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Abstract

The Development of Tolerance to Caffeine’s Alerting Effects:
A Learning Model 

by
Lauren Lipschutz-Broch 

Advisor: Professor Arthur Spieiman

Traditional theories view the development of drug tolerance, purely in terms 

of drug exposure (e.g. dose, interdrug interval). Alternative approaches study 

the influence of such nonpharmacological factors as the environmental cues 

present at the time of drug administration and the recipient’s experiences and 

expectations. The contribution of stimuli that become associated with drug 

delivery has been incorporated in a Pavlovian classical conditioning model of 

drug tolerance. Unlike the traditional model, however, drug studies have 

demonstrated that the conditioned response (CR) elicited in anticipation of 

some drugs are opposite in direction to the unconditioned response (UR). The 

net result of CR and UR results in drug tolerance.

The present research focused on caffeine and tested three hypotheses: 

Caffeine initially alerts subjects; over repeated administrations, tolerance 

develops to caffeine’s alerting effects; and lastly, caffeine tolerance is influence 

by conditioning principles. Nineteen normal-sleeping, healthy, male subjects, 

were studied over 15 days of controlled coffee administration in the morning. 

After 250 mg caffeine, objective (Multiple Sleep Latency Test, MSLT) and 

subjective alertness were significantly increased throughout the day relative to 

baseline day (no caffeine). After 12 days of a morning coffee beverage (six 

caffeinated and six decaffeinated), the same dose of caffeine on Day 14 did not



objectively alert subjects as much as on Day 1, thus tolerance develops.

To lest the possible influences of conditioning, all subjects received 250 mg 

caffeine on Day 15, but eleven subjects were told they had received 

decaffeinated coffee and the remaining eight subjects were told they 

received caffeinated coffee. It was hypothesized that the subjects who 

expected decaffeinated would not elicit an opposite de-alerting response and 

would be more alerted by the caffeine than the group that expected caffeinated 

coffee. Statistical analysis revealed no difference in alertness between these two 

conditions. While the present data does not support a Pavlovian analysis of 

drug tolerance, problems with the time limit of the MSLT, small sample size, the 

caffeine vehicle and the population tested, as well as the theoretical model used 

to design the experiment, might have impacted adversely on the results.
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1

REVIEW OF LITERATURE

Traditional Theories of Drug Tolerance

Many drugs are associated with the well known phenom enon of 

tolerance. Tolerance refers to the diminished effect of a fixed drug dose 

as the result of repeated exposure and can be operationally measured by 

a shift to the right in the dose-response curve. (Fernandes, Kluwe, & 

Coper, 1977). The study of tolerance has wide-ranging importance 

given its s ign ifican t re la tionsh ip  to the consum ption  o f  drugs. In 

particular, an understanding of why addicts require and self-administer 

increasing amounts of drug in order to obtain desired effects (tolerance), 

may help explain the processes of addiction and relapse after drug 

abstinence.

Traditional theories view the development of drug tolerance as a 

fu n c t io n  o f  d ru g  e x p o s u re  ( e . g . ,  d o se ,  in te rv a l  b e tw e e n  d ru g  

a d m in is t ra t io n s ) .  T hus, a t tem p ts  to accoun t for the u n d e r ly in g  

physiological mechanisms that occur in concert with tolerance, involves 

research on pharmacokinetic and pharmacodynamic changes associated 

with chronic drug use. Pharmacokinetic or dispositional research of drug 

tolerance involves the study of changes in the distribution, uptake, and 

metabolism of a drug that cause a net decrease in the amount o f  drug at 

the receptor site. Pharmacodynamic or functional research o f  drug 

tolerance involves the study of neurochemical changes that result in a 

decrease in receptor sensitivity to the drug.

Unfortunately, results of studies reporting on pharmacokinetic and 

pharmacodynamic changes that occur in parallel with the development of
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tolerance are equivocal (Demellweek & Goudie, 1983; File, 1985; 

K alant, Le Blanc, & G ibbins, 1971). W hile  some studies report 

physiological changes that are consistent with the development of drug 

tolerance (e .g . ,  decreases in distribution, increases in m etabolism, 

decreases in receptor sensitivity), other studies have dem onstrated 

physiological changes that are incompatible with pharmacological 

theories of drug tolerance (e.g ., increases in distribution, decreases in 

metabolism, enhanced receptor sensitivity, increases in distribution).

W hat's  m ore, there is an abundance of research supporting the 

hypothesis  that to lerance is not only influenced by drug dose and 

interdose interval, but also by such nonpharmacological factors as the 

recipient's prior experiences and expectations, and the environmental 

cues present at the time of drug adm inistration. These findings are 

inconsistent with the notion that drug tolerance is simply a function of 

drug exposure. The notion that a drug may become associated with 

d r u g -p r e d ic t iv e  cues  ( e . g . ,  e x p e c ta t io n s ,  e n v i ro n m e n t ,  d rug  

administration rituals) has been incorporated into several different types 

of learning models of drug tolerance (Schull, 1979; Siegel, 1975, 1976, 

1977; Solomon & Corbit, 1974; Tiffany & Baker, 1981).

In the p re se n t  d is s e r ta t io n ,  the d ev e lo p m e n t o f  to le ra n c e  to 

caffeine’s alerting effects is studied using a learning model. In the first 

section, I briefly review basic principles of the classical conditioning 

m odel in an e f fo r t  to p ro v id e  the read e r  w ith  som e fundam en ta l 

knowledge of learning theory. I then present a b rief history of the data 

supporting Siegel's conditioning analysis of drug tolerance and some of 

the unresolved issues and alternative ways of interpreting the data. 

N ext, the decision  to study the a lerting  effects o f  caffeine and the
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dependent measure used to assess changes in alertness are examined. 

After presentation of my experiment, the discussion section summarizes 

the results and expands on the issues associated with the interpretation of 

the experimental results.

Pavlovian Classical Conditioning Model

Classical conditioning is a model or paradigm  that stipulates the 

essen tia l conditions for the acquisition  o f  assoc ia tions. The first 

stipulation is that some stimulus reliably elicits a characteristic response. 

The connection between the stimulus and response is unlearned (innate) 

and th u s , the pa ir  are te rm ed  u n c o n d itio n e d  s tim u lu s  (US) and 

unconditioned  response (UR), respectively . The th ird  and fourth  

elements of the classical conditioning paradigm are the conditioned 

s tim ulus (CS) and the conditioned response (CR). The CS is an 

o r ig in a l ly  neu tra l cue tha t ac q u ire s  the ab il i ty  to e l ic i t  a le a rn ed  

response, the CR, after being repeatedly paired with the US.

Pavlov asserted that the most important feature of the classical 

conditioning procedure was the contiguity or close presentation of CS 

and US in tim e. F ig u re  1 d ia g ra m s  P a v lo v 's  o r ig in a l  c la ss ica l  

conditioning experiment (1927) involving the presentation o f  the CS 

(bell)  fo llo w ed  by the US (m eat p o w d er) .  On the f irs t  t r ia l ,  the 

p re se n ta t io n  o f  the b e l l ,  a neu tra l s t im u lu s ,  is fo llow ed  by the 

presentation of the food. Initially, only the US will elicit salivation, 

however, after repeated pairings both the bell (the CS) and the food (the 

US) will elicit salivation.

Thus, the significant outcome of the classical conditioning paradigm 

is that the CS is now capable of eliciting a CR. The importance of this
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CR is that the animal has learned to anticipate the presentation of food 

and elicit the necessary response (salivation) that will enhance digestion 

of the food.

A contro l group  used in these p rocedures , w ould have the CS 

explicitly unpaired with the US (bell only). It is hypothesized that in this 

group, no association is formed between the CS and US and thus, this 

group serves as a control for the conditioning that takes place in the 

experimental group, which reliably pairs the CS with the US. While it 

may be advantageous for the CR to closely resemble the UR in Pavlov's 

original experiment, it has become increasingly apparent and relevant to 

the present thesis that in some types of classical conditioning, it is 

advantageous for the CR to be different or opposite in direction from the 

UR.

There are generally two phases in a typical Pavlovian classical 

conditioning procedure; acquisition and extinction. On the first few 

trials of the acquisition phase, there will be little or no conditioning to 

the CS. After repeated pairings, the CR gradually increases and gains 

strength. The association between CS and US and the development of 

strength  o f  the CR is referred to as the acquisition phase. Figure 2 

shows a hypothetical diagram of the acquisition phase, in which the rate 

o f  conditioned responding increases to the conditioned stimulus over 

trials or days. The pattern o f  results suggest that learning is greatest 

during the First several conditioning days and that after this point, the 

stable m axim um  level o f  conditioned  responding  or asym pto te  is 

approached.

Once a conditioned response is acquired, the mere passage of time 

will have relatively little effect on the strength o f  a conditioned response.
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However, following an acquisition phase, extinction is a procedure 

which reduces and eventually eliminates the strength of the CR. The 

extinction procedure involves repeated presentations of the CS without 

the US. Like the acquisition phase, Figure 2 shows that during the 

initial trials or days of the extinction phase, there are large reductions in 

the acqu ired  behavior. D uring  the last few days, the decreases  in 

conditioned responding is more gradual but eventually the CR will 

disappear altogether.

Stimulus substitution theory

In an attempt to explain how CRs are acquired and what function 

the CS serves in conditioning, Pavlov proposed a theory o f  classical 

conditioning referred to as the stimulus substitution theory. According 

to this theory, the CS becomes a substitute for the US through repeated 

pairings. Despite apparent support in some of the research, the stimulus 

substitution theory has been criticized for several reasons. First of all, it 

is widely accepted that the CR is rarely an exact replica of the UR and 

instead , d iffe rs  from the UR in te rm s o f  the tem poral pa t te rn  and 

magnitude. Second, the CS generally does not elicit all o f the same 

responses as the US and instead may elicit some responses of its own.

Possibly the most difficult finding to explain in terms of a stimulus 

substitution theory, is that in some cases the direction o f  the CR is 

o p p o s ite  to  tha t o f  the UR. For e x a m p le , in e x p e r im e n ts  w here  

morphine has been paired with a CS (e .g ., environment A), the CR is 

sometimes an increase in body temperature but in other cases, a decrease 

in body temperature (Siegel, 1978b). Conditioned responses that are 

o p p o s i te  to the  UR w ere  o r ig in a l ly  r e f e r r e d  to as e x a m p le s  o f  

paradoxical conditioning (Finch, 1938), and more recently termed
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conditioned compensatory responses (Siegel, 1975, 1988). Regardless 

of their label, it can be seen that there are significant difficulties with the 

stimulus substitution theory as a general theory of classical conditioning. 

Information processing theory
An information processing theory by Rescorla (1967) has provided a 

new perspective on classical conditioning. Simply stated, a CS acquires 

meaning concerning whatever event follows it in time. If a CS reliably 

predicts the presence or absence of a US, the CS will gain considerable 

" in fo rm ation  value" regard ing  the like lihood  o f  the occurrence  or 

absence of the US. The emphasis is placed on CS-US contingency 

rather than CS-US contiguity.

A ccord ing  to the in fo rm ation  p rocessing  theory, a CS will not 

acquire  in form ation  value when it is equally  likely  to p red ic t the 

occurrence or the absence of a US. However, as the CS increasingly 

p red ic ts  the p re se n ce  or ab sen ce  o f  the U S, the p ro b a b i l i ty  or 

associative strength of the CS-US will increase in either a positive or 

negative direction.

Using a conditioned suppression technique with rats, Rescorla 

(1978) assessed the strength of conditioning when the CS-US probability 

was manipulated. In the first part o f  the experiment, four groups were 

trained to press a lever for food. After this behavior was stabilized, the 

lever was removed from the cage and in the second phase, a classical 

conditioning paradigm was initiated. In this phase, the probability of 

receiving a shock (US) in the presence of a tone (CS) was .4 for all four 

groups. The probability of receiving the US in the absence o f  the CS 

was .4, .2, .1 and 0 for the four groups, respectively. In the third 

phase, the lever was reintroduced and lever pressing behavior was again
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stabilized. In the final test phase, the tone CS was presented without the 

shock US and suppression of lever pressing was measured.

S ince it has been  show n tha t a shock US w ill sup p ress  lev er  

pressing, assessment of the CS-US associative strength was measured in 

terms of a suppression of lever pressing rate ratio. The suppression ratio 

equals B/A + B, where A is the number of responses just prior to the CS 

and B is the number of responses during the CS. As depicted in Figure 

3, in the final phase of the tperiment responding was greatest for the .4 

group, where CS equally predicted the presence or absence of the US.

In contrast, significant suppression o f  lever pressing was noted in 

the other groups and the initial degree of suppression was inversely 

related to the probability of the US in the absence of the CS. Rescorla 

concluded that the C S 's  ability to elicit the same response as the US 

(e x c i ta to ry  co n d it io n in g )  o ccu rs  w hen  the p ro b a b i l i ty  o f  the CS 

predicting the presence of the US (CS-US presence) outweighs the 

probability of the CS predicting the absence of the US (CS-US absence). 

Conversely, a CS's ability to inhibit a CR (inhibitory conditioning) will 

increase when the probability of the CS-US absence is greater than the 

probability of the CS-US presence.

Rescorla 's findings that the disparity of the probabilities between 

CS-US presence and CS-US absence directly influences the outcome or 

response, has important implications for learning theory. These data 

suggest that during  classical condition ing  p rocedu res , the CS will 

acquire information or "meaning" with respect to the US when the CS 

either predicts the presence or absence o f  the US. As a result o f these 

findings, Rescorla asserts, that the most appropriate control condition in 

Pav lov ian  experim en ts , is when a tru ly  random  re la tionsh ip  exists
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between the CS and its outcome, for this is the only case where the CS 

will remain neutral.

W hile Rescorla 's  own work supports the inform ation processing 

theory, more recent investigations have shown that a truly random 

control group may result in conditioning. For example, Kremer (1971) 

and Kremer and Kamin (1971) have reported differential responding to 

random CS-US training procedures and Furedy and Schiffman (1973) 

have failed to find any differences in responding between random control 

groups and explicitly unpaired CS-US groups. More recently, Papini 

and Bitterman (1990) have asserted that "CS-US contingency is neither 

necessary nor sufficient for conditioning and that the concept has long 

o u tl iv e d  any u se fu ln ess  it may once have had in the an a ly s is  o f  

conditioning".

Despite opposition, Rescorla maintains that the strength of the CS is 

found in the consistency of the CS-US contingency or correlation rather 

than in term s of CS-US pairings alone. In a recent paper, Rescorla 

(1988) stated that "conditioning is now described as the learning of 

rela tions among events so as to allow the organism  to represent its 

environment". Although the controversy between the contingency and 

contiguity theories remains very much alive and is far from resolved, 

Rescorla 's information processing theory reminds us that an important 

goal of learning research must be to characterize how animals come to 

expect and anticipate future events.

Classical Conditioning Analysis of Drue Tolerance

P av lov  was the f irs t  to suggest tha t the d rug  a d m in is t ra t io n  

p ro ced u re  can serve as a CS because the in jec tion  r itua l cues and
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environment in which the drug is injected reliably precede the effects of 

the drug. He showed that a tone, reliably paired with the administration 

of apomorphine, came to elicit some of the same behavioral symptoms 

of the drug.

As m entioned  earlier , CRs do not always m im ic URs but are 

sometimes opposite in direction. In an early demonstration o f  such a 

CR, Subkov and Zilov (1937) found that dogs exhibited a decrease in 

heart rate when in the presence of cues which were repeatedly paired 

with adm inistrations of epinephrine (which causes increases in heart 

ra te ). Since th is dem onstra tion  o f  pharm aco log ical cond ition ing , 

numerous studies have shown that CRs can be opposite to the drug effect 

and that CRs that are opposite to URs play an in tegral ro le in the 

development of drug tolerance (see Siegel, 1988 for review).

One of the first studies to demonstrate that environmental stimuli 

present at the time of drug administration may have profound effects on 

the developm ent of drug tolerance was unwittingly done by Adams, 

Yeh, Wood and Mitchell (1969). In this study, m orph ine 's  analgesic 

effect was assessed using a common measure of pain sensitivity, the hot 

plate procedure. During this procedure, the rat was placed on the surface 

container for one minute and the time elapsed until it first licks a paw 

(hereafter referred to as the paw-lick latency) was measured. Analgesic 

responses were indicated by re la tive ly  long paw -lick  la tencies and 

hyperalgesic responses by relatively short paw-lick latencies.

During baseline assessment, all animals were found to be analgesic 

in response to morphine administration. In the tolerance development 

phase, rats were separated into two groups: morphine administration 

reliably paired with home cage environment (M-CAGH), and morphine
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reliably paired with the hot-plate test environment (M-HP). To test for 

development of tolerance, both groups received morphine in the test- 

environment and latency of paw lick to the hot-plate was measured. The 

data showed that Group M -HP was significantly less analgesic than 

baseline; thus, the rats in this group developed tolerance to morphine's 

an a lg es ic  e f fec ts .  The da ta  a lso  show ed  tha t G ro u p  M -H P  was 

significantly less analgesic than Group M-CAGE. Thus, Group M- 

CAGE was less tolerant than G roup M -HP to m orph ine 's  analgesic 

effects.

Since both  g roups rece ived  the same drug  exposure  schedule , 

Mitchell and colleagues were unable to explain differences in tolerance 

levels between the M-CAGE and M-HP groups in terms of traditional 

pharmacological theories which assert that tolerance depends on drug 

exposure parameters (e.g., dose, interdrug dose interval). To determine 

if  p rac tice  m aking the analgesic  response was responsib le  for the 

decrease in analgesia in the M-HP group, a third group was added. In 

this control group, morphine was repeatedly paired with the hot-plate 

test environment at an ambient (cold-C) temperature (M-CP) (Adams et 

al., 1969).

The data supported the initial findings of enhanced tolerance when 

tolerance acquisition and testing were done in the same environment. 

Thus, practice effects could not account for differential enhancement of 

tolerance in the two environments. Although these findings were quite 

unexpected and difficult to explain in terms of traditional physiological 

models, Mitchell and colleagues suggested that the test environment 

might produce stress and that tolerance may be enhanced by the co­

occurrence of drug effects and stress.
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Siegers conditioning model

Several years later, Siegel did a series of sophisticated experiments 

which supported Mitchell's findings of enhancement of tolerance when 

tolerance development and tolerance testing phase were conducted in the 

same environment. Unlike Mitchell’s interpretation, Siegel asserted that 

contextual enhancement o f  tolerance can be attributed to Pavlovian 

conditioning (1975).

A ccord ing  to S ieg e l 's  Pavlovian  cond ition ing  m odel o f d rug 

tolerance, the US is the drug and the UR is the physiological effect of 

the drug. The CS is any environmental cue that reliably predicts the 

occurrence o f  the US. Unlike the traditional Pavlovian conditioning 

model, Siegel hypothesized that the CR is a homeostatic mechanism that 

opposes and thereby m inim izes the d ru g 's  effect. T hus, it is the 

su m m atio n  o f  the UR and " c o m p e n s a to ry ” CR w hich  re su lts  in 

decreased drug effect (tolerance) and restoration of homeostasis in the 

organism.

