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(ABSTRACT) 

This retrospective study was undertaken to determine 

the effect of nutritional counseling and assessment of 

underweight pregnant women enrolled in NIP program of the 

Virginia State Health Department on pregnancy outcomes, 

including biological, social and nutritional risk variables. 

A total sample of 2228 prenatal women enrolled in the 

program from 1988-1991 were subjects for this study. A NIP 

program tracking form was used to obtain all the information 

pertinent to this research. 

About half of the underweight women as measured by 

percent expected weight remained underweight at their last 

visit and only 44% of the underweight pregnant women had 

normal expected weight at their last visit. Women of the 

other ethnic group had the highest change in protein intake 

during their pregnancy indicating that these women showed 

remarkable improvement in their dietary intake. 

The incidence of low birth weight in this subject 

population was greater when compared with the state vital 

statistics. Black women appeared to be more vulnerable than



white women or women of other ethnic group. No significant 

difference was seen in the incidence of preterm and low 

birth weight infants born to underweight women who remained 

underweight at their last visit and those who had 

improvement in their percent expected weight. Longer NIP 

participation was not positively correlated with pregnancy 

outcomes. But positive correlations with number of 

nutritional visits and when the prenatal care began, it is 

possible that nutrition intervention by the NIP 

nutritionists may have reduced the incidence of unfavorable 

pregnancy outcomes.
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INTRODUCTION 

Fetal malnutrition is the result of a nutrition insult 

during pregnancy. The effect on fetal growth depends on the 

maternal nutritional status at conception and on the 

duration and intensity of the problem (Gonzalez-Cossio et 

al.,1991). Maternal nutrition is one of the many factors 

which helps to regulate fetal growth, and contributes to 

the resulting birth weight. Birth weight is a significant 

predictor of infant mortality and morbidity such as 

developmental delays and congenital anomalies. High early 

mortality is one of the functional consequences of low birth 

weight. Neonatal mortality sharply rises below 2500 g of 

birth weight (Gonzalez-Cossio et al.,1991). For the 

determination of birth weight, the most important 

physiological factors are the duration of pregnancy, the 

height and the weight of the mother, and the weight gain 

during pregnancy. Other factors which also influence the 

birth weight of the infant are socioeconomic factors such as 

race, education of the mother, and family income. Maternal 

undernutrition in developing countries, where chronic 

nutritional deprivation of the pregnant woman is common, is 

the most important explanation for the high proportion of 

low birth weight infants. 

Gestational undernutrition, a situation where a 
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pregnant woman fails to meet the nutritional needs of 

pregnancy, can be primary (caused by inadequate food 

intake), or secondary (caused by any physiological condition 

that prevents the mother from digesting, absorbing, or 

utilizing nutrients) (Institute of Medicine,1990). Numerous 

surveys conducted in developing countries have documented 

that changes in mean birth weight in infants born to low- 

income women are directly proportional to the degree of 

poverty in which these subjects lived (Lechtig et al.,1975; 

Prentice,1980; Mora et al.,1978). In industrialized 

countries gestational undernutrition is associated with 

inadequate food intake, poor education, young age, unmarried 

status, black race and low family income. These 

characteristics are also associated with shortened 

gestational duration (Metcoff et al.,1981). 

Nearly one in 14 U.S. infants is born weighing less 

than 2500 g and more than one of 10 infants is born 

prematurely-before 37 weeks of gestation. This high rate of 

low birth weight and preterm infants in the U.S. not only 

contributes to infant mortality, but also contributes to the 

incidence of developmental delays and disabilities, long-term 

illness and family distress. According to the Institute of 

Medicine (1990) the rate of low birth weight babies is the 

single most important outcome of prenatal nutritional 

intervention. It is postulated that dietary effects can be 
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expected in two situations: women with low prepregnancy 

weight and women with gestational undernutrition. 

The most commonly used nutrition intervention 

strategies include nutrition counseling or education, and 

nutrition supplementation. Most studies, where effective 

nutritional intervention led to satisfactory maternal weight 

gain during pregnancy and ultimately to a reduced number of 

low birth weight infants and reduced perinatal mortality 

rate, were conducted with low-income women in developing 

countries (Lechtig et al.,1975; Mora et al.,1979; Prentice 

et al.,1983; Mardones-Santander et al.,1988). This fact 

strongly suggests that a nutrition intervention is likely to 

be beneficial only when it helps to prevent gestational 

undernutrition or improves chronically undernourished 

mother's nutritional status. In more affluent countries 

intervention has been successful only when it is directed to 

a much smaller group of women who are at risk. Only one 

study (Higgins,1976) has reported a substantial increase in 

birth weight in supplemented subjects, while others have 

showed only a small increase in birth weight (Adams et 

al.,1978). 

Poor prenatal care and insufficient food intake have 

both been associated with poor pregnancy outcomes. Between 

1970 and 1980, the incidence of preterm low birth weight 

infants in the U.S. declined by the same degree for both 
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white and black women-7.1%. The incidence of full-term low 

birth weight infants among all low birth infants decreased 

almost three times as much-20.9%. Consequently, the 

incidence of preterm low birth among all low birth weight 

infants has risen from 51% in 1970 to 56% in 1980. This has 

strengthened interest in improving the accessibility of 

prenatal services to low-income and minority women and in 

improving early initiation of services. One of the primary 

providers of prenatal services in the U.S. today is the 

Special Supplemental Food Program for Women, Infants, and 

Children (WIC). Most WIC participants are of low-income and 

women at a higher risk for poor pregnancy outcome than the 

general population. The program is specifically designed to 

counter the effects of inadequate nutritional patterns, 

which greatly increase the risk of adverse health outcomes 

of these women. It provides food supplements or vouchers, 

and individualized nutrition counseling regarding the proper 

dietary intake during pregnancy to the eligible low-income 

pregnant women. Conflicting and controversial results have 

been reported from studies that evaluated the effects of WIC 

on various outcomes, such as birth weight, perinatal 

mortality, anemia, and dietary intakes. Some studies have 

shown statistically significant improvements in infant birth 

weight and/or incidence of low birth weight infants in 

beneficiaries of the program compared to non-participants 
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(Edozien et al.,1979; Kotelchuck et al.,1984; Metcoff et 

al.,1985; Stockbauer,1986). However, in a major multi-year 

longitudinal study, Rush et al. (1988) showed no apparent 

association between WIC supplementation and birth weight. 

Most of these studies have been criticized for 

methodological limitations, such as the lack of control 

groups and small sample sizes (Institute of Medicine,1990). 

In undernourished women and women with a low 

prepregnancy weight-for-height, pregnancy weight gain tends 

to vary. Underweight women tend to gain more than average, 

whereas, the opposite is true of overweight women (Niswander 

et al.,1969; Simpson et al.,1975; Abrams et al.,1986). 

Adequate weight-for-height (expressed as a percentage of 

standard weight), is correlated with birth weight and mean 

birth weight increases linearly as maternal weight for 

height increases (Rosso, 1985). Consequently, the 

nutritional treatment is aimed at correcting the initial 

weight deficit and promoting adequate gestational weight 

gain. The Virginia Department of Health has made it a high 

priority to identify and intervene to improve the outcome of 

underweight pregnant women through the Nutrition 

Intervention Project (NIP) (Clements,1988). In this program, 

the nutritionist at the clinic screens by weighing women at 

their first prenatal visit and comparing their weight to 

standard weight-for-height values. If a woman is below the 
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standard weight, the amount of weight she should have gained 

for her week of pregnancy is added to the standard weight to 

arrive at "expected weight". The percent of the patient's 

expected weight is calculated and, if it is <90%, the 

patient is enrolled in NIP. The patient's dietary intake is 

assessed by the nutritionist using a 24-hour dietary recall 

and a food frequency record then a calculation is made of 

caloric and protein needs. If the patient's diet is 

estimated to contain less than the RDA, the nutritionist 

adds 250 cal and 10 g of protein daily to the diet 

prescription for each half-pound of weight gain calculated 

to be required per week. The aim is for the patient to gain 

up to her standard weight, plus 24 lbs at the end of 

pregnancy. All eligible patients are enrolled in the WIC 

program, and WIC foods are used in the dietary prescription. 

Patients in NIP are seen every 2 weeks until weight gain is 

adequate for two visits, they are then seen at the regular 

clinic visit once a month. Patients at >90% of expected 

weight are also enrolled in NIP, if they have inadequate 

weight gain (<2.25 lb/month during the second and third 

trimesters) for two consecutive visits.



STATEMENT OF THE PROBLEM 

The purpose of this study is to determine the effect of 

nutritional assessment and counseling of underweight 

pregnant women enrolled in NIP on pregnancy outcomes, 

including biological, social and nutritional risk variables. 

The effect of nutritional counseling on pregnancy outcome 

was measured by 

a) percent expected weight gain 

b) average weekly weight gain during pregnancy 

Other pregnancy outcomes will be determined by 

a) gestational duration 

b) birth weight of the infant 

c) socio-demographic factors 

i) age ii) race 

dad) smoking 

Certain variables were not included in the study because 

they were not on the tracking form and were not available 

for analysis. Not included were marital status and education 

of the women. 

OBJECTIVES 

1) To describe a segment of the population of underweight 

pregnant women enrolled and participating in the NIP 
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2) 

3) 

program of the Virginia State Health Department, from 

1988 to 1991, in terms of their sociodemographic and 

nutritional risk characteristics. Sociodemographic 

factors included race. Nutrition risk factors were 

measured by these characteristics: low maternal age, 

smoking, inadequate weight gain. 

To relate maternal nutritional performance to nutritional 

counseling by: 

a) assessing total weight gain in this population of 

pregnant women, against recommended weight gain up to 

standard weight plus 24 lbs at the end of pregnancy 

(Executive Summary,1990). 

b) assessing average weekly weight gain against a 

suggested >1 lb per week and no more than 2 1b per 

week until term (Executive Summary,1990). 

To determine pregnancy outcomes of the sample population 

in terms of 

a) gestational age and corresponding birth weights, 

related to nutritional counseling. 

b) infant birth weight compared with state vital 

statistics. 

HYPOTHESES 

The following hypotheses were investigated in this 
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research project. 

1. Change in percent expected weight during pregnancy will 

be positively correlated with the nutritional counseling, 

i.e., weeks of prenatal care and when the prenatal care 

began in the NIP program. 

