.81 3.66 +£2.49™ 5.44 +2.56

!Classified on the basis of serum PTH levels from the 5th Tromsg study
*Those still fulfilling the SHPT and control group criteria at follow-up

P <0.05;¥P <0.01 (Student’s t-test or the chi-squared test)
*P < 0.05;°P < 0.001; °P < 0.05 for males (linear regression)

tion (34 + 2.5 and 53 *
P <0.01).

Using the same criteria as for the original SHPT group,
18.2% had low calcium intake; 18.2% had low vitamin D
intake; none had low fractional calcium absorption; 18.2%
had a low serum 25-hydroxyvitamin D level; 4.5% had a
high serum creatinine level; and none had a high 24-h
urinary calcium excretion. Thus, among the SHPT group
54.5% had one or more “abnormal” values among the
above parameters.

In the nonsmokers not on blood pressure medication,
BMI and systolic blood pressure were now significantly
higher in the SHPT group than in the controls (P < 0.001
and P < 0.05, respectively) (Table 3).

2.6mmol/day, respectively;

Discussion

There are several reports on predictors for the serum PTH
level. In addition to serum ionized calcium, which is the
main regulator of PTH secretion [1], there is general agree-
ment that serum PTH increases with age [2,10], BMI [3,10],
creatinine [11,12], and possibly with increasing serum
phosphate levels [13]. Furthermore, the serum 25-
hydroxyvitamin D level is of importance, and it has been
suggested that the reference range for PTH should be
viewed in relation to vitamin D status [14]. On the other
hand, the present study is, to our knowledge, the first one
focusing on causes of SHPT in a general population.
Secondary hyperparathyroidism is the result of the body
being in calcium deficit, with increased PTH secretion a
compensatory mechanism. The calcium deficit could be
caused by reduced calcium intake, reduced intestinal cal-
cium absorption, or increased renal calcium excretion. As
for the calcium intake, we found it to be reduced in the

SHPT group, which confirms our previous report on
subjects with SHPT studied after the 4th Tromsg study [9].
The intake was 20%-25% lower in all subgroups tested,
but it reached statistical significance only in nonsmoking
males.

The intestinal calcium absorption was measured as frac-
tional absorption of ingested radioactive labeled calcium.
The calcium absorption was reduced with age and was also
reduced in smokers, as recently reported by Need et al. [15].
However, it was not reduced in the SHPT group. This is also
in accordance with another report from Need et al. thatin a
large group of postmenopausal women no relation was
found between the serum PTH level and calcium absorption
[16].

Vitamin D is important both for the serum PTH level
and intestinal calcium absorption. 1,25-Dihydroxyvitamin
D is the only hormone with a direct effect on calcium ab-
sorption [17], whereas the 25-hydroxyvitamin D level is the
best measure of the body’s vitamin D status. We did find the
25-hydroxyvitamin D levels to be lower in the SHPT group;
but as for calcium intake, the difference was statistically
significant only in nonsmoking males. In our population
there is a high intake of fatty fish and frequent use of
vitamin D supplementation, which can probably explain
the high serum 25-hydroxyvitamin D levels found. In this
respect our findings are in accordance with the report
from the MORE study where Norwegian postmenopausal
women were among those with the highest serum
25-hydroxyvitamin D levels [18]. In populations with a
lower 25-hydroxyvitamin D level, vitamin D deficiency is
probably a more frequent cause of SHPT than that found
by us.

Parathyroid hormone is one of the main regulators of
urinary calcium excretion [1], and increased resorption of
calcium from the glomerular filtrate is important for con-
serving body calcium when there is a deficit. Calcium excre-



tion was significantly lower in the SHPT group, except in
nonsmokers on blood pressure medication. Accordingly,
increased urinary calcium loss is not a frequent cause of
increased PTH levels, and the reduced urinary calcium ex-
cretion fits well with the observation of reduced calcium
intake in the SHPT group. Finally, the serum creatinine
levels, which are important for serum PTH [11,12], were
almost identical in the two groups.

We tried to estimate the most important causes of SHPT
by defining what could be considered an “abnormal” level
for the various factors affecting the calcium balance. Lack-
ing a better definition, we chose the upper or lower 5th
percentile for the controls as the cutoff level for an “abnor-
mal” value. Using this approach, low calcium intake ap-
peared to be the most important single factor and could
“explain” the SHPT in approximately 18%—both when
SHPT was classified on the basis of measurements from the
5th Tromsg study and when SHPT was persistent. In the
latter group, a low serum 25-hydroxyvitamin D level was
also seen in about 18%. However, for the calcium intake
and the vitamin D level, as for the other predictors, there
was a great overlap between the two groups, and most of
those with SHPT had “normal” values for all predictors
evaluated in this way.

