Cardio-Vascular Consequences of Parathyroid Disorders in Adults
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Abstract

PTH is a metabolic active hormone primarily regulating calcium and phosphate homeostasis in
a very tight and short term-manner. Parathyroid disorders in adult patients reflect a variety of
different conditions related either to the parathyroid glands itself or to the effects of the secreted
hormone. The clinical specter varies from the common disease primary hyperparathyroidism
(PHPT) to the orphan conditions Pseudohypoparathyroidism (Ps-HypoPT) and chronic
Hypoparathyroidism (HypoPT). The purpose of this review is to describe the consequences of
disturbances in levels or action of PTH for cardiac function and cardiovascular risk in adult
patients with these disorders.

Most patients with PHPT achieve the diagnose by chance and have minor or no specific
symptoms. Still, these patients with mild PHPT do possess cardiovascular (CV) morbidity,
however so far not proven ameliorated by surgery in controlled trials. In severe cases, the CV
risk is increased and with a potential reversibility by treatment.

Patients with Ps-HypoPT have resistance to PTH action, but not necessarily total resistance in
all tissues. So far, no clear CV morbidity or risk has been demonstrated, but there are several
aspects of interest for further studies.

Most patients with HypoPT do get their hormonal deficiency syndrome following neck surgery.
These patients do experience multiple symptoms and do have an increased CV-risk before the
primary surgery. Based on existing data, their CV mortality do not deviate from the expected
when adjusting for the preexisting increased risk. Patients with nonsurgical (NS-) HypoPT do
demonstrate increased CV-risk also associated with exposure time.

Endocrine disorders with alterations in PTH function have major impact on the cardiovascular
system of importance for morbidity and mortality, wherefore management of these specific
diseases should be optimized currently, as new data become available, however also avoiding

over-treating asymptomatic patients.



Introduction

Parathyroid disorders in adult patients reflect a variety of different conditions related either to
the parathyroid glands itself or to the effects of the secreted hormone, PTH (1). PTH is the
major hormonal regulator of the tightly bound calcium homeostasis via a direct effect on the
kidney and bone calcium fluxes, and indirectly via activation of vitamin D enhanced calcium
absorption from the gut (2-5). PTH acts mainly by binding to the specific PTH/PTHrP binding
receptor PTHR1 (6), a common G-protein coupled receptor. According to the Human Protein

Atlas (http://www.proteinatlas.org/), (7) PTHR1 is mainly and abundantly expressed in the

kidney, and at much lower levels in several other tissues such as liver, adrenal, and potential
also at very low levels in the cardiomyocytes. The protein is located in the renal tubules, shown
by unpublished Immunohistochemical images (antibody HPAO075879, Atlas antibodies,
complete protein profile will be published in the next update of the Human Protein Atlas), see
Figure 1a. Although RNA expression is detected at low levels in several tissues, the protein can
only be detected in kidney. PTHR2 is also a G-protein coupled receptor, specifically binding
PTH as the ligand. The tissue distribution is less general than for PTHR1, PTHR2 RNA
expression is mainly detected in the brain, bone marrow and salivary glands according to the
Human Protein Atlas (http://www.proteinatlas.org/), or mainly detected in brain, placenta,

pancreas and testis according to Usdin et al (8). Antibody-based protein localization (antibody
HPAO010655, Atlas antibodies) detects PTHR2 abundantly in the pancreas as well as endothelial
cells throughout the body (Figure 1b), although the protein location needs to be further
validated. Neither of the receptors seems to be expressed in higher amounts in the heart and
only PTHR2 show positivity in the vasculature.

