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ABSTRACT: 

Introduction: In the home environment, low birth weight neonates are at high risk of becoming 

hypothermic if their temperatures are not consistently monitored. Hence, there is need for a tool 

that is simple and easy-to-use and helps families monitor their neonates’s temperature after being 

discharged from the hospital. Bempu Health offers the Bempu Bracelet, a wearable device for 

neonates, which blinks with blue light when the neonate is normothermic (>36.5°C) and red light 

when hypothermic (<36.5°C).  Methods: This was a descriptive study done in the step-down 

nursery of a tertiary health care hospital in India. Eligible neonates fulfilling the inclusion criteria 

were given the Bempu Bracelet for a period of 24 hours. If a neonate became hypothermic, an 

audiovisual alarm, which includes sound and a flashing orange light, was set off on the bracelet. 

The alarm signaled the mother to take temperature-corrective measures until the neonate became 

normothermic. Temperature corrective measures include kangaroo mother care (skin-to-skin 

contact), swaddling, or placing the neonate under a warmer. When the Bempu Bracelet alarmed, 

the temperature was crosschecked with the neonate’s axillary temperature with a mercury 

thermometer. The total number of true positive, false positive, true negative and false negative 

temperatures was recorded for each neonate. Results: A total of 460 neonates were screened for 

hypothermia using the Bempu Bracelet. The overall prevalence of hypothermia was 20.3%. 

Sensitivity and specificity of the bracelet in diagnosing hypothermia was 98.6% and 95% 

respectively. The positive and negative predictive value of the bracelet was 83.5% and 99.6% 

respectively. The accuracy of the bracelet in diagnosing hypothermia was 95.8%. Discussion: 

The Bempu Bracelet is an accurate screening tool for detecting hypothermia in neonates.  
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INTRODUCTION: 

The World Health Organization recognizes hypothermia as one of the most important risk factors 

for morbidity and mortality in newborns of all birth weights and gestational ages. Neonates are 

more prone to hypothermia as their temperature regulation is immature. Preterm and low birth 

weight neonates are more prone to hypothermia and the consequences may be disastrous leading 

to apnea, hypoglycemia and poor weight gain (1). 

 

Normal neonatal temperature should be maintained between 36.5°C and 37.5°C. A 

thermoneutral environment is an environment that keeps body temperature at the optimum 

temperature, at which basal metabolic rate is minimal and the neonate can thrive (2). Keeping 

neonates in a thermoneutral environment, therefore, is crucial. In the hospital setting, this can be 

ensured by warmers and incubators. In the home setting, however, there is a high risk of 

neonates becoming hypothermic if not monitored. Hypothermia predisposes a neonate to an 11% 

increase in late onset sepsis for every 1
o
C drop in temperature below 36

o
C (3). The majority of 

infant deaths occur during the neonatal period. While low birth weight (LBW) and hypothermia 

are major risk factors for neonatal deaths, these deaths are largely preventable (4). However, 

many of these deaths still occur in developing nations where the facilities for thermal monitoring 

and thermal protection of neonates are limited (5). 

 

In developing nations, the facilities for thermal monitoring and thermal protection of neonates 

are limited. Therefore, there is need for a tool that is simple, easy-to-use, and aids parents in 

continuous temperature monitoring of babies after being discharged from the hospital. Bempu 

Health offers the Bempu Bracelet, which is a hypothermia alert device for neonates. The bracelet 

consists of a silicone band with a thermistor metal cup to constantly sense the neonate’s 

temperature. The device blinks with blue light when the neonate is normothermic (>36.5°C) and 

an orange light when the neonate is hypothermic (<36.5°C). The Bempu Bracelet is a disposable 

product which remains active during the entire neonatal period (first 4 weeks after birth) with 

continuous monitoring ability (6). 

 

AIMS AND OBJECTIVE: 

This study aims to detect the sensitivity and specificity of the device (Bempu Bracelet) in 

detecting hypothermia. 

 

METHODS: 

This was a prospective observational study done in the Department of Neonatology at JIPMER 

(a tertiary health care hospital) during the period of Jan-June2016.  This study was approved by 

the Institute Ethics Committee (JIPMER). All LBW neonates weighing less than 2000grams and 

admitted in the step down nursery were enrolled in this study after giving written informed 

consent. Neonates requiring ventilation and inotrope support were excluded. The step-down 

nursery is the part of the NICU where mothers are encouraged to breastfeed their babies and 

maintain normothermia through Kangaroo Mother Care (KMC). 

 

The Bempu Bracelet was placed on the neonate’s wrist (like a watch) ensuring snug fit. The 

device showed blue light when the neonate was normothermic and orange light with audio alarm 

when the neonate was hypothermic (core temperature less than 36.5°C). Temperatures were 

cross-checked with a mercury thermometer kept at axilla whenever the bracelet’s audiovisual 
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alarm went off. Hypothermia-corrective measures were undertaken immediately, and continued 

until the bracelet once again showed the blue light and the axillary temperature measured by 

mercury thermometer was normal.  

 

The standard of care is to monitor a neonate’s temperature every 4-6 hours. In this study, the 

reference standard was the axillary temperature measured using mercury thermometer by a staff 

nurse once every four hours for all neonates. Treatment of hypothermia was based on axillary 

temperature measured by mercury thermometer.  

 

Variables like postmenstrual age, weight at the time of using the Bempu Bracelet, and gender 

were recorded baseline variables of all neonates enrolled in the study. Staff nurses who were not 

part of the study recorded temperature every 4-6 hours and every time the Bempu Bracelet 

alarmed.  

