www.nature.com/scientificreports

scientific reports

W) Check for updates

Construction of China national
newborn growth standards based
on a large low-risk sample

Xin-Nan Zong?, Hui Li**, Ya-Qin Zhang?, Hua-Hong Wu?, Geng-Li Zhao? & The Working
Committee of the China National Newborn Growth Standards Project”

Most published newborn growth references are based on conventional monitoring data that usually
included both low- and high-risk pregnancies. We sought to develop a set of neonatal growth
standards constructed from only a large sample of low-risk pregnancies. A total of 24,375 naturally
conceived singleton live births with gestational ages of 24-42 weeks were collected in 69 hospitals in
thirteen Chinese cities between 2015 and 2018. Unhealthy infants or those with high-risk mother were
excluded. Smoothed percentile curves of six anthropometric indicators were established using the
Generalized Additive Model for Location, Scale and Shape. The 3rd, 10th, 25th, 50th, 75th, 90th, and
97th percentile references for birth weight, length, head circumference, weight/length, body mass
index, and ponderal index were calculated for neonates with gestational ages of 24—42 weeks. This set
of neonatal growth standards with six anthropometric indicators can provide more tools for growth
and nutrition assessment and body proportionality in neonatal clinical practice. These standards
might also help to show the differences between growth curves based on low-risk and mixed low- and
high-risk pregnancies.

Intrauterine growth is associated with infant survival, future growth and development, and health conditions.
An appropriate growth standard or reference is an essential tool for neonatal growth assessment at birth. There-
fore, some countries have established newborn growth standards based on low-risk pregnancies with a normal
outcome®? or newborn growth references based on mixed low- and high-risk pregnancies®-. Whether sample
population are drawn from low-risk pregnancies or mixed low- and high-risk pregnancies is the key to distinguish
growth standards and growth references”. The sample populations for growth standards are selected based on
relatively healthy and adequately nourished pregnant women and represent relative healthy patterns of growth of
neonates that can answer how infants ought to grow rather than how they do grow®. Considering the difference
of the reference samples, a standard may have more clinical utility than a population reference®.

The growth reference for Chinese newborns constructed in 19881° is ill-suited for assessing the growth and
development of today’s Chinese newborns due to several limitations. Recent monitoring data has shown that the
growth level of newborns is substantially higher compared to the 1988 reference!!~'%. Further, the 1988 reference
only covers newborns with a gestational age (GA) of greater than 28 weeks, which does not meet the current
need of assessing infants with a GA of less than 28 weeks as more extremely preterm babies are being born. To
overcome these limitations, we aimed to develop a set of growth standards for neonates with GA of 24-42 weeks
based on a large sample of low-risk pregnancies. Three commonly used indicators—birth weight, length, and head
circumference—that allowed better definition of small for GA (SGA) and large for GA (LGA) were employed. In
addition, three anthropometric ratios—weight/length, body mass index (BMI), and ponderal index (PI)—that
allowed for better assessment of symmetric vs asymmetric abnormalities in growth were utilized. We also exam-
ined the differences among our standards, the INTERGROWTH-21st standards>'*!* and the new US curves*'S.

Materials and methods

Subject. From June 2015 to November 2018, a cross-sectional survey of newborn babies with a GA of
24-42 weeks in 13 cities in China was carried out. Of these 13 cities, nine, including Beijing, Harbin, X{an,
Shanghai, Nanjing, Wuhan, Guangzhou, Fuzhou, and Kunming, were selected to investigate newborn babies
with GA of 24-42 weeks. These nine cities were also the sample cities on the National Survey on the Physical
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Growth and Development of Children in China, which was a representative national survey of the country".
Considering the low numbers of extremely and early preterm babies, four cities in the surrounding regions of the
nine cities including Tianjin, Shenyang, Changsha, and Shenzhen were added to supplement the sample sizes of
preterm babies with GA of 32 weeks and below.

Single naturally conceived live births with a GA of 24-42 weeks were included. Infants who were not healthy
or whose mothers were at high health risk were excluded according to the following exclusion criteria: (D unclear
GA; @ severe congenital malformation at birth or known chromosomal abnormality; @ edema or hematoma
during physical measurement; @ parents of non-Chinese origin; &) mothers were not permanent residents in
surveyed cities and lived in surveyed cities for < 2 years; ® maternal height < 145 cm; (Dmaternal age < 18 years
or > 40 years; (8 mothers who were smoking, alcoholic or drug dependent over the three months before or dur-
ing pregnancy; @ mothers who had continuously taken adrenal cortex hormones or other immunosuppressive
agents for > 1 month during pregnancy; (@ mothers of full-term babies with any of the following conditions
during pregnancy: severe anemia (Hb = 60 g/L), gestational diabetes, preeclampsia, eclampsia, hyperthyroidism
or hypothyroidism, heart and kidneys dysfunction, chronic hypertension; @ mothers of preterm babies with
any of the following conditions during pregnancy: severe anemia (Hb < 60 g/L), gestational diabetes that can-
not be effectively controlled by diet and exercise intervention, severe preeclampsia, eclampsia, hyperthyroidism
or hypothyroidism that cannot be effectively controlled by drug therapy, severe heart and kidneys dysfunction.

