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Abstract 

Social and mental stressors associated with the COVID-19 pandemic may promote long-term 

effects on child development. However, reports aimed at identifying the relationship between 

pandemics and child health are limited. We conducted a retrospective study to evaluate the severe 

acute respiratory syndrome (SARS) pandemic in 2003 and its relationship to child development 

indicators using a representative sample across China. Our study involved longitudinal 

measurements of 14,647 children, 36% of whom (n = 5216) were born before or during the SARS 

pandemic. Cox models were utilized to examine the effects of SARS on preterm birth and four 

milestones of development: age to (1) walk independently, (2) say a complete sentence, (3) count 

from 0 to 10, and (4) undress him/herself for urination. Mixed effect models were utilized to 

associate SARS with birthweight, body weight and height. Our results show that experiencing 

SARS during early childhood was significantly associated with delayed milestones, with adjusted 

hazard ratios of 3.17 [95% confidence intervals (CI): 2.71, 3.70], 3.98 (3.50, 4.53), 4.96 (4.48, 

5.49), or 5.57 (5.00, 6.20) for walking independently, saying a complete sentence, counting from 0 

to 10, and undressing him/herself for urination, respectively. Experiencing SARS was also 

associated with reduced body weight. This effect was strongest for preschool children [a weight 

reduction of 4.86 (0.36, 9.35) kg, 5.48 (-0.56, 11.53) kg or 5.09 (-2.12, 12.30) kg for 2, 3, 4 

year-olds, respectively]. We did not identify a significant effect of maternal SARS exposure on 

birthweight or gestational length. Collectively, our results showed that the SARS pandemic was 

associated with delayed child development and provided epidemiological evidence to support the 

association between infectious disease epidemics and impaired child health. These results provide 

a useful framework to investigate and mitigate relevant impacts from the COVID-19 pandemic. 
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Introduction 

The 2019 coronavirus infectious disease (COVID-19) outbreak caused a global pandemic1. Social 

distancing policies, which have been shown to mitigate the outbreak2, 3, 4, were implemented 

worldwide5. The reduced companionship associated with quarantine, isolation, and school 

closures6 can produce social stress7, which may adversely affect child health and development8.  

Furthermore, social distancing policies reshape the living environment for children and often 

reduce opportunities for physical activity and outdoor exposure6, which are critical for 

psychological and physiological development. Feelings of anxiety, depression and stress spread 

through social media networks9, 10 and negatively impact both children and their caregivers.  

 

The impacts of COVID-19-associated social stress on child health are unclear and may persist 

long after the pandemic. Thus, evaluations of epidemiological relationships between pandemics 

and child health are needed to inform planning the relevant interventions. Contemporary 

population studies are necessary to monitor health changes prospectively during and after the 

COVID-19 pandemic. Furthermore, lessons from previous pandemics can inform specific 

hypotheses for future studies and guide preliminary preventions. 

 

The Severe Acute Respiratory Syndrome (SARS) outbreak in 2003 was also caused by a 

coronavirus 11. To mitigate SARS, social distancing policies were applied in China, particularly in 

Beijing and Guangdong11. Those policies have greatly influenced the current COVID-19 

pandemic response4. An understanding of SARS-related impacts on child health will inform 

studies aimed at evaluating similar impacts of the COVID-19 pandemic. The present study 

analyzed the China Family Panel Studies (CFPS)12 to examine the epidemiological associations 

between the SARS pandemic and infant and child health indicators, including developmental 

milestones, body weight, height, birthweight and preterm birth. 

 

Methods 

Population data 

The CFPS constitutes an ongoing effort to monitor the health and economic status of adults and 

children in China12. Using a well-designed multi-stage sampling approach13, children (0 – 15 years 
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old) who were born before and after the SARS pandemic (November 2002 – May 2003) were 

surveyed in 2010, 2011, 2012 and every two years thereafter. Baseline samples were collected 

from the 25 most populous provinces and included both SARS hotspots (Beijing municipality and 

Guangdong Province) and non-hotspots (e.g., Heilongjiang Province). Experienced interviewers 

collected demographic information, birth records, physiological development and cognitive 

development data using a computer-assisted questionnaire. The study has been approved by the 

institutional review board at Peking University (Approval IRB00001052-14010). In this study, we 

focused on two indicators of child development: (1) longitudinally-reported body weight and 

height; and (2) time (in months) to reach a developmental milestone14, including (a) walking 

independently, (b) saying a complete sentence, (c) counting from 1 to 10, and (d) undressing 

him/herself for urination. We also considered newborn health indicators of gestational length and 

birthweight both as potential cofounders for the child development and outcome variables. We 

obtained all records of 14,754 children from CFPS 2010-2016. We excluded six subjects with 

ambiguous age or those ≥ 16 years old, and 101 subjects with invalid data for any of the eight 

study outcomes. A total of 14,647 children with 41,732 longitudinal records were selected for 

study inclusion. We prepared the analyzed datasets for the eight outcome variables separately (to 

account for variable patterns of missing data), and each subject was included in at least one health 

outcome model (Table 1). 

SARS outbreak 

The onset of the SARS pandemic occurred November 16th, 2002, in Guangdong Province and 

ended on May 28th, 200315. There were 5327 probable cases and 343 deaths. SARS cases were 

highly clustered in Beijing and Guangdong. In Beijing, there were 2522 cases (47% of total) and 

the epidemic curve peaked around April 24th, 2003; in Guangdong, there were 1504 cases (28%) 

and the peak occurred around February 8th, 200315. To limit SARS transmission, a series of 

social-distancing policies were implemented. In Beijing, strict quarantine, closing of facilities (e.g., 

shops and schools) and body temperature surveillance were implemented11. In the present study, 

we defined the pandemic period as November 2002 – May 2003, and the disease hotspots as 

Beijing and Guangdong15 (according to the birth province of each child). We assumed that all 

residents were influenced by the social-distancing policies and that those from hotspot areas 

experienced greater impacts. Province-level statistics of SARS were obtained from the 2004 China 
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Public Health Statistical Yearbook (http://www.nhc.gov.cn/wjw/tjnj/list.shtml). 

Study design and statistical analyses 

We examined the relationship between developmental milestones and exposure to the SARS 

pandemic. Positive cases included those where birth to milestone-reaching time overlapped with 

the SARS period. Thus, the pandemic risk during early childhood was characterized by a binary 

variable, SARSchild. Similarly, we defined fetal exposure with an additional binary variable, 

SARSmaternal. A Cox model regression analysis was conducted to compare time to reach a 

milestone with exposure indicators (SARSchild or SARSmaternal) after adjusting for several 

covariates, including residence (urban or rural), sex (female or male), ethnicity, gestation length, 

birthweight, and breastfeeding status. To control for the nonlinear trend in child health (e.g., 

improvement in nutrition and medical service), we incorporated a spline term with a degree of 

freedom (DoF) per year; to control for the spatial patterns, we added a random effect term of 

provincial index to the regression model. Using a similar Cox model, we also associated risk of 

preterm birth (measured by gestation length) to SARSmaternal. This model incorporated all of the 

above covariates, except for gestation length, birthweight, and breastfeeding status. 

