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Summary. An association between the incidence of child- 
hood Type i (insulin-dependent) diabetes mellitus and the 
average yearly temperature in different countries has been 
reported, the incidence being higher in countries with a lower 
mean temperature. We have studied the effect of environ- 
mental temperature on the incidence of diabetes in an animal 
model of Type 1 diabetes, the non-obese diabetic (NOD) 
mouse. Female NOD mice were divided at weaning, with one 
group placed at a higher temperature (mean 23.7 + 1.7~ 
and the other at a lower temperature (21.0+ 1.8~ At 
20 weeks of age 6 of 16 mice at lower temperature and 1 of 
17 mice at higher temperature had developed diabetes 
(p < 0.02); at 30 weeks 10 of 16 and 5 of 17 mice had de- 
veloped diabetes (p < 0.05). Non-diabetic animals in the low 

temperature group had a higher food intake than those in the 
high temperature group between 13-15weeks of age 
(28.0 _+ 1.2 g/week vs 24.8 + 0.7 g/week,p < 0.05). In a parallel 
experiment, histological examination showed that there 
were similar degrees of insulitis in the high and low tempera- 
ture groups at seven weeks of age. We conclude that environ- 
mental temperature can affect the incidence of diabetes in 
the NOD mouse and that this may be related to alterations in 
food intake. 

Key words: Type 1 (insulin-dependent) diabetes mellitus, 
environmental temperature, non-obese diabetic (NOD) 
mouse. 

Type 1 (insulin-dependent) diabetes mellitus develops 
from an interaction of genetic, immunological and envi- 
ronmental factors [1]. Epidemiological studies can sug- 
gest possible causes but analysis is complicated by 
marked genetic variations both within and between 
populations. Animal models provide a useful tool with 
which to investigate the influence of environmental fac- 
tors against a homogeneous genetic background. Diet 
and stress are among the factors that have been shown to 
influence the course of this disease in animal models 
[2, 3]. 

The stimulus for this study was provided by the report 
of the Diabetes Epidemiology Research International 
Group (DERI)  which provided the first set of stand- 
ardized incidence estimates of Type 1 diabetes among 
divergent areas and ethnic groups [4]. They showed asso- 
ciations with latitude and average yearly temperature, 
such that the incidence of childhood Type i diabetes was 
higher in countries with a lower average yearly tempera- 
ture. The aim of our study was therefore to investigate 
whether environmental temperature affects the incidence 
of diabetes in the non-obese diabetic (NOD) mouse, an 
animal model which shares several genetic, immunologi- 

cal and clinical characteristics with human Type 1 
diabetes. 

Materials and methods 

Our NOD mouse colony was established in 1987 and derived orig- 
inally from the colony of Dr. E.Leiter (Jackson Laboratory, Bar 
Harbor, Me, USA). The colony, which has been maintained by par- 
allel line in-breeding, is characterised by the onset of insulitis at 
3-5 weeks of age and the onset of clinical diabetes from approxi- 
mately 10 weeks of age. There is a stable cumulative incidence of 
diabetes in females which approaches 50% at 30 weeks of age 
(47.4 _+ 3.6% ), with a peak of incidence at 22 weeks. 

Forty female NOD mice were split into two litter matched 
groups at weaning, with four animals per cage. One group of animals, 
designated the high temperature group was placed near a radiator 
with extra bedding. The other, low temperature group was placed 
away from the radiator, near the door. Room temperature was re- 
corded daily using maximum/minimum thermometers placed with 
each group. The animals were fed laboratory chow ad libitum, with a 
protein content of 19% an d a mean energy content of approximately 
3000 KCal/Kg (Grain Harvesters Ltd, Wingham, UK); food intake 
was measured from the thirteenth week of age. Urinary glucose 
measurements were made weekly from the eleventh week of age and 
diabetes diagnosed on finding levels of glucosuria greater than 
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Fig. 1. The mean ambient temperature of the high (broken line) and 
low (solid line) temperature groups throughout the period of the 
study. The average mean temperature difference was 2.8~ 
(p < o.oool) 

1 g/100 ml on more than one occasion. (Diaburstix, Boehringer- 
Mannheim, FRG).  

Fourteen litter matched female mice were set up according to the 
same protocol but killed at seven weeks of age. Pancreata were 
removed, frozen in liquid nitrogen and stored at -70 ~ for histo- 
logical investigation. Ten 6 gm cryocut sections from different areas 
of each pancreas were prepared and stained with haematox- 
ylin/eosin. The islets in each section were screened "blind" for lym- 
phocytic infiltration and classified according to the severity of in- 
sulifis. The percentage of islets in relation to the degree of 
lymphocytic infiltration (absent, mild or severe) was measured for 
each mouse and the average for each group was calculated as de- 
scribed elsewhere [5]. 

Statistical analysis 

For statistics paired t-test and comparison of proportion were used 
as appropriate. The incidence of diabetes in the colony was calcu- 
lated using life-table analysis. 

Results 
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(28.0 + 1.2 g/week vs 24.8 + 0.7 g/week, p < 0.05). Neither  
the percentage of infiltrated islets (53.4+7.4% vs 
51.8 + 8.2%) nor the severity of insulitis differed between 
the two groups at seven weeks of age (mild 25.4 + 3.9% vs 
23.6 + 0.6%, modera te  17.5 + 4.6% vs 17.6 + 4.3%, severe 
10.7 + 5.3% vs 10.6 + 4.3%). 

