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Serial data from studies of infants at the University of Iowa and from the Fels Lon- 
gitudinal Study were used to develop sex-specific percentiles for increments in 
weight and recumbent length for selected intervals during the first 24 months of 
life. Weight increments are presented for l-month intervals from birth to 6 months, 
2-month intervals from birth to 12 months, and 3-month intervals from birth to 24 
months. Length increments are presented for 2-month intervals from birth to 6 
months, and for 3-month intervals from birth to 24 months of age. Weights and 
lengths at the target ages were obtained for the Iowa data by simple interpo- 
lation, and for the Fels data by fitting families of three-parameter mathematical 
functions to the serial data from ages I to 24 months. The tabular presentations 
are based on the Iowa data from birth to 3 months of age, on the combined Iowa 
and Fels data from 3 to 6 months of age, and on the Fels data from 6 to 24 months 
of age. We believe that these reference data will be useful in screening for de- 
viations from normal growth and may aid in early detection of failure to thrive 
or excessive weight gain during early life. (J PEDIATR 1994;119:355-62) 

Reference data for weight and recumbent length (referred 
to subsequently as length) at various ages during infancy 
permit assessment of size of a particular infant in relation 
to size of his or her peers. Such status data are essential for 

identifying infants with low or high weight or length for age, 
and low or high weight for length, but they provide little in- 

formation about growth. 
Growth data are needed for monitoring health status, 
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identifying deviations from normality, and assessing the ef- 
fects of intervention) Although it is possible to detect 
changes in percentile level when serial data for weight and 
length of a child are plotted on age- and sex-specific status 
charts, 2 such data are of little use in comparing the magni- 
tude of the gains in weight or length of person with those 
of a reference population. Reference data for increments in 
length and weight are necessary if one is to make a quan- 
titative assessment of growth of a person in relation to that 
of a reference population. 

See commentary, p. 415. 

In developing reference data on gains in weight and 
length, it is important to identify the age intervals of great- 
est interest. We selected the following: increments in weight 
for 1-month intervals from birth to 6 months, for 2-month 
intervals from birth to 12 months, and for 3-month intervals 
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Table I. One-month increments in weight (gm/day) from birth to 6 months* 

Weight 
Age (mo) n (gm/day)t  5th 

Percentile 

10th 25th 50th 75th 90th 95th 

Boys 
Up 
1-2 
2-3 
3-4 
4-5 
5-6 

Girls 
Up 
1-2 
2-3 
3-4 
4-5 
5-6 

to 1 

tO 1 

580 30 • 9.4 15 
580 35 • 8.5 22 
580 27 • 7.9 15 
298 20 • 3.6 15 
298 17 • 3.4 12 
298 16 • 3,5 1! 

562 26 • 8.4 11 
562 29 • 7.7 18 
562 23 • 7.2 12 
298 19 • 5.3 13 
298 16 • 5.0 11 
298 15 • 4.7 10 

18 24 30 36 42 45 
25 29 35 40 46 50 
18 22 26 31 36 41 
16 18 20 22 24 26 
14 15 17 19 21 23 
12 14 15 17 19 21 

16 20 26 32 36 39 
20 24 29 34 39 42 
14 19 23 28 32 35 
15 17 19 21 23 26 
13 14 16 18 20 22 
11 13 t4 16 18 18 

*From birth through 3 months, Iowa data; from 3 through 6 months, combined Iowa and Fels data. 
tValues expressed as mean _-. SD. 

from birth to 24 months; increments in length for 2-month 

intervals from birth to 6 months and for 3-month intervals 

from birth to 24 months. 