Being the principal regulator of calcium homeostasis, PTH and calcium levels go hand in hand
as risk factors for various outcomes, including cardio-vascular (CV) morbidity and mortality.
Early epidemiological studies identified high calcium levels as a risk factor for overall mortality
in the general population, and especially as a risk for CV-mortality in men (9). In accordance,
calcium level has been shown to be an independent risk factor for myocardial infarction in
middle aged men (10), also confirmed in the Tromsg study (11). These studies do not show
causality and are hypotheses generating only. But it is of interest that PTH levels seem to reflect
overall CV-risk in the general male population, even within the normal range (12). Accordingly,
in a large clinical epidemiological study of patients of both sexes undergoing coronary
angiography (a third of the patients did not have coronary disease) PTH was shown to be an

independent predictor of mortality and cardiovascular events. A special strong association was
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found between PTH and sudden death (13). These data points towards a more general metabolic
effect of PTH than merely controlling calcium homeostasis, and a positive relation between
PTH and leptin has been suggested, at least in primary hyperparathyroidism (PHPT) (14).

The clinical spectrum of parathyroid disorders potentially affecting the heart and cardiovascular
system in adults spans from the very rare syndromic disorders related to resistance to PTH
action as in pseudohypoparathyroidism (Ps-HypoPTP) (15), to the highly prevalent disease
PHPT, with a prospectively proven prevalence between 2 and 5% in peri-and postmenopausal
Scandinavian women (16, 17). Recently, renewed scientific attention has been payed to chronic
hypoparathyroidism in adults (HypoPT) (18), due to an ongoing discussion on management.
The purpose of this paper is to review the consequences of disturbances in levels or action of
PTH for cardiac function and CV-risk in adult patients with these well-defined clinical entities.
We will focus on areas of special clinical interest where recent advances have been gained with

potential implications for clinical management.

Primary Hyperparathyroidism (PHPT)

In PHPT, calcium levels as well as PTH levels are inappropriately increased in relation to each
other in a stable situation with only little daily variation in calcium level, a condition termed
equilibrium hypercalcemia (5). Thus, in patients observed for years without treatment for
PTHT, calcium levels are remarkable stable underscoring the concept of a set-point error in
PHPT (5, 19-21).

PTH or Calcium and CV-risk

Well knowing that PTH have wide metabolic effects, directly or indirectly and that calcium
levels are correlated to vascular calcification and CV risk, the question remains whether it is
PTH or calcium by itself that is the important player; most probably a combination (22). To
illustrate this point, in a large case-control study of PHPT from the epidemiological well-
characterized and representative area Tayside in Scotland, Yu and coworkers followed 2.300
patients for a total of more than 7.300 observation years, of whom about 90% were followed
without surgery (23). The study found that PTH level at baseline — not calcium levels, was an
independent predictor of all-cause mortality, fatal and non-fatal CV-disease (CVD). These
hypotheses generating data are in accordance with other studies showing a correlation between
PTH and arterial stiffness (24) and left ventricular mass (LVM) (25) in the so called mild form
of PHPT, where the diagnosis often is made by chance in otherwise asymptomatic patients (26).

Epidemiological studies from Denmark have shown a clear increased CV-risk in PHPT patients



with higher calcium levels (27), also indicating a potential threshold level, below which the risk
was not increased.

Management of mild PHPT with only borderline increased calcium levels has been a matter of
discussion for decades and several international consensus conferences have given indications
for surgical treatment or observation without intervention (28). So far, the recommendations
have focused on total calcium levels only, not considering PTH levels, nor the fact that total
calcium might underestimate free calcium levels in PTHP (29).

The risk of CVD is increased in non-mild PHPT, as evidenced in several studies (30-32), but
not confirmed in others (33, 34), the latter pointing at the potential threshold level (34). LVM
by Echocardiography is a strong predictor of CVD and CV-mortality (35), and LVM has been
found increased in most studies of non-mild PHPT (36, 37), but not in the nowadays most
prevalent mild form of PHPT (38). In the Scandinavian Study on Primary Hyperparathyroidism
(SIPH), a randomized controlled study of observation versus surgery in mild PHPT, we found
a strong correlation between PTH a baseline (not calcium) and LVM and an indication of a
treatment effect of surgery on ventricular dimensions two years after successful surgery (25).
A recent meta-analysis on the effects of parathyroidectomy (PTX) on LVM in patients with
PHPT found a significant reduction in cardiac dimensions by surgery, and the improvements
were correlated with PTH levels, so the higher preoperative PTH, the better response (39). In
other words, PTH seems to have a trophic effect on heart dimensions in PHPT, partly reversible
by PTX, potentially above certain, yet so far not well-defined threshold.

