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Abstract

Objective: To assess the adequacy of periconceptional intake of key micro-
nutrients for perinatal health in relation to regular cereal consumption of pregnant
women.
Design, setting and subjects: Low-income pregnant women (n 596) in Pittsburgh,
Pennsylvania, USA, who enrolled in a cohort study at ,20 weeks’ gestation.
These women reported usual dietary intake in the three months around con-
ception on an FFQ. Cereal consumers were women who reported consuming any
dry cereal at least three times per week. High risk for nutrient inadequacy was
defined as intake less than the Estimated Average Requirement.
Results: About 31 % of the women regularly consumed cereal. After adjusting for
energy intake, race/ethnicity, marital status, breakfast consumption and supple-
ment use, cereal eaters had significantly higher intakes of folate, Fe, Zn, Ca, fibre
and vitamins A, C, D and E (all P , 0?01) and were approximately two to six times
more likely to have intakes in the highest third of the distribution for folate, Fe,
Zn, Ca, vitamins A and D, and fibre (all P , 0?01) than cereal non-eaters. Cereal
consumption was also associated with reductions of 65–90 % in the risk of
nutrient inadequacies compared with non-consumption (all P , 0?01).
Conclusions: Encouraging cereal consumption may be a simple, safe and inex-
pensive nutrition intervention that could optimize periconceptional intake for
successful placental and fetal development.
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The periconceptional period represents a specific stage in a

woman’s life in which adequate nutrient intake is especially

important for both her and her fetus. Optimal pregnancy

outcomes rely on successful implantation and early pla-

cental and fetal development. Such physiological processes

involve remodelling of the maternal arteries underlying

the placenta, extensive cell division and differentiation,

and well-regulated responses to increases in inflammation

and generation of reactive oxygen species – all of which

may be influenced by maternal nutritional status(1–3). Not

surprisingly, inadequate periconceptional nutrition is asso-

ciated with pregnancy complications such as congenital

abnormalities(4), preterm birth(5), fetal growth restriction(6,7)

and pre-eclampsia(8). Thus, ensuring that women receive

adequate nutrition around the time of conception is

essential. Nevertheless, many US women of reproductive

age are at high risk of nutrient inadequacies(9,10).

The consumption of ready-to-eat breakfast cereals may

help women meet the high nutrient requirements of

pregnancy. Among non-pregnant individuals, breakfast

eaters are less likely than breakfast skippers to have

nutrient inadequacies(11–13), in part because of the typical

intake of ready-to-eat breakfast cereals in the morning

meal. Many ready-to-eat cereals are fortified with key

nutrients, such as folic acid, Fe, Zn, Ca and vitamins A, C

and D, all of which are linked to successful placental and

fetal development. Among US adults, cereal is the top

food source of folate, Fe and vitamin B6 and is among the

top ten food sources for many other micronutrients(14),

trends also observed in pregnant women(15). In fact,

micronutrient fortification of cereals makes significant

contributions to overall daily intakes, with a higher con-

tribution in women than in men(16). Indeed, children and

non-pregnant adults who consume cereal regularly have

higher intakes of most vitamins and minerals(11,12,16–20)

and lower prevalences of nutrient inadequacy than those

who do not consume cereal(11,13,16,19,20). Despite the

importance of maternal micronutrient status around

the time of conception, cereal intake has not been

explored in relation to nutrient adequacy in pregnant
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women. As nutrient needs increase dramatically during

pregnancy(21) and food preferences may change, studying

the association between cereal intake and nutrient ade-

quacy specifically during this stage of the woman’s life

cycle is important.

Our objective was to assess the adequacy of peri-

conceptional intake of key micronutrients for perinatal

health in relation to regular cereal consumption. We

hypothesized that pregnant women who ate cereal reg-

ularly in the periconceptional period would have higher

absolute nutrient intakes and lower risk of nutrient

inadequacies compared with women who did not eat

cereal regularly.

Methods

Data came from two pregnancy cohort studies conducted at

Magee-Womens Hospital in Pittsburgh, Pennsylvania, USA,

from 2003 to 2005. The studies were designed to explore the

effects of nutrition and other maternal factors on pregnancy

outcomes. Both studies enrolled women at ,20 weeks’

gestation (mean 17?6 (SD 3?9) weeks). Eligible women were

aged 14 to 50 years, carrying singleton pregnancies, plan-

ning to deliver at Magee-Womens Hospital and without

history of diabetes, hypertension, autoimmune disease or

other pre-existing medical conditions. After providing

informed, written consent, subjects in both studies com-

pleted an interviewer-administered questionnaire at enrol-

ment to collect data on sociodemographics, medical history

and health behaviours, including smoking, physical activity

and television watching. At enrolment, women completed a

self-administered FFQ assessing periconceptional dietary

intake, supplement use and meal patterns (discussed

below). The University of Pittsburgh Institutional Review

Boards approved these studies. A total of 596 out of 829

(72 %) women had complete dietary data and were

available for the current analysis.

