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ABSTRACT 23 

Introduction: The differences in the D-dimer rise between women with singleton and 24 

multifetal pregnancies have not been studied extensively. 25 

Materials and Methods: D-Dimer levels were determined in 1089 blood specimens 26 

from 1089 women in various stages of pregnancy, including 977 and 112 women with 27 

singleton and multifetal pregnancies, respectively. None of the 1089 women developed 28 

hypertension or clinical venous thromboembolism during pregnancy or in the 29 

postpartum period. 30 

Results: The D-dimer levels were significantly and positively correlated with 31 

gestational week at examination in women with singleton or multifetal pregnancies. The 32 

D-dimer levels (μg/ml, mean ± SD [number of specimens]) determined at the 1st 33 

trimester did not differ significantly (0.81 ± 0.82 [102] for singleton vs. 1.20 ± 0.77 [7] 34 

for multifetal), but those at the 2nd (1.61 ± 1.45 [216] vs. 2.62 ± 2.26 [59]) and 3rd (2.37 35 

± 2.22 [659] vs. 4.02 ± 2.14 [46]) trimesters were significantly higher in women with 36 

multifetal than singleton pregnancies. The 90th percentile value was 4.31 μg/ml for 1089 37 

specimens. A significantly greater number of women exceeded 4.31 μg/ml during the 38 

2nd (16.9% vs. 5.6%, P = 0.0043) and 3rd (34.8% vs. 10.6%, P < 0.0001) trimesters 39 

among those with multifetal than with singleton pregnancies. 40 

Conclusions: The degree of D-dimer rise in pregnancy was greater in women with 41 

multifetal than with singleton pregnancies.  42 

 43 
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Abbreviations used: 46 

VTE: venous thromboembolism 47 

GW: gestational week 48 
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INTRODUCTION 50 

Pregnancy is a state characterized by hypercoagulability [1] and is associated with an 51 

increased risk of venous thromboembolism (VTE) [2]. Although D-dimer level is 52 

elevated physiologically during pregnancy [3 – 9] and the cut-off value for non-pregnant 53 

individuals is not useful for excluding pregnant women with VTE, D-dimer level is 54 

often determined in pregnancy. 55 

 56 

Multifetal pregnancy is a risk factor for VTE in pregnancy [10 – 12]. As D-dimer levels 57 

are suggested to be elevated in patients who develop VTE later [13 – 15], a high 58 

baseline D-dimer level is a risk factor for subsequent VTE [13 – 15]. Although a limited 59 

number of studies [16 – 18] have suggested that D-dimer level is higher in multifetal 60 

than singleton pregnancies, it has not been determined how often women with multifetal 61 

pregnancies exhibit a high D-dimer level according to gestational stage. We conducted 62 

this retrospective study to address this issue.  63 

 64 

MATERIALS AND METHODS 65 

This study was conducted with the approval of the Ethics Committee of Hokkaido 66 

University Hospital, a tertiary teaching hospital managing mainly high-risk pregnant 67 

women. Laboratory tests, including a complete blood count, biochemistry, and 68 

parameters of coagulation-fibrinolysis such as the D-dimer level, are performed 69 

routinely in pregnant women visiting our clinic even for minor symptoms as well as 70 

women admitted to the hospital for management of various obstetric and incidental 71 

complications. 72 

After exclusion of 93 and 3 women who developed pregnancy hypertension and 73 

venous thromboembolism, respectively, this study included 1089 of such women who 74 

underwent blood tests including D-dimer level, but did not develop VTE or hypertension 75 

during pregnancy or the postpartum period, and gave birth at Hokkaido University 76 

Hospital between April 2007 and May 2012. Of the 96 women who were excluded 77 

from the present analysis, 7 of the 93 with hypertension and one of the three with 78 

venous thromboembolism were twin gestations. These 1089 women accounted for 79 

71.5% of 1523 women who gave birth at our hospital during the study period. Data 80 

regarding patient age, parity, and clinical outcomes were collected from the medial 81 



 

records (Table 1). As our hospital is a tertiary perinatal center, the numbers of women 82 

with multifetal pregnancies and/or preterm births were greater than those of the general 83 

population. The 1089 women were divided into two groups according to number of 84 

fetuses: 977 women with singleton pregnancies and 112 women with multifetal 85 

pregnancies consisting of 106 with twins, 5 with triplets, and 1 with quadruplets. 86 

Changes in D-dimer levels during pregnancy were analyzed in the two groups (singleton 87 

pregnancy vs. multifetal pregnancy). Pregnancy stage was grouped into three 88 

categories: first trimester (until the end of gestational week [GW] 13), second trimester 89 

