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ABSTRACT 24 

Objective: This study evaluates whether clinical phenotypes of small for gestational (SGA) 25 

fetuses can be identified and used for adverse perinatal outcome risk stratification to facilitate 26 

decision-making. 27 

Methods: This multicentre observational cohort study was conducted in two tertiary care 28 

university hospitals. It included 17,631 consecutive singleton pregnancies, among which 1274 29 

(7.2%) were defined as SGA at birth according to INTERGROWTH-21st standards. The main 30 

outcome was the development of clinical clusters of SGA phenotypes.  31 

Results: Nine SGA clinical phenotypes were identified using a predefined conceptual 32 

framework. Every delivery and perinatal outcome analysed showed statistically significant 33 

differences between phenotypes. The total SGA cohort had a 3 times increased risk of perinatal 34 

mortality than non-SGA fetuses (1.4% vs 0.4%; p<0.001). The SGA clinical phenotypes exhibited 35 

three patterns of perinatal mortality risk: the highest risk included the congenital anomalies and 36 

second- or third-trimester haemorrhage clusters (8.3%; odds ratio [OR] 17.17, 95% confidence 37 

interval [CI] 2.17-136.12 for congenital anomalies and OR 9.94, 95% CI 1.23-72.57 for second- or 38 

third-trimester haemorrhage); the medium risk included the gestational diabetes (3.8%; OR 39 

9.59, 95% CI 1.27-72.57), preterm birth (3.2%; OR 4.65, 95% CI 0.62-35.01), and intrauterine 40 

growth restriction (3.1%; OR 5.93, 95% CI 3.21-10.95) clusters; and the lowest risk included the 41 

remaining clusters. Perinatal mortality rate did not differ between SGA fetuses without other 42 

clinical conditions (which encompassed 54.1% of SGA fetuses) and appropriate for gestational 43 

age fetuses (0.1% vs 0.4%; p=0.27; OR 0.41, 95% CI 0.06-2.94). SGA combined with other 44 

obstetric pathologies significantly increased perinatal mortality risk, highlighting in maternal 45 

diabetes (OR 24.40, 95% CI 1.31-453.91). 46 



Conclusions: We identified nine SGA clinical phenotypes associated with different patterns of 47 

risk for adverse perinatal outcomes. Our results suggest that adding clinical characteristics to 48 

ultrasound results would improve risk stratification and decision-making for SGA fetuses. Future 49 

clinical trials on the control of fetuses with SGA should take into account, in addition to Doppler 50 

and estimated fetal weight, this clinical information. 51 
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INTRODUCTION 58 

Small for gestational age (SGA) is usually defined by a statistical deviation of ultrasound 59 

estimated fetal weight or abdominal circumference from a population-based reference, with the 60 

typical threshold set at the 10th percentile.1 SGA is associated with increased perinatal mortality 61 

and morbidity,2 suboptimal cardiovascular and neurologic development,3 and long-term health 62 

problems.4,5,6 Although identification of SGA fetuses is associated with a reduction in adverse 63 

perinatal outcomes,7 a key aspect of clinical management is the ability to differentiate SGA 64 

fetuses at higher risk of adverse outcomes. 65 

Growth restriction is a complex condition with multiple etiologic factors that will determine its 66 

risk and consequences. After excluding abnormal SGA fetuses resulting from chromosomal, 67 

structural, or infective abnormalities,8 Doppler assessment of placental function and fetal well-68 

being forms the basis for identifying intrauterine growth restriction (IUGR) in current clinical 69 

protocols.1,9 Fetuses with neither abnormal SGA nor IUGR are presumed to be constitutionally 70 

