
Maternal Risk Factors for Low Birth Weight and 
Intrauterine Growth Retardation in a 

Guatemalan Population1 

NANCEE R. NEEL~ & Josh 0. ALVAREZ~ 

Hospital data on 306 mother-infant pairs in Cob&, Guatemala, were studied to 
assess factors responsible for low infant birth weights involving the two general 
kinds of intrauterine growth retardation (IUGR), these being Type I (symmetric 
stunting) and Type II (asymmetric stunting or wasting). The results indicate that the 
Type I IUGR observed arose primarily porn long-term poverty, malnutrition, and 
chronic poor living conditions, while much of the Type II IUGR seemed attributable 
to maternal disorders affected by short interbirth intervals. 

L ow birth weight (LBW) neonates 
have poorer chances for survival, 

and for healthy growth and develop- 
ment, than those with normal birth 
weights (1). Besides being more apt to 
become sick and die, they also tend to 
experience greater mental, physical, and 
neurologic handicaps in later life (2-11). 

There are two basic types of low birth 
weight babies: (1) premature babies, born 
before the thirty-seventh week of gesta- 
tion; and (2) intrauterine growth-re- 
tarded (IUGR) babies, born at term with a 
birth weight below the tenth percentile 
for their gestational age. Premature 
babies predominate in the developed 
world, while IUGR babies are more preva- 
lent in developing countries (2, 3, 12, 13). 
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There are also two basic kinds of IUGR 
babies-known as types I and II (12, 14). 
Babies with Type I IUGR are small and 
normally proportioned, with a small 
head and reduced body length and 
weight (resulting from chronic fetal mal- 
nutrition or fetal stunting). Babies with 
Type II IUGR have heads of normal size 
and normal body lengths, but their 
weight-for-length is low (resulting from 
acute fetal malnutrition or fetal wasting). 
In developing countries, up to 80% of the 
IUGR newborns may be of the Type I va- 
riety (3, 23). 

Type I IUGR babies have been found to 
score lower than both Type II IUGR and 
normal babies on mental tests at 24 
months of age, and also in developmen- 
tal testing at three years of age (15). They 
also tend to be lighter and shorter than 
members of the latter groups, with 
smaller head circumferences, up to two 
and a half years of age (15). Other studies 
have found that either no catch-up 
growth or very little occurs in Type I 
IUGR, while children with Type II IUGR 
tend to show some catch-up growth (6, 
12, 16,17). 

The study reported here examined fac- 

152 Bulletin of PAHO 25(2), 1991 



Top left: A view of Co- 
b5n from atop the town’s 
main church. Top right: 
Children of Cobin. 
Bottom right: Dr. Neel 
taking newborn mea- 
surements for the study. 

tors important to IUGR etiology, espe- 
cially the etiology of chronic fetal malnu- 
trition (Type I IUGR) in a population of 
Guatemalan women. This article de- 
scribes relationships between these 
women’s nutritional, demographic, 
socioeconomic, and obstetric characteris- 
tics and their newborns’ birth weights 
and IUGR. 

MATERIALS AND METHODS 

Mother-infant pairs from Coban, a 
Guatemalan town in the Central High- 
lands, were enrolled in the study after 
the mothers entered the regional hospi- 

tal, Helen Losi de Laugerud, for child- 
birth. (Approximately 20% of the women 
in the area have hospital deliveries--18.) 
Participants were limited to those deliv- 
ering during the period 18 July-30 No- 
vember 1988. Mothers who refused to 
participate or whose newborns were pre- 
mature (delivered at less than 37 weeks 
of gestation), had congenital anomalies, 
were twins, or manifested illness were 
not included in the study. Also, the 
mothers finally enrolled were ones from 
whom nurses collected samples of blood, 
urine, stool, and placenta during labor 
and delivery for later examination. Such 
samples were collected from 306 mothers 
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out of 531 possible study participants 
who delivered during the study period. 

Within 36 hours of her delivery, each 
mother was interviewed by a trained as- 
sistant who spoke Kekchf, the local In- 
dian language, to obtain demographic 
and socioeconomic information together 
with her medical, obstetric, and prenatal 
history. After the interview the mother’s 
weight, height, head circumference, arm 
circumference, and triceps skinfold thick- 
ness were measured. Also, each infant 
was given an anthropometric evaluation 
that included measurement of its length, 
head circumference, arm circumference, 
triceps skinfold thickness, and chest cir- 
cumference. Trained personnel measured 
the infant’s weight at birth with a cali- 
brated scale. 

