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Abstract

and compare them with charts in use.

software.

circumference in comparison to male newborns.

nancy.

Background: Growth charts have been used to record and evaluate an infant’s growth condition at birth and during infancy. The
current study was undertaken to explore the anthropometric indices of growth in Iranian newborn infants to draw growth charts

Methods: Data of singleton births was extracted from the Iranian national data centre ministry of health database between March
2014 and 2015. Newborns with ill conditions, stillbirth, congenital anomalies such as neural tube defects (NTDs), and multiple births
were excluded. Our study included 1277169 singleton live births. Growth curves were created for boys (51.7%) and girls (48.2%) for
birth weight, length, and head circumference. Smoothening of the curves was accomplished by using gamlss package under R.3.0.1

Results: The average GA was 38.5 &= 1 weeks. The average birth weight was 3242 &+ 422 gram and 3125 + 422 gram for boys and girls
respectively. Length of body at birth was 50 & 2.2 cm in boys and 49.5 4= 1.2 cm in girls and as for head circumference, the average

was 35 &£ 1.4 cm and 34.2 &+ 2.3 cm respectively for studied boys and girls. Female newborns had lower weight, length and head

Conclusions: we observed differences between age-gender specific growth chart in Iranian newborn infants with Fenton growth
chart that may be attributed to ethnicity, regional and socioeconomic factors, mother-fetus health and nutrition status during preg-

Keywords: Pretermatures, Term, Post-Term Infants, Fenton’s Growth Chart
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. Background

Poor nutritional status during infancy and in utero has
effects on health outcomes and susceptibility to chronic
diseases during adulthood (1-4). Growth monitoring is a
critical component of the medical and nutritional eval-
uation of infants. Growth charts mainly belong to two
types: growth standards and growth references. The lat-
ter explains how children are growing instead of how
they should be, it is represented by standard charts (5,
6). Studies have revealed that both nutritional status and
genetic diversity may influence an infant’s growth pat-
tern. Growth assessment in children can be improved by
considering the ethnic variations. Thus using a reference
growth chart to evaluate children from different popula-

tions and different ethnicities seems to be inaccurate. In
line with this, several studies assessed the nutritional sta-
tus of children in different ethnicities. Some studies re-
ported the growth patterns to be more affected by envi-
ronmental factors such as diet and health services rather
than genetic background (7). Nguyen et al. demonstrated
that growth pattern of infants with Viethamese immigrant
parents residing in Australia was nearly similar to those
in the United States (8). Comparing growth curves from
the US, France, the United Kingdom, Netherlands and Bel-
gium with World Health Organization (WHO) standards re-
vealed thatduring the first 3 months of life, depicted values
for length, weight and body mass index (BMI) in growth
reference curves were considerably lower than WHO stan-
dards. However, after the age of 6 months, growth indices
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were reversely higher in growth reference curves (9).

Interpreting children’s growth pattern is a critical step
in assessing their health status, subsequently if growth
charts were adjusted for ethnicity and nationality, the as-
sessment would have been more accurate. Although WHO
growth standards were comprised based on data from
different populations it did not encompass information
about premature and very low birth weight infants (less
than 1.5 kg); the growth pattern of these infants is differ-
ent from term infants (10). Alternative charts to evaluate
growth of preterm and low birth weight infants are: Fen-
ton’s for following growth from weeks 22 of gestational age
(GA) to week 10 of post-term (11), and the infant health and
development program charts for evaluating growth from
two months to38 months (12). In Iran, Fenton growth chart
is used to track growth of newborn babies whether term,
preterm or very low birth weight. Therefore, the aim of the
current study was to present a revised version of infancy’s
growth chart based on Iranian newborns in a large popu-
lation.

2. Methods

Data of all neonates delivered between March 2014 and
March 2015 was collected from Iranian national data cen-
tre, ministry of health. Totally, 1.764.438 infants were reg-
istered. Birth weight (g), length (cm), head circumference
(cm) and sex were recorded by a midwife immediately af-
ter birth. Information regarding nationality was also reg-
istered. Those with Iranian nationality were included in
the study. Other inclusion criteria were singleton boys
and girls and term, preterm and post-term delivered in-
fants. Exclusion criteria were stillbirth, congenital anoma-
lies such as neural tube defects (NTDs) and multiple births.
Finally, anthropometric data of 1.277.169 (72%) infants were
used for analysis (Figure 1).

