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Abstract 

Background:  A complementary feeding (CF) period is necessary for nutritional and developmental reasons. Preterm 
children encounter more feeding problems than their term counterparts in the CF period. The goal of this study was 
to develop a nutritional risk screening tool specific to preterm children (the NRSP) in outpatient settings in the CF 
period, with the expectation of providing a standardised process to determine feeding problems and subsequently 
offering targeted nutritional advice.

Methods:  This study was a 2-phase study consisting of the development and evaluation phases. In the develop-
ment phase, the items of the NRSP were initially developed based on references and the Delphi expert consultation 
method. Second, 329 preterm individuals with corrected ages from 5 to 36 months were enrolled. The participat-
ing preterm children were interviewed with the NRSP and anthropometric measurements, and underwent intel-
lectual developmental tests and biochemistry detection (haemoglobin, red blood cell count, mean corpuscular 
volume, mean corpuscular haemoglobin, mean corpuscular haemoglobin concentration, serum iron, vitamin D). 
Third, preterm children’s anthropometric parameters were remeasured 1 month (for infants whose corrected age 
was 5–11 months) or 3 months (for children whose corrected age was 12–36 months) after the interview. Data in the 
development phase were analysed via univariate and binary logistic regression analysis sequentially to assign scores 
for items of the NRSP and to generate the models to predict underweight, stunting, and microcephaly of the NRSP. 
In the evaluation phase, another 605 preterm individuals were recruited to undergo the interview, anthropometric 
measurements, intellectual developmental tests, and biochemistry detection as in the development phase. Inter-
rater reliability, test-retest reliability, area under the curve (AUC), accuracy, sensitivity, specificity, the positive/negative 
predictive value (P/NPV), the positive/negative likelihood ratio (LR+/−), and the correlation coefficient by Spearman’s 
correlation analysis (rs) were used to assess the reliability and validity of the NRSP. Finally, anthropometric parameters, 
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Introduction
Clearly, at the corrected age of 4–6 months, preterm 
infants enter a process when breast milk or formula alone 
is not sufficient for further nutritional requests such that 
complementary foods are needed [1, 2]. The appropri-
ate timing of the introduction of complementary foods 
[3–5] and macronutrients and micronutrients provided 
by complementary foods [6–9] have positive effects on 
children’s (including preterm children’s) physical growth 
and cognitive development. In addition to its nutritional 
effect, food-related behaviours (such as satiety respon-
siveness, food fussiness), skills, and attitudes acquired 
during the complementary feeding (CF) period have 
long- and short-term health effects [10, 11]. Generally, 
the CF period is necessary for nutritional and develop-
mental reasons.

However, preterm children encounter more feeding 
problems than their term counterparts in the CF period, 
such as improper use of nutritional fortifiers [12, 13], 
inappropriate timing of complementary food introduc-
tion [14, 15], failure in food diversity [16], delay in tran-
sition from liquid to solid foods [17], insufficiency in an 
energy dense diet [17] and feeding difficulty [18, 19]. For 
example, 21.64% of preterm infants introduced comple-
mentary foods earlier than the corrected age of 4 months, 
which was too early, and that rate was significantly higher 
than 1.71% of the term infants [17]. A total of 46.6% of 
preterm infants, compared to 35.0% of term infants, had 
feeding difficulty in the CF period [19].

Therefore, nutritional risk screening for preterm chil-
dren in the CF period to provide further targeted nutri-
tional advice is vital. However, current nutritional risk 
screening tools for children aim to rapidly identify hospi-
talised paediatric patients with high nutritional risk and 
initiate nutritional intervention to decrease the length of 

the hospital stay, morbidity and mortality, as well as hos-
pital costs [20, 21]. The content of current nutritional risk 
screening tools consists of three or four questions that 
ask about whether there is potential nutritional risk of 
the current diseases, loss of nutritional intake, and poor 
weight gain [22]. Obviously, these questions do not cover 
enquiries into the feeding practices in the CF period.

The goal of our study was to develop a nutritional risk 
screening tool specific to preterm children (the NRSP) 
in outpatient settings during the CF period, expecting to 
provide a standardised process for child health care staff 
to determine the feeding problems of preterm individuals 
and subsequently to give targeted nutritional advice.

Materials and methods
The study comprised two phases: the development and 
evaluation phases. The study protocol was approved 
by the Medical Ethics Committees of Affiliated Fos-
han Maternity and Child Healthcare Hospital, Southern 
Medical University (Foshan Maternity and Child Health-
care Hospital) (approval #FSFY-MEC-2020-028).

Development phase
Development of NRSP
Professor Zhu from the Department of Maternal and 
Child Health at the School of Public Health at Sun Yat-
sen University, and four medical staff qualified attending 
physicians in Foshan Maternity and Child Healthcare 
Hospital designed the item pool of the NRSP based on 
local nutritional recommendations [1], references on pre-
term children’s nutrition, current nutritional risk screen-
ing tools for paediatric patients, and work experience.

The structure of the NRSP was made up of four dimen-
sions (Additional  file  1: Appendix  1, Additional  file  2: 
Appendix 2 and Additional file 3: Appendix 3).

biochemistry levels, and intellectual development quotients (DQs) from the development and evaluation phases 
between the high- and low-risk groups classified by the NRSP were compared using a t-test.

