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ABSTRACT 

This study has evaluated the dietary methylxanthine concentra

tions in breast milk of 40 mothers of different socioeconomic and ethnic 

backgrounds. Their diet and drug intake were not restricted in any 

way. No significant differences were found in intake levels of any of 

the methylxanthines among the four groups. No significant differences 

were found in their breast milk levels of caffeine, theobromine, or 

paraxanthine. However, mean theophylline milk levels were significantly 

higher on two of the three days examined in the Anglo-American women 

than in the Hispanic-American women. Socioeconomic and ethnic variables 

were also tested among the groups. 

The daily amounts of methylxanthines found in the breast milk of 

this free-living population of mothers do not appear to present signifi

cant amounts to the infant. However, caffeine accumulation may occur in 

newborn infants (0-3 months of age), since they not only eliminate caf

feine very slowly, but also convert ingested theophylline to caffeine. 

viii 



REVIEW OF LITERATURE 

Methylxanthine Consumption 

Caffeine, theophylline, and theobromine are three 

methylxanthines (xanthines) commonly consumed in the diet. Caffeine is 

claimed to be one of the most widely ingested drugs in the United States 

as well as all over the world by people of all segments of the 

population, including nursing mothers (Grant et al., 1983; Berlin et 

al., 1984). Caffeine is and has been a usual part of the daily diet 

(Table 1) of millions of people for thousands of years. Consumption of 

this compound and theophylline goes back to about 4700 B.C., as early as 

the origin of tea in China (Lecos, 1984). Graham (1978) has estimated 

that each person, all ages included, ingests 206 mg of caffeine per day, 

which yields a total consumption of 33.9 million pounds per year in the 

United States. Greden (1979) estimates that 20-30% of adult Americans 

consume 500-600 mg per day, and 10% of adults may consume more than 1000 

mg per day. 

Natural Sources and Chemistry of Dietary Methylxanthines 

Caffeine (1,3,7-trimethylxanthine), a naturally occurring 

alkaloid, is a methylated xanthine. This xanthine is found in Coffea 

arabica, the coffee bean discovered in Arabia. Caffeine is also found 

in the Cola nitida. the Kola nut, and related species. Theophylline 

(1,3-dimethylxanthine) and theobromine (3,7-dimethylxanthine) are other 

1 
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Table 1. Dietary Sources of Caffeine, Theophylline and Theobromine. 

Food Source Amount 

Coffee 

Tea 

Cocoa 

Cola Beverages 

(not decaffeinated) 

1 Cup 85 mg Caffeine3 

1 Cup 50 mg Caffeine3 

2 mg Theobromine 

1 mg Theophylline 

1 Cup 5 mg Caffeine3 

250 mg Theobromine 

12 oz. 44 mg Caffeine** 

a. Depends on strength of brew. 

b. One-half of the caffeine comes from Kola beans and one-half from 

added caffeine. 

Table is modified from Graham, 1978. 
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naturally occurring xanthines (Figure 1). Paraxanthine 

(1,7-dimethylxanthine) is another methylated xanthine not believed to be 

found in plant sources, but is a major metabolite of caffeine (will be 

discussed later). Thea sinensis or Camellia sinensis, from the Chinese 

tea leaf, contains caffeine, theophylline, and small amounts of 

theobromine. Theobroma cacao from the cocoa bean in Mexico and the ilex 

plant, Mate in Brazil contain mostly theobromine. The Cassina or the 

Christmas berry tree in North America has also been found to contain 

caffeine (Graham, 1978). 

Caffeine is readily extracted from these plant sources and is 

very soluble in boiling water from which it crystallizes as a 

monohydrate. Caffeine can also crystallize from organic solvents as an 

anhydrous substance which melts at 235 to 237°C; it sublimes at 

atmospheric pressure without decomposition. Pure caffeine is odorless 

and has a distinct bitter taste. Caffeine is very stable to the 

temperature, pH and salt concentration typically encountered in food 

processing. * It forms stable water soluble combinations with sodium 

benzoate and sodium salicylate, but forms unstable salts with acids 

(Graham, 1978). 

Theobromine and theophylline are also white, odorless, 

crystalline powders having a bitter taste. Theophylline is less soluble 

in water than caffeine, and theobromine is less soluble than 

theophylline. Theophylline melts at 270-274°C and is a stronger acid 

than caffeine or theobromine. Theobromine sublimes at 260°C. Both 

compounds are stable to the temperature, pH, and salt concentrations 
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Figure 1. Chemical structures of caffeine, and three other methylated 
xanthines: Theophylline, theobromine, and paraxanthine. 
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used in food processing. Theophylline and theobromine, like caffeine, 

are more soluble in boiling water than in 25°C water. Theobromine is 

very slightly soluble in ether and chloroform. Theophylline is more 

soluble in chloroform and insoluble in ether, whereas caffeine is 

soluble in both chloroform and ether (Swinyard, 1975). 

Commercial Sources of Dietary Methylxanthines 

Graham (1978) states that all of the caffeine, theophylline and 

theobromine in the American diet is imported. Coffee is by far the most 

highly consumed source of caffeine, contributing 26.0 million pounds of 

caffeine per year, after considering losses in preparation and serving. 

Tea is the second highest source of the caffeine consumed, contributing 

3.8 million pounds per year. Cola beverages ranked third, with one-half 

of their caffeine source from the Kola nut and the other half from added 

caffeine. Tea and cocoa were minor sources of caffeine, but together 

contributed appoximately 121,000 pounds of theophylline and 4.9 million 

pounds of theobromine (Graham, 1978). 

Another source of caffeine is the caffeine found in drug 

products, usually of the over-the-counter variety (Table 2). For a 

small percentage of the population a highly significant amount of 

caffeine may be consumed this way (Graham, 1978). Dietary caffeine, 

theophylline, and theobromine are thus obtained almost entirely from 

beverages. Other foods such as chocolate-flavored ice cream, chocolate 

candy, chocolate cakes, and other chocolate foods contain mostly 

theobromine, but contribute insignificant amounts of caffeine to the 

diet. 
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Table 2. Caffeine Content of Drug Products. 

Non-Prescription Drugs Hg Caffeine per 
Tablet or Capsule 

Weight Control Aids 

Dex-A-Diet II 200 
Dexatrim, Oexatrim Extra Strength 200 
Dietac Capsules 200 
Maximum Strengh Appedrine 100 
Prolamine 140 

Alertness Tablets 

Rodoz 100 
Vivarin 200 

Analgesic/Pain Relief 

Anacin, Maximum Strength 32 
Excedrin 65 
Midol 32.4 
Vanquish 33 

Diuretics 

Aqua-Ban 
Maximum Strength Aqua-Ban 
Permathene H2 Off 

100 
Plus 200 

200 

Cold/AllergY Capsules 

Coryban-D Remedies 30 
Triaminicin Tablets 30 
Dristan Decongestant Tablets 16.2 
Dristan A-F Decongestant Tablets 16.2 
Duradyne-Forte 30 
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Table 2. — Continued 

Prescription Drugs Mg Caffeine per 
Tablet or Capsule 

Cafergot (for migraine headache) 100 
Fiorinal (for tension headache) 40 
Soma Compound (pain relief, muscle relaxant) 32 
Darvon Compound (pain relief) 32.4 

Table adapted from Lecos, 1984 
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Pharmacology and Metabolism of the Methylxanthines 

Absorption and Distribution 

Ingested caffeine is absorbed rapidly and completely. Blanchard 

and Sawers (1983) found that "caffeine from aqueous solutions utilized 

resulted in an essentially complete bioavailability with average F(%) 

values of 108.8 and 102.8 in the young and elderly groups, respectively" 

(F is the fraction or oral dose systemically available). Peak Plasma 

caffeine levels occur 15-45 minutes after ingestion. Theophylline is 

also essentially completely absorbed from the gastrointestinal tract. 

Nielsen-Kudsk and coworkers (1980) investigated the pharmacokinetics of 

theophylline in six male patients with normal renal, hepatic and 

pulmonary functions. They found that the bioavailability of orally 

administered theophylline was 91.46% + 8.13 (S.D.). Theobromine is 

assumed to be completely absorbed also, since it is similar to caffeine 

and theophylline in chemical structure, polarity, and degree of 

ionization in the digestive tract. The majority of methylxanthine 

absorption occurs in the small intestine (von Borstel, 1983). 

Methylxanthines are widely distributed into all body 

compartments within minutes; after one hour they are distributed in 

proportion to tissue water content. The "barriers" which restrict the 

"passage of many compounds from the blood into the brain, testes, fetal 

tissues and mammary glands" are readily penetrated by caffeine and other 

xanthines (von Borstel, 1983). The apparent volume of distribution is 

similar for both caffeine and theophylline and is usually between 400 

and 550 ml/Kg (Rail,1981). Theophylline is about 50% bound to plasma 
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proteins (Rail, 1981), while caffeine is about 38% bound (Blanchard, 

1982). The reasons could be in part due to the usually greater 

concentrations of caffeine than theophylline found in cerebrospinal 

fluid and brain tissue. Also, the greater lipid solubility of caffeine 

may be a factor (Rail, 1980). 

Biological Effects 

Caffeine, theophylline and theobromine as ingested from food 

sources produce a variety of biological effects which vary with the 

individual. The usual xanthine effects are as follows: Stimulation of 

the central nervous system, action on the kidney to produce diuresis, 

stimulation of the cardiac muscles, relaxation of smooth muscle, 

stimulation of gastric secretion, and elevation of plasma free fatty 

acids and glucose. Of the three xanthines, caffeine is the most 

powerful central nervous stimulant, theophylline is less so, and 

theobromine is inactive in this respect. Theophylline has the greatest 

action on the cardiovascular and musculo-skeletal system; it is 

particularly effective in relaxing the bronchioles (Rail, 1980). 

Although theobromine has weak pharmacological properties and is 

not used as a therapeutic agent, theobromine may have synergistic 

effects with theophylline to increase the incidence of toxicity to the 

nursing infant, if the mother is on theophylline therapy or consumes 

considerable amounts of tea. Also there is "considerable folklore over 

the possible adverse effects of maternal chocolate ingestion causing 

infants to be irritable, fussy with poor sleep pattern, and possibly 

diarrhea" (Berlin, 1981). 