Duration of participation, as assessed by weeks in the 

NIP program, will be positively correlated with the 

infant's birth weight. 

Incidence of low birth weight will be significantly 

reduced with change in percent expected weight in under- 

weight pregnant women in the NIP program. 

Incidence of preterm birth will be significantly reduced 

with change in percent expected weight in underweight 

pregnant women.



REVIEW OF LITERATURE 

In the last couple of decades several studies have 

demonstrated the strong association between poor nutrition 

during pregnancy and growth retardation of the fetus, 

particularly with growth and development of the brain. 

During pregnancy there are many physiological and 

biochemical changes which allow for satisfactory fetal 

growth and development. During this period nutritional needs 

increase, consequently, reduced food intake causes a 

detrimental effect on the growth and development of the 

fetus. Studies conducted in the 1940's have demonstrated 

that, under unfavorable conditions, pregnancy constitutes a 

stress upon the woman's body resulting in low-birth weight. 

Antonov (1947) showed that during the siege of Leningrad, 

because of severe food shortages, there was a marked 

reduction in mean birth weight. A similar relationship 

between maternal nutrition and pregnancy outcome was seen 

during World War-II in Holland. Stein et al. (1975) reported 

that the effects of wartime famine resulted in decreased 

mean birth weight due to gestational undernutrition. Nearly 

50 percent of all infants exposed to famine during the 

second half of gestation weighed as much as 500 g less at 

term. Decreases were also noted in maternal weight, 

placental weight, and in length and head size of the 
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infants. Although methodology in these studies has been 

questioned by other researchers, they establish the 

important fact that gestational undernutrition depresses the 

mean birth weight. These wartime experiences led to 

recommendations of dietary supplementation during pregnancy 

for women who are at nutritional risk. 

Food Supplementation Studies of Pregnant Women in Developing 

Countries. 

Nutritional intervention studies conducted in 

developing countries have been associated with increased 

maternal weight gain, higher infant birth weights, reduction 

in the incidence of low birth weight infants and preterm 

births. Lechtig et al. (1975) studied the effects of food 

supplementation during pregnancy on birth weight in four 

rural villages of Guatemala. Main variables which included 

maternal ingestion of food, maternal anthropometric 

measurements, obstetrical history, morbidity during 

pregnancy, socioeconomic status of family, birth weight and 

sex of the infant were analyzed. 

Two types of food supplements were offered: atole, a 

protein-energy supplement containing 163 kcal and 11g 

protein, or fresco, a low-energy supplement containing 59 

kcal with no protein. Both preparations contained similar 

concentrations of the vitamins and minerals which might be 
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limiting in the diets of this population. Women in two 

villages received atole while women in the other two 

received fresco. Attendance at the supplementation center 

was voluntary which resulted in a wide range of supplement 

intake during pregnancy. Of the total 671 births which 

occurred during the four years of the study, complete data 

were available for only 405 babies. 

Results indicated that birth weight was significantly 

related to energy intake over the course of gestation (30 g 

increment in birth weight per 10,000 supplemented calories). 

Comparing the effect on birth weight of the high energy 

intake group (>20,000 kcal) and the low energy intake group 

(<20,000 kcal) indicated that a net increment of 149 

kcal/day was associated with an 111g increase in birth 

weight and reduction in the incidence of low birth weight 

infants and preterm birth. 

In a prospective study conducted by Mora et al. (1979) 

the effect of food supplementation, during the last 

trimester of pregnancy of Colombian women in 456 families, 

at high risk for malnutrition, was examined. Selection 

criteria for these families were that the mother was in the 

first or second trimester of pregnancy and malnutrition was 

present in at least 50 % of children under 5 years of age. 

Selected families were randomly assigned to supplementation 

or to unsupplemented control groups for the third trimester 
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of pregnancy. Supplements included dry skim milk, enriched 

bread, vegetable oil and a vitamin-mineral supplement in 

amounts sufficient to meet a substantial proportion of the 

recommended dietary allowances for the pregnant mother and 

all members of the family. The food was distributed weekly 

at specific sites and consumption was monitored through 

random home visits. Food supplementation (net increment of 

155 kcal/day and 20 g protein/day) had a significant effect 

(p<0.05) on the birth weight of full-term male infants only 

(+95 g). No differences in weight gain were found between 

unsupplemented and the supplemented mothers pregnant with 

female fetuses. Weight gain of mothers pregnant with males 

who were supplemented for 13 weeks or more was significantly 

higher (+140 g/week) than that of controls, indicating that 

maternal nutrition influenced birth weight. This gender- 

specific effect of supplementation may be due to greater 

fetal growth potential in males. A strong association was 

found between weight gain during the last trimester of 

pregnancy and birth weight, regardless of sex. 

Prentice et al. (1987) studied the effect of food 

supplementation in a group of rural Gambian women who were 

acutely undernourished. All 197 pregnant women in the 

community were included in the supplementation group, and 

data collected from 182 pregnant women in prior years to the 

intervention were used as controls. Supplements given to 
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pregnant women in the experimental group consisted of 

energy-dense groundnut-based biscuits and a vitamin- 

fortified tea drink. The supplement was distributed every 

morning, except on holidays, and consumption was closely 

supervised. 

Supplementation had no significant effect on the rate 

of pregnancy weight gain or fat changes (as measured by 

triceps skinfold thickness) in either the wet season (when 

scarcity of food and intense agricultural work caused 

negative energy balances) or the dry season. Food 

supplementation during the wet season increased birth weight 

(+200 g), but did not have any effect in the dry season. The 

proportion of low birth weight during the wet season 

decreased significantly (p<0.002) from 23.7 to 7.5%, but no 

Significant effect was seen during the dry season. 

Food Supplementation Studies of Pregnant Women in 

Industrialized Countries. 

Although studies in developing countries have shown a 

positive effect of food supplementation on pregnancy 

outcomes, results of studies conducted in affluent countries 

have not been as conclusive. Some studies (Edozien et 

al.,1982; Kotelchuck et al., 1984; Kennedy et al.,1984) 

conducted in the U.S. concluded that maternal diet and 

infant outcome are significantly correlated, whereas others 
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found no association (Adams et al.,1978). The efficacy of 

the method used and multiple confounding factors may have 

produced these conflicting results. 

Non-WIC Studies. 

A study by Adams et al. (1978) was designed to 

investigate the effects of nutritional supplements on the 

outcome of pregnancy among women in California who had been 

identified as being at high risk of delivering low-birth 

weight infants. Two hundred and twenty-seven women, 

representing a wide range of ethnic and socio-economic 

groups, were selected on the basis that they had at least 

one of these risk factors: chronic hypertension, previous 

fetal loss, heart disease, heavy smoking, not married, short 

stature, or underweight. The women were randomly assigned to 

one of three study groups: group 1 consumed their normal 

diet plus a high-protein beverage supplement (40 g protein 

and 470 kcal); group 2 consumed their normal diet plus a 

low-protein beverage (6 g protein and 320 kcal); and group 3 

consumed their normal diet plus a vitamin-mineral 

supplement. Women in all three groups also received iron 

supplements. Dietary intake was assessed from a 7-day 

dietary record obtained before starting the supplement and 

another during the 34th week of pregnancy. 

No significant associations were found between prenatal 

nutrient intake and birth weight of infants which may have 
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been due to general adequacy of the prenatal diet. However, 

there was a tendency towards increased birth weight in women 

consuming higher protein intakes. A limitation of this study 

is that the sample size of this study is small. 

A retrospective, matched pair analysis was performed on 

1213 pregnant women who had received nutritional counseling 

and dietary supplementation at the Montreal Diet Dispensary 

(Rush, 1981). A significant increase in birth weight (53 g 

more than that of controls) was observed in infants born to 

women who weighed less than 63 kg (140 lb) at the time of 

conception and who received nutritional counseling and 

supplementation. There was no statistical difference in the 

proportion of low birth weight infants between the two 

groups. 

A subsequent study by Higgins et al. (1989) evaluated 

the Higgins Nutrition Intervention Program provided at the 

same dispensary. In this report Higgins et al. studied the 

impact of the Higgins program on the birth outcome between 

552 sibling pairs; each mother had participated in the 

program during the pregnancy of the second-born, but not of 

the first-born. A significant increase in birth weight (107 

g higher than those of their non-intervention siblings) was 

observed, but a very small increase in mean birth weight was 

observed in the group that was underweight, but had no other 

risk factors (+26 g) and in the no risk group (+61 g). 
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Compared to non-intervention infants the proportion of low 

birth weight among intervention infants decreased 

significantly (p<0.01) from 8.9 to 4.9% respectively. 

WIC Studies. 

The Special Supplemental Food Program for Women, 

Infants and Children (WIC) established by the U.S. Congress 

in 1972 provides supplemental foods to low-income pregnant 

and lactating women, infants, and young children who are at 

medical or nutritional risk. This program is probably the 

largest, in terms of population involved, of all national 

food supplementation programs. It currently serves over 3.4 

million persons monthly. Several studies have evaluated the 

effects of WIC on various outcomes, such as birth weight, 

perinatal mortality, anemia, child growth, and dietary 

intake (Edozien et al.,1979; Kennedy et al.,1984; Metcoff et 

al., 1985). Despite methodological differences, such as 

control used and sample size, these studies suggest that WIC 

has a positive and significant impact on recipients, 

compared to control subjects. 

A study by Edozien et al. (1979) was the first to 

assess the benefits of the WIC program. Detailed medical 

evaluation of the program was done to determine of there was 

sufficient malnutrition among the target population and if 

so, to determine if the WIC program produced a measurable 

improvement in the nutritional status of the participants. 
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The results indicated that there was a significant (p<0.05) 

increase in weight gain (4 lb, 6 oz) among pregnant women in 

the WIC program during the 24th to 31st week of pregnancy. 

The WIC program was associated with an increase in mean 

birth weights, with greater impact for black and Hispanic 

babies than for white babies. However, supplementation for a 

period of less than 3 months had no effect on birth weight. 

The anemia rate decreased only in women who were pregnant 

for more than 28 weeks of pregnancy. Though this study 

showed positive effects of the WIC program, it has been 

criticized for its study design, lack of a control group and 

the data quality. 

