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SUMMARY. Schizophrenics have consistently been found to be born with 
unusually high frequency in the early months of the calendar year. A pre- 
vious study found significantly more schizophrenics to be born following 
warmer as contrasted with cooler summers, thus suggesting that summer 
temperature or a correlate of summer temperature may be an effective fac- 
tor in the season of birth schizophrenia relationship. The current study 
re-tested the warmer vs. cooler summer finding, using both a local sample 
(N = 301) and a nationwide sample of Swedish schizophrenics (N = 13, 440), 
each sample showing increased frequency of births in the early months of 
the year. In order to localize the possible effects of temperature to a more 
specific gestational period, the schizophrenics in each sample were further 
divided into sub-groups based upon which trimester of gestation likely oc- 
curred during the summer prior to the birth. The 71 years (1876-1946) 
during which the patients were born were rank-ordered by mean summer 
temperature at representative geographical locations, and the rank-orders 
of years were divided into temperature quartiles. The rates of births for 
the total patient groups and the trimester sub-groups among both samples 
showed no positive linear or systematic relationship to temperature during 
the previous summer. Even the warmest among the 71 years were not fol- 
lowed by increased rates of births of schizophrenics. The results of the 
study did not corroborate the earlier finding. 
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* M a i m 6  0 s t r a  H o s p i t a l  and the  C e n t r a l  B u r e a u  of S t a t i s t i c s  a r e  thanked  
fo r  t h e i r  c o o p e r a t i o n  in the  s tudy.  



INTRODUCTION 

Independent studies in different countries, including Scandinavia, have 
shown that schizophrenics are born with unusual frequency in the early 
months of the calendar year (Dal&n, 1968, 1975; Videbech, Weeke, Dupont, 
1974; Jf)deg~rd, 1974). A number of explanations have been offered for the 
observed relationship between schizophrenia and birth season, perhaps 
the most widely accepted explanation being that season-related factors 
have a deleterious effect on fetal or early postnatal development, thus in- 
creasing the risk for schizophrenia (among other disorders). That the in- 
crease in births of schizophrenics occurs in the early months of the year 
(January-April) suggests that the relevant gestational sequence consists of 
the first trimester of gestation primarily during the preceding summer, 
the second trimester primarily during the preceding fall, and the third tri- 
mester primarily during late fall or winter. 

Pasamanick, Dinitz, and Knobloch (1961) suggested that the part of 
this gestational sequence relevant to schizophrenia is bummer (largely 
first trimester) and that the relevant variable is environmental tempera- 
ture or correlates of temperature: They found that significantly more schizo- 
phrenics were born following warm, as compared with cool, summers. 
This is the only report of such a finding in the literature, and the schizophre- 
nic sample which yielded this finding was somewhat atypical in not showing 
the usual increased relative frequency of births in the early months of the 
year. 

The current study was an attempt to re-test the hypothesis that more 
persons among schizophrenics are born following relatively warm vs. re- 
latively cool summers. The study used Swedish schizophrenic samples 
which showed the increased frequency of births in January-April. 

The present study also provided the opportunity for further specifica- 
tion of the hypothesized relationship by studying sub-samples of schizophre- 
nics who most likely had a given trimester of gestation during the summer. 
The hypothesis tested does not specify a given trimester of gestation as 
most sensitive to the effects of differential summer temperature, but schiz- 
ophrenics who had gestational trimester I during the summer may be of 
primary interest, given the observed seasonality of births for schizophre- 
nics. 

The study used two psychiatric samples independently collected by 
McNeil, Dzierzykray-Rogalska, and Kaij, and by Dal~n. The first sample 
is a smaller sample of male schizophrenic and paranoid patients and has 
the advantage of being relatively specific in terms 6f summer temperature 
relevant to the birth location of the majority of patients. The second sample 
is a nationwide sample of Swedish schizophrenics which is necessarily less 
specific regarding local summer temperature during gestation, but which 
has the advantage of increased sample size. For standardization purposes, 
the two samples were limited to the same range of temperature-years, and 
analyses were based on a common temperature variable. 