SGA. Although SGA fetuses with Doppler alterations have worse perinatal outcomes, 10 such 71 

constitutionally SGA fetuses also have higher risks of poor perinatal and long-term outcomes 72 

when compared to appropriate weight for gestational age (AGA) fetuses.11 Thus, it is necessary 73 

to search for new strategies to better identify high-risk SGA patients. 74 

Fetal growth can be affected by various pathologic conditions during gestation with obvious 75 

clinical manifestations. To promote more targeted interventions, we propose phenotypic sub-76 

classification of SGA fetuses based on not only Doppler parameters, but also on easily obtained 77 

clinical information. The aim of this study is to evaluate whether clinical phenotypes of SGA 78 

fetuses can be identified and used to aid in risk stratification.  79 

 80 

  81 



METHODS 82 

A multicentre observational cohort study was conducted in two Spanish tertiary care university 83 

hospitals: Hospital Clínico Universitario Lozano Blesa in Zaragoza and Hospital Universitario 84 

Virgen de la Arrixaca in Murcia. A total of 17,631 consecutive singleton pregnancies were 85 

prospectively enrolled. SGA was defined as a birthweight below the 10th percentile according to 86 

INTERGROWTH-2112 standards. In all cases, gestational age was defined by fetal crown-rump 87 

length on the first ultrasound at 11–13 weeks gestation.13, Data regarding maternal clinical and 88 

demographic characteristics, as well as perinatal outcomes, were obtained from medical 89 

records. The ethics committee approved the protocol for this study. Both centres used similar 90 

clinical protocols, which included a routine ultrasound scan between 32 and 37 weeks of 91 

gestation. Ultrasound  recordings were performed by one experienced operator. Fetuses with 92 

estimated fetal weight below the <10th percentile according to local standards14, were 93 

considered and consequently managed as suspected SGA during pregnancy.  Patients were 94 

always managed by senior obstetricians, according to standard protocols for every clinical 95 

condition  96 

Following a previously published conceptual framework for developing a clinical phenotypic 97 

classification for preterm birth,15 SGA was classified according to maternal, fetal, and placental 98 

conditions causally associated with SGA (Table 1). After a comprehensive descriptive analysis 99 

following a hierarchical, agglomerative approach combining individual cases into clusters as 100 

different from one another as possible, a nine-cluster model provided a categorization of SGA 101 

clinical phenotypes highly consistent with our a priori conceptual classification. Therefore, every 102 

SGA fetus in our study was grouped into four clusters related to maternal conditions 103 

(hypertension/preeclampsia, gestational diabetes, other chronic maternal diseases, and 104 

assisted-reproduction techniques), three clusters related to fetal conditions (congenital 105 

anomalies, intrauterine growth restriction, and preterm birth), and one cluster related to 106 



placental condition (second- or third-trimester haemorrhage). The remaining SGA fetuses with 107 

no associated clinical manifestation were grouped into another cluster (none).  108 

Statistical analyses were performed using SPSS, version 19. Because many fetuses exhibited 109 

more than one maternal, fetal, or placental condition, we used a two-step cluster algorithm. 16,17 110 

In step 1, we analysed perinatal mortality rates for each of the nine clusters, with cases initially 111 

classified in more than one cluster if appropriate. In step 2, the cases initially included in more 112 

than one group were reclassified and assigned to only one cluster, which was their cluster with 113 

the highest mortality risk. Thus, in the final analysis, every patient was placed in only a single 114 

cluster. Preterm cases that were also included in another group were not assigned to the 115 

prematurity group because the preterm birth was medically indicated in most cases. To evaluate 116 

the independence of each cluster as a clinical entity, we calculated perinatal mortality and 117 

neonatal intensive care unit (NICU) admission rates. 118 

 119 

RESULTS 120 

Of the 17,631 consecutive singleton pregnancies included in this study, 1274 (7.2%) were 121 

defined as SGA. We found differences in baseline sociodemographic characteristics, as well as 122 

evolution of the pregnancy, between SGA and non-SGA fetus groups. As expected, the overall 123 

SGA cohort had worse perinatal outcomes, with an approximately 3 times higher rate of 124 

perinatal mortality (14.13 % vs 4.16%; p<0.001) (Table 2).  125 

Fetuses initially included in more than one group were reclassified and assigned to only their 126 

cluster with the highest mortality risk (based on the analysis of step 1 clusters) (Supplementary 127 

Table 1). Table 3 summarizes the distribution of SGA neonates into the final nine clusters. Of 128 

note, two clusters encompassed more than 85% of all cases: the “none” cluster (54.1%) and 129 

