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ABSTRACT 

Nutrition Intake arrl Fhysical Activity of an Adult Pcp.llation 

with Diabetes Mellitus Usirg the Continous 

SUbcutaneaJs Insulin Infusion Purrp 

by 

Teresa Jean Matheny, Master of Science 

utah state University, 1987 

Major Professor: Dr. Barbara M. Prater 
Deparbrent: Nutrition arrl Fcx:x:l Sciences 

'lllis study described three days of dietary intake, !ilysical 

activity, arrl glycemic oontrol in 14 female arrl eight male adult 

diabetics using Continua.is SUbcutaneaJs Insulin Infusion (CHI). 

C'langes in weight after initiation of CSII were also described. 

Dietary intakes were analyzed usirg the NUI'REDFO cx:mµiter pro:JiaID 

then a:rnpared to established starrlards. Both sexes had nean intakes 

of zinc, folate, vitamin %, arrl magnesimn belc:,.., the Recamrerrled 

Dietary Allowances (Rm, 1980) for age arrl sex. Female oonsurrption of 

iron arrl total calories oon.sumed were also belc:,.., reccmnen::lations. 

When dietary intakes were analyzed on a nutrient per 1,000 kcal basis 

men had intakes of zinc arrl folate belc:,.., reccmnen:led levels, but rret 

suggested allowances for other nutrients. wanen still had suboptimal 

intakes of zinc, folate, iron, arrl, to a lesser extent, vitamin B6 and 

magnesimn. 

Mean protein intake was within the reccmnermtion range a.rtlined 

by the American Diabetes Association (AD.i\, 1979), but above levels 

ix 



suggested in a 1987 (~) update. Intake of total fat, saturated fat, 

monounsaturated fat, an:l dlolesterol were above an:l carbohydrate 

intake was below recarmarrled levels(~, 1987). 

No significant differences between the rrean dietary intake of an 

age am sex matched gra.ip of females fran this study an:l the secorrl 

National Health am Nutrition Examination SUrvey (NHANES II, 1983) 

were noted. 

When variability in caloric an:l carbohydrate intake was examined 

no significant differences between days were fa.mi. 

Mean energy expen:iltures were higher than estimated levels for 

the general pcp.llation. Activities were often reported in fairly 

large blcx::ks of ti.Ire, thus charges in activity on a minute to minute 

basis may not have been accurately described. 

Mean blood glucose was near nonnal on all three days of the 

study. However, glycosylated hetroglooin levels, done within two 

months of the study period, were elevated in seven rut of 18 subjects. 

Weight gain is often reported after initiation of CSII. '!he 

wcm:m in this study shar.ied a net increase of 3.13 lbs after charging 

to CSII. However, men lost an average of 1. 79 lbs after starting pump 

therapy. 

To the extent that this pcp.llation is in::licative of CSII users as 

a whole it was corx::luded that education, directed at increasing 

dietary intake of foods ridl in zinc, folate, magnesitnn, am vitamin 

B6 for both sexes am iron intake for females, 'Wall.d be beneficial. 

Infonnation on awrq;,riate ways to ccnply with the dietary 

x 



reccmnerrlations of the AIY\. (1987) an:l to offset the -weight gain often 

associated with CSII may also be useful to the ?.mp wearer. 

(195 pages) 
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ClJAPI'ER I 

B:tckgrourrl of the Proolem 

'!he 1922 discovecy of insulin by Drs. Bantin:J arrl Best made 

Insulin Depenient Diabetes Mellitus (Il)[M) a viably treatable disease 

(Bantin:J arrl Best, 1922) • Yet, despite 60 years of research the 

incidence of c:xxrplications arrl the prevalence of Il)[M have increased 

(Peterson, 1982). Conventional trea~ of Il)[M presel:Ves life, but 

is frequently associated with large variations in blood glucose arrl 

prevailin:J hyperglycemia (Skyler, l979a) • '!he need for insulin 

delivecy closely reseri:>lin:J the l:x:xties own actions has lon;J been 

identified. Dr. Best him.self viewed insulin as a chug arrl expected 

irore pi.ysiological methods of givin:J insulin to be develcped (Pest, 

1974). 

New methods in insulin delivecy have been arrl are continuin:J to 

be studied arrl evaluated, alon;J with new fonns of insulin. MJst 

investigations have focused upon the effect of insulin delivecy on 

glycemic control am on treatin:J or preventin:J the pathologic sequela 

often associated with Il)[M. 

'!he Continuoos SUbcut:anerus Insulin Infusion (C3II) p..nnp was 

develcped to s.i.nulate the pi.ysiological release of errlogena.is insulin 

(Brink arrl stewart, 1986; Olarrpion et al., 1980; Kragen am arisholm, 

1985). 

'!he p..nnp provides continua.ls sul:nltaneals infusion of rapid 

actin:J (regular) insulin in basal annmts plus patient-activated bolus 

doses of insulin delivered by the p.mp before meals. Adjusorents in 



the bolus doses of insulin are usually made on the basis of 

carbohydrate content of rreals arrl on capillary blcxxl glucose 

rneasurenents performed by the patient on blcxxl sanples obtained from 

pricki.JY:J the fin;Jer several tines per day (Felig arrl Bergman, 1982). 

Researdl on these devices suggests that i.nproved regulation of 

blcxxl glucose levels can occur, awroachi..n;J euglycemia (Falke et al., 

1982; Tamborlane et al. , 1981; Rudolf et al. , 1981; Pickup et al. , 

1980; Pietri et al., l98Qa; 'Iho:rp, 1986; Raskin, 1982; Brink arrl 

Stewart, 1986). Several stu:ties have suggested that the i.nproved 

glycemic a:>ntrol associated with CSII therapy may decrease or reverse 

sane of the rretabolic abnonnalities associated with Il)[M (Iawson et 

al. , 1985; Barret et al. , 1982; Peterson et al. , 1980; Schiffrin arrl 

Belnnnte, l98la). Kragen arrl Chisholm (1985) conclude that it is also 

possible to si.nulate the major i:nysiological fluctuations in blcxxl 

insulin levels when CSII therapy is used. 

Despite the a:>ntinu.i.n;J research with CSII therapy arrl the growing 

use of CSII p.mp:; in camunity-based practices it remains a relatively 

f'e-11 procedure (Macey, 1982; Felig arrl Bergman, 1983). Controversy 

surroun:li.ng the :p.mp's efficacy arrl to a lesser extent its safety 

a:>ntinues. Several investigators suggest that further investigation 

is necessary before it may be advised as a general treatment nmality 

for the majority of persons with Il)[M (Marliss et al., 1981; Salans, 

1982; Felig arrl Bergman, 1983; 'Iho:rp, 1986; Watkins, 1985; Teutsch et 

al., 1984). Brink arrl stewart (1986) feel that the use of CSII has 

"not been proved for exterrled periods of tirre" (p. 617). '!he American 

Diabetes Association (~) (1982) has made a policy statement 

2 



~ situations arrl patients that may require or be likely 

can:lidates for CSII. 

CUrrent treat:Irent of IDCM involves a multifaceted awroach 

utilizin;J insulin, i:nysical activity, arrl diet. SUcx:essful control of 

IDCM requires the balancin;J of these three cacp:ments arrl the careful 

rronitorin;J of that balance. Tight netabolic control in pump therapy 

involves acx::urately predictin;J insulin requirements. Predictions are 

based on dietary intake, i:oysical activity, arrl self-blocxl glucose 

rronitorin;J (Grinvalsky arrl Nathan, 1983). 

Despite the irrportance of dietary intake arrl i:oysical activity in 

CSII therapy there are no ?,lblications of the cx:xrplete nutritional 

analysis of daily dietary intakes of CSII pump users, nor have 

descriptions of their daily i:oysical activities been reported. 

Cllantelau et al. (1982) arrl cawer et al. (1985) both describe dietary 

practices of persons with IDCM treated by CSII. Ha.JeVer, both studies 

concentrate on the variability in the rn.nnber arrl t.i.mirg of meals arrl 

the camahydrate content of those meals. Neither gives a c:x:xrplete 

nutritional analysis of the subject's intake. Information on the 

actual dietary intake, i:oysical activity, arrl glycemic control of pump 

wearers waild provide a pool of data to draw on in detenninin] 

nutritional requirements for these patients. Descriptive data on 

blocxl glucose levels, concanitant with daily i:oysical activity arrl 

nutritional intake, W'a.11.d provide valuable information for health care 

professionals involved in CSII management. 

3 



Problem statement 

Managem:mt of Irx:M requires a thora.igh umerstarrl.ing of dietary 

intake, Iilysical activity, arrl insulin action arrl the effect of each 

i.rrlividually arrl interactively on diabetic control. '!his is 

especially true for CSII regimens where tighter glycemic control is 

desired. To date, there have only been two :reported studies on the 

actual dietary intake of i.rrlividuals on CSII (Chantelau et al., 1982; 

capper et al., 1985). Data on the actual daily Iilysical activity of 

~ wearers is nonexistent. Infonnation describing dietary intake, 

Iilysical activity, arrl assessment of control during the sarre time 

:pericxi has not been :reported. SUch descriptive infonnation wcw.d 

benefit nenbers of health care teams treating patients on CSII by 

providing infonnation fran i:urrp wearers on their intake arrl activity, 

two of the primary controllable ccrcponents in diabetes management. 

Purpose 

'Ihe ?Jl'.'POSe of this study was to obtain arrl describe three 

consecutive days of dietary intake, Iilysical activity arrl glycemic 

control, as measured by a self-m:>nitoring procedure, of persons with 

Irx:M who use CSII ?Jll'l)S. lDrg tenn glycemic control was described 

using heroogld:>in A1 s (~1 s) arrl heroogld:>in A1C s (~1C s). 

Dietai:y intake data was cacpared to established reccmnerrlations 

of the Reccmnerx:led Dietary Allowances (RJ:ll\) (Fcxxl arrl Nutrition Board, 

1980, hereafter cited as RJ:ll\ (1980) arrl ~ (1979, 1987)). '!his data 

was also cacpared to the secorrl National Health arrl Nutrition 

Examination Stuvey (1976-80) (United States Dept. of Health arrl Human 

Resources, 1983, hereafter cited as NHANES II (1983)). SUbject's 

4 



weight at initiation of p..nrp therapy arx:l duri.rq the three day intake 

period was obtained to determine weight charges followi.rq initiation 

of CSII therapy. Additional descriptive data was obtained fran the 

patient questionnaire. 

Objectives 

Objective I 

Obtain arx:l describe the rrutrient intake of the stooy J.XP.llation 

by: 

A) Analyzi.rq three day dietary intake records usi.rq a 

carp.rterized rrutrient analysis prcgram whidl. provides a description of 

26 rrutrients (Nutredfo). 

B) carpari.rq rrutrient intake info:rnation with: 

1) 'llle Rill\ (1980) for sex arx:l age matched groups. 

2) Nutrient allowances per 1,000 calories (Hansen arx:l Wyse, 

1980) for sex arx:l age matdled groups. 

3) Dietary intake data of sex arrl age matdled groups from 

NHANES II (1983). 

4) 'llle Ant\'s (1979, 1987) :recx:mnernations for diet in 

diabetes. 

C) Describi.rq variability of the: 

1) rn.mrer of neals 

2) daily carbcnydrate intake 

3) daily caloric intake 

5 



Objective II 

Describe the Ji}ysical activity of the study pcp.llation by 

analyz~ a three-day activity record us~ a carp.Iterized energy 

e><pen:titure program (ENERGY). 

Objective III 

Describe the glycemic cx:mtrol of the study pcp.llation by: 

A) Describ~ a HgbAl or HgbA1C level within two ironths of the 

dietary intake study. 

B) Describ~ blood glucose levels as detennined by the 

subject's self blood glucose rronitor~ dur~ the study pericxl. 

Objective N 

Describe d'larges in weight since initiation of C:SII therapy. 

Objective v 

F\lrther describe the pcp.llation us~ additional data gathered 

fran the survey questionnaire. 

Limitations 

1) 'Ihe sarrple size was statistically small (n = 22) am was 

primarily gathered fran a s~le geograptlc region of the United 

states. 

2) Food intake am Ji}ysical activity records reflect self­

reported data am may be subject to error. 

3) 'Ihe study pericxl exterxied fran October to Mardi. 'Ibis may 

have influenced dietacy intake due to availability of certain focxls. 

6 



'!he variation in weather am. sports seasons over the time period may 

have affected the pl.ysical activity records. 

4) '!he data base used did not always include the exact food 

iterrs specified on the food-intake records. '!he researcher's 

professional judgment was used to e.xtraix>late data for an 

awroximation of the food fran the existinJ data base or for a new 

food to be added. 

5) '!he data base did not include values on dietary fiber due to 

inadequate available infonnation. 'lherefore dietary fiber intake was 

not analyzed. 

6) Weights reflected the typical anount of error fa.mi in a 

clinic settinJ includinl differences in techniques used by in:lividuals 

tak.in:J weights, arcnmt am. type of clothin;J worn by subjects, arrl 

differences in scales. 

7) Factors that may alter HgbAl arrl HgbA1C values, includinl use 

of certain medications, were not studied within the framework of this 

investigation. 

Definition of Tenn.s 

Diabetes Mellittis 

Diabetes Mellittis (rM) is an hereditary disease of metabolism 

associated with an inadequate suwly or inpaired effectiveness of 

insulin. It is dlaracterized by disturbances of cartxilydrate, fat arrl 

protein haneostasis. 

Diagnosis is primarily based on elevated blood-glucose levels. 

Two classic criteria used to establish the presence of rM include a 
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fast~ plasma gluCXJSe level greater than or equal to 140 ng/dl ard an 

abno:nnal oral gluCXJSe tolerance test with a Vena.15 plasma gluCXJSe 

level greater than or equal to 200 ng/dl two hours after intake of 75 

grams of oral gluCXJSe (Harrison, 1983). 

Associated pathological fin:tirgs include microargiopathy, 

neuropathy, reti..nq:)athy, arrl macroargiopathy (Goodhart: arrl Shils, 

1980). ARJroximately 5.8 million peq:>le in the United States have 

been diagnosed as be~ diabetic, arrl there are an estimated 

additional foor to five million peq:>le who have diabetes but who have 

not yet been diagnosed. In 1982, 34,583 deaths were attriruted to 

diabetes. CM is ranked as the seventh leadirg urrlerly~ cause of 

death in the U.S. (National Institute of Health, 1985). Dle to its 

chronicity arrl carplications it reinains one of the nost criwl~ of 

all diseases. 

Insulin Deperrlent Diabetes Mellitus 

Insulin Depen::lent Diabetes Mellitus (IIX:M) is one of foor major 

diabetic classifications arrl acca.mts for five to ten percent of the 

total diabetic pcp.tl.ation (Hacxien arrl Harris, 1985; Rifkin arrl Raskin, 

1981). Criteria for the classification of IIXM were rutlined by the 

National Diabetes Data~ (NDOO) of the National Institute of 

Health (1979) arrl by the World Health Organizations (WHO) Expert 

canmittee on Diabetes (1980). Primary dlaracteristics of IIXM 

include: 

1) Il::M or absent levels of circulat~ en:iogena.1S insulin 

secorrlary to pe.nnanent functional loss of the f3 islet cells of the 

pancreas. 



2) Usually abrupt synptanatic onset before age 35. 

3) Deperrlence on injected insulin to prevent ketosis an:i sustain 

life. 

4) Abnonnal imrune response an:i islet cell anti.bcxlies generally 

present at diagnosis. 

5) Association with htnnan leukocyte antigens (HIA) 03 an:i 04. 

6) Etiology prooably only partly genetic, as only 35% of 

rronozygotic twins are concordant. 

Continuous SUbcutaneals 
Insulin Infusion 

Continuous SUbcutaneals Insulin Infusion (CHI) is a relatively 

new ioothod of insulin deli ve:ry. '!he technique uses small l,X)rtable 

p.ucp; attached to subcutaneaJs needles by a small plastic catheter. 

'Ihe p.mps autanatically deliver a continuous infusion of regular 

insulin at a basal rate designed to hold the plasma concentrations of 

glucose in the nonnal ~ durin] the overnight fastin] period an:i 

before meals. Additional boluses of regular insulin are given by the 

-wearer via the µmp to cc:npensate for glycemic excursions, primarily 

associated with meals (Brink an:i stewart, 1986; Chanpion et al., 1980; 

Kragen an:i Orisholm, 1985). 

Glycosylated Henpglabin 

Hem:iglabin Ai (HgbA1) is fonned by a slow nonreversible 

nonenzymatic glycosylation process between heiooglabin A an:i sugar or 

sugar Iilosinates. HgbAl is mtp:,soo of three smaller ccnponents which 

include heiooglabin A1A, hem:)glabin A1 B an:i hem:iglabin A1 C (HgbA1 C) . 

'!hey are collectively known as the fast hem:iglabins due to their 
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charge negativity arrl rapid migration when subjected to cation 

exchange chranatograp'ly carpared with heoc,globin A. HgbA1C represents 

the greatest fraction of the three arrl is specifically cx:xcp:ised of the 

adduct of glucose attached to the B chain tenninal valine residue by a 

ketoamine linkage (Goldstein et al., 1982; Baynes et al., 1984). A 

direct relationship exists between the degree of heoc,globin 

glycosylation arrl the degree of hyperglycemia overtine (Gal:bay et al., 

1977) . Glycosylated heoc,globin is the major objective irrlicator of 

chronic diabetes control currently available for use. It is widely 

acknaolledged that HgbAl arrl HgbA1C levels obtained fran a sin:Jle blood 

sairple provide an imex of the mean glucose level durin:J the preceding 

two to foor nonths (Goldstein, 1984; Nathan et al., 1984). 
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ClJAPI'ER II 

RE.VIEW OF '!HE LITERA1URE 

Morbidity am Mortality on CSII 

CSII :p.mp; are now widely available for general clinical use in 

private ne:tical practice. '!he number of diabetics usirg CSII am the 

number of :Eilysicians prescribirg it as a treatment nmal.ity is on the 

rise (AO.?\, 1985). Althaigh the exact :number of insulin :p.mp; 

currently in use is unknown, 5880 p..mp:; had been sold in the United 

states by 1982 (National Institute of Health, 1985). Infonnation on 

nX>rbidity am nX>rtality associated with CSII is still beirg 

investigated. Cc::rrplications involvirg severe loss of glyoemic control 

am diabetic ketoacidosis have been reported (Peden et al., 1984). A 

study by the Center for Disease Control (CTC) fourrl nX>st failures of 

insulin delivery systems are precipitated by infection, am that the 

number of deaths reported for persons on CSII therapy does not exceed 

that to be expected in a diabetic pcp.11.ation of a similar age (Teutsch 

et al., 1984). 

'!he three unique risks associated with p.mp therapy include pump 

slowirg with resultant ketoacidosis, p.mp runaway associated with 

severe hY?XJlycemia, am catheter site infection. In a study of 1060 

CSII users Teutsd1 et al. (1984) reported that hY?XJlyoemic reactions 

increased in 9.3% am decreased in 34.9% after initiation of pmp use. 

Diabetic ketoacidosis (OKA) increased in 4.4% am decreased in 30.6%. 

I.a::al reactions or abscesses at the infusion site -were noted in 25% of 

the subjects, rut sub;ided readily with minimal treatment. l3en:ll.rYJ et 
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al. (1985) fami no significant increase in OKA or hypoglycemic a::ima. 

anorg the 121 CSII users sb.rlied when carpared to a matdled pcp.llation 

of subjects with IIXM treated with conventional insulin therapy (CIT). 

In a similar sb.xly Mul.hauser et al. (1985) rep:::,rted no increase in OKA 

or severe hypoglycemia with CSII despite nonnalization or near 

nonnalization of Hgb.?\1C values. Pickup et al. (1985) fami no 

increase in severe hypoglycemia in patients treated with CSII vs CIT, 

but did rep:::,rt a significantly increased evidence of OKA. 

Metabolic arrl Ho:ntonal Control 

Metabolic Abnormalities Associated 
with Itx:M 

Diabetes is associated with a very high incidence of 

arteriosclerotic heart disease arrl hypertension (Wahlquist et al . , 

1984; steiner, 1981). '1his has been correlated with depressed high 

density li~:rotein (HDL) levels arrl increased dlolesterol, 

triglyceride ('ill), arrl low density lipq,:rotein (IDL) levels (Falko et 

al. , 1982; Heynin;Jen, 1986; I...cpez-Virella et al. , 1983) • current 

research on lipid metabolism suggests that even minimal alterations in 

glucose tolerance may raise the risk of atherosclerosis (Cllantelau et 

al., 1982). In the diabetic in:lividual insulin does not inhibit 

horrrone sensitive lipase whidl releases fatty acids arrl glycerol to 

form triglycerides ('ill). '!here is also no praootion of glucose 

transport into the fat cells so fat storage is greatly inhibited or 

blocked. '!he resultant elevated level of circulatirg fatty acids arrl 

glycerol is not stored as adipose tissue but is deposited in the liver 

as 'ms arrl causes fatty liver. 'llle excess of fatty acids in the liver 
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prarotes CX)J1Version of fatty acids to IX'losiilolipids arrl cholesterol, 

saneti.Ires increasing plasma lipoproteins three-fold. 'lhese increased 

lipid profiles have been linked to the heart disease seen in r::M. 

Fatty acids in the liver stinulate the camitine transport IOOCbanism, 

am extrerre annmts of acetyl cx:,enzyne A is fonned. '!his excess is 

broken down into ketone l:x:xlies, i.e. acetoacetic acid, B­

hydroxybutyric acid arrl acetone, arrl causes diabetic ketoacidosis 

(Benle arrl levy, 1983). 

Nonnal.ization of blcx:xi glucose CX)ntrol is associated with 

nonnal.ized sennn lipid levels. In an 8-nonth study of 68 diabetics 

using CSII vs. CIT Lawson et al. (1985) confinned the reduction or 

nonnal.ization of sennn cholesterol am 'IG CX)ncentration with inproved 

blcx:xi glucose levels. '!here was also a significant decrease in venous 

blcx:xi lactate arrl 3 hydroxybrt:yrate levels on CSII. '!his reduction 

was not derronstrated with CIT. F.arlier studies have also reported 

inproved lipid profiles with significantly irrproved glucose CX)ntrol 

(Tamborlane et al., l979a; Pietri et al., l98Qa). overall fin:lin3s 

in:licate that to the extent that hyper-cholesterolemia, hyper­

triglyceridemia, arrl hyper-lipoproteinemia contrib.Ite to acotlerated 

atherosclerosis in diabetes, CSII treatment may reduce the prevalence 

of this carplication. 

Using CIT, diabetics generally have diminished uptakes of amino 

acids by nuscle tissue arrl elevated blcx:xi levels of branched chain 

amino acids. In the norxtiabetic person insulin affects protein by 

increasing active transport of amino acids into the cell, increasing 

translation of :Messerger RNA to fonn new protein, increasing 
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transcription of I:NA, decreasing catabolism of protein, an:i decreasing 

gluconeogenesis to conserve amino acids an:i protein stores (Berne an:i 

IE.vy, 1983). Metabolic aberrations in protein, associated with 

inawrq,riate utilization of insulin or inawrq,riate insulin levels, 

can lead to muscle atrq:hy an:i degeneration, which is especially 

hannful to persons with ID[M, or to diabetics with illness or chronic 

debilitation. CSII therapy has been shown to nonnalize levels of 

branched chain amino acids. Research suggests that net amino acid 

flux across muscle tissue may be retw:ned to nonnal with the use of 

CSII (Tamborlane et al., 1979a). 

Hornnnal Control 

'!he honoonal. abnonnalities associated with diabetes, ie. aberrant 

levels of growth ho:rnone, glucagon, sanataia:tin, an:i catecholamines, 

have been brcught to nonnal or near nonnal levels by use of CSII 

(Hamet et al. , 1982) • Inpaired growth is a well-recx:>gnized 

a:rrplication of diabetes :poorly cx,ntrolled in childhood. Juvenile­

onset diabetics are often shorter than their non-diabetic peers. '!his 

is IOOSt often noted when the onset of IIXM is prior to p..1berty 

(Tattersal an:i Pyke, 1973; Mella, 1981). Generally, growth hornnne 

levels of diabetics are higher than nonnal an:i sanatanedin levels are 

within nonnal limits on CIT. 'lherefore, attention has focused on 

relative sanatanedin deficiency in diabetes in carparison to growth 

honoone levels. In a study of adolescents both sana.tanedin an:i 

sanatanedin C increased 70-75% with a sinultaneoos decrease in growth 

honoone levels after initiation of CSII therapy. In the grc:Ming 
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adolescents, growth velocity da.ibled in 13-15 ITOnths on the p.mp 

(Tamborlane et al., 1981). 

Relative hyperglucagonemia arrl A-cell dysftmction persists in 

diabetic patients despite conventional therapy. '!his p::,t:entiates the 

hyperglycemia arrl ketonuria associated with CM. '!he use of CSII 

therapy has been derronstrated to reduce glucagon levels to the middle 

of the norrliabetic ran;1e. '!his decrease in glucagon may be secorrlary 

to increased sanataneclin levels since it is a known glucagon 

suppressing agent (Raskin et al., 1979). 

Microvascular catplications 

'!he role of hyperglycemia in the pathogenesis of diabetic 

microvascular disease has not yet been established (Raskin et al., 

1983). Research presents conflicting data on the inp:,rtance of 

glycemic control on these c:x:rcplications. When near-nonnal 

glucoregulation was maintained for 6 weeks on CSII a statistically 

significant increase in noter nezve corrluction velocity (MCV) in the 

median arrl peroneal nezves was identified. However, no significant 

MCV c.hanJeS ,;,.iere noted in the ulnar nezve or in sensory nezve 

corrluction studies. ruring this sttXly all patients with diabetic 

neurcpathy noted a marked .i.nprovement in their syrrptCl1S (Pietri et 

al., l980b). '!he m:ist prd::>able e>cplanation for these fi.rrlings is the 

decrease in postsynthetic glycx:isylation of many proteins, including 

nerociglobin, alb.nnin, arrl the proteins of the lens, when no:rnoglycemia 

is achieved (Bew.ton et al., 1982; Raskin, 1982). In contrast, a 1-2 

year sttXly of diabetic microargiq:>athy reported an initial decrease in 

proteinuria rut foorrl that all subjects remained proteinuric after 18 
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nonths. Further evidence that CSII treatment failed to reverse severe 

diabetic ~thy in this sttxly was established by an increase in 

the subject's serum creatinine am a decrease in creatinine clearance 

(Tamborlane et al., 1982). 

Diabetes is one of the leadin;J causes of blirrlness in the U.S. 

(National Institute of Health, 1985). CSII may help diminish this 

severe ccrrplication, rut stu:lies are inconclusive am conflictin;J. In 

one study restoration (with the insulin ?JITP) of near no:rmal glucose 

levels was accarpanied by rerluced retinol flourescin leakage in 

diabetics showirg the typical picture of prep:roliferative retinopathy, 

i.e. marked capillazy dilation am leakage areas of nonperfusion am 

capillazy loq:>irg. After three nonths on CSII there was a large 

inprovement in vision am a reduction of retinovascular penneability 

to dye. Revascularization of previoosly nonperfused areas was also 

noted. SUdl a reversal is usually seen only after hypcpiysectany. 

'!his study suggests that even in late stages of diabetes retinopathy 

will respon:i to inproved glycemic control (Pickup et al., 1980). 

Reported results fran a similar sttxly did not show any detectable 

regression of microvascular dlanJes. Retinopathy either remained 

stable or worsened while on the ?Jl1P despite maintenance of glucose 

am liJA1C within no:rmal limits (Tanix>rlane et al., 1982). 

Glycemic Control 

Glycemic Control in Adults with !DIM 

'!here is significant alteration of glycemic control with !DIM due 

to ina:w:r:q,riate insulin response to fluctuatirg glucose levels. '!his 
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lack of control with its resultant hyperglycemia and extreme glucose 

fluctuations may be the un::lerlyin:] cause of diabetic c::arplications. 

In non:tiabetic humans, insulin is delivered at essentially two rates; 

a slow basal rate between maals and a postpran:tial rate which disposes 

of absorbe::l rrutrients. Nonnal plasma glUCXJSe rises to 250 ng/dl after 

in:]estion of a carbohydrate load, rut secorrlary to the increased 

insulin infusion rate, nonnal fastin:] levels of 80-90 ng/dl are 

usually achieved within two-three hoors. Insulin response to glucose 

chan;Jes is nonnally rapid and postpran:lial glucose levels seldom 

exceed 120-140 ng/dl one hoor after eatin:]. If glucose levels reach 

300-400 ng/dl insulin will respom at 10-20 times the nonnal basal 

rate (Guyton, 1981). In the diabetic this precise control is lost and 

the exceedi.nJly low insulin-to-glucose ratio may be responsible for 

the markedly distorted metabolic state. In diabetes, glucose 

prcrluction is augmented and periJi'leral glUCXJSe utilization is reduced 

until a new equilibrium is reached at a very high plasma glucose level 

of 300-2000 ng/dl (Berrle and Ie.vy, 1983). In nonpregnant subjects 

with Il)[M fastin:], prepran:tial blood glUCXJSe levels of 70-120 ng/dl, 

2-hour postpran:tial levels of <180 ng/dl, and 3-hour postpran:tial 

levels of >60 ng/dl are oonsidered reasonable goals for tight control. 

Only rarely have patients on CIT oonsistently met these goals. such 

levels are generally attained only with subjects who are willin:] to 

c::arply to treatment :regbnens which require measurement of blood 

glucose several times daily and adjustment of insulin aa:o~ly 

(Coustan et al., 1986; American College of Fhysicians, 1984). 
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Glycemic Control in Mul.ts with IIIM 
who use CSII Punps 

'!he benefits of ?.IItp therapy in preventing or ret.ardirq long-tenn 

canplications of IIIM have not been proven (Bart:losa et al., 1981). 

However, there is increasing evidence that the degree of prevail~ 

hyperglycemia in persons with IJx:M is sufficient to contribute to the 

develcpnent of long-tenn carplications associated with the disease 

('lhoi:p, 1986). 

Researdl inilcates that CSII use corrects glucose profile 

aberrations to nonnal or near nonnal levels arxi that its effect on 

glycemic variations arxi hyperglycemia is greater than CIT or q,timized 

conventional therapy (OCT) (Falko et al., 1982; ~ et al., 1982; 

SChiffrin arxi Belnonte, l98la; Tantx:>rlane et al., l979b). CIT rarely 

brin1s glucose control within nonnal rarge. studies repeatedly 

deioonstrate mean capillary blood glucose levels in excess of 175 nq/dl 

using conventional treatment (Tanix>rlane et al., l979a; Schiffrin arxi 

Belnonte, l98la; Falko et al., 1982; Pietri et al., l98oa arxi 

Tanix>rlane et al., 1981). large glycemic excursions with conventional 

therapy have also been reported (Chanpion et al., 1980; Sherwin et 

al. , 1980; Calabrese et al. , 1982) • OCT with four insulin doses per 

day arxi close blood glucose nonitoring decreases mean capillary blood 

glucose to the 135-165 nq/dl range, rut does not bring it within 

nonnal limits. In two stu:lies ccmparing OCT with CSII both concluded 

that a better glucose profile was established with CSII (Calabrese et 

al., 1982; Schiffrin arxi Belm:>nte, l98lb). '!here is little 

disagreement regarding the effectiveness of CSII in achieving 

no:nooglycemia or near no:nooglycemia even for lonJ time periods. 
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other sb.d.ies, up to two years in len;Jth, both in the hospital 

arrl at hane, show mean capillary blood glucose arrl HgbA1C levels at 

normal or near normal levels (Mul.hauser et al. , 1985; I.eichter et al. , 

1985; Schiffrin arrl Bel.nonte, l98la; Falko et al., 1982; Tamborlane et 

al., 1981). 'lhese values were usually attained on awroxilllately 80% 

of the patients usual insulin dosage on CIT arrl with few incidents of 

severe hypoglycemia (Tamborlane et al., 1982; Calabrese et al., 1982; 

Boulton et al., 1982). 

