Downloaded from ajcn.nutrition.org by guest on December 14, 2015

UOLILAINNT [DI1UL]D) JO [DULNOL UDILIDUY Y]




@ The American Journal of Clinical Nutrition

PRENTICE ET AL 65

TABLE §

Urinary calcium and phosphate outputs of Gambian and British lactating women (by week of lactation) and of nonpregnant, nonlactating (NPNL)

Gambian women’

The Gambia
1.5 wk 13 wk 52 wk 78 wk NPNL i
Britain,
Supplement  Placebo  Supplement  Placebo  Supplement  Placebo  Supplement  Placebo 13 wk
n=30) @mM=30 @M=29 (=260 @nN=29 @®©=27) (=24 @©=17) (n=17) (n=15)

Calcium output

(mmol/d) 1.31 £ 1.09 1.13 = 0.92 1.82 + 1.417 0.62 = 0.58 2.07 = 1.397 0.90 = 0.72 1.55 = 1.43 1.16 = 1.20 1.60 * 0.81° 4.59 = 1.17*
Phosphate output

(mmol/d) 135+56 142+42 88+39% 127+48 9049 122*31 11.6+45 105*43 125+40 25452
Creatinine output

(mmol/d) 6.88 = 1.76 6.93 = 1.89 7.09 = 1.74 734 * 1.46 7.12 = 1.42 7.32 = 1.60 7.58 + 2.27 6.58 * 2.30 8.50 = 0.90 10.34 + 1.62*
Titratable acid

output® 2.39 +0.89 2.37 = 0.85 2.40 = 0.80 2.64 * 0.83 1.73 = 0.77° 2.17 = 0.58 2.22 + 0.62 2.14 * 0.56 — —
pH 6.37 + 0.43 6.39 = 042 6.13 = 0.32 6.08 = 0.49 6.19 = 0.47 6.09 = 0.39 6.15 + 0.33 6.24 * (.37 — —

! & = SD. Multiplication factors to convert mmol/d to mg/d: calcium, 40; phosphate phosphorus, 31; creatinine, 113. Collections with a creatinine
clearance rate < 60 mL/min per 1.73 m? were excluded (see Methods). Gambian lactation data were collected longitudinally from 60 mothers; values from
2 women at week 13 with incomplete data and from 3 pregnant mothers at 78 wk were excluded. British data were obtained from 15 mothers in Norwich,

UK. The significance of changes with stage of lactation are given in the text.
? Significantly different from placebo group at same time point, P < 0.005.

* Significantly different from placebo group at 13 wk, P < 0.005.

“ Significantly different from lactating Gambian subjects at 13 wk in supplement and placebo groups and from NPNL Gambian women, P < 0.005.

* Natural logarithms of mmol/d.
¢ Significantly different from placebo group, P = 0.03.

categorized as good calcium absorbers (13, 17). In addition, the
supplement was associated with decreased urinary phosphate
and titratable acid outputs, well-recognized effects of calcium
carbonate loading (15). These urine results indicate that there
are no reasons to suggest that the supplemental calcium was not
available for absorption, or that the calcium physiology of the
Gambian women was different from that of whites in this
respect.

By the end of the 52-wk intervention period, each woman in
the supplement group had consumed a total of 0.26 kg supple-
mental Ca. This amount is roughly equivalent to from one-
quarter to one-third of whole-body calcium content. Because
only 7% of the dose appeared in the urine, and because there
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FIGURE 3. Effect of the calcium supplement on urinary calcium
output. Values are means (= SEM) at different weeks of lactation for
women in the supplemented and placebo groups (n = 30 per group). The
differences between the groups at 13 and 52 wk were significant, P <
0.005.

were no measurable changes in BMC or breast-milk calcium
concentration attributable to the supplement, it must be con-
cluded that net fractional calcium absorption was reduced
substantially in the supplemented women, due either to de-
creased absorption efficiency and/or to increased calcium
excretion into the gastrointestinal tract.

