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Background: With the successful implementation of Prevention of Mother-to-
Child Transmission (PMTCT) policies, the proportion of infants with exposure to 
both syphilis and antibiotic medication in utero has increased in China, but there 
is limited evidence about the early growth and development of such infants.

Methods: We conducted a retrospective nested case–control study based on 
data from the China PMTCT program conducted in Suzhou from 2016 to 2021. 
Propensity score matching (PSM) was employed to extract 826 syphilis-exposed 
but uninfected (SEU) infants and 1,652 syphilis-unexposed uninfected (SUU) 
infants from a total of 712,653 infants. Maternal characteristics were collected 
through questionnaires, such as parity, age, education level, smoking and drinking 
habits during pregnancy. Infantile characteristics were retrieved from medical 
records or via questionnaires, such as gestational age, gender, mode of delivery, 
Apgar scores, birth weight and length, outdoor time, vitamin D intake, and feed 
pattern. Mixed effects models, adjusting for potential influencing factors, were 
used to investigate the early infantile growth pattern of SEU and SUU infants. All 
statistical analysis were conducted using R (version 4.2.0).

Results: Length and weight were slightly higher in SEU infants than in the SUU 
infants at some time points (months 0 and 18 for length, p-values <0.05; months 
0, 6, and 18 for weight, p  <  0.05). In the mixed effects model, SEU group was 
found to be associated with higher weight [exponentiated beta exp.(β)  =  1.15, 95% 
Confidence Interval (CI)  =  1.06, 1.25], length [exp(β)  =  1.42, 95% CI  =  1.14, 1.77], and 
BMI z-score [exp(β)  =  1.09, 95% CI  =  1.00, 1.19].

Conclusion: With the effective prevention of congenital syphilis under the 
PMTCT program, SEU infants have non-inferior growth patterns during their first 
18  months of life compared with SUU controls in Suzhou, China.
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Introduction

Developmental Origins of Health and Disease theory 
hypothesized that early infant growth and development have a 
profound influence on lifespan and health span (1). Syphilis is a 
systemic infectious disease caused by Treponema pallidum, which is 
mainly spread through sexual transmission and mother-to-child 
transmission (2). When left untreated, maternal syphilis would 
contribute to adverse pregnancy outcomes (including perinatal deaths 
and congenital syphilis) in 50–80% of infected pregnancies (3, 4). 
Furthermore, as the result of congenital syphilis, fetus and neonates 
may suffer from abdominal abnormalities (such as hepatomegaly, 
splenomegaly, and bowel abnormalities), fetal growth restriction, 
hepatosplenomegaly, bone damage, skin lesions and developmental 
delay (5).

Early detection and treatment (for example, penicillin) in 
pregnant women with syphilis is effective in preventing congenital 
syphilis (6, 7). In 2008, the World Health Organization (WHO) 
published a global guideline to reduce the incidence of congenital 
syphilis to less than 50 cases per 100,000 live births (8). In response to 
the call of WHO, China issued a series of Prevention of Mother-to-
Child Transmission (PMTCT) policies in 2010 and successfully 
achieved WHO’s goals in 2016 (9–11). At the end of 2019, the reported 
incidence of congenital syphilis in China decreased to 11.87 cases per 
100,000 live births, only one-sixth of the incidence in 2013 (12). By 
2022, the incidence of congenital syphilis in Suzhou has been reduced 
to 2.53 per 100,000 live births (data not reported). In Zhejiang 
province in China, a neighboring province to Suzhou, the incidence 
of congenital syphilis in 2020 was reported to be 2.36 per 100,000 live 
births (13). With the success of the PMTCT policies, the proportion 
of syphilis-exposed but uninfected (SEU) infants, whose mother 
suffered from syphilis and administrated antibiotic medication 
(mainly penicillin), has been increasing. For this growing population, 
it has become increasingly imperative to measure their long-term 
growth and health outcomes.

Currently, studies on the early growth and development of SEU 
infants are still far from adequate. The only relevant study was 
conducted by Luo et al. in Zhejiang province of China, which enrolled 
333 pregnant women diagnosed with syphilis during 2014–2015 and 
matched with 333 uninfected women based on maternal age and 
expected date of delivery (14). After adjusting for maternal age and 
household income, they found that syphilis exposure is irrelevant to 
the early growth of children under 18 months. As mentioned in the 
limitation section of this paper, the influence of nutritional status and 
feeding patterns was not controlled due to insufficient data (14). 
Furthermore, both maternal syphilis infection and infantile growth 
are closely linked to factors like maternal body mass index (BMI), 
education level, and parity (15–17), which should also be considered 
when matching SEU and syphilis-unexposed uninfected (SUU) 
infants.

Therefore, our study, based on a PMTCT program conducted in 
Suzhou City of Jiangsu Province, sought to use propensity score 
matching (PSM) that considered multiple maternal variables to 
achieve the following research objectives: (1) to compare the growth 
patterns of SEU and SUU infants from birth to 18 months; (2) to use 
mixed-effects models to identify the latent maternal and infantile 
factors affecting the growth and development of SEU and SUU 
children during the first 18 months in the Suzhou region.

Methods

Study design and population

The current study was a retrospective nested case–control study 
based on data derived from the PMTCT program conducted in 
Suzhou from January 1, 2016 to December 31, 2021. As reported in 
our previous study (7), the PMTCT program offers free syphilis 
screening and treatment to all pregnant women at the initial prenatal 
medical reservation. Information on all the participants and 
follow-ups of their infants was recorded in the PMTCT system. 
Pregnant women were diagnosed with syphilis when the results in 
toluidine red unheated serum/syphilis rapid plasma reagin test and 
enzyme-linked immunosorbent assay/treponemal pallidum particle 
agglutination were positive. Pregnant women diagnosed with syphilis 
were registered in the PMTCT system and then treated according to 
Chinese guidelines (18): in brief, two courses of penicillin therapy 
were administered, whereas the second one was located in the late 
trimester of pregnancy with an interval of more than 14 days between 
the first one. And the same antenatal care, except for syphilis 
treatment, are provided for both infected and uninfected pregnancies. 
If a woman with syphilis infection does not receive adequate treatment 
during pregnancy, her newborn children will be screened for syphilis 
and prophylactically treated periodically until a diagnosis of syphilis 
is ruled out.