A better controlled retrospective study was conducted 

by Kennedy et al. (1984) in Massachusetts Health Centers 

which did and did not have the WIC program (i.e. between WIC 

women and non-participating WIC eligible women). The purpose 

of the study was to evaluate the impact of WIC participation 

on outcomes of pregnancy, especially in regard to birth 

weight. Their data indicated that there was a significant 

increase (p=0.014) in the mean birth weight (+174 g) of 

infants born to WIC adolescent mothers. WIC participants had 

a significantly lower (p=0.0259) incidence of fetal death 

when compared to the non-WIC group. 

In another controlled study, 293 WIC women were 

randomly assigned to a WIC supplemental group and a non- 

18



supplemental WIC group to test the effect of WIC supplements 

from mid-pregnancy on birth weight (Metcoff et al.,1985). 

After adjusting for gestational age, sex, number of prenatal 

visits, interval since the last pregnancy, race, smoking and 

a history of having previously delivered a low birth weight 

baby, the results showed that the WIC supplementation 

significantly (p=0.0395) increased mean birth weight (+91 

g). Birth weight was significantly correlated with maternal 

age and education, but not income. 

Stockbauer evaluated the prenatal components of the 

Missouri WIC program in 1986. Participation in WIC was found 

to be associated with a significant (p<0.05) increase ina 

mean birth weight (+16 g) for the overall population. WIC 

participants had a significantly lower percentage (9.6%) of 

low birth weight infants than the non-WIC group. Ina 

subsequent study (which included a 40% larger population of 

WIC prenatal participants) in 1987, Stockbauer confirmed the 

results of the 1986 study. WIC participation was associated 

with a decrease in low birth weight (7.8% versus 9.2%) among 

non-WIC participants, indicating that at least seven months 

of WIC participation is needed before any improvements in 

birth weight outcomes are seen. 

In a historical study, Rush et al. (1988) estimated the 

effect of the WIC program on birth outcomes over a nine year 

period (1972-1980) for all births in 19 states and the 

19



District of Columbia. WIC program participation data, vital 

statistics, and the U.S. census data were used. WIC 

participation was associated with a significant (p<0.05) 

increase in birth weight (23 g) and a longer duration of 

gestation (0.20 day, p<0.05). A significant decrease in 

fetal mortality (2.3 per 1000 births, p=0.04) was associated 

with WIC participation. The overall effects of the WIC 

program were greatest among pregnant women assumed to be at 

greater need (women with less education, or ethnic minority 

women). Rush et al. concluded that WIC participation was 

associated with longer duration of gestation, increased 

birth weight, reduced fetal deaths, improved prenatal care 

and reduced premature delivery. 

Nutrition intervention among underweight women. 

Malnutrition during childhood and puberty causes short 

stature and depleted reserves of some nutrients such as 

iron. Weight status of the woman before pregnancy is 

considered to have the strongest influence on birth weight 

of the infant. When pregnancy occurs, maternal nutritional 

demands are increased, which are rarely met in malnourished 

women. Prenatal weight gain is one of the factors which 

accounts for the largest proportion of variation in birth 

weight of full term infants. Pregnant women, who are 

underweight for height and gestational age, are at greater 
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risk of delivering infants with low-birth weight. 

Brown et al. (1981) evaluated the effects of low 

prepregnancy weight and weight gain during pregnancy on 

Guration of gestation and various infant outcomes. Data were 

obtained from health records of 399 underweight and 255 

normal weight women and their infants. The results showed 

that weight gain during pregnancy was not significantly 

related to prepregnancy weight status. Underweight women 

delivered infants at a younger gestational age (38.9 weeks) 

than did normal weight women (39.5 weeks). The incidence of 

low birth weight was twice as high (12.9% vs 6.9%) among 

infants born to underweight women as to normal weight women 

with the same weight gain. 

Several studies have shown that higher birth weight 

infants are associated with improved nutritional status of 

underweight pregnant women (Gormican et al.,1980; Simpson et 

al.,1975). A study by Bruce and Tchabo (1989) evaluated a 

perinatal intervention program to underweight pregnant women 

at the Arlington County Health Department. Fifty-two 

pregnant women who were underweight and failed to gain 

normally, were enrolled in a treatment group to receive 

extensive nutrition counseling and follow-up from a 

nutritionist throughout their pregnancy and were compared 

with a similar group of 52 underweight pregnant women who 

received no counselling. The mean birth weight of infants 
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born to the treated mothers was significantly (p<0.01) 

higher (+300 g) than that of infants born to the control 

group. The women in the treatment group gained about 8.6 kg; 

whereas, those in the control group gained only about 7.3 kg 

and delivered twice as many low-birth weight infants (17% vs 

8%). 

Mardones~-Santander et al. (1988) examined the effects 

on pregnancy outcome of powdered milk and a milk-based 

fortified product in a low-income group of underweight 

Chilean gravidas. Women receiving milk-based fortified 

supplement gained more weight than women receiving powdered 

milk (12.64 kg and 11.60 kg respectively; p<0.05). The mean 

birth weight was significantly higher (+77 g, p<0.05) in the 

milk-based fortified supplemented group than the powdered 

milk supplemented group. However, compared with non 

consumers (controls), women who consumed powdered milk or 

the milk-based product had infants with a mean birth weight 

higher by 258 g and 335 g, respectively. 

In a more recent study, Mitchell and Lerner (1989) 

compared gestational weight gain and pregnancy outcome ina 

matched group of 362 underweight and normal weight middle- 

class women who had early, and regular, prenatal care. The 

women were matched for age, marital status, parity, race, 

height, and smoking habits. Data analysis indicated a 

Significant (p<0.05) correlation between prenatal variables 
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associated with gestational age and antenatal weight gain in 

underweight, but not in normal weight, women. Mean antenatal 

weight gain of underweight women was significantly (p<0.001) 

higher than that of normal weight mothers (9.3 vs 8.5 kg). 

Underweight mothers who failed to gain 9 kg had 

significantly lighter infants, with a-mean birth weight of 

367 g less than the mean weight of infants of underweight 

mothers who gained 9 or more kg. 

Factors influencing birth weight outcome. 

Prepregnancy weight and weight gain. 

A mother's pregravid weight is an indirect measure of 

energy stores, while gestational weight gain is an indirect 

measure of energy intake. Both are considered to exert 

independent and additive effects on birth weight (Simpson et 

al.,1975). 

Evidence suggests that women who enter pregnancy with 

low prepregnancy weight and who restrict their dietary 

intake are at risk of delivering low birth weight infants 

compared with heavier women who gained more weight (Gormican 

et al.,1980). In the Collaborative Perinatal study of 

56,000 women and their infants, mothers with low 

prepregnancy weights had highest perinatal mortality rates 

with low weight gains. It is currently accepted by most 

researchers that perinatal mortality rates are lowest when 
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maternal pregnancy weight gains are between 24 and 27 pounds 

(Naeye,1979; Simpson et al.,1975; and Institute of 

Medicine,1990). Wide variation is seen in weight gains (7.3 

and 18.2) among normal weight women giving birth to full- 

term infants (Institute of Medicine,1990). This wide 

variation indicated that many factors, in addition to weight 

gain during pregnancy, contribute to a favorable outcome. 

Nevertheless, several studies have convincingly demonstrated 

that rate of weight gain is greatest in underweight women 

and least in overweight and obese women (Lechtig et 

al.,1975; Abrams et al.,1985; Simpson et al.,1975). A 

positive linear relationship was seen between maternal 

weight gain and infant birth weight. Findings from other 

studies have also shown the inverse relationship between 

maternal weight gain and unfavorable pregnancy outcomes 

(Gormican et al.,1980; Rosso,1985). 

Maternal Age. 

Maternal age has been found to influence gestational 

weight gain and the size of the baby at birth. A number of 

studies have shown that poor outcomes of pregnancy (low 

birth weight, high mortality and morbidity) occur more 

frequent among adolescents than among adult women (Ancri et 

al.,1977). Many studies have demonstrated that pregnant 

teenagers present special problems leading to increased 

maternal and fetal risks, including increased incidence of 
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preeclampsia, anemia, prematurity, prolonged labor, and 

small-for-gestational age infants. Frisancho et al. (1983) 

reported that after adjusting for differences in nutritional 

status, young teenage mothers had smaller newborns than 

older mothers. They also found that gestational weight gain 

is much greater in young mothers than in older women. 

Similar findings were also reported by Ancri et al. in 1977, 

suggesting that nutritional requirements of pregnancy are 

much greater among rapidly growing teenagers than among 

Older women. 

Gestational Age. 

Gestational age is considered to be the most important 

factor in predicting infant birth size and exerts the 

greatest influence on weight gain (Metcoff et al.,1981). 

Edozien et al.(1979) showed a moderate relationship between 

birth weight, duration of gestation, and supplementation 

among three different groups. The birth weights and 

gestational durations were adjusted for race, smoking, 

pregnancy order, pregnancy weight and height, income poverty 

ratio, and sex of the baby. A strong positive correlation 

has been reported between birth weight and gestational age 

of the infant with an increase in birth weight parallel to 

the length of gestation (Stockbauer,1986; Kotelchuck et 

al.,1984). In the historical study, Rush et al.(1988) showed 

a strong relationship of both race and educational level to 
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duration of gestation. The researchers reported about a week 

shorter duration among blacks and 0.2-0.3 week longer mean 

duration among the better educated. 

Smoking and Alcohol. 

Maternal smoking and alcohol consumption during 

pregnancy are one of the controllable environmental factors 

that may have a strong negative influence on birth weight. 

Findings from several studies suggest that smoking has a 

small effect on gestational weight gain but a larger effect 

on risk of low weight gain (Institute on Medicine,1990). A 

relationship between smoking and decreased infant birth 

weight has been demonstrated by many researchers (Metcoff et 

al.,1985; Stockbauer,1987). Perinatal morbidity and 

mortality have also been associated with maternal smoking 

(Meyer et al.,1977). Luke et al. (1981) reported fetal head 

growth retardation as a direct result of maternal smoking in 

women who smoked 10 to 20 cigarettes a day. Center for 

Disease Control's Pregnancy Nutrition Surveillance system 

for the period 1978-1988 among low-income pregnant women, 

showed that the risk of low birth weight was greater for 

smokers than for non-smokers (9.9% vs 5.7%), resulting in an 

excess low birth weight risk of 4.2% among smokers (Fichtner 

et al., 1990). Among both smokers and non-smokers, black 

women had a higher percentage of low birth weight infants 

than did white women, and the risk of low birth weight was 
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greater among black women. Low birth weight risk increased 

with age, and was greatest in the pregravid underweight 

women. A number of studies have indicated that increasing 

the food intake of pregnant women who smoke is unlikely to 

protect the fetus against the deleterious effects of 

Cigarette smoking (Naeye,1980; and Davis et al.,1976). 

