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Background: At the turn of the 20th century, women commonly died in childbirth due to rachitic
pelvis. Although rickets virtually disappeared with the discovery of the hormone vitamin D, recent
reports suggest vitamin D deficiency is widespread in industrialized nations. Poor muscular per-
formance is an established symptom of vitamin D deficiency. The current U.S. cesarean birth rate
is at an all-time high of 30.2%. We analyzed the relationship between maternal serum 25-hy-
droxyvitamin D [25(OH)D] status, and prevalence of primary cesarean section.

Methods: Between 2005 and 2007, we measured maternal and infant serum 25(OH)D at birth and
abstracted demographic and medical data from the maternal medical record at an urban teaching
hospital (Boston, MA) with 2500 births per year. We enrolled 253 women, of whom 43 (17%) had
a primary cesarean.

Results: There was an inverse association with having a cesarean section and serum 25(OH)D levels.
We found that 28% of women with serum 25(OH)D less than 37.5 nmol/liter had a cesarean section,
compared with only 14% of women with 25(OH)D 37.5nmol/liter or greater (P = 0.012). In mul-
tivariable logistic regression analysis controlling for race, age, education level, insurance status,
and alcohol use, women with 25(0OH)D less than 37.5 nmol/liter were almost 4 times as likely to have
a cesarean than women with 25(OH)D 37.5 nmol/liter or greater (adjusted odds ratio 3.84; 95%
confidence interval 1.71 to 8.62).

Conclusion: Vitamin D deficiency was associated with increased odds of primary cesarean section.
(J Clin Endocrinol Metab 94: 940-945, 2009)

t the turn of the 20th century, rickets ran rampant in the
A newly industrialized cities of Europe and North America,
and rachitic pelvis was a common cause of death in childbirth (1).
Cesarean sections became established, in part, to manage this
condition: “... malformed pelvises often prohibited normal de-
livery. As a result the rate of cesarean section went up markedly.”
(2) Although rickets virtually disappeared with the discovery of
the hormone vitamin D and its subsequent addition to milk,
recent reports suggest its reemergence, (3, 4) and that vitamin D
deficiency is widespread in industrialized nations (5-7). Mean-
while, research into vitamin D deficiency and awareness of its
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range of acute and chronic consequences have proliferated (8-
12). Poor muscular performance (5, 11-16) is an established
symptom of vitamin D deficiency. The term rachitic pelvis has
fallen into disuse, but an association has been noted between
cesarean birth and a narrow pelvis (17).

The current U.S. cesarean birth rate is 30.2% (18), a record
high for the nation (18), up from 5% in 1970, and characterized
by steep increases in primary as well as repeat cesareans (19).
Common reasons for cesareans in industrialized nations include
dystocia (20) and failure to progress (21). Recent research sug-
gests that maternal calcium status plays a role both in preterm

Abbreviations: BMI, Body mass index; Cl, confidence interval; GED, graduate equivalency
degree; 25(0OH)D, 25-hydroxyvitamin D; OR, odds ratio.
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labor (22) and in the initiation of labor (23). This analysis as-
sessed the relationship between maternal vitamin D status (se-
rum 25-hydroxyvitamin D [25(OH)D]) at birth and primary
cesarean section.

Subjects and Methods

Recruitment

Women were enrolled between March 21, 2005, and March 20,
2007, on the postpartum unit at Boston Medical Center, an urban teach-
ing hospital in Boston, MA, within 72 h of giving birth.

Enrollment was evenly distributed over time to ensure data were
representative of season because seasonal sunlight exposure affects vi-
tamin D status (3). Women were ineligible if they had spent more than
2 months away from Boston during pregnancy; if they were not of black,
white, or Hispanic race/ethnicity (due to low numbers of women avail-
able in other racial/ethnic groups); if they did not speak English, French,
or Spanish; if the infant was admitted to intensive care, premature; or if
the mother had a history of parathyroid, renal, or liver disease or was
using illegal drugs. Women having a repeat cesarean were also excluded
from this analysis because of the strong causal relationship between
primary and repeat cesareans. Enrolled women answered a question-
naire on the postpartum unit within 72 h of birth, and venipuncture was
performed on the mother before discharge. None of the patients were
receiving an iv infusion at the time of the venipuncture.

