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Abstract
Objective. Micronutrient deficiencies are hypothesized to play a role in spontaneous preterm birth (PTB; <37 weeks of gestation)
and possibly the racial disparity in rates of PTB between black and white women. Yet relatively few studies have addressed the role of
micronutrient deficiencies in spontaneous PTB among black and white women in the United States. The purpose of this study was to
investigate whether 25-hydroxy vitamin D (25-OH-D), folate, and omega-6/omega-3 fatty acid status are associated with sponta-
neous PTB among black and white women in the United States. Methods. Biospecimens and medical record data for this study were
derived from a subsample of the 1547 women enrolled into the Nashville Birth Cohort during 2003-2006. We randomly selected 80
nulliparous and primiparous women for whom stored plasma samples from the delivery admission were available and analyzed the
stored plasma for 25-OH-D, folate, and total omega-6/omega-3 fatty acids. We used multivariate logistic regression to assess the
odds of spontaneous PTB among women with 25-OH-D <20 ng/mL, folate <5 ug/L, and omega-6/omega-3 >15. Results. An
omega-6/omega-3 ratio >15 was significantly associated with spontaneous PTB for white (adjusted odds ratio [aOR] 4.25, 95% con-
fidence interval [CI] 1.25-14.49) but not black women (aOR 1.90, 95% CI: 0.69-5.40), whereas no significant relationships were
observed for folate and 25-OH-D status and PTB for black or white women. Conclusion. Maternal plasma total omega-6/
omega-3 fatty acid ratio >15 at delivery was significantly associated with spontaneous PTB for white, but not black, women.
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Introduction

A substantial proportion of cases of spontaneous preterm birth

(PTB; <37 weeks of gestation) are attributable to activation of

the inflammatory pathway,1 which is the effector pathway pos-

ited to account for the approximately two-fold higher rate of

PTB among US black compared with white women.2,3 Factors

hypothesized to affect the inflammatory pathway to PTB

include nutritional status (micronutrient deficiencies and

weight status), reproductive tract and intrauterine infections,

and psychosocial stressors.
4

Relatively limited clinical research

has addressed the role of specific nutrients in spontaneous PTB

among black and white women in the United States.4 Existing

data demonstrate a black–white racial disparity in vitamin D,

folate, and essential fatty acid nutriture among women of repro-

ductive age,5–8 and emerging data suggest that these nutrients

may be linked with PTB, as described below.

Vitamin D

Vitamin D deficiency is hypothesized to underlie the observed

seasonality in the rate of PTB in the United States.9

The placenta expresses vitamin D receptor as well as vitamin

D3 25-hydroxylase, which converts vitamin D into 25-

hydroxy vitamin D (25-OH-D; the major circulating form of

vitamin D) and vitamin D3 1-alpha hydroxylase, which con-

verts 25-OH-D to its active form, 1,25-dihydroxyvitamin D

(1,25-diOH-D).10 A significantly higher 1-alpha hydroxylase

expression has been found in the placental tissue of pregnant
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women with preeclampsia or PTB compared to healthy preg-