Results:  The κ coefficients of the interrater and test-retest reliability of the NRSP were all above 0.600, which meant 
that the reliability of the NRSP was moderate to substantial. The NRSP exhibited relatively higher efficiency in predict-
ing underweight and stunting, with AUCs, accuracies, specificities, and NPVs near to or greater than 0.900, sensitivities 
above 0.600, PPVs above 0.400, LR + s near to or greater than 10, and rss above 0.400. On the other hand, the NRSP 
manifested a weaker ability in predicting microcephaly, with most of the values of validity indicators lower than those 
of underweight and stunting prediction. Z scores of body weight, body length and head circumference, as well as 
DQs, were all higher in the low-risk groups than in the high-risk groups. There were no significant differences with 
respect to biochemistry levels between the high- and low-risk groups.

Conclusion:  The NRSP shows moderate to substantial reliability and validity in predicting underweight, stunting, and 
microcephaly. Health care staff should shed light on improving the feeding practices of preterm children with high 
nutritional risk classified by the NRSP to facilitate their physical growth and intellectual development. More research is 
expected to promote the NRSP models.

Keywords:  Nutritional risk, Screening tool, Preterm, Complementary feeding
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The first dimension inquired about the preterm indi-
vidual’s health status. The preterm individual was asked 
whether he/she was suffering from functional disorders, 
such as gastrointestinal, cardiopulmonary, neurological, 
haematological or metabolic disorders, as well as allergic 
or acute ailments [23–29].

The second dimension investigated feeding practices. 
Due to marked changes in the diet from the corrected 
age of 5 months to 3 years of age among preterm individ-
uals [10], the second dimension of NRSP was divided into 
three parts specific to preterm children with a corrected 
age of 5–7 months, 8–11 months, and 1–3 years. The vol-
ume of milk intake, the kind of formula (e.g., nutritional 
fortifiers such as human milk fortifier and post-discharge 
formula, special formulae such as extensively hydrolysed 
formula and amino acid formula), the amount of cereal 
and animal food intake, and the frequency of different 
kinds of food (including red meat, white meat, egg and 
yolk, animal viscus, vegetables and fruits, and soybean 
products) were surveyed. The energy density of comple-
mentary food (whether the food served as a liquid, semi-
solid, or solid form) was also measured. Furthermore, 
the preterm individual was asked whether he/she had 
difficulty or choked when swallowing or if he/she was 
unwilling to eat, which was defined as perceived eating 
difficulty.

The third dimension addressed nutrient supplementa-
tion. Preterm children are susceptible to deficiencies in 
vitamin A and D, as well as iron or calcium [28, 30, 31]. 
Thus, we designed the items for this section to inquire 
about ‘vitamin A, vitamin D, and iron element supple-
ment quantity per week’, ‘hours spent outdoors per week’, 
and ‘other nutrient supplements (e.g., calcium, zinc, etc.)’.

The last dimension involved anthropometric assess-
ment. We inquired about whether there was foetal 
growth retardation (z-score of birth weight/length/head 
circumference < − 2) or recent poor physical growth 
(z-score of body weight/length/head circumference at 
present minus the z-score of body weight/length/head 
circumference from last time < − 0.2), since those two 
factors might indicate extrauterine growth retardation 
[18, 32].

Thereafter, eight experts were invited to assess the 
content validation of the item pool. One of eight experts 
majored in paediatrics, one in neonatology, one in nutri-
ology, and the other five in child health care. The quali-
fication of each expert was no less than associate doctor 
or associate professor, with at least 10 years of work expe-
rience. Experts used a 5-point Likert scale (1 = not 
important at all, 5 = very important) to establish the 
importance of each item on the NRSP. After two evalua-
tions and revisions, all items of the NRSP received a score 
higher than four, meaning that all items were essential.

Generation of nutritional risk predicting models for NRSP
Participants
There were 18, 20, and 16 items of the NRSP for preterm 
children aged at corrected 5–7, 8–11, and 12–36 months, 
respectively. The sample size of each age group should 
be more than five times the number of items [33]. 
Hence, we needed to recruit no less than 100 preterm 
children for each age group. We recruited preterm chil-
dren (gestational age < 37 weeks) with a corrected age of 
5–36 months who underwent a physical examination in 
the Child Health Care Department of Foshan Maternity 
and Child Healthcare Hospital from March to July 2020. 
On the other hand, preterm children who were diag-
nosed with metabolic diseases and required a special diet 
were excluded. Preterm children with incomplete data 
were also excluded.

Investigation, anthropometry, and intellectual 
developmental and biochemical tests
Five well-trained medical staff members in the Child 
Health Care Department of Foshan Maternity and Child 
Healthcare Hospital conducted the investigation. After 
obtaining written informed consent from the caregiv-
ers, the medical staff interviewed the caregivers using 
the NRSP. After the interview, the participating preterm 
children were anthropometricly measured for body 
weight, body length, and head circumference and under-
went intellectual developmental tests using the ‘Devel-
opmental Scale for Children Aged 0–6 years of China’. 
The intellectual developmental level was described as the 
development quotient (DQ, mental age/corrected age), 
including the gross motor index, fine motor index, adapt-
ability index, verbal index, and social communication 
index; the full-scale DQ was the average of the five indi-
ces. For example, if the gross motor ability of a preterm 
infant with a corrected age of 8 months could reach the 
level of a term infant at 8 months old, his/her gross motor 
mental age was 8, and his/her gross motor DQ was 100 
(8/8). A higher DQ indicated better potential for intel-
lectual development. Subsequently, 5-ml venous blood 
samples were taken from the preterm children for hae-
moglobin, red blood cell (RBC) count, mean corpuscular 
volume (MCV), mean corpuscular haemoglobin (MCH), 
mean corpuscular haemoglobin concentration (MCHC), 
serum iron, and vitamin D detection. The blood samples 
were tested on the day of the interview. The haemoglo-
bin, RBC count, MCV, MCH, and MCHC levels were 
detected by an automated haematology analyser XN-10, 
Sysmex Corporation. The levels of serum iron were tested 
by an automatic biochemical immunoassay analyser 
(Cobas 800, Roche Diagnostics Corporation). The levels 
of vitamin D were tested by a Mokosensor-A300 colloidal 
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gold immunochromatographic analyser. Finally, preterm 
children’s anthropometric parameters were remeasured 
one month (for corrected 5–11-month age groups) or 
three months (for corrected 12–36-month age group) 
after the interview.

