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ABSTRACT 
 

Background and Aim: The influence of pregnancy on pulmonary function is well documented. 
However, the parity of the woman is usually not taken into consideration in studying pulmonary 
function in pregnancy. This study aimed to assess lung function pattern in all trimesters of 
pregnancy as parity increases. 
Study Design: A longitudinal study. 
Place and Duration of Study: St Philomena Catholic Hospital, Nigeria between October 2013 and 
October 2014. 
Materials and Methods: The study consists of recording chest circumference, Forced Vital 
Capacity (FVC) and Forced Expiratory Volume in one sec (FEV1) in five groups of female subjects 
with the Primigravida as control, Nullipara, Primipara, Para 2 and Para 3 pregnant women at 
various trimesters i.e., 13

th
 week, 24

th
 week and 36

th
 week using a tape rule and computerized 

Spirometer [19] (Spirolab II Italy) respectively. Each group had 40 subjects making a total of 200 
subjects for the study. 
Results: The study revealed that there was a concomitant increase in FVC and FEV1 as parity 
increases. FVC and FEV1 were significantly increased (p< 0.001) in Para 3 when compared to the 
primigravid control subjects.  
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Discussion: The observed improvement in pulmonary function may be due to a progressive 
increase in the transverse diameter of the chest from a widened subcostal angle. Again, the lumbar 
lordosis of pregnancy, which is higher in para 3, can explain the increase in chest wall compliance 
and pulmonary function.  
Conclusion: Increased parity favorably affects pulmonary function. 
 

 
Keywords: FVC; FEV1; spirometry; parity; pregnancy. 

 
1. INTRODUCTION 
 

Pregnancy is generally a sexually transmitted 
condition of having a developing fetus [1]. This 
special state is coupled with physiologic 
adaptations to care for feto-maternal well-being. 
The adaptations traverse the respiratory system 
and others such as the cardiovascular, renal and 
endocrine systems [2-4]. The respiratory function 
can readily be assessed by the use of a 
Spirometer which measures Forced Vital 
Capacity (FVC), Forced Expiratory Volume in the 
first second (FEV1), FEV1/FVC ratio etc. A 
spirometer is one of the non-invasive tools used 
for the study of pulmonary function in humans. Its 
portability and non-invasiveness ensures co-
operation by subjects and thus makes it a 
veritable tool in assessing lung function. Forced 
Vital Capacity (FVC), is the largest volume of air 
that can be expired after a maximal inspiratory 
effort while the fraction of the vital capacity 
expired during the first second of a forced 
expiration is referred to as FEV1 [5]. However, of 
the total amount of air that can be blown out in 
one breath the proportion that can be blown out 
in one second constitute the FEV1/FVC ratio [6]. 
The effect of the pregnancy on the respiratory 
system is well documented; however, there have 
been divergent views on findings. For instance, 
the hormonal changes of pregnancy associated 
with progressive increase in abdominal volume 
might have mechanical impact on respiratory 
function [7]. On the contrary, during pregnancy 
the increase in the transverse diameter of the 
chest, resulting from widened subcostal angle, 
opposes the effect of the enlarging pregnant 
uterus and elevated diaphragm, maintaining an 
altered pulmonary function during pregnancy [8]. 
Vital capacity has also been reported to be 
minimally increased, decreased or unchanged 
during pregnancy [9-13]. In addition to 
pregnancy, other physiologic parameters such as 
age, sex, weight and height have also been 
documented to affect pulmonary function [14-16]. 
There have also been reports that race affects 
peak expiratory flow rate (PEFR) such that non-

western women show a decrease in peak 
expiratory flow rate [17] and western women did 
not show reduced PEFR during pregnancy. 
Pregnancy is associated with an increase in 
serum concentration of progesterone and 
progesterone improves pulmonary function. The 
cumulative effect of the intermittent exposure of a 
woman to high levels of progesterone during 
pregnancy, the progressive expansion of the 
transverse diameter of the thoracic cage and the 
attendant laxity of the anterior abdominal wall 
muscles may have effect on the pulmonary 
function. However, most of the studies done on 
pulmonary function in pregnancy did not take into 
cognizance the parity of the pregnant woman. 
Parity is the number of a pregnancy a woman 
has carried to the age of viability i.e. 24 weeks 
[18]. Thus a primigravida is a woman who is 
getting pregnant for the first time and a 
nulliparous woman is one who has been 
pregnant one or more times but the pregnancy 
did not get to the age of viability. A primipara is 
one who has delivered once while para2 and 
para 3 women are those that have delivered 
twice or thrice respectively. The anatomical and 
hormonal changes associated with increasing 
parity may affect pulmonary function. Thus, the 
reason for the divergent views in pulmonary 
function in pregnancy may be due to the effect of 
parity. This study is therefore aimed at assessing 
lung function patterns in all trimesters of 
pregnancy as parity increases. 
 

