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Abstract 33 

Background: Because vitamin D may have beneficial effects on glucose 34 

metabolism in pregnant women with gestational diabetes mellitus, we explored 35 

whether maternal 25-hydroxyvitamin D (25OHD) levels in normal pregnancy 36 

have association with diabetes-related hormone levels and glycated albumin 37 

(GA). 38 

Methods: A prospective cohort study was performed to collect serum samples 39 

from 612 pairs of pregnant women and cord blood of their offspring. Levels of 40 

25OHD and GA in maternal and cord blood were measured by 41 

radioimmunoassay and enzyme assay, respectively. Using cord serum, 12 42 

diabetes-related hormones were assayed. Spearman's rank correlation 43 

coefficient was used to quantify the strength of association between biomarkers. 44 

Results: A prominent association between maternal and cord 25OHD levels (r = 45 

0.76, 95% CIs: 0.73-0.79, p < 0.0001), and weak association between maternal 46 

and cord GA (r = 0.22, 95% CIs: 0.14-0.30, p < 0.0001) were shown. Among the 47 

12 diabetes-related hormones, both maternal and cord 25OHD levels showed 48 

prominent negative associations with glucagon-like peptide 1 (GLP-1) and 49 

glucose-dependent insulinotropic polypeptide (GIP).  50 
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Conclusions: These results suggest that decreased maternal 25OHD may be 51 

associated with decreased cord 25OHD and increased cord GLP-1 and GIP 52 

levels, which may be involved with the transfer of maternal glucose to the fetus.  53 

54 
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Introduction 55 

Vitamin D is made primarily under the skin by exposure to sunlight, and can be 56 

obtained to a lesser extent in foods such as mushrooms, oily fish and egg yolks. 57 

Vitamin D is first hydroxylated in the liver to form 25-hydroxyvitamin D (25OHD), 58 

then a very small amount of 25OHD is activated in the kidney to play important 59 

roles in the body, including in bone integrity and calcium metabolism (1). Indeed, 60 

vitamin D supplementation with calcium can prevent bone fracture and bone loss 61 

in the elderly (2). In addition to calcium metabolism, vitamin D repletion for 12 62 

weeks not only increases serum vitamin D concentrations, but also improves 63 

β-cell activity (3). Moreover, maternal vitamin D deficiency during pregnancy has 64 

been suggested to be associated with an increased risk of gestational diabetes 65 

mellitus (4,5). In fact, recent randomized, double-blind, placebo-controlled 66 

clinical trials have suggested that vitamin D supplementation can decrease 67 

fasting glucose as well as insulin levels in gestational diabetes (6,7), although 68 

the results have been inconsistent (8). In addition, associations between serum 69 

25OHD and glucose levels in pregnant women without gestational diabetes 70 

remain unknown. Therefore, using a Bio-Plex MAGPIX Suspension Array 71 

System (Bio-Rad, Hercules, CA), we performed screening of cord blood for 12 72 
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well-known diabetes-related hormones: glucagon-like peptide 1 (GLP-1); 73 

glucose-dependent insulinotropic polypeptide (GIP); ghrelin; insulin; c-peptide; 74 

glucagon; leptin; plasminogen activator inhibitor-1 (PAI-1); resistin; visfatin; 75 

adipsin; and adiponectin. We then analyzed associations between levels of 76 

these hormones and 25OHD and glycated albumin (GA); an independent marker 77 

of anemia sometimes observed in pregnant women in maternal and cord blood 78 

(9).  79 

 80 

Results 81 

Participant Characteristics 82 

Among the 650 pregnant women who satisfied inclusion criteria, a total 612 83 

mother/infant pairs participated in this study. Maternal characteristics and 84 

lifestyles divided by three 25OHD levels of mothers (deficient, insufficient, and 85 

sufficient) are shown (Table 1). More than half of the participants were 86 

25OHD-deficient. Participants with lower 25OHD levels tended to spend less 87 

time engaged in outdoor activities, to have fewer siblings, and to show lower GA 88 

levels than those with higher 25OHD levels. However, no significant differences 89 

in maternal and neonatal anthropometric measures, other maternal lifestyles 90 
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including smoking, alcohol consumption, and dietary habits, or neonatal 91 

complications at birth were identified. 92 

 93 

Maternal and Cord Blood 25OHD Levels 94 

Levels of 25OHD in cord blood showed strong positive associations with those in 95 

maternal blood at 34 gestational weeks (Spearman's rank correlation coefficient, 96 

