
JMBR: A Peer-review Journal of Biomedical Sciences
June 2017, Vol. 16 No. 1 pp 5-14

Abstract
Intentional restriction of sleep is progressively high and common among those 
experiencing environmental/psychological stress due to work demands, 
abnormal working hours and psychiatric/physical disorders in developing and 
developed industrialized societies. Deficiency of sleep have its several concerns, 
amongst which include increased prevalence of disease risks and mortality. 30 
adult rats were randomly divided into six groups with sleep deprivation (SD) 
(using multiple platform method) and coffee administration for 30 days after 2 
weeks of acclimatization: A (control), B (SD only), C (416.75ml/kg coffee), D 
(833.50ml/kg coffee), E (SD + 416.75ml/kg coffee) and E (SD + 833.50ml/kg 
coffee). Blood pressure was determined by cannulation of carotid artery using 
pressure transducer and a polygraph. Glucose concentration was determined after 
enzymatic oxidation and BMI calculated using rat weights' and lengths'. Mean 
arterial pressure (MAP) was significantly increased in groups B, D, E and F 
compared to control. Blood glucose demonstrated a significant reduction in 
groups B, C, D, E and F compared to control.  SD rats had a significant decrease in 
BMI compared to control while groups C, D, E and F were significantly increased 
compared to B. Reduction in glucose across the treatment groups could indicate 
an improved glucose tolerance, no insulin resistance. Also, increased energy 
expenditure, may explain the reduction in BMI in high and low doses of coffee + 
SD groups and increase in MAP. SD + coffee induced stress may aide in the 
prevention of obesity, type 2 diabetics although the significant increase in MAP.
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INTRODUCTION
Sleep deprivation (SD), which can either 
be chronic or acute, is a condition of not 
having enough sleep. A chronic sleep-
deprived state can cause fatigue, daytime 
sleepiness, clumsiness and weight loss or 

1weight gain.  It adversely affects the brain 
2

and cognitive function.  SD can, 
paradoxically, lead to increased energy 
consumption, alertness and enhanced 
mood. It has been used as a treatment for 

3,4depression.  

In modern industrialized societies, 
voluntary restriction of sleep is 
increasingly common due to increasing 
work demands with increasing working 

5hours.   Partial loss of sleep is common 
a m o n g  p e o p l e  w h o  ex p e r i e n c e  
environmental or psychological stress, 
people who have psychiatric or physical 

6
disorders or who participate in shift work.

The cumulative long-term effects of sleep 
loss and sleep disorders have been 
associated with a wide range of deleterious 
health consequences including an 
increased risk of hypertension, diabetes, 
obesity, depression, heart attack, stroke,  

6and even increasing mortality.  Sufficient 
sleep is a key component in the regulation 
of energy metabolism. Sleep is a 
restorative process with beneficial effects 
o n  b o d y  s y s t e m s  ( d i g e s t i v e ,  
cardiovascular and the immune system). 



It  is consequently important to 
u n d e r s t a n d  a n d  e l u c i d a t e  t h e  
mechanisms through which sleep and 
health are related if we are to find ways to 
manage people with chronically 
restricted sleep. 

Epidemiological studies showed that 
habitual short sleep duration is correlated 
with an increased risk of developing 

7,8obesity and diabetes.  There was 
impairment in glucose tolerance (factor 
for developing type II diabetes) after six 
days of SD (4 hours/night), in some 
participants when compared to other 
participants who were allowed 12 hours 

9
in bed per night for six days.  Likewise, SD 
resulted in reduction of the satiety 
hormone leptin, accompanied by 
increased hunger and increased serum 
concentrations of the orexigenic factor 

10
ghrelin. , which may upturn the risk of 
developing obesity.

Coffee is a beverage consumed commonly 
as psychoactive substances by billions of 
people in most countries of the world. 
Traditionally, high consumption of coffee 
has been considered to have negative 
health consequences which is attributed 

11to the stimulant effects of caffeine.  
However, coffee is also one of the largest 
sources of antioxidants and it contains 
various compounds with potential 
beneficial effects on glucose metabolism, 

12inflammation and blood vessel function.
The numerous health benefits of coffee 
consumption have received considerable 
s c i e n t i f i c  a t t e n t i o n .  M o d e r a t e  
consumption of coffee is correlated with a 
l ower  inc idence  o f  ga l l s tones ,  
Alzheimer's disease, dementia and 

1 3 - 1 7Pa r k i n s o n ' s  d i s e a s e .  C o f f e e  
consumption improves short term 

18memory  while the tannins in coffee may 
reduce the cariogenic potential of foods by 

1 9
r e d u c i n g  p l a q u e  f o r m a t i o n .  

