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Context: There is debate about whether women may need greater vitamin D supplementation
when pregnant. However, it is unclear whether the 25-hydroxyvitamin D (25-OH-D) concentration
required for suppression of PTH (ie, suggesting vitamin D sufficiency) differs between pregnancy
and the nongravid state.

Objective: To systematically characterize the relationship between 25-OH-D and PTH during and
after pregnancy.

Design/Setting/Participants: In this study, 468 women underwent serial assessment of serum 25-
OH-D and PTH in late pregnancy, at 3 months postpartum, and at 12 months postpartum. At each
visit, segmented regression analysis was performed to: 1) determine the best model to fit the
relationship between 25-OH-D and PTH; and 2) identify the 25-OH-D threshold above which PTH
is maximally suppressed.

Results: Serum 25-OH-D and PTH were inversely correlated at each of the pregnancy (r � �0.33;
P � .0001), 3 months postpartum (r � �0.37; P � .0001), and 12 months postpartum (r � �0.34;
P � .0001) assessments. In pregnancy, PTH first rises when 25-OH-D falls below 82 nmol/L (95%
confidence interval, 61–103) and follows a linear relationship with declining 25-OH-D thereafter.
In contrast, at both postpartum visits, there was a curvilinear relationship between 25-OH-D and
PTH below the 25-OH-D threshold at which PTH is suppressed (71 nmol/L [61–81] at 3 months and
81 nmol/L [61–100] at 12 months). The 25-OH-D thresholds for PTH suppression in pregnancy and
at 3 and 12 months postpartum were not significantly different from one another (all pairwise P
� .26).

Conclusion: Although the shape of the relationship between 25-OH-D and PTH differs between
pregnancy and the postpartum, the 25-OH-D thresholds for PTH suppression are similar, supporting
comparable targets for vitamin D supplementation. (J Clin Endocrinol Metab 101: 1729–1736,
2016)

Pregnancy is a critical window during which perturba-
tion of maternal physiology may have both acute ef-

fects on fetal development and long-term consequences for

the health of the offspring (1). In this context, there is
currently considerable debate regarding the adequacy of
maternal vitamin D supplementation in pregnancy, which
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is typically provided in the form of antenatal vitamins
containing 400 IU of vitamin D per day, although this
content may vary depending on country and body habitus
(2–4). Although physiological maternal adaptations in
pregnancy will generally ensure the provision of sufficient
calcium for the needs of the fetus (4), observational studies
have raised the possibility that low maternal stores of vi-
tamin D (as reflected in the serum concentration of 25-
hydroxyvitamin D [25-OH-D]) may be associated with
adverse obstetrical outcomes (such as pre-eclampsia, ce-
sarean section, and neonatal hypocalcemia) (5, 6) and
long-term deleterious effects in the offspring, including
decreased bone mass, greater adiposity, and possibly
higher rates of asthma and type 1 diabetes (7–10). Al-
though causality remains unclear in these associations,
these data have contributed to the suggestion that women
potentially may need greater vitamin D supplementation
during pregnancy, as compared to the nongravid state (3,
11–13). At the heart of this ongoing debate, however, lies
uncertainty about the key outcomes that may be impacted
by maternal vitamin D status (4).

In such a setting, where the outcomes of interest are
unclear, a physiological approach to addressing the ade-
quacy of vitamin D status is to consider the interaction
between 25-OH-D and its upstream regulator, PTH. Spe-
cifically, the 25-OH-D concentration at which PTH is no
longer suppressed may provide a sensitive indicator of
physiological insufficiency of vitamin D stores, as per the
classical endocrine feedback loop by which PTH and 25-
OH-D interact, even if one does not know the precise
adverse implications of the insufficiency in question. In
this context, one would like to know whether the rela-
tionship between 25-OH-D and PTH is different in preg-
nancy, as compared to the nongravid state. Furthermore,
because the 25-OH-D concentration that provides maxi-
mal PTH suppression can vary between individuals (14),
such a comparison should ideally be performed by eval-
uating the same women on two occasions: when pregnant
and nonpregnant. To our knowledge, however, the 25-
OH-D/PTH relationship has not been previously studied
in this manner (ie, in a single population of women eval-
uated both when pregnant and not). Thus, our objective in
this study was to systematically characterize the relation-
ship between 25-OH-D and PTH in a cohort of women
undergoing serial evaluation at three points in time: in
pregnancy, in the early postpartum, and late in the first
year postpartum.