nant women, whereas the expression of 25-hydroxylase was

significantly reduced resulting in a decrement in the placental

ability to synthesize adequate amounts of 1,25-diOH-D.11

1,25-Dihydroxyvitamin D is a potent regulator of placental

immunity, stimulating antimicrobial responses while suppres-

sing inflammation.12

It is theorized that vitamin D insufficiency may increase

susceptibility to infection and inflammation and, thereby,

increase the risk of PTB. However, to date few trials of

vitamin D supplementation have been conducted in pregnant

women with adequate power to test effects on birth outcomes

and, furthermore, black pregnant women have rarely been stud-

ied in vitamin D birth outcomes research.13 A recently published

randomized controlled trial among women with a singleton

pregnancy who initiated vitamin D supplementation of 400,

2000, or 4000 IU of vitamin D3 daily (with their eligibility for

each of the study arms determined by their baseline circulating

25-OH-D) from 12 to 16 weeks of gestation until delivery con-

cluded that vitamin D supplementation of 4000 IU daily is safe

and more effective than 400 IU or 2000 IU daily in achieving

sufficiency in all women and their neonates (defined as a con-

centration of 80 nmol/L or greater within a month of delivery),

regardless of race and that maximal production of 1,25-diOH-D

for all racial and ethnic groups occurred for the 400 IU daily

group.14 The gestational age of the pregnancies at delivery,

maternal and infant health outcomes, and long-term bone out-

comes for the women and their birthed infants are not provided

in the report.14

Folate

Two US prospective observational studies found that low diet-

ary intake of folate and low serum folate concentrations during

the second trimester were associated with a 2-fold greater risk

of PTB,15,16 and another found that supplementation with folic

acid (the synthetic form of folate) for 1 year prior to conception

was linked with a decreased risk of PTB.17 Intervention trials of

prenatal folic acid supplementation have been conflicting,

however.18–25 Low serum folate is associated with impaired

T-cell and neutrophil function and an increased prevalence of

bacteriuria in pregnancy.26–28 In a randomized trial in Nepal,

folic acid supplementation decreased markers of inflammation

during pregnancy, although this same study found no effect on

PTB.29

Essential Fatty Acids

Essential fatty acids contribute to the membrane phospholipid

pool and regulate the production of inflammatory mediators,

including prostaglandins and proinflammatory cytokines.30

Danish cohort studies have found an association between fish

consumption, a major dietary source of essential fatty acids,

and length of pregnancy.31,32 A case–control study found that

women with PTB had higher serum levels of arachidonic acid

(20:4 omega-6) and decosapentaneoic acid (a marker of

omega-3 deficiency) than did women with term birth.33 A

recent prospective cohort of 523 healthy pregnant women

found that total fasting plasma free fatty acid concentrations

in the highest tertile at 30 weeks of gestation experienced a

2-fold increased risk of spontaneous PTB (adjusted odds ratio

[aOR] 2.35, 95% confidence interval [CI]: 1.05-5.28), and

that this effect was independent of maternal pre-pregnancy

obesity and tobacco use.34 A Cochrane review of 6 rando-

mized trials of marine oil supplementation in northern Eur-

opean parturients found a lower risk of birth <34 weeks of

gestation among pregnant women randomized to marine oil

supplementation.33–35 A meta-analysis of 6 randomized trials

of marine oil supplementation among European women who

had experienced a previous PTB found that women receiving

marine oil supplementation experienced a significant reduc-

tion in the recurrence of PTB (OR 0.54; 95% CI: 0.30-0.98)

in comparison to women who received olive oil supplementa-

tion.36 In contrast, a randomized controlled trial of omega-3

supplementation (beginning from 16-22 weeks’ gestation)

involving US women with a prior spontaneous PTB who were

also receiving weekly intramuscular 17-hydroxyprogesterone

caproate found no reduction in recurrent PTB among those

receiving omega-3 supplementation.37 A potential explanation

for the differing results between the European36 and US37

studies could be that the marine oil supplement used in the

European studies can be a significant source of vitamin D38,

whereas the omega-3 supplement (eicosapentenoic acid and

docosahexanoic acid) used in the US study would not have

vitamin D.

The purpose of this study was to explore whether maternal

serum concentrations of 25-OH-D, folate, and the ratio of

omega-6 to omega-3 fatty acids measured during the delivery

admission were associated with PTB among black and white

women.

Materials and Methods

Design Overview

This study involved the biochemical assessment of concentra-

tions of nutrients in stored plasma specimens from women

enrolled in the Nashville Birth Cohort at Centennial Women’s

Hospital, Nashville, Tennessee, which is a tertiary care hospital

that receives referrals and transfers of high-risk patients from

an area that encompasses a 100-mile radius around Nashville.39

The samples used for this study were collected as part of an

ongoing genetic study, approved by the Western Institutional

Review Board, of racial disparities in PTB. All patient partici-

pants provided written informed consent at the time of enroll-

ment, and the consent form sought permission to store

biosamples for future testing and research. The EDTA plasma

samples collected during each woman’s delivery admission

were evaluated for associations among plasma micronutrient

concentrations, PTB versus term birth, race, and body mass

index (BMI). The Emory University Institutional Review

Board also approved the study protocol.
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Sample

Biospecimens and medical record data for this study were

derived from a subsample of the 1547 women enrolled into the

Nashville Birth Cohort during 2003-2006. For our study

sample, we used a computerized random number generator to

randomly select 80 women (40 non-Hispanic black and

40 non-Hispanic white) with spontaneous PTB and 80 with

term birth (N ¼ 160) from among those participants who were

nulli- or primparous upon enrollment; primparas could not

have experienced a prior PTB. We choose to study 160 total

women (equally divided between those who were black and

white) as this was a pilot investigation with sufficient funding

to perform the biochemical assessments on this limited number

of participants in order to yield important preliminary data to

guide the design of future studies. Due to the availability of a

limited quantity of stored plasma, biochemical assessment of

vitamin D status was performed on the entire study sample

(N ¼ 160), while biochemical assessments of essential fatty

acid and folate status could only be performed for 155 and

114 participants, respectively.

Criteria for enrollment into the Nashville Birth Cohort

included being a woman �18 years at the time of the delivery

admission who was pregnant with a singleton infant without

anomalies. Women with multiple gestations, preeclampsia,

placenta-previa, fetal anomalies, medical/surgical complica-

tions of pregnancy, and drug or alcohol abuse were excluded.