A total of 712,653 infants born in Suzhou between January 1, 2016 
and December 31, 2021, were initially recruited in our study. Nine 
infants infected with congenital syphilis were firstly excluded, then the 
exclusion was gradually made for (1) missing maternal information, 
such as age, early pregnancy BMI, parity, and educational level; (2) 
women with multiple births; (3) infants with fewer than three physical 
examinations between 0 and 18 months. Thereafter, 826 SEU infants 
and 473,906 SUU infants met the inclusion criteria.

PSM is a statistical method that can reduce most of the bias caused 
by observed covariables to match for the most relevant factors (19). 
Therefore, we  used PSM to minimize the imbalance in maternal 
characteristics between exposed and unexposed groups. The PSM was 
performed with nearest-neighbor matching of SEU and SUU infants 
born in the same year with a ratio of 1:2. Maternal factors (i.e., age, 
parity, education, early pregnancy BMI, and enrolled year) were 
considered as the matching variables. A caliper of 0.05 was set to 
ascertain the best match between the propensity score pairs. 
Ultimately, 826 SEU and 1,652 SUU mother-infant pairs were chosen. 
The selection and matching process of our study population is 
presented in Figure 1.

This study was approved by the ethics committee of the Suzhou 
Municipal Hospital (No. KL901417). Written informed consent was 
obtained from pregnant women, and relevant data of women and their 
infants were used in this study via an exemption.

Infant and maternal anthropometric data

After exclusion for congenital syphilis, the follow-up for SEU 
infants is identical to that of SUU children in Suzhou. Both SUU and 
SEU children in the study had regular follow-up visits conducted by 
skilled professionals at months 0, 1, 3, 6, 8, 12, and 18 at the local 
maternal and child health hospital or community-based health service 
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centers. Moreover, the child’s anthropometric data were measured and 
recorded every visit. Infant weight was measured to the nearest 0.1 kg 
with a digital scale in light clothing and no shoes. Infant length was 
measured to the nearest 0.1 cm with an infant-calibrated measuring 
mat. Infant BMI z-score was calculated by using the WHO Worldwide 
Child Growth guidelines (20). During the first 14 weeks of pregnancy, 
the mother’s weight was measured to the nearest 0.1 kg with a 
calibrated beam scale in light clothing and no shoes. The mother’s 
height was measured to the nearest 0.1 cm with a portable stadiometer. 
The mother’s BMI at early pregnancy was calculated as weight (kg) 
divided by the square of height (m). All anthropometric data were 
recorded based on the average of three measurements at one 
time point.

Details of maternal/infantile characteristics

The demographic and obstetric characteristics of each pregnant 
woman, such as parity, age, education level, and smoking and drinking 
habits during pregnancy were collected through questionnaires. The 
infantile data, such as gestational age, gender, mode of delivery, Apgar 
scores at 1 and 5 min, birth weight and length, outdoor time, vitamin 
D (VD) intake, and feed pattern were retrieved from medical records 
or via questionnaires.

Maternal age was classified into four levels: <18, 18–24, 25–34, 
and ≥ 35 years. Early pregnancy BMI was divided into four levels: 
underweight (<18.5 kg/m2), normal (18.5–23.9 kg/m2), overweight 
(24.0–27.9 kg/m2), and obese (≥ 28.0 kg/m2) according to the China 
BMI classification standard (21). Education was separated into four 
levels: primary or less, junior school, high school, and college or above.

Children were separated into two groups, SEU or SUU infants, by 
the status of maternal syphilis infection. Premature birth was defined 
as delivery before 37 completed weeks of gestational age. For Apgar 
scores at 1 and 5 min after birth, scores <8 were considered abnormal. 
VD intake was divided into two levels (0–400 IU/d, ≥ 400 IU/d). 
Outdoor time was classified into two dosages (<2 h/day, ≥2 h/day).

Statistical analysis

Statistical analyses were conducted using R (version 4.2.0). All 
reported p-values were two-sided, and the differences were considered 
statistically significant with p < 0.05. Continuous variables are 
summarized as means and standard deviation (SD), and categorical 
variables are expressed as numbers and percentages. Student’s t-tests 
and chi-square tests were employed to examine the differences of 
continuous variables and categorical variables between SEU and SUU 
children, respectively.

FIGURE 1

Flow chart for the selection and matching process of the study. PSM, propensity score matching; SEU, syphilis exposed uninfected; SUU, syphilis 
unexposed uninfected.

https://doi.org/10.3389/fpubh.2023.1263324
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gong et al. 10.3389/fpubh.2023.1263324

Frontiers in Public Health 04 frontiersin.org

To effectively deal with repeated anthropometric measures data, 
we performed mixed effects models including potential confounders 
(22, 23). The growth curves in this study are shown in Equation 1, 
where i denotes each measurement in level 1 and j denotes pregnant 
women and infants in level 2.

 ( )ij 0 1 2 3 0 j 1j 0ijY Age Group X Age e= β + β + β + β + µ + µ +
 (1)

Sensitivity analysis was conducted by estimating the growth 
curves among SEU infants. The growth curves in this step are shown 
in Equation 2.