0.76, 95% CIs: 0.73-0.79, p < 0.0001). Median 25OHD level in cord blood was 97 

10 ng/mL, approximately half the mean of 19 ng/mL in maternal serum (Figure 98 

1). 99 

 100 

Maternal and Cord Blood GA Levels 101 

Median (25th-75th percentile) GA was 9.8% (range, 9.2-10.3%) in cord blood and 102 

13.7% (range, 13.0-14.6%) in maternal blood. Normal range of GA in healthy 103 

adults according to SRL data is considered be between 12.4% and 16.3%. 104 

Sixty-five (11%) and 30 (5%) pregnant women were below and above this 105 

normal range, respectively. In contrast, all GA values in cord blood except one 106 

case were below the lower limit of the normal range in healthy adults. Levels of 107 

GA in cord blood were positively associated with GA in maternal blood at 34 108 
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gestational weeks (Spearman's rank correlation coefficient, 0.22, 95% CIs: 109 

0.14-0.30, p < 0.0001; Figure 2).  110 

 111 

Associations between 25OHD and GA Levels 112 

Levels of 25OHD in maternal blood were positively associated with GA in 113 

maternal blood at 34 gestational weeks (Spearman's rank correlation coefficient, 114 

0.21, 95% CIs: 0.13-0.29, p < 0.0001; Figure 3). On the other hand, no 115 

significant associations were seen between cord 25OHD and cord GA, between 116 

cord 25OHD and maternal GA, or between maternal 25OHD and cord GA.  117 

 118 

Associations between 12 Kinds of Diabetes-related Hormones and 25OHD 119 

in either Cord Blood or Maternal Blood 120 

Compared with levels in healthy adults for the 12 kinds of hormones measured 121 

with the same Bio-Plex suspension array system, mean GLP-1 level was 122 

approximately 100-fold higher, ghrelin, glucagon, visfatin and adiponectin were 123 

approximately 10-fold higher, adipsin, PAI-1 and resistin were several times 124 

higher, and GIP was a couple of times higher. In contrast, c-peptide, insulin and 125 

leptin did not differ markedly from those in healthy adults (10). Among these 12 126 
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kinds of hormones, both GLP-1 and GIP were prominently and negatively 127 

associated with 25OHD in both cord blood and maternal blood in both mono and 128 

multiple variant analyses (Table 2, 3). No other hormones showed significant 129 

associations with both cord and maternal blood. 130 

 131 

Associations between the 12 Diabetes-related Hormones or GA in either 132 

Cord Blood, Maternal Blood or Cord-maternal GA Ratio 133 

Among the 12 kinds of diabetes-related hormones, associations of GA either in 134 

cord blood or in maternal blood as well as cord-maternal GA ratio (calculated as 135 

cord GA divided by maternal GA (%)) were analyzed by Spearman's rank 136 

correlation coefficient (Table 4) and multiple linear regression (Table 5). Insulin, 137 

c-peptide, GIP, and ghrelin levels were positively associated and resistin, visfatin, 138 

and adipsin were negatively associated with GA in cord blood. In contrast to GA 139 

in cord blood, GIP and GLP-1 were negatively associated with GA in maternal 140 

blood. As we were interested in this conversion of negative and positive 141 

correlations, we created cord-maternal GA ratio as a new parameter. 142 

Cord-maternal GA ratio showed a weak positive association with GIP (r = 0.22), 143 

GLP-1 (r = 0.22) and ghrelin (r = 0.18) (p < 0.0001 each).  144 
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 145 