Glycemic control is toc>:re diffia.il.t to attain at certain tine 

:periods, durirg Iilysiologic charqes, arrl with specific in:lividuals . 

CSII has been effective in normalizirg glucose profiles in nnst of 

these cases. Fastirg blood glucose levels are known to rise between 

0300-0800 hours. '!he exact cause of this "dawn roenanenon" is not 

known, rut a plausible explanation is the oortisol surge observed in 

many diabetics in the early toc>rnin;J hrurs . CSII has been shown to 

achieve nonoc,glycemia durirg the dawn pienanenon if a carefully 

detemined :nocturnal infusion rate is used (Sdnnidt et al., 1981; 

Gef fner et al• I 1983 i Be.rrlin;J et al• I 1985) o 

Pregnancy has lonq been known to cause large glycemic variations 

in diabetics. rata sug:JeSt that prevention of maternal hyperglycemia 

may be of critical :inp:>rtance in nrlucirg the risks for the infant 

lx>m to a diabetic nDther (Roverski et al. , 1979; Coostan et al. , 

1980). '!he use of CSII in pregnancy inproves metabolic oontrol. 

Rudolf et al. (1981) arrl caistan et al. (1986) fa.mi that glycosylated 

hem:iglobin levels were no:rmalized arrl glycemic excursions were 

stri.kinJly diminished when CSII therapy was used with diabetic 
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nothers. Favorable pregnancy cutcanes were adrieved in all subjects. 

H~er, crust.an et al. (1986) has dem::>nstrated that ocr may be just 

as effective in inprovinJ netabolic control as CSII if it is canbined 

with frequent blood testinJ, strinJent treat:nElt goals, arrl continuous 

:readjust:nEit of insulin doses. In the nonpregnant diabetic subject 

Schiffrin arrl Bellronte (1982) arrl Reeves et al. (1982) fa.m:i no 

differences in netabolic control with CSII arrl ocr although ocr 

generally required significantly higher insulin doses to adrieve the 

sane result. Conversely Nathan et al. (1982) arrl Hane et al. (1982) 

report better control with CSII therapy. 

'Ihe effects of CSII ci::lserved on twelve very brittle diabetic 

patients, i.e., netabolically unstable, ketosis-prone, arrl post-kidney 

transplantation, provided less conclusive results. one-half of the 

patients studied sha,.,ed significant arrl consistent inprovement of 

blood glucose concentrations with concanitant reduction in HgbA1Cs. 

'Ihe other six patients denonstrated fluctuatinJ glucose levels arrl 

elevated HgbA1Cs. In all cases control remained far fran nonnal 

(Barl:x:>sa et al., 1981). other studies on brittle diabetics have shC1NI1 

minimal inprovement of netabolic control with CSII (Pickup et al., 

1980). In contrast Noto et al. (1985) reported case studies of two 

very brittle diabetics who failed to resporrl to all other therapies 

rut who inproved dramatically after CSII therapy. 

Self Blood Glucose M:>nitorinJ 

Self blood glucose llDnitorinJ (Sin!) is one means by which 

control can be assessed arrl decisions made aha.It c:hanJes in treatJnent 

arrl insulin adjust:nEit (lt>ses arrl Balint, 1984). Clinical trials have 
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derocmstrated inproverrent in glycemic control with aw:rq>riate use of 

SIGI and subsequent adjust:nent of insulin based on obtained blood 

glucose levels (Cohen arrl Zi.mmet, 1980; Grayman et al., 1984). other 

recognized advantages of SIGI include a decreased rn.nnber of 

hospitalizations for severe hypcqlycemia arrl OKA, increased active 

involvement of patients in their own care arrl diabetic managerrent, and 

the ability of patients to m:xiify treabrent to confonn to daily 

c:llames in diet arxi activity (Brecher arxi Birrer, 1984). '!he primary 

disadvantage of SIGI is noncx:npliarx:::e. :t,n;es arxi Balint (1984) report 

that 49% of 134 patients sw:veyed did not use their glucareters at all 

or perfonned fewer than ten tests :per m::mth. :Bell arxi Walshe (1984) 

fourrl that 52% of 84 patients with II:x:M decreased their use of testing 

by one half within three to six I!Dnths of startirq SIGI arxi that only 

27% made regular insulin adjustments based on blood glucose levels 

obtained. 

Altha.igh there is general agreement that subjects can accurately 

iooasure blood glucose level in supervised or trainin] situations, only 

two studies have ack:iressed the accuracy of SIGI in a hare situation. 

Sdriffrin et al. (1983) carpared the blood glucose readinJs done at 

hare by 20 adolescents with those done on sinrul.tanea.Jsly collected 

blood sanples in a laborato:cy arxi famj a high correlation between the 

two sets of readinJs. '!he authors Slig:JE!St. that subjects can easily 

learn to accurately m::mitor their blood glucose. Most et al. (1986) 

did a similar study usirq 33 adult subjects, rut fourrl that in 53.8% 

of the cases laborato:cy values differed fran patient-detennined values 

by DDre than 20%. '!he authors reported the correlation a::,efficient of 
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. 7 4 was lower than the . 86 - . 98 that has been reported in clinical 

studies. 

'!\.Jo basic methcds are available for Soc.M. In the first method a 

drq:> of blood is placed on a test strip. After a specific period of 

time the color dlarge on the strip is carpared to a color chart. '!he 

seco:rrl method is newer a:rrl rcore acc:urate. After a drq:> of blood has 

been placed on the test strip a:rrl a specified aroc,unt of time is 

allc:Med to elapse, the test strip is placed in a glucaneter. A 

glu~ter is a reflectance i:tic,taneter whidl, by reflectin:] a beam of 

light fran the strip, produces a digital reada.rt of the patients blood 

glua::,se. Most glucaneters have an acc:uracy rate of 90% (Brecher a:rrl 

Birrer, 1984). 

Reoc:rrrrerx:3ations for timirg a:rrl frequency of Soc.M vary fran seven 

to eight tests in one day every seven to ten days to three or toore 

tests in one day several times per week (Ma.mtier et al. , 1982) . 

Bee.be (1987) SUC;ReSts a daily blood gluc:ose profile of seven test 

results per day while the subject is attarptin:] to establish good 

blood gluc:ose control, decreasin:] to one or two tests per day once 

reasonable control is adlieved. ~imal testin:] may include four 

preprarrl.ial tests per day with periodic spot check.i.rg, especially 

before bed, a:rrl daily adjusbnent of insulin based on test results. 

Consistent use of Soc.M may increase the subjects awareness of internal 

a:rrl external rues regarclin;J their own blood gluc:ose levels. It has 

been denon.strated that patients who are very experienced with Soc.M 

have a high correlation betloJeen their perception of their blood 

gluc:ose levels a:rrl actual blood gluc:ose levels. However, rates of 
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clinically unacceptable estimation errors were still high enough 

within this experienced gm.ip to irrlicate that subjects should always 

confinn :perceived blood glucose with blood testi.I'"g before no::lifyi.I'"g 

therapy or achninisteri.I'"g insulin ( Cox et al. , 1985) • 

Glycosylated Hernoglobin 

Reports of ~le reduction associated with CSII (Falko et al., 

1982; Leichter et al., 1985) are especially significant since this 

parameter is considered to be an objective :rre.asurem:mt of lon;J-tenn 

glycemic control in ™· Unlike blood glucose levels, glycosylated 

hemoglobin values are irrl.eperrlent of the tine of day, blood glucose or 

insulin levels, illness, am the fed or fasted state of the patient 

when the blood sugars are drawn (Nathan et al, 1984; Gabbay et al., 

1977). 

Nathan et al. (1984) concludes that the ff:JbAiC assay provides a 

measurement of lon;J-tenn glycernic control that would not otherwise be 

obtainable in a clinical settinJ utilizinJ only blood glucose testi.I'"g, 

urine testi.I'"g, or the patient's report of synptan.s. Goldstein (1984) 

Sllgg'ests that glycosylated hernoglobin may be a revolutionary advance 

in the clinical management of™· 

'!he level of ff:JbA1 or HgA1C is generally thought to reflect the 

average blcxxi glucose concentration over the prior two to four m::>nth 

period (Anerican College of fhysicians, 1984; Goldstein et al., 1980; 

Gabbay et al., 1977; Nathan et al., 1984; carpagnucci et al., 1981). 

'!he intel:pretation of glycosylated hemoglobin values must take 

into account this averaginJ of blood glucose concentration. '!hey may 

be sucx::essfully used to ccnpare the average level of glycemic control 
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in an irrli vidual or a group over lonq tirre inteI:vals. '!hey are good 

irrlicators of the surmnated effects of prior therapy arxi other factors 

influencin:;J glycemic control but do not convey any information about 

the stability of glycemic control or whether the direction of any 

c:.han:;Je is toward ilrprovement or deterioration (Pecoraro et al. , 1982) . 

Peaco:k (1984) arxi Goodwill arxi Stewart (1984) suggest that 

interpretation of glycosylated henoglabin values should be based on 

the same irrlividual over tirre arxi that an ilrportant clinical 

application is the verification of the patient's own home blood 

glucose IOC>nitorin:;J with the Hgh,\1 or Hgh,\1C values. 

'Ihe American College of Rlysician.s (1984) concludes that although 

glycosylated henoglabin may provide clinically useful information 

regarc:lin:;J the management of IIXM, its usefulness is hi.rrlered by the 

lack of a wrell-accepted stan:1ard method that is precise arxi 

repeatable. Reference values are not starx:3ardized arxi carparison of 

values between labs, even usin:;J the same method, is not reccmnerrled. 

Sources of error in determininJ Hgh,\1 arxi Hgh,\1 c values include 

excessive levels of the labile aldamine intermediate associated with a 

short period of hypoglycemia inmedi.ately before the blood draw, 

PJSSible denaturation by a Eil ruffer, excessive incubation or 

t:errperature flux, an:l disease states or medical proolem.s whidl may 

effect glycosylated hem:qlcbin levels. 'Ihese include elevated 'IG 

levels, high levels of blood ala:tiol, acute or dlronic anemia, lead 

toxicity, iron-deficierx:y anemia, splenectcley, an:l renal failure 

(Peaco:k, 1984). To avoid as many soorces of error as PJ5Sible only 

assays that rerocwe labile portions via dialysis or the use of isotonic 
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saline, or that do not measure labile c:x::1TpOnents of glycosylated 

herooglcbin sha.tl.d be used (Ditzel et al., 1981). Close m::>nitoring of 

terrperature an::l pi nust be done to avoid denaturation an::l attention 

directed to the subject's particular factors whidl are known to affect 

measurements. 

perfonnance liquid dlraratograµiy, a:>lorimetric assay, or staooard 

micro-column techniques (Goldstein et al., 1980; Pecoraro et al., 

1982). Values that are a:>nsidered no:rmal vary not only between 

techniques rut between irrlividual labs. Guidelines for interpreting 

glycosylated herooglcbin values differ rut irrlividuals with r:M usually 

have values between five an::l ten percent. SUbjects with IDCM have 

values rarging fran 8-23%. Values exceedin;J 11.0% may show p:x,r 

glycernic a:>ntrol an::l may be irrlicative of :noncarpliance with therapy 

or problems with the treatment regimen. Peacock (1984) sug;Jests that, 

for a:>lumn dlraratograµiy methods, levels fran five to nine percent 

are no:rmal for the norxliabetic an::l that levels less than ten percent 

irrlicate good control of r:M. levels fran 10-14% dem:>nstrate fair 

a:>ntrol, rut irrlicate a need for the patient to be m::>:re carpliant or 

for the treatment regimen to be m::x:tified. Values greater than 15% 

irrlicate p:x>r control an::l a need for remedial therapy. 

Diet an::l Nutritional Re.cx:lme'rlations 
for Persons with Diabetes Mellitus 

In the p:reinsulin era low cartxilydrate, high fat, calorically 

restricted diets were the a:>rnerstone of diabetes therapy (Arky et 

al., 1982). Nuttall (1983) a.it.lines the histoi:y of diet therapy for 
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CM. In 1797, Jahn Rollo, a surgeon general in the British Arrrry, 

initiated the cx:rnplete avoidance of carbohydrate in the dietary 

treatment of diabetes. His prescription called for a diet of animal 

products with the cx:rnplete elimination of every kirrl of vegetable 

matter. Nearly a century passed before Bourchard mxlified this diet 

to include a few green vegetables that had been boiled sufficiently to 

rem:,ve the starch. Bourchard also prescribed lorg fasts arrl tight 

calorie restrictions to avoid glycosuria in his patients. In the 

early 1900s Bernard Naynyn advised protein arrl carbohydrate 

restriction for therapy, since he foon::l that protein could also cause 

glycosuria. In 1914, Frederick Allen introduced the Allen starvation 

treatment. 'Ibis involved caloric restriction arrl carbohydrate intake 

of 10 gms/day or less. Althalgh a small minority of :EX'lysicians 

treated patients with high carbohydrate diets of oatmeal or rice arrl 

reported sane success, tmtil the discovery of insulin by Bantirg am 

Best (1922) CM was usually treated with dietary regilrens of restricted 

carbohydrate am;or restricted caloric intake. 

Today diet is still a principal CCl'lp)nent in clinical management 

of CM. It has been shown that dietary managenent plays a primacy role 

in control of blcxxi glucose concentration (ADA., 1979), but data on the 

metabolic consequences of varioos dietary regilrens is still incomplete 

(Nuttall, 1983). 

Accordirg to the ADA. (1979, p. 520) '"Ihe dietary rea::mnemations 

for diabetic persons are, in nost respects, the same as for non­

diabetic persons." Crapo (1983) reccmnerrls that diets for diabetic 
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subjects witha.it marked loss of control shaild meet the 1980 RDAs for 

the imividual's age an:l sex. 

'Ihe ~ (1979) a.itlined seven goals of diet therapy for 

in:lividuals with IM. 'Ihese include: 

1) attain an:l maintain optinu.nn nutrition to i.nprove overall health. 

2) attain an::1/or maintain ideal body weight. 

3) provide for nonnal :rnysical growth in children an:l pregnant an:l 

lactatin;J wanen. 

4) maintain plasma glucose as near :rnysiologic ran:Je as possible. 

5) prevent or delay diabetic ccnplications (i.e. retinopathy, 

neuropathy, atherosclerosis, etc.) insofar as these are related 

to rretabolic control. 

6) nmify the diet as needed for ccnplications an:l for associated 

diseases. 

7) in:tividualize the diet makin;J it as attractive an:l realistic as 

possible an:l give awrq,riate education an:l follow-up. 

In 1987 the~ upjated their nutritional :rec:x:mne.rmtions for 

persons with IM. '!he new goals are similar, but include the need for 

greater consistency in rreal tim:irg for persons usin;J exogena.is insulin 

an:l for the use of blood glucose m:>ni.torin;J results as an aide in the 

integration of insulin therapy with eatin;J an:l exercise. 

Reccmnerrlations for diet u.11p::xsition in IM have dlar¥Jed 

considerably fran the traditional low cartx:tiydrate regirren once 

advocated. '!he~ (1979) reccmnerrled increasin;J carplex 

cartx:tiydrates in the diets of patients with IM to 50-60% of total 

kiloc:alories. In econcmically depressed areas of Asia an:l Africa many 

27 



persons with CM consume 70-80% of their total calories as carbohydrate 

withoot prct>le.rrs. Evidence suggests that diets with 60-85% of total 

calories as carbohydrate are well-tolerated am rnay lead to a 

reduction in exogenoos insulin requirements, providin;J the total 

caloric intake does not increase (Burgess, 1982; Rayner, 1982). 

Although high carbohydrate diets have sanetimes been associated with 

poor tolerance, poor ccrrpliance, am worsenirq of control in diabetics 

already in poor control, Crapo (1983) am Nuttall (1983) suggest that 

increasirg carplex carbohydrates can potentially provide clinical 

benefits if used wisely by notivated subjects who have been properly 

instructed in the diet. 

'!he .AI1'\ (1979) suggests that the preporrlerance of carbohydrate 

intake sha.tl.d be frcm starches am foods high in fiber. Increasirg 

fiber intake has been recarmerrled by the canadian Diabetes A<;;sociation 

(mA.) (1981), the British Diabetes A<;;sociation (~) (1982) am the 

.AI1'\ (1979) as a means of re.ducirg postprarrlial blcxxi glucose rises. 

Dietary fiber, especially viscrus fibers like guar am pectin, may 

slow gastric errptyirg time or limit diffusion of digested products to 

the abso:rpti ve surfaces of the small intestine. 'lhus they seem to 

cause flatter, ioore sustained elevations of blcxxi glucose (Crapo, 

1983). '!he recent up1ate by the .AI1'\ (1987) suggested a gradual 

increase in dietary fiber intake to awroxilrately 40 gms/day or 25 

gms/1000 kcal of fcxxi intake for rrost in::lividuals with CM. 

cart:xi1ydrates that are slowly digested, release their products of 

digestion slowly into circulation, am cause flatter, ioore sustained 

elevations of the blcxxi glucose are ocrrna'lly referred to as "lente" or 
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sustained-release cartx::nydrates. Jenkins ( 1982) suggests that 

information on the effect on blood glucose of lente cartx::nydrates, 

dietary fiber, arrl nutritional interaction between foods in a mixed 

meal will be used in the practical dietary management of diabetes in 

the future. 

Despite reports of inproved glucose tolerance, controversy still 

surroorrls the use of high-fiber diets. '!here is concern that high­

fiber diets may cause malabso:rption of certain trace minerals, be 

unpalatable, be poorly tolerated in sane subjects, arrl result in 

increased stool rulk arrl flatulence (Nuttall, 1983). 

Orrrent research in:licates that large differences exist in the 

glycemic response to different cartx::nydrate foods. In order to 

quantify these differences arrl to initiate a unifonn method for 

classifyinJ the glycemic effect of foods, the glycemic irrlex (GI) has 

been develcp:rl. '1he GI is defined as the area un:ler the an:ve for a 

test food divided by the area un:1er the an:ve for glucose for a 

reference food, carm::>nly white bread or glucose, where the available 

cartxilydrate content of ooth the test arrl reference foods is the same. 

'!hat nuniJer is nultiplied by 100 arrl reported as a percentage (Jenkins 

et al., 1981). 

Jenkins et al. (1981) reported blood glucose responses to 

different foods rarginJ fran 10-105% of an equivalent anomt of pure 

glucose. Great variation in the glycemic irrlex between food groups 

was noted. '1he group mean percentages went fran a low for lentils of 

31 ± 3% to a high for :rcx,t vegetables of 72 ± 6%. A high degree of 

variation was also noted within food groups. Fructose had a GI of 20 
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± 5% cc:rrpared to sucrose with a GI of 59 ± 10%. ('!he mean arrl 

starrlard deviation are expressed throughcut the text as mean± 

starrlard deviation.) 

'!here is a wide ran;1e of factors whidl affect glycemic response 

when eatirg a meal, i.ncltxlirg hydration of the starch, particle size, 

type of fiber present, presence of plytates or saponins, arrl the 

annmt of protein arrl fat available. Despite these variations Wolever 

et al. (1985) 5UCRest that the glycemic imex concept is still useful 

as an aid in the detennination of blood glucose response to the mixed 

meal . lk>rc'hy et al. (1981) SUCRest that if daily food intake is 

divided into five or six meals arrl the rate of absorption of foods is 

taken into aa::a.mt, a fixed pattern of carbdlydrate intake is 

unnecessary in order to ootain the best diabetic control. 

Further researdl. on the GI of imividual foods arrl on mixed rreals 

should be umertaken arrl thorcughly evaluated before any nmification 

in diabetic diet therapy, based upon the GI, is awrq;>riate. 

In general, it is still :rea:::rrmen:ied that glucose arrl glucose­

containirg disacx::harides sudl as sucrose arrl lactose be limited in the 

diabetic diet (Arky et al., 1982; Crapo, 1983). Ha,,iever, the need for 

tight control of sinple sugars is beirg reevaluated. '!he ADA. (1987, 

p. 126) states that ''nn:.iest annmts of refined sugars may be 

aa::eptable, contin:]ent on netabolic control arrl l:xxly weight". Bantle 

et al. (1983) fa.irxi no significant difference in blood glucose levels 

when diabetic subjects were fed mixed meals containirg 25% sucrose, 

glucose, potato starch or wheat starch arrl conclude that dietai:y 

sucrose, when consumed as part of a meal, does not aggravate 
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postpran:lial hyperglycemia. Crapo am Olefsky (1983) SUCJ:Jest that 

diabetics need not be overly cx,ncerned aba.rt: nmerate arra.mts of 

sucrose in a mixed meal since it does not seem to have a deleterious 

effect on glycemic cx,ntrol. Nuttall (1983) states that since sucrose 

has not been proven to adversely affect the health or longevity of 

persons with I::M, less restriction shoold be placed on cx,ncentrated 

sweets in diabetic diets. Rudennan et al. (1984) cx,ncludes that the 

addition of rra:lerate annmts of sinple sugars seerrs to be tolerated by 

rrost diabetic intividuals, am that the addition of sinple sugars to 

the diet, evaluated on an intividual basis, may inprove ccrrpliance 

thus inproving glycemic cx,ntrol. 

'lhe Am. (1979) recarmerrls lc:,,..iering fat intake for persons with Il1 

fran the typical 40-45% of caloric intake to 30-38%. 'lhe Am. (1987) 

SUCJ:Jests fat intake be further reduced to 30% or less of total caloric 

intake. 'lhe crl!\ (1981) am the BDi\ (1982) suggest that a maximum of 

35% of total calories canes fran fat. Limited intakes of saturated 

fat am dlolesterol have been recx:mnerxied because diets high in these 

substances have been inplicated in the etiolCXJY of atherosclerosis 

(Arky et al., 1982). '!here is strong evidence that diabetics have 

increased plasma dlolesterol. Saudek am Young (1981) hypothesize 

that diet may play a key role in diabetics dlolesterol haooostasis. 

'lhe crl!\ (1981) am the Am. (1979) reccmnen:1 limiting dlolesterol 

intake. 'lhe Am. (1987) SUCJ:Jests limiting dlolesterol to 300 ng/day or 

less. '!he limiting of saturated fats is also advised. 'lhe Am. (1979, 

1987) states that the level of saturated fatty acids shoold not exceed 

10% of total calories, that polyunsaturated fatty acids shoold suwly 
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up to 10%, arrl that the rernairrler of fat intake should be derived from 

IOC>nounsaturated fats. Rudennan et al. (1984) recx::rnmems that 50-70% 

of the fat ingested be unsaturated. 

''M:xiest restriction of salt intake should be considered in well 

controlled diabetic persons without medical problems," aa:x,rding to 

the Ant\ (1979, p. 521) reccrmnerrlations. It should also be considered 

in the estimated 40-80% of the diabetic pcp.11.ation with hypertension 

(Arky et al., 1982). 

Although not necessarily recamrerrled, if approved by their 

i:nysician, alcoholic beverages may be included in limited arrounts in 

the diets of patients with r:M. '!he type arrl quantity of calories 

present should be included in the diet plan (Ant\, 1979; ml\, 1981). 

'!he Ant\ (1987) sug:Jests that intake should not exceed 2 oz. of alcohol 

one to two tines a week. Ruderman et al. (1984) stresses that alcohol 

should not exceed 6% of the total caloric intake in the diabetic 

irrlividual. 

Table 1 gives a sync.psis of the Ant\ (1979), ~ (1982), ml\ 

(1981), arrl the Ant\ (1987) reccmnerrlations for diabetic irrlividuals. 

Diet arrl Nutritional Recanrremations 
for Persons with Diabetes Mellitus 
who use CSII p.mps 

Synchronizing diet, insulin, arrl exercise is the main enp1aSis of 

therapy in IDCM. Un:ier conventional treatnelt, a st:arrlardized daily 

regimen of food intake arrl Iilysical activity is required to match the 

peaks of intennediate or long-acting insulin. '!he need for regularity 

of food intake matched to the insulin pattern is partia..ll.arly 

inp:>rtant (Ant\, 1979; Crapo, 1983). 'Ihus, urrler conventional 
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Table 1. SUmmary of dietai:y recanunerrlations of the American, British arrl canadian Diabetes Associations 

Source 

Protein 

Fat 

carbo­
hydrate 

*Ant\ (1987) 

0.8 gnVkg of bcdy wt 

< 30% calories 
cholesterol< 300 
ng/day 

55-60% calories 
~is of cai;>lex 
aK> (use of m::rlest 
annmt of silrple 
sugars may be accept­
able deperdin] on 
metabolic control of 
in:tividual 

ADt\ (1979) 

12-20% calories 

30-38% calories 

50-60% calories. 
Elrr{:tlasis on complex 
aK> (restriction of 
silrple aK>) 

Sodium 1,000 ng/1,000 calories Moderation 
(rx:it to exceed 3, 000 ng) 

Fiber 40 gm/day or 25 gm/ Er¥::o..lraged f:rcm focd 
1,000 calories (max:im..nn sources 

Alcdlol. 

intake 50 gm/day) 

Li:mited use with 
IitY5ician approval 

Nlltritive l\cx:eptable in manage­
sweeteners ment of CM 

Nan- l\cx:eptable in manage-
rutritive ment of CM 

•Alrerican Diabetes Association 
**British Diabetes Association 
***canadian Diabetes Association 

Li:mited use with 
physician approval 

Advisability of use 
varies with control 

Cln'ently considered 
acceptable in diabetic 
dietary patterns 

•• 130,\ (1982) 

Exact airamt oot 
specified (up to 20% 
calories 

Maxi.m..un 35% calories 
nmified 

50-55% calories. 
Eqlhasis on cai;>lex 
aD (restriction of 
silrple aD) 

Mcxieration 

Eoccuraged f:rcm focd 
so.JrCes 

••• en\ (1981) 

Exact annmt oot specified 
(up to 20% calories) 

30-35% calories modified fat 

Minium 45% calories. 
Elrr{:tlasis on complex aK> 
(restriction of silrple aiO) 

Moderation 

Erxn.lraged fran focd sources 

No specific recx:moen:i- Li:mited use with IXIY5ician approval 
ation 

Caisi.dered to be of 
little benefit 

OJrrently considered 
acx:eptable in diabetic 
dietary patterns 

Moderation advised 

Moderation advised 
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rnanagenent, the tiini.n:J of iooals an:i snacks is detennined by insulin 

action an:i not by the in:lividual. 

'!he major difference between CSII ?,mp therapy an:i CIT is the 

elimination of insulin peaks with CSII (Savesky, 1983). With µmp 

therapy insulin is delivered at a constant basal rate an:i insulin 

boluses are adjusted to IOOa1. size an:i tiini.n:J, to intensity an:i 

duration of i;nysical activity, an:i to blood glucose levels. '!he 

wearer adjusts the insulin dose rather than bein;J forced to adjust 

iooals, activity, an:i life style on the basis of the action of 

intennediate-actin;J insulin. 

CSII allows for greater dietary flexibility, rut dietary 

management remains a primacy carponent of therapy umer this regilren. 

Accorcli.rg to the Alli\ (1982, p. 140) the "use of conti.nua.Js insulin 

delivery in no way allows for discarding diet or the daily scheduling' 

of events necessary for total diabetic management". 

Althcugh the exact role of diet in CSII therapy is still unclear 

sare guidelines have been described. Accorcli.rg to Grinvalsky an:i 

Nathan (1983) sua:::essful dietary pattern.shave the same basic elements 

as successful CIT dietary pattern.s with a few exceptions. 

similarities include: 

1) I.ow-fat diet with 50-60% of total calories as cartx:tiydrate, 30-38% 

as fat an:i 10-20% as protein; carplex cartx:tiydrates are advised. 

2) Achieve an:i maintain ideal body weight am;or praoote growth an:i 

develc:poont. 

3) 'Ihree iooals per day at reasonably regular times an:i with similar 

total caloric an:i cartx:tiydrate cx,ntent. Snacks may be m::>re 
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flexible. If meal timi.rg is not fairly consistent previous meal 

boluses may effect the next meal. Meal sizes that vary wide! y in 

calorie or cartd1ydrate content have been shown to make the 

adjusbrent of preprarrlial boluses nore difficult. 

4) Avoidance of concentrated sweets. Althcugh blood glucose can be 

controlled nore effectively on the :p.mp, in;Jestion of large 

ann.mts of concentrated sweets still causes glucose fluctuations. 

Differences include: 

1) Matchm:J of insulin boluses to preprarrlial blood glucose 

concentration, meal size, arrl cartd1ydrate content of meals. For 

this reason CSII is usually rec::amnerrled for subjects willin;J to 

do frequent SB3M arrl who are highly diet-educable. 

2) careful attention to weight maintenance diets. Many diabetics 

USIDJ CSII note a terrlency to gain weight. '!his may be 

attrib.rtable to nore efficient utilization of caloric intake on 

this regil0011. 

3) Increased flexibility of meal arrl snack timi.rg with the :p.mp. 

HOv.'eV'er, this does not mean catplete freedan in meal timi.rg. It 

has been ciJsel:ved that nearly all successful diet regi.Irens for 

:p.mp patients foll~ a fairly successful structured meal 

pattern. Since insulin peaks are generally eliminated on CSII 

snacks are not necessarily required. Night-time snacks are 

usually rea::mnerned to avoid nocturnal hyp::,glycemia. 

4) Inmediate treatment of the :p.mp patient at the first syrrptans of 

hyp::,glycemia. Ten to 15 gm of sarrple cartd1ydrate is generally 

enaigh to oonnalize blood glucose in ten to 15 minutes. P\.m'p 
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wearers may tolerate lower blood glucose levels so syrrptc:ms of 

hypoglycemia may occur at lower blood glucose levels than on CIT. 

Al tha.igh the guidelines SU<Rested above by Grinvalsky am Nathan 

( 1983) have had three years of sua:::essful clinical trial, they are not 

universally acx:::epted, am other diet protocols are in use. Olantelau 

et al. ( 1984) 5UCRest that lean CSII users do not need to follow 

structured rreal patterns. '!hey report that 90% of 70 µ.nttrtreated 

patients had normal HgbA1C's for several years without following a 

structured rreal pattern. Olantelau et al. (1985) report that a 

m:x:lerate intake of sucrose ( awroximately ten percent of their total 

carbchydrate intake) is well tolerated by p.mp-treated diabetics am 

encourage a rrore liberal diet in the treatment of persons with IIXM 

who use CSII. Savesky (1983) reports five diet protocols that are 

being used by CSII wearers. 'lbese include the traditional MY\ 

Exc:han;Je Lists for Meal Planning (MY\, 1976), calorie camting, 

carbchydrate camting, a liberalized diabetic diet where the 

mtlf.X)Sition or quantity of food is not regulated rut concentrated 

sweets are avoided, am a totally free diet whidl does not restrict 

concentrated sweets. 

Dietary Sb.nies of Persons with IIXM 

Few studies have been done on the actual dietary intake of 

persons with IIXM. Althoogh intakes of varicus nutrients have been 

reported there have been oo reports of the ccnplete micronutrient 

intake of persons with IIXM. 

