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INTRODUCTION AND REVIEW OF LITERATURE :
Metabolic bone disease of prematurity is a multifactorial condition 
characterized by a reduction in bone mineral density involving chiey 
nutritional but also biochemical and hormonal factors. This is a 
relatively common complication among preterm infants, especially in 
those born before completing 28 weeks of gestation or those with 
extremely low birth weight (<1000 gms).These infants are 
prematurely deprived of calcium and phosphorus.Exact incidence of 
metabolic bone disease is unknown but it has estimated to effect 
approximately 23% of VLBW (<1500 gms)and 55% of ELBW (<1000 
gms).Risk factors  are prematurity, low birth weight, prolonged use of 
parenteral nutrition, lack of mechanical stimulation, certain drugs like 
diuretics and corticosteroids, caffeine, immobilization. Since much of 
the calcium and phosphorous accretion in utero happens during the 
Third trimester, preterm infants are often deprived of these elements 
that are needed for optimal bone health.

Caffeine is the most commonly consumed pharmacologically active 
compound in the world [2]. In the neonatal intensive care units 
(NICU), it is one of the most commonly prescribed drugs to treat 
Apnea of prematurity [3]. The half-life in neonates is 72–96 h (range: 
40–230 hrs) and the time to peak serum concentration after oral 
administration ranges from 30 min to 2 h, whereas 86% of caffeine is 
excreted unchanged in urine [4]. The liver enzymes responsible for 
caffeine metabolism mature progressively with increasing Gestational 
age.

For treating Apnea of prematurity  the recommended loading dose of 
caffeine citrate is 20 mg/kg, followed by a maintenance dose of 5 to 10 
mg/kg/day [1]. In addition, caffeine increases minute ventilation, 
improves carbon dioxide sensitivity, and prevents diaphragmatic 
fatigue by enhancing its activity [2]. Caffeine therapy for Apnea of 
prematurity has also been shown to reduce the rate of 
bronchopulmonary dysplasia and improves the rate of survival of very 
low birth weight (VLBW) infants without neurodevelopmental 
disability at 18–21 months [3, 4].

METHODS :
This study was conducted at Rajarajeswari Medical College and 
hospital ,neonatal intensive care unit in Department of Paediatrics 
,Banglore, Karnataka .

STUDY DESIGN AND SUBJECTS :
The study was prospective observational study in less 34 weeks of 

gestation preterm infants admitted to NICU  to Rajarajeswari Medical 
and hospital -a teritary care hospital 35 preterm neonates less than 34 
weeks were included in the study weeks of gestation and  excludes who 
are having major congenital anamolies ,congenital bone diseases 
,babies more than 34 weeks and parents of neonates not given consent.

METHODOLOGY AND STATISTICAL ANALYSIS:
Method of Collection of Data Cases was  selected based on inclusion 
criteria and exclusion criteria Detailed clinical examination and 
physical ndings will be recorded on pre designed proforma after 
taking informed consent.

Procedure: All eligible neonates were consecutively enrolled in the 
study after taking informed consent from the parents. Baseline 
demographics including maternal history in detail including antenatal 
steroids taken during pregnancy and gestational age ,birth weight 
,small for gestational age, gender and perinatal characteristics 
including place of delivery ,mode of delivery .APGAR score at 1 and 5 
,babies requiring CPAP and ventilation ,time of initiation of feeds and 
time to reach full feeds  and duration of caffeine ,comorbidities were 
collected .Birth weight was recorded by digital weighing machine 
.Gestational age assessed by LMP ,rst trimester ultrasound  and by 
modied new ballard scoring .  Around 4 weeks of life 1 ml of Blood 
was collected in micro vacutainer under aseptic conditions and 
following investigations were done – serum Calcium, serum 
phosphorus, serum Alkaline phosphatase ,urine calcium : creatinine 
ratio.  Urine sample is collected in urobag . Serum calcium and 
phosphorous is processed in Beckman coulter au480 . Serum alkaline 
phosphatase is processed by International federation of clinical 
chemistry. . All data was examined and entered in to Microsoft excel 
worksheet.  Descriptive and inferential statistics was  used as required 
.The data was analysed using Microsoft excel and SPSS (statistical 
package for social sciences) software.

