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I N F O C U S
Decreased Nutrient Intake Is Associated
With Premature Cervical Remodeling
Mary Dawn Koenig, Barbara L. McFarlin, Alana D. Steffen, Lisa Tussing-Humphreys, Carmen Giurgescu,
Christopher G. Engeland, Michelle A. Kominiarek, Christina Ciezczak-Karpiel, William D. O’Brien Jr.,
and Rosemary White-Traut
ABSTRACT

Objective: To examine the direct relationship between nutrient intake and cervical remodeling.

Design: Longitudinal descriptive design.

Setting: Maternal–fetal medicine clinic in a Midwestern urban city.

Participants: Forty-seven pregnant African American women.

Methods: Participants completed the Block brief food frequency questionnaire at 19 to 24 weeks and 27 to 29 weeks

gestation and had quantitative ultrasonic attenuation estimates at 19 to 21 weeks, 23 to 25 weeks, 27 to 29 weeks,

31 to 33 weeks, and 35 to 37 weeks gestation.

Results: Trajectory mixture models identified two subpopulations within our sample: those at risk (n ¼ 36) and at less

risk (n ¼ 11) for premature cervical remodeling. More participants in the less-risk group consumed the dietary refer-

ence intake for calcium, vitamin A, folate, vitamin E, zinc, and vitamin D than in the at-risk group. The percentage of

participants in the less-risk group who consumed the recommended dietary reference intake for vitamin E was

twice the percentage of women in the at-risk group (82% and 44%, respectively; p ¼ .004). Mean intake of calcium

was almost 1.3 times more (p ¼ .05) and for zinc was 1.5 times more (p ¼ .04) in the less-risk group than in the

at-risk group.

Conclusion: Practitioners can inform women that certain nutrients, particularly zinc, calcium, and vitamin E, could

be important to the health of the cervix and inhibit premature cervical remodeling, which in turn may help prevent

preterm birth.
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lthough there has been a steady decline in
Arates of preterm birth among all racial and

ethnic groups in the United States, African

American women continue to have approximately

twice the rate of preterm birth than White women

(Martin, Hamilton, Osterman, Curtin, & Matthews,

2015). It is unknown why this disparity exists, but

evidence suggests that maternal nutrient defi-

ciency is one of several possible factors (Dunlop,

Kramer, Hogue, Menon, & Ramakrishan, 2011).

Decreased intake of multivitamins, zinc, calcium,

iron, fat, carbohydrates, and protein has been

associated with preterm labor and birth (Catov,

Bodnar, Ness, Markovic, & Roberts, 2007;

Hennessy, Volpe, Sammel, & Gennaro, 2010;

Hofmeyr, Duley, & Atallah, 2007; Siega-Riz et al.,

2006). Researchers have indicated that pregnant

African American women in the United States

consume fewer nutrient-dense foods (Siega-Riz,

Bodnar, & Savitz, 2002) and have greater rates
ª 2017 AWHONN, the Association of Women’s Health, Obstetri
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of nutrient deficiencies (Siega-Riz & Popkin,

2001) than pregnant White women.

Women who give birth preterm have greater

concentrations of matrix metalloproteinases

(MMPs), specifically MMP-2, -3, -8, and -9 in

cervical mucus and placenta tissue than women

who give birth at term (Becher, Hein, Danielsen, &

Uldbjerg, 2010; Sundrani, Chavan-Gautam, Pisal,

Mehendale, & Joshi, 2013). The MMPs are

calcium-dependent, zinc-containing endopepti-

dases (Verma & Hansch, 2007) that have a crucial

role in remodeling the extracellular matrix of cer-

vical tissue during pregnancy (Sundrani, Chavan

Gautam, Mehendale, & Joshi, 2011). The MMPs

degrade extracellular matrix constituents,

including collagen, elastin, gelatin, casein, and

nonmatrix proteins (Sundrani et al., 2011; Verma &

Hansch, 2007), which contribute to cervical tissue

remodeling in pregnancy (Yan & Boyd, 2007).
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Nutrient intake may be an important predictor of cervical
remodeling.
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Under pathologic conditions and conditions

of nutrient deficiency, MMP activity increases,

which results in tissue degradation (Verma &

Hansch, 2007).