Discussion 146 

Using the Bio-Plex suspension array system, we conducted a prospective cohort 147 

study to screen 12 kinds of diabetes-related hormones for associations with cord 148 

and maternal 25OHD, as well as GA. To the best of our knowledge, this study is 149 

the first to find that GLP-1 and GIP are associated with 25OHD and GA. 150 

 First, we demonstrated a strong linear relationship between serum levels 151 

of maternal and cord 25OHD (r = 0.76, 95% CIs: 0.73-0.79, p < 0.0001), 152 

supporting previous findings (11-14). 25OHD was reported to be transfer from 153 

mother to fetues across the placenta (15-18), Our result also suggests that 154 

25OHD may be passively transferred from mother to fetus through the placenta. 155 

We also found a positive association between GA levels of maternal and cord 156 

blood, as in the previous article (19), but the association was not as strong as 157 

that observed between maternal and cord 25OHD. Albumin was reported not to 158 

significantly pass through the placenta (20), but fetal liver can synthesize 159 

albumin at a high rate at two-thirds of gestation (21, 22). These results suggest 160 

that glucose may be not only passively, but also actively, transferred from mother 161 

to fetus through the placenta through regulation by unknown factors. 162 
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 Second, we found a positive association between maternal 25OHD and 163 

maternal GA in normal pregnancy. In contrast to our results, most previous 164 

studies have focused on pregnant women with gestational diabetes mellitus (23), 165 

type I diabetes (24) or type II diabetes (25), and have shown negative 166 

correlations between 25OHD and glucose control levels. However, these inverse 167 

associations between 25OHD and glucose levels have not been studied in 168 

healthy adults or pregnant women without gestational diabetes mellitus, and 169 

causal relationships have not always been shown (25, 26). For example, obesity 170 

can represent a confounder for both 25OHD and abnormal glucose metabolism 171 

(27).  172 

 Third, we identified GLP-1 and GIP as significant diabetes-related 173 

hormones associated with 25OHD in both maternal and cord blood among the 174 

12 diabetes-related hormones. To the best of our knowledge, this represents a 175 

novel finding. Both GLP-1 and GIP are gut-derived incretin hormones that 176 

stimulate insulin and suppress glucagon secretion, inhibit gastric emptying, and 177 

reduce appetite and food intake (28). Placental transfer of both incretin 178 

hormones might be considered negligible low (29), and both hormones are 179 

secreted in the fetus (30-33). Eating provokes the secretion of multiple 180 
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gastrointestinal hormones involved in the regulation of gut motility, secretion of 181 

gastric acid and pancreatic enzymes, gall bladder contraction, and nutrient 182 

absorption as well as insulin secretion. In contrast to adults, nutrition is basically 183 

supplied through the placenta to fetuses, not through eating. Moreover, GLP-1 184 

seems to be higher than in healthy adults using the same Bio-Rad suspension 185 

array system (10, 34). However, the active form of GLP-1 in cord blood was 186 

reported to be close to the lower limit of detection (35). Thus, even the higher 187 

levels of GLP-1 and GIP in cord blood observed in this study do not necessary to 188 

affect glucose levels decreasing by increasing insulin and decreasing glucagon 189 

secretion through the pancreas as observed in adults. The roles and 190 

mechanisms of GLP-1 and GIP secretion in the fetus warrant further 191 

investigation in the future. 192 

 Fourth, maternal GA levels were negatively associated with GLP-1 and 193 

GIP (r = -0.13), whereas cord GA levels showed a positive association (r = 0.13). 194 

Cord-maternal GA ratio was positively associated with GLP-1 (r = 0.22), GIP (r = 195 