GA was jointly determined based on the mother’s last menstrual period (LMP) and the results of ultrasound
examination in the first three months of pregnancy. GA based on LMP was used when the GA difference between
the two methods was = 1 week, and GA based on ultrasound examination was used when the GA difference
was> 1 week. GA groups were divided by week, such as 24 to 24%° weeks for the 24 week GA group.

Sample size was estimated according to both statistical accuracy requirements for establishing percentile
curves and observed numbers of newborns at each GA. For full-term babies with GA of 37-41 weeks, the
sample size for each GA group was about 100 per sex and city; for preterm babies with GA of 29-36 weeks, the
sample size for each GA group was about 50. Full-term babies with GA of 37-41 weeks were sampled by cluster
sampling. Samples were evenly distributed by season, and babies randomly selected from each season. All eligi-
ble full-term babies with GA 2 42 weeks or preterm babies with GA =< 28 weeks within selected hospitals were
included in this study. The study was reviewed and approved by the Ethics Committees of the Capital Institute
of Pediatrics (No.SHERLL-2015009). Written informed consent at the top of questionnaires was obtained from
all respondents (i.e., parents of the newborns). All methods were performed in accordance with the relevant
guidelines and regulations.

Measurement. Birth weight was measured within 12 h of birth with an electronic scale (maximum range
20 kg, accurate to 10 g). Birth recumbent length was measured within 24 h with infantometer (maximum range
65 cm, accurate to 0.1 cm) for term babies and preterm babies of large GA and new patent infantometer (Patent
No. z1201520996396.X) (maximum range 45 cm, accurate to 0.1 cm) for preterm babies of small GA. Birth head
circumference was measured within 24 h with a flexible non-stretchable plastic tape (0.7 cm wide, maximum
range 100 cm, accurate to 0.1 cm). Birth weight, length, and head circumference were measured twice and
recorded twice in a standardized measurement procedure'®. Each measurement was collected independently by
two trained doctors or nurses. If the difference between the two measurements exceeded the maximum allow-
able difference (weight 10 g, length 0.5 cm, head circumference 0.5 cm), a third measurement was taken, and
then those two measurements not exceeding the allowable difference were recorded.

Quality control.  Uniform measuring tools were equipped for all sites, including infantometer and new pat-
ent infantometer for length measurement, non-stretchable plastic tape for head circumference measurement,
standard weights (accuracy 10 g, 50 g, 100 g, 500 g) for calibration of electronic scale, and standard steel tape
(accuracy 1 mm) for calibration of infantometer and plastic tape. The electronic scales in each site were used for
investigation after evaluation and calibration of standard weights with a maximum allowable difference of 10 g.
Calibration was taken every week with maximum allowable differences of weight 10 g, length 0.5 cm, and head
circumference 0.5 cm. Questionnaires were completed by pairs of trained doctors or nurses, with one recording
the answers and the other reviewing. The completed questionnaires in each city were sent to the Beijing Steering
Committee for final check and data entry. EpiData 3.0 software was used for double entry and logic check of the
questionnaires.

Statistical analysis. The mean of two measurements for birth weight, length and head circumference was
used for data analysis and calculation of anthropometric ratio. Weight/length, BMI, and PI were calculated
according to the following formula: [weight (kg)/length (m)], [weight (kg)/length (m)?*], and [weight (kg)/length
(m)?], respectively. During data cleaning, we excluded 2 missing weight values, 8 missing length values, and 16
missing head circumference values. Few measures not within + 5 standard deviation (SD) of the mean of overall
sex- and GA-specific values was also excluded (12 for weight, 17 for length, 10 for head circumference, 29 for
weight/length, 49 for BMI, and 208 for PI). The final sample sizes contributing to the establishment of the growth
curves for each indicator are listed below: weight (13,192 males and 11,169 females), length (13,183 and 11,167),
head circumference (13,181 and 11,168), weight/length (13,176 and 11,159), BMI (13,162 and 11,153), and PI
(13,075 and 11,081). During the establishment of the growth curves, normality test, and skewness and kurtosis
analysis were assessed for each indicator. Data analyses used SAS v9.4 (SAS Institute Inc).

