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Abstract

Background

To explore the differences of 24-hour urine compositions associated with urolithiasis
between non- and postmenopausal females.

Methods

The 24-hour urine samples of female participants were collected from May 2013 to July
2014 along with national cross-sectional study of urolithiasis among adults aged >18 years
in China. The exclusion criteria for the participants were: serum creatinine > 133umol/L, with
urinary tract infection, gout, hyperthyroidism, malignancy, had a history of cancer, kidney
stones, enterectomy, had taken thiazide diuretics, allopurinol, vitamin supplement, potas-
sium citrate or calcium supplements during the past two weeks. The compositions associ-
ated with urinary stone in 24-hour urine were measured and compared between non-and
postmenopausal women.

Results

A total of 603 24-hour urine samples of female participants were analyzed. 354 women with
amean age of 52.5+ 14.03 (range 19-84) years met the criteria, including 160 non-meno-
pausal women and 194 postmenopausal women. Compared to the non-menopausal
women, postmenopausal women had a lower secretion of citrate (p = 0.043), magnesium (p
=0.001) and creatinine (p = 0.001) in 24h urine. Multivariate linear regression analysis
showed that the menopause status was associated with the changes in magnesium (p =
0.003) and creatinine (p = 0.002) secretion, whereas not with the changes in citrate (p =
0.402) secretion.
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Conclusions

Postmenopausal women have a significant lower secretion of magnesium in their 24-hour
urine than non-menopausal ones. We suppose that might be associated with increased risk
of urinary stone formation among postmenopausal women.

Introduction

Menopause is defined as discontinuation of menstruation for successive 12 months, which
commonly occurs at about 51.4 years old [1,2]. Considerable changes in secretion of sex ste-
roids and pituitary hormones are well described among postmenopausal women and these
variations increase the risks of several diseases such as osteoporosis, cardiovascular disorders
and stroke [3-5].

Urolithiasis affects about 7% women in their lifetime and the incidence of urinary stone
increases after menopause [3,6]. With the life expectancy increasing, the menopausal changes
have been accounted for one third of their life. Several studies have showed a positive correla-
tion between urolithiasis and spot urine compositions in either non- or postmenopausal
women [7,8], and between spot urine variations of pre- and after estrogen treatment in post-
menopausal women as well [9,10]. However, we think that 24-hour urine analysis should be a
fundamental for urinary stone risk evaluation, not simply by spot urine analysis [11]. For
stone metabolic evaluation, the patient should collect 24-hour urine sample while stay on a
self-determined diet under normal daily conditions and should ideally be stone free for at least
20 days [12], so we only selected non-stone forming women to participate in the present study,
to investigate the metabolic changes associated with urolithiasis in non- and postmenopausal
women by evaluating their 24-hour urine compositions.

Materials and methods
Study population

From May 2013 to July 2014, we conducted a cross-sectional study to estimate the prevalence
and risk factors of urolithiasis among adults aged>18 years in China [13]. Participants under-
went urinary tract ultrasonographic examinations, responded to questionnaires, and provided
blood and urine samples for analysis. The standard blood analysis protocols included complete
blood count, fasting serum glucose, creatinine, urea, uric acid, high-density lipoprotein, low-
density lipoprotein, triglycerides, cholesterol, sodium, potassium, calcium and chloride. The
estimated creatinine clearance rate (eCCr) of women was calculated by the Cockcroft-Gault
equation: eCCr (mL/min) = W x 0.85. A total of 9310 participants (3792 men
and 5518 women) completed the cross-sectional survey. At the same time, we collected
24-hour urine samples of 603 female participants to carry out the metabolic evaluation of uro-

lithiasis. They were non-incentivized volunteers and remained on a normal diet.

Subject selection

Menopause is defined as discontinuation of menstruation for successive 12 months [1]. The
status of non- or postmenopause was self-reported. Women with artificial menopause such as
bilateral salpingo-oophorectomy and/or hysterectomy were excluded. To avoid incomplete
urine collections, 24-hour urine creatinine had to be greater than 600 mg (5.3mmol). Other
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exclusion criteria were: with a history of cancer, kidney stones, enterectomy, gout, primary or
secondary hyperparathyroidism, had high serum creatinine level (>>133 umol/L), previous
therapy with thiazide, allopurinol, vitamin supplements, calcitonin, potassium citrate or cal-
cium supplements during the past two weeks. This study was approved by the Ethics Commit-
tee of the First Affiliated Hospital of Guangzhou Medical University, China (S1 File). In
addition, written informed consents were obtained from all the participants.