Diagnostic test

Serum 25(OH)D, accepted as the indicator of vitamin D status in
children and adults, was measured by competitive protein binding as
described by Chen ez al. (24) Because the serum half-life for 25(OH)D is
about 21 d, it was minimally influenced by fasting or changes in dietary
intake during a short fasting. This method measures both 25(OH)D, and
25(OH)D; equally well and was compared with liquid chromatography
tandem mass spectroscopy with excellent correlation (25). The lower
limit of detection was 12.5 nmol/liter (5 ng/ml), and the intra- and in-
terassay coefficients of variation 5.0-10 and 10%-15%, respectively.
The reference range was 50-250 nmol/liter (20-100 ng/ml).

Definitions

Certain definitions pertinent to U.S., or more specific regional de-
scriptions, are summarized here. GED indicates graduate equivalency
degree, a high school diploma alternative for individuals who do not
graduate high school. Healthy Start is perinatal, state-funded insurance
for women who are ineligible for other insurance programs; it is fre-
quently used by women of illegal immigration status. The Special Sup-
plemental Nutrition Program for Women, Infants, and Children pro-
vides food and nutrition counseling for low income families with children
younger than 5 yr. In Massachusetts, applicant income must fall at or
below 185% of the federal poverty guidelines.

Outcome measures and data analysis

The dependent variable was maternal vitamin D deficiency, defined
as serum 25(OH)D less than 37.5 nmol/liter (15 ng/ml), per the Centers
for Disease Control and Prevention definition for adults (26). Recent
research has found 25(OH)D less than 37.5 to be an unacceptably low
state of deficiency and that less than 50 nmol/liter is considered to be
vitamin D deficiency and 51-74 nmol/liter as vitamin D insufficiency (3,
7, 8, 11, 12). Race/ethnicity and skin color were analyzed as two vari-
ables because skin color by ethnicity alone can vary from white to dark
brown, and skin pigmentation affects vitamin D synthesis (3). Skin color
(black, brown, or white) was based on the skin type matrix of Fitzpatrick
etal. (27). Prenatal vitamin use was analyzed by any reported use in each
trimester (data in Table 1) as well as by frequency of use in each trimester;
neither measure was associated with type of delivery. Body mass index
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(BMI) information before pregnancy was obtained from the medical
record. Continuous values of BMI were categorized for analysis (17 to
<25, 25 to <30, 30 to <35, 35+ kg/m?) according to World Health
Organization ranges (http://www.who.int/bmi/index.jsp?intoPage=
intro 3.html). Reasons for cesarean were obtained from the mother’s
medical record. Response frequencies for categorical variables are pre-
sented in Table 1. Continuous variables (maternal age, BMI, and
25(OH)D level) are presented as medians with binomially obtained
95% confidence intervals (CI) in Table 1.

The statistical significance of differences in maternal factors associ-
ated with cesarean delivery was assessed using Pearson’s x* test. Multi-
variate logistic regression analysis tested all variables with P < 0.25 in
univariate analysis. Backward selection techniques were used to derive
the final model, which maintained variables with P = 0.035. Statistical
analyses were conducted using Stata/SE 9.2 for Windows (Stata Corp.,
College Station, TX). The study obtained approval from the Boston
University Medical Center Institutional Review Board, and women
signed informed consent before participating.

Results

Between March 21,2005, and March 20,2007, we enrolled 253
women, of whom 43 (17%) had a primary cesarean section. In
this same time period, 370 women refused enrollment, primarily
because they did not want blood drawn on themselves or their
infant. Based on a random sample of 95 refusers, 51% of enrolled
women were Hispanic, whereas only 30% of women who re-
fused had Hispanic race/ethnicity recorded in their medical
record (P < 0.001). This difference probably arose from the
practice of asking women who are enrolled in the study their race
and whether they are Hispanic, which is not done for the record.
No other significant differences existed between consented and
refusing women with regard to age, infant birth weight, or ges-
tational age. The method of delivery did not differ between moth-
ers who enrolled in the study and those who refused (76 % vag-
inal delivery, and 24% cesarean section delivery, both groups).