Arterial Hypertension

Arterial hypertension is prevalent in PHPT, related to as well PTH as calcium levels, whereas
the exact mechanism remains elusive, as reviewed recently (40). Potential mechanisms related
to the RAS-system or structural changes in the vasculare were discussed. Of interest, PHPT by
itself predicts arterial hypertension in the general population (41), and a recent case-control
study of hypertensive patients with or without PHPT demonstrated that patients with PHPT had
an increased blood pressure (BP) morning raise compared to non-PHPT hypertension patients
(42). The morning BP surge was independently associated with calcium levels and markers of
the metabolic syndrome.

Traditionally, PHPT has been linked to the metabolic syndrome including arterial hypertension
(43), and improvement in BP following PTX has been demonstrated in several studies on non-
mild PHPT (Total calcium levels more than 0.25 mmol/l above the upper limit of normal or
indications for surgery (28)), (44-46). However, in a randomized controlled study, Ejlsmark-

Svensson et al investigated the short-time effect (3 months) of PTX on BP in PTH patients with
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indications for surgery (47). In this controlled study, no beneficial effect on BP of surgery was
found. Conversely, an increased in diastolic BP was found following surgical treatment based
on 24 hour measurements (47). When it comes to mild PHPT, the few published randomized,
controlled studies have not demonstrated an unequivocal treatment effect of surgery compared
to observation without treatment on BP, with a follow-up of five years (48, 49).

In conclusion on arterial hypertension, patients with PHPT do have a higher risk of arterial
hypertension related to several mechanisms of which the interplay with the RAS system might
be of major importance (50). There seems to be an association between the PTH/calcium levels
and the degree of hypertension (dose-response), and with a potential reversibility of the
hypertension by surgery.

Reversibility of CV-risk in PHPT

The clinical manifestations of PHPT has arbitrarily been divided in three categories,
normocalcemic (NC-), mild and classical/severe PHPT related to symptoms and calcium levels
(28). Whether NC-PHPT is a preclinical form of PHPT that might or might not develop further
is still discussed (40, 51, 52). As the diagnosis of NC-PHPT relies on measurement of an
elevated PTH concentration in spite of normal calcium level, and as PTH as other peptide
hormones do fluctuate with time and sampling condition (53), the sensitivity of the diagnostic
setup is essential (51). The sensitivity can be improved by adding a biochemical marker of bone
turnover (51, 54), implying the impact of the hormone on target tissues. When it comes to CV-
risk markers, NC-PHPT behaves like hypercalcemic PHPT at baseline and following surgical
treatment (55). Thus, biochemical markers of CV-risk are increased in NC-PHPT and improves
following treatment (55), as also seen in mild to moderate PHPT (47), but do not normalize
(55). Arterial stiffness as measured by pulse wave velocity (PWYV) is as mentioned increased in
mild PHPT (24), with potential improvements following surgery depending on the degree of
PHPT (47, 56-58).

Long-term treatment effect of surgery on CV-risk markers in the debated mild form of PHPT
was recently published based on five-year data from the Scandinavian study (SIPH), (59). Out
of the original 191 patients with mild PHPT randomized to either immediate surgery or
observation without intervention, 119 concluded the five-year follow-up. A variety of CV-risk
markers were analyzed longitudinally, including body composition by DXA and detailed
cholesterol and glucose metabolism. Except for the expected increase in 25-hydroxy vitamin D
levels following surgery, no significant treatment effect of surgery was demonstrated (59). The
study is hampered by several caveats. However, it is still the largest and ever longest lasting

randomized controlled study on mild PHPT.