It is noteworthy that the urinary response to the calcium
supplement in this study, in which 25 mmol (1000 mg) Ca was
provided once daily, 5 d/wk, was similar to that observed in
several studies in which the supplement was consumed in small
doses taken several times a day (Table 6). Concerns have been
expressed that the efficacy of calcium supplements may be
reduced if consumed in doses > 400-500 mg/d (7). Although
there is convincing evidence that this may be the case in
short-term studies (18-20), this suggests that it may not apply
to long-term supplementation. Given the potential compliance
problems associated with split-dose regimens, more research is
required to establish whether the efficacy of calcium supple-
mentation over a prolonged period is influenced by dose
schedule.

This longitudinal study of Gambian women demonstrated
strikingly that renal conservation of calcium occurs during
lactation, as has been suggested from previous studies (1). In
the placebo group, urinary calcium output at 3 mo (0.62
mmol/d, or 25 mg/d) was approximately one-half that at 1.5 wk
and that of a separate group of NPNL Gambian women. Uri-
nary calcium output increased slowly in later lactation and at
78 wk was similar to that at 1.5 wk. It is not possible from this
study to determine whether the renal calcium conservation
noted in the months after delivery was associated specifically
with lactation or was a consequence of pregnancy.

There was no evidence that the extent of renal conservation
was modified by current calcium intake. Because the difference
in urinary calcium output between the supplement and placebo
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TABLE 6
Effect of changes in calcium intake on urinary calcium excretion’

A Urine Urine

Calcium salt Brand’ Number  Subjects’ Dose Schedule?  Duration s Reference
calcium response
mmol/d mmol/d

Carbonate Calcichew 30 F,L 17.9 S,B 12 mo 1.19* 6.6% This study
Carbonate Caltrate 13 F, PM 25.0 S,N 1d 1.45° 5.8% 13
Carbonate Calsup 13 F, PM 30.0 S,N 1d 1.42° 4.7% 13
Carbonate — 28 F, PM 12,5 S,N 24 mo 0.58*¢ 4.6% 24
Carbonate — 6 M+F 39.0 D, N 4d 2.35 6.0% 15
Carbonate — 5 M+F 77.0 D, N 4d 4.65 6.0% 15
Citrate Citracal 14 F 25.0 D, N 6 mo 1.60 6.4% 17
Citrate malate Citrus Hill + Ca 25 F, PM 12,5 S,N 24 mo 0.73*¢ 5.8% 24
Lactogluconate Sandocal 36 F, PM 25.0 S,N 24 mo 0.804 3.2% 25
Lactogluconate Sandocal 13 F, PM 25.0 S, N 1d 1.37° 5.5% 13
Lactogluconate-carbonate — 61 F, PM 25.0 D, N 6-24 mo 1.00¢ 4.0% 26
Diet + carbonate — 57 M+F — — — — 6.0%" 15, 16
Diet, low/high — 21 F — — — — 2.9%° 27
Diet, habitual — 104 F —_ — - — 2.2%* 28

! Results relate to measurements of urinary calcium excretion in collections lasting = 24 h. Multiply by 40 to convert mmol Ca/d to mg/d.
2 Calcichew, Shire Pharmaceuticals Ltd, Hampshire, UK; Caltrate, Lederle, Sydney, Australia; Calsup, Riker, Sidney, Australia; Citracal, Mission
Pharmacal, San Antonio, TX; Citrus Hill + Ca, Procter and Gamble, Cincinnati; Sandocal, Sandoz, Basel, Switzerland.

