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Abstract: We examined the association of vitamin D deficiency to risk of cesarean 

delivery using prospective data in a cohort of 1153 low income and minority gravidae. 

Circulating maternal 25-hydroxyvitamin D and intact parathyroid hormone were measured 

at entry to care 13.73 ± 5.6 weeks (mean ± SD). Intake of vitamin D and calcium was 

assessed at three time points during pregnancy. Using recent Institute of Medicine 

guidelines, 10.8% of the gravidae were at risk of vitamin D deficiency, and 23.8% at risk 

of insufficiency. Maternal 25-hydroxyvitamin D was related positively to vitamin D and 

calcium intakes and negatively to circulating concentrations of parathyroid hormone. Risk 

for cesarean delivery was increased significantly for vitamin D deficient women; there was 

no increased risk for gravidae at risk of insufficiency. When specific indications were 

examined, vitamin D deficiency was linked to a 2-fold increased risk of cesarean for 

prolonged labor. Results were the similar when prior guidelines for vitamin D deficiency 

(25(OH)D < 37.5nmol/L) and insufficiency (37.5–80 nmol/L) were utilized. 
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1. Introduction 

Delivery by cesarean is a common operative procedure experienced by reproductive age 

women [1]. A Cesarean may be performed for reasons related to the mother or to the fetus including 

prolonged labor (dystocia), fetal distress, fetal malpresentation or a prior cesarean delivery [2]. Factors 

which increase risk include older maternal age, obesity, parity and ethnicity [3,4] along with a more 

recently defined factor—maternal nutrition [5–7]. 

Recent research in the United States found low circulating 25-hydroxyvitamin D (25(OH)D), the 

primary indicator of vitamin D status, among women who were either pregnant or in their reproductive 

years [8–10]. Vitamin D is present in food either naturally or by fortification and included in 

nutritional supplements; the majority is synthesized photochemically by the skin from ultraviolet B 

radiation [11]. One way by which poor maternal vitamin D status might increase risk of cesarean 

delivery is by reducing strength of the pelvic musculature and the mother’s ability to push and deliver 

vaginally. However, two observational studies came to different conclusions; one reported an 

increased risk of cesarean for women with concentrations below 37.5 nmol/L [5] and the other no 

association with maternal 25(OH)D [6]. 

The extent to which maternal vitamin D influences the course and outcome of human pregnancy 

remains to be more completely studied. We used an HPLC method to assay circulating 25(OH)D to 

assess the influence of maternal vitamin D at entry to care on risk of cesarean delivery in a cohort of 

young, low income minority gravidae from Camden, New Jersey. 

2. Methods 

The Camden Study examines the effects of maternal nutrition and metabolism in generally healthy 

pregnant women from one of the poorest cities in the United States [7,12]. Participants include teenage 

and mature women enrolling for prenatal care in Camden clinics. Gravidae with serious non-obstetric 

problems (e.g., lupus, chronic hypertension, diabetes mellitus Type 1 or Type 2, and seizure disorders, 

malignancies, drug or alcohol abuse as verified from the medical record) are not eligible. 

Approximately 80% of eligible gravidae agreed to participate. The Institutional Review Board of the 

University of Medicine and Dentistry of New Jersey approved the study. In this analysis, we focused 

on 25(OH) D in gravidae enrolled and delivered from 2001 to 2007.  

Socioeconomic, demographic, lifestyle, and dietary data were obtained by interview at entry to 

prenatal care, and updated at weeks’ 20 and 28 gestation. A 24-h recall of the previous day’s diet was 

obtained on the same schedule, processed with databases from the Campbell Institute of Research and 

Technology (Campbell Soup Company) in Camden. The database generates data for more than 

70 nutrients using the United States Department of Agriculture Nutrient Database for Standard 

Reference [13] and the Continuing Survey of Food Intakes by Individuals [14] as well as data from the 

scientific literature. Intakes have been validated by computing measures of reliability and by assay of 

some circulating biomarkers [15–19]. The nutrient values of vitamin D and calcium from diet and from 

diet plus supplements were averaged across the pregnancy and the mean used in this analysis; entry 

data were included for comparison. 
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BMI was computed (kg/height (m2)) from recalled pregravid weight and height measured with a 

stadiometer at entry to care. Maternal ethnicity (African American, Hispanic and white) was self 

reported. Information on presence or absence of cesarean delivery, whether this was a primary  

(no prior cesarean) cesarean along with the indication for the cesarean were abstracted from the 

delivery record, and delivery logbooks. A total of 56/290 (19.3%) had an elective cesarean, the 

remainder were unplanned.  

