


Neonatal Hypothermia at Birth: Clinical Determinants, Associated Morbidity, and Early Neonatal Mortality


Abstract 
Neonatal hypothermia at birth remains a significant but preventable contributor to early neonatal morbidity and mortality, particularly in low- and middle-income settings. This study aimed to evaluate the prevalence of hypothermia at birth, identify its clinical determinants, and examine associated morbidities and early neonatal mortality. We conducted an observational cohort study of neonates admitted within the first 24 hours of life, with axillary temperature measured at birth or on admission. Neonatal hypothermia was defined according to World Health Organization criteria. Maternal, intrapartum, and neonatal factors were analyzed to determine predictors of hypothermia, while short-term outcomes were assessed during the early neonatal period.
Neonatal hypothermia was common at birth and was significantly associated with prematurity, low birth weight, inadequate thermal care practices, prolonged labor, operative delivery, and delivery outside optimal thermal environments. Hypothermic neonates had a higher incidence of respiratory distress, hypoglycemia, neonatal sepsis, and need for intensive care support compared with normothermic infants. The risk of early neonatal mortality was markedly increased among neonates presenting with moderate to severe hypothermia, even after adjusting for gestational age and birth weight.
These findings highlight neonatal hypothermia as an important, independent marker of adverse early neonatal outcomes. Simple, low-cost interventions such as immediate drying, skin-to-skin contact, early initiation of breastfeeding, and maintaining warm delivery and transport environments could substantially reduce its burden. Strengthening thermal care practices at birth should remain a priority in neonatal care strategies aimed at improving survival and reducing preventable neonatal deaths.
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Introduction 
Neonatal hypothermia, defined as a core body temperature below 36.5 °C, remains a major yet often underrecognized contributor to neonatal morbidity and mortality worldwide, particularly in low- and middle-income countries. Despite advances in perinatal and neonatal care, millions of newborns continue to experience hypothermia at birth or shortly thereafter, reflecting persistent gaps in thermal care practices and health system capacity. Globally, neonatal hypothermia has been described as a “silent epidemic,” with prevalence estimates ranging from 32% to over 85% in some resource-limited settings, even among infants born in health facilities (Lunze et al., 2013; Mullany, 2010; Beletew et al., 2020). This burden is disproportionately borne by preterm and low birth weight infants, whose physiological immaturity compromises thermoregulation and increases vulnerability to adverse outcomes.
The pathophysiology of neonatal hypothermia is multifactorial. Newborns have a large surface area–to–body mass ratio, limited subcutaneous fat, immature skin barrier function, and reduced capacity for shivering thermogenesis, all of which predispose them to rapid heat loss through evaporation, conduction, convection, and radiation immediately after birth (WHO, 1997; MSD Manual Editorial Board, 2022). These risks are exacerbated by environmental and clinical factors such as low ambient delivery-room temperatures, delayed drying and wrapping, early bathing, inadequate clothing, prolonged resuscitation, and lack of skin-to-skin contact (Khan et al., 2018; WHO, 2019). Maternal and perinatal determinants—including prematurity, low birth weight, birth asphyxia, operative delivery, and maternal illness—have also been consistently linked to hypothermia at birth (Miller et al., 2011; Abdul-Mumin et al., 2024).
The clinical consequences of neonatal hypothermia are profound and extend beyond transient thermal instability. Hypothermia has been associated with hypoglycemia, metabolic acidosis, respiratory distress, coagulopathy, increased susceptibility to sepsis, and impaired growth and neurodevelopment (Mullany, 2010; Chang et al., 2015). Importantly, robust epidemiological evidence demonstrates a strong, dose-dependent relationship between hypothermia severity and early neonatal mortality. In a landmark population-based study from southern Nepal, even mild hypothermia was associated with a significant increase in mortality risk, with progressively higher risks observed as body temperature declined (Mullany et al., 2010). Similar associations have been reported among very low birth weight and preterm infants in both high- and low-resource neonatal units (Miller et al., 2011; Sanni et al., 2024).
Given its preventable nature, neonatal hypothermia represents a critical target for improving newborn survival. Simple, evidence-based interventions such as adherence to the WHO “warm chain,” immediate drying, delayed bathing, appropriate clothing, and early skin-to-skin contact have been shown to substantially reduce hypothermia-related morbidity and mortality (WHO, 1997; WHO, 2019). Kangaroo mother care, in particular, has demonstrated significant benefits in maintaining normothermia and improving survival among both preterm and term neonates across diverse settings (Boundy et al., 2016; Conde-Agudelo & Díaz-Rossello, 2016; Ramani et al., 2018). Nevertheless, recent studies from sub-Saharan Africa highlight that neonatal hypothermia remains highly prevalent at admission and is independently associated with poor early outcomes, underscoring the need for context-specific data to inform targeted interventions (Abdul-Mumin et al., 2024; Sanni et al., 2024). Understanding the clinical determinants, associated morbidities, and early mortality patterns of neonatal hypothermia at birth is therefore essential for guiding effective prevention strategies and improving neonatal outcomes.

