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I. INTRODUCTION 

Diabetes mellitus is a disease that affects approxi

mately four million Americans, of which an estimated two to 

three million are now know~, and one to two million remain 

to be diagnosedo About 389,000 new cases are reported each ' 

year (1). Diabetes is a chronic, incurable disease, but 

with modern treatment the patient has a much better prog

nosis for relief of symptoms and a longer lifeo 

The treatment of diabetes usually includes a well

balanced calorie-controlled diet used alone or in conjunc

tion with insulin or a hypoglycemic drug (2). A Special 

Report from the American Diabetes Association stated that 

the goals of the diabetic diet are to avoid deleterious 

metabolic derangements of the diabetic state, to reduce the 

known risk factors associated with atherosclerosis, and to 

reduce the risk of other specific complications (3). Albrink 

and Davidson feel that the most important single goal of the 

diabetic diet is to attain ideal weight, since 80% of diab

etic patients are obese, and the "most important fact that 

emerges from clinical and epidemiological studies is the 

deleterious effect of obesity on diabetes (4)." 

Renold et al. state that 60% of adult diabetic patients 

are obese and 60% of obese patients have impaired glucose 
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t olerance (5). They claim that obesity and adult-onset 

diabetes share the following characteristics: increased in

sulin response to glucose, relative ineffectiveness of endo

genous or exogenous insulin, prevalance in times of economic 

prosperity, and association with increased morbidity ·and de

creased longevity from vascular diseaseo 

It is usually assumed that a well-controlled diabetic 

patient on a balanced diet is getting the amounts of vita

mins re commended by the Food and Nutrition Board, and that 

these a re adequateo However, there are several factors 

whi ch might predispose a diabetic person to vitamin defi

ciencies. These factors would be especially important in 

t hos e who were also growing or elderly, not well-controlled, 

on marginally adequ~te or subadequate intakes, or who had 

i n f e ctions or other illnesseso Diabetics are more vulnerable 

than nondiabetics to infections (6), which may precipitate a 

cl i nical deficiency in a person who was only marginally def

i cient (7). Also, control is difficult to maintain in some 

diabetic patients, as is strict adherence to a diet plan, 

and this must be considered when studying nutritional needs. 

The first factor that might predispose a diabetic per- . 

son to vitamin deficiencies is that in diabetes there is an 

increased catabolism of body protein and fat for energy 

needs. Insulin is among the chief regulators of the meta

bolic state, and the impairment of the insulin function 
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l eads to a decreased insulin/g lucagon ratio and to an in

c rease in the catabolic over the anabolic sta t eo A relative 

or abs olute hyperglucagonernia in diabetes also contributes 

t o t his (8 )o Other catabolic states such as fever, trauma, 

and starva tion are known to be as s ociated with a wastage of 

ni trogen, vitamins and other nutrients (9, 10). 

The second factor is that varying degrees of hyper

cemia exist in diabeteso Even a symptomless diabetic can 

have blood sugar levels near or above the renal threshold 

( 11) , l eading to glycosuria and polyuriao Any marked diur

e s is or even small amounts of diuresis over a long period 

of t i me might be expected to deplete the body of water-sol

uble vitamins. 

A third factor is that several alterations in metabolic 

pathways have been observed in diabetes which may be due to 

t he hyperglycemia, or the hormonal imbalance, or both. 

There is increased activity of the polyol pathway, where 

gl ucose is converted to sorbitol and then to fructose, in 

nerve tissue. The sorbitol and fructose do not easily dif

f use out of the nerve sheath, and have been implicated in 

the etiology of diabetic neuropathy (12). There is also in

creased synthesis of glycoprotein, as evidenced by increased 

l evels of total serum protein-bound carbohydrate and thick

ening of the basement membrane of small blood vessels (13, 

14). This may be related to the microangiopathy of diabetes. 

Hemoglobins A1a, Alb' and Ale, glycosylated hemoglobins 
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which are found in higher proportions in diabetic patients, 

are be ing used as indicators of diabetic contr ol (15)o 

The exact relationship between diabetes and l ipid meta

bolism i s no t known, but persisting elevat i ons in blood 

ketones , triglycerides, and cholesterol have been noted in 

t he "controlled" diabetic patient (16)o Protein metabolism 

i s als o a ltered in diabetes. The differences are observed 

i n both t he fasted and the protein-fed stat e. In the fasted 

s tate there are decreased levels of alanine in the circula

tion, due to increased hepatic uptake of alanine for gluco

neogenes iso There is a concommitant increase in the oxi da

tion of the branched-chain amino acids in muscle to provide 

the ni trogen and possibly the carbon skeletons for alanine 

synthesis. In the protein-fed state the oxidation of amino 

acids in muscle is not reduced, and alanine output contin

ues, i n contrast to the situation in normal metabolismo 

There is a transient increase in hepatic glycose production · 

and a resulting hyperglycemia. Thus the diabetic person is 

prote i n as well as glucose intolerant (17)o 

The extent to which the three factors described above 

operate to alter the metabolic milieu depends upon how 

c l ose ly normal metabolism, or the insulin-dependent utili

za tion of glucose, is supported in the individual diabetic 

patiento But in the face of these and possibly other de

rangements of metabolism in diabetes, it seems reasonable to 

expect a difference in the requirements for the B-complex 
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vitamins , the cofactors of metabolismo It is pos sib le t hat 

diabet i c patients, a s a subgroup of the gener a l population, 

have inc r eased nutritional needs because of their disease. 



II. STATEMENT OF THE PROBLEM 

I f it can be shown that diabetics are more prone to 

de f i c i encies of the water-soluble vitamins, particularly 

t he B- complex vitamins, perhaps these vitamins will find a 

use ful pla ce in the clinical treatment of diabetes and its 

complica tionso A deficiency of a nutrient is usually re

l ated t o a decreased intake of that nutrient~ In the diab

eti c pers on, i t may be due to an increased need for, or a 

decreas ed ut il i zation of, that nutriento 

The purpos e of this study was to survey a group of 

diabe t i cs for their status of three B-complex vitamins, 

t hiamin , riboflavin, and pyridoxine, and to compare them to 

a group of nondiabetics drawn from the same populationo 

The variables of age, ethnic group, duration of diabetes, 

and obesity were studied for possible effects on the B-vit

amin s t a t uso The following problems were addressed: 

Can the diabetic group be significantly discriminated 

from the control group using three discriminating vari

able s , the tissue statuses of thiamin, riboflavin, and pyri

doxine ? 

Is there a significant relationship between the a ge of 

the patient and the tissue statuses of the vitamins t e sted? 

Is there a significant difference between the e t hnic 

groups with respect to the tissue statuses of the vitamins 

6 



7 

te sted, and is there a significant interaction between group 

and ethnic group on the tissue statuses of the vitamins? 

Is there a significant relationship between duration 

of diabetes in years and the tissue statuses of the vitamins 

t es t ed? 

Is there a significant relationship between obesity 

and t issue status of these vitamins? 



III. HISTORICAL PERSPECTIVE 

The clinical similarity between diabetic neuropathy 

and thiamin deficiency - loss of peripheral reflexes, hyper

esthesia, paresthesia, disappearance of the vibration sense 

(18) - led to many investigations of the thiamin status of 

diabetic pat ients and of the effect of large doses of thia

min in the treatment of diabetic neuropathyo Even before 

thiamin was isolated in 1910 there were r eports of a bene

ficial effect of liver on diabetes (19, 20). There were 

many reports between 1940 and 1954 of improvements in neuro

pathies , genera l health, and glucose tolerance in diabetic 

patients due to the administration of various preparations 

of B-complex vitamins. 

Fein, Ralli, and Jolliffe in 1940, and Rudy and Epstein 

i n 1945 claimed clinical improvement of diabetic neuropath

ie s i n patients given thiamin (21, 22). In 1945 Gaebler and 

Ci zewski (23) gave three depancreatized dogs maintained on 

minumum insulin a supplement of yeast or a mixture of thia

min, riboflavin, niacin, inositol, pantothenate, and PABA. 