Epidemiological studies indicates that 
consumption of coffee is consistently 
associated with a lower risk of Type 2 

20-22 
diabetic mellitus (T2DM). An inverse 
relationship between consumption of 
coffee and insulin insensitivity and 

23
glucose intolerance has been reported.  

24
Also, Ding et al., (2014)  after conducting 
a meta-analysis indicated an inverse 
r e l a t i o n s h i p  b e t w e e n  r e g u l a r  
consumption of coffee and the risk of 
T2DM. Oxidative stress is a fundamental 
factor in the pathogenesis of type 2 

25diabetes mellitus,  interestingly, coffee is 
a rich source of antioxidant polyphenols. 
Thus, the antioxidant properties of coffee 
may contribute to its anti-diabetic effects. 
Since coffee is consumed for its taste and 
as a stimulant, consumption of coffee 
beverages and their circumstantial intake 
during stressful situations (SD) was 
considered. This will increase our 
knowledge on possible changes that 
coffee consumption vis-a-vis SD may 
have on body mass index (BMI), blood 
pressure and blood glucose.

MATERIALS AND METHOD

Preparation and administration of coffee 
drink

Experimental Design and Animal 
grouping   
Thirty (30) male Wistar rats of Albino 
strain weighing between 180-200g were 
obtained from a reputable animal house in 
Ibadan. They were brought to the animal 
house of Department of Physiology, 
Olabisi Onabanjo University, Ogun state, 
Nigeria. They were housed in standard 
plastic cages at room temperature. They 
were allowed to acclimatize for about two 
(2) weeks before the commencement of 
the study. They were fed with rat pellet 
(Caps Feed Ibadan), and allowed free 
access to drinking water.
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They were divided into six (6) groups with 
five rats per group, labeled A, B, C, D, E, 
and F. The rats' weights were monitored 
twice a week using a manual weighing 
balance. Group A which served as the 
control, received distilled water. Group B 
contained rats deprived from sleep only. 
Group C rats were administered with 
416.75ml/kg dose of coffee only. Group D 
rats were administered with 833.50ml/kg 
dose of coffee only. Group E rats were 
deprived of sleep and administered with 
416.75ml/kg dose of coffee. Group F rats 
were deprived of sleep and administered 
with 833.50ml/kg of coffee.

All animal handling and experimental 
protocols implemented in this study was 
in conformation with the international 
principles for laboratory animals as 

26
obtained in the Helsinki's Declaration.

Experimental Sleep deprivation method 
The modified multiple platform method 

27as described by Oh et al., (2012),  was 
adopted to deprive the rats of sleep. 
Plastic cages used measured 1050 x 550 
x270mm and cylindrical mug cups used 
measured 8.5cm high, 6.5cm in diameter. 
Six (6) Mug cups were placed in the 
plastic cage to form the platform. The 
plastic cage was filled with water up to 
2cm from the platform tops. The rats were 
able to move around the cage by jumping 
from one platform to another. Throughout 
the experiment, the experimental room 
was maintained at the normal available 
atmosphere condition.

Body Mass Index (BMI) Determination
The weights of the rats were determined 
with the use of a weighing balance and the 
lengths of the rats were determined with 
the use of tread and a ruler. Rat's lengths 

 

were measured from head to its tail end. 
BMI was calculated by dividing the 
weights of the rats in grams with the 

28
squares of the length in centimeters.

2BMI = weight (g)/ length (cm )

3.4 Blood Glucose Determination
After 14 days of administration, the blood 
glucose was determined using the Accu-
Chek active glucometer. Rats were picked 
at random from each group. The tail of 
each rat was sterilized with methylated 
Spirit and cotton wool. The rats was held 
at the mid-region with left hand, the tip of 
rats tail was cut with a pair of scissor, 
blood were collected from the tail vein to 
the test strip of Accu-Chek active 
glucometer to commence reading.

3.5 Blood Pressure (BP) Determination
Invasive BP was determined by the use of 
a pressure transducer connected to a 
po lygraph ,  a f t e r  the  ra t s  were  
anaesthetized by intra-peritoneal 
injection of urethane at a dose of 
0.5mL/100g body weight, followed by 
cannulation of carotid artery. This was as 
desc r ibed  by  Pa rasuraman  and  

29Raveendran (2012) . Heparin (500 IU/kg-
body weight) was infused into the 
cannulated artery immediately to prevent 
intravascular coagulation. The systolic 
and diastolic BP were obtained through 
the graphic records of the polygraph and 
mean arterial BP was determined by using 
the formula: (SBP + 2*DBP)/3.

