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Abstract 

Background 
Childhood growth factors play an essential role in the process of child development. Providing an 

accurate measurement for determining the growth rate predictors longitudinally has an advantage over 
a growth chart that only measures cumulative growth. This study aimed to determine the trends in 

growth rate and its effective factors among infants using two different methods. 

Materials and Methods: This longitudinal study was conducted on 181 infants referred to healthcare 
centers of Zanjan, Iran, from April 2017 to April 2019. The growth rate using 9-time points was 

estimated for participants via Point Average Weighting (PAW) model and the exponential model. The 

generalized estimating equation (GEE) method was used to estimate predictors of infant’s growth 
rate. The coincident and parallelism test was used to compare the growth rate between models.  

Results: The mean growth rate of children in the PAW model and the exponential model in the first 

month were 298.2+109.2 and 299.4+115.6 gr/kg per month. The results showed that the two models' 

growth rate prediction ability is almost identical over time. The trend of growth rate was decreased 
significantly (AAPC=22.46% per month, P<0.0001) with a change-point in month ninth. The 

estimated growth rates based on two models coincided (P=0.885), and parallel (P=0.898) across 24 

months. The associations between growth rate with variables mother job (B=9.4, P=0.005), 
breastfeeding (B=-9.3, P=0.005), and multi-fetal pregnancy (B=-18.9, P=0.005) were significant. 

Conclusion 

There was no difference between the two models when pediatricians apply them in office or other 
clinical settings. The multi-fetal pregnancy, job of mother, and exclusion breastfeeding were the most 

important predictor of growth rate, especially at the first nine months of age.  
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1- INTRODUCTION 

      Childhood growth factors play an 

important and influential role in the 

process of child development that any 

uncontrolled malignancy and growth 

deficiency in this period will cause an 

adverse complication at an early age (1). 

The growth refers to changes in the size of 

the whole or different parts of the body. 

These changes are organized and 

somewhat happens predictably. Besides 

being an essential part of society, they are 

also part of a sensitive and vulnerable 

group to malnutrition. This group needs 

ideal living conditions because of their 

rapid growth and maximum desirable 

growth, and any inappropriate factors can 

hurt their growth (2). According to studies, 

the prevalence of growth disorders in 

developing countries is higher than in 

other parts of the world, and in most of 

these countries, the physical growth of 

children is weak and even below the 

standards (2).  

Studies of growth disorder in Iran and 

different countries were different, and 

factors such as parental educations, their 

employment status, economic status of the 

family, duration of breastfeeding, the 

number of children, repeated care, and 

maternal awareness of how to properly 

care for a child can be useful in preventing 

child growth disorder (3). Monitoring and 

follow up of children is one of the essential 

proceedings in the health of children in the 

last two decades (4). Child growth 

monitoring is a reliable, simple, and 

inexpensive tool to record and checking 

their health status (5). Currently, the best 

criterion for assessing a child's health is its 

weight and height measurement, 

particularly in the first two years of birth. 

Therefore, the status of the child can be 

compared with that of the standard 

population of the same age by using 

growth curves (2). The growth rate as an 

epidemiological tool in assessing height 

and weight growth status of children has 

advantages over growth charts that only 

measure cumulative growth (6, 7). 

Choosing a suitable and accurate growth 

rate calculator can influence the 

assessment of growth status or even the 

relationship between effective factors. 

Many studies have been done with 

different methods to measure the growth 

rate of children in Iran and worldwide (3, 

6-8). PAW and exponential relationships 

differ in the way the growth rate change 

when the birth weight and age increase by 

a constant amount, for constant increments 

in birth weight and age, a PAW growth 

would increase by a constant difference, 

and an exponential growth would increase 

by a constant ratio. PAW model is easy to 

perform and calculate. However, the 

Exponential model is essential to the 

understanding rate of change problems. 

This study aimed to determine the trend of 

growth rate and the predictors of an 

infant’s growth rate using exponential and 

point average weighting models, in 

addition to estimating the trend of growth 

rate across 24 months. 

2- MATERIALS AND METHODS 

     This longitudinal/panel study, 

considering the recommended ratio of 

sample to the number of variables at least 

10:1 for panel data (9), was conducted on 

181 infants from the records of 24-month-

old children referred to primary health care 

centers in Zanjan, Iran. About six 

representative healthcare centers, including 

three urban health centers and three rural 

health centers as a cluster, were selected 

randomly, then 29 samples were selected 

randomly from each center. Infant’s health 

care experts provided the measurements 

with high accuracy from April 2017 to 

April 2019.  