Sterky (1962) studied the dietary intake of diabetic am 

non:liabetic sdlool children fran seven to 20 years of age. Dietary 
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intakes were gathered usirg the 24-hour recall method. 'Iwo hun::rred 

fifty-four children, 130 with IDtM am 124 witha.rt IDtM, took part in 

the investigation of food habits. 'Ihe study revealed that protein 

intakes were generally higher am that cartdlydrate am calorie 

intakes were lower in diabetics than in non:liabetics. 'Ihe average 

intakes of cartdlydrates, proteins, am fats by diabetic children were 

41.55%, 14.3%, am 44.15% respectively. Orildren with rM were also 

significantly lower than their camterparts in intakes of calcium, 

iron, vitamin A, thiamin, am riboflavin. over 50% of all children 

studied were below the 1958 Rm for the vitamins am minerals 

specified. 

~ am Reunanen (1979) studied the dietary intake of 185 

subjects with IDtM am Non-Insulin Depement Diabetes Mellitus (NIDtM) 

am catpared them to a graip of healthy non-diabetic subjects. 

catparisons of the percentages of total caloric intake fran 

cartdlydrate am protein revealed that diabetics consurce:i rrore protein 

am less cartdlydrate than their non-diabetic camterparts, 16-18% vs. 

13-14% protein am 41-46% vs. 47-51% cartdlydrate for the respective 

pcp.llations. Both graJpS ex>nst11tm 38-40% of their total energy intake 

fran fat. Diabetics ate 12-21 gms of sugar daily catpared to an 

average of 70 gnVday for subjects wit.ha.rt I:M. over 66% of the 

participants with IOCM ate six or rrore meals per day. 

Dietary Studies of Persons 
with IDtM who use CSII 

Chantelau et al. (1982) described the dietary intake of seven 

subjects on CSII. SUbjects adhered to diets followirg AIY\ (1979) 
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guidelines for the first three days of the stu:fy am then switched to 

a liberalized diet. '!he less restricted diet offered free choice of 

rnnnber, t~, am cartx:hydrate content of meals, rut sinple sugars 

-were still avoided. On the liberalized diet, cartx:hydrate content 

varied fran 40 ± 12 gm cartx:hydrate at breakfast to 53 ± 24 gm 

cartldlydrate at ~. '!he average daily cartldlydrate intake was 156 

± 4 gm/day. '!he percent of total calories derived fran cartx:hydrate 

was 34 ± 5%, fran protein 15 ± 2%, am fran fat 51 ± 5%. T~ of 

meals varied up to 94 ± 55 minutes fran one day to the next. On the 

less restricted regimen the average J'lUltDer of daily meals fell fran 

five or six per day to three or four per day. Mean glUCXJSe levels 

-were within nonnal limits on the conventional am on the less 

restricted diet. Mean HgbAl c value fell fran 9. 7 ± 1. 9% before 

initiation of CSII am a relatively mrrestricted diet to 7.3 ± 0.5%, 

4-6 ironths after installation of this regimen. F\lrther evaluation of 

the dietary intake was not presented. 

F.atirg behaviors am diet m1p:xsition of 15 irrli viduals with IDCM 

treated with CSII -were investigated by ~..r et al. (1985). Diet 

a:.ttifOSition was evaluated on the basis of a 24-hour recall. Mean diet 

mnposition as a percent of calories was 38% ± L8% cartx:hydrate, 20% 

± 0.9% protein, am 42% ± 1.2% fat. Food-frequency c:x:mparisons of 

diet while on conventional vs. p.mp therapy revealed statistically 

significant increases in the J'lUltDer of snacks am the delayin;J of 

meals for irore than one hoor while usin;J CSII. '!he annmt of refined 

cartldlydrate consumed did not dlarge significantly after initiation of 

CSII. 



Average neal.-time variations on the ?JI'IP were: breakfast, 126 ± 

20 minutes; lunch, 84 ± 15 minutes; dinner, 122 ± 14 minutes, arrl 

snack, 101 ± 17 minutes. Maxiltla1. neal.time variations were 126 ± 20 

minutes. Variations in the size of meals also increased on ?JI'IP 

therapy. Mean HgbAl c levels went fran 10. 4 ± . 3% on CIT to 8. 6 ± . 3% 

after a mean of 16.2 ± 2.3 m::>nths of CSII therapy. 

'!he mnnber of subjects who did not adhere to a structured meal 

plan or directly use the excl"lan;Je system, b.rt: tried to keep neal. 

mtrµ)Sition, p:rqx,rtions, arrl timirg reasonably consistent, increased 

fran 67% on CIT to 85% on CSII. Micronutrient mrrµ,sition of the 

neal.s was not reported. 

Weight ~es in SUbjects Us~ 
Continuous SUbcuta.neaJs Insulin 
Infusion 

'!he terrlency for diabetics on CSII therapy to gain weight has 

been consistently reported in the literature (Hamet et al. , 1982; 

I.eichter et al. , 1985; Hane et al. , 1982 ; cai;per et al. , 1985) • 

Modest weight gains of one-arrl-one-half to two kilograms (kg) after 

six to 52 weeks of CSII µmp use were CC1T1tDnly described (Hamet et 

al., 1982; Hane et al., 1982). ~ et al. (1985) noted a mean peak 

weight gain of 4. 76 kg after two to 15 m::>nths of µmp therapy in 12 of 

the 15 subjects studied. 'Ibis represents a 7.9% increase in body 

weight. SUbjects believed weight gain was caused by inproved glucose 

control, with the body's use of calories previously lost in urine arrl 

increased focd consunption secorrlacy to the convenience of addin;J m::>re 

insulin to ccrrpensate for larger neal.s arrl additional snacks. 
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I.eichter et al. (1985) reported an increase in percs1t c>f 

desirable weight fran 104 ± 3% to 112 ± 4% in ten patients bJO years 

after initiation of CSII. '!he authors speculate that weight gain may 

be secorrlacy to in'proved glycemic control in the face of loo:j-tenn 

caloric excess or the overzealous use of insulin to cover 1ai-ger or 

rcore frequent meals. 

Hamet et al. (1982) noted a weight increase in seven of eight 

subjects studied. Mean weight increased fran 60 kg after t:nree weeks 

of p.mp therapy to 62 kg after five rconths on the p.mp. '!he authors 

state that weight gain may be a significant problem with CSII therapy 

am suggest that patients decrease their caloric intake Joy an aioount 

equivalent to oosei:ved prEH::SII glycosuria. '!he ann.mt of glucose 

lost in the urine before initiation of CSII is now available for use 

by the body. If the subject does rx,t decrease caloric i.ntaJce by an 

ann.mt equal to that previously lost or carpensate for the extra 

calories now available to the system by increased plysicatl activity, 

weight gain may result. 

Rlysical Activity in Persons with 
Insulin Depen:lent Diabetes Mellitus 

'!he basic principle in control of IIXM is the balanc::e am:>n;J 

energy expen:liture (Ii1ysical activity), energy availabili.ty (:food 

intake), am insulin action (Skyler, l979b). 'lhorrugh understarxli.n:J 

am aw~riate inpleneltation of each of these c:x::nponents is 

essential in ~ful managene1t of IIXM. 

Because of its glucose-lCAverirq effect, exercise or -~ 

plysical activity has traditionally been reccmnerrled to p.,atietlts with 
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J:M. 'Iherapeutic use of exercise was advocated as early as 600 OC. 

'!he enhancerent of glucose uptake followin:J plysical activity was 

described in the l880S. Inproved tolerance to carl:dlydrate load with 

exercise has been repeatedly reported since the 1920s (Vranic and 

Berger, 1979). Stl.xlies imicate increased sensitivity to insulin and 

increased insulin bi.rxlin;J to receptors with plysical trainin:J. 

Conversely, inactivity has been shown to increase insulin resistance 

and cause deterioration of glucose tolerance (Skyler, l979b; caron et 

al., 1982). Reduced insulin requirerents have been reported after 

i.Irplementation of a regular exercise program in subjects with IIXM 

(sac.hdeo et al., 1983; Vranic and Berger, 1979). 

'!he overall netabolic response to exercise is CCll'l)lex and 

involves a carbination of hornonal, enzymatic, neural, and substrate 

control. In the non:liabetic imividual the rate of glucose 

utilization and glucose prcxiuction are precisely matched. '!his 

regulation is so good that unless activity is severe or prolonged, 

blood glucose concentration remains stable. Nonnal hornonal 

alterations that oco.ir with increased plysical activity include a 

decrease in insulin secretion and increased blood levels of 

catecholamines, grcMt:h hornone, cortisol, and glucagon. Cortisol and 

glucagon are increased significantly only with prolonged activity 

(Skyler, l979b). '!he regulation of insulin levels is vital since it 

nrust be high ena.igh to enhance peripleral glucose utilization, and to 

sensitize the liver to the action of gluconeogenic and glycogenoltyic 

hornones like catecholamines, l:ut low ena.igh not to prevent glucose 

production (Vranic and Berger, 1979). 
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'!he irxli.vidual with IIXM lacks this sensitive insulin resp::>nse to 

variations in the level of :Eilysical activity. 'Ihus, glucose 

haneostasis is jecpm:lized. '!his is further carplicated by 

inawrq:>riate resp::>nses of other circulatin;J honrones durin;J exercise. 

Epineprrine, norepineiirrine, arrl growth honrone resp::>nse to exercise 

is exag;Jerated in the conventionally treated diabetic (Tamborlane et 

al . , l979b}. 

Screenirg of metabolic control with Slnl arrl urine testin;J are 

reccmnerxied before strenuoos or p:rolorged activity to prevent 

hypoglycemia or hyperglycemia. In norx:liabetic irxlividuals insulin 

secretion decreases durin;J exercise, increasin;J hepatic glucose 

production to c::x:rrpensate for increased glucose utilization by the 

muscle. '!his down regulation does not occur in persons with IIXM and 

a relative hyperinsulinemia arrl hypoglycemia may occur (sadrleo et 

al., 1983). 

Nathan et al. (1985) suggest usin;J a "lente" ca.rtxilydrate such as 

whole milk 30 minutes before startin;J no:lerate activity. SUch a snack 

has been shown to cause a delayed increase in plasma glucose 

concentration withoot causin;J increased plasma glucose values durin;J 

exercise. Alternatively, subjects may snack on rapid-actin;J 

ca.rtxilydrate after the catpletion of exercise. Fifteen to 30 grams of 

ca.rtxilydrate for 30 minutes of exercise are ccmoonl.y reccmnerxied. If 

strenuoos exercise is to be p:rolcmJecl for m::>re than one or two hours a 

reduction in insulin administration may decrease the risk of 

hypoglycemia, arrl additional ca.rtxilydrate may need to be consumed to 

replete nuscle glycogen stores (:Kentoor arrl Berger, 1984). 
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Insulin plays a pennissive role in the increase of glucose uptake 

by the nruscle durin;J exercise. SUbjects with insulin deficiency nay 

experience a worsenirg of hyperglycemia since their hepatic glucose 

prc:x:iuction nay still increase with exercise, l:ut peripieral 

utilization of glucose will be limited. It is suggested that persons 

with marked acetorruria (3 plus acetone in urine) or with blood glucose 

in the 250-350 nq/dl or greater rarge limit exercise or strenuous 

!ilysical activity tmtil :inproved metabolic control is adrieved (caron 

et al., 1982; Kemner arrl Berger, 1984; Schumann, 1983). 

Exercise am !ilysical activity have not been CC1111Dnly used as 

treatment rrodalities in IIXM due to the lack of precise data on 

predicted metabolic effects (Nuttall, 1983; Kentrer am Berger, 1984) . 

Zirnnan et al. (1984) studied 13 subjects with IIXM for 12 weeks 

to assess aa.rte am lo:rq-tenn glucose :responses to exercise. 'Ibey 

fourrl that the aa.rte glucose lowerin;J effect of exercise exterxied over 

the entire 13-week period, l:ut that lon;1-tenn control, assessed by 

HgbA1C's, did not inprove. A significant increase in caloric intake 

on exercise days (2849 ± 330 kcals) vs. nonexercise days (2569 ± 273 

kcals) was also noted. 'lhe authors concloo.e that therapeutic use of 

exercise trainin;J in diabetic managenert: nay require ioore research on, 

arrl precise guidelines for, exercise tirni:rq am nutrient intake based 

on SJ:Oot. 

caron et al. {1982) studied the effect of 45 minutes of exercise 

perfonned 30 minutes after meals in eight subjects with IIXM am 

report that the najority deioonstrated a marked inprovenert: in the 

abnonnal glycemic excursions often seen in diabetics p::,stprarrlially. 
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Inproved glycemic response to the subsequent rreal was also noted. '!he 

authors suggest that although this infonnation may be useful in 

prescribin;J exercise timing for persons with !DCM, lon;1-tenn studies 

on the metabolic control of !DCM with respect to exercise requires 

further study. 

'!he duration an::l intensity of i:nysical activity has been 

denonstrated to affect glucose levels in the subject with IJXM. 

Hubin;Jer et al. (1985) reports that short-tenn exhaustive exercise, 

two minutes 15 secoms to four minutes 15 secorrls in len:Jth, did not 

affect the level of blood glucose in the nine irrlividuals studied. 

Both continuous exercise for 30 minutes an::l three ten-minute exercise 

periods at half the maximal 'iiv'Ork load of eadl subject, intern.Jpted by 

two three-minute rest periods, caused significant decreases in blood 

glucose levels. other authors have reported that i:nysical activity 

may have a p:rolon;Jed effect on diabetic cxmt:rol an::l that, depen::ting on 

duration an::l intensity, it may influence intake requirements for up to 

48 hoors after cessation of the activity (Skyler, l979b; caron et al., 

1982). Consideration of the intensity an::l duration of i:nysical 

activity nust be considered in advisin;J its use in the management of 

IIXM 

Rlysical Activity in Persons 
with IIXM who use CSII 

CSII is reported to be a safe an::l adequate methcxi for treatin;J 

irrlividuals with IIXM durin;J exercise an::l to aide in the nonnalization 

of deviate honoonal an::l metabolic responses associated with i:nysical 
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activity in diabetics treated with CIT (Gooch et al., 1983; Viberti et 

al. I 1984) • 

'Ihe primacy concern with CSII therapy durin] strenuoos Fhysical 

activity is the possibility of develqJinJ hypoglycemia. R:>stprarrlial 

blood glucose levels are lower on CSII therapy am the risk of 

hypoglycemia i.rrluced by post-meal exercise :rray be increased. 

Hyperinsulinemia accelerates exercise-stinulated glucose utilization 

while decreasin] hepatic glucose production which nonrally meets the 

needs of exercisin] nuscle. Boluses of rapid-actin] insulin :rray peak 

at a higher level than on conventional treatment regimens am thus 

lower blood glucose llDre quickly (Koivisto am Tronier, 1983; Gooch et 

al., 1983). 

Despite these concerns m::>St authors do not report an increased 

risk of hypoglycemia followin] J;X)Stprarrlial exercise in ?J1YP users, 

even when mild hyperinsulinemia is d:served (Trovati et al. , 1984; 

Yki ~aJ:Vinen et al• I 1984) • 

Koivisto am Tronier (1983) studied 11 subjects treated with CSII 

or CIT am reported that plasma insulin levels were 50% higher at the 

beginninJ of J;X)Stprarrlial exercise in p.mp \o.10arers than in their 

conventionally-treated a:::miterparts. Blood glucose levels fell 60% 

nore durin] exercise in subjects on CSII therapy, rut in contrast to 

subjects on CIT, did not continue to fall durin] the r:ecovery period. 

Total decreases in blood glucose levels were similar in both graJpS 

am there were no reports of hypoglycemia. 

In contrast, Schiffrin et al. (1984) reports that six subjects 

treated with CSII therapy had a :rrarked increase in hypoglycemia 
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follC1Ning m:xierate exercise in the post-abso:rptive state when canpared 

to six subjects treated with ocr. Sdtlffrin am Parikh (1985) foorrl 

that a 30-50% reduction of the premeal insulin bolus in anticipation 

of postpran::lial exercise of noderate intensity (45 minutes of cycle 

erganeter exercise at 55% ~) resulted in near-nonnal glycemic values 

am prevented hypoglycemia. Intake of 15 gm of glucose before am 15-

30 gms of glucose after 45 minutes of m:xierate postpran::lial exercise 

was reccmnen::led to prevent hypoglycemia in the case of unplanned 

};Xlysical activity. 

Irrlividuals usirg CSII are generally highly m:Jtivated pecple 

striving for inproved diabetic control. '!heir insulin administration 

is primarily based on blood glucose levels am dietacy intake which 

have both been shown to be affected by };Xlysical activity. '!he 

abso:rption am utilization of insulin may also be affected by };Xlysical 

trainirg. Infonnation on the actual daily };Xlysical activity of pump 

wearers WCA.11.d be of use in treatirg these patients am in educating 

them on insulin bolusing. To date the actual daily };Xlysical activity 

of subjects on CSII has not been documented. 

Dietary Assessment Methods 

catparative sb.xlies of different dietary assessment methods have 

been done for over foor decades, l:ut results remain inconclusive. 

Each method used has advantages am disadvantages (Kru:vetti am Knuts, 

1981). 

stuff et al. (1983) points rut t\tJO major limitations foorrl in all 

assessroont methods. First, as the acx::uracy of dietacy intake 

assessroont increases, there is irx::reased interference with nonnal 



lifestyles an::i usual intakes. Sea:>rrl, unless the rrethod uses direct 

chemical analysis it is depen:ient on focxi cx:xcp:sition tables that only 

awroximate the actual nutrient content of focxis consumed. 

Block (1982) surcmarizes studies on the validity an::i reliability 

of varia.is dietacy assessment rrethods an::i concludes that validation of 

dietacy intake rrethods is very difficult since the true or actual 

intake should be known as a cacparison value am that the intake 

reported needs to be established as the usual or typical intake for 

the subject. Since these criteria are extremely difficult to 

establish, validations are usually cx::rrparisons of one dietacy 

assessment rrethod with another or are based on the reproducibility of 

nutrient intake data in repeated studies. 

Accorclin3' to Beaton et al. (1983) there is no ideal dietacy 

collection rrethod, rut deperrlirg on the &q,e of the study an::i 

infonnation saight, different rrethods may be preferred. 

Methods used to assess nutrient intake include the focxi record, 

the dietacy recall, am the dietacy history. Focxi-frequency 

questiormaires are excluded fran this groop since they are primarily 

used as a rrethod to measure typical focxi consunption rather than 

actual dietacy intake for a specific period (MJ.llen et al. , 1984) • 

Focxi intake records involve recorclin3' all focxi consumed over a 

specified period of time. SUbjects weigh, measure, or estimate focxi 

eaten depen::lirg upon the guideline specified. 'Ihis rrethod does not 

require skilled interviewers since records are filled out by the 

subjects thenselves thrrughout the intake period. 
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Research has primarily addressed the issues of validity of the 

food record, the number of days the records sha.ild be kept, am for 

which days of the week records sha.ild be kept. 

Gersovitz et al. (1978) fa.mi good agreement with actual kna.m 

intake am mean values oot:ained by the seven-day food record. Good 

oorrelation was also fa.mi between in:lividual values durin;J the first 

few days of the recorde::i week. Validity reportedly declined by the 

fifth, sixth, am seventh days of the food record. Block (1982) 

ooncludes that good agreement has been established between mean values 

oot:ained by the seven-day food record am by actual -weighin;J, but that 

the validity of this methcxi may be limited to group mean values since 

in:lividual records may becane unreliable, especially toward the erxi of 

the record keepin;J period. 

Gutherie am Crocetti (1985) assessed the magnitude of variation 

in nutrient intake of in:lividuals aver a three-day period. 'Ibey 

report that 85% of the 21,569 pecple sw:veyed had intakes of a 

specific nutrient on any one day that varied by nore than 25% fran the 

average for the three-day period. 'lherefore intake on any one day 

cannot be considered a sensitive inti.cater of the usual intake of that 

nutrient for an in:lividual. 'Ibey conchxled that infonnation provided 

by a one-day intake is inadequate am inawrcpriate for accurate 

assessment of the intake of an in:lividual am questionable as a good 

representation of the usual intake of groops. 'Ibis is Sl.JEP)rted by 

the oonclusions of Beaton et al. (1983). 

stuff et al. (1983) prq,oses the three-day food record as a 

reasonable methcxi for oot:ai.nirg nutrient intake data am for assessin;J 
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the general quality of the diet rut feels it may not be as precise in 

predicti.rg irrli.vidual intake as the seven~y record. 'lhe use of the 

~y food record for establishin'J nutrient intake is also 

suwc>rted by YCA.Irg arrl Trulson (1960). Jackson et al. (1986) 

concluded that four consecutive days of records are needed to provide 

an acceptable tool for assessi.rg dietary intake. 

Significant differences in nutrient intake between weekem days 

arrl week days have been reported in a grrup of pregnant waoon arrl a 

grrup of in:iustrial workers by Cl1almers et al. (1952) arrl in 30 adult 

waoon by Beaton et al. (1983). Since there is a doa.nnented difference 

in the quantity arrl type of food selected on weekem days carpared to 

week days, exclusion of~ days in intake records may distort 

assessrent of actual mean dietary intake. 

other concerns with the use of food records include the need for 

a high degree of cc:q,eration on the part of the subject, the 

possibility that subjects may chalXJ8 their usual eati.rg behavior 

because they are writi.rg down their intake, arrl the likelihood that 

portion sizes may vary as a result of attention paid to scrutinizi.rg 

quantities (Chalmers et al., 1952; Block, 1982; Gersovitz et al., 

1978). Jackson et al. (1986) sug:Jest that resporrlents often report 

what they thalght was e><pected of them, cx:mronly over-reporti.rg low 

intakes am umer-reporti.rg high intakes. 

'lhe 24-hour recall requires the subject to i:emenber everyt:hi.rg 

that was eaten over the previa.is 24 hairs. It is preferable to have a 

trained inte:tvier,,ier administer the 24-hour recall. '!his method is 

nore CJ)el'l to direct validation since the time arrl intake are limited, 
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makin:;J direct c:i)savation am ireasurement of intake possible arrl 

practical (Block, 1982). 

Madden et al. (1976) carpared the 24-hour recall with weighed 

duplicate meals for 76 elderly persons. Mean values of the two 

100thods were fourrl to be similar for all nutrients except calories. 

When Pao et al. (1985) carpared the intakes of 8, 779 i.rrlividuals, 

divided into 22 age-sex groops, usirg a 24-hour recall am a two-day 

dietary record, mean intakes for IOOSt nutrients arrl age groups were 

not significantly different. Exceptions that were noted, primarily 

anorq males, for caloric intake, fat, am carlxi1ydrate were so few 

that they could be due to chance alone. 

Gersovitz et al. (1978) carpared the dietary intake of 31 elderly 

subjects, ootainecl by 24-hour :recall, with the d::lsel:ved actual weighed 

ano.mts of foods eaten. Mean reported intake values were not 

significantly different for nine oot of ten nutrients. Mean recalled 

protein intake was the only nutrient which differed significantly from 

mean actual intake. 

Despite good correlations with actual weighed intake the 24-hour 

recall only reflects one day am may be a poor i.rrlicator of usual 

intakes so is not considered an awrcpriate tool for assessirg the 

usual diet of an irrli vidual. When assessirg 24-hour recall Madden et 

al. (1976) am stunkard am Waxman (1981) foorxl subjects often over­

reported low intakes am urrler-reported high intakes arrl suggest that, 

to the degree that subjects terrl to report the mean or perceived 

e>q:>eeted intake, there may be an urrlerestimation of extremes in intake 

am a false negative differe?'lre between groups. 
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'!he dietary history includes any method which consists of an 

extensive inteJ::view designed to elicit the usual diet. Diet histories 

have been reported to yield higher values than the seven-day record or 

24-hour recall (YaJJ'l;J et al., 1952; l£!I:per am Fhelan, 1963). 

However, Jain et al. (1980) concluded that altha.lgh the diet history 

does not give a picture of total nutrient intake identical to diet 

records it is useful as an estimate of dietary patterns anorg groups 

am is sufficiently reliable to be used for epidemiological studies. 

Since no one food intake assessrent method has been established 

as the nost reliable for all con:litions, the researc::her nust decide 

the nost effective method to use within the constraints of the 

research enviro:rnre.nt am deperxli.rg on the objectives of the research. 

Fhysical Activity Assessment Methods 

As.sessirg the habitual activity of peq>le is prooably the nost 

difficult parameter measured in energy-balance studies. Assessrrent of 

dietary intake requires measurenert: only when the subject consumes 

food. Body fat or "Weight can be measured at periodic intel:vals, but 

energy experrliture is a continua.ls function. It is also highly 

variable with occupational am leisure activities, dlargirg greatly 

with many peq>le t.hrrughait any given day, fran day to day, am fran 

season to season. Energy ootµ.rt is deperxient on the nature am 

intensity of the activity, envirornnental cx:>n:litions, previaJS 

exercise, am the ano.mt of time elapsed. since irgestion of a meal 

(lt>ntoye, 1971; Adleson et al., 1980). 

Several methods have been used to detennine energy experrliture 

inclucti.rg analysis of heart rate variations durirg daily activities, 
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retrospective questionnaires of habitual activity patterns, am 

calculations of energy rutp.lt base:i on fonrulas that detennine 

iootalx>lic rate with a percentage of this basal rate used to establish 

plysical activity (Reiff et al., 1967; Mahalko am Jchnson, 1980; 

Acheson et al., 1980). 

In:::lirect calori!OOtry is base:i on the calculation of heat 

production fran gasea.is ex~e: oxygen col1S\.Il00d, carbon dioxide 

expired, or both. 'Ihe agreerrent in caloric values ootained by 

calculation fran either oxygen const.mption or carbon dioxide 

production is quite gocxl. In:::lirect calori!OOtry awe,ars to be the nost 

acx::urate ioothcxi to assess the energy cost of daily activities 

(Bouc:hard et al., 1983). '!he use of various devices such as the 

Planck respiraneter, whidl consists of a small dry gas iooter worn on 

the back am a face mask whidl the subject breathes thra.Igh, has been 

used to establish values of caloric experrli.ture for various activities 

(Wirths, 1974; ru:rnin am Passnore, 1967). 

Althcugh irrli.rect calori!OOtry is considered very acx::urate it is 

difficult to use since it requires considerable ti!OO, e><pense, am a 

highly nntivated pcpll.ation of subjects. 'Ihe piysical encurrbrance 

involved with even the lightest of respiraneters may introduce bias 

into an estimation of daily J,ilysical activity by alterirg the 

subject's typical activity pattern (Acheson et al., 1980; Ba.ldlard et 

al., 1983). 

'Ihe factorial or diary IOOthod involves the recx>rdirg, by the 

subject or a direct d::lsel:ver, of all activities am their duration 

over a specified ti!OO pericxi. 'Ihe energy costs of the different 
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activities are generally ootained fran the literature (Im:ni.n arrl 

PaSSIOC>re, 1967) , arrl the energy cost of eadl activity is nul.tiplied by 

the total time spent in that activity aver the time frame specified, 

typically 24 hoors. Validation of this nethod is generally based on 

its correlation with retest experinents, oxygen consurrption stu1.ies, 

arrl intake balance stu1.ies arrl is generally considered to be a 

reliable summar:y of nean energy expen::liture for the grcq, (Taylor et 

al., 1978; Acheson et al., 1980). 

Ba.1chard et al. (1983) devel~ a three-day activity record to 

estimate the annmt arrl pattern of daily energy expen::titure. Energy 

expen::liture was qualified on a scale fran one to nine. '!he categories 

were based on the energy, expressed in MEl's, required to perfonn the 

particular activity. MEI' is defined as a nultiple of the restin;J 

netabolism with one MEI' equalin;J the average restin;J energy 

expen::liture or oxygen consurrption of a reference inti victual. 'lwenty­

four-hour time periods were divided into 96 fifteen-minute activity 

units. 'Ibis instrument was then used by 300 subjects on two week days 

arrl one weekerrl day to record their JX}ysical activities. Results 

in:ticated that daily patterns of energy expen::liture terrled to 

fluctuate a great deal. '!he highest weekly variations were noted 

between week days arrl weekerrl days. When a retest experinent was 

perfonned daily energy expen::liture for any of the days activities was 

closely reproducible. Reliability correlations rarged fran .86 to 

.95. Mean calorie energy expen::liture for the three days was highly 

reliable with a coefficient of 0.96. High-intensity activities are 

reported with sanewhat greater accuracy than activities requirin;J less 
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effort. 'Ihe authors cx,nclude that the use of a ~y diet record 

can be very useful in quantifyirg nean energy expemed per day, but 

that the diary method may be i.Jlawrq:,riate for energy-balance studies 

since it does not assess charge in activities fran minute to minute. 

Reiff et al. (1967) cx,nfinn the inp:>rtance of assessirg very 

small incre.roonts of activity in energy balance studies since many 

activities like tennis or shq:pin;J involve short periods of high 

activity intennixed with periods of ccrrparative rest. 'lhus, unless 

this type of info:nnation can be ootained, diet records shoold be used 

only for awroximation of energy expemiture. 

Acheson et al. (1980) studied the :(ilysical activity of 12 

irrlividuals for six to 12 IrOnths. Fadl subject filled rut a diary 

divided into five-minute periods, tut whidl ccw.d be further 

subdivided by the irrlividual. Energy costs of eadl activity 'W'eI'e 

evaluated fran the literature arrl by actual measured energy cost of 

eadl activity for eadl person ootained over the course of the study. 

catpared to the intake/balance tedmique, whidl evaluated charges in 

irrli vidual body fat over six to 12 roc>nths, the diary, based on the 

literature reports of energy costs of varia.is activities, 

overestimated energy ootp.rt: by O. 3%. Usirg m3aSUred energy cost for 

eadl irrlividual the diary overestimated energy ootp.rt: by six percent. 

Neither of these differences was statistically significant. 'lhe 

authors conclude that althc::ugh the record method is tedia.is arrl makes 

great demams on the subject it prd:)ably "represents quite an accurate 

summary of their activity over the periods of investigation" (p. 1161) 

tut that irrlividual errors were too large arrl rarrlan to allow a 
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prediction of fat gain or loss. Blaxter (1956) sug;Jests that to 

accx::mrt for chan;Jes in bcrly energy usin;J energy consumed vs. energy 

experrled requires measurin;J eacn of these paraneters within 0.5%. 

'!his has not been achieved in man axtside of a metabolic mrit. 

overall, the literature ~rts the use of the diary records, 

usin;J an evaluation of the energy cost of activities based on the 

literature, as a reasonably accurate assessment of in::lividual energy 

experrli.ture over time. It does not ~rt its use for energy balance 

studies or as an exact acx::amt of a person's minute to minute 

activities. 

55 



OIAPI'ER III 

SUbjects 

'!he study pcp..llation cx:>nsisted of 22 subjects, seven males arrl 15 

ferrales, with IIXM, rargirg in age fran 22 to 55 years. Participants 

had used subcutanea.1s insulin infusion p.mp:; for fran eight to 52 

ll'Dnths. :B3sis for exclusion of subjects fran the study included: 

lactation, pregnancy, severe heart disease, arrl renal failure. 

Persons with diabetic cx:nt)lications such as mild neurq>athy, 

retinopathy, arrl ~thy were included in the subject pcp.ilation. 

Participants were all patients of r:ana H. Clarke, M.D., arrl his 

associate, Kathleen Ford, M.D., en:locrinologists who subspecialize in 

diabetolcxy in Salt Lake City, utah. At the time of the study (1984), 

awroximately 100 patients usirg CSII att:.erned their Diabetes Health 

Care Clinic for medical care. 

