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ABSTRACT 

Il is not yet c1ear whe:ther women who lactat(~ lose the weight gained during 

pregnllncy fastc!r than their no:nlactating coull1terp lrts. The primary objective of this study 

was to look for any important di ffeœnœs in the rate of postparturrl weight 10S5 in the first 

9 months postpartum according to method of infant feeding. 

Two hundred thirty-six women attending two public health cJinics in Montreal 

were weighed in one ta four encounters occuning at different stages of the postpartuIll 

period but no Joater than the 9th month postpartum. A questionnaire assessing thc: method 

of infant feeding (predominantly breastfee Jing, mixed feeding or predominantly 

bottlefeeding) and potential confounders w, tS administc!red by telephone ailer each 

wdghing. An unbalanced multivariate repea1te 1 measures analysis reveail!d no statisticaUy 

significant dlffercnces in the nlt(~ ofwcight 105$ by category ofinfant feeding. Gestational 

we:ight gain, postpartum smoking nnd mate:mal birthplace were important pœdictors of 

postpartum weight change. 
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RÉSUMÉ 

n n'y a pas encore d'évidence certaine qui indique que les femmes qui allaitent 

perdent du poids plus rapidement que celles qui n'allaitent pas. L'objectif principal de 

cette étude était d'analyser les diffé:-ences importantes dans le taux de perte de poids dans 

les premiers neuf mois post-accouchement selon la méthode d'alimentation du bébé. 

Le poids de deux cent trente six femmes consultant deux cliniques de santé publique 

de Montréal, a été mesuré entre une et quatre fois lors de rencontres survenant à 

différentes périodes post-accouchement; en aucun temps,les périodes de suivi n'ont 

dépassé neuf mois post-accouchement. Un questionnaire concemant la méthode 

d'alimentation (principalement allaitement maternel, alimentation mixte et principalement 

alimentation au biberon) et les facteurs confondants poteiltiels a été demandé par 

téléphone après chacune des prises de poids. Une analyse multivariée de:, mesures 

répétées déséquilibrées n'a pas montré de différences statistiquement significatives dans 

le pourcentage de perte de poids par catégorie d'allaitement du bébé. Le gain pondéral 

durant la grossesse, le tabagisme en post-accouchement et le lieu de naissance de la mère 

étaient tous des prédicteurs importants du changement de poids en post-accouchement. 
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1. INTRODUCTION 

In the past few decades, researchers, health profession ais and the gcneral public 

have shown an increasing interest in human lactation. Research ln this area has focuscd 

on the benefits of breastfeeding for the infant, the hormonal control of lactation, the ciTeet 

of lactation on dietary intake of the mother, and the effect of maternaI nutrittonal status 

on the composition of breast milk. Fewer studies have examined the effects of lactation 

on the weight and body composition of well-nourished women Desplte difTerences in 

methodological approaches, the results of these latter studies have not substantiatcd thc 

general belief that maternaI energy stores depostted during pregnancy are mtcnded 

primarily to subs;dize the cost of lactation; the actual effeet of lactation 011 body weight 

may vary with different degret:s of lactation. 

Many studies in the area of maternai nutrition have examined the cycle of fat 

retention/mobilization during pregnaney and the puerperium. During pregnancy, nonobese 

women permitted to eat to appetite store 3-4 kg of fat, the majority during the first two 

trimesters (1). This fat is then mobilized in late pregnancy, providing alternate fuel for 

oxidation by maternaI tissues, and so spares glucose for use by the fetus (2,3). These 

changes in energy economy help to provide an uninterrupted supply of energy to the 

growing fetus. 

The ~yc1e of fat deposition in early pregnancy followed by fat mobilizatlon in late 

pregnancy has obvious advantages when the food supply is variable, inasmuch as the 

energy co st of pregnancy may be distributed over the entire gestational period. In well­

nourished womt!n. tàt deposition exceeds utilization. Whether a net pregnancy weight 

gain (i.e., a higher weight after delivery than prepregnancy) should be regarded as 

physiologie or merely an indication of failure to adjust energy mtake to correspond to 

reduced physical activity is a long-disputed question (2). Hytten et al. have pointed out 
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that the loss of extra fat deposited during :>regnancy--in most women after partUlition, 

whether lactating or not--seems to be part of the natural cycle of adaptation to pregnancy 

(4). 

Two more important and better documented physiologie mechanisms are used to 

mect the additional energy costs of lactation: an increased energy intake and the 

utilization of body fat reserves. In most mammals, the stress of lactation induces a larger 

change in energy flux than occurs at any other time of life. Interestingly, different 

species have adopted a range of strategies in relation to their energy intake and the use 

of body fat stores in support of lactation. At one end of the spectrum, certain seals 

remain on land and eat nothmg during lactation, thus supporting the entire cost of milk 

synthcsis and maternai maintenance from their fat stOl es. The other end of the range is 

represented by species such as micc and rats with large, fast-growing litters. In thec;e 

species, the demands of lactatIOn are 50 large that they must be met by a marked increase 

in food acquisition. Although these rodent species are in negative energy balance, the 

contribution of body fat to the total cost of lactation is quantitively negligible (5). 

It is difficult to judge where human lactation stands in this continuum. Primates 

in general, and humans in particular, are characterized by relatively slow rates of postnatal 

growth, and this is reflected in both the composition and volume of their milk. Esttmates 

of the peak milk energy output as a fun cUon of maternai body weight demonstrates that 

in humans the requirements for milk production are between 4- and 15-fold lower than 

in the shecp and mouse, respectively (6). It is this very low stress of human lactation per 

unit time that determines the woman's immediate physiological response. For example, 

a woman need only increase her food intake by about 25% to me et the full costs of 

lactation. whereas a rat with 8 or more pups must increase its intake by 300% or more. 

Measuring the stress of lactation per umt time may exaggerate the differences between 

primates and other species in terms of the total cost of lactation, since the total co st 

depends on the duration of lactation. For example, breastfeeding in developirtg countries 

commonly continues 2-3 times the length of gestation. This is considerably longer than 
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in moat other mammals. and as a consequence the overall costs of lactatlon 111 humans 

may be similar to many species wlth higher relative datly mllk outputs (6) 

In developed countries, me duratton of breastfcedmg III wdl-nounshcd womcn is 

typically shorter. This is coupled with the presence in these women of large prepregnancy 

subcutaneous fat deposits that are tùrther increased by t~\t storagc during pregnancy. 

Furthermore, during lactation lipogenesis tends to be markedly supprcssed ln adipocytcs 

by a reduction in the number and sensltivity of insulin receptors, a depression ln the 

activity of lipoprotein l~pase and fatty acid synthetase and a reductlon ln the rate of fauy 

acid reesterification. AIl these changes tend to shift the cqUlltbrium away l'rom fat 

deposition and to potentiate a catabolic process that could provide a large ploportlOn of 

the energy costs of laclation. Despite making good physiologie sense, this metabolic shlfi 

does not necessarily occur; in conditions of abundant food supply, for example, incrcased 

food intake largely ovenides the catabolic effects (6). ln contrast, lactatmg women in 

developing countries who are unable to meet energy demands of lactation by incrcasing 

energy intake or substantially reducing energy expenditure may use thelr own body fat 

stores to subsidize the co st of lactation (7). 

There are several other potential mechanisms of energy conservation during 

lactation in addition to the increased energy intake and mobllization of tàt stores; these 

so-called "energy-sparing mechanisms" include changes in the basal metabolic rate 

(BMR), thennogenesis and physical actlvity (8). Thcre appears to be no gcncral consensus 

as to whether the BMR increases, remains the same or decreases during lactatIon (6) 

Postprandial thermogenesis during lactation was found to be reduced by 30% in one 

study, but the overall impact of the reduction was small, since postprandial thermogcncsis 

represents only about 10% of total energy expenditure. The final arca where energy could 

be spared is physical activity, and the potential savmgs are entirely dependent on the 

habituaI level of activity during the nonpregnant state (8). Activity lcvels of lactating 

mothers may be decreased if they remain housebound but prcvlously workcd and 

exercised regularly, or may be increased if they exercise regularly during the postpartum 
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period but were previously sedentary. Reduction in activity has the potential to spare 

energy to support lactation, but the absolute savings are likely ta be srnall (6) compared 

with the contnbution of energy intake. 

Healthy lactating women in developed countries typically lose 0.5 to 1.0 kg per 

mon th, on average, and milk volume is not related to maternaI weight or height or indices 

of body fat (8). In developing countries, evidence is conflicting about whether thin 

women produce less milk than do women with higher weight-for-height. Increased 

maternaI energy intake has not been linked with increased milk production, at least among 

well-nourished women in industrialized countries. Nutritional supplementation oflactating 

women in developing countries where undemutrition may be a problern has generally 

been reported to nave littlc or no impact on milk volume, but most studies have been too 

small to test the hypothesis adequately (8). 

Not ali lactating wornen lose weight postpartum (8-10); for example, in the study 

of Manning-Dalton and Allen (9), 22% actually gained weight during breastfeeding. 

Studies examining the role of parity on weight retention have shown that, overall, each 

pregnancy adds 0.4 to 2.4 kg to body weight (after controlling for age) (11-21), but for 

sorne individuals the weight gain is considerably greater (15,21-22). 

In summary, it is clear that the widely held assumption that human lactation is 

naturally associated with rapid catabolism of fat stores is not substantiated by the 

literature. Furthermore, as discussed below, the question as ta wh ether women who 

lactate lose the weight gained during pregnancy faster than their nonlactating counterparts 

is not yet fully answered. For sorne women, pregnancy, whether lactating or not, rnay be 

associated with considerable weight retention. Interestingly, the advice that women who 

are planning to breastfeed or are breastfeeding receive from health professionals regarding 

this subjeçt has not been weil documented. Most perinatal texts claim that women will 

retum ta their prepregnant weight between 6 weeks and 6 months after delivery (23-25) . 

Sorne widely accessible lay books state that women will regain their prepregnancy figure 
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faster if they breastfeed (26,27). It is important that women be given realistic, heahh­

promoting advice about weight change during lactation. 

The primary objective of this study is to compare the patterns of weight change 

in a well-nourished, mixed-race, multi-ethnic population in Montreal according to type 

of infant feeding method used during the first 9 months postpartum. The princip le 

research questions are: 

(l) In a well nourished population, are there any important differences in the rate of 

postpartum weight 10ss in the first 9 months postpartum according to the extent of 

lactation? 

(2) Does the effect of lactation on weight loss vary according to maternaI prepregnancy 

body in mass index (BMI) and/or weight gain during pregnancy? 

11 
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2. LITERA TURE REVIEW 

2.1 THE EFFECT OF LACTATION ON POSTPARTUM WEIGHT CHANGE 

Two types of studies have examined the relationship between type of infant 

fecding and postpartum weight 10ss in well-nourished women: 1) small-sca1e nutrition al 

studies with short periods of follow-up designed primarily to study the energy cost of 

human lactation and 2) larger~scale epidemio1ogic studies with longer periods of follow­

up designed to explore the relationship between pregnancy/parity and the development of 

obesity. 

2.1.) Small-scale nutrition al studies 

Table 1 summarizes the available data from the studies on the rate of postpartum 

weight 105S in well-nourished lactating and nonlactating women. 
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TABLE 1 - Postpartum weight change in well-nourished factating and 
non/actati"g Wf'men 

SOURCE LACTATlNG NONLACTATING FOu..OW-UP 

(Reference ), Weight change Weight change Weeks at initial, 
country, year kg/month (n) kg/month (n) last wetght 

(28) Australia, 1968 - 0.3 (16) - 0.4 (10) 6-8, 25 

(4) UK~ 1970 - 1.2 (23) - 1.1 (32) 1,8(6-17) 

(29) UK, 1975 - 1.0 (22) - 1.1 (20) 1.5, 12 

- 0.5 (22) - 0.8 (20) 1.5, 25 

(30) UK, 1981 - 0.6 (25) - 2, 16 

(9) USA, 1983 - 0.7 (12) - 1.2 (6) 2, 13 

(10) USA, 1984 - 1.3 (45) - 1-3 days, 16 

- 0.5 (45) - 4, 16 

(31) USA, 1986 - 1.1 (22) - weekly rate 6-24 

(32) Sweden, 1988 - 1.8 (23) - ;-10 days, 8 

- 0.8 (23) - 5-10 days, 25 

(33) USA, 1990 - 0.3 (46) - 0.3 (41) 4, 12 

- 0.8 (46) - 0.4 (41) 12,25 

(34) USA, 1989 - 2.3 (21) - 2.7 (15) 1-2 days, 13 

- 0.4 (21) - 0.1 (15) 13, 25 

(35) Netherlands, 1991 + 0.2 (40) + 0.2 (16) 5, 9 

- 0.2 (16) - 5,56 

(36) USA, 1993 - 2.7 (7) - 2.9 (5) 1-3 days, 13 

- 0.4 (7) - 0.3 (5) 13, 25 -
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Differences in timing and duration of the studies, as weil as in prepregnant weight 

and gestational weight gain, prevent the calculation of an average rate of weight loss for 

each group of lactating and nonlactating women. Nevertheless, the rate of weight change 

generally seems to be small in both lactating and nonlactating women, ranging overall 

from -2.9 to +02 kglmonth, with no partIcular trend over time for those with comparable 

follow-up periods. The wide range of reported values may be attributable to differences 

in baseline weight rnea!,urements (8), duration of foilow-up, or small sarnple sizes (Le., 

sampling variation). Higher rates of weight loss are consistently found in those studies 

where the initial weight is measured within days of birth and the period o~ follow-up is 

shon (3 rnonths or less). These higher rates represent in part the rapid urinary loss of 

fluid that occurs during the tirst days after delivery (postparturn diuresis). The rate at 

which a woman (lactating or not) retums to her prepregnancy weight after delivery is 

affected by many factors: ederna during pregnancy, the route of delivery, prepregnancy 

weight, gestation al weight gain, postparturn weight, parity, maternaI age (8), pregnancy 

and pœitpartum smoking t37) and physical activity postpartum (9). 

Overall, the rate of weight loss during the tirst 3-4 months postpartum seerns to 

be no greater for lactating than for nonlactating wornen. This tinding may partly be due 

to the fact that nonlactating wornen choose voluntarily to restrict their calorie intake after 

delivery more often than lactating woman (29,34 ,38); it would be interesting (albeit 

difficult rnethodologically) to compare rates of weight change in lactating and 

nonlactating women with both groups eating ad libitum. Two recent studies with longer 

follow-up periods reported that weight loss from '3 to 6 months was greater for lactating 

than for nonlactating women, suggesting that lactation may speed weight loss if prolonged 

(33,34). 

In these nutrition al studies, the samples SlZes have been generally srnall, 

particularly considering the high variability of postpartum weight change. Since most of 

the studies were designeâ to address the more basic question of the energy co st of 

lactation and its Impact on body weight and composition, they required labour-intensive 
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data collection procl~dures that would b€: difficult to apply in large-:)ca.le epidemiological 

stud.ies. Another difficulty in comparing studies is the difference in their dennitions of 

"lactating" or "nonlactating" and their failure to consider the extent of supplementation 

of infants with solid foods. For example, sorne researehers con~;idered wornen to be 

nonlactaring if they were not exclusively breastfeeding (i.e., if dwy were using dther 

mixed feeding or exclusive bottlefeeding) (9,33) whereas others considered women \0 be 

nonlarating only if they were exclusivdy bottlefeeding (34.,36); thus, different degrees of 

lactatiOl; ; Jave been examined in d;tferent studies. 