IUGR (according to The International Society of Ultrasound in Obstetrics and Gynecology 130 



(ISUOG) definition16) cluster (33.2%). The remaining SGA cases were distributed evenly across 131 

the other seven clusters. 132 

After reclassifying each case into a single clinical cluster, all delivery and perinatal outcomes 133 

exhibited statistically significant differences between clusters (Supplementary Table 2, Figures 134 

1–3). We also calculated the odds ratios (ORs) of each SGA clinical phenotype compared with 135 

non-SGA fetuses, adjusted for gestational age, for delivery and perinatal outcomes (Table 4). 136 

The rate of caesarean section was highest in the second- or third-trimester haemorrhage cluster 137 

(91.7%; OR 19.59, 95% confidence interval [CI] 2.47-155.5) and hypertension/preeclampsia 138 

cluster (71.4%; OR 5.20, 95% CI 2.24-12.07). Conversely, caesarean section rates were similar 139 

between SGA and non-SGA fetuses in the assisted reproduction techniques and none clusters. 140 

Of note, the rate of caesarean section for fetal acidosis was 50% in the second- or third-trimester 141 

haemorrhage cluster (OR 17.98, 95% CI 5.71-56.60); this was much higher than the rates for 142 

other clusters, which ranged from 9.8% to 16%. The gestational diabetes cluster (88.5%; OR 143 

14.40, 95% CI 4.32-48.97) and hypertension/preeclampsia cluster (74.1%; OR 6.11, 95 CI 2.45-144 

15.26) had the highest rates of elective delivery. 145 

Regarding perinatal outcomes, the clusters of second- or third-trimester haemorrhage and 146 

congenital had the worst outcomes, with NICU admission rates of 66.7% (OR 5.19, 95% CI 1.14-147 

23.72) and 58.3% (OR 10.65, 95% CI 3.07-36.97), respectively, and 5-min Apgar score < 7 rates 148 

of 18% in both clusters (OR 5.38, 95% CI 1.03-28.04 for second- or third-trimester haemorrhage 149 

and OR 14.05, 95% CI 2.91-67.85 for congenital anomalies). The hypertension/preeclampsia, 150 

preterm birth, and IUGR phenotypes were also associated with an increased risk of poor 151 

perinatal outcomes, with NICU admission rates of 60.7% (OR 7.31, 95% CI 3.12-17.17), 51.6% 152 

(OR 4.08, 95% CI 1.91-8.72), and 36.2% (OR 5.32, 95% CI 4.18-6.78), respectively. 153 

We also calculated the added risk of being SGA or non-SGA for each clinical condition, adjusted 154 

for gestational age (Supplementary Table 3). For example, in gestational diabetic pregnancies, 155 



SGA fetuses had a significantly higher risk of perinatal mortality (OR 24.40, 95% CI 1.31-453.91) 156 

than gestational diabetic pregnancies with AGA fetuses.  157 

Finally, we classified our SGA fetuses into three patterns of stillbirth or perinatal mortality risk 158 

(Figure 3 and Table 4). The highest risk pattern included congenital anomalies (8.3%; OR for 159 

mortality 17.17, 95% CI 2.17-136.12) and second- or third-trimester haemorrhage (8.3%; OR for 160 

mortality 9.94, 95% CI 1.23-80.02); the medium risk pattern included gestational diabetes (3.8%; 161 

OR for mortality 9.59, 95% CI 1.27–72.57), preterm birth (3.2%; OR for mortality 4.65, 95% CI 162 

0.62-35.01), and IUGR (3.1%; OR for mortality 5.93, 95% CI 3.21-10.95); and the lowest risk 163 

pattern included the remaining clusters (none, hypertension/preeclampsia, assisted 164 

reproduction techniques, and maternal chronic pathologies). It is noteworthy that we found no 165 

difference in perinatal mortality rates between the none cluster (which encompassed 54.1% of 166 

our SGA group) and the non-SGA cohort (0.1% vs 0.4%; p=0.27; OR 0.41, 95% CI 0.06-2.94). 167 