Research ARJroach 

'!his study utilized a descriptive research awroach arrl was 

designed to describe the study pcp.ilation in tents of average dietacy 

intake, P'}ysical activity, glycanic control, arrl weight ~e since 

initiation of CSII. other descriptive data were gat:henrl by 

questionnaire or fran the subject's medical record. Nutrient intake 

infonnation was analyzed by carp.rt.er arrl ccnpared with the 1980 Rill\, 

the~ (1979) dietacy reccmnerrlations for persons with CM, arrl with 

nutritional infonnation for age arrl sex matdled groops fran NHANES II 

(1983). 
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Materials am Instrumentation 

Materials Folder 

F.ac.h subject was provided with a materials folder with all study 

material, instructions, am ex.anples needed to CctTplete the 

participant part of the study i.ncludin;J: 

1) A cover letter ootli.run;J the p.n:pose of the study am the 

participant's responsibilities (~ A) • 

2) A con.sent fonn to be signed by each subject participating in 

the study. '!he fonn gave written consent to the investigator to 

review the patient's medical record, providing the subject's :nane 

remained confidential, am to report firrlings fran those records, the 

three-day diet record, the three-day plysical activity record, am the 

subject questionnaire (~A). 

3) A questionnaire with 43 questions designed to ootain 

descriptive infonnation ~ the subjects diabetes, use of CSII, 

diet, am diabetes control. Q.ie.stion types consisted primarily of 

rrultiple choice am fill in the blank. 'Iwo short essay questions 

concerning the patients feelinJs aha.It the p.mp were also included 

(~B). 

4) Written instructions for describing focx:ls eaten am recordirB 

anomt:s. Specific instructions were given for certain food gra.ips 

i.ncludin;J cereals, cheese am yogurt, fruits am vegetables, soups, 

desserts, beverages, breads, meats, eggs, am fats (~ C). 

5) A portion size guide for estimating .....eights of meats am 

cheese was provided for subjects to use when reportin_J quantities 

(~C). 
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6) SUbjects were aske:i to keep a written record of blood glucose 

values ootained by SOCM durin:J the ~y food intake period. A 

record of the ti.me of day the blood was taken was also requested. An 

exanple of the type of record aske:i for am space for recordin:J the 

blood glucose value am the ti.me of day were provided (~ D). 

7) Study participants were aske:i to ccttplete food intake records 

on three consecutive days includirg one weekern day. A separate sheet 

for each day was included al~ with an exanple record sheet. If food 

was bein:J eaten to <XNer an insulin reaction subjects were aske:i to 

irrlicate this on the food intake sheet. Space was provided to specify 

the annmt of the pre-meal insulin bolus am the ti.me it was given 

(~E). 

8) 'lwo addressed (to the researcher) p::istage-paid envelq:,es were 

included to facilitate return of study material. 

Rwsical Activity Record 

Each subject was requested to keep a record of his or her 

activities over the same ~y period as the food intake record. 

Activities were categorized into eight groops adapted fran D.lrni.n am 

Passrrore (1967), Balchard et al. (1983), am Katdl am 1'k:Ardle (1983). 

Instructions stressed the need to acca.mt for every minute of each day 

fran midnight to midnight. If subjects were unable to categorize an 

activity based on the ex.anples given in the instructions am exanple 

sheet, the activity was to be written at the tc:p of the day's record 

am was categorized by the researcher. Only one participant utilized 

this cption. Althaigh subjects were conscientioos aba.rt aa::nmtin:1 

for the entire 1440 minutes in a day, it was ooted that a large 
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majority ten:ied to group activities into time frames of 15, 30, or 60 

minutes, maJcin1 the accuracy of the exact minutes spent at a 

particular activity questionable (AWerrlix F). 

Follow Up Material 

Fadl participant was sent a sunmary of his or her average intake 

arrl average caloric experrliture for the three-day period (AWerrlix G). 

Average intake of 12 specific nutrients, the rea:mnerrled dietary 

allowances of these nutrients, arrl the percent of the Rm the 

subject's average intake represented were included on the sheet. 

Average intake of potassitnn arrl scxiitnn arrl the percent of daily 

calories f:ran protein, carbdlydrate, arrl fat were also noted. caloric 

experrliture was broken dor.rm into an average for the three-day P1ysical 

activity record arrl estimated caloric experrliture for basic metabolic 

function. A cq,y of this sunmary was sent to Dr. r:ana Clarke's 

office. 'Ihe sunmai:y was briefly explained in an acx:x::rrpanyi.n;J cover 

letter (AWerrlix G). SUbjects were advised to increase intake of good 

food sa.irces of those nutrients whidl sh.aved an intake of less than 

75% of the Rm (1980). 

Procedures 

Consent arrl /g)roval 

All stufy participants were patients of r:ana Clarke, M.D., arrl 

Kathleen Fo:rd, M.D., tv.10 affiliated diabetologists in Salt lake City, 

utah. Pennission to ~roadl their patients bei.n;J treated with CSII 

arrl to review those patient's medical records, with consent of the 

in:lividual, was ciJtained f:ran them. SUbjects were first notified of 
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the study by a letter a.itiininJ the study' s p..trpa:::e am requirerrents 

of participants (AWemix A). '!his letter am a pre-addressed 

postage-paid envelq>e were enclosed with a regular mailin;J by Dr. 

Clarke's off ice to notify all CSII patients of a p..mp meetin;J. An 

invitation to participate in the study, regardless of atterrlance at 

the meetin;J, was ext:errled in the letter. 

DJrin;J the meetin;J the researcher a.itlined the reason for the 

study am gave a detailed description of 'What eadl. participant would 

be expected to do. Err{:tlasis on reconlin;J acx::uracy am carpleteness 

was stressed. '!he inp::>rtance of prarpt return of study materials was 

also dj salSSE!d. F.adl. person in atten:lanoe was given a materials 

folder am eadl. of the enclosed fo:nns was briefly reviewed by the 

researcher. Eight participants were gleaned fran the p..mp meetin;J. 

Contact with potential subjects not in atterrlance at the p.mp 

meetin;J was done by ~- In utah, 12 subjects who net the research 

criteria were willin;J to participate. Two aatitional participants, 

one fran Wyanin;J am one fran California, were also contacted by 

?10ne. Two of the imi viduals reached by I,ilone had already returned 

the enclosure fran the original mailin;J expressin;J interest in the 

study. Materials folders were mailed to these participants. 

Participants were contacted a secx:n:l tine by I,ilone to en.sure receipt 

of the materials folder, to review the packet contents, arrl to receive 

instructions similar to those given at the p..mp meetin;Js. 

'Ihirteen of the participants catpleted their packets within two 

rronths of the original contact. One subject did not return his 

materials to the researcher for foor ltl)l"lths after catpletion. Despite 
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repeated teleEilone a:,ntacts, it took four additional m:>nths to get 

eight nore participants to return their materials. one subject 

finally cacpleted the study eight m::>nths after the original a:,ntact. 

overall the study lasted fran SepteniJer 1984 to April 1985. 

Glycosylated Herooglooin 

Free ~l detenninations were offered to subjects to aide in 

evaluation of glua::>se a:,ntrol ard as an incentive to participate in 

the study. Eight of the subjects already had ~1Cs or ~ls taken 

within two nonths of their record-keepirg days. Ten participants 

aa::epted our offer ard had ~ls taken at Holy Cross Hospital within 

two m:>nths of the carpletion of the study . Weights were taken at the 

same tbre. Four others did not have current glycosylated heiooglabin 

levels, but declined our offer because it required travel to reach 

Holy Cross Hospital or presented schedulirg difficulties. 

Glycosylated heiooglabins taken fran the medical dlart were done 

at Holy Cross Laboratory or Smith-Kline laboratory. Both labs use 

a:,lumn separation techniques on washed whole blocxi. Holy Cross 

Hospital uses the BiaRad heiooglabin A1 by a:,lumn test. Smith Kline 

uses BioRad helooglooin A1c fran Bio-Rad, Ridmorrl, California 94804. 

Stan:1ards used by Smith-Kline laboratory are 1) no:rmal - 4.4-8.2%, 

2) fair or borderline 8.3-9.2%, 3) less than q,ti.mal > 9.2%. 

Stan:1ards used by Holy Cross are less defined with values over 9.0% 

c:x:>n.Sidered abno:rmal. '!he health professionals at Dr. Clarke's clinic 

use these values as guidelines for intervention. When glycosylated 

helooglooin values ~ 8. 2% fran Smith-Kline lab or 9. 0% fran Holy 
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Cross lab, steps may be taken to prcm:,te i.nproved regulation of 

glucose in the irrlividual. 

Weight 

SUbject•s weight histories were obtained fran their na:lical 

charts. Weights were taken am recorded by the staff of Dr :- Clarke's 

office us~ a platfonn beam scale. Weights within one nonth of the 

initiation of CSII were available for 15 subjects. Other participants 

were not patients of Dr. Clarke's at the initiation of CSII therapy. 

One subject was pregnant when she began p..mp treatment so her initial 

weight was not used in the study. Weights, within one nonth of the 

study record, were taken fran the na:lical record or done at the Holy 

Cross Hospital lab. '!he lab also uses a st.aroard beam scale. 'Ihree 

participants did not have available weights within the specified time 

frame so subject's stated weights were used. 'Ihe stated weights were 

checked against previoos weights available in the na:lical record am 

foorx:1 to be consistent. Ideal bcx:1y weights (IIJ,l) were derived fran 

the 1983 Metrcp::>litan Life Height am Weight Tables for Adults 

(~ K}. Percent Ill'l was calculated us~ the fo:rnul.a: 

% Ifl'l = a.rrrent weight X 100 
ideal weight 

taken fran Grant am DeHoog ( 1985} • Weights were c:x:npared against the 

midpoint of the rarge given for na:limn frame milds for a person of 

the sane height as the irrlividual subject. 

Weights were taken in in:ioor clothuxJ at vary~ times thralghout 

the day. No attenpt was made to adjust weights for these variables. 

Time between weights was calculated to the nearest rrumber of nonths. 
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Height 

'!he subject's height in inches was taken fran the nalical record 

when available. 'Ihese were often recorded fran the subject's hospital 

stay when CSII p.nrp use was initiated arrl were usually taken in 

stocki.n:J feet. If a height was not recorded in the nalical record the 

subjects stated height in inches was used in detenninirg energy 

expeniiture. 

Drration of Diabetes arrl CSII 'Iherapy 

Participants recorded the year their diabetes was diagnosed arrl 

the year arrl rronth they began CSII. '!he latter was ex>nfinned in the 

subject's nalical record. 'Ihe rnnnber of years with diabetes was 

detennined by subtracting the year of diagnosis fran the year the 

study materials were cx:rrpleted. Drration of CSII p.mp use was 

recorded in rronths arrl detennined by counting the number of rronths 

fran initiation of CSII up to arrl includin;J the rronth the records were 

kept. 

Patients Age 

Age was specified in years arrl detennined by subtracting the year 

of birth fran the year the study records were kept. 

Vitamin arrl Mineral SUJ;!)lements 

SUbjects were asked if they took vitamin or mineral suwlements 

arrl if so to specify the name bram. 'Ihese were noted arrl tallied, 

rut were not included in the assessment of subject's nutrient intake. 
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Pre-Meal Insulin Bolus arrl Ratio 
of Insulin to cartrllydrate 

When describin;J the J'll.lilt)er of minutes before a meal the subject 

gave his or her insulin bolus arrl the ratio of insulin to carbohydrate 

the participant use:i to determine the size of the pre-meal bolus, 

ran:1es were often given. If ran:1es were use:i to answer these 

questions then the mid-point was use:i in analyzin;J these data. 

Clarification of Fhysical Activity 

If any day on the :p1ysical activity assessment sheet did not 

total 1440 minutes the researcher contacted the subject by telei:none 

so the subject ccw.d ac:x::n.mt for the discrepancy. 

Evaluation of Nutrient Intake 

Raw data. Raw data fran the three-day food record was coded, 

usin;J a separate fiv~git code for eadl. item, for entry into the 

NUI'REDFO program • 

.Aroclunts of food consumed by the subjects were converted fran 

hoosehold zooasurements to grams. Agriculture Hambook No. 456 (Adams, 

1975) provided the reference for corwersion of cups, teaspoons, etc. 

of specific foods to grams. Prcx:1uct infonna.tion was use:i to convert 

items sudl. as a M:Lonald's Big Mac to grams. 

r:ata base. '!he Nutrition F.ducation Infonna.tion System or 

NUI'REDFO is a rrutrient data base arrl analysis program develcped as a 

tool for nutrition guidance :research ap;i develc:pnent of nutrition 

guidance infonna.tion by utah state University arrl the Nutrition 

Guidance arrl F.ducation Research Division of the Human Nutrition 

Infonna.tion Sel:vice, United states Department of Ji.gricul ture. 'Ihe 
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data base contains three major files: 1) a pennanent file of 460 

foods and 26 nutrients or constituents. No zero values are used in 

the pennanent file. Foods were chosen frc.m items that are cc:mronly 

eaten and that have starrlard ac::x:epted mtlf05itions. '!he 26 are: 

calories 
protein 
fat 
total saturated fat 
total rronounsaturated fat 
total polywisaturated fat 
cholesterol 
cartx:ihydrate 
added sugar 
alcohol 
calcium 
iron 
magnesium 
phosphorus 
zinc 
potassium 
scxiium 
vitamin A 
thiamin 
riboflavin 
pre-niacin 
vitamin% 
vitamin B12 
ascorbic acid 
folacin 
pantothenic acid 

2) A terrporary nutrient file for user-stored nutrient values for 

foods not in the pennanent file. 3) A doannentation file for on-line 

identification of the original source of each nutrient and constituent 

value (DeI..eeuw, E. et al., 1984). 

'!he NUrnEDFO software provides a rn.nnber of functions that can 

store, retrieve, or analyze data in a variety of ways. Six of these 

were used by this researcher. 'Ihese include: 

1) a printed listin;J of the nutrient levels and sei:ving size given 

foods stored in the pennanent and terrporary files 
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2) calculation of the calorie and carbohydrate intake for irrli. vidual 

meals 

3) calculation of the mean and miru.num and max.irnLnn rcinJe for each 

nutrient collSUIOOd over three days 

4) calculation of the percent of starrlard for mean nutrient intake 

over three days. 'Ihe selected stan:lard was the 1980 RDA.' s based 

on age and sex. Percents of starrlard for sodimn, potassimn, and 

pantothenic acid were not given since only safe and adequate 

daily dietacy intakes have been estimated for these nutrients and 

RDA. has not been established. 

5) calculation of the percent of calories fran protein, fat, 

carbohydrate, and alcdlol. Based on the mean intake over three 

days. 'Ihe percentage of fat was subdivided into total saturated 

fat, total polyunsaturated fat, and total nonounsaturated fat. 

'Ihe percentage of ackied sugar was separated a.it of the total 

percent of carbohydrate. 

6) calculation of each nutrient per 1,000 kilocalories based on the 

mean intake over three days. 

Nutrient data for the NUIREDFU data base was primarily cbtained fran 

the us~ Agricultural Haoobook No. 8 "Cctcp::sition of Foods ••• Raw, 

Processed and Prepared" (Watt and Merrill, 1963) or fran revised 

sections of that harrll:xx:>k. 

Infonnation for sane nutrients was taken fran researd1 articles 

fran the Joornal of the American Dietetic Association or fran the USD.Z\ 

provisional tables. When other data were unavailable infonnation fran 
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the National Food Constmption SUrvey (Usm, 1980) was used or values 

were inp..rt:ed. 

Althcugh the NUI'REDFO I:atabase contains the IOOSt up-to-date 

infonna.tion ootainable, it is still restricted to available data arrl 

by the aa::uracy of the methods extant for detennininJ the values used. 

In the NUI'REDFO data base IOOSt values for added sugar were 

inp..rt:ed arrl represent the annmt of carl:x:lhydrate in a product added 

durin;J the processin;J. 'Ihis was calculated by subtractin;J the grams 

of carl:x:lhydrate foum in the naturally-occurrin;J food fran the grams 

of carl:x:lhydrate in the processed product. '!he added sugar in ready­

to-eat cereals was detenni.ned analytically. 

Pre-niacin values in the NUI'REDFO data base represent prefo:rnai 

niacins in food arrl do not take into ac::x:xxmt the conversion of 

t.cyptqilan to niacin. '!he Rm (1980) recognizes that the conversion 

of t.cyptqilan to niacin may be a significant sarrce of niacin in the 

diet arrl takes it into consideration in its reccmnen:iations. 

'!he number of foods on the data base is limited arrl excludes 

mixed foods such as chili or pot pies. 'lhus foods that closely 

awroximated the item actually consumed had to be used or foods had to 

be added to or tenp:>rarily altered on the data base. 

All three of these alternatives were used in this research. over 

30 foods were added to the data base usin;J usm Harrlbook 8 (Watt arxi 

Merrill, 1963), revised p::,rtions of Harrlbook 8 arrl product 

infonna.tion. Saoo values were unavailable arrl a zero was place1 in 

that slot. Added sugar values were often inp..rt:ed by subtractin;J the 

annmt of sugar in the naturally-occurrin;J product fran the grams of 
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sugar in the processed proouct. Terp:>racy d'lan3'es in the rnmt of 

added sugar were made in certain products such as gelatin or jelly to 

make them reflect their diet or sugar-free camte?:parts. 

Evaluation of Rwsical Activity 

Raw data. '!he rn.mi:)er of minutes spent per day in each one of the 

eight energy levels was totaled arxi entered into the RJBLIC ENERGY 

ccrrp.rter program. '!he SlDllS of minutes spent in all energy levels were 

added together to ensure that they acca.mted for all the minutes 

(1440) in the midnight-to-midnight time pericxl. 

'!he subject's sex, height in incnes, weight in pam::1s, arxi age in 

years were also entered into the program. 

r:ata base. RJBLIC ENERGY is a ccrrp.rter program develcp:rl at utah 

State University arxi available on the VAX system. It can be used as 

part of a larger fonnat whidl catt,ines the ENERGY arxi NCJrnAN programs, 

but for the ?Jl1XlSe5 of this study, it was used separately. 

RJBLIC ENERGY allows the user to record the minutes of Iilysical 

activity perfonned per day in eadl of eight separate categories for up 

to seven days. F.adl day's caloric artp.It, based on the rnmt of time 

spent at eadl energy level, is totaled. '!he average :rnmt>er of minutes 

spent at eadl energy level arxi the average caloric artp.It for the 

entire day are also cala.ilated by the program. 

F.adl energy level is assigned different :rnmt>er of calories burned 

per minute based on the ~rk of Dlmin arxi Passroore (1967) arxi 

surmnarized by Whitney arxi Hamilton (1981). '!he :rnmt>er of calories 

utilized per minute at ea.di level varies depen:iirg on the subject's 

age, weight, height, arxi sex. 
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'Ihe program also calculates the subject's basal energy 

experrliture (BEE) based on the Harrison Benedict equation (Mahalko arrl 

Jdmson, 1980) • 

Statistical Analysis 

SPSS-X arrl MINITAB, statistical catp.Iter packages available on 

the VAY. system at utah state University, -were used for statistical 

analysis of the data. T tests arrl, where possible, Fisher's Exact 

Test -were used to detennine significant differences between groups. 

Variability in cartxilydrate arrl caloric intake between days was 

analyzed usin;J a ramanized CC11plete block design. Means ± starrlard 

deviations -were used for reportin;J data. 
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ClIAPI'ER IV 

RESULTS AND DisaJSSION 

Restatement of the Proolem 

Management of persons with IIXM who use CSII ~d be facilitated 

by a greater body of knc::Mledge regarclinJ their dietary intake, 

F,hysical activity, arrl level of rontrol. '!he primary~ of this 

study was to describe adult subjects usin;J CSII in tents of their 

dietary intake, Iilysical activity, glycemic control, arrl weight 

charges followin;J initiation of CSII. Dietary intake was carpared 

with established stamards of the RDA. (1980), nutrient allowances per 

1,000 calories (Hansen arrl Wyse, 1980) arrl the .ADA.'s (1979, 1987) 

stated principles of nutrition in diabetes. catparison with a sex arx:l 

age matched gra.ip fran NHANES II ( 1983) was also made. 

Responses to Q.Iestionnaire 

~amic 

'lwenty-two subjects, frur married males, frur sin;Jle males, eight 

married females, arrl six sin;Jle females, made up the study sanple. 

'!he iooan age was 34 years± ten years with a ranJe of 22 years to 55 

years. 

F.ducation levels ran]ed fran frur subjects with high school 

degrees to three subjects with advanced rollege degrees. Eleven other 

subjects had catpleted bachelor's degrees arrl the remainin;J frur 

subjects had atten:led trade school or attained two-year associate 

degrees. 
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D.rration of IIXM ranged from five to 40 years with a mean of 14. 6 

± 8. o years. Use of CSII ranged from eight to 52 nonths with a mean 

of 29. o ± 11.1 nonths (Table 2) • 

'Ille salll)le included a variety of occupations includin:J 

professional, managerial, nonprofessional, hanemaker, student, an:i 

other. 

Diets 

Fifty percent of the subjects, four males arrl seven females, were 

tryi.rq to follow rro:tified diets which increased or decreased one or 

nore nutrients. Nine in:ii.viduals were on low fat diets, four of wham 

were also tryi.rq to lower their salt intake. One subject was tryi.rq a 

high cart>ahydrate, low sugar diet, arrl another a low s:inple 

cart>ahydrate, low fat diet. Only one subject reported tryin;J to 

adhere to a low calorie diet secomary to vJeight gain. '!he basic 

goals of these diets are in line with recx:mnemations for nutrition in 

diabetes cutl.ined by the AD\ (1979, 1987). None of the subjects 

studied reported rurrent use of fad or mrusual diets that would be 

considered extremely inawrc.priate for the person with IM. 

Traditionally, persons with IIXM follow specific meal plans with 

set calorie, cart>ahydrate, arrl protein levels. Only 54.5% of the 

graJp sanpled respomed affinnatively to followi.rq a specific calorie 

level in their diet. Four males used caloric levels rangi.rq from 

1700-2600 kilocalories (kcals)/day. Eight females used caloric levels 

rangi.rq fram 1000-1400 kcals/day. 'Il1ese caloric levels are generally 

below the RIY\. (1980) for energy intake of 2700 ± 400 kcals for men arrl 

2000 ± 400 kcals for wanen age 23-50 years. 'Il1ese reduced calorie 
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Table 2. Descriptive J:ata (CSII) 

D.Iration 3 
D.Iration2 of .Purrp Marital 4 

SUbject # Age Sexl of D.M. * 'Therapy Status F.ducation5 
years years months 

01 29 M 06 22 s c 02 32 F 09 40 M HS 03 34 F 10 41 s MN 04 53 M 26 32 M MN 05 25 M 11 08 M HS 06 28 F 20 20 M c 07 50 M 16 26 M 0 08 24 F 22 09 s c 09 23 F 05 22 s c 10 32 M 10 26 s c 11 37 M 13 52 s 0 12 22 F 14 17 M c 13 29 F 05 48 M c 14 47 M 40 22 M MN 15 30 F 09 35 M c 16 28 F 14 34 s 0 17 55 M 15 39 s c 18 24 F 10 25 s c 19 27 F 07 10 M HS 20 39 F 19 36 M HS 21 43 F 22 27 M 0 22 38 F 21 29 s c Mean± so+ 34 . 0 ± 10.0 14.6 ± 8.0 29.0 ± 11.l 
~e 22 - 55 5 - 40 8 - 52 

lM=cnlale, F=female 
2Dlration of Diabetes Mellitus fran year of onset to year of subjects caipletion 
of study material 

3
D.Iration of plilll) therapy fran IOOnth of initiation to m:mth of subjects 

c;:aipletion of study material 
4M=marr ied, S---single 
5tts=high school, C=college degree, AIJl/=advanced degree arrl O=other degree or 
certificate 
*o.M.=Diabetes Mellitus 
+so= stan:lard deviation 



levels may be used to offset the terrlency to gain "'1eight after 

initiation of C:HI (I.eidlter et al., 1985; Hamet et al., 1982). Nine 

:people or 40.9% of the sanple studied reported that snacks were 

inclooed in their meal plan. Eleven a.it of 19 subjects respo~ 

answered positively to eatin;J snacks between meals even when not 

folla.,in;J a meal plan. Usi.n] Fisher's Exact Test, no significant 

difference (p = . 05) was foom between the reported use of snacks 

between males an:i females. Grinvalsky an:i Nathan (1983) conclooe that 

sua:::essful dietacy manageroont of CSII users usually involves a fairly 

stnictured meal plan an:i st19:1est an eveninJ snack. Olantelau et al. 

(1985) enca.rrage a rrore liberalized diet for p.mp users, an:i report 

(Olantelau et al, 1984) that, for several years, 63 subjects had gocx:i 

glycemic control witha.rt adheri.n] to a specific meal plan or calorie 

level. Since insulin peaks may be eliminated by CSII (Savesky, 1983) 

it seems reasonable to alla., sarewhat greater flexibility in meal 

pl~ for µmp users. HCJl.tJeVer, care mJSt be taken to educate the 

patient ~ SIGt; the possible effect of a bolus fran the 

previoos meal affecti.n] the next if the meals are tilned too closely, 

an:i the diffirulty that large variation in cartxilydrate or caloric 

content of meals may add to adjust.nert: of preprarrlial boluses. 

Use of Focx:i Gro.Ipi.m system 

Exchan;Je-list diets are generally prescribed for persons with 

Il){N, an:i, of 20 resporrlents, 80% reported usin:J either the Exchange 

Ll.st for Meal Plannim (American Diabetes Association, 1976) or 

another excban;Je system, Focx:i an:i You (Prater et al., 1982). Twenty 
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percent in:licated that they read labels am c::nmted cartxJhydrates, but 

did not adhere to a particular exchange system. 

Systems used to en.mt cartxJhydrates often overlai::ped. Forty-five 

am one-half percent utilized the Exchame List for Meal Planning 

(Arcerican Diabetes Association, 1976). An additional 18.1% reported 

they use it in conjunction with other methods to ca.mt cartxJhydrates, 

such as readin;J labels or usinJ 1:x>oks whidl. are designed for that 

pmpose. 'Ihirteen am six-tenths percent report usinJ cartxJhydrate­

cnmtinJ 1:x>oks exclusively. 'I\vo subjects specified that they use the 

Barbara Krause Guide to cartdlydrates (Krause, 1983). Food am You 

(Prater et al. , 1982) was used by 22. 7% of the resporrlents. 

Diet Cllames After SWitchim to CSII 

'!he use of the CSII p..mp allows for greater lifestyle flexibility 

for the person with IIX:M. When asked if diet plans had dl.arqed since 

initiation of CSII, 81. 8% answered affirmatively. Ninety-five am 

one-half percent reported eatinJ differently after switdtin:J to the 

p.mp. Types of charges reported am ccm::,inations of dlarges varied 

widely. Eight subjects reported that the timirg of meals had ~ed. 

Five of the eight also irrlicated a dlarge in the type of food eaten. 

Differences in the rn.mt>er of snacks per day arrl the annmt of food 

eaten were eadl. noted by five subjects. Four subjects reported 

cl'lan]es in the annmt of sinple sugars consumed. other charges noted 

include dlarges in the rn.mt>er of meals per day arrl in the overall 

flexibility of the diet. With the exception of variations in refined 

carbdlydrate intake, Oiwer et al. (1985) reported similar dlarges, 



i.e. increased flexibility :regardin;J the rn.mrer, timirq, arrl size of 

meals in the diets of 15 subjects when they switched fran CIT to CSII. 

Diet Instruction 

Managercent of IlXM generally includes diet instructions for the 

patient arrl at initiation of CSII diet, instruction is usually 

reviewed arrl augmented. In this sanple, 86.4% -were given instruction 

on dietary managercent when their diabetes was diagnosed, 40. 9% of 

these received instruction exclusively fran a dietitian, arrl an 

additional 22.7% received this instruction fran a dietitian in 

conjunction with another health professional, i.e. a :Eilysician or 

nurse. Ninety-five arrl one-half percent of the subjects received 

dietary instruction at initiation of CSII with 54.5% being instructed 

by a dietitian in ccrnbination with a J:hysician or nurse. Another 

27.3% received instruction exclusively fran a dietitian arrl 13.6% 

received instruction fran a :Eilysician or nurse. 

Specific instruction on cartJchydrate camting was reported by 

90. 9% of the saq>le, with 40. 9% instructed by a dietitian in 

conjunction with a nurse or :Eilysician. AI:Proximately 31% -were 

instructed by a :Eilysician or nurse arrl 18.2% -were taught by a 

dietitian (Table 3). Ten rut of 21 subjects resporrlin:J felt that they 

needed further dietary instructions. '!he IOOSt cx:rmon teaching 

requests included review arrl ~te of general diabetic diet, cnmting 

cartx:ilydrates, arrl info:rma.tion on legumes as protein exd'lan;Jes. 

Further info:rma.tion on camting cartJchydrates waild be of inp:>rtance 

to this gra.ip since their p:reprarrlial insulin boluses are calculated 
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Table 3. Dietary instructions given to subjects (CSII) 

Instructor 

Fhysician or rrurse 

Dietitian 

Dietitian in 03!'bination 
with physician or rrurse 

No instruction 

At Diagnosis 
Ia:JiX 

5 

9 

5 

3 

Instruction 

At Initiation 
, csuxx 

3 

6 

12 

1 

xrncM = Insulin deperrlent diabetes mellitus 
XXcsn = Contirrua.is subcutaneoos insulin infusion 

On ca.mti.rg 
carbcnydrates 

7 

4 

9 

2 
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on a unit of insulin to grams of cartxilydrate ratio in conjunction 

with blocxi glucose levels. 

Dietetic Focxis am SUgar SUbstitutes 

Special lc:M cartxilydrate products are on the market which allc:M 

the person with IDCM a wide variety of focxi choices withart the rapid 

rise in blocxi sugar associated with large quantities of sinple 

carlxilydrates. Five males am ten females, or 68% of the subjects, 

imicated that they use special dietetic focxis. '!he two m:>St carm:mly 

reported iters were diet soft drinks am focxi products sweetene:i with 

Nutrasweet (aspartame), ie. gelatin, ~' etc. other iters that 

were often listed include lc:M calorie or reduced sugar products such 

as jellies, syrup, juice-packed fnrit, am reduced calorie salad 

dressi.n;:Js, am nargarine. Only two peq,le :reported USllY:J sorl::>itol 

can::ly or special lc:M calorie baked goods. 

SUgar substitutes were used by 77. 3% of the subjects, six males 

am 11 females. 'Ihirteen persons :reported usin;J F.qualR (aspartame), 

eight of which used it exclusively while five others used it in 

conjunction with a saa:harin-based sweetener sud1 as SUcacylR or SUgar 

'IwinR. 'Ihree subjects irrlicated that they only used sweeteners made 

with saa:harin. F.ructose was used by one respoment. '!he use of both 

noncaloric ( aspartame am saa:harin) am caloric ( f:ructose am 

sort:>itol) alternative sweeteners are ~rq,riate for persons with D.M. 

(ADA., 1987). However, f:ructose, xylitol, am sort:>itol do aai calories 

to the diet am the person with D.M. nust be aware that they may 

affect blocxi glucx:se levels. 'lhese extra calories may also aai to the 

weight gain already noted with CSII. Althalgh not documented, it is 
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likely that diabetics may c:x:msune larger annmts of artificial 

sweeteners than the pcp.llation as a whole, thus increasinJ any 

potential risks. Further research into artificial sweeteners an:i 

their use by persons with diabetes is needed. 