The Generalized Additive Model for Location, Scale and Shape (GAMLSS) which is a general framework for
fitting regression models where the distribution of the response variable allows for highly skewed and kurtotic
continuous distribution'®, was employed to establish smoothed percentile growth curves of male and female
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Male Female
Head Head
GA (weeks) | Sample size | Weight Length circumference | Sample size | Weight Length circumference
24 26 708.3 (161.7) 32.1(29) |22.2(2.6) 15 664.7 (187.1) 31.6 (2.6) | 21.3(2.1)
25 40 875.7 (134.3) | 34.6 (3.0) |24.1(2.1) 17 814.4 (205.0) |32.3(3.1) |23.0(2.7)
26 79 969.0 (132.0) 34.6 (3.1) |24.8(1.8) 40 877.8 (112.2) |34.3(3.0) |24.5(1.9)
27 136 1107.6 (185.7) | 36.6 (2.8) |25.6(1.9) 106 987.0 (174.2) | 35.0(3.0) |25.2(1.9)
28 305 1215.7 (210.4) |37.5(2.9) |26.6(1.8) 212 1161.1 (200.6) | 37.2(2.9) |26.6(1.9)
29 353 13447 (234.4) | 38.5(2.8) |27.4(L.8) 279 1260.4 (198.0) | 38.3 (3.0) | 26.7 (1.9)
30 497 1499.9 (257.7) | 40.3 (2.7) |28.4(1.8) 356 1430.6 (256.8) | 39.6 (2.8) | 27.9(1.9)
31 631 1681.5 (260.3) | 41.6 (2.8) |29.0(1.7) 457 1568.3 (291.1) | 40.9 (2.8) |28.6(1.9)
32 774 1874.7 (313.8) | 43.0(2.7) |29.8 (1.8) 516 1773.7 (310.5) | 422 (2.7) |29.4(1.9)
33 714 2118.2 (324.0) | 44.6 (2.5) |30.9(1.8) 498 1965.6 (353.1) | 43.5(2.8) | 30.2(1.9)
34 948 2328.0(353.9) |45.7 (2.4) |31.6(1.6) 710 2216.0 (335.5) | 44.9 (2.5) |31.1(1.7)
35 1085 2569.3 (389.3) |47.0(2.2) |322(L.6) 910 24534 (384.8) | 46.3(2.2) | 31.8(1.7)
36 1454 2798.2(390.0) | 48.1 (2.1) |32.7(1.5) 1106 2672.0 (390.5) | 47.5(2.2) | 32.3(1.6)
37 1020 3087.7 (345.3) | 49.5(1.5) |33.3(1.3) 857 2956.3 (363.7) | 48.9(1.7) |32.9(1.4)
38 1234 3284.0 (376.6) | 50.0 (1.5) |33.8(1.4) 1210 3156.8 (356.7) | 49.4 (1.5) | 33.4(1.3)
39 1549 3389.7 (369.2) | 50.5(1.5) |34.0(1.3) 1440 3271.5(355.2) |49.9 (1.5) | 33.7(1.3)
40 1380 3499.5 (375.7) | 50.9 (1.5) |34.2(1.4) 1377 3377.6 (379.8) | 50.4 (1.4) |33.8(1.3)
41 926 3574.6 (378.6) | 51.1(1.5) |34.4(1.4) 1006 3474.2 (360.6) | 50.6 (1.4) | 34.1(1.4)
12 46 3570.8 (472.7) | 51.2(1.8) |34.4(1.3) 66 3501.8 (352.6) | 50.8 (1.6) | 34.4 (1.6)

Table 1. Sample size, and mean (SD) of birth weight, length and head circumference, by sex and GA.

GA (weeks)
Surveyed city | 24-28 | 29-32 | 33-36 |37-42 | Total
Beijing 125 388 824 1113 2450
Harbin 50 215 758 1079 2102
Xi'an 94 416 905 1761 3176
Shanghai 55 178 545 971 1749
Nanjing 189 728 984 1565 3466
Wuhan 117 767 731 1084 2699
Guangzhou 94 351 1293 1955 3693
Fuzhou 56 252 735 995 2038
Kunming 82 347 649 1588 2666
Tianjin 47 75 NA NA 122
Shenyang 11 55 NA NA 66
Changsha 13 46 NA NA 59
Shenzhen 43 46 NA NA 89
Total 976 3864 7424 12,111 | 24,375

Table 2. Sample size contributing to this study, by city and GA.

newborn babies with GA of 24-42 weeks. Curve fitting was performed using the GAMLSS 4.3-1 library running
under R 3.1.2. Goodness of fit of the GAMLSS models was assessed by the Schwarz Bayesian Information Crite-
rion that is justified as a general criterion for model selection and by Q-Q plots that assesses the age-conditional
normality of the transformed data?®?!. After comparative testing of alternative methods (ie, distribution transfor-
mation and smoothing function) used to generate the growth curves, birth weight, weight/length, BMI, and PI
percentile curves were established using the GAMLSS with Box-Cox t (BCT) distribution with cubic splines, and
birth length and head circumference using the GAMLSS with Box-Cox power exponential (BCPE) distribution
with cubic spline. All these GAMLSS models did not need to be weighted because the difference of each indica-
tor between non-weighting and equal proportional weighting were negligibly small'é. The differences between
fitted percentiles and empirical values at each week were examined for all the six anthropometric indicators.