We used a varying-coefficient model to associate body height or weight with the SARS pandemic, 

and a binary variable (SARSchild, k) to characterize whether a subject was exposed to the SARS 

pandemic at age k. Since all children in the CFPS were affected by SARS at no later than 8 years 

of age (the oldest child involved in the CFPS was born in 1995), the exposure was coded as a 

9-dimensional vector ([SARSchild, 0, … , SARSchild, 8]’). We assumed that the effect of SARS varied 

with developmental stage and applied a varying-coefficient model. In the model, the regression 

coefficient of SARS was parameterized as a 3-DoF spline function of age (k) at the pandemic. 

Besides the similar set of covariates (residence, sex, nationality, gestation length, birthweight, 

breastfeeding, temporal nonlinear trend and spatial random term), we also adjusted for a 5-DoF 

spline term of age at survey and a random term of subject ID. The former term controlled for the 

change in weight or height with age, and the latter controlled for within-subject correlation of the 

longitudinal data. A similar regression model with a fixed coefficient was used to associate 

SARSmaternal with birthweight. In the birthweight model, we adjusted for the covariates of 

residence, sex, nationality, gestation length, temporal nonlinear trend and the spatial random term. 

For sensitivity analyses, we developed models with mutual adjustments of SARSchild and 
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SARSmaternal for developmental milestones, body height and weight. Using interaction analyses, we 

tested whether the estimated effects were the same between hotspot and non-hotspot areas of 

SARS or among subpopulation strata. Since the associations between pandemic and delayed 

milestones were estimated according to the longitudinal contrast between generations, we further 

incorporated spatial contrast within the same generation by examining variations of the effect by 

pandemic size. We utilized the provincial level number of total cases or deaths as the indicator and 

examined the interaction between this variable and SARSchild. All analyses were performed using 

R statistical software (R-3.4.1). The Cox models were estimated by Package Survival, and the 

varying-coefficient models by Package DLNM. To maximize the sample sizes, we used Package 

mice to randomly input missing values in the adjusted covariates for all models. 

Results 

Descriptive statistics 

This study involved 14,647 children. Among them, 4,918 (33.6%), 298 (2.0%) and 9,431 (64.4%) 

were born before, during or after the SARS pandemic, respectively. For all the children born 

before May 31st of 2003 (n = 4,918 + 298), the mean age at SARS was 4.3 years, with a range of 0 

- 8.4 years. Among the 13,621 subjects with valid records of gestation length, 707 (5.2%) children 

were exposed to SARS prenatally. Given the overlap between the lifespans of CFPS subjects and 

the SARS pandemic, about one out of three surveyed children were potentially exposed to social 

stressors during their early childhood or prenatal period. For all available measurements, the mean 

age to reach the milestones of (a) walking independently, (2) saying a complete sentence, (3) 

undressing him/herself for urination or (4) counting from 1 to 10 was 14.3 months, 20.6 months, 

32.5 months and 36.7 months, respectively. Detailed statistics are displayed in Table 1.  

Developmental milestones 

The Cox regression analyses suggested that exposure to SARS during the prenatal stage 

(SARSmaternal) or early childhood (SARSchild) was associated with delayed milestones. Possibly due 

to the small size of exposed cases, the estimated hazard ratios (HRs) for SARSmaternal were weak 

and their significance levels were sensitive to model settings such as being mutually-adjusted by 

SARSchild or not (Table 2). For SARSchild, we found strong and robust associations, which were not 

considerably changed by adjustments for different covariates (Table S1). According to the 

fully-adjusted models (Table 2), exposure to SARS during early childhood was associated with 
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delayed time to walking independently, saying a complete sentence, counting from 1 to 10, and 

undressing for urination, with the HR of 3.17 (95% confidence intervals [CI]: 2.71, 3.70), 3.98 

(3.50, 4.53), 4.96 (4.48, 5.49), or 5.57 (5.00, 6.20), respectively. Since our exposure indicators 

were indirect measures of SARS-associated social stress, which could have lasted longer than the 

pandemic, underestimation of associations is possible due to exposure misclassifications. 

Simultaneous incorporation of SARSmaternal and SARSchild into the Cox models improved the 

accuracy of exposure characterization and may also explain why mutual adjustments enhanced the 

estimated associations (Table 2). Additionally, we found that the effects of SARSchild in pandemic 

hotspots (Beijing and Guangzhou) were stronger than in non-hotspots, but the between-area 

difference was statistically significant only for walking (P = 0.032, 0.423, 0.295 or 0.133 for 

walking, saying, counting or undressing, respectively, Table S2). Using the continuous indicator 

for pandemic size, we found consistent results (Figure 2 and Table S3). The HR was positively 

associated with areas with high numbers of SARS cases or deaths (Figure 2). For instance, a 10% 

increase in the number of SARS deaths was associated with an HR increase of 0.46% (-0.02%, 

0.94%), 0.36% (-0.06%, 0.79%), 0.31% (-0.05%, 0.68%) or 0.45% (0.08%, 0.82%) for walking, 

saying, counting and undressing, respectively (Table S3). We also found that residence in rural 

areas may enhance the association between SARSchild and milestone delay (Table S2). 

Body weight and height 

We found that exposure to SARS during the early childhood was associated with reduced body 

weight, but not height. The estimated associations varied with the age during SARS pandemic 

exposure and peaked at three years of age (Table 2 and Figure 1). According to the fully adjusted 

model, experiencing SARS at 2-, 3- or 4-years-old was associated with a weight reduction of 4.86 

kg (0.36, 9.35), 5.48 kg (0.56, 11.53) or 5.09 kg (-2.12, 12.30), respectively. Similarly, in Beijing 

and Guangzhou, the effect at 3 years of age was estimated as a body weight reduction of 6.78 kg 

(0.70, 12.87), which was greater than that observed in other regions (5.30 kg [-0.74, 11.34]; P 

value = 0.0006 for the likelihood ratio test of the null hypothesis that the overall effect was 

identical between regions). The association between SARS and body weight reduction might also 

reflect the pandemic’s effect on delayed development. No significant effects for SARSmaternal on 

weight or height were identified. 