2. MATERIALS AND METHODS 

 
This longitudinal study involves the recording of 
chest circumference, FVC and FEV1 in six 
groups of female subjects including non-pregnant 
control, Primigravida, Nullipara, Primipara, Para2 
and Para3 pregnant women at various trimesters 
i.e., 13th week, 24th week and 36th week using a 
tape rule and computerized Spirometer [19] 
(Spirolab II Italy) respectively. Ethical clearance 
was obtained from the ethics and collaboration 
committee of St. Philomena Catholic Hospital. 
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2.1 Sample Size 
 

N = 2 (zα + zβ)
2
; for α = .05, zα = 1.96;  

            (δ/σ) 
2
 

for β = .20; zβ =0.84. 
 
Hence (zα + zβ) 2 = (1.96+0.84)2 = 7.84 ≈8/0.52 
= 32 [20] 
 

However, some subjects who enrolled in the 
study may drop out due to study protocol and 
other reasons. To deal with this, 25% more 
subjects that the sample size accounted for were 
enrolled. This now amounted to 40 subjects in 
each group. The groups were non-pregnant 
Control, Primigravida, Nullipara, Primipara, 
Para2 and Para 3. 
 

Subjects with at least one of the following; history 
of cardiopulmonary disease, recent abdominal or 
chest surgery, recent eye surgery, chest pain or 
recent heart attack, past history of smoking, any 
obstetric complication e.g. placenta previa or a 
co-existing fibroid, bad obstetric history, history 
of hemorrhoids, pregnancy from assisted 
reproductive technique, hemoglobin 
concentration less than 10 mg/dl and previous 
history of caesarean section was disqualified 
from the study. 
 

2.2 Measurement of Chest Circumference 
 
The widest diameter of the chest was measured 
with the aid of a tape rule. 
 

2.3 Measurement of Forced Vital Capacity 
FVC and Forced Expiratory Volume in 
one second (FEV1) 

 
The test was done after informed consent was 
obtained from the subjects. Each subject in the 
sitting position was instructed on the need to put 
maximum effort at blowing into the digital 
Spirometer [19] (Spiro Lab II, Italy). The subjects 
were asked to hold the mouthpiece around the 
opening of the mouth in such a way that the 
mouth completely goes tightly around the 
opening of the mouth piece to prevent leakage of 
air. Subjects were then asked to inspire 
maximally and then expire forcibly at once 
through the mouthpiece into the spirometer. 
Each subject was to have three trials. Values for 
each subject were recorded from the screen as 
the highest of the three. Test results were given 
as measured values in liters using American 
Thoracic Society Standardization of Spirometry 
[21]. 

2.4 Statistical Analysis of Results 
 
Results were presented as mean  standard 

deviation and line graphs using the Micro Soft 
Excel 2007 and statistical analysis was done 
using the paired t test. Values of p<0.05 were 
considered significant. 
 
3. RESULTS 
 
For the group 1 (Primigravida), all the 40 
subjects that started the study were available 
throughout the three trimesters. For the group 2 
(Nullipara), all 40 subjects sampled were 
maintained from first trimester till the third 
trimester. For the group 3 (Primipara), the 40 
subjects sampled were also maintained from the 
first trimester till the third trimester. For the group 
4 (Para2), of the 40 subjects that started the 
study in the first trimester, 34 subjects were 
available in the second trimester. Of the 6 
subjects that subjects that were not available, 3 
subjects declined as per study protocol while 3 
subjects stopped attending antenatal in St 
Philomena’s Catholic Hospital. At third trimester 
for this group, 33 subjects were available for the 
study; one had an indication for a caesarean 
section. For the group 5 (Para3), of the 40 
subjects studied in the first trimester, 26 subjects 
were available in the second trimester, the 
remaining 14 of the subjects stopped attending 
antenatal clinic in St Philomena’s Catholic 
Hospital. In the third trimester, only 23 subjects 
were available for the study, the remaining 3 
subjects declined because of study protocol. The 
bio-anthropometric data of the subjects are 
presented in Tables 1 and 2. 
 