Although several researchers examined the

associations between nutrient deficiencies and

MMP activity (Sundrani et al., 2011; Verma &

Hansch, 2007), we did not find any studies on

the relationship between nutrient intake and

cervical remodeling. Serial ultrasonic attenuation

assessments of the cervix provide a measure of

tissue integrity, including collagen organization

and water content (Labyed, Bigelow, & McFarlin,

2011; McFarlin, Balash, et al., 2015). As preg-

nancy progresses, collagen becomes disorga-

nized, and ultrasonic attenuation decreases as

the cervix remodels to allow passage of the fetus

(McFarlin, Kumar, et al., 2015). The aim of this

study was to examine the relationship between

nutrient intake and cervical remodeling as

measured by ultrasonic attenuation among a

sample of pregnant African American women.

We hypothesize that those women with nutrient

deficiencies will have greater cervical remodeling.

Methods
Recruitment
This study is a secondary analysis of a larger pilot

study examining multiple pathways to preterm

birth. Approval for the study was received from

the institutional review board of a city in the

Midwestern United States. Medical records of

potential research participants were prescreened

for eligibility. Before 19 weeks gestational age,

qualified women from the maternal–fetal medicine

clinic at a medical center in the Midwest were

approached during their clinic appointments. If a

woman agreed to participate, an intake appoint-

ment was scheduled between 19 and 24 weeks

gestation. At the intake visit, the study team

obtained written informed consent from the

participant in a face-to-face private meeting. A

total of 54 participants were recruited, and there

were 47 women with complete data for analysis.

Eligibility
Eligible participants were less than 19 weeks

pregnant with singleton pregnancies, self-

identified as African American, and lived in Chi-

cago or the surrounding suburbs. Participants
JOGNN, 46, 123–134; 2017. http://dx.doi.org/10.1016/j.jogn.201
were also at least 15 years old and able to read

and write English. Participants were excluded if

they had major fetal anomalies, autoimmune dis-

order (e.g., HIV, Type I diabetes, lupus, Graves

disease), were receiving steroid treatments

(including inhalers for asthma) or had a cervical

cerclage.
Measures

Demographic and clinical character-

istics. Participants completed a demographic

questionnaire that included age, sex, employ-

ment status, monthly household income, and

receipt of public assistance. Weight, medical

history, and current and past obstetric history

and birth data were collected by accessing

participants’ medical records.
Nutrient intake. Participants completed the Block

brief food frequency questionnaire (FFQ; Block

et al., 1986). This questionnaire is designed to

provide estimates of usual dietary intake and

includes 70 food items. Participants were asked

to estimate their usual dietary intake during the

past 3 months. Pictures were provided so par-

ticipants could estimate food and beverage

portion sizes. The food list was created from the

National Health and Nutrition Examination Survey

III dietary recall data. The nutrient database was

based on the United States Department of Agri-

culture Nutrient Database for Standard Refer-

ence. The FFQ was self-administered and

collected between 19 to 24 weeks and again at

27 to 29 weeks gestation.

Total nutrient amounts were summed across food

and supplement sources and averaged across

the two data collection time points. Valid FFQs

had estimated kilocalories between 500 and

5,000 and had five or fewer missing responses to

food intake questions.
Cervical remodeling assessment. Ultrasonic

attenuation estimates were used to examine the

process of cervical (collagen) remodeling during

pregnancy. Ultrasonic attenuation is a quantity

that refers to a reduction in the strength (or

energy) of an ultrasonic signal and is quantified in

decibels (dB). When attenuation is normalized

to distance (in cm) and ultrasonic frequency

(in MHz), it is termed ultrasonic coefficient and is

quantified in dB/cm$MHz.

The participants underwent between one and five

transvaginal ultrasonographic examinations to
6.08.006 http://jognn.org
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estimate ultrasonic attenuation and cervical

length over the course of pregnancy. Ultrasono-

graphic data were collected up to five times: 19 to

21 weeks, 23 to 25 weeks, 27 to 29 weeks, 31 to

33 weeks, and 35 to 37 weeks gestation. Imme-

diately after each cervical scan, using the

same ultrasound system settings, a scan of the

Gammex (Gammex Inc., Middleton, WI) tissue-

mimicking phantom was obtained to use as a

reference scan for data processing. The Gammex

phantom had a known ultrasonic attenuation of

0.6 dB/cm$MHz. There were two sonographers

for this study. One sonographer was a registered

diagnostic medical sonographer and the other

sonographer was registered diagnostic medical

sonographer eligible.