 168 

DISCUSSION 169 

In this study, we identified nine SGA clinical phenotypes associated with statistically significant 170 

different patterns of risk for adverse perinatal outcomes. Accordingly, we proposed a practical 171 

sub-classification system of SGA fetuses based on Doppler parameters, as well as easily obtained 172 

clinical information, to open new research pathways for developing more targeted 173 

interventions.  174 

Doppler is undeniably important for managing SGA fetuses, as it is the main tool, together with 175 

estimated fetal weight, for diagnosing and monitoring foetuses with IUGR.18 The etiologic 176 

complexities of growth restriction remain inadequately understood, but are required for the 177 

development of better preventive and treatment measures. Pending establishment of the role 178 

of angiogenic markers in managing SGA,19,20,21 fetal monitoring for SGA continues to focus on 179 



ultrasound and Doppler results22  and this is the main tool for risk stratification.10,23 However, 180 

according to current classification systems,1,8 the group of SGA fetuses, after excluding those 181 

with Doppler alterations or congenital anomalies, continues to have worse perinatal and long-182 

term results than their AGA peers11. Our results support this concept: based on previously 183 

established criteria,8 33.3% of SGA fetuses in our study were classified as IUGR,21 and 13 of the 184 

18 (72%) perinatal deaths in our cohort occurred in this group.  185 

Interventions for SGA have had limited benefit because they tend to improve outcomes in only 186 

specific subsets of cases. As healthcare evolves from reactive care to more cost-effective 187 

predictive, preventive, and personalized care (treating the causes rather than symptoms of 188 

disease),24 intensive research activity has focused on placental biomarkers for phenotypic 189 

characterization and risk stratification of fetal smallness.25,26 Despite important advances in the 190 

biological basis of growth restriction,27,28,29 the information currently available is complex and 191 

has not yet been translated into clinical practice. Some authors have suggested that we can 192 

better characterize and phenotype pathologies, such as preterm birth15 or IUGR,30 based on 193 

maternal, fetal, and placental clinical conditions. Accordingly, 12 preterm birth phenotypes 194 

associated with differing neonatal outcomes16 and neurodevelopmental outcomes up to age 2 195 

years31 were recently identified. Following this pragmatic conceptual framework and 196 

considering easily obtainable clinical information, in addition to commonly accepted SGA clinical 197 

phenotypes (IUGR, constitutional SGA, congenital anomalies), we identified six more clinical 198 

phenotypes (Preterm birth, Hypertension/preeclampsia, Assisted reproduction techniques, 199 

Chronic maternal diseases, Gestational diabetes and Third trimester bleeding that 200 

encompassing 11.8% of all SGA fetuses) with a significantly increased risk of adverse perinatal 201 

outcomes. This set of fetuses, which would have been considered low-risk SGA according to 202 

current classification systems, accounted for 3 of the 4 perinatal deaths in fetuses outside the 203 

IUGR or congenital anomalies clusters (i.e., fetuses without specific pathology detected by 204 

Doppler or ultrasound). When excluding these fetuses, the remaining 54.1% of SGA fetuses with 205 



no other clinical conditions (i.e., the none cluster) had similar risks of 5-min Apgar score < 7, 206 

NICU admission, stillbirth, and perinatal mortality, when compared with non-SGA fetuses. 207 

Focusing on clinical management of SGA, three practical conclusions can be derived from our 208 

results. First, according to international consensus, SGA fetuses without congenital anomalies 209 

and normal Doppler findings should be monitored closely, with delivery near term.32,33 However, 210 

when considering other clinical conditions in addition to Doppler results, we identified a small 211 

group of fetuses (11.8%) with significantly worse perinatal outcomes. Second, exclusion of this 212 

small number of SGA fetuses with other clinical conditions considerably reduces the perinatal 213 

risk of the remaining SGA fetuses. Third, it is important to highlight the increased risk when SGA 214 

is accompanied by other obstetric pathologies, including the significantly increased perinatal 215 

mortality in the presence of gestational diabetes (OR 24.40). Our data do not allow specific 216 

clinical management recommendations but emphasise the need to include the identified clinical 217 

variables both in routine clinical practice and in future studies to better select SGA fetuses 218 

requiring intervention. 219 

The study had some limitations. Each patient in our cohort is represented in only one cluster 220 

although the same fetus may exhibit several concomitant clinical conditions. Nevertheless, we 221 

opted for a two-step cluster analysis to simplify the analysis and potential clinical management. 222 