Preeclampsia was defined as a blood pressure on 2 separate

readings taken at least 4 hours apart of 140/90 or more and

�300 mg of protein in a 24-hour urine sample (proteinuria).

Participants who had any surgical procedures during pregnancy

or who were treated for preterm labor or for suspected intra-

amniotic infection and delivered at term were excluded.

Cases of PTB were defined as women who delivered

between 22-0/7 and 36-6/7 weeks of gestation after a sponta-

neous onset of labor (defined as the presence of regular uterine

contractions at a minimum frequency of 2 contractions per

10 minutes); medically indicated cases of PTB were excluded

as were those with preterm premature rupture of membranes

diagnosed by positive Amnisure test, fern test, or amniotic fluid

pooling. Controls were defined as women with term labor and

delivery (�37-0/7 weeks of gestation), who had intact mem-

branes and no pregnancy-related complications.

Clinical Data

Data abstracted from the medical records of women enrolled

into the Nashville Birth Cohort were used for this study, includ-

ing the following:

Gestational age. The gestational age at delivery was ascer-

tained by review of the prenatal records. Both the last men-

strual period (LMP) and ultrasound before the 20th week of

gestation were used to assign gestational age. If the LMP and

ultrasound results were discordant, the ultrasound result was

used, according to the accepted clinical criteria.

Obstetrical history and pregnancy outcome. Information related

to the number of prior pregnancies and births and the outcomes

of pregnancies and births was ascertained via review of the pre-

natal record (which included an obstetrical interview con-

ducted at the first prenatal visit). Using the gestational age of

the index pregnancy (determined as above), the deliveries were

dichotomized as preterm (22-0/7 through 36-6/7 weeks of

gestation) or term (�37 weeks of gestation). Medical record

data were used to ascertain preterm premature rupture of mem-

branes prior to the birth, and whether the preterm labor was

induced for medical indications.

Maternal race/ethnicity. Maternal race was self-identified

based on the race/ethnicity of their own parents and grandpar-

ents. Those who identified as being of Hispanic ethnicity, as

well as those of mixed race, and those who were unsure of the

race/ethnicity of their parents and grandparents were excluded

from this study. Those who identified each of their parents and

grandparents as black were regarded as black for this study, and

similarly for whites as we have reported previously.39

Body mass index. Pre-pregnancy BMI was calculated from

measured height at the first prenatal visit and patients’ report

of their pre-pregnancy weight at the first prenatal visit. The

BMI was categorized according to accepted definitions (obe-

sity �30 kg/m2, overweight 25-29.99 kg/m2, healthy weight

18.5-24.99 kg/m2, and underweight <18.5 kg/m2).

Other established risk factors for PTB. Information on other

known risk factors for PTB were also obtained via review of the

medical record: maternal age, reproductive and urinary tract

infections, and behavioral risks (tobacco, alcohol, and drug use).

Biological Specimens

Biological sample acquisition occurred at the time of the deliv-

ery admission for all consented participants. Nonfasting venous

blood drawn routinely as part of the delivery admission was

obtained and an extra aliquot of EDTA plasma was centrifuged

and stored at �80�C for up to 5 years. Thawed EDTA plasma

was analyzed for the following nutrients and measurements

were categorized as described below. All assays were per-

formed by technicians without knowledge of case–control

status.

Vitamin D. Plasma 25-OH-D concentration, the major circu-

lating form of vitamin D, was assayed using a commercially

available ELISA kit (Immunodiagnostic Systems, United

Kingdom), the range of detection which is 2 to 120 ng/mL.

Analyses were performed in the Endocrinology laboratory of

Emory School of Medicine, which is nationally accredited for

performing this assay. Vitamin D deficiency was defined as a

measured concentration of 25-OH-D <20 ng/mL.40

Folate. Plasma folate concentration was measured by

competitive-binding chemiluminescent radioimmunoassay
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using competitive displacement of 125-I folic acid from

intrinsic factor and folate binding proteins immobilized on

microcrystalline cellulose. Analyses were performed by Emory

Healthcare laboratory, an accredited clinical and research

laboratory using a Beckman Coulter DX1800 (Beckman

Coultern, Inc, Fullerton, California). Folate deficiency was

defined as a measured serum concentration <5 ug/L.41

Omega-6 and Omega-3 fatty acids. Fatty acid analyses were

performed in the Lipoprotein Analysis Laboratory, Wake For-

est University School of Medicine. Briefly, the total lipid

fraction was extracted from 100 uL of plasma, and the phos-

pholipid fraction was isolated by liquid chromatography on

silica gel plates. Fatty acid methyl esters were prepared by

transesterification involving saponification with 0.5 NaOH

in methanol and methylation using 14% boron trifluoride-

methanol (BF)3 in methanol followed by extraction in hex-

ane. The fatty acid methyl esters were separated via capillary

column gas chromatography and identified by flame ioniza-

tion. Retention times were determined with mixed fatty acid

methyl ester standards from NuChek Prep (Elysian, Minne-

sota) and quantification by comparison with the peak areas

of the internal standards provided absolute concentrations.