0.22) and ghrelin (r = 0.18). These results imply that GLP-1, GIP and ghrelin may 196 

facilitate active transfer of glucose from maternal blood to fetal blood through the 197 

placenta.  198 
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 This study showed several limitations. First, the study was designed as a 199 

prospective cohort to investigate 25OHD and GA levels in maternal blood at 34 200 

gestational weeks as exposures and diabetes-related hormones in cord blood at 201 

birth as outcomes. Although a time gap existed between exposures and 202 

outcomes, this study was close in nature to a cross-sectional design. We thus 203 

cannot discuss causal relationships between 25OHD and GLP-1/GIP levels or 204 

between cord-maternal GA ratio and GIP/GLP-1/ghrelin levels, only the 205 

existence of significant associations. Second, we applied the BioPlex assay for 206 

simultaneous quantification of multiple analytics, in a process termed 207 

multiplexing. However, this technique is not considered optimal for measuring 208 

levels of gut hormones (36). With other methods, levels of some of these 209 

hormones might differ markedly (10, 34). We therefore compared 210 

diabetes-related hormone levels as measured by BioPlex within samples of this 211 

study population, and not with results from other studies. Third, we compared 212 

hormone levels in cord blood with those in healthy adults as provided by Bio-Rad 213 

Laboratories. However, the number of samples used for their data was only 10 or 214 

11 (10, 34). We can therefore only make a rough estimate of whether hormone 215 

levels seem higher in cord blood than in adults. 216 
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In conclusion, among the 12 diabetes-related hormones, both cord and 217 

maternal 25OHD levels showed prominent negative associations with GLP-1 218 

and GIP. Moreover, GLP-1, GIP and ghrelin showed positive associations with 219 

cord-maternal GA ratio. 220 

 221 

Methods 222 

Study Design 223 

This prospective cohort study was conducted at Shiomidai Hospital in Kanagawa 224 

prefecture, a general hospital in a rural area of Japan located at 35 degrees 24 225 

minutes north latitude, and 139 degrees 36 minutes east longitude. Inclusion 226 

criteria were pregnant women ≥ 20 years old at entry, and independent of 227 

vitamin D supplement intake. Exclusion criteria were pregnant women who: (i) 228 

showed major complications such as gestational diabetes mellitus or toxemia of 229 

pregnancy; (ii) needed emergent caesarean section; (iii) showed multiple 230 

fetuses such as twins;  (iv) had a fetus with clear evidence of intrauterine 231 

growth retardation, or congenital malformation; (v) did not have samples 232 

available; and (vi) had other difficulties judged by the obstetrician or pediatrician 233 

in charge. Enrollment was performed by the collaborating pediatrician (N.K.). 234 
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Pregnant women were enrolled from June 2011 to September 2012.  235 

 236 

Ethics Statement 237 

The study protocol was developed by all authors and approved by the ethics 238 

committee at Jikei University School of Medicine and the clinical study 239 

committee at Jikei Hospital, as well as the institutional review board at Shiomidai 240 

Hospital. The data monitoring center was in the Division of Epidemiology at Jikei 241 

University School of Medicine and all data were monitored and fixed by H.M., 242 

who did not participate in statistical analyses. All women provided written, 243 

informed consent to participate in the study. 244 

 245 

Questionnaires about Lifestyle 246 

During the third trimester of pregnancy, participants were asked to send back 247 

questionnaires containing: (i) basic data such as age, weight before pregnancy 248 

and recent weight, and height for pregnant women, along with age, weight and 249 

height for husband (or partner); (ii) smoking status (current, past or non-smoker), 250 

and exposure to passive smoking; (iii) mean frequency, amount and kind of 251 

alcohol consumption per week over the preceding month of pregnancy; (iv) 252 
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mean frequency of consumed food items (dried shiitake, mushroom, salmon, 253 

sardines, mackerel, saury, tuna, egg) per week during the preceding month of 254 

pregnancy; (v) vitamin D supplementation, and timing and dosage if used; (vi) 255 

mean daily exposure to sunlight; (vii) family structure; (viii) medical history of 256 

allergic diseases (bronchial asthma, atopic dermatitis, food allergy, drug allergy, 257 

metal allergy, solar eczema, allergic rhinitis, chemical sensitivity, and others); (ix) 258 

skin reaction to sun exposure as evaluated with a modified Fitzpatrick scale 259 

(type 1 = always burns, never tans; type 2 = usually burns, tans minimally; type 3 260 