Conversely, other researchers (Luke et al.,1981; and 

Niswander et al.,1963) have suggested that increased 

pregravid weight and gestational weight gain help to correct 

the growth retardation observed in infants born to women who 

smoke. 

An inverse linear relationship between alcohol 

consumption and infant birth weight has also been reported 

(Little,1977). The risk of growth retardation increases with 

increased alcohol consumption when controlled for cigarette 

and marijuana smoking (Rosett,1983). In this study of 800 

women, a daily consumption of 1 ounce of absolute alcohol 

before pregnancy (preceding month) was associated with a 

decrease in birth weight of 91 g; this same amount consumed 

in late pregnancy was associated with a decrease in birth 

weight of 160 g. 

Socio-demographic variables. 

Other demographic variables such as mother's education, 

ethnicity, family income, marital status, and family size 

have been associated with adverse fetal outcome. Decreases 
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in birth weight at lower socio-economic levels has been 

documented by many researchers (Naeye,1969). Increased risk 

of low gestational weight gain (less than 7 kg), and 

shortened gestational duration is linked to several 

demographic characteristics, e.g., low family income, black 

race, young age, unmarried status and low educational level. 

In studies where gestational duration and other factors were 

controlled, results indicated that black women are more 

likely to have low weight gain than are white women, the 

reason for this difference is not known (Executive 

Summary,1990). 

In the historical study of pregnancy outcomes, Rush et 

al. (1988) suggest that there were strong relationships of 

both race and educational level to duration of gestation: 

about a week shorter duration among blacks and 0.2-0.3 week 

longer mean duration among the better educated. Similar 

strong relationships in the frequency of very preterm (<33 

wk) and preterm (<37 wk) deliveries among less-educated 

blacks was also seen. The mean birth weight among whites, 

compared to blacks, was greater by 250 g, and about 100 g 

higher among the better-educated women. However, Metcoff et 

al. (1985) state that maternal characteristics and 

environmental factors such as maternal age, education, and 

income account for only 2.4% of the variance in adjusted 

birth weight. Thus, the pattern of results suggests that the 
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risk of delivering low birth weight infants and suffering 

more complications during pregnancy is higher among 

unmarried, black and hispanic women, and women with a low 

level of education. 
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METHODOLOGY 

This retrospective study was undertaken to determine 

the effect of nutritional counseling and assessment of 

underweight pregnant women enrolled in NIP on pregnancy 

outcomes, including biological, social and nutritional risk 

variables. 

Subject Population: 

The target population for this descriptive study 

consisted of a sample of underweight pregnant women enrolled 

in the Virginia NIP program between October 1988 and 1991. 

The NIP program was implemented through local health depart- 

ments throughout the state of Virginia. Determination of 

eligibility for the NIP program included an assessment of 

nutritional status by health professionals located at each 

clinic site. Only those women who were below the standard 

weight during their first prenatal visit, i.e. (<90% of the 

standard weight) were enrolled in the NIP program. The 

nutritionist took a 24-hr dietary recall and a food frequen- 

cy record and developed a dietary prescription, adding 250 

Kcal and 10 g of protein daily for each half-pound of weight 

gain calculated to be required per week. 

All women, if financially eligible, were enrolled in 

the WIC program, and WIC foods were used in the dietary 

prescription. Patients in NIP were seen once a month at 

30



their regular clinic visits and, if their weight gain was 

inadequate, they were seen every two weeks until weight gain 

was adequate for two visits. Women at >90% of expected 

weight, but with inadequate weight gain, were also enrolled 

in the NIP progran. 

A NIP pregnant women tracking form was used to obtain 

all the information pertinent to this research (Appendix A). 

Certain variables were not included in the tracking form and 

were not available for analysis. Not included were marital 

status and education of the women. 

Demographic data: 

The racial/ethnic status of each woman was retrieved 

from the tracking form and coded as 1=White, 2=Black, 3= 

Others. 

Nutritional risk characteristics: 

Nutritional risk variables experienced by the mother at 

the time of enrollment was obtained from the tracking forms. 

These include the following: 

1. Maternal age, 

2. Inadequate weight gain during pregnancy as indicated by 

less than 2.25 lbs per month during the second and third 

trimesters, 

3. Maternal percent expected weight gain: Percent expected 
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weight status was determined by adding the amount of 

weight the mother should have gained for her week of 

pregnancy to the standard weight for height and frame 

size. Using these data, subjects were identified as 

underweight, if their weight for height was less than 

90% of expected weight; normal weight, if their weight 

for height was greater than 90% and less than equal to 

120% of expected weight; and overweight, if their weight 

for height was greater than 120% of expected weight of 

the 1959 Metropolitan median weight tables, 

Subjects exposed to excessive smoking (1 or more Ciga- 

rette/day) were identified from their risk assessment 

records and were individually coded. 

Evaluation of Nutrition Counseling Services: 

Nutrition counseling services given to the participants 

was examined using the following variables: 

1. Duration of participation: Prenatal participants in the 

NIP can be enrolled in the program at any stage of their 

pregnancy. Duration of participation was calculated by 

recording the number of weeks, between the weeks of 

enrollment, and the weeks of delivery, 

Weeks when prenatal care began: Participants in the NIP 

were grouped by the number of weeks or trimester of preg- 

nancy when they initiated prenatal care, 
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3. Number of nutritional visits. 

Maternal Nutritional Performance Criteria: 

The following variables were used as a measure of the 

mother's nutritional performance: 

1. Maternal weight gain: Total maternal weight gain for the 

current pregnancy was calculated as the difference 

between the first visit and the last visit to the clinic. 

2. Pattern of weight gain: Change in maternal weight during 

the course of the current pregnancy, 

difference between maternal weight at 

and reported prepregnancy weight, was 

each subject. Inadequate weight gain, 

assessments against suggested average 

was recorded. 

defined as the 

each prenatal visit 

calculated for 

evidenced from 

weekly weight gain, 

3. Dietary adequacy: Differences in intake of protein, 

before and after receiving counseling services was 

evaluated (i.e. the difference between the first visit 

and the last visit). 

Pregnancy Outcome: 

The pregnancy outcomes was determined using the following 

two criteria: 

1. Gestational age: Information on gestational age was 

gathered from the tracking forms. Gestational age in com- 
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pleted weeks was determined based on the date of the last 

menstrual period and confirmed by physical examination of 

the infants. Infants were considered premature if their 

gestational age was less than 37 weeks. 

Infant's birth weight: Birth weight of infants, in grams, 

was obtained from the tracking sheets for this study. 

Infants with birth weights of less than 2500 g were 

designated as underweight or low birth weight. 
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STATISTICAL ANALYSIS 

Descriptive statistics, including frequencies and 

percentages was used to describe the population. Univariate 

procedure was used to obtain means and standard deviation of 

mean for total weight gain, rate of weight gain, gestational 

age and birth weight. A General Linear Models Procedure (SAS 

User's Guide, 1982) was used to study the effect of demo- 

graphic variables and maternal and nutritional risk indica- 

tors, on maternal nutritional performance and pregnancy 

outcome. Chi-Square statistics was used to locate the dif- 

ferences, and to measure statistical significant differenc- 

es. 

Multivariate analysis using Canonical correlation 

analysis was applied to examine for significant correlations 

between applied performance/pregnancy outcome and the compo- 

nents of nutrition counseling services and nutritional risk 

factors. Multiple regression analysis was used to evaluate 

the simultaneous significant effect of individual variables 

on the dependent variables, thus eliminating the effects of 

confounding nutritional risk variables. 

Tukey's studentized test was used to detect significant 

effect of race on the dependent variables. Wilcoxon two- 

sample test was used to assess the association between 

change in percent expected weight in underweight women and 
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pregnancy outcomes. 
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RESULTS AND DISCUSSION 

A total sample of 2228 prenatal women enrolled in the 

Virginia NIP Program from January, 1988, through December, 

1991, were subjects for this study. Demographic data, nutri- 

tional and non-nutritional risk characteristics displayed by 

the women, and pregnancy outcome information concerning the 

infants at birth were all recorded and coded on the NIP 

pregnancy tracking form. This information was analyzed and 

the results and discussion follow. 

Subject Description: 

The total number of pregnancy outcomes or observations 

for this study was 2228. For a total of 2094 women in the 

study all the information was recorded for each birth re- 

sult. Almost 90% (n=1879) of these women were also in the 

WIC program. Ten percent of the women were not in WIC be- 

cause their income were above eligibility levels. 

Demographic Data: 

Races: Of the 2228 women studied from 1988-91, 39.4% (n=878) 

were of the black race, 41.2% (n=918) were white and 16.3% 

(n=364) were classified as others which included Native 

Americans, Chinese, Japanese, Filipinos, Hawaiian, other 

Pacific Islanders and all other non-white, mixed race. 
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Age: The mean conceptional age of the study population was 

21.72 years as shown in Table 1. Twenty-nine percent (n=654) 

of the women were in age group of 0-18 years, sixty-four 

percent (n=1447) were in the 19-30 years age group, and a 

small percent i.e 5.7% (n=127) were in the 31 years and 

Older age group. 

Sex of the infant: Of the total of 2218 women studied 50.8% 

(n=1131) of the infants born to these women were females and 

48.8% (n=1087) were males. 

Nutritional and behavioral risk factors: 

Parity: Fifty percent (n=1049) of the subjects in this 

study were in their first pregnancy. Of the multiparous 

mothers, 29.3% (n=613) were in their second pregnancy and 

20.6% were in their third pregnancy. 

Maternal percent expected weight at the first and last 

visit: The mean percent of expected weight at the first 

visit was 93.75% and for the last visit was 96.48%. 

Fifty-five percent (n=1235) of the women who entered 

the program were classified as underweight, having <90% of 

the expected weight for height for that week of pregnancy. 