2.1. Statistical Analysis

To control for errors in measurement and recording
data extreme outliers were computed. In previous simi-
lar studies, extreme outliers were defined as values 2 times
the interquartile range (25th to 75th percentiles) below
the first quartile and above the third quartile for each GA
(13). Consequently, infants with physiologically improb-
able growth measurements (“extreme outliers”) were ex-
cluded from the gender-specific samples.

Centiles were analyzed by three methods. The first
method was LMS (lambda, mu, sigma) method which per-
forms the Box-Cox power transformation to evaluate nor-
mally distributed data in a group, for this purpose three
values for gestational age groups were estimated i.e. L

the power transformation performed to get normality, M
the median of birth weight and S the coefficient of data
variation. For all gestational ages the L, M and S variables
are evaluated. The second performed model was LMST
(i.e. lambda, mu, sigma, assuming Box-Cox t distribution)
method, which takes into account skewness and leptokur-
tosis; and third one, LMSP (lambda, mu, sigma, assuming
Box-Cox power exponential distribution) method, consid-
ers skewness, platykurtosis, and leptokurtosis. The LMST
and LMSP methods are extensions of the LMS method. LMS
method allows for scale, location and skewness but not for
kurtosis in the data.

We used the Akaike information criterion and Bayesian
information criterion to compare models within and be-
tween different classes of models to explore the best
model. Analysis was performed by using the gamlss pack-
age under R.3.0.1 software.

3. Results

There were 1.764.438 births during the study period
(2014 - 2015). 450.991 infants were excluded due to still-
birth 13.096, congenital anomalies 64.397, multiple births
110.648, non-Iranian nationality 64.151, incomplete data
185.603 and infants died before discharge 13.096. A total
number of 48.792 of the observations were omitted as out-
liers. Finally, 1.277.169 infants were introduced to analy-
sis according to the inclusion criteria. Of the eligible in-
fants, 661.507(51.79%) infants were male and 615.662 (48.2%)
were female. The GA was estimated 38.5 &+ 1 weeks. Ta-
bles 1and 2 show the mean birth weight, length, and head
circumference of Iranian neonates according to criteria of
this study. The mean birth weight in total population was
3242 + 422 g and 3125 £ 422 g for boys and girls respec-
tively. Length at birth was 50 4= 2.2 cm and 49.5 4+ 1.2 cm
for boys and girls, and mean data for head circumference
was reported 35 = 1.4 cm and 34.2 £ 2.3 cm respectively for
studied boys and girls. Similar to weight, mean height was
increased by age. The differences of length betweenceoss
genders were reported in some weeks. We also found that
female newborns had lower weight, length and head cir-
cumference in comparison to male newborns. The data for
both sexes were reported separately in different centiles
because the gender differences were significantly differ-
ent. Smoothed curves of birth weight, length, and head cir-
cumference foralarge sample size of Iranian boys and girls
are presented in Figures 2 and 3. We plotted height-for-age,
weight-for-age and head circumference-for-age curves in
eligible newly born girls and boys delivered during 2014
- 2015 in the third, 10th, 25th, 50th, 90th, and 97th per-
centiles.
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All newborns delivered between March

2014 and 2015

A
1,764,438 newborns
o | Undetermind sex: N =885 (0.0005%)
A 4 >
1,763,553 newborns
@ . | Parents being of other nationalities:
N = 64,151 (3.36%)
1,699,402 newborns
= Immediate death after birth: N =2,651
b > (0.0015%)
1,696,751 newborns
| Stillbirth: N =13,096 (0.74%
@ > (0:74%)
1,683,655 newborns
= . | Twins and Multiples: N =110,648
| (6.27%)
1,573,007 newborns
_ | Twins and multiples: N = 64,397
A 71 (3.64%)
_ | Norecord of at least one index:
A 4 ~| N=182,603(10,34%)
1,326,007 newborns
3 »| Improbable data: N = 48,792 (2,76%)
1,277,216 newborns
A »| Birth after 44th week: N =46
Final number of newborns included:
1,277,169

