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Abstract 
This study aimed to explore the growth rates and influencing factors of the length and weight of preterm and full-term infants in 
the urban areas of Hubei province to provide a reference for child health and related clinical fields. A birth cohort study was used 
to analyze the growth rates and influencing factors of the length and weight of preterm and full-term infants using a multivariate 
regression analysis. The growth rates of the length and weight of preterm infants were significantly lower than those of full-term 
infants from birth to 3 months of age (P < .05), and gradually caught up to the level of full-term infants after 3 months of age (P > 
.05). Meanwhile, there were some influencing factors that had significant differences by their contribution to the growth rates of 
the length and weight of preterm and full-term infants. This study proposed that perinatal factors were attached more importance 
to the growth rates of preterm infants in the urban areas of Hubei province.

Abbreviations: 95% CI = 95% confidence interval, GH = growth hormone, IGF-1 = insulin-like growth factor-1, IGFBP-3 = 
insulin-like growth factor binding protein-3, SD = standard deviation, VIF = variance inflation factor.
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1. Introduction

Longitudinal follow-up of infant growth rates involves conduct-
ing regular physical measurements to screen high-risk infants 
who deviate from the normal trajectory of growth and devel-
opment. A comprehensive understanding of optimal postnatal 
growth is of critical importance for improving survival and 
long-term outcomes in preterm and full-term infants.[1]

Many international studies have shown that infant growth 
rates are a nonlinear and significant variation which is a series 
of alternating processes of rapid growth and stagnation. Based 
on a global multicenter study, the World Health Organization 
collected a large sample of longitudinal data of children from 
0 to 24 months and cross-sectional data of children from 18 to 
60 months to establish the international parameters of the ideal 
growth rates in 2006.[2] Subsequently, the INTERGROWTH-
21st Project collected a large sample of longitudinal data of 
children from 0 to 24 months to establish the international ref-
erences of the growth rates in 2018.[3]

However, the growth pattern of preterm infants is signifi-
cantly different from that of full-term infants at different ages 
of life.[4] Some previous studies mainly adopted a cross-sectional 
design which was not suitable for exploring the growth rates 

of preterm and full-term infants. Furthermore, longitudinal 
follow-up has seldom been used to determine the growth rates 
and influencing factors of preterm and full-term infants. Hence, 
the dramatic effects of perinatal factors on the growth rate of 
preterm and full-term infants should be considered to prevent 
growth retardation.

Therefore, we constructed longitudinal data from a specific 
birth cohort of singleton preterm and full-term infants during 
the first year of life. Based on longitudinal data, perinatal fac-
tors were paid more importance to the growth rates of preterm 
infants. Hence, this study aimed to explore the growth rates and 
influencing factors of the length and weight of preterm and full-
term infants and to take effective intervention measures to pro-
mote infant growth and development.

2. Material and Methods

2.1. Study subjects

The subjects in this study, a total of 198 paired preterm and 
full-term infants (102 boys and 96 girls), were enrolled in 
the Maternal and Child Health Hospital of Hubei Province, 
Jingzhou City, and Shiyan City from January 2019 to June 
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2020. All subjects were Han Chinese in the urban areas of 
Hubei province. Hence, a birth cohort study was used in this 
scientific design. The matching conditions were preterm and 
full-term infants of the same gender, the same age (no more 
than ± 7 days), the same residential community, and the same 
healthy status.

In this study, the inclusion criteria were singleton live births 
of preterm infants with gestational ages of 24 + 0 to 36 + 6 weeks 
in the case group, and full-term infants with gestational ages 
of 37 + 0 to 42 + 6 weeks in the control group. Meanwhile, the 
exclusion criteria were as follows: twin or multiple; assisted 
reproduction; severe congenital malformations and genetic 
metabolic diseases at birth; foreigners whose parents were 
non-Chinese; maternal height < 145 cm; maternal age < 18 
years, or > 40 years; mothers who had sustained smoking, 
alcoholism, and/or drug dependence during pregnancy; moth-
ers who had taken some adrenocortical hormones, or immu-
nosuppressants continuously for >1 month during pregnancy; 
mothers had severe anemia (hemoglobin <60 g/L), diabetes, 
preeclampsia, eclampsia, hyperthyroidism or hypothyroidism, 
heart and kidney insufficiency, or chronic hypertension during 
pregnancy.[5]