METHODS 

The data summarized here are from the University of 

Iowa studies of infant growth and nutrition (Iowa study) 

and from the Fels Longitudinal Study (Fels study). The 

Iowa study sample consisted primarily of children of faculty 

or students of the University of Iowa; the Fels study sample 

included infants from families with a wide range of socio- 

economic levels. Measurements were made in accordance 

with recommended procedures, 3 and measurement errors 4 

were similar in the two data sets. Informed consent was 

obtained from one or both parents of the infants, and all 
procedures were approved by the institutional review 

boards. 
Iowa data were numerous at young ages, and Fels data 

predominated in the combined set and at older ages. We 
therefore decided to limit the incremental data to only Iowa 

data from birth to 3 months, to use Iowa and Fels data from 
3 to 6 months, and to use only Fels data after 6 months. As 
discussed later the extent of agreement of the two data sets 

is indicated by the similarity of the values for weight and 

length at age 3 months. 
Iowa study. The Iowa study included 1142 normal, term, 

white infants (200 breast-fed boys, 214 breast-fed girls, 380 
formula-fed boys, 348 formula-fed girls) with birth weights 
of 2500 gm or more. Birth dates were March 1965 through 
March 1987. Hospital records of birth weight were avail- 
able. Measurements of weight and length were made by 
trained investigators within 2 days of ages 8, 14, 28, 42, and 

56 days, and within 4 days of ages 84 and 112 days. Each 

measurement was made in duplicate and the mean of the 

two values was used in the analyses. With few exceptions the 

subjects are the same as those described by Nelson et al. 5 

A subset of this cohort (65 formula-fed boys, 74 formula- 

fed girls) continued to be studied after 112 days of age and 

were fed formulas providing approximately 67 kcal/dl. 

They were measured within 4 days of ages 140, 168, and 196 

days. Data concerning some of the infants studied from 112 
to 196 days of age have been reported previously, 6q~ 

although in two of these reports 9, ~0 growth data were not 

presented. 

Because reliable data on length at birth were not 

obtained, the values for length at age 8 days were used. Gain 

in length between birth and 8 days is likely to be a rather 
small percentage of the gain from birth to 2 months or from 

birth to 3 months, and we do not believe that the absence 
of reliable length data at birth presents a serious problem. 

Values for weight and length at the target ages (i.e., 1 
month [30.5 days], 2 months [61 days], etc.) were interpo- 
lated from a second-degree polynomial on age with three 
consecutive measurement values (the value at the age clos- 

est to the target age, and the preceding and following val- 
ues). As already mentioned, the value for length at birth was 
assumed to be the same as that obtained at age 8 days. The 

increment in weight (or length) of each infant for each age 
interval was calculated from the difference between the in- 
terpolated value at the end and that at the beginning of the 

interval. 
Fels study. The Fels study 4 concerned 476 white infants 

(240 boys and 236 girls, mostly formula-fed) with birth 
dates from 1930 through 1987. Birth weights were 2500 gm 
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Table I I .  Two-month  increments  in weight f rom bir th  to 12 months* 

Weight 
Age (mo) n (gm/day)t  5th 

Percentile 

10th 25th 50th 75th 90th 95th 

Boys 
Up to 2 580 33 _+ 7.0 21 
1-3 580 31 _+ 6.9 20 
2-4 65 23 _+ 4.7 - -  
3-5 298 19 _+ 3.2 14 
4-6 298 16 + 2.9 12 
5-7 233 15 + 2.4 11 
6-8 233 13 _+ 2.4 10 
7-9 233 12 _+ 2.4 9 
8-10 233 12 _+ 2.4 9 
9-11 233 11 _+ 2.3 8 
10-12 233 10 _+ 2.3 7 

Girls 
to 2 562 28 ___ 6.5 17 
1-3 562 26 _+ 6.3 16 
2-4 74 22 _+ 5.4 - -  
3-5 298 18 _+ 4.7 13 
4-6 298 15 _+ 4.6 11 
5-7 224 14 _+ 4.7 11 
6-8 224 13 - 4.6 10 
7-9 224 12 -+ 4.5 9 
8-10 224 12 -+ 4.5 8 
9-11 224 11 _+ 4.4 8 
10:12 224 10 + 4.3 7 