They f ound that removal of the supplement precipitated diab

etic symptoms, and readministration caused witndrawal of the 

symp toms. Callens et al. in 1950 (24) gave large doses of 

crude liver extract, B-complex vitamins, and supplemental 

thiamin chloride and niacinamide to their patients with diab-

8 
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etic peripheral neuropathies. They saw an improvement in 

vibration sense and subjective relief in 72% of the cases. 

They also noted some improvement in carbohydrate tolerance. 

Callens et al. in 1952 (25) isolated a new liver ex

tract from pregnant mammalian liver which they found to 

effect an improvement in the neuropathies of all twelve 

patients to whom it was given. Rabinowitch (26) tested the 

same extract in seven of his patients with diabetic neuro

pathies and also found improvement in all cases. No improve

ment in glucose tolerance was seen in this study. 

Contradicting reports have also been submitted. Rundles 

in 1945 (27) and Martin in 1953 (28) found that even massive 

dose s of thiamin given intramuscularly failed to produce any 

improvement in diabetic neuropathieso Shuman and Gilpin in 

1954 (29) tried the pregnant mammalian liver extract on 15 

patients with neuropathies with no encouraging resultso 

When they treated six patients with thiamin and ATP they 

found subjective improvement in two patients but no objec- · 

tive change. 

No recent studies of this type were found in the liter

ture. However, Moorhouse (30) in 1976 mentioned that thia• 

min chloride and cyanocobalamin are often used and are help

ful in the clinical treatment of diabetic neuropathy, and 

that "investigations of this point seem appropriateo" He 

wondered ''whether the prevailing disorders of fatty acid 

and of pyruvate metabolism might somehow lower the thres~ 
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holds for the manifestations of cofactor deple ti on, and 

whethe r the administration of thiamin and cyanocobalamin may 

i n fact have a useful therapeutic place on this basis." 

The status of the B-complex vitamins in diabetics has 

a lso been examined over the years. In 1951 Lossy, Goldsmith, 

and Sarrett (31) reported an increased excretion of a test 

dose of thiamin and riboflavin in diabetic patients over 

normal patients, which they thought might indicate an abnor

mality in utilization of these vitamins. They also noted 

that 11 of the 22 diabetic patients showed clinical evidence 

of _a B-c omplex deficiency even though their diets were judged 

a s good as those of the control patients. 

Beidleman (32) claimed that there were two groups of 

diabeti cs where clinical vitamin deficiencies were seen~ 

t hose on low calorie, low fat diets, and those who were poor

l y controlledo For the first group, he hypothesized that 

(a ) 900-1500 calorie diets would not contain the minumum 

daily requirement of the B vitamins, and (b) the carbohy

drate metabolic cycle might require more vitamins per gram 

i n diabetic patients. 

Ninety-four diabetics were examined by Blskind and 

Schreirer (33) in 1954o All showed signs and symptoms of 

de ficiencies of factors of the B-complex. After treatment 

wit h large daily doses of the B vitamins, 16 required no 

more insulino Thirty-seven showed improvement in general 

health and often in glucose tolerance. 
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Some investigators did not find deficiencies . Goodhart 

and Sinc l air (34) in 1940 estimated the leve l s in the blood 

of thiamin pyrophosphate in five patients with diabetic 

neuropathy o They found normal levels. Robinson, Melnick, 

and Field (35) in 1940 and Needles (36) in 1943 studied . the 

urinary excretion of thiamin before and after a test dose in 

diabet i c patients with and without neuropathyo Again, nor

mal va l ues were foundo 

Field et alo (37) in 1957 attempted to resolve the 

question of the B vitamin status of diabetics. They studied 

the urinary excretion following a tes t dose of B-complex 

vitamins in three groups of seven males: healthy normals, 

diabetics without complications, and diabetics with compli

cations . The ages were from 20 to 49 years, and most of the 

di abetics were of the juvenile typeo They found differences 

with thiamin, niacin, and pantothenic acid but no pattern 

emer ged and they were not able to draw any conclusionso 

A study was done in 1976 by Davis, Calder~ and Curnow 

(38) who used an automated microbiological system to meas

ure the pyridoxal and folate concentrations in the serum of 

518 diabetics and 371 controlso The levels of pyridoxal 

were significantly lower in the diabetics~ and 25% had lev

els below the lower limit of the normal rangeo The pyridox- ·· 

al levels were not related to type of treatment~ duration of 

disease, or the age of the patientso Only 20 of the 518 

diabetics had a reduced level of folateo 
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In a follow-up study this same group found that admin

istration of pyridoxine decreased the insulin requirement 

in diabetic patients (39)o This may be related to the fact 

that in a deficiency of pyridoxine the tryptophan metabolite 

xanthurenic acid accumulates. Kotake and Murakami (40) in 

1971 reported that xanthurenic acid was able to bind to in

sulin and reduce its ability to lower blood glucose levels. 

It had recently been discovered that there is a rela

tionship between vitamin B6 deficiency and diabetic neuro

pathy . ~1cCann and Davis in 1978 ( 41) reported lower serum 

pyridoxal concentrations in diabetic patients with neuro

pathy when compared with randomly selected diabetic patients 

without evidence of neuropathy. Jones and Gonzales in 1978 

(42 ) found abnormally high excretions of kynurenic and xan

thurenic acids in the urine of 10 insulin-dependent diab

eti c patients with symptoms of neuropathy, when compared 

with 10 insulin-depencent diabetics without neuropathy and 

10 controlso Six weeks of supplementation with pyridoxine 

resulted in the elimination of these high excretions, im

provement of the symptoms of neuropathy, and in two patients, 

improvement of glucose tolerance. 

Dietary pyridoxine, pyridoxal, and pyridoxamine are 

converted to pyridoxal phosphate, the active form of the 

vitamin, in the red blood cell (43). It is not known if 

serum prr idoxal accurately reflects dietary intake or tis

sue saturation of the vitamin. Tests have now been devel-
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oped whi c h reveal t he cellular metabolic needs for a vitamin 

more pr e cisely than serum levels or urinary excretion. 

These test s mea sure cofactor stimulation of enzyme activi ty. 

The react i ons are specifi c and the active f orm of the vita

mi~ is u s ed. Erythrocytes are used because blood is an easy 

tissue t o obtain, and red blood cells contain larger amourt s 

of these enzymes t han plasma (44). 

These tests potentially allow for the i dentificat ion of 

the primary bi oc hemical lesion i n cellular function caused 

by a vitamin deficiency that precedes clinical symptoms. 

They are being used with increasing fre quency in research, 

but have no t been used extensively i n studies of diabetes. 

The effe cts of catabolism on nutrient balance have been 

studied dur i ng starvation and trauma of surgery. Felig (45) 

says that diabetes can be compared t o short t erm starvat ion 

because of simi l ar blood levels of free fatty acids, keto

a cids, a nd amino acids. Also, in both, insul in leve l s are 

reduce d a nd gl ucagon leve ls are raised. Consolazio e t al o 

(10) s t udied t he effects of a 10-day fast on six adul t males. 

They f ound that the dai l y excretions of thiami n and pyrido

xine were in the low-to-deficient range , i ndicating rapid 

depletion of body s tores. Riboflavin excret i on was i n the 

acceptablP -to-hi gh range, indicating adequate rese r ves or a 

retri eva l of t he vitamin from t he ca t abolism of t i ssue f or 

ene r gyc 
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Polla ck and Bookman (46) related riboflavin excretion 

t o ni t rogen balance in pre- and post-surgery patients. They 

foun d that urinary riboflavin was high (50% of intake) when 

the nitrogen balance was negative, and that when balance was 

restored the r i boflavin was retained. When they withdrew 

insulin from a dependent diabetic, the ni t rogen balance 

be came very negative, and the riboflavin excretion became 

very high (independent of glycosuria)o 

The results cited here suggested that the question of 

t he B-complex vitamins in diabetes was still open, and should 

be explored aga i n in the light of the current knowledge of 

di abetes and nutritional assessment. 