= sometimes mild burn, tans uniformly; or type 4 = rarely burns, always tans 261 

well); and (x) number of siblings. 262 

 263 

Clinical Information at Birth 264 

The following clinical information was collected: (i) planned cesarean section or 265 

otherwise; (ii) birthday; (iii) weight, height, head circumference, and chest 266 

circumference at birth; (iv) Apgar score at 1 min and 5 min; and (v) complications 267 

such as neonatal jaundice and transient tachypnea of the newborn.  268 

 269 

Samples and 25OHD Measurements  270 
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Serum samples from participating pregnant women were collected at 34 weeks 271 

of gestation. Umbilical cord blood (5-10 mL) was sampled from the placenta side 272 

after placental delivery at birth. Soon after blood sampling without freezing, 273 

levels of 25OHD were measured by radioimmunoassay at SRL (Hachioji, Tokyo, 274 

Japan) (37), who has participated in the Laboratory Accreditation Program of 275 

College of American Pathologist. Minimal detection level was 5 ng/mL. The 276 

Institute of Medicine has defined adequate vitamin D status as a serum 25OHD 277 

level ≥ 20 ng/mL for the general population, including pregnant women (38). 278 

When levels are ≥ 30 ng/mL, bone fracture can be prevented (39). We therefore 279 

divided participating pregnant women into three groups according to 25OHD 280 

levels: deficient, < 20 ng/mL; insufficient, ≥ 20 but < 30 ng/mL; and sufficient, ≥ 281 

30 ng/mL. 282 

 283 

Multiplex Immunoassay Analysis 284 

After freezing at -80 °C, a series of hormones related to metabolism (GLP-1, GIP, 285 

ghrelin, insulin, c-peptide, glucagon, leptin; PAI-1; resistin; visfatin; adipsin; and 286 

adiponectin) were assayed in cord blood using the Bio-Plex MAGPIX 287 

Suspension Array System (Bio-Rad, Hercules, CA), according to the instructions 288 
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from the manufacturer. A single operator blinded to clinical information 289 

performed all measurements using human diabetes assay kits. Identical positive 290 

and negative quality controls are included on each assay in duplicate. Assays 291 

were performed in one batch, with samples randomly mixed. The lower limit of 292 

detection ranged from 2.4 pg/mL for resistin to 310 pg/mL for visfatin, while 293 

intra-assay variability was less than 10%. Mean recovery ratio represented by 294 

observed data/expected data was 99.4%. 295 

 296 

Glycated Albumin 297 

After a maximum of 2.5 years frozen at -80 °C, serum samples obtained from 298 

participating pregnant women and cord blood of offspring were measured for GA 299 

using an enzymatic method by SRL (40).  300 

 301 

Statistical Analysis 302 

Continuous data were compared among the three maternal groups by means of 303 

analysis of variance (ANOVA) for factors showing normal distribution, and by 304 

Kruskal-Wallis equality-of-populations rank test for factors not showing normal 305 

distribution. The chi-square test was used for analysis of binary or categorical 306 
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data. Spearman's rank correlation coefficient was used to quantify the strength 307 

of association between 25OHD/GA and diabetes-related hormones not showing 308 

normal distributions. All reported P values were two-sided. Values of P < 0.05 309 

were considered significant in the analyses of participant characteristics. On the 310 

other hand, since 12 diabetes-related hormones were measured, values of P < 311 

0.00417 (= 0.05/12) were considered significant using Spearman's rank 312 

correlation. Linear regression model was applied to obtain a coefficiency. For 313 

significant variables in Spearman's rank correlation analysis, multivariate 314 

analysis was performed by linear regression adjusting for potential confounders 315 

such as maternal age, maternal BMI, intake of vitamin D supplement, time spent 316 

for outdoor activity, number of sibling, and month of the birth. All statistical 317 

analyses were independently performed by M.U. and S.N., who were not 318 

involved in data collection. Stata version 13.1 software (StataCorp LP, College 319 