Table 1. Age and height for control and 
various parities 

 
Parity Age in 

years 
Height in 
meters 

Primigravida (n=40) 
(Control )           

24.12±1.78 1.61±0.06 

Nullipara  (n=40) 24.28±1.84 1.59±0.01 
Primipara  (n=40) 25.61±2.75 1.61±0.04 
Para2 (n=40) 26.03±3.11 1.60±0.05 
Para 3 (n=40) 29.86±3.65 1.61± 0.07 
 
4. DISCUSSION 
 
A well-adapted maternal pulmonary function is 
essential for the feto-maternal wellbeing and the 
overall outcome of the high metabolic state of 
pregnancy. The adaptive changes in respiratory 
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physiology are due to increasing size of the fetus 
with advancing gestation which contributes a 
mechanical impediment to normal process of 
ventilation [22]. This mechanical impediment is 
marginal at the beginning of pregnancy and 
gradually becomes remarkable as pregnancy 
advanced [23]. In their study they noted that the 
non-pregnant control Forced Vital Capacity 
(FVC) was significantly higher than the first, 

second and third trimester values due to the 
impedance effect of the enlarging uterus and 
engorgement of the upper respiratory tract. To 
further strengthen this, a study reported that a 
reduction in FVC is due to the restrictive effect of 
the enlarging uterus, relative mobility of the 
thoracic cage and unimpaired diaphragmatic 
movement of the non-pregnant control subjects 
[17]. 

 

Table 2. Chest circumference (centimeters) in various parities and trimesters of pregnancy 
 

 Parity 1
st

 Trimester 2
nd

 Trimester 3
rd

 Trimester 
CCPG(control) 

 

t value 

p value 

n=40 
89.11±8.12 
0.8239 
p>0.05 

n=40 
91.08±4.12 
2.431 
p>0.05 

n=40 
93.06±2.89 
4.046 
P<0.001 

CCNP 

 

t value 

p value 

n=40 
87.13±7.89 
1.953 
p>0.05 

n=40 
88.10±4.01 
1.001 
p>0.05 

n=40 
90.08±2.78 
0.9420 
p>0.05 

CCPP 

 

t value 

p value 

n=40 
93.07±7.97 
1.66 
p>0.05 

n=40 
95.01±4.11 
3.270 
P<0.05 

n=40 
97.09±2.43 
4.997 
P<0.001 

CCP2 

 

t value 

p value 

n=40 
91.05±7.89 
7.22 
P<0.001 

n=34 
93.01±4.09 
5.414 
P<0.001 

n=33 
95.12±2.79 
3.760 
P<0.01 

CCP3 

 

t value 

p value 

n=40 
105.09±7.85 
6.133 
P<0.001 

n=26 
108.03±4.12 
3.448 
P<0.01 

n=23 
111.11±2.88 
1.307 
p>0.05 

CC: Chest Circumference, PG:Primigravida, NP:Nullipara, PP:Primipara, P2: Para 2, P3: Para 3 
 

 
 

Fig. 1. FVC pattern in the first trimester of pregnancy for primigravid control and other parites 
The FVC was significantly higher (p<0.001) in para3 when compared Primigravida. The FVC was essentially 

same in the Primigravida and Nullipara, it however gradually increased as the parity increased 
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Fig. 2. FVC patterns in the second trimester of pregnancy for primigravid control and other 
parites 

The FVC was significantly higher (p<0.001) in para3 when compared to Primigravida. The FVC in the second 
trimester was same in Primigravida and Nulliparous but increased in a linear fashion as parity increased 