Curatolo and Robertson (1983) have carefully reviewed several 

studies on the pharmacological effects of caffeine. It is pointed out 

that habitual consumers and nonconsumers of caffeine exihibit different 

cardiovascular, respiratory, gastrointestinal, renal, and central 

nervous system effects after caffeine ingestion. 

Cardiovascular Effects. Acute ingestion of caffeine has been 

reported to raise blood pressure, heart rate, plasma catecholamines 

levels and renin activity. However, chronic ingestion of caffeine has 

little or no effect on the above hemodynamic variables. Acutely 

administered caffeine increases cardiac output and stroke volume. The 

chronic use of caffeine and its effect on cardiac output or stroke 

volumes has never been studied. However, it is concluded that in light 

of the tolerance that develops to caffeine effects on other 

cardiovascular variables, it seems unlikely that habitual consumption of 

caffeine would alter cardiac output or stroke volume (Curatolo and 

Robertson, 1983). 

Respiratory Effects. The respiratory rate in nonconsuming 

subjects increased when 250 mg of caffeine was administered. It was 

reported that the degree of respiratory stimulation correlated with the 

plasma caffeine levels. Chronic ingestion of caffeine did not alter 

respiratory rates in habitual consumers of caffeine (Curatolo and 

Robertson, 1983). 

Gastrointestinal Effects. Acutely administered caffeine (250 to 

500 mg) stimmulated gastric acid and pepsin secretion. Curatolo and 

Robertson reviewed studies in which decaffeinated coffee also stimulated 



gastric acid, pepsin, and gastrin secretion. The assumption is that 

some ingredient other than caffeine has a significant effect on gastric 

secretion. 

The effects of caffeine on the small intestine have not been 

adequately studied. Caffeine has been shown to stimulate water and 

sodium secretion in the small intestine. However, coffee does not 

appear to influence small intestine secretion. This cause of the 

discrepancy between the effects of caffeine and coffee remains unknown 

(Curatolo and Robertson, 1983). 

Renal Effects. Acutely ingested caffeine has been known to 

produce mild urinary volume increases and urinary sodium excretion. 

However, tolerance to these effects develops after habitual consumption 

of caffeine. The diuretic effects of the methylxanthines may result 

mostly from a decrese in tubular reabsorption of sodium and water 

(Curatolo and Robertson, 1983). 

Central Nervous System (CNS) Effects. Caffeine has many effects 

on the CNS. It may influence psychomotor coordination, 

electroencephalographic spectra (EEG), sleep, mood behavior, and/or 

cognition of normal nonconsuming (i.e., caffeine naive) individuals. In 

normal individuals, caffeine increases vigilance and decreases motor 

reaction time in response to visual and auditory stimuly. A wide 

interindividual variation in sensitivity to the sleep-altering effects 

of caffeine exists. Sleep latency and decreased quality of sleep has 

been reported after consumption of coffee before going to bed by a 

greater proportion of nondrinkers of coffee than habitual heavy coffee 



drinkers. Furthermore, normal volunteers report heightened feelings of 

alertness or anxiety. Heavy coffee drinkers report pleasant stimulation 

and alertness, whereas nondrinkers of coffee report unpleasant feelings 

of alertness and nervousness. However, in general heavy coffee drinkers 

may become tolerant to caffeine-induced CNS alterations (Curatolo and 

Robertson, 1983). 

Metabolism 

Methylxanthines are eliminated primarily by metabolism in the 

liver. "About 10% and 1% of orally administered theophylline and 

caffeine, respectively are recovered unchanged in the urine" (Rail, 

1980). More than 98% of caffeine and 89% of theophylline "entering the 

renal tubule by glomerular filtration is reabsorbed into the blood 

stream rather than excreted in the urine" (von Bortel, 1983). The rate 

of methylxanthine elimination in man varies with age, endocrine status, 

disease, or presence of other drugs. Von Borstel (1983) lists 

approximate caffeine elimination half-lives as follows: newborns 82 

hours; infants 3-4.5 months of age, 14 hours; children from six months 

to 13 years, 2.6 hours; and adults about 5-6 hours. Therefore, 

efficiency of methylxanthine elimination depends on their conversion or 

biotransformation into metabolites in the liver that are more readily 

excreted in the urine. 

The possible initial biotransformation step for caffeine in 

mammalian tissues is oxidative removal of one or more of the methyl 

groups (demethylation) to yield one of the dimethylxanthines 



theophylline, theobromine or paraxanthine. It is generally agreed that 

caffeine is metabolized by enzymes of the microsomal cytochrome p-450 

system (Grant et al., 1983). In humans, von Borstel (1983) states that 

"70 % of a caffeine dose is initially converted to paraxanthine, and 25 

% is demethylated to form theophylline and theobromine; less than 5% is 

initially metabolized by two reactions which do not involve 

demethylation" (Figure 2). The next step is oxidation at the "8" 

position of the purine ring structure to yield 1,3,7-trimethyluric acid 

or hydration and ring cleavage between position "8" and "9" to yield 

6-amino-5-[N-formylmethylamino]-l,3-dimethyluracil, referred to as 

3,7-DAU in Figure 2 (Blanchard et al., 1985). The initial metabolites 

are further biotransformed by various combinations of demethylation and 

oxidation to form methylated derivatives, and ring-opening to form 

diaminouracil derivatives. Grant and coworkers (1983) surmise that in 

the case of theophylline, the soluble enzyme xanthine oxidase is 

responsible for the conversion of 1-methylxanthine (1-MX) to 

1-methyluric acid (1-MU). These "secondary derivatives" are readily 

removed from the blood stream (von Borstel, 1983). Therefore, following 

consumption of caffeine, theophylline or theobromine, the body is 

generally exposed to significant concentrations (depending on caffeine 

level consumed from the diet or from drugs) of caffeine itself, or the 

other three dimethylxanthines theophylline, theobromine, and 

paraxanthine. 

Grant and coworkers (1983) report that the caffeine "profile of 

metabolite ratios, was found to differ widely" between Oriental and 



14 

1,3,7-DAU 
(ADMU) 

Caffeine 
(1,3,7-MX) 1,3,7-MU 

1,7-DAU 

Theophylline 
(1,3-MX) 

Paraxanthine 
(1,7-MX) 

Theobromine 
(3,7-MX) 3,7-DAU 

A2 
(AFMU) 

I 
1-MX 7-MX 

A1 
(AAMU) 

1,7-MU 1,3-MU 3,7-MU 

7-MU 

Figure 2. Proposed metabolic pathways for caffeine in man. Dashed 
lines indicate unestablished pathways. 1,3,7-DAU (ADMU) = 
6-amino-5-[N-formylmethylamino]-l,3-dimethyluracil; 3,7-DAU = 
6-amino-5-[N-formylmethylamino]-l-methyluracil; 1,7-DAU = 6-
amino-5-[N-formylmethylamino]-3-methyluracil. 
(Figure is adopted from Blanchard et al., 1985.) 



15 

Caucasian groups. "Ratios denoting cytochrome P-450 dependent 

activities" were shown to be interethnically variable between the two 

groups. Subjects in the Oriental group were "slow" acetylators as 

compared to Caucasians, who were "fast" acetylators as indicated by the 

AFMU/1-MX ratio (this ratio was investigated as a marker of acetylator 

status; and therefore, of N-acetyltransferase activity). This 

variability between the two groups is most probably due to genetic 

polymorphism. 

A very important aspect of methylxanthine metabolism in infants 

needs to be mentioned. In infants, theophylline is methylated to form 

caffeine (Haley, 1983). Plasma caffeine concentrations in infants were 

1.8 mg/L when theophylline concentrations were 4.6 mg/L, and the plasma 

caffeine concentrations were 3.7 mg/L when theophylline concentrations 

were 11.0 mg/L in the same infants. The hepatic cytochrome P-450, which 

aids in methylxanthine metabolism, is apparently deficient in the 

neonate. The methylation of theophylline to caffeine also occurs in 

adults as Tang-lui and Riegelman (1981) reported. 

Major Therapeutic Uses of Methylxanthines 

Caffeine and theophylline are currently being used as central 

nervous system (CNS) stimulants and bronchodilators. In the management 

of neonatal apnea, both caffeine and theophylline have been widely used. 

More recently, these two methylxanthines have been used for the possible 

prevention of Sudden Infant Death Syndrome (S.I.D.S) (Aranda et al., 

1983). Theophylline has been a major bronchodilator used in the 



management of asthma. Caffeine is also used as an analgesic adjuvant 

as evidenced by the widespread addition of caffeine to 

over-the-counter analgesics. This addition of caffeine seems to be a 

useful way to extend the analgesic efficiency of the pain relieving 

preparations (Beaver, 1984). 

Neonatal Apnea and S.I.D.S. 

Neonatal apnea is defined as the cessation of breathing of 

greater than 10, 20 or 30 second duration, with or without bradycardia 

and/or cyanosis. Methylxanthines have been used extensively in the 

treatment of apnea of prematurity, because they decrease the number of 

episodes and increase minute ventilation (Aranda et al., 1983; 

Srinivasan et al., 1983). Aranda and co-workers (1983) studied 12 

infants who experienced apnea. These infants were diagnosed as having 

near-miss S.I.D.S. Near-miss S.I.D.S. is a term referring to the 

condition of an infant who has had an apneic or cyanotic episode and has 

been resuscitated successfully. In this study, 10 mg/Kg of caffeine was 

administered to the 12 infants, which induced a significant increase in 

ventilation tidal volume, and mean respiration flow. Therefore, the 

possible role of caffeine in the management of apnea in young infants is 

indicated, since the central inspiratory drive was increased in these 

neonates with apnea and infants with near-miss S.I.D.S. (Aranda et al., 

1983). 

However, the dosing of caffeine and theophylline is difficult 

during the first six months of life of the infant, because of the rapid 



maturational changes in caffeine elimination during this period (Aranda 

et al.,1983). The plasma half-life of caffeine in the newborn infant is 

about 100 hours and changes to about three hours by approximately six 

months of age. Therefore, dosages require constant adjustment in the 

young infant with apnea (Aranda, 1981). 

