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Objective. Few studies have examined whether maternal 25(OH)D deficiency and gestational diabetes mellitus (GDM) jointly affect
fetal growth. We aimed to examine the separate and combined effects of maternal 25(OH)D deficiency and GDM on trajectories of
fetal growth. Methods. We established a birth cohort (2016-2017) with 10,913 singleton pregnancies in Tongzhou Maternal and
Child Health Hospital of Beijing, China. Maternal 25(OH)D deficiency (serum 25ðOHÞDconcentration < 20:0 ng/mL) was
detected, and GDM was diagnosed at 24~28 gestational weeks. Fetal growth was assessed by longitudinal ultrasound
measurements of estimated fetal weight (EFW) and abdominal circumference (AC) from 28 gestational weeks to delivery, both
of which were standardized as gestational-age-adjusted Z-score. A k-means algorithm was used to cluster the longitudinal
measurements (trajectories) of fetal growth. Logistic regression models were used for estimating exposure-outcome associations
and additive interactions. Results. We identified two distinct trajectories of fetal growth, and the faster one resembling the 90th

centile curve in the reference population was classified as excessive fetal growth. Maternal 25(OH)D deficiency and GDM were
independently associated with an increased risk of excessive fetal growth. The combination of maternal 25(OH)D deficiency and
GDM was associated with an increased risk of excessive fetal growth assessed by EFW Z-score (odds ratio (OR): 1.36; 95%
confidence interval (CI): 1.15~1.62) and AC Z-score (OR (95% CI): 1.32 (1.11~1.56)), but the relative excess risks attributable to
interaction were nonsignificant (P > 0:05). Conclusion. Maternal 25(OH)D deficiency and GDM may jointly increase the risk of
excessive fetal growth. Interventions for pregnancies with GDM may be more beneficial for those with 25(OH)D deficiency than
those without regarding risk of excessive fetal growth, if confirmed in a large sample.

1. Introduction

Excessive fetal growth elevates the risk of acute and long-
term complications for mothers and their offspring [1, 2].
Although gestational diabetes mellitus (GDM) is an estab-
lished risk factor [3], mothers who seemingly achieve ade-
quate glycemic control continue to experience a greater risk
of fetal overgrowth [4, 5]. Thus, GDM may not be the only
stimulus that drives fetal overgrowth and other potential
contributors remain to be explored.

Vitamin D deficiency might be one of such potential con-
tributors due to the important functions of vitamin D in fetal
growth, including lipolysis, adipogenesis, and cell prolifera-
tion [6, 7]. Maternal vitamin D deficiency, assessed by serum
25-hydroxyvitamin D (25(OH)D) [8], was shown to have a
positive association with excessive fetal growth in some stud-
ies, but not others [9–18]. Moreover, most previous studies
assessed fetal growth by using birth weight rather than ultra-
sound measurements. However, ultrasound-measured fetal
growth in utero appears to be associated with children’s
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long-term outcomes independent of birth weight [19, 20].
Birth weight also cannot reflect an excess deposition of fat
in the abdomen of fetuses, which is relatively common and
clinically important in diabetic pregnancies [21].

It is important to examine the combined effect of mater-
nal 25(OH)D deficiency and GDM on excessive fetal growth
for three reasons. First, maternal 25(OH)D deficiency and
GDM might share similar pathways, i.e., modulating adipo-
cyte and glucose metabolism, by which the risk of excessive
fetal growth might be elevated [22, 23]. This underlying etiol-
ogy makes it valuable to examine whether the combined
effect of maternal 25(OH)D deficiency and GDM is larger
than the sum of their separate effects on excessive fetal
growth. Second, in addition to an increasing prevalence of
GDM, it was estimated that 18~84% of pregnancies were in
deficit of vitamin D [24]. If maternal 25(OH)D deficiency
and GDM interact and augment the effect of one another, it
would be useful in targeting a high-risk subpopulation. For
example, interventions for pregnancies with GDM may be
more beneficial for those with 25(OH)D deficiency than
those without regarding risk of excessive fetal growth. Third,
the findings might also illuminate clinical practice in current
China and many other countries with similar contexts, where
clinical workers have not been fully aware of the implications
of screening for maternal 25(OH)D deficiency.

