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Recent Advances in Nutrition and
Intrauterine Growth
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Intrauterine growih retardation {IUGR] is a significant public health problem in
many paris of the world and is associated with a range of adverse consequences, both
short term and long term. The etiology of IUGR is complex and may vary by setting.
Kramer (1), in his classic review over a decade ago, identified several causal genetic
and environmental factors including smoking, nutrition, and infections such as
malaria. A comprehensive set of articles reviewing the extent, causes, and conse-
quences of IUGR was recently published as a supplement in the Eurcpean Journal of
Clinical Nutrition, based on presentations made at the International Dietary Energy
Consultative Group {IDECG) Canference in 1996 (2,3). In this chapter, we will fo-
cus on recent advances that have been made in the last 3-4 years, especially on the
role of nutrition. The first section provides an update on the extent and nature of the
problem, including recent advances in the timing of IUGR, and it is followed by a
brief discussion of the importance of nonnutritional facters such as malana, hyper-
tension, and smoking. The third section will focus primarity on the role of nutrition
before and during pregnancy and wiil include recent evidence from experimental tri-
als and programmatic interventions. The implicaticns of the findings and future di-
rections are discussed in the last section.

THE EXTENT OF THE FPROBLEM
Prevalence and Patterns of IUGR in Developing Countries

The true extent of fetal growth retardation has been difficult to estimate, and one of
the major barmiers has been inconsistencies in terminology {(4). Smallness for gesta-
lional age (SGA), defined as below an established cutoff (e.g., the 10ih centile of
weight for known gestational age), is commonly used to denote fetal growth retarda-
tion and is thereforc considered to be the appropriate indicator of [UGR. However,
low birthweight, defined as <<2,500 g at birth, is more widely used as a proxy for
IUGR, but it fails to account for the effect of length of gestation. For example, in many
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98 RECENT ADVANCES IN NUTRITION AND INTRAUTERINE GROWTH

developed countries, more than half the: low-birthweight infants are preterm ([ <I37
weeks of gestation) and not necessarily growth retarded (5). In contrast, most low-
birthweight infants in developing countries are born at term and are growih retarded,
The latest United Nations Children's Fund (UNICEF) regional estimates for low birth-
weight are 33%, 20%, and 11% in South Asia, Sub-Saharan Africa, and Latin
America, Tespectively (6). Recently, De Onis er af. (2) proposed the use of “term
IUGR,” namely, term infants (37 weeks of gestation) who weigh below 2.5 kg, asa
proxy for IUGR and estimated the overall rates of [IUGR and term IUGR in develop-
ing countries to be 23.8% and 1 1%, respectively. As expected, the risks of being term
1UGR were the highest in Asia, followed by Africa, Oceania, and Latin America.

In contrast to low birthweight, data on stunting at birth ace limited. Data examin-
ing trends in ITUGR are also limited. Steckel ef af, {7}, in a historical overview of
IUGR, showed significant reductions in the prevalence of low birthweight in the Jast
100-150 years in developed countries. Although the data on the trends in the preva-
lence of stunting and underweight in young children in the last 25 years can be used
to estimate changes in IUGR over time (8). there is a need 10 collect more relizble es-
timates, especially in developing countries, to assess progress in our effonts o ad-
dress this public health problem.

Reliability of Estimates

The reliability of estimates of the prevalence and pattern of IUGR in developing
countries depends on various factors. Gestational age estimation is a considerable
problem in many developing country settings, where many women may not recall the
date of their last menstrual period or have access to early second trimester ultrasound.
Likewise, the reliability of birthweight estimates depends on the quality of equipment
and consistency in methods of taking weight measurements. Finally, although many
of the estimates discussed in the previous section are based on national data, the ex-
tent to which these are representative is difficult to determine. In many regions of
Africa, Asia, and Latin America, a large proportion of deliveries occurs in homes or
small health clinics. Information regarding birthweight and gestational age is often
not available from this setting. and its reliability, when available, may be question-
able. This would likely result in an underestimation of the prevalence of IUGR in
these regions, as lower-income higher-risk groups may be the least likely to be in-
cluded in hospital- or urban-based datasets. The need to detenmine the extent to

which data from developing countries are truly representative of the population has
~ been identified previously (2) and continues to be a priority.

Timing of IUGR

As well as considering what factors influence fetal growth, it is important (o assess
how the timing of certain insults during pregnancy may affect the growth of the fe-
tus. There i1s much published evidence for the existence of two types of IUGR. At
birth, the classification is typically made on the basis of Rohrer's ponderal index
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[birthweight (g)/{binh lengthy' {cm™)]. Although the ponderal index is related to the
severity of IUGR (9), it also appears 1o be related to the consequences of [UGR
{10-13) and possibly 1o its etiology. Tt has been hypothesized that insults that begin
early in pestation influence all aspects of fetal growth and resull in symmetrical or
proportionate IUGR (those with an adequate ponderal index), whereas insnits occur-
ring in the latter part of gestation influence primarily fetal weight gain and lead to
asymmetrical or disproportionate [UGR (those with a low ponderal index) {3).
Recently, attempts have been made to address this issue using measures of maternal
putritional status at different periods during pregnancy as predictors of birthweight,
length at birth, and body proportionality. Neufeld er al. (14} found that among
wormen with low prepregnant body mass index (BMI} from rural Malawi, a low rate
of weight gain during the early/mid and late gestation was related to infant length and
weight at birth but unrelated to infant ponderal index. In addition, women who gained
weight at a greater rate during early to midpregnancy tended to have slightly longer
tnfants, and in this population, longer infants tended to have lower ponderal indexes,
In a sample from rural Guatemala, maternal nutritional status during the second
rimester was associated with both birth length and birthweight (15). In a study vsing
repeal ulirasound measures of tibia and femur length as proxies for fetal linear
growth, the rate of maternal weight gain between the first and second trimesters, but
not between the second and third trimesters, was related to the rate of fetal long-bone
growth (16). These results suggest that, in terms of understanding the etiology of
IUGR, it may be useful to consider weight and length at birth as separate outcomes,
Further clarification of these relations could have important implications for the tim-
ing of interventions and may shed light on why some interventions, particularly nu-
tritional ones, have not been effective at reducing IUGR.