Nutritional risk definition
We defined underweight, stunting, or microcephaly 
as high nutritional risk. Underweight was defined as 
a z-score of body weight 1 month or 3 months after the 
interview < − 2. Stunting was defined as a z-score of body 
length 1 month or 3 months after the interview < − 2. 
Microcephaly was defined as a z-score of head circum-
ference 1 month or 3 months after the interview < − 2. 
Z-scores of anthropometric parameters were calculated 
according to the World Health Organization (WHO) 
growth chart.

Models to predict nutritional risk
The responses to each item of the NRSP were cross-
tabulated with underweight/stunting/microcephaly (or 
not) to identify risk factors for underweight/stunting/
microcephaly. Items found to be risk factors for under-
weight/stunting/microcephaly were scored as 0.5, 1, 2, 
or 3; protective factors were scored as − 0.5, − 1 or − 2; 
otherwise, they were scored as 0. In addition, factors that 
did not present significance in the current study but were 
recognised in the literature as having impacts on under-
weight/stunting/microcephaly were scored similarly. We 
then combined significant factors recognised by either 
univariate analysis or references to generate models that 
would best predict underweight/stunting/microcephaly 
using binary logistic regression analysis and area under 
the curve (AUC) analysis. Simultaneously, the cut-off val-
ues were determined by Youden’s index.

Evaluation phase
Participants, investigation, anthropometry, intellectual 
developmental and biochemical tests
From August 2020 to May 2021, we recruited preterm 
children for the reliability and validity assessment of the 
NRSP. The sample size, the inclusion and exclusion cri-
teria for the participants, and the execution of the inves-
tigation, anthropometry, intellectual developmental tests, 
and biochemical detection were the same as those in the 
development phase.

Reliability
Interrater reliability and test-retest reliability were used 
to assess the reliability of the NRSP. The first 30 partici-
pants from each age group were interviewed on the same 
day by two health care workers independently to evalu-
ate the interrater reliability. Another 30 participants from 

each age group were reinterviewed after a week to evalu-
ate the test-retest reliability.

Validity
AUC, accuracy, sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), posi-
tive likelihood ratio (LR+), negative likelihood ratio 
(LR-), and correlation coefficient by Spearman’s corre-
lation analysis (rs) were used to assess the effectiveness 
of the NRSP in predicting underweight, stunting, and 
microcephaly.

The correlations between the scores of each dimension 
of the NRSP and underweight/stunting/microcephaly 
were analysed using binary logistic regression analysis 
to evaluate which dimension would more likely predict 
nutritional risk.

Anthropometric parameters 1 or 3 months after the 
first interview, biochemical marker levels, and DQs 
between high-risk groups (which were estimated to have 
a higher risk of underweight, stunting or microcephaly) 
and low-risk groups by the NRSP classification from both 
the development and evaluation phases were compared 
to estimate the validity of risk classification based on the 
NRSP.

Statistical analysis
Statistical analysis was carried out using IBM SPSS, ver-
sion 25.0. Normally distributed continuous data were 
described as the mean and standard deviation (SD) values 
and compared by one-way analysis of variance (ANOVA) 
or Student’s t-test, whereas nonnormally distributed 
continuous data were demonstrated as the median and 
interquartile range (IQR) values and compared by the 
Kruskal–Wallis test. At the same time, categorical data 
are presented as frequencies and percentages, and were 
compared using the chi-square test or Fisher’s exact test.

Binary logistic regression analysis was used to gener-
ate nutritional risk prediction models and analyse the 
correlations between the scores of each dimension of the 
NRSP and malnutrition. Youden’s index was applied to 
yield the cut-off point. The interrater reliability and test-
retest reliability were assessed using Cohen’s κ statistics. 
The AUC, accuracy, sensitivity, specificity, PPV, NPV, 
LR+, LR-, and correlation coefficient by Spearman’s cor-
relation analysis (rs) were calculated to assess the validity 
of the NRSP.

Results
Demographic data
In the development phase, we first recruited 120, 128, 
and 136 preterm children at the corrected ages of 5–7, 
8–11, and 12–36 months, respectively. The final sam-
ples of corrected ages of 5–7, 8–11, and 12–36 months 
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were 104, 110, and 115, and the response rates were 
88.67, 85.94, and 84.56%, respectively. In the evalua-
tion phase, we preliminarily enrolled 182, 206, and 330 
participants at the corrected ages of 5–7, 8–11, and 
12–36 months, respectively. The final samples were 154, 
176, and 275 for the corrected age groups of 5–7, 8–11, 
and 12–36 months, respectively, and the response rates 
were 84.61, 85.44, and 83.33%, respectively. Reasons for 
exclusion were: (1) incomplete data: some visitors were 
not the participants’ caregivers and could not provide 
complete data on feeding practices; (2) refusal or ina-
bility to take part in the intellectual developmental or 
biochemical tests: some preterm individuals could not 
cooperate on the developmental tests because of fall-
ing asleep or sickness, and some caregivers considered 
their infants too vulnerable to have blood drawn; (3) 
the absence of anthropometric remeasurement: some 
participants had moved away from Foshan or were 
under the care of another medical centre. The details of 
the study sample and reasons for exclusion are outlined 
in Table 1.