24 28 32 38 42 44 
22 27 31 35 39 43 
17 19 23 26 29 - -  
15 17 18 20 22 24 
13 14 16 18 20 21 
12 13 15 16 18 18 
11 12 13 15 16 17 
10 11 12 14 15 16 
9 10 11 13 15 15 
8 9 11 12 14 14 
8 9 10 12 13 14 

20 23 28 32 36 38 
19 22 26 30 34 37 
t6 I9 21 24 27 - -  
14 16 17 19 21 22 
12 14 15 17 18 19 
11 13 14 15 17 17 
10 12 13 14 16 16 
10 11 12 13 15 15 
9 10 11 13 14 14 
8 9 10 12 13 14 
8 9 10 11 13 13 

*From birth through 3 too, Iowa data; from 3 through 6 too, combined data; from 6 through 12 too, Fels data. 
tValues expressed as mean • SD. 

or more. Examinat ions  were scheduled at  1, 3, 6, 9, 12, 18, 

and 24 months,  and nearly all were examined within a few 

weeks of these target  ages and also at  in termedia te  ages. All 

measurements  were made  by t rained observers from the 

Fels staff. The  means of pairs of measurements  were used 

in the analyses. 

In the  present study, as in several previous studies, 4, 11, 12 

reference data  were derived by fitting ma themat ica l  

models to serial data  for individual subjects. The  data  

for each child were summarized  in a few derived parame-  

ters tha t  were then used to es t imate  s tatus values at  

selected ages and  increments  dur ing selected age inter- 

vals. This approach was necessary because many  of  the  

measurements  were not made  at the target  (scheduled) 

ages. In such mathemat ica l  modeling, da ta  need not be 

available for every age of interest,  but  the  data  points for 

each subject  must  be sufficient for sat isfactory construct ion 

of the model. 

A two-stage random-effects  method 13 was applied to the 

serial data  of each par t ic ipant  in the Fels study. This 

method assumes tha t  the pa t te rn  of change over t ime for 

each subject  in the group can be described by a family of 

mathemat ica l  models. Wi th  this approach the  differences 

among subjects are character ized by the  parameters  in the  

fitted models. A subsample of individual observed curves 

was first plotted. A mathemat ica l  model was chosen on the  

basis of the shapes of the observed curves and then fitted to 

the serial data  of each subject. This procedure was repeated 

until  the result  was satisfactory. The selected model was 

fitted to the  serial da ta  of each par t ic ipant  who had at least 

seven data  points f rom bir th  th rough 24 months  and who did 

not have two successive missing data  points. The  model for 

weight (in kilograms) or length (in centimeters)  was as fol- 

lows: 

fit) = a + b log(t + l) + c(t + l) ~  

wheref( t)  is the weight (or length) at  age t (months) ;  a, h, 

and c are the parameters  to be est imated for each partici- 

pant;  and e is an error term. 

The  parameters  in the model were est imated with the 

M a r q u a r d t  method.14 The goodness of fit was evaluated by 

the residual mean  square errors. The  ma themat ica l  models 

fit the data  well except in 7 boys and 12 girls. These partic- 

ipants  were therefore excluded from the analyses. Da ta  on 

weight, length, and weight for length at  the target  ages for 

each remaining subject were then obtained from the fitted 

model. 

To explore the possibility of  secular change,  the data  were 
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Table IV. Two-month increments in length from birth to 6 months* 

Percentiles 
Length 

Age (mo) n (mm/day)'l" 5th 10th 25th 50th 75th 90th 95th 

Boys 
Up to 2 580 1.10 +_. 0.15 0.87 0.90 1.00 1.10 1.18 1.28 1.34 
1-3 580 1.08 _+ 0.14 0.85 0.90 0.98 1.08 1.17 1.26 1.31 
2-4 65 0.93 ___ 0.75 - -  0.75 0.82 0.95 1.02 1.07 - -  
3-5 255 0.73 _+ 0.09 0.60 0.63 0.68 0.73 0.79 0.86 0.90 
4-6 255 0.64 _+ 0.08 0.49 0.54 0.59 0.63 0.69 0.74 0.78 

