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Abstract

Background: Generally, a higher calcium diet is fed to fracture patients after surgery. However, recent studies have
indicated that higher dietary calcium intakes increase the risk of urinary stones for fracture patients. Therefore, this
study aimed to observe the variation in urinary calcium levels among fracture patients who underwent surgery,
based on fracture type, fracture location, age and gender.

Methods: A total of 768 subjects were enrolled in this study from 2012 to 2015 and were divided into 2 groups:
group A (fracture patients who underwent surgery) and group B (normal patients without fracture). Urine samples
were collected for a 24-h period (24-h urine), at multiple specific time points before and after surgery for group
A, or after hospitalisation for group B. Subsequently, urine calcium was detected and the changes were evaluated
according to fracture location, fracture type, age and gender, as well as the distribution of hypercalciuria.

Results: Compared with group B, the level of urine calcium in group A significantly increased at different time points
during the study period (P < 0.05). There were significant differences in the changes in urine calcium levels according
to fracture location, fracture type and age, but not gender. Further, there were more patients with hypercalciuria in
group A at the different time points, compared with group B.

Conclusion: Variation in urinary calcium among fracture patients that underwent surgery was of a regular pattern and
hypercalciuria was also found in these patients. Therefore, a high-calcium diet and calcium supplements should

be used with caution in this patient population.

Keywords: Hypercalciuria, Fracture type, Fracture location, Age, Gender

Background

Bone fracture is damage in the continuity of the bone [1].
Calcium and phosphate are part of the chemical compos-
ition of the bone [2], and calcium makes up about 1.5-2%
of body weight, while approximately 99% of that calcium
is present in the bones and teeth [3]. Dietary sources, vita-
min D and calcium supplements can increase calcium
intake to promote bone growth in children and prevent
osteoporosis in elderly populations [4]. Additionally, a
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previous study showed that higher dietary calcium intake
reduced the risk of fracture in older men and women [5].
However, other studies indicated that higher dietary cal-
cium intakes increase the risk of urinary stones (2—13%)
in fracture patients or long-term bedridden patients, com-
pared with healthy populations [6—8]. In other words, the
consequences of increased calcium intakes for patients
with a fracture are uncertain. Normally, urinary stones
result from hypercalciuria (when calcium levels in urine
are more than 7.5 mmol/24 h in men and more than
6.25 mmol/24 h in women), which is the most common
metabolic problem [9, 10]. Hypercalciuria also causes
other complications, such as haematuria, frequency and ur-
gency of urination and a weak urinary stream [9, 11, 12].
Therefore, it is important to study the variation in urinary
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calcium levels in fracture patients to guide pharmaceutical
intervention and diet after surgery.

In the present study, we observed the variation in
urinary calcium levels in fracture patients that under-
went surgery. This was based on fracture type, fracture
location, age and gender, as well as the distribution of
hypercalciuria at different time points, in order to offer
guidelines for the use of calcium supplements or diets in
fracture patients after surgery.

Methods

Subjects

A total of 768 subjects (female = 271, male = 497, mean
age = 46.69 + 1291, 18-97 years old) were enrolled in
this study from 2012 to 2015. They were divided into
two groups: group A and group B. Group A: 721 frac-
ture patients (females = 309, males = 412, mean
age = 46.60 + 12.85 years) who underwent surgery
within 1 week after fracture. Exclusion criteria were as
follows: (1) patients who underwent fracture fixation
through an emergency operation; (2) patients who were
not admitted to hospital on the day of fracture; (3) pa-
tients in which an operation was not performed within a
week after fracture; (4) patients who had multiple frac-
tures, such as spinal fracture, rib fracture, pathological
fracture, old fractures and delayed fracture healing or
non-union; (5) patients who had any kind of fracture in
the previous 3 months; (6) patients with a history of
urinary calculus, parathyroid disease or renal chronic in-
sufficiency. All the patients had surgery performed be-
tween 72 h and 7 days after fracture. Group B: 47 patients
(females = 18, males = 29, mean age = 48.4 + 13.98 years)
without fracture in the present study, but who had under-
gone surgery for internal fixation in the previous
12 months. Exclusion criteria were as follows: (1) patients
who had any kind of fracture in the last 3 months; (2)
patients with a history of urinary calculus, parathyroid
disease or renal chronic insufficiency. This study was ap-
proved by the ethics committee of Nanjing Drum Tower
Hospital. The recruited subjects gave informed consent
before commencing the present study.