RESULTS :
Table 1: Correlation Of Lab. Parameters With MBD
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ABSTRACT
Background: Caffeine is the most commonly consumed pharmacologically active compound in the world. In the neonatal intensive care units 
(NICU), it is one of the most commonly prescribed drugs to treat Apnea of prematurity. Caffeine, the most commonly used medication in Neonatal 
Intensive Care Units, has calciuric and osteoclastogenic effects.  Our study aims to determine the association between Aims And Objectives:
duration of therapy of caffeine and metabolic bone disease in less than 34 weeks of gestation .  All preterm babies(< 34 weeks) Inclusion Criteria:
Exclusion Criteria:  Methods: Neonates with major congenital anomalies and congenital bone diseases, babies >34 weeks.  To determine the 
association between the  duration of therapy of caffeine and metabolic bone disease, a prospective observational study  was conducted including 
premature neonates less than 34 weeks . Metabolic Bone Disease was evaluated  by using Biochemical parameters like calcium ,phosphorous 
,ALP, calcium :  creatinine ratio at 4 weeks of postnatal period .   The prospective observational study included   35 infants. 5.7 % had  Results:
metabolic bone disease.  caffeine therapy showed a  association with metabolic bone disease.  The  duration of therapy of caffeine Conclusion:
associated with metabolic bone disease and lesser the gestational age ,requirement of caffeine for longer duration  in  this group of study and . 
Future studies are needed to conrm these ndings and determine the lowest dose of caffeine needed to treat effectively apnea of prematurity.
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MBD CA P ALP URINE 
CA:CRE
ATININE 
RATIO

No Mean 9.600 4.727 351.82 .6906
N 33 33 33 33
Std. 
Deviation

.9814 .4913 154.380 .24043

80 International Journal of Scientific Research



Volume - 12 | Issue - 01 | January - 2023

In present study cases with MBD had lower levels of calcium. 
Phosphorous, ALP and urinary calcium : creatinine ratio is with in the 
normal  values.

Figure 1: Calcium Values And MBD

Table 2 : Distribution Of Study Participants On MBD Incidence:

In our study out of 35 neonates 2 neonates has metabolic bone disease 
based on the laboratory parameters .The incidence of Metabolic Bone 
Disease is 5.7% in our study group.

Figure 2: Distribution Of Study Participants On MBD Prevalence:

Table 3 : MBD With History Of Caffeine Usage

Figure3: Mean and SD among caffeine usage and MBD

Out of 35 neonates , neonates with MBD , Caffeine usage with mean 
duration of 37.5 days when compared to others without MBD with 
mean duration of 15.79 days. These differences in values are 
statistically signicant.

Table 4 : Correlation Between Caffine And Gestational Age

The mean duration of caffeine usage  was higher among  neonates who 
were born less than 28 weeks compared to  neonates who  were born  
between 28-32 weeks and 32-34 weeks. This difference was found to 
be statistically signicant.

Figure -4 Mean And Sd Among Cafne And Gestational Age :

DISCUSSION:
 Although the overall survival of extreme low birth weight infants has 
improved over the past 2 decades, these infants continue to have 
signicant comorbidities. The incidence of metabolic bone disease in 
our study is  reduced compared to other studies but metabolic bone 
disease  remains a signicant comorbidity in extreme low birth weight 
infants and puts them at increased risk for spontaneous fractures during 
the NICU stay. Our results are consistent with this concept, the 
younger and smaller the babies, the higher the incidence of metabolic 
bone disease. The results of this study revealed a association  between 
caffeine treatment and the presence of metabolic bone disease. Despite 
caffeine's effect on treating apnea of prematurity with favorable long-
term outcomes [16]. The results show that the adverse effect of caffeine 
is more evident in lower gestational age infants, which may be 
explained by the prolonged half-life of caffeine in their bodies due to 
diminished kidney abilities to eliminate the caffeine. Furthermore, 
extreme preterm infants have immature liver enzymes and are unable 
to catabolize caffeine leading to a prolonged effect causing calciuria 
and osteoclastogenesis [7, 19].

