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Objectives: The associations of long-term risks of the full spectrum of mental disorders with clinically reassuring but suboptimal score range 7–9 remain unclear. This study investigated these associations during up to 38 years of follow-up.

Methods: In a nationwide cohort study of 2,213,822 singletons born in Denmark during 1978–2015, we used cox regression to estimate the hazard ratio (HR) of mental disorders with a 95% CI.

Results: A total of 3,00,679 (13.6%) individuals were diagnosed with mental disorders. The associations between suboptimal Apgar score 7–9 and mental disorders differed by attained age. In childhood (≤ 18 years), declining Apgar scores were associated with increased risks of overall mental disorders with HRs (95% CI) of 1.13(1.11-1.15), 1.34 (1.27–1.41), and 1.48 (1.31–1.67) for Apgar scores of 7–9, 4–6, and 1–3, respectively, compared with a score of 10. A dose-response association was seen even within the score range from 9 to 7 (HR 1.11 [95% CI: 1.08–1.13], 1.14 [1.10–1.18], and 1.20 [1.14–1.27], respectively). Of note, individuals with scores of 7–9 had increased risks of organic disorders (HR: 1.27, 95% CI: 1.05–1.53), neurotic disorders (HR: 1.07, 95% CI: 1.03–1.11), and a wide range of neurodevelopmental disorders, such as intellectual disability (1.87, 1.76–1.98), childhood autism (1.13, 1.05–1.22) and attention deficit hyperactivity disorder (1.10, 1.06–1.15). In early adulthood (19–39 years), suboptimal Apgar scores 7–9 were not associated with the risks of overall and specific mental disorders.

Conclusion: Infants born with clinically reassuring but suboptimal 5-min scores 7–9 are at increased risks of a wide spectrum of mental disorders in childhood.
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INTRODUCTION

The Apgar score is based on five components (skin color, heart rate, reflex irritability, muscle tone, and respiration). Each item is scored from 0 to 2 with a total score of 7–10 as normal and the highest score of 10 representing the optimal condition (1, 2). The Apgar score has been used worldwide as a vitality index for almost every newborn immediately after birth (1). Although its use has been criticized due to the problems of accuracy, reproducibility, and universality, the American Academy of Pediatrics and the American College of Obstetrics and Gynecology endorsed its continued use in their 2015 statement (3) because of its abilities to assess the need for and response to resuscitation and robust associations with the risks of infant morbidity and mortality (4, 5).

A low Apgar score represents combined effects of various pre- and perinatal risk factors, which may predict non-optimal brain development (6–10). There is mounting evidence that a low Apgar score, commonly defined as a score <7, has been linked with certain mental disorders in later life, such as Autism Spectrum Disorder (ASD), Obsessive-Compulsive Disorder (OCD), and Attention Deficit Hyperactivity Disorder (ADHD) (10–15). However, the evidence on the associations with other mental disorders is lacking. More importantly, most prior studies considered an Apgar score of 7–9 to be “normal” and did not investigate whether the scores of 7–9 would be associated with a higher risk of mental disorders. Quantifying such associations is important as suggested by recent findings that even the scores of 7–9 were associated with a higher risk of adverse short- and long-term outcomes, such as neonatal mortality, morbidity, cerebral palsy, and epilepsy in childhood (16, 17).

In this population-based study, we hypothesized that the risk of mental disorders would increase with decreasing Apgar scores, even within the ‘normal' range 7–9. Taking advantage of a Danish register-based cohort with up to 38 years of follow-up, we investigated the associations between 5-min Apgar scores and the risks of a full spectrum of mental disorders using population-based analyses.



METHODS


Study Population

We conducted a population-based cohort study using data from Danish national registers (18). A total of 2,272,473 live singletons were identified during 1978–2015 from the Danish Medical Birth Registry (19). We excluded 1,001 births with missing information on sex and 41,252 births with no valid information on 5-min Apgar scores (including the score of 0) (11). We further excluded 16,398 infants who died or emigrated from Denmark before the age of 1 year. The final cohort comprised 2,213,822 births.