ROLE OF NONNUTRITIONAL FACTORS IN THE ETIOLOGY OF IUGR

This section contains a brief review of the role of nonnutritional factors that have
been implicated in the eticlogy of IUGR. The majority of the studies presented here
are observational, ecalogical, or studies conducted in animal models. In each section,
we will briefly discuss the implications of the study design for the interpretation of
the resulis.

Infection

Kramer (1) recognized malarial infection as one of the established causes of low
birthweight in developing countries and identified the need to determine the magni-
tude of the effect. During pregnancy, women are more susceptible to malaria and tend
10 have a higher density of parasitemia than nonpregnant women (17,18). With use
af bleod films from the materna] side of the placenta, Plasmodium falciparum infec-
tion at the time of delivery was associated with a reduction in birthweight of 130 g in
primigravidas, with no effect in multigravidas (19). Others have found similar effects
regardless of parity (20). There is some evidence that subsequent pregnancies are
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variables {low birthweight duc o length of gestation and/or fetal growth), and (¢} in-
adequate sample sizes (32,33). Calcium deficiency may be an important factor in the
development of PTH. In a recent meta-analysis of controlled trials. calcium supple-
mentation during pregnancy was shown to result in a twolold reduction in the inci-
dence of hypertension and pre-eclampsia, but only among women al high nisk of PTH
or with low dietary intakes of calcium or hath (34). The extent to which PIH con-
tributes 1o IUGR in develeping countrics needs to he established, as does the role that
caleium may play in alleviating this problem.

Envirenment

‘There is strong evidence of a causal link between exposure 1o cigarette smoke during
pregnancy and poor fetal growth. Increased carboxyhemoglobin from carbon monox-
ide and nicotine and reduced placental blood flow resuiting in low feial tissue oxy-
genation appear to be the principal mechanisms responsible for restricted fetal
growth in smoking mothers (35). On the basis of several well-designed studies, an ef-
fect size in the range of 100—450 g has been reporied (1,31,36,37) as well as a
dose-response relation between the number of cigarettes smoked and birthweight re-
Juection (36). Reductions are also reported in infant length, head circumference, and
various other anthropometric measures (36,37). The infants of women whe smoked
at the beginning of pregnancy but ceased te smoke during the first trimester have
birthweights sitilar to the infants of nonsmoking women, supporting the evidence
for a causal relatien between smoking and TUGR.

Exposure to environmental tobacco smoke has also been associated with reduced
birthweight and IUGR. Reported eflect size ranges from 25 to 200 g (37,38). with an
increase in risk of TUGR between two- and fourfold {32). In the meta-analysis pub-
lished by Kramer {1), cigarette smoking was not considered to be a major contribu-
1o to fetal growth retardation in developing countries owing to the low prevalence of
maternal smoking. However, this may no longer be true in some seftings, and, more
importantly, the possibility of retarded fetal growth caused by exposure to environ-
mental tobacce smoke, both at home and in the workplace, in a developing country
setting needs to be investigated.

Both carbon monoxide and particulates have been found in high congentrations in
the homes where bicmass fuels are bumed in open fires for cooking, and women who
5¢ apen fires have been found to have raised levels of carboxyhemoglobin (39). [tis
difficult to establish whether birthweight is influenced by indoor air pellution in ob-
servational studies, owing to the high correlation between socioeconomic status and
other predictors of TUGR and the type of stove used (40). The possibility that smoke
from the burning of biofuels for cooking in rural areas of developing countries influ-
ences birthweight needs 10 be investigated using roethiods that can establish causality.

Reports of a relation between outdeor air pollution and fetal growth are typically
hased on ecological studies from which it is difficult to infer causality. A negative as-

-ociation between total suspended particulates, sulfur dioxide, and birthweight or risk
of low birthweight has repeatedly been reported (41-43). In one study contsolling for
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confounding on an individual basis, a dose—response effcct was found between both
patticulates and sulfur dioxide and nsk aof low birthweight {42). Studies that replicate
previous findings in different regions and databases, distinguish effect on fetal
growth versis duration of pregnancy, provide adequate control for confounding, and
describe a biologically reasonable mechanism would provide strong evidence for the
axistence of a causal relation between outdoor air pollution and fetal growth.

Various ecological studies have becn conducted to evalvate the association be-
tween exposure to herbicides and the risk of IUGR. An increased risk of IUGR {rel-
ative risk 1.8; 95% confidence interval 1.3-2.7) was found in 13 communities served
by a herhicide-contaminated water source in rural [owa in comparison with commu-
nities with noncontaminated water (44). The relation persisted after control for sev-
eral confounding factors at the community level. Similar results were found in a
study of the influence of exposure to wood preservatives on fetal growth (45). These
results have all the same limitations related to study design that are discussed above.
Owing to the high prevalence of use of herbicides in rural communities, these results
should be confirmed in studies with morse rigorous design.

Sociodemographic and Genetic Factors

Various sociodemographic characteristics have been associated with fetal growth.
Female infants and firstboms tend 10 have lower birthweights and higher rates of
TUGR, without associated aegative consequences (4). There is also a tendency for
birthweight to increase with increasing parity, and studies have reported increases of
100-200 g in birthweight in each subsequent pregnancy (46). At higher parities (five
or more), birnthweight may then begin to decrease again. Adolescent pregnancy is as-
sociated with lower average birthweight and higher rates of [UGR, particularly if the
mothet has not yet ceased to grow (47). In developed countries, adolescent preghancy
may be further complicated by a high prevalence of other risk factors for TUGR, such
as low maternal weight before pregnancy and low weight gain (48). Similar conds-
tions may exist in developing countries, and one strategy to reduce the prevalence of
TUGR may be to delay the first pregnancy. Both short and long birth intervals have
been associated with a higher incidence of FUGR (49,50). The length of the “ideal”
interval, however, appears to vary by population and may be highly associated with
socioeconomic and cultural factors such as length of lactation, diet, and maternal
work demands, among others. It has been observed that women of low sociceco-
nomic status tend to have a higher prevalence of IUGR babies. The extent to which
this relation is mediated by various matemal factors including health and diet has
been clearly shown (51). The role of women's status in the etiology of IUGR, ‘espe-
cially in settings such as South Asia where gender bias is cornmon, has also been sug-
gested but remains to be demenstrated (52).