Figure 1. Process of selecting appropriate data to enter the analysis
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Figure 2. Gender-age specific growth chart for Iranian male infants delivered during 2015 - 2016
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Figure 3. Gender-age specific growth chart for Iranian female infants delivered during 2015 - 2016
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3.1. Comparing Male Growth Chart with Fenton Growth Chart

For GA up to 39 weeks, the average birth weightin third
percentile of studied population was strikingly higher
than third percentile of Fenton curve (even more than 10th
percentile of Fenton curve). Nearly the same trend was ob-
served in 10th percentile. GA 22 - 39 weeks in 50th centile
presented a higher mean birth weight than Fenton curve.
However the 90th and 97th percentiles of Iranian growth
chart were placed subjacent to the same curves in Fenton
charts (Figure 2).

GA 22 -39 weeks showed higher head circumference in
our study compared with Fenton curve. In addition, sim-
ilar trend was observed for 10th percentile. Mean of head
circumferences among 50th percentile of Fenton curve
was equal to 25th percentile of our population.

Third, 10th and 50th percentiles of body length at birth
in our study were higher than the same curves in Fenton
chart although body length in 90th and 97th percentiles
would be less than Fenton chart after GA 37 and 36 respec-
tively.

3.2. Comparing Female Growth Chart with Fenton Curves

We also revealed differences between Iranian girl
growth chart and Fenton chart. Data showed that 3rd and
10th percentiles of birth weight in GA 41and 40 weeks were
higher than those in Fenton curves and declined in later
weeks. Similarly, 50th and 90th percentiles showed the
same trend. However, mean birth weight was less than Fen-
ton curve in 97th percentile in all gestational ages (Figure
3).

A similar trend of variations in length and head cir-
cumference was observed between our chart and Fenton’s.
However, the mean head circumference in Iranian babies
was the same as Fenton chart for 75th percentile.

4. Discussion

The aim of this study was to construct a reference
growth chart for Iranian neonates using anthropometric
indices of growth in a large sample and to compare this
growth chart with Fenton charts frequently used by Ira-
nian pediatricians. Our research goal was: a) to examine
the available collected data of newborns across the coun-
try for accuracy and applicability to draw reference growth
charts; and b) if there are any differences between our ref-
erence growth charts and well-established Fenton growth
charts to find out what they are attributed to.

These are our main findings:

i. A significant difference between two sexes was ob-
served with all growth indices being larger in male new-
borns.

ii. In comparison to Fenton’s growth chart, small val-
ues (3rd, 10th) were considerably larger in our plot and
large values (90th, 97th) were larger in Fenton growth
chart, this trend was observed almost similarly in all
growth parameters.

iii. A plain decline in our plot’s trajectories were seen
after GAweek 38, consistent with all growth indices in both
sexes and in contrast to Fenton’s reference curves.

Data related to birth weight, length and head circum-
ference were extracted from a national data center and
consequently there was no prospective methodology to
control for measurement errors unlike the WHO multicen-
ter growth reference study (MGRS) (14, 15). Yet there are rea-
sons that support the validity and reliability of our results.
First, we recruited a considerably large sample of newborn
infants to reduce random errors, second we implemented
a criterion to exclude extreme values probably produced
by errors in measurement and recording, third we com-
pared our results to Fenton growth charts that are based
on studies with similar methodology to ours (16).

As reported in a previous study GA, gender and ethnic-
ity have influence on growth parameters (17); consistently
we found a gradual increase in growth parameters with GA
and a significant sex difference with male neonates having
larger values for birth weight, length, and head circumfer-
ence. A growing body of evidence demonstrated the in-
fluence of ethnicity and nationality on infant growth pa-
rameters. Thomas et al speculated that relying on growth
curves, not been adjusted for ethnicity and sex, may lead
to inaccurate estimate of GA (17). In line with this, another
study compared birth weight between infants of Asian im-
migrant parents with infants of white American parents,
their results were suggestive of influence of ethnicity and
nationality on birth weight (18).