Therefore, in this study, we aimed to examine the sepa-
rate and combined effects of maternal 25(OH)D deficiency
and GDM on trajectories of ultrasound-measured fetal
growth. We hypothesized that maternal 25(OH)D defi-
ciency and GDM would jointly affect fetal growth, and the
combined effect of maternal 25(OH)D deficiency and
GDM on excessive fetal growth is larger than the sum of their
separate effects.

2. Methods

2.1. Study Design and Participants. We established a birth
cohort in Tongzhou Maternal and Child Health Hospital
(39°N latitude) of Beijing, China, from January 2016 to
December 2017. All pregnant women were recruited during
their first prenatal visit to the hospital after confirmation of
their early pregnancy. In the first prenatal visit, pregnant
women were interviewed face to face by trained nurses to col-
lect their sociodemographic characteristics, gynecological
and obstetrical history, last menstrual period (LMP), and
anthropometric measurements. Gestational age was esti-
mated using ultrasound measurement of crown-rump length
when its difference with the gestational age based on the self-
reported LMP was 7 days or more. At 24~28 weeks of gesta-
tion, maternal 25(OH)D concentrations were detected and
GDM was diagnosed. During the follow-up prenatal visits,
we kept tracking ultrasound measurements of fetal growth
which were in line with the recommendation of the Chinese
guideline of prenatal care [25]. At birth, the date of birth,
neonatal gender, and birth weight were recorded. For this
study, we included women delivering live singletons without
congenital malformations, and those with diabetes or hyper-
tension before pregnancy were excluded. We finally included
10,913 mother-offspring dyads. The study was approved by

the Ethic Committee of Peking University Health Science
Centre (IRB00001052-18004).

2.2. Assessment of Maternal 25(OH)D Deficiency and GDM.
Fasting, 1-hour, and 2-hour plasma was obtained from all
participants during the 2-hour, 75 g oral glucose tolerance
test between 24 and 28 gestational weeks. GDM was
diagnosed if glucose concentrations at fasting ≥ 5:1mmol/L,
1 hour ≥ 10:0mmol/L, or 2 hour ≥ 8:5mmol/L [26]. The fast-
ing sera were also measured for 25(OH)D (25(OH)D2 plus
25(OH)D3) by the high-performance liquid chromatography
mass spectrometry method. Serum 25(OH)D concentration
less than 20.0 ng/mL was defined as maternal 25(OH)D
deficiency [8].

2.3. Assessment of Fetal Growth Trajectories. Estimated fetal
weight (EFW) was predicted as a function of ultrasound-
measured abdominal circumference (AC) and head circum-
ference (HC) as ln ðEFWÞ = 5:084820 – 54:06633 × ðAC/
100Þ3 – 95:80076 × ðAC/100Þ3 × ln ðAC/100Þ + 3:136370 ×
ðHC/100Þ, where EFW is in g and AC and HC are in cm [27].
Then, both EFW and AC were converted to gestational-age-
adjusted Z-score to assess fetal growth [27, 28].

We used clustering techniques, based on a k-means algo-
rithm for longitudinal data (KML) [29], to identify homoge-
neous clusters of individual trajectories of fetal growth. As we
had no a priori knowledge of the optimal number of distinct
trajectory groups, we searched for a minimum of 2 groups to
a possible maximum of 6 groups. For each possible number
of groups, we reran the KML algorithm 1000 times to search
for the most optimal cluster result. We used the Calinski-
Harabasz index to evaluate clustering quality [29]. An
increase in this index indicates greater separation between
clusters and greater similarity within clusters, thereby indi-
cating better clustering quality.