In conclusion, different markers of CV-risk are increased in PHPT, and presumably associated
with markers of disease activity (calcium and PTH?). Following surgery improvements have
been observed, but so far not clearly demonstrated to be normalized. Again, the literature points

to a potential threshold effect, which however is not well documented.

Pseudohypoparathyroidism (Ps-HypoPT)

The underlying mechanisms of Ps-HypoPT are de novo or autosomal dominantly inherited
inactivating genetic variants or epigenetic alterations in the GNAS locus (located on
chromosome 20q13.32) causing resistance to peptide hormones acting through G protein-
coupled receptors. The hallmark of the disease is target organ resistance to PTH causing (very)
high PTH levels with hypocalcemia and hyperphosphatemia. The disease has an estimated
prevalence of less than 1.1 per 100,000 (15).

Due to resistance to PTH, high PTH levels may not result in classical adverse effects of
hyperparathyroidism. However, data suggest that not all tissues exhibit a full resistance to the
hormone. Because of the rarity of the disease, only few studies are available on the sensitivity
of the cardiovascular system to the high PTH levels, and whether patients with Ps-HypoPT are
at increased risk for CVD. A case-series published back in the 1980°s suggested a high risk of
arterial hypertension defined as an office blood pressure above 155/90 mmHg, which was found
in 53% of the 46 patients with Ps-HypoPT (60). Furthermore, Ps-HypoPT has been associated
with high/high-normal levels of cholesterol, LDL and triglycerides (61). However, findings
from a more recent case-series including 30 Ps-HypoPT patients did not support such harmful
effects of Ps-HypoPT (62). Only 20% of the patients were diagnosed with hypertension and
only 10% were on treatment with cholesterol lowering drugs. Furthermore, office as well as
24h ambulatory blood pressures and arterial stiffness (PWS) were similar to patients diagnosed
with non-surgical hypoparathyroidism (i.e. patients with low PTH levels). Additionally, despite
patients with Ps-HypoPT had significantly higher PTH levels compared to non-surgical
hypoparathyroidism (19.8+31 vs. 2.1+1.6 pmol/L, respectively), Ps-HypoPT was associated
with a significantly lower pulse rate. Accordingly, the well-known chronotropic effects of PTH
does not seem to affect patients with Ps-HypoPT (63).

Lack of detrimental CV effects of high PTH levels in Ps-HypoPT are further supported by
findings from an epidemiological study taking advantages of the Danish National Hospital

Patient Registry (64). The study compared all patients diagnosed with Ps-HypoPT in Denmark
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(N=60) with three times as many age- and gender matched population based controls. Included
patients had hypocalcemia (mean 0.95; 95% CI, 0.85 to 1.05 [reference interval 1.18 to 1.32]
mmol/L) with high PTH levels (mean 32.5; 95% ClI, 25.1 to 39.9 [reference interval 1.6 to 6.9]
pmol/L). Mortality and risk of CVD including risk of ischemic heart diseases, arrhythmia and
stroke did not differ between Ps-HypoPT patients and controls supporting that high PTH levels
in Ps-HypoPT are not associated with harmful effect on the CV system.

Chronic hypoparathyroidism in adults (HypoPT)

HypoPT is per definition an orphan disease (as Ps-HypoPT) with an estimated prevalence about
30 per 100.000 inhabitants, most often secondary to neck surgery (65-67). Non-surgical (NS-
HypoPT) is caused by rare genetic disorders often diagnosed in childhood or adolescence, due
to hypocalcemic symptoms (68). Clinically, and with respect to late CV complications surgical
and NS-HypoPT reflect two different pathological conditions. Both conditions characterized by
a two hormone deficient state — the lack of PTH and activated vitamin D, by low-to-low-normal
calcium and by high phosphate levels, potential with an increased calcium-phosphate product
(1). It is of interest that patients with postsurgical HypoPT seems to harbor more symptoms
than NS-HypoPT, as given by studies on quality of life (65). These findings however, do not
necessarily reflect morbidity in the heart and CV-system. Hypocalcemia by itself can lead to
potentially reversible cardiomyopathy, in adults most often caused by HypoPT (69).
Management of patients with HypoPT has until recently been based on un-physiological
treatment with mainly activated vitamin D and calcium supplement, in reality resulting in an
overflow hypercalcuria (18, 70). Recently however, substitution with the lacking hormone PTH
has been approved thereby potentially replacing both the lacking hormones, and hopefully
improving long-term outcome of this debilitating condition (1, 18, 70, 71).