Dietary assessment

Periconceptional dietary intake was assessed using a

modified Block98 FFQ (approximately 120 food/bev-

erage items)(22,23). The questionnaire asks about usual

dietary intake in the one month before and two months

after conception. The food list for this questionnaire was

developed from the dietary recall data of the third

National Health and Nutrition Examination Survey. An

individual portion size is asked for each food and pictures

are provided to enhance accuracy of quantification. The

FFQ has been validated in numerous samples(24–26) and is

currently being validated in our own population. Slight

modifications were made to the questionnaire to include

a more extensive list of fish and seafood items, to focus

on a three-month time period and to be specific for

pregnancy. Because this FFQ is semi-quantitative, it pro-

vides a projection of the amount of nutrients consumed.

The questionnaire also included an assessment of the

type and frequency of dietary supplements used in the

periconceptional period.

Questionnaires were sent to Block Dietary Data Sys-

tems (Berkeley, CA, USA) for optical scanning and

nutrient analysis using software originally developed at

the National Cancer Institute. The software used for

nutrient analysis produces estimates of usual intake for a

wide array of nutrients. It calculates the frequency of daily

intake and total daily grams of food consumed for each

food item, and provides the gram weight for each serving

size. Nutrient values were calculated by multiplying the

nutrient content of the food by the gram weight and

frequency, and summing across all food items. The

nutrient values were updated based on the US Depart-

ment of Agriculture (USDA) 1994–1996 Continuing Sur-

vey of Food Intake by Individuals for women aged 19–44

years and updated folate values for fortified foods from

the USDA Nutrient Database for Standard Reference,

Release 12 (USDA Agricultural Research Service, Beltsville,

MD, USA). Folate values were adjusted for increased

bioavailability of fortified folate. For foods without added

folic acid, micrograms of dietary folate equivalents (DFE)

were equal to the micrograms of naturally occurring food

folate. For foods with added folic acid, DFE were calcu-

lated using the following formula(27): micrograms of

naturally occurring food folate 1 (micrograms of added

folic acid 3 1?7).

The FFQ included three dry cereal line items: high-fibre

cereals, highly fortified cereals and all other dry cereals.

We summed the frequency reported for each cereal line

item to obtain an overall frequency of any ready-to-eat

cereal in the periconceptional period. We classified

women as regular cereal eaters if they reported con-

suming cereal at least three times per week at any point

throughout the day.

Women were defined as being at high risk for nutrient

inadequacy if their nutrient intake was less than the

Estimated Average Requirement (EAR) for pregnant

women. The EAR is one of the Dietary Reference Intakes

used to assess adequacy of a population’s intake(28). The

EAR is the average daily nutrient intake to meet the

requirements of half the healthy individuals for the spe-

cific life stage and gender group. We elected to assess

periconceptional diets relative to the EAR for pregnant

women because our definition of the three periconcep-

tional months included two postconception months and

one preconception month (a time when women should

be preparing for pregnancy). To assess the likelihood of

inadequacy for Fe, we used the cut-point approach rather

than the full probability approach(29). Too few data were

available for the Institute of Medicine to simulate an Fe

requirement distribution for pregnant and lactating women.

Because pregnant women have no menstrual losses, it is

assumed that the requirements are normally distributed

around the EAR (S. Murphy, personal communication,
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2008). An EAR has not yet been established for Ca and

vitamin D(30), so we did not calculate the risk of nutrient

inadequacy for these micronutrients.

Covariates

Intake of breakfast was determined using a diet pattern

questionnaire, which assessed the number, type and

timing of meals and snacks consumed in a typical week

around conception(31). The interpretation of what con-

stituted a meal or snack was left up to the participants’

discretion. We defined breakfast consumption as a self-

reported breakfast meal.

Sociodemographic and behavioural covariate informa-

tion was acquired through interview-based self-report.