Circulating 25(OH)D was measured as 25 hydroxyvitamin D3 (25(OH)D3) and 25 hydroxyvitamin D2 

(25(OH)D2) by HPLC in serum [20] using a kit marketed by Chromosorb (Germany). Briefly, to  

0.5 mL of serum are added 350 µL of methanol–2-propanol (80:20 by volume) and the 25(OH)D 

extracted by mixing three times with 2 mL of hexane. The phases were separated by centrifugation, 

and the upper organic phases combined and dried under nitrogen. The residue was then dissolved in 

100 µL of mobile phase. Calibration curves were constructed using four concentrations of 25(OH)D 

(15–120 nmol/L) and human serum albumin (50 g/L). For the chromatography we used a Waters 

Millenium HPLC (Waters Inc., Milford MA) fitted with a LiChrospher 60 RP select B column  

(4 × 250 mm; 5 µm bead size; EMD, Bridgewater, NJ) maintained at 40 °C. The separation was 

achieved using 760 mL/L methanol in water as the mobile phase with a flow rate of 1 mL/min and 

detection at 265 nm. The injected volume was 50 µL. The 25(OH)D3 and 25(OH)D2 peaks are 

completely resolved with retention times of 20.8–21.1 min and 23.1 min, respectively. The within-assay 

and between assay CVs were <8%. 

Serum intact parathyroid hormone (PTH) was measured by immuno-radiometric assay (IRMA) 

(DSL Diagnostic Systems Laboratories, Inc., Webster, Texas). The two-site IRMA is a non-competitive 

assay using two antibodies directed to non-overlapping N-terminal and C-terminal PTH fragments 

respectively. When these two antibodies are paired in a two-site IRMA, only intact PTH is measured. 

The overall intra and inter-assay coefficients of variation were <5%. Maternal serum obtained at entry 

was stored at −70 °C and used for the assays. Available data show that 25(OH)D and PTH are stable 

and reproducible for several years when stored at −70 °C [21,22].  

3. Data Analysis  

The association of maternal characteristics, PTH and intake of vitamin D and calcium during the 

pregnancy with circulation 25(OH)D was assessed for trend (Chi Square, ANOVA). We used ordinary 

least squares regression to determine the relation of PTH to 25(OH)D examining linear, quadratic and 

quartic terms to fit the line. 

Concentrations of 25(OH)D2 were very low so that vitamin D status (25(OH)D) was based mainly 

on 25(OH)D3. Following recent Institute of Medicine (IOM) guidelines [11] we utilized 25(OH)D  

at <30.0 nmol/L (<12 μg/L) to indicate risk of vitamin D deficiency; concentrations from  

30.0–49.9 nmol/L (12–20 μg/L) to indicate risk of insufficiency. Serum concentrations between 50 and 

125 nmol/L, deemed vitamin D sufficient [11], were used as the reference group. In addition, we also 

compared these results to those obtained using prior guidelines [23]: <37.5 nmol/L, 37.5–80.0 nmol/L 

and >80 nmol/L. 

Multiple logistic regression was used to fit separate models for cesarean delivery (total and primary 

cesarean). Gravidae were compared to those whose 25(OH)D was sufficient. Polytomous (multinomial) 
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logistic regression is an extension of traditional logistic regression which models multiple level 

outcomes so that odds ratios and adjusted odds ratios for more than one outcome are estimated in a 

single model [24]. Since we hypothesized that poor maternal vitamin D status was associated with 

poor muscle tone and ability to push we estimated the relation of 25(OH)D to two indications for 

cesarean: prolonged labor (dystocia) and fetal distress. We also included all other indications for 

cesarean in the same model. All models were adjusted for potential confounding variables associated 

with adverse outcomes in Camden or from the published literature including age, parity, ethnicity, 

smoking, pregravid BMI, gestation at entry and season at entry. Data were analyzed with SAS 

version 9.0 (SAS Institute, Cary, NC).  

4. Results 

Table 1 gives entry data 13.73 ± 5.6 (SD) completed weeks gestation] for the cohort of 1153 low 

income and minority women categorized by concentrations of 25(OH)D suggestive of deficiency and 

insufficiency. Concentrations of 25(OH)D2 were very low and fewer than one quarter of the women 

had detectable levels (greater than zero) thus maternal 25(OH)D consisted mainly of 25(OH)D3. 

By recent Institute of Medicine criteria, 10.8% (N = 125) of the cohort had concentrations  

of 25(OH)D placing them at risk of vitamin D deficiency, and an additional 23.85% (N = 275) had 

concentrations suggesting insufficiency. There were significant linear trends for parous women, for 

women of African American or Hispanic ethnicity, for those with BMIs indicating overweight (25–29.9) 

or obesity (≥30), and for women entering care during the winter (January-March) to be at higher risk 

of deficiency and insufficiency (Table 1). On the other hand, women with levels >125 nmol/L were 

more likely to be nulliparous and white, to have a low BMI (<25) and to enter during the summer 

(July–September) (Table 1). 

Table 1. Linear trends for maternal characteristics and intact parathyroid hormone 

according to categorized 25(OH)D. 