Including each fetus in its highest risk cluster is consistent with the usual and practical reasoning 223 

employed in clinical management. Our analysis generated distinct, clinically reasonable clusters 224 

with different mortality and morbidity rates, supporting its usefulness in classifying our study 225 

population. Another limitation was that the sample size was insufficient for adequate statistical 226 

power when analysing infrequent perinatal outcomes. However, despite wide CIs, we found 227 

significant differences in variables with major clinical relevance. Unfortunately, we do not have 228 

data regarding medium- and long-term infant development. Despite these drawbacks, this study 229 



meets the main goal of generating hypotheses. Larger clinical studies are necessary to develop 230 

specific guidelines for action; and to establish aetiological phenotypes. 231 

In conclusion, we identified nine SGA clinical phenotypes associated with different patterns of 232 

perinatal outcomes. Our results suggest that adding clinical characteristics to ultrasound 233 

examination would improve risk stratification and decision-making for SGA fetuses. In addition 234 

to Doppler and fetal weigh, future clinical trials on the control of fetuses with SGA should take 235 

into account clinical information.   236 
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Table 1: Definitions of Maternal, Fetal, and Placental Conditions  407 

Condition Description 

Maternal  

Hypertension disorders34 Blood pressure > 140/90 mmHg 

Including 

 Pregnancy-induced hypertension 

 Chronic hypertension prior to pregnancy 

 Preeclampsia 

 Eclampsia 

 HELLP syndrome 

Chronic maternal diseases Autoimmune diseases, maternal chronic diseases, diabetes 

mellitus or chronic infections (e.g., human immunodeficiency 

virus, hepatitis B virus). 

Gestational diabetes35 Oral glucose tolerance test with two elevated values, with or 

without insulin (normal values: 105, 190, 165, and 145 mg/dL 

at baseline) 

Assisted reproductive 

techniques36 

Artificial insemination, in vitro fertilization, with or without 

egg donation 

Fetal  

Congenital anomalies Chromosomal anomalies, morphologic alterations, or 

intrauterine infections. 

Intrauterine growth 

restriction16 

Birthweight < 3rd percentile 

Birthweight < 10th percentile and Doppler alterations (PI UA > 

95th percentile, PI MCA < 5th percentile, CPR < 5th percentile, 

or mean PI UtA > 95th percentile) 37. 

Preterm birth Spontaneous delivery before 37 weeks gestation 

Placental  

Second- or third-trimester 

bleeding 

Previous placenta, placental accreta, or abruptio placenta 

CPR, cerebroplacental ratio; MCA, middle cerebral artery; PI, pulsatility index; UA, umbilical 408 

artery; UtA, uterine artery. 409 

  410 



Table 2. Sociodemographic characteristics and perinatal outcomes among small for gestational 411 

age and appropriate for gestational age cohorts 412 

Characteristics and Outcomes 

Appropriate for 

gestational age 

fetuses  

(n=16,357)  

Small for 

gestational age 

fetuses 

(n=1274)  

