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SEASONAL VARIATIONS 
IN CHILDREN’S WEIGHT GROWTH RATES

by T. H o a n g  and P. L a z a r

University of Paris V. Paris; National Institute of Health and Medical Research, 
Unit of Research 170, Paris, France

Abstract: The growth rates of 1583 children in 8 day care centers in Paris 
weighed from 1 to 4 times every months were analyzed for the presence of sea
sonal patterns.

In the age range 3—36 months there are seasonal variations of weight veloci
ties for both sexes which at least partly may be accounted for by the patterns of the 
children’s attendance at the centers.

Regardless of seasons boys but not girls show an acceleration of weight in their 
third year.
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Introduction

Seasonal v a ria tio n s  in  g ro w th  ra te s  h a v e  been re p o rte d  in  W est E u ro p ean  
ch ild ren  F o r exam ple B r a n s b y  (1945) observed t h a t  ch ild ren  grew faste r 
in  s ta tu re  d u rin g  spring th a n  during  a u tu m n  an d  w in te r. M a r s h a l l  (1975) 
how ever found  m ax im um  m ean  g row th  ra te s  to  occur a t  m idw in te r. Few  
researchers h av e  included  age in  th e  analysis o f seaso n a l p a tte rn s  of g row th . 
Since find ings are conflic ting  an d  su ffic ien t d a ta  on th e  in te ra c tio n  o f age an d  
seasons lack ing  th e  p re sen t s tu d y  was carried  ou t to  in v es tig a te  th e  effects o f 
seasons on th e  change o f g ro w th  v e lo c ity  in  ch ild ren  a t  d ifferen t ages.

Subjects and Methods

H e a lth  surveillance in  d a y  care cen ters includes ro u tin e  w eighing of ch ild ren  
b y  tra in e d  nurses. F o r th is  s tu d y , fou r d ay  care cen te rs  in  P a ris , lo ca ted  in  
th e  11 th , 13 th , 14 th  an  17 th  w ards w ere selected w here access to  th e  w eight 
reco rds w as p ro v id ed  to  us from  th e  open ing  d ay  o f these  cen ters. C hildren 
fro m  age 1 m o n th  up  to  40 m o n th s are en ro lled  on th e  basis o f av a ilab ility  of 
p laces so th a t  th e  age o f en te rin g  and  leav in g  th e  cen te rs  varies as well as th e  
le n g th  o f s ta y : T hus th e  d a ta  are ty p ic a lly  m ixed  lo n g itu d in a l an d  involve 
1583 ch ildren  (844 boys an d  739 girls). O n a reg u la r schedule, th e  ch ildren  are 
w eighed w ith o u t clo thes in  th e  m orning  up o n  th e ir  a rr iv a l. W eights are n o ted  
a n d  filed  in  th e  m edical records. The dem ograph ic  e lem ents of th e  P aris  d ay  
care  cen ters (PD C) g row th  d a ta  are show n in T able 1.
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Table 1
Demographic features of the PDC data

N u m b er o f  ch ild ren  
en ro lled  in  d a y  ca re  cen te r

M ean age 
(m onths)

M ean  d u ra tio n  
(m o n th s)

1 2 3 4* all entering leaving stay
between 2 
weighings

Boys 288 247 232 77 844 9.63 26.38 17.00 0.61
Girls
all

232 216 204 87 739 
52Ö 463 T36 164 1583

9.07 26.21 17.35 0.59

Day care center

1 2 3 4
Years of data recording 1961 — 77 46 — 77 61 — 77 62—79

* Due to technical problems not all children from this day care center are included

L e t a(t) deno te  th e  age o f  a child  a t  th e  ca lendar tim e  t. W eigh t velocity  
va(t) a t  age a an d  tim e  t is co m p u ted  as th e  ra te  o f w eigh t change

_ _  w a ( t + 1) ~~  w a (Q

°(0 a(*+l)  — a(t)
w here n;űö) is th e  w eight a t  age a(t).

T hus a(t) is classified in to  seasons an d  8 age classes of 3 m o n th s  len g th  
each  cen tered  a t  3, 6, 9, 12, 18, 24, 30 an d  36 m o n th s. In  each age class m ean  
w eigh t ve locity  is co m p u ted  fo r each  season an d  ran k s  are a llo ca ted  to  seasons 
in  increasing  o rder o f m ean  velocities. W e te s t th e  nu ll h y po thesis  o f no season
a lity  of w eight ve locity  in  th e  w hole age range  3— 36 m o n ths b y  using  K en d all’s 
coeffic ien t o f concordance o f th e  ran k in g s  o f seasons a t  all ages.