Earlier studies in this area have failed to adequately describe their study subjects, 

although the groups studied showed srnall variability in body weight (4,28-29). Similarly, 

there is very littk: information about techniquf!s for ascertaining anthropometric measures 

or potenrial confounding factors. 

As to more recent studies, Manning-Dalton and Allen reported on 27 weil­

nourished primarily breastft:.eding (either exclusiveiy or not) primiparae followed from day 

12 to day 90 postdelivery (9). The average net pregnancy weight gain at day 12 was 6.0 

± 4.0 kg (mean :1: standard deviation), ranging from -0.5 to 15.4 kg. The average weight 

los8 between day 12 and 90 postdelivery was lower in those mothers exclusively 

breastfeeding (average weight loss: 1.7 ± 2.7 kg) than in those supplementmg their infant 

with formula for 50% of their energy intake or more (3.1 ± 1.9 kg). 

Butte et al. followed 45 exclusively breast-feeding, nonsmoking, primi- and 

secundiparae from immediately postdelivery (1-3 days) to 4 months postpartum. After 

excluding the tirst month (where Ûle average weight loss was 3.3 kg), they reported an 

average rate of weight loss of 0.5 kg/month with a considerable range of weight change: -

5.6 to +5.5 kg/month (10). This average rate of weight loss is similar to the rates 

observed in two other studies with a similar folIow-up period (30,33) . 
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Heinig et al. reported (abstraet only) that there were no signifieant differenees in 

the amount of weight 10ss from 1-3 month postpartum (average 1.0 ± 2.0 kg) between 46 

women who exclusively breastfed (as the sole source of milk) for at least 12 mOJrlth Si and 

41 women who did not breastfeed for more than 3 months, even when wmnen who 

breastfed for 1 month or more were exc1uded from the latter group. However, weight 

loss from 3-6 months postpartum was signifieantly greater in the exelusively bœastfeed;ng 

group than in the bottlefeeding/mixed feeding group (2.4 ± 2.1 kg vs 1.3 ± 2.6 kg) even 

after controlling for maternaI dieting, percent ideal body weight and gestational weight 

gain (33). 

Brewer et al. recruited 56 well-educated, middle- to upper-middle-class, mostly 

white pregnant women and followed them until the 6th month postdelivery. 

Anthropometrie measurements were taken immediately after birth (1-2 days) and at 3 and 

6 months. They compared anthropometrie changes in three feeding groups: exclusively 

breastfeeding (8F), exclusively formula feeding (FF) and combination feeding (CF). AlI 

of the groups experienced signifieant weight loss with small within-group variability 

during the first 3 months, but there were no significant differences in weight loss among 

the 3 groups during this period [6.75 ± 0.53 kg (BF), 8.14 ± 0.68 kg (FF), 6.39 ± 0.53 

kg (CF)]. Between 3 and 6 months only, the exc1usively breastfeeding group showed a 

significantly greater weight 10ss compared with the exclusively fOlmula feeding and the 

combination feeding groups [1.29 ± 0.64 kg (BF), 0.16 ± 0.85 kg (FF), 0.82 ± 0.65 kg 

(CF)](34). In a recent study, Kramer et al. (36) followed 24 women from the time of their 

delivery until 6 months postdelivery. Anthropometrie measures were taken immediately 

after birth and at 1, 3 and 6 months. The change in body weight was compared in three 

feeding groups: exclusively breastfeeding for the en tire 6 months (N=7), exclusively 

bottlefeeding (N=5) and combined breast and bottlefeeding (N=12). The rates of weight 

change in the first three months postpartum were similar to those reported by Brewer et 

al. but much higher than those found in other studies (see Table 1). The high rates of 

weight 10ss in these two studies may be explained by: 1) the imtial weights at 1-3 days 

postdelivery include fluid that is rapidly lost during the first days postpartum and 2) the 
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average gestational weight gains were higher [15.2 (34) at:ld 17.5 (36)] titan in oUlel 

studies. In a repeated measun:s analysis of cov~lriance. Kramer et al. found nCI significant 

change in weight over time between the three feeding groups even atll!f adjusting f ... lf 

gestatiollal weight gam. The fet~ding method by time intcl'actlon was signific3.nt when the 

breast- and combined fecding groups were coHapsed and compan:d with the formula 

feeding group; women in the breast- and combined feeding groups lost \VI~ight faster only 

duting the first mon th than women in the formula feediing group (36). This moditying 

effect of rime may represent fluctuations in postpartum ciillresis, rather than a true etlect 

oflactation on body ,tores. Evt~n though this study llsed adequat';:: measuremenl techn;,qUi~s 

for both anthropometry and feeding variables and an appropriai(: strategy for the statisti';ll 

analysis, it had the dual disadvantages of a very small number of women per ft:eding 

category and a very lalge attrition fate (60%). 

Two omer s.tudks had the advantage that women \Vere followed from die 

preconception period or carly gestation, so that valid ba~seline measures of body weight 

wert: available for compansons with those in the postpartum period. Sadufskis et al. 

reported on 23 educated matried breastfeedmg primi- and muItiparae fbHowed from 'the 

prepregnant period into their pregnancy and postpartum. They 110und tnat the amount of 

weight remaining over prepregnancy weight was very variable: 2.9 ± 2.7 kg at 2 monlh:; 

and 1.5 ± 3.1 kg at 6 months po:::tpartum. Between 5-10 days and 2 months postpmtLlm 

lin average of 2.6 kg of weight W.1S 10st (32). van Raaij et al. followcd 40 bn.:astfeedilng 

women and 16 women who had exclusively bott\efed or had breastfed fOf les~; than 3 

weeks, from the 12th week gestation to the 9th week postdelivery. The amount ofweight 

remaining over the weight at 12 weeks of gestation was a\so very variable: 1.8 kg 

± 2.9 kg and 1.6 ± 3.0 kg at the 5th week postpartum for the breastfeeding and 

bottlefeeding groups respectively. Bet\1{een the 5th and 9th week, the body w,!ight 

increased slightly for both groups. A subgroup of 16 breastfeeding women (whose 

average body weights at 12 weeks gestatlon were higher than the group as il whole) 

followed for over a year showed a decrease of body weight of 2.3 ± 3.6 kg betlN'een 

weeks 5 and 56 postdelivery (35). 
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SI:veral methodologic problems arise from. the more recent studies, though some 

()f these issues apply to c'arlier s',udies as well. Jn sC/me of the studies, the subjec:1ts 

illivoived were predominantly bre'lstfeeding, and no c:ompari:mn groups were studied. 

Only fOl.lr studies (9,34-J,6) comparl~ exclusively brc:éllstfe~:ding women with those 

(~",clusively or almost exclwiively bottlefel!ding, and defi:niriomi of these fel~:ding groups 

varied fr(lm study to study, Ali sl,udil~S used volunteer Hu~ject:'i re!itricted t(> middle and 

upper so\'~ioeconomil~ statm, (SES), homogeneous groups wi1th h~ss risk foor I~onfounding 

by sociodemographic char:ilcteristks hut with l'c:luced ge:neralizability of dl(: results. 

Overall, the measuremem techniques were acllc.:quatf:, particul~lfly for those 

involving measufl~s of body wl.;~ght and energy intalœ, wh\erea~i the measurem<mt 

techniques to monitor thl~ extent crt'lactation and supplemental feedings were not always 

sp,ecified. With respect to the stat istic:al a1.1alysis, despitt~ cnllecting data over timc;:, there 

W.aIS no attempt (with the exception of Kumer e~ al. (36)) to us~~ ail the data points instead 

of taking an aver,age rneasure (i e., rate; of o'vuall weighl change) Of fra,etioning the 

foUow-up !,eriod (i.e., 1-3 month:" 3-6 months, (~t(:.). Thil; type of data œnders Î1self to 

repeated me:asures, analysis, whereby ail data available fbr each illdividua~l are us.ed, 

allowing greate:f efficil!ncy (powe-) for detecting )).gnificant diffeœnces between feeding 

groups in the main variable of mterest. AIso, the sample sizes in these studies were 

gene'rally small, whil;h in vicw cf the} high variability of postpartum weight char:lge, 

provided low statistic.al power to deteGt a diffeJrence nn wdght change betwecn feeding 

groups. 

Lastly, it should be noted lhat the lt.~ngth of follow-up is crucial in these studies 

and also al1cct the generalizability of results. Studies with follow-ups of 3 months or l.ess 

(23) may be too short to adequatel) de:scribe the effect of lacltation on body energy stOJres. 

Sadurskis and van Raaij found th,l: in lactating worm:n there was no body fat 105s in the 

lirst 2-3 months alter delivery and dut mobiliz.ition of f:3lt tissue oceuned only be\ween 

the second or third and the sixth month postpartum ,.'2,35). Butte t~t al. l'eported that, 

after excluding the tirst month pJstpartum, the highe:it monthly rate of wei~ht change 
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occurred between the third and the fourth month (10). Brewer et al. report that significant 

fat 10ss (as measured by sum of skinfold measurements) during the first 3 months 

postpartum oecurred only in the exclusively bottlefed group, whereas the exclusively 

breastfed and the mixed feeding groups experienced a significant deerease between 3 and 

6 months (34). Thus the effect of feeding type may differ by period, cven within the first 

6 months postpalrtUtn. 

2.1.2 Large-seate epidemiological studies 

The second group of studies addressing the relationship between type of infant 

feeding and postpartum weight change were primarily designed to explore the association 

between pregnancy/parity and obesity in developed countries and to examine long-terrn 

changes in body weight following lactation. Overall, it has been shown that each 

pregnancy adds 0.4 to 2.4 kg to body weight (after controlling for age) (11-21), but for 

some individuals the weight gain is considerably greater (15,21-22) . 

Sorne of these studies have examined the modifying effect of mode of infant 

feeding on the pregnancy/body weight relationship. Two large longitudinal studies have 

reported on weight change after pregnancy and analyzed the possible effect of lactation. 

In the late 40's, McKeown and Record reported a small but consistent differencc in body 

weight in 694 women lactating for different lengths of time «3, 3-6 and >6 months of 

exclusive breastfeeding). Women who breastfed for longer periods lost on average more 

weight between 3 and 12 months postpartum, and these relationship did not seem to be 

confounded by age. The variations in weight according to duratlon of lactation were 

almost eliminated by 24 months after delivery (13). Unfortunately, the group that 

breastfed for more than 6 months was qui te small (n=37), and information on the extent 

of lactation when not exclusive was not available. Ohlin and Rôssner followed 1423 

Swedish women from the first prenatal visit to 1 year postpartum to assess predlctors of 

weight retention. After controlling for confounders, a lactatIon score (4 points for every 

month of full lactation and 2 points for every month of mixed feeding) had a weakly 
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negative (although statistically significant) association with weight retained at 1 year 

postdelivery above the self-reported prepregnancy weight ( 13=-0.04, p<O.OOl). The 

lactation score explained only 0.9% of the variance in postpartum weight change, whereas 

gestation al weight gain eXplained 12.7%; where the higher the gestation al weight gain, 

the higher the weight retained at 1 year postdelivery. Larger degrees of lactation seemed 

to have the largest effect on weight loss between 2.5 and 6 months postpartum, but by 

12 months postpartum the total amount (\f weight 10ss did not differ significantly by 

lactation score. Two strengths of this report are the large sample size and the attempt to 

better quantitate duration and the intensity of breastfeeding by means of a score (21). 

ln another longitudinal study, Rookus et al. compared the change in body mass 

index from pregestation through 9 months postpartum of 49 pregnant women with the 

corresponding change in 400 non-pregnant women. They report that, after adjusting for 

confounders, there was no difference in the change of body mass between the two groups; 

at 9 months postpartum the total group of pregnant women had gained as much body 

mass as was expected by aging. On the other hand, the authors found that breastfeeding 

practices modtfied the cffect of pregnancy on body mass ine:!x even after adjusting for 

confounders; women who breastfed for more than 2 months gained more body mass than 

their non-pregnant counterparts (12). Unfortunately, the subgroup of women breastfeeding 

for longer than 2 months was very small (n=18), and despite the long follow-up, no 

information was provided beyond 2 months regarding the extent and duration of lactation. 

ln a cross-secrional study of 35,556 women, Newcombe found that type of infant 

feeding was an effeet modifier of the paritylbody weight relationship. The effect of 

parity on body weight at 20 weeks of gestation of the index pregnancy was almost one 

third larger in those who had breastfed than in tuuse who had fonnula fed their infants 

after previous pregnancies (14). One clear advalltage of this study was the very large 

sample. but a serious limitation was that the duration and extent of breastfeeding used 

after the index pregnancy were not defined and, more importantly, it was assumed that 
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the method of feeding used after previous pregnancies was the same method used after 

the index pregnancy. Also, me pregnancles of the same women wert! unjustifiably treated 

as independent units in the analysis (8). 

Several key confounders of me infant feedinglpostpartum weight change 

relationship have been reported in the above-cited literature. Gestational weight gain has 

consistently been founct to be a predictor of weight change [i.e., the greater the gestational 

weight gain, the grcater the postpartum weight loss(9,35)] and a confounder of t.he 

relationship of interest (33,35-36). The role of prepregnancy BMI or percent ideal body 

weight-for-height as a confounder is less clear. Two studies (9,33) adjusted tor its 

potentially confounding effect by means of muItivariate analysis; one found that women 

with greater prepregnancy percent ideal weight-for-height tended to lose more wcight 

postpartum (9), whereas the other reported the opposite finding (35). Another large study 

did not find prepregnancy body mass index to be a significant predictor of weight retained 

one year after blrth (21). This latter study showed that initially overweight women have 

a more variable postpartum weight change than leaner women, but ditTen:nces in the 

degree of lactation did not explain why sorne overweight women lost more wcight than 

others (55). Age was an Important covariate in the studics examining the rclationship 

between pregnancy/parity and weight retention (12,) 5,21). Postpartum physical activity 

was measured in at least two studies; one found a significant association bctween physical 

activity and weight change (but did not report its relationship ta the method of infant 

feeding nor test its role as a confounder in the multivariate analysis) (9), but the other did 

not (35). 

The only factor exarnined as a modifier of the effect of infant feeding on 

postpartum weight change association was time, i.e. ta explore whether the effect of 

lactation on wCIght change varied over time. As mentioned above, Kramer et al. rcported 

a significant method of infant feeding by time interaction (36), but since the cffect was 

observed only during the first month postpartum, it is more likely ta represent, if 

anything, a ditferential effect of lactation on extracellular fluid fluctuations than on body 
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fat stores. A study conducted on a large group of urban Filipino women followed for 2 

years found that any lactation during the 2-year follow-up period 01 full lactation during 

the first 6 months postpartum had a slgnificant negative effect ,on weight and that tlus 

effect significantly increased over time (39). It should be noted that although this study 

was methodologically sound, the generalizabilty of it's results to a developed country 

setting remains unclear. 

In conclusion, the literature reviewed in this section on the relationship between 

type of infant feeding and postpartum weight 10ss suggests the following for well­

nourished women in developed countries: 

1) in the first 3 months postpartum, no clear difference in the rate of weight 1055 

is apparent between lactating and nonlactatillg women . 