2-1. Inclusion and Exclusion criteria 

The Iranian infants younger than 24 

months at the time of data collection were 

considered as inclusion criteria. Infants 

with a history of genetic or congenital 
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disorders, chronic infection disease, 

disability, growth disorder, and incomplete 

information were excluded from the study. 

2-2. Measurements 

Data were extracted through a health 

registration system that contains maternal 

demographic information including height, 

weight, education, maternal residence and 

job, sex of infant, duration of 

breastfeeding, duration of exclusive 

breastfeeding up to 6 months, gestational 

age, birth weight, and child weight at first, 

second, fourth, sixth, ninth, twelfth, 

eighteenth and twenty-fourth months. In 

this research, an infant’s growth rate as the 

response variable was computed from 

PAW model and the exponential model; 

Points average weight model:  

 

Exponential model:  

 

 

Where W(i+1) and Wi are infant's birth 

weight in the month (i+1) and (i), 

respectively. M(i+1) and Mi are infant's 

age in month (i+1) and (i), respectively 

and i=0,1,2,4,6,9,12,18,24. G.V unit is 

g/kg/month, which shows the gained 

weight in grams per one kg of the 

infant's weight, in the ith month.  

2-3. Data Analyses 

These analyses were performed in 

SPSS software version 22.0, with 

statistical significance by 95% 

confidence interval (95% CI). The 

growth rate was assumed 

autocorrelated within individuals due to 

its repeated measurements. Therefore, 

the marginal modeling approach and 

GEE methodology (for estimating the 

model parameters) were used to 

examine the relationship between the 

growth rate and explanatory variables 

with accounting the autocorrelation 

property (9). 

3- RESULTS 
     This retrospective cohort study was 

conducted on 181 infants under two years 

in Zanjan city, Iran. The characteristics of 

participants are shown in Table.1. As a 

result, about 93 (51.4%), and 94 (51.9%) 

of participants were girls and from urban 

regions, respectively. The mean± standard 

deviation (SD) of maternal age, birth rank, 

and maternal pregnancy age were 

28.4(4.7) years, 1.9 (0.8) child, and 38.7 

(1.1) weeks, respectively. Also, 13 (7.5%) 

of the children were twins. 

 

   Table-1: Baseline characteristics of the participants (n = 181). 

Characteristics Sub-group Number (%) 

Residence 
Urban 87 (48.1) 

Rural 94 (51.9) 

Child gender 
Girl 88 (48.6) 

Boy 93 (51.4) 

Mother's job 
Employed 48 (26.5) 

Housewife 133 (73.5) 

Mother's education 

Under Diploma 106 (58.6) 

Diploma 29 (16) 

College 46 (25.4) 

Weight gain during pregnancy status 
Normal 167 (92.3) 

Abnormal 14 (7.7) 

Multi-fetal pregnancy One 168 (92.7) 
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Two 13 (7.5) 

Under special care during pregnancy 
Yes 101 (55.8) 

No 80 (44.2) 

Exclusive breastfeeding up to 6 months 
Yes 115 (63.5) 

No 66 (36.5) 

Duration of Breastfeeding 

<6 Months 66 (36.5) 

6-12 Months 13(7.2) 

12-18 Months 15(8.2) 

18-24 Months 87 (48.1) 

 

The mean growth rate of children in the 

PAW model and the exponential model in 

the first month were 298.2 ± 109.2 and 

299.4 ± 115.6 gr/kg per month. The results 

show that the two models' growth rate 

prediction ability is almost identical over 

time (Table.2, and Figure.1). The 

Generalized Estimation Equation (GEE) 

model was used to investigate the growth 

rate factors longitudinally in both PAW 

and the exponential models. The 

association of the infant’s growth rate with 

the mother’s occupation, multi-fetal 

pregnancy, and exclusive breastfeeding 

factors was statistically significant 

(P<0.001, Figure.2). 

 

     Table-2: The trend of children growth rate using exponential and average weight models. 

 

Time (month) 

Growth velocity 

PAW model Exponential model 

Mean SD Mean SD 

1st 298.2 109.2 299.4 115.6 

2ed 211.1 92.6 213.9 93.5 

4th 107.8 41.2 108.4 41.8 
6th 73.3 36.5 73.6 36.9 

9th 41.8 25.2 41.2 21.8 

12th 32.2 17.2 31.7 17.0 

18th 19.3 7.7 19.1 7.8 

24th 15.4 6.7 15.5 6.6 

        SD: Standard deviation. 

 
Fig.1: Comparison the Exponential model with PAW model of infant’s growth rate. 
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Fig.2: Comparison of PAW model with Exclusive breast feeding (left above), by Mother's job (left 

below), by Exclusive breast feeding (right above), by Mother's job (right below). PAW: Point 

Average Weighting. 