Raw ultrasonic data were obtained from z.one, a

Zonare ultrasound system (ZONARE Medical

Systems, Inc., Mountain View, CA); saved on a

flash drive; and converted to in-phase quadrature

data. The in-phase quadrature data contain

scans of the cervix and phantom for a center

frequency of 5 MHz. These in-phase quadrature

data were then converted to radio frequency

data. The radio frequency data were then

segmented into smaller regions of interest (ROIs;

see Figure 1) to estimate the ultrasonic attenua-

tion throughout the entire cervix.

For this study, the spectral log difference method

was used to estimate ultrasonic attenuation

(Labyed et al., 2011). This method was selected

because among the different algorithms for ultra-

sonic attenuation estimation, the spectral log dif-

ference method is one of the least susceptible to

heterogeneity in the tissue, as observed in previ-

ous studies (Bigelow, Labyed, McFarlin, Sen-

Gupta, & O’Brien, 2011). A minimum of 15

echoes in the lateral direction and 12 pulse

lengths in the axial direction are optimal for the

least amount of error in ultrasonic attenuation

estimates when using the spectral log difference

method (Bigelow et al., 2011). The correlation

coefficient was used to find the number of uncor-

related lines in each ROI. Laterally, every third

echo was found to be independent; to obtain at

least 15 independent echoes per ROI we acquired

45 echoes in total for each ROI spanning a range

of 19�. For axial resolution, we had 40 points for

each pulse length, four pulse lengths per window,

and five windows per ROI, making the axial reso-

lution equal to 12 pulse lengths (7.39 mm).

After windowing the data into the different ROIs,

the Fourier transform of the windowed data within
JOGNN 2017; Vol. 46, Issue 1
each ROI was obtained. The windows were then

averaged with 99% overlap in the axial and lateral

directions. The noise value in decibels was

determined from the spectral plot, which gave us

the usable frequency range. The spectral values

were averaged over the overlapping usable fre-

quency range and then divided by the reference

spectrum. The spectral log difference method

was used to estimate the ultrasonic attenuation

by calculating the slope of the straight line that fits

the log ratio (difference between log spectra) of

the two power spectra from the proximal and the

distal segments of the ROI. The ultrasonic atten-

uation map was then overlaid on the B mode

image. We evaluated the interrater reliability of

ultrasonic attenuation mapping of the cervix by

having 50% of the scans mapped and processed

independently by a second examiner and found

an interrater reliability r ¼ 0.97, p < .001.
Statistical Analyses
We were interested in the trajectory of ultrasonic

attenuation of the cervix over time to see how

women progress during the course of their

pregnancies, knowing that ultrasonic attenuation

is lowest when the cervix remodels before the

time of birth (McFarlin, Balash, et al., 2015).

Although a hierarchical model or latent growth

curve approach could be used to describe the

variation in ultrasonic attenuation trajectory, we

selected a mixture model to assess if unobserved

heterogeneity was present in the population, that

is, that subpopulations exist that have different

trajectory parameters. This semiparametric

approach describes the data by identifying sub-

groups and their intercept, slope, quadratic

terms, and so forth, using the SAS TRAJ

procedure (Jones & Nagin, 2007; Jones, Nagin, &

Roeder, 2001). To determine the number of

subgroups and the form of their trajectories,

models were compared using the Bayesian

information criteria, a log-likelihood type estimate

adjusted for sample size and number of model

parameters (Jones et al., 2001; Schwarz, 1978).

The change in Bayesian information criteria from

complex to simpler models (multiplied by 2)

approximates the log form of the Bayes factor

where established criteria can be used to

assess the evidence supporting a more complex

model. Initially, polynomial models of Degree 2

having one, two, and three subgroups were

tested sequentially to determine the number of

subgroups, and the maximum number of sub-

groups supported by the data were selected

(Nagin, 2005).
125



Figure 1. Example of the ultrasonic attenuation processing of a transvaginal ultrasonographic examination of the cervix. (a)

Transvaginal ultrasound image of the pregnant cervix in which the cervix is outlined. (b) The same image of the cervix in which

ROIs are segmented. Ultrasonic attenuation is calculated for each individual ROI. Finally, a mean attenuation value is

calculated from all of the ROIs in the image. ROI ¼ region of interest.
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After that, the subgroup trajectory shapes were

explored and simplified to the most parsimonious

models, where parameters were significantly

different from zero, and models performed simi-

larly based on the Bayes factor criteria. On the

basis of the mixture model, we assigned the

latent trajectory class according to the greatest
JOGNN, 46, 123–134; 2017. http://dx.doi.org/10.1016/j.jogn.201
posterior probability and conducted bivariate

associations of class with micronutrients using

Student t tests and general linear models.