Education (,12 years, 12 years, .12 years), pre-preg-

nancy smoking status (smoker, non-smoker), martial

status (married, unmarried) and parity (0, 1 or more) were

available. Race/ethnicity was self-reported and subse-

quently categorized as black or non-black because few

women reported races other than black or white. Pre-

pregnancy BMI (weight (kg)/height (m)2) was calculated

from maternal self-report of pre-pregnancy weight and

height measurement at initial visit. Women were asked to

categorize their usual amount of time spent watching

television in the year before the index pregnancy as 0–1,

2–3 or $4 h/d. At enrolment, subjects also self-reported

their use of multivitamins or prenatal vitamins in the

periconceptional period. Periconceptional supplement

users were women who reported using a prenatal vitamin

or multivitamin at least once per month in the three

months around conception.

Statistical analysis

We compared maternal characteristics by cereal intake

using Pearson x2 statistics. Multivariable linear regression

was used to assess differences in mean nutrient intake by

cereal use after adjustment for confounders. Nutrients

were log-transformed because nutrient intake was highly

skewed. Mean micronutrient and fibre intakes were

energy-adjusted by dividing the total amount of the

nutrient by the number of calories, and then multiplying

by 2000. These nutrient density values were then divided

into thirds based on tertiles. We used x2 tests to compare

the distribution of cereal eaters and cereal non-eaters

among tertiles of nutrient intake. We then used multi-

variable logistic regression to assess the independent

association between cereal intake and the odds of being

in the upper tertile of nutrient intake compared with the

lower two tertiles. Finally, we calculated the proportion of

women who consumed less than the EAR for each micro-

nutrient and used logistic regression to determine the odds

of micronutrient inadequacy by regular cereal use. We

also performed the aforementioned analyses excluding

nineteen women who reported regular consumption of

highly fortified cereals to ensure that the results were not

driven by their intakes.

We fit parsimonious regression models by specifying a

full model with potential confounding variables (energy

intake, breakfast consumption, maternal age, race/ethni-

city, parity, education, marital status, smoking, pre-preg-

nancy BMI, supplement use, pre-pregnancy television

watching). Potential confounders were considered to not

be influential and were removed from the model if their

inclusion did not satisfy our a priori change-in-estimate

criterion (a change in the coefficient of .10 %).

Results

About 31 % of women regularly consumed cereal. Cereal

eaters were more likely than cereal non-eaters to be

married, multiparous and users of dietary supplements

(Table 1). Cereal users also tended to be leaner and more

likely to consume a breakfast meal compared with cereal

non-users, although not statistically significant.

Energy intake was significantly greater among cereal

eaters than cereal non-eaters (Table 2). After adjusting for

energy intake, race/ethnicity, marital status, breakfast

consumption and supplement use, women who regularly

consumed cereal had significantly higher mean intakes of

folate, Fe, Zn, Ca, vitamins A, C, D and E, and fibre (all

P , 0?01; Table 2). Nutrient intakes were 14–83 % greater

among users than non-users.

Compared with women who did not consume cereal

regularly, regular consumers were significantly more

likely to have folate, Fe, Zn, Ca, vitamin A, vitamin D

and fibre intakes in the highest third of the distribution

(Table 3). Notably, regular cereal consumers were about

five and six times more likely to be in the highest tertile of

periconceptional folate and Fe intake, respectively, than

non-consumers after confounder adjustment.

Compared with cereal users, a significantly higher

proportion of non-users of cereal failed to achieve the

EAR for folate, Fe, Zn and vitamins A, C and E (all

P , 0?001; Table 4), and were therefore at high risk of

nutrient inadequacy. For instance, about 27 % of cereal

users and 71 % of non-users had folate intakes less than

the EAR. After adjusting for energy intake, race/ethnicity,

marital status, breakfast intake and supplement use, reg-

ular cereal consumption was associated with significant

reductions in risk of nutrient inadequacies compared with

cereal non-consumption (all P , 0?01). Women who

regularly used cereal had approximately 90 % reductions

in risk of inadequacy in folate and Fe, and 65–75 %

reductions in risk of insufficiency in Zn, vitamin A,

vitamin C and vitamin E.

The exclusion of the nineteen cereal users who reported

regular consumption of highly fortified cereals did not

meaningfully influence the findings (data not shown).