There were discrepancies in the gender distribution 
(corrected age group of 5–7 months), the z-scores of 
head circumference on the day of the interview (cor-
rected age group of 5–7 months), the z-scores of body 
length on the day of the interview (corrected age 
groups of 8–11, and 12–36 months), and corrected 
age (corrected age group of 12–36 months) between 
the development and evaluation phases. However, 
when developing the NRSP, we used the z-scores of 
the anthropometric parameters as outcome indicators, 
which had adjusted sex and corrected age, meaning that 
the discrepancies of gender distribution and corrected 
age would not affect the results. Moreover, the preterm 
children were stratified by their z-scores of anthropo-
metric parameters. It was suggested that the discrepan-
cies in head circumference and body length would fully 
be taken into account and would not interfere with the 
final outcomes. Data are shown in Table 2.

Models to predict nutritional risks
According to the results of univariate analysis (Addi-
tional  file  4: Appendix  4, Additional  file  5: Appendix  5 
and Additional file 6: Appendix 6), binary logistic regres-
sion analysis (Additional file  4: Appendix  4, Additional 
file  5: Appendix  5 and Additional file  6: Appendix  6), 
references and our group discussions, models to predict 
nutritional risk were developed as follows.

For preterm infants at the corrected age of 5–7 months
The model to predict underweight included factors of the 
z-scores for birth weight, the volume of milk intake per 
day, nutritional fortifier usage, the amount of cereal and 
animal food intake, food energy density, and recent poor 
weight gain. The model to predict stunting included fac-
tors of the z-scores for birth length, the volume of milk 
intake per day, nutritional fortifier usage, vitamin D and 
calcium supplementation, hours spent outdoors per 
week, and recent poor body length growth. The model 
to predict microcephaly included factors of the z-scores 
for birth weight and birth head circumference, the vol-
ume of milk intake per day, nutritional fortifier usage, the 
amount of animal food intake, vitamin D supplementa-
tion, hours spent outdoors per week, and recent poor 
head circumference growth.

For preterm infants at the corrected age of 8–11 months
The model to predict underweight involved factors of 
the z-scores for birth weight and birth length, the vol-
ume of milk intake per day, nutritional fortifier usage, 
the amount of cereal and animal food intake, food energy 
density, perceived eating difficulty, and recent poor 
weight gain. The model to predict stunting involved fac-
tors of the z-scores for birth weight and birth length, the 
volume of milk intake per day, nutritional fortifier usage, 
the amount of animal food intake, vitamin D, vitamin A 
and calcium supplementation, hours spent outdoors per 
week, and recent poor body length growth. The model 
to predict microcephaly involved factors of the z-scores 

Table 1  Study sample and reasons for exclusion

Phase Development Evaluation

Corrected age (months) 5–7 8–11 12–36 5–7 8–11 12–36

First recruitment (n) 120 128 136 182 206 330

Incomplete data (n) 0 0 0 0 2 5

Refusal or inability to participate in the intellectual devel-
opmental or biochemical tests (n)

8 6 0 12 9 8

Absence of anthropometric remeasurement (n) 8 12 21 16 19 42

Final sample (n) 104 110 115 154 176 275

Response rate (%) 86.67 85.94 84.56 84.61 85.44 83.33
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for birth head circumference, the volume of milk intake 
per day, iron rich food (red meat, egg and yolk, and ani-
mal viscus) intake frequency, the amount of animal food 
intake, perceived eating difficulty, vitamin D supplemen-
tation, hours spent outdoors per week, and recent poor 
head circumference growth.

For preterm children at the corrected age of 12–36 months
The model to predict underweight covered factors of the 
z-scores for birth weight and birth length, the volume 
of milk intake per day, red meat intake frequency, the 
amount of cereal and animal food intake, food energy 
density, perceived eating difficulty, and recent poor 
weight gain. The model to predict stunting covered fac-
tors of the z-scores for birth length, the volume of milk 

intake per day, the amount of animal food intake, per-
ceived eating difficulty, vitamin D and calcium supple-
mentation, hours spent outdoors per week, and recent 
poor body length growth. The model to predict micro-
cephaly covered factors of the z-scores for birth head cir-
cumference, egg and yolk intake frequency, the amount 
of cereal and animal food intake, perceived eating diffi-
culty, vitamin D supplementation, hours spent outdoors 
per week, and recent poor head circumference growth.

Reliability
The κ coefficients of the interrater reliability and the test-
retest reliability of the NRSP were all above 0.600, which 
meant that the reliability of the NRSP was moderate to 
substantial. The data are outlined in Table 3.