2.2. Clinical observation

Longitudinal follow-up data were collected regularly from rou-
tine health visits for preterm and full-term infants. Child health 
physicians or pediatricians who conducted professional training 
regularly monitored the length and weight of preterm and full-
term infants at birth, and at 1, 3, 6, 9, and 12 months of age 
using the standard method of physical measurements. During 
the follow-up period, there were 6 monitoring times in total: 
the first monitoring time was conducted within 24 hours after 
birth (completed by provincial and municipal delivery institu-
tions), and the other monitoring times were conducted at the 
corresponding points of physical measurements (completed 
by provincial and municipal maternal and child health institu-
tions). The length and weight of preterm and full-term infants 
were measured in a supine position by using a height/weight 
measuring appliance (Kangwa, Wuhan, China; length range 30 
to 105 cm with digit counter readings precise to 0.1 cm, and 
weight range 0 to 60 kg with digit counter readings precise to 
0.01 kg). Finally, the length and weight of preterm and full-term 
infants were calculated as the average values of the 2 physical 
measurements.

2.3. Epidemiological investigation

Influencing factor data were also regularly collected from rou-
tine health visits for preterm and full-term infants. Child health 
physicians or pediatricians who conducted professional training 
investigated infant parents or guardians regarding the influenc-
ing factors of preterm and full-term infants using a self-designed 
questionnaire. The survey contents of the influencing factors 
were as follows: general demographic data, such as infant name, 
gender, and age; parental height, occupation, education level, 
family upbringing mode, environmental structure, economic 
status, and other family conditions; maternal smoking, drink-
ing, drug dependence, assisted reproduction, gestational weeks, 
delivery pattern, and other perinatal conditions during preg-
nancy; infant birth length, birth weight, Apgar score, feeding 
pattern, supplementary food addition, and other nutritional 
conditions; previous infant health status and family disease 
history.

2.4. Quality control

Strict measures of quality control were adopted in accor-
dance with the implementation plan of this study. The survey 

methods for quality control were as follows: the height/weight 
measuring appliance was inspected annually according to the 
national standard, and professional evaluation and verification 
were conducted before the clinical observation of the height 
and weight of preterm and full-term infants; 2 investigators 
measured each infant twice in line with the standardized meth-
ods of physical measurements. The errors of the length and 
weight in the 2 measurements were no >0.1 cm and 0.01 kg, 
respectively. The third measurement was conducted if the 
errors in the 2 measurements exceeded the allowable ranges 
of the length and weight. Finally, only 2 measurements were 
recorded on a registration form if the errors of the corre-
sponding measurements were within the allowable ranges of 
the length and weight; the technical guidance group regularly 
conducted on-site supervision and inspection to evaluate the 
standard methods of physical measurements; all investigation 
cards were subjected to preliminary review and reexamination 
after physical measurements. Only investigation cards that 
were confirmed to be correct could be regarded as the quali-
fied cards; the lost follow-up rate of all subjects was controlled 
within 10%.

2.5. Ethics statement

This study was conducted in accordance with the Declaration 
of Helsinki guidelines. The study protocol was approved by the 
Ethics Committee of the Maternal and Child Health Hospital 
of Hubei Province. Meanwhile, informed written consent was 
obtained from all parents or guardians of preterm and full-term 
infants.

2.6. Statistical analysis

Epidata 4.4 (Epidata Association, Odense, Denmark) was used 
to establish the related database, and SPSS 20.0 (IBM Corp., 
Armonk, NY) was used to conduct the logic check and sta-
tistical analysis. The growth rates of the length and weight of 
preterm and full-term infants were in accordance with the nor-
mal distribution of quantitative data.

In descriptive analysis, the growth rate of the length or weight 
was defined as follows: the growth rate = Xi – Xi–1/ Mi – Mi–1, 
where Xi was the absolute value of the length or weight of a cer-
tain age group, Xi–1 was the absolute value of the length or weight 
of the adjacent previous age group, Mi was a certain age group, 
and Mi–1 was the adjacent previous age group. The differences 
in the growth rates between preterm and full-term infants were 
expressed as the mean and 95% confidence interval (95% CI).

Based on descriptive analysis, a 1:1 paired t test was used 
for the growth rate of the length or weight between preterm 
and full-term infants, and the significance test level was set at 
P < .05. Furthermore, taking y (length or weight) as a depen-
dent variable and xi as an independent variable, a multivariate 
regression analysis was used for the influencing factors between 
preterm and full-term infants, and the significance test level was 
set at P < .05.