 
However, the factors for these reductions are not 
likely to traverse all parities with the same effect. 
For instance the impaired diaphragmatic 
movement and the relative immobility of the 
thoracic cage are more likely to have effect on 
the primigravida and the nulliparous subjects. 
This is so because these groups of subjects are 
likely to have tense anterior abdominal wall and a 
less compliant thoracic cage because they have 
not been previously exposed to the stretch of the 
anterior abdominal wall muscle. This study 
corroborates this assertion as there was a direct 
relationship between the pulmonary function and 
the parity. Para 3 subjects which was the highest 
parity considered in this study had the highest 
FVC and FEV1 and primigravida had the lowest 
FVC and FEV1. It was also observed in the study 
that the FVC and FEV1 for the nulliparous and 
primigravid subjects were essentially the same. 
This strengthens the fact that improved 
pulmonary function is traceable to increasing 
parity. In another study, the FVC% was found to 
be significantly higher in parous compared with 
the primigravida women, suggesting that the 
changes in FVC occurring during pregnancy 
persist post-partum [24]. An epidemiologic study 
raised the possibility that pregnancy may induce 
changes in the lung that improve airway function 

and persist throughout life [25]. The hormonal 
activity of pregnancy may have cumulative 
structural changes in the thoracic width of higher 
parities which compensates for the rise in the 
level of diaphragm occurring as a result of the 
enlarging uterus [26-27].

 
Progressive relaxation 

of the ligamentous attachments of the ribs [28-
29] cause the subcostal angle of the ribcage to 
increase from 68º to 103º in early pregnancy 
before the uterus is substantially enlarged. This 
progressive relaxation is potentiated in each 
pregnancy hence the improved pulmonary 
function in the higher parity. The high serum 
progesterone level in each pregnancy also brings 
about the relaxation of smooth muscles [30] and 
increases β-adrenergic activity [31] with an 
overall improvement on pulmonary function. The 
irritability effect of estrogen on the respiratory 
center synergizes with progesterone to cause 
hyperventilation. Consequently there is increase 
in the activity and pressure effect of the 
abdominal muscles [32-34]. Thus the increase in 
lung function parameters during pregnancy is 
traceable to high serum concentration of 
estrogen and progesterone [35-38]. Furthermore, 
the production of bronchodilators steroids which 
improves pulmonary function is increased during 
pregnancy [39]. The functional anatomy of 
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lumbar lordosis is less likely to induce thoracic 
kyphosis, thus giving the rib greater room to 

expand during inspiration [40]. Lumbar lordosis is 
a common finding in higher order pregnancy. 

 

 
 

Fig. 3. FVC pattern in the third trimester of pregnancy for primigravid control and other parites 
The FVC was significantly higher (p<0.001) in para3 when compared to Primigravida. The FVC in the third 
trimester of pregnancy was same in both the Primigravid group of women and the nulliparous group and 

increased linearly till Para 2 with an upward stroke to Para 3 
 

 
 

Fig. 4. FEV1 patterns in the first trimester of pregnancy for primigravid control and  
other parites 

The FEV1 was significantly higher (p<0.001) in para3 when compared to Primigravida. The FEV1 in the 
Primigravida and Nulliparous groups were essentially the same, however it increased as parity advanced 
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Fig. 5. FEV1 patterns in the second trimester of Pregnancy for primigravid control and  
other parites 

The FEV1 was significantly higher (p<0.001) in para3 when compared to Primigravida. The FEV1 in Primigravida 
was essentially same as that of the Nulliparous subjects but increased in a linear fashion as parity increased 

 

 
 

Fig. 6. FEV1 patterns in the third Trimester of Pregnancy for primigravid control and  
other parites 

The FEV1 was significantly higher (p<0.001) in para3 when compared to Primigravida. The FEV1 in the 
primigravida and nulliparous were essentially the same and increased as the parity increased. 
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5. CONCLUSION 
 
5.1 Increased Parity Favorably Affects 

Pulmonary Function 
 
The observed improvement in pulmonary 
function in higher parities may be due the 
cumulative effects of progesterone, estrogen and 
steroids which progressively increase the 
transverse diameter of the chest from a widened 
subcostal angle. Again the lumbar lordosis of 
pregnancy which is higher in Para 3, can explain 
the increase in chest wall compliance and 
pulmonary function. 

 
5.2 Limitation 
 
The control subjects were different from the test 
subjects. 

 
5.3 Future Planning 
 
We would be investigating the effect FVC and 
FEV1 on higher parities; para4 and 
grandmultiparous pregnant women. 