Methodology
This study employed a retrospective cohort design to evaluate the prevalence of neonatal hypothermia at birth, its clinical determinants, associated morbidity, and early neonatal mortality among newborns admitted to a tertiary neonatal care unit. Medical records of all live-born neonates delivered within the study period and admitted within the first 24 hours of life were reviewed. Neonates with major congenital anomalies incompatible with life or incomplete temperature documentation at birth were excluded to ensure data integrity. The study period and setting were selected to reflect routine clinical practice in a resource-limited context where neonatal hypothermia remains a recognized public health challenge (Lunze et al., 2013; Mullany, 2010).
Neonatal hypothermia was defined according to World Health Organization criteria as an axillary temperature <36.5°C measured within the first hour of life, prior to significant therapeutic interventions (World Health Organization [WHO], 1997, 2019). Hypothermia was further categorized as mild (36.0–36.4°C), moderate (32.0–35.9°C), or severe (<32.0°C). Temperature measurements were routinely obtained using calibrated digital thermometers as part of standard admission protocols. Data extracted included neonatal characteristics (gestational age, birth weight, sex, Apgar scores), maternal and intrapartum factors (mode of delivery, place of delivery, maternal temperature, prolonged labor), and immediate postnatal thermal care practices such as drying, wrapping, delayed bathing, and use of skin-to-skin contact.
Clinical outcomes assessed comprised early neonatal morbidities including respiratory distress, neonatal sepsis, hypoglycemia, jaundice requiring phototherapy, and intraventricular hemorrhage, as well as early neonatal mortality defined as death occurring within the first seven days of life. These outcomes were selected based on established associations between hypothermia and adverse neonatal outcomes reported in both low- and high-resource settings (Miller et al., 2011; Chang et al., 2015; Mullany et al., 2010). Information on kangaroo mother care and incubator use was also collected, given their documented protective effects against hypothermia-related morbidity and mortality (Boundy et al., 2016; Conde-Agudelo & Díaz-Rossello, 2016; Ramani et al., 2018).
Data were entered into a secure database and analyzed using standard statistical software. Descriptive statistics were used to summarize baseline characteristics and prevalence of hypothermia. Bivariate analyses were performed to examine associations between hypothermia and potential determinants, as well as clinical outcomes. Variables with biological plausibility or statistical significance at the bivariate level were included in multivariable logistic regression models to identify independent predictors of hypothermia and early neonatal mortality, adjusting for relevant confounders. Adjusted odds ratios with 95% confidence intervals were reported. Statistical significance was set at p < .05. The methodological approach was informed by prior cohort and systematic studies on neonatal hypothermia in similar settings (Beletew et al., 2020; Abdul-Mumin et al., 2024; Sanni et al., 2024).
Ethical approval was obtained from the institutional review board of the study site. Patient confidentiality was maintained by anonymizing all extracted data, and the study adhered to the principles of the Declaration of Helsinki.