Girls 
Up to 2 562 1.03 _+ 0.13 0.80 0.87 0.93 1.03 1.11 1.20 1.25 
1-3 562 0.99 ___ 0.13 0.79 0.84 0.92 0.98 1.07 1.15 1.18 
2-4 74 0.89 + 0.13 - -  0.72 0.80 0.90 0.97 1.05 - -  
3-5 241 0.71 + 0.10 0.57 0.60 0.66 0.71 0.77 0.82 0.87 
4-6 241 0.62 ___ 0.08 0.48 0.52 0,57 0.63 0.67 0.70 0.73 

*From birth through 3 mo, Iowa data; from 3 through 6 too, combined data; from 6 through 12 too, Fels data. 
?Values expressed as mean _+ SD. 

5331 gm in the Iowa study (580 boys), and 6297 _+ 613 gm 

and 5305 gm in the Fels study (233 boys). The mean ( + SD) 

and 5th percentile values of weight for girls at age 3 months 

were 5770 + 600 gm and 4885 gm in the Iowa study (562 

girls), and 5750 _+ 600 gm and 4734 gm in the Fels study 

(224 girls). The mean (+ SD) and 5th percentile values of 

length for boys at age 3 months were 61.0 _+ 1.9 cm and 

57.8 cm in the Iowa study (580 boys), and 61.4 _+ 1.9 cm 

and 58.4 cm in the Fels study (190 boys). The mean ( + S D) 

and 5th percentile values of length for girls at age 3 months 
were 59.4 + 1.8 cm and 56.7 cm in the Iowa study (562 

girls), and 59.5 + 2.0 cm and 56.3 cm in the Fels study (167 

girls). 
Incremental data. Means, standard deviations, and the 

lOth, 25th, 50th, 75th, and 90th percentile values are pre- 
sented on a sex-specific basis for increments in weight and 

length for selected age intervals. In most instances the 

number of subjects also justified inclusion of the 5th and 

95th percentile values. 

Weight. Table I presents 1-month increments in weight 

from birth to 6 months, and Table I I  presents 2-month in- 

crements in weight from birth to 12 months. During the 
early months of life, weight gains of boys were generally 

greater than those of girls. The sex-related differences in 
gains decreased toward the end of the first year (Table II). 

The variability in weight gain of boys tended to be larger 
than that of girls. 

Table III presents 3-month increments in weight from 
birth to 24 months of age for boys and girls. During the 
second year of life, differences in weight gain between boys 
and girls were slight. 

Length. Table IV presents 2-month increments in length 
from birth to 6 months, and Table V presents 3-month 

increments in length from birth to 24 months. The sex- 

associated differences were generally similar to those for 

weight. 

D I S C U S S I O N  

Mathematical modeling similar to that used in process- 

ing the data for this report has been used previously to de- 

velop reference data for 1-month increments in weight and 
length during the first year of life. 4, 11,12 Such data have 

contributed greatly to our understanding of growth during 

infancy, but we do not consider that data at 1-month incre- 

ments for weight are clinically useful for infants more than 

6 months of age or that data at 1-month increments for 
length are clinically useful at any age. 

The incremental data presented in this report are those 
which we consider to be most useful clinically. After 6 

months of age, day-to-day variation in weight is large in re- 
lation to the 1-month gains. The difference between the 5th 

and the 50th percentiles for 1-month weight gain of boys or 

of girls between 10 and 11 months of age is about 90 gm- -  

a value less than the anticipated difference in weight of an 

infant before and after a feeding, and similar to the differ- 
ence in weight before and after defecation. For this reason 
1-month gains in weight have not been presented for ages 

beyond 6 months. Data on increments in length for intervals 
as short as 1 month are not useful clinically, because even 

with well-trained personnel the measurement error is a rel- 

atively large fraction of the increment. The difference be- 
tween the 5th and the 50th percentile for 1-month length 
gain of boys between 4 and 5 months of age is about 0.4 cm, 
which is similar to the measurement error. Differences be- 

tween the 5th and 50th percentile gains in length for 
2-month intervals are also similar to the measurement er- 
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Table V. Three-month increments in length from birth to 24 months* 