Results

Basic characteristics of the reference sample. A total of 24,375 singleton live births with GA of
24-42 weeks were collected in 69 hospitals in 13 Chinese cities, including 12,264 preterm babies (7,042 males
and 5,222 females) and 12,111 full-term babies (6,155 males and 5,956 females). Table 1 presents sample sizes
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Male Female

GA (weeks) P, Py Py Ps, Pys Py, Py; P, Py Py Ps, Pys Py, Py,

24 455 570 655 732 804 874 959 416 498 564 629 692 756 833
25 513 640 734 819 900 978 | 1072 479 572 648 722 796 869 958
26 580 719 823 918 | 1008 | 1096 | 1200 549 654 741 826 911 995 | 1096
27 657 809 924 | 1030 | 1130 | 1228 | 1343 626 745 843 941 |1038 | 1135 |1250
28 745 910 |1036 | 1154 |1267 |1375 | 1503 711 844 955 | 1067 | 1178 | 1288 | 1418
29 845 | 1023 | 1162 | 1293 |1418 |1539 | 1680 804 951 | 1076 |1203 |1330 |1455 |1601
30 958 | 1150 | 1302 | 1446 |1586 |1720 | 1876 906 | 1068 |1209 |1352 |1495 |1636 | 1800
31 1087 | 1292 | 1457 |1617 |1771 |1920 |2091 |1020 |1198 |1354 |1515 |1676 |1835 |2018
32 1233 | 1451 | 1630 |1805 |1976 |2140 |2328 |1151 |1344 |1516 |1694 |1875 |2051 |2254
33 1400 | 1628 | 1820 |2012 |2199 |2380 |2585 |1302 |1509 |1696 |1892 |2091 |2285 |2506
34 1586 | 1823 |2027 |2234 |2438 |2634 |2856 |1477 |1695 |1896 |2108 |2323 |2534 |2771
35 1791 | 2033 | 2247 |2467 |2686 |2897 |3133 |1676 |1902 |2113 |2338 |[2568 |2791 |3042
36 2015 | 2258 |2477 |2707 |2937 |3159 |3406 |1896 |2125 |2342 |2575 |2815 |3047 |3305
37 2247 | 2487 |2708 |2943 |3181 |3410 |3664 |2130 |2357 |2574 |2810 |3052 |3287 |3546
38 2468 |2701 |2921 |3157 |3399 |3632 |3889 |2358 |2579 (2792 |3026 |3266 |3498 |3753
39 2649 |2874 |3091 |3329 |3573 |3809 |4068 |2547 |2762 |2971 |3202 |3440 |3670 |3920
40 2783 | 3002 |3216 |3455 |3702 |3941 |4203 |2686 |2896 |3104 |3336 |[3575 |3806 |4055
41 2886 |3100 (3314 |3554 |3806 |4051 |4319 |2796 |3005 |3214 |3448 |3691 |3925 |4178
42 2977 | 3188 |3402 |3647 |3907 |4161 |4438 |2891 |3101 |3312 |3551 |3801 |4042 |4301

Table 3. Percentile reference values of birth weight (in g) for Chinese newborn infants aged 24-42 weeks.

