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■ Summary Background There
exists very little information on
possible effects on birth size of mi-
cronutrient intakes at levels that
are usually encountered among
pregnant women in developed
countries. Aim of the study To ex-
amine the relation of the intake of
20 micronutrients with birth
weight, placental weight, birth
length and head circumference of
the offspring. Methods In a cohort
of 222 Caucasian women with sin-
gleton pregnancies in Boston, USA,
diet during pregnancy was ascer-
tained at the 27th gestational week
through a validated semi-quantita-
tive food frequency questionnaire,
covering also intake of dietary sup-
plements. Micronutrient intakes
were correlated with birth size pa-
rameters after adjustment for con-
founding variables, including total
energy intake. Results Pantothenic
acid, sodium and vitamin E were
positively associated with all four
birth size parameters. For pan-
tothenic acid the association was
statistically significant with respect

to birth length, whereas for sodium
with respect to head circumference
and for vitamin E with respect to
birth weight. In contrast, zinc was
inversely associated with all four
birth size parameters and the asso-
ciation was statistically significant
with respect to head circumfer-
ence. Conclusions In a moderately
sized prospective study, we found
evidence that pregnancy intake of
pantothenic acid, vitamin E and
sodium may be positively related
with at least one of the studied
birth size parameters, whereas an
inverse association was found with
respect to zinc intake. For the re-
maining 16 micronutrients, our
findings indicate that they are not
associated with birth size, at least
within the range of intake encoun-
tered in this investigation. The re-
sults of this exploratory analysis
need to be confirmed before patho-
physiologic interpretations and
generalizations are attempted.

■ Key words diet – vitamins –
minerals – birth size – pregnancy

Introduction

Animal data and human studies in undernourished
populations indicate that insufficient intake of several
micronutrients, both vitamins and minerals, may have
adverse effects on fetal growth, and recommended daily
allowances have been formulated [1, 2].Very little infor-

mation exists,however,on the fetal growth effects, if any,
of micronutrient intakes at levels generally higher than
those recommended, that is at levels that are usually en-
countered in pregnant women under adequate care in
developed western countries.

We have examined the relation of the intake of 20 mi-
cronutrients (water and lipid soluble vitamins, and min-
erals) with birth size parameters in a cohort of non-
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preeclamptic pregnant Caucasian women under ade-
quate health care who had healthy singleton births after
gestation lasting from 37 to 42 weeks, inclusive, in a ma-
jor university hospital in Boston USA from 1994 to 1995.

Methods

The present investigation was undertaken in the context
of an international prospective study on predictors of
pregnancy hormones and pregnancy outcomes among
women in Boston, USA and Shanghai, China. Descrip-
tive findings from this study have been previously pub-
lished [3]. Due to lack of an adequate nutrient database
for the Chinese diet at this time, we present here data on
micronutrients in relation to birth and placental weight,
birth length and head circumference of the offspring for
the US women only.

Between March 1994 and October 1995, 402 eligible
pregnant women were identified at the Beth Israel Hos-
pital in Boston.According to study protocol, women had
to be Caucasian, less than 40 years old and have a parity
of no more than two. Women were not eligible if they
had taken any kind of hormonal medication during the
index pregnancy, if they had a prior diagnosis of dia-
betes mellitus or thyroid disease, or if the fetus had a
known major anomaly. A trained health professional
met all pregnant women at their first routine prenatal
visit to the collaborating maternity clinic, ascertained
eligibility for participation, explained to her the objec-
tives of the study and obtained informed consent. The
procedures followed were in accordance with the ethical
standards for human experimentation established by
the Institutional Review Board at the Harvard School of
Public Health and Beth Israel Hospital.

Of 402 eligible women, 77 refused to participate, 9
were subsequently excluded because the index preg-
nancy was terminated through a spontaneous or in-
duced abortion, 2 were excluded because of twin birth
and 10 were lost to follow-up after the initial meeting.
For the present analysis, we excluded 23 women because
they had a pregnancy that lasted less than 37 or more
than 42 weeks, 16 women because they had missing data
for one or more of the factors evaluated in this analysis
and an additional 14 women who developed preeclamp-
sia. Of the remaining 251 pregnant women, 27 had not
adequately completed the food frequency questionnaire
and 2 had missing data on dietary supplements. Thus,
222 women were included in the present study.