2) Between 3 and 6 months postpartum, women lactating for ionger periods and 

more intens;vely (i.e., :;-6 months of exclusive or nearly exclusive breastfeeding) 

may show a greater rate of weight 10ss than women exc1usively bottlefeeding or 

those lactating less fully or for a shorter duration (i.e., less than 3 months of 

exclusive breastfeeding) (13,21,33-34). 

3) By 1-2 years after pregnancy, no clinically significant relationship is evident 

between the duration and intensity of lactation and weight retained above 

prepregnancy weight (13,21) . 
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2.2 THE CONTRlBUTION OF FAT STORES AND ENERGY INTAKE TO TllE 

COST OF LACTATION 

Studies on body composition have examined the actual contrIbution of maternai 

fat stores to the cost of lactation. Irrespective of the methodologic approach. both 

Manning-Dalton and Allen (9) and Butte et al.(lO) estimated that thc encrgy mobilized 

from the tissues between 15-30 days to 3-4 months was 115-165 kcaVday This energy 

deficit is markedly less than the 200 to 300 kcal/day assumed in the calculation of the 

recommended daily allowances (RDA) for lactation (23,40). The remainder OfÙ1C energy 

needs derive from the dlet and from energy-sparing adaptations, slIch as reduced activlty 

and thermogenesis. Interestingly, these two studles reached slmilar conclusions regardmg 

the role of energy intake in lactation. Manmng-Dalton and Allen reported that the ellèct 

of lactation during the lirst 3 months postpartum on weight change was small, and that 

most of the "explainable" difference in weight change was accountcd for by dlfferences 

in energy intake (9). Butte et al. concluded that milk production IS not dependent on the 

amount of tissue reserves but on the energy intake; I.e. although mothers whose body fat 

content was less than 20% did not produce less milk, they did consume more encrgy 

(9,10). Also, more obese women and iliose who gained more weight during prcgnancy 

lost more weight but also consumed fewer calories on average (2,9). Obviously, energy 

intake (and expenditure) plays a crucial role in the rclatlOnship between lactation and 

weight change and probably lies on the casual pathway of thls relationship Rosso has 

proposed that, although the exact mechanisms Il1vûlved are not known, the main 

determinant of the "physiological hyperphagla" observed during lactation scems to be the 

nutrient drain imposed by milk production. In contrast to pregnancy, hormones do not 

appear to play a significant role (41). 

Many other investigators have actually attempted to document the increased energy 

intake of well-nourished lactating women. Studies from the UK and Australia during the 

early 1970's (4,28-29) consistently found higher mean energy intakes in lactating women 

(2500-3000 kcaVday) than more recent studies (2000-2300 keal/day) (9-

23 



• 

• 

• 

10,30-31,35,42-43). This would be consistent with an aIready documented secular trend 

towards a decline in energy consumption over the past 10 years or so in the UK (6,38); 

this trend, however, has not . )een documented in pregnant women (38,44). In fact, 

gestation al weight gains have been increasing over time (11). 

Almost ail published studies agree that the mean energy intake of Iactating women 

is higher than that of nonlactating, nonpregnant women (4,9,28-30,32,34-35,42-43,45). 

Although accurate dietary intake data are notoriously difficult to obtain and may 

systematically underestimate true intake, the consistency of the results across studies 

from different countries using different data collection methods is reassuring. On the 

other hand, very few studies have made longitudinal measurements of food intake in well­

nourished lactating women and have included either prepregnant or post-weaning 

reference measurements (6). Black, Wiles and Paul (45) reported an average increment 

of 490 kcaVday ln months 2-4 of full lactation compared with measurements made 3-6 

months post-weaning in 56 women in the UK. Sadurskis and van Raaij reported an 

average increment of 260-290 kcaVday at 2 months postpartum of full lactation compared 

with measurements made before and early in pregnancy. (32,35). 

But the majority of the scientific evidence conceming differences in energy intake 

come from studies that compare mean intakes from different groups of Iactating and 

nonpregnant, nonlactating women. In a review of articles published after 1970, 

comprising 13 studies of lactating women and 9 studies of nonlactating women, mean 

intakes were 2350 kcal/day and 1920 kcaVday respectively (6). The difference (430 

kcal/day) is very close to the revised 1985 WHOIFAOIUNU recommended increment of 

500 kcal/day (23). But, despite attaining good lactational performance, the absolute intake 

of 2350 kcal/day is weIl below the recommended intake of 2700 kcaVday for women with 

light activity patterns (8). 
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2.3 ATTITUDES AND RELIEFS TOWARDS POSTPARTUM WEIGHT CHANGE 

Attitudes and beliefs towards postpartum weight change have not been extensively 

explored either among mothers or health professionals. Most nursing and nutrition 

textbooks claim that the women will retum to their prepregnant weight betwecn 6 weeks 

to 6 months after delivery (23-25). Sorne widely accessible lay books smte that women 

will re-gain their prepregnancy figure faster if they breastfeed (26,27). An information 

pamphlet from La Leche League advises women that slow weight loss is compatible with 

lactation. It also states that breastfeeding will help mothers lose the extra fat deposited 

during pregnancy as an cnergy reserve to subsidize the co st of lactation, whereas those 

mothers who bottlefeed must rely on dieting and exercising to lose weight postpartum 

(46). A Mohawk College infonnation booklet states that breastfeeding will hclp mothers 

lose about 1 to 2 pounds each month in the tirst 4 to 6 months postpartum (47). Olsen 

and Hundt postulate that weight 10ss during the puerperium is probably of mu ch concern 

to the mothers (48), but the knowledge women have or the advice they receive with 

respect to anticipated weight change is not weIl documented. 

Dusdieker et al. used multivariate techniques to identify primary and secondary 

(indirect) predictors of the choice of infant feeding method in 100 exclusively 

breastfeeding and 57 bottlefeeding primigravida (49). These women were given a 

questionnaire developed earlier by the same investigators (50) that measured attitudes and 

perceptions important in the choice of feeding method. Women were asked to quantitate 

the influence of a series of items on their decision to breastfeed or not. The study findings 

agree with those of many other studies (51-56) insofar as infant-centered beliefs about 

breastfeeding (items: "best for baby", convenient) were found to be pivotai in detennining 

whether a mother will breastfeed or not. lnterestingly, the strongest net predictor of 

materna] breastfeeding beliefs was the mother's expectation that she would herself benefit 

from breastfeeding (items: the desire to be a "complete" woman, enjoying the sensation 

ofbreastfeeding, feeling that breastfeeding will help regain her figure). Bence, a woman's 

anticipation that her own needs will be satisfied by breastfeeding acts indirectly to 
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strengthen and rein force her convictions that breastfeeding will benefit her child (49). 

These findings seem to indicate that the mother-centered beliefs play a crucial role in the 

decision to breastfeed, and it could be postulated that these beHefs may also contribute 

somehow to determine tho duration of breastfeeding. Similarly, Manning-Dalton and 

Allen speculate that, in our weight-conscious society, women may make the decision to 

breastfeed in the hope of 10sing weight. They further postulate that if greater weight loss 

does not occur as fast as expected, these women may become frustrated, perhaps leading 

to adverse emotional consequences for both the mother and her child. If this happens, 

women may be more likely to restrict food intake (9). This would not be surprising, 

since several authors have reported that many lactating women consciously diet 

(38,43,55). In one study, short-term energy restriction to levels below approximately 1500 

kcaVday led to a considerable reduction in milk production (31); if prolonged, such 

energy restriction could possibly lead to cessation of breastfeeding. 

In conclusion, it is likely that maternaI attit'ldes play a key role in the success of 

lactation al performance. If women could be given appropriate advice on the most likely 

rate of weight 1055 and the effects of different degrees and durations of breastfeeding, 

these negative consequences of excessive energy restriction might be avoided and the 

duration of breastfeeding thereby prolonged. 

2.4 GAPS IN EXISTING KNOWLEDGE 

The literature reviewed above reveals several important gaps in the existing 

knowledge regarding the relationship between infant feeding and postpartum weight 

change: 

- The detinition of feeding groups (i.e., criteria tor breast-, mixed- and bottlefeeding) is 

neither clear nor uniform across studies, Few studies have accounted for both the intensity 

and duration of lactation when defining infant feeding practices. Moreover, the extent of 

supplementation with solids and juices has not been considered in these definitions. This 

imprecision may weil have resulted in considerable misclassification of the exposure 
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variable. The World Health Organization (57) has establishcd criteria for the inclusion of 

infants in feeding categories. These criteria are: 

- Exclusive breastfeeding: requires that the infant receive only breastmilkl~ allows 

the infant to receive only drops or SyrupSb. 

- Predominant breastfeeding: requires the infant to receive bre:astmilkl as the 

predominant source of nourishment; allows the infant to receive only liquids 

(water and water-based drinks, fruit juice, ORS), ritual fluids and drops or syrupSb. 

- Complementary feeding: requires the infant to receive breast milk and solid or 

semisolids foods; allows the infant to receive any food or liquid including non­

human milk. 

- Breastfeeding: requires the infant to receive breast milk; allows the infant to 

receive any food or liquid including non-human milk. 

- Bottlefeeding: requires the infant to receive any Iiquid or serni-solid food from 

a bottle with nipple/teat; allows the infant to receive any food or Iiquid including 

non-human milk and also allows breast milk by bottle . 

• lnc1udes milk expressed or from wet nurse. 

b Vitamins, minerais and medictnes. 

- The effect of prolonged (i.e., more than 6 months) exclusive or full breastfeeding on 

body weight has not been thoroughly examined. 

- Many women, whether lactating or not, seem to diet in the postpartum period. The 

average rate of weight 10ss of either group eating ad libitum is not known. For those 

women planning to diet during lactation, prolonged periods of energy restriction has 

uncertain effects on milk volume and nutnent stores. The threshold below which energy 

intake is insufficient to support adequate milk production has not been detennined. 

- It is not known if women who breastfeed experience faster rates of weight loss after 

cessation of breastfeeding than women who do not breastfecd at ail . 
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- With respect to the statistical analysis, despite collecting data over time, there was no 

attempt (with the exception of one study (36» to use ail the data points instead of taking 

an average measure (i.e., rate of overa11 weight change) or fracrioning the follow-up 

period (i e., 1-3 months, 3-6 months, etc.). This type of data renders itself to repeated 

measures analysis, whereby a11 data available for each individual are used, allowing 

greater efficiency (power) for detecting significant differences ;etween feeding groups in 

the main variable of interest. 

- Not all studies controlled for potentially important confounders such as postpartum 

smoking. Also, gestation al weight gain is clearly an important predictor of postpartum 

weight change; its role as a confounder of the infant feedinglpostpartum weight change 

relationship has not been examined. 

- The roles of prepregnancy BMI and gestation al weight gain as effect modifiers of the 

infant feedinglpostpartum weight change relationship have not been examined. The only 

factor examined so far as a modifier of the effect of infant feeding on postpartum weight 

change was time (i.e., wh ether the eITeet of lactation on weight change varied over time) . 

- It is not c1ear if the relationship between rime and rate of weight change is linear or 

polynomial. 

- Mothers' and health professionals' attitudes and beliefs towards postpartum change 

have not been thoroughly examined. Also, the knowledge that women have and the advice 

that they receive have not been documented. 

- The consequences of lactation for long-term maternai energy balance are unclear (8). 

In particular, data are insufficient to determine whether lactation influences the risk of 

aduIt-onset obesity . 
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3. METHODS 

3.1 RESEARCH DESIGN 

Study participants consisted of women who consulted the CLSC (Centre local des 

services communautaires) Côte des Neiges located in the city of Montreal, province of 

Quebec, Canada. The CLSC serves a urban population of approximately t 20,000 

inhabitants in the areas of Côte des Neiges, Snowdown, Outremont and Town of Mount 

Royal, through its two service points: Côte des Neiges and Outremont. The community 

is characterized by its multi-ethnicity, especially in the areas of Côte des Neiges and 

Snowdown, and a high rate of families with single parents (58). 

The CLSC provides pre- and postnatal services to ail women living within t.:1e area 

of coverage. These services include a postnatal visit betwcen the 2nd and 6th week 

postpartum, the exact timing depending mostly on the risk status of the new mother or 

farnily. During the visit, a detailed questionnaire is administered by the CLSC nurses to 

enquire about the mother's sociodemographic characteristics and her medical and 

obstetrical history. One copy of the questionnaire, which is called "Culture et Grossesse", 

is incorporated into the mother's chart, and another one is sent to the Public Health 

Department of Ste-Justine Hospital, where the pooled data From aIl the CLSCs in the 

territory are analyzed. The CLSC also provides preventive care for the intànts in its 

immunization dinics. These clînics function several times a week and are run by a 

physician and a group of nurses. 

The CLSC, then, provided an acceptable setting for a prospective study on the 

health of the new mothers. The main advantage of this setting was that a large group of 

new mothers attended the CLSC to vaccinate their infants on several occasions during the 

first 6-7 months postpartum, whereas they routinely attend only a single obstetric dinic 

or doctor's office visit in the postpartum period at around 6 weeks postdelivery. The 
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CLSC provided the possibility to enroll and follow new mothers for a length of rime 

sutlicient to adequately describe the effeet of lactation on body weight. The main 

disadvantage of this setting was that no early baseline postdelivery weight was available, 

sinee the first CLSC visit is usually at 2 months postdelivery. To obtain this early 

measure, either Immediately postdelivery or at the 6-week postparturn vlsit, was not 

feasible, sinee women attending the CLSC delivered their babies in different hospitals and 

consulted a large number of doctors for the routine 6 week postpartum visit. A research 

protocoi was presented to the CLSC medieal director in the autumn of 1989 and was 

reviewed and accepted by a committee formed for that purpose. 

From November 1989 to July 1990, study participants were recruited jnto the 

study during their visit to the CLSC Côte des Neiges or CLSC Outremont immunization 

clinics (or, very occasionally, medical clinies) only if they had a baby was 8 months of 

age or younger. The recruitment was carried out by the CLSC nurses or by two of the 

investigators conducting the study (L.N.H., R.TV The mothers were given a brief 

explanation of the study by the health professionals (without revealing the study 

hypothesis), together with an information pamphlet. If the motner agreed to participate, 

she was weighed and measured. The infonnation was recorded in a specially designed 

form included in the baby's ch art. The newly recruited subjects were identified, the 

medical record, and a hst containing the names and telephone and medical record 

numbers of mothers and babies was given as soon as possible to the investigators. 

Thereafter, the participants were contacted by telephone by one of the investigators, who 

then administer~d the "initial" study questionnaire. This questionnaire included a verbal 

consent to participate and questions about method of infant feeding and maternai work, 

exercise. diet and smoking practices since the baby's birth. Since boLlt interviewers were 

trilingual (English, French and Spanish), few cases needing an interpreter were 

1 Rossana Tirado (R.T.) panlclpatcd in the design and lruUal collection of the data as part of a required 
Family MediCine residency rescarch proJcct. 
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encountered.2 

After a mother was recruited, her chart (if available at the CLSC) was scanned to 

verify if the Culture and Grossesse questionnaire was present. If so, the baseline 

sociodemographic and obstetrical characteristics were extracted from the chart. If there 

was no Culture and Grossesse questionnaire available or if it was incomp!ete, the required 

information was collected by telephone. 

