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Abstract

Summary A study of 959 black and white women shows that the normal range for 24-h urine calcium excretion in white women
is 30-300 mg and 10-285 mg in black women. Clinical laboratories use a normal range for 24-h urine calcium excretion of 100—
300 mg; there is a need for them to update their age- and race-specific ranges.

Introduction Recommendations for a normal range for 24-h urine calcium vary from a low of 50 mg to a high of 400 mg;
most “laboratory normal ranges” based on older literature are incorrect. The objective of this analysis is to define a
normal range for young women age 25-45 years and older women age 55-90 years, white and black, for 24-h urine
calcium and calcium/creatinine ratio, and to examine the relationship between 24-h urine calcium, calcium absorption,
and vitamin D metabolites.

Methods Data from 3 studies was collected on 959 normal black and white women, ages 25-87 years, for 24-h urine
calcium, creatinine, calcium intake, serum 25-hydroxyvitamin D (250HD), 1,25 dihydroxyvitamin D (1,25(OH),D), and
calcium absorption. Urine calcium and creatinine were measured on an auto-analyzer. Calcium absorption was measured
by a single isotope method. Serum 250HD and 1,25(OH),D were measured by competitive protein binding assay or
radioimmunoassay. Because 24-h urine calcium did not fit a normal distribution, non-parametric methods were used to
determine the 95% reference interval (RI) and 90% non-parametric confidence intervals (CI) calculated for groups.
Results The 95% reference intervals for 24-h urine calcium for women were as follows: black older 7-225 mg, black younger 8—
285 mg; white older 37-275 mg, and white younger 23-287 mg. In older white women, 24-h urine calcium was significantly
correlated with serum 1,25(OH), D, »=0.23, p < 0.001, calcium intake » = 0.12, p = 0.001, and calcium absorption » = 0.18, p =
0.003, but not serum 250HD r = 0.07, p = 0.06.

Conclusions The normal reference interval for 24-h urine calcium for black women is lower than white women. Twenty-four-
hour urine calcium was correlated with serum 1,25(OH), D calcium intake and calcium absorption, but not serum 250HD. This
range will be useful clinically for defining hypercalciuria and for following patients on vitamin D and calcium treatment.
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Introduction

Measurement of urine calcium is a common clinical test for
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ethnic groups such as black people who have higher 24-h
urine creatinine excretion resulting in lower urine calcium/
creatinine ratios. An appropriate reference range for 24-h
urine calcium is important for a diagnosis of hypercalciuria
that is found in primary hyperparathyroidism, renal stones,
and in people treated with vitamin D/calcium. It is important
also to look at values at the lower end on the urine calcium
range where hypocalciuria may be associated with malabsorp-
tion of calcium and severe vitamin D deficiency.

Historically, the first definition of hypercalciuria was sug-
gested by Hodkinson and Pyrah in 1958 [1]. They reported a
range of 30-590 mg in women and > 300 mg/day in men, but
because the frequency distribution of 24-h urine calcium
showed a positive skew, they noted that 90% of women ex-
creted less than 250 mg and suggested that values above
250 mg represented hypercalciuria. This definition has
persisted since that time and our own hospital laboratory re-
ports a normal range of 100-300 mg as do many clinical
chemistry manuals without specifying a different range for
age or ethnicity [2].

Since then, a number of papers have reported different
means and ranges for 24-h urine calcium. Mean values in white
women were reported to vary from 98 to 221 mg, and means in
black women ranged from 80 to 140 mg but averaging 40-50
mg lower [1, 3—13]. Later data from the Medical Research
Council Renal stone unit showed that hypercalciuria was >
300 mg in women and > 400 mg in men perhaps as a result
of increasing dietary changes over time [5]. Another analysis
showed that distribution of urine calcium in controls was not
Gaussian; the upper normal 95% range for women was 340 mg
day and 400 mg in men and 20% of the women and 40% of the
men excreted more than 250 mg/day, and urine calcium was
higher in younger people; calcium intake averaged 1025 mg/
day [7]. Many studies did not have information on calcium
intake that can either increase or decrease urine calcium excre-
tion. Less interest was shown in black women, perhaps because
of the lower incidence of renal stones.