Table 2  Demographic data of the recruited participants

a by chi-square test, bpresented as the median (interquartile range) by the Kruskal–Wallis test, BWTZ/BLGZ/BHCZ z-scores of birth weight/length/head circumference, 
WTZ/LGZ/HCZ1 z-scores of body weight/length/head circumference on the day of the interview, WTZ/LGZ/HCZ2 z-scores of body weight/length/head circumference 
1 month (for infants whose corrected age was 5–11 months) or 3 months (for children with a corrected age of 12–36 months) after the interview

Corrected age 
(months)

5 to 7 8 to 11 12 to 36

Phase Development Evaluation P Development Evaluation P Development Evaluation P

n 104 154 110 176 115 275

Male n (%)a 72(69.23) 79(51.30) 0.008 60(54.54) 105(59.66) 0.986 64(55.65) 175(63.64) 0.140

Gestational age 
n (%)a

0.863 0.347 0.977

   < 32 weeks 20(19.23) 26(16.88) 25(22.73) 45(25.57) 24(20.87) 56(20.36)

  32–34 weeks 20(19.23) 33(21.43) 17(15.45) 38(21.59) 24(20.87) 60(21.82)

   > 34 weeks 64(61.54) 95(61.69) 68(61.82) 93(52.84) 67(58.26) 159(57.82)

BWTZb − 0.31(− 0.80,0.75) −0.24(− 0.72,0.25) 0.415 −0.11(− 0.69,0.38) −0.25(− 0.73,0.27) 0.815 − 0.40(− 0.84,0.22) −0.09(− 0.77,0.46) 0.361

BLGZb −0.24(− 0.81,0.37) −0.23(− 0.71,0.36) 0.309 −0.20(− 0.711,0.03) −0.25(− 0.91,0.24) 0.661 −0.37(− 1.04,0.15) −0.36(− 1.00,0.16) 0.629

BHCZb −0.60(− 1.00,0.13) − 0.56(− 1.00,0.06) 0.908 − 0.35(− 1.29,0.13) −0.56(− 1.00,0.06) 0.061 − 0.47(− 1.00,0.06) −0.49(− 1.05,0.05) 0.724

Corrected age 
(months)b

5.40(5.07,6.13) 5.20(4.90,5.71) 0.072 9.57(8.05,10.47) 9.97(8.37,11.40) 0.151 17.20(14.03,24.37) 16.43(12.80,18.37) 0.016

WTZ1b −0.06(− 0.77,0.70) 0.00(− 0.55,0.73) 0.159 −0.08(− 0.79,0.48) −0.34(− 0.80,0.74) 0.375 −0.56(− 1.24,0.24) −0.38(− 1.00,0.16) 0.527

LGZ1b −0.01 (− 0.59,0.69) 0.16(− 0.59,0.71) 0.172 −0.20 (− 0.80,0.55) −0.14(− 0.64,0.64) 0.039 −0.26(− 1.02,0.55) −0.37(− 1.33,0.40) 0.048

HCZ1b −0.28(− 0.74,0.56) 0.23(− 0.41,0.81) 0.050 −0.10(− 0.73,0.70) −0.01(− 0.80,0.48) 0.500 −0.42(− 0.99,0.44) 0.05(− 1.03,0.59) 0.905

WTZ2b − 0.28(− 1.16,0.40) −0.18(− 0.89,0.60) 0.230 −0.41(− 0.80,0.29) −0.24(− 0.84,0.66) 0.094 −0.47(− 1.19,0.19) −0.49(− 1.12,0.25) 0.691

LGZ2b −0.18(− 0.95,0.43) 0.07(− 0.60,0.76) 0.237 −0.11(− 1.05,0.73) −0.22 (− 0.82,0.44) 0.352 −0.37(− 1.14,0.34) −0.36(− 1.28,0.25) 0.908

HCZ2b −0.20(− 0.95,0.55) 0.03(− 0.63,0.81) 0.219 0.05(− 0.91,0.70) −0.20(− 0.94,0.50) 0.460 −0.32(− 0.96,0.53) −0.28(− 1.14,0.41) 0.962

Current diseases 
n (%)a

0.173 0.765 0.240

  Neurological 
disorders

2(1.92) 5(3.25) 1(0.91) 4(2.27) 3(2.61) 4(1.45)

  Cardiopulmo-
nary disorders

0 2(1.30) 0 1(0.57) 2(1.74) 0

  Gastrointestinal 
disorders

0 2(1.30) 0 1(0.57) 0 0

  Haemato-
logical system 
diseases

2(1.92) 0 0 0 0 2(0.73)

  Acute diseases 3(2.88) 12(7.79) 9(8.18) 18(10.23) 7(6.09) 23(8.36)

  Allergic 
diseases

8(7.69) 10(6.49) 6(5.45) 11(6.25) 3(2.61) 6(2.18)
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Validity
The NRSP exhibited relatively higher efficiency in pre-
dicting underweight and stunting, with AUCs, accura-
cies, specificities, and NPVs near to or greater than 0.900, 
sensitivities above 0.600, PPVs above 0.400, LR + s near 
to or greater than 10, and rss above 0.400. On the other 
hand, the NRSP manifested a weaker ability in predict-
ing microcephaly, with most of the values of validity 
indicators lower than those of underweight and stunting 
prediction. Nevertheless, the LR-s of all the predictive 
models were above 0.1, which suggests less satisfactory 
results. The data are displayed in Table 3.

We further explored the correlations between the 
scores of each dimension of the NRSP and malnutrition. 

We found that the scores of anthropometric assessment 
were positively correlated with malnutrition in all age 
groups, except in stunting and microcephaly for pre-
term infants with a corrected age of 5–7 months. Feeding 
practices gradually manifested their significantly positive 
effect as age increased. However, nutrient supplementa-
tion did not have a significant correlation with under-
weight, stunting, or microcephaly. Data are depicted in 
Table 4.