Preterm birth and birthweight 
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No significant associations between SARSmaternal and change in gestational length or birthweight 

(Table 2) were identified. However, our findings should not be interpreted as evidence against the 

risk of maternal exposure to SARS. The uncertainty in the models of preterm birth and birthweight 

may relate to the sample size during the SARS pandemic. For instance, within the exposed period, 

there were 28 preterm births (gestational length < 37 weeks) and 35 newborns with low 

birthweight (< 2.5 kg). In addition, our retrospective analysis does not account for fetuses who 

were severely affected by SARS (e.g., prematurely terminated pregnancies). Thus, future 

prospective studies should evaluate impacts from maternal exposure to the pandemic. 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted May 16, 2020. .https://doi.org/10.1101/2020.05.12.20099945doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.12.20099945


Table 1. Summary of population characteristics. 

 

N (total =14,647) Statistics 

Subject N Group: N (prevalence %) 

Birth time 14,647 

Before SARS: 4,918 (33.6%); 

During SARS: 298 (2.0%);  

After SARS: 9,431 (64.4%) 

Nationally 14,386 
Han: 12,608 (87.6%);  

Not Han: 1,778 (12.4%) 

Gender 14,645 
Female: 6,976 (47.6%);  

Male: 7,669 (52.4%) 

Residence 14,550 
Rural: 8,853 (60.8%);  

Urban: 5,697 (39.2%) 

 
Subject N Mean (SD, 2.5-97.5% percentile) 

Age reaching a milestone (month) 
  

Walking independently 11,216 14.3 (4.8, 9.0~25.0) 

Saying a complete sentence 9,496 20.6 (8.2, 10.0~37.0) 

Counting from 1 to 10 8,296 34.7 (15.4, 12.0~72.0) 

Undressing him/herself for urination 8,687 32.5 (13.0, 12.0~60.0) 

Gestational length (month) 13,621 9.3 (0.6, 8.0~10.0) 

Birthweight (kg) 12,225 3.2 (0.6, 2.0~4.2) 

Breastfeeding duration (month) 13,496 11.1 (7.4, 0.0~27.0) 

Birth year 14,647 2006 (6.2, 1995~2016) 

 

Subject N 

(Longitudinal N) 
Mean (SD, 2.5-97.5% percentile) 

Body weight (kg) 
14,489 (40,248) 

25.3 (13.9, 6.5~57.0) 

Age for weight (year) 7.4 (4.5, 0.2~15.2) 

Body height (cm) 
14,489 (39,419) 

116.3 (32.2, 52.0~170.0) 

Age for height (year) 7.6 (4.5, 0.3~15.2) 
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Table 2. Associations between SARS and indicators of child health. 

 
Exposure 

Without mutual 

adjustment 

With mutual 

adjustment 

  Hazard ratio 

Delayed milestones* 
  

Walking  

independently 

SARSmaternal 1.011 ( 0.832 , 1.229 ) 1.390 ( 1.095 , 1.766 ) 

SARSchild 3.168 ( 2.710 , 3.703 ) 3.960 ( 3.324 , 4.716 ) 

Saying a  

complete sentence 

SARSmaternal 0.905 ( 0.746 , 1.098 ) 1.422 ( 1.119 , 1.808 ) 

SARSchild 3.984 ( 3.500 , 4.534 ) 5.219 ( 4.531 , 6.012 ) 

Counting  

from 1 to 10 

SARSmaternal 1.029 ( 0.843 , 1.256 ) 1.761 ( 1.378 , 2.252 ) 

SARSchild 4.960 ( 4.481 , 5.489 ) 6.099 ( 5.473 , 6.796 ) 

Undressing  

him/herself for urination 

SARSmaternal 0.967 ( 0.792 , 1.180 ) 1.681 ( 1.317 , 2.145 ) 

SARSchild 5.569 ( 5.000 , 6.203 ) 6.973 ( 6.206 , 7.834 ) 

Short gestation SARSmaternal 0.844 ( 0.693 , 1.029 ) 
 

  
Height or weight change 

Body weight (kg) 

SARSmaternal 0.62 (-0.92, 2.17) 1.32 (-0.31, 2.95) 

SARSchild, age 0 -1.91 (-4.02, 0.21) -2.45 (-4.79, -0.12) 

SARSchild, age 1 -3.55 (-6.41, -0.69) -4.41 (-7.51, -1.30) 

SARSchild, age 2 -4.86 (-9.35, -0.36) -5.99 (-10.75, -1.22) 

SARSchild, age 3 -5.48 (-11.53, 0.56) -6.83 (-13.17, -0.49) 

SARSchild, age 4 -5.09 (-12.30, 2.12) -6.55 (-14.09, 0.98) 

SARSchild, age 5 -3.46 (-11.42, 4.51) -4.92 (-13.23, 3.39) 

SARSchild, age 6 -0.80 (-9.41, 7.80) -2.17 (-11.13, 6.79) 

SARSchild, age 7 2.53 (-6.89, 11.95) 1.32 (-8.47, 11.11) 

SARSchild, age 8 6.20 (-4.36, 16.77) 5.18 (-5.77, 16.13) 

Body height (cm) 

SARSmaternal -0.22 (-2.62, 2.19) -0.08 (-2.61, 2.45) 

SARSchild, age 0 -1.25 (-4.79, 2.29) -0.97 (-4.80, 2.85) 

SARSchild, age 1 -0.18 (-4.90, 4.54) -0.35 (-5.42, 4.72) 

SARSchild, age 2 0.74 (-6.63, 8.10) 0.16 (-7.60, 7.93) 

SARSchild, age 3 1.36 (-8.52, 11.24) 0.47 (-9.85, 10.80) 

SARSchild, age 4 1.54 (-10.22, 13.30) 0.47 (-11.78, 12.73) 

SARSchild, age 5 1.18 (-11.81, 14.17) 0.10 (-13.41, 13.60) 

SARSchild, age 6 0.38 (-13.67, 14.43) -0.59 (-15.17, 13.99) 

SARSchild, age 7 -0.72 (-16.17, 14.74) -1.49 (-17.48, 14.51) 

SARSchild, age 8 -1.96 (-19.40, 15.48) -2.48 (-20.49, 15.52) 

Birthweight (kg) SARSmaternal -0.01 (-0.11, 0.10) 
 

* The models were adjusted for sex, race, residence, gestational age, birthweight, breastfeeding 

duration, temporal trend and spatial random effect. 
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Figure 1. Associations between SARS and body weight (left) and height (right) by age and region. 

The lines present the estimated associations and the ribbons present the corresponding 95% 

confidence intervals. 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted May 16, 2020. .https://doi.org/10.1101/2020.05.12.20099945doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.12.20099945


 

Figure 2. The association between SARS and delayed developmental milestone is enhanced by 

pandemic size. The pandemic size is indicated by the number of SARS cases (red) or deaths (blue) 

in a provincial area. The sold lines present how the hazard ratio for an association between SARS 

and a delayed milestone vary with the pandemic size; and the dashed lines present the 95% 

confidence intervals. 

