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Abstract 
Birth weight (BW) is the baby’s total body weight at birth. It is best taken within 24 hours of life before 
the onset of postnatal weight loss. Low birth weight (LBW) and high birth weight (HBW) are defined 
as weight at birth of less than 2.5 kg and higher than 4.5 kg, respectively. Newborn babies usually 
experience weight loss within the first three days after birth and may regain the weight lost after 
breastfeeding in about the second or third week of delivery. A weight loss of about 5% and loss of about 
10 to 15% were observed in pre-term and sick babies at birth, respectively. This makes taking BW within 
the first 24 hours of life more appropriate. The receiver (relative) operator characteristic (ROC) curve 
is a graphical representation of the relationship between sensitivity and specificity for the determination 
of the possible cut off values. It is carried out between two variables to determine the sensitivity and 
specificity of the given variables. A prospective cross-sectional study was from six hospitals within 
Kano State (three selected hospitals from urban and three from rural areas). The study aims to determine 
the cut off values between low and high birth weight babies using anthropometric parameters among 
the urban and rural neonates in Kano State Nigeria.  Materials used for the study include a digital 
weighing scale (EBSA-20, Kologn Industrial Limited, China), plastic meter rule, and a non-elastic 
measuring tape. Ethical clearance to conduct the study was obtained from the Ministry of Heath Kano 
State through its ethical committee, and written consent was obtained from the mothers of the neonates. 
A total of 717 and 486 neonates from the urban and rural areas were enrolled for the study. Among 
urban neonates, the thigh circumference (P < 0.001) is the best discriminator between the low and high 
birth weights, followed by birth length (P < 0.001). The least discriminator is the head circumference 
(P = 0.244). However, among the rural neonate, the best discriminator between the low and high birth 
weight is a birth length (P < 0.001) followed by the thigh circumference (P < 0.001). The least 
discriminator in this category of neonates is the head circumference (P = 0.231). Therefore, in 
conclusion, the neonatal anthropometric parameters that can be used to discriminate against low and 
high birth weight in the urban and rural areas of Kano State have been determined. 
 
Keywords: Birth Weight, Kano State, Receiver Operator Characteristic Curve, Rural Area, 
Urban Area 
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INTRODUCTION 
Birth weight (BW) is the baby’s body weight at birth. It is best taken within 24 hours of life 
before the onset of postnatal weight loss (Chandrashekar et al., 2008). Low birth weight (LBW) 
and high birth weight (HBW) are defined as weight at birth of less than 2.5 k g and higher 
than 4.5 kg (WHOSIS, 2011). Newborn babies normally experience weight loss within the first 
three days after birth and may regain the weight lost after breastfeeding in about the second 
or third week of delivery. A weight loss of about 5% and loss of about 10 to 15% was observed 
in pre-term and sick babies at birth (MacDonald et al., 2003). This makes taking BW within the 
first 24 hours of life more appropriate. It has been documented earlier that in Nigeria, LBW 
affects about 56 million children every year (Olu, 2005). However, Achebe et al. (2014) revealed 
that in the South-west of Nigeria, 11.4% of children are born with LBW, and 12.2% in northern 
Nigeria have LBW at delivery. It has been revealed that nearly all of the newborns who die 
immediately after their delivery are of LBW and are mostly in rural communities where 
weighing scales are not readily available (Lawn, 2009; Lawn et al., 2010; Marchant et al., 2010; 
Wall et al., 2010). Similarly, HBW (termed as foetal macrosomia) has been associated with 
perinatal complications such as prolong (neglected) labour, shoulder dystocia, brachial plexus 
palsy, increase rate of unplanned caesarean section, among others.  
 
It has been found recently that the increase in BW may lead to an increased incidence of 
childhood cancer development (Hill, 2018). Also, HBW has been shown to be associated with 
an increased risk of disease conditions such as obesity, cardiovascular diseases, diabetes 
mellitus, and carcinomas (Szostak-Wegierek et al., 2011; Cnattingius et al., 2012; O’Neill et al., 
2015; Zimmermann et al., 2015). Rossi and Vasconcelos (2010) have concluded that HBW is 
associated with overweight/obesity.  
 
The receiver (relative) operator characteristic (ROC) curve is a graphical representation of the 
relationship between sensitivity and specificity for the determination of the possible cut off 
values. It is carried out between two variables to determine the sensitivity and specificity of 
the given variables. The ROC curve is also said to be a popular method for displaying 
sensitivity and specificity (Patrick et al., 2004). There is a need to develop a simple and practical 
methods for estimating neonatal birth weights, so as to plan for delivery especially in rural 
areas, or places where the weighing scale, ultrasound machine or manpower (expertise) are 
not readily available in order to identify those with LBW or HBW for prompt and appropriate 
action. This will go a long way in reducing neonatal and maternal mortality rates. One such 
method could be through the use of regression equations or having cut off values for low and 
high birth weight among the neonates that can discriminate between low and high birth 
weight.  
 