2.4. Assessment of Covariates.We reviewed relevant literature
and used a directed acyclic graph to create a least biased esti-
mate of the exposure-outcome association. The covariates
included maternal age at delivery (<35 years, ≥35 years), edu-
cation level (high school or below, college, and university or
above), employment (yes, no), parity (primipara, multipara),
macrosomia delivery history (yes, no), prepregnancy weight
status (overweight/obese, not overweight/obese), maternal tri-
glyceride level measured in the first trimester (above or below
the median value in the study population), sampling season
(spring, summer, autumn, and winter), and neonatal sex
(male, female). Information of covariates was obtained at
the first prenatal visit or routine follow-ups.

2.5. Statistical Analyses. We analyzed data in three steps.
First, we described characteristics of the cohort using means
and proportions by maternal 25(OH)D deficiency and GDM
status. We also described characteristics of fetal growth
trajectories and their correlations with risk of large-for-
gestational-age birth (LGA).

Second, we examined whether maternal 25(OH)D defi-
ciency and GDM were independently associated with trajec-
tories of fetal growth by using logistic regression analyses.
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We presented both crude and adjusted odds ratios (ORs) and
95% confidence intervals (CIs).

Third, we examined whether the combined effect of
maternal 25(OH)D deficiency and GDM was larger than
the sum of their separate effects on trajectories of fetal
growth. We created a 4-category variable: no maternal
25(OH)D deficiency and no GDM, maternal 25(OH)D defi-
ciency without GDM, GDM without maternal 25(OH)D
deficiency, and both 25(OH)D deficiency and GDM. ORij
was used to represent the OR in both maternal 25(OH)D
deficiency and GDM status i, j. If maternal 25(OH)D defi-
ciency is present, then i = 1; otherwise, i = 0. If GDM is pres-
ent, then i = 1; otherwise, i = 0. We estimated 3 ORs (i.e.,
OR11, OR10, OR01) with the reference category (OR00) from
the logistic regression analyses. We assessed the presence of
interactions by calculating the relative excess risk due to
interaction (RERI = OR11 −OR10 −OR01 + 1) and corre-
sponding 95% CIs, which was proposed by Knol and Vander-
Weele [30]. A positive, negative, and no interactions were
reflected by a RERI > 0, RERI < 0, and RERI = 0, respectively.

To test robustness of our findings, we further conducted
sensitivity analyses in a subset of low-risk pregnancies
(i.e., pregnancies without use of insulin, hypertensive disor-
ders, low-birth-weight infant (birth weight < 2500 g), and
preterm birth (delivery before 37 gestational weeks)).

Tests of statistical significance were two sided, with
P value < 0.05 denoting significant results. Description
and regression analyses were performed with SPSS version
24.0 (SPSS Inc., Chicago, IL), and KML analyses were per-
formed with R version 3.3.2 (R Foundation).

3. Results

3.1. General Characteristics of Study Population. Table 1
shows the general characteristics of the 10,193 mother-
offspring dyads by maternal 25(OH)D deficiency and GDM
status. In total, the mean (standard deviation (SD)) concen-
tration of serum 25(OH)D was 26.6 (10.8) ng/mL, with
30.7% of pregnant women detected as having 25(OH)D defi-
ciency. The mean (SD) of fasting, 1-hour, and 2-hour blood
glucose concentrations was 4.7 (0.4), 7.6 (1.6), and 6.7 (1.2)
mmol/L, respectively, with 20.8% of pregnant women
affected by GDM. The prevalence of maternal 25(OH)D
deficiency in pregnancies with GDM was 27.9%.

3.2. Characteristics of Fetal Growth Trajectories. There was a
median (range) of 2 (2~5) ultrasound measures from 28 ges-
tational weeks to delivery for each subject. The KML algo-
rithm identified two distinct clusters of homogeneous fetal
growth trajectories as the best clustering quality. Concerning
fetal growth assessed by EFW Z-score, the patterns dis-
tinguish one trajectory of faster fetal growth (accounting
for 49.3%, mean increasing rate (SD) of EFW: 217.7
(39.2) g/week) from the other trajectory of slower fetal
growth (50.7%, 186.0 (37.4) g/week); concerning fetal growth
assessed by AC Z-score, the patterns distinguish one trajec-
tory of faster fetal growth (47.2%, 9.9 (2.0) mm/week) from
the other trajectory of slower fetal growth (52.8%, 9.4 (2.0)
mm/week) (Supplemental Figure 1). The mean increasing