The Ballard method of gestational age 
assessment was used to determine gesta- 
tional age (19). All the determinations 
were made by one person (NRN) to help 
maintain consistency and reliability. De- 
pending on whether each infant’s weight 
was above or below the tenth percentile 
of weight for gestational age reported by 
Williams et al. (20), the infant was classi- 
fied as “IUGR” or “normal.” Rohrer’s 
ponderal index was calculated for all 
newborns to incorporate body length 
into the assessment of possible intra- 
uterine malnutrition (21). Each infant 
classified as IUGR was further classified 
as either chronically malnourished (Type 
I IUGR, stunted, symmetric) or acutely 
malnourished (Type II IUGR, wasted, 
asymmetric) (22). 

Simple and multivariable linear regres- 
sions were used to analyze the relation- 
ships between birth weight and variables 
expressing the mother’s demographic, 
socioeconomic, obstetric, and nutritional 
status. Stratified analysis was performed 
to control for the confounding effects of 
factors shown to have a relationship with 
birth weight and IUGR (23). Unadjusted 
and adjusted odds ratios (OR) controlling 
for the effect of potential confounding 
variables were calculated. P values < 0.05 
and odds ratio values >l (with a lower 
95% confidence interval 21) were con- 
sidered significant. 

RESULTS 

As Table 1 shows, the incidence of 
IUGR (< 10th percentile) found among 
the 306 study infants was 34.3%. Type I 
IUGR (chronic fetal malnutrition) oc- 
curred in 26.5% of these newborns (or 
77.1% of all the growth-retarded new- 
borns), and Type II IUGR (acute fetal 
malnutrition) occurred in 7.8% (or 22.9% 
of all the growth-retarded newborns). 

Sex 

The mean birth weight by sex in this 
sample was 2,984 g for males and 2,932 g 
for females (Table 2). Fifty-five of the 158 
males (34.8%) were IUGR at birth, with 
42 exhibiting Type I IUGR. Similarly, 50 
of the 148 females (33.7%) were IUGR at 
birth, with 39 exhibiting Type I IUGR 

Table 1. Newborns in the study sample classified as having Type I or Type II 
intrauterine growth retardation (IUGR), by sex. 

Total Male Female 

No. % No. % No. % 

IUGR 105 (34.3) 55 (34.8) 50 (33.7) 

Jype 1 81 (26.5) 42 (26.5) 39 (26.3) 

Type If 24 (7.8) 13 K?) 11 (7.41 

Total 306 (100) 158 (100) 148 (100) 
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Table 2. Anthropometric values (mean & 1 standard deviation) for the newborns 

studied. bv sex. 

Male values Female values 
(N=l58) (N=l48) 

Mean (+lSD) Mean (+lSD) 

Weight(g) 2,984 (It4471 2,932 (k379) 
Length (cm) 49.2 (zk2.0) 49.0 (ztl.71 

Head circumference (cm) 34.3 UI1.2) 33.9 (f1.0) 
Chest circumference (cm) 32.9 kk1.6) 32.7 (+1.61 
Arm circumference (cm) 10.8 (+o.g) 10.7 (rtO.9) 
Triceps skinfold (cm) 3.6 UzO.8) 3.6 w3.9) 

(see Table 1). No significant differences 
were found between males and females 
with regard to birth weight, IUGR, or the 
type of IUGR involved. 

As Table 3 indicates, mothers who 
identified themselves as Indian had sig- 
nificantly smaller babies than those who 
identified themselves as Ladino (2,900 g 
vs. 3,122 g; p < 0.0001). This difference 

remained significant after adjustment for 
the effects of socioeconomic status and 
maternal height (p=O.O002). Also, the 
percentage of IUGR babies delivered was 
higher among the Indian mothers than 
the Ladino mothers (37.8% vs. 24.7%, 
p=O.O33). Eighty percent of the IUGR In- 
dian babies were chronically malnour- 
ished (Type I), as compared to 65% of the 
IUGR Ladino babies (p=O.15). In other 
words, 30% of the Indian babies in the 
whole sample were Type I, while about 

Table 3. Mean birth weights (& 1 standard deviation) of the study infants in each of the 

sociodemographic, nutritional, and obstetric categories indicated. 

Race: 

Indian 

Ladino 

Parity: 
1 gestation 
2 2 gestations 

Maternal age: 

5 20 years 
2 2 1 years 

Maternal weight: 

5107 kg 
z 107.5 kg 

Maternal height: 

1143cm 

zl44cm 

Maternal skinfold thickness: 

<lOmm 
ZlOmm 

Maternal education: 
2,900 (k372)a None 2,901 (+368) 

3,122 ( f484) Some 3,025 (+462) 

Maternal literacy: 
2,819 ( +347)” Illiterate 2,893 (f366)a 
3,009 (*425) Literate 3,040 (+458) 

Socioeconomic status: 
2,858 ( +366) Low 2,902 (+386)= 
2,997 (+428) High 3,094 t&453) 

Running water: 

2,763 (+39O)a No 2,892 (+397)a 
3,032 (+402) Yes 3,026 (+425) 

Toilet: 
2,756 t&338)= Latrine 2,938 (+420) 

3,018 (+409) Modern 3,049 C&410) 

Prenatal care: 
2,803 (+355)= None 2,857 (+390)” 
3,016 ( +422) Some 3,005 (+420) 

aStatIstically significant difference (p < 0.05). 