Characteristics N 

25(OH)D Concentration 
p for 

Trend 
<30.0 nmol/L

(N = 125) 

30–49.9 nmol/L

(N = 275) 

50–125 nmol/L

(N = 683) 

>125 nmol/L 

(N = 70) 

25(OH)D (nmol/L) 

Mean, SEM 
1153 22.6 (0.49) 40.7(0.33) 77.6(0.75) 142.1(1.81) <0.001 

25(OH)D3 (nmol/L) 

Mean, SEM 
1153 22.2 (1.49) 39.5(1.00) 75.5(0.64) 139.7(2.0) <0.001 

25(OH)D2 (nmol/L) 

Mean, SEM 
1153 0.44 (0.52) 1.16 (0.35) 2.10 (0.22) 2.34 (0.70) 0.007 

% Detectable  12.0 22.9 25.9 28.6 <0.005 

Intact Parathyroid Hormone 

(pmol/L) 
1141 5.6 (0.21) 4.5 (0.14) 3.6 (0.09) 3.4 (0.27) <0.001 

Gestation at Entry (weeks) 

Mean, SEM 
1153 13.0 (0.50) 13.5 (0.34) 13.8 (0.21) 15.5 (0.67) 0.014 

Age (years) 

Mean, SEM 
1153 23.0 (0.50) 22.7 (0.33) 22.9 (0.21) 22.2 (0.66) 0.67 
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Table 1. Cont. 

Parity (%)       

Nulliparous 435 8.5 18.2 65.3 8.1 <0.001 

Parous 718 12.3 27.3 55.6 4.9  

BMI (kg/m2) 

Mean, SEM 
1153 27.5 (0.57) 27.5 (0.38) 25.6 (0.24) 22.9 (0.77) <0.001 

BMI (%)       

<25  619 9.5 19.2 62.5 8.7 <0.001 

25–29.9 237 13.1 25.7 58.2 2.9  

≥30 297 11.8 32.0 53.2 3.0  

Smoking (%)       

Yes 235 11.5 22.1 58.7 7.7 0.65 

No 918 10.7 24.3 59.4 5.7  

Ethnicity (%)       

African-American 399 18.3 33.3 46.9 1.5 <0.001 

Hispanic 593 8.4 21.6 62.7 7.3  

White 161 1.2 8.7 77.0 13.0  

Season at Entry (%)       

Winter 306 19.0 27.1 49.7 4.3 <0.001 

Spring 324 11.7 25.6 56.8 5.9  

Summer 257 2.7 14.8 74.7 7.8  

Fall 266 8.3 26.7 58.3 6.8  

Insurance Source (%)       

Medicaid 1137 11.0 23.7 59.1 6.2 0.59 

Other 14 10.0 78.6 21.4 0  

There was a significant trend for PTH concentrations to decrease according to the categories of 

25 (OH) D shown in Table 1; a comparison of the PTH at 50–125 nmol/L 25(OH)D to those 

>125 nmol/L suggested no difference between the two (p = 0.45). Circulating 25(OH)D and PTH were 

negatively correlated (r = −0.26) so that PTH concentrations fell as circulating 25(OH)D increased. 

Figure 1 graphically plots unadjusted serum 25(OH)D and PTH for gravidae with and  

without a cesarean delivery. A straight line gave the best fit for women delivered by cesarean  

(−0.019 ± 0.004 pmol/L (b,SE), p < 0.001). A quadratic function provided the best fit for women 

without a cesarean [(−0.047 ± 0.009 pmol/L) + (0.0002 ± 0.000055 pmol/L2 (b,SE))] p < 0.001 for 

each. When linear models were fit for each group, adjusted (age, parity, BMI, ethnicity, smoking, 

season and gestation at entry) and compared the slopes differed significantly (p = 0.035); thus gravidae 

delivered by cesarean had more PTH per unit of 25(OH)D than women without a cesarean. 
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Figure 1. Serum 25-hydroxyvitamin D and parathyroid hormone in women without  

(left panel) and with (right panel) cesarean delivery. Data are unadjusted. 

  

Vitamin D and calcium in the maternal diet or diet plus supplements increased as 25(OH)D rose. 

Intakes of vitamin D and calcium (diet or diet plus supplements) were usually lower when  

circulating 25(OH)D fell to <30 nmol/L but increased regularly between 30 and 49.9 nmol/L and at or 

above 50 nmol/L. This was true regardless of whether the overall mean from the pregnancy was 

utilized or data from the entry visit alone (Table 2). The result was the similar when 25(OH)D 

concentrations <37.5 and between 37.5 and 80 were compared to concentrations exceeding 80 nmol/L 

(data not shown).  

Table 2. Energy adjusted intake of vitamin D and calcium from diet and diet plus 

supplements by 25(OH)D concentration. 