Collection and analysis of 24-hour urine

The method of 24-hour urine sample collections and analysis has been previously described
[14]. Urine oxalate and citrate were measured by means of ion exchange chromatography
(Metrohm, Switzerland). Urine sodium, potassium, chloride, calcium, phosphate, and creati-
nine were determined by UnicelDxC 600 synchronic biochemical detecting system. Urine urate
and magnesium were measured with Beckman coulter AU680 automatic biochemistry analyzer.
The pH values were measured with a glass electrode in a calibrated pH meter (Mettler Toledo,
Switzerland). We also calculated standardized estimates of the ion active products of calcium
oxalate, calcium phosphate (AP(CaOx) indexs and AP(CaP) indexs according to the formulas
as given below [15]. In these calculations, 24-hour urine calcium, oxalate, citrate, magnesium,
and phosphate were expressed in mmol and the volume in liters. In the standardized form used
in these expressions the 24-hour urine volume was set to 1.5 L and the pH to 7.0.

1.9 x Calcium®®* x Oxalate

AP(CaOx)index, = — — - - B
Citrate®?? x Magnesium®'? x 1.5

2.7 % 107 * Calcium' " * Phosphate’™ x (7.0 — 4.5)°°
Citrate®® * 1.5""

AP(CaP)index, =

All 24-hour urine samples were analyzed within 72 hours of collection. The analyses were
performed in the First Affiliated Hospital of Guangzhou Medical University according to stan-
dardized protocols.

Statistical analysis

Comparisons of the baseline characteristics between non- and postmenopausal women were
performed using the Student’s t-test for continuous variables and chi-squared for categorical
variables. Univariate comparisons of urinary composition between non- and postmenopausal
women were accomplished using the Student’s t-test. Multivariate linear regression was
adjusted for possible confounders, including body mass index (BMI), hypertension, fasting
glucose, eCCr, serum uric acid, calcium, total cholesterol, high-density lipoprotein, low-den-
sity lipoprotein and triglycerides. We did not transform the non-normally distributed urinary
factors because the residuals in the regression analyses approximated for normal distribution
and our sample size was relatively large. P value was two-tailed and < 0.05 was considered sta-
tistically significant. The statistical analyses were performed using SPSS software (version 17.0,
IBM, Armonk, USA).

Results

A total of 603 women provided their 24-hour urine samples to be analyzed by the special
trained laboratorian in our research group, 249 cases were excluded from the study based on
the criteria. Leaving a total of 354 subjects with a mean age of 52.5+ 14.03 (range 19-84) years
met the criteria and were recruited in this study, including 160 non-menopausal women and
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194 postmenopausal women (Fig 1). The distributions and characteristics of non- and post-
menopausal women were shown in Table 1. As expected, the postmenopausal women showed
a higher prevalence of hypertension, higher level of serum uric acid, total cholesterol, triglycer-
ide and low-density lipoprotein, but they had lower serum creatinine and eCCr.

Analysis of 24-hour urine compositions revealed that postmenopausal females had lower
excretions of citrate, creatinine, and magnesium than non-menopausal females (Table 2). The
results of multivariate linear regression analysis are shown in Table 3. The differences of urinary
composition between non- and postmenopausal women were compared. After adjustment for
BMLI, eCCr, hypertension, serum calcium, fasting glucose, uric acid, total cholesterol, high-density
lipoprotein, low-density lipoprotein, triglycerides and status of menstruation, the excretions of
magnesium and creatinine were significantly lower in postmenopausal females than in non-men-
opausal ones. No differences of other components between these two groups were observed.