In an early experim ent, Siegel (1975) studied the effects of the 

environment on the development of tolerance to m orphine's analgesic 

effects. Morphine-naive rats were divided into four groups: morphine 

paired with hot plate (M-HP); morphine paired with hot plate at ambient 

temperature (M-CP); morphine paired with home cage (M-CAGE); and 

saline paired with hot plate (S-HP). On each of the four sessions of the 

study, G roups M -HP, M -C P and M -CAGE rece iv ed  eq u iv a le n t 

morphine injections and Group S-HP received saline. On the first three 

sessions, each group received drug in its respective environment and 

analgesic effects were assessed in Groups M -HP and S-HP only, using 

the hot plate procedure described above. On session 4, analgesic effects
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were assessed in all four groups.

The mean paw-lick latency results and design are shown in Figure 

4. On session 1, Group M-HP was significantly more analgesic than 

Group S-HP. These results demonstrate the significant analgesic effects 

o f  m orphine when com pared  to saline in m orph ine-naive  rats. On 

sessions 2-4, Group M-HP had progressively shorter paw-lick latencies 

than on session 1 and there was no difference in paw-lick latencies on 

session 4 between groups M-HP and S-HP. These findings indicate that 

the analgesic effects of morphine were significantly less pronounced on 

successive drug administration sessions; tolerance develops.

Since there was no sign ifican t d iffe rence  in analgesia  betw een 

Groups M-HP and M-CP on session 4, practice effects could not account 

for the development of tolerance in Group M-HP. Finally, Group M- 

CAGE was significantly more analgesic than the other groups on session 

4 and not significantly different from Group M-HP on session 1.

These results suggest that analgesic tolerance is not an inevitable 

consequence of repeated morphine administration because equivalent 

opiate exposure did not lead to equivalent levels of tolerance in the three 

groups that received morphine. Instead, the data dem onstrate that 

tolerance is more pronounced when the drug is adm inistered in the 

context of the usual predrug cues than in the context o f alternative cues. 

It appears  then , that a viable explanation  for the developm ent of 

tolerance must include associational mechanisms.

If  it is true that tolerance involves some form of learning, then 

perhaps it is understandable that results of studies attempting to relate 

pharmacological changes to the development o f  tolerance have been 

equivocal; for the pharmacology of drug tolerance may be analogous to
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unraveling the pharmacology of learning- a formidable task at best.

W hat's  m ore, there are problems with the in terpretation that the 

development of tolerance is caused by pharmacological changes since 

correlational findings do not necessarily imply causality between the two 

phenomena being correlated. As Kalant (1973) suggested in a paper on 

ethanol to le rance : "It is true that to lerance has been shown to be 

accompanied by certain definable metabolic changes.. But until we know 

how this relates to neuronal firing rate, to modulatory influences from 

o ther neurones , to level o f  behavioural a ro u sa l. ,  we are not really  

explaining very much." With this in mind, I will now return to studies 

which support -ind extend the potential role that Pavlovian conditioning 

plays in the development of tolerance.

According to a conditioning analysis of tolerance, the compensatory 

CR may be directly observed by presenting the previously associated 

drug cues without administering the drug. In Siegel's study mentioned 

above, sessions 5-8 were added where Group M -HP then received 

placebo (saline) injections and analgesic levels were measured.

As shown in Figure 5, the mean paw-lick latencies for Group M-HP 

were significantly shorter during the successive m orphine injections 

(tolerance developed) and after the fourth session of morphine injections, 

were equivalent to baseline levels of analgesia. However, when placebo 

was then administered during sessions 5-8, in the presence of the usual 

predrug cues, analgesia levels dropped significantly below baseline 

levels, indicating that the animals were more analgesic or hypersensitive 

relative to baseline. Siegel concluded that ".. in response to a ritual that 

had been associated with morphine administration but now not followed 

by the central effects of the drug, morphine-tolerant Group M-HP rats
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displayed hyperalgesia."

In the same paper, Siegel studied the effects  o f  an ex tinc tion  

procedure on tolerance using the following design: In sessions 1-3, 

morphine was reliably paired with the test environment in two groups 

and the development o f  analgesic tolerance was assessed; then one group 

received nine sessions of CS paired with saline (placebo, Group M-P-M) 

and a control group (Group M-REST-M) was left undisturbed in its 

home cage; In sessions 4-6, morphine was paired with predrug cues in 

both groups and tolerance was assessed.

F ig u re  6 show s the re su lts  o f  the six se ss io n s .  Both g ro u p s  

ev id en ced  an a lg es ic  to le ra n c e  over the course  o f  the f irs t  th ree  

adm inistrations of the drug. On session 1, Group M -P-M  was more 

analgesic (less tolerant) than Group M-REST-M. Thus, the repeated 

administration of predrug cues alone in Group M-P-M extinguished the 

compensatory CR, but the mere passage of time did not affect tolerance 

levels in G roup M-REST-M. This finding is a unique prediction of 

classica l cond ition ing  theory  and can not be exp la ined  in term s o f  

traditional theories of tolerance.

Other conditioning principles applied Is drug tolerance Lcseaicb

Since these early experim ents, there has been an abundance of 

literature on research that applies other conditioning principles to the 

problem  of drug tolerance development. For example, conditioning 

theory states that the more salient or distinctive a CS is, the better it will 

be at predicting the occurrence o f  a US. Krank, Hinson, and Siegel

(1981) demonstrated that tolerance develops more rapidly and is more 

resistant to extinction in a more distinctive environment (e .g ., potent 

olfactory, auditory, and visual cues) when compared to a nondistinctive
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environment. The acquisition of tolerance has also been shown to be 

influenced by other environmental manipulations known to be effective 

in retarding the acquisition of CRs. Two such manipulations which 

retard acquisition of CRs are partial reinforcement and latent inhibition.

In a partial reinforcement procedure, CS-alone presentations are 

interspersed among CS-US pairings and the acquisition of CR is shown 

to be substantially attenuated. Latent inhibition involves conditioning of 

the CS prior to CS-US pairings. The result of the CS preconditioning is 

a decrease in the effectiveness of that stimulus when it is subsequently 

p a i r e d  w ith  the US. S ev e ra l  s tu d ie s  h av e  sh o w n  th a t  p a r t ia l  

reinforcement and latent inhibition procedures are effective in retarding 

the developm ent of tolerance (Dyck, G reenberg, & Osachuk, 1986; 

Krank, Hinson, & Siegel, 1984; Siegel, 1977, 1978; Siegel, Sherman, & 

Mitchell, 1980; Tiffany & Baker, 1981).

Tolerance may also be affected  by "unau thorized  C S 's"  which 

d is ru p t the associa tion  betw een  the in tended CS and the US. For 

example, Dafters and Bach (1985) demonstrated that injection-ritual cues 

tend to "overshadow" less distinctive environmental cues suggesting that 

the injection procedures may be a potent CS and that less distinctive 

environments may be ineffective CSs. Once tolerance is established, a 

novel and salient stimulus may disrupt a CS from eliciting a CR. This 

type of classical conditioning procedure termed external inhibition has 

also been show n to be effec tive  in the d is ru p tio n  o f  the d isp lay  of 

tolerance (Siegel & Sdao-Jarvie, 1986).

Prediction of ills conditioned response

At p resen t the conditions that favor the expression  o f  a Jrug- 

mimicking) CR or a drug-opposite (drug-compensatory) CR are unclear.
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A related unresolved issue is how to account for both mimicking end 

opposing CRs within a single response system. Eikelboom and Stewart

(1982) have proposed a model that attempts to answer both questions in 

terms o f  Pavlov 's  stimulus substitution theory. According to their 

theory, the CR always mimics the UR. It is important, however, to 

co rrec t ly  define  the US and the UR. W hile condition ing  studies 

generally consider a drug, the US, and the observed drug effects, the 

UR, Eikelboom and Stewart offer a more restrictive definition; one 

which defines stimulus and response in terms of the drug 's  relationship 

to the central nervous system (CNS).

Eikelboom and Stewart state that the stimulus always acts on the 

afferent arm of the CNS and the response is the CNS-mediated response. 

Thus, a drug is considered a US only when it acts on the afferent arm of 

the CNS because the drug acts directly on the CNS. In this situation, 

the UR is the C N S-m edia ted  observed drug  effect (F igure  7). In 

contrast, when a drug acts peripheral or efferent to the CNS, it is the 

effects o f the drug that act on the CNS and thus, the observed drug 

effects are considered the US. Such drug effects cause a disequilibrium 

which is counteracted by a CNS-mediated compensatory response, the 

UR (Figure 7).

Once the site o f  action of a drug relative to the CNS is specified 

according to its relationship to the CNS, it becomes possible to predict 

the direction of the CR in terms of stimulus substitution theory; as stated 

earlier, the CR always mimics the UR. For example, it has been shown 

that morphine receptor sites involved in analgesia may be efferent to the 

CNS. According to Eikelboom and Stewart's model, it is the observed 

analgesic effect of morphine, the US, that acts on the CNS and it is the
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CNS-mediated hyperalgesic response, the UR, that serves to counteract 

the US. Through successive pairings of the predrug cues (CS) and 

morphine, the CS becomes capable of substituting for the US and elicits 

a hypera lgesic  CR, like the U R . Although the term s used may be 

somewhat different than Siegel’s classical conditioning model, tolerance 

is still viewed as a summation of the systemic effects o f  the drug and a 

compensatory hyperalgesic response.

To explain  how to lerance  develops to some but not o ther drug 

effects, it is posited that a drug may have both afferent and efferent sites 

o f action. For example, it is possible to explain why analgesic tolerance 

is observed more often than thermic tolerance with chronic morphine 

administration in terms of morphine's different sites o f action. Since 

ana lgesic  sites o f  m orphine are efferen t to the CNS, the UR will 

coun te rac t the US and so will the CR, thus the sum m ation  o f  the 

systemic effects (US and UR) and the CR results in analgesic tolerance. 

However, since thermic sites of morphine are both afferent and efferent 

to the CNS, the summation of the drug and the CR may or may not 

result in thermic tolerance. Although the simplicity of this explanation 

is quite appealing, it should be noted that the data are incomplete and 

that the issue of CR topography is far from resolved.

Criticism of Siegel's conditioning model
W hile m ost learn ing  theoris ts  agree that the data  suggest that 

tolerance development conforms to a traditional model o f  learning, 

Siegel's classical conditioning analysis of tolerance has been criticized 

for several reasons. Some investigators have had difficulty finding a 

c o n s is te n t  and ro b u s t  c o m p e n sa to ry  C R . In  p a r t i c u la r ,  som e
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in v e s t ig a to rs  have not o b se rv ed  the h y p e ra lg e s ic  CR tha t S iegel 

hypo thesizes m ediates m orphine analgesic  to le rance  (Fanselow  & 

German, 1982; King, Bouton, & Musty, 1987; Siegel, 1988; Tiffany, 

Petrie Baker, & Dahl, 1983).

Xhs conditioned response and Siegel's rebuttal

A l th o u g h  som e s u g g e s t  th a t  the fa i lu re  to d e m o n s t r a te  the 

com pensa to ry  CR is "c learly  em barrass ing  for S ieg e l 's  account o f 

to le ra n c e "  (G oudie  & G r i f f i th s ,  1986), S iegel p re se n ts  severa l 

explanations to account for the elusive nature of the compensatory CR, 

that are consistent with a Pavlovian analysis of drug tolerance.

As King et al. (1987) first suggested, environmental specificity of 

tolerance may be easier to measure than the compensatory CR. Also, 

the compensatory CR may be particularly sensitive to the method used to 

measure the drug effect. For example, Krank (1987) showed that a 

hyperalgesic CR was found using the hot-plate technique but was not 

found using the tail-flick technique. Since the hot-plate technique has a 

much higher baseline response latency than the tail-flick technique, one 

might expect that the hot-plate technique would be more sensitive in 

measuring decreases in response latency (hyperalgesia).

It is also possible that the compensatory CR is counteracted by 

regulatory, homeostatic influences, in the absence of the systemic drug 

effects the CR normally attenuates. Thus, the com pensatory CR is 

observable only if  the response system is pharmacologically primed or 

"challenged".

A clever example of such a challenge is the presentation of drug- 

associated cues and then, administration of a drug that has opposite 

effects on that response system (DRUG-OPP) to the drug normally
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associated with the cues. If there is an enhancement o f DRUG-OPP's 

effects, it may be explained in terms of a summation of the CR and UR 

in the same direction. Hinson and Siegel (1982) showed that when 

cocaine (behaviorally stimulating) was administered in the presence of 

cues normally associated with pentobarbital (behaviorally sedating), the 

convulsive effect of cocaine was exaggerated. Hinson and colleagues 

have also dem onstrated the enhancement of o ther drugs when paired 

w ith  d r u g -o p p o s i te  cu es  (P o u lo s  & H in s o n ,  1984; H in so n  & 

Rhijnsburger, 1984).

Another explanation for why the compensatory CR may not always 

be detectable may involve external inhibition, however, in the case of 

compensatory CR testing it may be the absence of the usual drug-onset 

cues that acts as a novel event and hence, disrupts the CR. Thus, failure 

to demonstrate the compensatory CR in these procedures may support 

the environmental specificity of tolerance. That is, the absence of the 

early effects of the drug may disrupt the compensatory CR because these 

early drug effects are an integral part of the drug-predictive cues.

Several investigators have provided evidence dem onstrating the 

importance of the drug onset cues in the expression of the compensatory 

CR (G ree ley , Le, P o u lo s ,  & C ap p e ll ,  1984; K ing et a l . ,  1987; 

Mackintosh, 1987; Walter & Riccio, 1983).

Nonassociational tolerance and habituation theory

A second criticism of the conditioning analysis of drug tolerance 

which has been more difficult to account for using Pavlovian principles 

is, that in some instances, tolerance develops when there are no reliable 

environmental cues (Tiffany & Baker, 1981, 1983).

There is considerable evidence that, in the absence of reliable drug-
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predictive environmental cues, the development of tolerance varies as a 

d irec t function  o f  dose and as an inverse function  o f  the in terdose 

interval (IDI) (Davis, 1970; Fernandes et al., 1977; Kalant et al., 1971; 

M u c h a , K a lan t,  & L in esm an , 1979). F o r  e x a m p le , it has been  

dem onstra ted  that in the absence o f  re liab le  d ru g -p red ic tive  cues, 

m orph ine  analgesic  to le rance  develops rap id ly  with la rge doses o f  

morphine and brief IDIs (Tiffany & Baker, 1983).

This finding is opposite to the commonly accepted observation of 

stronger associative tolerance with lower doses and longer IDIs. Thus, 

T iffany  and B aker have suggested that s itua tions w here to lerance 

develops without drug-cue contingencies are not associational in nature 

and should be referred to as nonassociational tolerance.

To explain both associational and nonassociational tolerance, Baker 

and Tiffany (1985) have proposed a learning model that borrows from 

W agner 's  m ore genera l in fo rm ation -p rocess ing  hab itua tion  model 

(1977).

According to W agner’s model, an incoming stimulus is compared 

with a representation of the stimulus in short term memory (STM). A 

surprising or novel stimulus will not be represented or "primed" in STM 

and consequently will be processed more effectively than an expected 

s tim u lus , w hich will be prim ed  in STM. The m ore a s tim ulus is 

processed, the more likely it is that the stimulus will evoke a response to 

the stimulus event. Conversely, repeated presentation  of the stimuli 

results in an increase in priming, which leads to less stimulus processing 

and a decrease in the likelihood of a response. Habituation refers to the 

decreased responding to a stimulus event over repeated presentation.

Wagner's "comparator theory" of habituation posits that there are
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tw o w ays in w hich a s tim u lu s  re p re se n ta t io n  is p r im ed  in STM ; 

associatively and self-generatively. Associative prim ing occurs when 

stimuli previously associated with the stimulus are presented, and self­

generated priming is a result of recent exposure to the corresponding 

stimulus itself.

Applying this model to drug tolerance, Baker and Tiffany (1985) 

suggest that the drug is the stimulus or US, and the diminution of the 

d rug 's  effects over repeated administrations (tolerance) is the UR. In 

this view, tolerance may be a result of associative priming (presentation 

o f  re l ia b le  d ru g -p re d ic t iv e  cues) an d /o r  s e lf -g e n e ra te d  p r im in g  

(pharmacological factors- dose and IDI). Although a detailed analysis of 

how the habituation model predicts drug tolerance is beyond the scope of 

th is  d is s e r ta t io n ,  it is im p o r ta n t to h ig h lig h t  the s im ila r i t ie s  and 

d iffe rences  betw een this model and S ieg e l 's  c lassical cond ition ing  

model.

Siegel's model vs. habituation model

B oth  m o d e ls  p re d ic t  tha t a s s o c ia t iv e  p h e n o m e n a  such  as 

environmental specificity and extinction procedures will have profound 

effects on the development of tolerance. As elaborated earlier, Siegel’s 

model explains to le rance  in term s o f  a sum m ation  o f  the UR and 

c o m p e n s a to ry  CR . B ak e r  and T if fa n y  (1 9 8 5 )  a c c o u n t  fo r  the 

development of associative tolerance in terms of Wagner's concept of 

associative prim ing, thus, repeated pairings of an environm ent and a 

drug causes a diminution of the UR; the observed drug effect. In both 

m o d e ls  th e n ,  r e l ia b le  p a i r in g  o f  a d ru g  w ith  d r u g -p r e d ic t iv e  

environmental cues results in tolerance.

An im portan t d iffe rence  between these two m odels lie in their
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ability to explain drug tolerance phenomena. While Siegel's model can 

account for drug tolerance that occurs when a drug is reliably preceded 

by drug delivery cues, his model can not account for the development of 

d rug  to le rance  in the absence o f  d rug -p red ic tive  cues. Baker and 

T iffany 's  habituation model can account for both associational and 

nonassociational tolerance. As mentioned earlier, numerous studies have 

shown that, in the absence of environmental drug-predictive cues, both 

dose and IDI influence the developm ent o f  to le rance  in a m anner 

contrary to learning principles.

In a study by T iffany  and B aker (1981), an a lg e s ic  to le ra n ce  

developed in two types of groups; one group had morphine explicitly 

paired  w ith the test apparatus (M -TEST) and the o ther group had 

m orphine explicitly  unpaired  with the test appara tus  (M -CAGE). 

Although it should be noted that Group M-TEST was less analgesic 

(m ore to leran t)  than G roup M -CAGE, it is d ifficu lt to explain  the 

tolerance observed in Group M-CAGE by associative mechanisms.

Furthermore, this study also demonstrated that in the absence of 

drug  p red ic tive  cues (unsignaled situa tion), to le rance  was a d irec t 

function of dose (higher doses o f morphine, more tolerance). Another 

study showed that in the absence of reliable environmental cues, drug 

tolerance develops quicker with shorter IDIs (Tiffany & Maude-Griffin, 

1988).

