
64 CALCIUM NEEDS OF LACTATING GAMBIAN WOMEN

TABLE 4

Bone mineral measurements of Gambian and British subjects, by week of lactation’

The Gambia

1.5 wk (n = 60) 13 wk (n = 60) 52 wk (a = 60) Britain, 13 wk (n = 15)

Radius shaft

Bone mineral content (g/cm) 0.823 ± 0.091 0.816 ± 0.086 0.826 ± 0.086 0.826 ± 0.066

Bone width (cm) 1.17 ± 0.11 1.17 ± 0.10 1.17 ± 0.1 1 1.23 ± 0.07

Radius wrist

Bone mineral content (g/cm) 0.756 ± 0.118 0.752 ± 0.108 0.758 ± 0.097 0.823 ± 0.135

Bone width (cm) 2.42 ± 0.22 2.41 ± 0.21 2.41 ± 0.19 2.34 ± 0.19

Body weight (kg) 54.9 ± 7.5 54.9 ± 8.1 53.8 ± 8.2 64.6 ± I 1.0

‘ I ± SD. Shaft, site two-thirds distal from the olecranon to the styloid; wrist, site where space between ulna and radius is 5 mm. Gambian data were

collected longitudinally from 60 mothers; British data were collected from women in Norwich, UK. Within individuals, Gambian radius shaft bone mineral

content at 13 wk was significantly lower than at 1.5 and 52 wk (P = 0.015, see text). After adjustment for bone width, there were no significant differences

in bone mineral content between Gambian and British women.

atinine ratio, 0.441 (mmol/mmol), or 121 (mg/g); phosphate

output relative to body weight, 61 .5 p�mol . kg � . d ‘ (1.91

mg . kg_i . d1).

Titratable acid output (Table 5) was significantly lower in

the supplement group at 52 wk compared with the placebo

group (P = 0.03) and compared with other time points in

lactation (analysis of variance: effect of lactation stage P =

0.002; effect of the individual, NS). There was no significant

effect of lactation stage on titratable acidity in the placebo

group. Urinary pH was not affected by supplementation at any

stage of lactation. Within individuals, there was a significant

effect of lactation stage on pH (Table 5) with values at 1.5 wk

higher than in later lactation (analysis of variance: effect of

lactation stage P � 0.001; effect of the individual P � 0.001).

The urinary calcium, phosphate, and creatinine outputs of the

comparative group of lactating British women were substan-

tially higher than those of any of the groups of Gambian

women (P � 0.005, Table 5). The results obtained for the

lactating British women were within the range of values for

pnemenopausal, NPNL British women obtained at the Dunn

Nutrition Unit when similar collection procedures and analyt-

ical methods were used (data not shown). The differences

between the lactating British mothers and Gambian women in

the placebo group at 13 wk of lactation were as follows:

calcium output, 3.97 mmol/d (159 mg/d); phosphate output,

12.7 mmol/d (391 mg/d); creatinine output, 3.0 mmol/d (339

mg/d). The marked difference in calcium and phosphate excne-

tion between British and Gambian mothers was still evident

when the data were expressed relative to creatinine output on to

body weight, although the magnitude was reduced.

DISCUSSION

Mandinka women in rural parts of The Gambia, West Africa,

have a diet that is based predominantly on rice, millet, ground-

nuts, and fish, and as a result their intake of calcium is low (2).

The measured calcium intake of lactating Gambian women in

this study averaged < 7.5 mmol/d (300 mg/d). This was lower

than the intake of 10 mmol/d (400 mg/d) recorded in an earlier

investigation (2), partly because of an increased preference for

rice, rather than millet steamed with dried baobab leaf, as the

main staple food (14). Even when allowance is made for the

potential problem of undemnecording of food consumption (2),

calcium intake in The Gambia is considerably below current

recommendations for lactating women (1).

The possibility that such low intakes may be insufficient for

optimal lactational performance and maternal health was sug-

gested by previous studies that showed that Gambian women

have lower breast-milk calcium concentrations than British

women and do not have the superior peak bone mineral mass

relative to whites that has been reported in African-Americans

(3, 5). The results of this randomized, double-blind, supple-

mentation study, however, have shown that increasing the

calcium intake of lactating Gambian women threefold, to a

figure close to the FAO/WHO recommendation, had no dis-

cernible effect on breast-milk calcium concentration or on

maternal BMC. This suggests that, at least for women habitu-

ated to a low-calcium diet, there is no direct benefit from

increasing calcium intake during the first year of lactation.