The main objective of this analysis is to define a normal
clinical reference range for 24-h urine calcium in white and
black women of all ages on an unrestricted diet and to examine
potential modifiers such as dietary calcium, protein intake,
sodium intake, serum 250HD, and serum 1,250HD on urine
calcium excretion.

Subjects and methods

Study design

Data was pooled and analyzed from 3 clinical trials. We
pooled the data because all studies had similar recruitment

strategy, common inclusion/exclusion criteria, same tests,
and visit frequency, and similar chemistry tests with the
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exception of measurement of vitamin D metabolites. During
recruitment, we used commercial mailing lists of women for
the geographical areas of Omaha, NE, and surrounding dis-
tricts, and Indiana for the black women. Initial screening was
by telephone followed by a letter describing the study.
Exclusion criteria were as follows: chronic illness severe
enough to prevent reasonable physical activity, primary hy-
perparathyroidism, active renal stone disease, or history of
more than two kidney stones in their lifetime, chronic renal
failure, liver disease, heart failure, or severe lung disease; par-
ticipants currently taking bisphosphonates or had taken them
for more than 3 months, no previous use of fluoride, PTH or
its derivatives, corticosteroid therapy (> 10 mg/day), phenyt-
oin, phenobarbital, high-dose thiazide therapy (> 37.5 mg/
day), estrogen in the previous 6 months. Laboratory exclu-
sions were serum calcium > 10.3 mg/dl (2.575 mmol/l) or >
0.3 mg/dl more than upper limit of normal on 2 baseline tests,
24-h urine calcium > 300 mg/dl (7.5 mmol/l) on 2 baseline
tests, liver function tests > one standard deviation above upper
normal limit, and serum creatinine > 1.4 mg/dl.

Study 1 - STOP IT was 3-year double-blind, placebo
controlled randomized clinical trial previously described
in detail, but primarily was a study of different interven-
tions on femoral neck BMD. Participants were
community-dwelling older white postmenopausal wom-
en aged between 65 and 80 years; 489 women were ran-
domized to placebo, estrogen, calcitriol, and both. There
was no exclusion for high-serum 250HD levels but ex-
clusions for levels < 5 ng/ml. Full results of the primary
outcome on the bone mineral density response have been
published [14].

Study 2 - VIDOS was a 1-year double-blind, randomized
clinical trial in older black and white women. The main
inclusion criterion was vitamin D insufficiency defined as
serum 250HD < 20 ng/ml (50 nmol/l). Subjects were at
least 7 years post-menopause, ages ranged from age 56 to
87 years. There were 163 white and 110 black women (32
from Omaha and 78 from Indiana) randomized to placebo
and vitamin D doses 4004800 IU daily. Detailed results
on the primary outcome relating to the dose response on
serum 250HD were published earlier [15-17].

Study 3 - VITADAS was a 1-year double-blind, random-
ized clinical trial in younger black and white women. The
main inclusion criterion was vitamin D insufficiency de-
fined as serum 250HD < 20 ng/ml (50 nmol/l). We ran-
domized 119 white women, age 25-45 years, and 79
black women age 25-45 years to placebo, vitamin D
400, 800, 1600, and 2400 IU daily. The primary outcome
result for the study was the dose-response effect on serum
250HD, published previously [18].
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The IRB at Creighton University and University of Indiana
approved all study protocols, and subjects were enrolled after
signing an informed consent document.

Laboratory measurements

In the three randomized, prospective trials, we collected at
baseline 24-h urine calcium and creatinine while on their usual
home diet. A 7-day food diary was collected after instruction
with the use of food models by a trained dietitian. Calcium
absorption was measured while fasting using a single isotope
method calibrated against a double isotope method; 100-mg
elemental calcium was mixed with 5 microcuries Ca*® in 200-
ml distilled water. Blood samples were collected at 1, 2, and
3 h for estimation of serum Ca*’ , and calcium absorption was
expressed as the percentage absorbed per liter after 2 h and
converted to percent absorbed using an equation derived from
a comparison of single and double isotope as previously de-
scribed [16]. Calcium absorption and serum 1,25(OH),D were
measured in all subjects except the older black women in
Indiana.