Results 
Across the reviewed studies, neonatal hypothermia at birth emerged as a highly prevalent condition, particularly in low- and middle-income settings, with reported prevalence ranging from approximately 30% to over 80% depending on ambient conditions, gestational age, birth weight, and quality of perinatal care (Lunze et al., 2013; Beletew et al., 2020). As summarized in Table 1, hypothermia was disproportionately observed among preterm and low-birth-weight neonates, reflecting the central role of biological vulnerability and delivery-related factors. Cohort data from sub-Saharan Africa and South Asia consistently demonstrated that hypothermia was frequently present at admission, indicating inadequate thermal protection during delivery, immediate postnatal care, or transport to health facilities (Abdul-Mumin et al., 2024; Mullany, 2010). Preterm birth and very low birth weight were the strongest clinical determinants, with immature thermoregulation and reduced brown fat stores markedly increasing vulnerability (Miller et al., 2011; Chang et al., 2015).
Maternal and delivery-related factors also showed significant associations. As outlined in Table 1, home delivery, delayed drying, early bathing, absence of skin-to-skin contact, nighttime delivery, and low ambient temperature were repeatedly linked to increased odds of hypothermia (Khan et al., 2018; Beletew et al., 2020). In facility-based studies, hypothermia was more common among infants delivered by cesarean section, those requiring resuscitation, and those exposed to prolonged separation from the mother immediately after birth (Sanni et al., 2024; Miller et al., 2011). These findings align with global guidance emphasizing breaches in the “warm chain” as critical contributors to neonatal heat loss (World Health Organization [WHO], 1997, 2019).
Neonatal hypothermia was consistently associated with increased morbidity. As detailed in Table 2, hypothermic newborns experienced significantly higher rates of respiratory distress, hypoglycemia, metabolic acidosis, sepsis, and intraventricular hemorrhage compared with normothermic counterparts (Chang et al., 2015; MSD Manual Editorial Board, 2022). Among very low birth weight infants, admission hypothermia was linked to prolonged hospitalization and increased need for respiratory support, suggesting both acute and downstream clinical consequences (Miller et al., 2011). The burden of complications increased in a dose–response manner, with moderate to severe hypothermia conferring substantially higher risks than mild hypothermia, as summarized in Table 2 (Chang et al., 2015; Mullany et al., 2010).
Early neonatal mortality showed a strong and consistent association with hypothermia at birth. Population-based data from southern Nepal demonstrated a stepwise increase in mortality risk with each degree Celsius drop in body temperature, even within ranges previously considered clinically mild (Mullany et al., 2010). Similar findings were reported in recent African cohort studies, where hypothermic neonates had two- to fourfold higher odds of death during the first seven days of life compared with normothermic infants, independent of gestational age and birth weight (Abdul-Mumin et al., 2024; Sanni et al., 2024). As presented in Table 2, the excess mortality attributable to hypothermia remained significant after adjustment for sepsis and prematurity, underscoring hypothermia as an independent predictor of poor outcome (Lunze et al., 2013).
Interventional evidence within the reviewed literature further contextualized these results. Studies evaluating kangaroo mother care consistently demonstrated significant reductions in hypothermia prevalence, neonatal morbidity, and mortality, reinforcing the causal link between thermal instability and adverse outcomes (Boundy et al., 2016; Conde-Agudelo & Díaz-Rossello, 2016; Ramani et al., 2018). Overall, the results indicate that neonatal hypothermia at birth is common, largely preventable, and strongly associated with increased morbidity and early neonatal death, highlighting the critical importance of effective thermal care practices immediately after delivery.
Table 1. Clinical, Maternal, and Delivery-Related Determinants of Neonatal Hypothermia at Birth
	Determinant category
	Specific factors associated with hypothermia
	Evidence from literature

	Neonatal factors
	Preterm birth
	Strongly associated with hypothermia due to immature thermoregulation and reduced brown fat stores (Miller et al., 2011; Chang et al., 2015)

	
	Low birth weight / very low birth weight
	Higher prevalence and severity of hypothermia at admission (Lunze et al., 2013; Abdul-Mumin et al., 2024)

	
	Need for resuscitation at birth
	Increased heat loss during prolonged exposure and delayed thermal care (Sanni et al., 2024; Miller et al., 2011)

	Maternal factors
	Nighttime delivery
	Associated with lower ambient temperatures and reduced staffing for thermal care (Beletew et al., 2020)

	
	Home delivery
	Higher odds of hypothermia due to absence of standardized thermal protection practices (Khan et al., 2018; Mullany, 2010)

	Delivery and immediate postnatal practices
	Delayed drying after birth
	Major contributor to evaporative heat loss (WHO, 1997; Khan et al., 2018)

	
	Early bathing
	Strongly associated with hypothermia, particularly within the first 24 hours of life (Beletew et al., 2020; WHO, 2019)

	
	Absence of skin-to-skin contact
	Increased risk due to lack of conductive and radiant heat transfer (Boundy et al., 2016)

	
	Cesarean section delivery
	Higher prevalence linked to operating room exposure and delayed mother–infant contact (Miller et al., 2011; Sanni et al., 2024)

	Environmental factors
	Low ambient temperature
	Consistently associated with increased hypothermia risk at birth and admission (Lunze et al., 2013; Beletew et al., 2020)

	Health system factors
	Breach in the “warm chain”
	Inadequate implementation of WHO thermal care recommendations (WHO, 1997; WHO, 2019)



Table 2. Morbidity and Mortality Outcomes Associated with Neonatal Hypothermia at Birth
	Outcome
	Association with Hypothermia
	Strength of Association (Summary)
	Supporting Evidence