MATERIALS AND METHODS 
A prospective cross-sectional study was undertaken from six hospitals within Kano State 
(three selected hospitals from the urban and three from the rural areas). Materials used for the 
study include a digital weighing scale (EBSA-20, Kologn Industrial Limited, China), plastic 
meter rule, and a non-elastic measuring tape. Ethical clearance to conduct the study was 
obtained from the Ministry of Heath Kano State through its ethical committee, and written 
consent was obtained from the mothers of the neonates. Data were taken at random from the 
neonates that satisfy the criteria of being a singleton, full-term and, delivered with no limb 
deformity.  
 
A sample of 1203 neonates comprising of 717 and 486 from the urban and rural hospitals 
respectively, who were born within 24 hours of delivery were taken and recorded into the 



Anthropometric Measurements that Discriminate between Low and High Birth Weight Among the 
Urban and Rural Neonates in Kano State Nigeria 

 

Modibbo, M. H., Adebisi, S. S., Danborno, B., DUJOPAS 5 (2b): 185-192, 2019                                           187 

 

preformed proforma from November 2018 to May 2019. The neonatal parameters of BW, birth 
length (BL), foot length (FL), foot breadth (FB), thigh circumference (TC), hand length (HL), 
hand breadth (HB), neonatal arm circumference (NAC), chest circumference (CC) and head 
circumference (HC) were taken using standard techniques as described by Sharma et al. (1988). 
 
Statistical Analyses 
Data collected were expressed as mean ± standard deviation (SD). Tables and graphs were 
used in expressing the data. An independent sample t-test was used to determine the 
differences between the variables. The ROC curve was used to determine the cut off values of 
the measured neonatal anthropometric parameters that discriminate between low and high 
birth weight. Data analyses were carried out using IBM SPSS version 25.0 statistical software. 
P < 0.05 was considered statistically significant. 
 
RESULTS 
Table 1 highlighted the descriptive statistics of the anthropometric parameters among the 
neonates in the urban and rural areas in Kano State, Nigeria. Among the urban neonates, the 
mean BW and that of BL were found to be 3174.60 ± 508.30 and 48.69 ± 3.37. Similarly, the FL, 
FB, HL, and HB have mean values of 8.12 ± 0.67, 3.20 ± 0.41, 6.77 ± 0.54, and 3.44 ± 0.34. The 
thigh, neonatal arm, chest and the head circumferences were having mean values of 14.79 ± 
2.03, 10.97 ± 1.35, 30.25 ± 3.32 and 32.60 ± 3.44 respectively. Considering the rural neonates, 
the mean BW and BL were 2938.70 ± 429.80 and 513.51 ± 72.43. The FL (8.21 ± 0.63) have a 
higher mean value than HL (6.82 ± 0.47); similarly, the HB (3.42 ± 0.31) have a higher mean 
value than FB (3.12 ± 0.36). The thigh, neonatal arm, chest, and the head circumferences were 
14.76 ± 2.13, 11.06 ± 1.37, 29.75 ± 3.60 and 32.05 ± 3.82 respectively. 
 
Table 1: The Descriptive Statistics of the Anthropometric Parameters among the Neonates in 
Urban and Rural areas in Kano State Nigeria 

Variables (cm) 
 

Domicile n Mean ± SD Minimum Maximum 

Birth weight Urban 717 3174.60 ± 508.30 1800.00 4600.00 
 Rural 486 2938.70 ± 429.80 1900.00 4100.00 
Birth length Urban 717 48.69 ± 3.37 38.00 56.00 
 Rural 486 49.48 ± 3.26 40.00 56.00 
Foot length Urban 717 8.12 ± 0.67 6.00 9.80 
 Rural 486 8.21 ± 0.63 5.10 9.80 
Foot breadth Urban 717 3.20 ± 0.41 2.20 4.50 
 Rural 486 3.12 ± 0.36 2.20 4.50 
Thigh circumference Urban 717 14.79 ± 2.03 9.80 18.50 
 Rural 486 14.76 ± 2.13 9.80 18.50 
Hand length Urban 717 6.77 ±  0.54 5.50 8.50 
 Rural 486 6.82 ± 0.47 5.50 8.50 
Hand breadth Urban 717 3.44 ± 0.34 2.70 4.80 
 Rural 486 3.42 ± 0.31 2.70 4.50 
Neonatal arm 
circumference 

