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Diastolic Hypertension Produced by High Fat Diets and Dietary Stresses.* 
(23368) 
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(With the technical assistance of E. L. Freeland) 

Departments of Physiologfy-Pharmacology and Surgery, The Creighton University School of 
Medicine, Omaha, Neb.  

Four normal healthy dogs that were sub- 
jected to high fat diets and severe dietary 
stresses and irregularities over a prolonged 
period of time gradually developed a highly 
significant diastolic hypertension of long dura- 
tion. Previous publications have described by 
graphic illustration, the first circulatory ab- 
normality to appear( 1) and the genesis and 
development of the hypertension ( 2 ) . It is 
the purpose of the present communication to 
present a statistical evaluation of the fully 
developed hypertension. 

The 4 dogs (2 
males and 2 females) had been used in blood 
pressure studies for approximately 5 years. 
During that time blood pressure had been de- 
termined 5 to 6 days each week with almost 
no interruption, consequently, the animals 
were well trained and standardized. They 
were mature adult animals of approximately 
the same age and the 2 females were still 
having regular estrous cycles. 

Blood pressure was determined by the aus- 
cultatory method of Allen( 3)  with certain 
modifications (4,s). During the present 
studies, blood pressure and heart rate were 
determined by the same observer, 5 to 6 days 
weekly between 6 and 10 a.m., with a specific 
time for each dog. The daily blood pressure 
values were the mean of from 10 to 15 con- 
secutive readings. 

The normal kennel diet consisted of a 
weighed amount of Nutrena dog food which 
kept each animal a t  an optimal body weight 
and the amount fed was the same during the 
control and the hypertensive periods. During 
all phases of the study the animals were fed 
at 3 : O O  p.m. 

The first period of dietary stress (Experi- 

*Financed by grants from The Nat. Heart Inst., 
The American Heart Assn. and The Nebraska Heart 
Assn. 

Methods and procedure. 

mental Period I )  consisted of the following 
dietary manipulations done consecutively in 
the order given: 

(A) A long preliminary fast (29 to 33 
days) followed by realimentation with diets 
containing 50% of the calories from equal 
amounts of beef suet and salt free butter and 
50% from cracker meal or horse meat, usually 
the former. These diets were fed a t  the level 
of 120 cal/M2/hr. The preliminary fast and 
realimentation with the high fat diets will be 
referred to as “fat episodes.” In  Experi- 
mental Period I these were repeated 6 times 
in 14 months. There was little or no gain in 
weight on the high fat diets. 

(B) A diet containing one-half cracker 
meal and one-half raw horse meat fed at the 
level of 120 cal/M2/hr for 3 months. This 
diet caused very marked obesity. (C) The 
normal kennel diet for 3 months during which 
time weight loss was minimal. (D) A very 
low calory diet of raw horse meat for 5% 
months which caused marked weight loss. 
(E) The normal kennel diet for 2 months. 
(F) The same low calory diet of raw horse 
meat for 2 months. (G) The usual kennel diet 
for 1% months. (H) A diet of raw horse 
meat fed a t  the level of 120 cal/M2/hr for 39 
days. This diet caused a rapid gain in weight. 
(I) The normal kennel diet for 3 months. 
This period terminated approximately 22  
months after the end of the last fat episode. 
The blood pressure and heart rate during the 
final 3 months on kennel diet are shown in the 
Table as Experimental Period I. 

The second period of dietary stress con- 
sisted of 3 “fat episodes” in 10 months. The 
duration of the preliminary fasts varied from 
20 to 36 days. These differed from those in 
the first period of dietary stress in that the 
realimentary diet contained 70% of the cal- 
ories from animal fat and in each “fat epi- 
sode” the high fat diets were alternated ir- 
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regularly between the levels of 60 cal/M’, hr 
and 120 cal/M2/hr. Each fat episode was 
followed by a period on the low calory meat 
diet. At the end of this second period of 
dietary stress the animals were placed on the 
normal kennel diet for 84 days. The blood 
pressure and heart rate during the final 84 
days on kennel diet are shown in the table as 
Experimental Period 11. 

The theoretical reasons for the use of the 
experimental design described above have 
been discussed ( 1,6). 

( A )  CotitroL blood pressure. These 4 ani- 
mals had been used in studies of the effect of 
protein and carbohydrate on blood pressure 
and heart rate( 6 ) .  The control blood pressure 
and heart rate on the normal kennel diet were 
determined several times before. during and 
after these previous studies. I t  was found 
that protein and carbohydrate caused no per- 
manent circulatory abnormalities and no 
change in the control blood pressure values on 
the kennel diet(7).  The last control period 
was just before starting the present studies on 
animal fat. The number of control days on 
which blood pressure was determined varied 
from 89 to 168 for the 4 dogs. Since the 
value for each control day was the mean of 
from 10 to 15 readings. the number of deter- 
minations is large. The individual daily con- 
trol values were combined statistically for 
each dog to give a single mean and standard 
deviation and from these the coefficients of 
variation and standard errors of the control 
mean value were calculated. 

( R )  Blood pressure and heart rate after 
first period of dietary stress (Experimental 
Period I ) .  In Dogs I, I11 and IV elevations 
of the systolic and diastolic pressures above 
the control values were of about the same or- 
der of magnitude and were sufficiently great 
to be considered physiologically significant. 
Statistically the probability of these elevations 
calculated from t was <0.01. In Dogs T and 
IV the pulse rates were significantly lower 
than the control value but significantly higher 
than the control in Dog TIT. 