Intake 
(Mean, SEM) 

25(OH)D Concentration 

p for Trend <30 nmol/L 30–49.9 nmol/L 50–125 nmol/L >125 nmol/L 
(N = 125) (N = 275) (N = 683) (N = 70) 

Vitamin D (diet μg/day) 
Mean 1 4.0 (0.29) 4.1 (0.19) 4.9 (0.12) 5.2 (0.38) <0.001 
Entry 3.6 (0.38)  3.5 (0.27) 4.6 (0.16) 5.2 (0.53) <0.001 

Calcium (diet mg/day) 
Mean 1 876 (30.5) 868 (20.8) 943 (13.0) 985 (40.9) <0.001 
Entry 821 (44.3)  809 (31.5) 917 (19.3) 992 (63.1) <0.001 

Vitamin D (diet + supplements μg/day) 
Mean 1 9.1 (0.34) 9.5 (0.23) 10.6 (0.15) 11.2 (0.46) <0.001 
Entry 8.6 (0.43)  9.1 (0.31) 10.6 (0.19) 11.1 (0.62) <0.001 

Calcium (diet + supplements mg/day) 
Mean 1 1021 (30.7) 1024 (21.0) 1110 (13.1) 1156 (41.2) <0.001 
Entry 963 (44.3)  969 (31.5) 1089 (19.3) 1160 (63.1) <0.001 

1 Mean of 3 intakes (Entry, 20, 28 Weeks), energy adjusted. 

A total of 290 gravidae from the cohort (25.2%) were delivered by cesarean of which 173 (15.0%) 

had primary cesareans. Using concentrations of 25(OH)D suggestive of sufficiency as the reference 

and controlling for potential confounding variables apart from BMI, the increase in risk for cesarean 
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and primary caesarean were significant for gravidae at risk of deficiency (25(OH)D < 30 nmol/L). 

After control for BMI the increase was significant and less than 2-fold (66%) for total caesarean; 

primary cesarean was similarly increased (68%) but 95% confidence intervals now included unity  

(p = 0.054). Gravidae at risk for insufficiency (30–49.9 nmol/L) did not have an increased risk for total 

or primary cesarean (Table 3).  

Table 3. Maternal 25(OH) D and Cesarean Delivery (primary, total). 

Total Cesarean Deliveries 

25(OH)D Concentration N % AOR 1 95% CI AOR 2 95% CI 

<30 nmol/L 125 35.2 1.70 1.12, 2.58 1.66 1.09, 2.52 
30–49.9 nmol/L 275 22.2 0.89 0.63, 1.25 0.83 0.59, 1.17 
50–125.0 nmol/L 683 24.9 Reference - Reference - 
>125 nmol/L 70 21.4 0.59 0.17, 2.08 0.90 0.49, 1.66 

Primary Cesarean Delivery 3 

25(OH)D Concentration N % AOR 1 95% CI AOR 2 95% CI 

<30 nmol/L 105 22.9 1.79 1.07, 3.01 1.68 0.99, 2.84 
30–49.9 nmol/L 247 19.1 0.89 0.58, 1.37 0.80 0.52, 1.24 
50–125.0 nmol/L 618 17.0 Reference - Reference - 
>125 nmol/L 66 16.7 0.94 0.47, 1.87 1.03 0.51, 2.06 

1 Adjusted for age, parity, ethnicity, smoking, gestation at entry and season at entry; 2 Adjusted for age, 

parity, ethnicity, smoking, gestation at entry, season at entry and BMI; 3 Excludes gravidae with a second 

cesarean section. 

We found similar but slightly stronger results comparing concentrations of 25(OH)D < 37.5 nmol/L 

to those in excess of 80 nmol/L. After control for potential confounding variables including BMI, there 

was approximately a 2-fold increase in risk for a primary cesarean (Adjusted Odds  

Ratio (AOR) = 1.99, 95% Confidence Interval (CI): 1.20, 3.30) and a less than 2-fold increase  

(AOR = 1.74, 95% CI: 1.13, 2.67) for total cesarean delivery with 25(OH)D concentrations  

below 37.5 nmol/L; risk was not increased between 37.5 and 80 nmol/L (AOR = 1.25, 95% CI: 0.81, 

1.24 for primary cesarean and AOR = 1.14, 95% CI: 0.80, 1.59 for total cesarean).  