Further adjustment for age, education, smoking status,

parity, pre-pregnancy BMI and television watching did not

considerably alter any of the results (data not shown).
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Discussion

We observed that pregnant women who ate cereal at least

three times per week around the time of conception had

significantly higher intakes of key micronutrients com-

pared with women who did not eat cereal regularly,

even after controlling for confounders such as energy

and breakfast intake. Moreover, regular cereal users had

Table 1 Subject characteristics by regular cereal consumption*: low-income pregnant women (n 596), Pittsburgh, PA,
USA, 2003–2005

Regular cereal consumers Cereal non-consumers

Maternal characteristic n % n % P

Total 182 30?5 414 69?5
Age group (years) 0?52

,20 37 20?3 102 24?7
20–30 125 68?7 270 65?2
.30 20 11?0 42 10?1

Race/ethnicity 0?45
Black 67 36?8 166 40?1
Non-black 115 63?2 248 59?9

Education level (years) 0?68
,12 33 18?1 81 19?6
12 84 46?2 175 42?3
.12 65 35?7 158 38?2

Smoking status 0?34
Smoker 97 53?3 250 60?4
Non-smoker 85 46?7 164 39?6

Marital status ,0?05
Married 41 22?5 61 14?7
Unmarried 141 77?5 353 85?3

Parity ,0?05
0 122 67?0 316 76?3
1 or more 60 33?0 98 23?7

Pre-pregnancy BMI (kg/m2) 0?07
,18?5 14 7?7 21 5?1
18?5–,25 97 53?3 194 46?8
25–,30 30 16?5 105 25?4
$30 41 22?5 94 22?7

Breakfast consumption 0?07
Consumers 117 64?3 233 56?3
Skippers 65 35?7 181 43?7

Pre-pregnancy supplement use ,0?05
Yes 72 39?6 124 30?0
No 110 60?4 290 70?0

Television watching (h/d)- 0?76
0–1 38 21?1 97 23?6
2–3 84 46?7 181 43?9
$4 58 32?2 134 32?5

*Regular cereal consumption defined as cereal intake $3 times/week.
-Data missing on four women.

Table 2 Adjusted* mean nutrient intakes by regular cereal consumption: low-income pregnant women (n 596),
Pittsburgh, PA, USA, 2003–2005

Regular cereal consumers (n 182) Cereal non-consumers (n 414)

Nutrient Mean 95 % CI Mean 95 % CI P-

Energy (kJ/d) 12 719 11 400, 14 042 8817 7733, 9902
Energy (kcal/d) 3038 2723, 3354 2106 1847, 2365 ,0?001
Folate (mg/d) 512 474, 553 351 330, 373 ,0?001
Fe (mg/d) 16?1 14?9, 17?3 10?9 10?2, 11?5 ,0?001
Zn (mg/d) 9?0 8?3, 9?6 7?3 6?9, 7?8 ,0?001
Ca (mg/d) 908 832, 989 675 630, 722 ,0?001
Vitamin A (mg/d) 975 884, 1076 671 621, 726 ,0?001
Vitamin C (mg/d) 138 122, 157 113 102, 125 0?001
Vitamin D (IU/d) 179 148, 219 98 82, 117 ,0?001
Vitamin E (mg/d) 8?2 7?6, 8?9 7?2 6?7, 7?7 ,0?001
Fibre (g/d) 12?5 11?5, 13?6 10?2 9?6, 10?9 ,0?001

*Adjusted for daily energy intake, ethnicity, marital status, breakfast consumption and supplement use.
-Derived from multivariable linear regression models with the log nutrient intake as the dependent variable and regular cereal
consumption and covariates listed above as independent variables.
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significant reductions in risk of periconceptional micro-

nutrient inadequacies, including that of folate and Fe,

compared with non-users. These results are meaningful

as these micronutrients have been highlighted as shortfall

nutrients in women of reproductive age(10). In addition,

the positive effects of eating cereal were not limited to

women who regularly consumed highly fortified cereals.

To our knowledge, the present study is the first one to

explore the association between cereal intake and

micronutrient adequacy in pregnant women. Our findings

are consistent with numerous studies relating cereal

intake to nutritional status among children and non-

pregnant adults(11,16,19). For example, in a nationally

representative US sample of individuals aged 9 years and

older, nutrient intakes were 14–63 % higher in cereal

consumers than non-consumers as defined by self-report

on 24 h dietary recalls(19). Additionally, another study of

children and young adults in the USA found that cereal

eaters were significantly more likely to meet at least two-

thirds of the Recommended Dietary Allowance for folate,

Fe, Ca, Zn and vitamins A, C and D(11). Similarly, in 717 non-

pregnant Irish women aged 18–64 years, it was reported

that cereal consumption was associated with lower pre-

valence of inadequate intakes of folate, Fe, Ca, Zn and

vitamin C according to European Average Requirements.

Moreover, the proportion of women with nutrient inade-

quacies decreased as cereal consumption increased(16).

