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PARATHYROID HORMONE, VITAMIN D, AND COGNITIVE
DECLINE IN OLDER PEOPLE WITH A HISTORY
OF VASCULAR DISEASES

M.P. Bjorkman'?, K.H. Pitkala**, T.E. Strandberg>®, R.S. Tilvis"?

Abstract: Introduction: Cross-sectional and prospective follow-up studies have suggested serum 25-hydroxyvitamin D (25-OHD) to
associate with cognitive decline. However, other regulators of calcium homeostasis, such as parathyroid hormone (PTH), may
confound this association. In this prospective three-year follow-up study the predictive value of both 25-OHD and PTH for
cognitive decline were investigated. Methods: Older community-dwelling people (N=400, age=80+5 years) with a history of vascular
diseases were included. In addition to thorough clinical examination cognition was assessed by Consortium to Establish a Registry
for Alzheimer Disease neuropsychological assessment battery total score (CERAD) at baseline and after three-year follow-up.
Baseline serum 25-OHD, PTH, total calcium, creatinine and apolipoprotein E4 genotype were determined. Results: The mean
baseline MMSE score was 26+3 and that of total CERAD score 69+12. A weak inverse association was observed between baseline
PTH levels and CERAD total scores (r= -0.120, p=0.023). The highest baseline PTH quartile (=83.1 ng/1) compared with lower
quartiles was associated with 2.4-fold risk (95%ClIs=1.05-5.35) for at least 10-point decline in CERAD total score within three years.
The risk remained significant after controlling for age, gender, education, apolipoprotein E4, baseline CERAD score, body mass
index, creatinine, total calcium, and 25-hydrovitamin D. No significant associations were found between baseline 25-OHD and
cognition in cross-sectional or longitudinal analyses. Conclusion: High baseline levels of PTH are associated independently of
baseline vitamin D status with clinically significant cognitive decline in older community-dwelling people with a history of
vascular diseases. Further studies are warranted to address the role of PTH and its regulators in the etiology of cognitive
impairment.
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Introduction

Vitamin D deficiency, common in older people, has
been associated with various chronic diseases, eg. cancer,
cardiovascular diseases, autoimmune diseases, diabetes,
obesity, and osteoporosis (1). Animal studies and cell
models have suggested that vitamin D may have
neuroprotective effects (2). Low levels of 25-OHD have
been related to impaired cognition in some cross-
sectional studies (3), but the association has not been
consistent (4). Furthermore, most studies on association
between 25-OHD and cognitive function lack data on
parathyroid hormone (PTH) that together with 25-OHD
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is an important regulator of calcium homeostasis.
Interestingly, some small cross-sectional studies have
associated high PTH levels with impaired cognition (5, 6).

Prospective follow-up studies have shown that vitamin
D deficiency is associated with cognitive decline in an
Italian population based sample of older persons and in
older Caucasian women enrolled in an osteoporosis
study (7, 8). Furthermore, vitamin D deficiency has been
shown to predict the onset of non-Alzheimer dementias
among older French women (9). Again, all these studies
lacked data on PTH levels. Furthermore, the results of the
follow-up studies have not been consistent (10). In our
previous prospective follow-up study we have shown
that high PTH levels are associated with significant
cognitive decline in a general aged population (11).
However, this study lacked in turn data on vitamin D
levels.

The assessment of cognition has been based on
screening methods, such as the Mini Mental State
Examination, in many of the previous studies, even
though the role of the Consortium to Establish a Registry
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for Alzheimer Disease (CERAD) neuropsychological
assessment battery has been emphasized in the detection
of cognitive changes over time (12, 13). Furthermore, in
contrast to the plethora of vitamin D supplementation
trials, some small parathyroidectomy studies have
reported minor improvements in cognitive functions (14-
16), suggesting even causality between PTH levels and
cognition.

According to our hypothesis elevation of PTH levels
predicts cognitive decline independently of vitamin D
status. In order to compare the predictive value of
baseline measurements of these variables both 25-OHD
and PTH levels were related to cognitive decline assessed
by CERAD within three-year follow-up in older people
with a history of vascular diseases.