Subjects were discontinued from any medications that
could affect calcium excretion during the baseline workup.
They were instructed on the collection technique for 24-h
urine and were provided with a 3-1 container and plastic col-
lection hat for the toilet that was left on the toilet until the
collection was completed. All serum and urine chemistries
were measured in the Creighton University Clinical
Chemistry Laboratory. Urine calcium was measured on a
Roche auto-analyzer. The university laboratory reports a nor-
mal range for 24-h urine calcium of 100-300 mg. Calcium/
creatinine ratios are often used because urine creatinine is a
marker of 24-h excretion, and if part of the 24-h collection is
missed, then the ratio can be used as an estimate of calcium
excretion.

In STOP IT, serum 25-hydroxyvitamin D (250HD) and
serum 1,25dihydroxyvitamin D 1,25(0OH),D were measured
by a competitive binding assay after chromatographic separa-
tion and purification on Sep-Pak cartridges (Waters
Associates, Milford, MA). The limit of detection was 5 ng/ml,
and the interassay variation was 5% [14]. In ViDOS and
VIiTADAS, serum 250HD and 1,25(OH),D were measured
by radioimmunoassay (RIA) after an acetonitrile extraction in
our Bone Metabolism laboratory using kits manufactured by
Diasorin, Inc. (Stillwater, MN) [15, 16]. The minimum detec-
tion range of 250HD in this assay is 5 ng/ml [14]. In STOP IT,
serum PTH was measured with the intact molecule 1-84 by
immunometric assay (Nichols Institute, San Juan Capistrano,
CA). In VIDOS and ViTADAS, serum 250HD was measured
with the Diasorin assay and the limit of detection was 3 ng/ml,
and the interassay coefficient of variation was ~ 6% [15, 16].

Food diary

Dietary intake of calcium and vitamin D was calculated by a
dietician from the 7-day food diaries using the Food Processor
II Plus nutrition and diet analysis system (version 5.1, ESHA
Research, Salem, OR). These were done at baseline and at the
end of the study. Plastic food models (NASCO, Fort
Atkinson, WI) were used to help participants better estimate
food quantities.

Statistical methods

Baseline characteristics are summarized using means and
standard deviations (SD). T tests were used to compare 24-h
urine calcium and 24-h Ca/Cr by race. Pearson correlation
coefficients examined the correlations between 24-h urine cal-
cium and diet calcium, 2-h calcium absorption, serum
250HD, serum 1,25(0OH),D, diet protein, diet sodium, and
BMI stratified by race. Baseline 24-h urine calcium and 24-h
Ca/Cr in healthy women in the STOP IT, VIDOS, and
ViTADAS studies were used to calculate the reference inter-
vals (RI) for 24-h urine calcium and 24-h Ca/Cr. Neither 24-h
urine calcium nor 24-h Ca/Cr data fit a normal distribution
using goodness of fit tests or by examining histograms.
Therefore, the 95% RI was found using non-parametric
methods, and 90% non-parametric confidence intervals are
provided for the endpoints of the RI [19]. Linear regression
models were used to examine the effect of diet calcium on 24-
h urine calcium. A group variable was created with 4 catego-
ries: older black, older white, younger black, and younger
white, defining older from the VIDOS study and younger
from the ViTADAS study. An interaction was used to test
whether the effect of diet calcium on 24-h urine calcium dif-
fered by age/race group. SAS software version 9.4 (SAS
Institute Inc., Cary, NC) was used for the statistical analysis.
p values less than 0.05 are considered statistically significant.

Results

Baseline characteristics for the 3 studies are shown in Table 1.
There was a total of 959 women, 770 white, and 189 black,
age range 25-87 years. In the older white groups (STOP IT,
VIDOS), mean dietary calcium was 659 mg and 688 mg and
756 mg in the younger white group. In the older black group
(VIDOS), dietary calcium was 551 mg and 503 mg in the
younger black group (Table 1).