Main Exposures

Apgar scores at 5 min were the main exposures. We categorized them into three groups of compromised scores (1–3, 4–6, 7–9) and one optimal score (10). In addition, we analyzed Apgar scores in the way of each score (1, 2, 3, 4, 5, 6, 7, 8, 9, and 10).



Outcomes of Interest

Information on mental disorders was obtained from the Danish Psychiatric Central Research Register (PCRR) and the National Patient Register (NPR) (20, 21). The PCRR contains all admissions to psychiatric inpatient facilities since 1969 and contacts to outpatient psychiatric departments and emergency care units since 1995. The NPR includes hospital discharge diagnoses since 1977 and outpatient and emergency diagnoses since 1995. The diagnostic system used was the Danish modification of the International Classification of Diseases, Eighth Revision (ICD-8) from 1969 to 1993 and Tenth Revision (ICD-10) from 1994 onwards. Details of the specific diagnoses included in each group of disorders are presented in Supplementary Table S1 (22–24). For each mental disorder, the date of onset was defined as the first day of the first contact. Individuals with more than one disorder were included in the numerator for each specific disorder.



Potential Confounders

We included the following potential confounders based on causal diagrams using directed acyclic graphs (Supplementary Figure S1): sex (male/female), calendar period of birth (1978–1985/1986–1994/1995–2005/2006–2015), gestational age at childbirth (≤ 31/32–33/34–36/37–38/39–40/41/≥42 weeks), birth weight percentiles (<10th/10th−90th/>90th centile) using the distribution of sex and year of delivery of the entire study population as the standard, parental psychiatric history at delivery (yes/no), and other maternal characteristics (parity [1/2/≥3 children], age at birth [ <20/20–24/25–29/30–34/ ≥35 years], smoking during pregnancy [yes/no], highest attained level of education [0–9/10–14/≥15 years], cohabitation with a partner [yes/no], residence [Copenhagen/cities with 1,00,000 or more inhabitants/other], birth country [Denmark/others]). Missing data for each variable were coded using a missing data indicator.



Statistical Analysis

All included children were followed up from the earliest possible age at onset of the disorder (for each disorder separately) until the date of the first diagnosis, death, emigration, or December 31, 2016, whichever came first. Data were analyzed from December 2019 through June 2020. Cox regression was used to estimate hazard ratios (HRs) with a 95% CI to assess the associations between Apgar score and mental disorders, with participant's age as the time scale. Because there was evidence of non-proportional hazards, we split person time by attained age such that associations were allowed to vary over time. Age groups were set with childhood (≤ 18 years) and early adulthood (19–39 years). Regarding the analyses for early adulthood, we excluded some categories of mental disorders not commonly diagnosed in adulthood, such as autism.

In sensitivity analyses, we investigated potential sex specificity of risks of mental disorders by repeating the analyses in male or female individuals. We restricted the analyses to individuals without congenital malformations of the nervous system and chromosomal abnormalities to preclude the potential consequences of those defects on mental disorders and Apgar score. Owing to ICD code changes in 1994 and integration of registered data from three departments (inpatient, outpatient, and emergency) in 1995, we performed sub-analyses restricted to individuals born after 1994. In addition, we stratified the participants by gestational age at birth or birth weight percentile to assess whether the risk pattern was modified by fetal maturity or growth status in utero. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC).



Ethical Approval

The study was approved by the Data Protection Agency (No. 2013-41-2569). By Danish law, no informed consent is required for a registry-based study using anonymized data.




RESULTS

Of the 2,213,822 singleton live newborn infants, 1,47,984 (6.68%) were assigned compromised 5-min Apgar score (scores of 1–3:0.09%, 4–6:0.49%, 7–9: 6.10%). Compared with those with a score of 10, infants with compromised scores are more likely to be male and to have a parental history of mental disorders. Mothers of newborns with compromised scores are more likely to be primiparous, to bear a child before age 20 or after 35, to smoke during pregnancy, to live alone, and to have a low education level (Table 1).