A total of 7.7% (N = 89) of the cohort were delivered by cesarean for a prolonged labor and  

another 4.9% (N = 56) for fetal distress. These two causes together accounted for more than  

half (52.8%) of all deliveries by cesarean. Other causes included elective cesarean (4.9%), fetal 

malpresentation (2.5%), failed induction (1%) preeclampsia (0.5%), placental abruption (0.9%) and 

others (3.3%). Risk of cesarean for prolonged labor was increased 2-fold for gravidae  

with 25(OH)D < 30 nmol/L. No increase in risk for fetal distress as a cause of cesarean or for causes 

other than prolonged labor or fetal distress was noted among gravidae with 25(OH)D < 30 nmol/L or 

between 30 and 49.9 nmol/L (Table 4). When data were restricted to women with a primary cesarean 

and 25(OH)D was <30 nmol/L there was a 2-fold increase in cesarean for prolonged labor  

(AOR = 2.12, 95% CI 1.06, 4.32 after control for potential confounders) but no increase in fetal 

distress or other causes of cesarean delivery; no increase in risk was found when levels fell between  

30 and 49.9 nmol/L. A similar result was noted for prolonged labor (AOR = 2.24, 95% CI: 1.17, 3.98) 

when gravidae with concentrations falling below 37.5 nmol/L 25(OH)D were compared to those  
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>80 nmol/L after control for potential confounding variables; no increased risk was noted when 

25(OH)D was between 37.5 and 80 nmol/L (AOR = 1.18, 95% CI: 0.68, 2.06). 

Table 4. Maternal 25(OH) D and total cesarean by cause. 

25(OH)D 

Concentration 
N 

Prolonged Labor Fetal Distress Other Causes 

% AOR 1 95% CI % AOR 1 95% CI % AOR 1 95% CI 

<30 nmol/L 125 12.0 2.08 1.09, 3.98 5.6 1.54 0.64, 3.70 17.6 1.38 0.79, 2.38

30–49.9 nmol/L 275 8.0 1.14 0.66, 1.97 5.1 1.09 0.56, 2.11 9.1 0.56 0.35, 0.92

50–125.0 nmol/L 683 7.0 Reference - 4.5 Reference - 13.3 Reference - 

>125 nmol/L 70 5.7 0.81 0.28, 2.35 5.7 1.21 0.41, 3.60 10.0 0.82 0.36, 1.93
1 Adjusted for age, parity, ethnicity, smoking, BMI, gestation at entry and season at entry. 

5. Discussion 

In our prospective study of low income and minority Camden gravidae, the proportion at risk of 

vitamin D deficiency (<30.0 nmol/L) was 10.8%; with another 23.8% at risk of insufficiency, neither 

differs markedly from prevalence data reported by the Centers for Disease Control using Institute of 

Medicine guidelines [25]. The indications for cesarean in this study, including the leading indication 

(prolonged labor) were the same as for an international comparison which included the United States [2]. 

We found that risk of vitamin D deficiency at entry to care linked to an increased risk of cesarean 

delivery as well as to a better than two fold increase in risk for a specific indication for cesarean: 

prolonged labor. This was true regardless of whether we used a lower (<30 nmol/L) or a  

higher (<37.5 nmol/L) concentration of 25(OH)D to index vitamin D deficiency. There was no 

increase in risk of cesarean for women with vitamin D insufficiency however defined. There was no 

increased risk for women with levels of 25(OH)D exceeding 125 nmol/L. Higher circulating  

levels of 25 (OH)D have been related to increased mortality and risk of certain cancers but are not 

thought to be of concern during pregnancy [11]. Recent Endocrine Society guidelines [26] recommend 

a range of 25(OH)D between 100–150 nmol/L for adults including pregnant women with only 

extraordinary levels (e.g., 25(OH)D > 375 nmol/L) warranting concern about toxicity. 

These data are consistent with a study by Merewood [5] where women with a primary cesarean 

section had lower concentrations of 25(OH)D measured within 72 h of delivery than controls who 

delivered vaginally. While they did not examine the indications for cesarean, a small case-control 

study of Pakistani women looked at a specific cause (cesarean for obstructed labor from cephalopelvic 

disproportion) but reported no association with 25(OH)D at delivery [6].  

Vitamin D receptors are present in skeletal muscle [27]. Vitamin D deficiency and insufficiency are 

related to muscle mass and strength in younger women [28,29]. Circulating levels of 25(OH)D correlated 

positively with jumping mechanography, a measure of muscle force and power, in young women from 

Manchester, England; the mean 25(OH)D concentration of participants was 28.9 nmol/L [28]. Chinese 

adolescents who were vitamin D deficient (25–50 nmol/L) or severely deficient (<25 nmol/L) had 

reduced handgrip muscle strength when compared to those with higher levels of 25(OH)D [29]. In a 

cross sectional study of US adults, lower 25(OH)D was associated with less skeletal muscle mass in 

younger women (range 21–64 years) but not reduced grip strength [30]. While there are few studies of 

vitamin D and muscle strength in reproductive age women, recent research using data from NHANES 
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2005–2006 showed a decreased risk of pelvic floor disorders for women with concentrations of 

25(OH)D exceeding 75 nmol/L. For women age 20 and older risk was reduced by 6% for each 5 unit 

increase in 25(OH)D and by 8.6% for women aged 50 and over [31]. During pregnancy strengthening 

muscles of the pelvic floor enhances muscle control and flexibility, prevents urinary incontinence 

during and after delivery [32] and smoothes the progress of labor [33]. In one study, gravidae 

randomly assigned to an exercise regimen to strengthen their pelvic floor musculature had lower rates 

(22%) of a prolonged second stage of labor compared to controls (37%) [33]. Thus it is plausible that 

one way by which poor maternal vitamin D status increases risk of cesarean delivery is by reducing 

pelvic muscle strength and control leading a reduced ability to push and to a longer and more 

difficult labor.  