rates of EFW and AC within the trajectories of slower and
faster fetal growth resembled the 50th and 90th centile
curves in the international standards for fetal growth,
respectively [27, 28], and pregnancies in the trajectories of
faster fetal growth were associated with an increased risk of
LGA at birth (OR (95% (CI): 10.7 (9.2, 12.5) for fetal
growth assessed by EFW Z-score; 7.9 (6.8, 9.0) for fetal
growth assessed by AC Z-score) compared with those in
the trajectories of slower fetal growth. Therefore, increases
in EFW or AC were defined as excessive fetal growth if they
followed the trajectories of faster fetal growth that were
classified by the KML algorithm in this study.

3.3. Associations of Maternal 25(OH)D Deficiency and GDM
with Fetal Growth Trajectories. Table 2 describes the associa-
tions of maternal 25(OH)D deficiency and GDM with odds
of membership in trajectories of faster fetal growth (excessive
fetal growth). Maternal 25(OH)D deficiency was indepen-
dently associated with excessive fetal growth assessed by
EFW Z-score. GDM was independently associated with
excessive fetal growth assessed by EFW Z-score or AC
Z-score. These results were unaltered when restricting
the sample in a subset of low-risk pregnancies (Supplemental
Table 1).

3.4. Separate and Combined Effects of Maternal 25(OH)D
Deficiency and GDM on Fetal Growth Trajectories. Table 3
describes the separate and combined effects of maternal
25(OH)D deficiency and GDM on the odds of membership
in trajectories of faster fetal growth (excessive fetal growth).
Pregnancies with 25(OH)D deficiency and GDM in combi-
nation significantly elevated the risk of excessive fetal growth
assessed by EFW Z-score (OR (95% CI): 1.36 (1.15, 1.62) or
AC Z-score (1.32 (1.11, 1.56)) compared with pregnancies
without 25(OH)D deficiency and GDM. The observed asso-
ciations remained robust when restricting analyses in a low-
risk subpopulation (Supplemental Table 2). The combined
effects of maternal 25(OH)D deficiency and GDM were
slightly larger than the sum of their separate effects on
excessive fetal growth assessed by EFW Z-score or AC
Z-score, but the additive interactions were not significant
(RERI: 0.11 (-0.16, 0.38) for EFW Z-score, 0.08 (-0.19, 0.34)
for AC Z-score).

4. Discussion

Our findings suggest that maternal 25(OH)D deficiency and
GDM were independently associated with an increased risk
of excessive fetal growth. Moreover, the combination of
25(OH)D deficiency and GDM was associated with an
increased risk of excessive fetal growth. The additive interac-
tions between 25(OH)D deficiency and GDM on the risk of
excessive fetal growth were in the expected direction (i.e.,
positive interaction), but not statistically significant. To our
knowledge, our study is the first to examine the combined
effect of maternal 25(OH)D deficiency and GDM in relation
to trajectories of ultrasound-measured fetal growth.

Previous data suggest that 25(OH)Dmodulates adipocyte
Ca2+ signaling and therefore might exert a coordinated
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control over lipogenesis and lipolysis [22]. Additionally,
specific receptors of 25(OH)D have been found in pancreatic
β cells in the human and rat pancreases [31], which suggested
a possible role of 25(OH)D in maintaining normal glucose
homeostasis [22, 23]. These mechanisms suggested that
maternal 25(OH)D deficiency might share similar pathways
(i.e., modulating adipocyte and glucose metabolism) with
GDM in elevating the risk of excessive fetal growth and
could interpret the observed combined effect of maternal
25(OH)D deficiency and GDM on excessive fetal growth
in our study population.