Discussion 

This study presents a retrospective analysis to examine the effect of the SARS pandemic on child 

health. We found that living through the pandemic during early childhood delayed both 

physiological and cognitive development. Our results suggest that the current COVID-19 

pandemic may have similar impacts on child health. Relevant studies and interventions are 

urgently needed. 

Many biological or behavior pathways indicate that novel infectious disease pandemics, like 
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SARS or COVID-19, can impact child health beyond the effects of infection, through (1) 

behavioral, (2) environmental, and (3) socioeconomic pathways. First, behavioral changes 

(wearing masks, quarantines, and reduced outdoor activity) can affect the physiological and 

psychosocial functions of children. SARS prevention guidelines indicated that masks impair 

non-verbal communication between children and adults, promoting psychosocial impacts through 

weakening of social and cognitive connections16. Prolonged use of masks can also result in 

discomfort17 and physiological changes18, which, for vulnerable individuals, may be particularly 

harmful. Isolation of children due to infection or exposure may separate children and their 

caregivers or peers and alter an important learning context for development. For instance, parental 

absence may impact cognitive achievements19 and increase the risk of depression in later life20. 

School closures further reduce companionship, which is an efficient coping measure for social 

crises26. The home-confinement orders increase the prevalence of physical inactivity and 

sedentary behaviors (e.g., watching TV), which are risk factors for cardiovascular diseases, obesity, 

diabetes, and mental disorders in young people21. Second, the pandemic reshapes the living 

environment of children by keeping them indoors and reducing exposure to the natural 

environment. According to the biophilia hypothesis22, affiliation with nature promotes child 

developmental psychology23. For instance, residential green space has been associated with 

beneficial effects on cognitive development and brain function in school-aged children24,25. Finally, 

the pandemic is associated with both short- and long-term socioeconomic impacts. During the 

outbreak, reduced availability of medical services (e.g., prenatal and postnatal care), school 

closures, and feelings of panic spread via social media may adversely affect child health. After the 

pandemic, socioeconomic challenges such as increased unemployment can also impair child 

health. Although many underlying channels can explain negative associations between pandemic 

exposure and child health, the contributions of different pathways to the epidemiological linkage 

are unknown. 

Although the linkages between the pandemic-associated social stress and child development are 

biologically plausible, few studies have examined these relationships. This paucity may relate to 

the complexity of measuring dimensions of social stress. Therefore, understanding the effect of 

social stress on child development requires a comprehensive study design. Novel infectious 

disease outbreaks are unpredictable, which further exacerbates the challenge of assessments aimed 
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at characterizing the effects of pandemic-associated social stressors. Furthermore, secondary 

impacts from the pandemic are largely unknown. Some social stressors produce only transient 

effects in adults and thus are usually overlooked. However, childhood stressors often have 

long-term irreversible impacts, including the promotion of adult diseases. Thus, to protect child 

health, long-term views and timely actions are required. 

Even though COVID-19 has caused worldwide social stress9 and adversely affected maternal and 

infant health27, 28, the long-term impacts on child development have not been reported due to the 

lag between outcomes and exposure. However, according to data from the SARS pandemic, it is 

plausible that impacts on child growth, and cognitive and physiological development, may occur 

as a result of exposure to the COVID-19 pandemic. Therefore, the development of public 

interventions for young children are warranted. For instance, educational efforts to explain the 

purpose of wearing masks may mitigate stress16. School closures should be applied cautiously6 

and psychological counseling should be provided for children and their caregivers during isolation. 

Our findings also suggest that preschoolers (3-year-olds) were most sensitive to SARS, and 

similar hypotheses for COVID-19 should be examined. Furthermore, the differences between 

SARS and COVID-19 should be noted. As we described in our study, the developmental delay 

effects were enhanced by pandemic size (Figure 2). Therefore, it is reasonable to assume more 

severe child-health impacts from COVID-19, as compared to SARS. 

We examined cohort effects for children with shared SARS pandemic experiences. Since the 

long-term trend in child health is controlled in our main models, the estimated effects are 

attributable to the discontinuous signals at the beginning of 2003, such as the SARS outbreak. Our 

sensitivity analysis showed that the estimated effect was also spatially correlated with severity of 

SARS (Figure 2), which further increases the reliability of our findings. However, the models may 

be challenged by the existence of other events that coincide with SARS. Although such a 

coincidence is unlikely, it limits the causality of our findings.  

There are three additional limitations of our study. First, because of the retrospective design, this 

study could not avoid survival bias or recall bias, which may have led to underestimation of 

SARS-related effects on child health. Second, the CFPS cohort was designed for a general purpose, 

not specifically for child health assessments. Although SARS-associated social stress could impact 

many dimensions of child development, we could only examine the available measures and may 
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have neglected more important measures. Third, we evaluated the exposure to SARS using simple 

binary indicators. Since the severity of SARS varied spatially and temporally, our findings might 

also be biased due to exposure misclassifications. The above limitations could be addressed with a 

prospective study design. Therefore, a cohort focusing on child development under the COVID-19 

pandemic should be urgently planned. 

Conclusion 

Our retrospective analysis examined links between SARS pandemic exposure and child health 

outcomes and found that exposure was associated with delayed developmental milestones and 

reduced body weight. The associations were strongest in SARS hotspots. Our findings suggest that 

social stressors associated with novel infectious diseases can impair child development. During 

the current COVID-19 outbreak, studies and interventions aimed at characterizing and addressing 

child health effects should be immediately initiated. 
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Supplemental materials 

Table S1 Associations between SARS and delayed milestones, estimated by different models. 

Milestone Exposure 
Hazard ratio (95% confidence intervals) of developmental delay 

Model 1* Model 2** Model 3*** 

Walking independently 
SARSmaternal 0.946 (0.780, 1.148) 0.967 (0.798, 1.174) 1.011 (0.832, 1.229) 

SARSchild 3.343 (2.863, 3.903) 3.323 (2.844, 3.882) 3.168 (2.710, 3.703) 

Saying a complete 

sentence 

SARSmaternal 0.900 (0.743, 1.091) 0.906 (0.748, 1.099) 0.905 (0.746, 1.098) 

SARSchild 4.066 (3.571, 4.629) 4.038 (3.548, 4.597) 3.984 (3.500, 4.534) 

Counting from 1 to 10 
SARSmaternal 1.021 (0.837, 1.245) 1.022 (0.838, 1.246) 1.029 (0.843, 1.256) 

SARSchild 5.207 (4.705, 5.763) 5.018 (4.534, 5.554) 4.960 (4.481, 5.489) 

Undressing him/herself 

for urination 

SARSmaternal 0.953 (0.782, 1.161) 0.953 (0.781, 1.161) 0.967 (0.792, 1.180) 

SARSchild 5.685 (5.103, 6.332) 5.600 (5.028, 6.237) 5.569 (5.000, 6.203) 

* Model 1: adjustments of temporal trend and spatial random effect; 

** Model 2: model 1 + adjustments of sex, ethnicity, and residence; 

*** Model 3 (fully-adjusted model): model 2 + adjustments of gestational length, birthweight and 

breastfeeding duration. 
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Table S2 Associations between SARS and delayed milestones, estimated by different subgroups. 