Micronutrients were assessed for normality using

the Shapiro–Wilk test and power transformed as

needed based on the optimal lambda suggested

by the Box-Cox method (Box & Cox, 1964).
6.08.006 http://jognn.org
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Pregnant African American women with poor nutritional
intake of zinc, calcium, or vitamin E were at greater risk for

premature cervical remodeling.
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Results
Sample Characteristics
A convenience sample of 54 pregnant African

American women was enrolled (August 2011 to

April 2013), and seven participants were

excluded for invalid FFQ data, for a final sample

size of 47. All of these participants had ultraso-

nographic scans at 19 to 21 weeks and/or 23 to

25 weeks gestation, which was important to

ensure the ultrasonic attenuation trajectory clus-

ters were composed of women with scans taken

during early pregnancy. Nineteen participants

(40%) had all five scans, 12 (26%) had four, six

(13%) had three, two (4%) had two, and eight

(17%) had one scan.

Trajectory mixture models were tested iteratively

to determine the number of subgroups and the

optimal form for each trajectory, evaluated by

comparison of model Bayesian information

criteria. The at-risk for cervical remodeling group

had 36 individuals (74.3%) and was best fit by an

intercept-only trajectory, that is, their ultrasonic

attenuation value was 1.09 dB/cm$MHz

(95% confidence interval [CI] [1.01, 1.18]) from

20 to 36 weeks gestation. A less-risk for cervical

remodeling group of 11 (25.7%) individuals was

best described by greater ultrasonic attenuation

at 20 weeks (1.75 dB/cm$MHz, 95% CI [1.49,

2.01]) and a linearly decreasing trajectory with a

slope of –0.03 (95% CI [0.05, –0.01]) through

36 weeks (see Figure 2). These findings indicate

that participants in the less-risk group had less
0
0.5
1

1.5
2

2.5

20 24 2
Figure 2. Model attenuation trajectories and 95% confidence int

attenuation scores (y-axis) and weeks gestation (x-axis). The at-

remodeling throughout pregnancy, whereas the less-risk group

throughout pregnancy.
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cervical remodeling throughout the pregnancy

than those in the at-risk group.

Demographic and clinical characteristics are

presented in Table 1. Most participants were

single (85%) and not currently employed (67%).

The mean age of the sample was 28 years, and

birth occurred at a mean of 36 weeks gestation.

Women in both trajectory groups were similar with

regard to preterm birth and gestational age at

birth. All women in the less-risk for cervical

remodeling group had a previous abortion or

miscarriage.

Most of the sample received support from the

Special Supplemental Nutrition Program for

Women, Infants and Children and public aid

(70%–72%), but there were no differences

between the at-risk and less-risk cervical ultra-

sonic attenuation groups on these variables. Most

women did not consume alcohol (96%) during the

pregnancy, and no differences in alcohol intake

were found between the two groups.
Nutrient Intake and Cervical Remodeling
When examining the dietary reference intakes

by ultrasonic attenuation risk group, a greater
8 32 36
ervals for at-risk (red) and less-risk (green) groups for cervical

risk group has lower attenuation scores and greater cervical

has higher attenuation scores and less cervical remodeling
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Table 1: Participant Characteristics

