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Background: Previous reports of patients undergoing parathyroidectomy and of patients
receiving teriparatide as antiosteoporotic treatment have suggested a plausible relationship
between parathyroid hormone (PTH) and uric acid. However, similar data at population level
were lacking. The current study aimed to determine the relationship between PTH and uric acid
in a group of apparently healthy Malaysian men.

Methods: A cross-sectional study was conducted among 380 Malay and Chinese men aged
20 years and above, residing in the Klang Valley, Malaysia. Their body anthropometry was
measured, and their fasting blood samples were collected for biochemical analysis. The relation-
ship between PTH and uric acid was analyzed using regression analysis.

Results: Increased serum PTH level was significantly associated with increased serum uric
acid level ($=0.165; P=0.001). Increased PTH level was also significantly associated with the
condition of hyperuricemia in the study population (odds ratio [OR], 1.045; 95% confidence
interval [CI], 1.017-1.075; P=0.002). All analyses were adjusted for age, body mass index,
vitamin D, total calcium, inorganic phosphate, blood urea nitrogen and creatinine levels.
Conclusion: There is a significant positive relationship between PTH level and uric acid level
in Malaysian men. This relationship and its clinical significance should be further investigated
in a larger longitudinal study.
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Introduction

Hyperuricemia is a predisposing factor for gout, which is a common inflammatory
joint disease affecting 0.08% of the population worldwide.! Previous clinical studies
have uncovered a significant association between parathyroid hormone (PTH) and
uric acid level in humans.?* Hyperuricemia has been found in patients suffering from
hyperparathyroidism.? Uric acid level has been found to decrease after parathyroidec-
tomy.* Teriparatide, a recombinant PTH used as antiosteoporotic agent, has been found
to increase the incidence of hyperuricemia in a dose-dependent manner.’ However,
there is a paucity of data on the association between PTH and uric acid in the general
population. Only two reports from the US National Health and Nutritional Examina-
tion Survey (NHANES) have confirmed the significant relationship between PTH and
uric acid.®” To the best of our knowledge, no Asian data have been reported so far.
Hence, the aim of the present study is to determine the relationship between PTH and
uric acid in the Malaysian population.

Materials and methods

This cross-sectional study was conducted from September 2009 to September
2011. It adopted a purposive sampling technique, whereby subjects were solicited
via announcement with specific inclusion and exclusion criteria advertised via
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major newspapers, radio broadcast, religious venues, and
community centers. Subjects recruited were Chinese and
Malay men aged 20 years and above, residing in the Klang
Valley, Malaysia.® They were not previously diagnosed with
major debilitating diseases or gout. None of them reported
the use of allopurinol and/or uricosuric agents. The subjects
gave written consent before enrolling in the study. The study
protocol has been reviewed and approved by Research Eth-
ics Committee of Universiti Kebangsaan Malaysia Medical
Centre.

Age of the subjects was determined from the date of
birth recorded on their identification cards. Ethnicity of
the subjects was self-declared. Height of the subjects was
measured using a Seca 213 stadiometer (Seca GmbH, Ham-
burg, Germany) and was recorded to the nearest 1 cm. Body
weight of the subjects was measured using BC-418 Seg-
mental Body Composition Analyzer (Tanita Corporation,
Tokyo, Japan) and was recorded to the nearest 0.1 kg. Body
mass index was calculated as per the convention. Blood of
the subjects was collected between 8.30 am and 10.30 am
after an overnight fast. Serum was extracted and sent for
biochemical analysis. Serum uric acid, total calcium, inor-
ganic phosphate, blood urea nitrogen (BUN) and creatinine
levels were determined using automated chemistry analyzer
(Advia 2400; Siemens Healthcare Diagnostics, Erlangen,
Germany). Serum PTH (IBL International, Hamburg,
Germany) and 25-hydroxyvitamin D (IDS ple, Tyne and
Wear, UK) levels were determined using enzyme-linked
immunoassay kits. The interassay coefficient of variance
values were 1.15%-2.41% for uric acid, 1.10%-1.17%
for total calcium, 0.86%—1.19% for inorganic phosphate,
0.96%—1.69% for BUN, 2.84%—3.47% for creatinine,
2.80%—-3.60% for intact PTH, and 4.60%—-8.70% for
25-hydroxyvitamin D.