Details on the non-dietary aspects of the question-
naire administered and medical record reviewing have
been given in the earlier publication [3]. Birth size pa-
rameters, including placental weight, were measured at
delivery by study collaborators. For the collection of di-
etary information we used an extensive semi-quantita-
tive food frequency questionnaire covering also the in-

take of vitamin and mineral supplements. This ques-
tionnaire was identical to the one used and validated in
the Nurses’ Health Study [4]; information concerning
this questionnaire and ways to access it can be found in
the internet [5]. The questionnaire was mailed to the
women one week prior to their second routine visit to
the maternity clinic, which was around the 27th gesta-
tional week.It required information on their dietary pat-
terns during the second trimester of pregnancy and was
checked for accuracy and completeness by trained in-
terviewers during the women’s 2nd visit.

The statistical analyses were conducted using SAS
Software version 8.0 (SAS Institute, Cary, NC, USA). Fol-
lowing simple cross-tabulations, the data were modelled
through multiple linear regression with dependent vari-
ables, alternatively, birth weight, placental weight, birth
length and head circumference. Main exposure vari-
ables were, alternatively, intake of 20 micronutrients
through diet and supplements.Micronutrient intake was
calculated using the Nurses’ Health Study standard soft-
ware [6], which in turn relies on standard food compo-
sition tables for the United States population [7–9].

In studying the association between micronutrient
intake and pregnancy outcomes, we controlled for total
energy intake (continuously), as well as for several non-
dietary variables with confounding potential. Thus, we
controlled, in addition to energy intake, for maternal age
(categorically), maternal education (categorically), par-
ity (categorically), maternal height (continuously), pre-
pregnancy body mass index (BMI) (continuously), pre-
gravid oral contraceptive (OC) use (categorically),
smoking during pregnancy (categorically), exact gesta-
tional age at delivery (continuously) and gender of the
baby (categorically). Very few women reported alcohol
intake at low frequencies and quantities and, thus, alco-
hol intake was not a possible confounder in these data.

Results

Table 1 shows birth weight,placental weight,birth length
and head circumference according to maternal charac-
teristics and gender of offspring. Maternal characteris-
tics were evaluated as possible confounders of the asso-
ciation of micronutrients with birth size characteristics.
Positive associations with maternal height, pre-preg-
nancy BMI and pregravid OC use can be noted, indicat-
ing confounding potential. In contrast, no consistent ef-
fects were evident with respect to parity, smoking
during pregnancy, maternal age and educational level.
Because, however, confounding does not depend on sta-
tistical significance [10],all these factors were controlled
for in the main analyses.

In Table 2, the mean, standard deviation, median and
quartiles of intake of the studied micronutrients are pre-
sented, together with the respective recommended in-
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takes. The large majority (89 %) of pregnant women re-
ported consumption of one or more specified dietary
supplements and the indicated micronutrient intakes
incorporate both dietary and supplement sources. It is
evident that most women consume quantities exceeding
the recommended daily intakes.

Tables 3 to 6 present the crude and adjusted mean
changes in birth weight, placental weight, birth length
and head circumference per standard deviation increase
of the studied micronutrients. Adjustment was done for
energy intake, the maternal characteristics indicated in
Table 1, exact gestational age at delivery, as well as off-
spring gender. Both crude and adjusted data are pre-
sented for all studied micronutrients, to allow compar-
isons with the results of other investigations. Whenever
a micronutrient is significantly (p < 0.05) associated
with any of the four birth size parameters – which are
strongly intercorrelated – data in all four tables are given
in bold fonts.

Pantothenic acid and sodium are positively associ-

ated with all four birth size parameters. For pantothenic
acid the association is significant with respect to birth
length and suggestive with respect to birth weight,
whereas for sodium the association is significant for
head circumference and suggestive for birth weight. Vi-
tamin E is also positively associated with all four birth
size parameters, but the association is both substantial
and statistically significant only with respect to birth
weight. Lastly, zinc is inversely associated with all four
birth size parameters and the association is statistically
significant with respect to head circumference. None of
the associations retains statistical significance when p
values are adjusted through the Bonferroni procedure.