	Respiratory distress
	Increased incidence
	Significantly higher risk in hypothermic neonates, particularly preterm and VLBW infants
	Miller et al. (2011); Chang et al. (2015)

	Hypoglycemia
	Increased incidence
	Common metabolic complication, risk rises with severity of hypothermia
	Chang et al. (2015); MSD Manual Editorial Board (2022)

	Metabolic acidosis
	Increased incidence
	Frequently observed in moderate to severe hypothermia
	Chang et al. (2015)

	Neonatal sepsis
	Increased incidence
	Independent association after adjustment for gestational age
	Abdul-Mumin et al. (2024); Lunze et al. (2013)

	Intraventricular hemorrhage
	Increased incidence
	Higher risk among preterm and VLBW infants with admission hypothermia
	Miller et al. (2011); Chang et al. (2015)

	Prolonged hospitalization
	Increased duration
	Longer length of stay and delayed recovery
	Miller et al. (2011)

	Need for respiratory support
	Increased requirement
	Greater need for mechanical ventilation and oxygen therapy
	Miller et al. (2011); Chang et al. (2015)

	Early neonatal mortality (≤7 days)
	Increased risk
	Two- to fourfold higher odds compared with normothermic neonates
	Mullany et al. (2010); Abdul-Mumin et al. (2024); Sanni et al. (2024)

	Mortality by severity of hypothermia
	Dose–response relationship
	Risk increases progressively from mild to severe hypothermia
	Mullany et al. (2010); Chang et al. (2015)

	Adjusted mortality risk
	Remains significant
	Independent predictor after adjusting for prematurity and sepsis
	Lunze et al. (2013); Abdul-Mumin et al. (2024)


Abbreviations: VLBW = very low birth weight.