In other studies like Ebtihal Ali1 study there was a strong association 
between caffeine duration and dose and metabolic bone disease.

In our study we found that lesser the  gestational age of the neonate ,the 
requirement of caffeine duration is more . Although Backström et al. 
suggested that serum phosphate levels lower than 1.8 mmol/L (5.5 
mg/dl) may have a diagnostic sensitivity of 100% and specicity of 
70% for metabolic bone disease [23], in our study, serum phosphate 
did not show a statistically signicant correlation with metabolic bone 
disease.

CONCLUSION :
We conclude that caffeine has association with metabolic bone disease. 
Therefore despite the benecial effect of caffeine on treating apnea of 
prematurity ,caffeine has its osteoclastogenic   effects on bone mineral 
density . The effects of caffeine are more evident in less than 28 weeks  
gestational age neonates . The  limitation of the study  is the small 
sample size and done in a single centre .
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Yes Mean 8.250 3.900 466.50 .1450
N 2 2 2 2
Std. 
Deviation

.0707 .1414 14.849 .00707

Total Mean 9.523 4.680 358.37 .6594
N 35 35 35 35
Std. 
Deviation

1.0038 .5155 152.208 .26630

P value 0.041 5.498 1.073 10.014

MBD Frequency Percent
YES 2 5.7
NO 33 94.3

MBD CAFFEINE
YES MEAN 37.50

N 2
S. D 10.607

NO MEAN 15.79
N 29
S. D 10.269

Total MEAN 17.19
N 31
S. D 11.470

P VALUE 0.007

GESTATIO
NAL AGE

CAFFEINE  P VALUE
N MEAN STD. 

DEVIATION
< 28 weeks 5 28.20 15.959 0.004
28-32 weeks 19 15.33 7.063
32-34 weeks 11 11.00 2.726
Total 35 16.29 9.778

International Journal of Scientific Research 81



3. Erenberg A, Leff RD, Haack DG, Mosdell KW, Hicks GM, Wynne BA. Caffeine citrate 
for the treatment of apnea of prematurity: a double-blind, placebocontrolled study. 
Pharmacotherapy. 2000;20(6):644–52.

4. Natarajan G, Botica ML, Thomas R, Aranda JV. Therapeutic drug monitoring for 
caffeine in preterm neonates: an unnecessary exercise? Pediatrics. 2007; 
119(5):936–40. 

5. Fredholm BB, Battig K, Holmen J, Nehlig A, Zvartau EE. Actions of caffeine in the brain 
with special reference to factors that contribute to its widespread use. Pharmacol Rev. 
1999;51(1):83–133. 

6. Charles BG, Townsend SR, Steer PA, Flenady VJ, Gray PH, Shearman A. Caffeine 
citrate treatment for extremely premature infants with apnea: population 
pharmacokinetics, absolute bioavailability, and implications for therapeutic drug 
monitoring. Ther Drug Monit. 2008;30(6):709–16. 

7. Glajchen N, Ismail F, Epstein S, Jowell P, Fallon M. The effect of chronic caffeine 
administration on serum markers of bone mineral metabolism and bone 
histomorphometry in the rat. Calcif Tissue Int. 1988;43(5):277–80. 

8. Yeh JK, Aloia JF, Semla HM, Chen SY. Inuence of injected caffeine on the metabolism 
of calcium and the retention and excretion of sodium, potassium, phosphorus, 
magnesium, zinc and copper in rats. J Nutr. 1986; 116(2):273–80. 

9. Zanardo V, Dani C, Trevisanuto D, Meneghetti S, Guglielmi A, Zacchello G, Cantarutti 
F. Methylxanthines increase renal calcium excretion in preterm infants. Biol Neonate. 
1995;68(3):169–74.