Since the habituation model also predicts that the development of 

to le ra n ce  th ro u g h  n o n asso c ia tiv e  m ech an ism s w ill a t ten u a te  the 

acquisition of associative tolerance, a recent study by Tiffany, Maude- 

Griffin, & Drobes (1991) evaluated the interaction between associative 

and nonassociative tolerance.
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During the tolerance development phase, there were three different 

IDIs (12-, 24-, or 96-hr) and two different environments (distinctive 

environment, DC, or home cage, HC) giving a total of six different drug 

delivery conditions. Rats reliably received eight injections of 20 mg/kg 

morphine sulfate in one of these six different conditions. To reduce the 

salience o f  the home-cage injection procedures, animals in these six 

conditions were injected with saline in the home cage, in between each 

morphine injection. A seventh control condition was included where rats 

received saline injections in both the distinctive environm ent and the 

home cage.

At the end o f  the to lerance deve lopm ent phase, all rats w ere 

assessed for analgesic sensitivity in the distinctive environment using 

dose-response methodology (DRC). DRC methodology involves giving 

sev era l d if fe re n t  tes t doses ( e .g . ,  2 .5 ,  5, 7 .5 ,  20 m g/kg ) to the 

subgroups within a condition. DRC methodology was used to assess 

tolerance because Dafters and Odber (1989) showed that the evaluation 

of tolerance development using single test doses may produce misleading 

results regarding tolerance magnitude. Using the DRC methodology, 

tolerance is indexed by a shift to the right in the dose-response curve 

relative to the control condition.

The results depicted in Figure 8 show that rats in all three DC 

co n d it io n s  d ev e lo p ed  m ore to le ra n ce  than  ra ts  in the th ree  HC 

c o n d i t io n s ,  but tha t both DC and HC co n d it io n s  p ro d u ce d  m ore 

to lerance than the saline contro l condition . W ith in  the th ree  DC 

conditions, the 12-hr IDI condition developed significantly less tolerance 

than the 24- or 96-hr IDIs but there were no systematic differences in the 

DRC shift between the three HC conditions. The authors stated that the
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findings of tolerance in the distinctive environment conditions provide 

c lear evidence o f  ’’robust associa tive  to lerance" and the resu lts  o f 

tolerance in the HC conditions suggest that nonassociative tolerance may 

also develop. The authors also suggested that the attenuated tolerance 

found in the 12-hr DC condition  re la tive  to the 24- and 96-hr DC 

conditions possibly represents a disruption in associative tolerance 

caused by nonassociative mechanisms.

To test whether the tolerance found in the 12-hr DC condition was 

an in te rac tion  o f  associa tive  and nonassocia tive  to le rance  and the 

tolerance in the three HC conditions might be produced primarily by 

nonassociative tolerance, a second experiment studied the retention of 

tolerance over time. According to the habituation model, nonassociative 

tolerance will decay over time after drug abstinence. The six different 

conditions for the tolerance development phase in experiment two were 

as follows: 12- or 96-hr IDIs, distinctive or home cage environment 

injections, and morphine or saline administrations. Like experiment 1, 

there were eight injections of morphine or saline. During a 30-day 

retention interval, home cage injections of saline were administered to 

reduce the salience of the injection ritual cues. After 30 days, analgesic 

se n s i t iv i ty  was assessed  using  DRC m eth o d o lo g y  and to le ra n ce  

magnitude was indexed by a shift to the right in the dose-response curve 

relative to the two saline control conditions.

Results from experiment 2, depicted in Figure 9, demonstrate that 

associa tive  to le rance  in both the 12- and 96-hr DC conditions was 

retained over a 30-day interval but tolerance was not retained over 30 

days in either of the HC conditions. These findings are not consistent 

with the hypothesis  that nonassocia tive  m echanism s produced  the
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disruption o f  associative tolerance in the 12-hr DC condition. The 

absence of tolerance in the two HC conditions after 30 days, could be 

due to nonassociative mechanisms or alternatively, the administration of 

sa line  in jec t io n s  d u r in g  the 30-day  re te n tio n  in te rv a l  may have 

extinguished the association between injection ritual cues and drug.

These results, however, weaken another associative interpretation of 

the data that is usually given to account for the tolerance exhibited in 

unsignaled drug delivery. That is, that an association is formed between 

early drug onset cues and later drug effects and that these initial drug 

cues act as "interoceptive" CSs which elicit compensatory CRs (Greeley 

et al., 1984; Taukulis, 1982). If the tolerance originally displayed in the 

HC tolerance conditions was due to the associative control o f  tolerance 

by drug interoceptive CSs, tolerance should have persisted over the 30 

days.

In sum, the review of tolerance research provides clear evidence 

that associative mechanisms play a significant role in the development of 

to le r a n c e ,  h o w e v e r ,  it has  b ec o m e  in c re a s in g ly  e v id e n t  th a t  

n o n a s s o c ia t iv e  m e c h a n is m s  a re  a lso  in v o lv e d .  In  p a r t i c u la r ,  

cond ition ing  m odels have had d ifficu lty  exp lain ing  the findings of 

tolerance in unsignaled drug delivery paradigms. Thus, it appears that 

at this time, Siegel's model is at a loss for explaining how in explicitly 

u n p a i re d  or u n s ig n a le d  s i tu a t io n s ,  d o se  and ID I im p a c t  on the 

development of tolerance in a manner opposite to that generally observed 

with associative tolerance.

Although Baker and Tiffany's habituation model can account for 

associative and nonassociative findings of tolerance, their model has its 

shortcomings as well. Since memory mechanisms are integral to their
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theory of habituation, their model cannot explain dem onstrations of 

nonassociative tolerance that occur in vitro; that tissues that are bathed in 

a drug solution become insensitive to effects of the drug (Ehrenpreis, 

Light, & Schonbuch, 1972; Schulz, Seidl, Wuster, & Herz, 1982).

Also, the habituation model does not attempt to explain underlying 

m ediating  m echanism s and can not p red ic t how d iffe ren t c lassical 

conditioning procedures (e.g., external inhibition, partial reinforcement) 

impact on the development of tolerance and or explain how tolerance can 

develop to some behaviors (e.g ., analgesia) but not to other behavior 

( e .g . , thermia) with the same drug (e .g . , morphine). Perhaps the most 

clinically significant failing of the habituation model, is that it does not 

p ro v id e  a u n ita ry  accoun t o f  to le ra n c e ,  s e n s i t iz a t io n ,  and d rug  

dependence.

Tolerance. Sensitization, and Drug Dependence

According to S iegel's  model, tolerance, sensitization, and drug 

dependence may be explained by classical conditioning principles. Drug 

sensitization refers to the increased effect of a fixed drug dose over 

repeated drug administrations. Since the conditioning model allows for 

b o th  d ru g  m im ic k in g  and d ru g  c o m p e n s a to ry  r e s p o n s e s ,  it is 

hypothesized that sensitization involves a CR which mimics the UR. 

Like the compensatory CR, the drug-like CR modulates the observed 

drug effect. In this case, however, the net result o f the drug-like CR 

and UR leads to an augmentation of the drug effect over the course of 

repeated administrations. Several recent studies have provided evidence 

that supports Siegel's conditioning model of drug sensitization (Post, 

Contel, & Gold, 1980; Bennet & Krank, 1985).
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Drug dependence refers to the establishment of a CNS state caused 

by chronic drug exposure. Although drug dependence is inferred from 

evidence which demonstrates that withdrawal symptoms occur when the 

drug is withdrawn, it is hypothesized that physical dependence continues 

even during drug exposure. Siegel suggests that once tolerance or 

sensitiza tion  has developed , environm ental cues continue to elicit 

anticipatory CRs whether drug is administered or not. Thus, withdrawal 

symptoms are drug-preparatory  CRs elicited in the absence o f  drug 

administration.

A cco rd in g  to S ie g e l 's  co n d it io n in g  in te rp re ta t io n ,  all th ree  

p h e n o m e n a  a s s o c ia te d  w ith c h ro n ic  d ru g  e x p o s u re  ( to le r a n c e ,  

sensitiza tion , and dependence) are a resu lt o f  a single hom eosta tic  

mechanism which serves to modulate a drug's effects. While tolerance 

may be viewed as an adaptive process, the underlying compensatory CR 

(the withdrawal symptoms) may be the less than perfect means through 

which homeostasis is achieved. Cappell and Le Blanc (1981) eloquently 

characterize the relationship between tolerance and dependence in the 

following quote: "Tolerance represents an ideal window through which 

to examine the adaptations of units ranging in size from individual cells 

to intact organisms. Similarly, physical dependence appears to represent 

a biological "price" for this adaptation with physiological and behavioral 

consequences of its own."

W hile there is much controversy over the relationship between 

tolerance and dependence and over the model that best accounts for the 

drug tolerance research, it has become apparent that associational 

mechanisms are involved in the development of tolerance. Thus, the 

central issue of the present dissertation is that Pavlovian conditioning is
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integrally involved in the development of tolerance in a nonopiate drug; 

caffeine.

Rationale for the Present Study

In a review article, Siegel (1988) reports on drug tolerance research 

in which com pensatory CRs were observed in behaviorally sedating 

drugs ( e .g . ,  b a rb itu ra te s , benzod iazep ines, a lcoho l) , as well as in 

behaviorally stimulating drugs (e.g., amphetamines and caffeine). I have 

chosen to study caffeine for several reasons: it is the most widely used 

drug in today 's  society (Griffiths & Woodson, 1988); studies o f  the 

reinforcing effects of caffeine and the withdrawal syndrome associated 

with abstinence from caffeine suggest that caffeine has some o f  the 

cardinal features o f a prototypic drug of abuse and; although subjective 

reports suggest that caffeine is often consumed for its alerting effects, 

the objective alerting effects of acute and chronic caffeine consumption 

are poorly characterized.

Eighty percent of the adult population in the U.S. are estimated to 

consume caffeine in some form (Dews, 1982). Caffeine has mild central 

s t im u la to ry  a c t io n s ,  w h ich  may be m a n ife s te d  u n d e r  the  r ig h t  

circumstances, as enhanced alertness, wakefulness, increased energy, 

and elevated mood. Ninety-nine percent of ingested caffeine is readily 

absorbed by the gastrointestinal tract and within minutes is distributed 

into the CNS and into various tissues in approximate proportion to their 

water content. Peak plasma levels are generally reached within 15 to 45 

minutes after ingestion and caffeine's average plasma half-life, though 

quite variable, is 3.5 hours (Axelrod & Reichenthal, 1953; Dews, 1982; 

Stephenson, 1977).
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Caffeine as a drug of abuse

In an effort to understand why there is such a high prevalence of 

caffeine use, the reinforcing effects of caffeine has more recently been 

investigated. In a study by Griffiths, Bigelow, & Liebson (1986), nine 

heavy caffeine users (mean: 14 cups of coffee/day) were allowed to 

freely self-administer only caffeinated coffee for ten days (caffeinated 

background). During this ten day period, subjects did not significantly 

increase the number of cups of coffee but in a choice test immediately 

following this period, subjects reliably chose caffeinated coffee over 

decaffeinated coffee and rated decaffeinated coffee as being aversive 

relative to caffeinated coffee. In contrast, after ten days of freely self- 

administering only decaffeinated coffee (decaffeinated background), the 

same nine subjects did not reliably choose caffeinated coffee or rate it as 

being better liked than decaffeinated coffee.

To the extent that choice tests and rating scales predict reinforcing 

effects, the authors interpreted these findings as evidence that caffeine 

can serve as a reinforcer when subjects are caffeine tolerant/dependent 

(caffeine background condition). However, under conditions in which 

subjects  are  non to le ran t/  nondependent (decaffe inated  background  

condition), the reinforcing effects of caffeine are equivocal.

W hile  to le ra n ce  and dep en d en ce  are  p resu m ed  to  in f luence  

c o n su m p tio n  o f  ca ffe in e ,  th e re  are p ro b lem s  w ith  the a u th o r s ’ 

interpretation o f  the results. One can not infer that these subjects were 

dependent or tolerant simply because they chose caffeinated coffee or 

rated  decaffe ina ted  coffee as being aversive re la tive  to caffe inated  

coffee. As Cappell and Le Blanc (1981) have pointed out, the assumed 

link between tolerance, dependence and drug self-administration remains
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controversial.

Perhaps the most convincing piece of evidence against the authors’ 

hypothesis is that the subjects did not significantly increase the number 

of cups of coffee consumed over time. Thus, there is no evidence that 

tolerance developed in the caffeine background condition. Nevertheless, 

this study is im portan t because it suggests  that p r io r  caffe ine use 

influences present caffeine consumption and plays a role in determining 

ca ffe ine 's  reinforcing effects. Several other human studies and one 

animal experim ent have replicated and extended this observation to 

include subjects with histories of moderate caffeine use and to caffeine in 

capsule form (Griffiths & Woodson, 1987b, 1988b; Stern, Chait, &. 

Johanson, 1989).

Griffiths et al. (1986) also suggested that the aversive subjective 

effects that were associated with decaffeinated coffee in the caffeinated 

background condition may reflect withdrawal symptoms from caffeine. 

To ch a rac te r ize  the extent and course of the caffeine w ithdraw al 

syndrome, seven subjects from the first study were switched abruptly 

from caffeinated to decaffeinated coffee for 10 or more days. The most 

s e n s i t iv e  and re l ia b le  su b je c t- ra te d  sym ptom  re la ted  to ca ffe in e  

withdrawal was headache, however, increased sleepiness and laziness 

and decreased alertness and activeness were also reported. Other studies 

have also shown that there are significant aversive effects associated 

with abstinence from caffeine use (Goldstein, Warren, & Kaizer, 1965, 

Goldstein, Kaizer, & Whitby, 1969; Vitiello & Woods, 1977; Stern et 

al., 1989).

While the findings that caffeine can serve as reinforcer and produce 

withdrawal symptoms appear to implicate caffeine as a drug of abuse, it
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should be noted that there are some important distinctions between 

caffeine and other classic drugs o f  abuse. For example, cocaine and d- 

am phetam ine maintain high levels o f self-adm inistration but caffeine 

tends to m ain ta in  low er levels o f  se lf-adm in is tra tion  (G riff i th s  & 

Woodson, 1988b). Thus, it appears that further research is needed to 

delineate the precise conditions under which caffeine does and does not 

control behavior.

C affe ine’s reinforcing effects have been sum m arized by Ritchie 

(1975) in the following terms: "Caffeine results in a more rapid and 

clearer flow of thought, and allaying of drowsiness and fatigue." Since 

many other anecdotal reports suggest that caffeine is often consumed for 

it’s alerting effects, much research has focused on the subjective and 

objective alerting effects of caffeine on nighttime sleep and daytime 

wakefulness.

Caffeine's alerting effects

In 1965, Goldstein et al. found that 300 mg caffeine dissolved in 

decaffe ina ted  coffee given before bed tim e, caused d is t inc tly  less 

subjective wakefulness in subjects who habitually drank > 3  cups of 

coffee/day than in nonconsumers ( >  1 cup coffee/day). They also found 

that on subjective rating scales, nonconsumers tended to report more 

negative effects (e.g., headaches, jitteriness) and habitual caffeine users 

consistently reported positive effects (e .g . , alertness and an increase in 

perform ance), after repeated morning caffeine adm inistrations (300 

mg/day). As a result of these findings, Goldstein et al. concluded that 

there were both qualitative and quantitative differences in response to 

caffeine that are related to the degree of habitual caffeine consumption.

In a later study (1969), Goldstein et al. confirmed earlier findings of
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subjective disruption of nighttime sleep in nonconsumers when 300 mg 

caffeine was g iven  before bedtim e but also found that all subjects 

reported sleeping significantly more soundly on nights when placebo 

(decaffe inated  coffee alone) was given before  bedtim e than when 

caffeine was adm inistered. Goldstein concluded that "despite their 

[habitual users] high caffeine consumption, they are apparently not 

to le ra n t  to the s le e p -d is tu rb in g  e f fec ts .  In d eed , we can  find no 

convincing published evidence that tolerance develops to any action of 

caffeine in man."

Using an objective measure of nighttime sleep (polysomnographic 

recording), Colton (1968) demonstrated that a lower dose of caffeine 

(100 mg) given before bedtime did not modify sleep param eters in 

consum ers but significantly increased sleep latency and num ber o f  

awakenings during the night in nonconsumers. Contrary to Goldstein's 

in te rp re ta tio n , C olton  concluded that to lerance to c a ffe in e ’s sleep 

disrupting effects may develop with lower doses of caffeine.

The discrepancy between Goldstein and C olton 's  findings may 

partially be resolved by Karacan, Thornby, Anch, Booth Williams, & 

S alis ’s (1976) study which dem onstrated that in habitual consum ers, 

approximately 100 mg caffeine given before bedtime, had little or no 

effect on objectively measured nighttime sleep parameters. However, 

150 mg caffeine had significant effects, and 300 mg caffeine had the 

most significant effects on sleep parameters.

This study also demonstrated that, although subjective measures of 

sleep parameters were not as sensitive as objective measures, there was a 

similar positive relationship between caffeine dose and subjective levels 

of sleep disruption. Thus, this study suggests that in habitual consumers,
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caffeine produces dose-related changes in objective and subjective sleep 

parameters and emphasizes the importance of the dose used to assess 

tolerance to caffeine’s alerting effects.

L ipschutz, Roehrs, Spielman, Zwyghuizen, Lam phere, & Roth 

(1988) showed that 250 mg caffeine g iven tw ice a day, im proved 

objective daytime alertness, as measured by the Multiple Sleep Latency 

Test (M SLT), in s leepy  norm al m ales  who consum ed  < 3  cups 

coffee/day. The MSLT has been shown to be an objective measure of 

s leepiness/alertness (see M ETHOD section for description o f  MSLT 

procedure) (Carskadon & Dement, 1976, 1978, 1989).

In the same study, Lipschutz et al. showed that the same amount of 

caffeine given the next day, did not alert subjects as much as on the 

previous day. The conclusions drawn from this study were that caffeine 

is a potent stimulant that enhances daytime alertness and that tolerance to 

caffeine's alerting effects may develop rapidly.

While some have shown objective enhancement of daytime alertness 

with caffeine (Lipschutz et al., 1988; Nicholson & Stone, 1980), other 

investigators have failed to demonstrate enhanced alertness using other 

measures of alertness (Hartmann, 1968; Clubley, Bye, Henson, Peck & 

Riddington, 1979). Kuznicki and Turner (1986) have shown that caffeine 

users ( > 3  and < 5  cups coffee/day) do not subjectively report changes 

in alertness with chronic use of caffeine but do report tolerance to the 

negative effects (e.g., jitteriness, tension) with chronic caffeine use.

The following presentation of the research suggests that much of the 

inconsistencies on the findings of caffe ine 's  alerting effects largely 

r e f le c t  the inadequacy  o f  p ro p e r  co n tro ls  in the re se a rc h  ( e .g . ,  

population studied, dose administered, methodological assessment of
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alertness/sleepiness). Drawing from this knowledge, the present analysis 

will attempt to control for these variables while studying the alerting 

effects of caffeine over repeated administrations.