Adequate 
inadequate 

3,211 (f521)” 
2,913 (k373) 
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half that proportion (16%) of the Ladino 
babies were Type I. 

Parity 

Parity was positively correlated with 
birth weight (R=0.27). Figure 1A shows 
that birth weight increased with increas- 
ing parity up through the fourth preg- 
nancy. The average weight of babies 
delivered by mothers in their first preg- 
nancy was lower than the average weight 
of babies delivered by mothers in their 
second or higher pregnancies (2,819 g vs. 
3,009 g; p=O.O007; see Table 3). Of the 
former, 47.6% were IUGR, compared to 
29.4% of the latter (p=O.O03). Signifi- 
cantly higher percentages of both Type I 
and Type II babies resulted from first 
pregnancies than from later pregnancies 
(39.7% vs. 25.0% for Type I, p=O.O2; 
20.0% vs. 7.7% for Type II, p=O.Ol). 
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Maternal Age 

As shown in Figure lB, a direct rela- 
tionship was found between increasing 
maternal age and birth weight (R=O.24). 
Moreover, mothers younger than the 
25th percentile of the sample (20 years or 
younger) had a higher percentage of 
IUGR babies than older mothers (47.6% 
vs. 29.3%, p=O.O03) and more Type I 
IUGR babies (42.7% vs. 23.8%, p =0.002). 
In contrast, no significant difference was 
found between the percentages of Type II 
babies born to mothers less than 21 years 
old and to older mothers. 

Maternal Anthropometrics 

After controlling for race, significant 
relationships were found between birth 
weight and certain maternal anthropo- 
metric measurements, these being post- 
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Figure 1. The four charts below show the relationships observed between the birth weights of the 
306 newborns studied and their mothers’ parity (A), age (B), education (C), and birth interval (D). 
The points on each chart show the newborns’ mean birth weights, and the vertical lines show 1 stan- 
dard deviation (+/-) from the mean. 
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partum weight, height, arm circum- babies whose mothers had larger skin- 
ference, and triceps skinfold thickness. fold measurements (p =O.OOl). 

Maternal postpartum weight, mea- 
sured 24 to 36 hours after birth, was in- 
cluded as a nutritional parameter because 
previous research had found a high cor- 
relation between maternal prepregnancy 
and postpartum weights (24). In addi- 
tion, the mean weight loss at delivery is 
similar for all women-regardless of in- 
fant birth weight, maternal prepregnancy 
height and weight, and gestational 
weight gain (25). Mothers whose post- 
partum weight was 107 pounds or less 
(25th percentile) had higher percentages 
of small babies, IUGR babies, and Type I 
and Type II babies than heavier mothers 
(53.0% vs. 27.4% for IUGR, p<O.OOl; 
45.8% vs. 22.9% for Type I, p<O.OOl; 
22.0% vs. 7.4% for Type II, p=O.O03). 

Interestingly, this statistically signifi- 
cant relationship applied to Type I babies 
only (the Type I percentages were 42.5% 
among those delivered by mothers in the 
lowest quartile for triceps skinfold thick- 
ness, versus 23.9% among those deliv- 
ered by the other mothers, p=O.O03). No 
statistically significant difference was 
found for Type II babies. The odds ratios 
for IUGR in general and for Type I re- 
mained significant after adjusting for the 
effect of maternal height (Table 4). 

Maternal height is an indicator of 
chronic nutritional status. Mothers with 
heights in the lowest quartile (143 cm 
or less) delivered babies significantly 
smaller than taller mothers (p <O.OOOl; 
R=0.31). Likewise, these shorter 
mothers bore a higher percentage of 
IUGR babies than did the taller mothers 
(50.6% vs. 28.6%, p=O.O005); and the 
shorter mothers had higher percentages 
of both Type I and Type II babies than 
did the taller mothers (41.8% vs. 24.7% 
for Type I, p=O.O07; and 23.6% vs. 6.9% 
for Type II, p=O.OOl). The resulting odds 
ratios, adjusted for the effect of race, 
were significant for IUGR, Type I, and 
Type II (Table 4). 