 ( )ij 0 1 2 0 j 1j 0ijY Age X Age e= β + β + β + µ + µ +
 (2)

Weight, length, and BMI z-score were set as response variable yij
in turn. Group stands for the status of maternal syphilis infection. In 
addition to age and group, other potential maternal covariables (such 
as parity, age, drinking and smoking in pregnancy, education level, 
and early pregnancy BMI) and infantile covariables (such as sex, 
delivery way, feed pattern, VD intake and outdoor time) were put 
together into the models as confounding factors X. The variables 0 jµ  
and 1 jµ  were random effects at the participant level (level 2), and e0ij 
was the general random error at measurement level (level 1). 
Exponentiated coefficients and confidence intervals were calculated 
from the mixed effect models.

Results

Baseline maternal/infantile characteristics

Maternal demographic characteristics and clinical conditions 
before and after PSM are presented in Supplementary Table S1 and 
Table  1, respectively. Before PSM, SUU, and SEU infants had 
significant differences in maternal characteristics (including education 
and drinking habits during pregnancy) and infantile information 
(such as gestational age, birth weight, mode of delivery, VD intake, 
outdoor time, and exclusive breastfeeding). After applying PSM, the 
two groups became comparable with respect to education, drinking 
habits during pregnancy, VD intake, and early pregnancy BMI. The 
mean maternal age was 28.13 ± 4.41 years for SUU infants and 
28.15 ± 4.43 years for SEU infants (p = 0.991). The mean gestational 
week at delivery was 38.93 ± 1.41 for SUU infants and 38.75 ± 1.47 for 
SEU infants (p = 0.003). Additionally, SUU infants tended to 
be delivered vaginally and exclusively breastfed in the first 6 months 
of life (all p < 0.001).

Infant growth pattern and growth rate

Figures 2, 3 show the growth patterns in length and weight of the 
infants in the two groups over 18 months. The growth patterns of SEU 
and SUU infants followed similar upward growth trends, but their 
growth rates slightly varied. The length of SEU infants was higher than 
that of SUU infants at 0 (p = 0.005) and 18 months (p = 0.045). The 
weight was higher in SEU infants at 0 (p = 0.016), 6 (p = 0.049), and 
18 months (p = 0.005).

Mixed effects models for growth indicators

Mixed effects models were fitted to explore the growth patterns of 
SEU and SUU infants during the first 18 months of life, as illustrated 
in Table 2. In our study, maternal syphilis exposure was found to 
be associated with higher weight {exponentiated beta [exp(β)] = 1.15, 
95% Confidence Interval (CI) = 1.06, 1.25}, length [exp(β) = 1.42, 95% 
CI = 1.14, 1.77], and BMI z-score [exp(β) = 1.09, 95% CI = 1.00, 1.19]. 
The results also indicated that boys tend to have rapid change rates of 
weight [exp(β) = 1.55, 95% CI = 1.45, 1.68] and length [exp(β) = 3.74, 
95% CI = 3.06, 4.57]. Collectively, sufficient consumption of VD and 

TABLE 1 Maternal and infantile characteristics between syphilis-
unexposed and syphilis-exposed groups after matching.

Variables

Syphilis-
unexposed

Syphilis-
exposed p-

value
n  =  1,652 n  =  826

Maternal characteristics

Age (years) (mean ± SD) 28.13 ± 4.41 28.15 ± 4.43 0.911

Education, n (%) >0.999

Primary or less 144 (8.6) 72 (8.6)

Junior school 747 (44.7) 374 (44.8)

High school 386 (23.1) 193 (23.1)

University or above 779 (46.6) 389 (46.6)

Parity, n (%) >0.999

Nulliparity 789 (47.2) 394 (47.2)

Primiparity and multiparity 881 (52.8) 441 (52.8)

Early pregnancy BMI, n (%) >0.999

Underweight 155 (9.3) 78 (9.3)

Normal 927 (55.5) 463 (55.4)

Overweight 488 (29.2) 244 (29.2)

Obese 100 (6.0) 50 (6.0)

Smoking during pregnancy, n (%) 9 (0.8) 2 (0.3) 0.407

Drinking during pregnancy, n (%) 8 (0.7) 4 (0.7) >0.999

Infantile characteristics

Gestational week (mean ± SD) 38.93 ± 1.41 38.75 ± 1.47 0.003

Birth weight (kg) (mean ± SD) 3.34 ± 0.45 3.39 ± 0.43 0.016

Gender, n (%) 0.582

Female 469 (49.3) 401 (48.0)

Male 847 (50.7) 431 (52.0)

Mode of delivery, n (%) <0.001

Cesarean 260 (36.8) 419 (50.2)

Vaginal delivery 1,056 (63.2) 416 (49.8)

Apgar at 1 min ≥ 8, n (%) 1,639 (98.7) 780 (98.4) 0.578

Apgar at 5 min ≥ 8, n (%) 1,658 (99.9) 789 (99.5) 0.173

VD intake ≥400 IU, n (%) 620 (50.7) 331 (51.6) 0.722

Outdoor time ≥ 2 h, n (%) 533 (43.2) 141 (22.5) <0.001

Exclusive breastfeeding, n (%) 788 (59.3) 308 (44.4) <0.001

SEU, syphilis exposed uninfected; SUU, syphilis unexposed uninfected; BMI, body mass 
index; VD, Vitamin D. 
The bold values means statistically significant with p < 0.05.
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outdoor time were found to have positive impacts on infant weight, 
length, and BMI z-score, while early-pregnancy underweight and 
premature delivery exhibited a negative influence on these indexes. 
Primiparas, multiparous parity [exp(β) = 1.08, 95% CI = 1.00, 1.17], 
and exclusive breastfeeding [exp(β) = 1.08, 95% CI = 1.00, 1.17] were 
associated with a higher BMI z-score. Maternal overweight was 
associated with higher weight [exp(β) = 1.11, 95% CI = 1.01, 1.20] and 
BMI z-score [exp(β) = 1.15, 95% CI = 1.05, 1.26]. However, no 
significant effect was observed for other maternal factors, including 
age, education level, drinking, and smoking in pregnancy.