Women were eligible to participate if their baby was 8 months of age or younger, 

the gestation had been single and the birthweight of the infant had been 2000 grams or 

more. The only exclusion criteria were a life-threatening iIIness of the mother and/or 

infant or a repeat pregnancy at the time of the recruitment. 

If the tirst encounter with a participant was at the time of her infant's 3rd 

DTP/polio vaccination (around 6-7 months of age), this usually represented the only 

contact with the subject at the CLSC. For women recruited at the rime of their infants' 

2nd DTP/polio vaccination or earlier, a weight was taken (whenever possible) at ail 

subsequent visits to the CLSC until no later than th! 9th month postpartum.3 For sorne 

ofthese women, the weight at recruitment was the only one available, whereas tor others, 

further weights were recorded after recruitment up to the 3rd DTP/polio vaccination. 

Other women had a weight recorded at the 1 st and 2nd DPT/polio vaccination but not at 

the 3rd, resulting in a overall follow-up period of approximately 4-5 months instead of 

6-7 months. After each visit, medical records personnel at the CLSC idcntified the chatt 

and handed the list of names and telephone numbers to the investigators. Thereafter, each 

participant was contacted by telephone and the "follow-up" study questionnaire was 

administered. This questionnaire included information on type of infant feeding and 

2 Most of the telephonc mtemews wcre carncd out by thc pnncipal mvestigator (LNII), cxccpt for a 
period of a few months. when two rcsearch assistants provided addttional hclp . 

l Only Clght womcn had thclr last WClght takcn ln the 9th postpartum month (243 to 273 dayS). 
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maternai work, exercise, diet and smoking pracrices from the rime of the previous visit 

to the present one. If a woman becarne pregnant again during the follow-up period, only 

the weights obtained before becoming pregnant were retained. 

FIGURE 1. Sc/tematie presentation of tlte researelt design 

DELIVEKY 

1 , 
RECRUITMENT AT IMMUNIZATION CLINIC 
(anywhere from delivery to 8 months postpartum) 

/ ~ 
lst CONTACT DURING THE lst CONTACT BEFORE THE 
8th POSTPARTUM MONfH 8th POSTPARTUM MONTH 

/ 
SUBSEQUENT CONTACT(S) 

UNTIL 9 MONTH POSTP. , 
~ 

NO FURTHER CONTACTS NO Ii1JRTHER CONTACTS 

Inherent to this design is that study women participated during different periods 

postpartum, for different lengths of rime and with a different numbers of contacts and 

intervals between contacts. With respect to the tenninology used below, the overall 

32 



• 

• 

• 

"follow-up" period is considered as the rime between the delivery and the last CLSC visit 

and an "interval" is defined as the time between the delivery and the first CLSC visit or 

between any two consecutive CLSC visits. For example, a subject with two visits to the 

CLSC would have three data points (delivery, tirst visit and second visit), the overall 

follow-up period would he the time between the delivery and the second visit, and tlle 

two intervals would be the rime hetween the delivery and the tirst CLSC visit and the 

time between the first and second visits. 

3.2 MEASUREMENT TECHNIQUES 

3.2.1 Study sample baseline characterisrics 

The following sociodemographic and obstetrical characteristics were recorded: 

SOCIOECONOMIC STATUS VARIABLES 

Age of mother at delivery 

Completed years of education 

Marital status 

Living situation (with or without a partner) 

Birthplace of mother and father 

Years since arrivai in Canada 

Source of in corne 

• Self-reported 
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OBSTETRIC VARIABLES 

Prepregnancy weight 

Height 

Gestational weight gaina 

Parity 

Duration of pregnancy 

Place and type of delivery 

Postpartum complications 

Referral to Montreal Diet Dispensary 

Smoking during pregnancy 

InfantOs sex, hirthweight, and 

admission to a Neonatal Intensive 

Care Unit 
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This infonnation was collected at different times; sorne women reported it when 

completing the Culture et Grossesse questionnaire at 2-6 weeks postdelivery, whereas 

others provided it only after recruitment to the study. This is less of a problem for stable 

socioeconomic characteristics and clinical attributes but might have becn important in the 

reporting of the prepregnancy weight, gestation al weight gain :md other obstetric 

variables, for which a longer time had elapsed from delivery and accurate recall may have 

been more difficult. Also, other measurement errors are expected both in self-reported 

prepregnancy weight and gestational weight gain, because ofrounding (c.g., to the nearest 

5 or 10 pounds) and the well-known systematic underreporting of prepregnancy weight, 

particularly by overweight subjects. Studies on the validity of self-reported body weights 

on (nonpregnant) adult populations have shown that subjects consistently underestimate 

body weights by an average of 1.1 kg (59) to 1.9 kg (60), that women underestimate their 

weights more than men (mean: 1.4 versus 0.7 kg)(59), and that the extent of this 

underestimation incrcases as actual weight increases (59) more so for women than for 

men (60). The magnitude of this bias seems nevertheless to be smaller for pregnant 

women. An analysis of a subgroup of 39 women in Ohlin and Rôssner's study who 

conceived again during the follow-up period showed that the self-reported prepregnancy 

weight in the subsequent pregnancy was 0.80 kg lower than the recorded weight (21). 

Similarly small discrepancies were found in two other Scandinavian studies (mean 

underestimation of prepregnancy weight of 0.5 and 0.6 kg) (32,61). There is no evidence 

that this systematic underestimation of prepregnancy weights is differential with respect 

to type of infant feeding. 

3.2.2 Type of infant feeding 

Two questionnaires were developed to record methods of infant feeding: an 

"initial" fonn was administered during the first telephone contact with the mother, and a 

sh0l1er "follow-up" version was used thereafter. In the initial interview, the information 

collected consisted of the type of feeding, by month, from birth to the time of the visit 

to the CLSC. Mothers were asked initially whether they were fully breastfeeding, fully 
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bottlefeeding or using mixed feeding. If they were both breast- and bottlefeeding, 

detailed infonnation was asked on the daily quantity and size of bottles of formula being 

fed, on average, by month. AIso, the mothers were asked whether the baby was eating 

foods other than milk, such as solids and juices. If solids and/or juices were taken. 

mothers were questioned about the age when the baby first started consuming thcrn. 

Feeding practice questionnaires were translated by the investigators into French 

and Spanish. Back-translation to English was performed by bilingual hl~alth professionals 

blinded to the original questionnaire and the study hypothesis. The original and back­

translated fonns showed a few discrepancies that were corrected. Cross-language 

equivalence was tested by adrninistering the translated and original forms of the 

questionnaire to bilingual subjects; there were no discrepancies in the answers given with 

either form, adding further evidence that the questions were equivalent (62). 

The original and translated versions of the questionnaire were pretested by 

administering them to a group of 10 mothers (convenience sample) to check for 

cornprehensibility . 

In the questions assessing extent of lactation, reporting problerns are most likely 

to occur in those mothers who do not exclusively breast- or bottlefeed, because these 

wornen were asked to report the exact number of bottles that were given to their infants 

per day, and detailed information of this sort rnay be difficult to recall. Because Ùle 

categories of extent of lactation were defined based on this information, there may have 

been a rnjsclassification of exposure introduced by this difficulty in reporring. This 

misclassification of exposure should be independent of weight change status 

(nondifterential), however, and thus lead, if anything, to a conservative e5timate of the 

exposure-outcorne association. 

Internai consistency was carefully evaluated by examining for "inconsistencies" 

in the answers; the structure of the questionnaire permittcd such an examination. The 
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initial portion of the questionnaire asks mothers about method offeeding (milk and solids) 

during the present month, whereas the latter part asks mothers about feeding patterns from 

birth to the month prior to the interview. It follows that, for example, a If.other who was 

breastfeeding with two regular bottles/day at two months, if consistent, shouid answer that 

she was breastfeeding, exclusively or IlOt. at blrth and at l'ne mon th of age. Similar 

reasoning was used for data on solids. Owing to the interar,tive nature of the personal 

interview, most inconsistencies were resolved during the interview. 

3.2.3 Anthropometrie measurements 

During each visit to the CLSC, the mothers were weighed with no shoes or coat 

on a beam balance. Height was measured once with an upright extension meter, uSllally 

al the initial contact. 

A certain amount of random error in measurement of weight and height was 

expected from the methods used and from the fact that there were several observers 

involved in the process. AIso, because the weights were taken at different times of the 

day (9 AM to 5 PM) and weight is known to have a diumal variation, this intraindividual 

temporal vanation introduced another source of randol11 error. Neverthe1ess, one 

advantage of a larger-scale study like this one is that, in the absence of bias, the average 

measurement of weight and height for each group should be valid e,,'en if the individual 

measurements from which they are derive are not. 

To proteet afainst systemarically biased measurements, the scale was periodically 

calibrated and only one scale was used in each CLSC for most measurements. Since the 

women were dressed, however, aH weights were slightly overestimated, and the magnitude 

of the oven:stimation changed with season. Another possible source ofmeasurement error 

may have been due to the involvement of numerous observers. Nevertheless, since al! 

observers were either nurses or physicians, a minimal standard in the measurement 

process was assured. Lastly, the detail of the measurement was to the nearest centimetre 
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for height and nearest 0.1-0.5 kg for weight (we expecled sorne variation ln detail 

between observers). In spite of the recognition of these sources of error, measures of 

weight and height are classical examples in epidemiology of "hard" data with sorne 

potential for random error but little opportunity for subjectivity. 

3.3 DEFINITIONS OF VARIABLES 

As explained above, the length of the overall "follow-up" period and the amount 

and length of the corresponding "intervals" varied for different study women. Also. many 

variables involved anthropometric measures and behaviors that changed during the 

follow-up period. Correspondingly, these variables are defined in reference to the time 

interval postpartum and will be referred to as "time-varying" variables, In contrast to the 

"nontime-varying" variables that remain constant over time. These time-varying and 

nontime-varying-variables are defined below . 

TIME-VARYING VARIABLES: 

a) Outcome variable: Average daily rate of weight change during the interval in kg/day. 

This variable was computed using the weights recorded at the CLSC and a self-rep0i1ed 

estÏmate of the weight after delivery. Ideally, the post-delivery weight should have been 

measured, but this was not possible because 1) women attending the CLSC delivered in 

different hospitals and were followed at the routine 6-week postpartum office visit by 

different phy&icians, making it difficult to outain a baseline early postdelivery weight, and 

2) owing to the study design, many women had delivered before the study bcgan. To 

estimate this weight, wc added the self-reported prepregnancy weight and gcstational 

weight gain, and then subtracted the self-reported birthwelght of the infant and an 

estimate of the weight of the placenta and amniotic fluid (placental weight= 1 /6 of baby's 
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birthweight, amniotic fluid weight= 1 kg).4 The rate of daily weight change for any 

given interval was th en calculated as the difference between two subsequent weights 

divided by the number of days between weights. 

b) Exposure variable: Extent of lactation dwing the interval. 

First, an average daily intake of breast milk was calculated for each month of the follow­

up period. For this caiculation, the reported average daily formula intake in each month 

was subtracted from the age-specifie estimate of bIeast milk volume available among 

exclusively breastfed infants from the literature (11). Second, an average daily intake of 

breast milk for each interval was calculated and lastly, fuis infonnation was categorized 

into three groups: 

- predominantly breastfeeding: exclusively breastfeeding or average daily intake of 

formula of 4 ounces or less during the interval; 

- mixed feeding: average daily intake of fonnula of more than 4 ounces but average daily 

intake of breast milk of more than 4 ounces during the interval; and 

- predominantly bottlefeeding: exclusively bottlefeeding or average daily intake of breast 

milk of 4 ounces or less during the interval. 

c) Potential time-varying confounding variables: 

Solids intake: Proportion of time during the interval in which 10lids were taken (based 

on when the infant tirst started eating solids). 

luice intake: Proportion of time during the interval in which juices were taken (based on 

when the infant tirst started drinking jUlices) . 

4 Thcsc cstlmates wcre suggested by Dr. Robert Usher, Cruer Neonatologist, Royal Victoria Hospital. 
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Postpartum smoking: this variable was analyzed as continuous in the bivariate analysis 

(section 4.4) and as dichotomous in the multiple regression analysis (section 4.5): 

- continuous: the mean number of cigarrettes smoked per day during 

the interval, 

- dichotomous: - no smoking during the interval 

- any smoking during the interval 

Time variable: (end of the interval - beginning of the intervat)/2 (i.e., number of days 

between birth and the midpoint of the interval comprising two consecutive weights). This 

measure accounts both for the differences in dumtion of the intervals and for timing since 

birth. 

d) Potential time-vatying intervening variables (variables that may lie on the casual 

pathway between lactation and weight loss): 

Workinglstudying: Proportion of rime during the interval in which mothers reported 

working and/or studying outside their homes. 

Exercising: Proportion of time during the interval in which mothers reported exercising 

(at least once a week of any planned exercise, exc1uding housework). 

Dieting: Proportion of time during the interval in which mothers reported dieting to lose 

weight. 
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NONTIME-VARYING VARIABLES 

a) Maternai socioeconornic variables 

- Continuous variables: 

Age: Maternai years of age at delivery. 

Education: Cornpleted years of maternaI education. 

- Categorical variables: 

Marital status: 

Living situation: 

Source of incorne: 

Birthplace: 

o = single, widowed, separated or divorced 

1 = married 

o = lives alone or with adults other than partner 

1 = lives with partner 

0= work 

1 = unemployment insurance 

2 = welfare 

o = CanadalUSA 

1 = other 

b) Obstetric and infant variables 

- Continuous variables: 

Prepregnancy weight: self-reported weight (in kg) before becoming pregnant or at the fust 

prenatal visit. 

Height: height (in cm) at the first CLSC encounter. 

Prepregnancy body mass index (BMI):prepregnancy weightJheighf in kg/m2 

Gestational weight gain: self-reported weight gain (in kg) from the prepregnant state (or 

tirst prenatal visit) to the end of pregnancy (usually the last prenatal visit). 

Net weight (in kg) after delivery: prepregnancy weight + weight gain - birthweight -

birthweight/6 - 1. 

40 



• 

• 

• 

Duration of pregnancy: self-reported gestation al age at delivery (in weeks). 

Birthweight: Infant's birthweight (in grams). 

- Categorical: 

Parity: 

Place of delivery: 

Type of delivery: 

Postpartum complications8
: 

Gestational smoking: 

Referral ta Montreal Diet Dispensary: 

Infant's sex 

Admission to Neonatal leu: 

o = primipara 

1 = multipara 

o = Jewish General Hospital 

1 = St. Mary's Hospital 

2 = Ste. Justine Hospital 

3 :::: other 

0= vaginal 

1 :::: cesarean section 

0= none 

1 :::: present 

o = no smoking 

1 = any smoking 

0= no 

1 = yes 

0= male 

1 = female 

0= no 

1 = yes 

• Postpartum complications were self-reponed by the mother (I.e., bleeding, mfection, etc.) 

3.4 STRENGTHS OF THE STUDY DESIGN 

Our study design attempted to address sorne of the existing gaps in knowledge 

about the relationship between breatsfeeding and postparturn weight loss (sec Section 2.4). 

First, our sample size is larger than aH nutritional studies and sorne of the epidernlOlogical 

studies reported ta date thus enhancing the statistical power ta detcct a difference in the 
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rate of weight change between feeding groups. Our follow-up period was also longer than 

in most previous studies, which pennitted a longer-telm assessment of the effect of 

lactation on body weight. 