Station, TX) was used for all analyses. 320 

321 
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Figure legend 446 

Figure 1 Association between maternal and cord blood 25OHD levels. We used 447 

linear regression models to assess the association between maternal and cord 448 

blood 25OHD levels. Spearman's rank correlation coefficient was used to 449 

quantify the strength of the association.  450 

Figure 2 Association between maternal and cord blood glycated albumin levels. 451 

We used linear regression models to assess the association between maternal 452 

and cord blood glycated albumin levels. Spearman's rank correlation coefficient 453 

was used to quantify the strength of the association. 454 

Figure 3 Association between maternal 25OHD and glycated albumin levels. We 455 

used linear regression models to assess the association between maternal 456 

25OHD and glycated albumin levels. Spearman's rank correlation coefficient 457 

was used to quantify the strength of the association. 458 
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Table 1. Maternal and offspring characteristics stratified by maternal 25OHD levels 

  Maternal 25OHD  

Variablesa Total 

 

n = 612 

Deficient 

0 ≤  < 20 ng/mL 

n = 337 

Insufficient  

20 ≤  < 30 ng/mL 

n = 181 

Sufficient  

30 ≤  < 80 ng/mL 

n = 94 

 

 

P 

Maternal age, years (SD) 31.5 (5.0) 31.2 (5.2) 31.7 (4.7) 31.9 (4.9) 0.34d 

Maternal body mass indexb, kg/m2 (SD) 21.0 (2.9) 21.1 (3.0) 20.9 (2.8) 21.0 (3.0) 0.83d 

Vitamin D supplementationc, n (%) 46 (7.8) 18 (5.7) 18 (10.3) 10 (21.7) 0.074e 

Time spent on outdoor activity     < 0.001*e 

 Almost none, n (%) 43 (7.4) 31 (9.8) 8 (4.7) 4 (4.4)  

 Average < 0.5 h/day, n (%) 116 (20.0) 72 (22.6) 37 (21.5) 7 (7.7)  

 Average 0.5-1.0 h/day, n (%) 178 (30.6) 99 (31.1) 61 (35.5) 18 (19.8)  

 Average 1.0-2.0 h/day, n (%) 162 (27.9) 77 (24.2) 45 (26.2) 40 (44.0)  

 Average > 2.0 h/day, n (%) 82 (14.1) 39 (12.3) 21 (12.2) 22 (24.2)  

Number of siblings, 0 /1 / 2 /3 / ≥ 4, n 268/223/93/20/8 170/105/46/9/7 73/71/29/7/1 25/47/18/4/0 0.015*e 



Glycated albumin, % (SD) 13.9 (1.4) 13.7 (1.3) 14.1 (1.5) 14.2 (1.2) 0.0001*f 

Gestational age, weeks (SD) 38.8 (1.2) 38.9 (1.3) 38.9 (1.1) 38.7 (1.3) 0.52f 

Male gender, n (%) 314 (51) 181 (54) 90 (50) 43 (46) 0.35e 

Anthropometry at birth      

 Birth weight, g (SD) 3065 (396) 3080 (419) 3047 (353) 3043 (393) 0.56d 

 Birth height, cm (SD) 48.7 (1.9) 48.8 (2.0) 48.8 (1.7) 48.6 (1.9) 0.89f 

 Birth head circumference, cm (SD) 33.2 (1.4) 33.3 (1.4) 33.2 (1.3) 33.1 (1.5) 0.50f 

 Birth chest circumference, cm (SD) 31.9 (1.7) 31.9 (1.7) 31.9 (1.6) 31.9 (1.6) 0.99f 