Discussion

We did not find strong evidence in support of a positive
or inverse association between the studied micronutri-
ents on the one hand and birth weight, placental weight,

n Birth weight Placental weight Birth length Head circumference
(g) (g) (cm) (cm)
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Maternal age (years)
18–24 5 3570 (160) 591 (65) 49.60 (1.54) 34.90 (0.29)
25–29 60 3478 (64) 543 (21) 50.17 (0.30) 34.38 (0.20)
30–34 138 3614 (39) 592 (16) 50.92 (0.20) 34.75 (0.15)
35+ 19 3489 (117) 597 (47) 50.15 (0.49) 34.11 (0.33)

Maternal education
High school graduate 36 3583 (77) 607 (51) 50.30 (0.42) 34.66 (0.24)
College graduate 92 3635 (48) 584 (17) 51.05 (0.24) 34.70 (0.16)
Higher 94 3490 (49) 563 (14) 50.32 (0.23) 34.47 (0.19)

Parity
1 136 3570 (41) 570 (13) 50.67 (0.20) 34.70 (0.13)
2 86 3558 (50) 590 (22) 50.55 (0.25) 34.44 (0.20)

Height (cm)
< 159 50 3473 (71) 573 (20) 50.26 (0.31) 34.18 (0.19)
160–164 53 3527 (71) 550 (22) 50.53 (0.28) 34.53 (0.20)
165–169 63 3599 (54) 577 (18) 50.70 (0.33) 34.85 (0.18)
170+ 56 3647 (58) 616 (35) 50.94 (0.32) 34.75 (0.30)

Pre-pregnancy BMI (kg/m2)
< 18.9 26 3468 (72) 541 (29) 50.30 (0.39) 34.07 (0.24)
19–21.9 107 3530 (45) 580 (21) 50.38 (0.23) 34.50 (0.18)
22–24.9 59 3681 (60) 580 (18) 51.41 (0.30) 35.01 (0.19)
25+ 30 3549 (102) 597 (26) 50.19 (0.41) 34.60 (0.27)

Oral contraceptive use prior to index pregnancy
No 50 3437 (59) 533 (19) 49.98 (0.27) 34.26 (0.21)
Yes 172 3603 (37) 590 (14) 50.81 (0.18) 34.69 (0.13)

Smoking in pregnancy
No 211 3566 (32) 579 (12) 50.68 (0.15) 34.64 (0.11)
Yes 11 3555 (192) 564 (50) 49.55 (1.12) 33.82 (0.41)

Gender of offspring
Male 112 3631 (40) 579 (13) 51.15 (0.22) 34.76 (0.17)
Female 110 3498 (48) 578 (20) 50.08 (0.21) 34.42 (0.14)

Table 1 Birth weight, placental weight, birth length
and head circumference of babies born to 222 non
pre-eclamptic Caucasian women with gestation 37 to
42 weeks, inclusive, according to maternal character-
istics. Boston, USA 1994–1995
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Micronutrient RDAs* Mean Standard Standard Median First Third
error deviation quartile quartile
of the mean

Vitamin B1 (mg) 1.5 3.2 0.1 1.6 3.2 2.4 3.8
Vitamin B2 (mg) 1.6 3.9 0.1 1.8 3.7 2.9 4.6
Niacin (mg) 17 37.3 1 14.6 36.8 28.2 44.0
Folate (µg) 400 1056.6 32.2 479.1 1129 743.6 1342.1
Pantothenic acid (mg) 3–12 6.6 0.3 4.5 5.6 4 7.5
Vitamin B6 (mg) 2.1 5.6 0.5 7.7 4.1 2.6 5.9
Vitamin B12 (µg) 2.2 12.2 0.4 5.6 12.2 8.4 15.0
Vitamin C (mg) 70 307.5 14.6 217.0 253.6 186.6 377.0
Retinol (IU) 2666.7 6219.4 217.1 3235.3 5886.3 4367.1 8523.1
Vitamin D (IU) 400 616.6 16.7 249.4 636.4 472.2 763.1
Vitamin E (mg) 10 23.7 2.9 42.7 15.6 6.9 34.6
Iron (mg) 30 61.0 2.1 31.7 70.2 32.4 79.7
Calcium (mg) 1200 1298.2 39 581.7 1238.5 884.3 1622.9
Phosphorus (mg) 1200 1512.3 43 640.3 1435.7 1084.5 1888.9
Copper (mg) 1.1 1.6 0.1 1 1.4 1 2.0
Magnesium (mg) 150–500 354.8 11 163.9 332.7 256.2 423.2
Manganese (mg) 1–10 2.2 0.1 1 2 1.5 2.6
Potassium (mg) 3100 3191.7 102.6 1528.2 3000.5 2293.6 3873.9
Sodium (mg) 600–3500 2303.2 65.7 978.7 2114.6 1653.1 2822.0
Zinc (mg) 15 20.8 0.8 11.5 19.8 11.3 28.9
Energy intake (kJ) 10460 8635.4 226.8 3380.3 8357.5 6399.9 10161.7