Our findings should be interpreted cautiously due to
the potential weaknesses as in most observational studies.
First, we may not directly control residual confounders
such as diet and physical activity. We did, however, take
into account maternal lipid levels which reflect maternal
lifestyle during pregnancy, thus making our results less
likely biased. Second, despite the best available approach
we have taken to fully use the cohort data, we cannot test
the level of vitamin D in the first trimester due to the
practical issue, providing the possibility for a future study.
Third, we found that although the observed combined
effect of maternal 25(OH)D deficiency and GDM on
excessive fetal growth was slightly larger than would have
been expected on the additive scale, the RERI was not sta-
tistically significant. A pragmatic explanation for the non-
significant interaction is the relatively small sample size for
the subgroup analysis.

Despite these, this study specifically addressed some
important limitations of previous studies. First, we assessed
fetal growth by using ultrasound measures of EFW and AC,
while previous studies typically utilized birth weight, which
cannot adequately capture dynamic growth in utero. More-
over, birth weight cannot reflect the asymmetric increases
in AC, which is clinically important in diabetic pregnancies.
Second, we used serum 25(OH)D concentration (rather than
dietary report) as a reliable indicator of vitamin D status,
which quantifies both the outdoor exposure and dietary
intake of vitamin D. Third, considering the increasing preva-
lence of maternal 25(OH)D deficiency and GDM, it would be
of public health importance to examine their combined effect
in relation to excessive fetal growth, which is useful in target-
ing a high-risk subpopulation.

5. Conclusion

Maternal 25(OH)D deficiency and GDMmay jointly increase
the risk of excessive fetal growth. Interventions for preg-
nancies with GDM may be more beneficial for those with
25(OH)D deficiency than those without regarding risk of
excessive fetal growth, if confirmed in a large sample.

Data Availability

The datasets generated during and/or analyzed during the
current study are not publicly available but are available from
the corresponding author on reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

ZL designed and conducted the research, performed statisti-
cal analyses, and wrote the paper. HJW and HL contributed
to designing the research. NH, TM, XX, SL, JL, and CJ con-
tributed to providing databases. HL contributed to statistical
analyses. HJW contributed to helpful comments on an earlier
version of this article. ZL and HJW had primary responsibil-
ity for the final content. All the authors approved the final
manuscript as submitted.

Acknowledgments

We sincerely thank the staff in TongzhouMaternal and Child
Health Hospital of Beijing for their supports to the study.
This work was funded by the National Natural Science
Foundation of China (grant number: 81903343) and the
China Postdoctoral Science Foundation (grant number:
2019M650391).

Supplementary Materials

Supplemental Table 1: associations of maternal 25(OH)D
deficiency and GDM with fetal growth trajectories (sensitiv-
ity analyses in low-risk cases). Supplemental Table 2: separ-
ateand combined effects of maternal 25(OH)D deficiency
and GDM on fetal growth trajectories (sensitivity analyses
inlow-risk cases). Supplemental Figure 1: fetal growth trajec-
tories in estimated fetal weight and abdominal circumfer-
ence. (Supplementary Materials)

References

[1] K. M. Godfrey and D. J. P. Barker, “Fetal nutrition and adult
disease,” The American Journal of Clinical Nutrition, vol. 71,
no. 5, pp. 1344s–1352s, 2000.

[2] E. Oken and M. W. Gillman, “Fetal origins of obesity,” Obesity
Research, vol. 11, no. 4, pp. 496–506, 2003.

[3] The HAPO Study Cooperative Research Group, “Hyperglyce-
mia and adverse pregnancy outcomes,” The New England
Journal of Medicine, vol. 358, no. 19, pp. 1991–2002, 2008.

[4] D. N. Voormolen, J. H. DeVries, R. M. E. Sanson et al., “Con-
tinuous glucose monitoring during diabetic pregnancy (Gluco-
MOMS): a multicentre randomized controlled trial,” Diabetes,
Obesity & Metabolism, vol. 20, no. 8, pp. 1894–1902, 2018.

[5] R. T. McGrath, S. J. Glastras, S. L. Hocking, and G. R. Fulcher,
“Large-for-gestational-age neonates in type 1 diabetes and
pregnancy: contribution of factors beyond hyperglycemia,”
Diabetes Care, vol. 41, no. 8, pp. 1821–1828, 2018.