Methods

The Drugs and Evidence Based Medicine in the Elderly
(DEBATE) Study database was used for these analyses.
The trial design including the randomization procedure
and the flow chart of the DEBATE study have been
published in detail previously (17). Briefly, in a
population-based setting, a total of 400 home-dwelling
older patients were recruited into a three-year
multifactorial, controlled secondary prevention trial. Pre-
study postal questionnaires were sent to a random
sample of 75 to 95-year-old individuals (n=4821) living in
Helsinki, Finland. During the first visit, the
atherosclerotic disease (prior myocardial infarction,
coronary artery disease, previous stroke or transient
ischaemic attack, peripheral artery disease) was
confirmed (82% coronary heart disease), the patients
signed an informed consent, where after they were
randomized to the intervention (n=199) and control
groups (n=201) of the multifactorial prevention study. In
the intervention group, treatments were tailored
according to 1998 European guidelines by a geriatrician-
internist with consultations as appropriate. The control
group received usual care by primary care physicians,
and visited only the study nurse (not the study
geriatrician) yearly.

The research protocol of the DEBATE study was
approved by the Ethics Committee of the Department of
Medicine, University of Helsinki. The intervention did
not have an effect on the primary endpoints and the
study has been continued as a follow-up study. The main
results of the trial have been published elsewhere (18).

Cognition was assessed by Consortium to Establish a
Registry for Alzheimer Disease neuropsychological
assessment battery total score (CERAD, range 0-100
points) (12), by Mini Mental State Examination (MMSE,
range 0-30 points) (19), and by Clinical Dementia Rating
total score (CDR, 0 = none, 0.5 = very mild, 1 = mild, 2 =
moderate, and 3 = severe) (20) at baseline and at three-
year re-examination. The clinically meaningful decline for
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CERAD total score was at least 10 points (13), the
respective figure was at least 4 points for MMSE. Any
worsening in total CDR score was considered
meaningful.

Venous blood was drawn after an overnight fast at
baseline and blood samples were deep frozen at -20
degrees Celsius. In addition to routinelaboratory analyses
baseline total calcium (CaT, laboratory reference values =
2.15-2.51 nmol/1), PTH (laboratory reference values = 10-
75 ng/1) (21), and 25-OHD (laboratory reference values >
40 nmol/1) (22) levels were measured and apolipoprotein
E4 genotype (APOE4) was determined. CaT was
determined by colorimetric assay with end-point
determination and sample blank using Roche Diagnostics
reagents (Cat. no. 1730240) and Modular-analyzer
(Hitachi Ltd, Tokyo, Japan). The method is accreditated
by FINAS Accreditation (SFS-EN ISO/IEC 17025:2005
and SFS-EN ISO 15189:2003). The PTH levels were
determined with a solid-phase, two-site
chemiluminescent enzyme-labelled immunometric assay
(Immulite 2000 intact PTH). High performance liquid
chromatography was used to measure plasma 25-OHD
levels. APOE allele genotyping was performed from
serum samples by immunoelectrophoresis and isoelectric
focusing.

Data were analyzed with PASW Statistics 18 (SPSS Inc.,
Chicago). The statistical differences in baseline
characteristics of subjects were determined by T-test or
oneway ANOVA (continuous variables) and by chi-
square test (dichotomous variables). Non-parametric tests
(Mann-Whitney U or Kruskal-Wallis) were used when
appropriate. A series of univariate and multivariate
logistic regression models were created to calculate the
adjusted risk ratios and 95% confidence intervals for the
predictors of cognitive decline. Covariates were entered
one by one in the models and no covariates were
removed. P-values below 0.05 were considered as
statistically significant.

Results

The patients were old (80 + 5 years) and women
outnumbered men (65% vs. 35%). The mean baseline
MMSE score was 26 + 3 and that of total CERAD score 69
+ 12. The baseline PTH levels varied from 9.3 ng/1 to
497.3 ng/1 (quartile cut-points: 38.7 ng/1, 59.0 ng/1, and
83.1 ng/1), the respective figures being 9.0 nmol/l and
128.0 nmol/1 for 25-OHD (quartile cut-points: 32.0, 44.0,
and 63.0 nmol/1). PTH and 25-OHD concentration
correlated inversely (r = -0.280, p < 0.001). The baseline
25-OHD levels varied between 9-90 nmol/1 in subjects
with elevated baseline PTH (> 75ng/1).