Sµrolenents 

Unless other na:lical prcblems or deficiencies exist the person 

with IIXM does not have any special need for extra vitamin or mineral 

intake c:x::mpared with the pcp.llation as a whole. A nutritionally 

adequate varied diet shruld 11V=et the vitamin an:i mineral requirerents 

of :roost in:lividuals (.ADtl\, 1987). Despite such statements, the use of 

vitamin mineral suwlenents is widespread. In this stwy, four males 

an:i seven females of the 21 subjects answerinJ, reported that they do 

use vitamin or mineral suwlements. No significant difference in the 

number of males vs females usinJ suwlements was noted (p = • 05) . 

Altha.igh the type of suwlenent varied considerably, the majority, 

five persons, used over-the-counter nulti-vitamins or multi-vitamin 

mineral pills such as One-A-ray or Centnnn. One or two :people 

specified usinJ calcium, vitamin c, vitamin E, an:i B carplex vitamins. 

St.Jwlenentation at or near nutrient levels ootlined by the Rm ( 1980) 

may not be needed if nutritional intake is adequate, rut has not been 

shown to be detrimental. Stg>lenentation of vitamins or minerals at 

very high levels, i.e. Il'W2gadosinJ, may be potential! y hannful. 'l"1o 

males used vitamin or mineral suwlements ~ three times the 

Rm (1980) for fat-soluble vitamins an:i ten times the Rm (1980) for 

water-soluble vitamins. 
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Insulin Bolus arrl carbohydrate 
to Insulin Ratio 

Persons on CSII receive a basal dose of regular insulin 

79 

throughout the day arrl give themselves a bolus dose of regular insulin 

to cover food intakes. Five males arrl 14 females answered the 

question regardirg the ti.mi.rg of the pre-meal insulin bolus. Males 

gave their insulin bolus fran five to 30 minutes before the meal arrl 

wcrcen gave their insulin bolus fran five to 45 minutes before the 

meal. For the entire sarrple, insulin was given a mean time of 21 ± 12 

minutes before eatirg. 

Only 16 subjects resporrled to the question regardiiq the ratio of 

insulin to the anticipated cartxi1ydrate intake for the pre-meal 

insulin bolus. '!he mean units of insulin to grams of cartxi1ydrate 

ratio was one unit of insulin to 10 ± 3 grams of cartxi1ydrate with a 

ran:Je of one unit of insulin to 5 grams of cartxi1ydrate to one unit of 

insulin to 18 grams of cartxi1ydrate. 

When rcm;Jes of values -...vere given the mid-point was used. Several 

subjects gave different insulin to cartxilydrate levels for breakfast 

than for other meals. In these instances the ratio used JOOSt 

frequently throoghout the day was taken. 

Judgirg the awrq,riateness of this group's ti.mi.rg of insulin 

boluses, arrl especially their cartxilydrate to insulin ratio, is 

difficult because exact parameters have not been set arrl a high degree 

of irrlividualization is necessary. Generally, subjects -...vere given 

guidelines initially, i.e. insulin boluses awroxilnately 20-30 minutes 

before meals, one unit of regular insulin for every ten grams of 

cartxilydrate to be eaten arrl -...vere enca.iraged to establish what worked 



best for them by s~. cartx:tiydrate to insulin ratios are 

particularly hard to stan:3ardize since they may be affected by several 

variables includirg blood gluCX>Se level, backgl:'a.uxi insulin, ti:min;J of 

previcm; meal arrl bolus, arrl, in sane subjects, tirre of day. Mean 

values for both insulin bolus arrl carbchydrate to insulin ratio fell 

within the guidelines specified but ran;1ed widely am:nJ in:lividuals. 

Alcohol Use 

Both the canadian (1981) arrl American (1979, 1987) Diabetes 

Associations awrove limited use of alcdlol with inysician awrova1. 

Eight of the 21 subjects respon::lin:J in:licated they do use alcohol in 

their diets. Alcohol was added into the diets of six subjects as a 

fat or a canbination of fat, carbchydrate, arrl calories. One subject 

counted alcdlol exclusively as a carbchydrate, arrl another considered 

its caloric value only when addinJ it to the diet. 

Reactions 

Concerns regardin;J the use of CSII as a trea:t:nent m:::xjality 

include the likelihood of increased incidences of hYIX>9lycemia arrl the 

risk of severe hYIX>9lycemia resultin] fran p.mp nmaway, or extreme 

miscalculation of the insulin bolus requirement. 

'!wenty-one subjects respon:led to questions regardin;J charges in 

insulin reactions since switchin;J top.mp therapy. AWroximately 57% 

of those in:licated that the nunt>er of reactions had decreased, 38% had 

had m::>re reactions since c.harginJ fran conventional therapy, arrl 5% 

didn't identify any c.harge in reaction frequency. 'Ihe nunt>er of 

reactions reported per rconth ran;1ed fran 0.5 to 45.0 with a mean of 
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13 . 2 ± 12 . 6. When a ran;Je was reported for rn.miJer of reactions the 

midpoint was used. Severity of reactions was reportedly decreased by 

57% am unchanged by 19% of the sanple studied. .AW:roximately 24% 

noticed an increase in the severity of reactions. Altha.igh this study 

did not atteJrpt to qualify or grade the severity of reactions it is 

interestin:J to note that nearly a quarter of the subjects did report 

sane increase in the severity of their reactions. 'Ihe frequency of 

severe reactions (i.e. requirin:J intravena.is glucose or intramuscular 

glucagon injections) has generally not been reported to increase 

significantly after initiation of CSII (Berning et al., 1985; 

Mulhauser et al. , 1985; am Pickup et al. , 1985) • If reaction 

severity can be quantified on a scale, a carprrison may be made 

between the relative severity of reactions between CSII users am 

those persons on CIT. 

Self Ratim of Diabetes Control 

SUbjects \tlere asked to rate their diabetes control as excellent, 

good, fair, or poor. To faciliate statistical analysis these 

responses \tlere assigned rn.nnerical values of four, three, two, am one, 

respectively. 'Ihe majority, 73%, felt their control was excellent or 

good since initiation of CSII, 23% rated their control as fair, am 

only one subject classified her control as poor (Table 4). 'Ibis high 

ratin:J of diabetes control is well suwc>rted by reports in the 

literature of .i.np:roved glycemic control on CSII (calabrese et al., 

1982; Boolton et al., 1982). A negative correlation (r = -0.67) was 

fam:l between subject's self-ratin:J of diabetes control am their 

intividual glycosylated heiroglabin values (values fran lab #1, n = 13) 
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Table 4. Self report of c.han;Jes in insulin reactions arrl diabetes control since initiation of CSII 

NUmber of 
SUbject Nlmt>er of reactions Severity of reactions reactions Ratirq of diabetes control 

# in::reased no c:han;e decreased in::reased no d'lan9'e decreased per !lPntir excellent good fair poor 

01 x x 11.0 x 
02 x x 12.0 x 
03 x x 30.0 x 
04 x x 11.0 x 
05 x x 9.0 x 
06 x x 8.0 x 
07 x x 12.0 x 
08 x x 0.5 x 
09 x x 5 . 0 x 
10 x x 1.0 x 
11 x x 30.0 x 
12 x x 45.0 x 
13 x x 30.0 x 
14 x x 7.0 x 
15 x x 2.0 x 
16 x x 17.0 x 
17 x x 1.5 x 
18 x x 23.0 x 
19 x x 0.5 x 
20 x x 21.0 x 
21 - - - - - - - x 
22 x x 1.0 x 

Totals 8 1 12 5 4 12 13.2±12-~ 3 13 5 1 

XIf ~es of values were reported a midpoint was used 
-+iitean ± stan:1ard deviation 
-Data unavailable 

(X) 
N 



(Table 7). 'Ihus, subjects who rated their a:mtrol as good or 

excellent had generally lower glycosylated helooglabin values than 

subjects who rated their control as poor or fair. Althaigh this is 

not an extremely high correlation it does in:ticate sane degree of 

accuracy in the subject's ability to as.sess his or her own level of 

control. 

Persons on C:SII adjust their own insulin based on intake, blood 

glucose level am, to a lesser degree, on planned i:nysical activity. 

SIG>t is an ilrp:>rtant tool in the self-managene1t of p.mp users. 

Eighty five percent of the 20 subjects resporrli.nJ in:ticated they test 

their blood three to five times a day. other answers varied fran one 

to eight tests per day. '!his level of carpliance to a testi.rg regbren 

by subjects with IIXM is higher than that reported by Moses am Balint 

( 1984) or by Bell am Walshe ( 1984) • C:SII users are a very noti vated 

group am this may ac:x::oont for the relatively high level of SIG>t 

reported. 

'IWenty subjects primarily used glucaneters to test their blood. 

Two subjects reported usin;J dlemstri:?3 or dextrostixs as their 

principal means of as.sessin;J their glucose levels. 

Foods '!hat Affect Blood Glucose 

Various foods have been reported to raise blood glucose levels 

precipitously in sane in:tividuals with IIXM. Seventeen subjects noted 

specific foods whicn caused rapid rises in their blood sugar. Most 

carm:>nly reported food items included carx:ty, sugar, grape or oran;re 
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juice, desserts, frosti.rg or sweets, arrl ice cream. SUch items as 

p:p:::orn, bagels, potatoes, white bread, pizza, arrl graham crackers 

-were each identified as raisi.rg blood sugar levels by at least one 

subject. It is interesti.rg to note that wide variations exist in the 

GI of these foods. SUgar (GI of sucrose = 59%) arrl carrly bars (GI 

68%) ca.lld be ~ to increase blood glUCXJSe. Havever, ice cream 

(GI= 36%) arrl orarge juice (GI= 46%) -were rrore ccmronly reported to 

rapidly increase blood sugar than potatoes (GI= 70%) or white bread 

(GI = 69%) (Jenkins et al., 1981) • Although further research is 

nee1ed to detennine the blood glUCXJSe response of large groups to 

various foods, by usi.rg S:E:Gt irrlividual subjects can becane aware of 

certain foods which alter their blood glUCXJSe precipita.Jsly. Once 

these are detennined the subject can then alter intake, insulin, or 

exercise acx:x,rdi..rgly. 

Concerns arrl Attitudes Abcut CSII 

CUmbersane, restrictive, arrl costly -were the three words used 

rrost frequently to e><press subject's concerns regardirg p..urp therapy. 

Many subjects felt that bei.rg hooked up to the p.mp all the time arrl 

continually fin:lirg a place to attach it to clothinJ becama tedious. 

Wony aba.rt price am insurance coverage for the p.mp am testi.rg 

equipnent was mentioned by rn.nnerous subjects. less frequently 

lOO.Iltioned concerns included runnirg a.rt of good injection sites, 

weight gain, break.irg the p.mp duri.rg exercise, getti.rg it wet, arrl 

fo:rgetti.rg to adjust basal rates. 

Despite legitimate concerns, the vast majority of subjects 

"loved" the p.mp or felt "great" aba.rt it am stated that it allaved 
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theJn greater flexibility in their lives. '!his is consistent with the 

fi.rrliry;Js of Nathan et al. (1982). Repeatedly, subjects irxticated that 

they would never go back to conventional therapy. Only three cormnents 

with a negative connotation were made. One subject irxticated that 

al tha.igh she interrled to stay with µmp therapy it was not the 

ul tililate answer. 'lwo others irxticated that :p.mp treabnent could 

occasionally cause a roller coaster d"large of blood glucose levels. 

Weight OlanJes 

Weights for seven male subjects at the initiation of CSII Icm3'ed 

fran 153.0 pourrls (lbs) - 197.0 lbs with a mean of 169.0 ± 20.6 lbs. 

Percent ideal bcx:ly weight (IB'l), derived fran the Metrcp:>litan Life 

Height am Weight Tables for Adults (Grant am DeHoog, 1985) (~ 

K), ranged fran 87.5% to 115.0% with a mean of 104. 7 ± 10.3%. At the 

time of this study, seven to 40 IOC>nths after irxtividuals had begun 

:p.mp therapy, weights averaged 167.2 ± 15.3 lbs am Illtl IcID3"ed fran 

91. 7% to 112.5% with a mean of 103.4 ± 8.6%. Altha.igh actual mean 

weight decreased there was an average ioonthly increase in weight of 

O. 3 ± 1. 2 lbs per 1l01th based on a tine-weighted average (Table 5) • 

Only eight \vClnell had weights recorded in their medical charts at 

initiation of CSII. 'lhese ranged fran 135.5 lbs to 163.0 lbs am 

averaged 147 .5 ± 11.3 lbs. IBvs IcID3"ed fran 93.2% to 113.3% with a 

mean of 106.3 ± 6.1%. By the time of this study three of the \vClnell 

had lost fran fem' am one-half to 17 lbs. over the same ten-to-41 

ioonth period five \.¥Clnell had gained fran 1. o to 25. 5 lbs. Mean IBvs 

had increased 2 • 6%. However, based on a tirne-\oJeighted average Yt'Cl1'eI1 

shaved a ioonthly decrease in weight of 0.02 ± 0.63 lbs/ioonth 
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Table 5. Weight changes for rren since initiation of CSII 

Time in IOOnths 
Unweighted bebJeen weight overall weight 
weight c::.hanJe at initiation c:h.an:}e per 

Weight at %'~at from initiation of CSII IOOnth sin:::e 
SUbject initiation initiation Weight at %' IB'1 at of CSII to an:i weight at initiation 

# of CSII of csrr tine of sb.rly tine of sb.rly tine of sb.rly tine of sb.rly of CSII 

lbs lbs lbs lbs/IIDI'Ith 

01 153.0 93.6 150.0 91. 7 -3.0 22 -0.14 
04 175.0 113.6 179.5 116.6 +4.5 32 +o.14 
05 140.0 87.5 160.0 97.9 +20.0 07 +2.86 
07 184.0 115.0 180.0 112.5 -4.0 25 -0.16 
10 181.0 105.8 176.0 102.9 -5.0 26 -0.19 
14 153.0 107.4 145.0 101.8 -8.0 22 -0.36 
17 197.0 110.1 180.0 100.6 -17.0 40 -0.43 

Mean± so+ 169.0±20.6 104.7±10.3 167.2+15.3 103.4±8.5 -1.8±11.6 23.8 ± 9.9 +o.3±1.2 

n= 7 information unavailable on 1 male subject 

+Ill'l, Ideal Body Weight based on the Metropolitan Life Tables (Grant arrl DeHoog, 1985) 

+sD, starrlard Deviation 

When subject #05 is anitted overall weight c::.hanJe per IOOnth sin:::e initiation of CSII beca:nes -0.2 ± 0.2 lbs/IOOnth 

00 
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(Table 6). All 14 female subjects had weights available at the t~ 

of this study. 'Ihese rarged fran 123.0 lbs to 173.0 lbs with an 

average of 149.4 ± 12.4 lbs. I:Elvs rarged fran 93.9% to 126.3%. Wcmen 

ai;::peared to be slightly nore accurate at estimati.n;J their weight 

charges than men altha.igh both groups had wide divergences in their 

estimations vs. their actual weight charges. 

Cont.racy to nost reports in the literature (Hanet et al., 1982; 

I.eichter et al., 1985; ~ et al., 1985) male subjects lost an 

average of 1. 8 lbs per person over an average of 23. 8 ± 9. 9 nonths of 

CSII therapy. Althcugh nonthly weight dlan]e increased slightly, when 

subject #05, who gained 20 lbs in seven :m:>nths, is anitted, the mean 

nonthly weight cl"lan:Je showed a decease of 0 . 2 ± 0.2 lbs/nonth. 

lt>nthly weight dlarqes t:hralgha.rt µ.mp treatment were unavailable. 

lt>nthly records may have irrlicated greater weight gains that were 

cacpensated for as subjects adjusted to decreased calorie neErls with 

the i.nproved glucose control associated with CSII. ~ et al. 

(1985) reported that seven a.rt of nine subjects who were discontented 

with their weight gain on CSII had lost at least part of the excess by 

an average of 16.2 ± 2.3 nonths on the µ.mp, an:l that peak weights 

were readied two to 15 nonths after CSII. In contrast, I.eichter et 

al. (1985) foorrl weights in ten subjects still increased by 8.1% IB'l 

after two years. Ccrrparison between stooies is difficult since 

infonnation on a large sanple of subjects regardin;J total caloric 

intake, ootp.It, an:l weight history both before an:l after :p.mp 

treatment is necessary for a carplete evaluation. 
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Table 6. Weight changes for warren since initiation of CSII 

SUbject 
# 

02 
03 
09 
12 
18 
19 
20 
21 

Weight at 
initiation 
of CHI 

lbs 

142.5 
136.0 
162.0 
146.5 
135.5 
163.0 
139.0 
156.0 

% :m,,+-at 
initiation Weight at 
of CSII t.ilDe of stu:fy 

106.3 
93.2 

113.3 
106.9 
105.9 
109.4 
103.7 
111.4 

lbs 

149.0 
150.0 
145.0 
142.0 
161.0 
153.5 
140.0 
165.0 

Mean+ so++ 147.s+ll.4 106.3+6.l 15o.7+8.8 
n = 8 - Information unavailable - an 6 female subjects 

% :m,,+-at 
t.ilDe of st1Xly 

111.9 
102.7 
101.4 
103.6 
125.8 
103.0 
104.5 
117.9 

108.9±8.9 

unweighted 
weight chanqe 
fran initiation 
of CSII to 
t.ilDe of stu:fy 

lbs 

+6.5 
+14.0 
-17 

-4.5 
+25.5 

-9.5 
+LO 
+9.0 

3.1±13.6 

Ti.ma in 100nths 
between weight 
at initiation 
of CSII 
arxi weight at 
time of stu:fy 

40 
41 
22 
17 
26 
10 
36 
29 

27 .5±11.1 

+Illtl = Ideal Body Weight based on 1983 ~litan Life Tables (Grant arxi DeHocg, 1985) 

++so= Starrlani Deviation 

Tine weighted 
weight d'lanqe 
fran initiation 
of CSII to 
t.ilDe of st1Xly 

lbs 

+o.16 
+o.34 
-0.77 
-0.26 
+o.98 
-0.95 
+o.03 
+o.31 

-0.02±Q.63 

co 
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After an average of 27. 6 nonths overall weight increased an 

average of 3.1 lbs for female subjects, whidl is consistent with the 

two kg increase noted by Hane et al. ( 1982) am Hamet et al. ( 1982) . 

Percent IB-1 increased by 2. 6%. Al thaigh the increase in percent IB-1 

is sanewhat less than noted by others (I.eidlter et al., 1985; capper 

et al., 1985) the overall increase am maintenance of several poorrls 

after many nonths on CHI is consistent with the body of reported 

research. 

Both maJ1 am WCl'Cel1 in this study had overall nean intakes several 

humred calories below levels st.g:Jested by the ~ ( 1980) am nean 

caloric experxlitures in excess of reported averages (Food am 

Nutrition Board, 1980). To the extent that these are accurate 

evaluations am can be projected over lorg time periods, these 

figures would ac:x:::oont for weight loss or for less of a weight gain 

than previously reported. 

Weight gain may be a significant prd:>lem with CHI am since 

attairnnent am maintenance of rm is an .i.nportant goal of diabetic 

management, education of the p.mp wearer is necessai:y to offset this 

terrlency. Avoidance of consistently lai:ger meals am snacks should be 

stressed am subjects should be infonned that they may actually need 

sanewhat fewer calories depen:iirg on their level of control prior to 

CSII use. 

Measures of Control: Glycosylated 
Heiooglooin am Blood Glucose 

Glycosylated herroglooin values were ootained fran two 

laboratories. All HgbA1s done in conjunction with this study (n=lO) 
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were ootained at Holy Cross Hospital, rut five of the eight subjects 

who had pree.xistirg glycosylated heioogld:>in levels had HgbA.lCs done at 

Smith-Kline I.aborato:ry. Mean lab values fran Holy Cross were 9.5 ± 

1.5% arrl ran;red fran 7 .4% ± 13.1%. I.ab values fran Smith-Kline were 

significantly lower (p = .05) with a nean of 6.1 ± 1.1% arrl range from 

4.6% - 7.1% (Table 7). 

Glucose values ootained by s~ were recorded by subjects durirg 

the three-day intake peric:x:1. Mean levels for days one, two, arrl three 

were 121.0 ± 29.4 ng/dl, 123.2 ± 32.2 ng/dl, arrl 123.4 ± 45.3 ng/dl, 

respectively. Sirgle glucose values ranged fran 27 ng/dl to 402 ng/dl 

over the three days. No significant differences between days or 

between sexes (p = .05) were fa.mi. OVerviewirg the data, no trerrls 

were noted regarclirg time of day arrl bloc:x:1 glucose levels, i.e. 

subjects did not have consistently high or low bloc:x:1 glucose levels at 

any given time peric:x:1 t.hrc:ughcut the day (Table 8) • 

Mean fastirg prepramial bloc:x:1 glucose levels for all three days 

are slightly above the 70-120 ng/dl used as a guidelines for tight 

control (Anerican College of Rlysicians, 1984). Altha.igh higher than 

the majority, these means are within the range of capilla:ry bloc:x:1 

glucose levels fa.mi by other researchers evaluatirg CSII use (Falke 

et al. , 1982; Tantx:>rlane et al. , 1981; Pietri et al. , l98Qa) • 'lllese 

scmewhat elevated values may not be high enough to explain why seven 

rut of 18 glycosylated heroogld:>in levels ootained for this group 

exceeded nonnal limits. No significant degree of correlation was 

fa.mi (r = 0.156) between in:lividual glycosylated heoogld:>ins (values 

fran lab #1, n = 13) (Table 7) arrl in:lividual nean glucose levels. 
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Table 7. Glycosylated hemoglobin values (CSII) 

SUbject # Value SUbject # 
% Hencqlobin A1 

01 10.3 04 
02 10.0 14 
03 8.0 18 
07 11.0 19 
08 8.5 20 
09 9.0 
10 10.7 
12 9.6 
13 7.4 
15 13.l 
16 8.5 
17 9.4 
22 8.5 

Mean± so+ 9.5 ± 1.5 

lab** 

6.6 
7.1 
5.4 
4.6 
6.9 

6.1 ± 1.1 

+so, starrlard deviation 
*Lab 1 - Holy Cross laboratory - Nonnal values :5 9.0 ng/dl 
**lab 2 - Smith-Kline laboratory - Nonna! values 4.4 - 8.2 ng/dl 

C\lrrent glycosylated hemcqlobins were unavailable for subjects 05, 06, 11 arrl 21 
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Table a. Glucose values obtained by self blocrl glucose nonitorin;J (CSII) 

Mean Mean Mean 
Glucose # of Glucose Glucose # of Glucose Glucose # of Glucose 

SUbject # Value Values Obtained Value Values Obtained Values Values Obtained 
mg/ell Day l :ug/ell Day 2 :ug/ell Day 3 
Day l Day 2 Day 3 

01 99 4 125 4 137 4 
02 134 4 127 5 109 4 
03 117 6 111 9 89 5 
04 127 3 150 2 150 3 
05 146 3 124 3 74 3 
06 103 5 125 6 178 4 
07 150 5 94 6 108 4 
08 146 3 191 4 249 5 
09 113 4 134 4 95 4 
10 90 2 151 3 92 3 
11 140 6 80 5 124 8 
12 150 4 131 4 138 3 
13 80 5 75 5 143 4 
14 95 5 115 5 89 4 
15 196 4 158 4 108 4 
16 103 5 108 4 108 5 
17 103 4 109 4 123 5 
18 88 2 105 2 76 4 
19 92 4 52 4 46 4 
20 126 6 127 7 117 6 
21 163 4 142 4 164 4 
22 100 3 176 5 197 3 

Mean± so+ 121. <>± 29. 4 123.2±32.2 123.4±45.3 

~ 80-196 2-6 52-191 2-9 46-249 3-8 

--
+sD=st.aroard deviation 

Ran;e of Glucose 
Values Oller 
3 Days 
mg/ell 

36-297 
76-196 
40-239 
95-180 
56-210 
45-271 
32-262 
93-402 
72-184 
45-290 
35-233 
38-314 
29-264 
41-183 
89-213 
67-145 
49-180 
42-125 
27-130 
51-214 
82-242 
68-224 

27-402 

~ 
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'Iherefore subjects with a rrean three-day glucose level within no:nnal 

limits did not necessarily have a glycosylated heooglooin level in the 

no:nnal rarge. Since glycosylated henDglooin is an in:licator of rrean 

blcx:x:l gluCXlSe over the p:recedin;J two nonths arrl gives a nore acc:urate 

picture of control over time, this may sug:JeSt greater ccrrpliance to 

varia.is paraneters affecti.rg blcx:x:l glucose over the three-day study 

period than wcw.d no:nnally take place, at least for those subjects 

whose rrean gluCXlSe level am glycosylated heooglooin level are widely 

disparate. 

Mean Nutrient Intake CclTpared 
to F..stablished St:arx:Jards arrl 
Rec:x:rnmerrlations 

Nutrient intakes for in:li viduals were analyzed usi.rg the NUI'REDFO 

c:x::arprt:er program at utah state University. Vitamin arrl mineral 

suwlements were not inclu::led in the analysis. Average nutrient 

intakes for men arrl wanen were carpared with the RDA. (1980) (~ 

H), the Aili1\ dietacy rec:x:mnerrlations for diabetes (1979), am nutrient 

allCManceS per 1,000 calories (Hansen arrl Wyse, 1980) (~ I). 

Female subjects age 25-34 years also had their intakes carpared with 

an age am sex matched gra1p fran NHANE.S II (1983). 

Mean Nutrient Intake of Males 
Cgrpared with the RDA. (1980) 

Mean intakes for all nutrients for the eight male subjects were 

carpared with the RDA. (1980) for age am sex. Two males age 53 am 55 

years were inclu::led in the 23-50 year old RDA. (1980) gra1p. 

Reccmnen:lations for thiamin, riboflavin, niacin, arrl calories are 
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slightly lc:,wer for the 51 years arrl aver age category than they are 

for the 23-50 year old age gra.Jp. 

Average nutrient intake exceeded 75% for all nutrients. 

Consunption of three nutrients was .s 90% of the ROI\ (1980). 'Ihese 

included folate 78.9%, zinc 88.4%, arrl calories 87.0%. However, mean 

caloric intake was within the ran;re given for energy needs. Vitamin 

% (92.5%) arrl magnesium (96.1%) were the only other nutrients 

consumed in quantities less than 100% of the ROI\. 

Intakes of potassium arrl sodium were 90% arrl 156.7% respectively. 

Usirg the midpoint of the ran;re of estimated safe arrl adequate daily 

dietary intakes (ESAOOI) (Food arrl Nutrition Board, 1980) (Af.perrlix J) 

as a carparison, mean potassium intake remained within the ran;re 

estimated as safe rut mean sodium intake exceeded the~ limits of 

the rcmJe given (Table 9). 

On an irrlividual basis, folate intake for one subject was< 50% 

of the ROI\, between 50 arrl 67% for three others arrl between 68 arrl 75% 

for yet another. Intake levels for zinc arrl B12 at < 50% of the ROI\ 

were each foon:l in two separate irrlividuals. Table 10 represents 

irrlividual mean intakes of iren carpared to the ROI\ (1980). 

overall, iren had significantly higher intakes of nutrients than 

'WCl1leJ'l with the exception of calcium, vitamin A, arrl vitamin C (p = 

.05). 

'Ihe ROI\ (1980) is a guideline for the average daily intake of 

nutrients required for a healthy ~ation gra.Jp. 'Ihey will not 

necessarily meet the requirements of all inlividuals. Specific 

subjects may require higher or lc:,wer annmts than the guidelines 
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Table 9. Nutrient intake arxi percent RD.l\ for nen (CHI} 

NUt.rient Mean± so+ ~e RIY\++ \RIY\ 

Kea.ls 2348 ± 532 1617 - 3046 2700 ± 400 87.0 
Protein (gm) 97.6 ± 24.7 48.5 - 124.6 56 174.2 
Fat (gm) 110.1 ± 32.6 63. 4 - 140.1 
Saturated fat (gm) 39.8 ± 12.7 26.6 - 63.4 
Polyunsaturated fat (gm) 19.8 ± 7.8 8. 4 - 32 . l 
Monounsaturated fat ( gm) 39.8 ± 11.3 21.5 - 49.3 
<llolesterol (rrq) 366.3 ± 164.9 88 - 626 
carbohydrate ( gm) 251.0 ± 81.3 130.6 - 347.4 
Added sugar ( gm) 34.4 ± 29.3 4 . 6 - 81.5 
Alcohol (gm) 0.4 ± 1.1 0 - 3.1 
calcium (rrq) 1062 ± 410 556. 0 - 177.20 800 132.7 
Iron (rrq) 16.l ± 4 .2 12. 2 - 23.0 10 160 . 6 
Magnesium (rrq) 336 ± 96 246.0 - 549.0 350 96 . l 
Rlosphorus (rrq) 1596 ± 421 958.0 - 2243.0 800 199.5 

*zinc (rrqJ 13.3 ± J.5 6. 18 - 17.96 15 88 . 4 
Potassium (rrq) 3375 ± 910 2335 - 5321 1875 - 5625*+ 90.0 
Scxlium (rrq) 3448 ± 1131 2349 - 5263 1100 - 3300+++ 156.7 
Vitamin A (I.U.) 7332 ± 2735 4379 - 11797 5000 IU 146.6 
'llliamine (rrq) 1. 70 ± 0.50 1.18 - 2. 75 1.4 121.4 
Riboflavin (rrq) 2.23 ± 0.71 1.36 - J.41 1.6 139.4 

**Pre-Niacin (rrq) 27.4 ± 10.1 18.5 - 50.6 18 152.0 
Vitamin 86 (rrq) 2.04 ± 0.66 1.62 - 3.57 2.2 92.5 

***vitamin 812 (m:q) 4.95 ± 1. 72 l.39 - 7.lJ 3.0 165.0 
Ascorbic Acid (rrq) 143 ± 81 65 - 280 60 237.9 
Folate (m:x:I) 316 ± 151 189 - 606 400 78.9 
Pantot:henic Acid (rrq) 6.11 ± 1.33 4.56 - 8.19 4-~ 82.9 

n = 8 'I\.lo men age 55 an:i 53 were inclwed in the 23-50 year old age gra.ip:in:J of RIY\' s 

*when zinc is recalallated us:in:J median \ RIY\ = 86. 6. 

**Pre-niacin - represents only pre-fot1!18d niacin an:i does not include the conversion of t.cypt:qnan to 
niacin. When recalallated us:in:J median \ RIY\ = 146 . 7. 

***when vitamin 812 is recalallated us:in:J median \ ruY\ = 182.0. 

~ on Estimated Safe an:i Adequate Drily Dietary Intake. Midpoint used in calallations. 
U) 
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Table 10. In:lividual mean nutrient intake of males c:x:mpared with the RDA* for age and sex 

No. of No. of No. of No. of No. of No. of No. of SUbjects SUbjects SUbjects SUbjects SUbjects SUbjects SUbjects with with with with with with with Intakes Intakes Intakes Intakes Intakes Intakes Intakes < 50% 50-67% 68-75% 75-100% 100-125% 125-170% > 175% of the of the of the of the of the of the of the Nutrient RDA. RDA. RDA. RDA. RDA. RDA. RDA. % Ran:re 

Protein (gm) 
l 3 4 85.7-217.9 calcium (ng) l 2 3 2 69.3-237.l Iron (ng) 

3 3 2 115.0-227.0 Zinc (ng) l 5 2 40.7-108.0 Vitamin A (ID) 
2 2 2 2 87.6-248.2 'Ihiamin (ng) l 2 3 l l 68.7-195.7 Riboflavin (ng) 
2 l 3 2 76.3-210.6 Niacin (ng) 

5 2 l 111.1-274.4 % (ng) 2 5 l 69.4-155.0 B12 (m::g) l l 1 5 40.0-208.0 Ascorbic Acid {ng) 2 l 5 80.0-467.7 Folacin (m::g) 1 3 1 1 1 1 36.2-149.0 

n = 8 

*RDA., Recamrren:ied DietaJ:y Allowances (1980) 
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given. However, the RDA. (1980) increases the average requirement by 

an ann.mt sufficient to meet the needs of nearly all members of the 

pop.ll.ation. In the clinical situation these reccmnen:lations are often 

used as a screenin;J tool to evaluate irrlividual intakes. Althaigh 

persons with I[)[M are not members of this healthy pop.ll.ation group the 

ADA. (1987) states that "the need for essential basic nutrients is the 

same for all people of equivalent age, sex arrl size, diabetic or not" 

(p. 132). "'!here is no evidence unique to the patient with diabetes 

to warrant special vitamin or mineral suwlementation" (p. 127). 