Percentile 
Length 

Age (too) n (mm/day)-i- 5th 10th 25th 50th 75th 90th 95th 

Boys 
Up to 3 580 1.07 _+ 0.11 0,89 0.92 0.99 1.06 1.14 1.21 1,26 
1-4 65 1.00 +_ 0.08 - -  0.90 0.94 1.01 1.06 1.09 - -  
2-5 65 0.84 +_ 0.09 - -  0.74 0.79 0.84 0.91 0.95 - -  
3-6 255 0.69 _+ 0.08 0.56 0,60 0.64 0.68 0.73 0.79 0.82 
4-7 190 0.62 _+ 0.06 0.54 0.55 0.58 0.6I 0.65 0.69 0,72 
5-8 190 0.56 + 0,05 0.49 0.50 0.53 0.56 0.59 0.63 0.65 
6-9 190 0.52 _+ 0.05 0.46 0.46 0.49 0.52 0.54 0.58 0.60 
7-10 190 0.48 _+ 0.05 0.42 0.43 0.45 0.48 0.51 0.54 0.57 
8-11 190 0.45 +- 0.04 0,39 0.40 0.43 0.45 0.48 0,51 0.53 
9-12 190 0.43 - 0.04 0.36 0.38 0.40 0.43 0.45 0.48 0.51 
10-13 190 0.41 ___ 0.04 0.34 0.36 0.38 0.41 0.43 0.46 0.49 
11-14 190 0.39 + 0.04 0.33 0.34 0.36 0.39 0.41 0.44 0.47 
12-15 190 0.37 _+ 0.04 0,31 0.32 0.35 0.37 0.39 0.43 0.45 
13-16 190 0.36 _+ 0.04 0,30 0.31 0.33 0.36 0.38 0.41 0.44 
14-17 190 0.35 _+ 0.04 0.28 0,30 0.32 0.34 0.37 0.40 0.42 
15-18 190 0.33 +_ 0.04 0.27 0.28 0.31 0.33 0.35 0,39 0.4l 
16-19 190 0.32 _+ 0.04 0.26 0,27 0,30 0,32 0.34 0.38 0.40 
17-20 190 0.31 _+ 0,04 0.25 0.26 9.29 0.31 0.33 0,37 0.39 
18-21 190 0.03 _+ 0.04 0.24 0.25 0.28 0.30 0.32 0.36 0.38 
19-22 190 0.03 _+ 0.04 0.23 0.25 0.27 0.29 0.31 0.35 0.37 
20-23 190 0.29 _+ 0.04 0.23 0.24 0.27 0.28 0.31 0.34 0.36 
21-24 190 0.28 +_ 0.04 0.22 0.23 0.26 0.28 0.30 0.33 0.35 