* Regular fonts refer to intakes recommended during pregnancy (source: (2) Picciano, 1996) . Italics refer to in-
takes, or range of intakes recommended for adult women, in the absence of specific recommendations for preg-
nant women (source: Commission of the European Communities. Reports of the Scientific Committee for Foods
(Thirty-first series) . Nutrient and energy intakes for the European Commission. Luxembourg, Office for Official
Publications of the European Community, 1993)

Table 2 Recommended Daily Allowances (RDAs)
and daily intake of micronutrients, through diet and
supplements, among 222 Caucasian non pre-eclamp-
tic women with gestation 37 to 42 weeks, inclusive.
Boston, USA 1994–1995

Table 3 Crude and adjusted* mean change in birth weight per standard deviation increase in micronutrient intake among 222 Caucasian non pre-eclamptic women with
gestation 37 to 42 weeks, inclusive, Boston, US 1994–1995. The adjusted associations are indicated in bold fonts when the respective micronutrient has been significantly
associated with any of the four birth size parameters

BIRTH WEIGHT

Crude Adjusted

Mean change (g) (95% CI) P value Mean change (g) (95% CI) P value

Micronutrient
Vitamin B1 +48.8 –14.3 to +112.0 0.13 +45.3 –27.4 to +118.0 0.22
Vitamin B2 +38.4 –24.5 to +101.3 0.23 +27.8 –44.6 to +100.2 0.45
Niacin +53.2 –9.1 to +115.5 0.10 +72.0 –5.9 to +149.8 0.07
Folate +23.2 –39.6 to +86.0 0.47 +2.3 –59.3 to +63.8 0.94
Pantothenic acid +84.9 +21.3 to +148.5 0.01 +65.6 –6.7 to +137.9 0.08
Vitamin B6 +6.8 –57.5 to +71.2 0.84 +2.7 –54.4 to +59.7 0.93
Vitamin B12 +14.0 –48.9 to +77.0 0.66 –19.3 –83.1 to +44.5 0.56
Vitamin C +21.2 –41.5 to +83.9 0.51 –26.8 –95.8 to +42.2 0.45
Retinol +26.0 –37.3 to +89.2 0.42 +29.3 –27.1 to +85.7 0.31
Vitamin D +10.4 –52.1 to +72.8 0.75 –10.0 –70.1 to +50.0 0.74
Vitamin E +38.0 –29.0 to +105.1 0.27 +64.5 +5.9 to +123.0 0.03
Iron –11.2 –73.8 to +51.4 0.73 –6.7 –63.9 to +50.6 0.82
Calcium +23.3 –35.5 to +82.2 0.44 +3.4 –70.5 to +77.2 0.93
Phosphorus +58.1 –2.6 to +118.9 0.06 +78.9 –46.9 to +204.7 0.22
Copper +5.0 –56.6 to +66.6 0.87 –64.3 –142.6 to +13.9 0.11
Magnesium +63.4 +2.3 to +124.4 0.04 +88.2 –9.9 to +186.3 0.08
Manganese +56.9 –5.1 to +118.8 0.07 +51.9 –29.6 to +133.4 0.21
Potassium +52.0 –8.7 to +112.8 0.10 +11.4 –115.1 to +138.0 0.86
Sodium +68.4 7.2 to +129.5 0.03 +117.0 –7.8 to +241.9 0.07
Zinc –19.9 –82.2 to +42.5 0.53 –48.5 –112.2 to +15.3 0.14

* Adjusted for all covariates in Table 1, for exact gestational age at delivery and for total energy intake
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Table 4 Crude and adjusted* mean change in placental weight per standard deviation increase in micronutrient intake among 222 Caucasian non pre-eclamptic women
with gestation 37 to 42 weeks, inclusive, Boston, US 1994–1995. The adjusted associations are indicated in bold fonts when the respective micronutrient has been signifi-
cantly associated with any of the four birth size parameters