Cardiovascular disease and risk

Because of the rarity of HypoPT, data on CV morbidity and risk are scares and mostly based
on register studies or retrospective case-control studies. Recent epidemiological studies on
patients with NS-HypoPT from Denmark have shown an increased risk of heart disease, as
ischemic heart disease and arrhythmia, but also stroke. Overall mortality was however, not
increased. The study was based on 180 patients, of whom 123 were alive at the date of follow-
up (mean age and mean follow-up time nearly 50 years). The sex distribution was almost equal,
47% being males (68). In another nationwide Danish follow-up study of patients with
postsurgical HypoPT however, no increased risk for CV-disease was found (67), despite a



clearly increased risk for renal complications and cataract. This study was based on patients
developing postsurgical HypoPT following neck surgery for non-malignant disease, and
identified totally 688 patients (88% females) with a mean age at diagnosis of 49 years. The
patients were well matched by normal controls, with approximately the same follow-up time
(8.4 vs 7.9 years). The cases had an increased risk of CVD before the surgery leading to HypoPT
as compared to the controls. When adjusting for the more prevalent CVD prior to surgery in the
Cox proportional-hazards models, the risk for CVD was not increased in the patient group.
Neither in the crude model, was overall mortality not different between patients and controls
(67).

These two studies points to the pathophysiological differences between postsurgical and NS-
HypoPT (67, 68), reflecting the potential devastating organ manifestations of the disease or its
management. In NS-HypoPT with the longer disease duration, the risk of CV-morbidity was
increased, whereas in postsurgical condition this was not the case (Table 1). It is however
unclear, whether the risk for CV morbidity will increase in patients with postsurgical HypoPT
with prolonged observation. Moreover, this large and systematic study demonstrates the safety
of conventional therapy (activated vitamin D and calcium supplements) in HypoPT (67).
Further, on NS-HypoPT, a recent cross-sectional study looked at cardiovascular findings in
patients with NS-HypoPT compared to Ps-HypoPT (62), addressing the increased CV-risk in
patients with the former (68) and seemingly normal risk in the latter disorder (64). Patients with
NS-HYpoPT had increased day- and night-time heart rate and blood pressure as compared with
Ps-HypoPT. Moreover, as an indicator of CV-risk, PWS was significantly increased in NS-
HYpoPT (62).

CVD risk in association with biochemical findings in HypoPT

Lastly, in a recent case-finding study on patients with HypoPT of any cause, Underbjerg et al
investigated long-term complications related to biochemical findings (72). Covering about a
fifth of the Danish population, data from 431 patients (81% females) with a mean age at the
time of diagnosis of 41 years were studied. As expected, most patients (88%) had postsurgical
HypoPT, where the primary surgery was performed for non-malignant disorders. Almost all
patients were treated with activated vitamin D analogues and calcium supplements. The median
disease duration was 12.7 years (72). Overall mortality was increased in patients with phosphate
levels (and calcium-phosphate products) above the median, compared with levels below the
median. Disease duration was associated with an increased overall mortality (as was the risk of
CVD). Moreover, more episodes of hypercalcemia was significantly associated with increased

mortality and the risk of CVD (72). From a treatment perspective, it is of interest that patients
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treated with higher doses of activated vitamin D was associated with a significantly lower
mortality rate compared with doses below the median. Duration of disease was associated with
an increased risk of CVD (72) in accordance with the hypothesis referred above for postsurgical
HypoPT (67). When looking at calcium levels, low levels were associated with an increased
risk of CVD compared with patients with calcium levels in the higher tertiles (72). Again, these
data are hypotheses generating only, however important and with perspectives for future
management of HypoPT (1). It is though important to emphasize that the generated data
describe within group differences only, as there was no control group in the study.