At baseline a weak inverse association was observed
between PTH levels and CERAD total scores (r =-0.120, p
= 0.023), but the associations of PTH with MMSE and
CDR were insignificant. In addition to total CERAD
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Table 1
Baseline characteristics of patients by parathyroid hormone quartiles (cut-points: 38.7, 59.0, and 83.1 ng/1)

Variable Quartile I Quartile IT Quartile IIT Quartile IV P-value
Number 92 92 92 92

Age, years 78.8+4.3 79.5+4.8 80.7£5.2 81.2+4.6 0.003
Female, % 75.3 63.0 57.6 64.8 0.083
Low education, % 52.7 58.7 65.2 54.9 0.333
Body mass index, kg/m? 26.4+3.8 26.2+4.4 26.6+4.2 27.0+4.5 0.634
MMSE* 26.3+2.5 26.8+2.4 26.1+3.0 26.1+2.5 0.263
CDR*=0, % 86.4 87.5 77.9 79.7 0.323
CERAD:s total score 72.5+11.2 68.7+12.3 67.3+11.4 68.8+12.7 0.024
Apolipoprotein E allele 4, % 28.6 315 36.3 25.0 0.409
25-hydroxyvitamin D, nmol/1 55.0+22.3 49.9+21.9 46.7+20.7 38.6+18.1 <0.001
Total calcium?, mmol/1 2.29+0.09 2.30+0.09 2.30+0.09 2.304+0.14 0.996
Creatinine, ymol /1 89.3+13.1 94.3+19.5 96.3+18.0 108.6+41.6 <0.001
GFR®, ml/min 52.5+13.1 51.2+13.4 50.9+13.4 47.6+16.7 0.120

a. Mini mental state examination; b. Clinical dementia rating total score (0=no cognitive impairment); c. Consortium to Establish a Registry for Alzheimer’s Disease
neuropsychological battery total score; d. Number in quartiles = 79 / 81 / 82 / 85; e. Glomerular filtration rate according to Cockroft-Gault

Table 2
Baseline characteristics of patients by 25-hydroxyvitamin D quartiles (cut-points: 32.0, 44.0, and 63.0 nmol /1)

Variable Quartile I Quartile II Quartile III Quartile IV P-value
Number 90 92 93 93

Age, years 80.745.3 79.7+4.4 79.8+4.9 79.9+4.6 0.499
Female, % 62.2 70.7 60.2 67.7 0.417
Low education, % 52.2 65.2 58.1 55.9 0.339
Body mass index, kg/m2 27.745.0 26.5+£3.9 26.5+4.0 25.543.6 0.006
MMSE® 26.1+2.6 26.0+2.6 26.4+2.7 26.7+2.6 0.338
CDR*=0, % 82.4 77.8 88.0 84.1 0.423
CERAD:s total score 68.5+12.2 68.7+11.7 70.1£12.2 69.3+12.1 0.734
Apolipoprotein E allele 4, % 31.0 33.0 30.1 27.5 0.880
Parathyroid hormone, ng/1 92.6+72.4 69.5+47.0 60.7+35.4 53.4+30.9 <0.001
Total calcium?, mmol/1 2.26+0.11 2.2940.11 2.31+0.09 2.32+0.11 0.007
Creatinine, yumol/1 100.9+36.7 94.7+19.2 98.44+27.2 94.6+18.5 0.295
GFR?, ml/min 52.0+16.2 50.5+13.8 51.1+13.7 48.6+13.3 0.431

a. Mini mental state examination; b. Clinical dementia rating (0=no cognitive impairment); c. Consortium to Establish a Registry for Alzheimer’s Disease
neuropsychological battery total score; d Number in quartiles =76 / 83 / 84 / 84; e. Glomerular filtration rate according to Cockroft-Gault

Table 3
Three-year unadjusted predictive value (OR, 95%Cls) of parathyroid hormone and 25-hydroxyvitamin D by baseline
quartiles (quartile I as reference) for a minimum of 10 point decline in Consortium to Establish a Registry for
Alzheimer Disease neuropsychological assessment battery total score (CERAD), a minimum of 4 point decline in Mini
Mental State Examination (MMSE), and any worsening of Clinical Dementia Rating (CDR)

Quartile I Quartile IT Quartile III Quartile IV

Baseline parathyroid hormone (quartile cut-points: 38.7, 59.0, and 83.1 ng/1)