PLACENTAL WEIGHT

Crude Adjusted

Mean change (g) (95% CI) P value Mean change (g) (95% CI) P value

Micronutrient
Vitamin B1 +2.9 –22.1 to +27.9 0.82 –3.1 –38.5 to +32.4 0.87
Vitamin B2 +7.7 –17.0 to +32.4 0.54 +4.5 –30.2 to +39.1 0.80
Niacin +4.3 –21.7 to +30.4 0.75 +2.2 –33.2 to +37.6 0.90
Folate +1.7 –22.3 to +25.8 0.89 –1.3 –28.6 to +26.1 0.93
Pantothenic acid +20.9 –2.7 to +44.5 0.09 +20.0 –11.4 to +51.5 0.21
Vitamin B6 –1.8 –23.2 to +19.7 0.87 –4.0 –25.1 to +17.1 0.71
Vitamin B12 +5.4 –20.8 to +31.5 0.69 +0.6 –29.9 to +31.0 0.97
Vitamin C –6.5 –29.1 to +16.2 0.58 –25.6 –56.0 to +4.8 0.10
Retinol –3.3 –27.7 to +21.2 0.79 –4.3 –28.7 to +20.2 0.73
Vitamin D +10.5 –14.4 to +35.4 0.41 +5.0 –22.5 to +32.5 0.72
Vitamin E –4.7 –33.7 to +24.4 0.75 +1.7 –26.4 to +29.9 0.90
Iron –5.3 –29.7 to +19.1 0.67 –3.3 –28.4 to +21.8 0.80
Calcium +10.7 –12.3 to +33.6 0.36 +3.3 –32.9 to +39.4 0.86
Phosphorus +18.3 –5.3 to +41.8 0.13 +39.9 –14.9 to +94.8 0.16
Copper +3.2 –20.7 to +27.1 0.79 –4.4 –38.4 to +29.6 0.80
Magnesium +9.1 –13.7 to +32.0 0.44 –0.3 –43.0 to +42.4 0.99
Manganese +13.1 –9.1 to +35.4 0.25 +13.8 –19.0 to +46.5 0.41
Potassium +12.1 –10.3 to +34.4 0.29 +12.3 –45.0 to +69.6 0.67
Sodium +13.6 –9.7 to +36.9 0.25 +24.7 –34.4 to +83.7 0.41
Zinc +11.5 –13.6 to +36.7 0.37 +17.7 –10.0 to +45.4 0.21

* Adjusted for all covariates in Table 1, for exact gestational age at delivery and for total energy intake

Table 5 Crude and adjusted* mean change in birth length per standard deviation increase in micronutrient intake among 222 Caucasian non pre-eclamptic women with
gestation 37 to 42 weeks, inclusive, Boston, US 1994–1995. The adjusted associations are indicated in bold fonts when the respective micronutrient has been significantly
associated with any of the four birth size parameters

BIRTH LENGTH

Crude Adjusted

Mean change (cm) (95% CI) P value Mean change (cm) (95% CI) P value

Micronutrient
Vitamin B1 +0.13 –0.18 to +0.45 0.41 +0.07 –0.30 to +0.43 0.72
Vitamin B2 +0.07 –0.24 to +0.39 0.64 –0.03 –0.39 to +0.33 0.89
Niacin +0.16 –0.15 to +0.47 0.31 +0.23 –0.16 to +0.62 0.24
Folate +0.02 –0.29 to +0.33 0.88 –0.14 –0.45 to +0.16 0.36
Pantothenic acid +0.43 +0.12 to +0.75 0.01 +0.42 +0.06 to +0.78 0.02
Vitamin B6 –0.02 –0.33 to +0.30 0.92 –0.04 –0.32 to +0.25 0.79
Vitamin B12 +0.05 –0.26 to +0.36 0.77 –0.13 –0.44 to +0.19 0.44
Vitamin C +0.15 –0.16 to +0.46 0.36 –0.03 –0.38 to +0.31 0.85
Retinol +0.02 –0.29 to +0.34 0.88 +0.01 –0.27 to +0.29 0.94
Vitamin D +0.01 –0.30 to +0.32 0.94 –0.10 –0.40 to +0.20 0.52
Vitamin E +0.04 –0.30 to +0.37 0.83 +0.17 –0.13 to +0.46 0.27
Iron –0.13 –0.44 to +0.18 0.40 –0.17 –0.45 to +0.11 0.24
Calcium +0.05 –0.24 to +0.34 0.72 +0.00 –0.37 to +0.37 0.99
Phosphorus +0.19 –0.11 to +0.49 0.22 +0.35 –0.27 to +0.98 0.27
Copper +0.04 –0.26 to +0.35 0.78 –0.17 –0.56 to +0.22 0.40
Magnesium +0.19 –0.11 to +0.49 0.22 +0.22 –0.27 to +0.71 0.39
Manganese +0.23 –0.07 to +0.54 0.14 +0.19 –0.21 to +0.60 0.35
Potassium +0.18 –0.12 to +0.48 0.25 –0.01 –0.64 to +0.62 0.98
Sodium +0.21 –0.09 to +0.52 0.17 +0.39 –0.23 to +1.01 0.22
Zinc –0.10 –0.41 to +0.21 0.54 –0.21 –0.53 to +0.10 0.19