Another problem is that of long term effects of chronic 

treatment with theophylline on glucose homoestasis. It is known that 

metabolic effects of theophylline in adults and experimental animals 

include an elevation in plasma glucose, free fatty acids, glucagon, and 

insulin concentration (Srinivasan et al., 1983). Hyperglycemia in an 

infant during daily theophylline administration was observed, despite 

blood theophylline values being in the normal therapeutic range 

(Srinivasan et al., 1983). Decline in plasma glucose, corresponded with 

the time for elimination of theophylline from the body in this infant 

(Srinivasan et al., 1983). This observation was seen in two of the 

infants studied. None of the infants were given theophylline for more 

than 12 days. Srinivasan and co-workers (1983) conclude that plasma 

glucose should be monitored in infants receiving theophylline. 

Asthma 

Theophylline is an effective drug for the treatment of asthma in 

children. Caffeine has pharmacologic activity similar to that of 

theophylline. Becker and co-workers (1984) compared the bronchodilator 

effect and pharmacokinetics of caffeine and theophylline in 23 asthmatic 

children, ranging in age from eight to 18 years. Thirteen patients 
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received caffeine (10 mg/Kg) and 10 received theophylline (5 mg/Rg). 

The caffeine bronchodilator effect did not differ significantly from 

that of theophylline. Side effects were seen after both caffeine and 

theophylline administration. Caffeine peak serum levels (13.5 _+ 2.9 

mg/L) occurred at one hour, and theophylline peak serum levels (8.4 

1.7 mg/L) occurred at two to three hours. The conclusion was that 

caffeine, like theophylline, is also an effective bronchodilator (Becker 

et al., 1984). 

Methylxanthine Excretion into Breast Milk 

Importance and Prevalence of Breast Feeding 

Human milk is generally regarded as the optimum form of 

nourishment for infants under one year of age. Survival of the human 

species often required early man to develop other means for nourishing 

the infant, when the mother could not nurse the infant. This led to the 

recognition of the importance of milk for the infant. Artificial means 

were developed for those mothers who could not or did not choose to 

breast feed their infants. In the earlier days, artificial feeding was 

associated with a five-fold higher infant mortality relative to breast 

fed infants. Consequently, during the industrial revolution, an 

increase in wet nurse services occurred. The recent resurgence in 

breast feeding recognizes the distinct advantages of breast feeding the 

infant, mainly to prevent infectious diarrhea. Despite improvements in 

artificial milk feeding practice, breast-fed infants continue to show 

less morbidity. Hospitalization rate among Arab infants was 0.5% for 



breast fed infants, and 24.8% for bottle fed infants (Wilson, 1983). 

An approximate 25% increase in breast feeding has occurred in 

the past decade apparently "independent of parity, type of medical care, 

education status, home location, or family income" (Wilson, 1983). 

Wilson (1983) also states that "the largest incidence of in-hospital 

breast feeding (65-71%) is seen in the western part of the United 

States". This trend of increased breast feeding might be due to the 

abundant research recently beeing done in breast feeing, and the 

information conveyed to the general public about the advantages of 

breast feeding. The mean maximum duration of breast feeding in the 

United States is about 3-4 months. 

This prevalence of breast feeding and the importance of human 

milk for optimum growth and development of the infant, thus provides a 

reason for pursuing better understanding of methylxanthine or any drug 

excretion into breast milk. 

Determinants of Drug Excretion in Breast Milk 

Few studies exist on methylxanthine excretion into breast milk. 

More is known about drug excretion during pregnancy or at time of 

delivery than during lactation. Nevertheless, exposure of the infant to 

drugs in breast milk is dependent on maternal and infant determinants 

(Wilson, 1983). The maternal determinants are: dose received, drug 

metabolism and excretion, and distribution in the milk. The infant 

determinants are: time of feeding relative to dosing, volume of milk 

consumed, and absorption and disposition. The first two determinants 
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for both the mother and the infant can be adjusted to minimize the 

amount of drug received in the milk. The rest of the determinants are a 

function of physiology of lactation, infant development, and the 

particular physicochemical and pharmacological properties of the drug in 

mammalian tissues (Wilson, 1983). 

In general, for highly protein-bound drugs only that a small 

concentration of drug would be delivered into milk relative to maternal 

drug concentration (Wilson, 1983). For example, theophylline 

elimination into breast milk of approximately 1% of total elimination 

occurred, and approximately 0.97 mg was found in milk during a six-hour 

period (Tyrala and Dodson,1979). 

Previous Studies on Methylxanthine Concentration in Breast Milk 

Berlin (1981), studied caffeine, theophylline, and theobromine 

excretion in breast milk. The women's diets were controlled and milk 

analysis performed after a single dose of theobromine and caffeine. The 

assay used in this study did not separate theophylline from 

paraxanthine. Therefore, paraxanthine, which is a major metabolite of 

caffeine, might have eluted at the same time as theophylline giving 

artificially elevated concentrations of theophylline. This study also 

used theophylline as internal standard, which complicates the results 

even more in calculating correct levels of theophylline in the milk 

samples, the assay of any drugs should use a substance that does not 

exist in the fluid to be analyzed to avoid possible co-elution of 

substances, thus making it easier to evaluate concentrations of the drug 

in question. 



Tyrala and Dodson (1979) measured caffeine secretion in serum 

and breast milk of five mothers after one standardized oral dose of 

caffeine (150 or 300 mg). Their study found peak levels of caffeine at 

60 minutes after dosing. Binding of caffeine by breast milk was low 

(3.2%). They concluded that caffeine does not diffuse freely into 

breast milk and that concentrations in milk are lower than maternal 

serum. After ingestion of the 150 mg caffeine dose, peak levels in 

serum were 2.39 to 4.05 mg/L. 

Yurchak and Jusko (1976) studied theophylline levels in milk of 

five subjects. They found that "theophylline distributes well into 

breast milk." After an overnight fast, three women received a single 

dose of 4.25 mg/Kg of theophylline. The two other women were studied 

while receiving doses of 200 mg of theophylline four times a day for 

bronchial therapy. The average milk to serum concentration ratio in 

these women was 0.7. The milk concentration of theophylline paralleled 

the time-course of serum and saliva theophylline concentration. They 

concluded that "on a relative body weight basis, a nursing infant would 

usually receive less than 10% of the mother's dose," which is not a 

significant amount in normal circumstances. 

Berlin and coworkers (1984) studied disposition of dietary 

caffeine in milk of 15 lactating women. The women were controlled for 

intake of caffeine to a known amount (36 to 335 mg) of caffeinated 

beverage. They collected samples at various intervals for 12 hours. 

Caffeine peak levels were measured within one hour in milk (2.09 to 7.17 

mg/L). Elimination half-lives were 1.3 to 13.5 hours. It was concluded 



that the "amount of caffeine available for infant absorption ranged from 

0.01 to 1.64 mg or 0.06% to 1.5% of maternal dose." Therefore, maternal 

ingestion of a single caffeinated beverage does not present a 

significant dose to the infant. The problem of women consuming more 

than one cup of caffeinated beverage per day has not been considered. 

This study used the assay of Berlin (1981) to evaluate caffeine 

concentration in the breast milk samples. 

In conclusion, relatively few studies have examined 

methylxanthine excretion into breast milk. In all the studies reviewed, 

subjects were limited in dietary intake of xanthines, all were given 

controlled doses of the drug. None of these studies analyzed more than 

two methylxanthines at the same time. In contrast to these studies, 

this study analyzes and successfully separates chromatographically 

caffeine, theophylline, theobromine and paraxanthine. These last three 

xanthines are important initial metabolites of caffeine. Also, this 

study does not control the drug dosage in subjects, but studies nursing 

mothers' intake levels of methylxanthines habitually consumed in the 

diet and their milk concentrations under free-living conditions. 

Methylxanthines and Different Socioeconomic Groups 

No studies to date have examined the possible ethnic or 

socioeconomic effects on the dietary methylxanthine intake of nursing 

mothers nor of methylxanthine metabolite concentrations in breast milk. 

Therefore, this study was initiated to see if consumption or levels in 

breast milk could be linked with income status and/or ethnic grouping. 



Four population groups, of ten nursing subjects each, were chosen as 

follows: Anglo-American, middle income; Anglo-American, low income; 

Hispanic-American, middle income; and Hispanic-American, low income. 

Few studies have examined ethnic differences in drug metabolism (Kalow, 

1982). Since caffeine, theophylline and theobromine come from dietary 

sources, these studies as reviewed and performed by Kalow, will be 

mentioned. Kalow (1982) states that some studies indicate interethnic 

differences of drug metabolism capacity among groups, and that they are 

common occurrences. These differences can have genetic and/or 

environmental causes. As mentioned in an earlier section of this 

thesis, caffeine metabolism differences between ethnic groups have been 

observed by Grant and coworkers (1983). See section entitled 

"Metabolism", page 12. 



STATEMENT OF THE PROBLEM 

In view of the few studies which have examined dietary 

consumption levels and breast milk concentrations of methylxanthines in 

nursing mothers, this study evaluated the dietary methylxanthines 

consumption levels and the excretion of four methylxanthines in the 

breast milk of 40 lactating women of different socioeconomic and ethnic 

backgrounds. These women were studied under free-living conditions, not 

restricted in diet or drug intake in any way. Therefore, it is the 

purpose of this study to reveal the usual consumption and breast milk 

levels of methylxanthines in this free-living group of women. 

Research Questions 

1. What are the consumption levels of caffeine, theophylline, and 

theobromine of these lactating women? 

2. What are the breast milk concentrations of caffeine, theo

phylline, theobromine, and paraxanthine in these lactating 

women? 

3. Are there differences in caffeine, theophylline, and theobromine 

consumption levels between the different ethnic and/or socio

economic groups of women? 

4. Are there differences in caffeine, theophylline, theobromine, 

and paraxanthine concentrations in breast milk between the 

different ethnic and/or socioeconomic groups of women? 
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Are there correlations between methylxanthine consumption and 

the breast milk methylxanthine concentrations of these 

lactating women? 