IV. HYPOTHESIS 

This study reexamined the problem of the B-complex vit-

amins in diabetes using new biochemical methodologies to 

determine intracellular vitamin adequacyo Vitamin stimula-

t ion of coenzyme activity was used to measure the tissue 

s tatuses of thiamin, riboflavin, and pyridoxine in the red 

blood cells of diabetic subjects and matched controls. The 

potential of the vitamin levels to separate the two groups 

was assessed. The effects of age, ethnic group, duration of 

disease and obesity were considered. 

The hypotheses tested in this study~ stated in their 

null form~ , are: 

1. The diabetic group cannot be significantly 
discriminated from the control group using three 
discriminating variables, the activity coeffi
cients for thiamin, riboflavin, and pyridoxine, 
measured by coenzyme stimulation in erythrocyte 
hemolysates. 

2. There is no significant relationship between 
the age of the patient and the activity coeffi
cients of the vitamins tested. 

3. There is no significant difference between the 
ethnic groups with respect to the tissue statuses 
of the vitamins tested. There is no significant 
interaction between group and ethnic group on the 
tissue statuses of the vitamins. 

4.There is no significant relationship between 
the duration of diabetes and the activity coeffi
cients for the vitamins tested~ 

15 
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5. There is no significant relationship between 
obesity and the activity coefficients for the vit
amins tested. 

A probability level equal to or less than o05 was re-

quired for the rejection of the above hypotheses. 



V. DEFINITIONS 

l o Diabetes mellitus (DM) - a disease of metabolism in 

which there is an inadequate supply of insulin, 

characterized by disturbances in carbohydrate, 

fat, and protein homeostasis and macroangiopathic, 

microangiopathic, and neuropathic changes (2). 

2 o Adul t -onse t diabetes mellitus (AODM) - DM which has its 

onset after the age of 15 years (47). Marble (48) 

states that the dividing line between the two 

types of diabetes is not sharp. Though insulin 

production ceases in the juvenile-onset type and 

continues to some degree in the adult-onset, both 

types of idiopathic dia~etes are characterized by 

an effective deficiency of insulino Both can lead 

to the same complications, though these seem to 

develop more rapidly in the juvenile-onset type. 

3. Duration of diabetes - defined here as years since 

diagnosis. It is recognized that this is only an 

estimate, since the condition might have existed 

for some time prior to diagnosis. 

4. Obesity - usually 20-30% over average weight for age, 

sex, and height. In this paper, the term refers 

to percent over this average weight. 

17 



VI. r~THODS AND PROCEDURES 

Sampling 

Subjects for the study were drawn from the population 

of patients visiting the outpatient clinics at Ben Taub Gen

eral Hospital (n ~ 35) and Casa de Amigos Clinic (n = 4) in 

Houston, Texas. The sampling was not random, due to prac

tical restrict ions, but the sample obtained was assumed to 

be representative of the population. Twenty diabetic sub

jects and 19 control subjects were selected according to the 

crite r i a below: 

1. All of the subjects were female, not by designj 

but because of the infrequency of male diabetics 

visiting the Diabetic Clinic. It was decided to 

simplify the study by eliminating the sex variable~ 

2. All were adult-onset diabetics, chosen to in

clude a spread of years of duration of disease. 

3. An arbitrary age limit of 66 and weight limit 

of 250 pounds was set to eliminate possible inter

vening variables. Also, diabetic patients with 

diseases unrelated to diabetes were not admitted 

into the studyo 

4. A representation of three ethnic groups, black, 

Spanish surname, and white, was soughto 

18 



19 

5. Control subjects were healthy nondiabetics 

matched for age and ethnic group with the diab

etic subjectso The meSor complaint of most con

trol subjects was hypertension. 

Al l participants were from a lower socioeconomic classJ 

because Ben Taub and Casa de Amigos clinics draw most of 

their patients from this class. This factor is important 

because it affects education, attitudes, and resources, 

which in turn affect eating patterns (49). Nutritional def

iciencies are more common among the lower socioeconomic 

class. Matching for ethnic group 'tJ a s thought to be irnportan t 

because thi s factor also affects eating patterns. 



Methodology 

The medical charts of possible participants were 

screened as the patients came into the clinics for a routine 

visit . Selected patients were then interviewed, and the · 

s tudy was explained to them as they waited to see the doctor. 

To provide motivation, it was emphasized that they would be 

able to find out, free of charge, it they were even slightly , 

deficient i n thiamin, riboflavin , or pyridoxine. If so, 

they could t hen discuss t he possibility of taking vitamins 

i th their doctor, for the improvement of their general 

health . To follow up on this, a form letter giving their 

personal resul t s and comments ;-;as sent to each participant 

upon complet ion of the study (see Appendix A)o 

A medical and dietary history was taken on all diabetic 

patients .who chose to participate in the study (see Appendix 

B) . Control subjects were asked what medication and supple

ments they were taking, if anyo A small blood sample (3-10 

ml) was drawn in heparin and immediately put on iceo The 

subjects did not have to be fasting the day the blood was 

drawn because the assays measured tissue levels of the vit

amins which would not fluctuate with day-to-day intake. 

That same day, using a refrigerated centrifuge, the red 

blood cells from each blood sample were collected and washed 

several times with cold saline. The washed cells were ali

quotted into small plastic vials and frozen at -20°C. 

20 
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The vitamin assays were done over the next three months. 

Vitamin status was measured indirectly by a laboratory 

determination of the vitamin-dependent red cell enzymatic 

activity with and without the added vitamin. One unit of 

activity is defined as the amount of enzyme required to oxi-

dize 1 pmole of NADH or NADPH per minuteo The activity co

efficient is defined: 

with vitamin 
AC a min 

An activity coefficient (AC) of 1.00 for a vitamin indicated 

tissue saturation with that vitamin. A higher value repre

sents a greater deficiency of the vitamin. 

For thiamin, transketolase activity with and without 

added thiamin pyrophosphate was measured. For riboflavin, 

glutathione reductase activity with and without added flavin 

adenine dinucleotide was measured. Pyridoxine status was 

assessed by measuring the activity of glutamate-oxaloacetate 

transaminase with and without pyridoxal phosphate. The 

methods for these assays were from Williams (50), with mod

ifications made by the researcher so that the assays could 

be ~n with the equipment available (see Appendix C). Hem

oglobin was measured by the cyanmethemoglobin method (51). 

All laboratory work was done in the Nutrition and Gas

troenterology Laboratory of the Baylor College of Medicine, 

Houston, Texas. Equipment and supplies needed for this 

study were provided by that department. 



Research Design 

In this study the subjects were not manipulated in any 

way but were divided into groups on the basis of a diagnosis 

of AODM. The investigation sought to determine if a defi

ciency state of B-complex vitamins existed in the subgroup, 

diabetic women, of the population of women outpatients at 

Ben Taub General Hospita l and Casa de Amigos Clinic. It 

also sought to determine if the vitamin levels found might 

be related to ethnic group, the age of the patient, durati on 

of diabetes , or obesity. The sample was not randomly sel

ected, but was systematically selected to allow for the eval

uation of the above given variables. Because of the smal l 

sample size, this could not be left to chance. For example, 

most of the patients who came to the cl inics were black, and 

if the researcher had no t applied a bias to the selection of 

subjects to include white and Spanish surname , the effect of 

ethnic group could not have been evaluated. 

This method of sample selection precludes the general

ization of the results of the study to the whole population 

from which the sample was drawn, but it has the advantage 

of yielding more useful data with which to test the hypothe-

ses. 
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VII. RESULTS AND DISCUSSION 

The study was completed in two parts. The first 18 

diabetic subjects were interviewed and te s ted from January 

to May, 1978. Because of circumstances beyond control, the 

last two diabetic subjects and 19 control subjects were not 

interviewed and tested until a year later, from January t o 

May, 1979. Obtaining suitable subjects and ma tched controls 

was the most time-consuming part of the study o 

The raw data from the survey, which were of nominal, 

interval, and ratio level, are listed in tables 1 and 2o 

These data were subjected to the following statistical proc

edures: discriminant analysis, the t-test of independent 

means, the Pearson r coefficient of correlatj.on, and 2-way 

factorial analysis of variance. The independent variables 

were group (diabetic, control), ethnicity (black, Spanish, 

white), age, duration of diabetes, and obesity (the last t wo 

classifications were eveluated in diabetic subjects only). 