Mean intakes for folacin arrl zinc \t1ere low. Sllbq,timal intakes 

have been identified in segments of the United States' pop.ll.ation, 

especially with regard to zinc (RDA., 1980). Zinc deficiency may be of 

even greater concern in the person with I[)[M since it may further 

brpair nonnal tissue regeneration. Animal meats arrl seafocxi are the 

best soorces of available zinc. Folacin intake may be increased by 

further addition of fresh green leafy vegetables to the diet. 'Ihese 

additions would also increase the fiber content of the diet in 

acx::ordance with ADA. (1987) guidelines. 

Imividuals with nutrient intakes below 75% of the RDA. (1980) 

\t1ere advised to increase their consunption of focxis ridl in that 

nutrient. 

Scxlium intake for males exceeded the ESAOOI (Focxi arrl Nutrition 

Board, 1980) withoot considerin;J salt added by the subject durin;J focxi 

preparation or at the table. Mean scx:lium intake of this sanple is 

also in excess of the maxim.mt 3000 ng a day suggested by the ADA. 

(1987). 

97 



Mean Nutrient Intake of Females 
Cgnpared with the~ (1980) 

When mean nutrient intakes for 14 female subjects were averaged 

am c:cnpared to the ~ (1980) for age arxi sex, collSUITption of nine 

nutrients net or exceeded 100% of the reccmnerrled levels. Iron 

(64.9%), zinc (58.1%), am folate (50.7%) were consumed in ann.mts 

less than two-thirds of the~ (1980). other nutrients that had mean 

nutrient intakes urrler reccmnerrled levels include: vitamin 86 

(69.0%), magnesium (75.1%), arxi caloric intake (77.0%). 

Average intakes of potassium, pantothenic acid, arxi sodium were 

ccrrpared with the midpoints of the rarges for ESAOOI (Food arxi 

Nutrition Board, 1980). Althaigh low, mean intakes of potassium 

(62.9%) arxi pantothenic acid (74.0%) were still within the lc::J1Ner 

limits of the range given as safe arxi adequate. Sodium (104.2%) 

intake, exclusive of salt aa::led to food by the subject, unless 

specifically noted on the intake records, was near the midpoint of the 

range specified (Table 11). 

Average mean nutrient intakes were ccrrpared with the RDl's for 23-

50 year old females. one subject, age 22 years, did not fall in this 

category b..It was included in the overall average. Requirements for 

calories, vitamin D, thiamin, riboflavin, am niacin are slightly 

higher for the 19-22 year age category. 

Mean nutrient intake of iniividual subjects revealed significant 

intake of specific nutrients in quantities less than two-thirds the 

age am sex matched~ (1980). 'Ihe largest :mmt,er of iniividuals had 

low intakes of zinc, folate, %, arxi iron, whidl is consistent with 

the fin:li.rgs for average mean intakes. Ha..aever, despite average mean 
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Table 11. . Nutrient intake and percent RDA for warren ( CSII) 

Nutrient Mean± so+ Rarge RDA++ % RDA 

Kcals 1541 ± 340 986 - 2206 2000 ± 400 77.0 
Protein ( gm) 68.J ± 13.7 46.4 - 82.4 44 155.2 
Fat (gm) 67.0 ± 23.9 35 . 0 - 122.4 
Saturated fat (gm) 21.6 ± 8.5 11.7 - 44.2 
Fl::>lyunsaturated fat (gm) 13.4 ± 5.5 4.5 - 21.1 
M:Jrnmsaturated fat (gm) 23.2 ± 9.6 9.2 - 39.6 
Ololesterol (ng) 228.9 ± 120.9 84 - 459 
carbohydrate ( gm) 172.8 ± 45.5 94.J - 256.2 
l!&:led sugar ( gm) 30.J ± 27.2 1.8 - 91.8 
Alcohol (gm) 0.0 0 
calcium (ng) 819 ± 197 471 - 1236 800 102.4 
Iron {ng) 11.7±2.7 6.3 - 15.6 18 64.9 
Magnesium (n-g) 225 ± 38 115 - 270 JOO 75.1 
Fhos{xlorus (ng) 1181 ± 207 802 - 1577 800 147.7 
Zinc (ng) 8.7 ± 2.3 5.19 - 11.51 15 58.l 
Potassium (n-g) 2358 ± 647 1198 - 3197 1875 - 562s+++ 62.9 
Scdium (ng) 2293 ± 1043 1548 - 4587 1100 - 3300+++ 104.2 
Vitamin A (ID) 6062 ± 4383 1631 - 14818 4000 ro 151.6 
'lhiamin (ng) 1.19 ± 0.26 o. 79 - 1.43 1.0 119.0 
Riboflavin (n-g) 1.52 ± 0.32 0.81 - 2.21 1.2 126.7 
Pre-niacin (ng) * 18.2 ± 4.0 10.1 - 27.9 13 140 . l 
Vitamin % (n-g) 1.38 ± 0.39 0.76 - 2.09 2.0 69.0 
Vitamin B12 (JICg) 3.38 ± 1.24 1.45 - 6.23 3.0 ll2.7 
AsaJrbic acid (ng) 101 ± 57 25 - 237 60 168.l 
Folate (JICg) 203 ± 63 80 - 293 400 50.7 
Pantcthenic acid (ng) 4.07 ± 0.98 2.03 - 5.0 4-~ 74.0 

+so, stan:iard deviation 

~ Reccmnended Dietary Allowances {1980) for Wl':lllE!I1 23-50 years of age - 55 kg reference Wtm2Il 

+++Based on Estimated Safe arrl Adequate Daily Dietary Intakes (1980) . Midpoint used in calculations. 

n = 14 One woman age 22 was included in the 23-50 year old age groupirq of RDA' s 

Preniacin represents only pre-fonred niacin am does not include the conversion of tryptophan to niacin 

I.!) 
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intakes exceedirq 100%, low intake of calcium, riboflavin, am 

ascorbic acid were also noted in one or nore subjects (Table 12). 

100 

wanen had low intakes of folacin am zinc. Ad:litionally, females 

had a mean intake of iron well below reccmnen:ied levels. It is 

diffia.llt for we.men to in;Jest sufficient iron withc:ut exceedirq 

caloric or protein requirerrents. Increasirg the availability of iron 

by eatin;J ascorbic acid-containirg fruits or juices with meats at 

least twice a day am avoidi.rg substances, whidl reduce iron 

absorption when eaten with an iron containirg meal (such as pl~te, 

plytates, am oxalates, ) can aide the in:li vidual in increasin;J iron 

stores (Williams, 1981). Sane we.men with heavy nenstrual flow or 

clinically low hematocrits may require iron suwlementation. 

Intake of vitamin % am magnesium was low in females am 

marginal in males. Althalgh low in ccnparison with set RIY\ (1980) 

stamards the need for vitamin% is influenced by the annmt of 

protein consumed. When intake is evaluated on the basis of a 

sug;Jeste.d ratio of 0.02 ng of vitamin% per gram of protein eaten 

(RIY\, 1980) mean requirerrents for females studied l::>eca'oo 1. 37 ng 

vitamin B6 am for males, 1.95 ng vitamin %· Mean intake of vitamin 

%, for both sexes, exceeded these values. If protein intake were 

decreased to meet ADI\ (1987) guidelines the need for vitamin B6 might 

also decrease. 

Magnesium is available in a wide variety of foods. I..cM intakes 

of magnesium can easily be ca.mte.red with an increase in foods high in 

this mineral. 



Table 12. Irrlividual ire.an nutrient intake of females corrpared with the RDA.* for age arrl sex 

Number of Number of Number of Number of Number of Number of Nlmlber of 
subjects subjects subjects subjects subjects subjects subjects 
with intake with intake with intake with intake with intake with intake with intake 
< 50% 5o-67% 68-75% 76-100% 101-125% 126-175% > 175% 

Nutrient of the~ of the~ of the RO.\ of the~ of the~ of the~ of the~ % Ran;e 

Protein ( gm) 2 8 4 105.5-208.0 

calcium (ng) 2 7 4 1 54.1-129.3 

Iron (ng) 3 4 3 4 35.0-90.0 

Zin: (ng) 3 6 1 4 34.6-89.7 

Vitamin A (IU) 2 2 1 3 2 4 40.1-374.l 

'Ihiamin (ng) 3 7 4 79 . 0-182.6 

Riooflavin (ng) 1 2 1 10 65.0-181.6 

Niacin (ng) 1 2 11 ' 77.7-200.8 

86 (ng) 2 3 1 8 39.0-100.0 

B12 (mcq) 1 1 3 4 4 1 23.7-214.0 

Ascorbic acid (ng) 2 1 2 4 5 39.5-396.7 

Folacin (mcq) 4 8 1 1 20.0-96 . 8 

n = 14 

*~, Recarrmeroed Dietary All~ (1980) 

f-' 
0 
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caloric intake was below the rarXJe given by the ~ ( 1980) for 

-women. 'Ihis may partially accoont for sane of the low intake levels 

observed. When percent rm at the time of the study, weight change, 

arrl the discrepancy between caloric intake arrl a.rt:p.rt is evaluated, 

the question of sane alteration of intake for the study period arises. 

Maintenance of 108.9% of IB+l, if female subjects are both as active as 

assessed arrl have intakes at the level evaluated, would be difficult. 

since the i.nstn.Ircentation for establishirg plysical activity is the 

least proven it is the :roost suspect, rut a slight decrease in food 

consunption to increase perceived carpliance duri.n:] the intake period 

must also be considered. 

Mean Nutrient Intake Cgnpared with Nutrient 
Allowances per 1000 calories 

Nutrient allowances per 1,000 calories are obtained by dividing 

eadl ~ by the average calorie allowance arrl nultiplyin;J by 1,000. 

Values for nutrient allowances per 1,000 calories were established by 

Hansen arrl Wyse (1980) arrl based upon the 1980 ~ arrl ESAOOis. 

When carpared to the 23-50 year age g:roJp of nutrient allowance 

per 1,000 kcal, men had intakes only slightly below ~ed levels 

in two rrutrients: folate arrl zinc. Magnesitnn arrl vitamin % met or 

exceeda:l their reccmnerrled levels althcu:Jh average mean intake of 

these rrutrients was less than 100% of the~ (1980) (Table 13). 

Intake per 1,000 kcals close to or at established allowances 

in:licates that subjects were co~ foods rich in these rrutrients 

arrl, if total caloric levels had been higher may have met or exceeded 

the~ (1980). 



Table 13. Nutrients of nales expressed as rrutrients per 
1,000 kcals (CSII) 

Nutrient Allowances+ 
Nutrient Men per 1,000 kcals 

Protein ( gm) 43.7 ± 11.2 21 
calcium (ng) 456 ± 112 296 
Iron (ng) 73.4 ± 2.0 3.7 
Magnesium (ng) 150 ± 23 130 
Fhosr,horus (ng) 693 ± 108 296 
Zinc (ng) 5.9 ± 1.8 6*~* 
Potassium (ng) 1451 ± 190 2500 0 • 

Sa::Iium (ng) 1451 ± 265 1500 
Vitamin A (IU) 3202 ± 1611 370 ug R.E.++ 
'Ihiamin (ng) o. 75 ± 0.13 0.5 
Riboflavin (ng) 0.95 ± 0.13 0.6 
"'Pre-niacin (ng) 12.4 ± 3.1 7.0 NE** 
Vitamin 86 (ng) 0.90 ± 0.28 0.8 
Vitamin B12 (ioc,q) 2.21 ± 0.73 1.1 
Ascorbic acid (ng) 65 ± 44 22 
Folate (ioc,q) 135 ± 53 148 

*** Pantothenic acid (ng) 2.66 ± 0.30 2.0 

n = 8 'lwo men age 55 and 53 were included in the 23-50 year old grouping of 
nutrients per 1,000 kcals 

"'Pre-niacin= represents only preformed niacin and does not include the 
conversion of tryptophan to niacin. 
**NE= niacin equivalent includes preformed niacin and the conversion of 
~ophan to niacin 
** Based on Estimated Safe and Adequate Leily ·oietary Intakes (1980) 
+Fran Hansen and wyse ( 1980) 
*R.E., vitamin A expressed as retinol equivalents 
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On a nutrient per 1000 kcal basis waren still had lc::,w intakes of 

iron, zinc, folate, an::l, to a lesser extent, vitamin % an::l ma.gnesiurn 

(Table 14) . 'Ihe intake of at least the first three of these nutrients 

would probably have been less than the Rm (1980) even if caloric 

intake had been higher. Foods nore nutrient dense in these vitamins 

an::l minerals need to be consumed for these diets to meet recamnerx:led 

levels. 

Based on ESADDI (Rm, 1980) potassium intake for both Irel1 an::l 

warren was belc::,w the recanmerrled allCMallCe per 1, 000 kcals. However, 

the 2500 rrg per 1,000 kcal recanmerrled wa.ild µit intake near the upper 

limit set by the Rm (1980) if total caloric intake was at or near 

suggested levels. 

Mean Nutrient Intake Cgnpared 
with Nutrient Intake fran NHANES II 

Only one subset of the sanple was large ena.igh to carpare with an 

age an::l sex ma.tched groop fran NHANES II ( 1983) • Dietary intakes of 

seven waren ages 25 to 34 years were c:x:iTpared to 1,170 females in the 

same age category an::l spannin;J all incane ran:Jes fran NHANES II 

(1983). Mean values for several nutrients incltrlin;J calcium, 

polyunsaturated fat, an::l vitamin A awear nruch greater in the study 

sarrple than those fran NHANES II (1983). However, usirg a t test 

(p=.05) with a pooled starrlard deviation, there was not ena.igh 

evidence to prove a significant differeooe between any of the nean 

values tested. 'Ihe small sanple with its high degree of variability, 

ma.y be too small for realistic carparison. Although not statistically 

reliable, nean intakes for IOOSt rrutrients a~ similar, includirg 



Table 14. Nutrient intake of females expressed as rrutrients per 
1,000 kcals (CSII) 

Nutrient Waren 

Protein (gm) 45.5 ± 7 .9 
calcium (rrg) 553 ± 152 
Iron (rrg) 7.7 ± 2.0 
Magnesium (rrg) 149 ± 29 
Ihosrnorus (rrg) 790 ± 135 
Zinc (rrg) 5.8 ± 1.2 
Iutassium (rrg) 1552 ± 506 
Sa:lium (rrg) 1737 ± 666 
Vitamin A (IU) 3852 ± 2629 
'Ihiamin (rrg) 0. 80 ± 0 .17 
Riboflavin (rrg) 1.01 ± 0.20 
*Pre-niacin (rrg) 12 . 0 ± 2.1 
Vitamin B5 (rrg) 0.89 ± 0.28 
Vitamin B12 (m::g) 2.15 ± 0.67 
Ascorbic acid (rrg) 66.43 ± 42.31 
Folate (m::g) 134 ± 54 
Pantot:henic acid (rrg) 2.68 ± 0.60 

Nutrient AllCMa11CE!S+ 
per 1,000 kcals 

22 
400 

9.0 
150 
400 

8*~* 
2500*** 
1500 

400 Ug R.E.++ 
0.5 
0.6 
7.0 NE** 
1.0 
1.5 

30 
200 *** 

2.0 

n = 14 One waran age 22 was included in the 23-50 year old age groopi.rg of 
nutrients per 1,000 
*Pre-niacin= represents only preformed niacin arrl does not include the 
conversion of tryptcp.1an to ni ac in. 
**NE= niacin equivalent includes preformed niacin arrl the conversion of 
~q:ihan to niacin 
** Based on F.stimated Safe and lldequate r:aily Dietary Intakes (1980) 
+Fran Hansen and Wyse (1980) 
*R.E., vitamin A expressed as retinal equivalents 
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total caloric intake which was over 350 calories less than the mean 

caloric level established by the Rm. (1980) for both groups 

(Table 15). 

Mean Nutrient Intake Coirpared 
with~ Recc::Jmnerrlations 

'Ihe ~ (1979, 1987) has given reccmnerrlations for persons with 

CM, of percent of total calories fran protein, fat, am cartxilydrate 

(Table 16). Both sexes were within the rarge rea::mnerrled for protein 

by the 1979 reccmnerrlations rut exceeded those for the 1987 update. 

'Ihe ~ ( 1987) reccmnerrlations for protein were c.han;Jed to those of 

the Rm. (1980) or 0.8 gm protein/kg adult body -weight. ~ on 

intake am -weight, this would generally place protein intake near the 

lower errl of the rarge given by the 1979 reccmnerrlations of 12-20% of 

total calories. Based on mean body -weight at the time of this study, 

the guideline suggests an cptimal mean intake for females in this 

sample of 54. 7 gm am for males of 60. 7 gm. Actual mean intakes were 

68.3 gm am 97 .6 gm respectively. If caloric intake had been higher 

it is reasonable to assume that protein intake would have exceeded 

recanmerxied levels by an even greater margin. 'Ihe average All'erican 
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grows up consumirg excessive annmts of protein. 'Ihis cultural 

influence coupled with the suggestion that diabetics oonsurre a protein 

scurce at every meal makes it l..Jll)erative that portion oontrol be 

strict am that neats am other protein scurces be lean or low fat if 

~ guidelines are to be adhered to. 

Mean intake of fat, 41.9 ± 6.9% for males am 38.5 ± 7.5% for 

females, exceeded both sets of~ (1979, 1987) reccmnerrlations. 'Ihe 



Table 15. canparison of mean nutrient intake of 25-34 year old 
ferrales with age arx:l sex matched subjects fran NHANE.S Ir+ 

Study n=7 NJ-WlES 1:r+ n=l,170 
Nutrient Mean± so++ Mean± so++ 

Kilocalories 1629 ± 328.21 1,643 ± 855.00 

carbohydrate (gms) 194 ± 45.06 187 ± 109.44 

Protein ( gms) 68 ± 11.18 64 ± 37.62 

Fat (gms) 67 ± 19.60 68 ± 41.04 

Saturated fat (gms) 20 ± 6.89 24 ± 17.10 

~turated fat (gms) 24 ± 8.51 25 ± 17.10 

Rllyunsaturated fat (gms) 15 ± 4.26 10 ± 10.26 

C11olesterol (rrg) 272 ± 133.17 278 ± 242.82 

calcitnn 906 ± 216.23 636 ± 718.20 

Ihosi:ilorus ( rrg) 1191 ± 186.21 1021 ± 718.20 

Iron (rrg) 11.9 ± 2. 72 10.9 ± 6.16 

Sodium (rrg) 2287 ± 719.41 2401 ± 1744.2 

Potassitnn (rrg) 2716 ± 326.33 2088 ± 1573.20 

Vitamin A (IU) 7706 ± 5208.65 4665 ± 10294.2 

Thiamine (rrg) 1.29 ± 0 . 30 1.08 ± 1.03 

Riboflavin (rrg) 1. 71 ± 0.23 1.48 ± 1.37 

Preformed Niacin (rrg) 17.83 ± 2.55 16.48 ± 12.65 

Vitamin C (rrg) 121 ± 53.75 92 ± 133.38 

fmwm; II, Secord National Health ard Nutrition Examination SUrvey (1976-80) 
++so, Starrlard Deviation 
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Table 16. Percent of calories from protein, fat, carbohydrate, added sugar an:i alcohol (CSII) 

Nutrient Men 

Protein 17.0 .± 4.6 

Fat 41.9 .± 6.9 

Saturated fat 15.1 .± 2.8 

Polyunsaturated fat 7.4 .± 1.9 

M:mounsaturated fat 15.2 .± 2.7 

carbooydrate 42.7 .± 11.0 

Added su::Jar 5.8 .± 4.9 

Alcohol 0.088 .± 0.25 

n = 8 men, n = 14 wanen 
Aneri.can Diabetes Association 

~e wanen 

9.4 - 24.0 18.0 .± 3.1 

27.7 - 50.7 38.5 .± 7.5 

11.2 - 20.1 12.5 .± 3.4 

4.2 - 9.5 7.7 .± 2.5 

9.4 - 17.7 13.l .± 3.5 

32.3 - 65.7 45.3 .± 8.6 

1.1 - 15.3 7.2 .± 5.9 

0.0 - 0.7 0.0 

~e 

12.7 - 23.7 

25.3 - 56.6 

6.8 - 20.5 

3.2 - 10.4 

6.6 - 18.3 

25.6 - 60.0 

0.6 - 22.5 

o.o - 0.0 

ADl\* 
Recxmnerrlations 

(1979) 

12 - 20% 

30 - 38% 

< 10% 

.:5 10% 

.:5 10 

50 - 60% 

Limited use 

ADA 
Reccmnerrlations 

(1987) 

0. 8 g/kg bcxfy wt 

< 30% 

< 10% 

< 10% 
(prefer 6-8%) 
30-(RJS + S) 

55 - 60% 

Limited use 

Saturated fat (S), Polyunsaturated fat (RJS) arrl 1't:lnc:mlsaturated fat (MS) are part of total fat intake 
Added su::Jar is part of the total camohydrate intake 

t--' 
0 
00 
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intake of saturated fat arrl rronosaturated fat was also in excess of 

suggested guidelines. Polyunsaturated fat was inJested at reccxnrerrled 

levels, rut was disprqx,rt.ionately low in relation to other types of 

fat intake. Fat intake of this sanple did not clistIDJW.Sh between 

grades of meat consumed or att.enpt to evaluate how 'Well fat was 

trimmed fran the meat. Since mean fat intake exceeded 1987 ADA. 

recamrerrlations by over 25% in sane cases, it seer:rs reasonable to 

assurre fat intake would still be higher than suggested levels even if 

only lean cuts were eaten. Diabetes is associated with a high degree 

of hypertension, arteriosclerosis, arrl alterations in circulatinJ 

li~rotein.s arrl dlolesterol (Wahlquist et al., 1984; HeyninJen 1986). 

'!here is sufficient evidence that fat IOOdified diets decrease this 

risk that the ADA. (1987) has lowered its rea:mnerrlations for total fat 

intake to urxier 30% of total calories. Only two subjects studied rret 

this goal. 'Ihe new rea:mnerrlations also suggest lirnitinJ dlolesterol 

to < 300 ng/day. Females in this study had a mean dlolesterol intake 

of 228.93 ng meetinJ this goal. Males exceeded this level with a mean 

intake of 366.25 ng. 'Ihe use of CSII has been derconstrated to improve 

sennn lipid levels via inproved glurose regulation (Lawson et al. , 

1985). However, there is insufficient evidence to suggest that lipid 

levels are c:::arpletely nonnal.ized or that ?,lilP wearers shcw.d 

necessarily be less restricted in fat intake than other diabetics. To 

the extent that this sanple represents CSII users as a whole it would 

suggest that µmp wearers might benefit fran nn:re enp1a5is arrl 

education on lirnitinJ fats in the diet. 



'Ille percent of total calories consumed as cart:rllydrate, 42.7 ± 

11. 0% for men arrl 45. 3 ± 8. 6% for wanen, was below sug:Jested levels. 

In an d:lservation of actual food intake of subjects the researcher 

fourrl the intake of fruits arrl vegetables to be adequate. However, 

there was a wide degree of variation anDn;J irrlividuals, substantiated 

by the ran;Je of camohydrate intake as a percent of total calories 

fran 32.3% to 65. 7%. carbdlydrate intake catld not meet sug:Jested 

levels with such high mean intakes of both protein arrl fat. 

Concanitant decreases in intake of these with an elevated intake of 

carplex cart:rllydrate 'WOUld be needed to meet :recanrrerrlations. 

Although fat intake was slightly lower arrl cart:rllydrate intake 

slightly higher mean diet c:::arposition as a percentage of calories was 

similar to that reported by car,per et al. (1985). 

110 

'Ille AIY\ has not given reccmnemations regardirq the am:,unt of 

added sugar in the diabetic diet rut sug:Jests that m.:xiest am:,unts may 

be aoceptable in sane in:lividuals if metabolic control arrl weight are 

well maintained. Grinvalsky arrl Nathan (1983) sug:Jest avoidance of 

concentrated sweets with CSII since, despite the ability to camter 

elevations in blood glucose with regular insulin, glUCXJSe fluctuations 

are still increased after in;Jestion of refined sugar. ca:wer et al. 

(1985) did not fin::l an increase in the use of refined sugars after 

initiation of :r;:unp therapy. 'Ille ano.mt of total calories fran added 

sugar varied widely in this sanple ran;Jin;J fran 0.6% to 22.5%. 

overall the mean for added sugar was 6.7 ± 1.2% arrl did not vary 

significantly between men arrl wanen (p = .05). As used here added 

sugar refers to sugar added durin;J proc:::essin;J of foods arrl drinks or 



sugar added by the subjects arx:i noted on the food records. Only one 

subject in;Jested alcdlol durin;J the stooy pericx:i. 

Variability in camohydrate Intake, 
Calorie Intake arx:i Number of Meals 

Variability of carbohydrate arx:i calorie intake between days was 

analyzed usin;J a ramanized c::arplete block design. SUbjects were 

split into two grCAJpS deperrlirg on whim ~Y intake pericx:i they 
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dlose, i.e. days, 1, 2, arx:i 3 ( SUroay, Morrlay, arx:i 'I\.lesday) or days 5, 

6, am 7 ('lhursday, Friday, arx:i Saturday). camohydrate am caloric 

intakes for ea.en gra.ip were analyzed separately resultin;J in four 

separate blocks. Analysis revealed insufficient evidence to reject 

the hypothesis that carbohydrate intake was equal between days 1, 2, 

arx:i 3. '!he sarre conclusion was readied regarclin;J equality of 

carbohydrate intake between days 5, 6, arx:i 7 (Tables 17 arx:i 18) . 

Statistical evaluation of the variability of caloric intake also 

showed insufficient evidence to reject the hypothesis that caloric 

intake for days 1, 2, arx:i 3 were equal. '!his sarre conclusion was 

obtained for caloric intake between days 5, 6, am 7 (Tables 19 am 

20). 

'!he mean rn.nrber of separate meals am snacks consumed ea.en day 

rarged fran 3. 9 ± 1. 4 to 4. 2 ± 1. 4. Olantelau et al. ( 1982) fourrl 

that when subjects on CSII were offered free dloice of the rn.nnber, 

timin;J, arx:i carbohydrate content of their meals the average rn.nnber of 

daily meals fell fran 5-6/day to 3-4/day. Although mean values for 

the three days did not differ significantly (p = . 05) the rn.nnber of 

meals am snacks consumed by irrlividuals showed considerable 



Table 17. Variability of carl:cllydrate intake between days 1+, 2 am 3 

Source 

Subjects 
cays 
Error 
'fotal 

Degrees 
of Freedan 

9 
2 

18 
29 

Mean 
Square 

19032.1 
583.8 

2174.5 

Variance 
Ratio (F) 

0.268* 

Table Value 
of F 

(a=0.05) 

3.55 

+cays 1, 2 arrl 3 are SWlday, Monday ard Tuesday, respectively 
*Insufficient to conclude that significant variance exists between days 
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Table 18. Variability of carbohydrate intake between days 5+, 6 

~ Mean Variance Table Value 
of Freedan Square Ratio (F) of F 

(a=Q.05) 

SUbjects 11 7231.5 
I:ays 2 2119.9 0.041* 3.44 
Error 22 2693.5 
Total 35 

+r:ays 5, 6 and 7 are 1hursday, Friday and Saturday, respectively. 
*In.sufficient to conclude that significant variance exists between days 
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Table 19. Variability of caloric intake between days 1+, 2 arxi 3 

SUbjects 
rays 
Error 
Total 

~rees 
of Freedom 

9 
2 

18 
29 

Mean 
Square 

l.5367 x 106 
6.5 x 104 

1.3967 x 105 

Variance 
Ratio (F) 

0.465* 

Table Value 
of F 

(a=0.05) 

3.55 

+rays 1,2 ard 3 are Sunday, Monday ard Tuesday, respectively 
*Insufficient to corx::lude that significant variance exists between days 
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Table 20. Variability of caloric intake between days+ 5, 6 arrl 7 

Degrees Mean Variance Table Value 
of Freedom Square Ratio of F 

(cr=0.05) 

SUbjects 11 2.9647 x 105 
rays 2 3.77 x 104 0.203* 3.44 
Error 22 1.8617 x 105 
Total 35 

+rays 5, 6 arrl 7 are 'Ihursclay, Friday and Saturday, respectively. 
*In.sufficient to conclude that significant variance exists between days 
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variation. over half of the subjects resporrled affinnatively to 

followinJ a specific IOOa1. plan but only one subject's dietal:y intake 

record showed the same mnnber of iooals arrl snacks over all three days 

of the intake pericx:l. Five subjects had the rn.nnber of iooals arrl 

snacks on one day at least double the rn.nnber cx:>nsumed on a separate 

day. '!his variation in the rn.nnber of meals arrl snacks on CSII is 

consistent with the f~ of ca:wer et al. {1985) . When looked at 

on an irrlividual basis, variability in carbohydrate intake varies by 

aver 200 gm between days for one subject arrl by over 100 gm.s for four 

others. Seven additional irrlividuals had daily variability in 

carbohydrate intake exceedin;J 50 grams {Table 21). ca:wer et al. 

{1985) noted greater variability arrl ~imentation with the size of 

meal intake when subjects switdled fran CIT to CSII. Health 

professionals may firrl it beneficial to consider the large degree of 

irrlividual variability in focx:i intake anorg many p.mp -wearers when 

plannirg patient education arrl care. 

Fhysical Activity 
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DrrinJ the three--&y intake pericx:i subjects were also asked to 

keep a record of their ?'lysical activity. Each 24-hoor pericx:i was 

entered into the RJBLIC ENER;Y prcgram at utah state university alon;J 

with the subjects height, weight, arrl age. BEEs were calculated 

separately arrl then added to eadl day's i:::nysical activity to obtain 

estimates of total caloric artp.rt. Mean BEE for males was 1680 ± 111 

kcals arrl for females 1448 ± 76 kcals. Mean caloric artp.rt for the 

three-day pericx:i was 3027 ± 422 kcals for man {Table 22) arrl 2443.21 ± 



Table 21. Irxlividual variability of daily caroohydrate intake arrl rnnnber of rreals arrl snacks 

03.y 1 03.y 2 03.y 3 
Number of Number of Number of 
Separate Total Separate Total Separate Total 
Meals arrl carbohydrate Meals an:!. carbohydrate Meals arrl carbohydrate 

Subject # Snacks Intake (gm) Snacks Intake (gm) Snacks Intake (gm) 

01 3 125.l 2 114.6 3 152.2 
02 3 123.7 4 166.0 3 162.0 
03 3 134.0 7 199.8 7 365.6 
04 3 118.9 4 229.2 3 259.5 
05 3 133.9 2 147.3 3 211. 7 
06 7 210.7 6 227.l 4 244.9 
07 4 253.9 5 339.8 4 269.7 
08 4 94.3 2 79.9 3 108.7 
09 3 231.5 4 168.9 4 158.9 
10 5 374.0 4 263.7 5 282 . 3 
11 5 309.9 7 340.3 9 365.7 
12 4 193.7 6 288.4 2 88.4 
13 8 240.2 5 273.0 3 255.4 
14 3 225.3 5 217.7 5 247.9 
15 3 202.4 3 207.0 3 161.l 
16 4 174.l 3 136.9 3 127.6 
17 4 280.3 4 388.3 5 373.6 
18 3 96.6 3 95.6 8 182.l 
19 3 138.l 4 200.9 4 U7.7 
20 3 123.3 4 134.5 3 161.6 
21 3 213.3 4 187.9 4 158.8 
22 4 159.0 4 147.3 2 106.6 

Mean± so+ J.9:±1.4 188.9:±73.4 4.2±1.4 207.<>±82.l 4.1±1.8 207.8±86.4 

+so, standard deviation 

...... 