* Adjusted for all covariates in Table 1, for exact gestational age at delivery and for total energy intake
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birth length and head circumference on the other. Nev-
ertheless, our data indicate that pantothenic acid,
sodium, vitamin E and zinc intake during pregnancy de-
serve attention in future investigations. It should also be
noted that the large confidence intervals of the regres-
sion coefficients concerning the other micronutrients
do not allow confident exclusion of minor effects of
these micronutrients on one or more birth size parame-
ters.

When evaluating the results of this investigation, it is
important to recognize the shortcomings implicit in the
generation of quantitative estimates from a semi-quan-
titative food frequency questionnaire that assumes
standard portion sizes and utilizes standard food com-
position tables. The net result is misclassification of in-
dividual nutrient intakes. In a prospective study, how-
ever, this misclassification is generally non-differential
and, as such, tends to attenuate existing associations
rather than generate false ones or amplify weak ones
[11].

Advantages of this study are its prospective nature,
reliance on a strict protocol, and the use of a validated
food frequency questionnaire and a reliable and rele-
vant nutritional database. The measurement of several
birth size parameters also allows assessment of internal
consistency. Support for the study validity is also pro-
vided by the demonstration of expected association be-

tween maternal height and pre-pregnancy BMI on the
one hand and birth size parameters on the other. There
were too few smokers in the present study to allow doc-
umentation of the established inverse association be-
tween smoking and birth size, the absence of unedu-
cated women in the study group hindered an evaluation
of the association between educational level and birth
size, and the variability of birth size by maternal age and
parity was not large enough to emerge in this moder-
ately sized investigation. Among the limitations of the
study is the undertaking of many comparisons without
underlying solid biomedical foundation, a process that
complicates the interpretation of the generated p values.
After application of the Bonferroni correction, none of
the associations reported in this paper would have been
nominally significant. The Bonferroni correction, how-
ever, is very conservative and may impart a non-signifi-
cant label on a genuine association [12].

Several studies have explored the association be-
tween maternal intake of various vitamins, or maternal
blood or cord blood vitamin levels in relation to birth
size parameters. The majority of these studies were re-
stricted to associations with birth weight. With respect
to vitamins B1, B2, niacin, B6 and B12, most studies
found no association [13–15], although an inverse asso-
ciation with birth weight has been reported for niacin
[16]. With respect to folate, several studies indicate a

Table 6 Crude and adjusted* mean change in head circumference per standard deviation increase in micronutrient intake among 222 Caucasian non pre-eclamptic women
with gestation 37 to 42 weeks, inclusive, Boston, US 1994–1995. The adjusted associations are indicated in bold fonts when the respective micronutrient has been signifi-
cantly associated with any of the four birth size parameters