In a classic study of siblings and twins published in 1955, Morton {33} concluded
that the rescmblance in birthweighit between siblings is attributable mainly to the sim-
ilarity of the intrauterine environment in subsequent pregnancies. Polani (54)
estimated that the fetal genotype in humans accounts for approximately 15% of the
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variation in birthweight. In a recent study of suclissive births conducted in
Scandinavia. Magnus et a. (55) found a significant correlation between mother and
infant birthweight (r = 0.203. p < (.001) as well as father and infant birthweight
(r=0117,p< 0.001}, suggesting an influence of genetics on felal growth. Maternal
birthweighl was also the lowest for the group of infants who were born to waomen
who had a previous SGA birth. It should be noted that in developing countries, the
many environmental influences on tetal growth are likely to pbscure genelic etfects
(4, and it s difficalt to rule out simi lasity of environment SITESSES including nutri-
tional siresses between generalions of the influence of intergencraiional effects.

RECENT ADVANCES IN UNDERSTANDING THE ROLE OF NUTRITION
IN IUGR

Kramer (1) concluded that maternal nutritional factors poth before and during preg-
nancy accounted for ~+50% of low birthweight i many developing countries.
However, most of the evidence was based on the prepregnancy nulritional status us-
ing anthropometric criteria and the adequacy of energy and protein intakes during
pregnancy. Although IUGR remains a significant public health problem, advances
have been made in our understanding of the fole of nutrition in its etiology: for ex-
ample, the role of micranutrients and intergenerational affects. Here, we will focus
on the role of nutrition before and during pregnancy, the discussion based primarily
on evidence from research studies. Then, we will examine the evidence from pro-
granmatic interventions.

Preconceptional Nutritional Status

Maternal prepregnant size is a well-known determinant of birth size. The most widely
studied indicators are height, weight, mid-upper arm circumference, and indexes
such as BML. Prepregnancy weight has been shown in several studies to be a sensi-
tive indicator of the risk of delivering an TUGR infant. Based on a large meta-analy-
sis of over 100,000 women in 25 population groups from all over the world, the WHO
collaborative study on maternal anthropometry and pregnancy ontcomes (56) con-
cluded that low prepregnancj.: weight was the best single. indicater of an increased
risk of TUGR (odds ratio 2.33). Maternal height, prepregnant BEMI, and mid-upper
arm circumference were less predictive, with odds ratios ranging between 1.7 and
1.9 Short maternal height, however, has been associated with an increased risk of
[UGR in several populations, and cutoff points between 140 and 150 cm have been
proposed for screening, Tt is also the best simple indicator for the risk of obstetric
complications. Finally, a recent study has proposed calf circumference as a useful in-
dicator predictive of the risk of delivering an TUGK infant (57)-

The interrelation between preconceptional nutritional status and weight gain dur-
ing preghancy is also important. In East Java, Kusin ef al. (58) found that the lower
(he woman's prepregnant BMI, the more weight she was likely to gain during preg-
nancy. However, prepreghant nutritional status remained the major determining

-lu‘
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predictor of low birthweight. The optimal anthropometric indicators for both risk de-
tection and intervention targeting are prepregnancy weight {odds ratio 2.53) and a-
tained weight at midpregnancy, that is, at 20 weeks (odds ratio 2.773, and their value
is significantly enhanced if they arc combined (56,59). The WHQ collaborative study
concluded that low prepregnancy weight with consistently low relative weight gain,
which is commen in many developing country settings, results in a fivefold increused
risk of delivering a growth-retarded infant. Only if a woman gained at least 10.5 kg
during pregnancy could she expect, on average, te deliver an infant weighing >3 kg,
regardless of where her prepregnancy weights fell between the range of 44-54 Kg.
This, however, may not be [easihle in many of these settings, where weight gains
range hetween 5 and 9 kg, and point to the need 1o give at least equal importance 1o
preconceptional nutritional status and 10 weight gain during pregnancy.

Interventions to Improve Preconceptional Nutritiona) Status

Few interventions have been cammied out (o improve women’s preconceptional nutri-
tional status. The key questions are when to intervene and how. Delaying the age at
first pregnancy is 2 practical and effective intervention that will ensure that 2 woman
has enough time to reach her optimal body size with adequate nutrient stores before
conception. Ensuring women's access to good nutrition in terms of guantity and qual-
ity of focd intake is important and often a challenge in settings where food availabil-
ity is limited or women are marginalized. The promotion of low-cost fortified foods
and multivitamin/mineral supplements for all women of reproductive age has been
propased as a strategy to improve micronutrient status (60). The role of micronutrients
is further discussed below, Counseling newlywed couples on the ttnportance of nutri-
tion is another approach being tested in Bangladesh International Center for Diarrheal
Discase Research, Bangledesh {ICDDRB], personal communication—G. Fuchs).

The importance of early childhood nutrition in predicting adult size and the role
of intergenerational effects in perpetuating IUGR are other recent topics of investi-
gation. Although weight can change during the course of one’s lifetime, it is closely
related to stature, and women normally complete growth in stature by early adult-
hood. Recent work has shown that most of the growth retardation in many devel-
Oping countries occurs during the intrauterine pericd and early childhood. The
prevalence of stunting at birth has been reported to be 51% in Malawi (14) and
25% in Guatemala (61). Nearly one-third of young children are stunted worldwide
{height for age <2 SD of reference median), and catchup growth appears unlikely
in many developing country settings (62,63). The results from the longitudinal fol-
low-up studies in Guaternala, in which subjects received food supplementation dur-
ing pregnancy or early childhood, show that whereas growth rates during early
childhood were much lower, from 3 to I8 years they were similar o those of
Mexican Americans in the USA, who have a common ancestry {62). Overall, aduit
heights are much lower in this population, but those who were stunted in early
childhood were significantly shorter and lighter and had reduced muscle mass com-
pared with those who were not (64).
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Little is known about whether these deficits can be made up during later childhood
or adolescence. Some studies have shown that micronutrient interventions such as
iron and multivitamin/mineral supplements can improve micronuttient status and
weight gain during adolescence, but we do not know if these are long-term benefits.
Finally, there is evidence of intergenerational effects en birthweight and length, and
these are almost twice as great in poor environments as in developed countries (65),
where most of the studies have been carried out to date. These intergenerational ef-
fects prabably reflect both genetic and environmental influences across generations,
and the importance of environmental influences may be greater in poor settings. A
strong correlation between child nutritional status and low birthweight rates over a
span of 1020 years has also been reported, using trend data available at the national
level (66), supporting the need o invest in matemal and child health and nutrition
aver two lo three generations.