Impact of PTH replacement on CV risk

Due to the low prevalence of HypoPT large prospective randomized, controlled trials (RCT’s)
on medical management are not to be expected. Thus for conventional treatment, not such
studies have been published. For replacement therapy with the lacking hormone PTH, a few
RCT’s have been published, but not with CV morbidity as primary outcome parameters (73,
74), neither in the open long-term follow-up studies for up to five years (75). What can be
learned so far from these studies is that replacement with PTH on a daily basis for up to five
years seems safe. However, cautions should be taken due to the low number of patients
concluding the studies.

In a sub-study of the Danish RCT giving 100 pg rhPTH(1-84) versus placebo for six months, a
total of 39 patients volunteered to perform additional 24 hour investigations at the end of the
study without un-blinding the treatment groups (76). In this study, BP and heart rate did not
differ between active or placebo treatment, before or after the 6-month trial. In the 24 h
extension study, BP did not differ between the groups, but the heart rate was significantly higher
in the rhPTH(1-84) group up to 10 h after the injection, compared to the placebo group. In
agreement, electrocardiograms showed shorter RR-intervals at the same time points (76). Of
interest, plasma concentrations of PTH, 1 hour after the injection correlated positively with
heart rate, whereas calcium levels did not (76). The study can be criticized for using a high dose
of rhPTH(1-84) leading to hypercalcemia in some patients (74). The positive correlation
between PTH (and not calcium) levels and heart rate however, indicates a direct chronotropic
effect of the rising level of PTH after the injection. In accordance, the surge in heart rate came
within the first hour after the injection and faded first beyond the 10 h point (76).

In conclusion, sparse data on the heart and CV morbidity following replacement with PTH have
been published, and replacement seems safe. Still, subtle data on a potential chronotropic effect
immediately following the PTH injection, calls for studies on improving the treatment

algorithm in a more physiologic manner (1).
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Discussion and Perspective

Patients with parathyroid disorders do possess symptoms and morbidity related to the
cardiovascular system. Via the specific PTH receptors, the hormone acts on the cardiomyocytes
leading to direct chronotropic and indirect inotropic effects. In the vasculature, PTH mediates
vasodilatation via smooth muscle relaxation (63, 77, 78). PTH disturbances are followed by
changes in calcium levels also having effects on the vasculature and directly coupled to
arteriosclerosis (40). As discussed above, it is difficult to separate the pathophysiological effects
of the two mediators in the clinic and in clinical research. In the various international
recommendations for managements of parathyroid disorders, focus has mostly been on calcium
levels, not PTH (28). This still holds and seems reasonable for the individual patient, primarily
due to the stable PTH mediated equilibrium hypercalcemia in PHPT, the fluctuations in PTH
levels and not the least analytical challenges for PTH measurements (79). Thus, PTH is the
metabolic active hormone and calcium seems to be the most reliable marker of disease activity,
at least in PHPT.

The potential threshold for calcium levels in PHPT is based on register - and case-control
studies indicating a harming effect above a certain calcium level (27). The point is reflected in
the recommendations for management PHPT in accordance with most patients with PHPT in
the modern clinic, being diagnosed without specific symptoms (1, 28, 80). Most probably
however, symptoms and morbidity mirror a continuum rather than a threshold, and only large
scale RCT on management of mild PHPT can reveal whether a true threshold do exist. So far
based on the literature, reversibility of symptoms and morbidity has only been found in more
severe PHPT and not consistently in the various RCT’s on mild PHPT (48, 49, 81-84). More
data are awaited from long-term follow-up data from the Scandinavian SIPH study.