STATISTICAL ANALYSIS
Results are presented as means ± SEM 
and comparison of the means was done 
using the one way analysis of variance, 
followed by Student's Newman-Keuls 
post hoc test, using the GraphPad 
software. A p-value < 0.05 was 
considered statistically significant.
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RESULT
Table 1 displays the effect of SD and 
coffee (separately and combined) on 
pulse and blood pressure. Low dose coffee 
raised SBP (compared to control) and 
pulse rate (compared to sleep deprived 
group) (p < 0.05). While high dose coffee 
raised both SBP and DBP, as well as MABP 
(compared to both control and sleep 
deprived group) (p < 0.05). Coffee and SD 
combined raised MABP increased 
significantly (except in the group 
administered low dose coffee), along with 
pulse rate in all groups when compared 
with control and sleep deprived group. 
The increase was significantly higher for 
SBP and MABP in the high dose coffee + 

sleep deprived group, taking a deviation 
from the thread of increase in other 
groups. Also the pulse reading from this 
group showed a statistical significance 
compared to sleep deprived group only.

Blood glucose reduced significantly in 
both groups administered doses of coffee 
as well as sleep deprived group when 
compared with the control. While the 
groups treated with the combination of 
doses of coffee and SD exhibited reduced 
blood glucose level when compared with 
control and sleep deprived group (p < 
0.05) (Figure 1). High dose coffee and SD 
group also exhibited reduced organ sizes 
(Liver, kidney) when compared with sleep 
deprived group (p < 0.05). 
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DISCUSSION
To our knowledge, this is the first 
deliberate examination of the pressor 
effect, glucose metabolic effect and 
obesity risk of both coffee and sleep 
deprivation (SD) combination. The 
present study demonstrates that coffee 
and SD collectively upsets systolic and 
diastolic BP. It further demonstrates that 
the higher the number of hours of SD and 
increased doses of coffee, the more likely 
a progressive increase in mean arterial BP 
after two weeks of treatment in rats. Jee et 

3 0al. (1999),  reported a positive 
relationship between cups of coffee 
consumed on a daily basis and elevated 
systolic blood pressure (SBP), after 
conducting a meta-analysis of controlled 
clinical trials without respect to age.

The present study shows that chronic 
elevations in BP which could pose serious 
risk for the development of hypertension 
are accompanied by increased BP 
response to high dose of coffee compared 
to control, SD alone and low dose of 
coffee. The increase in BPs were further 
intensified with the combination of both 
doses of coffee + SD. These findings 
suggest that higher dose of coffee may 
exert greater BP effects when compared to 
SD but combination of both have the 
tendency to poses a greater risk of 
hypertension.

Even though existing evidence does not 
clearly point fingers at habitual coffee 
d r i n k i n g  a s  a  r e l a t e d  r i s k  o f  

31
hypertension,  it does not rule out the 
fact that caffeinated coffee can causes at 
least an acute rise in BP soon after 

32exposure.  This may be similar to other 
lifestyle factors like physical activity or 
talking, which possess mostly transient 
physiological responses. But it is possible 
that psychosocial factors may perhaps 
contribute to either beneficial or adverse 

33effects on BP.  In the present study, 
interaction of coffee with SD (mental 
stress) progressively increased BP. A dose-
response relationship between doses of 
coffee consumed + SD and change in BP 
was exhibited. Both coffee and sleep 
deprived stress could be proposed to have 
caused increasing significant raise in BP 
through sympathetic  activation,  
antagonism of adenosine receptors, 
increased norepinephrine release and/or 
activation of the Renin Angiotensin 
Aldosterone System (RAAS). The 
possibility of these mechanisms have 

33 been discussed in detail by Myers and 
32

Nurminen et al., . Although Umemura et 
34

al., (2006)  reported an enhanced 
endothelium-dependent vasodilatation 
after acute caffeine administration in 
young healthy men, a mechanism by 
which caffeine could lower BP. The 
synergetic effect of SD + coffee 
consumption could lead to increase in C-

35, 36reactive protein (CRP).  CRP is a major 
concern for the development of 
hypertension,  which cannot  be 
completely ruled out in this case.
Increas ing  epidemiolog ica l  and 
experimental evidence proposed that SD 
(alteration in physiological sleep need) 
can modifies metabolism in a manner that 