Nutrition During Pregnancy

The findings from recent supplementation studies—primarily intervention trials thag
have examined the role of single nutrients first, followed by multiple nutrients in-
¢cluding food supplements and multivitamin/mineral supplemnents—will be reviewed
in this section. Most of the studies were identified using database searches and sec-
ondary references from published sudies and review articles. Before the results are
presented, some important methodological issues need 1o be considered. The most
important is study design. Although observational studies provide valuable insights
and may infer causal relations, the double-blind randomized placebo-controlled in-.
tervention trial (RCT) is considered the design of choice, The other major concern is
adequate sample size. Many studies in the past have failed to detect significant dif-
ferences between groups owing to lack of statistical power (67). A sample of at least
200/group would be required to detect a difference of about 100 g, which is consid-
ered biologically relevant, assuming a significance level of p = 0.05, 80% power, and
SD of 450 g. The sample sizes are even larger if the desired outcome is a reduction
in the prevalence of IUGR. A sample size of 200/group will be adequate to detect
only a large effect, for example, a 50% reduction, from 20% to 10%, in Guatemala.
More subjects will be required if the prevalence of IUGR is lower (63).

Macronutrients

Inadequate intakes of specific macronutrients such as protein were considered a ma-
jor cavse of TUGR in the early 1970s and 1980s, and many trials were conducted,
with inconclusive results. A systematic review of some of these trials that provided
isocaloric protein supplements (i.e., >25% of the energy came from protein) found
no beneficial effects {69). Some studies have also examined the importance of es-
sential fatty acids, also with inconclusive results for TUGR (31). Studies that have in-
creased energy intakes during pregnancy typically increased intakes of several
macronutrients and some mictonutrients at the same time and are described in the
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section on multiple micronutrients below. The role of calcium, a macrentineral, is
discussed along with minerals.

Micronutrients

Two recent reviews have examined the role of micconutrients in IWGR {2,67).
Herein, thercfore, we will focus on the main findings from these reviews and on new
advances. A summary of the experimental trials that have examined the role of mi-
cronutrients on birthweight is given in Table 1. A more detaiied description of the
earlier studies is available in a review by Ramakrishnan er af, (67).

Water-Soluble Vitamins (B Complex, C, Folate)

Several prospective studies, mainly from developed countries. have reported a posi-
live association between folate and birthweight. For example, Scholl e af. (70) found
that both fow dietary intakes of folate (<240 wg/day) and lower concentrations of
serm folate measured at 28 weeks of pregnancy were associated with a twofold in-
creased risk of preterm delivery and term low birthweight, even after controlling for
several maternal characteristics. The results of six experimental trials are shown in
Fig. 1. An carly experimental study conducted in India reported increased birth-
weight using a design that compared iron with iron/folate supplementation (71}, The
dropout rates were high, leaving in question the validity of the findings. In an RCT
conducted in Denmark, the infants in the folic acid group were 12.7% heavier than
those in the control group (p < 0.01) (72). In contrast, three studies also conducted
in developed countries showed no benefits of folic acid supplements on fetal growth
(73-75). Whereas the benefit of folic acid in reducing the risk for neural fube defects
is well established (76), the effect of folic acid on fetal growth is less clear, and there
is a need for well-designed experimental trials in settings where folic acid deficiency
and IDGR are more common, -

Although animal studies and a few observational studies suggest a potential role
for vitamin € and some of the B complex vitamins sich as thiamine and riboflavin,

in both fetal growth and length of gestation, very little work has been done to
date (67},

TABLE 1. Vitamins, minerals, and birthwaight

Experimental rials (r) Exparimental trials fra)

Viamin Total  Positive effects” Mineral Total Positive effects®
Vitamin 4 4 - Iren 4 —
Folic acid ] 3 Zinc 12 )
Yitamin B, - - Calcium 7 a
Vitamin By 1 - Copper 1 -
Vitamin B12 - - JO‘dine LY 3
Vitamin C - - Magnesium 4 2
Vitamin D 2 - Manganase 2 1
Vitamin E - - Selenlum - -

o< 0.05.
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FIG. 1. Experimsntal trials with folic acid,

Fat-Soluble Vitamins (A, D, E, and K)

Vitamin A deficiency is one of the big three micronutrient deficiencies and is com-
maon in many developing countries, but concerns about the teratogenic effects of ex-
cess vitamin A have meant that very few studies have been done during pregnancy.
High doses of vitarnin A during carly pregnancy have been shown 1o increase the nisk
of fetal abnormalilies (77), especially during early pregnancy. However, supplements
containing less than five times the recommended daily allowance, especially in defi-
cient populations, are unlikely to have any adverse effects. Several cross-sectional
studics and a few prospective studics have suggested an association between poor vi-
lamin A status and [UGR, but these inferences are limited by their study design {67).
A vecent RCT conducted in Tanzania failed to detect any benefits of vitamin A (73).
Pregnant women who were HIV positive were recruited between 12 and 27 weeks of
pregnancy and allocated to receive daily supplements containing either vitamin A
only, maltivitamins including vitamin. A, multivitamins excluding vitamin A, or
nlacebo. All groups (approximately 200 women each) also received routine iron/fo-
late supplements and were followed until delivery. Although the prevalence of low
hirthweight was slightly lower among those who received only vitamin A (14.5%)
compared with the placebo group (179}, there were no statistically significant dif-
terences in the prevalence of low birthweight or mean birthweight The generaliz-
ahility of these findings remains 10 be verified.

The birthweight results.from the Nepal Nutrition Intervention Project, Sarlabi, in
which significant reductions in maternal mortality (odds ratic 0.56, 95% confidence
inerval 0.37-0.84) with vitamin A supplements during pregnancy were reported
{79). will definitely provide more insight into the role of vitamin A in preventing
[UGR. Preliminary findings suggest that there may be no impact on birthweight, but
these findings are vet to be published (K. P. West, personal communication). Even
less is known in the case of the other fat-soluble vitamins, although some studies
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suggest a potential role for vilaming D and U in fetal growth and on duration of
pregnancy.