The relationship between birth weight 
and maternal arm circumference, another 
indicator of current nutritional status, 
was similar to that found between birth 
weight and triceps skinfold thickness. As 
maternal arm circumference increased, 
birth weight also increased. Mothers 
with arm circumference measurements in 
the lowest quartile (22 cm) had signifi- 
cantly smaller babies (p=O.O3) and more 
IUGR babies (46.2% versus 30.3%, 
p=O.Ol) than other mothers. 

Education 

Maternal triceps skinfold thickness, an 
indicator of current nutritional status, 
was related to birth weight (R=0.28). 
Mothers with measurements in the low- 
est quartile (less than 10 centimeters) had 
significantly smaller babies than other 
mothers (p<O.OOOl). In all, 48.8% of 
those born to mothers with skinfold mea- 
surements under 10 centimeters were 
IUGR, as compared to 29.0% of the 

Fifty-four percent of the mothers in the 
sample had never attended school. The 
mean birth weight of the infants born to 
these uneducated women was 2,901 g, 
while the mean birth weight of the in- 
fants born to mothers with some educa- 
tion was 3,025 g (p=O.OlO, see Table 3). 
After correction for socioeconomic status, 
this difference was not found to be signif- 
icant (p=O.O59). 

Nevertheless, it appears that formal 
education was an important factor in 
IUGR. Mothers with no education had a 
higher percentage of both IUGR and 
Type I infants than did mothers with 
some formal education. Of the babies 
born to uneducated mothers, 41.0% were 
IUGR, as compared to 27% of the babies 
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Table 4. Odds ratios for the sociodemographic, nutritional, and obstetric variables shown relating to 
IUCR, Type I IUGR, and Type II IUCR. Both raw and adjusted odds ratios are shown, the adjusted 
ratios for particular variables being adjusted as follows: race was adjusted for socioeconomic status 
(SES); maternal age for parity; parity for maternal age; birth interval for SES; education for race and 
SES; literacy for race and SES; and maternal height, maternal weight, triceps skinfold thickness, 
maternal arm circumference, SES, toilet availability, and running water were all adjusted for race. 
The 95% confidence interval appears in parentheses below each odds ratio. 

IUGR odds ratio 

Raw Adjusted 

Type I odds ratio 

Raw Adjusted 

Type II odds ratio 

Raw Adjusted 

Race (Indian, Ladino) 1.85 1.60 2.28 1.88 1.06 
(1.05-3.27) (0.88-2.91) (1.18-4.39) (0.95-3.73) (0.42-2.69) 

1.10 
(0.40-3.02) 

Maternal age 
(520, 221 yrs) 

Parity(1, 22) 

2.20 
(1.32-3.66) 

2.18 
(1.31-3.64) 

2.68 
(0.81-8.88) 

2.56 
(1.52-4.30) 

3.00 
(1.80-5.00) 

2.33 
(1.39-3.90) 

1.56 2.33 1.84 1.78 
(0.88-2.80) (1.34-4.04) (0.99-3.44) (0.72-4.41) 

1.72 1.98 1.26 3.00 
(0.96-3.08) (1.13-3.46) (0.67-2.38) (1.29-6.96) 

0.79 
(0.30-2.09) 

2.78a 
(1.12-6.89) 

Birth interval 
(<18, 218 months) 

Maternal height 
(5143, >143cm) 

Maternal weight 
(5107, >107lb) 

Triceps skinfold 
thickness (< 10, 
210 mm) 

Arm circumference 
(zz22,>22cm) 

Education (none 
vs. some) 

1.90= 1.98 1.69 3.29 
(1.15-3.15) (1.17-3.35) (0.98-2.94) (1.43-7.57) 

2.36a 2.19 1.95a 4.15 
(1.38-4.05) (1.24-3.89) (1.07-3.54) (1.82-9.49) 

2.92= 2.86 2.78a 3.52 
(1.74-4.91) (1.64-4.97) (1.58-4.89) (1.52-8.13) 

2.27a 2.35 2.23a 2.27 
(1.32-3.75) (1.35-4.09) (1.27-3.92) (0.94-5.46) 

2.77= 
(1.17-6.53) 

4.41= 
(1.87-10.39) 

3.53" 
(1.52-8.21) 

2.30 
(0.94-5.64) 

Literacy 
(yes, no) 

SES (higher l/3 
vs. lower 2/3) 

Toilet (latrine 
vs. modern) 

Running water 

1.98 
(1.17-3.33) 

1.86 
(1.14-3.03) 

2.10 
(1.29-3.42) 

2.32 
(1.33-4.06) 

2.17 
(1.18-3.99) 

1.96 

1.87a 2.00 1.89= 1.89 
(1.10-3.20) (1.14-3.52) (1.06-3.36) (0.77-4.67) 