 

The sample size was estimated to be 460 LBW neonates. Sample size was calculated with an 

expected sensitivity/specificity of the bracelet in diagnosing the hypothermia as 90% and at 5% 

level of significance with 5% absolute precision. Statistical analysis was done using SPSS 

version 19.0. Data was analyzed using both descriptive and inferential statistics. The continuous 

variables were expressed as mean with standard deviation, while categorical data were expressed 

as frequencies and percentages. 

 

RESULTS: 

The baseline parameters are shown in Table 1.Neonates with a gestational age of 33-36 weeks 

and a birth weight of 1500-2000 grams formed the majority of study participants. Table 2 shows 

that the total number of hypothermic events detected by the device was 580, out of which 484 

were true positive events. The total number of normal temperature events detected by the device 

was 1844, out of which 7 were false negatives. Thus the sensitivity and specificity of the device 

was 98.5% and 95%, respectively, with positive and negative predictive value of 83.5% and 

99.6%, respectively. The overall accuracy of the device was 95.7%. All false positives axilla 

values measured between 36.5 C and 36.8 C, which is close to the threshold definition for 

hypothermia (< 36.5). The 7 false negatives were above 36.3 C, which is borderline. 

 

DISCUSSION: 

The Bempu Bracelet is a novel device to help mothers objectively diagnose hypothermia in their 

neonates. Maintenance of normothermia in LBW neonates is vital for neonatal survival. The 

prevalence of hypothermia in neonates in India is estimated to be 31% in community setting (4) 

and 32 % in hospital setting (5). Sensitivity and specificity of the device in diagnosing 

hypothermia was compared with standard axillary temperature measured using a thermometer. 

The total prevalence of hypothermia in neonates was 20.3%. This prevalence was lower than the 

estimated prevalence of hypothermia in India; however, even under such monitored settings, 

there were still hypothermic incidents that would have gone undetected for hours or longer 

without the Bempu Bracelet.  

 

This study reveals just the tip of the iceberg of undiagnosed hypothermic events in neonates. The 

need for the Bempu Bracelet in diagnosing hypothermia is clear. The device’s high sensitivity 

makes it a reliable device to screen for hypothermia in the home and hospital environment. Early 
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diagnosis of hypothermia would help mothers to intervene earlier and prevent complications of 

moderate and severe hypothermia. The high specificity of the device assures apprehensive 

mothers that their neonates are normothermic when the device displays the blue light. The 

Bempu Bracelet will help in empowering parents from a caregiver role to a nurse role making 

proactive and confident decisions in caring for their children within the home.  

 

STUDY CONTRIBUTIONS: 

Hypothermia is a leading cause of mortality and morbidity in neonates. The Bempu Bracelet 

empowers mothers to better care for their babies and to reduce the mortality and morbidity of 

neonates due to hypothermia. 

 

STUDY LIMITATIONS: 

The major limitation of this study was that it was not conducted in community settings and core 

temperatures were not measured. Unpublished evidence from community settings indicate that 

100% of mothers used temperature corrective measures with the help of this device. Further 

studies in community settings are needed to appreciate the observed findings. The advantages of 

the Bempu Bracelet include its ease of application and the fact that it is a simple method of 

detecting hypothermia. In low-income countries, the affordability of the device is questionable. 

 

FUTURE STUDIES: 

Although the device was sensitive enough to pick up hypothermia in LBW neonates, there is no 

provision for identifying hyperthermia. Hyperthermia is considered a risk factor for SIDS. 

Further studies are needed to elucidate mortality rates post discharge and weight gain patterns in 

neonates monitored using the Bempu Bracelet. 

 

This device can be recommended for neonates who are at high risk of hypothermia at discharge 

from hospital. In developing countries, neonates are often hypothermic during transport despite a 

significant proportion of them being born at institution. In many instances hypothermia is un-

diagnosed and not treated. Neonatal transport and neonatal resuscitation are other places where 

this device can find its role in hospital setting. 
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Appendix: 

 

Table 1: Baseline characteristics of study group. 

 

	  

Characteristics Distribution 

1)Postmenstrual age  

 

29-32 weeks. 

33-36 weeks. 

>37 weeks. 

 

 

139 

276 

45 

 

2) Weight at enrollment 

<999 grams. 

1000-1499 grams. 

1500-2000 grams. 

 

 

15 

209 

236 

 

3)Sex 

Male 

Female 

 

260 

200 

 

 

Table 2: Sensitivity and Specificity of the device. 

 Neonate Truly Hypothermic 

 

(Axilla < 36.5 C) 

Neonate Truly Normothermic 

 

(Axilla > 36.5 C) 

BEMPU Showing 

Hypothermia  

(Positive Alarm) 

484 

(True Positive) 

96 

(False Positive) 

BEMPU Showing 

Normothermia 

(Negative/No Alarm) 

7 

(False Negative) 

1837 

(True Negative) 
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STROBE Chart  

 
          Assessed for eligibility (585) 

Excluded (80) 

-Not eligible for study 

(50) 

-Denied consent (30) 

          Total number enrolled (505) 

-Neonates who 

became sick 

unexpectedly (21) 

-Neonates who were 

discharged before 

completion of study 

(24) 

Total number completed the study 

(460) 

Total hypothermic 

events 

(580) 

Total Normal temperature 

events 

(1844) 

True positives 

(484) 

False positives 

        (96) 

True negatives 

       (1837)	  

False negatives 

            (7) 