Ofthe 277 women enrolled, 210 had vaginal deliveriesand 67
had cesarean deliveries, of which 43 were primary cesareans.
This analysis was limited to women with vaginal deliveries or
primary cesareans. Thus, of the 253 eligible women enrolled, 43
(17%) had a primary cesarean. Reasons for cesarean included
failure to progress (17 of 43); nonreassuring fetal tracing (11 of 43);
malpresentation (such as breech) (six of 43); and three each of ceph-
alopelvic disproportion, variable fetal heart rate, and other.

We found that 28 % of women with serum 25(OH)D less than
37.5 nmol/liter had a primary cesarean section, compared with
only 14% of women with 25(OH)D 37.5 nmol/liter or greater
[P = 0.012; unadjusted odds ratio (OR) = 2.43; 95% CI 1.20-
4.92]. In addition, women who had cesareans had a lower me-
dian 25(OH)D level than women who delivered vaginally (45.0
vs. 62.5 nmol/liter, P = 0.007). Compared with women who had
vaginal births, women who had cesareans were also significantly
more likely to be Caucasian/non-Hispanic than black and/or
Hispanic (P = 0.006); OR 3.81; 95% CI 1.47-9.86), to be U.S.
born (P =0.023; OR 2.14;95% CI1.10-4.16), and to have used
alcohol in pregnancy (P = 0.039; OR 2.92; 95% CI 1.02-8.38)
(Table 1).

In multivariate logistic regression analysis controlling for
race, age, education level, insurance status, maternal birthplace,
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TABLE 1. Characteristics of study sample by delivery mode

TABLE 1. Continuous

Primary
Vaginal, cesarean
n = 210, section,
n (%) n =43, n (%) P value
Median age, yr 26.2 24.8-27.1) 24.8(22.8-28.1)  0.579?
(95% Cl)
Race/ethnicity 0.006
Black 81 (86) 13 (14)
non-Hispanic
Caucasian 18 (62) 11 (38)
non-Hispanic
Hispanic 111 (85) 19 (15)
Skin color 0.734
Black 72 (83) 15(17)
Brown 79 (85) 14 (15)
White 57 (80) 14 (20)
Season of birth 0.648
Spring 53 (80) 13 (20)
Summer 43 (83) 9(17)
Fall 47 (89) 6(11)
Winter 67 (82) 15 (18)
Infant gender 0.255
Male 107 (80) 26 (20)
Female 103 (86) 17 (14)
Maternal birthplace 0.023
United States 141(87) 21(13)
Not United States 69 (76) 22 (24)
Median maternal 25.0 24.0 0.634°
BMI, kg/m?
95% Cl (24.0-26.1) (23.1-25.8)
Maternal BMI, 0.281
kg/m?
17 to <25 101 (80) 26 (20)
25 to <30 56 (86) 9(14)
30-<35 29 (91) 3(12)
35+ 14 (74) 5(26)
Education 0.484
Less than high 91 (82) 20(18)
school
High school/GED 67 (87) 10 (13)
More than high 51 (80) 13 (20)
school
Insurance status 0.389
Private 20 (71) 8(29)
Public 167 (84) 31(16)
Healthy Start 15 (83) 3(17)
Other 7 (88) 1(13)
WIC status 0.236
No 33(77) 10 (2
Yes 176 (84) 33(16)
Marital status 0.421
Single/divorced/ 147 (82) 33(18)
widowed
Married 61 (86) 10 (14)
Any prenatal
vitamin use
First trimester 0.499
No 48 (80) 12 (20)
Yes 160 (84) 16)
Second trimester 0.978
No 24 (83) 501
Yes 185 (83) 38 (17
Third trimester 0.978
No 24 (83) 5017
Yes 185 (83) 38 (17
(Continued)

Vaginal, Primary cesarean
n = 210, section, n = 43,
n (%) n (%) P value
Calcium supplements 0.857
Never 145 (83) 29(17)
Occasionally 23(79) 6(21)
Almost daily 41 (84) 8 (16)
Drank milk in 0.083%
pregnancy
Yes 177 (81) 41 (19)
No 31 (94) 2 (6
Ever used sunscreen 0.073
Yes 67 (77) 20 (23)
No 141 (86) 23 (14)
Drank alcohol in 0.039
pregnancy
Yes 11 (65) 6 (35)
No 198 (84) 37 (16)
Median maternal 25(OH)D, 62.5 45.0 0.007°
nmol/liter
95% Cl (57.4-68.2) (36.5-62.0)
Maternal 25(OH)D, 0.012
nmol/liter
25(0H)D, =37.5 168 (86) 27 (14)
25(0OH)D, <37.5 41 (72) 16 (28)

Not all cells total 253 because of missing data. WIC, Special Supplemental
Nutrition Program for Women, Infants, and Children.