Supplementary Table S2 shows the result of the sensitive analysis 
among SEU infants. The influencing factors of SEU newborns were 
generally consistent with that of the whole population.

Discussion

In this study, we investigate the growth pattern of SEU and SUU 
infants from birth to 18 months in Suzhou. In comparison to the SUU 
infants, SEU infants did not exhibit inferior growth patterns 
throughout their initial 18 months. Besides, the growth and 
development of infants were closely associated with maternal 
(including early pregnancy BMI) and infantile factors (including 
gender, premature birth, VD intake, and outdoor time).

Several studies have explored the growth and development of 
pathogen-exposed uninfected newborns. A Chinese retrospective 
cohort study found that infants born to HBV-positive pregnant 
women and healthy pregnant mothers were identical in early growth 
and development (24). Relevant studies of HIV-exposed uninfected 
(HEU) infants remain controversial. Some studies (25–28) suggested 
that HEU infants are more susceptible to physical growth retardation, 
which may be mainly attributed to socioeconomic factors (29, 30). In 
contrast, other studies (30, 31) suggested that the growth and body 
composition of HEU infants are not inferior to unexposed infants. 
According to Luo et al. (14), with universal coverage of therapeutic 
interventions for maternal syphilis, there was no negative connection 
between syphilis exposure in the uterus and early growth of infants 
under 18 months of age. In the current study, the incidence of 
congenital syphilis among fetal syphilis-exposed infants was only 0.2% 
(9 out of 1,393) during 2016–2021 in Suzhou region, which is similar 
to that of nearby regions (13, 14). Moreover, there were no remarkable 
differences in gestational age and birth weight between SEU and SUU 
infants in our study. These may be  attributed to the successful 
implementation of PMTCT policies in Suzhou, which comprehensively 
detected local syphilis infections, raised public awareness of 
prevention, provided free treatment for pregnant women diagnosed 
with syphilis, and eventually reduced the rate of congenital syphilis. 
We  also revealed that SEU infants have non-inferior growth and 

FIGURE 2

Boxplot of the length of children, grouped by syphilis exposure condition, at 0, 1, 3, 6, 8, 12, and 18  months after birth. SEU, syphilis exposed uninfected; 
SUU, syphilis unexposed uninfected.
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development to SUU controls before 18 months. SEU infants even 
have slightly higher weight and length at some time points (months 0, 
6, and 18 for weight; months 0 and 18 for length). However, the 
statistical variations are not clinically meaningful, suggesting that fetal 
exposure to syphilis without infection does not appear to affect later 
growth parameters. The elevated growth parameter at birth may 
be  induced by prenatal exposure to penicillin, which is the most 
suitable antibiotic treatment for syphilis (32). A study (33) in 
Shanghai, China revealed that penicillin used during pregnancy was 
associated with alterations in intrauterine growth and development of 
the fetus. Moreover, a systematic review reported that maternal 
penicillin intake may increase the risk of overweight and obesity in 
later childhood (34).

Our study provided insight into differences in prenatal and 
postnatal factors between SEU and SUU infants. Pregnant women 
with syphilis were more likely to deliver by cesarean section and to 
feed their babies with milk powder. The preferences in the delivery 
way and feeding pattern may affect later infantile growth and 
development. A modest association between exclusive breastfeeding 
and a higher BMI z-score was observed in our mixed-effects model. 
A systematic review study (35) found that, in well-developed regions, 
longer duration of breastfeeding was associated with slower growth 
rates in infants’ weight and height. However, another prospective 
cohort study suggested (36) that exclusive breastfeeding at <3 months 
may be associated with rapid growth in early childhood and body 
composition in young adulthood. Additionally, our study found that 
cesarean section may have a negative effect on the height growth 
pattern. A study from the United States supported our finding by 
concluding that infants delivered by cesarean section have lower 
length-for-age z-scores from birth to 12 months than infants delivered 

vaginally (37). Several studies (38–40) have identified a close 
relationship between the delivery way and the infantile gut 
microbiome. The bacterial communities of infants delivered via 
cesarean section were akin to those discovered on their mothers’ skin 
surfaces, while those of infants delivered vaginally were similar to 
those in their mothers’ vaginas (38). Thus, the bacterial communities 
that infants are exposed to at birth can significantly impact their long-
term growth and development (41). Our study also found that 
primiparas and multiparous infants have higher BMI z-scores than 
nulliparas children. The potential reason may be  because the 
physiological changes that occurred during pregnancy could create a 
more efficient foundation for the establishment and growth of 
subsequent pregnancies (42–44).

The growth and development of children are also closely linked to 
maternal weight status. Underweight and overweight at the early stage 
of pregnancy may be  associated with lower and higher physical 
parameters, correspondingly. A meta-analysis showed that high 
maternal BMI compared with normal maternal BMI was associated 
with fetal overgrowth, while maternal underweight increased the risk 
of low birth weight in turn (45). It was suggested that the maternal 
weight represents the nutritional environment of the fetus. The fetus 
develops a specific adipose tissue memory system to adapt to the 
nutritional environment, which could profoundly affect its future 
nutritional status (46, 47).