Male Female

GA (weeks) | P, Py |Pys [Py |[P;s [Py [Py, [Py Py |Pys |Psy |P;s [Py [Py

24 269 |283 |29.7 |31.2 |326 |33.8 [350 [269 |282 |294 |30.6 |31.8 |32.8 |33.7
25 28.1 |29.6 |31.0 |325 |340 |353 |36.5 [28.0 |294 |30.6 |32.0 [33.2 |342 |352
26 29.2 1308 |323 |339 |354 |36.7 |38.0 [29.1 [30.6 |319 |333 |347 |358 |36.8
27 30.5 |32.1 |33.7 353 |369 |383 [39.6 [30.2 |31.8 |332 |347 |[362 |374 |385
28 31.7 |334 |351 |36.8 |384 |39.8 |41.2 |314 |33.0 |34.6 |36.2 |37.7 |39.0 |40.2
29 33.0 |348 |365 |382 [399 |413 (427 |325 [343 |359 |37.6 [392 [40.5 |41.8
30 343 362 |379 |39.7 (414 |428 |442 |33.8 |356 |373 |39.0 |40.7 |42.1 |434
31 357 |37.7 |394 |412 |428 |443 |456 |351 |[369 |38.6 |40.4 |42.1 |43.5 |449
32 372 1391 |409 |426 |443 |45.6 |47.0 |36.4 |383 |40.0 |41.8 [43.5 [449 |463
33 38.7 |40.7 |424 |44.1 |456 |469 483 |37.8 |39.7 [41.4 |432 |449 |463 |47.6
34 40.2 422 |43.8 |454 |46.8 |482 495 (393 |41.2 [429 |44.6 |462 |475 |48.7
35 41.8 |43.6 |452 |46.6 |48.0 |49.2 |50.7 |40.8 |42.7 |44.3 |459 (474 |48.6 |50.0
36 432 (450 |46.4 |47.7 |49.0 |50.4 |51.8 [42.4 |44.1 |457 |47.1 |48.5 |49.6 |50.9
37 444 (462 |475 |48.7 |49.8 |51.2 |529 [43.7 |453 |469 |48.2 [494 |504 |51.9
38 45.6 |47.3 |485 |49.5 |50.6 |52.1 |53.7 |44.8 |46.4 |479 |49.1 |50.1 |51.1 |52.6
39 46.5 (482 |493 |50.3 |51.2 |52.6 |544 |458 |47.3 |48.7 |499 |50.7 |51.7 |53.2
40 47.3 |489 |498 |50.8 |51.7 |53.1 |549 |46.5 |48.1 |494 |50.4 |51.3 |[523 |53.7
41 479 494 |50.2 |51.2 |52.1 |535 |553 |47.1 |48.7 |49.8 |50.9 |51.7 |[52.6 |54.2
42 483 149.7 |50.5 |51.4 |524 |538 |55.6 |47.6 |49.2 |50.1 |51.2 |52.0 [53.0 |54.5

Table 4. Percentile reference values of birth length (in cm) for Chinese newborn infants aged 24-42 weeks.

and means (SD) of birth weight, length, and head circumference by sex and GA. Table 2 presents sample sizes
of the 13 cities by city and GA. 61.4% of newborn babies were delivered vaginally and 38.6% by cesarean sec-
tion. The proportion for first births was 65.9% and for second and higher 34.1%. Mothers with high school and
college degrees accounted for 84.8% of the sample population, and childbearing age was 31.5 (+5.0) years. Aver-
age maternal height was 161.0 (+5.0) cm, pre-pregnancy BMI was 21.0 (+3.0) kg/m?, and weight gain during
pregnancy was 13.8 (£5.0) kg.
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Male Female

GA (weeks) P, Py Py P, Py Py, Py; P, Py Py P, Pys Py, Py,

24 194 |203 |21.2 |22.0 |22.8 [235 |24.0 |19.3 [20.0 |20.7 |21.6 |223 |22.8 |23.2
25 20.3 |21.3 |222 |231 |239 |246 |252 |20.1 |209 |21.7 |22.6 |233 |239 |244
26 21.2 | 222 |232 |241 |250 |257 |264 |209 |21.8 |22.6 |23.6 |244 |250 |256
27 22,1 232 |241 |251 |260 [268 |27.5 |21.7 |22.7 |23.6 |245 |254 |26.1 |26.7
28 23.0 |24.1 |251 |26.1 |27.0 |27.8 |28.6 |22.6 |23.5 |245 |255 |26.5 |27.2 |279
29 239 |250 [26.0 |27.0 |28.0 |289 [29.7 |234 |244 |254 |265 |27.5 [283 |29.0
30 247 258 [269 |28.0 [290 |299 |30.7 |242 |252 |263 |274 |285 [293 |30.1
31 25.6 |26.7 |27.7 |28.8 [299 |308 |31.7 |250 |26 |27.2 |283 |294 |30.3 |31.1
32 264 |27.5 |286 |29.7 |30.7 |31.7 |32.6 |259 |27.0 |28.1 [29.2 (303 |31.2 |321
33 273 |284 |294 |30.5 |315 |325 [334 |268 [279 |289 |30.1 |31.1 |32.1 |33.0
34 28.1 |29.2 |30.2 (313 |323 |332 (342 |27.7 |28.7 |29.7 |30.8 |31.9 |32.8 |33.7
35 289 [30.0 [30.9 |319 |329 |339 |34.8 |285 [29.5 |30.5 [31.5 |32.6 |335 |344
36 29.7 [30.6 |31.6 |325 |335 |344 |353 |293 [30.2 |31.2 [322 |33.1 |340 |349
37 30.3 312 321 |33.1 |340 |349 |358 |30.0 [30.9 |31.8 |32.7 |33.6 |345 |353
38 309 |[31.8 |32.6 |335 |344 |353 |36.1 |30.5 [314 |323 |33.1 |340 |348 |357
39 313 [322 |33.0 |339 |347 |356 |36.5 |31.0 [31.9 |32.7 |335 |343 |352 |36.0
40 31.6 |325 [333 |[341 |350 (358 |36.7 |31.4 |322 |33.0 [33.8 [346 [354 |36.3
41 319 (328 |33.6 |344 |352 |36.0 [36.9 |[31.7 |32.5 |333 |341 |[349 |35.7 |36.6
42 322 [33.0 [338 |[346 |354 (362 |37.1 |31.9 |32.8 |33.6 |[343 [352 [36.0 |369