METHODS AND RESULTS 

Grouping of patients and gestational periods was done according to the fol- 
lowing principles: The summer was defined as June l-August 31. Total 
patient groups: Patients born in any month of the year are assumed to be 
relevant to the hypothesis, since almost all pregnancies occur at least 
partially during the summer. Births during January through June were 
counted as relevant to the previous summer' s temperature; births during 
July through December were counted as relevant to the same year' s sum- 
mer temperature. For example, those patients who are relevant to the 
summer temperature in 1940 were born July-December, 1940, and January- 
June, 1941. 

Trimester sub-grouping: The length of gestation was assumed to be 
38 weeks (from the beginning of the third week until the end of the fortieth 
week, per the 40-week pregnancy calendar of S. yon Wachenfeldt); the 
first two weeks from the beginning of last menstruation until fertilization 
were not counted as included in the gestation. Within the 38-week period, 
trimesters were defined in the following manner: First trimester from the 
beginning of the third week until the middle of the fifteenth week; second tri- 
mester from the middle of the fifteenth week until the end of the twenty- 
seventh week; third trimester from the beginning of the twenty-eighth week 
until the end of the fortieth week. 

In order to obtain relatively pure patient sub-groups with a given tri- 
mester occurring during the summer, the requirement was made that at 
least eight weeks of this trimester (as defined above) must have occurred 
during the summer. Given a gestation of 38 weeks, those having at least 8 
weeks of the first trimester during the summer would be born January 20- 
March 27 of the following year. Accordingly, the second trimester corre- 
sponds to birth dates October 28-December 29, and the third trimester to 
birth dates July 28-October 5. Since population birth figures are available 
only for whole calendar months, the above trimester groups were rounded 
off to whole birth months in the following manner: First Trimester Group - 
born February and March next year; Second Trimester Group - born No- 
vember and December same year; Third Trimester Group - born August 
and September same year. (The First Trimester Group was counted as 
relevant to the summer temperature of the preceding year, while the Se- 
cond and Third Trimester Groups were counted as relevant to the summer 
temperature of the same year. ) The relationship between temperature and 
patient birthrates was calculated for both the total patient groups and the 
different trimester groups. 

I. Malm5 Psychiatric Sample Analyses 

1 
Sample. The sample selected was all men admitted to ('Jstra Psychiatric 
Hospital, MalmS, Sweden, during 1955-1964, who had received a primary 
hospital diagnosis of schizophrenia or paranoia by the time of sample selec- 

1 Dal&n (1975) f o u n d  o n l y  t r i v i a l  d i f f e r e n c e s  b e t w e e n  m a l e  v s .  f e m a l e  s c h i z -  
o p h r e n i c s  in  s e a s o n  of  b i r t h  p a t t e r n s .  



t ion in s u m m e r ,  1973. Among  the to ta l  1,898 ma le  admis s ions ,  285 w e r e  
c l a s s i f i ed  as  s ch izophren ic  and 36 were  c l a s s i f i ed  as  paranoid .  Since s ch i z -  
oph ren i c s  and pa rano ids  both show an i n c r e a s e d  f r equency  of b i r th s  dur ing 
the e a r l y  par t  of the y e a r  (Dal&n, 1975), t hese  two d iagnos t ic  g roups  were  
combined and ana lyzed  toge the r  in the Maim6 sample .  The 19 (5.9%) pa -  
t i en t s  not born  in Sweden were  excluded f r o m  the sample ,  a s  was  one pa -  
t ient  born  in 1874, a y e a r  for  which no s u m m e r  t e m p e r a t u r e  data were  
avai lable .  The r e m a i n i n g  301 pa t ien ts  const i tu ted  the final sample  used  for  
ana lys i s .  