Variable 
Sub-gr

oup 

Estimated effect (HR with 95% CI) of SARSchild by subpopulations 

Walking 

independently 

Saying a complete 

sentence 

Counting from 1 

to 10 

Undressing 

him/herself for 

urination 

HR(95%CI) P HR (95% CI) P HR (95%CI) P HR (95%CI) P 

Pandemic 

hotspot 

Yes 
3.921 (3.077, 

4.997) 

0

.

0

3

2 

4.359 (3.566, 

5.328) 

0

.

4

2

3 

5.894 (4.99, 

6.956) 

0

.

2

9

5 

6.317 (5.328, 

7.491) 

0

.

1

3

3 

No 
3.145 (2.683, 

3.687) 

4.009 (3.517, 

4.570) 

5.445 (4.888, 

6.065) 

5.641 (5.049, 

6.302) 

Residence 

Urban 
2.926 (2.431, 

3.523) 

0

.

0

5

0 

3.681 (3.167, 

4.279) 

0

.

0

1

9 

5.201 (4.58, 

5.899) 

0

.

1

0

5 

5.410 (4.761, 

6.147) 

0

.

0

9

6 

Rural 
3.368 (2.864, 

3.960) 

4.283 (3.738, 

4.907) 

5.696 (5.09, 

6.373) 

5.939 (5.290, 

6.668) 

Ethnicity 

Han 
3.182 (2.548, 

3.974) 

0

.

8

1

9 

4.133 (3.378, 

5.057) 

0

.

7

9

7 

6.243 (5.26, 

7.406) 

0

.

0

7

2 

4.682 (3.922, 

5.589) 

0

.

0

0

5 

Not 

Han 

3.247 (2.771, 

3.805) 

4.050 (3.559, 

4.610) 

5.421 (4.87, 

6.031) 

5.880 (5.268, 

6.564) 

Preterm 

birth (≤ 9 

months) 

Yes 
2.978 (2.087, 

4.251) 

0

.

7

7

8 

4.291 (3.085, 

5.968) 

0

.

7

5

7 

4.813 (3.60, 

6.421) 

0

.

4

6

1 

6.321 (4.781, 

8.357) 

0

.

8

5

2 

No 
3.130 (2.672, 

3.667) 

4.487 (3.922, 

5.132) 

5.360 (4.82, 

5.952) 

6.152 (5.503, 

6.878) 

Low 

birthweight 

(< 2.5 kg) 

Yes 
2.900 (2.032, 

4.138) 

0

.

8

8

5 

4.918 (3.684, 

6.564) 

0

.

2

7

8 

5.329 (4.20, 

6.751) 

0

.

9

9

4 

6.819 (5.321, 

8.739) 

0

.

3

9

2 

No 
2.817 (2.346, 

3.382) 

4.255 (3.652, 

4.959) 

5.319 (4.71, 

5.998) 

6.155 (5.419, 

6.992) 

Breast 

feeding 

Yes 
3.223 (2.754, 

3.772) 

0

.

6

0

8 

4.034 (3.545, 

4.591) 

0

.

5

1

9 

5.479 (4.92, 

6.090) 

0

.

2

7

3 

5.691 (5.104, 

6.346) 

0

.

1

2

3 

No 
3.463 (2.589, 

4.633) 

4.361 (3.420, 

5.562) 

6.073 (4.93, 

7.477) 

6.589 (5.357, 

8.104) 

Sex 

Male 
3.239 (2.743, 

3.824) 

0

.

9

6

7 

3.907 (3.397, 

4.494) 

0

.

1

8

6 

5.376 (4.79, 

6.032) 

0

.

2

8

0 

5.627 (4.995, 

6.338) 

0

.

4

2

1 

Female 
3.235 (2.717, 

3.853) 

4.232 (3.670, 

4.881) 

5.676 (5.04, 

6.389) 

5.862 (5.193, 

6.618) 

 Estimated effect (HR with 95% CI) of SARSmaternal by subpopulations 

Pandemic 

hotspot 
Yes 

0.824 (0.606 , 

1.122) 

0

.

0.864 (0.628 , 

1.187) 

0

.

1.181 (0.85, 

1.638) 

0

.

0.921 (0.665, 

1.277) 

0

.
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No 
1.044 (0.846 , 

1.287) 

0

6

9 

0.928 (0.737 , 

1.167) 

5

2

0 

1.006 (0.797, 

1.271) 

2

1

1 

0.972 (0.764, 

1.238) 

6

6

3 

Residence 

Urban 
0.930 (0.740 , 

1.168) 

0

.

0

5

6 

0.815 (0.635 , 

1.046) 

0

.

0

2

5 

0.962 (0.74, 

1.245) 

0

.

2

9

3 

0.913 (0.704, 

1.185) 

0

.

2

9

9 

Rural 
1.093 (0.878 , 

1.360) 

0.986 (0.779 , 

1.249) 

1.049 (0.82, 

1.332) 

1.000 (0.780, 

1.281) 

Ethnicity 

Han 
1.073 (0.804 , 

1.431) 

0

.

5

8

7 

1.050 (0.777 , 

1.418) 

0

.

1

6

9 

1.235 (0.90, 

1.688) 

0

.

0

5

8 

0.780 (0.567, 

1.072) 

0

.

0

5

2 

Not 

Han 

1.016 (0.823 , 

1.255) 

0.892 (0.707 , 

1.126) 

0.984 (0.77, 

1.245) 

0.998 (0.784, 

1.272) 

Preterm 

birth (≤ 9 

months) 

Yes 
1.274 (0.817 , 

1.984) 

0

.

3

2

0 

0.856 (0.551 , 

1.330) 

0

.

8

0

9 

1.109 (0.713, 

1.723) 

0

.

7

0

7 

0.824 (0.523, 

1.299) 

0

.

4

0

0 

No 
1.048 (0.834 , 

1.319) 

0.894 (0.711 , 

1.124) 

1.030 (0.815, 

1.300) 

0.962 (0.750, 

1.234) 

Low 

birthweight 

(<2.5 kg) 

Yes 
1.486 (0.925 , 

2.389) 

0

.

0

6

4 

1.256 (0.791 , 

1.995) 

0

.

0

8

6 

1.171 (0.736, 

1.863) 

0

.

3

7

2 

0.981 (0.603, 

1.597) 

0

.