(GW 14 – 27), and third trimester (GW 28 – 42). Each subject usually underwent blood 90 

tests including determination of D-dimer level several times during pregnancy. However, 91 

only the D-dimer value determined in the earliest trimester of pregnancy was used as the 92 

datum for each study subject. When D-dimer value was determined several times within 93 

a trimester, the highest value was used as the datum for the study subject. Thus, 1089 94 

blood specimens obtained from 1089 women in various stages of pregnancy were 95 

analyzed in this study. Actual gestational week at determination of D-dimer levels for 96 

each trimester except for the third trimester did not differ between women with 97 

singleton and multifetal pregnancies (Table 1). The D-dimer level was determined 98 

significantly earlier in third trimester in women with multifetal than singleton 99 

pregnancies. 100 

 101 

The D-dimer levels were measured using the latex agglutination assay (Mitsubishi 102 

Kagaku Iatron Inc., Tokyo, Japan) in citrated blood samples after centrifugation. Blood 103 

levels of D-dimer ranging from 0.0 g/mL to 0.99 g/mL are considered normal at our 104 

institution. Intra- and interassay coefficients of variation were 4.4% and 3.3%, 105 

respectively, at our institution. Correlation of D-dimer levels determined by our assay 106 

system (y) with those by the Vidas DD new assay© (bioMérieux, Marcy l’Etoile, 107 

France) (x1) [19 – 21] or Tinaquant assay© (Roche Diagnostics, Mannheim, Germany) 108 

(x2) [21 – 23] were as follows: y = 3.577 x1 – 1.71, r = 0.943 or y = 2.471 x2 – 0.59, r = 109 

0.951 for 302 blood samples with D-dimer levels of 0.0 – 40.0 g/mL determined by our 110 

method; and y = 0.999 x1 + 0.31, r = 0.819 or y = 1.446 x2 + 0.32, r = 0.882 for 90 blood 111 

samples with D-dimer levels < 2.0 g/mL determined by our method.  112 

 113 

Data are presented as means ± standard deviation. Statistical analyses were performed 114 



 

using the JMP10© statistical software package (SAS, Cary, NC). Differences between 115 

the means were tested by ANOVA and Tukey–Kramer HSD (honestly significant 116 

difference) test between each group and categorical variables were compared using the 117 

χ2 test or Fisher’s exact test. In all analyses, P < 0.05 was taken to indicate statistical 118 

significance. 119 

 120 

RESULTS 121 

Changes in D-dimer levels during pregnancy 122 

D-Dimer levels were significantly and positively correlated with GW at determination in 123 

either women with singleton or multifetal pregnancies, suggesting that D-dimer level 124 

increases with advancing gestation and its increase appeared to be marked in women 125 

with multifetal pregnancies compared to those with singleton pregnancies (Fig. 1). The 126 

1st trimester D-dimer level in multifetal pregnancy (mean ± SD, μg/ml: 1.20 ± 0.77) was 127 

not significantly different from that in singleton pregnancy (0.81 ± 0.82), but increased 128 

to 2.62 ± 2.26 and 4.02 ± 2.14 during 2nd and 3rd trimesters, respectively (Fig. 2). 129 

Although D-dimer level in singleton pregnancy also increased with advancing gestation, 130 

the levels during 2nd and 3rd trimesters (1.61 ± 1.45 and 2.37 ± 2.22, respectively) were 131 

significantly lower than those in multifetal pregnancy. 132 

Neither mean maternal age nor mean pre-pregnancy BMI differed significantly 133 

between women with singleton and multifetal pregnancies (Table 1). Neither 134 

maternal age (32.7 ± 5.6, 32.2 ± 5.2, 31.8 ± 5.3) nor pre-pregnancy BMI (21.8 ± 4.3, 135 

22.0 ± 4.5, 21.5 ± 4.0) differed between women with singleton pregnancies whose 136 

D-dimer levels were examined during the first, second, and third trimesters, 137 

respectively. In women with multifetal pregnancies, maternal age (33.4 ± 3.6, 30.7 ± 138 

5.1, 30.0 ± 4.3) did not differ significantly between women whose D-dimer levels 139 

were examined during the first, second, and third trimesters, respectively, while 140 

pre-pregnancy BMI was significantly greater in women whose D-dimer levels were 141 

examined during the first trimester than during the third trimester (P=0.0081) 142 

(24.2 ± 4.6, 21.6 ± 3.4, and 20.5 ± 2.2 for women with first, second, and third 143 

trimesters, respectively). Thus, D-dimer level appeared to be examined in earlier 144 

stage of pregnancy in women with a larger BMI and multifetal pregnancies.  145 

 146 

 147 



 

Prevalence of women with a high D-dimer level (> 4.31 μg/ml) 148 

The 90th percentile value was 4.31 μg/ml for all 1089 cases. In women with either 149 

singleton or multifetal pregnancies, the frequency of women above the 90th percentile 150 