Caleium

Several inlervention trials that provide 1-2 £ of calcium have heen carried out,
mostly 1n developed countries, but few have examined the impact on IJUGR. In a re-
cent review of six trizls, Bucher ef af. (80) estimated that the odds ratios for preterm
delivery and 1UGR wore (.69 {0.48-1.01) and .77 ((.51-1.16), indicating no bene-
fit of calcium supplementation (80). However, most of these studies were conducted
among populations in which calcium intakes were not low and therefore women were
less likely to respond. A recent trial of calcium supplementatien in India (31) found,
in additton to a reduction in the incidence of pre-eclampsia, a significant increase of
aboul 100 g in the birthweight of infanls bom to nulliparous women who received 2
g of calcium daily from 20 weeks of gestation (2,731 * 278 g} compared with the
placebo group (2,626 > 309 g). This may reflect the lower incidence of pre-eclamp-
sia. Altheugh there were no significant differences in the prevalence ¢f low birth-
weight, these findings are important and need 10 be replicated in similar settings.

Iron

Iron deficiency anemia is one of the most common nutrilional problems, especially
amaong pregnant women in developing countries. In response to this, many national
programs recommend or provide routine iron supplementation for all pregnant
women. Nonetheless, very few intervention trials have examined the impact of im-
proving iron status on birth oulcomes, including FUGR. This may be explained in part
by the ethical difficulties in conducting such studies in seltings where routine prena-
tal care includes iron supplementation. Several obscrvational studies have suggested
an association between anemia and low birthweight (67). The best evidence comes
from a more recent well-designed prospective study by Scholl ez al. (82), in which
iron deficiency anemia during early pregnancy was predictive of lower birthweights
even after controlling for several confounding factors. This study was carried cut
among high-risk adolescent African-American women in Camden, NJ , USA_ Similar
relations can be expected in developing countries where iron deficiency anemia and
TJGR are common, In one of the few placebo-controlled intervention trials, Preziosi
et al. (83) showed a possible relation between iron status and IUGR in Nigeria. The
infants born 10 women who began daily iron supplements (100 mg) from 28 wecks
of pregnancy were 30 g heavier and 0.7 cm longer at birth. The differences in birth-
weight were not statistically significant, probably because of the small sample size
and lack of statistical power.

lodine

Todine is an essential component of the two thyroid hormones thyroxine (T4) and tri-
iodothyronine (T5), which are critical for normal growth and development, starting
from conceplion to about 2 years of age. Although mean values were not significancly
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different, Pretell er ol {84) reported a consistent tendency lor lower binhweight,
length, und head circumlerence among children boen to iodine-deficient mothers than
to mothers treated with iodized oil. This study was carried out in the context of an 10-
dination program. No biological tests examining thyroid function were available
from the study.

The most detailed studies of iodized oil given during pregnancy have been con-
ducted in Zaire, Algeria, and Malawi in areas of severe iodine deficiency, where en-
demic goiter and cretinism have been reported (67). In a double-blind RCT con-
ducted in Zaire (§3), pregnant women (n = 983} were recruited at their first prenatal
clinic visit and were allocated to receive either iodized oil {1 ml of | M Lipicdol;
treated group) or placebo (control group). Although the increase in mean barthweight
was not statistically significant for the group overall, birthweight was greater (p <
£.05) in the children born to the subset of mothers who were iodine deficient at base-
line (urinary iodine < 5 pg/dl). The mean birthweights were 2,634 * 52 g (n = 112)
and 2,837 £ 53 g (r = 98) for the neonates born to mothers who received the placebo
and iodized oil, respectively. Although these findings appear to indicate a relation be-
tweaen iodine deficiency and IUGR, there are also studies from India and Bhutan that
have failed to detect any improvement in birthweight with iodine supplements {(67).
There is a need for further well-controlled studies.

Zine

Zinc is the most widely studied micronutrient, Over 40 animal and observational
studies that have been conducted over the years suggest an important role for zinc in
the etiology of TUGR (86). The findings from experimental trials {# = 12), however,
are mixed {Fig. 2). Mos( of these trials were carried out in developed countries in
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populations with mean birthweights of =3 kg. [n many, both groups received a daily
multivitamin/mineral supplement containing several micronutrients, the only differ-
ence being the presence of zinc in the experimental group. Contrary to expectations,
the results of the two most recently completed studies that were carried out in popu-
lations with inadequate zing intakes in Peru {£7) and Bangladesh (88) are not en-
couraging. Both studies were large RCTs in which the treatment group received zine
along with routine iren/folate supplements, whereas the control group received only
iron/folate supplements. The prevalence of IUGR was extremely high (75%) in
Bangladesh, whereas it was not a major problem in Petu, where the mean birthweighi
was over 3.0 kg. The reasons for a lack of response may vary 1n these 1wo contrast-
ing settings. The positive resulls found in an earlier RCT that was carried out among
high-risk young African-American women in the USA who had lower serum zine
concendrations (89) suggest that only # subgroup of women with low serum zinc val-
ues may benefit from zinc supplementation during pregnancy. Using the same study
population in Alabarna, USA, Tamura et af. {90) recently reported that zinc status
was not associaled with birthweight among subjects who were excluded from the
original trial, that is, with serum zine level of >10.5 ng/dl. These findings suggest a
selective response to zinc supplementation and that more work is needed o identify
the appropriate indicators of response.

Multiple Nutrients
Food Supplerments

Several intervention trials were carried out in both developed and developing coun-
tries during the late 1970s and 1980s to determine whether increasing food intake
during pregnancy, especially energy and protein, would improve birth size and
thereby reduce the prevalence of TUGR. Most of these studies used balanced protein
and energy supplements (/... protein did not account for >25% of the total energy
content} and were often fortified with several micrenutrients. Several reviews and
meta-analyses of these trials have been published to date (1,31,91,92), and unti! re-
cently, most of them concluded that the evidence supporting the role of increasing en-
ergy and protein intakes in reducing TUGR was weak. It should be noted, however,
that some of the earlier large trials that had shown positive results, such as the ones
conducted in Guatemala (%3) and Gambia {94}, were excluded from these reviews .
and meta-analyses owing o design limitations. For example, in Guatemala, the treat-
ment was allocated at village level, and thete were only four villages (two per treat-
ment}. The conclusions in the latest systematic review of clinical trials in the
Cochrane datzbase on balanced proteinfeniergy supplementation during pregnancy
(92) have changed, primarily because of the inclusion of the significant results of a
large RCT that was carried out in Gambia (95). Kramer (92} concluded that “supple-
mentatioh was associated with modest increases in maternal weight gain and fetal
growth as indicated by a small but significant increase in birthweight: smaller non-
significant increases in birth length and bisth head circumference; and a reduction in
the incidence of SGA births.” Fourteen tials were inctuded in this review; some of
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the larger ones were from Taiwan (96), New York (97), Wales (Y8), Bogota (49),
East Java (100}, and Gambia (95). The weighted relative risks for SGA and prejerm
births were 0.68 (95% canfidence interval 0.56-.82) and 0.80 (0.6-1.08), respec-
tively. Kramer also concluded that the vbserved effects did not vary by the precon-
ceptional nutritional status, which may be open for debate owing to the large confi-
dence intervals, Similarly, the results [rom the Dutch Famine Study (101), which was
a natural experiment, cannot be overlooked.