 Kaup index, g/cm2 (SD) 12.9 (1.1) 12.9 (1.1) 12.8 (1.0) 12.8 (1.1) 0.72f 

Apgar score      

 At 1 min, mean (SD) 8.6 (0.7) 8.5 (0.8) 8.6 (0.7) 8.5 (0.7) 0.53f 

 At 5 min, mean (SD) 9.2 (0.6) 9.1 (0.6) 9.2 (0.5) 9.2 (0.5) 0.65f 

Complications at birth      

 Neonatal jaundice, n (%) 33 (5.4) 19 (5.6) 12 (6.6) 2 (2.1) 0.28e 

Transient tachypnea of newborn, n (%) 24 (3.9) 18 (5.3) 4 (2.2) 2 (2.1) 0.13e 



aAll other variables in questionnaires listed in the Methods section did not show significant differences among the three levels 

of 25OHD (data not shown). bBody mass index was calculated using the following formula: weight before pregnancy divided 

by square of height. cMothers taking supplemental vitamin D from 40-1,000 IU/day for 1-10 months were considered as 

showing positive intake. dP-value was calculated by ANOVA. eP-value was calculated by the chi-square test. fP-value was 

calculated by the Kruskal-Wallis equality-of-populations rank test. 

*P<0.05 



 

Table 2. Hormones associated with 25OHD in cord blood and maternal blood 

 Correlation with 25OHD in cord blood Correlation with 25OHD in maternal blood 

Measures in cord blooda rb 95% CI Pc rb 95% CI Pc 

Insulin (pg/mL) -0.10 (-0.18, -0.02) 0.011 -0.06 (-0.14, 0.02) 0.16 

C-peptide (pg/mL) 0.02 (-0.06, 0.10) 0.60 0.06 (-0.02, 0.14) 0.16 

GIP (pg/mL)  -0.21 (-0.29, -0.13) < 0.0001* -0.12 (-0.20, -0.04) 0.0031* 

GLP1 (pg/mL) -0.35 (-0.42, -0.28) < 0.0001* -0.23 (-0.30, -0.15) < 0.0001* 

Ghrelin (pg/mL) -0.10 (-0.18, -0.02) 0.015 -0.08 (-0.16, 0.00) 0.053 

Glucagon (pg/mL) -0.11 (-0.19, -0.03) 0.0062 -0.04 (-0.12, 0.04) 0.33 

Leptin (pg/mL) -0.02 (-0.10, 0.06) 0.60 -0.05 (-0.13, 0.04) 0.27 

PAI (pg/mL) 0.02 (-0.06, 0.10) 0.56 0.02 (-0.06, 0.10) 0.65 

Resistin (pg/mL) 0.03 (-0.05, 0.16) 0.45 0.03 (-0.06, 0.11) 0.55 

Visfatin (pg/mL) -0.07 (-0.15, 0.01) 0.10 -0.06 (-0.14, 0.02) 0.17 

Adipsin (pg/mL) 0.05 (-0.03, 0.13) 0.25 -0.08 (-0.16, 0.00) 0.05 

Adiponectin (pg/mL) 0.05 (-0.04, 0.13) 0.26 -0.07 (-0.15, 0.01) 0.09 



aData were transformed by natural logarithm. bSpearman's rank correlation coefficient was represented by r. cSince levels of 

12 diabetes-related hormones were measured, values of p < 0.004 (= 0.05/12) were considered significant. 

*P<0.004 



Table 3. Incretins associated with 25OHD in cord blood and maternal blood by multiple linear regressiona 

 Correlation with 25OHD in cord blood Correlation with 25OHD in maternal blood 

Measures in cord 

bloodb 

coefficiency t 95% CI P coefficiency t 95% CI P 

GIP (pg/mL)  -0.34 -4.69 -0.49 to -0.20 <0.0001* -0.20 -2.58 -0.35 to -0.05 0.01* 

GLP1 (pg/mL) -0.49 -7.15 -0.62 to -0.35 <0.0001* -0.17 -2.30 -0.32 to -0.25 0.02* 

aMultivariate analysis was performed by linear regression adjusting for potential confounders such as maternal age, maternal 

BMI, intake of vitamin D supplement, time spent for outdoor activity, number of sibling, and month of the birth. bData were 

transformed by natural logarithm. 