Characteristic

Total

Mean (SD),

n ¼ 47

At-Risk Group

Mean (SD),

n ¼ 36

Less-Risk Group

Mean (SD),

n ¼ 11 p

Age, years 28.15 (6.67) 27.78 (6.35) 29.36 (7.84) .496

Gestational age at birth, weeks 36.38 (4.98) 36.3 (4.8) 36.64 (5.78) .699

Birth weight, g 2,742 (970) 2,670 (947) 2,999 (1,050) .236

Prepregnancy BMI, kg/m2 32.57 (11.6) 32.51 (12.05) 32.73 (10.56) .958

na % na % na %

Previous full term births .201

0 25 53.2 21 58.3 4 36.4

1þ 22 46.8 15 41.7 7 63.6

Previous preterm births .953

0 26 55.3 20 55.6 6 54.5

1þ 21 44.7 16 44.4 5 45.5

Previous abortion/miscarriage .001

No 20 42.6 16 44.4 0 0

Yes 27 57.4 36 100 11 100

Living children .139

0 17 37 15 42.9 2 18.2

1þ 29 63 20 57.1 9 81.8

Progesterone this pregnancy .483

No 30 63.8 22 61.1 8 72.7

Yes 17 36.2 14 38.9 3 27.3

Preterm birth this pregnancy .934

No 33 71.7 25 71.4 8 72.7

Yes 13 28.3 10 28.6 3 27.3

Birth weight <2,500 g .464

No 33 73.3 24 70.6 9 81.8

Yes 12 26.7 10 29.4 2 18.2

Marital status .517

Single 39 84.8 29 82.9 10 90.9

Married/divorced/separated 7 15.2 6 17.1 1 9.1

Employed .665

No 31 67.4 23 65.7 8 72.7

Yes 15 32.6 12 34.3 3 27.3

WIC recipient .794

No 14 30.4 11 31.4 3 27.3

Yes 32 69.6 24 68.6 8 72.7

(Continued)

Decreased Nutrient Intake and Cervical RemodelingI N F O C U S
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Table 1: Continued

na % na % na %

Public aid .494

No 13 28.3 9 25.7 4 36.4

Yes 33 71.7 26 74.3 7 63.6

Interpregnancy interval .665

Primiparous or >24 months 31 68.9 24 70.6 7 63.6

#24 months 14 31.1 10 29.4 4 36.4

UTI .106

No 33 71.7 23 65.7 10 90.9

Yes 13 28.3 12 34.3 1 9.1

Alcohol during pregnancy .377

No 44 95.7 34 97.1 10 90.9

Yes 2 4.3 1 2.9 1 9.1

Note. BMI ¼ body mass index; UTI ¼ urinary tract infection; WIC ¼ Special Supplemental Nutrition Program for Women, Infants and
Children.
aMissing data were present for some variables; percentages are based on complete data.
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percentage of participants in the less-risk group

consumed the dietary reference intake for preg-

nancy for calcium, vitamin A, folate, vitamin E,

zinc, and vitamin D compared with the at-risk

group. The percentage of participants in the

less-risk group who consumed the recommended

daily allowance for vitamin E was twice that of

those in the at-risk group (see Table 2).

In general, participants in the less-risk cervical

remodeling group consumed greater amounts of

nutrients compared with women in the at-risk

cervical remodeling group (see Table 3). In the

less-risk group, the mean intake of vitamin E was

2 times more (p ¼ .037), for calcium almost 1.3

times more (p ¼ .050), and for zinc 1.5 times

more (p ¼ .042) compared with the at-risk group.

All statistical conclusions were obtained from

multivariate models adjusted for daily kilocalorie

intake.
Discussion
We examined the relationship between nutrient

intake and cervical remodeling. We found lower

intake of zinc, calcium, and vitamin E to be

significantly related to assignment to the at-risk

cervical remodeling group. The under-

consumption of these particular nutrients (zinc,

calcium, and vitamin E) has been associated with
JOGNN 2017; Vol. 46, Issue 1
preterm birth (Hofmeyr et al., 2007). These nutri-

ents are essential for the regulation of the MMP

pathway, which is primarily responsible for cervi-

cal remodeling in pregnancy (Sundrani et al.,

2011). During conditions of nutrient deficiency,

MMP activity is increased, which causes tissue

and collagen degradation and results in prema-

ture cervical remodeling during pregnancy

(Verma & Hansch, 2007). Tissue inhibitor of met-

alloproteinases (TIMP) inhibits the activity of

MMP, and suboptimal nutrient intake may change

the regulation of MMP and TIMP concentrations.

Altering the regulation of MMP and TIMP con-

centrations may cause the process of extracel-

lular matrix cervical tissue remodeling in pregnant

women to function irregularly (Sundrani et al.,

2011), thus increasing risk for preterm birth.