Thirty-six percent (n=820) of the women were classified as 

having normal expected weight and 7.76% (n=173) were classi- 
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Table 1: Mean and standard deviation of Nutritional Risk 

Characteristics. 

  

  

Nutritional Risk N Mean s.D. 
Characteristics 

Conceptional Age (yr) 2228 21.72 4.83 

Parity 2228 2.13 1.39 

Percent of expected weight 2228 93.75 24.40 
at first visit (%) 

Percent of expected weight 2228 96.48 15.96 
at last visit (%) 

Smoking at the last visit 2227 3.20 6.96 
(# of cigarettes) 

Average weekly weight gain 2134 1.02 1.00 
(lbs) 

Total weight gain (lbs) 2228 14.79 13.28 
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fied as overweight. Chi-Square statistics were used to test 

the significant (p<0.0001) change in the percent expected 

weight at their last visit (Table 2). Of the 1235 women who 

were underweight at their first visit, 55.30% (683) remained 

underweight at their last visit. This may be attributed to 

non-compliance and influences of other adverse environmental 

and lifestyle factors. 

Forty-four percent (n=551) of the underweight women 

were in the normal expected weight category at their last 

visit. Seven percent (n=63) of the women in the normal 

weight category lost weight and were classified as under- 

weight at their last visit. Ninety-one percent (n=747) of 

the women in the normal weight category remained in this 

category throughout their pregnancy. Similar findings was 

reported by Mitchell and Lerner in 1989 indicating that 

underweight women gained significantly (p<0.001) more weight 

than their normal weight counterparts. Twenty-one percent 

(n=37) of the women in the overweight category lost weight 

and were in their normal expected weight category at their 

last visit, though 78.61% (n=136) of the overweight women 

remained overweight at their last visit. Several other 

studies have also demonstrated that the rate of weight gain 

is greatest in underweight women and least in overweight and 

obese women (Lechtig et al.,1975; Abrams et al.,1985; 

Simpson et al.,1975). The general conclusion of these find- 
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Table 2: Chi-Square statistics for percent expected weight at 
first aganist percent expected weight at last visit. 

  

  

  

  

            

Percent Percent expected weight at last visit 
expected 
weight : ’ . ’ . * 
at first Underweight Normalweight Overweight 
visit (<90%) (90-120%) (>120%) 

Underweight 55.30% 44.62% 0.08% 

Normalweight 7.68% 91.10% 1.22% 

Overweight 0.00% 21.39% 78.61% 

N= 2228 
DF= 4 
Value= 2096.02 

"Probability= 0.0001 

41 

   



ings were that the nutritional status of this population, as 

a whole at the time of enrollment, was poor and the women 

were at high risk for poor pregnancy outcome. About half of 

the women, who were underweight for their first visit, did 

not have an improvement in their percent of expected weight 

at the last visit. 

Smoking: On average, the number of cigarettes smoked by the 

women in the study population was 3.20 per day with high 

variability in the population as indicated by a standard 

deviation of 6.96 (Table 1). Women smoking more than one 

cigarette a day were considered at nutritional risk. Seventy 

percent (n=1523) of the women were non-smokers when they 

entered into the program. Twenty-nine percent (n=637) of the 

women smoked one or more cigarettes per day when they en- 

tered the program. 

Seventy-eight percent of the black mothers were non- 

smokers while 21.75% were smokers. A large percentage 

(97.25%) of the mothers (n=364) who belonged to the other 

racial/ethnic group were non-smokers. Almost half (47.49%) 

of the white mothers smoked during their pregnancy, while 

52.51% were non-smokers. Similar findings were reported by 

Kim et al. (1992) indicating that white women were more 

likely to smoke cigarettes either before or during pregnan- 

cy, than were black and Asian women. 

42



Average weekly weight gain: Among the 2134 women studied in 

the NIP program, 1.02 lbs was the average weekly weight gain 

(Table 1). Black women (n=829) had the lowest average weekly 

weight gain of 0.91 lbs/week compared to the whites (n=880) 

who had 1.03 lbs/week weight gain, and the other ethnic 

group (n=385) who had the highest average weekly weight of 

1.25 lbs/wk which is consistent with recommendations except 

for black women. 

Total weight gain: Total weight gain is expressed in this 

analysis as the total weight gain in the period between the 

first and the last visit. Fourteen pounds was the mean 

weight gained by the women in the NIP program with the high 

variability with 13.28 lbs as the standard deviation (Table 

1). 

Nutritional Counseling Services: 

Duration of participation: The mean duration of participa- 

tion of the women enrolled in the NIP program was 14.79 

weeks (Table 3). On average, white women had the highest 

duration of participation (16.45 weeks) compared to blacks 

(14.96 weeks) and the other ethnic groups (14.53 weeks). 

Weeks or trimester when the prenatal care began: Twenty one 

percent (n=456) of the 2228 women studied entered into the 
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Table 3: Mean and standard deviation of variables used in 
describing nutritional counseling services and 
pregnancy outcome. 

  

  

Variables N Mean s.D. 

Duration of Participation 2228 14.79 8.39 
(weeks) 

When prenatal care began 2228 19.39 7.69 
(weeks) 

Number of nutritional 2227 5.01 2.80 
visits 

Protein intake at first 2213 66.00 32.23 
visit (grams) 

Protein intake at last 2208 79.94 34.18 
visit (grams) 

Pregnancy outcome: 

Gestational age (weeks) 2227 38.80 2.70 

Birthweight (grams) 2227 3078.59 547.93 
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program in their first trimester (1-12 weeks). Most of the 

women (52.5%, n=1100) entered the program when they were in 

their second trimester (13-24 weeks), and 25.69% (n=538) 

women entered in their third trimester (>24 weeks). The 

average was 19.39 weeks of pregnancy when the women entered 

into the program (Table 3). 

Race was shown to have a significant (p<0.0001) effect 

on when prenatal care began, using the Chi-Square procedure. 

Twenty-six percent of the white women entered the NIP pro- 

gram in their first trimester compared to 19.18% of the 

black women and 17.66% of the other racial/ethnic group. A 

greater percentage (57.40%) of women of the other racial/- 

ethnic group entered the program in their second trimester 

compared to the blacks and the whites (50.66% and 52.16% 

resp.). Compared to the whites (21.82%) and the other ethnic 

group (24.94%), black mothers were more likely (30.16%) to 

enter the program in their third trimester. In conclusion, a 

high percent of white women entered the program early in 

their pregnancy while black women were more likely to enter 

the program in their third trimester. Other studies (Kim et 

al.,1989; Ku,L.,1989) have shown similar results indicating 

that white women are more likely to receive prenatal care in 

the first trimester than black women or women of other ra- 

cial/ethnic backgrounds. 

Number of nutritional visits: On average, 2227 women en- 
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rolled in the NIP program had 5.01 visits with the nutri- 

tionist (Table 3). 

Protein intake: The mean protein intake of the 2213 women 

in the NIP program, at their first visit, was 66 grams which 

increased by an average of 13.94 grams by their last visit 

(Table 3). Women of the other racial/ethnic group had the 

highest change in protein intake between the first and the 

last visit with a mean change of 17.66 g, while blacks had 

mean change in protein intake of 14.15 g and the whites had 

13.19 g. This indicates that women of other racial/ethnic 

group had the poorest nutritional intake at their first 

visit but had improved their protein intake considerably at 

the time of their last visit. 

Pregnancy outcome: 

Gestational age of the infant: The mean gestational age of 

the infants born to the 2227 women in the NIP program was 

38.80 weeks (Table 3) which was comparable to findings of 

Similar studies. Using the Chi-Square procedure race was 

found to have a significant (p<0.014) effect on gestational 

age (Table 4). Eighty-nine percent (n=1869) of the women 

studied had full term infants and only a small percent 

(10.74%, n=225) of them delivered preterm. A significantly 

(p<0.014) higher percent (92.47%) of women in the other 
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racial/ethnic group carried their babies to full term and 

only 7.53% of them delivered preterm compared to 12% of the 

black mothers and 10.11% of the white mothers. These results 

contradict results from other studies which indicate that 

women of other racial/ethnic groups have lower gestational 

age infants compared to white women. This suggests that 

nutritional status of the women may have improved with 

nutritional counseling received during participation in the 

program and the improved nutrition supported optimal fetal 

growth, as evidenced by increased gestational length. 

Women who entered the program in their first trimester 

had a significantly (p<0.023) lower rate of preterm deliver- 

ies compared to women who entered the program in their 

second trimester. Ten percent of the total of 21.78% women 

who entered the program in their first trimester had a pre- 

term (<37 weeks) delivery compared to 12.27% of women who 

entered in their second trimester (Table 5). Ninety percent 

of the women who entered the program in their third trimes- 

ter had a full term (>36 weeks) infant and only 7.81% hada 

preterm infant, indicating that these women may have had 

adequate nutrition when they entered the program. 

Birth weight of the infant: The mean birth weight of the 

infants born to the 2227 women enrolled in the NIP program 

was 3078.59 g with a wide variation of 547.93 g of standard 
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Table 4: Chi-Square statistics between pregnancy outcome and 

  

  

race. 

Variables N DF Value Probability 

Gestational age 2094 2 8.550 0.014 

Preterm: 

Blacks= 12.91% 
Whites= 10.11% 
Others= 7.53% 

Full-term: 

Blacks= 87.09% 

Whites= 89.89% 
Others= 92.47% 

Birth weight 2094 2 44.809 0.0001 

LBW: 

Blacks= 17.37% 
Whites= 11.59% 
Others= 3.90% 

Normal: 

Blacks= 82.63% 
Whites= 88.41% 
Others= 96.10% 
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Table 5: Chi-Square results for when the prenatal care began 
against gestational age. 

  

  

  

  

          
  

Trimester when Gestational age 
the prenatal care . . 
began Preterm Fullterm 

(<37 weeks) (>36 weeks) 

1st trimester 10.53% 89.47% 

2nd trimester 12.27% 87.73% 

3rd trimester 7.81% 92.19% 

N = 2094 

DF = 2 

Value = 7.54 

“Probability = 0.0231 
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deviation (Table 3). The mean birth weight of the infants 

born to the black mothers was lower (2971.35 g) compared to 

the whites (3136.58 g) and the others (3243.33 g). 