Finally, we compared anthropometric, biochemi-
cal, and intellectual developmental indicators between 
the high and low nutritional risk groups. We found that 
the z-scores for body weight, body length, and head cir-
cumference 1 or 3 months after the first interview were 

Table 3  The Reliability and Validity of the Nutritional Risk Screening Tool for Preterm Children

κ Cohen’s κ statistics, AUC​ Area under the curve, rs Correlation coefficient by Spearman’s correlation analysis, *: P < 0.05; # P < 0.10

Corrected Age (months) 5 to 7 8 to 11 12 to 36

Interrater reliability (κ) 0.667* 0.758* 0.889*

Test-retest reliability (κ) 0.760* 0.706* 0.609*

Models to predict underweight
  AUC(95%CI) 0.863 (0.634–1.000)* 0.953 (0.885–1.000)* 0.907 (0.805–1.000)*

  Accuracy 0.954 0.954 0.909

  Sensitivity 0.769 0.692 0.652

  Specificity 0.972 0.976 0.933

  Positive predictive value 0.714 0.692 0.469

  Negative predictive value 0.979 0.975 0.967

  Positive likelihood ratio 27.084 28.257 9.662

  Negative likelihood ratio 0.237 0.315 0.373

  rs 0.558* 0.490* 0.476*

Models to predict stunting
  AUC(95%CI) 0.894 (0.741–1.000)* 0.975 (0.940–1.000)* 0.924 (0.870–0.978)*

  Accuracy 0.916 0.969 0.894

  Sensitivity 0.636 0.636 0.828

  Specificity 0.937 0.970 0.901

  Positive predictive value 0.437 0.583 0.432

  Negative predictive value 0.971 0.976 0.983

  Positive likelihood ratio 10.102 21.003 8.328

  Negative likelihood ratio 0.388 0.375 0.193

  rs 0.405* 0.443* 0.511*

Models to predict microcephaly
  AUC(95%CI) 0.730 (0.492–0.967)* 0.729 (0.465–0.993)# 0.922 (0.860–0.983)*

  Accuracy 0.714 0.710 0.902

  Sensitivity 0.692 0.692 0.720

  Specificity 0.716 0.712 0.920

  Positive predictive value 0.184 0.161 0.474

  Negative predictive value 0.962 0.967 0.970

  Positive likelihood ratio 2.440 2.402 9.000

  Negative likelihood ratio 0.430 0.432 0.304

  rs 0.401* 0.355* 0.513*
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all greater in the low-risk groups versus the high-risk 
groups. Notwithstanding, there were no significant dif-
ferences with respect to levels of haemoglobin, RBC 
count, MCV, MCH, MCHC, serum iron, and vitamin D 
between the high- and low-risk groups. The full-scale 
DQs of the high-risk groups were all lower than those 
of the low-risk groups. Gross motor and social com-
munication DQs were lower in the high-risk group for 
preterm children with a corrected age of 12–36 months. 
Fine motor and adaptability DQs were lower in high-risk 
groups for preterm infants at the corrected age of 5–7, 
and 8–11 months. Verbal DQ was lower in the high-
risk group for preterm infants at the corrected age of 
8–11 months. Data are outlined in Table 5.

Discussion
The NRSP was designed for routine clinical use for health 
care staff when following up with preterm children. The 
data from this study indicate that the NRSP has accept-
able reliability and validity.

The NRSP has moderate to substantial reliability
We used interrater reliability and test-retest reliability 
to assess the ability of the NRSP in yielding the same 
nutrition outcome on the same individual. The inter-
rater reliability and the test-retest reliability of the NRSP 
were all above 0.600, which implies that the reliability 
of the NRSP is moderate to substantial [34]. It is higher 
than the reliability of the Paediatric Yorkhill Malnutri-
tion Score (PYMS, κ = 0.53) [35], the Screening Tool 
for Risk on Nutritional Status and Growth (STRONG-
kids, κ = 0.483), and the Paediatric Nutrition Screening 
Tool (PNST, κ = 0.601) [20], but lower than that of the 

Screening Tool for the Assessment of Malnutrition in 
Paediatrics (STAMP, κ = 0.882) [21].

The NRSP has moderate to high validity
The AUCs of the NRSP in predicting underweight, stunt-
ing, and microcephaly were all above 0.700, which sug-
gests that the effectiveness of the NRSP in malnutrition 
prediction is relatively high [36]. The AUCs of NRSP were 
greater than those of the PYMS and the STAMP in pre-
dicting wasting (0.717 and 0.657, respectively) and stunt-
ing (0.628 and 0.643, respectively) [37]. Sensitivities were 
all above 0.600, and specificities were all above 0.700 for 
NRSP, which indicates a moderate to high extent, and 
they were similar to the sensitivities of the PYMS and 
STAMP for predicting wasting (0.878 and 0.776, respec-
tively) and stunting (0.724 and 0.759, respectively) [37]. 
Additionally, the PNST had an approximate sensitivity 
of 0.88 and a specificity of 0.78, while STRONGkids had 
a higher sensitivity of 0.94 but a lower specificity of 0.44 
[20]. The accuracies of the NRSP in predicting under-
weight and stunting were near to or above 0.900, which 
were higher than those of the Subjective Global Nutri-
tional Assessment (SGNA, 67.07%) and the STAMP 
(45.12%) [38]. The PPVs of the NRSP in predicting under-
weight and stunting were similar to the SGNA (64.86%) 
and STAMP (47.06%), while the NPVs of the NRSP were 
clearly higher than the SGNA (68.89%) and STAMP 
(47.06%). At the same time, LR + s were higher than the 
SGNA (2.14) and STAMP (0.93). On the other hand, 
LR-s were similar to the SGNA (0.52), but lower than 
the STAMP (1.33) [38]. For a disease with a 10% preva-
lence, the ideal sensitivity is 90%, specificity is 80%, PPV 
is 33%, NPV is 98%, LR+ is more than 10, and LR- is less 
than 0.1 for a diagnostic test [39]. In our study, the total 