Although we did not find statistically significant

differences for total calories, protein, iron, vitamin

A, thiamin, riboflavin, niacin, vitamin C, folate,

vitamin B6, magnesium, beta-carotene, vitamin

D, and vitamin B12 between the at-risk and less-

risk groups, the proportion of participants

meeting the dietary reference intake for these

nutrients was greater in the less-risk ultrasonic

attenuation group compared with the at-risk

ultrasonic attenuation group, and greater

amounts of nutrients were consumed by women

in the less-risk group than in the at-risk group.
129



Practitioners should encourage women who are
considering pregnancy or are currently pregnant to
consume diets rich in zinc, calcium, and vitamin E.
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The sample for this study was small and may not

have been adequately powered to observe

differences in all of the listed nutrients by ultra-

sonic attenuation group. Future research with a

larger sample might better address the potential

role of these nutrients in cervical remodeling and

ultrasonic attenuation.

The present findings suggest that low intake of

zinc, calcium, and vitamin E may play important

roles in influencing preterm birth. Specifically,

zinc intake was lower in the at-risk ultrasonic

attenuation group compared with the less-risk

ultrasonic attenuation group. Zinc supplementa-

tion has been shown to decrease the incidence of

preterm birth when administered early in preg-

nancy (Zahiri Sorouri, Sadeghi, & Pourmarzi,

2015), and lower intake of dietary zinc early in

pregnancy has been associated with an increase

in preterm birth (RR ¼ 3.46, 95% CI [1.04, 11.47];
Table 2: Mean Nutrient Intake by Attenuation

Nutrient

Total

Mean (SD), n ¼ 47

At

Mea

Calories, Kcal 2,496 (962) 2

Protein, g 91.62 (33.57) 9

Calcium, mg 957.52 (379.76) 89

Iron, mg 33.77 (25.49) 3

Vitamin A, IU 13,003.40 (12,387.40) 12,12

Thiamin B1, mg 2.59 (2.10)

Riboflavin B2, mg 2.75 (2.21)

Niacin, mg 30.94 (23.11) 3

Vitamin C, mg 258.81 (156.66) 24

Folate, mg 569.84 (249.01) 54

Vitamin E, IU 27.5 (29.80)

Zinc, mg 16.63 (9.14) 1

Vitamin B6, mg 2.85 (1.63)

Magnesium, mg 342.92 (131.33) 33

Beta-carotene, mg 5,635.63 (5,878.56) 4,79

Vitamin D, IU 295.33 (204.79) 27

Vitamin B12, mg 7.05 (5.08)

ap values adjusted for calorie density.
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Scholl et al., 1993). In a systematic review of 13

randomized controlled trials (6,854 women),

investigators examined zinc supplementation

during pregnancy and found a significant

reduction in preterm birth in those who received

supplements (RR ¼ 0.8, 95% CI [0.7, 0.9];

Mahomed, Bhutta, & Middleton, 2007). However,

African American women with low plasma zinc

concentrations who supplemented with zinc later

in pregnancy (19 weeks or greater) did not

experience a significant reduction in preterm birth

(10.2% vs. 13.3%, p ¼ .25; Goldenberg et al.,

1995). Together, these results suggest that

zinc has a role in preventing prematurity but

that zinc supplementation in early pregnancy or

preconception supplementation may be neces-

sary to have positive effects in reducing preterm

birth risk.

Zinc is involved in numerous aspects of cellular

metabolism and has a role in immune function,

wound healing, DNA synthesis, protein synthesis,

and cell division (Institute of Medicine Panel on

Micronutrients & Institute of Medicine Food and

Nutrition Board, 2001). In addition, zinc has a

role in stabilizing cell membranes (Shankar &
Risk Group

-Risk Group

n (SD), n ¼ 36

Less-Risk Group

Mean (SD), n ¼ 11 pa

,459 (861) 2,616 (1,282) .641

1.39 (31.24) 92.39 (42.02) .932

7.78 (327.04) 1,153.06 (483.89) .031

3.65 (24.39) 34.15 (30.09) .779

1.15 (8,748.66) 15,890.86 (20,639.82) .692

2.66 (2.33) 2.35 (1.13) .520

2.82 (2.43) 2.55 (1.31) .606

2.07 (25.69) 27.24 (11.28) .410

6.03 (144.02) 300.64 (194.39) .380

8.59 (259.51) 639.39 (206.30) .216

22 (22.56) 45.5 (42.86) .044

4.95 (6.85) 22.13 (13.27) .049

2.84 (1.65) 2.86 (1.64) .825

5.47 (103.43) 367.27 (202.59) .603

7.66 (3,700.03) 8,378.09 (10,012.37) .332

3.15 (186.85) 367.91 (251.32) .210

6.75 (4.41) 8.02 (7.02) .988

6.08.006 http://jognn.org
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Table 3: Participants That Met Recommended Dietary Reference Intake by Attenuation Risk