 

According to the results of Table.3, the 

infant growth rate of employed mothers 

was 9.4 gr/kg higher than that of the 

housewife group. According to the 

exponential model, over time, the infant’s 

growth rate of employed mothers was 9.9 

gr/kg higher than that of the housewife 

group (Table.4). The association between 

growth rate and the rest of the variables 

was insignificant (P>0.05). The significant 

downward trend with one change point in 

the 9th month of birth was estimated for the 

infant growth rate trend. The average 

percent change of growth rate was -

22.46% (P<0.001) per month for the first 

segment and -5.7% (P<0.001) per month 

for the second segment. The average 

percent change was estimated at -11.9% 

(95% CI: -10.5, -16.7) during the 24 

months.  
 

Table-3: The predictors' growth rate (average weight model) using marginal model (GEE). 

Factor Coefficient 

estimates 

Standard 

deviation 

95% CI Wald 

statistic 

P-value 

Lower Upper 

Mother Job(employed/ housewife) 9.4 2.1 5.3 13.4 20.6 0.005 

Multi-fetal pregnancy (yes/no)  -18.9 2.6 -24.0 -13.8 52.6 0.005 

Exclusive breastfeeding (yes/no) -9.3 2.1 -13.5 -5.2 19.3 0.005 

CI: Confidence interval, GEE: Generalized Estimating Equation. 

 

Table-4: The predictors of growth rate (Exponential model) using marginal model (GEE). 

Factor Coefficient 
estimates 

Standard 
deviation 

95% CI Wald 
statistic 

P-value 

Lower  Upper  

Mother Job(employed/ housewife) 9.9 2.1 5.8 14.1 21.9 0.005 

Multi-fetal pregnancy (yes/no)  -19.6 2.7 -24.9 -14.4 53.6 0.005 
Exclusive breastfeeding (yes/no) -9.6 2.1 -13.8 -5.4 20.0 0.005 

CI: Confidence interval, GEE: Generalized Estimating Equation. 
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4- DISCUSSION 

     In this study, we compared the results 

of two mathematical models to estimate 

the Growth rate in children aged ≤2 years. 

Our results showed that the estimated 

growth rate was almost identical by both 

two mathematical models, whereas the 

prediction ability of the two models was 

similar. Furthermore, our longitudinal 

study showed that variables housewife 

mothers, multi-fetal pregnancy, and 

exclusive breastfeeding were negatively 

associated with the growth rate of infants. 

The PAW and exponential models provide 

the same findings. Although both models 

utilized simple algebraic equations, the 

average weight model was developed 

using a more straightforward equation by 

which the GV can be manually calculated 

in the office without applying a calculator. 

Although both equations obtain a similar 

result in practical fields, theoretically are 

quite different. With a mathematical 

approach and using simple examples, we 

can show the two models do not obtain 

identical results under any circumstances. 

However, in a status adapted to human 

biology, two models should obtain 

identical results (Appendix.1).  

Despite approximately identical results, 

both two models in our subjects, Patel et 

al. reported a higher performance of the 

exponential model than that of two points 

average model (10). In addition to similar 

descriptive results of two models, the two 

models' analytical findings were almost 

identical. It shows that not only two 

models obtained similar results on average, 

but also they provided similar findings on 

an individual level. Thus we suggest two 

models can be utilized to estimate the 

status of growth rate at the community 

level for public health aims and strategies 

and individual level to manage the children 

in the office for therapeutic aims and 

strategies in the office or other clinical 

settings. In a large cohort study, Schwinger 

et al. suggested that growth rate measures 

are valuable to identify the children at a 

higher risk of death (11). Neonatal 

mortality rate (NMR) and infant mortality 

rate (IMR) are the most important indexes 

to evaluate the health status of associated 

communities. Thus this predictive ability 

can help the clinicians in clinical settings 

and health policymakers to implement 

public health strategies to promote the 

health of the related communities (12). On 

the other hand, Maruyama et al. reported 

that the values of growth rate during 

hospitalization in the NICU might have a 

relationship with even neuro-

developmental outcomes (13). On the 

other hand, a higher growth rate can raise 

the risk of some adverse health outcomes 

in the next decades of life (14, 15).  

These results show that not only is growth 

rate a valuable index to predict the 

neonates at risk of death, but it is valuable 

for the prediction of other significant 

health problems.  However, the calculation 

of the growth rate is more complicated 

than that of usual weight measurements in 

healthcare settings and offices. 