MATERIALS AND METHODS 

Population and Sample 

Forty healthy nursing mothers of different socioeconomic classes 

ranging from 19 to 37 years of age participated in this study on a 

volunteer basis. These subjects were recruited via presentation of this 

project by the principal investigator to La Leche League International 

Organization, El Rio Neighborhood Health Center, Women Infant and 

Children Program, St. Elizabeth of Hungary Clinic, University of 

Arizona, Department of Family and Community Medicine and Nutrition, and 

acquaintances, all located in Tucson, Arizona. As an incentive to 

participate in the study, subjects were given a computer analysis of 

their diets listing essential nutrients and were offered a final report 

on the results of this study. These subjects represented two 

socioeconomic groups and two ethnic groups. Twenty mothers were 

Anglo-American, ten of middle income, and ten of low income. Twenty 

mothers were Hispanic-American, ten of middle income, and ten of low 

income. Middle income is defined as 185.1% or greater of income poverty 

guidelines established by the Office of Management and Budget (OMB) 

effective 1 July 1983, and low income is defined as 185% or less of 

income poverty guidelines established by OMB (Appendix E). 

Data Collection 

Each subject was presented with a Human Subject's Consent Form 

26 



(Appendix A), which she signed, a cover letter on University of Arizona 

letterhead stating appreciation for her cooperation, and instructions on 

milk sample collection and dietary intake recording (Appendix B). A 

questionnaire on demographics and food frequency intake for assessing 

xanthine intake was also administered to each subject (Appendix C). The 

mothers were also instructed verbally on when and how to collect milk 

samples, and how to record food, beverage, and drug intake in a 

three-day dietary record (Appendix D). Each subject participated in 

this study for three consecutive days. Milk samples for analysis were 

collected within five days after interview. Milk samples and dietary 

records were collected from these women over a six-month period. This 

entire protocol was administered and performed by one individual, the 

author, to ensure consistency of data collection and analysis. 

Each mother donated six breast milk samples collected during 

three consecutive days. On each day, the mother collected a fasting 

15-ml sample of breast milk upon arising (i.e., while fasted) in one 

sterilized plastic bottle, while in a sterilized glass bottle a combined 

sample of milk was collected as follows: Five ml were collected each 

time she breast fed her infant until bedtime or until three a.m. In 

this way the researcher would get two average xanthine milk 

concentrations for each day, (a) before breakfast and (b) throughout the 

day. The milk was tightly capped and placed in the subject's freezer; 

these samples were then collected within three days. All samples were 

stored frozen at -30°C until time of the analysis. 
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Materials and Instruments 

Reagents 

Sources of the methylxanthine and internal standard chemicals 

used in chromatographic analysis of this study were: Caffeine 

(1,3,7-trimethylxanthine, 1,3,7-MX), theobromine (3,7-dimethylxanthine, 

3,7-MX), theophylline (1,3-dimethylxanthine, 1,3-MX), (Eastman Kodak 

Co..Rochester, NY); and paraxanthine (1,7-dimethylxanthine, 1,7-MX) and 

proxyphylline (Sigma Chemical Co., St. Louis, MO). 

Sodium acetate (MCB Manufacturing Chemists, Cincinnati, OH), 

tetrabutylammonium hydrogen sulfate (Aldrich Chemical Co., Milwaukee, 

WI), glacial acetic acid (Ashland Reagents ACS, Columbus, OH), sodium 

hydroxide (Mallinckrodt Chemical Works, St. Louis, MO), and perchloric 

acid, reagent ACS (Eastman Kodak Co., Rochester, NY) were of analytical 

grade; and methanol (J.T. Baker Chemical Co., Philipsburg, NJ) was of 

HPLC grade. The water was obtained from a Milli-Q system (Reagent grade 

water; Millipore Corp., Bedford, MA). 

Apparatus 

An Altex high-performance liquid chromatograph Model 322 

(Berkeley, CA) was used, which included two Altex Model 100A pumps 

controlled by an Altex Model 420 Microprocessor-Controller to deliver 

eluent at 1.5 ml/min, an Altex Model 210 injection valve, a variable 

wave-length detector (Model 100-30; Hitachi Scientific Instruments, 

Mountain View, CA), an Altex analytical column, (Ultrasphere 0DS, 25 cm 

long x 4.6 mm i.d., 5 um), and an Uptight HPLC pre-column (Upchurch 



Scientific, Inc., Oak Harbor, WA) packed with Co:Pell ODS glass beads 

(Whatman, Inc., Clifton, NJ). A strip-chart recorder (Kipp and Zonen; 

Model BD 40, Delft, The Netherlands) recorded the peaks, which were 

evaluated with an Autolab Minigrator (Spectra-Physics, Santa Clara, CA). 

A 50-uL syringe (Model 705-SNR; Hamilton Co., Reno, NV) was used to make 

all injections. 

Analysis of Milk Samples 

Diet Records 

The three-day dietary and drug records were analyzed for 

necessary nutrients as listed in the USDA Agricultural Handbook No. 8 

and 456 using a dietary software program (Evrydiet: A Nutrition and Diet 

Guide by J. Garguilo, 1983; Evryware Co., Palo Alto, CA) in an IBM 

computer. Drug intake was evaluated for xanthine intake by using the 

1985 version of the Physician's Desk Reference (Medical Economics Co., 

Oradell, NJ). 

The diet records were also analyzed for xanthine containing 

foods and beverages as follows: Each subject's total xanthine intake 

per day was quantified (or evaluated) by using tables of foods and 

beverages containing xanthines (caffeine, theobromine, theophylline) 

published by Lecos (1984), Graham (1978), Bunker and McWilliams (1979) 

and Craig and Nguyen (1984). 

Milk 

The milk samples were analyzed using a modification of the HPLC 
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technique published by Tang-Liu and Riegelman (1982). Samples were 

prepared in duplicate from each of the six samples collected per mother. 

A total of 240 samples were analyzed in duplicate. 

Internal Standard. The internal standard stock solution of 0.50 

g/L proxyphylline was prepared with water. To 43.33 ml of this standard 

stock solution was added 6.0% (V/V) perchloric acid to produce one 

liter. The final concentration of the internal standard in milk was 5.0 

ug/ml. 

Xanthine Standard Solutions. A master stock solution for each 

of the xanthines was prepared using water to yield a concentration of 

100 mg of each xanthine per 100 ml. This master stock solution was then 

used to make six aqueous standard solutions with concentrations as 

follows: (a) 5 ug/ml, (b) 10 ug/ml, (c) 30 ug/ml, (d) 50 ug/ml, (e) 100 

ug/ml, and (f) 125 ug/ml. 

Mobile phases. Solvent system A contained 10 mM sodium acetate 

and 5 mM tetrabutylammonium hydrogen sulfate with the pH adjusted to 4.9 

by 2 N sodium hydroxide in water. This system was then filtered through 

a Nylon-66 filter (0.2 um pore size, 47 mm diameter; Rainin, Woburn, 

MA). Solvent system B contained the same amounts of salts as solvent 

system A, but included 50% (v/v) of methanol, with the pH adjusted to 

4.8 by glacial acetic acid. This system was also filtered through a 

Nylon-66 filter. 

Milk sample treatment. Duplicate samples were prepared for each 

of the six samples collected from each subject. The milk samples were 

thawed by removing them from the freezer and allowing to thaw in the 



refrigerator overnight. Twelve samples were prepared daily for analysis 

as follows: 

1. Each milk sample was vortexed for five seconds and one ml was 

pipetted into a 1.5-ml plastic microcentrifuge tube (West Coast 

Scientific Inc., Emeryville, CA). 

2. The milk samples were spun down using an Eppendorf Model 5412 

microcentrifuge (Brinkmann Instruments, Westbury, NY) at 12,800 Xg for 

10 minutes. 

3. A top layer of fat appeared after centrifugation, which was 

removed carefully by a spatula so as not to disturb the supernatant and 

bottom layer of solids. 

4. 0.5 ml of supernatant was pipetted (using a wetted tip) into a 

1.5-ml centrifuge tube and 0.15 ml of internal standard solution was 

added to the tube. 

5. This mixture was then vortexed for five seconds and cooled on 

ice for 10 to 15 minutes. 

6. Next, the tubes were spun down in the microcentrifuge at 12,800 

Xg for 10 minutes. 

7. The top clear layer of supernatant was pipetted into a clean 

tube, leaving behind a bottom layer of precipitated proteins and other 

solids. 

8. This clear supernatant was tested for protein concentration with 

Albustix reagent strips (Ames Co., Elkhart, IN). Protein concentration 

was negative as indicated by the reagent strip. 

9. The supernatant was then injected into the HPLC for xanthine 

quantitation. 
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Standard Curves 

Blank milk was used as a medium for preparing standard curves to 

which known amounts of theobromine, paraxanthine, theophylline, and 

caffeine were added to yield six different concentrations. The "blank 

milk" was obtained from a nursing mother (the author) who had abstained 

from consuming any xanthine-containing products for three days. Six 

blank milk samples were spiked in duplicates with six concentrations of 

each xanthine stock solution as follows: First, the blank milk was spun 

using the Eppendorf centrifuge at 12,800 Xg for 10 minutes. The top 

layer of fat was removed with a spatula. Then 450 uL of supernatant was 

pipetted into a 1.5-ml tube, to which 50 uL of a standard solution (5, 

10, 30, 50, 100 and 125 ug/ml) and 150 uL of internal standard in 6% 

(V/V) perchloric acid were added. Next each spiked solution was treated 

as described in the above sample preparation procedure starting at point 

number 5. This procedure yielded six standard solutions with the 

following final concentrations: (a) 0.5 mg/ml, (b) 1.0 mg/ml, (c) 3.0 

mg/ml, (d) 5.0 mg/ml, (d) 10.0 mg/ml, (f) 12.5 ug/ml which encompases 

the estimated range of these xanthines to be found in the breast milk. 

Standard curves were constructed by plotting the peak-height 

ratio of each xanthine to internal standard versus xanthine 

concentration. 

HPLC Conditions 

The HPLC system was operated at ambient temperature, with peak 

detection at a wavelength of 272 nm. The elution of each sample was 



achieved by a gradient program in which the concentration of methanol 

varied from 0% to 16% (Figure 3). The flow rate throughout the gradient 

program was 1.5 ml/min. 