Results

In  T able 2, th e  3 -m on th ly  m eans o f w eight velocities are  g iven  w ith  th e ir  
s ta n d a rd  errors for successive ages. T he n u m b er of m easu rem en ts p resen ts  
a m ode a t age 18 m o n ths an d  is co n sis ten tly  th e  low est in  sum m er due to  th e  
o n e-m o n th  vaca tio n s ta k e n  b y  th e  ch ildren . Changes in  velo c ity  are perh ap s 
b e t te r  expounded  b y  g raph ics. F igu re  1 shows th e  m ean  w eigh t velocities for 
th e  four seasons for boys an d  girls sep a ra te ly . F igure  2 expresses th e  difference 
betw een  boys a n d  girls in  g ro w th  velocities a t  each season.

B oys show  a c o n s tan t decrease in  w eight g row th  velo c ity  u n til  age 24 m on th s 
in  w in te r an d  sum m er an d  age 30 m o n th s in  spring  an d  a u tu m n  followed b y  
an  increase a fte rw ard s. W eigh t g ro w th  velocity  in  girls decrease co n stan tly  
in  th e  s tu d ied  age range  3— 36 m on ths.

E x cep t in  sum m er, boys grow  fa s te r  th a n  girls before age 12 m on ths, d rop  
to  a low er g row th  ra te  u n til  age 30 m o n ths an d  ca tch  up  again  a t  36 m on ths. 
A t age 3 m o n ths w eight ve lo c ity  in  sum m er is low er for boys th a n  for girls
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Fig. 1. 3-monthly mean weight velocities for the four seasons. 1/a: Weight velocity for boys, 
3-monthly means plotted at successive ages; 1/b: Weight velocity for girls, 3-monthly means

plotted at successive ages

Fig. 2. 3-monthly mean weight velocities of boys and girls at each season; 3-monthly means 
plotted at successive ages. 2/a: Winter, 2/b: Spring, 2/c: Summer, 2/d: Autumn
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an d  from  6 to  36 m on th s th e  basic p a tte rn  rem ains th e  sam e, how ever, w ith  
g re a te r  irreg u la rity .

M ean velocities are m ore d ispersed  in  sp ring  th a n  in  o th e r seasons. M ean 
velocities in  sp ring  sp read  on th e  ran g e  81— 621 g/m o for boys an d  114— 536 g/m o 
for girls w hile th e  n e x t la rg est ran g e  is 9 9 —537 g/m o fo r boys a n d  156— 
618 g/m o for girls in  sum m er. (C om pare also F igure  2 to  F igures 1 — 3 4 in
T ab le  3).

Table 2

Weight velocities, PDC data

Age
M o n th s

W in te r Spring S u m m er A u tu m n

N M ean SE N M ean SE N M ean SE N M ean S E

G/M O

BOYS 3 217 495 37 248 621 39 150 480 79 163 537 58
6 646 456 34 836 489 34 581 456 22 767 411 11
9 778 369 21 782 351 17 613 372 12 933 312 22

12 830 318 28 789 270 23 601 279 26 864 246 20
18 1255 225 17 1366 195 15 953 243 23 1243 195 19
24 848 150 15 795 147 14 549 126 15 900 120 13
30 764 156 15 735 81 30 430 159 23 724 99 23
36 475 216 15 505 102 25 278 183 27 459 138 23

GIRLS 3 208 504 35 272 537 35 181 618 73 145 462 35
6 640 399 25 882 435 20 569 423 30 766 354 35
9 775 327 17 737 345 19 592 342 29 770 267 19

12 881 258 18 788 264 25 476 291 25 838 258 21
18 1202 240 23 1249 189 18 864 210 18 1111 183 17
24 774 195 21 794 117 16 475 165 17 691 102 21
30 700 177 21 642 117 16 475 165 17 691 102 21
36 499 114 20 476 114 19 217 156 24 356 78 15

T here  is a sign ifican t ag reem en t in  th e  ran k in g  o f seasons a t  all ages for 
b o th  boys (W  =  .61, p <  .001) an d  girls (W =  .68, p <  .001). B ased  on th e  
s ta tis tic s  o f th e  sum s o f ran k s , e s tim a tes  o f th e  tru e  ran k in g  o f w in te r , sp ring , 
su m m er an d  a u tu m n  in th is  o rder a re  also given in  T able 3. In  increasing  o rd er 
o f m ean  w eight velocities th e y  are (4, 2, 3, 1) for boys an d  (2.5, 2.5, 4,1) for girls. 
F o r th e  la t te r ,  th e  e s tim a ted  ran k s  o f w in ter an d  spring  are  tie d  a n d  g iven  th e  
m id v a lu e  2.5.