Furthermore, in this approach, it is 

required at least two measurements in a 

period of time. In a critical situation, this is 

not possible. However, if the previous 

reliable data of patients are available, the 

calculation of growth rate is possible even 

in critical conditions of patients.  

On the other hand, there are no available 

standards for the growth rate to compare in 

contrast to weight gain curves and 

standards suggested by the World Health 

Organization (WHO) (16). Moreover, the 

related periods to calculate the growth rate 

is not currently defined. As mentioned 

above, we evaluated the association 

between some variables, including mother 

employing, exclusive breastfeeding, multi-

fetal pregnancy, residency, sex, birth 

order, and the number of siblings with 

growth rate using marginal models (GEE). 

The outcome variable (growth velocity) 

was estimated by two models of two 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruyama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26402326
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point's average model and the exponential 

model. Based on both models, a significant 

association was found between multifetal 

pregnancy, the job of mother, and 

exclusion breastfeeding with the velocity 

of growth. An association between growth 

rate and multi-fetal pregnancy can be 

expected. The twin neonates usually have 

a lower weight than singleton at birth. It 

was suggested that the utilization of twin-

specific nomogram might categorize twins 

into young gestational age with a less 

probability and thus obtain more valid 

predictions to identify the neonates at risk 

for death (17). Thus, to compensate for 

lower birth weight in twins at birth, a 

higher growth rate may occur in twins than 

that of singletons, our results also confirm 

this result. Our results also showed that the 

neonates of employed mothers had a 

higher growth rate than those of 

unemployed mothers. The employed 

mothers likely feed their newborns with a 

more frequency using formula. Previous 

studies showed that bottle-fed infants 

using formula have a higher weight gain 

than breastfed (18). Based on our findings, 

infants who had exclusive breastfeeding 

had a lower growth rate than neonates who 

had not. These neonates usually fed with 

formula. In a systematic review,  Appleton 

et al. showed that Infant formula feeding 

practices maybe lead to rapid weight gain 

in related neonates (19). We showed the 

two famous equations, two-point average 

models and exponential models, obtained 

almost identical results, to calculate the 

growth rate in children two years and less. 

We also mathematically confirmed two 

models in a status adapted with human 

biology should obtain the identical results 

(refer to Appendix.1), although two 

equations do not obtain the similar results 

in all conditions (refer to Appendix.1). We 

also showed that exclusive breastfeeding 

and employing had a negative association 

with growth rate based on two equations. 

Our study also showed that twins had a 

higher growth rate than that of a singleton. 

However, our study had some limitations. 

Although the identical results of two 

equations, particularly to determine the 

associations, may indicate the validity of 

these two tools, to directly evaluate this 

validity, the prospective studies with 

discerned outcomes should be conducted.  

 

Appendix 1 

With a mathematical approach and considering RWW nn  /1 , the different parts of two equations can 

be converted to
1

1






R

R
D , and Rln for average weight and exponential models, respectively. We 

consider the identical part of two models to be equal to 
nn MM

S



1

1000
. Thus, the growth velocity 

formula simply converts to   G.V=R*S.   Assuming 1R , meaning that no increase occurs in 

weight for a period of time, both equations obtain a logical and expected finding, D= 0 and thus 
G.V=0. When the increase in weight is too high or we consider a long period of time, that can lead to 

very increase in weight of children the results of two equations become quite different. For instance, 

assuming R=5, while the different part of points average model obtains D= 4/3 and thus, 

G.V=4/3D 1.33D,  the different part of the exponential model becomes D= 8.15ln   and thus 

G.V=1.61D. Assuming R , while the different part of points average model becomes equal to 1 

the different part of the exponential model become . Finally, one may claim that the values of 
different part of the point average model theoretically vary between 0 to 1, while these values vary 

between 0 to  for exponential model. However, as mentioned above for practical aims, an increase 

in weight generally is very lower than the weight itself in a short period of time, and thus two models 

obtain almost identical results. 
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4-1. Study Limitations  

This study, however, had some limitations. 

It is a longitudinal study that cannot 

investigate the causality. The effective 

factors on growth rate have not been 

measured longitudinally. This study did 

not consider the relationship between the 

type of health services utilization and 

economic factors on the growth rate.  

5- CONCLUSION 

     Based on the results, the two-point 

average and exponential models obtained 

similar results in descriptive and analytical 

analyzes. There is no difference between 

the two models when pediatricians apply 

them in office or other clinical settings. 

Among various potential predictors, a 

significant association was found between 

multi-fetal pregnancy, the mother’s job, 

and exclusion breastfeeding with the 

velocity of growth based on both models. 
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