10, 1 1promotes weight gain.  Taheri et al,  
cited that reports have established a link 
between routinely short sleep time and 
increased body mass index (BMI) in large 
population samples. This was clearly 
stated to be connected to a decrease and 
increase in leptin and ghrelin levels 
respectively. These hormones, which are 
believed to alter appetite, may only 
contribute to the BMI changes that occurs 
with SD. Also animal studies have 
demonstrated a connection between 

37, 38
sleep and metabolism.  Rats subjected 
to prolonged, complete SD showed 
increase in both food intake and energy 
expenditure. But the net effect was weight 
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39loss and eventually, death.  Although 
leptin and ghrelin hormonal levels were 
not determined in the present study, the 
drastic BMI reduction observed in the 
sleep deprived group (compared to 
control) correlates with the findings of 

 39
Rechtschaffen and Bergmann.  This can 
be presumed to be as a result of a stressful 
state as postulated by Everson and Wehr 

40 41(1993)  and Everson (1995) .
Coffee has been reportedly used for 
weight loss, although its effectiveness has 

42
not been proven.  This was not evident in 
this study, as the coffee + SD 
combination even though slightly 
reduced BMI (compared to control 
group), exhibited increased BMI 
compared to the sleep deprived group. 
After SD, weight loss was reported in 

1, 43obese individuals.  Therefore, the role 
of hormonal changes (leptin and ghrelin) 
can only be said to contribute but not 
compensate for the association between 
SD and BMI. In same vein, the wide range 
variation between coffee only groups, 
coffee + SD groups compared to the 
control can be accounted for, although 
the role of fat producing hormone, 
cortisol cannot be disregarded.
Hence, increased cortisol activity could 
also account for the significant BMI 
increase in the coffee + SD groups 
compared to the sleep deprived group.

44Watson et al. (2010)  has described 
weight gain as a positive energy balance; 
energy intake greater than energy 
expenditure. Natural processes (such as 
glucose metabolism and an upregulation 
of appetite) related to energy balance, as 
well as external factors (such as food 
choice and increased time available to 
eat) are largely disturbed by SD. This, 

44
according to Watson et al.,  cannot be 
said to have occurred in the present study 
with significant and slight reductions in 
BMI across the groups (compared to 
control). The assumed increased energy 

expenditure in the present study can be 
related to the increased mental and 
physical activities engaged in by the rats 
due to lack of sleep. This can also explain 
significantly reduction observed in blood 
glucose level of the coffee treated groups 
(compared to control) and coffee + SD 
groups (compared to control and sleep 
deprived group). Although previous 
studies have reported reduced glucose 
tolerance and insulin resistance (due to 
increase in the level of evening cortisol) 

45, 9, 46associated with SD.  The present study 
showed an improved glucose tolerance 
(which could indicate adequate insulin 
sensitivity) across the treatment groups 
during the early hours of the morning. 
This is quite contradictory to the findings 

45
of Knutson.  Possibly, there were also no 
serious disturbances to the secretory 
profiles of the counter regulatory 
hormones, cortisol and growth hormone 
(GH) and as such no alterations in glucose 
regulation in the treatment groups as 
reported during SD. This effect may 
further be attributed to the influence of 
coffee on glucose metabolism. As reports 
have stated that habitual coffee 
consumption is associated with insulin 

47sensitivity,  although there are a few 
contrasting views.

In conclusion, the present findings show 
progressively higher BP responses to 
coffee and SD combination treatment, 
relatively reduced blood glucose level and 
reduced BMI. The direct effect of coffee + 
SD after two weeks of study may suggest 
that alteration in sleep time and moderate 
consumption of coffee may perhaps prove 
to be an important aide to preventing 
obesity and possible occurrence of type 2 
diabetics. Our findings seem to be at 
variance with the most established 
inverse association between coffee, SD, 
increase in BMI and the possible 
impairment in glucose metabolism. At 
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this point, we cannot ignore the 
possibility that a higher coffee dosage and 
consumption could probably exhibit 
insulin sensitivity lowering effect. Also a 
longer duration of this study may have 
proven otherwise. Long-term trials of 
coffee consumption and SD that include 
detailed measures of insulin sensitivity, 
glucose metabolism, energy expenditure 
and total amount of food intake are 
justified to elucidate the apparent 
discrepancy with studies like this that 
observed an inverse association between 
habitual coffee consumption, SD and risk 
for obesity and type 2 diabetes.
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