Table 3

Coefficients of coherence and ranks estimates

W P Seasons sequence E s tim a te  o f  th e  t ru e  
ran k in g

Boys .61 <.001 (W, Sp, Sm, A) (4, 2, 3,1)
Girls .68 <.001 (W, Sp, Sm, A) (2.5, 2.5,4,1)

W: Winter, Sp: Spring, Sm: Summer, A: Autumn 
1: Slowest growth, 4: fastest growth
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Discussion

B a c k m a n  (1934) suggested  th a t  th e  “ in fan tile  g ro w th ”  reached  its  peak  
velo c ity  in  th e  th ird  year. T he question  o f th e  ex istence  of “ w aves”  of g row th  
realized  as successive g row th  sp u rts  is s till an  open one. E x cep t for th e  re la 
tiv e ly  w ell d o cum en ted  adolescen t peak  v e lo c ity  phenom enon  an d  th e  less well 
in v es tig a ted  m id  g row th  sp u r t a t ab o u t 7 years, o th e r sp u rts  are of a m ore 
specu la tive  n a tu re  since “ h a rd ”  d a ta  are  lack ing  to  docum en t th e ir  ex istence. 
B ack m an ’s s tu d y  d ea lt only  w ith  h e ig h ts  in  boys. W ith  an  accelera tion  of 
w eight g ro w th  in  boys b u t n o t girls in  th e  age range  30 — 36 m on ths, our PD C  
d a ta  su p p o rt B a c k m a n ’s claim .

M a r s h a l l  (1975) rep o rted  th a t  ch ild ren  reach ed  th e ir  m ax im um  g ro w th  
ra te  in  m id -w in te r. F rom  3 to  30 m o n th s, th e  PD C  children  w eight velocities 
show  seasonal v a ria tio n s  w ith  p a r tic u la rly  m ax im a occurring  in  a u tu m n  an d  
h igh values in  sum m er. A n a lte rn a tiv e  ex p lan a tio n  for th is  seasona lity  m ay  
be th a t  d u rin g  th e  one-m on th  v aca tio n  in  sum m er ch ild ren  experience d ifferen t 
cond itions inc lud ing  a full tim e  care b y  th e ir  p a re n ts . T hey  resum e th e ir  
a tte n d a n c e  a t  th e  cen ters in  au tu m n .

T h a t boys gain w eight th e  fa ste st in  w in te r  m ay  also ju s t  well be a reb o u n d  
a fte r th e  re la tiv e  deceleration  in  a u tu m n . Such an  in te rp re ta tio n  does n o t a t  
least c o n tra d ic t a n o th e r con sis ten t fin d in g  a b o u t th e  g rea te r su scep tib ility  
to  en v iro n m en ta l influences in  boys th a n  in  girls. This a rg u m en t s tan d s  also 
to  acco u n t p a r tly  fo r th e  irreg u la rity  for boys m ean  velocities in  sum m er an d  
th e ir  low  sum m er ra te  o f w eight g row th  a t  age 3 m onths.

A ccording to  som e au th o rs  including  DÁLEN (1975), season of b ir th  ex erts  
an  in fluence  on h ea lth . T he g rea te r d ispersion  o f m ean  w eight velocities in 
spring  suggests an  in te ra c tio n  w ith  th e  season o f b ir th  since ch ildren  bo rn  
in  w in te r a t ta in  age 3 m on ths in  spring. F u r th e r  in v es tig a tio n  on an  ev en tu a l 
in te ra c tio n  betw een  th e  season of b ir th  an d  th e  season of g row th  will be 
carried .

The o b se rva tions rep o rted  in  th is  p a p e r  lead  to  th e  conclusion th a t  in  th e  
in te rp re ta tio n  o f seasona lity  o f  g row th , besides lig h t an d  atm ospheric  v a r ia 
tio n s (M a r s h a l l  1975), a tte n tio n  should  also be given to  th e  seasonal rh y th m ic - 
i ty  of th e  liv ing.
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