Table 5. Percentile reference values of head circumference (in cm) for Chinese newborn infants aged

24-42 weeks.
Male Female
GA (weeks) Py [Py [Py |Psy [Py | Py |Py; | Py | Py | Py | Psy | Py | Py | Py
24 15 |18 |21 |23 |25 |27 |29 |16 |18 |20 |22 |24 |26 |28
25 1.7 |20 |22 |25 |27 |29 |31 |17 |19 |21 |24 |26 |28 |3.0
26 1.8 (22 |24 |27 |29 |31 |33 |18 |21 |23 |25 |28 |30 |32
27 20 |24 (26 |29 |31 |34 |36 |20 |22 |25 |27 |30 |32 |35
28 22 |26 |28 |31 (34 |36 |39 |21 |24 |27 |29 |32 (35 |37
29 24 |28 |31 |34 (36 |39 |42 |23 |26 |29 |32 |35 (37 |40
30 27 |3.0 |33 |36 (39 |42 |45 |25 |28 |31 |34 |38 (40 |44
31 29 [33 |36 |39 |42 (45 |49 |28 |31 |34 |37 |41 |44 |47
32 32 |36 |39 |42 |46 |49 |52 [3.0 |34 |37 |40 |44 (47 |51
33 35 |39 |42 |46 (49 |52 |56 |33 |37 |40 |44 |47 |51 |55
34 38 |42 |46 |49 |53 |56 |60 |36 |40 |44 |47 |51 |55 |59
35 41 |45 |49 |53 |57 |60 |64 |39 |43 |47 |51 |55 |59 |63
36 45 |49 |53 |57 |61 |64 |68 |43 |47 |51 |55 |59 |63 |67
37 48 |52 |56 |60 |64 |68 |72 |47 |51 |54 |58 |62 |66 |7.1
38 52 |56 |59 |64 |68 |72 |76 |50 |54 |58 |62 |66 |7.0 |74
39 55 |58 |62 |66 |70 (74 |79 |53 |57 |60 |64 |69 |72 |77
40 57 |60 |64 |68 |72 |76 |80 |55 |59 |62 |66 |71 |74 |79
41 58 |62 |66 |70 |74 |78 |82 |57 |61 |64 |68 |72 |7.6 |8.0
42 6.0 |64 |67 |71 |75 |79 |83 |59 |62 |66 |70 |74 |7.8 |82

Table 6. Percentile reference values of birth weight/length (in kg/m) for Chinese newborn infants aged
24-42 weeks.

Percentile reference values of six anthropometric indicators. Tables 3, 4, 5, 6, 7 and 8 present the
3rd, 10th, 25th, 50th, 75th, 90th, and 97th percentile reference values of weight for GA, length for GA, head cir-
cumference for GA, weight/length for GA, BMI for GA, and PI for GA for male and female newborns with GA
of 24-42 weeks. All the six anthropometric indicators increased rapidly with GA, but growth velocity decreased
slightly after 37 weeks.
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Male Female