1.66 2.39 2.06= 0.88 
(0.96-2.86) (1.38-4.14) (1.12-3.81) (0.38-2.07) 

1.88a 2.65 2.26a 1.05 
(1.08-3.27) (1.53-4.59) (1.22-4.17) (0.45-2.46) 

1.55 2.08 1.78a 0.92 
(0.93-2.57) (1.23-3.52) (1.03-3.06) (0.36-2.34) 

1.78 2.48 1.94 1.49 
(0.91-3.49) (1.24-4.97) (0.90-4.20) (0.53-4.19) 

1.81= 2.03 1.82a 1.76 

1.91 
(0.76-4.79) 

0.89 
(0.33-2.36) 

1.12 
(0.39-3.18) 

0.90 
(0.33-2.46) 

1.42 
(0.46-4.43) 

1.82 

(yes, no) (1.22-3.17) (1.10-2.96) (1.20-3.43) (1.06-3.12) (0.75-4.13) (0.74-4.50) 
&tatisticallysignificantodds ratio (p < 0.05). 

born to mothers with some education; 
and 83.3% of the former IUGR babies 
(those born to uneducated mothers) were 
Type I, as compared to 64.9% of the 
IUGR babies born to mothers with some 
education (p=O.O13 and p=O.O33, 
respectively). 

When compared to mothers with no 

education, mothers with at least three 
years of school had larger babies, fewer 
IUGR babies, and fewer Type I IUGR 
babies (p=O.OlO; p=O.O05; p=O.O18, re- 
spectively). As maternal education (years 
of school) increased, birth weight in- 
creased (R=0.15, Figure lC), but the dif- 
ference in birth weight between those 
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born to mothers with at least three years 
of school and those born to mothers with 
more education was not significant. 

Socioeconomic Status 

The variables used to obtain a socio- 
economic status (SES) score were years 
of maternal and paternal education and 
housing quality indicators: presence or 
absence of running water, presence or ab- 
sence of a toilet and type of toilet, pres- 
ence or absence of a radio, and presence 
or absence of a refrigerator. The scores 
attained with respect to these variables 
were added, and linear regression analy- 
sis was used to compare birth outcomes 
for the mothers scoring in the two lower 
terciles with mothers scoring in the up- 
per tercile. 

As Table 3 indicates, neonates in the 
lower SES group had a lower average 
birth weight than those in the higher 
group (2,902 g vs. 3,094 g, p=O.O05). Af- 
ter adjustment for race, this difference re- 
mained significant (p =0.034). Also, a 
higher percentage of IUGR babies was 
born to mothers in the lower SES group. 
Growth retardation occurred in 39.5% of 
these babies, as compared to only 22.0% 
of those with mothers in the higher SES 
group (p=O.O03). Also, 38.6% of the 
IUGR babies in the lower group were 
Type I, as compared to only 23.2% of 
those in the higher group (p=O.OO@. 
Similar results were seen when only 
housing quality variables were used to 
compute the SES score. 

In addition, a positive association was 
found between the presence of running 
water and birth weight (R=0.13). Babies 
born to mothers who reported having 
running water in the home had a mean 
birth weight of 3,026 g, as compared to a 
mean birth weight of 2,892 g for the rest 
(p =0.004). A higher percentage of IUGR 
babies and a higher percentage of Type I 
IUGR babies were born to mothers who 

had no running water in the home than 
were born to those who did (41.8% vs. 
26.8%, p=O.O06, OR=l.lO for IUGR; 
36.0% vs. 21.7%, p=O.OOS, OR=1.82 for 
Type I). 

Prenatal Care 

Prenatal care was defined as care pro- 
vided during pregnancy by the formal 
health care system. Variables examined 
with regard to birth outcome were 
whether or not a woman received prena- 
tal care, whether the care provided was 
public or private, and whether or not it 
was adequate. 

A direct relationship was found be- 
tween the number of prenatal visits and 
birth weight (R=0.21). Women who had 
at least one prenatal care visit delivered 
babies with larger average birth weights 
than women who received no prenatal 
care (3,005 g vs. 2,857 g, p=O.O04; see 
Table 3). Similarly, the average birth 
weight of babies whose mothers had one 
to three prenatal visits was lower than 
the average birth weight of those whose 
mothers had four to six visits, and the 
latter was lower than the average birth 
weight of those whose mothers had 
seven to nine visits (2,924 g vs. 3,037 g 
vs. 3,201 g; p=O.43). 