7 M, male; F, female; L, lactation; PM, postmenopause.

* S, single daily dose; D, daily dose divided into two to four portions; B, consumed between meals; N, timing of dose in relation to meals not discussed.
3 a, Difference between supplement and placebo group; b, in group of high calcium absorbers; c, calculated from data expressed relative to creatinine,
assuming a creatinine output of 9 mmol/d; d, difference between two exercise groups with and without calcium; e, estimated from graph; f, slope of
regression line of change in urinary calcium against change in calcium intake; g, slope of regression line of calcium output against habitual calcium intake.

groups at 3 and 12 mo was equivalent to that predicted from
studies in nonlactating individuals (see above, Table 6), it
seems likely that, had the women in the supplement group
received the supplement at 1.5 and 78 wk, their urinary calcium
output at those time points would have been increased by a
similar amount. If this were the case, the lactational changes in
urinary calcium output experienced by the supplemented
women would parallel those seen in the placebo group. Inter-
estingly, the urinary calcium outputs of British mothers at 3 mo
of lactation were more than double those of the supplemented
Gambian women despite their similar total calcium intakes.
This may reflect differences in diet composition or the intake of
certain nutrients, or in adaptive or racial differences in calcium
metabolism and renal physiology.

In addition to urinary calcium output, significant changes in
forearm BMC were observed within individuals during lacta-
tion, irrespective of calcium intake, decreasing at 3 mo of
lactation and returning to baseline by 12 mo. The effect was
small (1%), but, if reflected throughout the skeleton, would
represent a release of ~125-250 mmol (5-10 g) Ca in 3 mo,
equivalent to ~1.25-2.5 mmol/d (50-100 mg/d).

The calcium concentration in Gambian breast milk was low
compared with British values, as was noted previously (3). In
addition, breast-milk calcium concentrations decreased within
individuals as lactation progressed, averaging 5.2 mmol/L (21
mg/dL) at 13 wk and 3.7 mmol/L (15 mg/dL) at 78 wk.
Because Gambian women produce =750 mL and 500 mL
breast milk/d at these time points (21), the women in this study
will have required ~3-4 mmol/d (120-160 mg/d) for breast-
milk secretion. The observed changes in BMC, coupled with
renal calcium conservation of ~0.5-1 mmol/d (2040 mg/d),
could, therefore, have made a sizeable contribution to calcium
supply for breast-milk production. It is possible that calcium

economy may have been improved further by increases in
calcium absorption efficiency and decreases in dermal and
gastrointestinal calcium losses. In addition, although previous
studies of bone mobilization in lactating women have been
inconsistent (1), recent investigations suggest that certain skel-
etal sites, particularly the spine, may respond more than others
(22, 23). If this were the case, it would suggest that, in the
Gambian women, a high proportion, if not all, the calcium
required for breast-milk production was provided by such
physiological adjustments.

Low breast-milk calcium concentrations have been observed
in some nonindustrialized regions of the world, but not others
(1, 3). This study demonstrated that the low concentrations
typical of Gambian breast milk do not appear to be a function
of maternal calcium intake during lactation. There is evidence
to suggest that calcium intake during pregnancy may be im-
portant (29), as may the concentration of other milk compo-
nents such as citrate and casein. This question will be explored
in future studies.

In summary, this study demonstrated that, in lactating
women accustomed to a low-calcium diet, temporary adjust-
ments in renal and bone physiology occur that may furnish a
substantial proportion of the calcium needed for breast-milk
production, and that an increase in current calcium intake has
no effect on breast-milk calcium concentration or forearm
BMC. These results have implications for the determination of
recommended calcium intakes for lactating women, but further
research is required to establish whether similar results are
obtained in women on a higher plane of calcium nutrition.

We are grateful to many individuals in The Gambia and Britain, without
whose help this study would not have been possible, including Terry
Aspray, Steve Austin, Mustapha Ceesay, Anne Dale, Sainabou Darboe,
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Ken Day, Kayode Erinoso, Simon Hoare, Warren Lee, Sheila Levitt,
Alison Paul, Yankuba Sawo, and S Gabrielle Wharf. We are especially
indebted to all the women who took part; to Odile Dewit, who was
code-holder for the supplement randomization; and to RG Whitehead,
Director of the Dunn Nutrition Unit, for his continuing support and
encouragement.
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