Hypotheses and Predictions

I have tested three specific hypotheses in this dissertation. The first 

is that humans are alerted by caffeine with acute use. Using the MSLT 

(C a r s k a d o n  & D e m e n t,  1977) and s u b je c t iv e  sc a le s  o f  

sleepiness/alertness and mood, caffeine’s alerting effects after an initial 

a d m in is t ra t io n  o f  250 mg ca ffe in e ,  w ere m e a su re d .  The second  

hypothesis is that humans develop tolerance to the alerting effects of 

caffeine. Following the initial administration of caffeine, this hypothesis 

was tested by first administering 6 doses of 250 mg caffeine over a 2 

week period, and then testing whether the same dose of caffeine had 

diminished objective and subjective alerting effects when compared to the 

initial administration.

The final h y p o th es is  is tha t the d ev e lo p m e n t o f  to le ra n ce  to 

caffeine’s alerting effects over repeated administrations, is a result of 

Pavlovian conditioning. According to Siegel’s conditioning model, the 

US, caffeine, has a physiological UR which is alerting. The knowledge 

and expecta tion  o f  getting  caffeine is a s ign ifican t CS which over 

repeated administrations, will come to elicit a compensatory CR which is 

d e -a le r t in g . The acquisition  o f  caffeine to le rance  is a resu lt o f  the 

summation of the systemic alerting effects of caffeine and a conditioned 

com pensatory de-alerting response elicited by the expectations that 

reliably predict the caffeine administration.

I indirectly tested this hypothesis by comparing two groups that
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were tolerant to caffeine's alerting effects; one group expected caffeine 

and got caffeine and the other group expected decaffeinated and got 

caffeine. Note that although both groups received caffeine, only the 

fo rm e r  g ro u p  ex p ec ted  ca ffe in e  w hile  the la t te r  g ro u p  expected  

decaffeinated coffee. According to Siegel's model, it was hypothesized 

that the group that expected caffeine would elicit the compensatory de- 

alerting response but the group that did not expect caffeine would not 

elicit the compensatory de-alerting response. Thus, it was predicted that 

the group that did not expect caffeine would be more alerted, both 

objectively and subjectively, after receiving the same dose of caffeine as 

the group that expected the caffeine.
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F ig u re  1. T he  e v e n ts  o f  a P a v lo v ia n  c la s s ic a l  
c o n d i t io n in g  t r ia l s  b o th  b e fo re  ( to p )  a n d  a f te r  
(bottom) a conditioned response is established.

(Redraw n from Domjan. M. & Burkhard, B. (1982). The 
p r in c ip le s  o f  le a rn in g  and b e h a v io r .  M o n te re y , Cal; 
Brooks/Cole).
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F igure  2. Idealized changes in the strength of the conditioned 
response during acquisition and extinction.

Acquisition

days ------------------ ^

Extinction

CT>

LO

days >



38

F ig u r e  3. M ed ian  su p p re s s io n  ra tio  fo r  the four 
groups as a function of test sessions. The p ro b a b i l i ty  o f  US 
during the CS was .4 for all subjects, the probability of US during 
CS absence is noted for each group.

( R e d r a w n  f r o m  R e s c o r l a .  R,  A.  ( 1 9 6 7 ) ,  P a v l o v i a n  
c on d i t i on i n g  and its p r o p e r  cont ro l  p r o c e d u r e s . P s y c h o l o g i c a l  
R e v i e w . 7 4 . 7 1  -80).
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Figure 4. Mean paw-lick latencies for the four groups.

{Redrawn from Siegel, S. (1975). Evidence from rats that
m o rp h in e  to le rance  is a learned  response . Journal  of
C o m p a r a t i v e  & P h y s io lo g ic a l  P s y c h o l o g y . 89(5);
498-506).
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G r p - M H P :  M orphine paired with hot-plate environm ent and 
tested for analgesia on all four sessions.

G r p - S A L :  Saline paired with ho t-p la te  env ironm ent and 
tested for analgesia on all 4 sessions.

G r p - M C P :  M orph ine paired with hot-plate environm ent at 
am bient tem perature (cold-C) for first three sessions: then 
m orphine paired w ith hot-plate env ironm ent and tested for 
analgesia on fourth session.

G r p - M C A G E ;  Morphine paired with home cage environment 
fo r f irs t  th ree  se ss io n s ;  then  m o rp h in e  p a ire d  with 
ho t-p la te  en v ironm en t and tested for ana lgesia  on fourth 
session.



40

F ig u re  5. P e rcen t ch an g e  from  b ase lin e  p aw -lick  
la tency  a fte r  each  o f  fou r  m orph ine  in jec tio n s  and, 
2 w e e k s  la te r ,  a f te r  fo u r  p h y s io lo g ic a l  sa l in e  
injections.

(Redrawn from Siegel, S. (1975). Evidence from rats that 
m orph ine  to le rance  is a learned  response . Journal  of  
Compara t ive  & Phys io logical  Psychology ,  89(5); 
498-506).
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F i g u r e  6 . M ean ta i l - f l ic k  la te n c ie s  a f te r  each  of 
six  d a i ly  m o rp h in e  in je c t io n s  in the tw o  g ro u p s .  
G ro u p  M -P -M  re c e iv e d  n in e  p la c e b o  se s s io n s  and 
G ro u p  M -R E S T -M  re c e iv e d  a 9 -d a y  res t  in te rv a l
interpolated between morphine Sessions 3 & 4.

(Redrawn from Siegel, 1975).
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Figure 7. Eikelboom and Stewart's prediction of the conditioned 
response. The unconditioned stimulus (US) and unconditioned 
response (UR) are defined in terms of the drug's relationship to the 
central nervous system (CNS).
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F igure  8. Mean tail-flick latency on the test session for each dose 
group as a function of log-morphine dose for each of the four 
conditions. (Distinctive condition (DC); saline condition (At; 
home cage condition (HC); and saline cage condition (SC) (B).

(Copied from Tiffany. S.T., M aude-Griffin. P.M.. &. Drobes. 
D.J, (1991 ). Behavioral Neuroscience, 105(1). 49-61).
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F igu re  9. Mean tail-flick latency on the retention test session for 
each dose group as a function of log-morphine dose for each of the 
96-hr IDI conditions (A) and the 12-hr IDI conditions (B).

(The straight line represents the best fitting line for each condition 
with tail-flick latency regressed on log dose. DC=morphine 
explicitly paired with distinctive context. HC=morphine explicitly 
unpaired with distinctive context. SC= saline control,

(Copied from Tiffany et al., 1991).
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M ETHOD

Subjects

The subjects were 19 normal sleeping, non-smoking males, aged 

19-35 years recruited from nearby colleges. Subjects were screened in a 

telephone interview ten days prior to the study for the following criteria: 

< 2 5 0  mg habitual caffeine intake per day; no tobacco use; nocturnal 

s leep  tim es o f  7-9 hours; n ighttim e sleep la tencies o f  less than 30 

minutes; generally consistent bedtimes and waketimes; and an avoidance 

o f  habitual napping (Appendices 1 and 2).

To insure that subjects had no caffeine in their system before the 

screen  and study, subjects were asked to re fra in  from any type of 

caffeine intake for ten days prior to the study and during the study 

(besides laboratory caffeine administrations). To insure that subjects 

were not sleep deprived  before the screen , average bedtim es and 

waketimes for each subject were determined and maintained, beginning 

seven days prior to the study.

Constant bedtimes and waketimes were also maintained during the 

study, through sleep diaries (Appendix 3). Every day o f  the study, the 

subject was questioned about his previous night's sleep. I f  the subject 

reported spending ±  30 minutes of his set time in bed, he was instructed 

to maintain his set time in bed.

Any subject who evidenced sleep pathology or < 8 5 %  sleep 

efficiency (time asleep -5- time in bed x 100) on a polysom nographic 

recording o f  nighttime sleep (see NPSG for explanation o f  nighttime 

sleep recordings) was excluded from the study. Also, any subject with 

excessively low or high sleep latency ( < 5  or > 1 7  min) on the screen
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MSLT, was excluded to avoid ceiling effects on caffeine.

As a result o f the screening criteria, two prospective subjects were 

excluded due to n igh ttim e sleep patho logy  and two subjects  were 

ex c lu d ed  for e x c ess iv e ly  h igh  M SLT s leep  la ten c ie s .  One o th e r  

p ro sp e c tiv e  su b je c t  w ith d rew  from  the s tudy  a f te r  the sc re en in g  

procedure. One subject was adm itted into the study without going 

through the screening/baseline MSLT.

The average age o f  the sample was 2 2 .1 years (standard deviation: 

± 3 .3 )  and the mean caffeine consumption per day was 75 mg (standard 

deviation: ±  76.9), which is approximately the equivalent of one cup of 

caffeinated coffee per day. The mean MSLT score for the screen was 

11.2 min (standard deviation: ± 4 .6) and mean sleep efficiency for 

baseline night was 93% (standard deviation: ± 3.4). The subject was 

rem unera ted  for his partic ipa tion  and a consent form  was signed 

(A ppendix  4). A fter the com pletion  of the study, the subject was 

d e b r ie fe d .  The p ro to co l was accep ted  by C ity  C o l le g e 's  hum an  

experimental procedures committee.

Measures of nighttime sleep and daytime sleepiness

Nocturnal Polysomnographic Recording (NPSG)

Technicians calibrated the machines before each NPSG (Appendix 

5) and paper was set up for a full n ight o f  reco rd ing . The subject 

reported to the laboratory approximately two hours prior to his average 

bedtime and the following montage of electrodes were applied: four 

referential electroencephalogram (EEG) (right and center central-C4 and 

CZ and r igh t o c c ip i ta l-0 2  and cen ter  p a r ie ta l-P Z ) , two horizon ta l 

referential eye movement leads [right and left outer canthus e lec tro ­
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oculogram (EOG)], two mental/submental electromyogram (EMG), and 

two electrocardiogram  (EKG). On the screen night only, nasal/oral 

therm istors were applied to monitor air flow and four leg electrodes 

were applied to monitor periodic leg movements.

For each NPSG, the subject spent his average time in bed while 

b e in g  p o ly g ra p h ic a l ly  r e c o r d e d ,  u s in g  s ta n d a rd  p ro c e d u re s  

(Rechtschaffen & Kales, 1968). Approxim ately 15 minutes before 

bedtim e and after waketime, the subject filled out questionnaires to 

insure that the subject's subjective experience of his nighttime sleep was 

normal (Appendix 6).

Following an NPSG, three measures of daytime sleepiness were 

obtained: one objective; the Multiple Sleep Latency Test, (Carskadon & 

Dem ent, 1977) and two subjective; the Visual Analog Scale (M onk, 

Fookson , M oline , & Poliak , 1985) and S tanford  S leepiness Scale 

(Hoddes, Dement, & Zarcone, 1972).

Multiple Sleep Latency Iss l  (MSLT)

While previous methods of categorizing sleepiness included activity, 

p e rfo rm an ce , and in trospective  m easures , the MSLT was the firs t 

standardized test to objectively measure levels of sleepiness/alertness. 

The rationale behind the MSLT is as follows; the more sleepy/less alert 

a person is, the quicker he or she should fall asleep. Thus, the MSLT, 

w hose d ep e n d en t  v a r ia b le  is la tency  to fa ll a s lee p  in m in u te s ,  is 

hypothesized to measure objective sleepiness/alertness.

A fter many studies in both research  and clin ical popu la tions, 

C arskadon  and D em ent (1982) found that the MSLT was not only 

sensitive to manipulations o f  sleepiness (e.g. sleep deprivation, sleep 

ex te n s io n ) ,  but also  e ffec t iv e  in c l in ic a l ly  se p a ra t in g  d ia g n o s tic
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categories of sleep disorder populations.

A standard MSLT (Carskadon, Dement, Mitler, Roth, Westbrook, 

& Keenan, 1986) consists of five nap opportunities, separated by two 

hour intervals so that changes in alertness can be studied across the day. 

At each nap opportunity, the amount of sleep is generally limited to 1-2 

minutes so that the subject does not accumulate significant amounts of 

sleep. In between naps, the subject is generally allowed to read, listen 

to the radio  or watch TV, but is not allowed to sleep or stay in bed. 

Besides five individual sleep latency measures for each nap, a mean 

sleep latency score is calculated by taking the mean of the five naps for 

the day.

In the present study, the first nap began approximately 2-3 hours 

after the subject's waketime and one hour after coffee consumption (time 

zero). During the time preceding each nap opportunity, loose electrodes 

and electrodes with high impedances were replaced. Five minutes 

before each nap, the subject was hooked up in bed, and calibrations were 

performed to test the hookup and equipment. Then lights were turned 

o ff  and standard instructions to begin the test were given "Please lie 

quietly, keep your eyes closed, and try to get some sleep." The MSLT 

was terminated after three consecutive 30 second epochs (1.5 minutes) 

of unambiguous stage 1 sleep or the first epoch of another sleep stage or 

after 20 min if no sleep had ensued.

Sleep latency for each nap was calculated in minutes by measuring 

the elapsed tim e from  lights out to the firs t epoch scored  as sleep 

(scoring procedures-Rechtschaffen & Kales, 1968). The author scored 

the NPSG’s and MSLT's blind to the subject, condition, and day of each 

record.
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Visual Analog Scale (VAS)

The Visual Analog Scale (VAS) technique (Appendix 7) was first 

used by Folstein and Luria (1973) and later modified by M onk et al. 

(1985) to detect changes in mood and subjective activation. On each 

VAS, the subject is instructed to draw a vertical line through a 100 mm 

horizontal visual analog scale according to how he or she feels on that 

particular measure. The VAS score is measured in millimeters (mm) 

from 0 to 100 mm.

For example, on the "alertness" scale the very left end of the line is 

most alert and the right end of the line is least alert. I f  a subject draws 

a line which bisects the alertness scale, the VAS score is 50 mm. An 

advantage of the VAS is that the subject does not become "anchored" to 

a particu lar numerical value since the line allows for a continuum of 

responses (Folstein & Luria, 1973).

The VAS technique of measuring subjective alertness has been 

shown to be a sensitive measure of nonpathological levels o f subjective 

sleepiness, especially when com parisons are made "within" subjects 

(Monk et al., 1985, 1987).

Since the present investigation was mainly interested in subjective 

activation levels, four of the ten scales which assessed activation levels 

were used; they were alertness, effort, weariness and sleepiness. In 

addition, a fifth VAS, which asked the subject how he felt overall, was 

used. While each scale can be analyzed separately, Monk et al. (1987) 

found that a summ ary score of the four vigor scales yielded a more 

reliable and valid measure of global activation or vigor.

Monk's formula for the summary global vigor measure was slightly
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modified in the present investigation to incorporate the fifth scale. The 

formula used in the present analysis was:

Global Vigor - [(alert)+(ovsral1)+200-(sleepy)-(effort)-(weary)}/4.

Stanford Sleepiness Scale

On the Stanford Sleepiness Scale (SSS) (Hoddes et al., 1973) (Appendix 

7), the subject selects the single sentence from a list of seven that best 

characterizes his subjective level of alertness (e .g . 1- 'A lert, Wide 

A w ake’; 7- ’Almost A sleep ’). The SSS was chosen in the presen t 

analysis because some researchers have found that it is correlated with 

the MSLT (Carskadon & Dement, 1977).

Procedure
Screen

A fter ten days o f  caffeine abstinence and seven days o f  fixed 

bedtimes and waketimes, a nighttime adaptation/screen NPSG was 

conducted. The following day, a screen MSLT was conducted. Prior to 

each nap opportunity, the VAS and the SSS were administered to assess 

subjective levels o f  alertness/sleepiness. Eighteen of the 19 subjects 

went through the screening procedure and the screen sleep latency test 

measures and subjective sleepiness scale scores for these subjects were 

used as baseline measures of daytime sleepiness.

Study

Table 1 presents the design for the screen and study. Days 1, 14, 

and 15, were spent in the lab and daytime levels o f  sleepiness were 

assessed  during  these days, using the standard  MSLT. To assess 

su b je c tiv e  a le r tn e s s ,  the su b jec t  a lso  f illed  out the SSS and VAS 

questionnaires mentioned above, prior to each nap opportunity.
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Unlike the baseline day, a caffeine questionnaire which asked the 

subject to write in what beverage he had consumed that morning (e.g. 

caffeinated or decaffeinated coffee) was given at the time of coffee 

ad m in is tra tio n  (tim e zero , TZ) and p rio r to every nap opportun ity  

(Appendix 8). The caffeine form given before each nap served to remind 

the subject of the beverage he had consumed in the morning. Nights 

p re c e d in g  the d ay tim e  M SLT w ere  spen t in the lab  and N PSG  

recordings were performed. An NPSG was also performed following 

Day 1.

All daytime caffeine administrations on Days 1, 14, and 15 were 

identical (Table 1). Two hundred and fifty m illigram s o f  anhydrous 

caffeine dissolved in decaffeinated coffee was administered at TZ, which 

was approximately 1.5 hours after waketime and 30 minutes after a light 

breakfast (juice and a bagel). The subject was told to pace his coffee 

consumption over a 15 minute interval. The subject was allowed to eat 

lunch after the second nap but was told to limit his food intake between 

meals.

On Days 1 and 14, all subjects were told that they had received 

caffeine in their coffee (Table 1). On Day 15, although all subjects 

received caffeinated coffee, subjects were randomly assigned to one of 

two conditions. In condition one, eight subjects were correctly told that 

they had rece ived  caffe inated  coffee and in cond ition  tw o, eleven 

subjects were falsely informed that they had received decaffeinated 

coffee . Note that on Day 15, the only d iffe rence  betw een the two 

conditions is the knowledge or expectation of receiving caffeinated or 

decaffeinated coffee. The experimenter administering the MSLT on this 

day was blind to the condition of each subject.
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On Days 2-13, when no daytim e testing was done, the subject 

reported to the lab at approximately TZ and drank either caffeinated or 

decaffeinated coffee. Diaries were kept to insure that the subject was 

maintaining his regular sleep time and consuming a light breakfast 

before reporting to the laboratory.

Over the course of Days 2-13, six caffeinated and six decaffeinated 

coffee beverages were administered in a non-alternating fashion (Table 

1). Lactose was added to the decaffeinated coffee administrations since 

previous studies have suggested that decaffeinated plus lactose generally 

cannot be differentiated from caffeinated coffee (Goldstein et al., 1964).

Each day, the subject was correctly told what beverage he had 

received and was asked to fill in "caffeinated coffee" or "decaffeinated 

coffee" in the caffeine questionnaire at TZ. To rem ind him o f  what 

b ev e ra g e  he had co n su m ed , the su b jec t a lso  f i l le d  in a ca ffe in e  

questionnaire 45 minutes after TZ. The VAS and SSS questionnaires 

were also adm inistered just prior to TZ and 45 minutes after TZ to 

assess changes in subjective alertness.

After establishing basal levels of sleepiness on the screen/baseline 

MSLT, the Day 1 MSLT assessed  the a lerting  effects  o f  the initial 

caffeine administration. According to the conditioning model, Days 2- 

13 were considered conditioning trials because the subject learned to 

associate the expectations or knowledge of caffeine or no caffeine with 

their respective systemic effects.

As mentioned earlier, Siegel's conditioning model of drug tolerance 

hypothesizes that the repeated pairing of caffeine and the expectation of 

caffeine results in a summing o f  two types o f  responses, that o f the 

caffeine which is alerting and that of the expectation of caffeine which is
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de-alerting. This summation results in diminished drug effect or drug 

tolerance. The Day 14 MSLT measured tolerance to chronic caffeine 

administration.