Table 1. Baseline characteristics according to Apgar score at 5 min, live singleton births in Denmark from 1978 to 2015.
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During up to 38 years of follow-up, 3,00,679 individuals received a diagnosis of mental disorders (356, 1886, 19 565, and 278 872 in groups of score at 1–3, 4–6, 7–9, and 10 respectively) (Figure 1). Throughout the childhood period, we found a dose-dependent pattern between compromised scores and the overall risks of mental disorders with HRs (95% CI) of 1.48 (1.31–1.67), 1.34 (1.27–1.41), and 1.13 (1.11–1.15) for scores of 1–3, 4–6, and 7–9, respectively, compared with the score of 10. Importantly, a dose-response association was also observed within the clinically “normal” score range of 7, 8, and 9: 1.20 (1.14–1.27), 1.14 (1.10–1.18), and 1.11 (1.08–1.13), respectively.
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FIGURE 1. Associations between 5-min Apgar score and overall mental disorders by age periods during the first four decades of life. Hazard ratios are presented in the Cox regression models adjusted for parental psychiatric history, maternal characteristics (parity, age at birth, smoking during pregnancy, highest education level, cohabitation with a partner, residence, birth country), and birth characteristics (participant's sex, calendar year of birth, gestational age at birth and birth weight percentiles).


The relative risks of all studied subcategories of mental disorders in childhood were presented (Figure 2 and Supplementary Table S2). In the population analyses, dose-response gradients were observed across the entire score strata for intellectual disability (HR range: 1.87 to 5.33), organic disorders (HR range: 1.27 to 4.26), pervasive developmental disorders (HR range: 1.15 to 1.63), ADHD (HR range: 1.10 to 1.38), and for Oppositional Defiant Disorder/Conduct Disorder (ODD/CD) (HR range: 1.07 to 1.68), meanwhile, a higher risk (HR, 1.31) of neurotic disorders was seen in individuals with a score of 1–3. Of note, individuals with clinically “normal” score range of 7–9 have an 87% higher risk of intellectual disability (95% CI, 1.76–1.98) and 7~30% increased risks of other specific subcategories: organic disorders (1.27 [1.05–1.53]), neurotic disorders (1.07 [1.03–1.11]), pervasive developmental disorders (1.15 [1.10–1.20]), childhood autism (1.13 [1.05–1.22]), and ADHD (1.10 [1.06–1.15]).
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FIGURE 2. Associations between 5-min Apgar score and specific mental disorders during childhood (A–D) and early adulthood (E,F). Hazard ratios are presented in the Cox regression models adjusted for parental psychiatric history, maternal characteristics (parity, age at birth, smoking during pregnancy, highest education level, cohabitation with a partner, residence, birth country), and birth characteristics (participant's sex, calendar year of birth, gestational age at birth and birth weight percentiles).


During early adulthood, we did not find that compromised 5-min Apgar scores were associated with overall mental disorders (Figure 1). Nevertheless, higher risks but with low statistical precisions in the population cohort were found for some subtypes: schizophrenia (1.11 [0.66–1.88]), neurotic disorders (1.22 [0.94–1.58]), and personality disorders (1.34 [0.90–1.99]) in individuals with a score of 1–3, and organic disorders (1.65 [1.00–2.72]) in individuals with a score of 4–6 (Figure 2 andSupplementary Table S3).

In the sensitivity analysis, effect estimates from analyses stratified by gestational age at birth or birth weight percentile for gestational age were basically consistent with those observed in the main analysis (Supplementary Figures S2, S3). Stratified analyses by sex in the entire cohort showed no clear evidence of differences in associations between male and female individuals (Supplementary Tables S4, S5). Results from separate analyses restricted to individuals without diagnoses of congenital malformations of the nervous system or chromosomal abnormalities, or born after 1994, or without neonatal brain lesions were similar to those obtained in the primary analyses (Supplementary Tables S6–S9).



DISCUSSION


Main Findings

In this large population-based cohort study, during childhood, we found individuals with even clinically “normal” Apgar score range of 7–9 still had higher risks of overall mental disorders and some specific diagnoses: organic disorders and a series of neurodevelopmental disorders (intellectual disability, pervasive developmental disorders, childhood autism, and ADHD). It is also interesting to observe that compromised Apgar scores were at elevated risks of developing organic disorders and neurotic disorders, which were reported for the first time. During early adulthood, compromised 5-min Apgar scores were not found to be associated with mental disorders.