3. Results

3.1. Baseline characteristics

Of the 216 study participants (110 boys and 106 girls), 18 were 
lost to preterm and full-term infants (8 boys and 10 girls), and 
the missing follow-up rate was 8.33% in the longitudinal fol-
low-up study.

3.2. Growth rate of the length

The growth rate of the length of preterm infants was signifi-
cantly lower than that of full-term infants from birth to 3 
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months (P < .05). With the increase of age, there was no signifi-
cant difference in the growth rate of the length between preterm 
and full-term infants from 3 to 12 months (P > .05). It was 
suggested that the length of preterm infants showed catch-up 
growth after 3 months of age, and gradually reached the level of 
full-term infants, as shown in Tables 1 and 2.

3.3. Growth rate of the weight

The growth rate of the weight of preterm infants was signifi-
cantly lower than that of full-term infants from birth to 3 
months (P < .05). With the increase of age, there was no signifi-
cant difference in the growth rate of the weight between preterm 

and full-term infants from 3 to 12 months (P > .05). It was 
suggested that the weight of preterm infants showed catch-up 
growth after 3 months of age, and gradually attained the level 
of full-term infants, as shown in Tables 3 and 4.

3.4. Influencing factors of the growth rate of the length

Taking y (length) as the dependent variable, and xi (5 factors) 
as the independent variables, there were 2 positive variables of 
gestational weeks and birth length, and 2 negative variables of 
gender and delivery times, which had the significant differences 
in their contribution to the growth rate of the length of preterm 
infants, as demonstrated in Table 5.

Table 1

Growth rate of male infants by age-specific length (cm).

Age (mo) 

Growth rate (cm/m) Difference 

SD t P Preterm Full term Mean (95% CI)

Birth– 3.61 4.95 –1.34 (–1.71 to –0.97) 0.37 3.585 <.01
1– 3.22 3.72 –0.50 (–0.73 to –0.27) 0.23 2.246 <.05
3– 1.98 2.14 –0.16 (–0.27 to –0.05) 0.11 1.444 >.05
6– 1.30 1.42 –0.12 (–0.20 to –0.04) 0.08 1.516 >.05
9–12 1.12 1.19 –0.07 (–0.18 to 0.04) 0.11 0.626 >.05

Growth rate: absolute values of the length increase per month. Difference: mean of the growth rate of the length between preterm and full-term infants.
95% CI = 95% confidence interval, SD = standard deviation.

Table 2

Growth rate of female infants by age-specific length (cm).

Age (mo) 

Growth rate (cm/m) Difference 

SD t P Preterm Full term Mean (95% CI)

Birth– 3.51 4.78 –1.27 (–1.62 to –0.92) 0.35 2.914 <.01
1– 2.86 3.34 –0.48 (–0.67 to –0.29) 0.19 2.379 <.05
3– 1.92 2.07 –0.15 (–0.26 to –0.04) 0.11 1.770 >.05
6– 1.30 1.42 –0.12 (–0.19 to –0.05) 0.07 1.142 >.05
9–12 1.22 1.29 –0.07 (–0.18 to 0.04) 0.11 0.428 >.05

Growth rate: absolute values of the length increase per month. Difference: mean of the growth rate of the length between preterm and full-term infants.
95% CI = 95% confidence interval, SD = standard deviation.

Table 3

Growth rate of male infants by age-specific weight (kg).

Age (mo) 

Growth rate (kg/m) Difference 

SD t P Preterm Full term Mean (95% CI)

Birth– 1.05 1.32 –0.27 (–1.00 to –0.46) 0.73 3.704 <.01
1– 0.93 1.19 –0.26 (–0.70 to –0.18) 0.44 2.389 <.05
3– 0.48 0.54 –0.06 (–0.33 to –0.21) 0.27 1.293 >.05
6– 0.26 0.33 –0.07 (–0.40 to –0.26) 0.33 1.230 >.05
9–12 0.29 0.31 –0.02 (–0.27 to –0.23) 0.25 0.376 >.05

Growth rate: absolute values of the weight increase per month. Difference: mean of the growth rate of the weight between preterm and full-term infants.
95% CI = 95% confidence interval, SD = standard deviation.

Table 4

Growth rate of female infants by age-specific weight (kg).