According to the conditioning model, the subjects in condition one 

on Day 15 (expected caffeine) should be tolerant to caffeine's alerting 

effects, like on Day 14. In contrast, the Day 15 subjects in condition 

two (expected decaffeinated coffee) should not have the expectation of 

caffeine and i t 's  associated de-alerting response. So the de-alerting 

compensatory response would not be elicited to counteract the caffeine 

and subjects in condition two should be more a lert/less  sleepy than 

subjects in condition one.

Data Analysis

To assess overall changes in objective alertness, a Day x Time 

within subject repeated measures analysis o f variance (ANOVA) (Systat 

software package: W ilkinson, 1990) was conducted com paring sleep 

latencies for the baseline, initial caffeine administration day (Day 1) and 

chronic caffeine administration or tolerance test day (Day 14). Day 15 

was analyzed separately because a between subject factor (condition) 

was added to the design on this day. Since one subject was missing 

baseline data, average sleep latency values for each nap for the group 

were used for this subject in this analysis.

To study the initial objective alerting effects o f caffeine relative to 

baseline, an apriori contrast compared the sleep latencies for the baseline 

and Day 1. With regard to tolerance, an apriori contrast compared the 

sleep latencies for Day 1 and Day 14. Since multiple comparisons were 

being made at one time, significance achieved on all ANOVAs was



54

determ ined by the conservative Huynh-Feldt (1982) approach and 

the .05 level was used for significance.

To assess the time course of the alerting effects of caffeine and the 

tim e o f  day e f fec ts  on day tim e  sleep  la tency , an a p r io r i  c o n tra s t  

compared the mean of the first two latency tests versus the mean of the 

third and fourth latency tests for each day (baseline, Day 1 and Day 14). 

A m ean of two sleep latency tests was used instead o f  a single sleep 

latency test since it has been shown that single latency tests have reduced 

reliability (Zwyghuizen-Doorenbos, Roehrs, Schaefer, & Roth, 1988).

To assess  the in f lu en ce  o f  the ex p ec ta tio n  o f  ca ffe in a te d  or 

decaffeinated coffee on sleep latency, a Day x Nap x Condition mixed 

design repeated measures ANOVA was conducted comparing days 14 and 

15. Day 14 data was used in this analysis to control for differences in 

tolerance levels. An apriori contrast compared the mean of the first two 

sleep latency tests versus the mean of the third and fourth sleep latency 

tests, to assess caffeine's time course effects and a possible interaction 

with condition.

A polynomial regression analysis of the five naps over the two days 

was conducted, to characterize the change in objective alertness over this 

time. To assess within subject changes in objective alertness from Day 

14 to Day 15, caffeine and "decaff1 conditions were analyzed separately 

using a Day x Nap within subject ANOVA.

To assess the subjective alerting effects on baseline and caffeine 

days, the SSS, the Global Vigor summary measure and the individual 

VAS scales (A lertness, Effort, Weariness, Overall, Sleepiness) were 

analyzed in a similar manner to the MSLT data.

A T im e  (p re -  or p o s t -c o f fe e  a d m in is t r a t io n )  x T re a tm e n t
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(caffeinated or decaffeinated coffee) within subject repeated measures 

ANOVA was performed on Days 2 through 13, to assess the subjective 

alerting effects of the coffee administration during the conditioning phase 

o f  the experim en t. In addition , change scores  were ca lcu la ted  by 

subtracting pre-coffee administration subjective scores from post-coffee 

a d m in is t ra t io n  sco res . S ince th ree  su b jec ts  m issed  one day o f  

decaffeinated coffee administration, sixteen subjects were used for these 

analyses.

Relationships among the three measures of sleepiness (MSLT, SSS, 

and GV) w ere  in i t ia l ly  assessed  using  P ea rso n  P ro d u c t-M o m e n t 

correlations. F irst, a single score for each day on each o f  the three 

m e asu res  was o b ta in ed  and c o r re la t io n s  w ere  p e r fo rm e d . T hen  

co rre la tio n s  o f  the three m easures for each nap o f  each day were 

performed. Due to the large number of correlations being run, the .01 

level of significance was used to reduce the likelihood of committing a 

type 1 error.

To assess  the e f fec ts  o f  m orn in g  ca ffe in e  on n ig h tt im e  s leep  

parameters, nighttime data were analyzed using a within subject repeated 

measures ANOVA and two contrasts were set up: night after baseline 

(no morning caffeine) vs. night after initial caffeine administration; and 

night after initial caffeine administration vs. night after chronic caffeine 

administration.

Although many sleep parameters were measured, only nighttime 

sleep parameters known to be affected by caffeine administration were 

analyzed and they were; sleep efficiency, amount Stage 1, 2, slow wave, 

and REM, sleep latency, and wake after sleep onset and movement time.

To insure that the subject was given the same amount of time in bed
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throughout the study procedure, total amount of dark time was analyzed. 

Since multiple comparisons were being performed, significance achieved 

on analyses of the night data was determined by the conservative Huynh- 

Feldt approach and significance level was .05.

To assess whether prior night sleep effects affected daytime MSLT 

data, a correlation was conducted between the prior night total sleep time 

and the M SLT data. I f  s ign ifican t, p rio r  night sleep effects were 

removed by a repeated measures analyses of covariance (ANCOVA).
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T ab le  1: Design of caffeine study. 

TZ= Time zero, coffee administration
TIME

Dav Time zero TZ+lhr TZ+3 TZ+5 TZ+7 TZ+9

Friday NPSG

Saturday S S, N1 S, N2 S, N3 S, N4 S, N5

NPSG

Sunday S c S, N1 S, N2 S, N3 S, N4 S. N5

NPSG

Monday s D S
Tuesday s D s
Wednesday S C S
Thursday S C s
Friday S D s
Saturday s C s
Sunday OFF
Monday s D s
Tuesday S D s
Wednesday s C s
Thursday s C s
Friday s D s NPSG

Saturday s C S. N1 S, N2 S, N3 S, N4 S, N5

NPSG

Sunday C S, N1 S, N2 S. N3 S, N4 S. N5

NPSG

"D" S, N1 S, N2 S, N3 S, N4 S, N5

C = given caffeine, 250 mg + lactose 
D = given decaffeinated + lactose 

”D"= given caffeine, expected decaffeinated 
NPSG = nocturnal polysomnograph recording

NPSG 

N= nap
S= subjective alertness questionnaire
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RESULTS

The MSLT, SSS, and Global V igor data  for each nap and the 

average for baseline, initial caffeine day (Day 1), and chronic caffeine 

administration or tolerance test day (Day 14) are depicted in Table 2. 

Table 3 d isp lays  the m eans for the th ree  s leep  m e asu re s  on the 

conditioned tolerance test day (Day 15),

MSLT Findings

Figure 10 illustrates the objective alertness data for baseline, Day 1, 

and Day 14. Statistical analyses of the MSLT data for these three days 

revealed significant main effects of day (F(2,36) =  25.04, p <  .01) and 

nap (F(4,72) =  2.69, p <  .03) and no significant interactions.

Planned comparisons revealed that subjects were objectively more 

alert on the initial caffeine administration day (mean: 17.34 min ±  2.40) 

than the baseline day (mean: 11.29 min ±  4.36) (F ( l ,1 8 )  =  71.81, 

P < .0 0 1 )  and the chronic caffeine administration day (mean: 14.65 min 

±  3.98) (F ( l ,1 8 )  =  13.57, p < .0 0 2 ) .  Thus, subjects were initially 

alerted by caffeine but after 6 administrations, subjects were not alerted 

as much, by the same dose of caffeine.

Planned com parisons of the time course of ca ffe ine’s objective 

alerting effects and time of day effects revealed no significant differences 

between the mean o f  naps 1 and 2 and mean of naps 3 and 4, for either 

the baseline day or the initial caffeine administration day. However, on 

the chronic caffeine administration day, subjects were objectively more 

alert on the mean of naps 1 and 2 (mean: 16.2 min ± 5 . 1 )  than on the 

mean of naps 3 and 4 (mean: 13.5 ± 4.3) (F(l,18) = 8.55, p <  .009).
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T a b l e  2 :  Means and standard deviations of Multiple Sleep 
Latency Test (MSLT); Stanford Sleepiness Scale (SSS); 
Global vigor Summary Measure (GV) on baseline, Day l, 
and Day 14.

Means (SDs in parentheses)

Times of day MSLT SSS GV

baseline (N=18)

nap 1 12 .4 (5.4) 2 . 3 (1.0) 66.0 (19.2)
nap 2 10. 9 (6.3) 1.9 (0.8) 70. 6 (18.6)
nap 3 11.3 (6.4) 1.9 (0.9) 78. 1 (17.0)
nap 4 9.7 (4.7) 2. 1 (0.8) 68. 6 (17-7)
nap 5 12 .4 (5.8) 2.0 (0.8) 66. 6 (23.3)

mean 11.3 (4 . 5 2.0 (.69) 70. 0 (15.1)

Day l (initial caffeine) (N=19)

nap 1 18.9 (2.9) 1.6 ( .6) 76.2 (19.1)
nap 2 17 . 5 (3.3) 1. 6 ( .6) 80.0 (17.1)
nap 3 6 . 3 (4.3) 1.7 ( .7) 74 . 3 (23. 1)
nap 4 16.8 (4.9) 1.7 ( -8) 78.6 (20.9)
nap 5 16.9 (4.6) 1.5 ( *6) 79.4 (19.7)

mean 17.3 (2.5) 1.6 ( -5) 77 .7 (16.9)

Day 14 (chronic caffeine) (N=19)

nap 1 15.9 (6.2) 1. 8 ( -6) 76.7 (23.0)
nap 2 16.5 (5.5) 1. 6 ( *5) 83.0 (15.8)
nap 3 12.7 (5.5) 2.0 ( -7) 84 . 3 (14.5)
nap 4 14 .4 (5.7) 1.8 ( -9) 85.4 (14.3)
nap 5 13 . 9 (6.6) 1. 9 ( -9) 81.7 (18 . 2)

mean 14 . 7 (3.9) 1,8 ( *5) 82 . 2 (12.4)
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T a b l e  3: Means and standard deviations of Multiple
Sleep Latency Test (MSLT); Stanford Sleepiness Scale 
(SSS); Global Vigor Summary Measure (GV) on Day 15.

Means (SDs in parentheses)

Times of day MSLT SSS GV

Day 15

caffeine condition (N=8)

nap 1 18.2 (4.6) 1.9 ( •8) 82.3 (17.7)
nap 2 13.3 (7.3) 1-4 ( •7) 91.2 ( 8.2)
nap 3 11.4 (4.1) 1.4 ( •5) 84 . 1 (15-6)
nap 4 13.3 (5.3) 1.6 ( •7) 79.9 (20.1)
nap 5 14.4 (5.5) 1.9 ( .8) 81.2 (17.3)

mean 14.1 (4.1) 1.6 ( .4) 83,7 (12.6)

"decaff" condition (N=ll)

nap l 17.8 (4.8) 1.8 ( .6) 82 . 4 (17.0)
nap 2 16.9 (4.5) 1.9 ( •7) 83 . 3 (17.0)
nap 3 13.4 (6.1) 1.9 ( .7) 87 . 1 (12.0)
nap 4 14.9 (5.6) 1.8 ( .6) 82 . 6 (17.1)
nap 5 18.4 (2.8) 1.6 ( .5) 91. 2 ( 6.9)

mean 16.4 (3.2) 1.8 ( .4) 85.3 (13.3)
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Post hoc com parisons o f  the co rresponding  naps for each day 

revealed that subjects were more alert on each of the five sleep latency 

tests on Day 1 versus the co rrespond ing  nap on the baseline day 

(probabilities ranging .001-.003). Com parisons of each o f  the sleep 

latency tests on Day 1 versus Da> 14 revealed that sleep latencies for 

n ap s  1, 3 , and  5 for Day 1 w ere  s ig n i f ic a n t ly  h ig h e r  th a n  the 

corresponding nap on Day 14 (probabilities ranging from .02 -.05).

These findings suggest that the initial caffeine administration had 

significant alerting effects throughout the day when compared to no 

caffe ine  (base line) . A lso, the same dose of caffe ine  after chronic 

administration did not alert subjects as much, throughout the day.

The possible conditioned effects of caffeine associated with the two 

conditions (caffeine and "decaff)  on Day 15, the conditioned tolerance 

test day, are illustrated in Figure 11 and the means are represented in 

Table 3. S ta tis tical analyses o f  the MSLT data  com paring  the two 

conditions on Days 14 and 15 revealed a significant main effect of nap 

(F(4,4,68) =  3.71, p <  .01) but no other main effects or interactions.

A planned polynomial regression analysis used to characterize the 

change over the five naps for the two days revea led  a sign ifican t 

quadratic component (F( 1,1,17) =  11.64, p < .0 0 3 )  indicating that for 

both days , la tencies linearly  declined and then linearly  increased . 

Planned comparisons of the mean of naps 1 and 2 and the mean of naps
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3 and 4 on Day 15 by condition revealed no significant main effects or 

interactions.

Analysis o f each condition separately revealed a nonsignificant 

increase  in m ean sleep latency in the "decaff" g roup  ( F ( l ,1 0 )  =  , 

p < .0 6 )  from Day 14 (mean: 15.0 ±  2.9)) to Day 15 (mean: 16.4 ± 

3.2). Figure 12 depicts the change in alertness from Day 14 to Day 15 in 

the "decaff 'g roup . Post hoc analysis o f  these findings revealed that 

subjects in the "decaff  group were significantly more alert on nap 5 on 

the conditioned tolerance day (Day 15) when compared to the tolerance 

test day (Day 14). There was no difference in mean sleep latency in the 

caffeine group from Day 14 (mean: 14.2 ± 5.2) to Day 15 (mean: 14.1 

±  4.1).

Subjective Sleepiness Findings

The SSS and GV measures for the 5 naps for baseline, Day 1, and 

Day 14 are illustrated in Figures 13 and 14, respectively. Statistical 

analyses of the SSS data revealed  a s ign ifican t m ain  effect o f  day 

(F (2 ,36 )  = 4 .1 9 , p <  .02) and no o ther s ign ifican t m ain effects  or 

in te ra c t io n s .  A nalys is  o f  the GV data  y ie lded  s im ila r  re su l ts ;  a 

significant main effect of day (F(2,36) = 6.09, p < .0 1 )  and no other 

main effects or interactions.

A pr iori co n tra s ts  o f  the SSS data  rev ea led  th a t su b jec ts  felt 

su b je c t iv e ly  m ore  a le r t  a f te r  the in itia l c a ffe in e  a d m in is t ra t io n
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(mean: 1.62 ±  .49) than on baseline (m ean:2 .04  ±  .69) (F( 1,18) =  

8.30, p c . 0 1 )  and there was no significant difference in subjective 

a le r tness  betw een  initial and chronic  caffeine (mean: 1.81 ±  .54). 

A priori contrasts of the GV data revealed sim ilar subjective results; 

subjects felt more activated after the initial caffeine adm inistration 

(mean:77.66 ±  16.9) than on baseline (mean:69.98 ±  15.1) (F(l,18) =  

6 .11 , p <  .02) and there was no significant d ifference in subjective 

activation between initial and chronic caffeine (mean:82.21 + 12.4).

Apriori contrasts studying the time course of caffeine’s subjective 

a le r t in g  effects  revea led  no s ign ifican t d iffe rences  in the SSS data  

between the mean o f  naps 1 and 2 and mean o f  naps 3 and 4 for the 

baseline day or the initial or chronic caffeine administration days and no 

interactions. On the GV measure, subjects felt subjectively less alert on 

the mean of naps 1 and 2 (68.26 ±  18.8) than on the mean of naps 3 and 

4 (73.28 ±  17.3) for the baseline day (F(l ,18) =  7.40, p <  .01) but 

there were no significant differences between the means of naps 1-2 and 

3-4 on Day 1 or Day 14.

On Day 15, the subjective alerting effects of caffeine as measured 

by the SSS sca le  and the GV m easu re  for the 5 naps fo r  the two 

conditions are depicted in Figures 15 and 16, respectively. Comparing 

the SSS data for Days 14 and 15, there were no main effects o f  the 

within subject factors (day, nap) or between subject factor (condition) 

however, there was a day by nap by group interaction (F (68 ,4 ,4 ) =
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3.36, p <  .02).

Interestingly, similar results were found for the GV measure; no 

significant main effects but a day by nap by group interaction (F(68,4,4) 

= 6.77, p <  .01). Since a three way interaction was not predicted nor 

can it be easily explained, further analysis was not done.

Comparisons of the mean of naps 1 and 2 and the mean of naps 3 

and 4 for both the SSS and GV m easures on Day 15 by condition  

revealed no significant main effects of interactions.

Subscales of Lhs Global Activation Measure

The findings for the five subscale measures of the Global Vigor 

measure are summarized in Table 4. On the "Alertness" subscale, there 

were significant main effects of day and nap for the baseline, Day 1, and 

Day 14 com parisons but no sign ifican t in te rac tions. The apriori 

con trasts  com paring  baseline to Day 1 and Day 1 to Day 14 were 

nonsignificant. On the "Effort" subscale, there was a significant main 

effect o f day and no other significant main effects or interactions. The 

apriori contrasts comparing baseline to Day 1 and Day 1 to Day 14 were 

nonsignificant.

On the "Weariness" subscale, there was a significant main effect of 

day and no other main effects or interactions. Apriori contrasts revealed 

that subjects felt significantly wearier on baseline than on Day 1 but 

there were no differences in subjective weariness between Day 1 and
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Day 14. On the "Sleepiness" subscale, there was a significant main 

effect of day and no other main effects of nap or interactions. Apriori 

contrasts revealed that subjects felt sleepier on the baseline day than Day 

1 and there was a significant day by nap interaction. There was no 

difference in subjective sleepiness between Day 1 and Day 14. For the 

" O v e ra l l"  s u b s c a le ,  th e re  w ere  no s ig n i f ic a n t  m a in  e f fe c ts  or 

interactions.

When Days 14 and 15 were compared on the five subscales, there 

were no significant between group effects for condition, however, on the 

weariness subscale there was a group by day by nap interaction. Since 

this three way interaction was neither predicted or easily explained, no 

further analysis was performed.

Pre and post coffee treatment

Figures 17 and 18 depict the change scores (pretreatm ent minus 

posttrea tm en t for SSS and GV m easures , respective ly ) for the six 

a d m in is t ra t io n s  o f  ca ffe in a te d  co ffee  and six a d m in is t ra t io n s  of 

decaffeinated coffee (Days 2-13). Analysis of the SSS and GV data pre- 

and post-caffeinated and pre- and post-decaffeinated treatment on Day 2 

through Day 13 revealed that subjects felt significantly more alert after 

treatment (for SSS - F( 1,16) =  38.44, p < .0 0 1 )  (for GV - F (l,16 )  = 

17.45, p <  .001), however, there were no significant differences between 

caffeinated and decaffeinated treatments and no interactions.
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Relationship Among Sleep Measures

The correlations between the subjective (SSS, GV) and objective 

(MSLT) measures are presented in Table 5. The correlations between 

the mean subjective and mean objective measures for each day did not 

approach significance; the largest correlation was .33 between SSS and 

MSLT for Day 1.