P value 

Maternal age, y (SD) 31.7 (5.7) 31.5 (5.9) 0.244 

Maternal BMI, kg/m2 (SD) 25.0 (4.8) 24.0 (4.6) <0.001 

Caucasian ethnicity (%) 15,634 (95.6) 1222 (95.9)    0.570 

Smoker (%) 2162 (13.6) 335 (27.1) <0.001 

Nulliparity (%) 8252 (50.4) 827 (64.9) <0.001 

Previous caesarean section (%) 286 (1.7) 17 (1.3) 0.273 

Assisted reproduction technique (%) 575 (3.5) 56 (4.4)    0.103 

Gestational age at delivery, d (SD) 276.8 (16.3) 270.4 (21.1) <0.001 

Preterm birth (%) 1027 (6.3) 182 (14.3) <0.001 

Hypertension/preeclampsia (%) 283 (1.7) 66 (5.2) <0.001 

Gestational diabetes (%)  422 (2.6) 21 (1.6) 0.041 

Female fetus (%) 8493 (52) 639 (50.2) 0.226 

Fetal anomalies (%) 149 (0.9) 13 (1.0) 0.693 

Elective delivery (%)* 5655 (34.6) 623 (49.3) <0.001 

Instrumental delivery (%) 2894(17.7) 192(15.1) <0.001 

Caesarean section  3649 (22.3) 387 (30.4) <0.001 

Caesarean section for fetal acidosis+ (%) 679 (4.2) 154 (12.1) <0.001 

5-min Apgar score < 7 (%)  168 (1.0) 46 (3.7) <0.001 

NICU admission (%) 1011 (6.2) 246 (19.3) <0.001 

Stillbirth (%) 63 (0.4) 15 (1.2) <0.001 

Perinatal mortality (%) 

Perinatal mortality rate (%) 

68 (0.4) 

4.16 

18 (1.4) 

14.13 
<0.001 

*Labour induction or elective caesarean section 413 

+ Umbilical artery pH < 7.10 414 

BMI, body mass index; NICU, neonatal intensive care unit; SD, standard deviation. 415 

  416 



Table 3. Distribution of nine clinical phenotypes of small for gestational age neonates according 417 

to main individual maternal, fetal, or placental conditions 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

Cluster Main condition Number (%) 

1 None 689 (54.1) 

2 Intrauterine growth restriction 423 (33.2) 

3 Preterm birth 31 (2.4) 

4 Hypertension/preeclampsia 27 (2.1) 

5 Assisted reproduction techniques 28 (2.2) 

6 Chronic maternal diseases 26 (2) 

7 Gestational diabetes 26 (2) 

8 Congenital anomalies 12 (0.9) 

9 Third trimester bleeding 12 (0.9) 



Table 4. Perinatal outcomes for each small for gestational age clinical phenotype compared with appropriate for gestational age foetuses, adjusted for 430 
gestational age. 431 

CI, confidence interval; NA, not applicable; NICU, neonatal intensive care unit; OR, odds ratio. 432 

Outcomes 
None,   

OR (95% CI) 

Intrauterine 
growth 

restriction,  
OR (95% CI) 

Preterm 
birth,   

OR (95% CI) 

Hypertension/
preeclampsia, 

OR (95% CI)  

Assisted 
reproduction 
techniques, 
OR (95% CI) 

Maternal 
chronic 

pathologies, 
OR (95% CI)  

Gestational 
diabetes,  

OR (95% CI)  

Congenital 
anomalies,  
OR (95% CI) 

Second- or 
third-

trimester 
haemorrhage, 

OR (95% CI)  

Caesarean 
section  

1.05 
(0.87-1.26) 

1.65 
(1.34-2.03) 

0.78 
(0.35-1.73) 

5.20  
(2.24-12.07) 

1.00 
(0.403-2.467) 

1.62 
(0.71-3.68) 

2.39 
(1.086-5.249) 

3.56 
(1.11-11.37) 

19.59 
(2.47-155.50) 

Caesarean 
section for 
fetal acidosis  

2.52 
(1.93-3.28) 

3.71 
(2.79-4.92) 

3.68 
(1.40-9.69) 

3.42 
(1.17-9.98) 

2.80 
(0.84-9.31) 

0.88 
(0.119-6.52) 

4.08  
(1.40-11.90) 

4.15 
(0.91-19.01) 

17.98 
(5.71-56.60) 

Elective 
delivery 

1.50 
(1.28-1.75) 

2.21 
(1.82-2.70) 

0.87 
(0.41-1.85) 

6.11 
(2.45-15.26) 

4.00 
(1.807-8.838) 

1.37 
(0.63-2.99) 

14.40 
(4.32-48.97) 