The dependent variables were the activity coefficients (AC's) 

for thiamin, riboflavin, and pyridoxine, and the enzyme act

ivities (EA's) for transketolase, glutathione reductase, and 

aspartate aminotransferaseo 

The first hypothesis, that the diabetic group could not 

be discriminated from the control group, using the vitamin 

AC's as discriminating variables (DV's), was tested using 
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TABLE 1 

ETHNIC GROUP, AGE, DURATION OF DIABETES, WEIGHT, AND VITAMIN 
ACTIVITY COEFFICIENTS FOR SUBJECTS IN DIABETIC GROUP 

Ethnic a Yearsb AC 1 s for vitarninsc 
I.Do Group Age DM Weight Bl B2 B6 

001 s 56 8 153 1.09 lo76* 1 ~4 5* 
002 w 60 16 149 1.12 1.10 1.12 
004 B 57 12 224 1.06 1.04 1.68* 
005 s 65 28 145 1.02 Oo99 1.15 
006 B 57 9 187 1.04 0.96 1.05 
007 s 43 9 187 0.89 1.03 1.33* 
008 B 47 10 181 1.10 1.03 1o06 
009 B 50 20 200 1.16 1o07 1.61* 
01 0 B 61 2 199 1.01 1.07 lo15 
011 w 65 8 175 0.98 1.07 1.21* 
012 w 66 9 114 1.04 1.02 1o14 
013 w 61 14 180 1.17 1 .04 1o42* 
014 s 62 ? 164 1.05 1.10 1o31* 
015 B 54 6 148 1.09 1.21 1.09 
01 6 B 62 4 179 1.09 1.19 1.20 
017 s 56 16 178 1.13 1.02 1.25* 
018 B 51 3 153 1.13 1.19 1.42* 
019 s 51 8 153 1.16 1.01 1.22* 
020 B 62 13 224 1.22 1.10 1.17 

Mean '57 .1 T0.5 I(l5 r:-oo r.-ro r:26 

t) B is black, S is Spanish, W is white 
b) Duration of diabetes in years 
c) Normal range for AC's: B1, 1o00-1.30; B2, 1o00-1.25; 

B~, lo00-1.20 {50) 
( *) A ove normal range 
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TABLE 2 

ETHNIC GROUP , AGE, WEIGHT , AND VITAMIN ACTIVITY COEFFICIENTS 
FOR SUBJECTS IN CONTROL GROUP 

Ethni c a AC' s for vitaminsb 
I.D. Group --~g~---~!ght E B2 B6 ~- --
101 B 59 ? 1 . 09 1.13 1 . 16 
10?. B 49 14~ 1. 2~ 1 . 11 1 o32* 
103 B 65 162 1 . 1b 1 . 12 1 . 30* 
104 w 63 142 1 . 15 1. 03 1 o29* 
105 B 63 183 1 . 19 1 .05 1 . 17 
106 B 47 160 1 o13 1.10 1 o37-"!.· 
107 w 57 204 1o08 0.96 1.28 
108 B 59 90 1.33* 1. 27* 1. 42* 
109 B 64 247 1 . 15 1 . 09 1.37* 
110 B 59 174 1 . 18 1o23 1o19 
111 w 64 172 1o l2 1 o09 1 . 13 
112 B 56 182 1. 12 1 . 19 1 o17 
113 s 48 140 1 . 12 1 . 19 1 . 16 
114 w 64 126 1 .15 1 . 02 1 . 19 
115 w 57 113 1 o10 1 . 13 1. 31* 
116 s 57 182 1. 13 lo 07 1 . 31* 
117 s 65 153 lo 13 lo03 Oo8C. 
118 s 65 171 1 . 22 1o20 1 . 10 
11 9 s 50 177 1. 14 ~~], 1. 16 

Mean 58.5 162 1.15 1 . 11 1 . 23 

~a) B is black, S is Spanish, W is whi te 
b) Normal range for AC's: Bl, 1 .00-1.30; B2, 1.00-1. 25; 

( * ) 
B6, l o00-1 . 20 ( 50) 
Aoove normal range 

25 



26 

discriminant analysis. Subprogram DISCRIMINANT, from the 

Statistical Package for the Social Sciences (52), 

(a) weighted and linearly combined the DV's in such a 

fashion that the groups were forced to be as distinct as 

possible (discriminant function), (b) measured the success 

with which the DV's actually discriminated between the two 

groups when combined into the discriminant function, and (c) 

selected the single best DV, then the second best DV as bes t 

able to improve the value of the discriminating criterion iu 

combination with the first variable, etco This resulted in 

a ranking of the three vitamins in order of importance in 

diabetes. A t-test of independent means was used to sub

stantiate the findingso The results are summarized in tabl e 

3. The discriminating function was derived: 

y = 1.14 x1 - c~ . 034 x2 - c.432 x3 

where xl is thiamin, x2 is riboflavin, and x3 is pyridoxine~ 

This is interpreted to mean that the two groups can be sig

nificantly (p ~ .009) discriminated, with thiamin being the 

strongest DV, pyridoxine the second strongest, and r ibo

flavin the weakest DV. The t-test also showed that the two 

groups are distinct (p = .002) with respect to thiamin, but 

not with respect to riboflavin or pyridoxineo 

Thus the null hypothesis must be rejected. The hypo

thesis which is then accepted is contradictory because it is 

the control group which is indicated to have the greater 

deficiency of thiamin. This result was not due to the diab-



TABLE 3 

MEANS AND STANDARD DEVIATIONS OF VITAMIN ACTIVITY COEFFI
CIENTS A~m DISCRIMINATING FUNCTION COEFFICIENTS FOR THIAMIN ~ 
RIBOFLAVIN, AND PYRIDOXINE 

Mean and SD of AC's a sig. sigo 
Vitamin Dia'6etic Control of t DFC 1 sb Wilks 

Thiamin 1.08 ;!: _ . os 1 . 15 1 . c6 . OC 2 1.14 . oog 

Riboflavin 1el0 t .17 1.11 :t .os -0. 034 

Pyridoxine 1.26 t ol8 1.23 i: .13 - 0 .432 

(a) 
(b) 

SD is standard deviation, AC is activity coefficient 
DFC is discriminating function coefficient 
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etic group taking vitamin supplements because an equal num

ber of subjects in both groups (five) were taking supple

ments that contained the vitamins in question at the time 

of the survey. Explanations for this result may lie in (a) 

the small sample, (b) the method of sampling, (c) dietary 

f a ctors, or (d) underlying differ ences in enzyme levels or 

activities. Kjosin et al. (53) have noted that diabetic 

patients seem to have lower levels of transketolase than 

norma lo If thi s were the case in the diabetics tested here J 

it would be expected that the activi t y could not be stimu

lat ed beyond a certain extent with exogenous vitamin. But 

when the unstimulated enzyme activities were evaluated 

(table 4), the diabetic group had significantly higher levels. 

Another possible explanation is that the diabetics were 

mor e "diet conscious," having been instructed in the proper 

diet to fo l low for control of their disease. In tabulating 

the results from the medical and dietary history (Appendix 

B), it was found that of the 20 diabetics, 15 claime d t o 

know something of their diet, and 10 claimed to follo~ the 

diet regularly. It was not undertaken to evaluate in any 

more depth their understanding of their diet. However, it 

is the subjective feeling of the author that with two or 

three exceptions the group was not extremely "diet conscious." 

Since previous investigations cited in this paper (38, 

42) found significant evidence of pyridoxine deficiency in 

diabetics compared with control groups, it was surprising 



TABLE 4 

BASAL ENZYME ACTIVITY MEANS AND STANDARD DEVIATIONS FOR 
TRANSKETOLASE, GLUTATHIONE REDUCTASE, AND ASP ARTATE AMINO~ 
TRANSFERASE IN DIABETIC AND CONTROL GROUPS A~~ COMPAR ISON 
WITH NORMAL VALUES 

Activity in I. U.'s 
Enzyme Diabetic Control 

transketo1ase 0.72 ± 0.15 

glutathione 5.91 r 1.14 
reductase 

aspartate amino- 2.45 ! 0.91 
transferase 

0.53 j- Oo12 

6.23 ± 1.05 

I. U. is international units (units/g Hb) 
*significance of t = .001 
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Normal 
from Wms. 