Recovery Experiments 

Analytical recovery was determined by preparing six standards as 

described above in the "Standard Curve" section, except using water 

instead of blank milk. These "spiked" water standard solutions allowed 

us to calculate percent recovery as follows: For each concentration a 

mean peak-height ratio of each xanthine (X) to internal standard (I.S.) 

was calculated. The percent recovery was then calculated by the 

following equation: 

% Recovery = Mean peak-height ratio of X to I.S. for spiked milk x 100 

Mean peak-height ratio of X to I.S. for spiked water 

Data 

The milk data and demographic data of the 40 subjects were 

statistically analyzed by "Statistical Package for the Social Sciences" 

(SPSS), which is an integrated system computer program designed for 

analysis of scientific data (Nie et al., 1975). The system used was 

DEC-System-20/60 T0PS-20. Analysis of variance was performed on the 

milk data of the four groups of mothers for comparison purposes. The 

Pearson r value was used to see if correlations exist between the 
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Figure 3. Solvent program: The percentage of solvent B and the flow 
rate as a function of elution time. The changes in solvent 
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10 min, 30-32% in 4 min, and 32-0% in 3 min. 
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dietary intake of methylxanthines and the breast milk concentrations of 

these compounds. 



RESULTS AND DISCUSSION 

Methylxanthine HPLC Analysis 

The HPLC analysis for caffeine, theophylline, theobromine, and 

paraxanthine of each breast milk sample was performed in duplicate. 

Peaks of the four xanthines and internal standard were well resolved 

(Figure 4). The gradient program (Figure 3) modified from Tang-Liu and 

Riegelman (1982) allowed us to separate the compounds in question 

successfully. In contrast, other studies which have analyzed breast 

milk for methylxanthines apparently did not separate paraxanthine from 

theophylline (Berlin, 1981; Tyrala and Dodson, 1979; Yurchak and Jusko, 

1976; Berlin et al., 1984). These two compounds would elute at the same 

time giving the appearance of one peak or a deformed peak, thus giving 

an erroneous concentration of either theophylline or paraxanthine. The 

recovery experiments were performed for this assay as described in 

"Materials and Methods". The methylxanthine recoveries in breast milk 

were excellent: 95+3.2 %. None of the studies cited above mention a 

recovery experiment. 

Methylxanthine Concentrations 

Diet 

Forty healthy nursing mothers participated in this study, under 

free-living conditions. All these mothers live in Tucson, Arizona and 

freely volunteered to be in this study. Their diets and drug ingestion 
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were not restricted in any way, thus the author refers to this group as 

"free-living". Their ages ranged from 19 to 37 years. The total 

group's average age was 26.7 years. The subjects' diet records were 

evaluated for methylxanthine containing foods, beverages, and drugs as 

described earlier. The three xanthines evaluated in the diet were 

caffeine, theophylline, and theobromine. 

The average daily ingestion of caffeine per person during the 

three-day period was 81 mg with a range of 0-598 mg (Table 3). Average 

theophylline ingestion per day was 0.4 mg, with a range of 0 to 4.7 mg., 

and average theobromine ingestion per day was 32.3 mg, with a range of 

0-176 mg. Paraxanthine intake was not evaluated because it is not 

present in the diet; however, it is a metabolite present in the milk 

samples. One middle income subject of Hispanic background did not 

consume any methylxanthines, thus making the ranges in Table 3 start at 

zero. In contrast, other studies have examined breast milk levels under 

different experimental conditions. Berlin (1981), Tyrala and Dodson 

(1979), and Yurchak and Jusko (1976) controlled the one-time dose given 

to their study subjects. This study examines the methylxanthine 

ingestion levels and the milk concentrations of mothers over a three-day 

period under free-living conditions. None of the 40 subjects in this 

study ingested any xanthines from drug sources. About 50 % of the women 

usually would take only Tylenol, if anything, while nursing. There were 

no significant differences in methylxanthine dietary intake levels among 

the four groups of mothers. No previous studies have examined the usual 

methylxanthine consumption levels or breast milk concentrations of 



Table 3. Methylxanthine Concentrations in Breast Milk of 40 Nursing Hothers 
and Their Methylxanthine Dietary Intake Over a Three-day Period. 

Methylxanthine Day 1 Day 2 Day 3 
Compound ; 

Dietary Breast Dietary Breaat Dietary Breaat 
Intake Milk Intake Milk Intake Milk 
(mg/day) (mg/L) (mg/day) (mg/L) (mg/day) (mg/L) 

Caffeine 0 - 384a 0 - 1.94 0-598 0 - 2.13 0-342 0 - 1.57 
(x «= 90) (x - 0.413) (x - 87) (x - 0.420) (x » 66) (x - 0.426) 

Theophylline 0-4.7 0-1.87 0-2.8 0-1.55 0-4.2 0 - 0.97 
(x - 0.6) (x - 0.347) (x - 0.2) (x - 0.233) (x - 0.4) (x - 0.246) 

Paraxanthine b 0-0.90 b 0 - 1-87 b 0-1.94 
(x «= 0.388) (x - 0.377) (x - 0.385) 

Theobromine 0 - 176 0 - 4.24 0 - 161 0 - 5.66 0 - 175 0 - 5.87 
(x - 40) (x - 1.355) (x - 29) (x - 1.375) (x - 28) (x - 1.419) 

a. The firat number is the range and number in parentheses is the mean 

b. Not present in diet 



nursing mothers under free-living conditions. 

The overall group ranges of methylxanthines concentrations found 

in the breast milk of this free-living population were: caffeine 0-1.94 

mg/L, theophylline 0-1.87 mg/L, paraxanthine 0-1.94 mg/L, and 

theobromine 0-5.87 mg/L (Table 3). These ranges were lower than those 

found in the literature, except for theobromine, possibly because those 

studies only evaluate levels after administering bolus doses of 

caffeine, theophylline, or theobromine. They did not evaluate a usual 

day's consumption of dietary xanthines. Tyrala and Dodson (1979) report 

peak caffeine levels in milk of 1.4 to 2.4 mg/L, sixty minutes after 

ingestion of 150 mg of caffeine. Yurchak and Jusko (1976) obtained peak 

milk levels of theophylline from about 3 to 4 mg/L at one to three hours 

after ingestion of 200 mg of theophylline by the mother. Berlin and 

co-workers (1984) found peak caffeine milk concentrations ranging from 

2.09 to 7.17 mg/L one hour after oral ingestion of 86 mg to 336 mg of 

caffeine in coffee or tea. Resman (1977) studied theobromine levels in 

the breast milk of six mothers. The peak theobromine levels found in 

the milk were from 1.76 to 3.55 mg/L one hour after ingesting four 

ounces of chocolate containing 240 mg of theobromine and 16 mg of 

caffeine. 

In evaluating the socioeconomic or ethnic effects on xanthine 

metabolite levels in milk, each of the four groups were compared (Table 

4). There were no significant differences found in the caffeine, 

paraxanthine, or theobromine breast milk concentrations among the four 

groups of mothers. However, the mean theophylline concentrations of the 



Table 4. Mean Caffeine and Dimethylxanthine Metabolites 
Levels (mg/L) in Breast Milk of Nursing Mothers 
of Different Ethnic Backgrounds. 

Ethnic Group* 

Compound Day Anglo-teerican Diepanic-Aarericaa 

Faated Coapoaite Faated Coapoaite 

1 0.273* 0.364 0.287 0.462 
(* 0.223) (• 0.462) (• 0.289) (•. 0.382) 

Caffeine 2 0.246 0.343 0.360 0.494 
(• 0.351) (• 0.411) (• 0.383) (• 0.348) 

3 0.242 0.338 0.322 0.514 
(• 0.248) (•. 0.304) (+ 0.390) ' (•. 0.385 

1 0.402b 0.332 0.143b 0.342 
(• 0.202) (• 0.242) (• 0.113) (• 0.485) 

Theophylline 2 0.336 0.320 0.217 0.143 
(• 0.230) (• 0.300) (+ 0.339) (• 0.133) 

3 0.301 0.334c 0.172 0.138e 

( • 0.234) (• 0.217) (•. 0.157) (• 0.152) 

1 0.391 0.363 0.294 0.411 
(• 0.269) (• 0.327) (• 0.267) (•. 0.278) 

Faraxanthine 2 0.430 0.403 0.387 0.349 
(• 0.313) <• 0.326) (• 0.284) (•. 0.336) 

3 0.304 0.394 0.284 0.377 
(•. 0.277) (•. 0.317) (• 0.284) (• 0.303) 

1 1.293 1.449 1.343 1.260 
(+ 0.726) (•. 1.134) (• 0.906) (• 0.929) 

Theoboaine 2 1.493 1.346 1.399 1.404 
(• 1.343) (• 1.396) (• 0.932) {• 0.823) 

3 1.341 1.371 1.244 1.467 
(• 1.120) (• 1.192) (• 1.301) (• 1.305) 

a. The nuvbera ihow neana • atandard deviations (mg/L). 

b. Denote eignificant difference betveen acana vith auperacript b for faated 
aaaplea (p - 0.0003). 

c. Denote aignificant difference between neana vith auperacript c for Coapoeit* 
aaaplee (p - 0.0097). 

Ho other aignificant differencea were found aaong each of the aetabolita aeana 
(p > 0.03). 
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Anglo-American women were found to be significantly different from the 

mean concentrations of the Hispanic-American women on two of the three 

days studied. The fasting milk samples on "day 1" of the Anglo-American 

group resulted in a mean thophylline concentration of 0.402 mg/L, which 

was significantly higher (p < 0.0003) than the mean fasted sample of 

the Hispanic-American group of 0.143 mg/L. The combined samples on "day 

3" of the Anglo-American group was also significantly higher in mean 

theophylline concentration than that of the Hispanic-American group: 

0.354 mg/L versus 0.138 mg/L (p < 0.0097). The mean theophylline 

concentrations of the Anglo-American women for all samples collected 

were higher than the means of the Hispanic-American samples; however, 

differences between most of the individual group means were not 

statistically significant (p > 0.05). The means were not significantly 

different, most probably because n (number of subjects) was not large 

enough. It is speculated that if 45 subjects in each ethnic group were 

studied, there could be significant differences found in mean 

theophylline concentrations of breast milk between the Anglo-American 

group and the Hispanic-American group. This estimate of 45 subjects per 

ethnic group is based upon calculations performed using the formula 

(number of subjects) 15.7 x (variance) / (difference presumably chosen 

2 
that would be therapeutically significant) (Westlake, 1979). For 

2 
example, for sample 2 on day 1 for theophylline we have (0.3784) / 

2 
(0.2279) x 15.7 = 43.3. Of course, 45 or any number of subjects per 

group do not guarantee that significant differences will be found. 