24-h urine calcium

The 95% reference intervals for the women were as fol-
lows: older white 37-275 mg (median 138), older black
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Table 1 Baseline characteristics of the three studies by race
White STOP IT White VIDOS* Black VIDOS* Black VITADAS* White VITADAS*
(n =488) (n=163) (n=110) n=179) n=119)

Age, years 71.5+£3.6 66.19+7.3 66.6 7.5 35.1+6.0 37.7£5.6

BMI, kg/m* 27.09 +£4.75 30.24 £5.73 325+6.7 325+6.7 28.8 £ 6.1

Serum 250HD, ng/ml 31.3+104 1531 +3.76 13.2+43 11.6 +4.1 14.6+44

Serum 1,250H,D, pg/ml 345+8.0 4458 £16.2 42.0+12.5 52.2+18.9 45.6+18.3

Serum PTH 3723 £15 36.4+ 14 432 +20 408+ 16 33.01 11

Calcium absorption % 60+9.3 54.4+7.6 53.7+82 543 +8.7 57.3+10.5

Diet calcium, mg 659 + 249 688 +231 551 +221 503 + 159 756 + 268

24 h urine calcium, mg 143 £ 66.6 140.5 + 66.8 85.3 +62.8 1148 +73.2 153.6 +76.5

24 h urine creatinine, mg 881 +210 981 £222 1116 +379 1448 + 631 1263 +313

24 h Ca/Cr 0.166 £ 0.078 0.145 £ 0.063 0.08 £ 0.06 0.085 £ 0.05 0.129 £ 0.07

24 h calcium/diet calcium 0.244 £ 0.15 0221 +£0.12 0.171 +£0.14 0.250 £0.16 0.229 +£0.14

Diet protein, g 62+ 14 65+ 12 61+11" 64+ 13 66+ 16

Diet sodium, mg - 2431 + 594 2338 + 618" 2497 + 634 2776 + 628

Values are mean + standard deviation
*Inclusion criteria for serum 250HD in these studies was < 20 ng/ml

*Omaha only, n = 31

7-225 mg (median 68), younger white 23-287 mg (medi-
an 145), younger black 8-285 mg (median 98) (Table 2).
The lower and upper reference points are very similar for
both STOP IT and VIDOS white women (Table 2). The
distributions of 24-h urine calcium for older and younger
white and black women are shown in Fig. 1. Mean 24-h
urine calcium is significantly lower in older black than
white women (mean difference = — 57 mg, 95% CI — 71
to — 44, p < 0.001) and lower in younger black than
younger white women (mean difference = —41 mg, 95%
CI - 60 to — 21, p < 0.001).

24-h urine calcium/creatinine ratio

The distribution of values and reference ranges are shown in
Table 1 and Fig. 2. The reference interval for 24-h calcium/
creatinine ratio is lower in older black women compared with
white women.

To examine the reason for the lower urine calcium in black
women, we performed regression analysis of urine calcium on
diet calcium in the VIDOS/ViTADAS, black/white, creating
four groups. These results are shown in Fig. 3a and b.
Examination of the slopes of urine calcium on diet calcium
in the four race/age groups showed that there is no difference
in slope between the four groups (interaction p = 0.93), with
an overall slope of 0.05, indicating that for 1-mg increase in
diet calcium, 24-h urine calcium increases on average 0.05
mg. However, the four groups are significantly different on
average when looking at all studies combined (overall p <
0.001), and comparisons between the groups show intercepts
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of 59 mg in older black and 101 mg in older white that are
different (p < 0.001) as also are the intercepts of 104 mg in
younger black and 118 mg in younger white groups (p <
0.001).

If we compare the ratio of urine calcium with dietary cal-
cium in the 4 groups, the major difference is seen in the older
black group where the ratio is 0.17; i.e., they are excreting less
per calcium intake than other groups. Since the younger black
group has a ratio similar to the white groups, then their lower
urine calcium can be explained in part by lower calcium intake
(Table 1).

The data for white women from STOP IT and ViDOS
studies were combined; correlations for 24-h urine calcium
are as follows: serum 1,25(OH),D » = 0.23, p = 0.004; serum
250HD r=0.07, p = 0.06; calcium intake » = 0.12, p = 0.001,
and calcium absorption 7 =0.18, p = 0.005 (Tables 3 and 4). In
older black women, correlations for 24-h urine calcium with
serum 250HD were r=0.11, p = 0.28, and calcium intake r =
0.17, p = 0.08 (Tables 3 and 4). Serum 1,25(OH),D was not
measured in black women. Twenty-four-hour urine calcium is
significantly associated with GFR, » = 0.27, p < 0.0001.
Younger white and black women had correlations ranging
from 0.01 to 0.18, and statistical significance ranged from
marginally significant to not significant in younger white
women, considering that sample sizes are smaller (Tables 3
and 4).