0.82 ± o.4 

6.4 :t 3.0 

~~2 -t 2.2 

(_2 0) 
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that this study did not confirm these findings. No signifi

cant difference was seen in the AC's for pyridoxine or the 

basal aminotransferase activities between the two groups 

(tables 3, 4). It was interesting that of the 39 patient~ 

tested 20 were deficient in the vitamin using the normal 

range established by Williams (50). This is in contrast to 

the findings for thiamin and riboflavin where only one and 

two, respectively, were deficientG It was perhaps because 

of this apparently widespread deficiency of pyridoxine that 

the difference between the two groups was not significant. 

Jones and Gonzales (42) suggested that a deficiency of 

pyridoxine in diabetes was related to the administration of 

insulin. In this study eight of the diabetics on insulin 

were deficient in pyridoxine, seven were not; three of the 

diabetics on oral hypoglycemic drugs were deficient, two 

were noto Thus, type of therapy did not seem to influence 

the status of pyridoxine as reflected by the AC 1 s. 

Table 5 gives the means, medians, ranges, and percen 

tage above normal range of the AC's for pyridoxine for the 

diabetic group and the control group. These consistently 

show the diabetic group to be more deficient than the con

trol group. Also, five diabetic subjects had AC's above 

1.40, while only one control subject had an AC in that range. 

These data suggest that if the study were repeated with a 

larger sample size, the differences might become significant. 

In order to determine how large a sample would be needed, 



TABLE 5 

DIABETIC AND CONTROL GROUP MEANS AND STANDARD DEVIATIONS, 
MEDIANS, RANGES, AND PERCENTAGES ABOVE NORMAL RANGE OF 
ACTIVITY COEFFICIENTS FOR PYRIDOXINE 

.. - -- - -

% Above 
Group N Mean and s. D. Median Range Norma l* 

Diabetic 20 1.26 "t 0.18 1.22 1.05 - 1. 68 55 

Control 19 1.23 1 0.13 1.19 0.88 ... 1.42 47 

* Normal range : 1.00 - lo20 (50) 

31 



the following formula was 

r2 1- 1 0: <1"12. 
N=t / :J 
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used: 

(54) 

where z is obtained from table A-4 in Dixon and Massey (54), 

d (the prec i sion desired) is set at 0 .05, and cr is the stan-

dard devia tion, taken from the datao Thus to obtain a more 

precise mean, a sample of 50 diabetics and 26 controls woul d 

be needed. 

I t can be seen from examining table 4 tha t t he basal 

activities of all three enzymes are below the normal means 

in both groups. Thi s could reflect t he fact tha t a ll of the 

subjects were from the lower socioeconomic class where nutri -

tiona l deficiencies are more prevalento The aspartate amino 

transferase levels were especially low. Vir and Love (55) 

relate that in the early stages of vitamin B6 deficiency 

diminished transaminase levels probably indicate decrea sed 

saturation of the apoenzyme. In chronic deficiency , de -

creased ~asal t ransami nase level s may be a resul t of r epres-

sion of synthesis through lack of coenzyme or a direct effect 

of deficiency on protein synthesis. 

Pearson r coefficients were computed to correlate the 

basal EA's and the AC's for each vitamin in both groups. 

Strong negative correlations (p = .019 to .001) were found 

in all cases except for the thiamin data in the diabetic 

group. Thus, when the basal EA was low, the AC was high. 

This makes sense in terms of the above explanation for an 
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early stage deficiency. 

Table 6 is included for the sake of comparisono Data 

from other labs on the EA's and AC's for the three vitamins 

and coenzymes evaluated in this paper are given. When dif

ferent methods are used and the raw data are not available 

for comparison, it is difficult to explain the discrepancies 

that exist. 

To test the second hypothesis, that there was no signi

ficant relationship between the AC's for the three vitami ns 

and the age of the pati ent, Pearson r coefficients of cor

relation were computed (pairwise deletion for missing data 

was in effect for all Pearson correlations). The age range 

of the subjects in the diabetic group was 43 to 66 years, 

the mean being 57.1 years. For the control group, the range 

was 47 to 65 years, the mean, 58.5 years. No significant 

relationship was found and the null hypothesis was accepted. 

To determine a relationship between the duration of 

diabetes and the AC's for the three vitamins, t he Pea r son r 

coefficients were computed with these variableso The range 

of duration of disease for 19 diabetics was 2 to 28 years, 

and the mean was 10.5 years (for one patient the duration 

was unknown). No significant relationship was found and the 

null hypothesis wa s accepted. The se evaluations of the 

effects of age and duration of diabetes on AC's corroborate 

the findings of Davis, Calder, and Curnow (38), that these 

two factors were not related to a deficiency of serum pyri-



TABLE 6 

COMPARISON OF NORMAL VALUES FOR ACTIVITY COEFFICIENTS AND 
ENZYME ACTIVITIES FROM DIFFERENT LABORATORIES 

This Williams Hoorn Ba youni 
Study (50) (56) Rosalki 

T - EA 0.53t0 .12 o.82t o . ~- 852il25 
AC 1.1s ±o .o6 1o00-1.30 1 . ogt o o0 9 

GR - EA 6o23±1.05 6.4 t3. 0 10. 5±"2 . 2 
AC 1.11±o.o8 1.00-1. 25 1.14 j-o 075 

& 
(57) 

AA - EA 2.ggil.23 4.2 "12.2 lo82±o .so 
1.23f0.13 AC l.00-1.20 1.58±1.14 

T is transketo1ase; GR is glutathione reductase; AA is as-
partate aminotransferase; EA is enzyme activity; AC is 
act i vity coefficient 
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doxal in diabetics. 

The third hypot hesis concerned the effect of ethnic 

group on the vitamin levels. A 2 X 3 factorial analysis of 

variance was done to look for an interaction between group 

(diabetic, control) and ethnic group (black, Spanish, white). 

This was repeated for each of the vitamins. The results are 

given in table 7. The ratio of black; Spanish: white was 

9:6:5 for the diabetic g~oup, and 9:5:5 for the control 

gr oup. The only significant F-value that wa s found was tha t 

for the 1-way interaction of group on thiami n levels. This 

result was discussed earlier in the paper. The lack of a 

significant F-value for the 1-way interaction of ethnic 

group on vitamin levels and the 2-way interaction between 

group and ethnic group on vitamin levels leads to an accep

tance of the null hypothesis. What this may show is that 

other factors, such as age and socioeconomic class, override 

the differences in diet between ethnic groups. 

The fifth hypothesis concerned the relationship bet~c en 

obesity and vitamin levelso Obesity was defined as percent 

over average _weight, as given in the "Average Weights of 

Adults" table in the Ciba-Geigy Scientific Tables (58). 

Two inches were added to the height data obtained from the 

from the subjects because the height in shoes is required 

in the table. If the person was under average weight, the 

variable was equal to zero. For two diabetic patients the 

height data was not available, and it was not available for 



TABLE 7 

F-VALUES AND MEANS FROM ANALYSIS OF VARIANCE FOR Il\TTERACTION 
BETitlEEN GROUP (DIABETIC, CONTROL) AND ETHNIC GROUP (BLACK, 
SPANISH , WHITE) ON ACTIVITY COEFFICIENTS FOR VITAMINS B1, 
B2, AND B6 

Means of AC 1 s F-va l ue s 
for vi tamin8 1-vJa y 1-wa y , 

Vitamin Group Black Span~ \tJhite ( G£g~_P). (Ethn_!_c) _ 2-~J-~y 

Bl DB 1.09 1.06 1.11 11.2* .488 lo27 
c 1.18 1.15 lol2 

B2 DB 1.09 1.15 1.07 .051 1.23 .452 
c 1ol4 1.10 1.05 

B6 DB 1.28 1.29 1.21 . 706 .78 5 1. 25 
c 1.27 1o12 1.24 

*significant of F = .002 
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any of the control patients. A Pearson r coefficient was 

then computed for the 18 diabetic patients using percent 

overweight with vitamin levels (AC's). The mean percent 

overweight was 15.5 ~ ± 15,5 %~ A ·weak but nonsignificant 

(p = .082) relationship was found between percent overweight 

and thiamin levels (AC's increased with percent overweight), 

but no relationship at all was seem with the riboflavin or 

pyridoxine levels. 