As  shown in Table  1, the final Maim6 sample  c lose ly  c o r r e s p o n d s  to 
the final entire Swedish sample in terms of percentage of births in Janua- 
ry-April. The Maim5 sample thus conformed to the requirement that the 
current hypothesis be tested on patient groups showing the expected increase 
of births in the early months of the year. 

T r i m e s t e r  Groups.  Within the final sample ,  56 pa t ien ts  belonged to the 
F i r s t  T r i m e s t e r  Group (born F e b r u a r y - M a r c h ) ,  48 to the Second T r i m e s t e r  
Group (born N o v e m b e r - D e c e m b e r ) ,  and 52 to the Th i rd  T r i m e s t e r  Group 
(born Augus t -Sep tember ) .  These  t h r e e  t r i m e s t e r  g roups  const i tu ted  51.8% 
(156/301) of the to ta l  f inal  sample .  

Place and Year of Birth. A total of 85. 7% (258/301) of the patients were 
born in the contiguous regions of Sk~ue and Blekinge in southern Sweden. 
Temperatures for the city of Lund, in Sk~ne, were assumed to be generally 
representative for the birth area of the sample. The birth years ranged 
from 1877 to 1947, with the relevant summers from 1876 to 1946, a total 
of 71 year s. 

R a n k - O r d e r  of Y e a r s  by Summer  T e m p e r a t u r e .  The month ly  m e a n s  of the 
dai ly  t e m p e r a t u r e  at 14:00 (2 p. m. ) in Lurid (Hamberg,  1887-1918; KSVA, 
1876-1948; SMHA, 1919-1949) were  used  to ca lcula te  the mean  t e m p e r a -  
t u r e  of June-Augus t .  Based  on th i s  mean  t e m p e r a t u r e ,  the y e a r s  1876- 

Table i. Season of birth among Maim5 and total Swedish schizophrenic 

samples 

Patient sample 

Number  (%) born  J a n u a r y - A p r i l  V s. o ther  month_s 

J a n u a r y - A p r i l  M a y - D e c e m b e r  

Maim5 schizophrenics 
& paranoids (N = 301) 

Total Swedish schizo- 
phrenics (N = 13,440) 

114 (37.9%) 

4911 (36.5%) 

187 (62.1%) 

8529 (63.5%) 



1946 inc lus ive  w e r e  r a n k - o r d e r e d  f r o m  coldes t  to w a r m e s t ,  and the r a n k -  
o r d e r  was divided into app rox ima te  qua r t i l e s  2 (Coldest,  Next Coldest ,  Next 
W a r m e s t ,  Warmes t ) .  

Quartile Patient and Population Birthrates. The number of patients born 
in the periods relevant to the years of each quartile was divided by the num- 
ber of live births occurring in MalmShus County during the same time pe- 
riods and expressed as number of patient births per I00, 000 live births. 
For each of the trimester sub-groups, the population figures were com- 
prised of the number of live births in M-County in the two relevant months. 
Population statistics were obtained in part from publications (BSOS, 1878- 
1910) and in part from the Swedish Central Bureau of Statistics, r 

Results. As shown in Table 2, no positive linear relationship was found 
between temperature quartile and patient birthrates. The Warmest quar- 
tile did not have the highest patient birthrate in any of the comparisons. 
Inspection of the rank-order of years by temperature showed that not even 
the very warmest among the 71 years were followed by increased patient 
births. 

Chi-square analysis of the patient birth frequencies per temperature 
quartile showed a significant deviation from the expected frequencies, based 
on population birthrates (X 2 = ii. 94, 3 df, p < . 02). This deviation was large 
ly due to an unexpectedly high rate of patient births among the Coldest tem- 
perature quartile years. The patient birth frequency for the Warmest tempe- 
rature quartile showed almost no deviation from the expected number. 