Dietary sodium intake was measured in all white VIDOS
and ViTADAS subject, mean 2413 mg and 2776 mg; in black
ViTADAS and VIDOS groups, mean sodium intake was
2497 mg and 2338 mg. In all white women, there was a
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Table 2

95% reference intervals for 24-h urine calcium and calcium/creatinine

24-h urine calcium

24-h Ca/Cr

Median Reference

90% CI for lower 90% CI for upper Median Reference

90% CI for lower 90% CI for upper

interval value value interval value value
Older white STOP 142 37-275 29-40.8 263-282 0.163  0.044-0.341 0.039-0.047 0.316-0.355
IT
Older white 132 39-274 1743 266-304 0.140  0.040-0.280 0.020-0.040 0.260-0.340
VIDOS
Combined older 138 37275 3140 266282 0.156  0.040-0.324 0.039-0.045 0.310-0.345
whites
Young white 145 23-287 7-36 283-298 0.116  0.024-0.247 0.014-0.031 0.237-0.321
VIiTADAS
Older black 68 7-224 22-9.7 216-270 0.071  0.006-0.208 0.003-0.036 0.176-0.364
VIDOS
Young black 98 8-286 3-18 257-296 0.065 0.011-0.204 0.009-0.0221 0.168-1.0
VIiTADAS
significant correlation between dietary sodium intake and 24-  Discussion

h urine calcium = 0.12, p = 0.04. We measured urine sodium
only in the STOP IT study but did not find a significant cor-
relation with urine calcium; the mean 24-h urine sodium in
STOP IT was 71 (+ 30) mmol. There was no significant cor-
relation between 24-h urine calcium with dietary protein in
any of the race/age groups.

Urine calcium/creatinine was calculated on a fasting spot
urine, and compared with a sample from the 24-h urine calci-
um, it shows that urine calcium measured on a spot urine
sample does not accurately compare with the 24-h calcium
value (Fig. 4).

Analysis of 24-h urine calcium on 959 women showed that the
95% reference interval for 24-h urine calcium in older white
women was 37-275 mg, 23-287 mg in young white women,
7-225 mg in older black women, and 8§-286 mg in young
black women. These values are very different from those rec-
ommended by clinical chemistry laboratories where the “nor-
mal range” given for 24-h urine calcium is 100-300 mg [2].
The upper range is consistent with our data, but their lower
limit is too high. In our 3 groups of white women, mean 24-h
urine calcium values averaged 143, 141, and 154 mg with

Fig. 1 Histogram of 24-h urine
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Older Whites

Fig. 2 Histogram of 24-h
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mean diet calcium values of 659, 688, and 756 mg, respec-
tively. These results are compared with published data where
the average urine calcium in 12 studies varied from 98 to
221 mg[1, 3—13]. Seven of the 12 studies measured daily total
calcium intake and the average varied from 699 to 1025 mg/d
compared with ~ 700 mg in our studies [3, 7-13]. Differences
in the reference ranges could depend in part on dietary intake
of calcium which will be discussed later.

In our two groups of black women, the average 24-h urine
calcium was 85 and 115 mg with diet calcium intakes of 551
and 503 mg, respectively, and these are similar to other pub-
lished studies on black women that average 115, 110, 80, and
118 mg on diet calcium intakes of 678, 654, 790, and 1029,
respectively [9-13]. Notably, the urine calcium excretion is
much lower in black women.