D-dimer value increased significantly with advancing gestation (Table 2). The number 151 

of women above the 90th percentile D-dimer level during 2nd and 3rd trimesters was 152 

significantly larger in multifetal pregnancies than in singleton pregnancies. 153 

 154 

DISCUSSION 155 

This study confirmed that D-dimer level increases with advancing gestation, and the 156 

D-dimer rise in pregnancy is greater in women with multifetal than singleton 157 

pregnancies. Although these findings were not new, our study included the largest 158 

number of women with multifetal pregnancies, and therefore confirmed the latter 159 

suggestion. 160 

 161 

To our knowledge, there have been three reports indicating that D-dimer rise in 162 

pregnancy is greater in women with multifetal than singleton pregnancies [16 – 18]. The 163 

first [16] included 22 non-pregnant women and 24 and 25 women with singleton and 164 

twin pregnancies, respectively; the results indicated that D-dimer levels determined 165 

around GW 30 were significantly higher in twin than singleton pregnancies and those of 166 

singleton pregnancies were significantly higher than those of non-pregnant women. The 167 

second [17] included 1106 and 25 women with singleton and twin pregnancies, 168 

respectively; the results indicated that D-dimer levels of twin pregnancies were not 169 

different from those of singleton pregnancies during the 1st trimester but were 170 

significantly higher during 3rd trimester compared with singleton pregnancies. The third 171 

[18] included 626 and 6 women with singleton and twin pregnancies, respectively, and 172 

indicated that women with twin pregnancies were likely to show a high (above 80th 173 

percentile value) D-dimer level compared to those with singleton pregnancies. Thus, the 174 

results of the present study were consistent with previous findings [16 – 18]. Our study 175 

added convincing data in a large cohort regarding the percentage of high D-dimer level 176 

(above 90th percentile value) among women with multifetal pregnancies; approximately 177 

one third of women with multifetal pregnancies showed D-dimer levels above 90th 178 

percentile during the 3rd trimester in this study.  179 

  180 



 

The effect of gestational week on D-dimer level is well known; as also confirmed in this 181 

study, D-dimer level increases with advancing gestation [3 – 6, 8]. As pregnancy is 182 

associated with four- to sixfold increased risk of VTE [24,25], and as a further increased 183 

risk of VTE (approximately twofold compared with singleton pregnancies) is seen 184 

among women with multifetal pregnancies [10 – 12], the results of a series of studies [3 185 

– 6,8, 16 – 18], including ours, may support three previous reports suggesting that 186 

elevated D-dimer levels are associated with an increased risk of subsequent VTE events 187 

[13 – 15]; the subjects consisted of a general population in one study [13] and unhealthy 188 

patients in the other two studies [14,15]. In a study of the general population [13], 189 

relative to the first quintile of the distribution of D-dimer, the age-adjusted odds ratios 190 

for future VTE for the second to fifth quintiles of D-dimer were 1.6, 2.3, 2.3, and 4.2, 191 

respectively (P for trend < 0.0001)[13]. Patients with an abnormal D-dimer level with 192 

qualitative D-dimer test one month after discontinuation of anticoagulation treatment 193 

had a significantly higher incidence of recurrent VTE compared to patients with normal 194 

D-dimer level during follow-up (15.0% vs. 6.2%, adjusted hazard ratio of 2.27 [95% 195 

confidence interval; 1.15 – 4.46])[14]. In another study [15], multivariate analysis 196 

showed that patients with elevated D-dimer levels (defined as > 0.5μg/ml) had a 3.2-fold 197 

increased risk of developing VTE (95% confidence interval, 1.5 – 6.5; P = 0.002) 198 

during the 90-day follow-up in comparison to subjects with normal levels among 199 

hospitalized patients more than 60 years old [15]. Although not yet verified, these 200 

results suggested that pregnant women with high D-dimer level may also have higher 201 

risk of developing VTE compared to pregnant women with a low D-dimer level. If this 202 

is the case, determination of D-dimer level in women with multifetal pregnancies would 203 

be helpful for identifying women at especially high risk of subsequent VTE.  204 

 205 

As both advanced maternal age and obesity are risk factors for venous 206 

thromboembolism in pregnancy [24], these two factors may increase D-dimer level. 207 

However, neither mean maternal age nor mean pre-pregnancy BMI differed 208 

significantly between women with singleton and multifetal pregnancies. Among 209 

women with multifetal pregnancies, the pre-pregnancy BMI was rather greater in 210 

women whose D-dimer levels were determined in the first trimester than in the 211 

third trimester. Thus, these two factors may have not distorted our conclusion that 212 



 