Since our study was prospective, i.e., examined the influence of 25(OH)D months before delivery, 

supplementation of women at risk of vitamin D deficiency from early pregnancy onward might reduce 

the rate of cesarean delivery. In a recent randomized controlled trial, 25.3% of women assigned to 

receive 400 IU vitamin D/day, 20.6% assigned to 2000 IU/day and 14.3% assigned to 4000 IU/day 

delivered by cesarean. These results were not statistically significant owing, in part, to small sample 

size (111–122/group) [34].  

Most of the 25(OH)D measured in our cohort was 25(OH)D3 which is also synthesized by  

the skin after exposure to ultraviolet B radiation from the sun whereas 25(OH)D2 is not [11,23].  

Vitamin D is present in few foods naturally (fatty fish, fish liver oils), used to fortify others (milk, 

breakfast cereals, orange juice), and included in nutritional supplements (prenatal multivitamins). 

Vitamins D2 and D3 are both used in nutritional supplements and for food fortification [11]. We found 

that calcium and vitamin D from diet or diet plus supplements was positively related to circulating 

25(OH)D. Mean dietary intakes of vitamin D and calcium averaged over the pregnancy were similar to 

NHANES III data for reproductive age women [35]. Mean intake from diet plus supplements 

approximated the pregnancy EAR for calcium at all concentrations of 25(OH)D and the pregnancy 

EAR for vitamin D when circulating 25(OH)D was 50 nmol/L or better [11]. The Endocrine Society’s 

guidelines call for a higher vitamin D intake in at risk pregnant women with a range of 15–25 μg/day 

in women age 18 and younger and 35.5–50 μg/day in women 19 and older [26]. 

Parathyroid hormone and 25(OH)D are inversely related; an increased concentration of PTH is a 

functional indicator of vitamin D deficiency and insufficiency. Consistent with others we found that as 

circulating concentrations of 25(OH)D decreased, PTH rose [11,23]. In our study PTH was increased 

at concentrations suggestive of deficiency and insufficiency, declined as 25(OH)D increased and was 

no different when concentrations consistent with vitamin D sufficiency and those exceeding 

125 nmol/L were compared. The shape of the curve describing the relation between PTH and 

25(OH)D was different for women delivered vaginally (quadratic) or by cesarean (linear). When both 

groups were compared using the same model, the slopes were significantly different and suggested 

more PTH per unit of 25(OH)D in women delivered by cesarean.  

Finally, we confirmed vitamin D variation with maternal BMI, by season of the year and according 

to maternal ethnicity and found that poorer vitamin D status occurs with overweight and obesity [36,37] 

during the winter months and with increasing intensity of skin pigmentation [8]. While we relied on 

the medical record to identify women with prolonged labor, future studies would benefit from use of a 
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more uniform definition. Results are also limited by use of self declared race/ethnicity as a proxy for 

skin pigmentation and season of year as a surrogate for sun exposure.  

6. Conclusions 

While there is no single reason for the continued rise in cesarean delivery in the United States, our 

data suggest that decreasing the number of women at risk of vitamin D deficiency might have 

important ramifications for women, their pregnancies and the cost of their care. Results stemming from 

observational studies, even when they are prospective, can be endlessly debated, if for example, they 

are a consequence of uncontrolled confounding or of differences in medical judgment. But the 

question at hand about vitamin D and cesarean delivery is one that is best answered by an experiment, 

a randomized controlled trial of vitamin D supplementation in a population with poor vitamin D status 

where the doses are high enough to move women into ranges of 25(OH)D associated with decreased 

risk [5,38]. 

Acknowledgements  

TO Scholl and TP Stein designed the research, TO Scholl, TP Stein, X Chen, conducted the 

research, TO Scholl and X Chen analyzed the data, TO Scholl, TP Stein and X Chen wrote the paper. 

TO Scholl took primary responsibility for the final content. All authors read and approved the  

final manuscript.  

This work was supported by grants from the National Institutes of Health (HD38329 and HD58128). 

Conflict of Interest 

The authors have no conflicts of interest. 

References 

1. DeFrances, C.J.; Lucas, C.A.; Buir, V.C.; Golosinskiy, A. 2006 National Hospital Discharge 
Survey; National Health Statistics Report No. 5; National Center for Health Statistics: Hyattsville, 

MD, USA, 2008. 