Study protocol

For each patient, urine was collected over a 24-h period
(24-h wurine), using a jug that contained preservative
(2 mL methylbenzene) to prevent bacterial growth. The
initial urine was removed at 7:00 am, and the 24-h urine
was collected in the jug until 7:00 am the next day. The
24-h urine samples were collected on the first day (d),
third day, first week (week; first day after operation),
third week, fourth week, sixth week, eighth week and
twelfth week from fracture patients in group A. For
patients in group B, 24-h urine samples were collected
on the first day, third day, first week, third week, fourth
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week, sixth week, eighth week and twelfth week after
hospitalisation. Subsequently, the urine calcium in the
two groups was detected using a Vitros 350 autoanalyzer
(Johnson-Johnson, NY, USA). The changes in urine
calcium levels were evaluated according to fracture loca-
tion, fracture type, age and gender. Additionally, the dis-
tribution of hypercalciuria in groups A and B at the
different time points was also analysed.

Statistical analysis

The Wilcoxon unpaired two-sample test was used to
compare the mean value of 24-h urine calcium levels be-
tween the different groups. The repeated measures data
of analysis of variance (ANOVA) was used to analyse the
changes in urine calcium levels at different time points.
The least significant difference (LSD) test was used to
analyse the differences among all groups. All data
(mean * SD) were analysed by using the Statistical Pack-
age for Social Sciences (SPSS) software (version 19.0,
Chicago, IL, USA). *P < 0.05 was considered statistically
significant.

Results

Changes in urine calcium levels at different time points
Compared with group B, the level of urine calcium in
group A was significantly increased at different time
points during the study period (P < 0.05), except at the
first w (P = 0.397). Additionally, in group A, we found
that the level of urine calcium was up to 8.91 + 5.26 mmol
on the first day (Fig. 1), which fell to 5.48 + 3.21 mmol
after 1 week, and increased again to 7.96 + 2.84 mmol in
the fourth week. It then reduced to normal levels in the
sixth week and maintained homeostatic levels from the
sixth week to the twelfth week. The two higher concen-
trations were more than 7.5 mmol, indicating hypercalci-
uria. However, the variation in urine calcium levels in
group B was different. In group B, the level of urine cal-
cium showed a tendency to rise from the first day to the
first week (4.49 + 2.89 to 5.89 + 3.42 mmol). It then re-
duced to a homeostatic level from the fourth week, and
all levels were less than 7.5 mmol. Moreover, the distri-
bution of hypercalciuria in groups A and B was analysed
at different time points. We found that there were more
patients with hypercalciuria in group A at different times
compared with that in group B (Fig. 2, P < 0.001.

Changes in 24-h urine calcium levels according to fracture
location

According to fracture location, all patients were divided
into an upper limb fracture group (n = 202) and a lower
limb fracture group (n = 519). The variation in urine cal-
cium levels was similar between the upper limb fracture
group and the lower limb fracture group. The level of
urine calcium was up to 9.36 + 5.59 mmol in the upper
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Fig. 1 The changes of 24-h urine calcium at different time points in groups A and B. *P < 0.05, **P < 0.01

limb fracture group and 8.68 + 3.01 mmol in lower limb
fracture group on the first day (Fig. 3, P = 0.000), both fell
to 5.64 + 3.17 mmol and 6.55 + 2.38 mmol after 1 week
(P = 0.507), and again increased to 7.91 + 2.77 mmol and
8.7 + 2.36 mmol in the fourth week (P = 0.000), respect-
ively. They both reduced to normal levels in the sixth
week and maintained homeostatic levels from the sixth
week to the twelfth week. The two higher concentrations
in each group were both more than 7.5 mmol.