Fenton’s growth chart has been widely used as a ref-
erence for evaluating newborn infants, especially preterm
neonates admitted to NICU. We compared our growth
chart with Fenton’s and found a considerable differ-
ence between all growth parameters, more prominent in
smaller values (3rd, 10th). It may be argued that observed
difference may be due to inaccurate measurements, as we
did not control the measurement process. There is little
known about the accuracy of weight and height measure-
ments in child health records, yet a previous study that ad-
dressed theissue had found no systematic bias in routinely
collected child health records other than a slightly overes-
timation of heights in tall children and underestimation
in short children (19) which is in contrast to our findings,
we found larger values for lower percentiles (3rd, 10th)
and smaller values for higher percentiles (90th, 97th). Al-
though there is no definite evidence to defy the role of sys-
tematic bias in our results it seems unlikely to have influ-
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enced them majorly.

Another reason for observed differences may be that
unequal environmental factors have caused the diver-
gence in growth patterns (20) because Fenton’s growth
chart is indicator of an intra-uterine growth status, while
our data were from born infants; however, since we imple-
mented a cross-sectional study, not a longitudinal one and
sizes of infants were measured right after birth, such an ef-
fect seems improbable.

We also found a decline in growth curves after week 38,
consistent in all parameters and both sexes. This observa-
tion maybe intrinsic to current fetal-infant growth refer-
ences, particularly Fenton'’s, as a growth disjuncture is ob-
vious around week 40 gestation overlapping where the fe-
tal and infant growth references are combined (21, 22). It
may also be suggestive of restrictive effects of factors af-
fecting Iranian mothers and/or their fetuses in last months
of pregnancy, preventing infants to reach their optimum
growth. Further studies are necessary to investigate this
possibility.

Finally, we think that observed differences between our
growth chart and Fenton’s are valid and can be attributed
to ethnicity and socioeconomic factors e.g. nutrition. Be-
cause reference curves are important tools for both clin-
icians and epidemiologists to assess individual/ society’s
health status, they should be developed as accurate as pos-
sible; hence we encourage further similar studies in Ira-
nian population to establish national growth reference
curves.

4.1. Conclusions

In conclusion, we observed differences between age-
gender specific growth chart in Iranian newborn infants
with Fenton growth chart that may be attributed to the eth-
nicity, regional and socioeconomic factors, mother-fetus
health and nutrition status during pregnancy. Because
growth reference curves have been used to assess health
status of each individual in clinical practice or societies in
epidemiologic studies these observed variations between
ourresults and Fenton'’s reference curves should highlight
the importance of creating growth reference curves for Ira-
nian newborn infants in particular and Iranian children in
general.

4.2. Limitations

One limitation of the current study was the discrep-
ancy in measurements, which might have caused system-
atic bias, but was inevitable in this project as we used a con-
siderably large sample. In addition, there was no record
of the method used for assessing gestational age (nor doc-
umentation of the last menstrual period (LMP) neither

Iran ] Pediatr. 2018; 28(5):€66291.

early ultrasound results) in birth certificates collected in
National Data Centre of Ministry of Health. At last our
data was related to a short period during 2014-2015 and
our study was cross sectional, therefore we suggest fur-
ther, particularly longitudinal, studies and beyond fetal-
neonatal period.

Acknowledgments

This work was supported by a grant from Mashhad Uni-
versity of Medical Sciences. Our special thanks go to de-
partment of biostatistics and epidemiology of Mashhad
University of Medical Science for statistical consulting.

References

1. Behrman JR, Hoddinott ], Maluccio JA, Quisumbing A, Martorell R,
Stein AD. The impact of experimental nutritional interventions on educa-
tioninto adulthood in rural guatemala: preliminary longitudinal analysis.
Philadelphia-Washington-Atlanta: University of Pennsylvania, IFPRI,
Emory, processed; 2003.

2. Glewwe P, Miguel EA. The impact of child health and nutrition on
education in less developed countries. In: Chenery BH, Behrman JR,
Srinivasan TN, editors. Handbook of Development Economics. 4. Else-
vier; 2007. p. 3561-606. doi: 10.1016/s1573-4471(07)04056-9.