...... 
-.J 



Table 22. Fhysical activity arrl basal energy experrliture of male subjects 

SUbject 

01 
04 
05 
07 
10 
11 
14 
17 

Mean± SD 

n=B 

BEE 

kcals 

1734 
1613 
1668 
1740 
1856 
1654 
1473 
1701 

1680±111 

Fhy:sical activitvX + BEExx 
Day 1 Day 2 

kcals kcals 

3028 2768 
2392 3358 
2624 2919 
2458 4808 
3578 3026 
3210 3090 
2024 2810 
2728 3070 

2756±497 3231±663 

Xfhysical activity = Based on D.lrnin arrl Passm:>re (1967) 

Day 3 

kcals 

2611 
3030 
3100 
4699 
3023 
2161 
3005 
3017 

3081±727 

3 Day Mean 

kcals 

2836 
2927 
2881 
3988 
3209 
2820 
2613 
2938 

3027±422 

xxBEE = Basal energy expen:liture cala.ll.ated by Harrison Benedict F.quation (Mahalko arrl Johnson, 1980) 

*kcals, kilocalories 

+so, starxiard deviation 

...... ...... 
():) 



230.04 kcals for waren (Table 23). Energy expen:litures for men were 

significantly higher than those for waren (p = . 05) . 

A cx::xrparison of nwaan caloric intake with nwaan energy expen:liture 

revealed a negative caloric difference, i.e. calorie intake less than 

caloric ouqx.rt in 21 subjects. 'Ihe nwaan caloric difference between 

calories coI'lSUIOOd vs calories rurned for men was -678 ± 473 kcals 

(Table 24) arrl for waren -903 ± 428 kcals (Table 25). 

Average daily rates of energy expen:litures for men arrl waren 

livin1 in the United states have been estimated by the Food arrl 

Nutrition Board (1974). Men age 23-50 years had an average daily 

expen:liture of a.wroximately 2700 ± 400 kcals. '!his is based on a 70 

inch, 154 lb reference in:tividual. 'Ihe men in this sanplin1 exceeded 

this estimation by aver 300 kcals, rut fell within the~ limit of 

the rarge given. '1'Wo men studied were in the aver 51 year age group. 

'Ihey had nwaan energy expen:litures for the three-day period of 2927 

kcals am 2938 kcals respectively. F.stimated energy expen:liture for 

this age group was 2400 ± 400 kcals/day based on the sane reference 

in:tividual. 
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Using a 64 inch, 120 lb reference wanan as a basis, the average 

daily caloric expen:liture for waren was estimated at ai:proximately 

2,000 ± 400 kcals or abart 450 kcals less than the nwaan caloric output 

of the sanple group studied. 'Ihe estimated expen:liture for waren 19-

22 years was 2100 ± 400 kcals. One wanan in this study fell into this 

age group arrl her in:lividual nwaan caloric experrliture aver the three­

day study period was 2441 kcals. 



Table 23. Fhysical activity am basal energy expen:liture of females (CSII) 

Fh~ical _activit(' + BEExx 
SUbject BEE Day 1 Day 2 Day 3 3 Day Mean 

kcals kcals kcals kcals kcals 

02 1452 2291 2231 3082 2534 
03 1473 2628 3867 2273 2923 
06 1302 2140 2250 2203 2198 
08 1482 2941 1902 2757 2533 
09 1523 2011 2248 2144 2134 
12 1445 2124 2207 2991 2441 
13 1436 2696 2245 2522 2488 
15 1402 2519 2238 2763 2507 
16 1565 2676 3067 2837 2860 
18 1471 2267 2255 2087 2203 
19 1516 2374 2243 2392 2336 
20 1335 2273 2402 2360 2345 
21 1473 2555 2094 2619 2423 
22 1370 2059 2534 2246 2280 

Mean+ so+ 1488±76 2397±278 2413±493 2520±325 2443±230 

n = 14 

XFhysical activity, Based on D..Irnin an::i Passrore (1967) 

xxBEE, Basal energy expen:ti.ture calculated by Harrison Benedict equation (Mahalko an::i Johnson, 1980) 

*kcals, kilocalories 

+so, starx:1ard deviation 

~ 
N 
0 



Table 24. caloric intake ard outµit for ll'ales (CSII) 

SUbject # 

01 
04 
05 
07 
10 
11 
14 
17 

3 I:ey Mean 
Total caloric 

Intake 

kcals 

1617 
1812 
2291 
2835 
2920 
2061 
2203 
3046 

2348±532 

3 I:ey Mean 
Total caloric 

output 

kcals 

2836 
2927 
2881 
3988 
3209 
2820 
2613 
2938 

3027±422 

Difference 

kcals 

-1219 
-1115 

-590 
-1153 

-289 
-759 
-410 
+108 

-678±473 

Fhysical Activity based on D.rrnin ard Passmore (1967) ard Basal Energy 
J;:xperrliture calculated by Harrison Benedict F.quation (Mahalko arrl Johnson, 1980) 
*kcals=kilocalories 
+sD=starrlard deviation 
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Table 25. caloric intake ard output for females (CSII) 

3 [):iy Mean 3 [):iy Mect11 
Total caloric Total caloric 

SUbject # Intake CAftput Difference 

kcals kcals kcals 

02 1629 2534 -905 
03 1634 2923 -1289 
06 1742 2198 -456 
08 986 2533 -1547 
09 1244 2134 -890 
12 1786 2441 -655 
13 2206 2488 -282 
15 1667 2507 -840 
16 1140 2860 -1720 
18 1946 2203 -257 
19 1384 2336 -952 
20 1259 2345 -1086 
21 1693 2423 -730 
22 1253 2280 -1027 

Mean_±SD 1541±340 2443±230 -903±428 

Fhysical Activity baSl:rl on Durnin am Passmore (1967) ard B3sal Energy 
J;:xperditure calculated by Harrison Benedict F,quation (Mahalko an:l Johnson, 1980) 
*kcal!:r=kilocalories 
+sD=stan:1ard deviation 
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'!he three-day diet record is iJ'lawropriate for energy balance 

studies or as a prediction of fat gain or loss since it does not 

assess very small increments of activity. It is, however, a useful 

approximation of energy expen:ti.ture (Bouchard et al., 1983; Reiff et 

al., 1967; Acheson et al., 1980). '!his researcher noted a terrlency to 

lump activities into one large category. For exanple, rrurses would go 

on duty am fill in fa.rr hours of ti:me urrler energy level "e," or 

nursinJ chores, am did not separate increments into settinJ while 

c.hartinJ versus pushirg a wheel dlair patient. Si.rniliarly, a subject 

would go shoppinJ for two ha.rrs at varioos places, but not separate 

the ti:me into walk.i.rg, drivinJ, loa~ am unloa~ goods, etc. '!he 

majority of subjects grooped ti:me into smaller 15 to 60 minute 

intervals. 

'!he discrepancy between caloric expen:ti.ture for this sample am 

for the reference irrli.viduals may be secorrlacy to a canbination of 1) 

the terrlency to overestimate energy a.rtp.It (Acheson et al., 1980), 2) 

the graJpll')J of large units of ti:me urrler one activity, am 

3) the desire to a~ "awropriately" active over the three-day 

study period. 



Nutrient Intake Crnpared with 
Starnards an:l Recacunernation.s 

CliAPI'ER v 

SUbject's rrean nutrient intakes net or exceeded the RDA.'s (1980) 

for the majority of nutrients. Both sexes had low intakes of vitamin 

B6, magnesium, zinc, folate, an:l total calories. In acklition, WC11ren 

had suboptimal iron ingestion. Altha.igh intakes of zinc an:l folate 

were marginal, males COTlSUIIm. a diet fairly dense in all nutrients as 

evidenced by intake of nutrients per 1,000 kcal that nearly net or 

were above the levels established by Hansen an:l Wyse (1980). On a 

nutrient per 1, ooo kcal basis waten still had insufficient intakes of 

iron, magnesium, vitamin %, folate, an:l zinc. Wclrel1 in this study 

would benefit frcm information regarding focrls ridl in these 

nutrients. 

rue to the small sanple size statistically reliable conclusions 

could not be drawn frcm a carparison of an age an:l sex matched group 

frcm this sanple an:l NH.ANES II (1983). A si.nple visual carparison 
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suggests very similar rrean intakes of total calories an:l nrst vitamins 

an:l minerals with the exception of higher levels of vitamin A, 

calcium, an:l polyunsaturated fat for the study group. 

Mean protein intake for the sanple was within the rarqe specified 

by the AU?\ (1979), rut exceeded new levels suggested in the 1987 AU?\ 

dietary reccmne.rrlations. Total fat, saturated fat, an:l 

ITOnamsaturated fat COl1SUITption as a percentage of total calories were 

above levels suggested by the AU?\ (1979, 1987). 'Ihe percentage of 



carbahydrate intake was below the lower limit of the ran;1e suggested. 

E.ducationally, eirph.asis must be placed on increasi.rq carbohydrate 

intake while loweri.rq fat arrl protein consmrption if AIY>. 

reccxmrerrlations (1979, 1987) are to be mat by this group. 

I:aily Variability in camahydrate, 
calorie arrl Number of Meals 

125 

Statistical analysis yielded insufficient evidence of significant 

variation in either caloric or carbohydrate intake between similar 

days. 'lhe rnnnber of meals arrl snacks varied substantially between 

days for several subjects arrl only one person studied ate the sama 

rnnnber of meals arrl snacks for all three days of the intake period. 

It awears that the nunt>er of meals arrl snacks eaten throughout the 

day are quite flexible within this sanple of CSII users. 

Glycemic Control 

I:aily maan glucose levels obtained bys~ were near oonnal 

levels. Despite these figures, seven out of 18 glycosylated 

heooglobin values obtained within two nonths of the intake period were 

above oonnal limits. '!his may irrli.cate that glycemic control of some 

subjects may not be as good over the 101"¥1 tenn, as suggested by the 

blood glucose values obtained duri.rq the ~y study period. 

Weight OlarxJes 

Althalgh a high degree of irrlividual variability was evident man 

showed a small net decrease in weight after initiation of CSII. 

Generally a slight gain in weight is seen after initiation of CSII. 

over tima these man may have ccripensated for the decreased caloric 
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requirement that follOlolS inp:rovement in glycemic control via decreased 

caloric intake, increased Iilysical activity, or both. '!he slight mean 

weight gain d::>served in female subjects is similar to that noted by 

other researchers. F.ducation of the µmp wearer regarc:lin;J the 

possibility of weight gain arrl ways to awrq:,riately offset the 

probable decrease in caloric requ.ire.Ioonts should help to reduce this 

potential problem. 

Rlysical Activity 

Both men arrl wcroon studied had mean daily energy experrlitures 

near the 1.JR)er ran:Je or exceed.inJ estimatErl average daily experrlitures 

arrl far in excess of mean caloric intake. '!his may be due to the 

large blocks of time specified as one activity when nultiple 

activities were prcbably beirq perfonned, i.e. sh"R)irq should have 

been separatErl into walkin], dri virq, can:yirq groceries, etc. arrl 

generally was not. Greater accuracy regarc:lin;J activities durirg srrall 

time increments is necessary to get a nore precise estimate of energy 

experrliture within this group . However, this infonnation is useful in 

the clinical settirq for evaluatirg general activity trerxls of 

in:lividual patients. 

Reccmoorrlations 

Reccmoorrlations for further study include: 

1. Followirg in:lividual subject's weight at specified intervals after 

initiation of CSII to evaluate trerxls in weight d'lan;Jes. 

2. Followirg in:lividual subject's glycosylatErl herooglabins at 

specified intervals after initiation of CSII to evaluate d'lan;Jes. 



3. Repetition of this study usinJ a large sant>le size an:i utilizinJ 

subjects fran different regions of the United States. 

4. ObtaininJ lipid profiles of study participants to be evaluated in 

conjunction with dietacy intake. 

5. A c::arparison of rrutrient intakes of CSII wearers with age an:i sex 

matched irrlividuals with IDCM who do not use the p.nrp. 

Recx:mnerrlations for clinical use of this data include: 

1. Dietacy education of CSII users regarc:lirg: 

a. Dietacy mxlifications to increase catplex camahydrate 

intake. 

b. Dietacy mxlifications to decrease total fat, saturated fat, 

an:i protein intake. 

c. Guidelines for dietacy intake patterns with e.np,asis on 

awropriate spacinJ of rreals an:i snacks. 
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d. Good food sources of zinc, folate, vitamin%, an:i magnesium . 

Females shoold also be instructed on good food sources of 

iron an:i ways to enhance iron abs01:ption. 

2. Periodic ~te an:i review of general guidelines for diet on CSII 

an:i countinJ of camahydrates an:i proteins. 

3. F.ducation on the role of P'}ysical activity, an:i on the awropriate 

use of exercise, in IIXM. 

4. Imividual camselinJ to provide the best match between the CSII 

users diet, P'}ysical activity, an:i lifestyle. 

SUmmary 

Females had a mean increase in ,;,.ieight of 3 .13 lbs rut males had a 

net decrease in ,;,.ieight of 1. 79 pooms after initiation of CSII. Since 
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a small -weight gain is generally reported after ?JlTP use begins, this 

may :reflect a reduction in weight after an initial -weight gain. 

'lhe majority of subjects reported a decrease in the number an:i 

severity of reactions after initiation of CSII. Mean blood glucose 

for the three-day study awroadled nonnal limits. Hc,,,.iever, this may 

:reflect an increase in cc.trpliance over the study period since seven 

out of 18 glyrosylated henoglobin levels were above nonnal. 

Energy experrlitures were higher than those reported for the 

general pcp.llation . Activities were often graJped into blocks of time 

an:i mirrute to mirrute chan;Jes in activity levels were not obtained, 

which may partially ac::x:nmt for the discrepancy. 

No significant differences were fa.mi in carbdlydrate or calorie 

intake beb.ieen days, al tha.lgh a large variation in the number of rooals 

an:i snacks fran day to day was noted. 

Average nutrient intake of males met or exceeded the ~ (1980) 

for all nutrients except folate, zinc, vitamin %, an:i magnesitnn. 

Wcmen had mean intakes of zinc, iron, an:i folate at levels less than 

two-thirds the ~ (1980). Nutrient consunption of vitamin % an:i 

magnesitnn were also low for females. Both sexes had calorie intakes 

well below the mid-point for the rarge given by the~ (1980) but 

only females mean caloric intake actual fell below the rarge given. 

On a nutrient per 1,000 kcal basis men met or exceeded allowances 

for all nutrients except zinc an:i folate. Intake of these two 

nutrients were only slightly below recx::rrmaooations. Dietary intake of 

females was below suggested levels for iron, zinc, folate, an:i, to a 

lesser extent, vitamin a6 an:i magnesitnn. 



Men an::i waren had mean protein intake within the rarge specified 

by the Am (1979) rut levels exceeded the 0.8 gm/kg of body weight 

SUCRested in the 1987 Am tJirlate. overall fat intake was sanewhat 

higher an::i cartxJhydrate intake lower than Am (1979, 1987) 

recx:mnerrlations. 

A ccrrparison of the mean rrutrient intake of seven females from 

the study was made with an age an::i sex matched pcpilation from NHANE5 

II (1983). Although statistical analysis was unreliable secon::la1:y to 

the small sanple size, intake of m::st rrutrients, incluclinJ total 

caloric intake, a~ similar for both groups. 
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'!his infonnation may be used to make recx:mnerrlations for the 

diabetic usin;J CHI an::i as a basis of infonnation in the camselin;J of 

those patients. Persons stulied a~ to differ substantially in 

the annmt of S:ocM they perfonood an::i in their dietary intake an::i 

Iilysical activity patterns. Altha.lgh education of the diabetic should 

follow general guidelines, .in:lividual camselin;J is inportant to 

iirprove the subject's use of diet, Iilysical activity, an::i S:ocM to 

obtain the best possible glycemic control. Since weight increase may 

occur on CSII, weights shalld be :roc>nitored an::i .in:lividual camselin;J 

umertaken if inawrq)riate weight gain is noted. Periodic 

glycosylated heooglobin maybe useful to both the clinician an::i the 

subject in the evaluation of lenJ-tenn control. 

'!he decision to use CSII necessarily involves the subject, to an 

even greater degree than m::st other persons with IM, in his or her own 

diabetic management. '!he clinician nust guide, advise, an::i Sl.Jl:t)Ort 

the in:tividual 's self-management of diabetes. Nutrition education an::i 
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irrlividual cnmselirg, addressirg specific concerns in diet, }ilysical, 

activity, am glycemic control may help to ~imize this self­

management. 
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t UTAH STATE UNIVERSITY 

Department o f Nutrition and Food Scie nces 
College of A~r icu l!urf' 
Collr~e o f r am dy l ife 
Telephone (801) 750-Zl Z6 

• LOG A N, U TA H 8 4 3 2 2 - 8 7 0 0 

Dear -----------
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Your participation is requested in a nutrition study which is be~ done 
cooperatively with your physician, Dr. £:ana Clarke, Dr. Kathleen Ford and 
Utah State University, Deparbnent of Nutrition and Fcxxl Sciences. 

'Ihe ~ of this study is to determine the typical dietary intake of 
people with diabetes who use an insulin infusion PJllt). Yoo WUJ.ld be 
requested to: 

1. answer a brief questionnaire 
2. keep an a=rate J-day diet record 
J. record the blcxxl glucose levels that you normally take 
4. keep a record of your physical activity dur~ the J day fcxxl intake 

period 

DJ.r~ the 3-day fcxxl intake period all infonnation yoo provide will 
remain strictly confidential. You are urder no obligation and are free 
to withdraw from the study at any time. 

A carputer printout of the average of the three day fcxxl records with a 
comparison to the Recc:mmierrled Dietary Allowances related to yoo as an 
irrlividual will be sent to you upon a::rnpletion of the study. 

Your participation would be greatly awreciated and aide in further 
urderstard~ of nutrition and diabetes. 

If yoo WUJ.ld be interested in participat~ nore information will be 
presented at t11e next purrp group meeting. If you are unable to atterrl 
the meet~, but still wish to participate please fill in the lines 
provided with your name, address and phone number airl return this letter 
in the enclosed envelctJe. 

Sincerely, 

Teresa J. Matheny, R.O. 
Graduate Student 

£:ana Clarke, M.D. 

Address ------------

Rlone -------------

Barbara M. Prater, Rt. O. , R. O. 
Associate Professor 

Kathleen Ford, M. o. Donna Tanky, R.N., A.N.P. 



INFORMED CONSENT FORM 

Dietary Intake and Physical Activity of Subjects with 
Type I Diabetes Mellitus Who Use 

Insulin Infusion Pumps 
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I have been informed of the nature of this study and I understand 

that I am asked to keep a three-day diet record, a three-day physical 

activity record, and to complete a questionnaire. 

I give my consent to allow the investigator to review my medical 

chart for the following data: hemoglobin A1c, height, weight changes 

since starting on the pump, and blood pressure. I understand that all 

information will remain confidential and that the study will be reported 

without reference to my name, but may be reported as group data. 

Signature of Participant Date 

Signature of Investigator Date 

Signature of Physician Date 
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~ B. ~estionnaire 
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QUESTIONNAIRE FOR USERS OF INSULIN INFUSION PUMPS 

Please answer all questions completely by checking the appropriate answer or 
writing in the space provided. Questions refer to the present unless specified 
otherwise. 

3. Birthdate: ~---- ----~ 4. Telephone Number: _______ _ 

5. Sex: Male Female 6. Married: Yes No 

6. Student: Yes No 7. Year of diagnosis of diabetes:~---

8. Date you started using pump: Month Year 

9. What is your education level? high school degree 
-- co 11 ege degree 
-- other degree or certification (specify) 

Nutrition 

11. Are you presently following a modified diet: Yes No 
If yes, ~,hich of the following: low sar-r- lowTat other 
Specify~----------------------------

12. What is the calorie level? __ Calories/day __ Don't . know 

13. Does your diet plan include snacks between meals? Yes No 

14. If you don't follow a diet plan, do you usually eat snacks between meals? 
Yes No 

15. Who, if anyone, gave diet instructions to you at the time of your 
diagnosis? 

No instruction Doctor Nurse Dietitian Other 

16. Who, if anyone, gave diet instructions to you when you started using the 
insulin pump? 

No instruction Doctor Nurse Dietitian Other 

17. Who, if anyone, instructed you on how to count carbohydrates in your meals? 
No instruction Doctor Nurse Dietitian Other 

18. What kind of food grouping system, if any, do you use? 
No grouping system ADA Exchange Food and You Other 

19. What system do you use to determine how much carbohydrate is in your meals? 
ADA Exchanaes Food and You 

--- Other: Please expTaln ~-----------------~ 



20. Has your diet plan changed since you started using the "pump"? 
Yes No 

21. Do you eat differently since switching to the pump? 

22. If yes, what differences? (please describe, briefly) 
a. amounts of food? 
b. types of foods? 
c . t i me of me a 1 s? 
d. numbers of meals per day? 
e. numbers of snacks per day? 
f . amount of simple sugars? 

Yes No 

g. other----------------------------

23. Do you feel you need further dietary instructions? Yes No 
If yes, please describe----------------------

24. What special dietetic foods , if any, do you use? 
None Name of foods 

25. Do you take vitamin or mineral pills? Yes No 
Name Brand -----------

26. What sugar substitutes, if any, do you use? None 
Name of substitutes ----------

27. Do you include alcoholic beverages in your diet? Yes No 

28. If yes, how do you "count" them? _Carbohydrate_ Calories Fat 

29. How long before a meal do you give your pre-meal insulin bolus? 
Minutes ----

30. What ratio of insulin to carbohydrate do you use for the pre-meal bolus? 
Units insulin per grams carbohydrate 

31. Has your weight changed since using the pump? Yes No 

If yes, have you gained or lost weight? Gained Lost 

How many pounds have you gained or lost? lbs. 

Diabetes Control 
How often do you have reactions? 
32. Daily: None Number of times 

33. Weekly: None Number of times 

34. Monthly: None Number of times Other (please describe) 

35. Since changing to the insulin pump, the number of reactions has: 
_increased_ decreased_ no change 

36. Severity of reactions has: increased decreased no change 
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37. How do you rate your diabetes control? 
Excellent Good Fair Poor 

38. What do you use to monitor your blood sugar? 
Chems trips Glucometer Other 

39. How often do you monitor your blood sugar? 

40. /Ire there specific foods that cause a rapid rise in your blood glucose? 

Yes No 

If yes, please list these in descending order with the food that caused the 
highest rise in blood glucose as number 1. 

1. 
2. 
3. 
4. 
5. 

Other Questions 

41. What are your greatest concerns regarding the insulin pump? 

42. How do you feel about using the insulin pump? 

43. Would you be interested in a personal interview concerning your diet and 
physical activity record? 

Yes No 

Thank you very much for answering these questions. The information will be very 
helpful to health providers, educators, and your physician in understanding your 
needs and daily challenges. 



Apperrlix c. Instnlctions for Diet 
Records arrl Portion Size Guide 
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INSTRUCTIONS FOR DIE!' RECDRCS 

List everything taken in "Fcxxi" column: examples below will assist you 
in describing the fcxxi. Record "aioount" eaten in household measures 
(table-or teaspoons, cups) or by size or weight. Also note time and 
location in appropriate columns. 

'!he following points should be remembered to make the diet record worth 
all of your efforts: 

1. List brarrl name and type of cereal and aioount eaten in cups (or 
fractions) . 

2. For cooked cereals, note if aioount refers to dry cereal or cooked 
fonn; also specify amont of liquid used to prepare if different from 
package directions. 

3. If milk, sugar, fruit, etc. added, note kirrl and aioount that is 
actually eaten; i.e. if 1/4 cup but leave 3 'Ibsp., specify 1 'Ibsp. 
as aioount. 

ClIEE.SE AND YCGJRr 

1. Note kirrl of cheese. For cheese sold with different fat contents, 
specify type used (example: cottage cheese - reg. 4% or lowfat; 
ITOzzarella - whole or part skim). 

2. For unsliced cheese, note dimensions ( all 3) , weight, or neasure 
(cup, tbsp., etc.) of slice or portion eaten. For presliced, note 

weight/slice. 

3. Yogurts: note brarrl, if made with lowfat or whole milk and if plain 
or fruit flavored. 

1. Specify fresh, frozen, canned (sweetened or unsweetened; juice pack 
or water pack) dried, etc. and how prepared. 

2. If margarine, milk, cheese, or cnnnbs added, note kirrl and arrounts. 

3. SAIAI:S: Specify aioounts of ingredients eaten (example: lettuce, 1 
cup, tanato, 1/4 nm., carrot 1 tbsp. shredded) or proportions 
(example: 1 cup fruit salad - half apple, half grapes). IT IS Nor 
ENOOGH 'ID JUST LIST INGREDIENI'S! SCNE CUANI'IFICATION IS NEEDED. 
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1. canned soups: note if amount refers to diluted soup, and whether 
diluted with milk or water and whether in accordance with 
instructions on can. 

2. Homemade soups: specify all in:Jredients and amounts used in soup, 
and how much soup eaten. If soup is topped with extra in:Jredients 
be sure to include (i.e. croutons, cheese, etc.) 

DE.5SERI'S 

1. List brand, or "homemade", or "bakery". 

2. carrlies or a:x:>ked: note kin:i and size. 

3. Pies: note pan size and fraction eaten (l/5 of 9" pie) or size of 
wedge. 

4. cakes: Give dimensions of piece and specify icin:;J, fillin:;Js, 
toppin:;Js, etc. 

1. Milk: state if whole, 2%, skim, evaporated. List name and amounts 
of any flavorin:;J or suwlements, etc. added to milk. 

2. Fruit Juices: list if fresh, frozen, canned or p:::,t.,rjered; specify if 
sweetened or unsweetened. Give brand name, if possible. 

3. Tea or Coffee: list amount of sugar, cream, leroon or artificial 
sweeteners/creamers added. If usin:;J an instant tea mix, please note 
if presweetened. 

1. Record kin:i - white, rye, whole wheat, etc. state if homemade or 
cormnercial (brand name, if possible), and if toasted. If piece was 
irregular shape, give dimensions (leD3th, width and thickness) -
this is especially inp:>rtant when loaf is bought unsliced, such as 
French bread. 

2. If butter, Ini:llgarine, jelly, mayormaise, etc. added, note amount and 
kin:i. 

3. Sarrlwiches: list all in:Jredients and arrnmts (example: bread, whole 
wheat, 2 slices; lettuce, 1 leaf, tana.to, 1 slice, mayo. 1 tbsp.). 
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MEATS - Fa.JL'IRY - FISH 

1. Give weight in ounces after cooking, or specify if weight is for 
uncooked portion. If weight in ounces is unknown, give dimensions 
(all 3) for the portion. see Portion Size Guide (blue sheet). 

2. Specify the cut of meat (example: chicken dnnnstick, chuck, rib or 
sirloin steak, etc.) 

3. Specify how prepared - fried, baked, broiled, etc. 

1. Note size of egg used if other than large: note how prepared. 

2. If milk, margarine, driwings, etc. used, note how prepared. 

FATS 

1. Note if butter or margarine used. Give brarrl narre arrl specify if tub 
(soft) or stick margarine, or if whiwed, diet spread, etc. 

2. Record arrount eaten in teaspoons or tablespoons. 

3. Include arrounts used in cooking. 
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PORT\ON SIZE ~U\DE 

U 5 e +hese. porb "on s1-i.es 
to es+i'm~tc.. we.~kl- of mu+s . 
o. n cl cl1 ec..s e. • :Kouncl 5~96 

( le.o..vt) 

J 01... 

Ch e.ese or Lin<lleo"' Mt.o:t 
{pnp~~~d) 

I slice. :: I oz... 
llo 5h~c~ pc.r po<L~ 

--·----- - - -... ~ 

'Vo ... k. Choe, 
(leo.n) 

I oz.. 

3 oz_. 

I l"j + \ ""1~h. ~ 3 oz.. 
( l 01 •• ) ( :Z. oi.) 

''1 .. c.h,c.ku1. br'-tUt = 3 oz. 
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Use house no\d meC\sur',r1j spoons &--m'4sonn_, cups 

to e.stim~k, po.,.-tiort .5jz..t!.l. 

3/«Jc.. (, IL . 

1/1 C, 

'/'/G, ---



Apperrlix D. Blocxi Glucose 
Value Record 
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instrumen1 
used 
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It would be helpful in analyzing your food intake to have blood glucose 
values recorded on the days you keep your food intake record. If 
possible, blood glucose levels should be taken approximately one half 
hour before eating. Please record these on the following form. 

Exam~ ~ ~ ~ instrument Time Reading Time Reading Time Reading used (mg/dl) (mg/dl) (mg/dl) 

glucometer 7:30 AM 138 8:00 151 7: 15 85 
11:30 AM 140 12:00 101 11 :30 110 
6:00 108 6:00 95 7: 15 125 

~ ~ ~ rTime Reading Time Reading Time Readinj (mg/dl) (mg/dl) (mg/dl 



Appen:lix E. Food Intake 
Record am Sarrple Sheet 
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/ 

SA,·,,.,LE 
EX.AJ,1PLE 

FOOD INTAKE RECORD 

Name John Doe Height 6' 0" Weight 190 lbs. 

Date Record Was Kept Aug. 20, 1984 Day of Week: M T W Th F Sat Sun 

These Day's Intakes Were: Typical x More Than Usual Less Than Usual 

Did you use a vitamin supplement today? Yes X No Dose 1 Brand Theragram M 

What is your basal insulin dose? 30 units What insulin concentration are you on? U40 

. I' IME AMOUNT 011 !ME 
[ FOR MEAL BOLUS BOLUS 

REACT ION EATEN GIVEN GIVEN FOOD DESCRIPTION 

No 7:00AM 7 units 6:45AM pancakes 4" diam. mix & milk & eqq 
maraarine Pa rkay, soft 
svrup Aunt Jemimah, mao1e 
oranae juice frozen, reconstituted 

Minute Ma1d,unsweetenea 
milk Z'.'i. 