24h urine samples were collected and analyzed
of women aged 19-84 years during a cross-sec-

tional study across China n=603

66 indicated unsatisfactory urine collections, which

24h urine creatinine <600 mg

183 exclude from analysis
Reasons:
-48 had urinary stones confirmed by urinary
ultrasonography
-4 had gout
-5 had a history of segmentectomy
-61 had urinary tract infection
-1 had thyroid cancer
537 participants -1 had hyperthyroidism
-1 had cervical cancer
-1 had hypophysoma
-61 had taken medications that affect urine
composition
-Calcium 47 cases

-Vitamin C 13 cases

-Vitamin D 1 case

Participants eligible for analysis
160 pre-menopausal women

194 postmenopausal women

Fig 1. Flow chart of participants identified, included, and excluded.

https://doi.org/10.1371/journal.pone.0208893.9001
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Table 1. Baseline characteristics of non- and postmenopausal women®.

b

Characteristics Non-menopausal females (n = 160) Postmenopausal females (n = 194) p-value
Age, yr 39.98 + 8.43 62.51 + 8.44 <0.001
Weight, kg 59.42 +10.19 55.88 £9.16 0.001
BMI, kg/m2 23.76 + 4.0 23.65 + 3.42 0.77
Hypertension, n(%) 29(18.1) 93(47.9) <0.001
Fasting glucose, mmol/L 5.09 + 1.47 5.19+0.89 0.45
serum creatinine, umol/L 69.89+16.98 62.58+13.17 <0.001
eCCr, ml/min 93.66+30.43 75.16%22.60 <0.001
Serum calcium, mmol/L 2.37£0.16 2.41+0.14 0.002
Serum uric acid, pmol/L 248.77+71.36 272.84+79.49 0.003
Total cholesterol, mmol/L 4.24+1.04 5.09 £0.97 <0.001
Triglyceride, mmol/L 1.41 £2.42 1.43+0.70 0.942
Low-density lipoprotein, mmol/L 2.24+0.84 2.93+0.89 <0.001
High-densitylipoprotein, mmol/L 1.31+0.47 1.44+0.34 0.003

BMI, body mass index; eCCr, estimated creatinine clearance rate.

* Data are presented as means + SD.

b p < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0208893.t001

Discussion

The present study demonstrated that postmenopausal women had lower levels of magnesium,
and creatinine in the 24-hour urine than non-menopausal women. Our subjects were volun-
teers from a cross-sectional study in China. All participants remained on a normal diet and
fluid intake during the 24-hour urine sample collection. All the postmenopausal women were
at the status of a natural biological menopause. Therefore, the outcomes would represent the

changes in 24-hour urine compositions of women before and after menopause.

Table 2. Univariable analysis of 24-hour urine composition between non-menopausal and postmenopausal women®.

Characteristics Non-menopausal females (n = 160) Postmenopausal females (n = 194) p-value®
Calcium, mmol/24h 3.61+1.83 3.69+2.05 0.713
Oxalate, mmol/24h 0.26+0.14 0.24+0.15 0.191
Citrate, mmol/24h 2.51+1.56 2.18+1.49 0.043
Urate, mmol/24h 2.96+1.05 2.75+1.02 0.058
Sodium, mmol/24h 190.17+113.36 175.27+197.73 0.399
Potassium, mmol/24h 44.79+18.31 43.41+21.40 0.518
Magnesium, mmol/24h 3.80£1.59 3.00£1.42 <0.001
Phosphorus, mmol/24h 15.76+6.22 16.34+5.97 0.373
Chloride, mmol/24h 185.58+113.46 175.66+203.06 0.582
Creatinine, mmol/24h 8.70+2.24 7.95+1.80 <0.001
Volume, ml/24h 1373.75+630.26 1270.82+623.99 0.125
pH 6.31+£0.66 6.23+0.79 0.280
AP (CaOx) Index, 0.69+0.51 0.67+0.53 0.779
AP (CaP) Index, 19.16+12.45 21.36+16.90 0.172

AP (CaOx) Indexg, the ion activity products of calcium oxalate; AP (CaP) Index,, the ion activity products of calcium phosphate.

? Data are presented as means + SD.