3. CaseA, Paxson C.Causes and consequences of early-life health. Demog-
raphy. 2010;47 Suppl:S65-85. [PubMed: 21302429]. [PubMed Central:
PM(C3730845].

4. Abu-Saad K, Fraser D. Maternal nutrition and birth outcomes.
Epidemiol Rev. 2010;32:5-25. doi: 10.1093/epirev/mxq001. [PubMed:
20237078).

5. Khadilkar V, Khadilkar A. Growth charts: A diagnostic tool. Indian | En-
docrinol Metab. 2011;15 Suppl 3:5166-71. doi: 10.4103/2230-8210.84854.
[PubMed: 22029020]. [PubMed Central: PMC3183514].

6. RashidiAS, Norouzy A, Imani B, Nematy M, Heidarzadeh M, Taghipour
A.Different methods for assessment of nutritional status in newborn
infants based on physical and anthropometric indexes: a short re-
view article. Rev Clinl Med. 2017;4(1):35-8.

7. Mei Z, Yip R, Trowbridge F. Improving trend of growth of Asian
refugee children in the USA: Evidence to support the importance of
environmental factors on growth. Asia Pac J Clin Nutr. 1998;7(2):111-6.
[PubMed: 24393636].

8. Nguyen ND, Allen JR, Peat JK, Schofield WN, Nossar V, Eisenbruch M,
et al. Growth and feeding practices of Vietnamese infants in Aus-
tralia. Eur J Clin Nutr. 2004;58(2):356-62. doi: 10.1038/sj.ejcn.1601791.
[PubMed: 14749758].

9. Rolland-Cachera MF, Peneau S. Assessment of growth: variations ac-
cording to references and growth parameters used. Am J Clin Nutr.
2011;94(6 Suppl):1794S-8S. doi: 10.3945/ajcn.110.000703. [PubMed:
21525200].

10. Casey PH, Kraemer HC, Bernbaum ], Tyson JE, Clifford Sells ], Yog-
man MW, et al. Growth patterns of low birth weight preterm in-
fants: A longitudinal analysis of a large, varied sample. | Pediatrics.
1990;117(2):298-307. doi: 10.1016/s0022-3476(05)80551-7.

11. Fenton TR. A new growth chart for preterm babies: Babson and
Benda’s chart updated with recent data and a new format. BMC Pedi-
atr.2003;3:13. doi: 10.1186/1471-2431-3-13. [PubMed: 14678563]. [PubMed
Central: PMC324406].

12. Casey PH, Kraemer HC, Bernbaum ], Yogman MW, Sells JC. Growth sta-
tus and growth rates of a varied sample of low birth weight, preterm


http://dx.doi.org/10.1016/s1573-4471(07)04056-9
http://www.ncbi.nlm.nih.gov/pubmed/21302429
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730845
http://dx.doi.org/10.1093/epirev/mxq001
http://www.ncbi.nlm.nih.gov/pubmed/20237078
http://dx.doi.org/10.4103/2230-8210.84854
http://www.ncbi.nlm.nih.gov/pubmed/22029020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3183514
http://www.ncbi.nlm.nih.gov/pubmed/24393636
http://dx.doi.org/10.1038/sj.ejcn.1601791
http://www.ncbi.nlm.nih.gov/pubmed/14749758
http://dx.doi.org/10.3945/ajcn.110.000703
http://www.ncbi.nlm.nih.gov/pubmed/21525200
http://dx.doi.org/10.1016/s0022-3476(05)80551-7
http://dx.doi.org/10.1186/1471-2431-3-13
http://www.ncbi.nlm.nih.gov/pubmed/14678563
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC324406
http://ijp.tums.pub

Rashidi AA et al.

14.

15.

16.

17.

10

infants: A longitudinal cohort from birth to three years of age. ] Pedi-
atrics.1991;119(4):599-605. doi: 10.1016/s0022-3476(05)82414-X.