10. Bergman EA, Massey LK, Wise KJ, Sherrard DJ. Effects of dietary caffeine on renal 
handling of minerals in adult women. Life Sci. 1990;47(6):557–64.

11. Harvey NC, Javaid MK, Arden NK, Poole JR, Crozier SR, Robinson SM, Inskip HM, 
Godfrey KM, Dennison EM, Cooper C. Maternal predictors of neonatal bone size and 
geometry: the Southampton Women's survey. J Dev Orig Health Dis. 2010;1(1):35–41. 

12. Bosley AR, Verrier-Jones ER, Campbell MJ. Aetiological factors in rickets of 
prematurity. Arch Dis Child. 1980;55(9):683–6. 

13. Blackman NJM, Koval JJ. Interval estimation for Cohen's kappa as a measure of 
agreement. Stat Med. 2000;19(5):723–41. 

14. Koo WW, Gupta JM, Nayanar VV, Wilkinson M, Posen S. Skeletal changes in preterm 
infants. Arch Dis Child. 1982;57(6):447–52.

15. d Monte Carlo EM algorithm. Journal of the Royal Statistical Society Series B, 
Statistical Methodology. 1999:265–85. 

16. Ofek-Shlomai N, Berger I. Inammatory injury to the neonatal brain - what can we do? 
Front Pediatr. 2014;2:30. 

17. Viswanathan S, Khasawneh W, McNelis K, Dykstra C, Amstadt R, Super DM, Groh-
Wargo S, Kumar D. Metabolic bone disease: a continued challenge in extremely low 
birth weight infants. JPEN J Parenter Enteral Nutr. 2014;38(8): 982–90

18. Schneider PE, Miller HI, Nakamoto T. Effects of caffeine intake during gestation and 
lactation on bones of young growing rats. Res Exp Med (Berl). 1990;190(2):131–6.

19. Littner Y, Mandel D, Mimouni FB, Dollberg S. Bone ultrasound velocity curves of 
newly born term and preterm infants. J Pediatr Endocrinol Metab. 2003;16(1):43–7. 

20. Aly H, Moustafa MF, Amer HA, Hassanein S, Keeves C, Patel K. Gestational age, sex 
and maternal parity correlate with bone turnover in premature infants. Pediatr Res. 
2005;57(5 Pt 1):708–11

21. Namgung R, Tsang RC. Factors affecting newborn bone mineral content: in utero effects 
on newborn bone mineralization. Proc Nutr Soc. 2000;59(1):55–63.

22. Pereira-da-Silva L, Costa A, Pereira L, Filipe A, Virella D, Leal E, Moreira A, Rosa M, 
Mendes L, Serelha M. Early high calcium and phosphorus intake by parenteral nutrition 
prevents short-term bone strength decline in preterm infants. J Pediatr Gastroenterol 
Nutr. 2011;52(2):203–9. 

23. Backstrom MC, Kouri T, Kuusela AL, Sievanen H, Koivisto AM, Ikonen RS, Maki M. 
Bone isoenzyme of serum alkaline phosphatase and serum inorganic phosphate in 
metabolic bone disease of prematurity. Acta paediatrica (Oslo, Norway : 1992). 
2000;89(7):867–73. 

24. YesiltepeMutlu G, Kirmizibekmez H, Ozsu E, Er I, Hatun S. Metabolic bone disease of 
prematurity: report of four cases. J Clin Res Pediatr Endocrinol. 2014;6(2):111–5.

25. Hellstern G, Poschl J, Linderkamp O. Renal phosphate handling of premature infants of 
23-25 weeks gestational age. Pediatr Nephrol. 2003; 18(8):756–8. 

26. Ghannam NN, Hammami MM, Bakheet SM, Khan BA. Bone mineral density of the 
spine and femur in healthy Saudi females: relation to vitamin D status, pregnancy, and 
lactation. Calcif Tissue Int. 1999;65(1):23–8

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 01 | January - 2023

82 International Journal of Scientific Research