2. Notzon, F.C.; Cnattingius, S.; Bergsjo, P.; Cole, S.; Taffel, S.; Irgens, L.; Daltveit, A.K.; Cesarean 

section delivery in the 1980s: International comparison by indication. Am. J. Obstet. Gynecol. 
1994, 170, 495–504. 

3. Menacker, F.; Declercq, E.; Macdorman, M.F. Cesarean delivery: Background, trends, and 

epidemiology. Semin. Perinatol. 2006, 30, 235–241. 

4. MacDorman, M.F.; Menacker, F.; Declercq, E. Cesarean birth in the United States: 

Epidemiology, trends, and outcomes. Clin. Perinatol. 2008, 35, 293–307. 

5. Merewood, A.; Mehta, S.D.; Chen, T.C.; Bauchner, H.; Holick, M.F. Association between 

vitamin D deficiency and primary cesarean section. J. Clin. Endocrinol. Metab. 2009, 94, 940–945. 

6. Brunvand, L.; Shah, S.S.; Bergstrom, S.; Haug, E. Vitamin D deficiency in pregnancy is not 

associated with obstructed labor. Acta Obstet. Gynecol. Scand. 1998, 77, 303–306. 



Nutrients 2012, 4  

 

329

7. Scholl T.O.; Chen, X. Vitamin D intake during pregnancy: Association with maternal 

characteristics and infant birth weight. Early Hum. Dev. 2009, 85, 231–234. 

8. Bodnar, L.M.; Simhan, H.N.; Powers, R.W.; Frank, M.P.; Cooperstein, E.; Roberts, J.M. High 

prevalence of vitamin D insufficiency in Black and White pregnant women residing in the 

Northern United States and their neonates. J. Nutr. 2007, 137, 447–452. 

9. Nesby-O’Dell, S.; Scanlon, K.S.; Cogswell, M.E.; Gillespie, C.; Hollis, B.W.; Looker, A.C.;  

Allen, C.; Doughertly, C.; Gunter, E.W.; Bowman, B.A. Hypovitaminosis D prevalence and 

determinants among African American and white women of reproductive age: Third National 

Health and Nutrition Examination Survey, 1988–1994. Am. J. Clin. Nutr. 2002, 76, 187–192.  

10. Johnson, D.D.; Wagner, C.L.; Hulsey, T.C.; McNeil, R.B.; Ebeling, M.; Hollis, B.W. Vitamin D 

deficiency and insufficiency is common during pregnancy. Am. J. Perinatol. 2011, 28, 7–12. 

11. Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D; National Academies 

Press: Washington, DC, USA, 2011. 

12. Stein, T.P.; Scholl, T.O.; Schluter, M.D.; Leskiw, M.J.; Chen, X.; Spur, B.W.; Rodriguez, A. 

Oxidative stress early in pregnancy and pregnancy outcome. Free Radic Res. 2008, 42, 841–848. 

13. USDA Agricultural Research Service. USDA National Nutrient Database for Standard  

Reference, Release 13, 2000. Nutrient Data Laboratory Home Page. Available online: 

http://www.ars.usda.gov/nuteintdata (accessed on 17 April 2005). 

14. USDA Agricultural Research Service Home Page. Available online: http://www.barc.usda.gov/ 

bhnrc/foodsurvey/ (accessed on 16 April 2005). 

15. Scholl, T.O.; Chen, X.; Sims, M.; Stein, T.P. Vitamin E: maternal concentrations are associated 

with fetal growth. Am. J. Clin. Nutr. 2006, 84, 1442–1448. 

16. Scholl, T.O.; Chen, X.; Khoo, C.S.; Lenders, C. The dietary glycemic index during pregnancy: 

Influence on infant birth weight, fetal growth and biomarkers of carbohydrate metabolism.  

Am. J. Epidemiol. 2004, 159, 467–474. 

17. Scholl, T.O.; Hediger, M.L.; Schall, J.I.; Khoo, C.S.; Fischer, R.L. Dietary and serum folate: 

Their influence on the outcome of pregnancy. Am. J. Clin. Nutr. 1996, 63, 520–525. 

18. Scholl, T.O.; Hediger, M.L. Anemia and iron-deficiency anemia: Compilation of data on 

pregnancy outcome. Am. J. Clin. Nutr. 1994, 59 (Suppl.), 492S–501S. 

19. Scholl, T.O.; Hediger, M.L.; Schall, J.I.; Fischer, R.L.; Khoo, C.S. Low zinc intake during pregnancy: 

Its association with preterm and very preterm delivery. Am. J. Epidemiol. 1993, 137, 1115–1124. 

20. Turpeinen, U.; Hohenthal, U.; Stenman, U.H. Determination of 25-Hydroxyvitamin D in Serum 

by HPLC and Immunoassay. Clin. Chem. 2003, 49, 1523–1527. 