Since it is known that thiamin needs increa se with ca r

bohydrate intake, the first (weak) relationship might be ex

plained partially on thi~ basis. The lack of a relationship 

with pyridoxine is interesting because some of the diabetics 

were clearly deficient in this vitamin. If obesity is an 

indicator of severity or lack of control of diabetes, it 

must be assumed that these factors and pyridoxine deficiency 

are not related. In another paper (41) diabetic neuropathy, 

which was associated with pyridoxine deficiency, was found 

to be unrelated to severity of diabete s . 



VI I I. CONCLUSIONS 

The results of this study did not support the hypothe

sis that diabetic women a r e more deficient in the B-complex 

vitamins than a control group drawn from the same popula

tiono The major limitation of the survey were the small 

number of patients tested, and the non-random method of 

sample selection . A large scale survey could obtain sample 

groups tha t were more representative of the population. The 

data from such a survey might be significant , espe cially in 

the case of pyridoxine. The diabetic group was found to 

have higher levels of thiamin than the control group , and 

this finding was not explained. 

The most important result to emerge from this study was 

that more than half (51 %) of the patie~ts tested were defi

cient in pyridoxine. This deficiency wa s not related to a ge 

or ethnic groupo In the diabetic patients, it was not r e 

lated to duration of di sease , insulin intake, or obesity. 

Possible explanations for the deficiency are (a) the age 

range of the sample, 43 to 66 years, (b) the lower soc io

economic class from which the sample was drawn, and (c) the 

fact that most flour products are not enri ched with pyrido-

doxine, as they are with riboflavin and thiamin, resulting 

in a lower intake of this vitamin. 
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IX. IMPLICATIONS FOR FUTURE RESEARCH 

Technical weaknesses of this study included: (a) the 

span of eight months between the completion of the first 

part of the study and the start of the second, and (b) the 

length of time that elapsed between the drawing of the blood 

samples and tha analys is, which was as long as three months 

in some case s . Although Williams (50) says that the red 

cells may be kept forzen at -20°C "until needed," Bayoumi 

and Rosalki (57) found tha t 3-4 weeks was the maximum time 

that the cells could be kept frozen without some loss of en

zyme activity. If this study were to be repeated , the sam

ples should be analyzed more quickly or a systematic testing 

for loss of activity should be done. As for (a) above, 

ideally the study should be done all at one time for confi

dence in making comparisons between the two groupso The 

fact that it was not detracts from one of the strens ths of 

the study, which is the care with which the two group s were 

rnatchedo 

Because of the recently discovered findings about the 

importance of pyridoxine in diabetes, it might be valuable 

to do a larger scale survey of pyridoxine status with 50 or 

more patients in each group, to try and establish a definite 

difference between diabetics and nondiabetics and to quanti

tate this differenceo Since this study did not find a cor-

39 



40 

relation between pyridoxine levels and age, duration of dis

ease, use of insulin, or obesity, it would be interesting to 

try to relate it to intake of the vitamin or degree of con

trol of diabetes (perhaps through the measurement of hemo

globin A1 ). 

Since 51% of the women in this survey were found to be 

deficient in pyridoxine, it would also be important to ex

plore the area of pyridoxine deficiency or adequa cy in a non

diabetic population. For example, is the deficiency as 

wideapread in men as it appears to be in women? Is it re 

lated to age or socioeconomic status? How is it related to 

intake and can it be reversed with supplementation? 

These questions would be very important in the formu la 

tion of a national nutrition policy and making sure that all 

segments of the population have access to all the nutrients 

they ne ed for good health. 
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APPENDIX A 



June 20, 1979 

Dear 
--------------------------~' 
You agreed to participate in a study called "Thiamin, 

Riboflavin, and Pyridoxine Levels in Diabetes Mellitus" 

when you were in the clinic at 

on • --------------------- At that time, a sample of your 

blood was drawn for the measurement of vitamins B1 , B2, and 

B6• The results of your blood sample were as follows: 

Vitamin Bl (thiamin) 

Vitamin B2 (riboflavin) 

Vitamin B6 (pyridoxine) 

Comments: 

The results of the study showed that nearly everyone 

had normal levels of B1 and B2 , but half of the people 

tested were deficient in B6• 

Thank you again for being a part of this study. I hope 

the information on your vitamin levels will be useful to you. 
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Sincerely, 

Caryl J. Antalis, B. A. 
Texas Woman' s University 
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~~ DICAL AND DIE'l'ARY HISTORY !],UESTIONN'AI?.E date: 

Name I D no. 

'1dress Occupation ·--------------------Dlte of birth ________________ __ 

Phv!icia.n ________________________________ __ 
A~e------------------------------

~thnic back~ound ______________________ _ 

Alcoholic bevera.~e consumption. ________________________________________ _ 

1. Ab out how old were you when a. doctor first told you that you had 
diabetes? Age ----------

2. F.~ve you ever been hospitalized for ••• 
••• diabetic coma? 
••• insulin reaction? 
••• ~an~rene? 
••• re~lation? 

1. Have you ever taken insulin inJections? 
If yes, how many ~ears? 

l.t . Are vou now takin~ insulin injections? 

~ . When do vou usu~llT take your insulin? 

Yes No 
Yes---No--
Yes--No- ·~ 

. Yes No=: 

Yes No 
Years-______ 
Yes __ No __ 

6. Wha.t kinds of insulin are you now usin~? (re~ular, semi-lente, 
~lobin, NPF, nrotamine zinc, ultra-lente, lente, other) 

1 . What stren~th insulin are you now usin~?----------------------------

8. Have you ever taken 1ia.betes pills? 
If ves, how many years? 

Yes No 
Years-

____ 
q. Are you now takin~ diabetes pills? Yes __ No 

Nhat kind? __________________________________________________ __ 

10. ~ow many pills do you take each day? No.---------
11. When do you usually take your pills? ___________________________ ___ 

12 • Ih '"TOU test your urine for sugar? Yes_No 
. .fha t test do you use? 

1'3. ~ow many times di1. you test your urine last week? No. _____ _ 

lit. When was the last ~!me you tested it? 

1~. Do you write down any of the results of these tests? ____________ __ 
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MEDICiL AND DI~TARY HISTORY QUESTIONNAIRE naQ:e 2 
ib.About how tall are you? =----:F:-e-e-t~_-_-_-_-_-_-_-=I~n-c~h-e_s __ -_-:_"""_;;.;_;;.;_;;;.;;;. __ .;:. 

17. About how mueh do ~ou wei~h? Pounds _________________ ~ 

18. 'Mha t is the most you have we i«hed during the past 12 months? Pounds __________________ _ 

1q. ~at is the least you have wei~hed durin« the past 12 months? 
Pounds 

?Q. Hav~ you been ~iven a diet for your 1iabetes? Yes ___ No __ ~ 

~ 1. F.ow many ealories a da~ are you allowed? __________________________ __ 

22. Who tau~ht you how to use tr.is diet? ___________________________ __ 

23. How lon~ have you had this diet? 
-------------------------------------

2lt. Ih you follow this diet? Yes ___ No If no, why? _______________________________________________________ __ 

25. ~o prepares most of your meals? (self, spouse, other _______ __ 

~6 . Does the person who fixes your meals use any special recipes prepared 
f or persons ·with diabetes? Yes __ No __ 

21. Is the diet list used as a guide in the preparation of your meals? 
Yes __ No __ 

If no, when did you last look at your diet list? ___________ _ 

~A . Does vour diet «ive tr.e size of food nortions? Yes ___ No ___ 
Do vou wei«h, measure, or esttmate the portions? ______________ _ 

2(:) . 1):) vc1.1 have to follow your riiet earefully in order to feel well? 
Yes __ No ___ 

'3 0. !b you ev~r eat awav from home? Yes No 
Do you have trouble . followin~ your diet when eatin~ away from home? 