6

0

2 

No 
1.031 (0.804 , 

1.324) 

0.902 (0.703 , 

1.156) 

0.980 (0.758 , 

1.266) 

0.884 (0.677, 

1.155) 

Breast 

feeding 

Yes 
1.014 (0.823 , 

1.249) 

0

.

1

8

1 

0.917 (0.729 , 

1.153) 

0

.

7

2

2 

1.003 (0.793 , 

1.268) 

0

.

2

7

0 

0.954 (0.749, 

1.215) 

0

.

4

6

8 

No 
1.219 (0.867 , 

1.714) 

0.974 (0.684 , 

1.385) 

1.175 (0.827 , 

1.669) 

1.064 (0.751, 

1.507) 

Sex 

Male 
0.959 (0.768 , 

1.199) 

0

.

1

0

2 

0.993 (0.780 , 

1.263) 

0

.

0

5

3 

1.085 (0.849 , 

1.386) 

0

.

1

2

3 

0.995 (0.772, 

1.282) 

0

.

4

8

5 

Female 
1.090 (0.872 , 

1.361) 

0.847 (0.666 , 

1.077) 

0.956 (0.748 , 

1.221) 

0.940 (0.731, 

1.209) 

HR: hazard ratio; CI: confidence interval; P: p-value for the null-hypothesis that the estimated 

HRs are identical between subpopulations. 
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Table S3 The enhanced association between SARS and delayed milestone by continuous 

indicators for size of the pandemic. 

Outcome 
Enhancement effect* by x (95% CI); P-value 

x = number of deaths x = number of cases 

Walking independently 0.46% (-0.02%, 0.94%); P=0.062 0.24% (-0.06%, 0.54%); P=0.114 

Saying a complete sentence 0.36% (-0.06%, 0.79%); P=0.096 0.26% (-0.01%, 0.53%); P=0.061 

Counting from 1 to 10 0.31% (-0.05%, 0.68%); P=0.092 0.12% (-0.10%, 0.35%); P=0.282 

Undressing him/herself for 

urination 
0.45% (0.08%, 0.82%); P=0.016 0.32% (0.08%, 0.55%); P=0.008 

* Enhancement effect: the increase in hazard ratio (%) per 10% increment in the number of SARS 

deaths or cases. 
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Table S4 The estimated associations between SARS and body weight/height by different models. 

Exposure 
Weight (kg) change with 95% confidence intervals 

Model 1* Model 2** Model 3*** Model 4**** 

SARSmaternal 1.13 (-0.55, 2.81) 1.34 (-0.33, 3.02) 1.48 (-0.17, 3.13) 1.32 (-0.31, 2.95) 

SARSchild, age 0 -3.07 (-5.50, -0.65) -2.22 (-4.62, 0.18) -2.45 (-4.81, -0.08) -2.45 (-4.79, -0.12) 

SARSchild, age 1 -8.07 (-11.35, -4.78) -4.69 (-7.89, -1.49) -4.67 (-7.82, -1.53) -4.41 (-7.51, -1.30) 

SARSchild, age 2 -12.53 (-17.62, -7.44) -6.73 (-11.63, -1.82) -6.49 (-11.31, -1.68) -5.99 (-10.75, -1.22) 

SARSchild, age 3 -15.93 (-22.71, -9.14) -7.91 (-14.43, -1.38) -7.50 (-13.91, -1.09) -6.83 (-13.17, -0.49) 

SARSchild, age 4 -17.74 (-25.80, -9.68) -7.80 (-15.55, -0.05) -7.30 (-14.92, 0.31) -6.55 (-14.09, 0.98) 

SARSchild, age 5 -17.61 (-26.56, -8.66) -6.12 (-14.67, 2.43) -5.62 (-14.02, 2.78) -4.92 (-13.23, 3.39) 

SARSchild, age 6 -15.89 (-25.73, -6.04) -3.16 (-12.37, 6.06) -2.72 (-11.78, 6.34) -2.17 (-11.13, 6.79) 

SARSchild, age 7 -13.11 (-24.21, -2.00) 0.67 (-9.40, 10.73) 0.99 (-8.91, 10.88) 1.32 (-8.47, 11.11) 

SARSchild, age 8 -9.79 (-22.65, 3.06) 4.92 (-6.33, 16.17) 5.10 (-5.97, 16.17) 5.18 (-5.77, 16.13) 

 
Height (cm) change with 95% confidence intervals 

SARSmaternal -0.72 (-3.38, 1.93) -0.05 (-2.68, 2.59) 0.02 (-2.55, 2.58) -0.08 (-2.61, 2.45) 

SARSchild, age 0 0.49 (-3.56, 4.54) -0.48 (-4.47, 3.50) -0.81 (-4.69, 3.07) -0.97 (-4.80, 2.85) 

SARSchild, age 1 -2.35 (-7.88, 3.19) -0.34 (-5.62, 4.95) -0.54 (-5.67, 4.60) -0.35 (-5.42, 4.72) 

SARSchild, age 2 -5.08 (-13.73, 3.56) -0.23 (-8.31, 7.86) -0.31 (-8.18, 7.55) 0.16 (-7.60, 7.93) 

SARSchild, age 3 -7.62 (-19.16, 3.92) -0.18 (-10.93, 10.58) -0.20 (-10.66, 10.26) 0.47 (-9.85, 10.80) 

SARSchild, age 4 -9.86 (-23.56, 3.84) -0.22 (-12.97, 12.54) -0.25 (-12.66, 12.16) 0.47 (-11.78, 12.73) 

SARSchild, age 5 -11.73 (-27.00, 3.54) -0.37 (-14.43, 13.69) -0.50 (-14.18, 13.18) 0.10 (-13.41, 13.60) 

SARSchild, age 6 -13.31 (-30.30, 3.69) -0.61 (-15.78, 14.55) -0.91 (-15.67, 13.86) -0.59 (-15.17, 13.99) 

SARSchild, age 7 -14.68 (-34.22, 4.86) -0.92 (-17.54, 15.70) -1.42 (-17.62, 14.77) -1.49 (-17.48, 14.51) 

SARSchild, age 8 -15.96 (-38.99, 7.07) -1.26 (-19.94, 17.42) -1.99 (-20.21, 16.22) -2.48 (-20.49, 15.52) 

* Model 1: the independent variables include SARSmaternal, SARSchild, temporal trend and spatial 

random effect; 

** Model 2: model 1 + adjustments of nonlinear effect of age; 

*** Model 3: model 2 + adjustments of residence, sex and ethnicity; 

**** Model 4: model 3 + adjustments of birthweight, gestational length and breastfeeding 

duration. 
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Table S5 The estimated associations between SARS and body weight/height by subpopulations. 