Age (mo) 

Growth rate (kg/m) Difference 

SD t P Preterm Full term Mean (95% CI)

Birth– 1.04 1.27 –0.23 (–1.01 to –0.55) 0.78 3.056 <.01
1~ 0.89 1.15 –0.26 (–0.70 to –0.18) 0.44 2.775 <.05
3~ 0.47 0.53 –0.06 (–0.34 to –0.22) 0.28 2.365 >.05
6~ 0.23 0.30 –0.07 (–0.35 to –0.21) 0.28 1.884 >.05
9~12 0.24 0.28 –0.04 (–0.25 to –0.17) 0.21 1.103 >.05

Growth rate: absolute values of the weight increase per month. Difference: mean of the growth rate of weight between preterm and full-term infants.
95% CI = 95% confidence interval, SD = standard deviation.
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3.5. Influencing factors of the growth rate of the weight

Taking y (weight) as the dependent variable, and xi (5 factors) 
as the independent variables, there were 2 positive variables of 
gestational week and birth weight, and 2 negative variables for 
delivery times and pregnancy-induced hypertension syndrome, 
which had the significant differences in their contribution to the 
growth rate of the weight of preterm infants, as demonstrated 
in Table 6.

4. Discussion
In recent years, the life quality of preterm infants has remark-
ably improved with the continuous development of healthy 
conditions and close cooperation between obstetrics and pediat-
rics.[6] Relevant research has shown that there is a vital “oppor-
tunity window” for the growth rates of preterm infants within 
2 to 3 months of corrected age, which will play an extremely 
important role in future growth and development. According 
to the recommendation of the American Academy of Pediatrics, 
the physiological functions of various organ systems in preterm 
infants are not mature enough after birth. The goal of the growth 
rates of preterm infants is to approach the growth rates of full-
term infants in the first year of life. However, the growth rates 
of preterm infants are significantly different from those of full-
term infants because preterm infants are prone to cumulative 
malnutrition and growth restriction.[7] Therefore, continuous 
monitoring of the growth rates of preterm infants is a critical 
field in pediatric clinics and child health.[8,9]

Most scholars believe that birth length and birth weight are 
positively correlated with the growth rates of the length and 
weight of preterm and full-term infants.[10] Birth length is the 
main indicator for fetal linear growth, which is closely related to 
infant growth retardation. Meanwhile, birth weight is the com-
mon index for fetal nutritional status, which is also correlated 
with infant cumulative malnutrition.[11] The research results of 
Vieira et al showed that the correlation between birth length 
and growth retardation or adult short stature in preterm infants 
was significantly higher than that in full-term infants. For exam-
ple, the risk of adult short stature in preterm infants with a birth 

length <–2 SD was 7 times higher than that in full-term infants. 
Simultaneously, the risk of adult short stature in preterm infants 
with a birth weight <–2 SD was 4 times higher than that in full-
term infants. In other words, it was suggested that birth length 
and birth weight played an important role in the growth rates of 
preterm and full-term infants.[12]

The growth trajectories of the length and weight of preterm 
infants were obviously different from those of full-term infants 
from birth to 3 months of age.[13] This study showed that the 
growth rates of the length and weight of preterm infants were 
significantly lower than those of full-term infants from birth to 
3 months of age. Toftlund et al[14] also reported that the catch-up 
growth of preterm infants mainly occurred from birth to 3 
months of age.[15] With regard to the catch-up growth, Amissahr 
et al showed that the advent of preterm formula or breast milk 
fortifiers might be helpful in a more customized approach to 
the growth rates of preterm infants. Consequently, preterm 
infants could reasonably supplement additional calories to pres-
ent an obvious trend of catch-up growth.[16] Relevant studies 
have shown that some minerals, such as zinc, copper, iron, and 
magnesium, regulated heat metabolism through the oxidative 
phosphorylation pathway, which could significantly promote 
the growth rates of preterm infants.[17]

However, the growth trajectories of the length and weight of 
preterm infants were rather close to those of full-term infants 
after 3 months of age.[18] This study showed that the growth 
rates of the length and weight of preterm infants gradually 
reached the level of full-term infants after 3 months of age. 
Arora1 et al[19] reported that there was no significant differ-
ence in the growth rates between preterm and full-term infants 
after 3 months of age. It depended on continuous breastfeed-
ing and timely addition of weaning food after 6 months of age. 
Therefore, Continuous breastfeeding and timely weaning food 
could effectively accelerate the growth rates, and control the 
potential risk of adult diseases in preterm infants.[20]

During the first year of life, there were significant differences 
in the growth rates of the length and weight of preterm and 
full-term infants at different stages.[21] Specifically, the growth 
rates of preterm and full-term infants have been attributed to 
the regulatory mechanism of growth hormone, insulin-like 

Table 5

Influencing factors of the growth rate of infants by age-specific length (cm).