Group

Nutrient At-Risk %, n ¼ 36 Less-Risk %, n ¼ 11 p DRI/UL in pregnancy

Calcium, mg 36 64 .131 1,000/2,500

Iron, mg 11 9 .809 27/45

Vitamin A, IU 47 55 .707 2,565/10,000

Thiamin B1, mg 83 82 .683 1.4/ND

Riboflavin B2, mg 92 73 .052 1.4/ND

Niacin, mg 56 55 .974 18/35

Vitamin C, mg 94 91 .550 85/2,000

Folate, mg 28 45 .264 400/ND

Vitamin E a-TE 44 82 .045 15/1,000

Zinc, mg 69 82 .496 11/40

Vitamin B6, mg 78 73 .530 1.9/100

Magnesium, mg 67 64 .885 360/350

Vitamin D, IU 56 82 .109 200/2,000

Vitamin B12, mg 92 73 .052 2.6/ND

Note. a-TE ¼ alpha- (or a-) tocopherol; DRI ¼ dietary reference intake; ND ¼ not determined; UL ¼ upper limit.
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Prasad, 1998), maintaining the integrity of

mucosal membranes (Wintergerst, Maggini, &

Hornig, 2007), and maintaining collagen. Zinc is

an integral component to the TIMP/MMP pathway.

TIMP inhibits MMP activity by inserting its edge

into the zinc binding-catalytic site and substrate

binding groove (Brew, Dinakarpandian, &

Nagase, 2000). Through crystallographic ana-

lyses, TIMP has been shown to bind with a zinc

ion in the catalytic site of the MMPs (Murphy,

2011). Once this bond occurs, MMPs decrease

in activity, thereby inhibiting cervical remodeling

in preparation for labor. Therefore, adequate zinc

may be necessary for decreasing MMP produc-

tion and preventing premature cervical

remodeling.

Mean plasma zinc levels are lower for African

American women compared with their White

counterparts (Neggers et al., 1996). In a longitu-

dinal study, African American women consistently

had lower mean plasma zinc concentrations

compared with White women. This occurrence

was observed at less than 12 weeks (11.6 � 2.4

mmol/L vs. 12.2 � 2.2 mmol/L), 12 to 19 weeks

(10.7 � 2.2 mmol/L vs. 11.1 � 2.4 mmol/L), and

greater than 20 weeks (9.6 � 2.1 mmol/L vs. 10.1

� 2.4 mmol/L) gestation (Neggers et al., 1996).

Given the important role that zinc has in mainte-

nance of collagen and cervical remodeling, it is
JOGNN 2017; Vol. 46, Issue 1
especially important that pregnant African Amer-

ican women consume adequate amounts.

Similar to zinc, we showed that calcium intake

was significantly lower in the at-risk group

compared with the less-risk group. Calcium is the

most abundant mineral in the body, is important

to bone health, and is required for proper intra-

cellular signaling, muscle function, and hormonal

secretion (Institute of Medicine, 2010). Calcium is

associated with the activation of MMPs and is

essential for folding of the molecule for substrate

recognition and catalysis (Meraz-Cruz et al.,

2006). Lower concentrations of calcium activate

the MMP complex, and calcium concentrations

above 2 mmol/L have been shown to stabilize

MMP activity (Meraz-Cruz et al., 2006). Thus,

adequate calcium levels are likely needed to

stabilize MMP activity and prevent premature

cervical tissue remodeling.

In a meta-analysis of 10 trials on calcium

supplementation during pregnancy, investigators

found a nonsignificant reduction in overall preterm

birth (RR¼ 0.8, 95% CI [0.6, 1.0]) but a significant

reduction in preterm birth for women (4 trials,

n¼ 578) at greater risk for preeclampsia (RR¼ 0.5,

95% CI [0.2, 0.8]) when they were administered

calcium (Hofmeyr et al., 2007). Similarly, other

researchers found that calcium supplementation
131
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of 2 g/day reduced spontaneous preterm birth in

greater-risk adolescents (6.4% vs. 17.9%, p¼ .01;

Villar &Repke, 1990). Together, these investigators

suggest that adequate dietary calcium intake and

calcium supplementation may have a positive

effect in preventing preterm birth in greater-risk

populations. This reduction in preterm birth may

be related to calcium’s role in cervical remodeling

via the MMP pathway.