Through mixed effects modeling analysis, boys were found to have 
higher physical parameters (weight, length, and BMI z-score) than 
girls. According to the WHO’s standard growth curve, boys have 
greater weight, length, and head circumferences than girls in their 
early ages (48). A Chinese multicenter prospective birth cohort study 
revealed similar results (49). Our study found that adequate VD intake 

FIGURE 3

Boxplot of the weight of children, grouped by syphilis exposure condition, at 0, 1, 3, 6, 8, 12, and 18  months after birth. SEU, syphilis exposed 
uninfected; SUU, syphilis unexposed uninfected.
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TABLE 2 Mixed effects models for weight, length, and BMI z-score in SUU infants and SEU infants.

Variables

Weight Length BMI z-score

Exponentiated 
beta

95%CI P
Exponentiated 

beta
95%CI P

Exponentiated 
beta

95%CI P

Infantile characteristics

Age (months) 1.45 (1.43,1.45) <0.001 4.66 (4.62,4.76) <0.001 0.99 (0.99,1.00) 0.003

Group 1.15 (1.06,1.25) <0.001 1.42 (1.14,1.77) 0.002 1.09 (1.00,1.19) 0.046

Male 1.55 (1.45,1.68) <0.001 3.74 (3.06,4.57) <0.001 1.05 (0.98,1.14) 0.175

Vaginal delivery 1.03 (0.96,1.12) 0.401 1.40 (1.13,1.73) 0.002 0.95 (0.88,1.03) 0.231

Exclusive breastfeeding 1.07 (0.99,1.15) 0.078 0.86 (0.70,1.05) 0.143 1.08 (1.00,1.17) 0.050

Premature delivery 0.49 (0.41,0.59) <0.001 0.16 (0.10,0.25) <0.001 0.57 (0.48,0.68) <0.001

Adequate VD intake 2.05 (1.93,2.18) <0.001 7.46 (6.30,8.85) <0.001 1.12 (1.06,1.17) <0.001

Adequate outdoor time 1.77 (1.67,1.88) <0.001 4.66 (3.97,5.53) <0.001 1.07 (1.02,1.13) 0.005

Maternal characteristics

Primiparas and multiparous parity 1.07 (0.99,1.15) 0.069 1.04 (0.85,1.28) 0.687 1.08 (1.00,1.17) 0.042

Age (years) 0.99 (0.98,1.00) 0.059 0.99 (0.97,1.01) 0.362 1.00 (0.99,1.00) 0.360

Drinking in pregnancy 1.39 (0.66,2.92) 0.383 2.69 (0.38,18.92) 0.320 1.38 (0.65,2.92) 0.399

Smoking in pregnancy 0.75 (0.35,1.62) 0.462 0.28 (0.04,2.10) 0.217 0.76 (0.35,1.65) 0.493

Education level

Primary or less 0.90 (0.79,1.04) 0.161 0.73 (0.51,1.06) 0.097 0.99 (0.86,1.14) 0.921

Junior school 0.95 (0.86,1.04) 0.274 0.78 (0.60,1.02) 0.066 1.03 (0.93,1.14) 0.567

High school 0.92 (0.84,1.01) 0.097 0.84 (0.65,1.09) 0.200 0.93 (0.84,1.03) 0.185

University or above Ref Ref – Ref Ref – Ref Ref –

Early pregnancy BMI

Underweight 0.77 (0.67,0.89) <0.001 0.54 (0.37,0.78) <0.001 0.86 (0.74,0.99) 0.033

Normal Ref Ref - Ref Ref – Ref Ref –

Overweight 1.11 (1.01,1.20) 0.033 1.07 (0.85,1.36) 0.541 1.15 (1.05,1.26) 0.003

Obese 1.09 (0.93,1.27) 0.264 1.27 (0.84,1.92) 0.262 1.13 (0.96,1.32) 0.139

CI, Confidence Interval; VD, Vitamin D; BMI, body mass index. 
The bold values means statistically significant with p < 0.05.
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and outdoor time can promote height and weight gain. Pérez-
Fernandez et al. suggested that VD may stimulate growth hormone 
secretion and regulate gene expression in the human pituitary gland 
(50). Conversely, severe VD deficiency in children can lead to rickets, 
which is clinically manifested by poor body growth and skeletal 
deformities (51).

The present study has some strengths. First, the repeated 
measurements of the infant’s anthropometric data and the relatively 
large sample size could minimize errors caused by individual 
differences. Compared with the former study (14), the influence of 
maternal factors was fully considered and controlled through 
PSM. Additionally, given the scarcity of data on the growth pattern of 
SEU infants (14), our work could aid in understanding the impact of 
exposure to syphilis on growth in infancy.

Study limitations

However, there are still several limitations that should 
be considered. Firstly, maternal and infant participants enrolled in this 
study were from Suzhou, a developed Southeast prefecture-level city 
in China, and thus may be geographically and ethnically constrained. 
Future studies should verify our findings in more regions and 
ethnicities and ultimately refine the growth pattern of SEU infants. 
Secondly, the current study was a retrospective study. Given the study’s 
observational nature, we  were unable to derive a cause-effect 
relationship between these potential factors and infant growth. 
Thirdly, several factors were unavailable and uncontrolled, like 
maternal syphilis stage, whether to standardize treatment, months 
when specific antibody turns negative or to exclude syphilis infection, 
family socioeconomic status, marital status, and dietary habits, which 
further impeded us from more detailed subgroup analyses.