Discussion 

Changes in environmental  temperature  within the physio- 
logical range may be responsible for a significant dif- 
ference in diabetes incidence in the N O D  mouse. Animals 
kept  at a higher tempera tm'e  have a lower incidence of 
diabetes than those kept at a lower temperature.  This dif- 
ference could be due to metabolic or immunological 
mechanisms, although there is now some evidence to sug- 
gest that these may be interlinked. 

Mice provided with food ad libitum eat less when kept  
at higher temperature,  since they require less energy to 
maintain their body temperature.  This, together with a re- 
duction in counterregulatory hormones,  may alleviate 
stress on the compromised Beta cells and delay the onset 
of diabetes. A similar mechanism has been proposed to 
explain both seasonal variations in incidence [6] and the 
pubertal  peak in incidence in man [7]. 

Alternatively, reduced food intake may have a direct 
effect upon the autoimmune process. Some constituents 
of chow diet have been shown to be diabetogenic in the 
N O D  mouse. Indeed, purified or semi-purified diets can 
reduce the incidence of diabetes and the degree of insulitis 
in this animal model  [2]. 

Lower  food intake may cause a decrease in Beta-cell 
function, leading to decreased target Beta-cell auto- 
antigen expression, thereby reducing the autoimmune re- 
sponse towards Beta  ceils [8]. However,  the histological 
findings indicate that  the severity of insulitis is not af- 
fected by this difference in tempera ture  at 7 weeks of age. 
Although the number  of animals investigated was small, 

The mean  high temperature  was 23.7 + 1.7~ and the 
mean low temperature  21.0 + 1.8 ~ (p < 0.0001) (Fig. 1). 
The average mean tempera ture  difference achieved 
throughout the period of the study was 2.8~ (although 
the effective temperature  difference would be greater  due 
to the extra bedding given to the animals in the high tem- 
perature group). Figure 2 shows the cumulative incidence 
of diabetes in the mice kept at different temperatures.  
Deaths, unrelated to diabetes, reduced the number  of ani- 
mals in each group to 17 matched pairs, before 11 weeks 
of age. One non-diabetic mouse in the low tempera ture  
group died at 17 weeks of age and has been excluded from 
calculations of diabetes incidence. At  20 weeks of age 6 of 
16 mice in the low tempera ture  group had developed 
diabetes as compared  to 1 of 17 mice in the high tempera-  
ture group (p < 0.02). At  30 weeks of age 10 of 16 mice in 
the low temperature  group and 5 of 17 mice in the high 
temperature  group had developed diabetes; this dif- 
ference was still significant (p < 0.05). Non-diabetic ani- 
mals in the low tempera ture  group ate an average of 
3.2 g/week more  than those in the high tempera ture  group 
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Fig.2. The cumulative incidence of diabetes in 17 female mice kept 
at high (broken line) and t6 female mice at low (solid fine) tempera- 
ture from 10 to 30 weeks of age. The difference in incidence was sig- 
nificant at 20 (p < 0.02) and at 30 weeks (p < 0.05) 
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this observat ion suggests that  the t empera tu re  difference 
does not  modify  the natural  history of  insulitis and prob-  
ably does not  influence early pa thogenic  events. However ,  
this does not  exclude the possibility that  the resistance of  
Beta  cells to immunologica l  at tack and/or  their capaci ty to 
regenera te  may  be al tered [9]. 

Viral infection is known  to affect the incidence of  
diabetes in the N O D  mouse  [10] and since our  co lony is 
not  kept  in pa thogen  free conditions,  infection remains a 
possible explanat ion for  the difference in incidence. It  is 
also possible that  o ther  less obvious env i ronmenta l  fac- 
tors may  have inf luenced the ou tcome  of  this experiment .  
For  example,  the proximity  of  the low tempera tu re  group 
to the dooi ,  possibly associated with an increase in stress, 
could have p r o m o t e d  the incidence of  diabetes in this 
group. 

In  conclusion, this s tudy indicates that  differences in 
tempera ture ,  affect the incidence o f  diabetes in an animal 
mode l  of  Type 1 diabetes, the N O D  mouse.  The  lower  in- 
c idence at higher  t empera tu re  may  be due to reduced  
food intake before  the onset  of  diabetes. The  mechanisms 
underlying this effect require  investigation since they may  
help to explain geographical  variat ion in chi ldhood Type 1 
diabetes in man.  
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Errata 

Diabetologia, Volume33, Number3, March 1990, pp. 148-151 

G. Sundkvist et al.: "The activity of the renin-angiotensin-aldos- 
terone system before and during submaximal bicycle exercise in re- 
lation to circulatory catecholamines in patients with Type 1 (insulin- 
dependent) diabetes mellitus 

Please note that the Angiotensin II concentration in the paper above 
has been given as nmol/1 and not as pmol/1; pmol/1 is correct and not 
nmol/1. 

Diabetologia, Volume 33, Supplement, August1990 

Abstracts of the 26th Annual Meeting of the European Association 
for the Study of Diabetes, Copenhagen, Denmark, 10-t4 September 
1990 

During production of the Supplement the page showing abstracts 
P811-P814 was unfortunately printed after abstract P794. 