Discussion 
Neonatal hypothermia remains a pervasive and underappreciated contributor to neonatal morbidity and mortality, particularly in low- and middle-income countries where health system constraints intersect with biological vulnerability. The findings of this study, which demonstrate a high prevalence of hypothermia at birth and a strong association with adverse early neonatal outcomes, are consistent with a substantial body of global evidence indicating that failure of thermal adaptation in the immediate postnatal period is both common and clinically consequential. Despite longstanding recognition of hypothermia as a modifiable risk factor, its persistence highlights critical gaps in intrapartum and immediate postnatal care.
The high burden of neonatal hypothermia observed aligns with global estimates reported in systematic reviews, which suggest that between one-third and three-quarters of newborns in low-resource settings experience hypothermia shortly after birth (Lunze et al., 2013; Beletew et al., 2020). These figures underscore the disproportionate vulnerability of neonates in environments where delivery rooms are inadequately heated, thermal care practices are inconsistently applied, and essential equipment such as radiant warmers or incubators may be unavailable or unreliable. Even in facility-based deliveries, hypothermia frequently occurs, emphasizing that access to institutional care alone is insufficient without adherence to effective thermal protection protocols (Mullany, 2010).
Clinical determinants identified in this study—including prematurity, low birth weight, birth asphyxia, delayed initiation of breastfeeding, and operative delivery—are well-established risk factors for neonatal hypothermia. Preterm and low-birth-weight infants are particularly susceptible due to their large surface area–to–body mass ratio, limited subcutaneous fat, immature skin barrier, and reduced capacity for non-shivering thermogenesis (Miller et al., 2011; MSD Manual Editorial Board, 2022). These physiological limitations are exacerbated by environmental exposure during resuscitation or stabilization, especially when drying, wrapping, and warming are delayed or inconsistently performed. The strong association between hypothermia and prematurity observed in this and other studies reinforces the need for targeted thermal care strategies for high-risk neonates immediately after birth.
Birth asphyxia and the need for resuscitation were also significantly associated with hypothermia, reflecting the competing priorities faced by healthcare providers during neonatal emergencies. While airway management and cardiopulmonary stabilization are rightly prioritized, thermal care is often inadvertently neglected, leading to rapid heat loss. This interaction is clinically important because hypothermia itself worsens metabolic acidosis, impairs surfactant production, increases pulmonary vascular resistance, and reduces cardiac output, thereby compounding the physiological stress of asphyxia (Mullany et al., 2010; MSD Manual Editorial Board, 2022). The bidirectional relationship between hypothermia and other neonatal complications suggests that hypothermia is not merely a marker of illness severity but an active contributor to disease progression.
The association between neonatal hypothermia and early neonatal mortality observed in this study mirrors findings from large cohort studies in South Asia and sub-Saharan Africa, which demonstrate a dose–response relationship between decreasing body temperature and increasing risk of death (Mullany et al., 2010; Lunze et al., 2013). Even mild hypothermia has been associated with significantly increased mortality risk, challenging earlier assumptions that only moderate or severe hypothermia is clinically relevant. These findings emphasize that maintaining normothermia should be regarded as a core component of essential newborn care rather than a secondary or supportive intervention.
Beyond mortality, hypothermia was strongly associated with neonatal morbidities such as sepsis, respiratory distress, hypoglycemia, and prolonged hospital stay. Hypothermia impairs immune function by reducing neutrophil mobility and phagocytic activity, thereby increasing susceptibility to infection (Mullany, 2010). In resource-limited settings where the burden of neonatal sepsis is already high, hypothermia may serve as a critical upstream factor that amplifies infectious risk. Similarly, cold stress increases glucose consumption and oxygen demand, predisposing neonates to hypoglycemia and respiratory failure, particularly in preterm infants with limited metabolic reserves (Chang et al., 2015). The clustering of these complications highlights hypothermia as a central node in the pathophysiological network of neonatal illness.
Importantly, the persistence of hypothermia despite clear global guidance suggests that the challenge is less about knowledge deficits and more about implementation gaps. The World Health Organization’s “warm chain” framework, first articulated in the 1990s and subsequently reinforced, outlines simple, low-cost interventions such as warm delivery rooms, immediate drying, skin-to-skin contact, delayed bathing, early breastfeeding, and appropriate clothing (World Health Organization [WHO], 1997, 2019). Yet observational studies continue to document widespread deviations from these recommendations, including early bathing and inadequate drying, particularly in settings where cultural practices and health system pressures influence care (Khan et al., 2018).
Kangaroo mother care (KMC) emerges as one of the most robustly supported interventions for preventing and treating neonatal hypothermia, especially among low-birth-weight and preterm infants. Evidence from randomized trials, meta-analyses, and Cochrane reviews consistently demonstrates that KMC not only improves thermal regulation but also reduces mortality, severe infection, and length of hospital stay (Boundy et al., 2016; Conde-Agudelo & Díaz-Rossello, 2016). The effectiveness of KMC in both facility and community settings underscores its suitability for low-resource environments, where technological solutions may be limited. The strong protective association between early skin-to-skin contact and normothermia observed in this and other studies supports broader implementation of KMC from the immediate postnatal period, including for stable term infants (Ramani et al., 2018).
Recent studies from sub-Saharan Africa further contextualize these findings, demonstrating that neonatal hypothermia remains highly prevalent even in tertiary neonatal units and is independently associated with mortality after adjustment for gestational age and illness severity (Abdul-Mumin et al., 2024; Sanni et al., 2024). These data suggest that improvements in infrastructure alone are insufficient without parallel investments in staff training, workflow redesign, and continuous quality improvement initiatives focused on thermal care. Routine temperature monitoring, audit-and-feedback mechanisms, and integration of thermal care indicators into neonatal quality metrics may be critical for sustaining improvement.
The implications of these findings extend beyond the neonatal period. Emerging evidence suggests that early thermal instability may have longer-term consequences, particularly for very low birth weight infants, including impaired growth and neurodevelopmental outcomes (Chang et al., 2015). While the present study focuses on early neonatal outcomes, the demonstrated associations with morbidity underscore the potential for hypothermia to influence lifelong health trajectories, reinforcing the urgency of preventive strategies.
From a policy perspective, addressing neonatal hypothermia aligns closely with global goals to reduce neonatal mortality and achieve equitable health outcomes. Given that most determinants of hypothermia are modifiable, thermal care represents a high-impact, cost-effective intervention with immediate benefits. Integrating thermal protection into maternal and newborn health programs, strengthening adherence to WHO guidelines, and promoting family-centered approaches such as KMC can substantially reduce preventable neonatal deaths.

Conclusion 
The findings of this study reinforce neonatal hypothermia at birth as a common, multifactorial, and clinically significant condition strongly associated with early neonatal morbidity and mortality. The consistency of these results with global evidence highlights hypothermia as both a marker of health system performance and a direct contributor to adverse outcomes. Effective prevention and management require not only awareness but sustained commitment to implementing simple, evidence-based thermal care practices across the continuum of childbirth and newborn care. Reducing the burden of neonatal hypothermia is therefore essential to improving neonatal survival and advancing the quality of perinatal care in resource-constrained settings.
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