Conclusion

Although SEU infants had slightly higher weights and lengths 
than SUU infants at some points in the first 18 months, the statistical 
differences were not clinically significant. The results indicated that 
with the effective prevention of congenital syphilis under the PMTCT 
program, SEU infants have non-inferior growth patterns during their 
first 18 months of life in Suzhou, China compared with SUU controls.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Review 
Committee of the Suzhou Maternal and Child Health Centre. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
was not required from the participants or the participants’ legal 
guardians/next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

TG: Data curation, Writing – review & editing. YZ: Writing – 
original draft, Data curation, Software. YD: Writing – review & 
editing. QW: Writing – review & editing. MY: Software, Supervision, 
Writing – review & editing. JY: Writing – original draft, Writing – 
review & editing. YS: Supervision, Writing – review & editing. JL: Data 
curation, Investigation, Software, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1263324/
full#supplementary-material

References
 1. Silveira PP, Portella AK, Goldani MZ, Barbieri MA. Developmental origins of 

health and disease (Dohad). J Pediatr. (2007) 83:494–504. doi: 10.2223/JPED.1728

 2. Zhang X, Yu Y, Yang H, Xu H, Vermund SH, Liu K. Surveillance of maternal syphilis 
in China: pregnancy outcomes and determinants of congenital syphilis. Med Sci Monit. 
(2018) 24:7727–35. doi: 10.12659/MSM.910216

 3. Easterlin MC, Ramanathan R, De Beritto T. Maternal-to-fetal transmission of 
syphilis and congenital syphilis. NeoReviews. (2021) 22:e585–99. doi: 10.1542/
neo.22-9-e585

 4. Gomez GB, Kamb ML, Newman LM, Mark J, Broutet N, Hawkes SJ. Untreated 
maternal syphilis and adverse outcomes of pregnancy: a systematic review and Meta-
analysis. Bull World Health Organ. (2013) 91:217–26. doi: 10.2471/blt.12.107623

 5. David M, Hcini N, Mandelbrot L, Sibiude J, Picone O. Fetal and neonatal 
abnormalities due to congenital syphilis: a literature review. Prenat Diagn. (2022) 
42:643–55. doi: 10.1002/pd.6135

 6. World Health Organization. Who guideline on syphilis screening and treatment for 
pregnant women. Geneva: World Health Organization (2017).

https://doi.org/10.3389/fpubh.2023.1263324
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1263324/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1263324/full#supplementary-material
https://doi.org/10.2223/JPED.1728
https://doi.org/10.12659/MSM.910216
https://doi.org/10.1542/neo.22-9-e585
https://doi.org/10.1542/neo.22-9-e585
https://doi.org/10.2471/blt.12.107623
https://doi.org/10.1002/pd.6135


Gong et al. 10.3389/fpubh.2023.1263324

Frontiers in Public Health 09 frontiersin.org

 7. Gong T, Shao Y, Liu J, Wu Q, Xu R, Sun L, et al. Treatment evaluation to improve 
preventing mother to child transmission among women with syphilis. Sci Rep. (2019) 
9:19547. doi: 10.1038/s41598-019-56095-6

 8. Korenromp EL, Rowley J, Alonso M, Mello MB, Wijesooriya NS, Mahiané SG, et al. 
Global burden of maternal and congenital syphilis and associated adverse birth 
outcomes-estimates for 2016 and Progress since 2012. PLoS One. (2019) 14:e0211720. 
doi: 10.1371/journal.pone.0211720

 9. Du L, Li Y, Jin H, Huang C, Gu Y, Zhu L, et al. Prevent mother-to-child transmission 
(Pmtct) programs and enhancement of maternal healthcare infrastructure to improve 
early detection of maternal syphilis in Shanghai, China. Int J Environ Res Public Health. 
(2019) 16:1002. doi: 10.3390/ijerph16061002

 10. Wang AL, Qiao YP, Wang LH, Fang LW, Wang F, Jin X, et al. Integrated prevention 
of mother-to-child transmission for human immunodeficiency virus, syphilis and 
hepatitis B virus in China. Bull World Health Organ. (2015) 93:52–6. doi: 10.2471/
blt.14.139626

 11. Wang A, Qiao Y, Dou L, Wang Q, Wang X, Su M, et al. Challenges of eliminating 
mother-to-child transmission of Hiv, syphilis and hepatitis B in China: a cross-sectional 
survey. Lancet. (2018) 392:S55. doi: 10.1016/S0140-6736(18)32684-9

 12. Du FZ, Zhang RL, Wang QQ. Eliminating mother-to-child transmission of 
syphilis: Chinese practice before and during Covid-19 pandemics. Chin Med Sci J. (2022) 
37:67–72. doi: 10.24920/003903

 13. Wang H, Ying X, Lin D, Uwimana MMP, Zhang XH. Towards the elimination of 
mother to child transmission of syphilis 2015-2020: practice and Progress in Zhejiang 
Province, eastern China. BMC Pregnancy Childbirth. (2023) 23:99. doi: 10.1186/
s12884-022-05258-x

 14. Luo H, Qiu L, Wu Y, Zhang X. Growth in syphilis-exposed and -unexposed 
uninfected children from birth to 18 months of age in China: a longitudinal study. Sci 
Rep. (2019) 9:4416. doi: 10.1038/s41598-019-40134-3

 15. Macêdo VC, Lira PIC, Frias PG, Romaguera LMD, Caires SFF, Ximenes RAA. Risk 
factors for syphilis in women: case-control study. Rev Saude Publica. (2017) 51:78. doi: 
10.11606/s1518-8787.2017051007066

 16. Zhang X-h, Chen Y-m, Sun Y, Qiu L-q, Chen D-q. Differences in maternal 
characteristics and pregnancy outcomes between syphilitic women with and without 
partner coinfection. BMC Pregnancy Childbirth. (2019) 19:439. doi: 10.1186/
s12884-019-2569-z

 17. Kershaw TS, Arnold A, Lewis JB, Magriples U, Ickovics JR. The skinny on sexual 
risk: the effects of Bmi on Sti incidence and risk. AIDS Behav. (2011) 15:1527–38. doi: 
10.1007/s10461-010-9842-5

 18. Notice of the general Office of the National Health and family planning commission 
on comprehensively carrying out the prevention of mother-to-child transmission of Aids, 
syphilis and hepatitis B. (2015).