It has been shown that genetically-related differences exist in 
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Table 5. Comparison of Daily Intake of Caffeine with Concentrations of Caffeine 
and Dimethylxanthine Metabolites in Breast Milk. 

Dietary Concentrations of Xanthines in Breast Milk 
Caffeine 
Intake 

Caffeine Theobromine Paraxanthine Theophylline 

Day Day Day Dav Day 

1  2  3  1 2 3  1 2 3  1 2 3  

s S S S S S 8 8 8 NS NS NS 

s 8 8 S 8 8 8 S 8 NS NS NS 

8 8 S S 8 8 8 S 8 NS NS NS 

S ~ Significant correlations (positive Pearson r or Product - Moment Correlation) exist 
between the dietary caffeine intake and respective metabolite (p < 0.05). 

NS " Ro significant correlations were found between caffeine intake and theophylline 
concentration in breast milk on any days (p > 0.05). 



content is also influenced by how coffee or tea is brewed, the brand, 

and the blend. The tables used to determine the methylxanthine content 

of diets in this study represented the latest evaluations of caffeine, 

theophylline, and theobromine content in beverages and foods (Lecos, 

1984; Craig and Nguyen, 1984; Bunker and McWilliams, 1979). These 

tables gave averages of various beverages and foods categorized by 

method of preparation, and brand names. 

Socioeconomic Variables 

Socioeconomic and other variables were tested among the four 

groups of women as follows: age in years at time of interview, height, 

weight, number of pregnancies per mother, number of children, number of 

breast fed children in family, infant's age, age of mother at first 

pregnancy, education level, family size, mother's occupation, and 

employment status. Four of the variables tested were significantly 

different among the four groups (p < 0.05), i.e., education level, age 

of the mother at time of interview, age of the infant, and family size 

(Table 6). The rest of the variables tested were not statistically 

different nor included in Table 6. Education level was significantly 

higher for both middle income groups than for the two low income groups. 

This finding is typical, since a higher education is generally known to 

increase income, and vice versa, a higher income generally facilitates a 

higher education. Also, the average age of the two middle income groups 

was statistically higher than that of the two low income groups. This 

is probably due to the fact that their higher education takes time, thus 



Table 6. Socioeconomic and Other Variables Tested Among Four Groups of Nursing Mothers. 

Socioeconomic Groups 

Variable 
Tested 

Anglo-American 
Hiddle Income 

Anglo-American 
Low Income 

Hispanic-American 
Middle Income 

Hispanic-American 
Low Income 

aEducation 
Level 

6.10* + 0.57^ 4.30 ± 1.64c 5.00 + 1.56b 3.20 + 1.40c 

Mother's Age 
in Years 

29.60 • 3.72d 24.90 + 4.48e 27.80 • 3.52d 24.60 + 2.91e 

Family 
Size 

3.80 + 0.79f 3.40 • 0.84f 4.40 + 1.17® 4.70 + 0.48® 

Infant's Age 
in Months 

5.75 + 2.30h 5.23 • 3,52h 3.73 + 2.55* 1.91 + 1.29* 

x. The numbers show means * standard deviations. 

a. Education level was designated as follows: Is* 0-8th grade, 2~ some high school, 3" completed 
high school, 4" vocational/technical, 5E some college, 6* completed college, 7s graduate school. 

b, c, d, e, f, g, h, j. Values with different superscripts letters within rows are significantly 
different (p < 0.01). 

Note: Means with same superscripts are not significantly different from each other (p > 0.05). 



47 

having children comes later in life than in women who do not obtain a 

higher education. 

The infants being breast fed were statistically significantly 

older in the two Anglo-American groups than in the Hispanic-American 

groups, most probably because Anglo-American women breast feed their 

infants longer. Furthermore, this occurrence is probably due to the 

fact that they join organizations that promote breast feeding for 

support and information, such as the La Leche League (LLL). Such 

supportive groups advocate long periods of breast feeding. No 

Hispanic-American women participating as members of such supportive 

organizations were observed during the period of this study. Therefore, 

a lack of knowledge and advice exists among this group of women. This 

occurrence is probably due to a lack of family support, likely because 

they are unfamiliar or embarrassed with the idea of breast feeding due 

to the women's mothers not having experience in breast feeding. They 

might also find it distasteful and have their husbands and/or other 

family members opposed. Another factor to consider is that most of the 

women in the LLL Organization are college graduates or have some college 

education, which might influence women of lower income or lower 

education to feel uncomfortable in participating in such an 

organization. There are little or no provisions made by the health 

professionals, such as physicians, nurses, nutritionists, etc., for 

helping women to continue breast feeding their infants successfully 

during the first few weeks after delivery, much less for a longer period 

of time. Another statistically significant finding was that 



Hispanic-American women tend to have larger families than the 

Anglo-American women, possibly due to different cultural beliefs of the 

two ethnic groups. There are many possible reasons for this 

observation, but its validation would require further study using a 

larger cross-section of the population. 

Potential Methylxanthine Exposure of Infants and Effects 

The potential exposure of the infant to methylxanthines 

ingested via breast milk can now be estimated. Based on the milk 

concentration values found in this study, fully breast-fed infants 

(infants who consume about 700 to 1,000 ml of breast milk daily) 

probably ingest the following amounts of methylxanthines daily: (a) 

caffeine 0-1.94 mg, (b) theophylline 0-1.87 mg, (c) theobromine 0-5.85 

mg, and (d) paraxanthine 0-1.94 mg. These are the usual amounts 

excreted in the milk of this group of mothers, since all of these women 

obtained their methylxanthines through their usual daily diets and not 

from drug sources. 

The adverse effects of methylxanthines in infants reported in 

the literature are irritability, fussiness, poor sleep patterns, and 

diarrhea (Berlin, 1981). Srinivasan and co-workers (1983) list 

increased plasma glucose, free fatty acids, glucagon, and insulin 

concentrations as adverse effects of caffeine and theophylline. They 

reported that two infants out of 15 developed significant hyperglycemia 

during theophylline treatment for apnea. These infants were receiving a 

5 mg/Kg loading dose of theophylline and 1 mg every eight hours to 



maintain levels between 6-11 mg/L. Sullivan (1977) reports that a 

12-month old child took between 1 and 1.5 gm of caffeine and developed 

agitation, hyperglycemia, hypertension, tachycardia, and diuresis. 

Another case reported was that of a seven-week old infant who ingested 

tea (does not give amount of caffeine or theophylline). The infant 

developed agitation, tonic posture, nervous irritability, and died from 

this caffeine overdose (Bolton et al., 1981). 

Can an infant acquire a high enough concentration of any of the 

methylxanthines via breast milk to cause adverse effects? Can an infant 

benefit from methylxanthines ingested via breast milk to prevent 

neonatal apnea or S.I.D.S.? These questions are still to be 

investigated. Much controversy still exist on benefits or adverse 

effects of methylxanthines in infants, since very few studies have 

addressed these issues. Even fewer studies have been done on long-term 

effects during the first six months of life (Aranda et al., 1983; 

Srinivasan et al., 1983; Aranda, 1981). If a nursing mother ingests one 

cup of coffee per day, her breast milk caffeine concentration is so low 

that it does not appear to present significant amounts of caffeine to 

the nursing infant. However, repeated maternal ingestion of 

methylxanthines depends on the average concentration in milk over time, 

volume of milk ingested, infant's clearance rate and time of feeding 

(Tyrala et al., 1979). Yurchak and co-workers (1976) reported that a 

mother on theophylline treatment observed irritability in her infant 

when her milk theophylline levels were at 4.0 mg/L on days she took 

theophylline. 



50 

The methylxanthine ingestion of infants should be of concern, 

since newborn infants up to three months have an average elimination 

half-life of 82 hours, and metabolically convert theophylline to 

caffeine (von Borstel, 1983; Haley, 1983). Therefore, nursing mothers 

with infants three months of age or younger should consider moderate 

consumption of both dietary methylxanthines and methylxanthines from 

drug sources (over-the-counter preparations), until more is known about 

the possible short and long term detrimental effects of methylxanthines 

in infants. 



CONCLUSIONS 

This study has evaluated the dietary methylxanthine 

concentrations in breast milk of 40 mothers of different socioeconomic 

and ethnic backgrounds. The mothers were under free-living conditions, 

since their diet and drug intake were not restricted in any way. 

Therefore, the findings in this study should reveal the usual daily 

consumption and breast milk levels of methylxanthines, which is one of 

the purposes of this study. No significant between-group differences 

were found in intake levels of any of the methylxanthines among the four 

groups. No significant differences were found in breast milk levels of 

caffeine, theobromine, or paraxanthine. However, mean breast milk 

levels of theophylline were significantly higher on two of the days in 

the Anglo-American women than in the Hispanic-American women. This 

observed difference could conceivably be attributed to 

genetically-related differences in their ability to metabolize drugs. 

Socioeconomic and ethnic variables were also tested among the 

four groups. Education level and mother's age were significantly higher 

in the two middle income groups. Family size was significantly lower in 

Anglo-American women. Nursing infant's age was significantly higher in 

the Anglo-American women. No other variables tested were found to be 

statistically different among the four groups of women. 

The methylxanthine ingestion of infants is most concerning, 

since newborns up to three months eliminate caffeine very slowly; 
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caffeine has a half-life of about 82 hours. Furthermore, infants 

metabolically convert theophylline to caffeine (von Borstel, 1983; 

Haley, 1983). Based on the milk concentrations found in this study, it 

can be estimated that fully breast fed infants (infants who consume 

about 700-1000 ml of breast milk daily) probably ingest the following 

amounts of xanthines daily: (a) caffeine 0-1.94 mg, (b) theophylline 

0-1.87 mg, (c) theobromine 0-5.87 mg, and (d) paraxanthine 0-1.94 mg. 

These daily intakes, found in the breast milk of a free-living 

population of mothers, do not appear to present significant amounts to 

the infant. However, caffeine accumulation may occur in newborn 

infants, since newborn infants not only eliminate caffeine very slowly, 

but also convert theophylline to caffeine. 

In view of the methylxanthine levels in breast milk found in 

this study, nursing mothers with infants three months of age or younger 

should consider moderate restriction of their consumption of both 

methylxanthines from drug and dietary sources until more is known about 

the long-term effects of methylxanthines in infants. 