Feedmg practices were carefully measured and duration of supplementation with 

solids and juice was accounted for. Important potential confounders such as postpartum 

smoking ~nd socioeconomic status were measured and controlled for in the analysis. The 

unbalanced repeated measures analysis permitted a better characterization of the etTects 

of exposure and covariates that changed over time. We also attempted to examine the 

potential modifying effeet ofprepregnancy BMI and gestation al welght gain on the of the 

relationship of interest. 

Finally, our study design pennitted an examination of the mathematical 

relationship between time and weight change (polynomial vs linear), as weil as the 

possible interaction between time and feeding method. 

3.5 LIMITATIONS OF THE STUDY DESIGN 

Study subjects where sampled nonrandomly from a mixed-race. multi-ethnic, largely 

low-SES population. This may affect the extemal validity (i.e., generalizability) of the 

results. Also, the muIti-ethnicity of the sample may have increased the variability of the 

measurements and, therefore, have reduced the statistical power to detect an exposure­

outcorne association. 

Recruttment to the study occuned at different times postdelivery, and different 

wornen had different numbers of visits at which the measurements \Vere obtlined. This 

resulted 111 unequal follow-up periods and "missing" data points for many women, 

although adJustrnent for these time differences was attempted in the analysis. Also, no 

adequate basdinc \wight was obtaincd sh0l11y after the delively to calculate accurately 

the net \\'elght 1 ctallled. 
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3.6 ETIDCS AND CONFIDENTIALITY 

The procedures used in this study consisted of seve rai anthropometric measurements 

and the administration of questionnaires conceming sociodemographic characteristics. 

obstetrical and postpartum histories and infant feeding practices. The investigators 

considered these procedures to present no risk of harm to the srudy participants. This 

project was approved by a research committee of the institution involved in the project., 

the CLSC Côte des Neiges. Although anonymity could not be offered owing to the 

prospective nature of the study, study subjects were assured of the confidential nature of 

the research process and results. All women were required to give a verbal consent in 

order to participate in the study. 

3.7 SAMPLE SIZE DETERMINATION 

For estimating the required sample size, the extent of lactation was considered as 

a dichotomous variable (any breastfeeding versus bottlefeeding), and the mean and 

standard deviation used for weight loss were those reported hy Manning-Dalton and 

Allen: 2.0 ± 2.4 kg from 12 days to 90 days postpartum (9). 8ased on 80% power, a 2-

tailed test, and a-level of 0.05, approximately 90 women would be necessary in each 

group to detect a difference of 1 kg in the total amount of weight loss from delivery to 

a CLSC visit at 90 days. 

The required sample size was recalculated once the results were available based on 

the observed standard deviation of 0.026 kg/day in 176 women followed from delivery 

to 182-243 days (6-8 months) postpartum. 8ased on 80% power, a 2-tailcd test and (1-

level of 0.05, 87 women would be necessary in each group (with the extent of lactatIOn 

considered as a dichotomous variable) to detect a difference of 1 kg in the total amount 

of weight loss from delivery to a CLSC visit at 212 days (midpoint between 182 and 243 

days or 6 and 8 months). This total required sample size of 174 women was very close 

to the initial estimate of 180 women. 
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3.8 ST ATISTICAL ANAL YSIS 

A descriptive analysis was carried out for ail non-time-varying variables for the 

study sample as a whole. In order to summarize of the main variable of interest before 

proceeding to a repeated measures analysis, subgroup analysis was performed for three 

different subgroups of women followed for ditTerent lengths of time during the 

postpartum period. Overlapping subgroups were defined based on the following three 

different time periods: 1) delivery to 91-152 days (3-5 months), 2) delivery to 182-243 

days (6-8 months), and 3) 91-152 to 182-243 days. For each subgroup, the outcome and 

exposure variable were calculated and a 5tratified analysis by type of infant feeding was 

perfonned. 

Owing to the nature of the data set, a multivariate repeated measures analysis was 

performed. As a first step, bivariate associations among the variables were explored. 

Linear regression, t-test and Chi-square analyses were performed with SAS when 

assessing two nontime-varying continuous and/or categorical variables. For the portion 

of this analysis where at least one variable was time-dependent, a simple repeated 

measures analysis was performed with the BMDP program described below. Since the 

BMDP program does not allow a model containing a categorical time-varying variable 

or a non-time-varying variable as the dependent variable, it was impossible to examine 

the relationship between two of these variables. 

Next, a multivariate repeated measures analysis was performed with the BMDP 

5V.8 program. This program analyzes repeated measures data sets allowing for 

unbalanced designs (i.e., designs with missing observations) and also handles time-varying 

covariates (63). The regression model can be wntten as 
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where the index 1 de notes the ith postpartum intcrval, 

where n denotes a ume-vruying vanablc. 

where m denotcs a nonUmc-varymg vanable and. 

where E represents the vanabllity among and within subJccts. 

The program uses maximum likelihood approach to obtain estimates of the regression 

coefficients (63). 

Since the maximum number of data points over time was 5 (including delivery and 

up to 4 postpartum CLSC visits), and the within-subject factor was "intelVals" (with 4 

levels), then there was a maximum of 4 repeated measurements of the dependent variable, 

daily rate of weight change. For a subject to be included in the analysis, it sufficed to 

have at Ieast one measurement of the time-varying dependent variable not missing and 

none of the nontime-varying covariates missing. If a measurement of a time-varying 

covariate was missing, only the corresponding value of the dependent variable for that 

intervai was treated as a missing value, (i.e., without excluding the subject cntirely). 

Dummy variables were created to express the only time-varying categorical vanable type 

of infant feeding (the exposure variable). A compound symmetry structure was assumed 

for the within-subject covariance matrix, i.e., a covariance matnx Wlth equai diagonal 

elements and a constant off-diagonal. AIso, the BMDP 5V.8 program assumes cqual lime 

intervais between data points. Therefore, to account for the different time intclVals 

between visits in the present data set, a representative measure of time was inc\udcd as 

a covariate and as an interaction term with method of infant feeding in the analysis. The 

measure chosen was the number of days between birth and the midpoint of the mtclVal 

comprising the two consecutive weights, a measure that accounts for both the diffcrenccs 

in duration of the intelVaIs and timing since birth A quadratic terrn of this t1me variable 

was also included in the regression model to test if the relationship bctween time and 

postpartum weight change is parabolic rather than lincar. Finally, postpartum wcights 
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measured within 30 days from birth were excluded from the analysis (by treating them 

as missing values), because the rate of weight change in the tirst month postdcllvery is 

highly influenced by early postpartum fluid losses . 
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4. RESULTS 

4.1 BASELINE CHARACTERISTICS OF THE STUDY SAMPLE 

During the study period, 242 women were recruited to the study. Of these 242, 6 

were excluded from the analysis either because the overall follow-up period was less than 

one rnonth1 (3 women) or because the prepregnancy weight and gestation al weight gain 

were uncertain and we were unable to confinn them (3 women). 

Table 2 descrihcs the 236 women retained for analysis. 

TABLE 2 - Base/me characteristics of the study sample. 

VARIABLE (Units) 

a) MA TERNAL SOCIODEMOGRAPHIC CHARACTERISTICS 

Age (yr) 
Education (yr) 
Marital status (% married) 
Living situation (% living \Vith partner) 
Source of in corne (% work) 

(% unennployrnent insurance) 
(% welfare) 

Birth place (% Canadian- or US-born) 

CLSC of enrolment (% Côte des Neiges) 
(% Outremont) 

MEAN ± SDor% 

28.5 ± 5.8 
13.3 ± 3.5 
69.5% 
85.5% 
66.1% 
15.3% 
18.6% 
29.8% 

71.2% 
28.8% 

1 These women were excluded because the rate of weight change in the 1 st month postdelivcry IS lughly 
mfluenced by carly postpartum f1uid losses . 
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b) MATERNAL OBSTETRICAL AND INFANT CHARACTERISTICS 

Parity (% primiparous) 
Prepregnancy weight (kg) 
Height (cm) 
Prepregnancy body mass index (kg/m2

) 

Gestational weight gain (kg) 
Net weight ailer delivery (kg) 
Ouratlon of pregnancy (weeks) 
Type of delivery (% vaginal) 
Montreal Oiet Oispensary (% attendance) 
Gestation al smoking (% any smoking) 
Postpartum smoking (% any smoking) 
Place of delivery (% Jewish General Hospital) 

(% St. Mary's Hospital) 
(% Ste-Justine Hospital) 
(% other) 

Infant Sex (% female) 
Birthweight (kg) 

Admission to NICU (% admitted) 

55.1% 
56.4 ± 9.4 
158 ± 7 
22.5 ± 3.4 
14.2 ± 5.0 
65.7 ± 9.9 
39.4 ± 1.5 
84.3% 
23.8% 

9.3% 
13.4% 
31.9% 
30.6% 
18.3% 
19.2% 
56.4% 
3,3 ± 0.5 
9.3% 

With respect to the method of infant feeding in the group of 236 women as a whole, 

41 women never breastfed. Of the 195 women who started breastfeeding, 143 did 50 

exclusively at birth, whereas 52 supplemented their infants with fonnula from biIth. The 

mean age at introduction of juices was 76 ± 75 days and of solid food, 106 ± 45 days. 

The average length of time between delivery and the last weight obtained in a CLSC 

visit was 189 ± 44 days. The mean ± SO number of stl.1dy visits to the CLSC at which 

a weight was obtained was 2.0 ± 0.8 (range 1 to 4). The distribution of the total number 

of CLSC study visits/participant is shown in Table 3 . 
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TABLE 3 - DistrÜJution of total number of CLSC study visits/participants 

Number % 
ofwomen 

1 visit 76 32.2 

2 visits 102 43.2 

3 visits 48 20.3 

4 visits .l2... 4.2 

TOTAL 236 99.9 

Most of the women involved in the study lost weight during the postpartum period, but 

a considerable number weighed more at the last CLSC \'isit than at delivery. For example. 

of the 181 women who had their last weight taken at 182 days (6 months) ur later, 31 

(17.1%) weighed more at the last CLSC visit than at birth (after subtracting the weights 

of the baby, placenta and amniotic fluid). 

The women participating in this study were born in many different countries, and 

represented a very diverse ethnic mix. Neverthe1ess, for the statistical analysis, maternai 

birthplace was defined as a dichotomous variable (i.e., CanadalUS-born versus born 

clsewhere) to min:mize the numher of tenns in the multivariate model. Table 4 provides 

more detailed infonnation on maternaI birthplace of the study sample . 
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TABLE 4 - Frequency distribution of maternai hirthplace 

Country or region N % 

Canada (Francophone) 47 19.9 

Canada (Anglophone) 18 7.7 

U.S.A. 5 2.1 

South america 8 3.4 

Central america 30 12.7 

Caribe (excluding Haiti) 21 8.9 

Haiti 11 4.7 

Indoasia 27 11.4 

VietnamlSoutheast Asia 10 4.2 

China 4 1.7 

Philippines 20 8.5 

Middle east countries 5 2.1 

Africa 15 6.4 

Australia 1 0.4 

[TOTAL 1 236 1 100.0 1 

4.2 SUMMARY MEASURES FOR THREE TIME PERlOnS. 

In order to give a summary of the main variables of interest, we examined the average 

weight change during three time periods: 1) from delivery to 91-152 days (3-5 months) 

postdelivery, 2) From delivery to 182-243 days (6-8 months) postdelivery, and 3) from 

91-152 days to 182-243 days postdelivery. Table 5 presents the daily rate of weight 

change for these three subgroups. 
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TABLE 5 - DaUy rate ofweig'ht chlmge (in kg/day) for three time periods. 

Time period Mean SD (95% Cl) ~ 

Delivery to 91-152 days -0.031 0.038 (-0.038,-0.024) 125 

Delivery to 182-243 days -0.024 0.026 ( -0.028,-0.020) 176 

91-152 to 182-243 days -0.015 0.030 (-0.021,-0.009) 89 

a Women may belong to more than one group 

As expected, the highest rate of weight 10ss was observed in the period for which the 

baseline weight was at delivery (ev en after the corrections for placental and amniotic fluid 

weight) and the follow-up is short. Consistently, the slowest rate of weight loss is 

observed in the period from 3-5 months to 6-8 months postdelivery, where the large 

weight 1055 shortly after delivery has no effect. 

Tables 6, 7 and 8 present the frequency distribution of the three types of infant feeding 

(as defined in the Methods section) over these same three time periods . 
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TABLE 6 - Type of infant feeding in 125 women lo//owed from de/ivery to 3-5 months 

(91 to 152 days) postpartum. 

1 Type of Infant Feeding 1 N 1 % 1 

Predominantly Breastfeeding 43 34.4 

Mixed Feeding 50 40.0 

Predominantly Bottlefeeding 32 25.6 

--
TOTAL: 125 100.0 

TABLE 7 - Type 01 infant leeding in 176 women lo//owed Irom de/ivery to 6-8 months 

(182 to 243 days) postpartum. 

Type of Infant Feeding N % 

Predominantly Breastfeeding 51 29.0 

Mixed Feeding 76 43.2 

Predominantly Bottlefeeding 49 27.8 

TOTAL: 176 100.0 
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TABLE 8 - Type 01 infant leeding in 89 women lollowed between 3-5 months (91 to 
152 days) and 6-8 months (182 to 243 days) postparlum. 

Type of Infant Feeding N % 

Predominantly Breastfeeding 21 23.6 

Mixed Feeding 14 15.7 

Predominantly Bottlefeeding 54 60.7 

TOTAL: 89 100.0 

It can be noted that women in the two rime periods that include birth (fables 6 and 7) 

were more likely to be predominantly breastfeeding or mixed feeding than in the entirely 

postdelivery time period (Table 8), in whom bottlefeeding predominated. This finding 

reflects the usual pattern of breastfeeding behavior: women start exclusive or predominant 

breastfeeding at birth and tend to stop before 6 months.2 The median duration of 

breastfeeding (to any degree) in this sample was 122 days. 

Tables 9, 10 and Il present the average measures of the main variables of interest by 

method of infant feeding in the se three time periods . 

2 In Canada. by age of 6 months. only 22 to 32% of infants are still breaslfcd (64). 
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TABLE 2 - Prepregnancy BMI, gestational weight gain, weight afier delivery and rate 

ofweight change in 125 women followed from delivery to 3-5 months (91-152 days) 

postparlum. 

Feedi4g Categoly Prepregnancy SMI GestAtional Weight aller Rate of weight 
(kg/m' ) welght sam (kg) deliwry (kg)- c;hzmge \q/day)b 

Measuccs Mean SO (95% CI) Mean SO (95%CI) Mean SO (95%CI) Mean SD 
(95% CI) 

Predom brcast 23.1 34 (22.1,24.1) 144 40 (132,15,0) 68.3 9.6 (65.4,71.2) -0.035 0035 
(-0.046,-0.025) 

MlXcd feedmg 22.0 3 1 (21 1,22.9) 139 4.6 (12.6,15.2) 64.2 8.9 (61.7,66.7) -0.022 0.037 
( -0.048,.0.028) 

Predom. bottle 220 25 (21.1,22.9) 13.8 4.5 (122,154) 62.5 74 (599,65.1) -0038 0.040 
(-0.051,-0.024) 

• Weight after dehvery = prcprcgnancy welght + welght gam • buthwelght - (bu1hwelght/6) -1 (m kg) 
b No sigruficant (p>0.05) ddTerences between groups. 