Subjects and Methods

Study population
In this prospective observational cohort study, participating

women underwent assessment at recruitment in late pregnancy,

at 3 months postpartum, and at 12 months postpartum. The
study took place in Toronto, Canada (latitude 43°42�N), and the
protocol has been previously described in detail (15–17). The
women comprising this cohort were recruited at the time of an-
tepartum screening for gestational diabetes in late second tri-
mester. Exclusion criteria included pre-existing diabetes, major
medical comorbidities, and major organ dysfunction, such as
liver or renal disease. The current analysis was conducted in 468
women who had completed the study visits in pregnancy and at
3 and 12 months postpartum, with measurement of serum 25-
OH-D and PTH on each occasion. The study protocol has been
approved by the Mount Sinai Hospital Research Ethics Board,
and all participants provided written informed consent.

Participant assessments
At each study visit, weight was measured, and data pertaining

to medical and family history were collected by interviewer-ad-
ministered questionnaire, as previously described (15–17). Se-
rum 25-OH-D was measured by competitive electrochemilumi-
nescent immunoassay on the Roche Modular E170 (catalog no.
05894913190). This assay has a lower reporting limit of 8
nmol/L and no upper reporting limit. Serum PTH was measured
using an electrochemiluminescence immunoassay on the Roche
Modular E170 Analyzer (catalog no. 11972103122), which has
a detection range from 0.6 to 530 pmol/L.

Statistical analyses
All analyses were conducted using SAS 9.4 (SAS Institute).

Continuous data are presented as mean � standard deviation (if
normally distributed) or median (interquartile range) (if
skewed), and categorical variables are presented as proportions
(Table 1).

To evaluate the relationship between 25-OH-D and PTH at
each study visit, we first performed Spearman correlation anal-
ysis, both unadjusted and after adjustment for age, ethnicity,
current body mass index (BMI), current use of calcium/vitamin
D supplements, and season at the study visit. The adjusted anal-
yses were performed as Spearman partial correlations, with co-
variates coded as follows: age and current BMI were continuous
variables; ethnicity was a three-level categorical variable (white,
Asian, other); current use of calcium/vitamin D supplements was
a two-level categorical variable (yes, no); and season at the study
visit was a four-level categorical variable (winter, spring, sum-
mer, fall). Each of these variables was coded in the same way as
that of their presentation in Table 1.

Because the scatter plots revealed a complex relationship, we
used the LOESS method to fit the data and generate a smoothed
curve at each of the study visits. Without prior assumption of the
shape of a relationship, a smoothed curve can be constructed by
fitting successive regression functions in the local neighborhood.
The radium of neighborhood is determined by a smoothing pa-
rameter, the fraction of the data that is used around each point.
An optimal smoothing parameter is obtained by minimizing the
corrected Akaike Information Criterion because it considers
both the goodness of fit and model complexity. The 95% con-
fidence limits of each smoothed curve were also determined (Fig-
ure 1).

The LOESS fit visually suggested that there might be a thresh-
old level of 25-OH-D around which the relationship between
25-OH-D and PTH would differ at each visit. Specifically, on
each plot, there appeared to be a threshold level of 25-OH-D

1730 Kramer et al PTH/Vitamin D During and After Pregnancy J Clin Endocrinol Metab, April 2016, 101(4):1729–1736

The Endocrine Society. Downloaded from press.endocrine.org by [Elham Faghihimani] on 17 April 2016. at 01:35 For personal use only. No other uses without permission. . All rights reserved.



below which PTH started to rise and above which it would pla-
teau. As per the physiology, this threshold represents the 25-
OH-D concentration below which PTH is no longer suppressed.
To determine the best model to fit the relationship between 25-
OH-D and PTH and to obtain an optimal 25-OH-D threshold
based on this model, we used segmented regression analyses.
With this methodology, the data at each visit are split into two
parts around a given 25-OH-D level, such that a different re-
gression model can be fit for each segment of the data. For each
visit, we constructed the following three segmented regression
models consisting of two segments that connect in a smooth
fashion: 1) linear model � plateau; 2) exponential model � pla-
teau; and 3) quadratic model � plateau.

Model 1 can be written as follows:

where a1 is the intercept, b1 is the slope for the first seg-
ment, and x1 is the threshold. At the point x1, the two equa-
tions for PTH are equal. Then, we can get d1 � a1 � b1�x1.

Therefore, a1, b1, and x1 are unknown parameters and need
to be estimated.