Polyunsaturated fatty acids were expressed as a ratio of total

omega-6 to omega-3 fatty acids. Presently, there is not a

defined cut point for an excessive omega-6/omega-3 fatty

acid ratio; in this study, the highest tertile was a ratio of

omega-6/omega-3 >15, and this was used to categorize the

data.

Data Analysis

We compared demographic and clinical characteristics of

women with preterm and term deliveries using Student t test for

continuous measures and Pearson chi-square or Fisher exact

test for categorical measures. We stratified our analysis based

upon maternal race because of the body of research that demon-

strates variability in risk exposures by race.

We compared the mean concentrations of plasma 25-OH-D

and folate and the mean ratio of total omega-6/omega-3 fatty

acids for women with PTB versus term birth, stratifying by

maternal race and obesity, using Student t test. Next, we assessed

the correlation among the nutrient measures of interest, in the

presence and absence of maternal obesity, using Pearson corre-

lation methods. Due to potential confounding by correlation

among the nutrients, we further evaluated the linear relationship

between the nutrient measures of interest and gestational age in

weeks in separate multivariate linear regression models that

included variables for maternal age, race, body mass index,

income, health care payor, and marital status.

We compared the proportion of women with PTB

versus term birth who had plasma 25-OH-D <20 ng/mL,

folate <5 ug/L, and total omega-6/omega-3 fatty acid ratio

>15 using Pearson chi-square test. We stratified the compar-

ison of birth outcomes � black white race, obese versus

nonobese status and nutrient status, assessing for biological

interaction using the Breslow-Day test statistic. We used

multivariate logistic regression to assess the independent

and interactive effects of the nutrient measures in separate

models that included covariates noted to be linked with PTB

in previous research, including age, race, obesity, health

care payor, marital status, smoking status, and bacterial vagi-

nosis during the pregnancy for black and white women, separately

and combined. All hypothesis testing and reported probability

values were 2 tailed.

Results

Demographic and clinical characteristics of black and

white women with PTB and term birth are given in Table 1.

The mean gestational age for PTB and term birth to enrolled

women was 33.9 (+ 2.8) weeks and 39.1 (+ 1.1) weeks,

Table 1. Demographic Characteristics of Women With Preterm and
Term Births

Characteristic
Preterm

Birth (n ¼ 80)
Term

Birth (n ¼ 80)

Maternal age—mean years (SD)
All 25.5 (6.2) 26.4 (6.0)
Black 23.5 (5.2) 24.9 (5.6)a

White 27.5 (6.4) 28 (6.0)a

Education—mean years (SD)
All 13.6 (2.7) 14.0 (2.4)
Black 13.4 (2.8) 13.6 (2.2)
White 13.7 (2.7) 14.5 (2.6)

BMI—kg/m2 (SD)
All 25.9 (6.8) 26.3 (6.8)
Black 26.5 (7.1) 27.6 (8.1)
White 25.3 (6.6) 25.0 (5.2)

Teenager—n (%)
All 14 (17.5%) 9 (11.3%)
Black 9 (22.5%) 6 (15.0%)
White 5 (12.5%) 3 (7.5%)

Less than high school—n (%)
All 18 (22.5%)b 7 (8.8%)b

Black 11 (27.5%) 5 (12.5%)
White 7 (17.5%) 2 (5%)

Single marital status—n (%)
All 43 (53.8%)b 26 (32.5%)b

Black 28 (70.0%)a,b 19 (47.5%)a,b

White 15 (37.5%)a 7 (17.5%)a

Medicaid—n (%)
All 44 (55%) 38 (47.5%)
Black 27 (67.5%)a 27 (67.5%)a

White 17 (42.5%)a 11 (27.5%)a

BMI � 30 kg/m2—n (%)
All 21 (27.3%) 23 (28.8%)
Black 11 (29.7%) 14 (35%)
White 10 (25%) 9 (22.5%)

Abbreviation: SD, standard deviation.
a Indicates a significant difference for comparison between black and white
women (a ¼ .05 level).
b Indicates a significant difference for comparison between women with
preterm and term deliveries (a ¼ .05 level).
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respectively (P < .001). The mean gestational age of births to

black and white women was not different. Women with PTB

were significantly more likely to be currently single (53.8%
vs 32.5%; P < .001) and significantly less likely to have a high

school education (22.5% vs 8.8%; P ¼ .028). The mean mater-

nal age was significantly lower for black compared to white

women for both PTB and term birth (P ¼ .003 and P ¼ .018,

respectively). The proportion of women who were single or

with a Medicaid payor source was significantly higher for black

versus white women with PTB (P¼ .004 and P¼ .001, respec-

tively) and term birth (P ¼ .025 and P ¼ .001), respectively.