Multivitamin/Mineral Supplements

The potential role of multinutrient supplements in reducing the prevalence of TUGR
is a recent but not entirely new develepment in the field of nutrition. Increased aware-
ness of the interrelations between nutrients at the point of absorption and utilization,
combined with the increased risk of multiple nutrient deficiencies due to inadequate
intakes and poor dietary quality in many developing country settings, have led to a
significant interest in promoting multivitamin/mineral supplements for pregnant
women, women of reproductive age, and young children. Despite the increasing mo-
mentum in promoting the use of these supplements by several international agencies
(60). few have examined whether multivitamin/mineral supplements can reduce
IUGR. In an early study from Sweden (102), the prevalence of low birthweight was
sighificantly reduced among women who regularly consumed iron or multivita-
min/mineral supplements. A few recent studies provide interesting evidence. Scholl
ef al. (103), in a large, prospective, well-controlled trial, reported that the risk of
preterm delivery {<<33 weeks) and of low birthweight was reduced by at least half
among pregnant women who regularly consumed multivitamin/mineral supplements
compared with those who did not, after controlling for several known confounding
factors. The protective effect of the supplements was preater if started earlier (first
versus second trimester) and was greatest for very low hirthweight. However, most
of the effect was due to a reduction in prematurity and not IUGR. Approximately
60% of the low-birthweight infants were born preterm, which is very different from
the situation in develeping countries, where most of the low-birthweight infants are
term [UGR (5). In another recent retrospective case-control study, Shaw et al. (104)
found that women who consumed multivitamin supplements containing folic acid
during the periconceptional period (4 months) were 62% less likely to deliver a
preterm baby (odds ratio 0.38, 95% confidence interval 0.16-0.88) than those who
did not consume supplements. There were no differences in the prevalence of low
birthweight. Finally, Fawzi er al. (78), in a large RCT carried out among HIV-posi-
tive women (# = 1,067) in Tanzania, reported that multivitamin supplementation re-
sulted in improved immune status and a significant reduction in the risk of fetal death,
low birthweight (44%), severe preterm birth (39%), and fetal growth retardation
(43%). The prevalence of low birthweight was only about 9% in the two groups that
received multivitamins with or without vitamin A compared with 14.5% and 17.2%,
respectively, in the groups that received vitamin A with ironffolate or iron/folate
only. Mean birthweight was 120 g greater among those who received multivitamin
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suppletients than in those who received standard treatment. that is, iron/folate sup-
plements. It is noteworthy that none of the groups received zine, which might have
provided additional benefis.

Without doubt, we need 10 sec il these results can be generalized to all pregnant
women living in other settings. Such a study is undervway in Cuernavaca, Mexico, in
collaboration with Emory University and the Instituto Nacional de Salud Publica in
Cuernavaca, Mexico, with financial supporl Irom the Thrasher Research Fund,
UNICEF. and CONACYT, Mexico. This study is a randemized, double-blind, con-
trolled trial in which women are recruited at between 8 and 13 weeks of 2estation and
assigned (o receive daily. under supervision, either a multivitamin/mineral supple-
ment containing -2 recommended daily aliowances of several vitarming and miner-
als or anly 60 mg of iron, which is the standard supplement. Data collection is almost
compleled, and preliminary results are expected o be available soon.

In summary, the evidence from the single-nutrient studies suggests that vitamin A,
folic acid, iodine, iron, and zinc may all play arole in the etiology of IUGR. Although
it could be difficult to justify more ex perimental trials from an ethical standpoint, ow-
ing 1o the other known effects of these micronutrients, more can be done in pro-
grammatic settings as well as for the other water-soluble vitamins, namely, the B
complex vitamins and vitamin C, about which less is known. In the case of multiple
micronutrients. although there are very few experimental trials looking at specific
combinations of nutrients, recent data su 2gest that there may be benefits from muli-
vitamin/mincral supplements.

Evidence from Programmatic Settings

Routine antenatal care is recommended as part of primary health cure throughout the
world. It typically includes several visits to a heaith care provider for monitoring the
adequacy of weight gain, identification and appropriate management of high-risk
pregnancies (hyperension, dizbetes, infections), and often provision of iron supple-
ments and nutritional counseling. Eprdemioclogical and observational studies tend o
show that women who receive antenatal care have lower matemal and perinatal mor-
tality and betier pregnancy outcomes. These studies also suggest that there is an as-
sociation between the number of prenatal visits or the gestational age at the initiation
of care and the pregnancy outcome, after controlling for confounding factors such as
the length of gestation (105). A Systematic teview of controlled trials among low-risk
pregnancies (four from developed countries and two from developing countries)
showed that a moderate reduction in the nember of antenatal visits to a minimum of
four, with increased emphasis on the content, could he implemented without any ad-
verse biological perinatal outcomes ( 106). and a large WHO multicountry random-
ized trial is underway in four countries {Cuba, Argentina, Thailand, and Saudi
Arabia) to test a new model of antenatai care (107),

There is a dearth of evidence on the impact of nutrition interventions in the
context of programs that show reductions in ITUGR. This is surprising in light
of the fact that considerable resources are currently being invested in conducting
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supplementation programs for pregnant women in differem parts of the world. The
women. Infants, and Children {WIC) program in the United States is an example of
+ large program in a developed country, which provides nutritional counseling and

-l assistance o pregnant women who are from poor socioeconomic conditions or
.ty are at high risk ol poor pregnancy outcomes. Regular panicipation im the WIC
program is assuctated with improved birth oulcomes, including a reduction in low
hirthweight (108). However, these impacts are nol seen when the reasons for purtic-
ipation are controlled for. Factors associaled with participation in these programs
need to be carefully examined if we want to reduce the incidence of [UGR.