Similarly, Model 2 can be written as follows:

where x2 is the threshold, a2 and b2 are unknown parameters,
and .

Model 3 can be written as follows:

where x3 is the threshold, a3, b3, and c3 are unknown param-
eters, and d3 � a3 � b3�x3 � c3 � x3 � x3. Proc NLIN in SAS
uses a nonlinear least-squares estimation method to estimate
these unknown parameters in each model in an iterative process.
The process requires a starting estimate for each parameter, until
the estimate converges to a certain value. The final estimate min-
imizes mean squared errors (MSEs). The starting estimates for
x1, x2, and x3 were visually provided by the smoothed curves
from LOESS fit, and the other parameters were provided by
fitting their own model (linear or curvilinear part) to the whole
data. We used MSE to compare the three models and then to
determine a best model with the smallest MSE for each visit. The
estimated x1, x2, and x3 in the best models are the optimal 25-
OH-D thresholds to achieve maximal suppression of PTH in
pregnancy, at 3 months postpartum, and at 12 months postpar-
tum, respectively (Table 2).

For pairwise comparison of the three 25-OH-D thresholds (ie,
to see whether the thresholds differed between pregnancy, 3
months postpartum, and 12 months postpartum), we conducted
bootstrap analyses to estimate the sampling distribution of the
pairwise differences in the three thresholds. The bootstrap P
values were calculated by the proportion of those bootstrapped
differences in thresholds that were greater than or equal to the
observed pairwise difference from the original data. Because not
all bootstrap samples yielded converged breakpoints, we gener-
ated 10 000 samples and excluded those where the iteration did
not converge. The samples that obtained converged breakpoints
at all visits were merged to calculate the bootstrap P value (Table
2). The observed parameter estimates from the original dataset
were used as starting estimates to run segmented regression mod-
els in the bootstrap samples.

Finally, we determined the predicted degree of PTH stimu-
lation at different levels of 25-OH-D at each of the three study
visits. The degree of PTH stimulation is presented as the expected
percentage change in serum PTH as compared to the PTH level
for 25-OH-D concentration of 100 nmol/L at each of the preg-
nancy, 3 months postpartum, and 12 months postpartum as-
sessments, respectively (Figure 2). The expected PTH concen-
tration at each level of 25-OH-D was obtained from the LOESS
fit. This PTH concentration was compared to that when 25-OH-
D � 100 nmol/L in order to quantify the degree of stimulation in
relation to a threshold at which PTH suppression would be un-
equivocally expected. (Moreover, it has been reported that serum
25-OH-D of 100 nmol/L is required to optimize the production
of 1,25-OH-D in pregnancy [13].) Based on the bootstrap sam-
ples previously generated (described above), we used LOESS fit
to predict the PTH concentration at each level of 25-OH-D and
then to calculate the expected percentage change in serum PTH
as compared to the PTH level for a 25-OH-D concentration of

Table 1. Study Population in Pregnancy, at 3 Months
Postpartum, and at 12 Months Postpartum (n � 468)

In pregnancy
Weeks gestation at assessment 29.7 � 2.9
Age, y 34.3 � 4.3
Ethnicity, %

White 71.6
Asian 11.7
Other 16.7

Prepregnancy BMI, kg/m2 23.5 (21.3–27.5)
Weight gain in pregnancy, kg 11.0 � 4.9
Use of calcium/vitamin D supplements, % 83.7
Season of blood sample collection, %

Winter 23.1
Spring 28.0
Summer 28.2
Fall 20.7

25-OH-D, nmol/L 63.7 � 24.5
PTH, pmol/L 3.0 (2.4–4.0)

At 3 months postpartum
BMI, kg/m2 25.7 (23.1–29.4)
Use of calcium/vitamin D supplements, % 56.0
Season of blood sample collection, %

Winter 23.1
Spring 25.2
Summer 21.4
Fall 30.3

25-OH-D, nmol/L 62.6 � 24.2
PTH, pmol/L 3.2 (2.4–4.2)

At 12 months postpartum
BMI, kg/m2 24.6 (21.8–28.5)
Use of calcium/vitamin D supplements, % 36.1
Season of blood sample collection, %

Winter 21.4
Spring 23.3
Summer 27.4
Fall 28.0

25-OH-D, nmol/L 61.4 � 26.4
PTH, pmol/L 3.5 (2.8–4.6)

Continuous variables are presented as mean � SD if normally
distributed or median (interquartile range) if skewed. Categorical
variables are presented as proportions.
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100 nmol/L at each of the visits. For levels of 25-OH-D between
approximately 40 and 90 nmol/L (eg, 75 nmol/L), we were then
able to compare the bootstrapped PTH stimulation between
pregnancy and each of the two postpartum assessments by paired
t test.