Statistical analysis o f the objective-subjective correlations for each 

of the five naps for baseline, Day 1, and Day 14 revealed generally 

nonsignificant findings; the only significant correlations were between 

SSS and MSLT and between GV and MSLT for nap 1 on Day 14 [SSS- 

MSLT (r( 19) =  -.57, p <  .01) and GV-MSLT (r(19) = .70, p <  .001)]. 

In contrast to the poor correlation between objective and subjective 

scales, the SSS was significantly correlated with the GV measure as well 

as with its five subscale measures for each nap suggesting that these two 

scales are measuring the same underlying construct.

Nighttime Findings

The results of the nighttime data can be found in Table 6. There 

was no difference in total dark time between baseline night and night 

after initial caffeine and between night after initial caffeine and night 

after chronic caffeine, thus, total amount of darktime for each subject 

was held  co n s tan t  th ro u g h o u t the study. H ow ever , the re  w ere  

significant differences between several other parameters comparing the 

night after baseline to the night after initial caffeine administration: sleep
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latency and wake after sleep onset were significantly increased and sleep 

efficiency and slow wave sleep were significantly decreased on the night 

after initial caffeine. Comparing the night after initial caffeine to the 

night after chronic caffeine, sleep efficiency was significantly decreased 

and sleep latency was significantly increased on the night after initial 

caffeine.

Since the correlation between prior night total sleep time and MSLT 

was nonsignificant, a repeated measures ANCOVA which would remove 

p rio r night sleep effects from  the objective  daytim e data , was not 

conducted.
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T a b l e  4 :  Means and standard deviations of the five
visual analog subscales used in the Global Vigor 
measure. (Significant main effects and interactions are 
listed below).

Alertness Effort Weariness Sleepy Overall
baseline (N=18)
nap 1 .70(.16) .25(.20) .26(.20) .27 (.21) .72(.18)
nap 2 .73(.19) .24(.16) .25(.17) .22(.19 .80(.14)
nap 3 .81(.15) .15(.17) . 17(.17) .17(.13) .81(.15)
nap 4 .79(.16) .22(.20) .26(.21) .34(.25) .81(.15}
nap 5 .71(.22) .25 (.22} . 30 (. 23) .30(.24) .78(.15)

Day l(initial caffeine)(N=19)

nap 1 .78(.19) .17(.20) . 17(.18) .20(.20) .81(.16)
nap 2 .83(.14) .17(.21) .16(.17) . 12(.12) .82(.19)
nap 3 .80(.18) .20(.26) .21(.24) .20(.20) .79(.20)
nap 4 .84(.15) .17(.19) . 19(.22) .19(.20) .84 ( . 13)
nap 5 .83(.18) .16(.20) . 18{.20) . 17 ( . 16) .85(.15)

Day 14(chronic caffeine)(N= 19)

nap 1 .83(.16) .18(.22) .20(.21) .15(.16) .77 { .27)
nap 2 .87(.11) . 11(.14) .14(.16) . 13(.15) .83 ( .20)
nap 3 .89(.08) . 12(.12) . 14(.17) . 12(.13) .86(.12)
nap 4 , 90(.08) . 08(.06) . 14(.17) .13(.13) .86(.19)
nap 5 .86(.14) . 13(.16) . 16(.16) . 15{.15) . 86{.16)

ANOVA-2 w/in subject factors(days and naps), 
significant main effects and interactions only.
Alertness subscale Z d f d  value
Day 7. 54 34,2 .006
Nap 3 .33 68, 4 .04

Effort subscale Z E value
Day 3 . 65 34 , 2 . 04

Weariness subscale z d f D value
Day 4 . 17 34, 2 . 04

Sleepiness jjbscale F d f p value
Day 7 .22 34,2 .006
Nap 4 . 37 68, 4 . 02
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Table 5: Correlations between Multiple sleep Latency
Test (MSLT); Stanford Sleepiness Scale (SSS); Global 
Vigor Summary Measure (GV).

Correlations

Times of day MSLT-SSS MSLT-GV SSS—GV

baseline (N=18)

nap l . 10 -.15 -.64*
nap 2 - . 07 -.04 -.88**
nap 3 - . 25 -.01 -.77**
nap 4 - . 02 -.24 -.81**
nap 5 - . 11 . 15 -.78**

mean .00 -.21 -.81**

Day l <N=19)

nap 1 - . 10 -.21 -.61*
nap 2 . 02 -.09 -.49
nap 3 -.40 .33 -.74**
nap 4 . 01 -.15 -.82**
nap 5 - . 19 06 - . 80**

mean - . 33 -.06 - . 74**

Day 14 (N=19)

nap 1 -.57** . 70** -.74**
nap 2 - . 29 .33 - . 50
nap 3 . 01 . 16 -.75**
nap 4 . 06 -.27 -.90**
nap 5 . 15 -.07 -.70**

mean - . 01 . 11 -.74**

(* < .01, ** < . 001)
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T a b l e  6:  Nighttime sleep parameter findings.
Night 1 = baseline night
Night 2 = night after initial caffeine administration 
Night 14 = night after chronic caffeine administration

Variable Mean (std. dev.) Comparison p level
Total dark time:
Night 1 472.03 (44.32) N1 vs N2 ns
Night 2 466.40 (46.47) N2 vs N14 ns
Night 14 479.22 (42.49)

Sleep efficiency:
Night 1 95.55 (4.45) Nl vs N2 . 03
Night 2 92 . 55 (4.05) N2 vs N14 . 006
Night 14 96. 23 (3.17)

Total Stage 1:
Night 1 23.89 (15.65) Nl vs N2 ns
Night 2 28 . 38 (20.10) N2 vs N14 ns
Night 14 27.01 (23.92)

Total Stage 2 :
Night 1 236.71 (30.85) Nl vs N2 ns
Night 2 241.71 (38.81) N2 vs N14 ns
Night 14 257.78 (42.12)

Total Slow Wave:
Night 1 83, 53 (36.58) Nl vs N2 . 006
Night 2 63 .29 (28.40) N2 vs N14 ns
Night 14 60.55 (25.89)

Total REM time:
Night 1 102.45 (29.41) Nl vs N2 ns
Night 2 91.82 (18.33) N2 vs N14 ns
Night 14 112.84 (24.42)

Wake after sleep onset:
Night 1 5.53 (9.38) Nl vs N2 .03
Night 2 8.75 (10.07) N2 vs N14 ns
Night 14 5.96 (6.44)

Total Movement time:
Night 1 4.43 (2 . 53) Nl vs N2 ns
Night 2 5.23 (3 .72) N2 vs N14 ns
Night 14 4.67 (3 . 18)
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Figure 10. M e an  M u l t ip le  S le e p  L a te n c y  T e s t  
(MSLT) scores on baseline, initial caffeine day, and tolerance test 
day.
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Significant main effect of day; subjects more alerted on initial 
caffeine day than on baseline (pc.001) and chronic caffeine or 
tolerance test day (p<.02).

baseline: no caffeine on day of MSLT.

in itia l ca ffe in e  d a v : 250 mg. ca ffe ine  adm in is te red  one 
hour prior to first nap, follow ing 11 prior days of caffeine 
abstmence.

to le rance  test d a v : 250 mg caffeine adm in is tered  on hour 
prior to first nap, fo llow ing 6 adm in is tra tions of 250 mg. 
caffeine distributed over previous two weeks.
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Figure II. Mean Multiple Sleep Latency Test (MSLT) scores 
for the two conditions on the conditioned tolerance test day.
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Significant main effect of nap (pc.Ol); subjects less alerted on nap 
3 less than on the mean of the other four naps.

ca ffe ine  c o n d i t io n : Subjects were correctly told that they
had received caffeinated coffee.

"d e ca ff"  c o n d i t io n : Subjects were falsely told that they
had rec e iv ed  d e c a f fe in a te d  co ffee  but they  rece ived  
caffeinated coffee.
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F igu re  12. Mean Multiple Sleep Latency Test (MSLT) scores 
for the " d e c a f f  condition on tolerance test day and conditioned 
tolerance test day .

2 0 - conditioned to le rance
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Nonsignificant trend of day (p<.056); subjects less alerted on 
tolerance test day less than on conditioned tolerance test day.

to le rance  test d a v : Subjects were correctly told that they
had received caffeinated coffee.

cond itioned  to lerance test d a v ; Subjects were falsely told 
tha t they  had rece iv ed  d e c a f fe in a te d  co ffee  but they 
received caffeinated coffee.
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Figure 13. Mean Stanford S leep iness Scale (S S S ) scores on
baseline, initial caffeine day, and tolerance test day.
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Significant main effect of day (pc.Ol); subjects felt more alert on 
initial caffeine day than on baseline.
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F ig u re  14. M ean G lobal V igor  (G V ) summary scores on
baseline, initial caffeine day, and tolerance test day.
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Significant main effect of day (p<.02); subjects felt more alert on 
initial caffeine day than on baseline.
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F igure  15. Mean Stanford sleepiness scale (SSS) scores for 
the two conditions on the conditioned tolerance test day.

2 .0 - caffeine

decaff

2 3 510 4
NAPS

No significant main effects or interactions.



F igure  16. Mean G lobal V igor (G V ) summary scores for
two conditions on the conditioned tolerance test day.
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N o significant main effects or interactions.
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F igu re  17. Difference between Stanford Sleepiness Scale 
(SSS) scores pre- and post-coffee administration during the 
conditioning phase.

V)o
oo
CO

a>o>c
CO.e

caffeinated
coffee

o
cn(/>
cn decaffeinated

coffee

0.0
2 60 3 4 5

Coffee adm inistration

No significant main effects of type of coffee administration 
(caffeinated or decaffeinated).

conditioning phase: Six administrations each of caffeinated coffee 
and decaffeinated coffee, resulting in 12 total administrations on 
12 days, interpolated between initial caffeine day and tolerance 
test day.

change scores: pre-coffee minus post-coffee.
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Figure  18. Difference between Global Vigor (GV) summary 
scores pre- and p o s t-co ffee  ad m in is tra tio n  during  the 
conditioning phase.
o> 20 i

caffeinated
coffee10  -

decaffeinated
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o 2 3 4 5 6

Coffee adm inistration

No significant main effect of type of coffee adm inistration 
(caffeinated or decaffeinated).

conditioning phase: Six administrations each of caffeinated coffee 
and decaffeinated coffee, resulting in 12 total administrations on 
12 days, interpolated between initial caffeine day and tolerance 
test day.

change scores: pre-coffee minus post-coffee.
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DISCUSSION

After ten days of caffeine abstinence, 250 mg caffeine significantly 

increased objective daytime alertness in mild caffeine users up to nine 

hours after caffeine ingestion. Following a two week interval in which 

six doses of caffeine (250 mg) were adm inistered, the same dose o f  

caffeine had significantly less of an effect on objective daytime alertness. 

These findings suggest that tolerance develops to ca ffe ine 's  alerting 

effects rather quickly.

These results extend my previous findings of increased alertness 

after 250 mg caffeine in sleepy young males (Lipschutz et al., 1988), to 

a normal young male sample. While this previous study also found that 

the a le rting  effects  o f  caffeine p rogress ive ly  d im in ished  over four 

caffeine administrations (250 mg caffeine at 9 am and 1 pm administered 

over two consecutive days), and the authors suggested that these findings 

demonstrated that tolerance occurs rapidly, there were design limitations 

in this previous study.

Since nighttime sleep was monitored by actigraphs, it is difficult to 

make sta tem ents about the quality  o f  n ighttim e sleep in that study. 

Thus, it is possible that residual caffeine altered nighttime sleep on the 

first night causing the subjects to be more tired on the second day of 

testing. Indeed, in the present study, I found that an initial dose of 250 

mg caffeine administered at 9 am significantly disrupted nighttime sleep.

As mentioned earlier, many reviews of the drug tolerance literature 

have concluded that tolerance can be acquired through both associative 

and  n o n a s s o c ia t iv e  ro u te s  (T if fa n y  & B aker, 1985; G o u d ie  & 

Demellweek, 1986; Siegel, 1988). Since associative drug tolerance has
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been shown to be facilitated by lower doses of drugs and longer intervals 

b e tw een  d ru g  a d m in is t ra t io n  (S ie g e l,  1988), it is less l ik e ly  that 

associative tolerance developed in this two day study. Alternatively, it is 

possib le  that the high dose of caffeine and short in terdose in terval 

fostered nonassociative tolerance in this previous study.

Support for the development of nonassociative caffeine tolerance 

can be found in a study by Dr. George Koobs that was recently cited in 

the New York Times Science section (August 7, 1991). The results 

demonstrated that rats given 4 mg/kg of caffeine (two to three cups of 

coffee equivalent) were found to be m ore active than contro l rats. 

Within 3-4 days, however, the animals activity levels after the same dose 

of caffeine returned to normal and post mortem exam ination of the 

c a f fe in e - tre a te d  rat b ra in s  rev ea led  h ig h e r  than  norm al leve ls  o f  

adenosine receptors.

Adenosine is a natural compound in the brain which serves to slow 

down the release of other chemicals that normally excite the brain. 

Research has shown that caffeine blocks adenosine receptors and in 

effect, b locks the natural brak ing  m echanism  o f  the b ra in . These 

findings lend support to the notion that nonassociative mechanisms 

contribute to the development of tolerance to caffeine's alerting effects.

With regards to the main thesis o f my dissertation, that caffeine 

tolerance develops because of associative mechanisms (the compensatory 

response elicited by pairing the expectation of caffeine with caffeine), 

the present findings of no difference in objective alertness between the 

caffeine and "decaff" conditions on the conditioned tolerance day (Day 

15) do not su p p o rt  th is  h y p o th e s is .  H ow ever, som e p o te n tia l ly  

significant limitations of this experiment suggest that it is premature to
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rule out associative tolerance as a viable account of caffeine tolerance in 

some situations.

One limitation of the present study is the potential ceiling effect of 

caffeine on the MSLT. On the initial caffeine administration day, 16 of 

the 19 subjects on the first nap and 9 of the 19 subjects on the second 

nap had an MSLT score of 20 minutes. This suggests that the range of 

MSLT scores on this day was significantly constrained by the 20 minute 

time limit o f the test. Also, relative differences between baseline (no 

caffeine) and treatm ent (caffeine) MSLT scores were further limited 

because baseline  scores tended to be re la tive ly  high and variab le  

(baseline mean MSLT score- 11.3 min ±  4.3).

A possible solution to the constrained range of MSLT scores found 

in the present study would be to extend the MSLT limit. In fact, during 

the initial development of the MSLT, Carskadon and Dement (1975, 

1977) used a 90 m inu te  w ak e fu ln e ss -3 0  m inu te  nap o p p o r tu n ity  

schedule . H ow ever, they abandoned the 30 m inute tim e lim it for 

practical reasons; subjects became bored if they could not fall asleep and 

there was not enough time for performance testing in between each nap 

opportunity.

While most laboratories have subsequently standardized the MSLT 

(five  20 m inu te  nap  in te rv a ls  se p a ra te d  by tw o h o u r  in te rv a ls ) ,  

le n g th en in g  the M SLT to a lo n g e r  t im e l im it  m ay p ro v e  u se fu l ,  

particularly when stimulants are being tested. Also, variability in the 

present design could be reduced by increasing the sample size, since the 

size o f the standard deviation of the sample is inversely related to the 

number of subjects.

It should be noted that the nonsign ifican t increase in ob jective
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alertness in the "decaff* group from Day 14 to Day 15 (p <  .056) (Figure 

3) is consistent with a conditioning interpretation o f  drug tolerance. 

Furthermore, although nonsignificant, the increased objective alertness 

in the "decaff" group when compared to the caffeine group on Day 15 

(Figure 11) likewise supports a conditioning analysis o f  tolerance. 

These findings also suggest *hat a larger sample size would optimize the 

probability of achieving significance.

As s ta te d  in the in t ro d u c t io n ,  D a f te r s  and O d b e r  (1 9 8 9 )  

demonstrated that the assessment of tolerance using a single test dose 

may produce m islead ing  resu lts . In the presen t design , to lerance 

magnitude was inferred from one test dose instead of multiple test doses. 

Tiffany and Maude-Griffin (1991) have recently suggested that the use 

o f m ultiple tests doses (dose-response curve methodology, DRC) is 

advantageous for several reasons.

First, DRC methodology allows one to measure the shift to the right 

o f  the dose-response curve and this m easurem ent corresponds to the 

pharmacological definition of the phenomenon (Fernandes et al., 1977 ; 

Kalant et a l . ,  1971). Second, the DRC method avoids the possible 

confounds of ceiling or floor effects found when single test doses are 

used to measure tolerance magnitude. Third, the effect o f changes in 

dose level on tolerance may be systematically evaluated by using DRC 

methodology.

Finally, the slope of the dose-response curve may be an index for 

associative or nonassociative processes. Thus, DRC methodology may 

p ro v id e  a usefu l way to d is t in g u ish  the re la t iv e  c o n t r ib u t io n  of 

associative and nonassociative processes to drug tolerance development. 

Although obvious disadvantages of DRC methodology are that it is labor
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intensive and time consuming, it is possible that the present design may 

be improved by using multiple doses of caffeine during the tolerance test 

phase.

Although mild caffeine consumers were selected in this study, it is 

possible that a different population o f  caffeine consum ers may have 

y ie lded  d iffe ren t resu lts . Some researchers  have found a positive 

re la tio n sh ip  betw een  depress ion  and caffe ine  use (F u rlong , 1975; 

G i l l i l a n d  & A n d re s s ,  1981; G re d e n ,  F o n ta in e ,  L u b e tsk y , & 

C ham berlein , 1978) and have suggested that ca ffe ine’s stimulating 

effects ameliorate depressive symptoms.

Thus, in depressed subjects, caffeine may be seen as a form of self- 

medication. Sawyer, Julia, & Turin (1982) suggest that depression may 

cause changes in biological systems and that caffeine counteracts these 

changes. However, chronic caffeine in turn may cause the initiation of 

opposing responses that counter the initial caffeine effect.

In one study mentioned in the introduction, regular caffeine users 

reported that bedtime caffeine had no deleterious effects on nighttime 

s leep . A n o th e r  study, re p o r te d  tha t in d iv id u a ls  w ho ex p e r ie n ce  

ca ffe in e 's  e ffects  as benefic ia l, se lf-adm in is te r  m ore caffe ine  than 

subjects who experience caffeine's effects as aversive.

Since there appears to be considerable individual differences with 

respect to sub jective  effects  o f  caffe ine  and the p ropensity  to self- 

administer caffeine, it is possible that certain individuals (e.g. those that 

rep o r t to le rance  to c a f fe in e ’s a lerting  effects  and those that self- 

adm in is te r  caffeine) m ight be m ore likely  to deve lop  associa tive  

tolerance. Kuznicki and Turner (1986) have suggested that the optimal 

method of assessing the effects o f caffeine involves studying two types
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of populations concurrently; heavy caffeine users and non-users.