Fig. 3 Scatterplot of 24-h urine Vibos

Although it is well known that calcium intake is correlated
with dietary calcium intake, the slope is only 0.05, so a difference
in calcium intake of 500 mg would account for about a 25-mg
increase in 24-h urine calcium. When 24-h urine calcium is
regressed on diet calcium intake for the 4 age/race groups, the
results show that the lines are approximately parallel, but the
average 24-h urine calcium in older black women is much lower
with an intercept of 58 mg compared with 100 mg in older white
women indicating that low dietary calcium is not the main cause
of low urine calcium. However, in the younger black group, the
ratio of urine calcium/diet calcium is similar to white women and
lower urine calcium can in part be explained by lower dietary
calcium intake. Another cause of low urine calcium is intestinal
malabsorption of calcium but our previous studies in these
groups showed that calcium absorption in black women was only

ViTADAS

calcium versus dietary calcium in
(a) older black and white women,
VIDOS, and (b) younger black
and white women, ViTADAS.
Regression formula: young white
y =118 + 0.05x; older white y =
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Table 3

Correlation between 24 h urine calcium and other variables in older white and black women (VIDOS and STOP IT)

Overall (older whites) 24-h

STOP IT whites 24-h urine  VIDOS whites 24-h urine

VIDOS blacks 24-h urine

urine calcium calcium calcium calcium

n r p value n r p value n r pvalue n r p value
Diet calcium (mg) 634 0.12 0.001 473 0.10 0.02 161 0.18 0.02 108 0.17  0.08
Calcium Absorption (%AD/l) 645 0.18 0.005 488 0.19 0.009 159  0.14 0.08 - - -
Serum 250HD (ng/ml) 651 0.07 0.06 488 0.07 0.10 161 0.16  0.04 108 0.11 0.28
Serum 1,25(OH)D (pg/ml) 627 0.23 0.004 488 0.30 0.001 140  0.21 0.01 - - -
Diet protein (g) 634 0.02 0.68 474 0.03 0.56 160 0.14 0.074 30 0.19 031
Diet sodium (mg) - - - - - - 160 0.10 0.22 30 0.05 0.81

4% lower than white women which is not sufficient to explain
the lower urine calcium [16, 20]. The most likely explanation for
lower urine calcium in in black women is increased tubular re-
absorption of calcium by the kidney due to higher serum PTH
levels [21, 22]. Interestingly, there is a similar pattern in younger
women with a significantly lower intercept of 103 mg in black
women compared with 117 mg in white women. Why the inter-
cept in older black women is much lower than young women is
unknown at this time.

Other factors that alter urine calcium excretion are diet/
urine sodium; however, we did not measure urine sodium in
all our trials. We found a significant correlation between die-
tary sodium intake and urine calcium excretion in white, but
not black women. Others found no difference in urine sodium
excretion between black and white people [5, 11]. This may
depend on the sodium intake but when the system is stressed,
i.e., reducing sodium intake from 200 to 10 mmol, there is a
marked reduction of 50% in urine calcium [23, 24]. A high
dietary protein intake has been associated with increased urine
calcium, but no difference between black and white women
was found in our study nor in two studies [5, 11].

Urine calcium was significantly associated with calcium
intake, calcium absorption, and serum 1,25(OH),D, but not
with serum 250HD. In previous papers, we have shown that
calcium absorption correlated only with serum 1,25(OH),D

and not serum 250HD [25]; this is not all that surprising since
1,25(0OH),D is the physiological active metabolite. In normal
physiology, 250OHD has no direct effect on intestinal absorp-
tion though it may have an effect at very high serum levels ~
90 ng/ml, because at high circulating levels, it may compete
with 1,25(OH),D for the vitamin D receptor in the gut.

A long-held belief is that the normal range for 24-h urine
calcium is 100-250 mg/day in women although in the original
study by Hodgkinson and Pyrah, 6% excreted more than 250
mg/day [1], and in another study in the UK, 6% of women
excreted more than 300 mg [6]. Our results suggest that
300 mg may be a better upper limit than 250 mg for defining
hypercalciuria in white women, and in black women, hyper-
calciuria would be defined as > 270 mg.