Yes __ No __ 

31. Do you take any vitamin supplements? Yes __ No __ 
I f yes, what kind and how much? _________________________________ __ 

Si«nature of Interviewer Dl te 
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August, 1979 

EliZYME ASSAYS ?GR T1~ ASS t.:SS i::~~,IT OF THI.U.:Er , RIBOFLAVI N, Ai'ID 
rr!tiDOXL b STATUS I ~~ HU1·:Ai'IS 

Reference · 

The ~ethods for all tr~ee assays are taken fro~ the follow-
ing reference, with a few modifications: 

Williams, D. G.: Methods for the estimation of three 
vita~in dependent red cell enzymes. Clin. Biochem. 
9(6) :2521, 1976. 

A recording spectrophotnmeter with a temperature-controlled cha~ber 
was not available, so the procedure was modified to be run without 
these. Also, the concentrations were changed so that all three 
assays could be run using 3 ml cuvettes with 10 .~ path lengths. 

Sam~le Collection and Prenaration 

Three ml of blood is more than adequate for all three assays. 
The blood is collected in heparin and i~mediately ?Ut on ice. A 
refridgerated centrifuge is used to spin down the red cells and 
wash them 2-3 times with cold saline. All the white cells should 
be removed in tnis process. The pecked red cells· are then ali
quotted into 3 or more small vials and frozen at -20° Q~til use. 

Use of Soectronhotometer 

The Beckman DU spectrophotometer is used. The machine should 
be allowed to 111arm up for about 30 minutes (see manual for lighting 
of the UV lamp). Cuvettes chosen must be suitable for use with 
T.JV light. The slit adjustment is set on "manual", and the slit 
is opened 3 full turn~. 

The readings are taken in % transmittance and converted to 
absorbance according to the equation 

A: -log (%T/100). 

Sometimes the needle jumps around quite a bit when the reading i s 
being taken. This caP~ot be avoided, and judgement must be used 
in obtaining the best reading. If the duplicates are more than 
10% off, the assay should be repeated. 

Calculations 

An estimate of the vitamin status of the patient can be 
gained by the activity coefficient (AC): 

A i.fi th vi tarr.in 
AC = A w~thout v~tamin 
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Calculations (con't) 

where A is the change in absorbance per ~inute. 
Enzyme activity and vitamin effect c~~ be calculated by the 

following equations: 

1000 X A X V,... 
Activity = ANAD X VH X nb 

where V = volume in cuvette 
V~ = volume of hemolysate used 
ANAD : absorbance of 1 pmol of ilADHjNADPH 

(6.22 for 10 mm light path) 
Hb : hemoglobin concentration in g/1 

Esat - E 
Vitanin effect = ~ t X 100% sa 

where Esat = enzyme activity vnth vitamin added 

E = enzyme activity without vita~in added 

at 34o ~ 
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THIA~<IN A33l.:..S.Sl-I.EaT: me~ cnJr~'=',.,..ent ?f ~'='rythrocyte t;~,., c:!.roto 1 !3 ~o 
actjyity ·.rit"' and ··rithopt addod thia":";n ~rraor-osphpte 

Principle: 

Reagents: 

Transketolase, which requires TPP for its activity, 
catalyzes the following reactions: 

xylulose-?-? + ribose-5-P --~sedoheptulose-7-P ~ 
glyceraldehyde-3-P 

xylulose-5-P + erythrose-4-P --~ fructose-6-P + 
glyceraldeh:rde-3-? 

The glyceraldehyde-3-P formed can be utilized as 
follows: 

glyceraldehyde-3-P Ill:~ dihydroxyacetone-P Q~Hl/"' NADH 

glycerol-1-P <--1'--? NAD-r 

TIH =-· triosephosphate isomerase 
GDH • glycerolphosphate dehydrogenase 

IIADH (and NADPH) absorb :naximally at· 34o nm while 
NAD-r (and NADP~) absorb maxill!ally at 260 nm. Thus 
the reaction can be monitored .by measuri~g the decrease 
in absorbance at 340 nm. Under the ideal conditions 
of this assay, transketolase activity is directly 
related to the change in absorbance. ~flhen the reac
tion is repeated with the addition of exogenous TPP, 
a greater change in absorbance is seen if the patient 
has low stores of the vitamin. 

1. Tris buffer - 100 mmol/1, pH 7.6 

2. Substrate - lg ribose-5-phosphate, barium salt, 
was suspended in a small amount of \-rater, and 1 N 
HCl was added dropwise to dissolve. Barium ions were 
precipitated l,.rith ..saturated sodium sulpl:ate added 
dropwise. The solution vras centrifuged and the 
supernatant decanted into another tube. Further 
sodium sulfate was added, and the procedure repeated 
until no II!ore barium precipitated (6 or 7 times). 
The final supernatant contai·1ing the sodium ribose-
5-P t-~as made up to 190 ml l,-r:.. th tris buffer, giving 
a substrate concentration of 15 Lmol/1. The final 
pH of the solution ~~~ checked and adjusted to 7.6 
if necessary, and the solution vras stored in 10 cl 
amounts at -20•. 

3. NADH disodium salt - 3.9 mg vrere dissolved in 
0.5 ml buffer giving a concentration of 10 mrr.ol/1. 
This 1vas freshly prepared for each run. 
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4. Thiamin pyrophos~hate chloride - 98 mg were dis
solved in 20 ml buffer giving a concentration of 
10 l!lmol/1. This 1.vas stored in 1 ml amounts at -20°. 

5. GDH/TI~ - 2 mg/ml sus~ension 

To prepare the hemolysate, the contents of one vial of 
thawed Packed red cells is transferred to a tube and 
diluted-with~~ equal volume of water. This is mixed 
by pipetting up and down a Pasteur pipette ~~til 
clear. The hemoglobin concentration is deternined 
using the cyanmethemoglobin method, and adjusted to 
3.5 g hen:o~lobin/100 ml \nth ivater. Care must be 
taken to keep the hemolysate cold during m~~ipulations. 
(Note: if the packed red cells have not been frozen 
at least overnight, then they should be frozen and 
and thawed several times using ~~ ethanol/dry ice 
bath to ensure co~plete lysis.) 

To run in duplicate, four tubes are set up for each 
sample to be assayed. A blank is also set up for 
each sample. The tubes are prepared as follows: 

Rearent tubes 1&2 tubesmf&4 blank 
Buf er I. 5 rill I. 5 1 'j.OmJ: 
Substrate 1.5 1.5 
Hemolysate 0.05 0.05' 0.05' 
NADH 0.02 0.02 
TPP 0.05' 
1..rater 0.05 

The tubes and all reagents are kept on ice. The 
spectrophotoneter is set at 340 nm, and both cuvettes 
are filled rtli th the "blank" and put in the chamber. 
The machine is adjusted to 100% transmittance. Then 
the cuvette in the sample beam is replaced with the 
opaque block and the machine is adjusted to O% trans
mittance. 

To assay, the first tube is placed in the 37° i'rater 
bath and the stopwatch is started. At 15' min. the 
contents of the tube are transferred to the cuvette 
and a reading is taken. The reaction is started by 
adding 0.01 ml GDFJTIM suspension and mixing by in
verting the cuvette with parafilm over the top. 
orate: the tiny opening of the pipet tends to clog 
with this suspension. This can be avoided by rinsing 
the pipet with water between uses, and keeping it in 
water rather than in the suspension.) 
After mixing, the solution is poured back into the 
original tube and returned to the water bath. At 
4o min. a second reading is taken and the solution 
discarded. · 
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Up to 8 tubes can be added to the water bath in 3 min. 
intervals ·Hi th plenty of time for reading s and man
ipulations, as sho~m in the example below (two samples 
are assayed in 61 minutes). ~-lith practice, tubes 
can be added to the water bath in 2 min. intervals 
(three samples are assayed in 62 minutes). The 
cuvette is rinsed with ,,;ater betv1een uses, and t he 
"blank" in t he reference cuvette is changed with 
each sample. 