The mean concentrations of plasma 25-OH-D, folate, and

total omega-6/omega-3 fatty acid ratio according to birth out-

come and maternal race are given in Table 2. There was no dif-

ference in the mean concentration of 25-OH-D for black and

white women (combined or separately) with PTB compared

with term birth. The mean concentration of 25-OH-D was sig-

nificantly lower for black women with PTB and term birth

compared to white women with PTB and term birth (P <

.001 for both comparisons). There was not a significant differ-

ence in the mean concentration of folate for women with PTB

versus term birth. The mean total omega-6/omega-3 fatty acid

ratio was higher among black and white women (combined)

with PTB compared with term birth and for white women with

PTB compared with term birth, whereas no significant differ-

ence was found for black women. The mean omega-6/

omega-3 fatty acid ratio was significantly greater among black

women compared to white women with term births (P ¼ .015),

whereas there was not a significant difference between black

and white women with PTB (P ¼ .310).

Among women whose pre-pregnancy BMI was �30 kg/m2,

while the plasma folate concentration and the mean total

omega-6/omega-3 ratio were higher for black and white

women (combined and separately) compared with those whose

BMI was <30 kg/m2 these differences were not statistically

significant (Table 3). Conversely, the mean 25-OH-D concen-

tration was lower for black and white women (combined and

separately) whose pre-pregnancy BMI was �30 kg/m2 com-

pared with those whose BMI was <30 kg/m2, although these

differences were not statistically significant either. There was

a significant association between the presence of bacterial

vaginosis during the pregnancy and folate <5 ug/L (42.9% vs

10.3%; P ¼ .039).

Correlation analysis revealed statistically significant

correlations among the nutrient measures of interest (Table 4).

Specifically, there were statistically significant negative corre-

lations between the total omega-6/omega-3 fatty acid ratio and

the concentration of folate (�0.278, P ¼ .003) and 25-OH-D

(�0.167, P ¼ .038). When stratifying on pre-pregnancy BMI

(�30 kg/m2 or <30 kg/m2), the correlation between total

omega-6/omega-3 fatty acid ratio and folate concentration was

stronger for nonobese compared with obese women, whereas

the correlation between the omega-6/omega-3 fatty acid ratio

and 25-OH-D concentration was stronger for obese women.

Table 2. Comparison of Mean Nutrient Levels for Preterm and Term
Births

Variable
Preterm

Birth (n ¼ 80)
Term

Birth (n ¼ 80)

P Value
Preterm vs

Term

Folate (ug/L)—mean (SD)
All 9.9 (4.8) 11.2 (4.4) .160
Black 9.7 (5.2) 10.9 (4.4) .410
White 10.3 (4.2) 11.3 (4.5) .365

25-OH-D (ng/mL)—mean (SD)
All 22.8 (11.0) 24.8 (12.5) .295
Black 18.2 (5.9)a 18.8 (8.1)a .741
White 27.4 (13.0)a 30.8 (13.3)a .252

Omega-6:Omega-3 ratio—mean (SD)
All 14.6 (3.2)b 12.9 (3.1)b .001
Black 15.0 (2.7) 13.7 (3.0)a .057
White 14.2 (3.7)b 12.0 (3.0)a .006

Abbreviation: SD, standard deviation.
a Indicates a significant difference in mean nutrient concentration between
black and white women (a ¼ .05 level).
b Indicates a significant difference in mean nutrient concentration between
women with preterm and term deliveries (a ¼ .05 level).

Table 3. Mean Nutrient Levels for Obese (BMI � 30 kg/m2) and
Nonobese (BMI < 30 kg/m2) Women

Variable

Pre-Pregnancy
BMI � 30 kg/m2

(n ¼ 44)

Pre-Pregnancy
BMI < 30 kg/m2

(n ¼ 113) P Value

Folate (ug/L)—mean (SD)
All 11.49 (4.83) 10.29 (4.43) .214
Black 11.74 (4.85) 9.42 (4.65) .110
White 11.19 (4.97) 10.84 (4.25) .794

25-OH-D (ng/mL)—mean (SD)
All 21.23 (9.11) 24.92 (12.61) .079
Black 18.48 (9.10) 18.50 (5.70) .991
White 24.84 (7.97) 30.39 (14.25) .060

Omega-6/Omega-3 ratio—mean (SD)
All 13.81 (3.49) 13.35 (2.77) .447
Black 14.56 (2.97) 13.74 (2.96) .261
White 13.18 (3.77) 12.78 (2.43) .682

Abbreviations: BMI, body mass index; SD, standard deviation.