Also, women with first prenatal visits 
in the first trimester delivered babies 
with larger average birth weights than 
those whose first visits came in the sec- 
ond or third trimester (3,029 g for the first 
trimester group vs. 3,002 g for the second 
trimester group vs. 2,909 g for the third 
trimester group; p = 0.43). Although 
these differences were not found to be 
statistically significant, there was a trend 
toward higher birth weights among those 
having an earlier first prenatal visit, 

The difference between the mean birth 
weight of infants whose mothers re- 
ceived prenatal care from the public 
health care system (either a health center 
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or the regional hospital clinic) and the 
mean birth weight of those whose 
mothers received care from a private 
physician (2,965 g and 3,078 g, respec- 
tively) was not found to be significant 
(p=O.O6). Also, race and the site of pre- 
natal care were found to be associated 
(R=0.43); and after controlling for the ef- 
fect of race, the above difference became 
even smaller (p=O.66). 

Women with “adequate” prenatal care 
(this being defined as a first prenatal visit 
during the first trimester and seven to 
nine visits in all-26) delivered infants 
with a higher mean birth weight than did 
women with “inadequate” prenatal care 
(defined as no prenatal visits until the 
third trimester or less than five visits in 
all-26), the average birth weights being 
3,211 g vs. 2,913 g (p=O.O003). Unedu- 
cated women who received adequate 
prenatal care tended to deliver heavier 
babies than uneducated women who did 
not receive such care, the average birth 
weights being 3,170 g vs. 2,886 g 
(p=O.Ol). Because only 11 uneducated 
women received adequate prenatal care, 
an attempt was made to determine what 
other characteristics of these women 
were important in their delivering larger 
babies. There were, however, no obvious 
factors that could readily account for this 
difference. 

Birth Interval 

Overall, 10% of the babies in this study 
were born less than 18 months after the 
mother’s previous delivery. This group 
had an average birth weight almost 300 g 
lower than that of babies born between 
18 and 23 months after the last birth 
(2,913 g vs. 3,211 g, p=O.O22). Also, 
higher percentages of IUGR, Type I, and 
Type II babies were born after a birth in- 
terval of less than 18 months (42.9% vs. 
21.9% for IUGR, 36.8% vs. 19.4% for 

Type I, and 14.3% vs. 3.9% for Type II). 
Because of the relatively small numbers 
involved, these differences were not sta- 
tistically significant. After adjustment for 
maternal postpartum weight, odds ratios 
were significant only for birth interval 
and IUGR and for birth interval and Type 
II (see Table 4). 

As Figure 1D indicates, mean birth 
weight increased as the birth interval in- 
creased up to an interval of 48 months. 
However, after 48 months further in- 
creases in the birth interval were accom- 
panied by a decline in the average birth 
weight. 

DISCUSSION 

Birth Weight 

Variables found to have a significant re- 
lationship with birth weight, after con- 
trolling for confounding effects, can be 
grouped into three categories: nutri- 
tional, sociodemographic, and pregnan- 
cy-related. 

Maternal height (an indicator of 
chronic nutritional status) and maternal 
triceps skinfold thickness and maternal 
weight (indicators of current nutritional 
status) were all associated with birth 
weight. This suggests an association be- 
tween the mothers’ childhood nutritional 
status and infant birth weight, as well as 
an association between the mothers’ cur- 
rent nutritional status and infant birth 
weight. Other studies (23, 27, 28) have 
found similar relationships between 
these maternal variables and birth 
weight. A relationship between maternal 
head circumference (another indicator of 
chronic nutritional status) and birth 
weight has been reported by others (27, 
29) but was not found in this study. 

Sociodemographic variables found re- 
lated to birth weight in this study were 
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race, maternal education, and socio- 
economic status. Indian women tended 
to deliver babies with lower birth weights 
than did Ladino women. Ethnic differ- 
ences in birth weight have been found by 
others (23, 28). Kramer, in trying to ex- 
plain the lower birth weights seen in 
some racial/ethnic groups (23), postulates 
that Indian racial characteristics lead to 
development of shorter, smaller women, 
which in turn leads to LBW. However, 
the poor nutritional status common 
among Indians makes it hard to separate 
the effects of Indian racial characteristics 
from the effects of malnutrition during 
childhood. 

Regarding maternal education, illit- 
erate mothers, mothers with no formal 
education, and mothers in the lower so- 
cioeconomic status group (as defined 
above) all tended to have babies with 
lower birth weights than mothers in the 
remainder of the study sample. Most 
studies of factors associated with birth 
weight combine maternal education with 
socioeconomic status (SES). Some of 
these studies have found an association 
between SES and birth weight, while 
others have found no association (23, 27). 
The results of the present study suggest 
an association between maternal educa- 
tion and birth weight that is separate 
from SES . 