 
ACKNOWLEDGEMENTS 
 
The authors of this study appreciate with utmost 
humility the support offered by  nurses  and other 
medical staff in the antenatal clinic, delivery and 
post natal wards of St Philomena catholic 
hospital. They provided an enabling environment 
for the successful collection of data from the 
subjects. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Omorogiuwa A, Iyawe VI. Peak expiratory 

flow rate in the three trimesters of 
pregnancy. Journal of Medicine and 
Biomedical Science. 2009;8(1):19-23.  

2. Banaczek Z. The effect of hypertension 
severity in pregnant women and during 
birth on renal function. Ginekol Pol. 1995; 
66(1):9-12. 

3. Dhawan V, Brookes ZLS, Kanfman S. 
Repeated pregnancies (Multiparty) 
increase venous tone and reduce 

compliance. Am J. Physiol. 2005;289(1): 
R23-R28. 

4. Neeraj S, Candy S, John P, Joydeep S, 
Vaneet K. Effect of advanced 
uncomplicated pregnancy on pulmonary 
function parameters of North Indian 
Subjects. Indian J. Physiol Pharmacol. 
2010;54(1):69-72. 

5. Ganong’s Review of Medical Physiology. 
Mc Graw-hill lange, 23rd edition. 2010;593. 

6. Leonard RJ. Text Book of Essential 
Medical Physiology. Elsevier Academic 
Press. 3

rd
ed. 2003;283-287. 

7. Shailaja Y, Srikanth S. Study of FEV1, VC 
and PEFR in different trimesters of 
pregnancy. Int. J Res Health Sci. 2014;2 
(1):41-46. 

8. Contreras G, Gutierrez M, Beroiza T, 
Fantin A, Oddo H, Villarroel L, et al. 
Ventilatory drive and respiratory muscle 
function in pregnancy. Am Rev Respir Dis. 
1991;144(4):837-41. 

9. Kolarzyk E, Szot WM, Lyszczarz J. Lung 
function and breathing regulation 
parameters during pregnancy. Arch 
Gynecol Obstet. 2005;272(1):53-8. 

10. Mc Aullife F, Kametas N, Costello J, 
Rafferty GF, Greenough A, Nicolaides K. 
Respiratory function in singleton and twin 
pregnancy. BJOG. 2002;109(7):765-9. 

11. Alaily AB, Carrol KB. Pulmonary ventilation 
in pregnancy. Br J Obstet Gynaecol. 1978; 
85(7):518–524. 

12. Goucher D, Rubin A, Russo N. The effect 
of pregnancy upon pulmonary function in 
normal women. Am J Obstet Gynecol. 
1956;72(5):963-969. 

13. Cugell DW, Frank NR, Gaensler EA, 
Badger TL. Pulmonary function in 
pregnancy. I. Serial observations in normal 
women. Am Rev Tuber. 1953;67(5):568-
597. 

14. Alakija W, Iyawe VI, Jarikre LN, Chiwuzie  
JC. Venilatory function of workers at 
Okpella Cement factory in Nigeria. W. Afr. 
J. Med. 1990;9(3):187-192. 

15. Cotes JE, Russiter CE, Higgins ITT, Gilson 
JC. Average normal values for the forced 
expiratory volume in white caucasian 
males. Br Med J. 1966;1(5494):1016-1019 

16. Jain SK, Kumar R, Sharma DA.  Factors 
influencing peak expiratory flow rate 
(PEFR) in normal subjects. Lung India. 
1983;1(3):92-97. 

17. Puranik BM, Kaore SB, Kurhade GA, 
Patwardhan SA, Kher JR. PEFR in 



 
 
 
 

Omorogiuwa and Iyawe; BJMMR, 9(8): 1-9, 2015; Article no.BJMMR.18934 
 
 

 
9 
 

pregnancy: A longitudinal study. Indian J 
Physiol Pharmacol. 1994;38(2):129-132. 

18. Dutta DC. Physiological Changes during 
pregnancy, Obstetrics and Gynecology; 4

th
 

edition. Calcutta: New central Book 
Agency. 1998;46-57. 