Sub-Sample Born 1900-1935. The annual birth frequencies of the Malta6 
sample showed an inverted-U form over the 71-year period, with relative- 
ly few births before 1900 and after 1935. This of course reflects the age 
distribution of male schizophrenics and paranoids admitted for hospitaliza- 
tion 1955-1964. In order to reduce any bias due to this age distribution, 
the relationship between temperature quartile and patient birthrates was 
also calculated (in the same manner) for the years 1900-1935 using the 246 
patients born during that period. As shown in Table 2, the Coldest tempe- 
rature quartile again was associated with the highest patient birthrate. The 
quartile distribution of patient births for this sub-sample did not signifi- 
cantly deviate from the distribution expected from population birthrates 
(X 2 =4.43, 3dr, n.s.). 

The data from the Malm5 sample thus did not support the hypothesis 
of a positive relationship between summer temperature and subsequent pa- 
tient birthrates. 

All years with the same mean temperature were placed in the same quar- 
tile even though this resulted in quartiles of different sizes. Quartile size 
differences were allowed for by calculating patient births per population 
births during the same period. 
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II. Tota l  Swedish Sch izophren ic  Sample A n a l y s e s  

Sample.  The base  sample  cons i s t ed  of 13, 545 ma le  and f ema le  pa t ien ts  
(a) born  in Sweden, and (b) d i s c h a r g e d  1962-1964 f r o m  all Swedish menta l  
hosp i t a l s  and p s y c h i a t r i c  d e p a r t m e n t s  of gene ra l  hospi ta ls ,  (c) with a p r i -  
m a r y  hospi ta l  d iagnos i s  of s ch izophren ia  (I. C.D.  300). B i r th  y e a r s  in th is  
sample  r anged  f r o m  1871-1951. To make  the Malta6 and total  Swedish 
s a m p l e s  c o m p a r a b l e  s u m m e r - w i s e ,  the c u r r e n t  sample  was l imi ted  to pa -  
t i en t s  born  f r o m  July, 1876 th rough  June, 1947, with the r e l evan t  s u m m e r s  
1876-1946. The 105 (0.8%) pa t ien ts  born  outs ide  these  t ime  l imi t s  (56 be -  
f o r e  July,  1876, and 49 a f t e r  June, 1947) were  excluded f r o m  the sample .  
The f inal  sample  cons i s t ed  of 13, 440 sch i zophren ic  pat ients .  

The base  sample  has  been found to have a highly s ignif icant  e x c e s s  
of b i r th s  in J a n u a r y - A p r i l  (Dal~n, 1968, 1975). 

T r i m e s t e r  Groups.  Within the final sample  2, 485 pa t ien ts  belonged to the 
F i r s t  T r i m e s t e r  Group, 2, 003 pa t ien ts  to the Second T r i m e s t e r  Group, 
and 2, 094 pa t ien ts  to the T h i r d  T r i m e s t e r  Group. The t h r e e  t r i m e s t e r  sub-  
g roups  cons t i tu ted  49.0% (6582/13440) of the tota l  f inal  sample .  

Birth Location and Rank-Order of Years by Summer Temperature, For the 
present sample, no information was analyzed regarding the geographical 
distribution of patient births within Sweden. Temperature data from Stock- 
holm were taken as generally representative for the birth area of the total 
Swedish sample. Data from Liljequist (1950) provided the mean tempera- 
ture for June-August in Stockholm. The summers of the years 1876-1946 
inclusive were rank-ordered from coldest to warmest, and the rank-order 
was divided into approximate quartiles. The rank-orders of years by Lund 
vs. Stockholm temperatures were not identical, but bore considerable si- 
milarity to one another quartile-wise. 

Quar t i l e  Pa t i en t  and Popula t ion  B i r t h r a t e s .  Popula t ion  cont ro l  f i gu re s  used  
fo r  the na t ional  s ch i zophren ic  sample  were  all  l ive b i r th s  in the en t i re  coun-  
t r y  dur ing  the r e l evan t  months  and y e a r s .  Pa t ien t  b i r t h r a t e s  were  e x p r e s s e d  
pe r  10, 000 l ive b i r th s  in the populat ion,  as  d e s c r i b e d  above for  the Maim6 
sample .  