Comparisons With Other Studies

To our knowledge, this is the first study to examine the association of the full spectrum of mental disorders with the 5-min Apgar score. Our findings indicate the strongest associations for intellectual disability in childhood, which corroborates the results from previous studies (4, 15, 25, 26). Most of previous studies were based on the results of different non-standardized intelligence tests, and cross-sectional or descriptive designs (15, 25, 26), except a recent Swedish study, by virtue of clinically confirmed diagnosis and cohort design, reporting that term infants with low 5-min Apgar score had a higher risk of severe neurologic morbidity, including a 9-fold risk of intellectual disability (4). However, the Swedish study only captured cases before 14 years of age and only adjusted for year of birth, maternal age, parity, and smoking. Similarly, we observed 3~5-fold risks of intellectual disability in childhood (until 18 years of age), and we were able to adjust for not only the aforementioned confounders but also parental psychiatric history and socioeconomic status, indicating a more robust association. In addition, ADHD and autism were another two widely studied neurodevelopment disorders in relation to Apgar score during childhood, but the existing results were inconsistent (13, 27–31), which may be due to heterogeneity of methodology, in particular categorizations of Apgar scores and definition of outcomes. For example, some studies used pervasive developmental disorder (ICD-10 codes: F84) as a proxy to define autism (27, 28), which includes but is not limited to autism. To reduce the possibility of misclassification, we only focused on childhood autism–the typical and most severe type of autism–to explore the association. Our findings further support that compromised 5-min Apgar scores were associated with childhood autism.

Furthermore, we observed that individuals with a compromised 5-min Apgar score had higher risks of organic disorder and neurotic disorder during childhood, which have not been reported previously. These findings imply that less-than-optimal Apgar scores at birth may be an indicator for a broad scope of mental disorders in childhood, not merely neurodevelopmental disorders.

There have been scarce studies examining the association between low Apgar score and adulthood mental health. We did not find that compromised 5-min Apgar scores were associated with mental disorders during early adulthood, which may be attributed to the incomplete records of Apgar scores during the initial establishment of the Danish Medical Birth Register (MBR). We observed that participants with suboptimal Apgar scores at 5 min tended to have higher risks of organic disorders, schizophrenia, neurotic disorders, and personality disorders, and the low statistical precisions may probably be due to limited cases in the low Apgar score groups. Considering that the maximum attained age in our study was only up to 39 years, the follow-up between 19 and 39 years was not long enough to detect some late-onset mental disorders (e.g., dementia), therefore, future studies with extended follow-up to late adulthood are warranted.

Current guidelines recommend Apgar scores of 7 or higher to be reassuring, hence, infants with these scores are often assumed to constitute a homogeneous group. Nevertheless, recent studies showed that even reassuring Apgar scores of 7–9 are associated with higher risks of neonatal mortality, neonatal morbidity, and adverse long-term neurological outcomes, compared with an Apgar score of 10 (16, 17). We found a dose-response increasing the overall risk of mental disorders with decreasing Apgar score of 9 toward 7. Furthermore, individuals with “normal” scores of 7–9 carried increased risks of a wide range of neurodevelopmental disorders, such as intellectual disability, pervasive developmental disorders, childhood autism, and ADHD. Similarly, prior studies based on developmental screening scales found children aged 5 years with 5-min Apgar scores of 7–9 were more vulnerable on the emotional or physical health domain of the Early Development Instrument (14, 32). Recently, a large transnational study also suggested that low Apgar scores of 7–9 were associated with a higher risk of autistic disorder but without controlling for socioeconomic status and paternal psychiatric history (11). Our findings are in line with those of previous studies by showing that reassuring Apgar scores 7–9 are associated with various neurodevelopmental disorders in childhood. These findings support that 5-min Apgar scores routinely available in contemporary neonatal settings, even within the normal range 7–9, are not totally reassuring.