Although efforts were made to control for the d ifferent tastes of 

caffeinated and decaffeinated coffee, it is possible that the "decaff" 

group on Day 15 suspected that they were drinking caffeinated coffee. 

If so, the expectation of caffeine in this group may have confounded the 

results.

Also, recent studies have suggested that other pharm acological 

constituen ts  o f  coffee besides caffe ine , may have a lerting  effects 

(G riffiths  & W oodson, 1988a). F u rthe rm ore , subjects who drink  

coffee, have developed associations with the drinking behavior which 

would most likely confound laboratory assessment of associative caffeine 

tolerance.

Griffiths and Woodson (1988) have found that the assessment of 

c a f f e i n e ’s r e in f o rc in g  e f fe c ts  are  m ost e f f e c t iv e ly  s tu d ie d  by 

adm inistering it in capsule form. Thus, a possible resolution to the 

problems surrounding coffee administration in laboratory studies may be 

to administer caffeine and placebo in capsule form.

In sum, the time limit of the MSLT, the sample size, the caffeine 

vehicle, the single test dose and the population used in the present study 

may need to be modified in order to demonstrate that the alerting effects 

of caffeine are subject to associative tolerance.

A potentia lly  s ign ifican t lim ita tion  o f  the p resen t study is that 

practice effects may have confounded the assessment of the caffeine's 

alerting effects. Although sleep researchers have generally overlooked 

possible interactions between practice, drugs, and MSLT performance, 

research with such drugs as morphine, alcohol, am phetamines and 

benzodiazepines suggest that "intoxicated practice" (repeated testing on
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drug) significantly interacts with subsequent performance (Chen, 1968; 

Corfield-Sum ner & Stolerman, 1978; Schuster, Dockens, & Woods, 

1966; Vogel-Sprott & Sdao-Jarvie, 1989). As I will develop later on in 

th is  se c tio n , the p o te n tia l ly  s ig n if ic an t  e f fec ts  o f  p ra c t ic e  on the 

assessment of tolerance has implications for the theoretical framework 

on which drug tolerance research should be based.

Chen (1968) was the first to test the "task practice" hypothesis. In 

his study, two groups of rats were trained for four days on a circular 

food maze. In the first group, rats received alcohol (1.2 g/kg) before 

running the food maze. In the second group, the rats received the same 

dose of alcohol after running the maze. After several pairings of alcohol 

w ith maze runn ing , to lerance was tested by giving alcohol before 

running the maze to both groups.

The alcohol-before group demonstrated significantly more tolerance 

(less behavioral disruption) to alcohol than the alcohol-after group. Since 

both groups received equal dosings of alcohol, Chen interpreted these 

findings as supporting the notion that subjects given practice on a task 

while in a drugged state acquire a behavioral strategy to compensate for 

drug-induced impairment.

An alternative interpretation of his findings, which does not involve 

learn ing , p roposes that g rea te r  functional dem ands are posed  by 

intoxicated practice and due to these demands, physiological adaptation 

to  the  d ru g  is a c c e le r a te d  (K a lan t  et a l . ,  1971). S ti l l  a n o th e r  

interpretation of the results o f the before-after design studies, which is 

consistent with a Pavlovian conditioning model o f drug tolerance, has 

been proposed by Hinson and Siegel (1980).

They suggest that during  the to le rance  acquisition  phase, the
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alcohol-before group has repeated pairings of the task with the drug 's  

effects and that the task becomes a reliable predictor o f  the d ru g ’s 

effects. Tolerance in the alcohol-before group is seen as a summation of 

the d rug 's  effects and the compensatory response elicited by the task. 

On the other hand, the alcohol-after group 's first exposure to the task- 

drug pair occurs during the tolerance test phase. Thus, it is the novel 

experience of task and drug in the alcohol-after group that explains the 

lack of tolerance in this group.

Due to the ambiguity in the interpretation of between subject before- 

after designs, within subject research designs have been employed. A 

typical paradigm used to study the effects of practice on the development 

o f  to le ra n ce  invo lves  ho ld ing  the p re d ic t iv e  cues c o n s ta n t  w h ile  

manipulating the consequence of the performance used as the dependent 

variable.

In one such study, Schuster et al. (1966) trained rats to bar press for 

food under two different types of schedules; differential low rate of 

response (DRL) and fixed interval (FI). On a DRL schedule, delivery of 

the reinforcer is dependent on the rat performing a certain number of bar 

presses. W ith FI schedules, delivery o f  the reinforcer (food) is not 

associated with the bar pressing behavior but instead is dependent on the 

passing of a fixed interval o f  time. After baseline train ing , rats were 

adm inistered d-amphetamine before each bar pressing session for 30 

days. The results demonstrated that tolerance to the behavioral effects 

of d-am phetam ine occurred only when animals perform ed under the 

DRL schedule.

Since the drug state and the functional demands were held constant 

under  these  two d if fe re n t  re in fo rc e m e n t  sc h e d u le s ,  the au th o rs
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interpreted these findings as support for the notion that tolerance will 

only occur when the drug disrupts the behavioral requirements necessary 

to o b ta in  re in fo rc e m e n t .  Such le a rn in g  is o f ten  r e f e r re d  to as 

instrumental conditioning because the reinforcement contingencies are 

instrumental in manipulating the behavior. When the behavioral effects 

o f a drug enhance or do not affect the probability of reinforcem ent, 

tolerance will not occur. Thus, under situations where behavior and 

d rug  sta tes in teract so as to decrease  re in fo rcem en t, instrum enta l 

learning may play a role in the development of tolerance.

Researchers have found that instrumental learning may contribute to 

tolerance with other drugs such as morphine and benzodiazepines (File, 

1985; Griffiths & Goudie, 1986; Demellweek & Goudie, 1983). In a 

review on psychostimulants, Demellweek and Goudie (1983) assert that 

the instrumental learning hypothesis accounts for the available data on 

to le ra n c e  to s t im u la n ts  m o re  e f f e c t iv e ly  th a n  c o n v e n t io n a l  

pharmacological theories or other learning theories. They conclude that 

if a drug causes changes in the behavior studied that result in a decrease 

in reinforcement, tolerance will occur and that tolerance develops to the 

behavior not to the drug itself.

It is conceivable that in certain situations, caffeine may interact with 

perform ance in such a way as to disrupt behaviors that will optimize 

re in fo rcem en t. In the presen t study, the MSLT w hich m easures 

tendency to fall asleep, was the dependent variable used to assess the 

development of tolerance to caffeine's alerting effects. After the initial 

caffe ine  ad m in is tra tion , sleep  latency s ign ifican tly  increased  and 

anecdotally, many subjects remarked that it was difficult to stay in bed 

for so long and that they felt "anxious", "highly aroused" and sometimes
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"claustrophobic" during the test. These observations suggest that when 

objective alertness was significantly increased by caffeine, the MSLT 

b ecam e an u n p le asa n t ex p e r ien ce  and te rm in a t io n  o f  the  MSLT 

represented the removal of an unpleasant stimulus.

It is possible that in a highly alert subject, falling asleep quickly on 

the M SLT may be n eg a tiv e ly  re in fo rc e d  by the rem o v a l o f  the 

unpleasant stimuli that are associated with trying to fall asleep or with 

inactivity (e.g. small bedroom, darkness, quiet, anxiety).

In this view, one could hypothesize that practice with the MSLT on 

caffeine might lead to a facilitation of the behavior of falling asleep. In 

the present investigation, the subjects had ample exposure to the MSLT 

on caffeine (10 sleep latency tests) before  the test o f  conditioned  

tolerance on Day 15. Thus, it is possible that instrumental conditioning 

confounded the assessment of associative tolerance.

The only study that remotely addressed the issue o f  practice and 

MSLT scores was done at the Henry Ford Hospital by Zwyghuizen- 

D oorenbos et al. (1988). They found that MSLT la tency  d id  not 

significantly change when administered 4-14 months later. However, 

there were no drugs used in this study and if learning occurred on the 

first day of testing, it is unlikely that it would be retained over this long 

a time interval. Unfortunately, there are no other studies to date that 

directly address the issue of the effects o f drug and practice on MSLT 

scores.

Perhaps a more provocative question that arises from such inquiry 

into practice effects is, to what extent can the behaviors steep and falling 

asleep be learned or conditioned responses? As early as 1927, Pavlov 

found that a f te r  repeated  pairings of the in jection  p rocedu res  with
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morphine (hypnotic), rats fell asleep during the preliminary injection 

procedures. Clemente, Sterman, & Wyrwicka (1962) paired a sequence 

of tones (CS) with stimulation in the preoptic forebrain area (produces 

sleep) in cats and found that after repeated pairings, the CS alone elicited 

sleep. Levitt (1964) found that after 11 trials of morphine injections, 

sterile water injections alone caused sleep in dogs. However, Levitt and 

Webb (1964) were unable to condition the sleep response in rats using 

injection ritual cues as the CS and pentobarbital as the UCS.

Since these early studies on sleep as a conditioned response, there 

has been little research in this area. However, recently Spielman et al. 

(1987b) investigated the effects o f repeated hypnotic administration on 

objective daytime alertness in humans. In this study, .125 mg triazolam 

was paired with a tone on the MSLT (one day/week; 8 consecutive 

weeks). The preliminary data demonstrated that the pairing of the tone 

with the hypnotic promoted sleepiness. Thus, there is some evidence to 

suggest that stim uli associa ted  w ith sleep may becom e capable of 

eliciting the sleep response.

Clinicians have also become interested in the conditionability of 

sleep or sleeplessness (Bootzin & Nicassio, 1978; Spielman et al., 1986; 

1987a; 1987b). As reviewed by Spielman et al. (1987a), it has been 

suggested that rituals associated with bedtime (e .g . nighttime T.V. 

programs, reading, clock watching) may become discriminative cues that 

either promote or inhibit sleep onset. The authors further hypothesize 

that in some cases of insomnia, bedtime ritual cues may be an important 

perpetuating  factor o f  s leep lessness. T hus, some c lin ic ians have 

incorporated behavioral principles in the treatment of insomnia.

Although an in-depth description of the treatments used in insomnia
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is beyond the scope of this d isser ta tion , three such trea tm en ts  are: 

stimulus control instructions, sleep restriction therapy and sleep hygiene 

recommendations.

Despite some clin ical and research  effo rts  on the re la tionsh ip  

between sleep and conditioning, it appears that our current understanding 

on this subject is quite poor. Indeed, the following statement written by 

W ilse  W ebb in 1957, co u ld  have  e a s i ly  b een  w r i t te n  in 1991: 

"Psychologists have done very little about experimentally analyzing the 

antecedents of sleep. W hen they have shown interest in sleep, such 

interest typically has been directed toward the consequences o f  sleep 

deprivation on nonsleep activities or in describing the response itself."

It a p p e a rs  th e n ,  tha t th e o r ie s  w h ich  a t te m p t  to  e x p la in  the 

developm ent of tolerance to caffeine 's  alerting effects must not only 

account for stimuli repeatedly accompanying caffeine administration but 

should also be cognizant o f  the present and past associations formed with 

the sleep response itself. Although the issue is complicated at best, a 

recent theory proposed by Vogel-Sprott and Sdao-Jarvie (1989) accounts 

for the influence of both Pavlovian and instrumental procedures on the 

development of tolerance.

According to their theory, there are two types of associations that 

are formed; stimulus expectancy and response expectancy. Stimulus 

expectancy refers to the association that is formed between the stimulus 

and the drug. While the stimulus evokes a multiplicity of responses, the 

one o f  interest for drug tolerance is the compensatory response. A 

response expectancy is formed when the procedure used to assess drug 

tolerance provides some systematic consequence for the compensatory 

response. The association that is formed in a response expectancy is
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between the learned response and the incentive value (positive, negative, 

or neutral) of learning that response.

These two types of associations have two different outcomes that 

need not be correlated. For example, the reliable pairing of caffeine 

with the expectation of caffeine may elicit a compensatory response that 

is de-alerting, however, the drug-compensatory response may have a 

negative incentive value if the subject is required to drive a car. Thus, 

caffeine tolerance may not be observed in a situation where the outcome 

of the compensatory response is negatively valued.

To p red ic t how each source o f  learn ing  may con tribu te  to the 

tolerance displayed, Vogel-Sprott and Sado-Jarvie present a model that is 

illustrated in Table 7. Briefly, tolerance will be greatest when reliable 

pairings of stimulus and drug occur and when the drug-compensatory 

response optimizes performance. It is further hypothesized that there 

will be less tolerance when Pavlovian and instrumental procedures result 

in conflicting outcomes. Finally, drug sensitization will occur when no 

reliable cues precede drug and when instrumental training associates 

c o m p e n s a to ry  p e r fo rm a n c e  w ith  an  a v e rs iv e  c o n s e q u e n c e .

Table 7: Tolerance as a function of stimulus expectancy
for drug and expected consequence of a drug-compensatory 
response.

Response expectancy

Stimulus expectancy Absent(O) Positive(+) Negative(-) 

Present (+) 0+ ++ -+

Absent (-) 00 +0 -0
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Applying this model to the present investigation, the reliable pairing 

o f  the  e x p e c ta t io n  o f  c a f fe in e  w ith  c a f f e in e  and  the  r e p e a te d  

administration of the MSLT on caffeine may have optimized caffeine 

tolerance and the results on Day 14 confirm such a prediction. On Day 

15, the "decaff  group had the novel situation of expecting decaffeinated 

coffee but the coffee administration occurred in the same environment as 

it had been administered previously. Thus, stimulus expectancy may 

have been lessened but was probably not entirely absent.

Also, the reward o f  falling asleep quickly on the MSLT did not 

change and thus, it is possible that instrumental learning contributed to 

the tolerance seen in this group. Although nonsignificant, the results 

suggested that the "d e c a f f  condition was less tolerant than the caffeine 

group on Day 15 which is consistent with the predictions made by this 

model. The ability of this model to account for the results o f the present 

investigation suggests that it may provide a useful theoretical framework 

on w hich to base future research  on the developm ent o f  caffeine 

tolerance.

In the present investigation, subjective alertness like objective 

a le r tn e s s ,  in c re a se d  a f te r  the in it ia l a d m in is t ra t io n  o f  ca ffe in e . 

H ow ever, sub jective  alertness did not show the same decrease  in 

alertness as the MSLT after repeated administrations. Instead, there was 

a nonsignificant trend towards an increase in subjective alertness after 

re p e a te d  ex p o su re  to ca ffe in e . T h u s , these  re su l ts  su g g es t  that 

sub jective  im pressions o f  a lertness  do not always re f lec t ob jective  

measures of alertness.

Furthermore, even though the two subjective measures were highly 

correlated suggesting that the SSS and GV are m easuring the same
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underlying construct, there was no relationship between the MSLT and 

the SSS or MSLT and GV measure.

Numerous studies have also found no relationship between objective 

and subjective measures of sleepiness. In a sample of 80 young adult 

good sleepers, Johnson, Freeman, Spinweber, & Gomez (1991) found 

no overall significant relationship between objective and subjective 

measures of sleepiness. Other researchers have studied clinical sleep 

disorder populations and found similar negative results. Roth, Hartse, 

Zorick, & Conway (1980) and Seidel, Ball, Cohen, Patterson, Yost & 

Dement (1984) found that apneic patients had significantly shorter sleep 

latencies on the MSLT than controls but rated themselves as more alert 

than controls.

Roth et al. (1980) also found that after nasal CPAP treatment for 

sleep apnea, subjective assessment of alertness was significantly higher 

posttreatment versus pretreatment but MSLT scores did not significantly 

change. Valley and Broughton (1981) found that subjective assessment 

of sleepiness did not reliably predict objective measures in narcoleptics. 

The lack of correlation between the MSLT and subjective estimates of 

a le r tn e ss  has led  som e re se a rc h e rs  to  q u es t io n  the c o n s tru c t  o f 

sleepiness.

A cc o rd in g  to  C a rsk ad o n  and D em en t (1 9 8 2 ), s le ep in e ss  is 

d if fe ren tia ted  by the m ethod o f  m easurem ent. W hile  the MSLT 

measures physiological tendency for sleep to occur, subjective alertness 

measures manifest sleep tendency and is dependent on many alerting 

factors (light, noise, room tem perature, activity level, motivation, 

hunger, thirst, anxiety level, etc). Such alerting factors may change
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from m om ent-to-m om ent, however, it is only when such factors are 

stripped away that physiological and manifest sleep tendency approach 

each other.

Broughton (1982) addresses the issue of sleepiness from a different 

perspective and attempts to explain sleepiness as a heterogeneous state 

composed of at least three biologically different dimensions; REM sleep, 

NREM sleep, and wake. In his view, sleepiness may be a function of 

REM sleepiness, NREM sleepiness or an impaired waking mechanism. 

Thus, differences in subjective and objective measures of alertness may 

reflect the multidimensionality of sleepiness.

In sum, the present results along with many other studies suggest 

that different measures commonly used to assess alertness/sleepiness 

may not be measuring the same underlying mechanism. Furthermore, it 

is evident that the relationship between these different measures is 

dependent upon many factors (e .g . time of day, motivation, state of 

subject). Thus, it would appear that fu rther study is requ ired  to 

understand whether sleepiness is a unitary or multidimensional construct.

Although quite unexpected, the present Findings demonstrated that 

250 mg caffeine adm in is tered  at 9 :0 0  am had de le te r io u s  effects 

( increased  sleep latency and wake afte r  onset and decreased  sleep 

efficiency and slow wave sleep) on nighttime sleep 14 hours later. This 

is the first study to date to demonstrate that morning caffeine disrupts 

nighttime sleep.

These findings are particularly interesting given that there is some 

controversy over whether bedtime caffeine disrupts subsequent nighttime 

sleep. In particular, many studies have shown that caffeine (100-300 

mg) administered at or near bedtime produces such sleep disturbances as
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reduced sleep time, increased sleep latency and number of awakenings 

(Brezinova, 1974; Karacan et al., 1977; Okuma, Matsuoka, Matsue, & 

Toyomura, 1982), however, some studies have failed to demonstrate 

disruption o f  sleep, particularly at lower caffeine doses (50-200 mg) 

(Clubley et al., 1979; Nicholson & Stone, 1980).

It is possible that some of the problems mentioned earlier which 

influence the assessment of caffeine's alerting effects during the daytime 

(popu la tion  studied; variab ility  in dose and caffeine vehicle; sleep 

measure) might also confound the research of caffeine's effects at night.

Final Conclusions

In summary, the present dissertation dem onstrated that 250 mg 

caffeine objectively and subjectively alerted young norm al-sleeping 

males with a previous history of mild caffeine use. After six caffeine 

and six decaffeinated coffee adm inistrations, tolerance to caffeine 's  

objective alerting effects was demonstrated. While the present data does 

not support a Pavlovian analysis o f drug tolerance, problems with the 

time limit of the MSLT, the small sample size, the caffeine vehicle and 

the population tested as well as the theoretical model used to design the 

experiment might have impacted adversely on the results. Also, there 

was a lack of correlation between subjective and objective measures of 

alertness which suggest that these two measures may not be assessing the 

same underlying construct. This is the first study to demonstrate that 

m orning caffe ine  produces n ighttim e sleep d is tu rbances . F urther 

research  is needed to investigate the issues o f  associa tive  caffeine 

tolerance, measurements of sleepiness, and sleep disruptive effects of 

acute and chronic morning caffeine.
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EFFECTS OF CAFFEINE ON DAYTIM E SLEEPINESS AND  
ALERTNESS

TELEPHONE STUDY DESCRIPTION

Purpose: To study the effect o f  caffeine on daytime sleepiness and
alertness and the development of tolerance to caffeine.