APPENDIX A 

SUBJECT'S CONSENT FORM 

AND 

HUMAN SUBJECT'S COMMITTEE LETTER 

53 



54 

SUBJECT'S CONSENT FORM 

The committee of Nutrition and Food Science/Dietetics at the 

University of Arizona has the privilege of inviting ycu to participate 

in a nutrition research project. The purpose of this project: is to 

evaluate the caffeine content in the breast milk of Tutacross mothers at 

various stages of lactation. We wish to find out what: the levels and 

sources of caffeine are in the breast milk of these mothers. V-.v hope to 
be able to analyze any existing correlations between consumption of 

caffeine and milk levels by taking a series of relative/,/ simple 

measurements from you. 

The following describes your participation in the project, vbat is 

required of you, and what the benefits and risks of the project are. 

1. You (the mother) may withdraw from this project at any time. 

2. All information will be coded and kept confidential in closed 

files to protect all individuals. 

3. A questionnaire will be filled out by each mother during the 

initial interview. 

4. There will be a total collection of breast milk of 8 oz. 

(1 cup) over a three (3) day period. 

5. There will be a single collection of dietary information over 

the three day period. The dietary record will consist of 

writing down everything consumed by the mother in the three 

day period. 

6. Information on dietary supplements, over the counter 

preparations, and prescription medication will also be 

collected over the three day period. 

7. The necessary information forms and further explanation of 

the the three-day record will be supplied by the researcher. 

8. Benefits to the mother include an analysis of her dietary 

intake for calories and other nutrients. In addition, an 

analysis of breast milk content of caffeine will be offered 

to the mother, if she wishes to have this information. 

I have read the above "Subject's Consent". The nature, risks, and 

benefits of the project have been explained to me. I understand that I 

may ask questions and that I am free to withdraw from the project at any 

time without incurring ill will (or affecting my medical care). I also 

understand that this consent form will be filed in an area designated by 

the Human Subjects Committee with access restricted to the principal 

investigator or authorized representatives of the particular department. 

A copy of this consent form will be given to me. 
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Subject's Consent Form 

Page 2 

Subject's Signature Date 

Parent or Guardian Date 

(if appropriate) 

I have carefully explained to the subject the nature of the above 

project. I hereby certify that to the best of my knowledge the subject 

signing this consent form understands clearly the nature, demands, 

benefits, and risks involved in participating in this study, a medical 

problem or language or educational barrier has not precluded a clear 

understanding of her involvement in this project. 

Investigator's Signature Date 
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S )  H E A L T H  S C I E N C E S  C E N T E R  
S r  T U C S O N ,  A R I Z O N A  8  5  7  2 4  

T H E  U N I V E R S I T Y  O F  A R I Z O N A  

HUMAN SUBJECTS COMMITTEE 

1609 N. WARREN (BUILDING 2201. ROOM 112 

TELEPHONE' (6021 626-6"2l or b2f-1 

20 March 1984 

Luz Elena 0. Shearer 
Department of Nutrition 
and Health Food Science 

Arizona Health Sciences Center 

Dear Ms. Shearer: 

We are in receipt of your project, "Methylxanthine Levels 
in Breast Milk of Lactating Women of Different Socioeconomic 
Classes", which was submitted to this Committee for review. 
The procedures to be followed in this study pose no more 
than minimal risk to the subjects involved. Regulations 
issued by the U.S. Department of Health and Human Services 
(45 CFR Part 46.110) authorize approval of this type pro
ject through the expedited review procedures, with the 
condition that subjects' anonymity be maintained. Although 
full Committee review is not required, a brief summary of 
the project procedures is submitted for the Committee's 
information and comment, if any, after the administrative 
approval is granted. This project is approved effective 
20 March 1984. 

Approval is granted with the understanding that no changes 
will be made in either the procedures followed or in the 
consent form to be used (copies of which we have on file) 
without the knowledge and approval of the Human Subjects 
Committee and the Departmental Review Committee. Any 
physical or psychological harm to any subject must also 
be reported to each committee. 

A university policy requires that all signed subject consent 
forms be kept in a permanent file in an area designated for 
that purpose by the Department Head or comparable authority. 
This will assure their accessibility in the event that 
university officials require the information and the principal 
investigator is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 

MN/pp 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  

COLLEGE OF AGRICULTURE 

T U C S O N ,  A R I Z O N A  8 5 7 2 1  

DEPARTMENT OF NIMUTMN AND L"000 SCIENCE 
M AGRICULTURAL SCIENCES WILDING 

Luz Elena Shearer 
Department of Nutrition and Food Science 
Home Economics Building, Soon 320 
University of Arizona 
Tucson, AZ 85721 
Phone (602) 621-1670 or 621-5675 

Dear Participating Mothers: 

Thank you for participating in this breast milk project. We wish to find 
out levels and sources of caffeine in the breast milk. We hope to be able 
to study any existing relationships between consumption of caffeine and 
•11k levels. We hope you will stay with this project for three days, as 
your cooperation will greatly help us; however, if you can not, we under
stand. 

Tou will collect sull amounts of milk for three (3) consecutive days. In 
those same three days, we would like you to fill out the dietary (Food and 
beverage intake) information sheets attached. Note that there is alao a 
form for writing down Information on supplements, non-prescription preparations, 
or prescription medication you take during the three-day period. It is very 
important that we have all this Information for the analysis of both your 
milk and your dietary Intake. 

The following will give you detailed Instructions for the actual 
milk collection, and dietary information sheets. 

1) DAT 1 

Bottle #1 - In the morning before you eat or drink anything 
as you breast feed your baby, hand express or pump 1 tablespoon 
(15cc) or more of milk Into bottle #1. You may express milk 
at any time during your baby's feeding from either breast. 
Place lid on bottle, close the lid tightly, and place it In your 
freezer. 

2) Bottle #2 - Hand express or pump 1 teaspoon (See) or more of 
milk everytlme you nurse your baby. Again, you uy collect at 
anytime during feeding from either breast, but you must do It 
around the time of feeding your baby. For example. If you 
nurse your baby six times a day, you vill collect six teaspoons 
or more in bottle #2. Everytlme you collect a teaspoon or more 
put it in bottle #2, mark the level with a pen or pencil, place 
lid on tightly, and place la freezer until you are ready to add 
more. Bottle #2 will contain a milk sample of every feeding un
til bedtime or until 3 A.M. if yon narse your baby at 
night. 



Luz Elena Shearer 
Page 2 

2) DAT 2 - Tou will repeat sane procedure as Day 1. 

Bottle #3 - Band express or pump 1 tablespoon or sore In the 
morning before eating or drinking anything on day 2. 

Bottle #4 - Collect 1 teaspoon every time you nurse your baby 
on day 2. 

3) DAY 3 - You will repeat sane procedure as Day 1. 

Bottle #5 - Collect 1 tablespoon or more before breakfast. 

Bottle #6 - Collect 1 teaspoon or aore everytime you nurse 
your baby on day 3. 

Please do not forget to close lids cm bottles tightly and place 
in freezer. 

4) During the three days you are collecting the milk, please fill 
out the dietary Information sheets. Before filling out the 
sheets read the Directions for Recording the Diet Record attached. 

5) 7111 out the information sheets on supplements, non-prescrlptlon 
preparations, or prescription medications you take on the three-
day period. 

6) We will analyze your dietary and supplement intake for calories, 
protein, fat and other nutrients. 

Sincerely, 

Luz Elena Shearer 

LES/mh 
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QUESTIONNAIRE 

SUBJECT'S CODE 

DATE 

AGE 

WEIGHT 

HEIGHT 

PART 1 

ILLNESS AND MEDICAL PROBLEMS 

CHECK PROBLEMS YOU HAVE THAT HAVE BEEN DIAGNOSED OR TREATED BY A 

PHYSICIAN OR OTHER HEALTH PROFESSIONAL. 

A L L E R G I E S  A N E M I A  B L O O D  C L O T S  C A N C E R  

CONVULSIONS DIABETES DRUG ALLERGIES HEART DISEASE 

HIGH BLOOD PRESSURE MIGRAINE HEADACHE SURGERY THYROID 

PROBLEMS URINARY TRACT INFECTION OTHER 

Do you smoke? (yes/no) If yes, how many cigarettes per day 

Do you drink alcoholic beverages? (Yes/No) If yes, how much 

in ounces per day? Oz. 

PREGNANCY HISTORY 

Number of pregnancies Number of live births Number of 

children now living Age in months of baby you are now breast 

feeding Number of children you have breast fed How many 

months did you breast feed each child? child #1 child #2 

child #3 child #4 child #5 etc. 

M o t h e r ' s  a g e  o f  f i r s t  

pregnancy 

1. 14 yrs. or less 

2. 15-19 

3. 20-24 

4. 25-29 

5. 30-34 

6. 35-39 

7. 40-44 

8. 45+ 



HOW MANY TIMES PER DAY DO YOD BREAST FEED YOUR BABY?. 

HOW LONG IS EACH FEEDING (in minutes) 

WHAT OTHER FOODS DOES YOUR BABY CONSUME? 

DEMOGRAPHIC INFORMATION 

Race 

1. Anglo-saxon 

2. Black 

3. American Indian 

4. Oriental 

5. Spanish-American 

6. Other 

Completed education 

1. 0-8th grade 

2. some high school 

3. completed high school 

4. vocational/technical 

5. some college 

6. completed college 

7. graduate school 

Occupation 

1. unskilled laborer 

2. skilled laborer 

3. clerical/sales 

4. technical 

5. professional 

6. homemaker 

7. student 

8. other 

Employment 

1. not employed 

2. employed part time 

3. employed full time 

Number of people living in your household 



PART 1 — Continued 

Annual household income 

1. $0-5,000 
2. $5,000-10,000 
3. $10,001-15,000 
4. $15,001-20,000 
5. $20,001-25,000 
6. $25,001-30,000 
7. $30,001-40,000 
8. $40,000+ 



64 

PART 2 

SELECTIVE FOOD FREQUENCY QUESTIONNAIRE FOR INQUIRING ABOUT 

METHYLXANTHINES 

How many times do you usually consume these foods? As I name 

them, tell me how many times a day, or week, or month you consume 

them. 
1. 3 times or more per day 

2. 1 to 2 times per day 

3. once per day 

4. 3 times or more per week 

5. 1 to 2 times per week 

6. once per week 

7. once every two weeks 

COFFEE 

Amount (oz.) 