In addition to established predictors for the PTH level,
we also looked specifically at the influence of smoking sta-
tus and blood pressure medication, as there were several
interactions between these variables and the SHPT/control
group when used as factors in the regression analyses. Re-
garding smoking status, the smokers had significantly lower
serum PTH levels, which has also been reported from some
[10,15] but not all [19,20] previous studies. The number of
smokers was significantly higher in the control group, and it
is therefore conceivable that smoking did mask SHPT in
some of the borderline cases in the control group.

Similarly, those on blood pressure medication had lower
PTH levels than those not using blood pressure medication.
Although this was significant only in nonsmoking males in
the SHPT group, it could possibly also mask some cases of
SHPT. It has been reported that antihypertensive drugs,
regardless of type, reduce calcium excretion in hypertensive
subjects [21], which again could reduce the serum PTH
levels. In accordance with this, we found lower urinary cal-
cium excretion in those on blood pressure medication, re-
gardless of the type of drug. We also found the serum PTH
levels to be lower in those on diuretics, both loop and thiaz-
ide types, in contrast to what Rejnmark et al. [22] reported.
In their study, which had an experimental design, both loop
and thiazide diuretics caused an increase in serum PTH
in postmenopausal women. The number of subjects on
diuretics in our study was small, and our observations on
diuretics and PTH levels must therefore be viewed with
caution.

It has been documented in both in vitro [23] and in vivo
[24] studies that an acute elevation of phosphate in the
incubation medium or in serum to supraphysiological levels
stimulates secretion of PTH. Furthermore, in renal failure
the prolonged elevation of serum phosphate appears to
increase PTH secretion and gene expression as well as cause
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parathyroid cell proliferation [13]. However, in our study
the serum phosphate levels were only nonsignificantly
higher in those with SHPT than in the controls.
Accordingly, the serum phosphate level does not appear to
be a major determinant of PTH secretion, at least when it is
only marginally elevated in subjects with normal kidney
function.

As expected, there was a considerable regression toward
the mean for the PTH levels in the SHPT group at the
follow-up examination, in particular in subjects with mar-
ginally increased PTH levels. In many ways those with
persistent SHPT would be the most interesting group
to study, as differences between these subjects and the
controls should be more pronounced. This was also the case
in particular for the serum 25-hydroxyvitamin D levels.
Similarly, because smoking status and the use of blood pres-
sure medication did affect the results, we also did the
analyses with smokers and users of blood pressure medi-
cation excluded. Again, the same main findings were
disclosed.

The strength of the present study is that our subjects
were recruited on the basis of an epidemiological survey
and careful adjustment for confounding factors. However,
our study has several shortcomings. Although the number
of subjects with serum PTH measurement in the 5th
Tromsg study was close to 8000, only 96 subjects with SHPT
were finally included in the study, in whom SHPT was per-
sistent in only 22. Furthermore, there were several interac-
tions between SHPT/control group, sex, smoking status,
and use of blood pressure medication, necessitating the use
of subgroup analysis. It follows that these groups became
small with accompanying loss of power during statistical
testing. In addition, the follow-up examinations were
performed 6-12 months after the serum PTH and calcium
measurements on which the initial SHPT classification was
based; and our classification of SHPT (serum PTH
>6.4pmol/l and serum calcium <2.40mmol/l) is not in gen-
eral use. Thus, others have classified SHPT as an increased
serum PTH level with serum calcium within the reference
range [25]. Our reason for choosing a lower calcium level
was to exclude subjects with primary hyperparathyroidism,
as it may exist with serum calcium levels in the upper nor-
mal range [26]. We also believe that choosing a serum PTH
level that was lower than the upper limit in the reference
range was reasonable, in view of the report by Souberbielle
et al. showing that the upper limit is approximately 10%
lower if only considering those with a normal serum 25-
hydroxyvitamin D level [14]. Finally, SHPT (at least when
persistent) is probably the result of a negative calcium bal-
ance that has been ongoing for years. Our measurements at
one time point may therefore not give a true picture of a
long-lasting situation.

In conclusion, a low calcium intake and a low serum 25-
hydroxyvitamin D level for those with persistent SHPT ap-
peared to be the most frequent causes of SHPT in our
population. However, no single cause could be found for
most subjects, and SHPT, at least when persistent, is prob-
ably the result of several factors working together for a long
period of time.
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