*P<0.05 



 

Table 4. Hormones associated with GA in cord blood and maternal blood  

 Correlation with GA in 

cord blood 

Correlation with GA in 

maternal blood 

Correlation with cord-maternal 

GA ratioc 

Hormones in cord 

blooda 

rb Pd rb Pd rb Pd 

Insulin (pg/mL) 0.17 0.0001* 0.04 0.37 0.09 0.03 

C-peptide (pg/mL) 0.19 < 0.0001* 0.05 0.19 0.09 0.03 

GIP (pg/mL)  0.13 0.0030* -0.13 0.0023* 0.22 < 0.0001* 

GLP1 (pg/mL) 0.11 0.0140 -0.13 0.0012* 0.22 < 0.0001* 

Ghrelin (pg/mL) 0.22 < 0.0001* -0.02 0.59 0.18 < 0.0001* 

Glucagon (pg/mL) 0.008 0.85 -0.07 0.07 0.07 0.08 

Leptin (pg/mL) -0.02 0.66 0.04 0.28 -0.08 0.05 

PAI (pg/mL) -0.08 0.06 0.03 0.53 -0.08 0.06 

Resistin (pg/mL) -0.18 < 0.0001* -0.01 0.82 -0.12 0.008 

Visfatin (pg/mL) -0.17 0.0001* -0.09 0.03 -0.04 0.36 



Adipsin (pg/mL) -0.12 0.0040 -0.06 0.17 -0.06 0.19 

Adiponectin (pg/mL) -0.12 0.0046 -0.04 0.30 -0.07 0.12 

aData were transformed by natural logarithm. bSpearman's rank correlation coefficient was represented by r. cRatio was 

simply calculated as GA in cord blood divided by GA in maternal blood. dSince levels of 12 diabetes-related hormones were 

measured, values of p < 0.004 (= 0.05/12) were considered significant. 

*P<0.004 



Table 5. Hormones associated with GA in cord blood and maternal blood by multiple linear regressiona 

 Correlation with GA in cord blood Correlation with GA in maternal 

blood 

Correlation with cord-maternal GA 

ratioc 

Measures 

in cord 

bloodb 

coeffici

ency  

t 95% CI P coeffici

ency 

t 95% CI P coeffici

ency  

t 95% CI P 

Insulin 

(pg/mL) 

0.03 3.26 0.01 to 

 0.06 

0.001* 0.02 1.53 -0.01 to 

0.04 

0.127 0.01 1.47 -0.002 

to 0.02 

0.141 

C-peptide 

(pg/mL) 

0.05 5.13 0.03 to  

0.06 

<0.0001* 0.01 1.39 -0.01 to 

0.03 

0.164 0.01 2.95 0.004 to 

0.02 

0.003* 

GIP 

(pg/mL)  

0.07 3.88 0.03 to 

0.10 

<0.0001* -0.06 -3.31 -0.10 to 

-0.03 

0.001* 0.04 5.73 0.03 to 

0.06 

<0.0001* 

GLP1 

(pg/mL) 

0.03 1.82 -0.002 

to 0.06 

0.07 -0.06 -3.30 -0.10 to 

-0.02 

0.001* 0.03 4.08 0.02 to  

0.05 

<0.0001* 

Ghrelin 0.06 4.35 0.03 to <0.0001* -0.01 -0.68 -0.04 to 0.496 0.03 4.37 0.01 to <0.0001* 



(pg/mL) 0.08 0.02 0.04 

Resistin 

(pg/mL) 

-0.01 -3.30 -0.02 to 

-0.01 

0.001* -0.01 -1.24 -0.02 to 

0.004 

0.217 -0.003 -1.35 -0.01 to 

0.001 

0.178 

Visfatin 

(pg/mL) 

-0.03 -3.47 -0.05 to 

-0.02 

0.001* -0.004 -0.43 -0.03 to 

0.02 

0.670 -0.01 -2.21 -0.02 to 

-0.001 

0.027* 

aMultivariate analysis was performed by linear regression adjusting for potential confounders such as maternal age, maternal 

BMI, intake of vitamin D supplement, time spent for outdoor activity, number of sibling, and month of the birth. bData were 

transformed by natural logarithm. cRatio was simply calculated as GA in cord blood divided by GA in maternal blood. 

*P<0.05 
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