Results

The study population consisted of 468 healthy women
with mean age 34.3 � 4.3 years. There were no women
with renaldisease, and themajoritywereofwhite ethnicity
(71.6%). Table 1 shows the characteristics of the study
population at mean 29.7 � 2.9 weeks gestation, at 3
months postpartum, and at 12 months postpartum. Mean
25-OH-D was 63.7 � 24.5 nmol/L in pregnancy, 62.6 �
24.2 nmol/L at 3 months, and 61.4 � 26.4 nmol/L at 12
months postpartum. The corresponding median (25th-
75th percentile) PTH at these three points in time was 3.0
(2.4–4.0), 3.2 (2.4–4.2), and 3.5 (2.8–4.6) pmol/L,
respectively.

Relationship between 25-OH-D and PTH at each visit
On Spearman correlation analysis, serum 25-OH-D and

PTH were inversely correlated at pregnancy (r � �0.33; P �
.0001), 3 months postpartum (r � �0.37; P � .0001), and

12 months postpartum (r � �0.34; P � .0001). These in-
verse correlations were unchanged upon adjustment for age,
ethnicity, BMI, use of calcium/vitamin D supplements, and
season of assessment (r � �0.31, P � .0001; r � �0.29, P �

.0001; and r � �0.26, P � .0001, respectively). Further
adjustment for breastfeeding status did not change these cor-
relations at 3 and 12 months postpartum (r � �0.29, P �

.0001; and r � �0.25, P � .0001, respectively).
To evaluate the relationship between 25-OH-D and

PTH during and after pregnancy, we constructed LOESS
smoothed curves at the study visits in pregnancy (Figure
1A), at 3 months postpartum (Figure 1B), and at 12
months postpartum (Figure 1C). Of note, these curves sug-
gested that the relationship between 25-OH-D and PTH in
pregnancy differed from that at the two postpartum visits.
To formally evaluate this possibility, we applied seg-
mented regression analysis to: 1) determine the best model
to fit the relationship between 25-OH-D and PTH at each
visit; and 2) obtain the 25-OH-D threshold below which
PTH begins to rise based on this model (ie, the 25-OH-D
concentration above which PTH is suppressed or pla-
teaued) (Table 2). This analysis revealed that, in preg-
nancy, the optimal model is a linear relationship between
25-OH-D and PTH up to a 25-OH-D threshold of 82

Figure 1. Relationship between serum 25-OH-D and PTH in pregnancy (A), at 3 months postpartum (B), and at 12 months postpartum (C),
respectively. LOESS smoothed curve is shown, with 95% CI indicated by shading.

Table 2. Optimal Model for Relationship Between PTH and 25-OH-D, and the Estimated 25-OH-D Threshold
Where PTH Begins to Rise in Pregnancy, at 3 Months Postpartum, and at 12 Months Postpartum, Respectively

Setting Optimal Model
25-OH-D Threshold,
nmol/L

95% CI,
nmol/L

Pairwise Comparisons
of 25-OH-D Thresholds

vs
A

vs
B

vs
C

In pregnancy Line � plateau 82 61, 103 — 0.26 0.94
At 3 months postpartum Exponential � plateau 71 61, 81 0.26 — 0.60
At 12 months postpartum Quadratic � plateau 81 61, 100 0.94 0.60 —
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nmol/L (95% confidence interval [CI], 61–103), after
which PTH plateaus (ie, is suppressed). In contrast, for
both of the postpartum visits, there was a curvilinear re-
lationship between 25-OH-D and PTH up to the threshold
at which PTH is suppressed. At 3 months postpartum, the
optimal curvilinear model was exponential in shape, with
a 25-OH-D threshold of 71 nmol/L (95% CI, 61–81). At
12 months postpartum, the optimal curvilinear model was
quadratic up to a 25-OH-D threshold of 81 nmol/L (95%
CI, 61–100). It thus emerges that, at 25-OH-D concen-
trations below which PTH is no longer suppressed, the
shape of the relationship between 25-OH-D and PTH dif-
fers between pregnancy (linear) and the postpartum
(curvilinear).

