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OBJECTIVE: Serine peptidase inhibitor Kunitz- type-1 (SPINT1) is a circulating protein with 

possibly the strongest association with low birthweight and placental insufficiency yet reported. At 

36 weeks’ gestation low plasma SPINT1 was strongly linked with birth of a neonate <10th centile 
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birthweight (p=2.7 X10-13; Australian cohort1) as were levels at 26-34 weeks’ gestation (validation 

cohorts in United Kingdom1 and Singapore2). Its biomarker performance appeared to consistently 

outperform circulating placental growth factor1. Furthermore, it is plausible that placental SPINT1 

could be a disease driver of placental insufficiency: it is highly expressed in placenta, low levels 

are consistently associated with disease and Spint1 deficiency in genetic mouse knockout studies 

is embryonically lethal (with severe placental abnormalities)3. Demonstrating that low SPINT1 

levels from early pregnancy precedes low birthweight would further strengthen the case that it is a 

disease driver (temporality4). Therefore, we examined whether plasma SPINT1 concentrations at 

15 and 20 weeks’ gestation are associated with neonates with a birthweight <3rd or <10th centile. 

 

STUDY DESIGN: We measured SPINT1 concentrations in plasma at 15 and 20 weeks’ gestation 

from the Screening for Pregnancy Endpoints (SCOPE) cohort from New Zealand (see McCowan et 

al for details5). Plasma SPINT1 concentrations were measured by ELISA (Sigma-Aldrich, St Louis, 

Missouri, USA). We compared levels among pregnancies that ended with a neonate born at either 

<3rd, or <10th customized birthweight centile, versus those born >10th centile (controls). We also did 

a further analysis, comparing those born at these low birthweight cut-offs versus those born 

appropriate for gestational age (10th-89th birthweight centile). Analyses were carried out using 

Mann-Whitney U. We had ethics approval for this study and all participants provided written, 

informed consent (Auckland, New Zealand Regional Ethics Committee: AKX/02/00/364). 

 

RESULTS: In women with plasma samples at 20 weeks’ gestation there were 1756 controls and 

189 who birthed <10th centile birthweight (among these, 48 were <3rd centile). Baseline clinical 

characteristics and pregnancy outcomes are shown in table 1. Compared to controls, SPINT1 

levels were significantly reduced among pregnancies that ended with birth of neonates <10th 

centile birthweight (P=0.006; Figure 1a), or <3rd centile birthweight (P=0.005; Figure 1b).  

Among those with plasma samples at 15 weeks’ gestation there were 1807 controls and 199 who 

birthed <10th centile birthweight (among these, 54 birthed <3rd centile, See supplementary table 1 

for baseline characteristics). Compared to controls, plasma SPINT1 levels were significantly 
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reduced among those who birthed <10th (P=0.02; Figure 1c) or <3rd birthweight centiles (P=0.004; 

Figure 1d).  

 

Our findings were similar when we compared SPINT1 concentrations among pregnancies that 

ended with birth of neonates <3rd or 10th birthweight centile, compared to those that ended with 

birth of neonates with a birthweight appropriate for gestational age (supplementary table 2). 

 

CONCLUSION: Circulating levels of SPINT1 are low at 15 and 20-weeks’ gestation preceding low 

birthweight deliveries. As birthweight may reflect fetal growth restriction in utero, our findings lend 

further evidence that fetal growth restriction may have its pathogenic origins as early as the first 

half of pregnancy. When considering our findings together with what is known about SPINT11, low 

levels across pregnancy may play a mechanistic role driving placental insufficiency. Given there is 

a consistent association between low SPINT1 across pregnancy1,2 and low birthweight, SPINT1 

merits further investigation as a clinical biomarker, perhaps combined with ultrasound or other 

circulating factors. 
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Figure 1: Plasma SPINT1 levels at 15 and 20 weeks’ gestation. SPINT1 was significantly 

reduced in the circulation of women at 20 weeks’ gestation who subsequently delivered an infant 

(a,c) <10th centile or <3rd birthweight centile. SPINT1 was also reduced at 15 weeks’ gestation 

among those who subsequently delivered an infant (b,d) <10th centile or (f,h) <3rd centile 

birthweight. Shown are scatter plots (a,b,e,f) with median (blue and green boxes) and interquartile 

ranges; or receiver operated curves (c,d,g,h). AUC - Area under the curve. *P<0.05; **P 0.006. 
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Table 1. Baseline clinical characteristics and pregnancy outcomes of the cohort whose 
samples were collected at 20 weeks gestation (n = 1945) 
  

  
 

Controls: 

 

Over 10th centile 
birthweight 

 

 

N = 1756 

Low birthweight: 

 

Under 10th centile 
birthweight 

 

N = 189 

P = 

 

  
Maternal Characteristics    

Ethnicity   0.67 

Caucasian 1491 (85) 154 (81)  

Maori or Pacific Islander 90 (5) 10 (5)  

Asian 87 (5) 11 (6)  

Indian 63 (4) 10 (5)  

Other 25 (1) 4 (2)  

Primigravid 1323 (75) 129 (68) 0.04 

Single 62 (4) 6 (3) 0.99 

<12 years education 618 (35) 61 (32) 0.47 

Smoking status at 15 weeks   0.90 

Non-smoker 1551 (88) 167 (88)  

Ceased smoking before 15 weeks 139 (8) 16 (8)  

Current smoker 66 (4) 6 (3)  

Body Mass Index (BMI) category   0.03 

<20.0 111 (6) 13 (7)  

20.0–24.9 959 (55) 93 (49)  

25.0–29.9 505 (29) 50 (26)  

≥30 181 (10) 33 (17)  

BMI (kg/m2) 24.7 (4.1) 25.3 (5.0) 0.08 

Maternal age (y) 30.4 (4.7) 31.3 (4.7) 0.02 

Systolic BP (mmHg) 106.6 (10.6) 108.2 (10.6) 0.05 

Diastolic BP (mmHg) 64.4 (8.2) 65.9 (8.8) 0.02 

Pregnancy Outcome    

Birthweight (g) 3514.5 (485.3) 2611.3 (574.2) <0.0001 

Gestational age at birth (weeks) 39.7 (1.8) 38.7 (3.6) <0.0001 

Total preterm births (<37 weeks) 96 (5) 30 (16) <0.0001 

Admission to neonatal unit 95 (5) 32 (17) <0.0001 

Hypertensive pregnancy** 161 (9) 41 (22) <0.0001 

 

Results expressed as n (%) or mean (standard deviation SD). 

*Preterm births were both spontaneous and indicated.  

** Hypertensive pregnancy defined as preeclampsia, gestational hypertension or mild chronic  

Hypertension. 

  

                  