HEAD CIRCUMFERENCE

Crude Adjusted

Mean change (cm) (95% CI) P value Mean change (cm) (95% CI) P value

Micronutrient
Vitamin B1 +0.22 +0.00 to +0.44 0.06 +0.10 –0.17 to +0.36 0.48
Vitamin B2 +0.17 –0.05 to +0.39 0.14 +0.03 –0.23 to +0.30 0.81
Niacin +0.22 +0.00 to +0.44 0.05 +0.12 –0.17 to +0.41 0.41
Folate +0.13 –0.09 to +0.36 0.24 +0.01 –0.21 to +0.24 0.91
Pantothenic acid +0.26 +0.03 to +0.48 0.03 +0.07 –0.19 to +0.34 0.59
Vitamin B6 +0.01 –0.22 to +0.24 0.94 –0.02 –0.23 to +0.19 0.87
Vitamin B12 +0.21 –0.01 to +0.43 0.06 +0.09 –0.15 to +0.32 0.47
Vitamin C +0.13 –0.09 to +0.35 0.24 –0.07 –0.32 to +0.18 0.58
Retinol +0.15 –0.08 to +0.37 0.20 +0.13 –0.08 to +0.34 0.22
Vitamin D +0.01 –0.21 to +0.23 0.92 –0.10 –0.32 to +0.12 0.38
Vitamin E +0.04 –0.19 to +0.28 0.73 +0.10 –0.11 to +0.32 0.35
Iron –0.05 –0.27 to +0.17 0.66 –0.08 –0.29 to +0.13 0.48
Calcium +0.14 –0.07 to +0.35 0.20 –0.02 –0.29 to +0.26 0.90
Phosphorus +0.30 +0.09 to +0.51 0.01 +0.28 –0.18 to +0.74 0.24
Copper +0.11 –0.11 to +0.32 0.33 –0.18 –0.46 to +0.11 0.23
Magnesium +0.32 +0.10 to +0.53 0.004 +0.28 –0.08 to +0.64 0.13
Manganese +0.32 +0.10 to +0.54 0.004 +0.25 –0.04 to +0.55 0.10
Potassium +0.25 +0.03 to +0.46 0.03 –0.16 –0.62 to +0.30 0.51
Sodium +0.36 +0.15 to +0.57 0.001 +0.48 +0.02 to +0.93 0.04
Zinc –0.08 –0.30 to +0.14 0.46 –0.25 –0.48 to –0.01 0.04

* Adjusted for all covariates in Table 1, for exact gestational age at delivery and for total energy intake
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positive association [17–20], but there are also reports
indicating absence of an association [14, 21]. For retinol,
vitamin D and vitamin E, all studies in healthy women
reported null associations [14, 19, 21]. Viewed in this
background, our overall findings concerning vitamins
may be viewed as null, particularly since the Hill criteria
on establishing causation through epidemiological in-
vestigations are not met [22]. A possible exception con-
cerns pantothenic acid. We found no evidence in the lit-
erature concerning this vitamin in relation to birth
weight or other birth size parameters, but our findings
point to a fairly consistent pattern of positive associa-
tions, significant with respect to birth length. Pan-
tothenic acid is converted in the body to co-enzyme A
(CoA) and is involved in the synthesis and acetylation of
small molecules and the modification of numerous pro-
teins with acetyl and fatty acyl groups. It may be relevant
that many proteins involved in signal transduction are
acetylated [23].

With respect to minerals, the results of studies ex-
ploring the relations of their intakes or blood levels with
birth weight and other birth size parameters are also
largely contradictory. Thus, associations have been re-
ported for: iron, positive [24–26] and null [14, 15]; cal-
cium, positive [24, 25] and null [14]; copper, null [15, 24,
25]; magnesium, suggestively positive [27, 28] and null
[14, 24, 25]; sodium, positive [27] and mostly null
[29–31]; and zinc, positive [32–36] and more often null
[14, 15, 17, 20, 24, 37–40]. In view of this collective evi-
dence, the apparent associations in our study between
sodium intake (positive) and zinc intake (inverse) on the
one hand and at least one of the studied birth size pa-

rameters on the other must be viewed with caution.Cau-
tion is also dictated by the fact that, as in all observa-
tional studies, direction of association cannot be di-
rectly evaluated and reverse causation cannot be
excluded. Thus, zinc could in theory have been pre-
scribed to prevent fetal growth retardation.

Conclusion

In a moderately sized prospective study undertaken
with a strict protocol and contemporary methodology,
we found evidence that intake of pantothenic acid, vita-
min E and sodium are positively associated with at least
one of the studied birth size parameters, whereas an in-
verse association was found with respect to zinc intake.
There is no contradictory evidence in the literature con-
cerning pantothenic acid, whereas for vitamin E and
sodium the existing evidence is limited and contradic-
tory, and for zinc largely null. For the remaining sixteen
micronutrients, our results are compatible with the ex-
isting empirical evidence which, on the basis of scarce
data, indicates that they are not associated with birth
size parameters, at least within the range of intake en-
countered in this investigation. The results of this ex-
ploratory analysis need to be confirmed before patho-
physiologic interpretations and generalizations are
attempted.
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