We used an FFQ to assess cereal intake, while most

previous studies used dietary recalls or records. Never-

theless, the percentage of pregnant women regularly

consuming cereal in our study was comparable to that

previously reported in women of reproductive

age(17,19,32,33). Although investigators of past studies

tended to focus on cereal intake at breakfast, we included

cereal intake throughout the day because a sizeable

proportion (36 %) of regular cereal eaters in our study

Table 3 Association between regular cereal consumption and adjusted odds of nutrient intake in the highest third of the distribution:
low-income pregnant women (n 596), Pittsburgh, PA, USA, 2003–2005

Regular cereal consumers Cereal non-consumers

Nutrient Tertile (median)* n or OR % or 95 % CI n or OR % or 95 % CI P-

Folate T1 (307 mg/d) 15 8?2 182 43?9 ,0?001
T2 (430 mg/d) 59 32?4 141 34?1
T3 (595 mg/d) 108 59?4 91 22?0
T3 v. T1 1 T2: Adj.-

-

OR, 95 % CI 5?0 3?4, 7?3 1?0 ref ,0?001
Fe T1 (9?6 mg/d) 12 6?6 183 44?2 ,0?001

T2 (13?1 mg/d) 55 30?2 146 35?3
T3 (18?3 mg/d) 115 63?2 85 20?5
T3 v. T1 1 T2: Adj. OR, 95 % CI 6?4 4?3, 9?5 1?0 ref ,0?001

Zn T1 (6?4 mg/d) 41 22?5 159 38?4 ,0?001
T2 (8?4 mg/d) 51 28?0 149 36?0
T3 (10?8 mg/d) 90 49?5 106 25?6
T3 v. T1 1 T2: Adj. OR, 95 % CI 2?7 1?8, 4?1 1?0 ref ,0?001

Ca T1 (530 mg/d) 27 14?8 171 41?3 ,0?001
T2 (763 mg/d) 60 33?0 139 33?6
T3 (1121 mg/d) 95 52?2 104 25?1
T3 v. T1 1 T2: Adj. OR, 95 % CI 3?2 2?2, 4?6 1?0 ref ,0?001

Vitamin A T1 (518 mg/d) 25 13?7 174 42?0 ,0?001
T2 (836 mg/d) 71 39?0 133 32?1
T3 (1282 mg/d) 86 47?3 107 25?9
T3 v. T1 1 T2: Adj. OR, 95 % CI 2?4 1?6, 3?5 1?0 ref ,0?001

Vitamin C T1 (81 mg/d) 52 28?6 151 36?5 0?06
T2 (152 mg/d) 71 39?0 123 29?7
T3 (255 mg/d) 59 32?4 140 33?8
T3 v. T1 1 T2: Adj. OR, 95 % CI 1?0 0?6, 1?4 1?0 ref 0?79

Vitamin D T1 (62 IU/d) 23 12?6 177 42?7 ,0?001
T2 (136 IU/d) 62 34?1 139 33?6
T3 (257 IU/d) 97 53?3 98 23?7
T3 v. T1 1 T2: Adj. OR, 95 % CI 3?5 2?4, 5?1 1?0 ref ,0?001

Vitamin E T1 (6?5 mg/d) 53 29?1 148 35?8 0?22
T2 (8?4 mg/d) 62 34?1 138 33?3
T3 (11?2 mg/d) 67 36?8 128 30?9
T3 v. T1 1 T2: Adj. OR, 95 % CI 1?2 0?8, 1?7 1?0 ref 0?78

Fibre T1 (9?2 g/d) 41 22?5 159 38?4 ,0?001
T2 (12?1 g/d) 61 33?5 139 33?6
T3 (17?2 g/d) 80 44?0 116 28?0
T3 v. T1 1 T2: Adj. OR, 95 % CI 1?8 1?2, 2?6 1?0 ref ,0?01

T1, lowest tertile; T2, middle tertile; T3, highest tertile of nutrient distribution; ref, referent category.
*Median energy-adjusted nutrient density for each tertile, calculated as (median nutrient intake/energy intake) 3 2000.
-Based on Pearson x2 statistics when comparing proportions and logistic regression for odds ratios.
-

-

All odds ratios were adjusted for ethnicity, marital status, breakfast consumption and supplement use.
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reported not usually consuming breakfast. This suggests

that cereal was often consumed as a snack or part of

another meal. This finding is consistent with a study of US

children and young adults, which found that about 40 %

of cereal eaters consumed cereal as lunch, dinner

or a snack and that those who consumed cereal at any

time of day had higher micronutrient intakes(11). Taken

together, these data highlight that cereal intake may not

need to be part of breakfast to have a positive impact on

diet quality.