Brand(s) 

Kind(s): Brewed,drip method 

Brewed,percolator 

Instant 

Decaffeinated,brewed 

Decaffeinated,instant 

Other(8) 

TEA 

Amount (oz.) 

Brand s(s ) 

Kind(s): Brewed 

Instant 

Iced 

Decaffeinated 

Herb 
0 ther(s) 

COCOA AND CHOCOLATE BRAND 

Cocoa beverage Amount (oz.) 

Chocolate milk Amount (oz.) 

Milk chocolate Amount (oz.) 

Dark chocolate,semi sweet Amount(oz.) 

Baker's chocolate(oz.) 

Chocolate flavored svrup Amount(tap.) 

Chocolate drink Amount 

Chocolate pudding Amount 

Chocolate cake Amount 

Chocolate candy bar Amount 

Any other chocolate or cocoa products (give amounts and brand 



name 8). 

SOFT DRINKS AMOUNT 

Sugar-Free Mr. PIBB 

Mountain Dew 

Mello Yello 

TAB 

Coca-Cola 

Diet Coke 

Shasta Cola 

Shasta Cherry Cola 

Shasta Diet Cola 

Mr. PIBB 
Dr. Pepper 

Sugar-Free Dr. Pepper 

Big Red 

Sugar-Free Big Red 

Pepsi-Cola 

Aspen 

Diet Pepsi 

Pep6i Light 

RC Cola 

Diet Rite 

Kick 

Canada Dry Jamaica Cola 

Canada Dry Diet Cola 

Others (give name and amounts) 

DRUGS 

Do you take any of the following? 

Weight control aids such as: 

Codexin Dex-A-Diet II Dexatrim_ 

Dietac capsules Max Strength Appedrine_ 

Prolamine Other(s) 

Alertness tablets such as: 

NoDoz Vivarin Other(s) 

Analgesic (pain releivers) such as: 

Anacin Excedrine Midol Vanquish 
Other(8) 

Diuretics such as: 

Aqua-ban Max Strength Aqua-Ban Plus 

Permathene H2 Off Other(s) 



PART 2 — Continued 

CoId/Allergy Remedies such as: 
Coryban-D Capsules Triaminicin tablets 

Cold/Allergy Remedies (continued) 
Dristan Decongestant tablets Duradyne-Forte. 

Other ( s ) _____ 

Please list any prescription medication(s) you take? (including 

B.C.P.) 
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DIET RECORD 

Your cooperation is entirely voluntary. The information you supply 

will be used to examine types and amounts of foods and beverages 

c o n s u m e d  b y  w o m e n  l i k e  y o u r s e l f .  I n f o r m a t i o n  s u p p l i e d  b y  y o u  w i l l  

appear as statistics of a study. It will in no way be connected to you 

or your household. Your cooperation is fully appreciated. Thank you. 

3-DAY RECORD 



DIRCCTIONS FOR RECORDING DIET RECORD 

Rccord at the tiae eaten, the exact Mount of all foods you eat and the beverages 

you drink except water. 

The amount of nllk taken should be recorded In uunr.ca (cups) or by carton tslzc. 
The kind of milk should alao be recorded as whole allk, evapornlcd milk (diluted 
or undiluted), 21 nonfat allk, buttenallk, chocolate nllk, filled milk, lnlt.il.ion 
•Ilk, skla allk, dry non-fat allk (regular or Instant). Give brands. 

Aaount of fruit, lulcc taken should be recorded In ounces (cups) or by glass site. 
List the kind of Juice ss orange, grape, etc. Uat whether aweetened or 
un-eweetened. List brand. 

Canned Fruits—record by naae and aaount in cups. List brand. List whether heavy 
or light syrup and aaount If ayrup la used. Noce if hoae-cannpd. 

Whole r.iu Fruits—should be recorded by naae, rnaaber, and alza, aa saall, medium 
or large. 

froicn Fruits—should be recorded by naae and aaount In cupa. list brand. List 
whether heavy or light syrup and aaount if syrup is used. 

Vegetables—list naae and how prepared. Specify "baked In skin," etc. 

Cooked Vegetables—record number and alza of places—such aa two carrot sticks 
four inches long or by cup portions. 

froien Vegetables--record by naaa and aaount la cups. List brand, or homc-froicn. 

Canned Vegetables—rccord by naae and aaount In cups. Record vegetable and juice 
separately if juice la used. List brand. Specify If freah, as: aushroons, 
aaparugus, etc. 

Cereals—list specific naaa aa Chaarlos, or oataaal. 

Cooked—record tablespoon or cup portions, lavel acosureaents, after cooking. 
List brand. List type of rice, pasta, etc., and specify if cnrlched or not. 
List "rolled oats" if Measured raw; "oataeal" if cooked. 

Dry—record level cup purtions or tablespoons. 

Biscuit cerc.ils—rccoril as nuabar of biscuits eaten. 

Breads—record as wheat, white, rye, tortilla; lis*, whether corn or wheat flour, 
enriched or restored. List brand. Cive recipe for French toast or hoae-wde 
bread. Specify if bakery goods are enriched or not. 
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7. Hcg(a. fniiltry. F I jI i—Hot kind and how prepared n» baked, broiled, tolled or 
fried, civo grnd£ plus otlier description, aa "lean" hnaburgcr, cut of beef or 
pork, or plece'of chicken. Cl»c npproxlanto portion also aa 1 l7'< * 1/2 * 2". 
Spcclfy type of velncrs fro* label, aa: "all-•cat," "dry -ilk added," etc. 

Cheeses—Hat kind and aaount In cupa or nlze of plcce In lnchea. Includc 
yogurt, cot Cage chccac. Cottngo chceoo—apocify dry curd, saall curd, crcaoed, 
etc. Chcesc—apeclfy type and brand fro* label, as "langhorn," "Sulas," 
"Proceaoed." 

8. Fata—record In level teaspoons or tablespoons—Include those used In cooking. 
If butter Is used, list aa butter; If aargarlnt, list brand; If oil, list kind, 
aa corn oil or olive oil. Include crcaa, aour croaa, and laltatlon aour creaa. 
Include non-dairy creaa substitutes (liquid or powder). 

9. Deaaerta—describe size of portion In cup portions and Hat descriptive nunc. 
Give recipe or. attached sheet. 

10. Candles should be listed with exact aaount and nuaber, auch aa 5 large guadropa. 

11. Huta and peanut butter-nuts In cup portions and peanut butter I D tableapoon 
portlona. Record brand and type of peanut butter. 

12. List amount of lngredlente In al»ed dlahca, such as stews, soups, hone-wide 
deaaerta, cacos, caaaarolea, pizza. Uaa attached aheet. 

13. List augar added to cereals, tea, or used on other fooda. 

14. Bevcrnr.es—coffee. tea, alcoholic, herb teaa, hot chocolate. Llat aa cups. 
Include augar and creaa, creaa substitutes, leaon, In tcaapoona. Llat ncthod 
of alxlng of dry beveragea, e.g. Tang, Quick, If different froa directions on 
package. Llat in ouncaa the kind and aaount of carbonate^ beveragea taken. 

15. Snacks—slze of bag or nuaber of plecea. Give brand naae. Clva type and 
deacrlptlon of snack crackers froa label. 

16. Leniiaes (dried beana, peaa, lentils)—llat kind and aaount In cupa after 
cooking. If uaed with other fooda, llat Ingredients on recipe page. 
Pear.ut butter—apeclfy if added fat or added aweetener (froa label); give 
brand and type ("chunky"). 

17. Eraa—give alze (aaall, aedlua, or large). If oaelet or acraabled egga, 
give recipe. 

18. 'Cravlea and aaucca—rive recipe and aaount eaten. 

19. Hlscellaneoufl—srrupa. topplnga, jaas, jellies, pickles, condlaents and 
aeasonings, yeast, o.g. chill sauce, poppers, toaato sauce, soy sauce, 
ketchup, austard. Specify c, tb, tap. Include type of vinegar. Lcaon 
Juice—apeclfy fresh or bottled (canMd). Specify type of yeast (dry, 
coapreased, Brevera'). 

20. Include nuaber nnd braid naae of vitamin, mineral, yeaat pllla, bone acal, 
alfalfa acal, wheat gera, in teaspoona or tableapoons. 
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DIET RECORD 

Subject's Code: 

P1.KARK RECORD AT.T. FOODS AHD LIQUIDS EATEH FOR 3 DAYS. Thank you. 

DATE TIME FOOD ITEM AMOUNT EATEN WT. (gm.) 
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DAY 

Please list any supplements you have taken today (for example 

vitamins, minerals, protein supplements, powders, etc.). 

HAME (Brand) ABOUT TAKER 

Please list any over-the-counter preparations you have taker, today 

(for example, pain releivers, weight control aids, alertness tablets, 

diuretics (water pills), cold or allergy remedies, etc.). 

BRAHD HAME STPgMCTH (mg or em) AMOUNT TAKEN 
(or generic) 

Please list any prescription medications you have taken today. 

BRAHD HAME gramacm (gg or em) AMOUNT TAKEN 
(or generic) 
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RECIFE PAGE 

For any mixtures that you eat, please write date, name of dish, 
ingredients and amounts, yield, and the proportion you ate (for example: 
1/2, 1/4, etc.). 



APPENDIX E 

INCOME GUIDELINES 
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INCOME GUIDELINES 

Current income poverty guidelines established by the Office of 
Management and Budget (OMB) effective from 1 July 1983 to 30 June 1984. 

FAMILY SIZE OMB ANNUAL INCOME POVERTY 185% OF THE OMB POVERTY 
GUIDELINES GUIDELINES 

1 $4,860 $8,991 

2 6,540 12,099 

3 8,220 15,207 

4 9,900 18,315 

5 11,580 21,423 

6 13,260 24,531 

7 14,940 27,639 

8 16,620 30,747 

For each additional 
family member add 1,680 3,108 

Office of Management and Budget, guidelines for the fiscal year July 
1983-June 1984. Executive Office of the President. (Executive Office 
Building, Washington, D.C. 20503) 
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