Table 4  Correlations of scores of the Nutritional Risk Screening Tool for Preterm Children with underweight/stunting/microcephaly

Underweight Stunting Microcephaly

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Corrected age of 5–7 months
  Feeding practice score 0.787 (0.454–1.364) 0.393 0.342 (0.120–0.972) 0.044 0.773 (0.404–1.482) 0.438

  Nutrient supplementation score – – 1.578 (0.620–4.019) 0.339 0.503 (0.129–1.965) 0.323

  Anthropometric assessment score 2.516 (1.322–4.753) 0.004 1.376 (0.629–3.010) 0.424 1.467 (0.948–2.271) 0.085

Corrected age of 8–11 months
  Feeding practice score 0.996 (0.646–1.535) 0.986 0.739 (0.312–1.750) 0.492 1.165 (0.883–1.538) 0.280

  Nutrient supplementation score – – 1.710 (0.776–3.767) 0.183 1.369 (0.675–2.776) 0.384

  Anthropometric assessment score 2.451 (1.556–3.862) < 0.001 5.879 (2.006–17.228) 0.001 1.795 (1.032–3.124) 0.038

Corrected age of 12–36 months
  Feeding practice score 1.474 (1.039–2.091) 0.030 1.571 (1.062–2.326) 0.024 2.158 (1.358–3.429) 0.001

  Nutrient supplementation score – – 1.101 (0.629–1.928) 0.736 1.496 (0.703–3.183) 0.295

  Anthropometric assessment score 2.186 (1.429–3.346) < 0.001 2.376 (1.407–4.013) 0.001 1.664 (1.043–2.656) 0.033
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prevalence of malnutrition was 11.43%. Hence, the NRSP 
has ideal specificity, PPV, NPV, and LR+ in predicting 
underweight and stunting; however, the NRSP’s poten-
tial to predict microcephaly is weaker; moreover, sensi-
tivity and LR- are less favourable for the NRSP. The data 
revealed that the NRSP classifications were moderately 
correlated with underweight, stunting and microcephaly, 
with correlation coefficients varying from 0.355 to 0.558 
[40]. This was slightly stronger for the NRSP associated 
with underweight than stunting or microcephaly, which 
was the same as reports of the STRONGkids (r = − 0.16 
for weight for age, W/A; r = 0.03 for height for age, 
H/A) [41], SGNA (r = 0.440 for W/A, r = 0.278 for H/A) 
[42], and PNST (r = 0.66 for W/A, r = 0.19 for H/A) 

[43]. Further, the NRSP had a stronger correlation with 
the anthropometry than the STRONGkids, SGNA and 
PNST. The somewhat weaker validity and correlation of 
the NRSP with stunting or microcephaly versus under-
weight might be because body length or head circumfer-
ence growth are significantly affected by genetic factors, 
the social and economic environment, cerebral develop-
ment, and skull thickness compared to mere nutrition 
factors [44–46].

The z-scores for anthropometric parameters and 
intellectual DQs were significantly higher in the low-
risk groups than in the high-risk groups, which indi-
cates that the classification by the NRSP is valid and 
reasonable. Health care staff should shed light on 

Table 5  The anthropometric parameters, biochemical levels, and intellectual development quotients between the high- and low-
nutritional-risk groups

a by chi-square test, bpresented as the median (interquartile range) by the Kruskal–Wallis test, cpresented as the mean (standard deviation) by Student’s t-test, WTZ/
LGZ/HCZ2 z-scores for body weight/length/head circumference 1 month (for infants with a corrected age of 5–11 months) or 3 months (for children with a corrected 
age of 12–36 months) after the interview, RBC Red blood cell, MCV Mean corpuscular volume, MCH Mean corpuscular haemoglobin, MCHC Mean corpuscular 
haemoglobin concentration, DQ Intellectual development quotient

Corrected age 5–7 months 8–11 months 12–36 months
Group High 

nutritional risk
Low 
nutritional risk

P High 
nutritional risk

Low 
nutritional 
risk

P High 
nutritional risk

Low 
nutritional 
risk

P

n 83 175 65 221 99 291

Male n (%)a 57 (68.67) 94 (53.71) 0.031 32 (49.23) 133 (60.18) 0.084 60 (60.61%) 179 (61.51) 0.873

GA (weeks)b 35.14 (32.71, 
36.28)

35.14 (32.29, 
36.14)

0.899 34.57 (32.00, 
35.57)

34.57 (31.43, 
35.96)

0.068 34.57 
(32.43,35.86)

34.43 (32.57, 
35.71)

0.763

WTZ2b −0.51 (−1.43, 
−0.12)

0.01 (−0.69, 
0.90)

< 0.001 −1.08 (−2.12, 
−0.58)

−0.12 (−0.66, 
0.67)

< 0.001 −1.57 (−2.11, 
−0.79)

−0.41 (−0.96, 
0.32)

< 0.001

LGZ2b −0.36 (−1.08, 
0.29)

0.16 (−0.56, 
0.87)

0.003 −1.11 (−1.82, 
−0.28)

0.06 (−0.58, 
0.82)

< 0.001 −1.37 (− 1.98, 
−0.30)

−0.27 (−0.92, 
0.39)

< 0.001

HCZ2b −0.34 (− 1.28, 
0.22)

0.10 (− 0.58, 
0.83)