2 P value determined by Wilcoxon rank sum test. 95% CI for mothers’ median
age, BMI; 25(OH)D is binomially obtained.

b Fisher's exact test used where expected cell value was less than 5.

and alcohol use (Table 2), women with vitamin D deficiency
(<37.5 nmol/liter) were almost 4 times as likely to have a pri-
mary cesarean section as women without deficiency (OR 3.84
95% CI1.71-8.62). Caucasian women and those who reported
any alcohol use during pregnancy also had increased likelihood
of primary cesarean. Maternal birthplace was no longer statis-
tically significant. Figure 1 shows the association between moth-
er’s increasing 25(OH)D level in nanomoles per liter and de-
creasing predicted probability (from multivariate analysis) of
having a Cesarean section vs. vaginal delivery. Thus, women
with the highest serum 25(OH)D had the lowest probability of
requiring a cesarean section.

Discussion

In our analysis, women who were severely vitamin D deficient
[25(OH)D <37.5 nmol/liter] at the time of delivery had almost
4 times the odds of cesarean birth than women who were not
deficient. One explanation for our findings is the fact that skel-
etal muscle contains the vitamin D receptor (8, 11). Vitamin D
deficiency has been associated with proximal muscle weakness
(11) as well as suboptimal muscle performance and strength (5,
11-16). Moreover, vitamin D deficiency is a possible risk factor
for preeclampsia (9, 28).

Serum calcium status, which is regulated by vitamin D, plays
a role in smooth muscle function in early labor (23, 29). Papan-
dreou et al. (23) reported significantly higher serum calcium lev-
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TABLE 2. Multivariate logistic regression analysis: factors
associated with having primary cesarean section delivery,
n = 2507

Adjusted P
OR 95% Cl value

Mother’s race/ethnicity

Black, non-Hispanic Ref

Caucasian, non-Hispanic 4.79 1.60-14.4  0.005

Hispanic 1.16 0.48-2.88 0.733
Mother’s 25(OH)D, nmol/liter

=375 Ref

<37.5 3.84 1.71-8.62  0.001
Used alcohol during pregnancy

No Ref

Yes 3.21 1.02-10.11  0.046
Mother’s educational status

Less than high school or GED Ref

High school or GED 0.63 0.25-1.56 0.317

More than high school 0.75 0.27-2.11  0.588
Mother’s insurance status

Private Ref

Public 0.49 0.16-1.56  0.230

Healthy start 0.87 0.16-4.83 0.874

Other 0.29 0.03-3.13  0.307
Mother’s age, yr 0.97 0.91-1.04 0.364

The model is adjusted for all variables presented. Ref, Reference category.

2 Women with missing data were excluded from multivariate analysis.

els in pregnant women at the time of vaginal delivery compared
with term women not in labor or women who did not labor but
delivered by scheduled cesarean. It was speculated that the higher
serum calcium levels played a role in the mechanism of initiation
of labor. Because vitamin D is critically important for the main-

Predicted Probability of Cesarean Section
4
1
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tenance of calcium homeostasis, it is possible that vitamin D
deficiency, which causes a slight lowering of the serum calcium,
is related to both skeletal muscle and smooth muscle strength and
may play a role in initiation of early labor. It is also possible that
vitamin D deficiency might be related to specific types of cesar-
eans (such as cephalopelvic disproportion or failure to progress)
than to others (such as breech), although we did not have a large
enough sample to be able to analyze this. This would be a critical
area for future research.

There are other potential explanations for the association of
vitamin D deficiency and cesarean section. The simplest ex-
planation is that the iv hydration would have diluted the blood
and give an artificially lower level of 25(OH)D. However, the
amount of iv fluids relative to the blood loss is essentially the
same. We did a subset analysis of five women in whom we
obtained serum 25(OH)D before and after the cesarean sec-
tion, and they were statistically the same, i.e. the 25(OH)D
before surgery was 80 = 25 nmol/liter and after surgery 97 +
33 nmol/liter P > 0.1. Vitamin D status is linked to immune
status (30, 31). Certain infections have been associated with
preeclampsia (32), and preeclampsia in turn increases the
odds of cesarean (33). Vitamin D deficiency may thus be a
marker for a compromised immune system and an associated,
higher risk of cesarean.