 19. Rosenbaum PR, Rubin DB. The central role of the propensity score in observational 
studies for causal effects. Biometrika. (1983) 70:41–55. doi: 10.1093/biomet/70.1.41

 20. Onis M. The who child growth standards. Pediatr Nutr Practi. (2008):254–69. doi: 
10.1159/000155527

 21. Zhou BF. Predictive values of body mass index and waist circumference for risk 
factors of certain related diseases in Chinese adults--study on optimal cut-off points of 
body mass index and waist circumference in Chinese adults. Biomed Environ Sci. (2002) 
15:83–96.

 22. Mislevy RJ. J Educ Stat. (1991) 16:150–5. doi: 10.2307/1165119

 23. Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics. 
(1982) 38:963–74. doi: 10.2307/2529876

 24. Zhang XH, Wang Q, Zheng W, Li XH, Jiang QQ, Zhou CF, et al. Early physical 
growth and disease analysis among children born delivered by Hbsag-positive mothers. 
Zhonghua Yu Fang Yi Xue Za Zhi. (2017) 51:496–500. doi: 10.3760/
cma.j.issn.0253-9624.2017.06.008

 25. Lane CE, Bobrow EA, Ndatimana D, Ndayisaba GF, Adair LS. Determinants of 
growth in Hiv-exposed and Hiv-uninfected infants in the Kabeho study. Matern Child 
Nutr. (2019) 15:e12776. doi: 10.1111/mcn.12776

 26. Rosala-Hallas A, Bartlett JW, Filteau S. Growth of Hiv-exposed uninfected, 
compared with Hiv-unexposed, Zambian children: a longitudinal analysis from infancy 
to school age. BMC Pediatr. (2017) 17:17. doi: 10.1186/s12887-017-0828-6

 27. Ndiaye A, Suneson K, Njuguna I, Ambler G, Hanke T, John-Stewart G, et al. 
Growth patterns and their contributing factors among Hiv-exposed uninfected infants. 
Matern Child Nutr. (2021) 17:e13110. doi: 10.1111/mcn.13110

 28. Ramokolo V, Lombard C, Fadnes LT, Doherty T, Jackson DJ, Goga AE, et al. Hiv 
infection, viral load, low birth weight, and Nevirapine are independent influences on 
growth velocity in Hiv-exposed south African infants. J Nutr. (2014) 144:42–8. doi: 
10.3945/jn.113.178616

 29. Nicholson L, Chisenga M, Siame J, Kasonka L, Filteau S. Growth and health 
outcomes at school age in Hiv-exposed, uninfected Zambian children: follow-up of two 
cohorts studied in infancy. BMC Pediatr. (2015) 15:15. doi: 10.1186/s12887-015-0386-8

 30. König Walles J, Balcha TT, Winqvist N, Björkman P. Growth pattern in Ethiopian 
infants - the impact of exposure to maternal Hiv infection in relation to socio-economic 
factors. Glob Health Action. (2017) 10:1296726. doi: 10.1080/16549716.2017.1296726

 31. Neri D, Somarriba GA, Schaefer NN, Chaparro AI, Scott GB, Mitnik GL, et al. 
Growth and body composition of uninfected children exposed to human 
immunodeficiency virus: comparison with a contemporary cohort and United States 
National Standards. J Pediatr. (2013) 163:249–254.e2. doi: 10.1016/j.jpeds.2012.12.034

 32. Hook EW 3rd. Syphilis. Lancet. (2017) 389:1550–7. doi: 10.1016/
s0140-6736(16)32411-4

 33. Zhao Y, Zhou Y, Zhu Q, Xia B, Ma W, Xiao X, et al. Determination of antibiotic 
concentration in meconium and its association with fetal growth and development. 
Environ Int. (2019) 123:70–8. doi: 10.1016/j.envint.2018.11.053

 34. Srivastava A, Chau K, Kwon H, Guo Q, Johnston BC. Early and frequent exposure 
to antibiotics in children and the risk of obesity: systematic review and Meta-analysis of 
observational studies. F1000Res. (2020) 9:711. doi: 10.12688/f1000research.24553.1

 35. Patro-Gołąb B, Zalewski BM, Polaczek A, Szajewska H. Duration of breastfeeding 
and early growth: a systematic review of current evidence. Breastfeed Med. (2019) 
14:218–29. doi: 10.1089/bfm.2018.0187

 36. Rzehak P, Oddy WH, Mearin ML, Grote V, Mori TA, Szajewska H, et al. Infant 
feeding and growth trajectory patterns in childhood and body composition in young 
adulthood. Am J Clin Nutr. (2017) 106:568–80. doi: 10.3945/ajcn.116.140962

 37. Mueller NT, Zhang M, Hoyo C, Østbye T, Benjamin-Neelon SE. Does cesarean 
delivery impact infant weight gain and adiposity over the first year of life? Int J Obes. 
(2019) 43:1549–55. doi: 10.1038/s41366-018-0239-2

 38. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer N. 
Knight R delivery mode shapes the acquisition and structure of the initial microbiota 
across multiple body habitats in newborns. Proc Natl Acad Sci U S A. (2010) 
107:11971–5. doi: 10.1073/pnas.1002601107

 39. Rowan-Nash AD, Korry BJ, Mylonakis E, Belenky P. Cross-domain and viral 
interactions in the microbiome. Microbiol Mol Biol Rev. (2019) 83:e00044–18. doi: 
10.1128/MMBR.00044-18

 40. Shi Y-C, Guo H, Chen J, Sun G, Ren R-R, Guo M-Z, et al. Initial meconium 
microbiome in Chinese neonates delivered naturally or by cesarean section. Sci Rep. 
(2018) 8:3255. doi: 10.1038/s41598-018-21657-7