GA (weeks) P, Py Py P, Py Py, Py; P, Py Py P, Pys Py, Py,

24 5.1 5.8 6.5 7.1 7.8 8.5 9.4 4.9 55 6.1 6.8 7.5 8.2 9.1

25 5.4 6.1 6.7 7.4 8.1 8.8 9.7 5.2 5.8 6.4 7.1 7.8 8.5 9.4

26 5.6 6.4 7.0 7.7 8.4 9.1 10.0 | 5.5 6.1 6.7 7.4 8.1 8.9 9.8

27 59 6.7 7.3 8.0 8.7 9.5 104 |58 6.4 7.0 7.7 8.5 9.2 10.1
28 6.3 7.0 7.6 83 9.1 9.8 10.7 |6.1 6.7 7.4 8.1 8.8 9.6 10.5
29 6.6 7.3 8.0 8.7 9.4 102 |11.1 |64 7.1 7.7 8.4 9.2 9.9 10.9
30 7.0 7.7 8.4 9.1 9.8 10.6 |11.5 |6.7 7.4 8.1 8.8 9.6 103 |11.3
31 7.4 8.1 8.8 9.5 102 |11.0 |119 |7.1 7.8 8.5 9.2 10.0 |10.8 |11.7
32 7.8 8.5 9.2 9.9 10.7 |11.4 |123 |7.6 8.3 8.9 9.7 104 |11.2 |121
33 8.2 9.0 9.6 104 |11.1 |11.9 |12.8 |8.0 8.7 9.4 10.1 (109 |11.7 |12.6
34 8.7 9.4 10.1 |10.8 |11.6 |12.4 |13.2 |85 9.2 9.9 10.6 |11.4 |122 |13.1
35 9.2 9.9 106 |11.3 |12.1 |12.8 |13.7 [9.0 9.7 104 |11.1 [11.9 |12.7 |13.6
36 9.7 104 |11.1 |11.8 |12.6 |[133 |142 |95 102 109 |11.6 |124 |13.1 |14.0
37 102 |109 |11l.6 |123 |13.1 |13.8 |14.6 [10.0 |10.7 |11.4 |12.1 [129 |13.6 |144
38 107 |11.4 |12.1 |12.8 |13.5 |[142 |151 |10.5 |11.2 |11.8 |12.6 |13.3 |[141 |149
39 11.1 |11.8 |12.4 |13.1 |13.9 |146 |[154 (109 |11.6 |122 |129 |13.7 |144 |152
40 114 |12.1 |12.7 |134 |141 |148 |156 |11.3 |11.9 |125 |13.2 |14.0 |[147 |154
41 11.7 123 |129 |13.6 |[143 [150 |15.8 |11.5 |12.1 |12.8 |13.5 |142 |[149 |15.6
42 119 |125 |13.1 |13.8 |145 |152 [159 |(11.8 |12.4 |13.0 |13.7 |144 |150 |158

Table 7. Percentile reference values of birth BMI (in kg/m?) for Chinese newborn infants aged 24-42 weeks.

Male Female

GA (weeks) | P, Py |Pys [Py |[P;s [Py [Py, [Py Py |Pys |Psy |P;s [Py [Py

24 163 |18.0 |19.8 |21.9 |242 |265 (292 |156 |17.3 |19.1 |21.2 |235 |258 |283
25 164 |18.1 |19.9 |22.0 |242 |26.6 |293 |158 |175 |19.3 |21.4 |23.7 |259 |284
26 16,5 | 182 |20.0 |22.1 |243 [266 |293 |1l6.1 |17.8 |19.5 |21.6 |238 |26.0 |28.5
27 16.7 | 184 |202 |222 |244 |26.7 [293 |163 |18.0 |[19.7 [21.8 |24.0 |262 |28.6
28 169 |18.6 |203 |224 |245 |268 [293 |16.6 |182 |20.0 [22.0 |242 |264 |288
29 172 | 189 |[20.6 |225 |24.7 269 |294 |169 |185 |20.2 |222 |244 |265 |289
30 175 |19.1 [20.8 |22.7 |248 |27.0 |294 |172 |18.8 |20.5 |225 |24.6 |26.7 |29.1
31 17.8 | 194 |21.1 |23.0 |25.0 |27.1 |29.5 |17.6 |19.2 [20.8 |[22.8 |249 |269 |29.3
32 182 |19.8 |21.4 |233 |252 |272 |295 |18.0 |19.6 |[21.2 [23.1 |251 |272 |295
33 18.7 |20.2 |21.8 |23.6 |255 |274 |296 |185 |20.0 |21.6 |23.5 (254 |274 |29.6
34 19.2 |20.7 |222 [239 (258 |27.6 [29.7 [19.0 |20.5 |22.1 |23.8 (257 |27.6 |29.8
35 19.8 |21.2 |22.7 |243 |26.1 |27.8 [29.8 [19.6 |21.1 |225 |242 (260 |279 |299
36 204 |21.8 [23.2 |24.7 |264 |28.0 (299 |203 |21.7 |23.1 |247 |264 |[28.1 |30.0
37 21.1 (224 |23.7 |252 |26.7 |283 [30.0 [20.9 |223 |23.6 |25.1 |[26.7 |283 |30.2
38 21.7 |23.0 |242 |25.6 |27.1 |28.6 [30.3 [21.6 |229 |24.1 |25.6 |[27.1 |28.6 |30.3
39 222 (235 247 |26.0 (275 |289 |30.5 [22.1 |234 |24.6 |26.0 |[275 |289 |30.6
40 226 (238 |251 |264 |278 |29.2 |30.8 [225 |23.7 |249 |263 |27.7 |29.2 |30.8
41 229 (241 |254 |26.7 |28.1 (294 |31.1 |22.8 |24.0 |252 |26.6 |28.0 |29.5 |31.1
42 232 (245 |25.7 |27.0 |283 |29.7 |31.3 |23.1 |243 |25.5 |268 (283 |29.7 |314

Table 8. Percentile reference values of birth PI (in kg/m?®) for Chinese newborn infants aged 24-42 weeks.

Comparison of fitted centile curves and observed empirical values. Figure 1A to F demonstrates
the comparison of smoothed fitted centiles and observed empirical values of birth weight, length, head circum-
ference, weight/length, BMI, and PI by sex and GA, showing almost identical values with very few exceptions at
the lower end of GA distribution where only a small number of individual measures could be obtained, i.e., at
24-26 weeks of gestation.