Table | Characteristics of the subjects

Statistical analysis

Normality of the data was assessed using the Kolmogorov—
Smirnov test. Comparison of the characteristics between
normal and hyperuricemic subjects was performed using
independent #-test if the data were normally distributed or the
Mann—Whitney U-test if the data were skewed. The association
between serum uric acid and PTH level was determined using
multiple linear regression analysis. Multivariate outliers were
identified using standardized residual and Mahalanobis dis-
tance. The subjects were subsequently divided into normal
(=0.42 mmol/L) and hyperuricemic groups (>>0.42 mmol/L).
The association between the condition of hyperuricemia and
PTH level was determined using binary logistic regression.
Multivariate outliers were identified using standardized
residual and Cook’s distance. Confounding factors such as age,
body mass index, ethnicity, and serum vitamin D level, BUN,
and creatinine level were adjusted for both regression models.
Statistical significance was set at P<<0.05. Statistical analysis
was performed using Statistical Package for the Social Science
version 20.0 (IBM Corporation, Armonk, NY, USA).

Results

Data from 380 subjects (mean age, 43.0 [SD 15.5] years)
were included in the final analysis. None of the subjects had
abnormal total calcium level. Hyperuricemic subjects con-
stituted 31.84% of the total recruitment. Body weight, body
mass index, serum PTH, BUN, and creatinine level were
significantly lower in the hyperuricemic subjects compared
to the normal subjects (P<<0.05) (Table 1). In the multiple
linear regression model, the relationship between serum
PTH and uric acid was positive, independent of BUN and
creatinine level (B=0.165; P=0.001; n=369 after eliminating
multivariate outliers) (Table 2). Similarly, hyperuricemia
was positively and significantly associated with increased

Total (n=380) Normal (n=334) Hyperuricemic (n=46) P-value

Mean SsD Mean SD Mean SD
Age (years) 43.0 15.5 42.8 15.5 44.1 14.9 0.606
Height (cm) 167.5 6.4 167.5 6.6 167.6 5.5 0.982
Weight (kg) 68.4 12.9 67.2 12.4 77.1 13.5 <0.001
Body mass index (kg/m?) 243 4.2 239 4.0 27.4 4.2 <0.001
Serum uric acid (mmol/L) 0.4 0.1 0.4 0.1 0.5 0.1 <0.001
Serum 25(OH)D (nmol/L) 58.8 12.3 58.6 12.5 60.5 .1 0.324
Serum total calcium (mmol/L) 2.3 0.1 2.3 0.1 23 0.1 0.563
Serum inorganic phosphate (mmol/L)* 1.1 0.2 I.1 0.1 1.1 0.2 0.093
Serum creatinine (mol/L) 824 15.6 8l.1 14.7 92.0 17.9 0.001
Serum blood urea nitrogen (mmol/L) 43 1.0 42 1.0 4.8 1.3 >0.001
Serum intact PTH (ng/mL)* 45.4 19.0 44.0 17.7 55.8 24.0 <0.001

Notes: *Skewed data analyzed using the Mann—Whitney U-test. The other data were analyzed using the independent t-test.
Abbreviations: SD, standard deviation; PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D.
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Table 2 The association between serum uric acid and PTH level
indicated by multiple linear regression

Predictor Unstandardized Standard Standardized P-value
regression error regression
coefficient coefficient
Parathyroid 0.001 <0.001 0.165 0.001
Blood urea 0.007 0.004 0.096 0.063
nitrogen
Creatinine  0.001 <0.001 0.239 <0.001

Notes: The association between serum uric acid and PTH level was investigated
using multiple linear regression, with adjustment for age, body mass index,
ethnicity, serum vitamin D, blood urea nitrogen, and creatinine level. Serum PTH
was significantly associated with uric acid level independent of indicators of renal
function in the subjects.

Abbreviation: PTH, parathyroid hormone.

serum PTH level, independent of BUN and creatinine level
in the binary logistic regression model (OR, 1.045; CI,
1.017-1.075; P=0.002; n=360 after eliminating multivariate
outliers) (Table 3). The results suggested that the relation-
ship between serum uric acid and PTH was independent of
the renal function of the subject. Both the linear and binary
regression analyses were adjusted for age, body mass index,
ethnicity, serum vitamin D, BUN, and creatinine level.