The causes of mental disorders are multifactorial. Adverse prenatal events (e.g., gestational diabetes mellitus, preterm, and restricted fetal growth) are important risk factors and could have a programming effect on fetal brain development, resulting in increased risk for psychopathology later in life (24, 33, 34). In this study, adjusting for gestational age at birth and fetal growth status did not substantially change the risks, indicating that preterm birth or restricted fetal growth do not strongly modify the relations between low Apgar scores at birth and subsequent mental disorders. Although Apgar scores are not clear on any causal pathway of pathogenesis, less-than-optimal Apgar scores at birth may be a potential sign of the cumulative effect of those adverse prenatal events. Especially, the clinically reassuring but suboptimal score range 7–9 may indicate subtle but still detrimental intrauterine insults which will act negatively on fetal brain development. In clinical settings, a distressed infant will receive resuscitation well before the 5-min Apgar score is assigned, so the score 7–9 could not well reflect severe conditions prior to the assessment (3). That may be one of the reasons we observed exposure to the scores 7–9 was associated with an increased risk of mental disorders. In this study, a novel finding that a compromised 5-min Apgar score was linked to increased risks of organic disorder and neurotic disorder was reported. As is known, organic disorder comprises a range of mental disorders based on a demonstrable etiology in cerebral disease, brain injury, or other insults leading to cerebral dysfunction (35). Increased risk of organic disorder with low Apgar score implies adverse prenatal insults (e.g., hypoxia-ischemia, white matter injury, reduced blood flow, malnutrition) exert a long-lasting impact on brain function in later life. With regard to neurotic disorder, its prevalence is relevant to low levels of socioeconomic status (SES) (36). In this study, we found individuals with compromised Apgar scores tended to be born in families with worse SES (e.g., mothers live alone and have a low education level). It is, therefore, possible that SES factors at least partially mediate the observed association between compromised Apgar scores and neurotic disorder. However, further elucidation of other potential mechanisms is needed, also whether Apgar scores can be used for predicting and screening at-risk infants needs further research, probably also in combination with other diagnostic tests.



Strengths and Limitations

The study has several strengths. First, prospectively collected registry data including all live births in Denmark minimized the potential selection bias and recall bias. Second, a large sample size of over 2 million populations provided sufficient statistical power to perform detailed subgroup analyses that have not been studied previously. Last, the availability of rich sociodemographic and clinical information-enabled considerations of a wide range of important confounding factors.

Our study also has some limitations. First, we lacked information on interventions, which will be given to a distressed newborn before the first Apgar score is assigned and accordingly influence the Apgar score values (3). Whereas, failure to achieve an optimal score after resuscitation may signify some intrinsic defects and poor health status, hence, interventions during resuscitation are unlikely to affect the observed associations substantially. Also, we do not have the information on respiratory care (e.g., O2 cannula) and whether the patients were admitted to a sick baby room, which may be potential confounders. Second, on one hand, the Apgar score can be assessed subjectively without quality control and is prone to inter-observer variability. Whereas, the Apgar score has been shown to have good internal validity and could provide valid information on nation-level trends about newborn health (37). On the other hand, concerning large international variations in evaluating the Apgar score (37), the findings in this Danish cohort study are limited to generalize to other countries. Third, the study period spanned almost four decades, and advances in medical care over time and alterations in the diagnostic criteria may have influenced the exposures and outcomes. However, the inclusion of calendar time in the analyses would partially alleviate the effects of temporal changes in medical care. Last, the absence of information from primary care as well as the delayed inclusion of outpatient records in the PCRR and the NPR might result in an underestimation of the associations. This concern was partially relieved in our sensitivity analyses restricting to individuals born after 1994 when inpatient and outpatient records were integrated together, revealing similar results.



Conclusions and Implications

Infants born with declining 5-min Apgar scores have incremental risks of a wide range of mental disorders, mainly during childhood but probably in adulthood, too. We found individuals with even clinically “normal” Apgar score range of 7–9 still had higher risks of overall mental disorders and some specific diagnoses: organic disorders and a series of neurodevelopmental disorders. Our findings suggested suboptimal Apgar score of 7–9 should be also considered as an alarming risk factor for subsequent mental disorders, which may help to identify and monitor at-risk neonates to minimize the risks of adverse psychiatric outcomes in their later life. The 5-min Apgar score should be taken into account in designing public health strategies that target populations at increased risks of specific mental disorders in both childhood and adulthood.
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