India’s Integrated Child Development Services scheme, with over 100 million par-
prcipants, 18 one of the largest supplementary feeding programs for pregnant and lac-

g women and young children. A national evaluation of the Integrated Child
evelopment Services program reported tiat only 26% of eligible women partici-
pated in the supplementary feeding intervention. This is in contrast to 52% partici-
pation for supplementary nutrition provided for young children in the same program.
The investigators concluded that the failure to reach pregnant women was ene of the
major weaknesses of the program (109). Similarly, although the Tamii Nadu
Integrated Nutrition Project has been very successful in reducing childhood malnu-
rrition, the coverage of some services for pregnant and lactating women has been in-

- -quate. Only 50% ol eligible pregnant and lactating mothers were enrolled in sup-
picmentation, and some of the problems identified were the inconvenience of the
times ai which supplementary feeding was offered, deficiencies in the sclection of
beneficianies, and cultural factors against participation (110,11 1). More recently. the
World Bank has supported the Bangladash Integrated Nutrition Project (based on the
suceess of the Tamil Nadu Integrated Nutrition Project), which targets Jocally pre-
pured on-site supplementary feeding to pregnant women with a BM] of <18.5 kg/m™.
*Hhough preliminary results suggest reductions in low birthweight, the effectiveness

this approach remains to be evaluated in a rigorous way. Regular consumption of
non/folate tablets alone was associated with an increase in birthweight of 172 gina
progran in Indonesia (112).

Since 1997, the government of Mexico has also begun to provide micronutrient-
fortified food supplements to pregnant women from low sociocconomic backgrounds.
Unlike the other programs, this one is nol linked with the provision of antenatal care
t1. A. Rivera-Dommarco, personal communication). The program includes a package

+ menefits tacluding a nutntional supplement. An evaluation of the impact of the nu-
ihuon compoenent is currently underway. Finally, although there are few naticnal pro-
srmns that provide nutrition supplements besides iron in Africa, several nongovern-
mental agencies such as CARE (Catholic Relief Services) de provide food
supplements in selected communities, and these may be targeted to pregnant women.

Several factors such as poverty, women'’s status, and cultural beliefs and practices
may acl as barriers to successful programs. Poverly acts to limil access to care as well
i the choice of foods and the amounts available to pregnant women. Women's sta-
-~ may influence pregnancy weight gain through the family’s response to her preg-
4ancy, Food intake may also be constrained by physical discomfort, particularly in
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small women consuming a low-energy/density dict because of gastric compression
by the letus and placenta. A third factor—the phenomenon of so-called “eating
down"—muy exacerbate the vilnerable condition of pregnant women. Eating down
refers to deliberate efforts to restrict food consumption in pregnanl women 1o reducy
the size of the fetus and the risk of delivery complications. Brems and Berg (113} re-
viewed evidence from around the world and found that many women restrict the in-
take of foods that they believed would contribute to a large haby and thus to a diffi-
cult delivery. it should be noted, however, that there is no scientific evidence to
support this fear. The increase in head circumterence after nutritional supplementa-
tion is very small (zhout 1 mm) despite an increase in birthweight and is unlikely 1o
increase the risk of cephalopelvic disproportion and related obstetric complications
(92}, Although several studies have documented cultural practices that might influ-
ence food intake during pregnancy, no study to date has quantified effects on dietary
intakes and the relation to birth outcomes. Few have developed and evaluailed appro-
prizie behavioral strategies that could be used to counter such fears and improve birth
outcomes (114}, There is an urgent need 1o develop and test an appropnate package
of interventions that use behavior ¢hange appreaches to improve the qualily and
quantity of focd intake during pregnancy.

CONCLUSIONS

Based on the evidence from research studies on the etiology of IUGR, the following
themes emerge:

+ Timing of insult to fetal growth may eccur even earlier than originally recognized,
that is, in early pregnancy.

» Single-nutrient interventions may be inadequate to reduce [UGR.

» Multiple approaches may be more effective and need to be evaluated rigorously in
different settings, for exarnple, the provision of fortified food supplements com-
bined with control of infections such as malaria and other high-risk conditions.

The lack of evidence from programmalic settings 15 a major limitation. Well-de-
signed program evaluations that examine the effectiveness of intervention strategies
such as balanced proteinfenergy, ironffolate, and multivitamin/mineral supplements
during pregnancy are needed to justify invesiments in maternal and child notrition to
policymakers and funding agencies, [nnovative approaches that focus en improving
maternal nutritional status before pregnancy need to be pursued as well, especially as
most women do not begin antenatal care before 20 weeks of gestation in most
settings.
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DISCUSSION

Dr. Bhan: Our search for new or better approaches to reducing low birthweight
sterns from the fuct that whatever we did in the past didn’t seem o produce Tesulls.
1f you look at all the large programs, not only is there an 1ssue of participation, but
we never really achieved substantial improvements in energy intake. These programs
did achieve a reduction in severe rmalnutrition, but they never had an jmpact on mod-
erate malnutrition. If you look at all the food supplementation trials that were done in
Asia in children, you see the same thing: a shift of energy intakes up Trom the bottom
level, but never approaching optimal. What we really need to address is the changes

that are required to get people 10 consume food in sufficient amounts if it is available.
te and other social conditions change, then ne mat-

I think that unless the illiteracy ra
ter what we do, we are not going 1o achieve the Jevels of intake that are necessary o

optimize growth. Take a clue from the infant or child supplementation irials of indi-
vidual micronutrients: Even 16 micronutrients combined give oniy a 0.5-cm increase
in length and a small increase in weight, which is marginally better than with zinc
alone or with any other single micronutrient. If that has any implications for preg-
nancy, then it would appeat to me that 10 expect even those 16 micronutrients to pro-
duce the large increment in growth needed to reduce Jow birthweight substantially is
[0t realistic. For me, the general message secms 1o be that the prevention of child-
hood undernutrition and INTRAUTERINE growth failure is about achieving sub-
stantially increased intakes of energy and protein, and what determines that appears
10 be more social than anything else.

Dr. Ramakrishnan: 1 think the Gambia trial (1) shows the need for 2 targeted ap-
proach. The food supplements given in that trial produced a dramatic reduction in
low birthweight, but the effect was mostly in the hungry seasof. In general, the woise
off you are, the more impact such a program will have. We do need to think about
targeting as well as about applying broad-based approaches that affect the whole pop-
ulation. And maybe we ate being impatient: We want magic bullets. [IUGR 1s perhaps
an outcomne that will not be reduced overnight, and we need to be persistent.