Comparison of the China standards with the INTERGROWTH-21st standards. Overall, the
percentile curves of birth weight, length, head circumference, and weight/length in China presented similar
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Figure 1. Comparison of the P, Py, P,s, Psg, P75, Pog, and Py; of smoothed fitted curves and observed empirical
values of birth weight (A), length (B), head circumference (C), weight/length (D), BMI (E), and PI (F) in China.
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Figure 1. (continued)

growth trajectories with the INTERGROW TH-21st standards, but also expressed distinct differences for length
at 37-42 weeks and weight/length at 24-32 weeks (Fig. 2A to D).

Comparison of the China standards with the new US curves. There are small differences for the
percentile curves of birth weight, length, and head circumference at 24-36 weeks between China and US curves,
but considerable differences at 37-41 weeks, especially at the upper centiles (e.g., 90th); and there is a large dis-
parity for birth BMI from 24 to 41 weeks (Fig. 3A to D).

Discussion

The reference sample of our standards derive from a population-based survey of newborns from economically
developed urban areas with strict criteria for inclusion, such as single live birth, naturally conception, and health
condition of both the mother and the newborn. The shapes of growth curves based on low-risk pregnancies
with a normal outcome may differ from those of growth curves generated from more conventional data sets
that include both low- and high-risk pregnancies. These differences mainly reflect the variations in the distance
between the lowermost and uppermost centiles (e.g., 3rd and 97th). For example, the distance in our weight
curves from low-risk individuals was shorter compared to other weight curves from Chinese routine monitor-
ing data that included both low- and high-risk individuals'"'2. Similar to our observations, new and improved
Dutch birth weight percentile curves based on data from low-risk pregnancies displayed lower range/variation,
which proved to be more effective in identifying clinically important risk SGA infants®*.

The health of the mother and the newborn is the foundation of sustainable development for individuals,
families, and societies as it is closely linked with health throughout life?>. Assessment of growth and nutrition
of the neonates is essential for a positive outcome in later life. However, no single anthropometric measure fully
reflects growth, development and health of newborn babies, so we established percentile curves of multiple
anthropometric measures, with each measure revealing distinct relationships with specific health risks or diseases.
Birth weight is typically used to define the classification of newborn size as small, appropriate, or large for a
specified GA at birth?*. Birth length is helpful in evaluating whether postnatal catch-up growth is appropriate2.
Birth head circumference reflects intrauterine brain development and predicts the prognosis of nervous system
development”’. A consensus was reached on the definition of growth restriction as birth weight < 3rd percentile
or at least 3 out of 5 of the following: birth weight < 10th percentile, length < 10th percentile, head circumfer-
ence < 10th percentile, prenatal diagnosis of fetal growth restriction, and maternal pregnancy complications?.
Traditional classification based on birth weight centiles for GA does not reflect body fat in both term and preterm
newborns?, while weight/length greatly aids in predicting newborn fat mass and fat-free mass as well as body
proportionality'>*. BMI is useful for measuring body proportionality for newborn infants**-32. PI is a customary
measure to evaluate whether abnormalities in growth in preterm infants are symmetric or asymmetric**-%. In
sum, our established reference values of six indicators can provide more tools for growth and nutrition assessment
(e.g., frequently using weight, length and head circumference) and nutrition assessment/body proportionality
(e.g., frequently using weight/length, BMI and PI) in neonatal clinical practice.
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Figure 2. Comparison of the P, Py, Psy, Py, and Py, curves of birth weight (A), length (B), head circumference

(C), and weight/length (D) in China with the INTERGROWTH-21st standards.
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Figure 3. Comparison of the P, Py, Psy, Py, and Py, curves of birth weight (A), length (B), head circumference
(C), and BMI (D) in China with the new US curves.

Our study has several strengths. First, our standards were based on low-risk pregnancies with a normal
outcome. Second, besides the commonly used weight, length, and head circumference, we also established per-
centile curves of weight/length, BMI, and PI that help assess whether abnormal babies in growth are symmetric
or asymmetric. Under strict exclusion criteria, we included a relatively large sample size of preterm infants that
guaranteed more reliable percentile curves; however, the screening efficacy of this set of new standards for SGA
or LGA and body proportionality still needs to be further validated and evaluated.

Based on a contemporary, large-scaled, population-based cross-sectional nationally representative sample
from low-risk pregnancies with a normal outcome that represents optimal intrauterine growth, we developed a
set of neonatal growth standards for 24-42 weeks of gestation, including reference values of six anthropometric
indicators that can provide more tools for growth and nutrition assessment and body proportionality in neona-
tal clinical practice. In addition, our study aids in better understanding the differences in the shapes of growth
curves between based on data from low-risk pregnancies only or from mixed low- and high-risk pregnancies.
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The datasets generated during and/or analysed during the current study are not publicly available due to the confi-
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