The pregnancy-related variables that 
we examined (parity, birth interval, and 
prenatal care) were all found to be associ- 
ated with birth weight. Mothers deliver- 
ing as a result of their first pregnancy, 
regardless of their age, tended to deliver 
babies with lower birth weights. This is 
consistent with other studies (23, 28), 
which have found a relationship between 
parity and birth weight after adjusting for 
the effect of maternal age. 

Women delivering less than 18 months 
after their last previous delivery also ten- 
ded to have babies with lower birth 
weights. Mean birth weight increased 

with the birth interval until that interval 
reached four years, after which birth 
weight began to fall. DaVanzo et al. (28) 
found this same relationship between in- 
creasing birth weight and increasing 
birth interval up to an interval of four 
years in Malaysia. Other studies have 
shown relatively lower birth weights 
with short birth intervals, and have also 
shown relatively lower birth weights 
with intervals longer than four years 
(30-32). It is likely that the usual etiology 
of LBW following a short birth interval 
differs from the etiology of LBW fol- 
lowing a long birth interval. Babies may 
have LBW after short birth intervals be- 
cause of the mother’s inability to re- 
plenish her nutritional reserves between 
pregnancies, while the cause of LBW fol- 
lowing longer birth intervals may be re- 
lated to maternal disease (28, 33). 

Women who received inadequate pre- 
natal care also tended to deliver babies 
with lower birth weights. This finding 
agrees with other studies that have found 
an association between prenatal care and 
birth weight (23, 34, 35). Two interesting 
findings from our study that relate to pre- 
natal care deserve mention. First, the 
mean birth weight of babies born to 
women receiving prenatal care from the 
public health care system did not differ 
significantly from that of babies born to 
women receiving prenatal care from pri- 
vate physicians. This implies that the 
public health care system is effective in 
preventing low birth weight among the 
babies of women who utilize its services. 
Second, when women with no education 
received adequate prenatal care they de- 
livered significantly heavier babies than 
uneducated women receiving inadequate 
prenatal care. Before concluding that pro- 
viding adequate prenatal care to unedu- 
cated women prevents LBW babies, it 
must be acknowledged that factors re- 
lated to care-seeking behavior in general, 
and prenatal care-seeking behavior in 
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particular, were not measured in this in- 
vestigation and could have influenced 
the results. The fact remains, however, 
that provision of adequate prenatal care 
to these women was associated with 
higher birth weights. 

Women in the study population did 
not smoke, and either did not drink alco- 
hol or did not admit to it. Therefore, the 
effects of smoking and alcohol consump- 
tion on LBW could not be studied. 

General Intrauterine Growth 
Retardation 

The maternal anthropometric variables 
showing significant adjusted odds ratios 
for IUGR after correction for potential 
confounders were postpartum weight, 
height, triceps skinfold thickness, and 
arm circumference (Table 4). These vari- 
ables include indicators of both chronic 
and current maternal nutritional status, 
and our findings are very similar to those 
obtained from a different population of 
women in Guatemala (29). 

The birth interval and the socio- 
demographic variables of literacy and the 
presence of running water in the home 
were also associated with significant ad- 
justed odds ratios for IUGR. Lechtig et al. 
(27) have suggested that certain maternal 
characteristics may help explain the rela- 
tionship between sociodemographic vari- 
ables and IUGR. A possible interpreta- 
tion in our case is that literacy and 
running water reflect better economic 
conditions, conditions that lead to lower 
levels of maternal malnutrition and dis- 
ease, and to less IUGR in general. 

Type I IUGR 

Significant adjusted odds ratios for 
Type I IUGR were only found for nutri- 
tional and socioeconomic variables. Ma- 
ternal postpartum weight, height, skin- 
fold thickness, and arm circumference 

(all indicators of nutritional status) were 
all associated with Type I IUGR. 

Before controlling for the effect of ma- 
ternal postpartum weight, the odds ratio 
for length of time between births was sig- 
nificant for Type I IUGR. After adjust- 
ment, however, the birth interval was not 
significant. Ferraz et al., who found simi- 
lar results in Brazil (24), have suggested 
that the effect of birth interval on IUGR is 
mediated through maternal weight. For 
example, if a short birth interval prevents 
the mother from restoring her nutritional 
reserves before her next pregnancy, her 
poorer nutritional status may lead to 
IUGR, especially Type I IUGR. 

Illiteracy, lack of education, and low 
socioeconomic status were all found to be 
significantly associated with Type I 
IUGR. All of these factors reflect the 
chronic effects of poverty, relatively poor 
living conditions, and lack of oppor- 
tunity. Taken together, the relationship of 
these factors to chronic malnutrition, in 
the absence of factors that reflect other 
maternal characteristics, suggests that 
the etiology of Type I IUGR is directly 
related to long-term poverty, malnutri- 
tion, and chronic poor living conditions. 