In Dog 11 the actual elevation of the pres- 
sure above the control value was too small to 
be considered physiologically significant but 
the high statistical significance suggests that 

the basic trend in this animal was the same 
as in the others. The pulse rate in this dog is 
significantly lower than the control value. 
The small number of readings made on this 
dog was due to the fact that while the experi- 
ment was in progress, before the statistical 
study was made, we considered this animal to 
be refractory to the dietary stresses and tem- 
porarily discontinued the daily determinations 
of blood pressure. 

( C )  Blood pressure and heart rate a f ter  
second period of dietary stress (Experimental 
Period I I ) .  Tn Dogs I, I11 and IV the systolic 
and diastolic pressures were again significantly 
above the control values. The heart rate in 
Dogs T and IV was again significantly below 
the control values but was again higher in 
Dog 111. 

In Dog II the systolic and diastolic pres- 
sures became markedly elevated above the 
control values while pulse rate was signifi- 
can tly slower. 

Discussion. Throughout the entire experi- 
mental period the various dietary changes 
were always made simultaneously on the 4 
dogs so that the dietary stresses were of the 
same duration and intensity. In view of this 
it is interesting to note the tendency to in- 
dividual susceptibility of the animals. The 
first experimental period resulted in a near 
maximal elevation of blood pressure in Dogs 
I and 111, while Dog I1 showed little effect. 
The second experimental period caused a 
marked rise in the pressure of Dog I1 and ad- 
ditional elevation in Dog IV. 

During Experimental Period I the stress of 
the “fat  episodes” caused a number of compli- 
cations such as jaundice, vomiting, anorexia, 
convulsions. tarry stools and high retention of 
bromsulphthalein. During the second experi- 
mental period, the “fat episodes” were well 
tolerated and the only abnormal sign noted 
was occasional tarry stools. 

During Experimental Period I the first cir- 
culatory abnormality to appear was failure of 
the blood pressure to decline during fasting; 
it either rose and plateaued at  high levels or 
more frequently rose progressively during 
fasts of several weeks’ duration. This ab- 
normality appeared gradually and was nct 
fully developed in all dogs until after the 
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sixth “fat episode.” At this time the blood 
pressure would return to and remain at  the 
control level for 51 days or more, if the ani- 
mals were placed on the normal non-stress 
kennel diet; however, the abnormality was 
latent and would become overt as soon as 
fasting was started( 1). 

The above findings led to the hypothesis 
that the homeostatic mechanisms which tend 
to oppose the fall in blood pressure during 
caloric restriction had become hypereffective. 
If this hypothesis was correct it appeared that 
a prolonged period on a very low caloric in- 
take might strengthen these homeostatic 
mechanisms and cause them to become per- 
manently over-active even when the animals 
were on the non-stress, calorically sufficient 
kennel diet, and thus result in hypertension as 
a disease of adaptation as defined by Selye 

This hypothesis was tested experimentally 
and resulted in a significant hypertension 
while on the usual kennel diet. The condition 
now resembles benign essential hypertension 
since there is no retinopathy, albuminuria or 
azotemia . 

The question may be raised as to whether 
the elevation of blood pressure of these 4 dogs 
may not have been spontaneous, due to ageing. 
This is obviously rather difficult to answer 
in a prolonged experiment of this kind, but 
the following points argue against this ex- 
planation: (1) The high pressure on the ken- 
nel diet became evident rather promptly after 
Experimental Period I in Dogs I, I11 and T V  
and after Experimental Period I1 in Doq 11. 
( 2 )  Two trained standardized dogs of ap- 
proximately the same age as the 4 cxperi- 
mental dogs have been used in other phases 
of our blood pressure studies for a periofl of 
time approximately one year less than the 4 
dogs reported here and have shown no spon- 
taneous rise in blood pressure on the Iiennel 
diet. ( 3 )  Blood pressure of 2 other dogs of 
approximately the same age was previously 
found to be practically unaltered when on the 
kennel diet, after 4 years of observation. 

It is provocative to note that these experi- 
men ts unintentionally resemble the dietary 
habits of many inhabitants of countries where 

(8) * 

hypertension is common, i.e., over-indulgence 
in high fat-high calory diets resulting in 
obesity and followed by strenuous and ir- 
regular attempts to reduce-failure of the 
will power to continue the reducing regimen 
and a renewal of the cycle. 

Four normal adult dogs were 
subjected to rather intense dietary stresses 
and irregularities over a prolonged period of 
time. Basically these dietary manipulations 
consisted of the following: (1) A prolonged 
preliminary fast followed by realimentation 
with diets containing 50 to 70% of the cal- 
ories from beef suet and butter and fed at a 
level of from 60 to 120 cal/W,/hr. These 
“fat episodes” were repeated 6 times in 14 
months in the first experimental period and 3 
times in 10 months during the second ex- 
perimental period. ( 2 )  The production of 
marked obesity by a high d o r y  diet. (3) -4 
long period on a low calory diet of raw horse 
meat which caused marked weight loss. (4) 
Return to the normal kennel diet. As a re- 
sult of these dietary manipulations, the mi- 
mals gradually developed a highly significant 
diastolic hypertension which is still present 
while on the normal kennel diet approxi- 
mately 34 months after the end of the last 
fat  episode of Experimental Period I. 

Summary. 
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