Dr. Raihii: 1 would like to cail your attention to the uterine circulation as a cause
of IUGR and premature birth. It is well known that during normal pregnancy, both
the maternal blood volume and the cardiac volume increase, as in an athlete who is
training. There have been several reporls showing that in some pregnant women, the

heart volume and blood velume do not increase normally during pregnancy. This can
be studied by ultrasound. In Finland, there was a trial some years ago where women
were screened during pregnancy, and those in whom the heart volume did not in-
crease were rested during the last timester. By doing this, it was possible 10 decrease
the rate of TUGR, premature birth, and perinatal mortality substantially, Of course,
the supply of autrients to the infant may be affected if the circulation is poor.

Dr. Ramakrisknan: There are other studies that have looked at the role of mater-
nal workload and TUGR (2). We are looking at situations in which women have high
workloads, do not get any rest, eat inadequately, and have high exposure to infec-
tions. That’s the reason why I said that we should not confine ourselves 1o looking at
nutrition.

Dr. Uauy: 1 think unless you approach putrition within the context of maternal
care, contro! of infection. workload, and other stresses, wWe arc going to se¢ marginal

effects. What are you doing in your study in Mexico?
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Dr. Ramakrishnan: In the Mexico study, we are looking primarily at multivita-
min/mineral supplements versus jron, and we arc collecting dita on dictary inakes.
but we are nol lecking al maternal workload.

Dr. Masood: With respect 10 the different types of IUGR, arc you investigating
factors responsible for proportionate and disproportionaie growth retardation?

Dr. Ramakrishnan: 1n mosl developing coUnries, we find symmetric (UGR be-
cause the deprivation is chronic, but very few studies have made an attempt to clas-
sify cases in this way. Some of them do not even assess gestational age, let alone the
prevalence of 1UGR—-1 often have 1o other information than mean birthweight! Tt
would be interesting 10 investigate this froma research point of view. but in general.

and from (he point of view of interventional programs, developing countries are s
ally dealing with symmelric 1UGR.

Dr. Gibson: Asfarasi recall, the plasma zine jevels of women in Bangladesh and
Peru were not particularly low at the beginning of the trial, whereas in the trial in the
USA, they recruited women on the basis that they had plasma zinc below the median.
Maybe one of the reasons why they did not see an effect in Bangladesh and Peru was
because the zinc status of the women was not as suboptimal as they had envisaged al

the beginning.
Dr. Ramakrishnan: You are absolutely right, which 1s why the verdict 1s sull r.at.
indeed, someoene might say, looking at these studies, that zinc does 1ot have un ef-

fect, But we do know that zine intakes are poor in both those populations and the
bioavailability is low. The mechanism whereby zinc may influence birthweight is nat

yet fully understood.
Dr. Guesry; To follow up o1t Dr. Gibson’s comment, Henri Dirren in our research
center has conducted a study in Ecuador in an area where the intake of zinc is very low,

giving zinc supplementationt during the last 6 months of pregrancy (to be published).
There was an increase in plasma zinc but no effect on the birthweight of the hut
Dr. Gibson: Do you think it is possible that the zinc supplementation win ROt

started eardy enough in that particular study? There’s evidence that we should even
be stariing before conception i

f we want to see the maximum 1mpace.
Dr. Guesry: Well, in that case, maybe we should add zinc to contraceptive pilis!
When you stop your pill, you have had your zine.

Dr. Frongillo: Recent work by Anna Winkvist al Urnel University in Sweden and
some colleagues at Cornell has shown that the outcome of interventions 10 INCTeas

birthweight is complicated (3). Depending on the initial weight of the mother . there
may be benefit for birthweight, for the mother. or neither, or botk. With thix i ik,
previous studies may not have been able to show the cffects that might have oceured.

This has important implications for how we design new programs and the evaluaion
of those programs.

Dr. Barros: We saw a clear effect on preventio
in which mujtivitamin and multimineral supplements wete given
dications that greater water retention linked to plasma volume £Xpansio
mechanism. We then studied a similar group of women, locking at chany™
composition and water retention during pregoancy. We found in a multij ic T8
sion analysis that total body water explained much of the effect on fetal g

1 Dr. Rivera-Dommasco’s micronutrient approach in Mexico. We need 10
yond the classic protein/energy issue; we need a betier quality of food, as many 0 “’

are pointing out in our Chilean programs.
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Dr. Ramakrishnan: But il we are dealing with countries like India where energy
intake is highly limiting, we don’t know whether just providing multivitamin and
mineral supplements will be adequate. We need to consider where we are working
.1 the magnitude of the problem. Fortified food supplements may he the way 0 20,
| clearly the provision of adequate antenatal carc and other supportive interven-
lionis needs 10 be taken care of as well.

Dr. Youssef: We are currently conducting a study in Egypt on zine levels in
women whe just have delivered and have started breast-feeding. We believe, afller
1aking random sampies, that plasma zing does nol reflect the trug zinc status in thesc
women, We came 1o the conclusion that the best way of determining whether they
were deficient or not was 1o analyze samples of hair and nails. When supplements are
given to women with Jow zine in hair and nails, they have an effect.

-+ Ramakrishaan: 1think we ali know Lhe problems with zinc assessmenl. In the
A1, w0 study, we are also looking at a variety of indicators—we are looking at breast
milk levels and we are following up the children as well for morbidity, growth, and
pevchosocial development.

Dr. Adair: T think it might also be usefo] to stan leoking at some of the siress hor-
mone pathways, as cortisol production can be increased in response to undernutrition
andl other types of stress during pregnancy. There are a couple of interesting lines of
rescarch: the animal models of metabolic programming that show stress pathways
(e 2150 stress responses to infrequent meajs. There has been a tendency to look at
wt.. .od consumption but not at meal patterns, and irregular meals may be a prob-
lem lor women in many places where there is severe food shortage. They may go for
lona periods without eating anything. Long overnight fasts have been shown to 1n-
crease corticotropin-releasing hormene levels, whichin turn has been associated with
preterm birth and restricted fetal growth. This may be a very important new area of
investigation to complement some of the studies on nutrition.

Dr. Ramakrishnan: 1 agree. This aspect has not been studied adequately.

Dy Cassorla: How do you address the issue of compliance in your Mexican
vud: * This is likely to be a huge problem in such populations.

(v wemakrishnan: We use DOT—direct observed therapy—where village-
level workers distribute the supplement on a daily basis and observe the women
cors e gl
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