No 0:00AM l . 5 un itg 9: JSAM a DD I e medium 
No Z:JOPM 8 units 12: lUf'M hamourger regular, McDonalds 

french fries sma 1 1 bag, Mcuona I as 
milk whole 

No 4:UUPM IU units 3:45PM cottage cheese lowfat 1; 
pineaople canned, crushed, juice pack 
fried steal< beer, round, 4"x.j"x\/c" 
mashed potato instant w/milk, marqarine 

I sa I ad: lettuce iceberg, chunl<s 
tomato medium 

I dressing t Seas 1uuu island 

AMOUNT 

2 
l Tbsp 
2 I DSD 
4 oz 

8 oz 
l 
l 
II<'. Daq 
8 oz 
l /2 CUD 

2 T 
b oz. 
l/2 C 
j/ 4 l. 

1/2 
2 1 

I-' 
(J'\ 

'° 



Name --------------

Date Record Was Kept ---------

This Day's Intake Was: Typical 

Did you use a vitamin supplement today? Yes 

What is your basal insulin dose? -----
Tlf.lE AMUUN1 Ur 1IME 

FOR MEAL BOLUS BOLUS 
REACTION EATEN GIVEN GIVEN FOOD 

~100 INTAKE RECORD DAY l 

H2.9{ :: Weight--------

Day of Week: M T W Th F Sat Sun 

More Than Usual Less Than Usual 

No Brand ---------------

What insulin concentration are you on? ____ _ 

I DESCRIPTION .AMOUNT 

t-' 
---J 
0 



I !Mt. AMUUNl UJ- rTME 
FOR ~;EAL BOLUS BOLUS 
REACTION EATEN GIVEU GIVEN FOOO DESCRIPTION 

. 

' 

··-

AMOUNT 

. --· -----

-

f-' 
--.J 
f-' 



FOR 
REACTION 

Name --------------

Date Record Was Kept---------

This Day's Intake Was: Typical 

Did you use a vitamin supplement today? Yes 

What is your basal insulin dose?~----

l!Mt IAl'lUUN I Ur l !Mt. 
MEAL BOLUS BOLUS 
EATEN GIVEN GIVEN FOOD 

10D INTAKE RECORD DAY 2 

Height --'-------- Weight --------

Day of Week: M T W Th F Sat Sun 

More Than Usual Less Than Usual 

No Brand ------------
What insulin concentration are rou on?~----

DESCRIPTION AMOUNT 

r-' 
-...J 
N 



I !Mt Al-iUUN I Ur I !Mt 
FOR ~iEAL BOLUS BOLUS 
REACT!Grl EATEN G rvrn GIVEfl FOOD 

I 

1 

I 

; 

i 
' 

j 

i 

DESCRIPTION 

-- ·· - ··- - -

AMOUNT 

I-' 
-._) 

w 



FOR 
REACTION 

Name ---------------

Date Record Was Kept--------­

This Day's Intake Was: Typical 

Did you use a vitamin supplement today? Yes 

What is your basal insulin dose? ____ _ 

T !ME AMOUNI OF l!ME 
MEAL BOLUS BOLUS 
EATEN GIVEN GIVEN FOOD 

-100 INTAKE RECORD DAY 3 

Height -------- Weight --------

Day of Week: M T W Th F Sat Sun 

More Than Usual less Than Usual 

No Brand ---------------
What insulin concentration are you on? ____ _ 

DESCRIPTION AMOUNT 

..... 
-...J 
~ 



I !Mt:. Al·1UUN I Ut- I !Mt:. 
FOR ~iEP.L BOLUS BOLUS 
REACTION EATEtl GIVEN GIVEtl FOOD DESCRIPTION AMOUNT 

I 

~ 
~ 

' : 
I 

I 

I 

, . 
• --



I !Mt. AMUUN I Ur I !Mt 
FOR ~iEAL BOLUS BOLUS 
REACTION EATEN GIVEN GIVEN FOOD DESCRIPTION AMOUNT 

-

··-- -



I !Mt. Al·iUUNT UF T !Mt 
FOR t·;EAL BOLUS BOLUS 
REACT!Ot! EATEI; G rvrn GIVEN FOOD 

I 

I 

l 

I 

II 

I 

I 

---~ 

DESCRIPTION AMOUNT 

f-' 
--.J 
--.J 



Apperrlix F. Rlysical Activity 
Record arrl Instruction Sheet 



INSTRUCT!Oll SIIEET 
PIIYSICflL ACT!VllY ASSESSMENT 

To help accurately assess your energy lPvel and caloric requirement we would 
like you to categorize your physical activity for the same three days that you 
record your dietary intake. 
Instructions: 
1) Record the time of activity. 
2) Record the length of activity, specifying the time spent at various energy 

levels. 
3) Account for every minute of the day from midnight to midnight. (1 ,440 

minutes in all.) 
4) If you are unable to catPgorize the activity record the specific activity, 

the time of day, and minutes spent doing the activity at the top of that 
days form. 

EXAMPLE 

chart 
*Energy Expenditure 

Clock Totil 1 Energy Level 
Time Minutes Activity a b c d e t q 
l2PM-7AM 420 sleep 420 
7-7:30 30 dressinq 30 
7:30-8:20 50 eat~/cooking 25 25 
8:20-9:30 70 walked to school 50 20 
9:30-12:30 180 sit t 1 ng -,nclass -- 1·30·-
12:30-l :00 30 eat i nq 30 
l:00-4:00 180 dr1v111q car 180 
4:00-6:00 120 dancing 120 
6:30-7:00 35 eatin_g__ 35 
6:00-6:30 25 shower 25 
7:00-7:45 45 vacuum 45 
7:45-10:00 135 watch TV 135 
10:00-11:00 60 study 60 
11:00-12:00 60 sleep 60 
~Y level totals 4UO [490 285 65 120 0 0 

minutes l ,440 

Energy 
Level Type of Activity 

Energy 
Level Type of Activity 

a 

b 

c 

d 

Sleep or lying sti 11: e 
relaxed. 
Sitting or standing still: 
studying, sewing, eating, 
listening, writing. 

Very 1 ight activity: f 
driving a car, walking 
slowing on level ground, 
washing, shaving, cooking, 
dressing. 
Light exercise: walking 
at moderate speed, 
sweeping, driving a g 
truck. 

h 

Moderate exercise: fast walking, 
dancing, bicycling at moderate speed 

Light manual work: window washing, 
nursing chores, waiting on tables, 
moving furniture, cleaning 
vigorously 
Heavy exercise: fast dancing, fast 
uphill walking, recreational sports, 
basketball, volleyball, canoeing or 
rowing, archery, bowling, 
table tennis. Moderate manual work: 
carpentry, loading and unloading 
goods. 
Severe exercise: tennis, jogging, 
skiing, gymnastics. (Noncom­
petitive.) 
High intensity sports activities or 
sports competition: wrestling, 
boxin~, racing, rowing, swimming, 
carrying very heavy loads. Intense 
manual work. 
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Physical Activity Assessment 

Name -----------~ Date -------
Day ____ _ 

*Energy Expenditure Cha rt ( See Example on l NSTRUCTJON SHEET) 
Enerqy L eves 

Clock Total 
Time Minutes Activity a b c d e f Q h 

Total minutes for each energy level 

Total minutes for day 



Apperxiix G. Participant SUI!mary 
Sheet am Final letter 
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6 UTAH STATE UNIVERSIH • LOG A N, U T A H 8 4 3 2 2 • 8 7 0 0 

Department of Nutrition and Food Sc iences 
Collrg e of Agr iculture 
Co ll ege of r ami ly Li fe 
Teleph one (801) 750-2126 

'!hank YOl1 for participating in this study on the dietary intake and 
physical activity of individuals with Diabetes Mellitus who use 
cxmtirrua.is insulin infusion p..mps. 

Enclosed is a summry of~ three day dietary intake and physical 
activity records. 

Specific nutrients fran your three day dietary intake have been 
averaged and CCJ!Tq:x!Ied to the Reccmnended Dietary AllCMallCeS {ROI\) for 
your c1ge arrl sex. 'lhe RD'\s are the levels of specific nutrients which 
are considered adequate to meet the neo:Js of practically all healthy 
people as es t.-1bli shed by tl1e Food and Nutrition Board, National Research 
Council of tl1e National J\cademy of Science . Your individual requirements 
for a given nutri ent may vary slightly fran the ROI\ for that nutrient 
depeirling on your body size and level of physical activity. If your 
intake of a specific nutrient is less than 75% of the RIY\, it is 
advisable to increase your intake of food rich in that nutrient. 

RD'\s have not been established for soditun or potassitun. Your soditun 
intake only reflects the soditun cont ent of the foods constuned and does 
not r eprese nt sa lt added to food. Thus , your actual intake of soditun may 
be higher depending on the arra.mt of salt that y0l1 add. 

'lhank YOl1, 

Teresa Matheny, R. D. Barbara M. Prater, Fh.D., R.D. 



r:ete ______ _ 
Name Addres_s _____ _ 

Research corducted by Utah State 
University Department of Nutrition ard 
Food Science on rrutritional intake ard 
physical activity of persons with Diabetes 
Mellitus who use insulin infusion p.nrps 
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r:etes of 
Diet ard 
Activity 
Records -----

Teresa Jean Matheny, R.D. (Graduate Student) 
B3.rbara Prater, Fh.D., R.D. (Associate Professor) 

NtJIRIENI' 

calories (kcals) 

Protein (gm) 

Minerals 

calcium (rrg) 

Iron (rrg) 

Zinc (rrg) 

Vitamins 

Vitamin A {IU) 

'Ihiamin (rrg) 

Riboflavin {rrg) 

Niacin {rrg) 

85 (rrg) 

812 (rrcg) 

Vitamin C (rrg) 

Folacin {rrcg) 

YCUR 
AVERAGE INl'AKE 

RECU1MENDED 
DIEI'ARY ALLCMl\NCE 

44 gm 

800 rrg 

18 rrg 

15 rrg 

4,ooo ru 

l.O rrg 

1.2 rrg 

13 rrg 

2.0 rrg 

3.0 rrcg 

60 rrg 

400 rrcg 

PERCENI' OF 
RD\ 

Your daily intake of Iutassium ard Scx:lium averaged fran the three day diet recx,rd. 

*Iutassium {rrg) 

* Scx:li um ( rrg) 

*No Reccmmerded Dietary Allowances have been established for these minerals 
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Your percent of daily calories averaged fron the three day diet reooro fran 

Protein 

Fat 

caloric experrliture for your bcx:ly to maintain it's basic metabolic ftmction is 
calculated using your age, sex, height, arx:l current weight as you reported in the 
questionniare. '!hat basic caloric experrliture for you is 

A=roing to your sul:rnitted recoro of daily activities an additional caloric 
experrliture has been calculated. Based upon an average of your three day 
physical activity recoro that additional caloric experrliture for you is 

Your daily basal caloric experrliture plus your average daily µiysical activity 
caloric experrliture equals a total of 

If you have questions or need clarification concerning this information you may 
contact Teresa Jean Matheny, R.D., at 583-9414. 

'!hank you for participating in this study. A cq:,y of this sunmary has been sent 
to Dr. nma Clarke's office. 



r.ate ______ _ 

Name -------Address ____ _ 

r.ates of 
Diet and 
Activity 

Research corducted by Utah State 
University D:!partrnent of Nutrition and 
Focxi Science on rrutritional intake and 
physical activity of persons with Diabetes 
Mellitus who use insulin infusion punps 
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Records _____ _ Teresa Jean Matheny, R. D. (Graduate Student) 
B:lrbara Prater, lli.D., R.D. (Associate Professor) 

NllIRIENI' 

calories (kcals) 

Protein (gm) 

Minerals 

calcium (rrg) 

Iron (rrg) 

Zinc (rrg) 

Vitamins 

Vitamin A (IU) 

'lhiamin (rrg) 

Riboflavin (rrg) 

Niacin (rrg) 

86 (rrq) 

812 (m::l,J) 

Vitamin C (rrq) 

Folacin (m::l,1) 

RECCM1ENDED 
DIETARY ALI.aW-K:E 

56 gm 

800 rrg 

10 rrg 

15 rrg 

5,000 IU 

1.4 rrg 

l. 6 rrg 

18 rrq 

2.2 rrq 

3. 0 m::l:J 

60 rrq 

400 m::l:J 

PERCENr OF 
RDt\ 

Your daily intake of Potassium and Sodium averaged fran the three day diet record. 

*Potassium (rrq) 

*Sodium (rrg) 

*No Reccmnerrled Dietary Allowances have been established for these minerals 



Your percent of daily calories averaged frcrn the three day diet record fran 

Protein 

Carbohydrate 

Fat 

caloric expcrx:liture for your booy to maintain it's oosic metabolic function is 
calculated usin::J your age, sex, height, arx:l current weight as yoo reported in the 
questionniare. '!hat basic caloric experrliture for you is 

Accordin::J to your sutrnitted record of daily activities an ad:litional caloric 
experx:liture has been calculated. B3sed upon an average of your three day 
physical activity record that additional caloric experrliture for yoo is 

Your daily basal caloric experx:liture plus your average daily p-1ysical activity 
caloric experx:liture equals a total of 

If you have questions or need clarification concernin;J this information you rray 
contact Teresa Jean Matheny, R.D., at 583-9414. 

'!hank yoo for participatirq in this study. A cqJY of this surmary has been sent 
to Dr. Oma Clarke's office. 
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1980 Recormiended Dietary Allowances 

fOOD AND Nl!TlllTION 90AaD . NATIONAL ACAD[MY Of SCl[NCU-NATIONAL aU(AaCH COUNCIL 
a(COMM(NO[O DAILY Ol[TAlY AllOWANCt.s .• ·~ 19111 

a .. ,,..,.,/ .. ,._ -· ,( ,-. •wn1,.., ,( r*""""' .U .\H.lrA7 ,-.,. • r"6 U.S.A. 

f ic..-Soh.,blc Viumuu W&1u .Solu~ Viumma Mincnla ---
W•i1ht Hn9h1 

Viu - Viu - Vita - Vi1o1· n.~ - a,1,o. Vi1.a- rol,1 - V1um.n c.,. Pho .. M•1 · 
Ase Prouin min A. .... 0 oun f nunC min nu,n Niacin fflln a .. ud 8 -12 Oum phorua nc,11..1111 Iron Zin< lod1n~ 

(yunl ,·~· fib) (,m, (in• ,., ("'f ul' ... ,, (m1e-nl' (m~I (m~I (m(I '"'' ... , (m~J , ... , r,.~, (m~r lm11 (m~J (m11 (ffll) r,.~, 
lnfanu 0.G--0.5 6 lj 60 24 •• • 1 .! 120 10 , H o., 0.1 • o., ,o O.Y l60 210 50 10 ' 10 

0.5,-f.0 9 20 71 21 •• • 2 .0 100 10 • H o.s 0 .6 • 0.6 f5 u 510 360 70 IS ' ,o 
Ch1'du:t1 1-l ,, 29 90 ,s u 100 10 s f5 0 .1 o.a t 0.9 100 ! .O 800 800 150 IS 10 70 

i-6 20 H 111 ... so 500 10 • f5 0.9 (.0 II u 200 25 800 100 200 IQ 10 90 
7-10 29 62 i,2 SI ,. 700 10 7 f5 11 l, f 16 1.6 JOO JO 800 100 250 10· 10 120 ....... 11-1 f f5 99 151 62 f5 1000 10 • 50 ... f.6 II I I 100 JO 1200 1200 ,so II 15 150 

15,-11 66 10 176 119 ,. 1000 10 10 60 l .f 1.7 II 1.0 fOO , .o 1200 1200 100 18 u 150 
1~22 70 .,. in 10 ,. 1000 H 10 60 u 1.7 19 u 100 ,o 800 800 JSO 10 15 1,0 
15,-,0 70 ,,. 171 70 ,. 1000 ' 10 60 ... 1.6 II u 100 , .o 800 800 ,so 10 15 150 
51 .. 70 IS1 178 70 51 1000 ' 10 60 I .I l.f 16 u 100 J .0 800 800 ,SO 10 ., 150 

rc:m .. k1 11-11 16 IOI 151 62 16 800 10 • SQ I. I u u I .I 100 ,o 1200 1200 JOO 18 15 150 
15,-18 " 120 163 &4 •• 800 10 • 60 I . I .., If 2.0 100 J .O 1200 1200 ,oo 18 15 1~0 
1~21 55 120 16J &4 41 8()0 7.5 a 60 I.I .., •• 1.0 m a §00 §00 ]00 II I~ 1;0 
U=~O ii 110 IM &.t u ioo s • 60 1.0 1.2 IS 2.0 100 , .o 800 300 ,oo 18 " uo 
51+ 55 120 16J &4 .. aoo ' • 60 1.0 f.2 IJ 2.0 100 JO 800 800 JOO 10 I 5 150 

P'rTsnon• +~O +200 +5 +I +20 +0 f +OJ +I +0 .6 HOO +-IO +-400 + -400 +1,0 4 +5 • 2' 
l...<1J.t.1nc •20 HOO •5 +5 +10 +0 .5 •O 5 +5 +o .5 +100 •IO HUO +100 + 1,0 4 +10 +50 

•nw .aJ&owancrt UC' uucndcd to provide for u,diwtd\W vuuuon• J.mong mOM nomu.J prnona trcac.mcn1 wtth cnrymn (con1up•t1l lO mile pot y11luumyl £orma o( 1hc ... ,umm J.u1Ublc 10 

M they Live III the Un1ud Su1u undu wuM cnvtronmcnW 11rcun . D~u 1houW be ba.Kd the 1cN orpn11m . 

on 111 •anc:1y of common food• u, order lO prondc other nutnt:nu fo,c whach humAA 'C'CIU"c-- • The r~ommcndcd dlC&ary .aUo-.ancc for .,.,umin 8 · 12 in mfanu La ~a,cd on J1u·n11c conctn· 
B'lc-nu hue brcn In, w<tU defined . ~ text for dt'Utkd diecu1,uon of 1Jlow1n<n 111d o( tntion of 1hc \IUmtn ,n hum.an milk . The .11Jlo"".1ncc1 .1ftcr wcJ.nin1 uc b.&M'd nn energy 

nu,ncnu not ubui.a1rd . Stt T.1blc I (p. %0l for •ctthu .and hc11hu by 1nd1vtduM year of J.gc. inukc (M rttommC"ndcd by 1hc Amcncllln AuOcmy o( PcJu,nca) J.nd con11dcnunn of o ther 
Stt T .1bk J (p . 2,) for 1ug1c,1nj •wcngc cncr11 1nutc1 . fac1ort , 1uc:h H 1mc111n.1.I .ih.orpuun ; ~c tcz1 . 

• Rc,.,oi c-qu1nicntL I rcu"'-"' e,qu1nlcnt • I ~ rcunnl or 6 ~ J c.uotnic . Sec tea& (Of' • Th« incrc.1wd rcqu1rcmcn1 dunnc prcgn.in cy c.innoe be rnn b• ch< iron con1cn1 of h.ib1cu.il 

CiiUCUl.iuon o( num,n A ~uncy o( dic:u u rnlfWM cqu,n.lcnlL Amcnc~ d"Cu nor by rhc cu111n1 irun uorc1 o( m.iny •omen ; chcrcfon: chc uac ol -'0--60 
• At chok-<..1,o(rrol . 10 ,., ch0Ltuk1(crot • iOO IU o( ..,,um1n D. me o( 1uppicmcnul iron 1.1 re commended . lmn ntnh dunn1 lacullon .ire no1 1ubt1.i.n-

• •t<>eophcr~ rqu•"•knc.a . I mg d...a aoc:ophcn,, • I ct · Tl . S«c test for .,.,ruuon 1n .1lk>w,1ncn u~u, d1flcu-n1 from 1hoac: o( nonprcgn.inc •omen . but cununut"d 1upplcmcnu1mn o( chc 

and ukul.11aon oi 'tll'Um•n [ 4<:ll"Hl' of the dirt u .-1ocophcrol cqu1v.1litnu .. mother fo r f - J momh.a .iftcr p.1nunt1on u .td\1...,,bk ,n urJcr co rC'plcm,h u o rc, dcplc 1rd by 
• I "• 4,u.ic1n ntu1w1ilcnt1 1a Cl(u•i 10 I m1 o f nucu, or 60 m1 ol dte:uty 11')'ptoph.in . p,<sn•ncy. 
I Thr fo&...on .1Uow.incn refer co d1cury tnurcn u dctcmun.cd by L,,c.,o•on.llw, ,~ &IMJ d1cr 

1-­
(JJ 
(JJ 



Appen:tix I. Nutrients per 1,000 calories: 
Recanmerrled Levels arrl Safe arrl Adequate 
Daily Dietal:y Intakes 
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Nutrient .Jlowancee per l,000 kcu.l JenveJ from the l'JBO ftecnmme11JeJ Oieturv . .Ulowonces (6) 

age energy prou1n f a, 4 wiulile t•uam,n..1 waur-suiui.Jle t·,wmuu 
0114 
1a uuamm uuam,n uuam,n a.scorb,c :hmnun nbo· ,uuc,n ui,amin f olac,n uitam,n 

J,UUIJ A D £ acui jlu.vin B. 8 ,, 

kcal IJ"'· 
children 

µgfl. . E. µ.g. mg .a T. E. +---t11g .~ mg .. 'I .E. mg . +--- µ.g. --,, 

1-3 vr. l,300 18 303 8 ' 4 35 0. 5 0.6 7 0. 7 77 1.5 
4-6 ~r. 1,700 18 294 6 4 .,- 0 .5 0 .6 7 0.8 118 1.5 -· 7-10 yr. 2 ... 00 14 292 4 3 19 0.5 0.6 7 0. 7 125 1.3 

mal~ 
11-14 yr. 2.700 17 370 4 3 19 0.5 0 .6 7 0 . 7 148 l.l 
15-18 vr. 2.800 20 357 4 4 21 0. 5 O.o 6 0. 7 143 l.l 
19-22 yr. 2.900 19 345 3 3 21 0.5 O.o 7 0.8 138 1.0 
23-50 yr. 2.700 21 370 2 4 :!:! 0.5 0 .6 7 0.8 1-l<I l.1 
51 + yr. 2 ... 00 23 417 2 4 25 0.5 O.o 7 0.9 167 l.J 

remain 
11-14 yr. 2.:00 21 364 5 4 23 0.5 0 .6 7 0 .8 182 I. 4 
15-18 yr. 2.100 22 381 5 4 :!9 0.5 O.o 7 1.0 . . I')! 1.4 
19-22 vr. 2.100 21 381 4 4 29 0.5 0 .6 7 I. ll 191 I. .. 
23-50 yr. 2.000 2~ ..00 3 4 30 0.5 O.o 7 I. t) 200 1.5 
51 + yr. 1.800 24 4M 3 4 33 0.5 0. 7 i l.l ~:.?:! I. 7 

minuaU 

ca,t:,um phoJphorw 1TU1JJne3ium 

:ng. 

615 615 115 
471 471 118 
333 333 104 

444 444 l:JO 
4:.?') 4:l') 14:1 
276 276 1:!1 
2% 296 130 
333 333 1..6 

546 5..6 136 
571 571 14:J 
381 381 1-.J 
..00 400 ISO 
+14 +14 lo7 

lfOII ;inc 

11.5 7 
5.') 6 
4 ·• 4 

6. 7 6 
6.4 s 
3. 5 5 
3. 7 6 
4 •l 6 

8 ., 7 
8.o 7 
!:1.6 7 
90 8 
5. 5 8 

il.><i,·n~ 

µ.g. 

~ 
53 
50 

56 
54 
52 
56 
6:1 

68 
i i 
71 
75 
R:I 

,.... 
'° 0 



Estimated safe am adequate daily dietary intakes. 

Nutrient 

vitamin K 
biotin 
pantothenic acid 
CXJH?er 
man;;anese 
fluoride 
chrarnium 
selenium 
m::>lybdenum 
scxtium 
potassium 
chloride 

Ran;Je for Adults 

70 - 140 µ,g 
100 - 200 µ,g 

4-7rrg 
2.0 - 3.0 rrg 
2.5 - 5.0 rrg 
1.5 - 4.0 rrg 

0.05 - 0.2 rrg 
0.05 - 0.2 rrg 
0.15 - 0.5 rrg 

1,100 - 3,300 rrg 
1,875 - 5,625 rrg 
1,700 - 5,100 rrg 

From Hansen am Wyse I 1980 • 

Per 1,000 kcal 

30 µ,g 
50 µ,g 

2 rrg 
1 rrg 

1.5 rrg 
1 rrg/1 H20 

0.03 rrg 
0.035 rrg 

0.08 rrg 
1,500 rrg 
2,500 rrg 
1,500 rrg 
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Apperoix J. Estimated Safe arrl Adequate 
Daily Dietary Intakes (1980) 
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Vitamins 

Panto-
thenic 

Age Vitamin K Biotin Acid 
(yean) (µg) (µg) (mg) 

lnfanu 0--0.5 12 35 2 
0.5-1 10-20 50 3 

Children 1-3 15-30 65 3 
and 4--<i 20--tO 85 3-4 
Adolesccnu 7-10 30-60 120· 4-5 

II+ 50-100 100-200 4-7 
Adulu 70-140 100-200 4-7 

Trace Elcmcn~ 

Man- Molyb-
Age Copper g.anesc Fluoride Chromium Selenium den um 
(years) (mg) (mg) (mg) (mg) (mg) (mg) 

lnfanu 0--0.5 0 .5-0.7 0.5-0.7 0. 1-0.5 0 .01-0 .04 0 .01-0 .04 0 .03-0 .06 
0.5- 1 0.7-1.0 0.7-1.0 0.2-1.0 0 .02--0.06 0 .02-0 .06 0 .04-0 .08 

Children 1- 3 1.0-1.5 1.0-1.5 0.5-1.5 0 .02--0.08 0 .02-0 .08 0.05-0 .1 
and 4---0 1.5-2 .0 1.5-2 .0 1.0-2.5 0.03-0 . 12 0 .03-0.12 0 .06-0 . 15 
Adolcs.cenu 7-10 2.0-2 .5 2.0-3 .0 1.5-2 .5 0 .05-0.2 0.05-0 .2 0.10-0.3 

11+ 2.0-3.0 2.5-5 .0 1.5-2 .5 0.05-0 .2 0 .05-0 .2 0. 15-0.5 
Adulu 2.0-3 .0 2.5-5 .0 1.5--4.0 0.05--0.2 0.05-0 .2 0.15-0 .5 

Electrolytes 

Age Sodium Potauium Chloride 
(years) (mg) (mg)" (mg) 

lnfanu 0--0.5 115-350 350-925 275-700 
0.5-1 250-750 425-1275 400-1200 

Children 1- 3 325-975 550-1650 500-1500 
and 4--<i H0-1350 775-2325 700-2100 
Adolcsccnu 7-10 600-1800 1000-3000 925-2775 

II+ 900-2700 1525-4575 1400--4200 
Adulu 1100-3300 1875-5625 1700-5100 

• Bcuusc there is less information on which to base allowances, these figures uc not 
given in the main table of llDA. and uc provided here in the form of ranges of 
recommended intakes. 

• Since the toxic levels for many trace clcmcnu may be only several times usual intakes, 
the upper levels for the trace elcmcnu given in this table should not be hal,itually 
exceeded . 
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APPENDIX K. Metropolitan Height 
arxi Weight Tables 
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1983 METROPOLITAN HEIGHT ANO WEIGHT TABLES FOR ADULTS 

These 1~1bl1?s correct the I 98J M~uoo olilan rabies 10 h1?1ot1f •.vt1h0u1 'ihnt! r,n,.,,c; 

- ---- -- Men (indoor clothing') 
··-· ···- ·- -------- -

Small Frame Medium Frame Large Frame 
Feet Inches Cms . Pounds Kilogr:1ms Pounds Kilograms Pounds Kilograms 

5 1 15·1 9 128-13 ·• SB 2-60 9 131- 1•11 59 5 - G•l 1 138-150 62 i - liB 2 
5 2 15, 5 130-136 59 1- 61 8 133- 1,13 60 ·•-r,s o lJ0-153 63 6-139 5 
5 3 160 0 132-138 60 0- 62 7 135- 1·15 61 -1-6 5 9 1·12- 156 ljJ 5- 70 9 
5 4 162.6 13,1- 1,10 60 9- 63 6 13,-1 ,18 62 3-'i7 2 1'1'1-160 65 5-7 2.7 
5 5 165 1 1J6-!, 12 61 8-G •I 5 139- 151 153 2- G8 6 !•16-!f=j,I 66 4-7, 1 5 
5 6 167 6 138 - 1,15 627-'35 9 1'12- 15J 6,t 5-70 0 1•19- 168 677-76 ,1 
5 7 170 .2 ld0 -148 63 6-57 2 1'15-157 65 9-,1 4 152-172 691 -7 82 
5 8 172 7 1·12- 151 6J 5- 68 .6 1·18- 160 67 2-72 7 155- 1,6 70 5- 80 0 
5 3 1 75 3 t ,14- lSJ 65 5-7 0 0 151 - 153 68 6- , ,t 1 158- 100 71 8- 81 8 
5 10 1 i'7 0 1·16- 157 66.4-71 J 154-166 70 0- 75 .5 161-18,1 73 2 - 83 6 
5 11 100 3 149-!GO 67 7-72.7 157-1,0 71.4- 77 .3 16·1-188 7,1 5-85 5 
6 0 182 .9 152-16· 1 69 . 1- 74 .5 160- 1 i'J 72.7 -7 9 . 1 168-192 76 ,1- 87 3 
6 1 185.•I 155- 168 i0 .5- 76 ,I 1 GJ-178 7,1 5- 80 9 172- 197 78.2- 89 .5 
6 2 188 0 158- 172 ii 8-,8 2 167-182 ,S 9- 827 176- 202 80 0-91 8 
6 3 190.5 162-1,6 73 6---00.0 171-187 77 i--135.0 181-207 82 .3- 9•1 I 

Women (indoor clothing') 

Small Frame Medium Frame Large Frame 
Feet Inches Cms . Pounds Kilograms Pounds Kilograms Pounds Kilograms 

4 9 144 8 102-111 ,16 ,1-50 0 109-121 ,19 5-55 0 118-131 53 6-59 .5 4 10 147 3 103-113 ,16 8-51 ,1 111-123 so 0-55 9 120-13J 54 5-S30 9 4 11 1'19.9 104-115 ,17.3- 52 3 113-126 51 4- 57 2 122-137 55 5--62 .3 5 0 152 .·I 106-118 J8 2-53 .6 115- 129 52 3- 58 .6 125-1'10 56 8-133 6 5 1 154 9 108-121 ·191-55 .0 118- 132 53 6-6 0 0 128-143 58 .2 - 65 0 5 2 157 5 111-12'1 50 5-56 4 121-135 55 .0- 61 J 131-147 59 5-'36 8 5 3 160 0 11,1-127 51 .8-57 .7 12,1- 138 56 ·1- 62 .7 134-151 60 .9-68 6 5 J 162.6 117-130 53 2-59 .0 127- 141 57 7-5· 1 1 137-155 62 .3-70 5 5 5 165. 1 120-133 SJ 5-'30 .5 130-144 59 0- 65 5 1'10-159 63 6- ,2 .3 5 6 167 6 123-136 55C:LSj18 133- 1 •Ii" 60 5- G6 8 1·13-163 65 0- 7'1 1 5 7 170 2 126-139 Si' 3- 63 2 136- 150 61 0··68 ~ 1•16-167 66 ·1-75 9 5 8 1,2 . 7 129-1 •12 58 6-13,1 5 139-153 63 2- 69 5 1·19-170 67 7-77 3 5 9 175 J 132-1 ,15 60 .0-6 5 9 1·12- 156 6 ·1 6-70 9 152-1,J 69 . 1- ,8 6 5 10 177 8 135-140 61.4-6,3 1·15-159 65 9·-,2 3 155-1,13 i"O 5-80 .0 5 11 180.J 138 -15 1 62 .,-73 .6 1J8-162 67 .J-73 6 158-179 71.8-81.J 
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