Incidence of low birth weight: Of the total of 2094 women 

studied 12.46% (n=261) gave birth to a low birth weight. 

infant weighing less than 2500 g at birth. The mean percent 

of low birth weight infants for 1988-91 in Virginia was 

7.3%, indicating that women in the NIP program had a much 

higher rate of low birth weight infants. Chi-Square statis- 

tics revealed that women of the other ethnic groups had 

significantly (p<0.0001) lower rate of low birth weight 

infants compared to the whites and the blacks (Table 4). 

Four percent of the women of the other racial/ethnic group 

had a low birth weight infant compared to 11% of the white 

and 17% of the black mothers. This confirms results by 

Fichtner et al.,1990 that, among nonsmokers, black women 

have a higher percentage of low birth weight infants than do 

white women. 

Many studies have demonstrated unfavorable outcomes of 

pregnancy when the mother smokes, with lower birth weight 

being the most frequent observation (van den Berg,1981; 

Naeye,1981). Chi-Square statistics used to determine the 

effect of smoking on birth weight revealed that 17.60% of 

the smokers had low birth weight infants compared to 11.10% 
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of non-smokers who had low birth weight infants. This was 

Significant at p<0.0001. 

Tukey's studentized range test was used to determine 

the effect of race on the dependent variables i.e. birth 

weight, average weekly weight gain, change in protein in- 

take, gestational age, and change in percent expected 

weight. The results indicated a significant effect (p<0.05) 

of race on these variables (Table 6). Women of the other 

racial/ethnic group had significantly higher birth weight 

babies compared to the white and black women. As shown in 

Table 6, women of other racial/ethnic group also had a 

Significantly (p<0.05) higher average weekly weight gain, 

change in protein intake, weeks of gestation and change in 

percent expected weight compared to the whites and the 

blacks. Compared to the blacks, white women had significant- 

ly (p<0.05) higher birth weight babies, average weekly 

weight gain, higher weeks of gestation, and higher change in 

percent expected weight. There was no significant difference 

between these two groups in their change in protein intake. 

Conclusions were that women of other racial/ethnic groups 

had significantly better pregnancy outcomes compared to the 

whites and the blacks and the whites had a better pregnancy 

outcome compared to the blacks. As stated previously, this 

confirms that black women are generally more likely to have 
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Table 6: Tukey's studentized range test for dependent 
variables against race. 

  

  

Lower Difference Upper 
Race Confidence Between Confidence 

Limit Means Limit 

Birth weight: . 
Other vs White 39.13 120.70 202.27" 
Other vs Black 240.59 322.92 405.24° 
White vs Black 137.60 202.21 266.82" 

Average weekly 
weight gain: 
Other vs White 61.10 144.42 227.74" 
Other vs Black 183.84 267.93 352.03" 
White vs Black 57.52 123.51 189.51" 

Change in protein 
intake: 
Other vs White 5.20 79.68 154.16" 
Other vs Black 5.28 80.45 155.62" 
White vs Black -58.23 0.77 59.76 

Gestational age: 
Other vs White 7.25 86.90 166.54" 
Other vs Black 90.54 170.93 251.31° 
White vs Black 20.94 84.03 147.12° 

Change in percent 
expected weight: 
Other vs White 31.59 111.32 191.05" 
Other vs Black 178.94 259.41 339.88" 
White vs Black 84.94 148.09 211.24" 

  

“Significant at p<0.05 
DF= 2082 
Critical value of studentized range= 3.317 
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poor pregnancy outcomes than other races. 

Prepragnancy weight status is one of the major factor 

that influences the infant birth weight. The Univariate 

procedure was used to calculate the mean and standard devia- 

tion for pregnancy outcomes for underweight pregnant women 

who remained underweight at their last visit and for those 

who fell in the normal expected weight category (Figure 1 

and Figure 2). No difference was seen in mean for gesta- 

tional age of infants born to underweight women who remained 

underweight at their last visit (mean=39.13 weeks, n=690) 

and underweight women who had normal expected weight at 

their last visit (mean=39.06 weeks, n=547). The mean birth 

weight of the infants born to underweight women who had no 

improvement in their percent expected weight was 3143 g 

(n=690). Underweight women (n= 547) who showed improvement 

n their percent expected weight had 69.34 g (mean= 3212.34 

g) heavier babies than women who showed no improvement. 

The Wilcoxon two-sample test was used to test the 

Significant difference between these two groups on pregnancy 

outcomes. As shown in the Table 7 no significance was seen 

between the groups on gestational age of the infant. T-test 

approximation significance between the two groups on birth 

weight of infants was moderate (p<0.0552). These results 

suggests that change in percent expected weight in under- 

weight pregnant women had no significant effect on the 
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Figure 1: Boxplot for gestational age for underweight pregnant 
women who remained underweight at last visit and for 
those who had normal percent expected weight at last 
visit. 
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for those who had normal percent expected weight 
at last visit. 
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gestational age of the infant and had a moderately signifi- 

cant effect on the birth weight of the infant. However, Chi- 

Square statistics employed to determine the percent low 

birth weight in the two groups showed no significant differ- 

ence between the groups. Nine percent of low birth weight 

infants were born to underweight women who remained under- 

weight at their last visit compared to seven percent of low 

birth weight infants born to underweight women who had 

improvement in their percent expected weight at their last 

visit. This confirms reports of other studies (Rosso, 1985; 

Gormican et al., 1980) that percent expected weight gain is 

a Significant determinant of birth weight in underweight 

pregnancies. Contradictory results have been reported by 

Mitchell and Lerner, 1987; Brown et al., 1981; and Edwards 

et al., 1979, indicating that initial maternal weight is 

significantly associated with gestational age. 
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Table 7: Wilcoxon two-sample test (Rank sums) for pregnancy 
outcomes against percent expected weight for women 
classified as underweight. 

  

Percent expected 
weight 
(Underweight). 

Mean score T-test approx. 
significance 

  

Gestational age: 
Underweight at 
last visit 
Normalweight at 
last visit 

Birth weight: 
Underweight at 
last visit 
Normalweight at 
last visit 

690 

547 

690 

547 

625.63 0.4415 

610.62 

601.64 0.0552 

640.89 
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Canonical Correlation Analysis 

Because of the presence of extreme values in the data 

Spearman's correlation matrix was used to examine the asso- 

ciation between pregnancy outcome and nutritional risk 

variables. To further study the relationships between the 

independent and dependent variables, multivariate regression 

analysis using canonical correlation analysis was employed. 

Canonical correlation analysis determines the linear combi- 

nations of independent variables that are maximally corre- 

lated with linear combinations of the dependent variables. 

In using canonical correlations in this study, the following 

concepts were involved: 

1) The combined effect of the dependent variables (birth 

weight, average weekly weight gain of the mother, change 

in mother's protein intake (Protein intake at last visit 

- Protein intake at first visit), gestational age of the 

infant, and change in mother's percent expected weight 

gain (Percent expected weight at the last visit - Percent 

expected weight at the first visit) was viewed as repre- 

senting the single entity of "pregnancy outcome". 

2) The combined effect of the independent variables (parity, 

sex of the infant, conceptional age of the mother, race 

of the mother, duration of participation, protein intake 

at the first visit, when the prenatal care began and 

gravida) were viewed as factors that might affect pregnancy 
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outcome. 

3) The canonical variables V1, V2, V3, V4, and V5 show which 

linear combinations of the dependent variables have the 

strongest relationship with the independent variables 

(Table 8). 

4) The canonical variables W1, W2, W3, W4, and W5 represent 

the effect on pregnancy of various linear combinations of 

the independent variables, as related to the respective 

V variables (Table 8). 

5) V1 is matched with the corresponding W1 to get the best 

possible squared canonical correlation between the inde- 

pendent and the dependent variables. Similarly V2 is 

matched with corresponding W2 taking into account the 

squared canonical correlation between the first canonical 

variables. These correlations show how much of the varia- 

tion in the combined dependent variables can be explained 

by corresponding combinations of the independent vari- 

ables. 

To include race in the analysis, race was coded as the 

following numerical values: 

Race 1 category: black=-1, white=1, other ethnic group=0; 

Race 2 category: white and black=-1, other ethnic groups=2. 

Table 8 shows race 1 since both race 1 and race 2 had very 

Similar correlation with the W's. Because of missing data, 

especially regarding average weekly weight gain and protein 
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Table 8: Canonical analysis. Relationships between the 
dependent and the independent variables:significant 
correlations between the original variables and 
canonical variates at p<0.0001. 

  

  

  

  

Variables® V1 v2 v3 V4 V5 

BIRTHWT 0.2305 0.3740 0.7105 -0.5444 0.0762 
AVGWTGN 0.1168 0.2051 0.5957 0.6017 -0.4768 
PROTCHN 0.8905 -~0.4412 0.0202 0.1085 -0.0115 
WKSGEST 0.1881 0.4153 0.4478 0.1137 0.7607 
WTRATGN 0.3519 0.6577 0.1686 0.4448 -0.4662 

Variables’ wi w2 wW3 WA ws 

RACE 0.1009 0.2174 0.3336 -0.1717 -0.2432 
SMOKING -0.1493 -0.1255 -0.4566 0.1272 0.0718 
NVISIT 0.4772 0.4730 -0.2990 0.0259 0.0232 
PROGWKS 0.5039 0.7246 -0.4436 -0.1002 0.0035 
PROTEIN -0.8539 0.4731 -0.0269 -0.0308 0.0858 
WEEK1 -~0.3161 -0.4627 0.5714 0.1998 0.5214 
PARITY -0.1078 ~0.1878 -0.1825 -0.6865 0.3881 
SEX -0.0397 -0.0692 -0.2333 0.5912 0.1839 
CONCAGE -0.0359 -0.0950 -0.1056 ~0.4580 0.3765 
GRAVIDA -0.1319 ~0.1804 -0.2036 -0.5828 0.2898 

  

“BIRTHWT=Birth weight, 
PROTCHN=Change in protein intake, 

AVGWTGN=Average weekly weight gain, 
WKSGEST=Gestational age, 

WTRATGN=Change in percent expected weight, NVISIT=Number of 
nutritional visits, PROGWKS=Duration of participation, 
PROTEIN=Protein intake at first visit, WEEK1=When the prenatal 
care began, and CONCAGE=Conceptional age. 
N= 2094 
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intake at first visit, the effective sample size in the full 

multivariate analysis was reduced to 2094. 