Resu l t s .  As  shown in Table  3, no pos i t ive  l i nea r  r e l a t ionsh ip  was found be -  
tween t e m p e r a t u r e  quar t i l e  and pat ient  b i r t h r a t e s .  F o r  the en t i re  sample ,  
b i r t h r a t e s  w e r e  v e r y  c o m p a r a b l e  a c r o s s  all  quar t i l es ,  with the except ion 
of the Next W a r m e s t  quar t i l e  which showed a cons ide rab ly  lower  b i r th ra t e .  
C h i - s q u a r e  ana lys i s  of the ac tua l  f r equenc i e s  pe r  quar t i l e  showed a highly 
s ignif icant  deviat ion f r o m  expected  f r equenc ie s ,  m o s t l y  r e f l ec t ing  the low 
r a t e  of the Next W a r m e s t  quar t i l e  (X 2 = 172. 33, 3 dr, p < .  001). Among  the 
t h r e e  t r i m e s t e r  sub -g roups ,  two showed the h ighes t  pat ient  b i r t h r a t e  for  the 
Coldes t  quar t i le ,  while one showed the h ighes t  pat ient  b i r t h r a t e  for  the 
W a r m e s t  quar t i le .  In total ,  the r e s u l t s  did not suppor t  the hypothes is .  

Sub-Sample  Born  1890-1944. As  was t rue  for  the Malm6 sample ,  the b i r th  
f r e quenc i e s  in the f inal  Swedish sample  showed an inve r t ed -U  f o r m  ove r  the 
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7 1 - y e a r  per iod ,  with fewer  pat ient  b i r t h s  be fo re  1890 and a f t e r  1944. To 
d e t e r m i n e  whether  inc lus ion of the b i r th  y e a r s  at the beginning and end of 
the pe r iod  af fec ted  the r e su l t s ,  the re la t ionsh ip  between s u m m e r  t e m p e r a -  
t u r e  and pat ient  b i r t h r a t e s  was  ca lcu la ted  (in the same  manner )  for  the sub-  
group of 12,554 pa t ien ts  born  1890-1944. 

As  shown in Table  3, the pat ient  b i r t h r a t e  for  the Next W a r m e s t  q u a r -  
t i le  b e c a m e  m o r e  c o m p a r a b l e  to the r a t e s  of the o ther  qua r t i l e s  than was 
the case  for  the tota l  7 1 - y e a r  per iod;  inc lus ion of the e a r l y  and la te  b i r th  
y e a r s  thus  appea red  to have had a d i f fe ren t ia l  b ias ing  effect  on the r a t e  
fo r  the Next W a r m e s t  quar t i le .  

C h i - s q u a r e  ana lys i s  of the pat ient  b i r th  f r equenc i e s  for  the 1890- 
1944 s u b - s a m p l e  showed a highly s ignif icant  deviat ion f r o m  expected f r e -  
quenc ies  based  on populat ion r a t e s  (X 2 = 74.31,  3 df, p < .  001). The l a r -  
ges t  deviat ion f r o m  expecta t ion was the high pat ient  b i r th  f r equency  for  
the Coldes t  quar t i le ;  the pat ient  b i r th  f r equency  in the W a r m e s t  quar t i l e  
was a lmos t  exac t ly  that  expected f r o m  populat ion r a t e s .  