Some health-care professionals may wonder about the

negative aspects of promoting cereal intake, such as

excessive weight gain, high sugar intakes and/or micro-

nutrient intakes above tolerable levels. Nevertheless,

cross-sectional studies have shown that cereal eaters are

often leaner(17,33,34) and also have lower daily intakes

of fat and cholesterol(16–19,33) than cereal non-eaters. We

also found that cereal users tended (P 5 0?07) to have

lower BMI values than cereal non-users. Moreover, ready-

to-eat breakfast cereals contribute minimally to overall

daily sugar intake(13). Cereal consumption should, how-

ever, be encouraged in moderation, with attention paid to

serving size, and in the context of a healthy diet.

The positive effect we observed of cereal intake on

micronutrient intake may not have been due to the cereal

itself, but rather to foods commonly eaten by cereal users

or healthy eating behaviours. For example, the higher

intakes of Ca and vitamin D seen among cereal users may

be due to the use of milk on cereal. We could not separate

these effects because 85 % of the cereal consumers

reported regularly using milk on their cereal. In addition,

there is unfortunately no gold standard for assessing usual

dietary intake. FFQ are limited by a restricted, culture-

specific food list; their representation of a person’s per-

ceived intake rather than actual intake; and their limited

ability to estimate absolute energy intake(35). However,

FFQ have the advantages of capturing usual past intake of

micronutrients, having a low respondent burden, and

ranking individuals relative to one another (i.e. high v.

low consumers)(35). We performed our analyses assessing

both tertiles of nutrient intake (to capture a ranking of

subjects) and micronutrient intakes less than the EAR

(an absolute measure of intake) and came to comparable

conclusions. Another limitation was the time lapse

between the period of recall (periconceptional period)

and completion of the FFQ (mid-pregnancy). A study to

validate the FFQ in our population is currently underway.

Finally, our small sample size prohibited us from studying

whether cereal intake protected against adverse preg-

nancy outcomes. Future investigations should explore

this intriguing research question.

Our results suggest that regularly consuming cereal in

the periconceptional period may help reduce the pre-

valence of deficiencies in essential micronutrients,

including folate and Fe. Inquiring about regular intake of

cereal could be used as an instant assessment of micro-

nutrient inadequacies in pregnant women. Encouraging

cereal consumption as part of a healthy lifestyle around

conception may be a simple, safe and inexpensive

nutrition intervention that could optimize maternal peri-

conceptional intake for successful placental and fetal

development.
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Table 4 Association between regular cereal consumption and risk of nutrient inadequacy: low-income pregnant women (n 596), Pittsburgh,
PA, USA, 2003–2005

Regular cereal consumers Cereal non-consumers

Nutrient % or OR 95 % CI % or OR 95 % CI P *

Folate % below EAR (520 mg/d)- 26?9 70?5 ,0?001
Adj.-

-

OR, 95 % CI 0?11 0?06, 0?19 1?0 ref ,0?001
Fe % below EAR (22 mg/d) 46?7 84?1 ,0?001

Adj. OR, 95 % CI 0?09 0?04, 0?18 1?0 ref ,0?001
Zn % below EAR (9?5 mg/d) 28?0 61?1 ,0?001

Adj. OR, 95 % CI 0?25 0?13, 0?46 1?0 ref ,0?001
Vitamin A % below EAR (550 mg/d) 5?5 26?8 ,0?001

Adj. OR, 95 % CI 0?26 0?12, 0?56 1?0 ref 0?001
Vitamin C % below EAR (70 mg/d) 5?5 20?1 ,0?001

Adj. OR, 95 % CI 0?36 0?17, 0?76 1?0 ref ,0?01
Vitamin E % below EAR (12 mg/d) 43?4 72?5 ,0?001

Adj. OR, 95 % CI 0?35 0?20, 0?62 1?0 ref ,0?001

EAR, Estimated Average Requirements; ref, referent category.
*Based on x2 tests when comparing proportions and logistic regression for odds ratios.
-EAR of specified nutrient for pregnant women .18 years. EAR is the average daily energy intake to meet the requirements of half the healthy individuals for
the specific life stage and gender group. Intakes lower than the EAR suggest high risk for nutritional inadequacy.
-

-

All odds ratios are adjusted for daily energy intake, ethnicity, marital status, breakfast consumption and supplement use.
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