 41. Yang I, Corwin EJ, Brennan PA, Jordan S, Murphy JR, Dunlop A. The infant 
microbiome: implications for infant health and neurocognitive development. Nurs Res. 
(2016) 65:76–88. doi: 10.1097/nnr.0000000000000133

 42. Hinkle SN, Albert PS, Mendola P, Sjaarda LA, Yeung E, Boghossian NS, et al. The 
association between parity and birthweight in a longitudinal consecutive pregnancy 
cohort. Paediatr Perinat Epidemiol. (2014) 28:106–15. doi: 10.1111/ppe.12099

 43. Clapp JF 3rd, Capeless E. Cardiovascular function before, during, and after the 
first and subsequent pregnancies. Am J Cardiol. (1997) 80:1469–73. doi: 10.1016/
s0002-9149(97)00738-8

 44. Woessner JF, Brewer TH. Formation and breakdown of collagen and elastin in the 
human uterus during pregnancy and post-partum involution. Biochem J. (1963) 
89:75–82. doi: 10.1042/bj0890075

 45. Liu L, Ma Y, Wang N, Lin W, Liu Y, Wen D. Maternal body mass index and risk of 
neonatal adverse outcomes in China: a systematic review and Meta-analysis. BMC 
Pregnancy Childbirth. (2019) 19:105. doi: 10.1186/s12884-019-2249-z

 46. Zhang T, Song Y, Teng H, Zhang Y, Lu J, Tao L, et al. Bmi trajectories during the 
first 2 years, and their associations with infant overweight/obesity: a registered based 
cohort study in Taizhou, China. Front Pediatr. (2021) 9:9. doi: 10.3389/fped.2021.665655

 47. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al. 
Obesity and the metabolic syndrome in children and adolescents. N Engl J Med. (2004) 
350:2362–74. doi: 10.1056/NEJMoa031049

 48. Organization WH, Health WHONf. Who child growth standards: Head 
circumference-for-age, arm circumference-for-age. Methods and Development: Triceps 
Skinfold-for-Age and Subscapular Skinfold-for-Age (2007).

 49. Ouyang F, Jiang F, Tao F, Xu S, Xia Y, Qiu X, et al. Growth patterns from birth to 
24 months in Chinese children: a birth cohorts study across China. BMC Pediatr. (2018) 
18:344. doi: 10.1186/s12887-018-1328-z

 50. Pérez-Fernandez R, Alonso M, Segura C, Muñoz I, García-Caballero T, Diguez C. 
Vitamin D receptor gene expression in human pituitary gland. Life Sci. (1997) 60:35–42. 
doi: 10.1016/s0024-3205(96)00586-3

 51. Rauch F. The rachitic bone. Endocr Dev. (2003) 6:69–79. doi: 10.1159/000072770

https://doi.org/10.3389/fpubh.2023.1263324
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1038/s41598-019-56095-6
https://doi.org/10.1371/journal.pone.0211720
https://doi.org/10.3390/ijerph16061002
https://doi.org/10.2471/blt.14.139626
https://doi.org/10.2471/blt.14.139626
https://doi.org/10.1016/S0140-6736(18)32684-9
https://doi.org/10.24920/003903
https://doi.org/10.1186/s12884-022-05258-x
https://doi.org/10.1186/s12884-022-05258-x
https://doi.org/10.1038/s41598-019-40134-3
https://doi.org/10.11606/s1518-8787.2017051007066
https://doi.org/10.1186/s12884-019-2569-z
https://doi.org/10.1186/s12884-019-2569-z
https://doi.org/10.1007/s10461-010-9842-5
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.1159/000155527
https://doi.org/10.2307/1165119
https://doi.org/10.2307/2529876
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.06.008
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.06.008
https://doi.org/10.1111/mcn.12776
https://doi.org/10.1186/s12887-017-0828-6
https://doi.org/10.1111/mcn.13110
https://doi.org/10.3945/jn.113.178616
https://doi.org/10.1186/s12887-015-0386-8
https://doi.org/10.1080/16549716.2017.1296726
https://doi.org/10.1016/j.jpeds.2012.12.034
https://doi.org/10.1016/s0140-6736(16)32411-4
https://doi.org/10.1016/s0140-6736(16)32411-4
https://doi.org/10.1016/j.envint.2018.11.053
https://doi.org/10.12688/f1000research.24553.1
https://doi.org/10.1089/bfm.2018.0187
https://doi.org/10.3945/ajcn.116.140962
https://doi.org/10.1038/s41366-018-0239-2
https://doi.org/10.1073/pnas.1002601107
https://doi.org/10.1128/MMBR.00044-18
https://doi.org/10.1038/s41598-018-21657-7
https://doi.org/10.1097/nnr.0000000000000133
https://doi.org/10.1111/ppe.12099
https://doi.org/10.1016/s0002-9149(97)00738-8
https://doi.org/10.1016/s0002-9149(97)00738-8
https://doi.org/10.1042/bj0890075
https://doi.org/10.1186/s12884-019-2249-z
https://doi.org/10.3389/fped.2021.665655
https://doi.org/10.1056/NEJMoa031049
https://doi.org/10.1186/s12887-018-1328-z
https://doi.org/10.1016/s0024-3205(96)00586-3
https://doi.org/10.1159/000072770

	Growth and development of syphilis-exposed and unexposed uninfected children during their first 18 months of life in Suzhou, China: a nested case–control study with propensity score matching
	Introduction
	Methods
	Study design and population
	Infant and maternal anthropometric data
	Details of maternal/infantile characteristics
	Statistical analysis

	Results
	Baseline maternal/infantile characteristics
	Infant growth pattern and growth rate
	Mixed effects models for growth indicators

	Discussion
	Study limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