[6] H. Shi, A. W. Norman, W. H. Okamura, A. Sen, and M. B.
Zemel, “1α,25-Dihydroxyvitamin D3 modulates human adi-
pocyte metabolism via nongenomic action,” The FASEB Jour-
nal, vol. 15, no. 14, pp. 2751–2753, 2001.

[7] R. J. Wood, “Vitamin D and adipogenesis: new molecular
insights,” Nutrition Reviews, vol. 66, no. 1, pp. 40–46, 2008.

[8] M. F. Holick, “Vitamin D deficiency,” The New England Jour-
nal of Medicine, vol. 357, no. 3, pp. 266–281, 2007.

7Journal of Diabetes Research

http://downloads.hindawi.com/journals/jdr/2020/4231892.f1.docx


[9] K. Miliku, A. Vinkhuyzen, L. M. E. Blanken et al., “Maternal
vitamin D concentrations during pregnancy, fetal growth pat-
terns, and risks of adverse birth outcomes,” The American
Journal of Clinical Nutrition, vol. 103, no. 6, pp. 1514–1522,
2016.

[10] A. Rodriguez, R. García-Esteban, M. Basterretxea et al., “Asso-
ciations of maternal circulating 25-hydroxyvitamin D3 con-
centration with pregnancy and birth outcomes,” BJOG: An
International Journal of Obstetrics & Gynaecology, vol. 122,
no. 12, pp. 1695–1704, 2015.

[11] H. H. Hauta-alus, H. T. Viljakainen, E. M. Holmlund-Suila
et al., “Maternal vitamin D status, gestational diabetes and
infant birth size,” BMC Pregnancy and Childbirth, vol. 17,
no. 1, p. 420, 2017.

[12] V. T. Boyle, E. B. Thorstensen, D. Mourath et al., “The rela-
tionship between 25-hydroxyvitamin D concentration in early
pregnancy and pregnancy outcomes in a large, prospective
cohort,” The British Journal of Nutrition, vol. 116, no. 8,
pp. 1409–1415, 2016.

[13] E. Morales, A. Rodriguez, D. Valvi et al., “Deficit of vitamin D
in pregnancy and growth and overweight in the offspring,”
International Journal of Obesity, vol. 39, no. 1, pp. 61–68, 2015.

[14] Y. H. Chen, L. Fu, J. H. Hao et al., “Maternal vitamin D defi-
ciency during pregnancy elevates the risks of small for gesta-
tional age and low birth weight infants in Chinese
population,” The Journal of Clinical Endocrinology and Metab-
olism, vol. 100, no. 5, pp. 1912–1919, 2015.

[15] A. D. Gernand, H. N. Simhan, M. A. Klebanoff, and L. M.
Bodnar, “Maternal serum 25-hydroxyvitamin D and mea-
sures of newborn and placental weight in a U.S. multicenter
cohort study,” The Journal of Clinical Endocrinology and
Metabolism, vol. 98, no. 1, pp. 398–404, 2013.

[16] E. C. Francis, S. N. Hinkle, Y. Song et al., “Longitudinal mater-
nal vitamin D status during pregnancy is associated with neo-
natal anthropometric measures,” Nutrients, vol. 10, no. 11,
article 1631, 2018.

[17] W. D. Thompson, J. Tyrrell, M. C. Borges et al., “Association of
maternal circulating 25(OH)D and calcium with birth weight:
a mendelian randomisation analysis,” PLoS Medicine, vol. 16,
no. 6, article e1002828, 2019.

[18] J. Wen, C. Kang, J. Wang et al., “Association of maternal serum
25-hydroxyvitamin D concentrations in second and third tri-
mester with risk of macrosomia,” Scientific Reports, vol. 8,
no. 1, article 6169, 2018.

[19] J. Henrichs, J. J. Schenk, C. S. Barendregt et al., “Fetal growth
from mid- to late pregnancy is associated with infant develop-
ment: the Generation R study,” Developmental Medicine and
Child Neurology, vol. 52, no. 7, pp. 644–651, 2010.