TABLE 10 - Prepregnancy BM/, gestationa/ weight gain, weight after de/ivery and rate 

of weight change in 176 women followed from de/ivery to 6-8 months (182-243 days) 

postpartum. 

-
Feedmg Prepregnancy BMI Oestational Weight alter Rate of weight 
Category (kg/ml) weight 1YWl (kg) dellvery (kg). change (kv/day t 

Measuccs Mean SD (95%CI) Mean SO (95%CI) Mean SD (95%CI) Mean SO 
(95% CI) 

Prcdom. brcast 227 3 4 (21 8,23.6) 12.9 4 1 (11.8,14.0) 65.4 10 (625,68.3) -0021 0025 
( -0.028,-0.014) 

Mlxed feedmg 22.2 3 1 (215,22.9) 156 5 1 (145,16.8) 669 10 (64 6,69.2) -0024 0028 
(-0030,-0018) 

Prcdom. bottle 22.0 2.6 (21.3,22.7) 14.7 4.7 (134,16.0) 63.5 66 (61.7,65.4) -0027 0.025 
(-0 034,-0.020) 

• WClghl aller dehvery = prcprcgnancy welght + welght gam • birthwelght - (bu1hwelght/6) -1 (m kg) 
b No slgruficnnt (p>0.05) dllTerences between groups. 
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TABLE Il - Prepregnancy BMI, gestation a/ weight gain, weighl after de/ivery and rate 

01 weighl change in 89 women folJowed Irom 3-5 months (91 to 152 days) to 6-8 

months (182 10 243 days) postpartum. 

Feedmg Category Prepregnancy BMI OellÎ8tional Wesght after Ratll of weight 
(kglmZ

) weight gain (kg) delivery (kg)' chango (ksIday)" 

Measurcs Mean SO (95%CI) Mean SO (:>5%CI) Mean SO (95%CI) Mean SO 
(95% CI) 

Predom breast 21.9 2.5 (20 8,23.0) 148 35 (13 3,16.3) 65.2 B 4 (616,688) -0.008 0023 
(-0018,0002) 

Mixed feedmg 23.2 3.6 (21.3,25 1) 15.1 4.4 (12.8,174) 68.3 94 (63.4,73 2) -0007 0023 
(-0019,0005) 

Predom. bottle 21.9 2.9 (21 1,22.7) 14.6 44 (13 4,15.8) 64.5 88 (62.2,669) -0019 0033 
(-0028,-001 ) 

'Weight after dehvery = prepregnancy wetght + wetght gam - btrthwetght - (btrthwclghtJ6) -1 (m kg) 
b No slgmficant (p>O.05) dtfTerences betwecn groups 

It can be noted in Table 9 that in the rime period from birth to 3-5 months, those 

women who predominantly breastfed had slightly but significant higher mean 

prepregnancy BMIs and weights after delivery than women who mixed fed or 

predominantly bottlefed their infants. The mean rate of weight change was 

nonsignificantly slower for the mixed feeding group (ANDV A procedure, p=0.10). 

In the subgroup of women followed from birth to 6-8 months postparturn (Table 10), 

the rnixed feeding group had a significantly higher weight gain than the predominant 

breastfeeding group and a significantly higher weight after delivery than the 

predominantly bottlefeeding group. Although the mean rate of weight 10ss was slower 

for the predominantly breastfeeding group than the two other groups, the 95% confidence 

intervals substantially overlap (ANDV A procedure, p=0.51). 

For the time period from 3-5 months to 6-8 months postpartum (Table II), the three 

feeding groups showed similar gestation al weight gains, but the mixed feeding group had 

a nonsignificantly higher mean prepregnancy BMI and a significantly higher weight after 

delivery than the other two groups. In this time period, the mean rate of weight 108s for 
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the predominantly bottlefeeding group was twice that of the other two feeding groups, but 

the difference did not reach statistical significance (ANDV A procedure, p=O.19). 

Next, we analyzed weight change relative to prepregnancy weight. Most of the women 

in the study had, by the end of the follow-up, retained weight above their self- reported 

prepregnancy weight. For example, 89.6% of the 125 women followed from delivery to 

3-5 months and 82.4% of the 176 women foliowed from delivery to 6-8 months weighed 

more at the end of the follow-up period than in the pregravid state. (These findings should 

be interpret';!d cautiously, however, owing to the well-known tendency to underreport 

prepregnancy weight). The mean difference between the weight at final follow-up and 

prepregnancy welght was 5.3 ± 5.1 kg for women followed from delivery to 3-5 months 

and 4.9 ± 5.4 kg for women followed from delivery to 6-8 months. There were no 

statistically significant differences in retained weight at final follow-up according to 

method of infant feeding in either time period. 

Finally, rate of w~ight change had a negative significant association with gestational 

weight gain in aIl three time periods. Since the magnitude of the association was sirnilar 

for the three time periods, we can conc1ude that the effect of gestational weight gain on 

postpartum weight change does not vary over time. 

4.3 RELATIONSHIP BETWEEN RATE OF WEIGHT CHANGE AND 

METHOD OF INFANT FEEDING 

As explained in the Methods (Chapter 3), the overall "follow-up" period was 

considered as the rime between the delivery and the last CLSC visit, while an "interval" 

was defined as the rime between the delivery and the first CL SC visit or between two 

consecutive CLSC visits. In the next three sections, we present the results of the repeated 

measures analysis performed with aIl the data points defining the intervals for aIl 236 

women (i.e., regardless oftime period) . Consistently, the specifie information contributed 

by ail time-varying variables for the calculation of the regression coefficients is in 
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reference to a given interval and not to a given participant (e.g., the same subject may 

contribute to the analysis as a predominant breastfeeder in one given interval and a 

predominant bottlefeeder in a later interval). Many of the tirne-varying covariates were 

defined to represt"nt the proportion of a given interval in whieh a specifie behavior (i.e., 

working, dieting, feeding solids, etc.) occurred. The nontime~\'arying covariates 

contributed the same infonnation for ail the intervals belonging to the sarne subject (e.g., 

a subject who is primiparous would reIIlilin so for ail intervals of the follow-up period). 

In order to perform the analyses with type of infant feeding as a categorical time­

varying exposure variable, we created two durnmy variables to define the three categories 

of feeding groups for a given interval (predominantly breastfeeding, mixed feeding and 

predominantly bottlefeeding). The two dummy variables were defined as follows: 

durnmy 1 = 0 if predominantly breast- or bottlefeeding 

durnmy 1 = 1 if mixed feeding 

durnmy 2 = 0 if predominantly breast- or mixed feeding 

durnmy 2 = 1 if predominantly bottlefeeding 

By this definition, the predominantly breastfeeding group represents the reference 

group, because the value of both dummy variables is O. Dummy 1 = 1 and dummy 2=0 

denotes the mixed feeding group, and durnmy 1=0 and dummy 2=1 denotes the 

predominantly bottlefeeding group. (Because there are only three feeding groups, the 

fourth combination (dummy 1=1 and durnmy 2=1) does not exist.) 

A crude (unadjusted) analysis showed that there was no significant association 

between the daily rate of weight change and type of infant feeding (Table 12) . 
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TABLE 12 - Crude (nonadjusted) repeated measures analysis of daily rate of weight 

change by type of infant feeding 

Feeding Metbod Regression 
Coeflicient (0) 

Constant -0.0329 

Dummy I" 0.0076 

Dummy 2b 0.0060 

"dummy 1 = 0 if predommantly breast- or bottlefeedmg. 

dummy 1 = 1 If ffilxcd fccdmg 

SE 

0.0043 

0.0065 

0.0060 

bdummy 2 = 0 If predominantly breastfceding or mixed fe~uing. 

dummy 2 = 1 If prcdommar.tly bottlefcedmg. 

The regression equation derived ftom this table reads: 

(95% CI) 

(-0.0413, -0.0245) 

(-0.0051. 0.0203) 

(~0.0058, 0.0178) 

Rate of weight change, = -0.0329 + 0.0076 (dummy 1), + 0.0060 (dummy 2), 

wherc the index 1 dcnotes the Ith poslpartum interval. 

p·\'a.lue 

<.001 

.241 

.313 

To interpret this equation, the predominantly breastfeeding group is defined as the 

reference group, with a weight change equal to the value of the constant (since bodl 

dummies assume the value of 0). The rate of weight loss is 0.0076 kg/day slower in the 

mixed feeding group and 0.0060 kglday slower in the predominantly bottlefeeding group 

than in the predominantly breastfeeding group, but these differences are neita'ter 

statistically significant nor clinically important. 

It can b~ observed that the results of the crude repeated measures analysis are in 

agreement with those of the analyses by time periods presented in Section 4.2_ The 
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repeated measures analysis, however, results in less misclassification of variables that 

change over rime (e.g., postplrtum smoking, dieting, etc.). AIso, use of ail data points 

available for each participant increases the power to detect a significant difference in the 

relationship of interest (e.g., for the analysis by time period from delivery to 182-243 

days, 250 data points were used, whereas for the analysis in this section, 449 data points 

were used). 

4.4 RE LA TIONSIllP BETWEEN RATE OF WEIGHT CHANGE, METHOD OF 

INFANT FEEDING AND COY ARlATES 

To asses potential confounding and intervening variables, we analyzed the relationship 

between the outcome and exposure variables and each of the covariates (one at a time). 

As shown in Table 13, the outcome variable, rate of weight change for a given interval, 

was significantly (p<O.05) associated with gestation al weight gain, smoking during 

pregnancy, postpartum working and smoking status, solids and juice intake, gestational 

age, marital status, maternai birthplace, CLSC attendance and the average time betwcen 

the two consecutive weights defining the interval and birth ("time variable") . 
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TABLE 13 - Repeated measures analysis of the effect ofsocioeconomic, gestation al and 

postpartum factors on daüy rate of weight change 

Variable Regression SE (95% Cl) p .. 
coefficient (B) value 

CONTINUOllS 
Prcprcgnancy BMI 0001 0.0008 (-0.001, 0.003) .059 
Matcmal hClght -0065 00370 (-0.138, 0.008) .077 
Gesta\1onal wClght gain -0003 0.0005 (-0.004, -0.0022) <.0001 
Ge~latlonal age at dchvcry -0.006 0.0017 (-0.009, -0.002) .0014 
ButhwClght -0.008 0.0055 (-0.019, 0.003) .151 
Maternal education -0.0003 0.0007 (-0.002, 0.001) .714 
Maternai age at dehvery 00004 0.0004 (-0.0004, 0.00l) .388 
Postparturn wOIkmg 0.021 0.0087 (0.004, 0.038) .018 
Postpartum exercIse 0.007 0.0076 (-0.008, 0.022) .343 
Postparturn rnetmg 0.016 0.0115 (-0.006, 0.038) .159 
Postpartum smokmg -0001 0.0005 (-0.002, -0.0003) .004 
Sohds mtakc 0.040 0.0059 (0.028, 0.052) <.0001 
JUlee mtake 0.026 0.0074 (0.012, 0.041) .0004 
l'Irnc van able 0.0003 0.0001 (0.0001, 0.0005) .0006 

DiCIIOTOMOUS: 
Panty -0.005 0.0025 (-O.OIQ, 0.0002) .062 

O=primî parous 
1 =multîparous 

Mantal stalus -0.006 0.0027 (-0.011, 0.00.02) .045 
o ::= singh:/sep/dtv 
1 = marncd 

Livmg sItuatIOn -0.003 0.0034 (-0.010, 0.003) .355 
0= alone 
1 ::= wlth partner 

Maternai blrthplacc -0.010 0.0027 (-0.015, -0.005) .0002 
o ::= CanadalUS 
1::= Other 

CLSC attcnded -0.010 0.0027 (0.004, 0.015) .0003 
o ::= Cote des Neiges 
1 ::= Outrcrnont 

Gcstatlonal smokIng 0.014 0.004 (0.006, 0,022) .0007 
o ::= no smoking 
1 ::= any smoking 

Attcndancc at Montreal Dlct -0.001 0.003 (-0.007, 0.005) .699 
DispensaI)' 

0::= no 
1 ::= ycs 
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It can be observed, for example, that women who gained more weight during 

pregnancy had a faster rate of postpartum weight loss (negative regression coetlicient), 

whereas those who had a higher prepregnancy BMI tended to show postpartum weight 

gain (positive regression coefficient). 

As shown in Table 14, type of infant feeding was significantly (p<O.05) associated with 

postpartum working, dieting, smoking and solids and juice intake. The relationship 

between infant feeding type and the nontime-varying covariates could not be assessed, 

owing to constraints in the BMDP program with respect to the handling of categorical 

time-varying variables. (According to the BMDP support representative, the program does 

not allow a model in which a categorical time-varying variable or any nontime-varying 

variable is the dependent variable, making it impossible ta examine the relationship 

between two of these variables.) ln contrast, the relationships between type of infant 

feeding and the time-varying covariates (which are continuous) cou Id be examined by 

using the latter as the dependent variables and type of infant feeding as the independent 

variable (Table 14) . 
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TABLE 14 - Repeated meusures analysis of various postpartum factors and type of 

infant feeding 

Variables Regression SE 95% CI 
coefficient (8) 

Postpartum working Dummy la 0.094 0.035 (0.025, 0.163) 
Dummy 2b 0.170 0.034 (0.104, 0.237) 

Postpartum dieting Dummy 1 -0.017 0.025 (-0.066, 0.032) 
Dummy 2 0.099 0.025 (0.050, 0.148) 

Postpartum exercising Dummy 1 0.012 0.039 (-0.065, 0.088) 
Dummy 2 0.037 0.038 (-0.038, 0.112) 

Postpartum smoking Dummy 1 0.183 0.184 (-O. ) 78, 0.544) 
Dummy 2 0.410 0.204 (0.010, 0.810) 

Solids intake Dummy 1 0.063 0.045 (-0.025, 0.151) 
Dummy2 0.226 0.039 (0.150, 0.302) 

Juice intake Dummy 1 0.087 0.041 (0.007, 0.167) 
Dummy 2 0.189 0.038 (0.115, 0.263) 

Time variable Dummy 1 -2.032 3.259 (-8.420, 4.356) 
Dummy 2 -3.129 2.951 (-8.913, 2.655) 

"Dummy 1 = 0 If prcdommantly breast-or bottlcfcedmg; dummy 1 = 1 if mixed feeding. 

bDummy 2 = 0 If prcdommantly breastfccdmg or mixed fccding; dummy 2 = 1 if predominantly 

bottlcfccdmg 
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p-value 

.008 
<.0001 

.500 

.0001 

.755 

.336 

.319 

.044 

.158 
<.0001 

.0347 
<.0001 

.533 
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It can be observed that the proportion of rime duirng the interval in which women were 

working and feeding juice was greater in the predorninantly bottlefeeJing group than in 

the mixed feeding group and, at the same time, greater in the mixed feeding group than 

in the predominantly breastfeeding group. On the other hand, the proportion of time 

duirng the interval in which women were dieting and feeding solids was greater in the 

predominantly bottlefeeding group than in both the mixed feeding and prcdominantly 

breastfeeding groups. Similarly, women in the predominantly bottletèeding group were 

more likely to have smoked in a given interval than women in the mixed feeding and 

predominantly breastfeeding groups. The proportion of time during the interval in which 

women were exercising and the time vruiable showed no statistically significant 

association with type of infant feeding. 