Urban 717 10.97 ± 1.35 7.00 13.70 

 Rural 486 11.06 ± 1.37 7.00 13.70 
Chest circumference Urban 717 30.25 ± 3.32 20.20 36.00 
 Rural 486 29.75 ± 3.60 20.20 36.00 
Head circumference Urban 717 32.60 ± 3.44 20.00 39.20 
 Rural 486 32.05 ± 3.82 20.00 39.20 
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Table 2 shows the cut off value (CV) that discriminate between low and high birth weight 
among the neonates in Kano state Nigeria. Among urban neonates, the TC (P < 0.001) is the 
best discriminator between the low and high birth weight having CV of 13.55 cm and covering 
area under the curve (AUC) of 78.20 %. This is followed by BL (CV = 46.65 cm, AUC = 78.10%), 
having a P value of < 0.001. The least discriminator is HC (P = 0.244) having a CV and AUC 
of 25.90 cm and 54.60 %. However, among the rural neonates, the best discriminator between 
the low and high birth weight is BL (CV = 43.10 cm, AUC = 78.40 %, P < 0.001) followed by 
TC (CV = 13.05 cm, AUC = 76.80 %, P < 0.001). The least discriminator is the HC (CV = 25.15 
cm, AUC = 45.50 %, P = 0.231). 
 
 
Table 2: The Cutoff Values that Discrimination between Low and High Birth weight Among 
the Urban and Rural Neonates in Kano State Nigeria 

Variables  
(cm) 

 

Domicile Cut off value 
(cm) 

AUC  
(%) 

Sensitivity 
(%) 

Specificity 
(%) 

P-value 

Birth length Urban 46.65 78.10 80.70 69.00 < 0.001 
 Rural 43.10 78.40 96.70 17.60 < 0.001 
Foot length Urban 7.65 77.80 83.50 62.10 < 0.001 
 Rural 7.65 72.50 89.50 48.50 < 0.001 
Foot breadth Urban 2.85 67.40 82.50 51.70 < 0.001 
 Rural 2.95 65.80 70.80 58.80 < 0.001 
Thigh 
circumference 

Urban 13.55 78.20 75.00 75.90 < 0.001 

 Rural 13.05 76.80 80.60 63.20 < 0.001 
Hand length Urban 6.55 73.70 67.10 74.10 < 0.001 
 Rural 6.45 69.40 82.80 54.40 < 0.001 
Hand breadth Urban 3.25 77.20 72.70 74.10 < 0.001 
 Rural 3.25 74.70 78.00 70.60 < 0.001 
Neonatal arm 
circumference 

Urban 8.55 70.10 94.50 37.90 < 0.001 

 Rural 11.35 67.90 49.30 77.90 < 0.001 
Chest 
circumference 

Urban 24.80 58.30 91.50 25.90 < 0.037 

 Rural 21.60 48.70 96.20 88.20 < 0.729 
Head 
circumference 

Urban 25.90 54.60 95.60 22.40 < 0.244 

 Rural 25.15 45.50 94.30 14.70 < 0.231 



Anthropometric Measurements that Discriminate between Low and High Birth Weight Among the 
Urban and Rural Neonates in Kano State Nigeria 

 

Modibbo, M. H., Adebisi, S. S., Danborno, B., DUJOPAS 5 (2b): 185-192, 2019                                           189 

 

 

Figure 1: Shows the cut off value that discriminate between low and high birth weight among 
the neonates in the urban area. Among the neonates, the TC (CV = 13.55cm, AUC = 78.20 %, 
P < 0.001) is the best discriminator between the low and high birth weight followed by the BL 
(CV = 46.65 cm, AUC = 78.10 %, P < 0.001). The least discriminator is the HC (CV = 25.90 cm, 
AUC = 54.60%, P = 0.244) 
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Figure 2: Shows the cut off value that discriminate between low and high birth weight among 
the neonates in the rural area. Among the neonates, the best discriminator between the low 
and high birth weight is BL (CV = 43.10 cm, AUC = 78.40 %, P < 0.001) followed by TC (CV = 
13.05 cm, AUC = 76.80 %, P < 0.001). The least discriminator is the HC (CV = 25.15 cm, AUC 
= 45.50 %, P = 0.231). 
 