D-dimer level increases with advancing gestation, and the D-dimer rise in 213 

pregnancy is greater in women with multifetal than singleton pregnancies. 214 

 215 

Although we determined the 90th percentile D-dimer levels using latex agglutination 216 

assay (Mitsubishi Kagaku Iatron Inc.), the numerical results differed between assay 217 

methods employed. As described in the Materials and Methods section, our method 218 

gave relatively high D-dimer values. In addition, the patterns of rising D-dimer levels 219 

during pregnancy differ depending on the assay methods used [16]; the Innovance 220 

D-Dimer assay® (Siemens Medical Solutions, Malvern, PA) increased significantly 221 

with the advancement of pregnancy, and is more sensitive than D-Dimer PLUS assay® 222 

(Dade Behring, Marburg, Germany) in the pregnant population [16]. Our data were 223 

comparable to those obtained by the Innovance D-Dimer assay, and our assay showed 224 

sensitivity similar to Innovance D-Dimer assay for the detection of D-dimer change 225 

during pregnancy (data not shown).  226 

 227 

In conclusion, the present study confirmed that D-dimer increases with advancing 228 

gestation and the D-dimer rise in pregnancy is greater in women with multifetal than 229 

singleton pregnancies. Approximately one third of women with multifetal pregnancies 230 

exhibited above 90th percentile D-dimer value during the third trimester. Previous 231 

studies suggested that subjects with a high D-dimer level are at increased risk of 232 

subsequent development of VTE [13 – 15]. Epidemiology suggested that pregnant 233 

women, especially with multifetal pregnancies, are at increased risk of developing VTE 234 

[10 – 12]. These results together with those of the present study suggest that 235 

determination of D-dimer level in women with multifetal pregnancies would be helpful 236 

for identifying those at especially high risk of subsequent VTE. 237 
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FIGURE LEGENDS 330 

Fig. 1: Distribution of D-dimer levels according to gestational week 331 

 332 

Fig. 2: Changes in D-dimer levels during pregnancy according to number of 333 

fetuses 334 

Dashed and solid lines indicate multifetal pregnancy and singleton pregnancy, 335 

respectively. Vertical bar indicates 1 SD. 336 

*, P < 0.001 between singleton and multifetal pregnancies; ‡ and †: comparison within 337 

a group, and ‡, P < 0.01 vs. 1st- and 2nd-trimester levels for multifetal pregnancy and vs. 338 

1st- trimester level for singleton pregnancy; and †, P < 0.0001 vs. 1st- and 2nd-trimester 339 

levels. 340 

 341 



Table 1: Demographic characteristics of study subjects                      

                            Singleton  Multifetal* P-value   

Number of women  977  112* 

Maternal age (year)         32.0 ± 5.3 30.6 ± 4.7   0.0074 

Primiparity                552 (56.5%) 62 (55.3%)   0.8174 

Pre-pregnancy BMI (kg/m2) 21.6 ± 4.1 21.3 ± 3.2   0.4142 

Gestational week at delivery 37.1 ± 4.5 33.9 ± 5.5   < 0.0001 

     < 37 weeks  226 (23.1%) 75 (67.0%)   <0.0001 

Gestational week at determination 30.5 ± 9.5 27.4 ± 7.1   0.0010 

     Fist trimester       9.6 ± 2.9 [102]  11.8 ± 2.4 [7]  0.0576 

     Second trimester       23.0 ± 4.1 [216]  23.8 ± 3.7 [59]  0.1396 

     Third trimester       36.2 ± 2.9 [659]  34.4 ± 1.7 [46]  < 0.0001         

Date are presented as means ± SD.  

*, including 106, 5, and 1 women with twin, triplet, and quadruplet pregnancies, 

respectively.  

Numbers of women are indicated in square brackets. 

 

 

 

 

Table 2: Prevalence of women with a high D-dimer (> 4.31 μg/ml)                              

                   Singleton     Multifetal  P-value       

First trimester  1/102 (1.0%)* 0/7 (0.0%)  0.7924 

Second trimester  12/216 (5.6%)* 10/59 (16.9%)  0.0043 

Third trimester  70/659 (10.6%)* 16/46 (34.8%)†  < 0.0001 

Overall   83/977 (8.5%) 26/112 (23.2%)  < 0.0001                 

*, P < 0.05 vs. frequency of any trimester; †, P < 0.05 vs. frequency of second trimester. 

P-value was determined with χ2 test or Fisher’s exact test 

 

  



Fig. 1 Yamada et al.

(week)

D
-d

im
er

 le
ve

l

Gestational week at examination

P = 0.0001

y = 0.002 + 0.113x

n = 112

R = 0.35
P < 0.0001

y = 0.260 + 0.058x

n = 977

R = 0.27

Singleton                                 Multifetal(μg/ml)



Fig. 2 Yamada et al.
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