Several associations of interest between pairs of covariates (and their lcvels of 

statistical significance) are presented in Table 15 and 16. Table 17 shows the relationship 

between pairs of categorical nontime-varying covariates . 
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TABLE 15 - Repeated measures analysi'. of pairs of time-varying covariates or between 

time-varying and nontime-varying covariates 

Dependent Indepcndent Coeffi·· SE 95% CI p-value 
variable' variable cicnt(6) 

Pm.1partum Prcprcgrumcy BMI 0.306 0.100 (0.110, 0.502) .0023 
smokmg GcstatlOnal WClght gam -0.109 0.068 (-0.243, 0.024) .109 

Gc~'tatlOnal smolong 12.888 0.791 (11.3, 14.44) <.001 
BlrthwClght -0.658 0.756 (-2.134, 0.830) .386 
Postpartum exerclsing -0.286 0.228 (-0.732, 0.161) .211 
Postpartum worktllg 0.232 0.214 (-0.187,0.651) .278 
Solids mtakc 0.260 0.116 (0,032, 0,487) .0247 
Place of blrth 1.457 0.358 (0.755, 2.159) <.0001 
CLSC of attcndancc -0.793 0.370 (-1.52, -0.068) .032 

Postpartum Postpartum dlcting 0.507 0.069 (0.372, 0.642) <.0001 
cxcrclsmg Postpartum working 0.009 0.051 (-0.091, 0.109) .854 

Placc of birth 0.049 0.021 (-0.020, 0.062) .017 

Sohds Panty 0.004 0.015 (-0.026, 0.033) .812 
intakc Birthwclght -0.015 0.033 (-0.080, 0.049) .648 

Place of birth 0.008 0.016 (-0.023, 0.039) .615 
Postpartum working 0.393 0.058 (0.279, 0.507) <.0001 
JUlce mtake 0.635 0.047 (0.543, 0.727) <.0001 
CL SC of attendancc 0.045 0.016 (0.014, 0.076) .005 

Time Postpartum smoiung -0.015 0.231 (-0.468, 0.438) .948 
vanable Postpartum dlCting -8.539 5.897 (-20.10, 3.019) .148 

Postpartum workmg -3.535 4.379 (-12.12, 5.048) .420 
Solids mtakc -6.983 3.177 (-13.21, -0.756) .028 
Place of blrth -1.592 1.386 (-4.309, 1.125) .251 
CLSC of attcndancc 3.413 1.401 (0.667, 6.159) .015 

'When exarnllung the rclatlOoshIp bctween a lIme-vaI}'tng and a nonllme-vaI}'tng covanates, the time­
vruymg covanalc was uscd as dcpcndcnt van able. 

64 



= 

• TABLE 16 - Simple linear regression between pairs of nontime-varying covariates 

Dependent Independent van able Coetlicicnl SE 95% CI po.value 
variable (B) 

Prepregnancy GcstahonaI wcight gatn -0.169 0043 (-0 253, -Il (}85) 0001 
BMI (kg/m2

) Panty 1.484 0.429 (0643, 2325) .0006 
BirthwcIght 0.904 0473 (-0 023, 1 831) OS7 
Maternai age 0.051 0.038 (-0024, (} 126) 177 
Maternai education -0.083 0.063 (-0207. 004l) 187 
Marital status \.014 0470 (0093, 1 935) .032 
Livmg situation 0.915 0.622 (-0304, 2.134) .143 
Place of bu1h -0.514 0.477 (-1449, OA21) .283 
CLSC attended -0.032 0.483 (-0.979, 0.915) .947 

• 

Gestatlonal Panty -2425 0631 (-4 YOO, -1 188) 0002 
welght grun Height 0.132 0.048 (0.038, 0226) 006 
(kg) GestatlOnaI age 0.535 0.217 (0 110, 0.960) .015 

BlrthwcIght 2.295 0.690 (0943, 3 (47) 001 
Maternai age -0.091 0056 (-0201,0019) 106 
Maternai education 0.028 0.093 (-0154,0210) .763 
MaritaI status -1.411 0.697 (-2777, -(045) 044 
liVing situation -2.133 0.911 (-3.919, -() 347) 020 
Place of buth -\.373 0.703 (-2.751, 0 0(5) .052 
CLSC attcndcd 1.304 0.710 (-0088, 2.(96) .068 
MDDa attendancc 0047 0.763 (-1449, 1 543) .951 

Maternai Parity -0.908 0.460 (-1.8\0, -0(06) .050 
education Maternai age 0.182 0.039 (0.\06, 0.258) .(}O() 1 
(years) ManIai slatus 1.118 0.497 (0 144, 2(92) 025 

Living sllual10n 2.361 0.634 (1.118, 3 604) .0()O2 
Place of bmh -2.251 0.484 (-3200, -1.302) O()O) 
CLSC attendcd 2.286 0.490 (1 326, 3.246) .()O() 1 

Maternai agc Parity 2.768 0732 (1 333, 4.203) .0002 
al dclivery Manlal stalUs 3.056 0.791 (1.506, 4.606) .0001 
(years) LIVIng situation 1.784 \.067 (-0.307, 3.875) 096 

Place of birth 0.384 0.822 (-1 227, 1 995) 641 
CLSC attended -0989 0826 (-2.608, 0.630) .233 

"MontreaI Diet DispensaI)' 
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• TABLE 17 - Association betweell pairs of categorieal nontime-varying covariates 

Variable Variable ! Relative (95% Cl) 
Rlsk 

Parity P;:lce of birth 1.67 (1.24,2.07) 
O=pnmi parous O=CanadalUS 
1 =mu1llparous l=Other 

Mantal status 2.12 (1.41,3.19) 
O=single/scp/div 
l=mamed 

Living situation 1.52 (0.91,2.55) 
O=a1one 
l=with panner 

CLSC attended 0.86 (0.74,1.01) 
O=Côte des NeIges 
1 =Outremont 

Materna! birthplace Marital status 1.42 (0.96,2.11 ) 
O=CanadalUS O=single/sep/ruv 
l=Othcr l=mamed 

• Living situation 0.40 (0.94,0.1 'l) 
O=a1one 
l=partner 

CLSC attended 0.50 (0.41,0.62) 
O=Côte des Neiges 
1 =Outre mont 

Marital stalus Llvmg situation 13.3 (6.79,26.07) 
O=single/scp/div O=a1onc 
I.=mamcd 1 =wtth partner 

CLSC attended 0.94 (0.79,1.12) 
O=Côte des Neiges 
1 =Outremont 

Living situation CLSC attendcd 1.30 (1.05,1.61 ) 
O=alone O=Côte des Neiges 
l=with partner 1 =Outre mont 
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4.5 MULTIV ARIATE REPEATED MEASURES ANAL YSIS. 

As opposed to the analysis presented in section 4.4, the multivariate models presented 

in this section analize the effects of st:veral covariates sirnultaneously. Potentially 

confounding covariates represenring socioeconornic, gestation al and postparturn 

characteristics of the study subjects were incillded in these multivariate repeated measure 

analyses. The potential confounders were chosen based on knowledge available from 

previous research in the field. When many variables were available for one area of 

interest (i.e., socioeconomic status), the variables included in the model were chosen 

based on the significance of their association with both the exposure and the outcome 

variables. AIso, the quadratic term of the time variable was introduced in the model to 

test if the relationship between time and rate of weight change was parabolic instead of 

linear. 

The main procedure used was a backward eliminarion in which the decision to 

"eliminate" variables was based on significance testing of the regression pararnete 'S (Wald 

test) and the Iikelihood rario test statisric. To avoid collinearity problems, the nonquadratic 

term of the rime variable, prepregnancy BMI and gestation al weight gain were added 

together in a single step and thereafter deleted if nonsignificant. Unfortunately, the 

interaction terms to test for the role of prepregnancy BMl and g\~stational weight gain as 

efTect modifiers of the exposure/outcome association could not be included in the 

multivariate analysis, owing to serious problems with collinearity. Therefore, the initial 

mode! was: 

(rate of weight change), = (type of infant feeding), + (solids intake), + (parity)j + 

(birthweight), + (height), + (postpartum smoking), + (postpartum working), a + education 

+ age + CLSC of attendance + place of birth + (time variable2
), 

where the index 1 denotcs the ilh poMpartum mtcrvaJ 

aPostpartum working was included as a mca<rucc of sociocconomic status, not of physicaJ actlvlly 
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The final regression model is presented in Table 18. 

TABLE 18 - Multil'ariate repeated measures analysis of daily rate of weight change 

(outcome variable), type of infant feeding (exposure ,'ariable) and various 

sociodemographic, gestational and postpartum covariates. 

Variable Regression SE (95% CI) P"value 
Coefficient (6) 

Constant -0.042 0.0119 (-0.065, -0.019) .0004 

Type of infant 
feedingB:dummy 1 0.003 0.0057 (-0.008, 0.014) .5475 

dummy 2 -0.003 0.0056 (-0.014, 0.008) .5793 

Gestational weight -0.003 0.0005 (-0.004, -0.002) <.0001 
gain 

Postpartum -0.024 0.0069 (-0.038, -0.011) .0006 
smokingb 

Infant's solid 0.045 0.0057 (0.034, 0.056) <.0001 
intakeC 

Maternai place of -0.005 0.0025 (-0.011, -0.001) .0365 
birthd 

Time variablee (t) 0.0014 0.0004 (0.0006, 0.002) .0001 

Quadratic term for -0.00001 0.000003 (-0.00002, .0035 
time variable (r) -0.000004) 

'Dummy 1 = 0 If prcdommantly orcast- or bottlcfeedmg; dummy 1 = 1 if mixed feeding. 

Dummy 2 = 0 If prcdommantly breastfeeding or mlxed feedmg; dummy 2 = 1 If ptedominantly 

bottlcfccdlOg 

~o postpaI1um smokmg = 0, any postpartum smokIng == 1 

'Proportion of the postpartum mtcrval in wluch sohds wcre takcn by the infant 

"Canadtan or U.S. bom = 0; othcr = 1. 

eAvcrnge Ume ln days bctwccn birth and the two consecutivc weights defining a postpartum interval. 
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A final analysis was perfonned ta test for the possible modifying effect of rime on the 

infant feedinglpostpartum weight change relationship. A regression analysis was 

perfonned including in the model ail the variables presented in Table 18 and an 

interaction tenu between time and infant feeding. The time*infant feeding term was not 

statistically significant. 
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5. DISCUSSION 

5.1 SUMMARY OF FINDINGS 

The findings of this study suggest no signiticant difference in the rate of weight loss 

in the tirst 9 postpartum months between women who either exc1usively breastfeed or 

feed their infants an average daily formula volume of 4 ounces (120 ml) or less 

(predominantiy breastfeeding), women who fecd their infants more than 4 ounces of 

formula/day but more than 4 ounces of breast milk/day (mixed feeding) and women who 

feed their infants 4 ounces of breast milk or less per day or exclusively bottlefeed 

(predominantly bottlefeeding). Other authors have reported no difTerence in the rate of 

weight loss between breastfeeding and bottlefeeding women in the tirst 3 months 

(10,41,42,43,63), 6 months (63) and 12 to 24 months postpartum (47,55) . 

To have a more tangible idea of what these resuIts represent and compare them with 

the findings of previous studies, we examined summary measures for three time periods 

of follow-up. For the group of women followed from birth to 6-8 months postdelivery, 

the average rate ofweight change was -0.63 kg/month for the predominantly breastfeeding 

group and -0.81 kglmonth for the predominantly bottlefeeding group. When compared 

with studies having similar follow-up periods, these rates are comparable to those reported 

by Naismith and Ritchic (10) (see Table 1) but slower than those reported by Brewer et 

al. (42) and Kramer et al. (63), and by Sadurskis et al. (15) for breastfeeding women only. 

For the time period From birth to 3-5 months postdelivery, the l'I1te of weight change was 

-1.05 kg/month for the predominantly breastfeeding group and of -1.14 kg/mor~th for the 

predominantly bottlefeeding group. These rates are comparable to those reported by 

Naismith and Ritchie (10) and Butte et al. (14) (for lactating women only) but definitely 

slower than those reported by Brewer et al. (42) and Kramer et al. (63). The high rates 

of weight 10ss in these two latter studies may be explained by: 1) the initial weights at 
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1-3 days postdelivery include fluid that is rapidly lost during the first days postpartum 

[Naismith and Ritchie (10) measured the initial weights at 10 days postdelivery] and 2) 

the average gestational weight gains were higher {15.2 (42) and 17.5 (63)] than in other 

studies. 

A considerable number of women in the present study weighed more at the last CLSC 

visit than they did after delivery (after correcting for the weight of the mfant, placenta and 

amniotic fluid). This finding is comparable to that of Allen and Manning-Dalton, who 

reported that 22% of study women gained weight in the postpartum period (12). 

In the repeated measures analysis, the nonsignificant crude association between method 

of infant feeding and postpartum weight change was not modified after adjusting for 

potential confounders (see Table 18). The results of the repeated measures analysis were 

consistent with those of the analysis by time periods . 

Unmeasured sources of confounding may have arisen if the reasons why mothers 

selected their "exposure" (breastfeeding or not) were associated with the rate of weight 

change. It is known that mothers who choose to breastfeed differ in important attitudinal 

aspects from those mothers who bottlefeed (44). If these attitudes influence the rate of 

weight loss, then "confounding by indication" may have been mtroduced in the 

association between lactation and weight loss. Unfortunately, owing to study design and 

feasibility issues, the only attitudinal measures recorded were a rough self-reported 

assessment of postpartum dieting and exercise practices. In our analysis, it was shown 

that postpartum exercising was not related to either method of infant feeding or rate of 

postpartum weight change~ the proportion of the interval dunng which women were 

dieting was significantly greater in the predominantly bottlefeeding group than in the 

mixed feeding and breastfeeding groups, but there was no rclationship between 

postpartum dieting and rate of postpartum weight loss . 
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With respect to other sources of analytic bias, there were several sources of possible 

distortion in the selection and follow-up of the study sample. First, the characteristics of 

the target popuiation (i.e., ail the women attending the CLSC for their infants' 

irnmunizations) are not known, but there is no indication that the sample selected was 

distorted with respect to the relationship of interest. The possibility of selective contact 

to seek participation in the study varied with the difTerent persons inv,)lved in recruitment: 

the CLSC nurses and two of the investigators (LNH, RT). If the CLSC nurses had 

previously encountered the prospective participant, they were more likely to know her 

exposure status but still unlikely to know or have remarked on her rate of weight change. 

When the mother was recruited by the investigators, the probability of selective contact 

of potential subjects was very small, since this was their first contact with her and they 

were unaware of either her exposure or outcome status. The degree and reasons for 

refusai to participat~ were not reco:-ded, but nonparticipation appeared to be mainly 

related to lack of interest in participating in a research pf(~ject. 

Owing to the study design, there were no losses to follow-up, since every subject with 

at least one weight and the corresponding telephone questionnaire was retained for the 

analysis. 