10 point decline in CERAD® 1.00 0.91, 0.28-2.97 1.17,0.37-3.68 2.08,0.71-6.14

Any increase in CDR® 1.00 5.42,1.12-26.3 5.90, 1.22-28.66 6.48, 1.33-31.54

4 point decline in MMSE* 1.00 2.03, 0.66-6.28 2.92,0.98-8.70 3.14, 1.04-9.49
Baseline 25-hydroxyvitamin D (quartile cut-points: 32.0, 44.0, and 63.0 nmol /1)

10 point decline in CERAD* 1.00 1.38, 0.43-4.49 1.68, 0.55-5.12 0.90, 0.25-3.27

Any increase in CDR® 1.00 0.77,0.26-2.29 0.92, 0.34-2.53 0.45, 0.13-1.59

4 point decline in MMSE' 1.00 0.86, 0.34-2.16 0.57,0.22-1.49 0.70, 0.27-1.84

a. Number in quartiles = 66 / 72 / 67 / 58, total number = 263; b. Number in quartiles = 61 / 58 / 54 / 50, total number = 223; c. Number in quartiles =69 / 73 / 70 /61,
total number = 273; d. Number in quartiles =56 / 67 / 78 / 62, total number = 263; e. Number in quartiles =40 / 55 / 67 / 51, total number = 223; f. Number in quartiles
=60/ 68 / 79 / 66, total number = 273
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Table 4
Three-year predictive value (OR, 95%ClISs) of high baseline parathyroid hormone (> 83.1 ng/1) and low baseline 25-
hydroxyvitamin D (< 32 nmol/1) in series of multivariate analyses for a minimum of 10 point decline in Consortium to
Establish a Registry for Alzheimer Disease neuropsychological assessment battery total score (CERAD), a minimum of
4 point decline in Mini Mental State Examination (MMSE), and any worsening of Clinical Dementia Rating (CDR)

Model 1* Model 2° Model 3¢ Model 4¢
Baseline parathyroid hormone > 83.1 ng/1 (Quartile IV vs. Quartiles I-III)
10 point decline in CERAD 2.37,1.05-5.35 2.38,1.04-5.41 2.87,1.22-6.76 3.56, 1.36-9.46
4 point decline in MMSE 1.57,0.75-3.3 1.46, 0.68-3.1 1.41, 0.64-3.12 1.46, 0.59-3.60
Any increase in CDR 1.96, 0.85-4.55 1.78, 0.76-4.16 2.01, 0.82-4.89 2.10,0.77-5.74
Baseline 25-hydroxyvitamin D < 32.0 nmol/1 (Quartile I vs. Quartile II-IV)
10 point decline in CERAD 0.75, 0.27-2.06 0.74, 0.27-2.05 0.76, 0.27-2.14 0.27, 0.06-1.25
4 point decline in MMSE 1.42,0.67-3.05 1.35, 0.62-2.95 1.32,0.59-2.98 0.94, 0.35-2.51
Any increase in CDR 1.38, 0.57-3.33 1.29, 0.53-3.17 1.42, 0.56-3.60 1.17, 0.39-3.51

a. Unadjusted, N = 263 / 273 / 223 for CERAD / MMSE / CDR; b. Adjusted for age and gender, N = 263 / 273 / 223 for CERAD / MMSE / CDR; c. Adjusted for age,
gender, education, apolipoprotein E4, and baseline cognition test score, N = 260 / 270 / 221 for CERAD / MMSE / CDR; d. Adjusted for age, gender, education,
apolipoprotein E4, baseline cognition test score, intervention group, body mass index, creatinine, total calcium, and parathyroid hormone or 25-hydroxyvitamin D, N =

232 / 241 / 198 for CERAD / MMSE / CDR

scores and 25-OHD levels, PTH concentrations associated
positively with age and renal function (Table 1).
However, the statistical significance of the baseline
association between total CERAD scores and PTH was
lost after controlling age, gender, education,
apolipoprotein E4, body mass index, creatinine, total
calcium, and 25-hydrovitamin D (data not shown). In
addition to PTH concentrations 25-OHD levels associated
inversely with body mass index and CaT (Table 2).
However, no significant associations were found between
25-OHD and the three cognition tests at baseline.