[20] V.W. V. Jaddoe, L. L. de Jonge, A. Hofman, O. H. Franco, E. A.
P. Steegers, and R. Gaillard, “First trimester fetal growth
restriction and cardiovascular risk factors in school age chil-
dren: population based cohort study,” BMJ, vol. 348, no. 1,
article g14, 2014.

[21] C. Mayer and K. S. Joseph, “Fetal growth: a review of terms,
concepts and issues relevant to obstetrics,” Ultrasound in
Obstetrics & Gynecology, vol. 41, no. 2, pp. 136–145, 2013.

[22] K. C. Chiu, A. Chu, V. L. Go, and M. F. Saad, “Hypovitamino-
sis D is associated with insulin resistance and β cell dysfunc-
tion,” The American Journal of Clinical Nutrition, vol. 79,
no. 5, pp. 820–825, 2004.

[23] Z. Asemi, T. Hashemi, M. Karamali, M. Samimi, and
A. Esmaillzadeh, “Effects of vitamin D supplementation on
glucose metabolism, lipid concentrations, inflammation, and
oxidative stress in gestational diabetes: a double-blind ran-
domized controlled clinical trial,” The American Journal of
Clinical Nutrition, vol. 98, no. 6, pp. 1425–1432, 2013.

[24] M. L. Mulligan, S. K. Felton, A. E. Riek, and C. Bernal-
Mizrachi, “Implications of vitamin D deficiency in pregnancy
and lactation,” American Journal of Obstetrics and Gynecology,
vol. 202, no. 5, pp. 429.e1–429.e9, 2010.

[25] Obstetrics Subgroup, CSOG, and CMA, “Guideline of precon-
ception and prenatal care (2018),” Zhonghua Fu Chan Ke Za
Zhi, vol. 53, pp. 7–13, 2018.

[26] H. X. Yang, “Diagnostic criteria for gestational diabetes melli-
tus (WS 331-2011),” Chinese Medical Journal, vol. 125, no. 7,
pp. 1212-1213, 2012.

[27] J. Stirnemann, J. Villar, L. J. Salomon et al., “International esti-
mated fetal weight standards of the INTERGROWTH-
21stProject,” Ultrasound in Obstetrics & Gynecology, vol. 49,
no. 4, pp. 478–486, 2017.

[28] A. T. Papageorghiou, E. O. Ohuma, D. G. Altman et al., “Inter-
national standards for fetal growth based on serial ultrasound
measurements: the Fetal Growth Longitudinal Study of the
INTERGROWTH-21st Project,” The Lancet, vol. 384,
no. 9946, pp. 869–879, 2014.

[29] C. Genolini and B. Falissard, “KmL: k-means for longitudinal
data,” Computational Statistics, vol. 25, no. 2, pp. 317–328,
2010.

[30] M. J. Knol and T. J. VanderWeele, “Recommendations for
presenting analyses of effect modification and interaction,”
International Journal of Epidemiology, vol. 41, no. 2, pp. 514–
520, 2012.

[31] J. A. Johnson, J. P. Grande, P. C. Roche, and R. Kumar,
“Immunohistochemical localization of the 1,25(OH)2D3
receptor and calbindin D28k in human and rat pancreas,”
The American Journal of Physiology, vol. 267, 3, Part 1,
pp. E356–E360, 1994.

8 Journal of Diabetes Research


	Combined Effect of Maternal Vitamin D Deficiency and Gestational Diabetes Mellitus on Trajectories of Ultrasound-Measured Fetal Growth: A Birth Cohort Study in Beijing, China
	1. Introduction
	2. Methods
	2.1. Study Design and Participants
	2.2. Assessment of Maternal 25(OH)D Deficiency and GDM
	2.3. Assessment of Fetal Growth Trajectories
	2.4. Assessment of Covariates
	2.5. Statistical Analyses

	3. Results
	3.1. General Characteristics of Study Population
	3.2. Characteristics of Fetal Growth Trajectories
	3.3. Associations of Maternal 25(OH)D Deficiency and GDM with Fetal Growth Trajectories
	3.4. Separate and Combined Effects of Maternal 25(OH)D Deficiency and GDM on Fetal Growth Trajectories

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