Interpretation of the canonical correlation analysis: 

As shown in Table 9.1 the squared canonical correlation 

was 0.2757 indicating that 27% of the variance in the V1 is 

explained by the W1. Figure 3 shows the canonical correla- 

tion between V1 and W1. Simultaneous analysis of the depen- 

dent variables against the V1, change in protein intake had 

the maximum correlation (.8905) with the V1 variate with 

change in percent expected weight and birth weight having 

very small influence on V1 (Table 8), thus indicating that 

V1 mainly represented the change in protein intake. All the 

variables were significantly correlated with V1 at p<0.0001. 

The corresponding Wl had a strong negative correlation with 

the protein intake at first visit (-0.8539) anda 

positive correlation with the duration of participation 

(0.5039) and the number of nutritional visits (0.4772). To 

assist in interpretation of the canonical correlations of 

the independent variables on the V variate, multiple regres- 

Sion of the canonical V's on the X's (independent variables) 

was done. Significant tests are equivalent to the signifi- 

cance of X's (W's) on V's. Results revealed by the simulta- 

neous analysis of all the independent variables against V1, 

a significant correlation (p<0.0001) between V1 and protein 

intake at the first visit, number of nutritional visits, 
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Table 9.1: Multiple regression, of the canonical variate of the 
dependent variables” on the independent variables. 

  

Dependent Variable: Vl 

  

Sum of Mean 
Source DF Squares Square F Value Pr> F 
Model 11 577.17078102 52.47007100 72.07 0.0001 
Error 2082 1515 .82921898 0.72806399 

Corrected Total 2093 2093 .00000000 

R-Square Root MSE 
0.275762 0.8532667 

Source F Type III Ss Mean Square F Value Pr>F 
RACE 2 12.31152099 6.15576050 8.45 0.0002 
SMOKING 1 5.83911514 5.83911514 8.02 0.0047 
NVISIT 1 12.24351831 12.24351831 16.82 0.0001 
PROGWKS 1 36.34212986 36 .34212986 49.92 0.0001 
PROTEIN 1 365 .47340464 365 .47340464 501.98 0.0001 
WEEK1 1 12 .25289968 12 .25289968 16.83 0.0001 
PARITY 1 0.64923822 0.64923822 0.89 0.3451 
SEX 1 0.31676951 0.31676951 0.44 0.5096 
CONCAGE 1 0.00155222 0.00155222 0.00 0.9632 
GRAVIDA 1 2.33828594 2.33828594 3.21 0.0733 

Dependent Variable: V2 
Sum of Mean 

Source DF Squares Square F Value Pr>F 
Model 11 480 .56779872 43 .68798170 56.41 0.0001 
Error 2082 1612 .43220128 0.77446311 

Corrected Total 2093 2093 .00000000 

R-Square Root MSE 
0.229607 0.8800359 

Source F Type III SS Mean Square F Value Pr>F 
RACE 2 45 .45944050 22.72972025 29.35 0.0001 
SMOKING 1 12.79667007 12.79667007 16.52 0.0001 
NVISIT 1 0.73794838 0.73794838 0.95 0.3291 
PROGWKS 1 132 .39671392 132 .39671392 170.95 0.0001 
PROTEIN 1 160.92594415 160.92594415 207.79 0.0001 
WEEK1 1 11.89523252 11.89523252 15.36 0.0001 
PARITY 1 2.77094440 2.77094440 3.58 0.0587 
SEX 1 0.32015756 0.32015756 0.41 0.5203 
CONCAGE 1 1.02148452 1.02148452 1.32 0.2509 
GRAVIDA 1 0.09894740 0.09894740 0.13 0.7208 

  

“Birth weight, average weekly weight gain, change in protein intake, 
gestational age, change in percent expected weight. 
N=2094 
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Scale: Mean=0, SD=2,-2. 

Figure 3: Scatter plot of first pair of canonical variables. 
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duration of participation, and when the prenatal care began 

was seen. This significant association indicates of that 

visits with the nutritionist may have resulted in improve- 

ments in the change in protein intake of women with low 

protein intakes at the first visit. It should be noted here 

that there was a negative weak correlation (-0.3161) be- 

tween when the prenatal care began and W1. Though race and 

smoking had weak correlations with Wi (0.1009 and -0.1493 

resp.) it was significant at p<0.0002 and p<0.0047 respec- 

tively. On the other hand as seen in the Table 9.1, concep- 

tional age had no significant effect on V1. 

Twenty-three percent (R-Square=0.23) of the variance of 

V2 was accounted by all the independent variables (Table 

9.1). Canonical correlation between the second pair of 

variates is shown in Figure 4. Change in percent expected 

weight gain had a significant but moderate correlation 

(0.6277, p<0.0001) with V2 with almost equal but opposite 

influence of gestational age and change in protein intake 

(0.4153 and -0.4412 resp.) (Table 8). Thus V2 represented 

the nutritional risk variable with moderate influence of 

gestational age. The corresponding W2 was clearly defined by 

variables measuring the nutritional counseling services. 

Duration of participation was strongly correlated (0.7264) 

with W2 and moderately correlated with number of nutritional 

visits and protein intake at first visit (0.4730 and 0.4731 
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Scale: Mean=0, SD=2,-2. 

Figure 4: Scatter plot of second pair of canonical variables 
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resp.). W2 also had a negative correlation (-0.4627) with 

the time prenatal care began. Simultaneous analysis of all 

the independent variables against V2 showed a significant 

correlation (p<0.0001) between duration of participation, 

change in protein intake at first visit, and when the prena- 

tal care began, race (0.2174) and smoking (-0.1255) and V2. 

Sex of the infant, conceptional age of the mother, and the 

number of nutritional visits did not have a significant 

effect on V2. 

Variate V3 was the best representation of the variables 

measuring pregnancy outcome. Only 11% (R-Square=0.11) of the 

variance of the V3 variate was accounted for by all the 

independent variables. Canonical correlation between the 

third pair of canonical variates is shown in Figure 5. As 

shown in the Table 8 a significantly (p<0.0001) strong 

correlation was seen between V3 and birth weight and average 

weekly weight gain (0.7105 and 0.5957 resp.) and a moderate 

correlation with the gestational age (0.4478). Looking at W3 

it was moderately correlated with when the prenatal care 

began (0.5714) and negatively correlated with smoking 

(-0.4566) and duration of participation (~-0.4436). Signifi- 

cant correlation (p<0.0001) was seen between smoking, when 

the prenatal care began, race and sex of the infant 

(p<0.0002). This confirms the other results that maternal 

smoking is negatively correlated with pregnancy outcome 
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Scale: Mean=0, SD=2,-2. 

Figure 5: Scatter plot of third pair of canonical variables. 
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variables. It should be noted that race and sex of the 

infant had rather weak correlations (0.3336 and -0.2333 

resp.) with W1. Number of nutritional visits and parity had 

a moderately significant correlation with V3 (p<0.0399 and 

p<0.0225 resp.). Again conceptional age, protein intake at 

the first visit and duration of participation had no signif- 

icant effect on V3. Similar results by Gormican et al.,1980, 

found no significant correlation with maternal age and 

number of pregnancies. 

Only 5 and 3 percent (R-Square=0.05 and 0.03 resp.) of 

the variance in V4 and V5 respectively was accounted for by 

the independent variables. Average weekly weight gain had 

the strongest correlation (0.6017, p<0.0001) with V4 while 

gestational age had the strongest correlation (0.7607, 

p<0.0001) with V5. The corresponding W4 had a strong nega- 

tive correlation with parity (-0.6865) while W5 had the 

strongest positive correlation with when the prenatal care 

began (0.5214). V4 was significantly correlated with the sex 

of the infant (p<0.0001), smoking (p<0.0007) and parity 

(p<0.0008). Significant correlation (p<0.0001) was seen 

between duration of participation and when the prenatal care 

began and V5. This association indicates that the NIP pro- 

gram may have reduced the unfavorable outcome of pregnancy, 

specifically, incidence of preterm, by extending the gesta- 

tional period. 
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Table 9.2: Multiple regression, of the canonical variate of the 
dependent variables on the independent variables. 

  

Dependent Variable: V3 

  

Sum of Mean 
Source DF Squares Square F Value Pr> F 
Model 11 225 .55072257 20.50461114 22.86 0.0001 
Error 2082 1867 .44927743 0.89694970 

Corrected Total 2093 2093 .00000000 

R-Square Root MSE 
0.107764 0.9470743 

Source DF Type III SS Mean Square F Value Pr>F 
RACE 2 82.10147097 41.05073549 45.77 0.0001 
SMOKING 1 40.77676534 40.77676534 45.46 0.0001 
NVISIT 1 3.79227053 3.79227053 4.23 0.0399 
PROGWKS 1 1.76559951 1.76559951 1.97 0.1608 
PROTEIN 1 0.00318160 0.00318160 0.00 0.9525 
WEEK1 1 40.78812556 40.78812556 45.47 0.0001 
PARITY 1 4.67513893 4.67513893 5.21 0.0225 
SEX 1 12.11302761 12.11302761 13.50 0.0002 
CONCAGE 1 0.00051188 0.00051188 0.00 0.9809 
GRAVIDA 1 0.01043684 0.01043684 0.01 0.9141 

Dependent Variable: V4 
Sum of Mean 

Source DF Squares Square F Value Pr> F 
Model 11 120 .60907199 10.96446109 11.57. + 0.0001 
Error 2082 1972 .39092801 0.94735395 

Corrected Total 2093 2093 .00000000 

R-Square Root MSE 
0.057625 0.9733211 

Source DF Type III Ss Mean Square F Value Pr>F 
RACE 2 7.58085125 3.79042563 4.00 0.0184 
SMOKING 1 10.79662038 10.79662038 11.40 0.0007 
NVISIT 1 0.54424824 0.54424824 0.57 0.4486 
PROGWKS 1 0.27647410 0.27647410 0.29 0.5891 
PROTEIN 1 0.00211131 0.00211131 0.00 0.9624 
WEEK1 1 5.07862008 5 .07862008 5.36 0.0207 
PARITY 1 10.68246196 10.68246196 11.28 0.0008 
SEX 1 38.77212057 38.77212057 40.93 0.0001 
CONCAGE 1 4.25078990 4.25078990 4.49 0.0343 
GRAVIDA 1 0.68064425 0.68064425 0.72 0.3967 

  

“Birth weight, average weekly weight gain, change in protein intake, 
gestational age, change in percent expected weight. 
N=2094 

69



Table 9.3: Multiple regression of the canonical variate of the 
dependent variables on the independent variables. 