When it comes to the PTH resistant syndromes as in Ps-HypoPT, it is of major interest that the
condition seems not to lead to an increase in CVD or CV mortality (62, 64). As the resistance
to PTH in Ps-HypoPT not necessarily is total in all tissues (15), further studies on the CV system
would be of interest to further delineate the effects of PTH and PTH action of relevance for
cardiac and CV effects. Moreover, as Ps-HypoPT in many ways is treated like HypoPT, it also
underscores the long-term safety of treatment with vitamin D analogues and calcium
supplements. There is however different schools in management of HypoPT concerning dosing
of vitamin analogues and calcium supplements (70). In Europe, patients are mostly treated with

higher doses of activated vitamin D and low (if any) amounts of calcium supplements (18),
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whereas the overseas tradition favors higher amounts of calcium supplements (70). The above
mentioned data showing a lower CV-risk in HopoPT patients treated with the higher vitamin D
doses compared to the lower raised the hypothesis that a more active attitude in standard
treatment of HypoPT in relation to vitamin D analogues might be beneficial from a CV
perspective (72).

There is a need for a paradigm shift in management of HypoPT towards a more physiological
treatment, with hormonal substitution correcting the two-hormone deficiency state (1). The
approved treatment with PTH replacement should be developed further towards a more
physiologic algorithm, potential implicating multiple dosing or even pump treatment with PTH

itself or (long-acting) PTH analogous (85-87).

Conclusion

PTH is a metabolic active hormone primarily regulating calcium and phosphate homeostasis in
a very tight and short term-manner. The hormone also have more tardive actions directly and
indirectly via the two specific G - protein coupled receptors. Endocrine disorders with
alterations in PTH secretion or action do have major impact on the cardiovascular system of
importance for morbidity and mortality, wherefore management of these specific diseases
should be optimized currently, as new data become available, however also avoiding over-

treating asymptomatic patients and be aware of potential side effects.
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8. Tables

Table 1. Risk of cardiovascular diseases in patients with postsurgical- and non-surgical-
hypoparathyroidism. Hazard ratio (95% confidence interval). Significant risk estimates are

high-lighted in bold. Adapted from reference (67, 68)

Post-surgical

Non-surgical

Mortality 0.98 (0.76 - 1.28) 1.25(0.90-1.73)
Any cardiovascular disease 0.89(0.73-1.09) 1.91(1.29-2.89)
Myocardial infarction, acute 0.77 (0.44-1.34) 1.29 (0.61-2.72)
Ischemic heart disease 1.09 (0.83-1.45) 2.01 (1.31-3.09)
Stroke 1.09 (0.73-1.64)  1.84 (0.95-3.54)
Arrhythmia 1.11 (0.79-1.57) 1.78 (0.96-3.30)
Cardiac arrest 0.68 (0.15-3.23) 2.84 (0.40-20.13)
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9. Figures

Figure 1

Immunohistochemical staining of PTHR1 and PTHR2 in human tissue. A) PTHRL1 is detected
in the cortex of kidney, labeling show weak to moderate positivity in renal tubules with a
polyclonal antibody (HPAQ075879, http://www.proteinatlas.org/). The staining is relatively
weak, but selective to kidney and no positivity is observed in other tissue types. The pictures
otherwise unpublished, courtesy Dr. Evelina Sjostedt, the Human Protein Atlas project,
Sweden. B) PTHR2 is detected in pancreas as well as endothelial cells throughout the whole
body, including renal glomeruli. Images show example of brain, heart muscle, and submucosal
layer of intestine where blood vessels are positively labeled using a polycloncal antibody
(HPA010655). PTHR2 positivity is visualized using two different dilution factors of the
original antibody concentration of 0.08mg/ml (conc. 1 — 0.04ug/ml, conc. 2 — 0.16ug/ml)
indicating a less strong but still specific labeling of exocrine pancreas, renal glomeruli as well
as blood vessels throughout the body.
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