25-OH-D threshold for PTH suppression at each
visit

Despite this difference in the nature of the relationship,
the 25-OH-D thresholds associated with PTH suppression
in pregnancy (82 nmol/L), at 3 months postpartum (71
nmol/L), and at 12 months postpartum (81 nmol/L) were
not significantly different from one another on pairwise
comparisons (all P � .26) (Table 2). At each point in time,
mean 25-OH-D in the study population was significantly
lower than the indicated threshold (all P � .0001) (data
not shown). Indeed, the prevalence of serum 25-OH-D
below the respective threshold for PTH suppression was
74.6% in pregnancy, 61.7% at 3 months postpartum, and
77.8% at 12 months postpartum.

Degree of PTH stimulation across the range of 25-
OH-D at each visit

Figure 2 shows the expected degree of PTH stimulation
for different levels of serum 25-OH-D at each visit. It re-
veals that, at each visit, PTH stimulation (defined as the
percentage change in PTH from that when 25-OH-D �
100 nmol/L; ie, reflecting presumed sufficiency) indeed
first arises in the range of the indicated thresholds (70–90
nmol/L). However, PTH stimulation in pregnancy differs
from that in the postpartum. First, throughout the 25-
OH-D range between approximately 40 nmol/L and 90
nmol/L, the degree of PTH stimulation in pregnancy ap-
pears to be higher than that which would be expected for
the same 25-OH-D concentration in the postpartum. For
example, at 25-OH-D of 75 nmol/L, the PTH stimulation
in pregnancy (9.1%) is significantly higher than that at
either 3 months or 12 months postpartum (both compar-
isons, P � .0001). Secondly, as 25-OH-D falls below 30
nmol/L, there is a sharp increase in PTH stimulation in the
postpartum that does not occur in pregnancy. Indeed, in
contrast to the characteristic nongravid relationship that
is seen in the postpartum, there appears to be a linear
enhancement of PTH stimulation as 25-OH-D declines in
pregnancy.

Discussion

There are three key strengths of this study. First, the serial
assessments at late pregnancy, 3 months postpartum, and

Figure 2. Degree of PTH stimulation at different levels of 25-OH-D, shown as the expected percentage change in serum PTH compared to PTH
when 25-OH-D is 100 nmol/L at pregnancy, 3 months postpartum, and 12 months postpartum, respectively
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12 months postpartum made it possible to compare the
25-OH-D/PTH relationship between pregnancy and the
nongravid state within a single cohort of women—an op-
timal study design that, to our knowledge, has not been
previously applied toward this research question. Second,
this large patient population (n � 468) presented a broad
range of 25-OH-D at each visit (as shown in Figure 1).
Third, at each of the visits, we have performed rigorous
mathematical interrogation of the relationship between
25-OH-D and PTH, yielding the following three key find-
ings pertaining to the differences between pregnancy and
the postpartum.

First, when serum 25-OH-D declines to the point where
PTH is no longer suppressed, there is a linear relationship
between PTH and falling 25-OH-D in pregnancy but a
curvilinear relationship at 3 and 12 months postpartum.
Second, the 25-OH-D thresholds associated with PTH
suppression are similar between pregnancy (82 nmol/L), 3
months postpartum (71 nmol/L), and 12 months postpar-
tum (81 nmol/L). Third, in most of the women, serum
25-OH-D was lower than these thresholds at the respec-
tive study visits, suggesting that current antenatal supple-
mentation may be inadequate.

In pregnancy, antepartum maternal adaptations such
as enhanced intestinal calcium absorption serve to meet
the fetal requirements for calcium, even in the setting of
suboptimal vitamin D status (4, 18). Accordingly, one
might anticipate that the relationship between 25-OH-D
and PTH in pregnancy may be distinct from that in the
nongravid state. Indeed, previous cross-sectional studies
in pregnancy have suggested that the antepartum corre-
lation between 25-OH-D and PTH is weaker than that
which is to be expected outside of pregnancy (19, 20).
However, the current study does not support this sugges-
tion by directly demonstrating similar correlations during
and after pregnancy (both before and after covariate ad-
justment). Interestingly, the few previous studies that have
plotted serum 25-OH-D vs PTH in pregnancy also dis-
played a linear relationship (21–23). However, owing to
their cross-sectional designs, these studies could not de-
termine whether the observed linearity was a feature of the
study population, as opposed to pregnancy. The current
study confirms that it is indeed a feature of gestation by
demonstrating in the same set of women that the distinc-
tive linear 25-OH-D/PTH relationship in pregnancy be-
comes the more familiar curvilinear shape in the postpar-
tum. Furthermore, we have applied rigorous statistical
modeling to formally confirm that these relations indeed
represent the best fit for the 25-OH-D/PTH data in these
settings. The linear relationship in pregnancy is partly a
reflection of the absence of marked PTH stimulation when
25-OH-D falls below 30 nmol/L (as shown in Figure 2),

although the physiological basis for this differential re-
sponse as compared to the nongravid state remains to be
determined.