Table 4. Pearson Correlation Coefficients (P Value) for Plasma
Folate, 25-OH-D, and Omega-6 to Omega-3 Ratio for Women at
Delivery

Nutrient Concentrations Folate Omega-6/Omega-3

Folate
Overall –0.278 (0.003)
Obese (BMI � 30 kg/m2) –0.223 (0.228)
Nonobese (BMI < 30 kg/m2) –0.285 (0.010)

25-OH-D
Overall 0.120 (0.205) –0.167 (0.038)
Obese (BMI � 30 kg/m2) 0.188 (0.311) –0.311 (0.045)
Nonobese (BMI < 30 kg/m2 0.109 (0.336) –0.145 (0.129)

Abbreviations: 25-OH-D, 25-hydroxy vitamin D; BMI, body mass index; SD,
standard deviation.
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Linear regression analyses revealed no significant linear

association between gestational age (in weeks) as the depen-

dent variable and any of the nutrient measures of interest for

black or white women considered together or separately,

although the relationship approached statistical significance for

the omega-6/omega-3 fatty acid ratio (standardized b¼�.175,

P ¼ .052). The standardized b coefficients for the concentra-

tions of folate and 25-OH-D in the linear modeling of

gestational age in weeks were .007 (P ¼ .948) and .025 (P ¼
.804), respectively.

The proportion of black and white women with PTB versus

term birth who were deficient in vitamin D, folate, or who had a

total omega-6/omega-3 fatty acid ratio >15, along with the

crude and adjusted odds of PTB, are given in Table 5. For folate

<5 ng/L, univariate analysis revealed a significant increase in

the odds of PTB versus term birth for black and white women

combined (crude odds ratio [cOR] ¼ 4.30, 95% confidence

interval [CI] 1.13-16.37), however, this association was no lon-

ger statistically significant upon multivariate analysis (adjusted

odds ratio [aOR]¼ 2.81, 95% CI 0.76-11.96) that accounted for

maternal age, BMI, health care payor, marital status, and race.

For 25-OH-D <20 ng/mL, univariate analysis revealed a

significant increase in the odds of PTB versus term birth for

white women (cOR ¼ 3.05, 95% CI 1.03-9.02) but not black

women (Table 5). However, upon multivariate analysis, this

association for white women did not remain significant

(aOR ¼ 3.0, 95% CI 0.99-9.21).

A total omega-6/omega-3 fatty acid ratio >15 was signifi-

cantly associated with PTB in both univariate and multivariate

analyses for black and white women combined, with little

change in the point estimates and 95% confidence limits

observed between the overall crude (cOR 2.39, 95% CI 1.20-

4.76) and adjusted estimates (aOR 2.64, 95% CI 1.21-5.78),

suggesting a small potential for confounding by maternal age,

BMI, health care payor, marital status, and race. When exam-

ining the relationship between total omega-6/omega-3 fatty

acid ratio >15 and PTB versus term birth for black and white

women separately, significantly significant associations were

observed for white women upon univariate (cOR 4.26, 95%

CI 1.35-13.44) and multivariate (aOR 4.25, 95% CI 1.25-

14.49) analyses but not for black women. Of note, only a small

portion of black women in this study (5.3% of those with PTB

and 7.5% of those with term birth) had an omega-6/omega-3

fatty acid ratio that was �15.

In our multivariate analyses, there was no significant inter-

action effects among the variables included in the model.

Discussion

In this cross-sectional study, we evaluated the potential associ-

ation between maternal vitamin D, folate, and total omega-6/

omega-3 fatty acid status during the delivery admission and

PTB versus term birth. We found that the mean total omega-

6/omega-3 fatty acid ratio was significantly greater for black

compared with white women and that a total omega-6/

omega-3 serum fatty acid ratio >15 was associated with a sig-

nificantly greater adjusted odds of PTB for black and white

women combined and for white women considered separately.