19. Massimilliano P. User’s manual of Spirolab 
II. Medical Internal Research. 2001;1-46 

20. Cohen J. Statistical power analysis for 
behavioral science, 2nd Edn, Academic 
Press, New York; 1988. 

21. American Thoracic Society Standization of 
Spirometry. 1994 update. Am J Respir. 
Crit. Care Med. 1995;152:1107-1136. 

22. Hemant D, Chandrakant M, Priyanka D. A 
study of pulmonary function test in different 
stages of pregnancy. Int. J. Biol Med Res. 
2013;4(1):2713-2716. 

23. Sunyal DK, Md Ruhul A, Molla MH, Abida 
A Shameena B. Forced vital capacity in 
normal pregnancy. Res J Med. Sci. 2007;9 
(1):21-25. 

24. Grindheim G, Toska K, Estensen M, 
Rosseland L Changes in pulmonary 
function during pregnancy: Longitudinal 
cohort study. BJOG. 2012;119(1):94-101. 

25. Harik-Khan R, Wise RA, Lou C, Morrell 
CH, Brant LJ, Fozard JL. The effect of 
gestational parity on FEV1 in a group of 
healthy volunteer women. Respir Med. 
1999;939(6):382–388. 

26. Singh S, Singh KC, Sirca SS Sharma NK. 
Airway functions in pregnant indian 
women. Indian J Physiol Pharmacol. 
1995;39(2):160-162. 

27. Oddoy A, Merker G. Lung Mechanics and 
blood gases in pregnant guinea pigs. Acta 
Physiol Hung. 1987;70:311-5 

28. Goldsmith LT, Weiss G, Steinetz BG. 
Relaxin and its role in pregnancy. 
Endocrinol Metab Clin North A. 
1995;24(1):171-186. 

29. Sherwood OD, Downing SJ, Guico-Lamm 
ML, Hwang JJ, O’ Day-Bowman MB, 
Fields PA.The physiological effects of 
relaxin during pregnancy: Studies in rats 

and pigs. Oxf Rev Reprod Biol. 1993; 
15(1):143-89. 

30. Hytten FE, Leitch I. The physiology of 
human pregnancy. Blackwell Scientific 
Publications, Oxford. 2nd Edition. 1971;190. 

31. Raz S, Zeigler M, Caine M. The effect of 
progesterone on the adrenergic receptors 
of the urethra. Br. J. Urol. 1973;45(2):131-
135. 

32. Campbell EJM, Green JH.  The expiratory 
function of the abdominal muscles in man; 
an electromyographic study. J Physiol. 
1953;120(3):409-418. 

33. Aliverti A, Cala SJ, Duranti R, Ferrigno G, 
Kenyon CM, Pedotti A, Scano G, Sliwinski 
P, Macklem PT, Yan S.  Human 
respiratory muscle action and control 
during exercise. J Appl. Physiol. 
1997;83(4):1256-1269. 

34. Prowse CM, Gaensler EA. Repsiratory and 
acid-base changes during pregnancy. 
Anesthesiology. 1965;26:381-92. 

35. Pai RP, Prajna P, D’ Souza UJA. 
Correlative study on blood pressure and 
lung function profiles during the different 
phases of the menstrual cycle among 
Indian population. Thai Journal of 
Physiological Science. 2004;17(1):30-34. 

36. Clerici C. Modifications of respiratory 
function during pregnancy. Rev Pneumol 
Clin. 1999;55(5):307-311. 

37. Das TK, Jana H. Maternal airways function 
during normal pregnancy. India J Med Sci. 
1991;45(10):265-268. 

38. Rao GS, Ranjan P, Walter S. Expiratory 
flow rate changes during the menstrual 
cycle. Indian J Physiol Pharmacol. 
1991;35(1):74-76. 

39. Bernard JL, Gee J, Bernard S, Packer J, 
Eugene M, Robin ED. Pulmonary 
Mechanics during Pregnancy. J Clin. 
Invest. 1967;46(6):945-952. 

40. Lin F, Parthasarathy S, Taylor S, Pucci D, 
Hendrix R, Makhsous M. Effect of different 
sitting postures on lung capacity, 
expiratory flow and lumbar lordosis. Arch 
Phys Med Rehabil. 2006;87(4):504-509. 

 
© 2015 Omorogiuwa and Iyawe; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
 
 
 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/10174 