. Olsen IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New

intrauterine growth curves based on United States data. Pedi-
atrics. 2010;125(2):e214-24. doi: 10.1542[peds.2009-0913. [PubMed:
20100760).

de Onis M, Garza C, Onyango AW, Borghi E. Comparison of the WHO
child growth standards and the CDC 2000 growth charts. | Nutr.
2007;137(1):144-8. doi: 10.1093/jn/137.1.144. [PubMed: 17182816].

de Onis M, Garza C, Victora CG, Onyango AW, Frongillo EA, Martines
J. The WHO multicentre growth reference study: planning, study de-
sign, and methodology. Food Nutr Bull. 2004;25(1 Suppl):S15-26. doi:
10.1177[156482650402515103. [PubMed: 15069916].

Kramer MS, Platt RW, Wen SW, Joseph KS, Allen A, Abrahamowicz M,
et al. A new and improved population-based Canadian reference for
birth weight for gestational age. Pediatrics. 2001;108(2):e35.

Thomas P, Peabody ], Turnier V, Clark RH. A new look at intrauter-
ine growth and the impact of race, altitude, and gender. Pediatrics.

19.

20.

21

22.

2000;106(2). E21. [PubMed: 10920177].

. Yip R, Li Z, Chong WH. Race and birth weight: the Chinese example.

Pediatrics.1991;87(5):688-93. [PubMed: 2020515].

Howe LD, Tilling K, Lawlor DA. Accuracy of height and weight data
from child health records. Arch Dis Child. 2009;94(12):950-4. doi:
10.1136/adc.2009.162552. [PubMed: 19689966].

Bhatia ]. Growth curves: how to best measure growth of the preterm
infant. ] Pediatr. 2013;162(3 Suppl):S2-6. doi: 10.1016/j.jpeds.2012.11.047.
[PubMed: 23445844].

Bonellie S, Chalmers ], Gray R, Greer I, Jarvis S, Williams C. Cen-
tile charts for birthweight for gestational age for Scottish singleton
births. BMC Pregnancy Childbirth. 2008;8:5. doi: 10.1186/1471-2393-8-5.
[PubMed: 18298810]. [PubMed Central: PMC2268653].

Fenton TR, Nasser R, Eliasziw M, Kim JH, Bilan D, Sauve R. Vali-
dating the weight gain of preterm infants between the reference
growth curve of the fetus and the term infant. BMC Pediatr. 2013;13:92.
doi: 10.1186(1471-2431-13-92. [PubMed: 23758808]. [PubMed Central:
PMC3700759].

Iran ] Pediatr. 2018; 28(5):€66291.


http://dx.doi.org/10.1016/s0022-3476(05)82414-x
http://dx.doi.org/10.1542/peds.2009-0913
http://www.ncbi.nlm.nih.gov/pubmed/20100760
http://dx.doi.org/10.1093/jn/137.1.144
http://www.ncbi.nlm.nih.gov/pubmed/17182816
http://dx.doi.org/10.1177/15648265040251S103
http://www.ncbi.nlm.nih.gov/pubmed/15069916
http://www.ncbi.nlm.nih.gov/pubmed/10920177
http://www.ncbi.nlm.nih.gov/pubmed/2020515
http://dx.doi.org/10.1136/adc.2009.162552
http://www.ncbi.nlm.nih.gov/pubmed/19689966
http://dx.doi.org/10.1016/j.jpeds.2012.11.047
http://www.ncbi.nlm.nih.gov/pubmed/23445844
http://dx.doi.org/10.1186/1471-2393-8-5
http://www.ncbi.nlm.nih.gov/pubmed/18298810
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268653
http://dx.doi.org/10.1186/1471-2431-13-92
http://www.ncbi.nlm.nih.gov/pubmed/23758808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3700759
http://ijp.tums.pub

	Abstract
	1. Background
	2. Methods
	Figure 1
	2.1. Statistical Analysis

	3. Results
	Table 1
	Table 2
	Figure 2
	Figure 3
	3.1. Comparing Male Growth Chart with Fenton Growth Chart
	3.2. Comparing Female Growth Chart with Fenton Curves

	4. Discussion
	4.1. Conclusions
	4.2. Limitations

	Acknowledgments
	References