In subjects treated with daily vitamin D and a calcium
intake of ~ 1200 mg as recommended by many National
Osteoporosis Societies, we showed in VIDOS that 24-h urine
calcium values > 300 mg occurred in 30% of the subjects
when tests were performed every 3 months for a year and were
more likely to occur in those with baseline 24-h urine calcium
> 180 mg [26]. It is noteworthy that there was a 17% increase
in kidney stones in the WHI intervention group treated for 7
years with daily vitamin D 400 IU plus total calcium intake
2000 mg calcium (includes 1000 mg calcium supplement)
[27]. Since there has been an increase in the number of women

Table 4 Correlation between
24 h urine calcium and other

ViTADAS whites 24-h urine calcium  ViTADAS blacks 24-h urine calcium

variables in younger white and
black women (ViTADAS)

n r p value n r p value
Diet calcium (mg) 118 0.17 0.06 76 0.15 0.18
Calcium absorption (%AD/1) 86 0.10 0.36 37 0.08 0.63
Serum 250HD (ng/ml) 118 0.18 0.04 76 0.01 0.89
Serum 1,25(OH)D (pg/ml) 87 0.10 0.37 39 0.10 0.52
Diet protein (g) 118 0.09 0.33 77 —0.07 0.52
Diet sodium (mg) 118 0.09 0.31 77 0.006 0.96
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Fig.4 Comparison of urine calcium/creatinine measured on a 1-h fasting
spot urine sample compared with a 24-h urine sample

taking calcium and vitamin D supplements with a recent esti-
mate in NHANES of ~ 40 percent [28], clinicians should be
aware of the importance of monitoring 24-h urine calcium
because of the finding that supplemental calcium rather than
dietary calcium is associated with an increased risk of kidney
stones [29].

At the lower end of the normal range, a 24-h urine calcium
<37 in older and < 23 mg in younger white women represents
hypocalciuria. A lower reference limit of 21 mg was found by
one group [12] whereas a lower limit of 73 mg in white wom-
en from the Nurses Heath Professional study seems too high
and may be related to a higher calcium intake of 1297 mg in
that group [11]. A lower limit of 100 mg has been used for
defining hypocalciuria in many clinical laboratories [13], but
clearly this value is far too high; in fact, 30% of our subjects
have a 24-h urine calcium below 100 mg. In younger black
women, the lower reference interval is 8 mg and 7 mg in older
black women, values that seem to be extremely low. This
result may be surprising to many who regard hypocalciuria
< 50 mg/24 h as indicative of metabolic bone disease such as
osteomalacia or malabsorption syndrome, and it may be chal-
lenging at times to separate low normal values from disease
states. Usually, it will depend on history, for example, malab-
sorption syndromes such as celiac disease and bypass surgery,
or severe nutritional deficiency, which is uncommon in North
America, but is more frequent in countries where vitamin D
deficiency is common.

The strengths of this study are the large sample size of nor-
mal white and black women from age 25-87 years and a 7-day
food diary which provides a more accurate estimate than dietary
recall of calcium intake over 24 h or 3 days. We avoided study-
ing women within 5 years of the menopause because of the
confounding effect of estrogen deficiency on urine calcium
excretion. Not often discussed in these papers are concomitant
medications such as thiazides that may affect urine calcium
excretion, and in our study, urine collections were performed

@ Springer

off concomitant medications. Our study has some limitations.
The results may not be generalized to other ethnic groups such
as Asians and Arabic populations and other geographical loca-
tions because of differences in nutritional calcium intake and
lower vitamin D levels. These results are from white and black
women who live in the Midwest area of USA, whether it ap-
plies to other women of color are not known.

Although the current definitions of abnormal 24-h urine
values in clinical chemistry laboratories are widely accepted,
it is unclear how thoroughly these cut points were selected,
how many subjects were included, how carefully 24-h urine
collections were performed, and whether the “normal” popu-
lation was well characterized. These factors limit the validity
and generalizability of the findings of their normal range. As
we see 24-h urine calcium, values are so much lower in black
compared with white women, and this finding does not appear
in most clinical chemistry reference manuals.

In summary, clinical laboratories need to correct their
ranges for 24-h urine calcium and change them based on ref-
erence intervals, which is the correct way to establish a normal
range. Especially, they need to re-evaluate the lower range of
urine calcium excretion of 100 mg in clinical laboratories,
which is far too high. Patients on vitamin D and calcium
supplements should be monitored for hypercalciuria by mea-
surement of 24-h urine calcium and not by using spot urine
samples which are inaccurate. Measurement of baseline 24-h
urine calcium > 180 mg in patients is clinically important
because this group is more likely to develop hypercalciuria
on calcium/vitamin D.
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