F a l s e  T e m p e r a t u r e  - Bi r th  Sequence for  1890-1944 Sub-Sample.  To in- 
ves t iga t e  whether  th is  highly s ignif icant  nega t ive  re la t ionsh ip  between t e m -  
p e r a t u r e  and pat ient  b i r th  f r e q u e n c y  could have r e p r e s e n t e d  some s y s t e m a -  
t i c  f ac to r  not spec i f ica l ly  having to do with the hypothes ized  re la t ionsh ip  
but r a t h e r  with the v a r i a b l e s  involved (e. g . ,  populat ion a n d / o r  s c h i z o p h r e -  
nic  b i r t h r a t e s ,  t e m p e r a t u r e  y e a r  d is t r ibut ion,  etc. ), the r e l a t ionsh ip  be -  
tween s u m m e r  t e m p e r a t u r e  and b i r th  f r e q u e n c y  was  r e - c a l c u l a t e d  for  the 
1890-1944 s u b - s a m p l e  with the s c h i z o p h r e n i c s '  b i r th  f r e q u e n c y  r e l a t ed  to 
s u m m e r  t e m p e r a t u r e  1-2 y e a r s  a f te r  the b i r th s  (e. g . ,  b i r th s  July, 1928- 
June,  1929 r e l a t ed  to s u m m e r  t e m p e r a t u r e  1930). 

The r e s u l t i n g  t e m p e r a t u r e  quar t i l e  b i r t h r a t e s  ( f rom Coldest  to W a r -  
m e s t :  20.9,  17.7,  19.9,  18. 3) were  v e r y  s i m i l a r  to those  found for  the 
r e a l  t e m p e r a t u r e  - b i r th  sequence.  A n a l y s i s  of the quar t i l e  b i r th  f r e q u e n -  
c ies  again showed a highly s ignif icant  deviat ion f r o m  expecta t ion (X 2 = 
57.60,  3 df, p <  .001),  wiih the l a r g e s t  deviat ion b e i n g i h e  u n e x p e c t e d -  
l y  l a r g e  n u m b e r  o f  s c h i z o p h r e n i c s  b o r n  1 - 2  y e a r s  b e f o r e  
t h e  C o l d e s t  s u m m e r s .  The s i m i l a r i t y  of r e s u l t s  in the r e a l  and fa l se  
s equences  was not a r e su l t  of the same  b i r th  y e a r s  en te r ing  the same  t e m -  
p e r a t u r e  qua r t i l e s  in the two sequences .  

DISCUSSION 

The results for both the Malm6 and the national samples did not corrobo- 
rate Pasamanick et al. ' s (1961) finding of an increased frequency of births 
of schizophrenics following relatively warm summers. The national 1890- 
1944 sub-sample showed a highly significant relationship between low sum- 
mer temperature and high schizophrenic birth frequencies the following 
year. The fact that the false time sequence for summer temperature - birth 
frequencies showed approximately the same, highly significant relationship 
would suggest caution in interpreting the results of the true sequence as 
evidence for more schizophrenics being born following colder summers. 
Perhaps the safest conclusion is that nothing in the current study confirmed 



P a s a m a n i c k  et al. ' s finding. 
As  sugges ted  by P a s a m a n i c k  (pers.  communica t ion) ,  one i n t e r p r e t a -  

t ion of the d i s c r e p a n c y  in r e s u l t s  between the two s tudies  is  that  the sum-  
m e r  t e m p e r a t u r e s  in Sweden a r e  cons ide rab ly  lower  than those  in the o r i -  
ginal  study (Ohio, USA), and thus  not suff ic ient ly  high to resu l t ,  however  
ind i rec t ly ,  in i n c r e a s e d  b i r th s  of s c h i z o p h r e n i c s  fol lowing even the w a r m e s t  
of Swedish s u m m e r s .  This  impl i e s  that  an absolute  m i n i m u m  t e m p e r a t u r e  
leve l  mus t  be r e a c h e d  for  the hypothes ized  re la t ionsh ip  to e m e r g e  and that  
r e l a t i ve  t e m p e r a t u r e  d i f f e rences  among  dif ferent  y e a r s  a r e  not sufficient  
to p roduce  the  r e !a t ionsh i  p. F u r t h e r  r e - t e s t s  of the P a s a m a n i c k  et al. 
f inding (1961) might  bes t  be done in c l ima te s  s imi l a r  to that  of the or ig ina l  
study. 
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