Changes of 24-h urine calcium levels in different fracture
types

Based on the different fracture types, patients were
divided into a cortical bone fracture group (n = 233) and
an osteoporotic fracture group (n = 488). The variation

in urine calcium levels was similar between the two
groups. The level of urine calcium was up to
9.52 + 5.59 mmol in the cortical bone fracture group and
8.62 + 5.07 mmol in the osteoporotic fracture group on
the first day (Fig. 4, P = 0.000). They both fell to
5.72 + 3.14 mmol and 5.38 + 3.23 mmol after 1 week
(P = 0.281) and again increased to 7.79 + 2.72 mmol and
8.04 + 2.89 mmol in the fourth week (P = 0.000), respect-
ively. They then reduced to normal levels in the sixth
week and maintained homeostatic levels from the sixth
week to the twelfth week. The two higher concentrations
in the osteoporotic fracture group were more than
7.5 mmol, while only the concentration of urine calcium
on the first day was more than 7.5 mmol in the cortical
bone fracture group.
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Fig. 2 The distribution of hypercalciuria in groups A and B at different time points. *P < 0.05 and **P < 0.01 represent significant differences
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Fig. 3 The effect of fracture location on the changes in 24-h urine calcium. Group A was divided into upper limb fracture and lower limb fracture
groups, according to fracture location. *P < 0.05 and **P < 0.01 represent significant differences compared with group B

Changes in 24-h urine calcium levels at different ages
Based on their ages, all patients were divided into a
young group (age < 60, n = 605) and an elderly group
(age > 60, n = 116). The variation in urine calcium
levels was similar between the two groups. The level
of urine calcium was up to 8.72 + 5.63 mmol in the
elderly group and 8.95 * 5.19 mmol in young group
on the first day (Fig. 5, P = 0.000). They both fell to
5.37 £ 3.00 mmol and 5.51 + 3.25 mmol after 1 week
(P = 0.635) and again increased to 7.74 * 2.74 mmol
and 8.00 + 2.85 mmol in the fourth week (P = 0.000),
respectively. They then reduced to normal levels in
the sixth week and maintained homeostatic levels
from the sixth week to the twelfth week. The two higher
concentrations in the young group were more than
7.5 mmol, while in the elderly group only the concentra-
tion on the first day was more than 7.5 mmol.

Changes in 24-h urine calcium levels between males and
females

All patients were divided into a female group (n = 309)
and a male group (n = 412), according to gender. The
variation in urine calcium levels was similar between the
two groups (Fig. 6). The two higher concentrations at
the first day and the fourth week in males were more
than 7.5 mmol, while only the concentration of urine
calcium on the first day was more than 7.5 mmol in
females. There was no significant difference between the
female group and male group.

Discussion

In the present study, the level of urine calcium in group
A significantly increased at different time points during
the study period, compared with group B. Moreover,
there were more patients with hypercalciuria in group A
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Fig. 4 The effect of fracture type on the changes in 24-h urine calcium. Group A was divided into cortical fracture and osteoporotic fracture
groups according to fracture type. *P < 0.05 and **P < 0.01 represent significant differences compared with group B

N




Wang et al. Journal of Orthopaedic Surgery and Research (2017) 12:123

Page 5 of 7

S 209
£
£

*%
;E, 15- -o— Elderly
5 " - -& Youth
s *k —+— Group B
o 104 *
£
5
S
? 7]
>
Q
(%]
I-E c ] I ] L] L] | ] L]

S

X ,b& \“‘\ fb“é b?‘& "o& Q;,x ,{17e

Fig. 5 The effect of age on the changes in 24-h urine calcium in fracture patients. Group A was divided into elderly and young groups, according
to age. *P < 0.05 and **P < 0.01 represent significant differences compared with group B
A\

at different times. The variation in urinary calcium levels
among fracture patients was of a regular pattern. In
group A, the level of urine calcium increased on the first
day, fell after 1 week, and again increased in the fourth
week. It reduced to normal levels in the sixth week,
which were maintained for the remainder of the study
period. In addition, there were significant differences in
the changes in urine calcium levels based on fracture
location, fracture type and age but not gender.

As early as 1958, Hodkinson et al. considered urine
calcium excretion of greater than 7.5 mmol/24 h in men
or greater than 6.25 mmol/24 h in women to be hyper-
calciuria, and this is the gold standard for diagnosing

hypercalciuria [13]. Subsequently, some studies have
found that the random urinary calcium/creatinine (Ca/Cr)
ratio is greater than 0.21 mg/mg in patients with hypercal-
ciuria [14, 15]. There are many studies that have explored
the correlation between Ca/Cr ratio and 24-h urinary
calcium excretion [16, 17]. However, it is still controversial
to use the Ca/Cr ratio instead of 24-h urine calcium excre-
tion for diagnosis. Liu et al. indicates that the urinary Ca/
Cr ratio cannot replace 24-h urine calcium excretion to
diagnose hypercalciuria [18], whereas Rull et al. state that
the Ca/Cr ratio is a simple predictive index of urine
calcium for postmenopausal women with osteoporotic
fractures [19]. Therefore, the method of 24-h urine
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Fig. 6 The effect of gender on the changes in 24-h urine calcium in fracture patients. Group A was divided into female and male groups according to
gender. *P < 0.05 and **P < 0.01 represent significant differences compared with group B