There was a consistent trend by increasing quartile of
baseline PTH for increased risk of clinically significant
three-year cognitive decline regardless of the cognition
test (Table 3). When the highest baseline PTH levels (PTH
> 83.1 ng/1, IV-quartile) were compared with others
(quartiles I-III), high baseline PTH associated significantly
with 2.4-fold risk (95%ClIs = 1.05-5.35, p = 0.038) of a
minimum of 10-point decline in CERAD total score
within the three-year follow-up (Table 4). Furthermore,
the increased risk for clinically meaningful decline in
CERAD total score remained significant after controlling
for age, gender, education, apolipoprotein E4, baseline
total CERAD score, body mass index, creatinine, total
calcium, and 25-hydrovitamin D (Table 4). No consistent
tendencies or statistical significances were found for
cognitive decline within the three-year follow-up, when
patients were stratified according to baseline 25-OHD
quartiles (Tables 3 and 4).

Discussion

This prospective follow-up study shows that high
baseline PTH concentrations are associated with clinically
significant cognitive decline independently of baseline
vitamin D status in community-dwelling older people

with a history of vascular diseases. This observation
accords well with the results of our previous study (11).
The results of the present study support the observations
of the parathyroidectomy trials showing improvements
in cognitive functions (14-16).

The design of this study does not shed light on the
possible pathogenetic role of PTH, but some mechanisms
can be suggested. Although PTH does not cross the
undamaged blood brain barrier (23), in conjunction with
other mediators leading to disturbed blood brain barrier
permeability, PTH may be involved in brain cell damage.
In vitro studies have shown that PTH increases
intracellular Ca2+ concentration and causes cell
deterioration in rat’s hippocampal slices (24). PTH
receptors are abundant across the central nervous system
in humans (25). Dysregulation of intracellular Ca2+
homeostasis in the hippocampal neurons plays an
important role in the pathogenesis of cognitive decline
(26). Individual differences in the cell membrane’s ability
to resist calcium influx may be hypothesized to cause the
well-known but poorly understood variability in clinical
symptoms in patients with elevated PTH. Furthermore,
one of the key regulators of parathyroid activity, namely
peptidyl-prolyl isomerase Pinl (27), has been associated
with Alzheimer's disease (28). However, the increase in
PTH may be a marker for individual vitamin D
insufficiency i.e. the serum concentration of 25-OHD
below which PTH increases varies greatly between
subjects. In the present study, the baseline 25-OHD levels
varied between 9-90 nmol/1 in subjects with elevated
baseline PTH (> 75ng/1).

Few previous vitamin D supplementation trials have
addressed its effects on cognitive function. In a double
blind randomized placebo controlled trial of six-week
cholecalciferol (5000 IU/d) supplementation in young
healthy adults (N =128) no effect was found (29). Again,
the role of parathyroid function was not assessed. In an
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open label clinical study of older vitamin D deficient
nursing home residents a four week ergocalciferol (= 2000
IU/d) supplementation decreased PTH concentrations,
but no effects on cognitive functions was observed within
the short follow-up period (30). However, modest
differences in cognitive changes have been reported in
older outpatients visiting a memory clinic (N = 44) in a
retrospective pre-post cohort study (31). In that study the
dose of cholecalciferol supplementation ranged from 800
IU/d to 100000 IU/month and the treatment allocation
was neither randomized nor blinded.

The study design is the major strength of this study.
The patients were recruited from a population based
sample of older people. The recruited patients were
thoroughly examined by a geriatrician-internist at
baseline. Cognition was assessed with CERAD, which is a
more comprehensive method than MMSE or CDR.
Furthermore, the 25-OHD concentrations were
determined by high performance liquid chromatography.
This study has also some weaknesses. The observational
nature of the study does not allow the evaluation of
causality of the associations. Even though the study
protocol did not include systematic use of vitamin D
supplementation and baseline 25-OHD and PTH levels
were measured after the completion of the follow-up
period, the lack of detailed data on the use of vitamin D
supplementation during follow-up should be considered
as a weakness of this study. Furthermore, data on ionized
calcium and novel regulators of parathyroid function
were not available. Missing follow-up data, particularly,
resulted in attrition of the study population in the
multifactorial analyses. Thus, the lack of association
between baseline vitamin D and cognition should be
interpreted with caution. However, to the best of our
knowledge this is the first prospective follow-up study to
investigate the predicitive value of both 25-OHD and
PTH for cognitive decline in a relatively large sample of
community-dwelling older people.

In conclusion, high levels of PTH are associated
independently of vitamin D status with clinically
significant cognitive decline in older community-
dwelling people with a history of vascular diseases.
Further studies are warranted to address the role of PTH
and its regulators in the etiology of cognitive impairment.
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