3.24 
(0.95-11.08) 

0.68 
(0.18-2.55) 

5-min Apgar 
score < 7   

1.35 
(0.66-2.76) 

3.53 
(2.21-5.64) 

5.25 
(1.67-16.51) 

5.13 
(1.43-18.35) 

NA NA NA 
14.05 

(2.91-67.85) 
5.38 

(1.03-28.04) 

NICU 
admission  

1.00 
(0.71-1.43) 

5.32 
(4.18-6.78) 

4.08 
(1.91-8.72) 

7.31 
(3.12-17.17) 

1.48 
(0.34-6.33) 

2.47 
(0.80-7.65) 

2.33 
(0.71-7.63) 

10.65 
(3.07-36.97) 

5.19 
(1.14-23.72) 

Stillbirth 
0.43 

(0.06-3.14) 
6.02 

(3.19-11.35) 
NA NA NA NA NA 

18.71 
(2.36-148.29) 

11.16 
(1.39-89.70) 

Perinatal 
mortality  

0.41 
(0.06-2.94) 

5.93 
(3.21-10.95) 

4.65 
(0.62-35.01) 

NA NA NA 
9.59 

(1.27-72.57) 
17.17 

(2.17-136.12) 
9.94 

(1.23-80.02) 



Figure 1. Delivery characteristics according to small for gestational age clinical phenotypes 433 

(n=1274). 434 

 435 

ART, assisted reproduction techniques; Hyp/PE: Hypertension/preeclampsia; IUGR, intrauterine 436 
growth restriction. 437 
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Figure 2. Neonatal intensive care unit admission and 5-min Apgar score < 7 according to small 439 

for gestational age clinical phenotypes (n=1274). 440 

ART, assisted reproduction techniques; IUGR, intrauterine growth restriction. 441 
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Figure 3. Stillbirth and perinatal mortality rates according to small for gestational age clinical 443 

phenotypes (n=1274). 444 

ART, assisted reproduction techniques; IUGR, intrauterine growth restriction. 445 
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Supplementary Table 1. Perinatal mortality of each step 1 cluster. 447 

Some cases are included in more than one cluster. 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

IUGR, intrauterine growth restriction. 462 

 463 

 464 

Clinical cluster 
Perinatal mortality, 

number (%) 

Preterm 18 (9.9) 

Second- or third-trimester bleeding 1 (8.3) 

Congenital anomalies 1 (7.7) 

Gestational diabetes 1 (4) 

IUGR 16 (3.6) 

Chronic maternal diseases 1 (2.4) 

Hypertension/preeclampsia 1 (1.5) 

None 1 (0.1) 

Assisted reproductive techniques 0 



 Supplementary Table 2: Perinatal outcomes of small for gestational age fetuses according to clinical phenotype  465 

NICU, neonatal intensive care unit 466 
  467 

Outcome 
Total,   
n (%)  

None,  
 n (%) 

Intrauterine 
growth 

restriction,  
n (%) 

Preterm 
birth,  
n (%) 

Hypertension/
preeclampsia, 

n (%) 

Assisted 
reproduction 
techniques, 

n (%) 

Maternal 
chronic 

pathologies, 
n (%)  

Gestational 
diabetes,  

n (%) 

Congenital 
anomalies, 

n (%) 

Second- or 
third-

trimester 
haemorrhage, 

n (%)  

P value 

Caesarean 
section 

387 
(30.4) 

156 
(22.6) 

160 
(37.8) 

9 
(29) 

20 
(71.4) 

6 
(21.4) 

9 
(34.6) 

11 
(42.3) 

7 
(58.3) 

11 
(91.7) 

<0.001 

Caesarean 
section for  
fetal acidosis 

154 
(12.1) 

67 
 (9.8) 

62 
(14.8) 

5 
(16.1) 

4 
(14.3) 

3 
(10.7) 

1 
(3.8) 

4 
(15.4) 

2 
(16.7) 

6 
(50) 

<0.001 

Elective 
delivery 

623 
(48.9) 

305 
(44.3) 

226 
(54.3) 