Despite the differences in the shape of the 25-OH-D/
PTH relationship during and after pregnancy, the issue of
clinical importance is the 25-OH-D threshold at which
PTH is suppressed, based on the argument that loss of such
suppression is an endocrine indicator of physiological in-
sufficiency (even when the relevant clinical outcomes of
the insufficiency remain to be established). These thresh-
olds were identified on segmented regression analysis at
each of the three study visits (Table 2) and supported by
the observed PTH stimulation patterns in Figure 2. In do-
ing so, the current analyses have provided two key points
of insight. First, the 25-OH-D thresholds at the study visits
in pregnancy and 3 and 12 months postpartum were all in
the range of 71 to 82 nmol/L, consistent with the diag-
nostic criterion for vitamin D sufficiency that the Endo-
crine Society has endorsed in nonpregnant adults (25-OH-
D 	 75 nmol/L) (24). Second, there were no significant
differences between the thresholds at the three visits, sug-
gesting that, despite differences in the 25-OH-D/PTH re-
lationship, the target 25-OH-D to be achieved for vitamin
D sufficiency in pregnancy is similar to that in the first year
postpartum.

Of note, in most of the women, serum 25-OH-D was
lower than the indicated thresholds for PTH suppression
at the respective study visits, suggesting a possible role for
greater vitamin D supplementation. However, it should
also be recognized that the use of supplementation pro-
gressively declined from pregnancy (83.7%) to 3 months
postpartum (56.0%) to 12 months postpartum (36.1%).
Moreover, it should also be recognized that, despite its
basis in classical endocrine physiological reasoning, our
assumption that the 25-OH-D threshold at which PTH is
suppressed should be a target level for vitamin D supple-
mentation has not been established in relation to clinical
outcomes. Taken together with the observational design
of the study, definitive conclusions pertaining to the dos-
ing of antenatal vitamin D supplementation thus cannot
be drawn. Nevertheless, the observation that 74.6% of the
women had serum 25-OH-D below the identified thresh-
old in pregnancy (82 nmol/L), despite the fact that 83.7%
of them were taking calcium/vitamin D supplements at the
time, indirectly supports the emerging concept that cur-
rent antenatal vitamin D supplementation should be in-
creased. Ultimately, the question of optimal dosing of vi-
tamin D supplementation in pregnancy will need to be
addressed in clinical trials (11, 12).

A limitation of this study is that the precise formula-
tions and doses of supplements were not characterized.
Nevertheless, for the vast majority of the study partici-
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pants, supplementation was in the form of antenatal vi-
tamins, which typically contain 400 IU of vitamin D. An-
other limitation is that PTHrP was not measured,
recognizing that its effects on mineral homeostasis during
lactation could be relevant to the current findings. In ad-
dition, serum calcium was not measured, although it
should be recognized that this study was conducted in a
population of healthy young pregnant women, without
major medical comorbidities. Moreover, the study design
of comparing the 25-OH-D/PTH relationship during and
after pregnancy in the same population of women would
be expected to partially mitigate the impact of such pa-
tient-specific factors in the comparison of pregnancy to the
postpartum. Indeed, this comparative approach was spe-
cifically designed to provide insight into the 25-OH-D/
PTH relationship in pregnancy, as compared to the non-
gravid state.

In summary, the shape of the relationship between 25-
OH-D and PTH differs between pregnancy and the post-
partum. Specifically, when serum 25-OH-D is below the
threshold at which PTH is suppressed, the relationship is
linear in pregnancy but curvilinear in the postpartum. Im-
portantly, however, the 25-OH-D thresholds associated
with PTH suppression are similar between pregnancy (82
nmol/L), 3 months postpartum (71 nmol/L), and 12
months postpartum (81 nmol/L). Although these data sug-
gest similar thresholds for vitamin D sufficiency at all three
points in time, the limited achievement of these targets
offers support for the emerging concept that greater an-
tenatal vitamin D supplementation warrants evaluation in
clinical trials.
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