We cannot definitively state that there is not an association

between total omega-6/omega-3 fatty acid ratio and PTB for

black women as the study was underpowered to adequately

evaluate this relationship (power ¼ 0.64). While obese women

had a higher mean total omega-6/omega-3 fatty acid ratio than

did nonobese women, differences were not statistically signif-

icant and controlling for obesity did not meaningfully alter the

aOR. One previously published study has examined the rela-

tionship between essential fatty acid status and PTB, finding

that among 37 preterm (mean gestational age of 34 weeks) and

34 term (mean gestational age of 40 weeks) deliveries, the

following measures were elevated among those with PTB:

maternal red blood cell omega-6/omega-3 fatty acid ratio

(P < .009) and docosapentaenoic acid (22:5 omega-6), a

marker of omega-3 essential fatty acid deficiency (P <

.001).33 Conversely, in the same study women with PTB had

higher concentrations of total arachidonic acid in red blood

cells and in plasma than did term controls (3.8- and 1.6-fold,

respectively; P < .05).33

Table 5. Comparison of Proportion of Women With Preterm and Term Births With Nutrient Deficiencies or Imbalances

Nutrient Level Preterm Birth n ¼ 80 Term Birth n ¼ 80 cOR (95% CI) aOR (95% CI)*

Folate < 5 ug/L—n (%)
All 11 (19.3%) 3 (5.3%) 4.30 (1.13-16.37) 2.81 (0.76-11.96)
Black 8 (25%) 1 (5.3%) 6.00 (0.69-52.38) 3.02 (0.31-29.33)
White 3 (12%) 2 (5.3%) 2.46 (0.38-15.86) 2.28 (0.32-16.50)

25-OH-D < 20 ng/mL—n (%)
All 38 (47.5%) 31 (38.8%) 1.43 (0.76, 2.68) 1.49 (0.82-3.06)
Black 24 (60%) 25 (62.5%) 0.90 (0.37-2.21) 0.89 (0.32-2.48)
White 14 (35.0%) 6 (15%) 3.05 (1.03-9.02) 3.01 (0.99-9.21)

Omega-6/Omega-3 > 15—n (%)
All 69 (92%) 67 (83.8%) 2.39 (1.20-4.76) 2.64 (1.21-5.78)
Black 36 (94.7%) 37 (92.5%) 1.67 (0.67-4.15) 1.90 (0.69-5.40)
White 33 (89.2%) 30 (75%) 4.26 (1.35-13.44) 4.25 (1.25-14.49)

Abbreviations: cOR, crude odds ratio; adjusted odds ratio; aOR, adjusted odds ratio; 25-OH-D, 25-hydroxy vitamin D; BMI, body mass index.
a The multivariate logistic model included age, BMI, health care payor, marital status (and race for model in which races were combined)
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Our study revealed a statistically significant association

between plasma 25-OH-D <20 ng/mL and PTB for white but

not black women; however, this association did not remain

statistically significant in the adjusted analysis (cOR 3.01,

95% CI: 0.99-9.21). As has been shown in multiple studies, the

mean 25-OH-D concentration was significantly lower among

black compared with white women, which is likely related to

greater skin pigmentation and resulting reduced ultraviolet B

light absorption.40,42 The absence of significant association

between vitamin D status and PTB in our study, particularly for

black women, could be due to the relatively small number of

black women with favorable vitamin D status and, thus, insuf-

ficient variation in the exposure variable to enable investiga-

tion of its effect upon the outcome of spontaneous PTB. The

sample size available for this study yielded a power of 0.61 for

assessing the association between 25-OH-D concentration and

gestational age. As has been documented previously,43 we

found that the variability in 25-OH-D status for black obese and

nonobese women was not as great as was observed for white

obese and nonobese women.

We did not find a significant relationship between maternal

folate status at delivery and PTB. Although the point estimates

for the aOR for both black and white women were high (3.02

and 2.28, respectively), the wide confidence intervals for both

uni- and multivariate analyses underscore the limited power

(power ¼ 0.59) for assessing this relationship and suggest that

unmeasured confounding may be present. Also, considering the

recent research that suggests the importance of folate status

preconceptionally,17 it is possible that folate status at the time

of delivery may not be a precise predictor with respect to preg-

nancy outcome.

The present study has limitations. First, this study is of

cross-sectional design with the measurement point occurring

upon admission to the labor and delivery unit, thereby limiting

our ability to evaluate the potential importance of peri-

conception and early pregnancy nutritional status and PTB. A

growing body of data suggest that the preconception period

may be a crucial period for intervening to influence pregnancy

outcomes.44–46 Related to this, the timing of specimen collec-

tion for case and control women was different, with a mean

gestational age for PTB and term birth being 33.9 (+ 2.8)

weeks and 39.1 (+ 1.1) weeks, respectively (P < .001). It is

possible that differences in the gestational age of cases and con-

trols at the time of sampling may contribute to differences in

measured concentrations of nutrients. However, this phenom-

enon is unlikely to account for the study findings as previous

longitudinal research documents that 25-OH-D concentrations

do not differ significantly throughout pregnancy47,48 and there

is a continuous increase in the ratio of total omega-6/omega-3

throughout pregnancy (although differences were not statisti-

cally different from 34 to 40 weeks of gestation),49 the latter

of which would actually bias study findings related to the rela-

tionship between omega-6/omega-3 ratio >15 and PTB toward

the null.