Discussion
The present study found that PTH was positively and signifi-
cantly associated with uric acid level and hyperuricemia after
adjusting for potential confounders such as age, body mass
index, ethnicity, vitamin D, BUN, and creatinine level. This
finding was in line with the NHANES reports by Hui et al®
(8,316 subjects aged 18 years and above) and the report by
Paik et al’ (7,652 subjects aged above 12 years), in which sub-
jects in the higher quartiles/quintiles had significantly higher
uric acid level compared to subjects in the lowest quartile/
quintile after adjustment for potential confounders.

The evidence on the association between PTH and uric
acid was derived primarily from hyperparathyroid cases.
Bergenfelz et al* (323 patients operated on for sporadic primary

Table 3 The association between hyperuricemia and PTH level
indicated by binary logistic regression

Predictor Odds Lower-bound Upper-bound P-value
ratio confidence confidence
interval interval
Parathyroid 1.045 1.017 1.075 0.002
Blood urea 2.892 1.506 5.556 0.001
nitrogen
Creatinine 1.161 1.095 1.23 <0.001

Notes: The association between hyperuricemia and PTH level was investigated using
binary logistic regression, with adjustment for age, body mass index, ethnicity, serum
vitamin D, blood urea nitrogen, and creatinine level. Hyperuricemia was significantly
associated with uric acid level independent of indicators of renal function in the subjects.
Abbreviation: PTH, parathyroid hormone.

hyperparathyroidism) and Duh et al’ (143 patients operated on
for primary hyperparathyroidism) found that the serum uric
acid level significantly decreased in the patients who under-
went parathyroidectomy. Christensson” showed that the serum
uric acid and calcium levels were significantly correlated in 41
patients with hyperparathyroidism, but the associations ceased
to exist after parathyroidectomy.? In the same study,” no cor-
relation between uric acid and PTH or calcium was found in
age- and sex-matched normal subjects, which was a different
result from the findings of the current study.

The association between parathyroid and uric acid is
further evidenced by the use of teriparatide, a recombinant
PTH used as antiosteoporotic agent. In the Fracture Preven-
tion Trial, 1,638 postmenopausal women aged 42—86 years
were given placebo or teriparatide 20 pg/day or 40 ng/day
with calcium and vitamin D.’ The study showed that teri-
paratide increased the incidence of hyperuricemia in a dose-
dependent manner.’ Furthermore, the incidence was inflated
in patients with moderate renal impairment.> However, the
incidence of gout was not increased.’ Hyperuricemia with
or without gout was also reported as a side-effect in other
teriparatide trials.'®!"

The specific mechanism underlying the association
between uric acid and PTH levels is currently unclear. The
transport of uric acid involves secretory and absorptive
transporters at the basolateral and apical membranes.'? PTH
is known to affect certain transporters in the proximal tubule
of the kidney; for example, its inhibition of sodium/hydro-
gen ion exchanger type 3 isoform is known.!* We suggest
that PTH is able to affect the transport of uric acid in the
proximal tubule in the kidney through a presently unknown
mechanism. In addition, it has been proposed that the renal
secretion of uric acid is decreased in hyperuricemic subjects
with hyperparathyroidism and that the severity depends on
the alteration in reabsorption.'

There are several limitations to the current study. A
non-randomized sampling technique was adopted, and
only Chinese and Malay men were recruited for this study;
hence, the results might not be representative of the whole
Malaysian population. The use of allopurinol and uricosuric
agents, was self-reported by the patients, and the occur-
rence of gout was assessed by a qualified physician during
the screening session. The glomerular filtration rate of the
subjects was not assessed in this study. The inaccuracy
of these data might alter the strength of the relationship
between uric acid and PTH, presumably toward a weaker
one. Due to the cross-sectional nature of this study, the
causal relationship between PTH and uric acid could not be
established. It is possible that the observed relationship could
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be explained by co-association between uric acid and PTH
with an unmeasured confounding variable. Despite these
limitations, the current research was the first study to assess
the relationship between circulating uric acid and PTH in the
Asian population. Increased PTH level might predispose an
individual to hyperuricemia, and the clinical importance of
this finding should be further investigated.

Conclusion

Increased PTH is associated with increased uric acid and
increased probability of being hyperuricemic. The relation-
ship should be further evaluated in a Mendelian randomiza-
tion study in addition to a longitudinal study.
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