10 
(32.2) 

20 
(74.1) 

19 
(67.9) 

11 
(42.3) 

23 
(88.5) 

7 
(63.7) 

3 
(27.3) 

<0.001 

5-min Apgar 
score < 7  

46  
(3.6) 

8  
(1.2) 

27 
(6.6) 

4 
(13.3) 

3 
(11.1) 

0 0 0 
2 

(18.2) 
2  

(18.2) 
<0.001 

NICU 
admission 

246 
(19.3) 

35  
(5.1) 

153 
(36.2) 

16 
(51.6) 

17 
(60.7) 

2 
(7.1) 

5 
(19.2) 

4 
(15.4) 

7 
(58.3) 

8 
(66.7) 

<0.001 

Stillbirth 
15 

(1.2) 
1  

(0.1) 
12  

(2.8) 
0 0 0 0 0 

1 
(8.3) 

1 
(8.3) 

<0.001 

Perinatal 
mortality 

18  
(1.4) 

1  
(0.1) 

13 
(3.1) 

1 
(3.2) 

0 0 0 
1 

(3.8) 
1 

(8.3) 
1 

(8.3) 
<0.001 



Supplementary Table 3. Perinatal outcomes of each small for gestational age clinical phenotype compared with appropriate for gestational age fetuses with 468 
the same clinical condition, adjusted for gestational age. 469 

CI, confidence interval; NA, not applicable; NICU, neonatal intensive care unit; OR, odds ratio470 

Outcome 
None,  

OR (95% CI) 

Preterm 
birth,  

OR (95% CI)  

Hypertension/ 
preeclampsia,  

OR (95% CI)  

Assisted 
reproduction 
techniques, 
OR (95% CI) 

Maternal 
chronic 

pathologies,  
OR (95% CI) 

Gestational 
diabetes,  

OR (95% CI) 

Congenital 
anomalies, 
OR (95% CI) 

Second- or third-
trimester 

haemorrhage,  
OR (95% CI) 

Caesarean 
section  
 

1.18 
(0.98-1.42) 

1.02 
(0.46-2.26) 

1.27 
(0.49-3.33) 

0.55 
(0.22-1.38) 

1.11 
(0.47-2.59) 

1.29 
(0.58-3.00) 

1.90 
(0.55-6.50) 

1.54 
(0.18-13.09) 

Caesarean 
section for 
fetal acidosis  
 

2.98 
(2.28-3.90) 

4.12 
(1.49-11.42) 

1.02 
(0.31-3.40) 

2.30 
(0.64-8.30) 

0.53 
(0.07-4.03) 

2.71  
(0.87-8.48) 

3.96 
(0.69-22.65) 

1.93 
(0.52-7.09) 

Elective 
delivery 

1.81 
(1.55-2.11) 

0.99 
(0.46-2.15) 

0.67 
(0.24-1.90) 

2.26 
(1.00-5.11) 

0.71 
(0.33-1.52) 

2.27 
(0.66-7.74) 

1.86 
(0.52-6.68) 

0.57 
(0.12-2.60) 

5-min Apgar 
score < 7   

2.16 
(1.32-4.50) 

2.40 
(0.80-7.20) 

0.58 
(0.11-3.15) 

NA NA NA 
7.43 

(0.78-71.08) 
0.40 

(0.06-2.81) 

NICU 
admission  

1.49 
(1.04-2.12) 

1.94 
(0.94-3.99) 

1.71 
(0.54-5.39) 

2.51 
(0.51-12.26) 

1.45 
(0.38-5.48) 

2.41 
(0.78-7.47) 

1.24 
(0.35-4.39) 

2.43 
(0.57-10.50) 

Stillbirth 
0.84 

(0.11-6.30) 
NA NA NA NA NA 

3.70 
(0.33-41.30) 

0.67 
(0.07-6.47) 

Perinatal 
mortality 

0.84 
(0.11-6.30) 

0.89 
(0.12-6.77) 

NA NA NA 
24.40 

(1.31-453.91) 
3.70 

(0.33-41.30) 
0.67 

(0.07-6.47) 
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