21. Zerwekh, J.E. The measurement of vitamin D: Analytical aspects. Ann. Clin. Biochem. 2004, 41, 

272–281. 

22. Sukovaty, R.L.; Lee, J.W.; Fox, J.; Toney, K.; Papac, D.I.; Grover, T.A.; Wells, D.S. 

Quantification of recombinant human parathyroid (rhPTH (1–84)) in human plasma by 

immunoassay: Commercial kit evaluation and validation to support pharmacokinetic studies.  

J. Pharm. Biomed. Anal. 2006, 42, 261–271. 

23. Institute of Medicine. Standing Committee on the Scientific Evaluation of Dietary Reference 
Intakes, Food and Nutrition Board. Dietary Reference Intakes for Calcium, Phosphorus, 
Magnesium, Vitamin D and Fluoride; National Academy Press: Washington, DC, USA, 1997. 



Nutrients 2012, 4  

 

330

24. Kwak, C.; Clayton-Matthews, A. Multinomial logistic regression. Nurs. Res. 2002, 51, 404–410. 

25. Looker, A.C.; Johnson, C.L.; Lacher, D.A.; Pfeiffer, C.M.; Schleicher, R.L.; Sempos, C.T. 

Vitamin D Status: United States, 2001–2006; DHHS/PUB/PHS 2011-1209-N59; National Center 

for Health Statistics: Hyattsville, MD, USA, 2011.  

26. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; 

Murad, M.H.; Weaver, C.M. Evaluation, treatment, and prevention of Vitamin D deficiency: An 

Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab. 2011, 96, 1911–1930. 

27. Ceglia, L. Vitamin D and skeletal muscle tissue and function. Mol. Aspects Med. 2008, 29, 407–414. 

28. Ward, K.A.; Das, G.; Berry, J.L.; Roberts, S.A.; Rawer, R.; Adams, J.E.; Mughal, Z. Vitamin D 

status and muscle function in post-menarchal adolescent girls. J. Clin. Endocrinol. Metab. 2009, 

94, 559–563. 

29. Foo, L.H.; Zhang, Q.; Zhu, K.; Ma, G.; Hu, X.; Greenfield, H.; Fraser, D.R. Low vitamin D status 

has an adverse influence on bone mass, bone turnover, and muscle strength in Chinese adolescent 

girls. J. Nutr. 2009, 139, 1002–1007. 

30. Marantes, I.; Achenbach, S.J.; Atkinson, E.J.; Khosla, S.; Melton, L.J., III; Amin, S. Is Vitamin D 

a determinant of muscle mass and strength? J. Bone Miner. Res. 2011, 26, 2860–2871. 

31. Badalian, S.S.; Rosenbaum, P.F. Vitamin D and pelvic floor disorders in women. Obstet. Gynecol. 
2010, 115, 795–803. 

32. Hay-Smith, J.; Mørkved, S.; Fairbrother, K.A.; Herbison, G.P. Pelvic floor muscle training for 

prevention and treatment of urinary and faecal incontinence in antenatal and postnatal women. 

Cochrane Database Sys. Rev. 2008, doi:10.1002/14651858.CD007471. 

33. Salvesen, K.A.; Morkved, S. Randomized controlled trial of pelvic floor muscle training during 

pregnancy. BMJ 2004, 329, 378–380. 

34. Hollis, B.W.; Johnson, D.; Hulsey, T.C.; Ebeling, M.; Wagner, C.L. Vitamin D supplementation 

during pregnancy: Double blind, randomized clinical trial of safety and effectiveness. J. Bone 
Miner. Res. 2011, 26, 2341–2357.  

35. Bailey, R.L.; Dodd, K.W.; Goldman, J.A.; Gahche, J.J.; Dwyer, J.T.; Moshfegh, A.J.;  

Sempos, C.T.; Picciano, M.F. Estimation of total usual calcium and vitamin D intakes in the 

United States. J. Nutr. 2010, 140, 817–822. 

36. Yanoff, L.B.; Parikh, S.J.; Spitalnik, A.; Denkingert, B.; Sebring, N.G.; Slaughter, P.; McHugh, T.; 

Remaley, A.T.; Yanovski, J.A. The prevalence of hypovitaminosis D and secondary 

hyperparathyroidism in obese Black Americans. Clin. Epidemiol. 2006, 64, 523–529. 

37. Bodnar, L.M.; Catov, J.M.; Roberts, J.M.; Simhan, H.N. Prepregnancy obesity predicts poor 

vitamin D status in mothers and their neonates. J. Nutr. 2007, 137, 2437–2442. 

38. Roth, D.E. Vitamin D supplementation during pregnancy: Safety considerations in the design and 

interpretation of clinical trials. J. Perinatol. 2011, 7, 449–459. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 