Similar to zinc and calcium, we found that levels

of vitamin E were significantly lower in the at-risk

group than in the less-risk group. Other

researchers who studied women during preg-

nancy found the average intake of vitamin E was

least in African American women (6.0 � 0.2 mg)

compared to Hispanic (6.4 � 0.3 mg) and White

(6.6 � 0.2 mg) women (Arab, Carriquiry, Steck-

Scott, & Gaudet, 2003). Vitamin E is a fat-

soluble vitamin with many biological functions,

including its role as an antioxidant, that protects

tissues and cells from the damaging effect of

reactive oxygen species (Traber, 2007). Reactive

oxygen species react with cell molecules and

reduce the tissue’s ability to repair itself. A close

correlation exists between ROS and the activation

of MMPs, which may be the pathway by which

vitamin E affects cervical tissue remodeling. One

group of investigators found that ROS accumu-

lation in human pancreatic cells enhanced MMP-

2 secretion (Liu et al., 2012). However, another

group found that the quenching of ROS by the

potent antioxidant vitamin E normalizes ROS

levels (Liu & Liu, 2012). Other researchers found

that vitamin E reduced MMP expression and

activity in human dermal cells (Hantke et al.,

2002), and murine model vitamin E supplemen-

tation decreased the expression and activity of

MMP-2 (Wang, Tao, Yuan, Shen, & Liu, 2010).

Therefore, adequate concentrations of vitamin E

during pregnancy may impede ROS accumula-

tion, subsequently decrease MMP expression,

and thereby decrease cervical tissue degrada-

tion and ultrasonic attenuation.

Limitations
The Block brief FFQ is a self-report measure and

is a measure of usual intake. Food frequency

questionnaires are limited in their ability to collect

complex information and require categorized

responses, which may not adequately capture

variability in energy- or nutrient-dense foods

(Kristal, Peters, & Potter, 2005).

Because many of these nutrients have antioxidant

and/or anti-inflammatory properties, investigators
JOGNN, 46, 123–134; 2017. http://dx.doi.org/10.1016/j.jogn.201
should examine the relationships between

nutrient intake, inflammatory markers, MMPs, and

cervical ultrasonic attenuation. Examination of

serum markers of some nutrients would provide a

more accurate picture of the bioavailability of

these nutrients during pregnancy and their

potential effect on cervical remodeling and ultra-

sonic attenuation.

Because we exclusively sampled African Amer-

ican women, our results cannot be generalized to

other populations. Investigators should examine

these associations in a more diverse sample. In

addition, this study was not designed or powered

to determine whether nutrient intake was associ-

ated with pregnancy complications and was a

secondary analysis of data on multiple factors

that lead to preterm birth.

This study is a secondary analysis of a pilot study

examining multiple pathways to preterm birth.

Because the sample size is small and this is a

secondary analysis with no a priori sample

calculation, the results are preliminary, and future

studies should examine these variables in a

larger sample.

Implications for Practice
Building healthy tissues takes time. Thus,

consuming a nutritious diet and taking vitamins

once pregnancy is determined may not be suffi-

cient to optimize cervical tissue for the prevention

of pregnancy complications, including preterm

birth. Practitioners need to encourage women

considering pregnancy and those currently

pregnant to consume a diet rich in zinc, calcium,

and vitamin E. Zinc is found in a wide variety of

foods, including oysters, red meat, poultry,

beans, nuts, whole grains, fortified breakfast

cereals, and dairy products (Institute of Medicine,

Food and Nutrition Board, 2001). Milk, yogurt,

and cheese are rich natural sources of calcium;

nondairy sources of calcium include vegetables

such as Chinese cabbage, kale, and broccoli, but

calcium from these foods is less bioavailable

(Institute of Medicine, Standing Committee on the

Scientific Evaluation of Dietary Reference Intakes,

1997). Nuts, seeds, and vegetable oils are the

best sources of vitamin E, and significant

amounts are available in green leafy vegetables

and fortified cereals (Monsen, 2000). Practi-

tioners should inform women, particularly those at

greatest risk for preterm birth, that certain nutri-

ents (such as zinc, calcium, and vitamin E) are

important to the health of the cervix and therefore

may prevent spontaneous preterm birth.
6.08.006 http://jognn.org
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