Type II IUGR 

Odds ratios for Type II IUGR were sig- 
nificant for two pregnancy-related vari- 
ables, parity and birth interval. 

The odds ratio for parity was signifi- 
cant specifically for women over 21 years 
old who were pregnant for the first time. 
The finding that these women, whose 
ages were in the upper 75% of the study 
sample, had more Type II IUGR babies 
from first pregnancies suggests an asso- 
ciation (1) between Type II and maternal 
conditions that contribute to delayed 
childbearing and (2) between Type II and 
maternal disease aggravated by preg- 
nancy. This agrees with a suggestion by 
Brar and Rutherford (36) that Type II 
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IUGR may result from medical disorders 
of pregnancy, and also with findings as- 
sociating Type II IUGR with pregnancy- 
induced hypertension (37). 

The odds ratio for birth interval was 
significant for women heavier than the 
25th percentile of the sample (107 
pounds) and for birth intervals of under 
18 months. This association between 
heavier women with short birth intervals 
and Type II IUGR suggests that mothers 
with short birth intervals who delivered 
Type II babies had been able to restore 
their nutritional reserves between the 
preceding and present pregnancies. The 
relationship implied, then, is between 
maternal disorders affected by short in- 
terbirth intervals and Type II IUGR, 
rather than between poor nutritional sta- 
tus and Type II IUGR. 

Maternal postpartum weight and ma- 
ternal height had significant odds ratios 
for Type II IUGR among Indian women 
but not among Ladino women. This find- 
ing cannot be fully explained, but it is 
possible that the high incidence of mal- 
nutrition among Indian women con- 
founded these results. 

CONCLUSIONS AND 
RECOMMENDATIONS 

The data from this investigation should 
be utilized in planning public health in- 
terventions. In the short term, adequate 
prenatal care should be provided to more 
women, with special attention to first- 
time mothers. In this regard, two impor- 
tant points need to be made. First, when 
uneducated women received adequate 
prenatal care, they delivered significantly 
heavier babies than uneducated women 
who did not receive adequate care. Sec- 
ond, the mean birth weight of babies 
born after prenatal care by private physi- 
cians was 113 g higher than that of babies 
born after care by public health pro- 
viders. However, this difference com- 

pletely disappeared when the effect of 
race was controlled. Therefore, providing 
adequate prenatal care from either source 
to more women should result in the birth 
of heavier babies; this makes it essential 
that health care providers, women, and 
their families be taught about the impor- 
tance of prenatal care. 

Babies born soon after the mother’s 
last previous delivery weighed signifi- 
cantly less than babies born after longer 
birth intervals, and a higher percentage 
of these short-interval babies had IUGR. 
Moreover, a trend of increasing birth 
weight with increasing birth interval was 
observed up to the point where the birth 
interval reached four years. These data 
clearly show that ways of increasing 
short birth intervals need to be explored. 
In particular, measures that provide edu- 
cation about contraception and increase 
its accessibility and acceptability should 
positively affect birth weight and help re- 
duce growth retardation. 

Long-term measures also need to be 
implemented. Prevention of infant and 
childhood malnutrition now will lead to 
taller mothers and heavier babies in the 
next generation. Improving the educa- 
tional status of female children by specifi- 
cally requiring at least three years of 
school will have a similar effect. 

As seems always to be the case, our 
data indicate that a general improvement 
of socioeconomic status would positively 
influence birth weight and reduce IUGR. 
(Babies born into the lower socio- 
economic group had a lower average 
birth weight and a higher proportion of 
IUGR individuals than the babies born 
into the higher group.) Interestingly, our 
data indicate that the provision of run- 
ning water to more households would 
have a positive effect on both birth 
weight and reduction of IUGR. 

The very high incidence of Type I 
IUGR observed in this study, together 
with the well-known chronic effects of 
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this type of growth retardation, strongly 
reinforce an obvious conclusion-that the 
etiology of Type I IUGR must be further 
studied. Among other things, the results 
reported here indicate Type I IUGR is as- 
sociated with chronic malnutrition and 
poor socioeconomic conditions that can- 
not be easily remedied. Superficially, it 
appears that an environment of chronic 
malnutrition and poor socioeconomic 
conditions would predispose mothers to 
chronic or frequent infections which, in 
turn, could lead to stunting of the rapidly 
growing fetus in a manner akin to the 
way infections have been shown to cause 
chronic malnutrition in infants (40, 41, 
42). Therefore, in view of the well-estab- 
lished relationship between malnutri- 
tion, poor socioeconomic conditions, and 
infection (38, 39, 40), the role of chronic 
or frequent maternal infections in Type I 
IUGR needs to be explored. 
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