 

Weight change (cm) Height change (cm) 

Pandemic hotspot Pandemic hotspot 

No Yes No Yes 

SARSmaternal 1.29 (-0.35, 2.93) 1.44 (-0.85, 3.73) -0.22 (-2.77, 2.32) 1.28 (-2.24, 4.80) 

SARSchild, age 0 -2.47 (-4.83, -0.12) -2.55 (-5.25, 0.15) -1.08 (-4.90, 2.75) -0.16 (-4.53, 4.20) 

SARSchild, age 1 -4.33 (-7.45, -1.22) -5.02 (-8.24, -1.79) -0.36 (-5.43, 4.72) -0.04 (-5.32, 5.25) 

SARSchild, age 2 -5.83 (-10.60, -1.07) -7.05 (-11.86, -2.25) 0.25 (-7.52, 8.01) 0.05 (-7.81, 7.91) 

SARSchild, age 3 -6.61 (-12.95, -0.27) -8.24 (-14.62, -1.86) 0.62 (-9.71, 10.95) 0.04 (-10.36, 10.45) 

SARSchild, age 4 -6.31 (-13.84, 1.22) -8.15 (-15.72, -0.57) 0.64 (-11.62, 12.89) -0.10 (-12.42, 12.23) 

SARSchild, age 5 -4.69 (-12.99, 3.62) -6.49 (-14.84, 1.85) 0.23 (-13.28, 13.74) -0.40 (-13.96, 13.16) 

SARSchild, age 6 -1.98 (-10.94, 6.97) -3.56 (-12.54, 5.43) -0.52 (-15.11, 14.06) -0.83 (-15.46, 13.80) 

SARSchild, age 7 1.44 (-8.35, 11.23) 0.23 (-9.60, 10.06) -1.51 (-17.51, 14.49) -1.36 (-17.44, 14.72) 

SARSchild, age 8 5.22 (-5.73, 16.18) 4.44 (-6.59, 15.47) -2.62 (-20.63, 15.39) -1.93 (-20.09, 16.23) 

 

Residence Residence 

Rural Urban Rural Urban 

SARSmaternal 0.60 (-1.09, 2.29) 1.98 (0.31, 3.65) -0.65 (-3.33, 2.03) 0.39 (-2.23, 3.01) 

SARSchild, age 0 -3.11 (-5.68, -0.55) -2.65 (-4.99, -0.30) -1.18 (-5.06, 2.69) -1.63 (-5.96, 2.69) 

SARSchild, age 1 -5.81 (-8.99, -2.63) -4.77 (-7.87, -1.67) -0.67 (-5.76, 4.42) -1.33 (-6.59, 3.93) 

SARSchild, age 2 -8.12 (-12.89, -3.34) -6.53 (-11.26, -1.79) -0.24 (-8.01, 7.53) -1.07 (-8.93, 6.79) 

SARSchild, age 3 -9.65 (-15.98, -3.31) -7.56 (-13.85, -1.26) 0.02 (-10.32, 10.35) -0.90 (-11.32, 9.51) 

SARSchild, age 4 -10.01 (-17.53, -2.50) -7.49 (-14.97, -0.01) 0.02 (-12.24, 12.28) -0.88 (-13.21, 11.46) 

SARSchild, age 5 -8.96 (-17.24, -0.67) -6.09 (-14.34, 2.17) -0.29 (-13.80, 13.22) -1.02 (-14.59, 12.55) 

SARSchild, age 6 -6.74 (-15.67, 2.20) -3.59 (-12.50, 5.31) -0.86 (-15.44, 13.73) -1.30 (-15.95, 13.35) 

SARSchild, age 7 -3.74 (-13.54, 6.05) -0.37 (-10.10, 9.37) -1.59 (-17.60, 14.41) -1.68 (-17.80, 14.44) 

SARSchild, age 8 -0.36 (-11.37, 10.65) 3.22 (-7.67, 14.12) -2.42 (-20.45, 15.61) -2.10 (-20.34, 16.14) 

 

Ethnicity Ethnicity 

Han Not Han Han Not Han 

SARSmaternal 1.44 (-0.21, 3.08) 1.14 (-1.04, 3.32) -0.04 (-2.61, 2.52) 0.78 (-2.70, 4.27) 

SARSchild, age 0 -1.32 (-4.11, 1.47) -2.34 (-4.68, -0.00) 2.55 (-2.14, 7.25) -0.60 (-4.43, 3.24) 

SARSchild, age 1 -2.03 (-5.30, 1.24) -4.14 (-7.24, -1.04) 2.72 (-2.69, 8.12) -0.08 (-5.15, 4.99) 

SARSchild, age 2 -2.50 (-7.34, 2.34) -5.57 (-10.32, -0.82) 2.89 (-5.03, 10.82) 0.35 (-7.41, 8.11) 

SARSchild, age 3 -2.47 (-8.90, 3.95) -6.28 (-12.60, 0.04) 3.10 (-7.38, 13.57) 0.61 (-9.70, 10.92) 

SARSchild, age 4 -1.71 (-9.32, 5.90) -5.90 (-13.41, 1.61) 3.34 (-9.04, 15.73) 0.62 (-11.62, 12.85) 

SARSchild, age 5 -0.04 (-8.41, 8.32) -4.18 (-12.47, 4.10) 3.64 (-9.96, 17.24) 0.31 (-13.17, 13.80) 

SARSchild, age 6 2.36 (-6.64, 11.37) -1.37 (-10.31, 7.56) 3.98 (-10.69, 18.65) -0.25 (-14.81, 14.32) 

SARSchild, age 7 5.26 (-4.60, 15.13) 2.16 (-7.60, 11.92) 4.35 (-11.81, 20.51) -0.97 (-16.95, 15.00) 

SARSchild, age 8 8.41 (-2.71, 19.52) 6.06 (-4.86, 16.98) 4.73 (-13.61, 23.08) -1.79 (-19.77, 16.20) 

 

Sex Sex 

Female Male Female Male 

SARSmaternal 1.19 (-0.51, 2.89) 1.56 (-0.17, 3.29) 0.77 (-1.91, 3.45) -0.88 (-3.55, 1.79) 

SARSchild, age 0 -4.51 (-7.23, -1.78) -3.16 (-5.53, -0.78) -1.98 (-6.46, 2.50) -1.15 (-5.05, 2.74) 

SARSchild, age 1 -6.40 (-9.62, -3.18) -5.03 (-8.14, -1.92) -0.96 (-6.23, 4.32) -0.38 (-5.46, 4.70) 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted May 16, 2020. .https://doi.org/10.1101/2020.05.12.20099945doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.12.20099945


SARSchild, age 2 -7.97 (-12.78, -3.16) -6.56 (-11.32, -1.80) -0.23 (-8.09, 7.63) 0.23 (-7.53, 8.00) 

SARSchild, age 3 -8.91 (-15.32, -2.51) -7.40 (-13.74, -1.06) -0.08 (-10.52, 10.35) 0.51 (-9.82, 10.83) 