Other potential limitations of this study relate to the

measurement of particular nutrients. In the case of plasma fatty

acids, a limitation is that, as participants were enrolled during

their delivery admission with spontaneous onset of labor, we

were restricted to the use of nonfasting samples. The use of

nonfasting specimens could have influenced our findings, how-

ever, a previous study that assessed prenatal dietary intake and

nonfasting plasma fatty acids found high correlations between

fasting and postprandial plasma lipid measures (ranging from

0.90 to 0.99; P < .001).50

In the case of ascertainment of vitamin D status, there are

also limitations to this study. Due to limited quantities of stored

plasma, we were able to measure the major circulating form of

vitamin D, 25-OH-D, but not its active form, 1,25-diOH-D; it

would be informative to compare the levels of circulating

25-OH-D to levels of 1,25-diOH-D observed in this study to

findings of a recent US study examining the safety and efficacy

of vitamin D supplementation in pregnancy women.14

Similarly, as we did not have sufficient sample to measure

serum albumin and vitamin D binding protein, we were unable

to calculate the free fraction of 25-OH-D. However, as only a

very small fraction (0.02%-0.05%) of 25-OH-D remains free

and free 25-OH-D concentrations are well maintained, even

in participants with liver disease with low binding protein con-

centrations, suggesting there would be little utility in assessing

free 25-OH-D concentrations.51 Finally, the women in this

study had mean 25-OH-D concentrations that were well below

the level of 40 ng/mL, the level considered to optimize the con-

version of 25-OH-D to 1,25-diOH-D.14 Future studies of the

role of vitamin D status and PTB should ensure adequate

enrollment of a group of women with adequate 25-OH-D con-

centrations to ensure a group of women in the study are able to

maximize 1,25-diOH-D production.

In the case of folate measurements, a limitation is that, due

to having access to only stored plasma, we were able to mea-

sure circulating folate and fatty acids but not intracellular ery-

throcyte folate and fatty acid concentrations. Red blood cell

measures of these nutrients provide a more stable and reliable

measure of nutrient status over several months.52,53 However,

previous research demonstrates very high correlations between

plasma and red blood cell folate and fatty acids.54,55

A link between fatty acid status and PTB is epidemiologi-

cally and biologically plausible. The ratio of omega-6/

omega-3 fatty acids in the Western diet has increased over

recent decades, commensurate with the rising prevalence of

PTB. Moreover, the ratio is greater among blacks compared

with whites.7,56 Competition between omega-6 and omega-3

fatty acid precursors occurs in prostaglandin and leukotriene

biosynthesis at the level of cyclooxygenase and lipoxygenase

enzymes. Specifically, the ingestion of omega-3 fatty acids

results in decreased production of potent vasoconstrictors,

inflammatory mediators, and platelet aggregators including

(1) prostaglandin E2 metabolites, (2) thromboxane A2, and

(3) leukotriene B4, accompanied by increased synthesis of

more vasodilatory eicosamoids including, (4) thromboxane

A3, (5) prostacyclin PGI3, and (6) leukotriene B5, a weak indu-

cer of inflammation and a weak chemotactic agent.57 By con-

trast, the omega-6 fatty acid arachidonic acid (20:4 omega-6)
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plays well-characterized roles in the initiation and progression

of labor.58

Despite its limitations, we believe this research study is

important in that it is among the few studies conducted in the

United States to investigate the potential role of micronutrient

deficiencies for which there are documented racial disparities

in prevalence among women of reproductive age—including

folic acid,13,15,16 vitamin D,9 and polyunsaturated fatty

acids33,37,59—in the important problem of spontaneous PTB

in the United States.

Conclusion

From this study we conclude that maternal total plasma

omega-6/omega-3 fatty acid ratio >15 at delivery is signifi-

cantly associated with PTB in univariate and multivariate

analyses for black and white women (combined) and for white

women alone. Due to the cross-sectional nature of the study, it

is not clear whether elevated maternal free fatty acids, or an

imbalance in omega-6/omega-3 fatty acid ratio, plays a role

in the mechanism of PTB or is simply a risk marker for PTB.

We cannot draw conclusions about maternal folate and vitamin

D status at delivery and PTB due to limited power. It is possible

that a larger study sample, or a sample that included black

women with more variability in their nutrient status, would

have resulted in significant findings. It is also possible that

there is a racial difference in susceptibility to PTB related to

poor vitamin D and essential fatty acid status. Larger, prospec-

tive studies that begin peri-conceptionally or early in preg-

nancy, and that include black and white women with more

variability in their nutrient status, are needed to fully explore

these hypotheses.
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