0.002 − 1.03 (− 1.89, 
− 0.15)

0.19 (− 0.52, 
0.73)

< 0.001 − 1.33 (− 2.19, 
− 0.52)

− 0.09 (− 0.75, 
0.63)

< 0.001

Haemoglobin 
(g/L)c

117.40 (11.13) 115.80 (12.56) 0.385 119.09 (14.77) 120.88 (10.10) 0.361 124.70 (8.39) 126.11 (9.40) 0.235

RBC count 
(1012/L)c

4.76 (0.44) 4.76 (0.45) 0.977 4.90 (0.52) 4.79 (0.46) 0.174 4.82 (0.43) 4.99 (2.88) 0.593

MCV (fL)c 78.17 (6.98) 76.74 (9.90) 0.300 76.49 (9.10) 79.32 (8.42) 0.058 80.70 (8.14) 81.31 (8.00) 0.558

MCH (pg)c 24.81 (2.42) 24.48 (3.00) 0.436 24.52 (3.68) 25.43 (2.87) 0.085 26.02(2.60) 26.44 (2.71) 0.231

MCHC (g/L)c 317.41 (15.23) 317.26 (15.05) 0.947 319.51 (22.09) 320.64 (16.32) 0.713 322.61 (13.00) 325.25 (14.54) 0.151

Serum iron 
(μmol/L)c

11.79 (2.34) 11.25 (2.27) 0.166 11.02 (3.30) 12.13 (2.70) 0.187 12.91 (3.06) 13.41 (3.64) 0.444

Serum vitamin 
D (nmol/L)c

79.17 (14.67) 77.74 (14.07) 0.557 82.54 (12.91) 83.32 (11.80) 0.840 74.64 (17.37) 77.65 (17.51) 0.400

Gross motor 
DQc

94.09 (17.25) 95.37 (12.91) 0.537 91.87 (12.15) 93.50 (10.90) 0.363 92.01 (12.45) 95.78 (11.49) 0.012

Fine motor DQc 90.48 (15.27) 95.70 (14.16) 0.013 86.57 (10.60) 90.70 (10.99) 0.019 87.94 (11.55) 87.98 (12.83) 0.985

Adaptability 
DQc

89.20 (13.03) 94.13 (12.12) 0.006 90.11 (12.04) 94.26 (10.03) 0.014 91.80 (11.05) 92.65 (11.33) 0.550

Verbal DQc 95.67 (10.53) 98.60 (11.47) 0.068 88.53 (10.74) 92.61 (10.17) 0.014 83.28 (12.66) 85.99 (13.25) 0.104

Social commu-
nication DQc

93.22 (12.26) 96.33 (11.00) 0.059 91.60 (10.48) 94.14 (9.03) 0.089 79.96 (11.26) 84.41 (10/83) 0.001

Full scale DQc 92.57 (10.47) 96.03 (9.00) 0.012 90.18 (7.68) 93.04 (7.42) 0.017 86.99 (7.51) 89.39 (8.07) 0.017
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improving the feeding practices of preterm children 
with high nutritional risk to facilitate their physical 
growth and intellectual development. There were no 
discrepancies with respect to haemoglobin, RBC count, 
MCV, MCH, MCHC, serum iron, and vitamin D levels 
between the high- and low-risk groups, which might 
be because this study was a single-centre investigation, 
and the participants basically followed the same advice 
on nutrient supplementation.

Foetal growth status and feeding practices were critical 
factors for predicting malnutrition
We found that the anthropometric assessment score 
was positively correlated with malnutrition. The main 
component of the anthropometric assessment dimen-
sion was foetal growth status; therefore, we posited 
that foetal growth status was of paramount effect on 
extrauterine growth. A high score for anthropometric 
assessment indicates worse foetal growth status, which 
further signals less nutrient storage and a greater prob-
ability of disease occurrence, leading to extrauterine 
growth retardation.

The feeding practice score had a positive correlation 
with malnutrition only in the corrected 12–36-month 
age group, and even showed a negative association 
with malnutrition in the corrected 5–7-month age 
group. Reasons for the contrary relationship in the 
early stage might be that in the early stage of preterm 
birth, because of their low birth weight or length, they 
are probably regarded as having malnutrition, and the 
lower their birth weight is, the more likely they are to 
use nutritional fortifiers. When using nutritional for-
tifiers, preterm infants obtain lower scores in feed-
ing practices, resulting in a false negative association 
between the score of feeding practices and malnutri-
tion. As age increases, the effect of foetal growth status 
might be attenuated, and the positive effect of feeding 
practices gradually appears.

In the NRSP, some items (such as current diseases and 
nutrient supplementation, which are recognised in the 
literature as important factors of nutritional risk predic-
tion) had no significant association with malnutrition in 
our study, which is contrary to our knowledge. We sus-
pect that this was due to the relatively small sample size 
from a single centre. We decided to retain these items in 
the NRSP and anticipate further investigation.

There are limitations in this study. A major limitation 
was the relatively small sample size. This may have led to 
the second limitation, which was the moderate reliability 
and validity of the NRSP. Hence, a large-scale multicentre 
study should be conducted to broadly promote the NRSP 
models.

Conclusion
The present study shows that the NRSP has moder-
ate to substantial reliability and validity in predicting 
underweight, stunting, and microcephaly. Health care 
staff should shed light on improving the feeding prac-
tices of preterm children with high nutritional risk clas-
sified by the NRSP to facilitate their physical growth 
and intellectual development. However, more research 
is needed to promote the NRSP models.
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