  

Dependent Variable: V5 

Source 
Model 
Error 

Corrected Total 

Source D 
RAGE 
SMOKING 
NVISIT 

PROGWKS 
PROTEIN 
WEEK1 
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SEX 
CONCAGE 
GRAVIDA P
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pt
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ey 
Sum of Mean 

DF Squares Square F Value 
11 71.39056585 6.49005144 6.68 0.0001 

2082 2021.60943415 0.97099396 

2093 2093 .00000000 

R-Square 
0.034109 

Type III Ss 
5.98126829 
0.04439903 
0.30065033 

22 .84465600 
0.00384970 

45 .27119188 
.91972311 
. 28837550 
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0.9853903 

Mean Square F Value 
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To summarize the salient characteristics of the canoni- 

cal variates which emerged were as follows: 

1) 

2) 

3) 

The first canonical variate of the dependent variables 

was the pure measure of the change in protein intake. 

The corresponding W1 was characterized by the inverse 

correlation of the protein intake at the first visit 

with a significant positive correlation with number of 

nutritional visits and duration of participation. 

V2 and W2 were clearly characterized by the nutritional 

risk variable i.e. change in percent expected weight 

and variables measuring nutritional counseling ser- 

vices, such as duration of participation with signifi- 

cant correlation with when the prenatal care began and 

protein intake at the first visit. 

It is interesting to find that V3 was clearly repre- 

sented by the pregnancy outcome variables while the 

corresponding W3 was the measure of the nutritional 

counseling variables i.e. when the prenatal care began 

against the nutritional risk variable smoking with 

Significant correlation with race and the sex of the 

infant. 

LIMITATIONS 

The methodological issues in the evaluations of most 

prenatal programs have been cited as one of the drawbacks. 
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It is difficult to select a comparable control group against 

which to measure a change in the experimental (NIP) group. 

In this study it was decided that access to similar data of 

a non-NIP group, comparable to the NIP population, was not 

attainable; therefore, comparisons were made with vital 

statistics when appropriate. Since no evaluation was per- 

formed on the non-NIP population, it cannot be concluded 

that the changes in results of this study are solely a 

result of the NIP program. 

Another potential bias that could affect the pregnancy 

outcome exists in selection of the study population. Because 

of missing data in the tracking information, 134 women were 

not included in this study. A further factor that could not 

be controlled in this study is the effect of program inter- 

vention on the NIP participants. There may have been differ- 

ences among sites in the uniformity of nutritional assess- 

ments and counseling provided to the women, and there also 

may have been differences in uniformity of using the nutri- 

tional supplements. Prior participation in NIP could have 

biased the results, as some of the women may have been in 

NIP during prior pregnancies and would have known about the 

program and how to obtain services. 

Some factors of nutritional risk were less reliable as 

measures and may have caused variability. For example, 24- 

hour dietary recall and food frequency records taken to 
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determine the protein intake and, thus, dietary adequacy are 

affected by degree of interpretation and completeness. 

Another limitation was that NIP tracking forms did not 

provide specific information on maternal education, marital 

status and consumption of alcohol. Any of these factors, in 

addition to a host of other factors, may have influenced the 

overall outcome. 
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SUMMARY AND CONCLUSIONS 

The purpose of this study was to examine the effect of 

nutritional and socioeconomic risk factors on pregnancy 

outcome of underweight pregnant women enrolled in NIP pro- 

gram. This research was initiated to develop a descriptive 

profile of the NIP population and to determine if any rela- 

tionship existed between their pregnancy outcomes and the 

nutritional and socioeconomic risk factors. The Virginia 

Department of Health implemented the NIP program to identify 

pregnant women at risk for adverse outcomes and to prevent 

those outcomes. About 90% of the study population were in 

the WIC program. A review of studies evaluating the WIC pro- 

gram has revealed that prenatal WIC participation is associ- 

ated with a reduction in the incidence of low birth weight 

and preterm delivery, especially among women at high risk. 

Furthermore, because of the high costs of low birth weight, 

it is more cost-effective to provide NIP to pregnant women 

to prevent poor pregnancy outcome than to provide treatment 

of low birth weight infants. 

The target population for this descriptive study in- 

cluded a sample of 2228 underweight pregnant women enrolled 

in the Virginia NIP program between 1988 to 1991. Demograph- 

ic data, nutritional and socioeconomic risk factors were 

collected by local health department staff using a NIP 
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pregnancy tracking form. In addition, the pregnancy outcome 

information was recorded for each subject, as represented by 

infants birth weight, gestational age at delivery, and sex 

of the infant. 

Demographic analysis showed that a significant portion 

of the subject population exhibited nutritional and socio- 

economic risk characteristics that are associated with poor 

pregnancy outcomes. Of the sampled population, an almost 

equal number of women were of black and white race and 16.3% 

were from other racial/ethnic backgrounds. A majority of 

them displayed two or three nutritional risk characteris- 

tics. Underweight, as measured by percent expected weight, 

inadequate weight gain and frequent conception, were the 

risk factors demonstrated by these subjects at the time of 

enrollment. About 30% of the prenatal subjects were smokers, 

which is a behavioral risk characteristic. 

About half of the prenatal subjects were classified as 

underweight when they entered the NIP program. Thirty-six 

percent of the women had normal expected weight and seven 

percent overweight were enrolled in the program because of 

their inadequate weight gain. About half of the underweight 

women remained underweight at their last visit and only 44% 

of the underweight women had normal expected weight at their 

last visit. However about 90% of the women in the normal 

expected weight range remained in that category at their 
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last visit. Some 20% percent of the overweight women had a 

normal expected weight at their last visit. The average 

weekly weight gain for this subject population was 1.02 lbs 

which is consistent with the recommendation by the Subcom- 

mittee on Nutritional Status and Weight Gain During Pregnan- 

cy. However, the subgroup of blacks had the lowest average 

weight gain compared to the whites and the other racial/- 

ethnic groups. 

The duration of participation of the subjects enrolled 

in the program was 14.79 weeks. About half of the subject 

population entered the program in their second trimester. 

Chi-Square statistics indicated that significantly higher 

percent of white women entered the program in their first 

trimester while a higher percent of black women entered the 

program in their third trimester, compared to the other two 

groups. Women of the other racial/ethnic group had the 

highest change in protein intake during their pregnancy, 

indicating that, though these women had lower calorie and 

nutrient intakes, they showed a remarkable improvement in 

dietary intake. 

Mean gestational age of the infants born to the prena- 

tal subjects was comparable to the results from other simi- 

lar studies. Gestational age is considered to be an impor- 

tant factor in predicting infant birth weight and this was 

indicative of the positive effect of participation in NIP. 
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Chi-Square statistics was used to determine the effect of 

race on gestational age. Women of the other racial/ethnic 

group had a significantly lower percent of preterm infants 

compared to the black and white women. Women who entered the 

program in their first trimester had significantly lower 

percent of preterm infants compared to women who entered the 

program in their second trimester. Thus indicating that 

early prenatal care and longer duration of NIP participation 

resulted in the greatest positive effects on pregnancy 

outcomes. 

The incidence of low birth weight in this subject 

population was higher when compared with the state vital 

statistics. Black women appeared to be more vulnerable than 

white women or women of the other racial/ethnic group. 

Four research hypothesis were examined in this investi- 

gation. The first research hypothesis was that change in 

percent expected weight during pregnancy will be positively 

correlated with the variables measuring nutritional servic- 

es. Canonical correlation analysis indicated that variate V2 

which chiefly represented the change in percent expected 

weight had a linear combination with W2 which was character- 

ized by the duration of participation. It was also positive- 

ly correlated with number of nutritional visits and nega- 

tively correlated with when the prenatal care began. 
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The second research hypothesis was that duration of 

participation will be positively correlated with the 

infant's birth weight. Variate W3 represented the variables 

measuring nutritional counseling had a negative correlation 

with duration of participation. Multiple regression of the 

V's on the independent variables showed a significant 

association of duration of participation with V3 which was 

represented by the pregnancy outcome variables with a strong 

correlation with birth weight. These analysis suggests that 

duration of participation in NIP program had a moderately 

negative correlation with the pregnancy outcomes, indicating 

that women who enter the program late in their pregnancy did 

not always have an unfavorable pregnancy outcome. 

The third hypothesis was that incidence of low birth 

weight will be significantly reduced with change in percent 

expected weight in underweight pregnant women. Use of the 

Wilcoxon two-sample test indicated that there was a moderate 

Significant difference in birth weight of infants born to 

underweight women who remained underweight at their last 

visit and infants born to women with normal expected weight 

at their last visit. However, the Chi-Square test revealed 

no significant difference in percent of low birth weight 

infants born to women in these two groups. 

The fourth and final hypothesis was that incidence of 

preterm will be significantly reduced with change in percent 
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expected weight in underweight pregnant women. Both the 

Wilcoxon two-sample test and Chi-Square statistics showed no 

significant difference in percent preterm infants born to 

underweight women who had improvement in their percent 

expected weight and those who did not have any improvement. 

The general conclusions of this study is that longer . 

NIP participation is not positively correlated with more 

positive outcomes of pregnancy. But positive correlations 

with number of nutritional visits and when the prenatal care 

began, it is possible that nutrition intervention by the NIP 

nutritionists may have reduced the incidence of unfavorable 

outcomes of pregnancy among women who entered late in the 

pregnancy. 

One important point emphasized by the findings of this 

study is the need to have greater change in percent expected 

weight in underweight pregnant women, perhaps by having the 

patients to gain to their standard weight plus 30-35 lbs by 

the end of pregnancy. It appears that NIP efforts should 

continue to target especially the underweight women and 

women of black race with health and nutritional intervention 

in an effort to lower the incidence of low birth weight 

infants. The implications from this study are to provide 

assessments about the program to improve maternal and child 

health professionals' awareness of underweight and inade- 

quate weight gains as high-risk factors in pregnancy. 
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