SARSchild, age 4 -8.91 (-16.51, -1.31) -7.19 (-14.73, 0.34) -0.81 (-13.18, 11.55) 0.27 (-11.98, 12.53) 

SARSchild, age 5 -7.75 (-16.12, 0.61) -5.72 (-14.03, 2.58) -2.61 (-16.20, 10.98) -0.58 (-14.08, 12.92) 

SARSchild, age 6 -5.65 (-14.65, 3.34) -3.21 (-12.16, 5.74) -5.29 (-19.93, 9.35) -1.94 (-16.51, 12.63) 

SARSchild, age 7 -2.92 (-12.75, 6.91) -0.01 (-9.78, 9.77) -8.55 (-24.64, 7.54) -3.64 (-19.62, 12.34) 

SARSchild, age 8 0.13 (-10.91, 11.17) 3.54 (-7.39, 14.48) -12.10 (-30.29, 6.09) -5.50 (-23.49, 12.49) 

 
Preterm birth Preterm birth 

 
No Yes No Yes 

SARSmaternal 1.69 (-0.05, 3.43) 1.16 (-0.56, 2.87) -0.01 (-2.72, 2.71) 0.04 (-2.64, 2.71) 

SARSchild, age 0 -2.22 (-5.02, 0.57) -2.41 (-4.82, -0.01) 0.56 (-4.02, 5.14) -0.41 (-4.35, 3.53) 

SARSchild, age 1 -3.81 (-7.09, -0.54) -4.23 (-7.37, -1.10) 0.01 (-5.36, 5.38) -0.18 (-5.30, 4.93) 

SARSchild, age 2 -5.05 (-9.89, -0.22) -5.69 (-10.46, -0.93) -0.47 (-8.37, 7.43) -0.00 (-7.79, 7.78) 

SARSchild, age 3 -5.59 (-12.00, 0.81) -6.44 (-12.78, -0.09) -0.81 (-11.24, 9.63) 0.09 (-10.25, 10.43) 

SARSchild, age 4 -5.09 (-12.68, 2.50) -6.10 (-13.64, 1.43) -0.93 (-13.28, 11.42) 0.05 (-12.21, 12.31) 

SARSchild, age 5 -3.30 (-11.65, 5.05) -4.46 (-12.77, 3.85) -0.80 (-14.38, 12.77) -0.15 (-13.66, 13.36) 

SARSchild, age 6 -0.47 (-9.46, 8.52) -1.73 (-10.69, 7.23) -0.46 (-15.10, 14.18) -0.48 (-15.06, 14.11) 

SARSchild, age 7 3.05 (-6.79, 12.90) 1.71 (-8.07, 11.50) 0.02 (-16.10, 16.14) -0.90 (-16.91, 15.11) 

SARSchild, age 8 6.93 (-4.14, 18.00) 5.52 (-5.44, 16.47) 0.57 (-17.69, 18.83) -1.36 (-19.39, 16.68) 

 

Low birthweight Low birthweight 

No Yes No Yes 

SARSmaternal 1.37 (-0.26, 3.00) -0.80 (-3.39, 1.78) -0.13 (-2.66, 2.40) 3.26 (-1.84, 8.37) 

SARSchild, age 0 -3.62 (-6.54, -0.70) -2.53 (-4.86, -0.19) -2.54 (-7.34, 2.25) -0.91 (-4.74, 2.91) 

SARSchild, age 1 -4.88 (-8.20, -1.56) -4.43 (-7.54, -1.32) -1.87 (-7.25, 3.51) -0.24 (-5.31, 4.84) 

SARSchild, age 2 -5.82 (-10.67, -0.96) -5.97 (-10.74, -1.21) -1.26 (-9.17, 6.64) 0.33 (-7.44, 8.10) 

SARSchild, age 3 -6.12 (-12.54, 0.31) -6.78 (-13.12, -0.44) -0.79 (-11.27, 9.70) 0.68 (-9.66, 11.02) 

SARSchild, age 4 -5.46 (-13.08, 2.15) -6.49 (-14.02, 1.05) -0.50 (-12.93, 11.92) 0.71 (-11.56, 12.97) 

SARSchild, age 5 -3.64 (-12.02, 4.73) -4.85 (-13.16, 3.46) -0.46 (-14.10, 13.19) 0.34 (-13.18, 13.85) 

SARSchild, age 6 -0.87 (-9.88, 8.15) -2.11 (-11.07, 6.85) -0.60 (-15.31, 14.10) -0.36 (-14.95, 14.23) 

SARSchild, age 7 2.55 (-7.32, 12.42) 1.36 (-8.43, 11.15) -0.88 (-17.06, 15.31) -1.28 (-17.28, 14.73) 

SARSchild, age 8 6.28 (-4.84, 17.41) 5.20 (-5.76, 16.15) -1.22 (-19.59, 17.15) -2.30 (-20.31, 15.71) 

 

Breastfeeding Breastfeeding 

No Yes No Yes 

SARSmaternal 2.10 (-0.23, 4.44) 1.28 (-0.36, 2.92) -1.30 (-5.09, 2.49) 0.03 (-2.51, 2.56) 

SARSchild, age 0 -1.07 (-5.09, 2.95) -1.82 (-4.62, 0.97) 0.41 (-6.14, 6.96) -0.31 (-4.88, 4.26) 

SARSchild, age 1 -2.73 (-6.56, 1.09) -3.58 (-6.87, -0.28) 1.59 (-4.68, 7.87) 0.65 (-4.73, 6.04) 

SARSchild, age 2 -4.18 (-9.44, 1.09) -5.04 (-9.94, -0.14) 2.38 (-6.23, 10.99) 1.36 (-6.64, 9.36) 

SARSchild, age 3 -5.17 (-12.08, 1.75) -5.92 (-12.41, 0.58) 2.37 (-8.88, 13.63) 1.55 (-9.03, 12.13) 

SARSchild, age 4 -5.48 (-13.56, 2.61) -5.92 (-13.60, 1.76) 1.18 (-11.95, 14.30) 0.95 (-11.53, 13.44) 

SARSchild, age 5 -4.96 (-13.67, 3.76) -4.84 (-13.26, 3.58) -1.47 (-15.62, 12.68) -0.60 (-14.28, 13.08) 

SARSchild, age 6 -3.76 (-13.10, 5.58) -2.89 (-11.96, 6.17) -5.31 (-20.55, 9.93) -2.93 (-17.69, 11.84) 

SARSchild, age 7 -2.11 (-12.63, 8.40) -0.36 (-10.35, 9.63) -9.94 (-27.27, 7.40) -5.78 (-22.15, 10.59) 

SARSchild, age 8 -0.24 (-12.66, 12.19) 2.47 (-8.89, 13.83) -14.96 (-35.63, 5.71) -8.90 (-27.65, 9.85) 
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