The bone measurements in this study were made at two sites

on the radius by using single-photon absorptiometry. It is

conceivable that calcium was retained in bone as a result of

supplementation but changes in BMC went undetected, either

because they were below the sensitivity of absorptiometry or

because they occurred elsewhere in the skeleton. However,

because the method was sufficiently sensitive to detect longi-

tudinal changes in radial BMC of 1%, and because the two

measurement sites differed in the proportion of cortical and

trabeculan bone, it would appear that, if there had been a bone

response to calcium supplementation, it was either small or

restricted to specific skeletal regions. In addition, because

mothers in The Gambia generally continue lactating into the

early stages of the subsequent pregnancy, this study offered no

opportunity to examine the importance of calcium intakes on

changes in bone mineral after breast-feeding ceases (1).

Women in the supplement group had a significantly greater

urinary calcium output than women in the placebo group 3 and

12 mo after the start of supplementation. The difference aver-

aged 1.18 mmol/d (47 mg/d), equivalent to 6.6% of the in-

gested dose. The effect of the calcium supplement on urinary

calcium output is commensurate with that reported in other

studies in which the influence of dietary change or the inges-

tion of calcium salts on urinary calcium output were investi-

gated (Table 6). In particular, the response was similar to that

predicted from detailed studies of calcium carbonate loading in

healthy individuals (15, 16) and to that reported in subjects
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TABLE 5

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 .

Britain,

Supplement Placebo Supplement Placebo Supplement Placebo Supplement Placebo 13 wk

(n 30) (n 30) (n 29) (n 26) (n 29) (n 27) (n 24) (ii I 7) (n 7) (n 15)

Calcium output

(mmol/d) 1.31 ± 1.09 1.13 ± 0.92 1.82 ± 1.412 0.62 ± 0.58 2.07 ± 1.392 0.90 ± 0.72 1.55 ± 1.43 1.16 ± 1.20 1.60 ± 0.81� 4.59 ± 1.17�

Phosphate output

(mmol/d) 13.5 ± 5.6 14.2 ± 4.2 8.8 ± 392 12.7 ± 4.8 9.0 ± 492 12.2 ± 3.1 11.6 ± 4.5 10.5 ± 4.3 12.5 ± 4.0 25.4 ± 5.2�

Creatinine output

(mmol/d) 6.88 ± 1.76 6.93 ± 1.89 7.09 ± 1.74 7.34 ± 1.46 7.12 ± 1.42 7.32 ± 1.60 7.58 ± 2.27 6.58 ± 2.30 8.50 ± 0.90 10.34 ± l.62�

Titratable acid

output5 2.39 ± 0.89 2.37 ± 0.85 2.40 ± 0.80 2.64 ± 0.83 1.73 ± 0.776 2.17 ± 0.58 2.22 ± 0.62 2.14 ± 0.56 - -

pH 6.37 ± 0.43 6.39 ± 0.42 6.13 ± 0.32 6.08 ± 0.49 6.19 ± 0.47 6.09 ± 0.39 6.15 ± 0.33 6.24 ± 0.37 - -

‘ I ± SD. Multiplication factors to convert mmol/d to mg/d: calcium, 40; phosphate phosphorus, 31; creatinine, 113. Collections with a creatinine

clearance rate < 60 mLImin per 1 .73 m2 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.

2 Significantly different from placebo group at same time point, P � 0.005.

3 Significantly different from placebo group at 13 wk, P � 0.005.

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

5 Natural logarithms of mmol/d.

(C 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, on 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

0.
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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. Un-

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’

.

Calcium salt
2

Brand Number
. 3

Subjects Dose
4

Schedule
.

Duration
L�S Urine

. �

calcium

Urine

response
Reference

mmoL/d mmolld

Carbonate Calcichew 30 F, L 17.9 5, B 12 mo 1.19� 6.6% This study

Carbonate Caltrate 13 F, PM 25.0 5, N I d 145h 5.8% 13

Carbonate Calsup 13 F, PM 30.0 5, N 1 d 142b �7% 13

Carbonate - 28 F, PM 12.5 5, N 24 mo 0.58ac 4.6% 24

Carbonate - 6 M+F 39.0 D, N 4 d 2.35 6.0% 15

Carbonate - 5 M+F 77.0 D, N 4 d 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 5, N 24 mo 0.73’� 5.8% 24

Lactogluconate Sandocal 36 F, PM 25.0 5, N 24 mo 080d
3.2% 25

Lactogluconate Sandocal 13 F, PM 25.0 5, N I d 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 - - - - 60%f 15, 16

Diet, low/high - 21 F - - - - 29%f 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.

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

4 5, 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.

5 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 on the intake of

certain nutrients, on in adaptive on 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 mmolfL (21

mg/dL) at 13 wk and 3.7 mmolfL (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 (20-40 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 nonindustnialized 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 on 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. A
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