Model 

Nonstandardized coefficient Standardized coefficient 

t P 

Collinearity statistics

B SD B δ VIF 

Constant –7.361 .624  –11.806 .000   
Group –.113 .037 –101 –3.031 .003 .870 1.150
Gender –.132 .045 –.116 –2.954 .004 .993 1.007
Delivery times –.069 .036 –.061 –2.944 .043 .976 1.024
Gestational weeks .064 .013 .210 4.893 .000 .522 1.915
Birth length .167 .012 .636 13.898 .000 .462 2.166

B = coefficient, SD = standard deviation, δ = tolerance error, VIF = variance inflation factor.

Table 6

Influencing factors of the growth rate of infants by age-specific weight (kg).

Model 

Nonstandardized coefficient Standardized coefficient 

t P 

Collinearity 
statistics

B SD B δ VIF 

Constant 35.315 1.950  18.116 .000   
Group –.249 .140 –.058 –2.776 .047 .855 1.170
Delivery times –1.103 .417 –.087 –2.646 .009 .864 1.157
Pregnancy-induced hypertension syndrome –1.017 .358 –.088 –2.841 .005 .965 1.036
Gestational weeks .241 .049 .206 4.932 .000 .529 1.889
Birth weight .002 .000 .615 14.216 .000 .495 2.022

B = coefficient, SD = standard deviation, δ = tolerance error, VIF = variance inflation factor.
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growth factor-1 (IGF-1), and insulin-like growth factor binding 
protein-3 (IGFBP-3). As for the regulatory mechanism, growth 
hormone was an important regulator for the growth rates of 
preterm infants in a pulsed pattern, and IGF-1 formed a com-
plex with IGFBP-3 which was closely related to the growth 
rates of preterm infants. Amina et al reported that the serum 
levels of IGF-I and IGFBP-3 in preterm infants were lower than 
those in full-term infants (P < .001). However, the serum levels 
of IGF-I and IGFBP-3 expressed the first secretion peak after 2 
to 3 months of age, and then showed a slow downward trend in 
preterm infants.[22] Consequently, the serum levels of IGF-I and 
IGFBP-3 were closely related to the growth rates of the length 
and weight of preterm and full-term infants.

Based on this study, perinatal factors were attached more 
importance to the growth rates of preterm infants from birth 
to 3 months of age.[23] This study also demonstrated that there 
were some variables of birth length, birth weight, gestational 
weeks, delivery times, and pregnancy-induced hypertension 
syndrome which were the influencing factors by their contri-
bution to the growth rates of preterm infants. Zhang et al[24] 
revealed that perinatal factors were related to the growth rates 
of preterm infants. Besides gene polymorphisms, various peri-
natal factors jointly participated in the regulation mechanism 
of IGF-1 and IGFBP-3, which finally resulted in intrauterine 
growth retardation (IUGR) and the growth rates of preterm 
infants.[25] Therefore, multidisciplinary interventions should 
be developed to promote the growth rates of preterm infants 
within the first 3 months of age.

This study has some limitations. First, we did not recruit 
enough samples to unveil more risk factors for the growth rates 
of preterm infants owing to the loss of health visits at the corre-
sponding points of physical measurements. Second, we did not 
compare the growth rates of preterm and full-term infants in the 
urban and suburban areas of Hubei province.

In a future study, we should establish a birth cohort study of the 
growth rates of preterm and full-term infants with an increased 
duration of physical follow-up. Furthermore, we should conduct 
a multicenter study of the growth rates of preterm and full-term 
infants in a larger sample size stratified by gender and region.

5. Conclusions
In general, the growth rates of infants are a nonlinear and signif-
icant variation which is a series of alternating processes of rapid 
growth and stagnation. This study showed that the growth rates 
of the length and weight of preterm infants were significantly 
lower than those of full-term infants from birth to 3 months 
of age, and gradually caught up to the level of full-term infants 
after 3 months of age. Furthermore, there were some influenc-
ing factors that had significant differences in their contribution 
to the growth rates of the length and weight of preterm and 
full-term infants. It was proposed that perinatal factors were 
paid more importance to the growth rates of preterm infants. 
Therefore, we should establish a growth model to implement 
the effective intervention measures for growth and development 
of preterm infants.
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