Subject criteria: 18- 35 years old, healthy males a normal nighttime 
polysomnograph recording, and an MSLT less than 15 minutes and greater 
than 5 minutes. Nonsmoker, nonalcoholic. < 250 mg caffeine/ day. reported 
regular sleep habits,

Time requirements: There is an overnight polysomnograph recording on a 
friday night and next day MSLT screenlf passed- the study will be 
continued over the next 15 day period. Thus the full study starts on a liiday 
night till two S u nd ay s  later. You will spend 5 nights in the laboratory, the 
first and third inday and Saturday nights. You will also spend the first and 
third Saturday and the third Sunday in the lab. All other days in between, y ou 
will spend 45 minutes in the early morning in the lab except for the middle 
Sunday.

Procedure: On all nights and days that polysomnograph recording and 
evoked potentials, are done, electrodes will be applied on the scalp, chest 
and face and on the first night also on the legs and a thermister under the 
nose to check tor airflow. The wiresfrom the electrodes are tied in the back 
o f the head and peoplefind them relatively non-intrustve. On all mornings 
during the study, you will receive a coffee beverage in the morning and will 
be allowed 15 minutes to consume the beverage.

On all nights that you come to the lab, you will arrive an hour and a half 
before bedtime and the next day will awake at you raverage waketime. One 
to two hours after waketime, you will drink a coffee beverage with 250 mg 
of caffeine in decaffeinated coffee, this is roughly equivalent to 2.5 cups of 
coffee or you will drink a cup o f decaff, coffee. Approximately 2 hours 
before and 1, 3,5, 7, 9 hours after the coffee, we will run the Auditory 
Evoked Potentials and the MSLT (explain briefly).

On days that you are not in the laboratory, you will arrive 15 minutes before 
your scheduled coffee administration and leave around a half hour later. 
You will also Fill out the sleep log for the previous nights sleep and some 
mood scales.

Other information:
-We are located on the City College Campus at the NAC building on the 8th 
floor room 213. The facility has bathrooms, showers, T.V., VCR. a desk,
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A p p en d ix  1 (continued)

and a kitchen. Bnng something to do, there wilt he free time between naps.

-No smoking, drug use or drinking alcohol or coffee (except what we 
administer) is allowed during the study.

- Sheets are laundered on the beds and towels provided. Bnng your own 
soap, shampoo, shaving equipment and pajamas.

-After completion of the study and screen, you will receive____ . If sou do
not pass the screen, you will be compensated at a rate o f ______ for the night
and next day a n d ______ for the first night only. If you complete one week.
vou will receive  and if you complete two weeks, you will receive
 . The payment will be in 1 lump sum and you should received within
3 weeks.



Appendix 2
Telephone Screemnn Q u esto -a^ e

N a m e ss# A g e

2 Address

3. Home Phone # ( ) Work #(  )

4. do you sm oke cigarettes regularly? Y es No

5 Do you drink caffeinated beverages? Y es No
If Y es, what?________________
Do you need it in the morning ?

How many cups/bo ttles'day 
Yes N:

6 Do vo'J drink alcohol9 Y e s  N o

7 What is the average alcohol consumption/week?^_____

8 Have you ever teen  a heavy dnnker? ________

3. Do you take any medication or drugs?_________________
If yes, what and how often?________________________

10. Are you allergic to any medications? _ _ _ _ ______
If y e s ,  w h a t 9 ___________________________________________

11. Do you have any difficulty sleeping at right? Y es No

12. What time do you usually go to b e d ? ________________
How much does this vary?_____________________________

13. What time do you typically get up in the m orning?____
How much d oes this vary?____________________________

14. How many hours do you typically s leep  per night?____

15. Are you generally sleepy during the d a y ? ____________

16. How often do you take naps during the day? ________

1 7 . H o w  lo n g  d o e s  ft u s u a l ly  ta k e  fo r  y o u  to  fa ll a s l e e p ?  __ 
C o m m e n ts :
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Appendix 4

C o n se n t -  C a f f e in e  and d a y t im e  s l e e p in e s s

A g r e e m e n t  to  participate in a research  study on the e f f e c t  o f  c a f f e in e  o n  d a y t im e  fu n c t io n s

I h a v e  b e e n  a s k e d  to  p a r t i c ip a t e  in a r e s e a r c h  s t u d y  w h ic h  w i l l  i n v o l v e  th e  
a d m in is t r a t io n  o f  c a f f e in e .  T h e  p u r p o se  is to  d e term in e  c a f f e in e  a f f e c t s  m y  a le r tn e s s  and  
ab il i ty  to f u n c t io n  o v er  tim e. A fter  an initial t e le p h o n e  s c r e e n in g ,  I w il l  fi l l  out  n ig h t ly  s l e e p  
lo g s  for o n e  w e e k  and absta in  from  c a f f e in e  for s e v e n  d a y s  prior to the b e g in n in g  o f  the 
s tu d y .  T h e  first  n ig h t  and n ex t  day  o f  the study  is c o n s id e r e d  the  scr een in g  and in v o l v e s  an  
o v e r n ig h t  s l e e p  reco r d in g  and  the f o l l o w in g  d a y ,  a M u lt ip le  S l e e p  L a ten cy  T e s t  ( M S L T )  and  
A u d ito r y  E v o k e d  P o ten t ia l  T es t  (A E P ) .  1 h a v e  b e e n  to ld  that the study w il l  be  c o n d u c te d  
o v e r  a 1 7 -1 8  day period, from a friday night till tw o  Sundays or m o n d a y s  later.

I u n d ers ta n d  that the n ight o f  the record ing ,  e le c t r o d e s  w il l  be ap p lied  on  the s c a lp  and  
fa ce  and on  the le g s  and ch est  for the sc reen in g  night.  A  w ire  w il l  p la ced  under the n ose  
and m outh  to c h e c k  for a ir f lo w .  1 w-ill s l e e p  and a w a k e  at l im e s  that are c o n s i s t e n t  w ith  
m y  a v e r a g e  s l e e p  and w a k c t im e s  on  the s l e e p  lo g s .  I a g r e e  to retrain fro m  d r in k in g  
c a f f e in a te d  b e v e r a g e  for the w h o le  study

O n  the n e x t  d a y ,  t im e  zero  w i l l  b e  I hour after  w a k e t im e  and na p s  an d  s u b j e c t iv e  
m e a s u r e m e n ts  o f  s l e e p in e s s  w i l l  be run +1 hour, + 3  h o u rs ,  + 5  hours, + 7  h ou rs ,  and + 9  
h ou rs  after t im e  zero .  A t  th ese  n a p t im e s .  I w il l  l ie  d o w n  in a s leep  c h a m b e r  and  be a sk e d  
to  "go to s l e e p " .  On th ese  sa m e  d a y s ,  A EP 's w il l  be  run o n e  half hour before  m y c o f f e e  
b e v e r a g e  and b e fo r e  naps 1,3 and 5. If I pass the s c r e e n ,  I w ilt  con t in u e  the stu d y  O n all 
n ig h t s ,  1 w i l l  s l e e p  and w a k e  at m y a v era g e  s l e e p t im e  an d  w a k e i im e  as d e te r m in e d  by m y  
s l e e p  lo g s .  I w i l l  spend  5 or 6  n igh ts  in the lab oratory ,  the first and third fn d a y  and  
Saturday n ig h t s  and the first and p o s s ib ly  third sun d ay  n ight .  E lec tr o d e s  w il l  be a p p l ie d  on  
the s c a lp  and face .  On the nex t  m o rn in g  and on  all o th e r  m o r n in g s .  At t im e  zero ,  I w ill  
r e c e iv e  a c o f f e e  b e v era g e  and w i l l  be a l l o w e d  5 m in u te s  to  c o n s u m e  the b e v e r a g e .  O n the  
first and th ird  Saturday and s u n d a y  and p o s s i b l y  th ird  m o n d a y ,  I w i l l  be  t e s t e d  for  
s l e e p i n e s s  u s in g  the sa m e  d a y t im e  sch e d u le  a s  in the s c r e e n .  O n  all o ther  d a y s  that 1 am  
not s p e n d i n g  in the laboratory  d o in g  .ae M S L T  an d  A E P 's ,  1 w il l  c o m e  to the lab 15 
m in u tes  b e fo r e  u m e  zero and then spend  45 -6 0  m in u tes  there before  leav in g  the lab

1, the v o lu n t e e r ,  have b een  m ade  aw are o f  the fo l lo w in g :

l j  I hav e  read th is  d o c u m e n t  and all o f  these th ings h a v e  b e e n  ex p la in e d  to m e by L auren  
L ip s c i iu u ,  w h o  has o f f e r e d  to a n sw er  any  q u est io n  I m a y  h a v e  d u n n a  the research  study I 
am aw are  that I sh o u ld  con tac t  Dr. S p ie lm a n  at 6 5 0 - 5 3 9 7  a n d /o r  the research  o f f i c e  at 6 5 0 -  
5 3 9 6  i f  I h a v e  an y  q u e s t i o n s  r e g a r d in g  the  r e s e a r c h ,  r e s e a r c h  s u b j e c t s  r ig h t s  or m y  
partic ipation  in the stud y  and its o u tc o m e

2) I r e a l i z e  that n o  m e d ic a l  b en e f i t  w i l l  n e c e s s a r i ly  a c c r u e  to m e  from p art ic ip a t ion  in th is  
stud y .  I u n derstan d  that I w ill  be to ld  o f  any s ig n if ic a n t  n e w  f in d in g s  w h ich  d e v e lo p  during  
th is  s tu d y  w h ic h  m a y  relate to m y  w i l l in g n e s s  to c o n t i n u e  to partic ipate  in th is  s tu d y .  I 
understand  that stu d y  in form ation  id e n t i fy in g  m e w i l l  r em a in  co n f id en t ia l  and w il l  not  be  
d is c lo s e d  o u t s id e  o f  the center  e x c e p t  w ith  m y  written p e r m is s io n  or as required by  l a w .

3 )  I u n d e rs ta n d  that I w i l l  be paid  S I 5 0 .0 0  for the s tu d y  i f  I c o m p le te  the 1 7 -1 8  d a y  and  
n igh t  s tudy .  I f  I d o  not pass  the s c r e e n ,  I w il l  be  c o m p e n s a t e d  at a rate o f  S 2 5  fo r  the  n ig h t  
and n ex t  d a y ,  o r  S I 5 for the first n ight w h en  d a y t im e  te s t in g  is  n o t  required. If I c o m p le t e  
o n e  w e e k ,  1 w i l l  rece iv e  S 4 0 .0 0  and i f  I co m p le te  tw o  w e e k s ,  I w il l  rece iv e  $ 6 0 .0 0 .
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Appendix 4 (continued)

4 )  I u n d ersta n d  that c a f f e in e  c o n su m p t io n  (other  than that su p p l ied ) ,  a lc o h o l  c o n s u m p t io n  
and t o b a c c o  in tak e  and n ap s  sh o u ld  be a v o id e d  al all  t im e s  d uring  the s tu d y .  T h e  u se  o f  
o v er - th e  -co u n ter  dru gs  and p rescr ip tion  d ru gs  m ust be app ro ved  by the D irector  o f  the 
S le e p  C en ter .

5) I h a v e  b e e n  to ld  that the p o w d e r e d  c a f f e in e  is  p h a r m a c e u t ic a l  grade and that the  
d o s a g e  is  2 5 0  m g .  ro u g h ly  the eq u iv a le n t  o f  in g e s t in g  tw o  and a half  cu p s  o f  b r e w e d  c o f f e e  
T h e  c a f f e i n e  p o w d e r  w i l l  be d i s s o lv e d  in o n e  te a sp o o n  d e c a f f e in a te d  c o f f e e  and la c t o s e  in 
hot w ater .  O n  other  d a y s  I w i l l  r e c e iv e  la c to se  and d e c a f f e in a te d  c o f f e e  in hot  w a ter  o n ly  
C a f f e in e  in the d o s a g e  to be ad m in is te red  m a y  p rod u ce  r e s t le s s n e s s  and s t o m a c h  irritation  
In rare c a s e s ,  it m ay  c a u s e  in s o m n ia ,  h e a d a c h e ,  n a u sea  and v o m itu n g .  If any  u n tow ard  
r e a c t io n  ta k e s  p la c e  the te c h n ic ia n  w il l  c o n ta c t  the m ed ica l  d irec to r  o f  the S l e e p  D iso r d e r s  
C en ter  to d e te r m in e  w hat a ct ion  to take.

6 1 I u n d e rs ta n d  that in the e v e n t  o f  p h y s ic a l  injury resu lt in g  from  the research  p ro ced u res  
u se d  in th is  s tu d y ,  o n ly  im m e d ia te  e s s e n t ia )  trea tm ent,  as d e te r m in e d  by the te c h n ic ia n  on  
d uty  or Dr S p ie lm a n  w il l  be a v a ila b le  for the injury w ith ou t  ch arg e  to me p e r so n a l ly ;  there  
w ill  be no m onetary  co m p e n s a t io n .

7} In g i v i n g  m y  c o n s e n t ,  I a c k n o w le d g e  that m y  p artic ipation  in this r e sea rch  s tu d y  is 
v o lu n ta ry  and that I m ay  w ith d raw  from it at any  time w ith o u t  p rejud ice  to m e .  1 a ls o  
u n d ers ta n d  that 1 m a y  e le c t  not to partic ipate  in th is  research  study at a ll .  In a d d it io n ,  
m y p a r t ic ip a t io n  m ay  be term inated  w ith o u t  regard to my c o n se n t  by the in v e s t ig a to r  for 
v io la t io n  o f  the p rotoco l  or for ad m in ista tive  reasons.

Subject Signature

A g e  ___

Witness Signature

Date _ 

Weight 

Date
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Caffoins Study 
POLYGRAPH MONTAGE 

M U L T I P L E  S L E E P  L A T E N C Y  TEST ( M S L T )

Subject's Initials  Subject Number __

Polygraph   Room Number____
( th is  sheet for L O W  a n d  

H I G H  rooms)

D a te___________

Session_________
Note any changes to montage on this sheet. Channels marked by 
mav be sacrificed if necessary. A may be sacrificed it absolutely 
necessary.

chan dcr  i \ atn L OW HI GH s e n s i t i v i t y  pin tf,s

C 4 /A 1 .A 2  0 3 60 7.5 u V  mm 13/A1.A2

central EEG alt: C3

2  0 2 /A 1 .A 2  0.3 60 7.5 u V  mm 15/A1.A2

occipital EEG

3 LOC'AI ,A2 0.3 6 0  7.5 uV mm 16/A1.A2

4 ROC/A1.A2 0.3 60 7.5 uVm m  17/A1.A2

5 LOG'ROC 3 0 60 7 5 uV'mm 16/17

6 chin EMG 10 90 1 -jV.'mm 18/19

B<G 0.1 90  5 0 u V /m m (ad|USt)

8 C 4 /0 2  0.3 60 7.5 uWmm 13/15

bipolar  EEG
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P  *>o , 1 L : _______________. 2 __________

wti cn \ , 2
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1 ■/, wr^c1 ; ____ . : 3___

. r ■* O j Cijc - _ . 0- . 'OOt > "
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'  1

. ■• . 1 ■ ■. 11 L ■ - : r  .* _ : e t ; i i I n o - '   j > - •, |_____

. • Cow        _  _____

; ■ 0 i r . i M n c  C J T  '  T - T 1 ' 2 ' T i  A ” * h t p p t n  t o c a y ’  : y p i
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'. ‘ ■„ . *- r, ‘ ! 2 . 3  . t  , ‘j
■1st. C 1 c you eat 'O'J-. LA1T **■;
'-Z~2i'(-C t c  u ' s u a '  1: .  1______ : l e s t .

Ho- TIREO co you e e l  n-of- : 0 0 -

  1 n o t  i t  a l l . _____{______ | a  l i t t l e .  ( J 0- j : : p  t  t n ,  [ ' e x t r e m e ? *

1L How SLCCr’ t  t o  y o .  f e c i  r i g t i l  new?

n o t  a t  a l l .  |  |  a  l i t t l e ,  I  | o u n i e  a  t o t .  |  j e x t r e m e l y

1 1 .  H o w  A t E R T  <lo y o u  f e e l  r i q m  n o w ’

| |  n o t  a t  a l l .  ( |  a  l i t t l e .  |  | o u ' t e  a  b i t .  [ 1 e x t r e m e l y

COf i r  I E N T S
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Appendix 7

C A F F E : - ' .  E V C O D  S C A L E S

I a r a n k _________________ _ _ _  this morning.
( cho o se  caffeinated coffee or decaffeinated coffee)

H o w  a l e r t  d o  y o u  f e e l 9 

very little--------------------------------------------------------------------------------------------------------------------------------------------------— _ — -  - v e r y  m u c h

H o w  m u c h  o f  a n  e f f o r t  i s  it t o  d o  a n y t h i n g ?  

v e r y  l i t t l e   ------------------------------------------------------ --- -— -----------------— -----------------v e r y  m u c h

• - a w  w e a r y '  d o  y o u  f e e l ?

v e r y  l i t t l e v e r y  m u c h

- : w  s i c - e p /  d o  y o u  f e e . 7

ve-y  l i t t l e   —    ■— - -  ■-   v e r y  m u c h

C . - r a i; . n o w  d o  y o u  f e e ' 7 

v e r y  b a d  --------------------------------------------------   —  ---------------------------—  - — —  v e r y  g o o d

Stanford Scale (SSS)
In stru ctio n s: P l e a s e  c h o o s e  t h e  n u m b e r  o f  t h e  s t a t e m e n t  w h i c h  b e s t  d e s c r i b e s  h o w  y o u  f e i .

r i g h t  n o w .

f A l e n .  W i d e  a w a k e .  E n e r g e t i c

2 .  F u n c t i o n i n g  a t  a  h i g h  l e v e l ,  b u t  n o t  a t  p e a k .

A b l e  t o  c o n c e n t r a t e .

3  A w a k e ,  b u t  n o t  f u l ly  a l e r t .

4 .  A  l i t t le  f o g g y ,  l e t  d o w n .

5. Foggy. Beginning to lo se  interest in 
remaining awake. Stow ed dow n.

6. S leepy . Prefer to b e  lying dow n. W oozy .

7. Cannot stay awake. S leep  on set so o n .



Appendix 8

T he S leep D isorder*  C enter 
The City C ollege o t New York

STUDY:

Subject's name: ---------
D a t e : ____    D ay

The time is _____________

I a te  b re a k fa s t  a t _______________

a te    for b reak fas t

I d r a n k ________  _ _ _______ ■
(write ca f fe ina ted  coffee or deca f fe ina ted  coffee)

S igna tu re :__   — ______
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