Pp < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0208893.t002
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Magnesium is an important inhibitor of urolithiasis because it can reduce calcium oxalate crys-
tal formation in urine [16]. It is mainly absorbed by the small intestines [17], stored inside the cells
or in bone [18,19], and secreted by kidney for homeostasis. The absorptive amount of magnesium
is mainly dependent on concentration of serum magnesium. The lower serum magnesium level,
the more magnesium is absorbed [17]. Conversely, the re-absorption and excretion of magnesium
in kidneys are influenced by several unclarified mechanisms, such as different hormone regulation
[20]. It was reported that either lower or higher serum magnesium was observed among natural
postmenopausal women, nevertheless, estrogen therapy could decrease its secretion in urine [21-
23]. By contrast, we found that the secretion of magnesium in 24-hour urine was statistically lower
among postmenopausal women than among non-menopausal women. Multivariate linear regres-
sion showed that the status of menopause was an independent factor. We proposed that there were
two explanations on this opposite findings. Firstly, the spot urine sample, which was used in previ-
ous study, may not be suitable for evaluation of urinary metabolic abnormalities [11]. The draw-
back of spot urine is that there are variability in different time of the urine and the concentrations
of contents could be different from void to void. Secondly, in addition to the estrogen, there are
several other factors for magnesium regulation in kidneys, such as diet, diabetes, etc [20].

The amount of urinary creatinine secretion is one of the most specific indexes of total body
muscle mass, which is related to age, BMI and meat intake [24,25]. Normally, older people
have a lower urinary creatinine secretion than younger people, and increased BMI is associated
with increased urinary creatinine [26]. The same trend was demonstrated by the present study,
e.g. the eCCr (p<0.001), serum creatinine (p<<0.001), and creatinine (p<0.001) in 24h urine,
although BMI was similar between these two groups. It was reported that the urinary calcium
level was higher in postmenopausal women than in non-menopausal women [8]. However,
this was not the case in our study.

Reduced urinary citrate excretion is a well-known modifiable risk factor for nephrolithiasis
formation [27]. Previous study showed that estrogen replacement could increase urinary citrate
excretion in postmenopausal women, lead to decrease the risk of subsequent calcium stone for-
mation [28]. In the present study, the postmenopausal women secreted significant less citrate in

Table 3. Multivariable adjusted analysis of 24h urine composition comparing non-menopausal women to postmenopausal women.

Calcium, mmol/24h
Oxalate, mmol/24h
Citrate, mmol/24h
Urate, mmol/24h
Sodium, mmol/24h
Potassium, mmol/24h
Magnesium, mmol/24h
Phosphorus, mmol/24h
Chloride, mmol/24h
Creatinine, mmol/24h
Volume,ml/24h

pH

AP (CaOx) Indexg

AP (CaP) Index,

Difference® 95%CI p-value
0.076 (-0.245,0.774) 0.233
-0.086 (-0.062,0.011) 0.176
-0.053 (-0.539,0.217) 0.402
-0.094 (-0.454,0.063) 0.137
-0.026 (-50.781,33.690) 0.691
-0.069 (-7.798,2.262) 0.280
-0.183 (-0.932,-0.197) 0.003
0.060 (-0.781,2.241) 0.343
-0.014 (-47.952,38.413) 0.828
-0.188 (-1.263,-0.278) 0.002
-0.126 (-316.452,0.410) 0.049
0.093 (-0.278,0.090) 0.315
-0.032 (-0.165,0.099) 0.623
0.095 (-0.935,6.681) 0.139

AP (CaOx) Index,, the ion activity products of calcium oxalate; AP (CaP) Index,, the ion activity products of calcium phosphate.

*Reference to non-menopausal females.

https://doi.org/10.1371/journal.pone.0208893.t003
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24-hour urine than non-menopausal women. However, after adjustment for other variables, the
contribution for these differences was not due to the status of menopause women (Table 3).
Furthermore, no one had used estrogen replacement among this study cohort.

There were some limitations in the present study. Firstly, we used volunteers as the subjects of
investigation instead of a randomized sample, which might have introduced a sampling bias. Sec-
ondly, we did not have the data of serum estrogen and details of nutrient intake from the subjects,
which is difficult to infer the true impact of estrogen on the urinary stone formation. Since the
development of urinary stone is affected by lifestyle and other health-related factors, further mul-
ticenter randomized controlled studies are required to verify the outcomes of the present study.

Conclusions

Postmenopausal women have a significant lower secretion of magnesium in 24h urine than
non-menopausal ones. We suppose that this finding might be associated with increased risk of
urinary stone formation among postmenopausal women.
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