A study performed in 1994-1995 by Brunvand et al. (34)
found no association between vitamin D deficiency at the time
of delivery and obstructed labor in a case control study of
Indian women giving birth in Karachi. Their findings bear
little relevance for the present study however; outcomes were
measured only for cesareans due to cephalopelvic dispropor-
tion; the sample consisted of largely undernourished impov-

erished women, and 71% of study partic-
ipants were severely vitamin D deficient
[25(OH)D <30 nmol/liter]. In addition,
the paper does not satisfactorily clarify the
use of the term cephalopelvic dispropor-
tion (as opposed, for example, to alterna-
tive, yet closely related reasons such as
fetal distress). The specific validity of the
term cephalopelvic disproportion has been
questioned for more than 50 yr (35, 36).
We also found some interesting trends
regarding other interactions in our baseline
data (Table 1). Whereas skin color, inde-
pendent of race/ethnicity and based on the
skin type matrix of Fitzpatrick et al. (27)
was not related to risk of cesarean delivery,

T T
0 50 100 150
Mother's 25(0OH)D

This graph shows the association between mother’s increasing 25(OH)D level in nmol/L, and decreasing
predicted probability of having a Cesarean section versus vaginal delivery, with a quadratically fit line. The
predicted probabilities of Cesarean section are derived from a multivariate logistic regression model
controlling for mother’s age, education, insurance status, and race. Additionally, the model controls for
reporting ever drinking alcohol during pregnancy, as this was statistically significant in univariate analysis

and remained statistically significant at the p<0.05 level in multivariate analysis.

FIG. 1. Mother's 25(OH)D level (nanomoles per liter) and predicted probability of primary cesarean

section delivery.

women who self-identified as being non-
Hispanic whites had a significantly ele-
vated risk of cesarean delivery; 38% of
non-Hispanic whites underwent primary
cesareans, compared with 14% of non-
Hispanic blacks, and 15% of Hispanics
(P = 0.006). This is not reflective of na-
tional data, in which the primary cesarean
rate among black, non-Hispanic primipa-
ras is approximately one percentage point

T
200
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higher than the rate in Hispanic and white, non-Hispanic
women (37).

Drinking milk in pregnancy and reported use of sunscreen
were both marginally related with an increased risk of cesarean,
but both these risks disappeared in the multivariate model and
were probably a result of small sample size or confounding vari-
ables. On the other hand, maternal report of alcohol use during
pregnancy was strongly associated with an increased risk of ce-
sarean even after multivariate analysis, an unanticipated finding
that clearly requires further investigation.

Maternal vitamin D deficiency is a widespread public health
problem. Lee et al. (38) reported that 50% of mothers and
65% of newborns infants were severely vitamin D deficient
[25(OH)D <30 nmol/liter] at the time of birth despite the fact
that the mother was taking a prenatal vitamin containing 400 TU
of vitamin D and drinking two glasses of vitamin D fortified milk
(100U per 8 oz glass). This mirrors the observation of Hollis and
Wagner (39) and Bodnar ez al. (40), who found a high incidence
of vitamin D deficiency in pregnant and lactating women.
Whereas other factors, such as increased liability for obstetri-
cians (41), undoubtedly play a role in the staggering rise in pri-
mary cesareans, the rate of primary cesareans with no medical or
obstetrical indication is also rising; the current U.S. rate of pri-
mary cesareans with no reported medical or obstetrical indica-
tion is between 3 and 7% (19). As Declercq et al. (37) noted in
a study to examine reasons for cesarean increases, apparent risk
factors remained stable: shifts in primary cesarean rates during
the study period were not related to shifts in maternal risk pro-
files. A randomized clinical trial is now needed to determine
whether adequate vitamin D supplementation during pregnancy
to raise blood levels of 25(OH)D above at least 37.5 nmol/liter
can reduce the cesarean section rate and whether increasing it
above 75 nmol/liter provides any additional reduction as sug-
gested by our data.
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