Wang et al. Journal of Orthopaedic Surgery and Research (2017) 12:123

calcium excretion, with >7.5 mmol/24 h defined as hyper-
calciuria, was used to evaluate the variation in urinary
calcium for fracture patients in the present study.

In a previous study, the content of urine calcium in-
creased in patients with pelvic fracture that underwent
skin traction within 3 weeks of fracture [20]. Yusuf et al.
showed that the level of calcium in blood and urine of
trauma patients is significantly greater than baseline [6].
Similarly, the level of urine calcium in group A signifi-
cantly increased at different time points during this study
period, compared with group B. As reported, there is a
higher incidence of hypercalciuria in postmenopausal
women with osteoporotic fracture [19]. Meanwhile, there
were more fracture patients with hypercalciuria after sur-
gery in the present study. Therefore, fractures or wounds
might induce a negative balance for calcium content in
the body by increasing calcium excretion into urine. Add-
itionally, calcium supplementation can increase urine
calcium levels and can induce renal stone risk in healthy
postmenopausal women [21]. Thus, wounds or calcium
supplementation might be major risk factors for urinary
stones in patients with fracture.

Hardy et al. found that the mean calcium level fell to
2.1 mmol/L (the normal range is from 2.1 to 2.6 mmol/L)
within 24 h after fracture and then rose to a peak at
4 weeks [22]. Interestingly, the level of urine calcium in
our fracture patients increased on the first day (fracture
time), fell after 1 week (surgery time), then again increased
after surgery in the fourth week. As for the above discus-
sion, fractures or wounds might induce a negative balance
of calcium content in the body by increasing calcium
excretion into urine. In the fracture healing period, the
calcium levels in the body are maintained at homeostatic
levels through modulating osteoblasts and osteoclasts
[23]. Type I collagen, the main component of bone matrix,
is synthesised by Runx2 during early osteoblast differenti-
ation [24]. At the surface of the bone, osteoclasts dissolve
bone minerals to release calcium and degrade collagen
fibres by enzymes and acids [25]. Therefore, such mecha-
nisms may explain why urine calcium reduced to normal
levels in the sixth week, and then homeostasis was main-
tained, in fracture patients after surgery.

Moreover, there was a significant difference in the
changes in urine calcium levels based on fracture location,
fracture type and age, but not gender, in the present study.
In a previous study, immobilised trauma patients had
higher calcium content in serum during the 4 weeks
under study, compared to ambulant trauma patients [6].
In this study, upper limb fracture patients seemed to be
like immobilised trauma patients, and lower limb fracture
patients seemed to be like ambulant trauma patients. As a
result, calcium levels were higher in the upper limb frac-
ture patients than the lower limb fracture patients. Osteo-
porotic fracture occurs frequently in the older population,
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whose bone mineral density (BMD) is obviously lower
than in the young [26]. Letavernier et al. report that hyper-
calciuria increased the risk of low BMD compared with
controls, and showed a negative relationship with BMD
[27]. It was the same in our results. The relationship be-
tween low BMD and hypercalciuria is that lower serum
calcium can stimulate the secretion of parathyroid hor-
mones to release calcium [28]. There is no evidence for a
difference between genders in the change in urine calcium
levels during the fracture healing period. Therefore,
gender is not a major factor of the variation in urinary cal-
cium levels in fracture patients.

There were some limitations in this study, such as the
short follow-up time, the limited cross-section of
patients and being a single-centre study. However, our
results demonstrated a variation in urinary calcium
levels for fracture patients after surgery. This will be
helpful to reduce the risk of urinary stones in patients
with fracture. In the future, the relationship between
urine calcium and fracture location, fracture type or age
should be further studied.

Conclusions

In conclusion, wounds or calcium supplementation
might be major risk factors for urinary stones in patients
with fracture, both of which increase the secretion of
calcium into urine. Therefore, high-calcium diets and
calcium supplements should be used with caution.
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