DISCUSSION 
Anthropometric measurements were carried out on neonates from urban and rural areas 
separately to determine the discriminating variable against birth weight. In this study, among 
the urban neonates, the thigh circumference was found to be the best discriminator between 
the low and high birth weight, while the least discriminator was the head circumference. 
Similarly, among the rural neonate, the best discriminator was found to be the birth length, 
and the least discriminator in this group of neonates was the head circumference.  
 
Achebe et al. (2014) conducted a study in Nnewi, Southeast Nigeria, on neonates to determine 
the cut-off values of LBW. The study suggested that the maximum thigh circumference (16.75 
cm) was the best predictor of LBW. This is in line with the present study that found thigh 
circumference as the best discriminator between the low and high birth weight. Recently, 
Ndubuisi et al. (2018) conducted a prospective, cross-sectional, hospital-based study at the 
Maternity Unit, University of Nigeria Teaching Hospital, Enugu, involving newborn babies 
delivered in the unit. He found that the best discriminator for LBW is the chest circumference 
with a cut off value of ≤ 30 cm. In the present study, the best discriminator was the thigh 
circumference. This difference may be due to ethnic variations among the study groups.  
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Another study by Hadush et al. (2017) to determine the cut-off value of LBW in Ayder Referral 
hospital (ARH), located in Mekelle city, Tigray region, north Ethiopia, suggested that chest 
and head circumferences had a cut-off points 30.15 cm and 33.25 cm respectively and are the 
better surrogates for detecting LBW neonates. In this study, both chest and head 
circumferences were found to be the least discriminators between low and high birth weight. 
The variations may be due to the geographical and racial differences that may exist among 
the study population. Other studies by (Lawoyin, 1993; Ikenna, 2013; Ndu et al., 2014) all 
found different cut-off values that discriminate against low and high birth weight. The 
differences in the values may be due to ethical, geographical, or genetic variations among the 
various study population. 
 
CONCLUSION  
In this study, neonatal anthropometric parameters were used to determine the cut-off values 
that can discriminate against low and high birth weight babies among the urban and rural 
neonates in Kano State Nigeria. The birth length has the highest discriminating potentials (CV 
= 43.10 cm, AUC = 78.40 %, P < 0.001), the head circumference showed the least discriminating 
potentials (CV = 25.15 cm, AUC = 45.50 %, P = 0.231). 
 
ACKNOWLEDGEMENTS 
We fully acknowledged the participants and the Kano State Ministry of Health and the entire 
staff of the Maternity wards of the selected hospitals for the support given to us while carrying 
out the research. 
 

REFERENCES 
Achebe, C. U., Ugochukwu, E. F., Adogu, P. O. U. & Ubajaka, C. (2014). Prediction of low birth 

weight from other anthropometric parameters in Nnewi, southeastern Nigeria. 
Nigerian Journal of Paediatrics, 41(1): 59 – 63. 

Chandrashekar, T. S., Neena, C., Rajkumar, P., Dela, S. & Brishna, S. (2008). Anthropometric 
Surrogates to identify low birth weight Nepalese newborns: a hospital-based study. 
BioMed Central Pediatrics, 8: 16 doi: 10.1186/1471-2431-8-16. 

Cnattingius, S., Villamor, E., Lagerros, Y. T., Wikstrom, A. K. & Granath, F. (2012). High birth 
weight and obesity–a vicious circle across generations. International Journal of 
Obstetrics and Gynaecology, 36: 1320 – 1324. 

Hill, M. A. (2018). Embryology. Birth weight, Retrieved from 
https://embryology.med.unsw.edu.au/embryology/index.php/Birth_Weight 

Hadush, M. Y., Berhe, A. H. & Medhanyie, A. A. (2017). Foot length, chest and head 
circumference measurements in detection of low birth weight neonates in Mekelle, 
Ethiopia: a hospital based cross sectional study. BMC Pediatric 17: 111 
doi:10.1186/s12887-017-0866-0 

Ikenna, A., Ebelechuku., F. U., Pou, A. & Chika, F. U. (2013). Prediction of low birth weight 
from other anthropometric parameters in Nnewi, south eastern Nigeria. Nigerian 
Journal of Paediatrics, 41(1): 59 DOI: 10.4314/njp.v41i1.11 

Lawn, J.E., Kerber, K., Enweronu-Laryea, C. & Massee, B. O. (2009). Newborn survival in low 
resource settings–are we delivering? British Journal of Obstetrics & Gynaecology: an 
International Journal of Obstetrics and Gynaecology 116 (1): 49 – 59 doi: 10.1111/j.1471-
0528.2009.02328.x  