Lastly, cnergy intake and expenditure play important roles in the relationship between 

lactation and weight change. Manning-Dalton and Allen, for example, tre?ted energy 

intake as a confounder and adjusted for its effect in their multivariate analysis (wh en 

energy intake was entered in the multiple regression model, most of the effect of extent 

of lactation on weight change disappeared) (12). Proceeding in this way seems 

question able, since it cou Id be argued that both energy intake and expenditure lie on t.he 

casual path between the eITect of lactati(lfi and weight change. If those mothers who 

breastfeed have larger energy intakes and exercise less as an energy-sparing adaptation, 

then these energy-related mechanisms may explain the lack of difference in postpartum 

weight loss between feeding groups (despite the extra energy costs of lactation in 

breastfeeding mOthers), and adjusting for thern would lead to a biased estimation of the 

72 



• 

• 

• 

exposure-outcome association. ln the present study, the main question we aimed to 

answer is at what rate do the mothers who feed their infants in ditTerent ways lose 

weight~ we did not aim to identify the exact metaboltc mechanisms by which these 

ditTerent rates occur. We therefore dccided not to collcet detailed information on energy 

intake and expenditure. The only infonnation collected involved crude mdicators of 

postpartum exercise, working and dieting practices. As mentioned, postpartum cxercise 

was not relatcd to either exposure or outcome, and postpartum dieting was associated 

with exposure but not with outcome. Postpartum working or studying outside the home 

was re1ated to both exposure and outcome but was not retained as a significant predictor 

of weight change in the multivariate analysis. AIso, sin ce detailed information on the 

quantity and type of work was not recorded, the validity of using this variable as a 

measure of energy expenditure is questionable; its inclusion in the multivariate analysis 

was based on its relationship to socioeconomic status. 

In the multivariate repeated measures analysis, several variables proved to be 

significant predictors of postpartum weight change. Gestational weight gain was retained 

as an important predictor of postpartum weight loss; women who gained more weight 

during pregnancy had faster rates of postpartum weight loss. This finding i5 consistent 

with those of previous reports (41,42,63). Postpartum smoking was also a predictor of 

weight change; women who smoked at ail during a given interval lost weight faster than 

those who did not smoke. This variable has not been evaluated in previous research. The 

proportion of an interval during which solids were taken was also a significant predictor; 

the infant's receipt of solids for a large proportion of the interval was associated with 

weight gain. This latter finding is more difficult to explain physlologically than the two 

previous findings and may represent a marker for other matemal attitudinal factors. 

Women born in Canada or the V.S. tended to lose weight more slowly than those born 

elsewhere. This variable may be a measure of socioeconomic status; immigrant women 

were more likely to receive unemployment insurance or welfare, were less tducated, had 

higher parity and were more likely to be living alone. Even though a largely nonsmoking 
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group, immigrant women gained less weight during pregnancy and were more likely to 

attend the Montreal Diet Dispensary for dietary counseIling and food supplementation. 

These findings may help explain the observed effect of maternai birthplace on rate of 

weight change. It could be postulated that economically disadvantaged women such as 

this group of immigrants may have low incorne levels that act as barriers to optimal 

nutrition (44). If immigrant wornen are more likely to be at nutritional risk and less likely 

to have access to adequate dietary intake during the postpartum period (wh ether lactating 

or not), these factors rnay resuIt in a faster weight loss due to utilization of body fat 

stores [a rnechanisrn postulated in developing countries for lactating wornen with 

increased energy demands (62)]. It is worth noring that the immigrant group comprised 

a very diverse ethnic rnix. Women belonging to sorne ethnic groups may have culturally­

based restrictions on maternaI diet or behavior that run counter to clinical advice (44). 

Lastly, the time variable was significantly retained as a predictor of weight change; 

later intervals since birth were associated with weight gain. This finding is in agreement 

with those observed in previous reports, where faster rates of weight 1055 are consistently 

found in those studies in which the initial weight is measured close to delivery and the 

period of follow-up is short. The regression coefficient for the quadratic term of the time 

variable was statistically signifieant, indieating that the relationship between rate of weight 

loss and tirne (after controlling for other covariates) is parabolic and not linear. The 

regression coefficient for this second-order term (f) is in the opposite direction from that 

of the basic tenn (t). The minimum point in the curve is 140 days (as calculated from the 

equation: 0.0014 t - 0.00001 r = 0), indieating that in the first 140 postpartum days, the 

longer and further away from birth an interval, the slower the rate of weight 10ss 

(consistent with the concept of postpartum diuresis), whereas after the 1401.'1 postpartum 

day, the longer and further away from birth the interval is, the faster the rate of weight 

10ss. 
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S.2 LIMITATIONS 

The limitations of this report will be discussed under four headings: study design, 

definirion of variables, evaluarion of assessing modifiers and external validity. 

5.2.1 Study design 

Women participated in the study for different lengths of rime and had diffcrent 

numbers of contacts and intervals between contacts, thus increasing the complexity of the 

statistical analysis and thereby rendering the results less transparent. The use of a "time" 

variable in the statistical analysis accounted for these difTerences introduced by design. 

This variable represented the number of days between birth and the midpoint of the 

interval comprising two consecutive weights; it thereby accounted for both differences in 

duration of the intervals and timing since birth . 

5.2.2 Definition of variables 

We encountered two main problems in defining the outcome variable. First, there was 

no documented early postpartum weight to use as a baseline to calculate the rate of 

weight change. We were therefore obliged to estimate this weight by subtracting, from 

the weight at the end of pregnancy, the self-reported weight of the infant and uniform 

estimJtes (not indivjdual measures) of the weights of the placenta and amniotic fluid. 

Second, the weights actually used to calculate the weight at the end of pregnancy (i.e., 

prepregnancy weight and gestation al weight gain) were self-reported.1 

3When the participant was unccrtam of her prcpregnanC} wClght or gestatlonal WClght gaut, thc ac(.'Ur.u:y 
of the welghts was vcnficd with the physiclan providmg her prenatal carc and. If tlus infonnation was 
unavailable, the subject wa'i dclctcd from thc analyslS . 
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The exposure variable was defined to ,epresent the extent of lactation between the two 

consecutive weights defining an interval and was subscquently categorized into three 

groups according to the intake of breast milk. Ideally, this variable should have been 

calculated From actual measurements of milk consumed by the infants. This would have 

involved weighing infants before and after feeds for several 24-hour periods during 

follow-up, because of high intra-subject variability in daily milk volume (12). This 

procedure is obviously not feasible in a large epidemiologic study such as this. In our 

study, we assessed (by questionnaire) the average volume of formula consumed, by 

month, for each infant not exclusively breast- or bottlefed and deduced the corresponding 

average breast milk intake using previously validated estimates of age-specific breast milk 

volumes. Even though our procedure is imprecise, we considered it acceptable to classify 

women into feeding categories, desplte a certain degree of inevitable nondifferential 

misclassification of women whose infant feeding practices lay close to the cut-offs 

defining the categories. 

5.2.3 Assessing effect modifiers 

One of the aims of this study was to evaluate if the effect of lactation on weight loss 

varies according to maternaI prepregnancy body mass index (BM!) and/or weight gain 

during pregnancy. Unfortunately, owing to serious problems with collinearity, the 

interaction terms to test for the role of these two variables as effect modifiers could not 

be induded in the multivariate analysis. Therefore, we were unable to accomplish this 

atm. 

5.2.4 Extemal validity 

There are important differences in baseline characteristics between the study sample 

and the extemal population to which we would Iike to generalize the results. Two sets of 

data from the year 1986-87 characterizing this external population were available to 

compare to the study sample: 1) data from aU new mothers in the Ste-Justine DSC 
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territory (which also includes the areas of Côte St-Luc and Hampstead) and 2) data from 

a11 women who had been visited at home by the CLSC nurses and had complcted the 

Culture et Grossesse questionnaire (68.8 % of the women of the territory) (67). 

The study sample had a higher proportion of immigrants. single women and 

adolescents than either of the external groups mentioned above. Women ln the study 

sample were more likely to have an incomplete secondary education. to be on 

unemployment insurance or welfare and to be living alone than women completing the 

Culture et Grossesse questionnaire; also, they were shorter on average and smokcd kss 

during pregnancy. There were no differences. however, in the percentage of women with 

low prepregnancy weight «45 kg) or low gestational weight gain «10 kg). With respect 

to method of infant feeding, study women initiated breastfeeding more frequently than 

women from the DSC territory. We have no information on the rate ofpostpartum weight 

change in either of the extemal groups. Since there was no indication that the study 

sample was different from these larger, external groups of women in the rclationship of 

interest, this unrepresentativeness may not necessarily compromise the external validity 

of the study. 

5.3 STRENGTHS 

The strengths of this srudy wiIl be discussed under two headings: contributions to 

existing knowledge and methodologic improvements. 

5J.l Contributions to existing knowledge 

Our study provides several contributions to the existing knowledge conceming the 

relationship between infant feeding and postpartum weight loss. First, we found no 

differences in the rate of postpartum weight loss in women who cither predominantly 

breastfeed, mix feed or predominantly bottlefeed their infants. Second, we confirmed 
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the rde of gestation al weight gain as an important preJictor of postpartum weight 1055. 

Third. we identifIed several new detenninants of postpartum weight change: postpartum 

smoking, maternai binhplace and duration of solids intake (the latter probably 

representing a rnarker for other attitudinal factors). Finally, we have shown that weight 

change is parabolic, rather than linear, over time. 

In addition, ours was the first study on maternai nutrition in a developed country to be 

based on a rnulti-ethnic study sample. Within our sarnple, many more women were on 

unemployment illsurance and welfare (indicating lower socioeconomic status) than in 

previous studies. (Since infants weighing less titan 2,000 g were exc1uded, however, the 

sample W:IS restricted to wornen with favourable obstetrical outcomes). Other maternai 

and infant characteristics in our smaple were not unusual. 

5.3.2 Methodologic improvements 

Our study ha.s three important methodologic advantages over previous studies: 1) good 

statistical power, 2) appropriate classification of exposure and 3) assessrnent and control 

of time-varying covariates. The statistical power of this ~tudy to detect significant 

difTerences in postpartum weight change between feeding groups was enhanced by 

studying a larger sample and by using an unbalanced repeated measures analytic strategy, 

whereby ail data points availab!e for ail participants were used. The choice of an 

unbalanced repeated measures analytic strategy permitted not only fhe use of an 

appropriate multivariatc model to control for covanates, but also reduced misclassification 

of the time-varying exposure and covanates, thus providing a better characterization of 

the effects of behaviors (e.g., infant feeding, postpartum smoking, etc.) that change over 

time. 
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5.4 CLINICAL AND PUBLIC HEALTH IMPLICATIONS 

Women who plan to breastfeed or who are breastfeeding should be given realistic. 

health-promoting advice about weight change during lactation (44). Women should be 

screened for nutrition-related problems, such as the risk ofbecoming nutritionally depleted 

or of developing adult-onset obesity. They should be also eVl1uated for the risk of l'arly 

cessation of breastfeeding as a consequence, among othcrs, of unfuUillcd expectations 

regarding postpartum weight 10ss. 

Women should be advised that it is normal to lose weight during the tirst 6 months of 

lactation. The average monthly rate of weight loss is 0.5 to 1 kg after the tirst month 

postpartum (44). There seems to be no difference in the rate of postpartum weight 10ss 

in women who are either predominantly breastfeeding, mixcd feeding or predominantly 

bottlefeeding. However, not ail women lose weight In the postpartum period; sorne 

women gain weight postpartum, wh ether or not they breastfeed . 

Health professionals should elicit the mo~her-centered belicfs that reinforced her 

decision to breastfeed. Women who choose to breastfced in the hope of losing weight 

faster may be at risk for (erminating breastfeeding prematurely if that hope is 

disappointed. Health pl'Ofessionals should explain the normal pattern and cxtreme 

variability of po&tpartum weight change. 

5.5 NEED FOR FURTH.E& RESEARCH 

The attitudes and beHefs towards postpartum change among mothcrs and hcalth 

professionals need to be further explored. Also, the knowledge that worner. have and the 

advice that they reccive require further investigation. Such infonnation would be useful 

in the developrnent of education al material for health profession aIs and moth~rs-to-bc . 
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For those women planning to diet during lactation, the effect of prolonged periods of 

energy restriction on milk volume and nutrient stores should be better documented. The 

threshold below which energy intake is insufficient to support adequate milk production 

has yet to be determined. The identification of this level of c.nergy intake would be useful 

in establishmg guidelines for women who want to breastfeed but aiso want to restrict 

their energy intake to lose weight (44). AIso, it wouid be useful to know if women who 

breastfeed experience faster rates of weight loss af1:er cessation of breastfeeding than 

women who do not breastfeed at all. Ail this infonnation would be important for women 

who want to breastfed or are breastfeedïng but are concemed about their weight. 

There is a need to identify groups of lactating WOl11("n who are at risk of becoming 

malnourished. The corresponding risks factors, and their c~mbined effects, should be 

better characterized. These groups of women could be targeted by public health 

interventions that wouid adequately support lactation while taking maternaI health 

consequences into consideration. 

The consequences of lactation for long-term maternai energy balance are unclear and 

require d-:tailed investigation (44). In particular, data are insufficient to detennine whether 

lactation influences the risk of adult-onset obesity. 
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6. CONCLUSION 

Few previous studies have examined the effects of lactation on the weight and body 

composition of well-nourished women. The results of thesc studies have not substantiated 

the widely-held assUlilptions that lactation is associated with increased catabolism of fat 

stores and hence with faster 10ss of weight gained during pregnancy. 

The primary objective of this study was to compare the patterns of weight change in 

a well-nourished, mixed-race, multi-ethnic population in Montreal according to type of 

infant feeding method used during the first 9 months postpartum. Two hundred and thirty 

six women were recruited into the study during their visit to the CLSC Côte des Neiges 

or CLSC Outremont immunization c\inics if they had a baby 8 months of age or younger. 

Each participant was weighed at the initial CLSC visit and reweighed whenever possible 

at subsequent CLSC visits untii no later than the 9th month postpartum. After each CLSC 

visit, a questionnaire assessing the method of infant feeding (predominantly breastfeedmg, 

mixed feeding or prcdominantly bottlef{"eding) and potenual confounders was 

administered by telephone. Inherent to this design was that study women partlcipat{",d 

during different time periods postpartum, for dtfTerent durations of time and with different 

numbers of contacts and intervals between contacts. 

In order to summarize the main variable of interest, rate of postpartum weight loss, the 

overall analysis was based on three different groups of women followed for different 

lengths of time. This analysis revealed that although the predominantly bottlefeeding 

group tended to loosc weight at a faster average rate than the mixed fecding and 

breastfeeding group, there were no statistically significant differences in the rate of wcight 

105S by category of infant feeding. Based on BMDP SV.S, a multivariate program for 

unbalanced repeated measures analysis, there were no statistically significant differences 

in the rate of weight loss by category of infant feeding elther in the unadjusted analysis 

or after controlling for potential confounding variables . 
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The multivariate analysis identified important predictors of postpartum weight 10ss. 

Women with larger gestation al weight gains and those who c;moked during the postpartum 

period had faster rates of postpartum weight losso Women born in Canada or the V.S. 

tended to lose weight more slowly than those born e1sewhen:, but this variable rnay be 

a proxi for socioeconomic status. Also, receipt of solids for a high proportion of a given 

interval was actually associated with postpartum weight gain; this variable may represent 

a marker for other maternai attitudinal factors. Lastly, the relationship between time after 

birth and postpartum weight change was found to be parabolic rather than linear. 

The infonnation provided by this study should help health professionals to provide 

reaIistic, health-promoting advice about postpartum weight change to women making 

decisions about how to feed their infants. 
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