Girls 
Up to 3 562 0.99 _+ 0.10 0.82 0.86 0.93 0.99 1.06 1.11 1.15 
1-4 74 0.95 _+ 0.10 - -  0.84 0.87 0.95 1.02 1.07 - -  
2-5 74 0.80 _+ 0.10 - -  0.67 0,73 0.81 0.87 0.92 - -  
3-6 241 0.67 +_ 0.08 0.55 0.58 0.63 0.67 0.72 0.77 0,79 
4-7 167 0.60 _ 0.06 0.53 0.54 0.57 0.61 0.64 0.67 0,69 
5-8 167 0.56 +_ 0,05 0.49 0.50 0,52 0.56 0.59 0.62 0.63 
6-9 167 0.52 +_ 0.05 0.45 0.46 0.48 0.52 0.55 0.57 0.58 
7-10 167 0.48 --- 0.04 0.42 0.43 0.45 0.49 0.52 0.54 0.55 
8-11 167 0.46 -2-- 0.04 0.39 0.41 0.43 0.46 0.49 0.51 0.52 
9-12 167 0.44 _+ 0.04 0.37 0.38 0.41 0.44 0.46 0.48 0.49 
10-13 167 0.42 + 0.04 0.35 0.37 0.39 0.42 0.45 0.46 0.48 
11-14 167 0.40 _+ 0.04 0.34 0.35 0.37 0.40 0.43 0.44 0.46 
12-15 167 0.38 +- 0.04 0.32 0.34 0.36 0.38 0.41 0.43 0.44 
13-16 167 0.37 + 0.04 0.31 0.32 0,34 0.37 0.40 0.42 0.43 
14-17 167 0.36 -+ 0.04 0.29 0.31 0.33 0.36 0.38 0.40 0.41 
15-18 167 0.34 + 0.04 0.28 0,30 0.32 0.35 0.37 0.39 0.40 
16-19 167 0~33 _+ 0.04 0.27 0.29 0.31 0.34 0.36 0.38 0.39 
17-20 167 0.32 -+ 0.04 0.26 0.28 0.30 0.33 0.35 0.37 0.38 
18-21 167 0.32 ___ 0.04 0.26 0.27 0.29 0.32 0.34 0.36 0.37 
19-22 167 0.31 - 0.04 0,25 0,26 0.28 0.31 0.33 0.35 0.36 
20-23 167 0.30 +- 0.04 0.24 0,26 0,28 0.30 0.33 0.35 0.36 
21-24 167 0,29 + 0.04 0.23 0,25 0,27 0.30 0.32 0,34 0.35 

*From birth through 3 months, Iowa data; from 3 through 6 months, combined data; from 6 through 24 months, Fels data. 
tData  expressed as mean ___ SD. 

ror after 6 months of age. We therefore restricted our pre- 

sentation of 2-month increments in length to the first 6 

months of life. 
Previously published reference data 3,1<16"z3 on gains 

in length and weight during the first 2 years (or a 

portion of the first 2 years) of life have limited clinical 

usefulness, The data presented here represent an im- 

provement because the more extensive data base for the 

first 6 months of life permits greater confidence in the 

percentiles for gain during the early period of most rapid 
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growth. In addition, we believe that the age intervals for 

which increments are presented are of greater clinical 

usefulness. 
Evaluation of growth progress of an individual subject 

with the aid of reference tables that present increments in 

weight and length is far superior to the conventional prac- 

tice of plotting weight and length values for the subject on 

weight-for-age, length-for-age, and weight-for-length 
charts. However, plotting values on weight-for-age and 

length-for-age charts is simple and familiar, whereas use of 

tables of incremental data is unfamiliar to most clinicians 

and is admittedly cumbersome. Recognizing the difficulty in 

use of reference tables of incremental data, we do not urge 

that such tables replace charts of weight for age and length 
for age for evaluation of growth progress. Use of the more 

sensitive but less convenient method is recommended for 

evaluating growth progress of infants suspected of being at 

high risk of growth failure. For meaningful evaluation of the 

data concerning an individual infant by use of these refer- 

ence data, the measurement of weight and length of the in- 

fant in question must be made by sound anthropometric 

procedures, and the age interval must be of similar duration 

to that of the reference data (e.g., for use of the data pre- 

sented here, 1, 2, or 3 months). 
The reference data presented in this report are based on 

measurements of both breast-fed and formula-fed white in- 
fants. Differences in gains in weight and length between 
white and black infants are small 24, 25 and should not inter- 

fere with use of the tables for evaluation of growth progress 

of black infants. As is true in the use of all reference data 

on infant growth, it may at times be necessary to take into 

account differences in rates of gain by breast-fed and for- 
mula-fed infants 5, 26-30 and by infants with greater or lesser 
size at birth. 3~ 
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