Lawn, J.E., Kerber, K., Enweronu-Laryea, C. & Cousens, S. (2010). 3.6 million neonatal 
deaths—what is progressing and what is not? Seminars in Perinatology Journal, 34 (6): 
371 – 86 doi: 10.1053/j.semperi.2010.09.011 

https://www.researchgate.net/journal/0302-4660_Nigerian_journal_of_paediatrics
https://www.researchgate.net/journal/0302-4660_Nigerian_journal_of_paediatrics


Anthropometric Measurements that Discriminate between Low and High Birth Weight Among the 
Urban and Rural Neonates in Kano State Nigeria 

 

Modibbo, M. H., Adebisi, S. S., Danborno, B., DUJOPAS 5 (2b): 185-192, 2019                                           192 

 

Lawoyin, T. O. (1993). A prospective study of some factors which influence the delivery of 
large babies. Journal of Tropical Medicine and Hygiene, 96: 352 – 356.  

MacDonald, P.D., Ross, S.R.M., Grant, L. & Young, D. (2003). Neonatal weight loss in breast 
and formula-fed infants. Archives of Disease in Childhood-Foetal and Neonatal Edition, 88: 

(6) 472 – 476. 
Marchant, T., Jaribu, J., Penfold, S., Tanner, M. & Armstrong, S. J. (2010). Measuring newborn 

foot length to identify small babies in need of extra care: a cross-sectional hospital-
based study with community follow-up in Tanzania. Biomedical Center Public Health 
10: 624 DOI: 10.1186/1471-2458-10-624.  

Ndu, I. K.., Ibeziako, S. N., Obidike, E. O., Adimora, G. N., Edelu, B. O., Chinawa, J. M. & … 
Uleanya, N. D. (2014). Chest and occipito-frontal circumference measurements in 
the detection of low birth weight among Nigerian newborns of Igbo ethnicity. 
Journal of Pediatric, 40: 81. https://doi.org/10.1186/s13052-014-0081-7 

Ndubuisi, K. C., Huldah, I. N. & Gilbert, N. A. (2018). Use of a Simple Anthropometric 
Measurement to Identify Low-Birth-Weight Infants in Enugu, Nigeria. Global Pediatric 
Health, 5: 2333794X18788174. doi: 10.1177/2333794X18788174 

Olu, D. S. (2005). The birth weight of Nigerian babies. Journal of Tropical Pediatrics, 41: 140 – 
141. 

O'Neill, K. A., Murphy, M. F., Bunch, K. J., Puumala, S. E., Carozza, S. E., Chow, E. J.… & 
Vincent, T. J. (2015). Infant birth weight and risk of childhood cancer: international 
population-based case-control studies of 40 000 cases. International Journal of 
Epidemiology, 44: 153 – 168. 

Patrick, J. H., Thomas, L. & Margaret, S. P. (2004). Time‐dependent ROC curves for censored 
survival data and a diagnostic marker. Journal of the International Biometric Society, 
https://doi.org/10.1111/j.0006-341X.2000.00337.x 

Rossi, C. E. & Vasconcelos, F. A. G. (2010). Birth weight and obesity in children and 
adolescents: a systematic review. Brazilian Journal of Epidemiology, 13(2): 1 – 13. 

Sharma, J. N., Saxena, S. & Sharma, U. (1988). Relationship between birth weight and other 
neonatal anthropometric parameters.  Indian Journal of Paediatrics, 25: 244 – 248. 

Szostak-Wegierek, D. & Szamotulska, K. (2011). Fetal development and risk of cardiovascular 
diseases and diabetes type 2 in adult life. Medycyna Wieku Rozwojowego journal, 15: 203 
– 215. 

Wall, S. N., Lee, A.C., Carlo, W., Goldenberg, R. & Niermeyer, S. (2010). Reducing 
intrapartum-related neonatal deaths in low- and middle-income countries-what 
works? Seminars in Perinatology Journal, 34 (6): 395 – 407 doi: 
10.1053/j.semperi.2010.09.009 

WHOSIS (2011). World Health Organization Statistical Information System. Retrieved from 
http//www.who.int/whosis/indicators/compendium/2008/2bwn/index.html 

Zimmermann, E., Berentzen, T. L., Gamborg, M., Sorensen, T. I. & Baker, J. L. (2015). Sex-
specific associations between birth weight and adult primary liver cancer in a large 
cohort of Danish children. International Journal of Cancer, 138: 1410 – 1415.  

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chukwudi%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=30038954
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nwokeukwu%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=30038954
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adimorah%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=30038954
https://doi.org/10.1111/j.0006-341X.2000.00337.x