Since the reaction ra te reamins cons tan t for 30 min., 
the l ength of time between t he first and second 
reading is not crucial as long as the time is noted 
so that it can be figured in t he calculations. 

Samples A, B, and C - tubes are prepared as described 
above and designated Al-4, Bl-4, ana Cl-4. 

Timetable I (minutes on stopwatch) 

tube 
# 
Al 
A2 

!~ 
Bl 
B2 

~~ 

into 1st reading 
bath & rx started 
0 15 
3 18 
6 21 
9 24 
12 27 
15 30 
18 33 
21 36 

2nd 
reading 
40 
43 
46 
49 
52 
55 
58 
61 
allow1ng one min. 

Timetable II (minutes on stopwatch) 

tube into 1st reading 
# bath & rx started 
A! o 16 
A2 2 18 
A3 4 20 
A4 6 22 
Bl 8 24 
B2 10 26 
B3 12 28 
B4 14 30 
Cl 16 32 
C2 18 34 
C3 20 36 
c4 22 38 
React1on t1me lS 23 m1n., 
manipulations. 

2nd 
r eading 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
allowing one min. 

for 

for 
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Data and calculations: 

tube ~T A t:.A Activity 
# o• ' 34024' 0' 34o 24 1 (ave.) Coeff. 
AI ,?.6 66.4 .240 .178 . • 664 . I.oB 
A2 57.3 66.5 .242 .177 
A3 56.2 65.8 .250 .182 .069 
A4 54.8 64.2 .261 .192 

B1 60.~ 67.5 .220 .171 .051 1.15 
B2 60. 68.5 .216 .164 
B3 55.3 63.0 .257 .201 .060 
B4 57.3 65.7 .242 .182 

Calculation of enzyme activity (see pg. 2): 

1000 X A X 2.6ih A 
Activity = 6.22 X 6.65 X 7o = 8457 X RC 

Since the hemoglobin concentration \~ S adjusted to 
3.5 g/100 ml, this reduces to 

Activity : 242 A 

Sarno1e A 

Activity without added TPP • 242 X .064/24 = .645 U/g Hb 

Activity with added TPP : 242 X .069/24 : .696 U/g Hb 

.696 -- .645 
Vitamin effect : .696 X 100% : 7.3% 

Samnle B 

Activity without added TPP = 242 X .051/24 = .514 

Activity with added TPP = 242 X .060/24 : .605 

.605 - • 514 
Vitamin effect = .665 X 100% = 15.0% 
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Glutathione reductase, which requires FAD for its 
activity, catalyzes the following reaction: 

glutathione (oxidize~lutathione (reduced) 

NADPH aADP1' 

This reaction can be monitored by measuring the 
decrease in absorbance at 34o nm. ~nzyme activity 
is directly to the change in absorbance. When the 
reaction is repeated with the addition of exogenous 
FAD, a greater change in absor~ance is seen if the 
patient has low stores of the vita~in. 

1. Potassium Phosohate buffer - 100 mrnol/1. 16.4lg 
K2HP04 and 0.79g KH2P04 are dissolved in 800 ~~ 
water, which is adjusted to pH 7.4 and diluted to 
1 liter. 

2. NA.DPH, tetrasodium salt - 4.15 mg are dissolved 
in 2.5 ml of a 1% (w/v) solution of sodium bicarbonate 
giving a concentration of 2.0 mmol/1. 

3. Flavin adenine dinucleotide, monodosiurn salt 
(FAD) - 2.4 mg are dissolved in 10 m1 water giving 
a concentration of 250 ~ol/1. 

4. Dipotassium ethylene diamine tetracetate (K2EDTA) -
1.6g of the dihydrate are dissolved in 50 ml water to 
give a solution of concentration So mmol/1. 

5. Oxidized glutathione (GSSG) - 11.5 mg are dissolved 
in 2.48 ml water to which is added 0.025 ml 1 molar 
NaOH, giving a concentration of 7.5 mmol/1. 

Solutions 2, 3, and 5 are prepared fresh each day 
and kept on ice. 

The hemolysate is prepared by taking 100 rl of the 
thawed packed red cells and diluting vri th 1. 9 ml 
water (a capillary-type micropipet is necessary to 
pipet these cells). This solution can be mixed by 
pipetting up and down a Pasteur pipette until clear. 

To run in duplicate, four tubes are set up for each 
samole to be assayed. A blank is also set up for each 
sa~~le. The tubes are prepared as follows: 
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Reagent 
Burrer 
~fAD PH 
Eemolysa. te 
K2EDTA 
FAD 
water 
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tubes 1&2 
2.6 rrl 
0.1 
0.1 
0.05 

0.1 

tubes 3&4 
2.0 ml 
0.1 
0.1 
0.05 
0.1 

blank 
2.5 ml 

0.1 

The spectrophotometer is set at 340 n."!l and "blanked" 
as previously described. 

To assay, the first tube is placed in the 37° water 
bath and the stopwatch is started. At 15 min. the 
contents of the tube are transferred to the cuvette 
and a reading is taken. The reaction is started by 
adding 0.1 ml GSSG solution and mixing by inverting 
the cuvette with parafilo over the top. The time in 
seconds is noted when the GSSG is added. The cuvette 
is placed _back into the chamber and three minutes 
later a second reading is taken. The solution is 
then discarded and cuvette rinsed out. 

If the tubes are added to the water bath in 5 min. 
intervals, assays may be run continuously as des
cribed above. The "blan..Lc" in the reference cuvette 
is changed with each sample. 

Samples A and B - tubes are prepared as described 
above and designated Al-4 and Bl-4. 

Data and calculations: 

tube %T340 A340 LJA 
# o· r 0' 3' (ave.) 
A! 43.21.4 .365 .289 .679 
A2 41.5 50.0 .382 .301 

!~ 38.7 46.5 .412 ·333 .081 
38.3 46.3 .417 .334 

Bl 44.1 50.8 -356 .294 .063 
B2 43.8 50.7 .359 .295 
B3 39.1 46.6 .408 -332 .076 
B4 39.0 46.3 .409 .334 

Calculation of enzyme activity (see pg. 2): 

1000 X A X 2.~ A 
Activity : - 394o X HO 6.22 x 6.1 x H -

Activity 
Coeff. 
1.63 

1.20 

The hemoglobin concentration of each hemolysate is 
measured by the cya~ethe~oglobin method. 
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Sa!!!p1e A 
.079/3 

Activity without added FAD = 3940 X 14. o = 7.01 U/g 3b 

.081/3 
Activity ~..rith added FAD : 3940 X 14.8 : 7.19 U/g H'o 

7.19 - 7.01 
Vitamin effect - 7.19 X 100% = 2.5% 

Samo1e B 
.063/3 

Activity i·tithout added FAD : 3940 X 14.4 : 5.75 

.076/3 
Activity with added FAD : 3940 X 14.4 = 6.93 

6.9~ - 5.75 
Vitamin effect : :;,.?5 X 100;& = 17.0% 
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PYRIDOXLIE ASS3SSl··:£:JT: measurement of as-:Jar t ate ar.:inotransfe~ase 
acb .. v~ tv ~ . .a th and ~,n thout adcea ovr:Ldoxai-5-onos -:::ha te 

Principle: 

neagents: 

Aspartate ami~otransferase, which requires pyridoxal-
5-phosphate for its activity, catalyzes the following 
reaction: 

aspartate +«-ketoglutarate ---) oxaloacetate t 
glutamic acid 

Ealate dehydrogenase then catalyzes the following: 

oxaloaceta te + iiADH ---- !!!alate -t NAD.., 

The reactions c~~ be ~onitored by measuring the 
decrease in absorbance at 34o nm. A~inotransferase 
activity is directly to the change in absorbance. 
When the reaction is repeated with the a~dition of 
exogenous pyridoxal-5-P, a greater change in absor
bance is seen if the patient has lm.; stores of the 
vitamin. 

1. Potassium phosphate buffer - 100 ~~o1/1. 16.4lg 
K2HP04 and 0.79g ~rl2P04 are dissolved in 800 ml 
water, which is adjusted to pH 7.4 and diluted to 
1 liter. 

2. Pyridoxa1-5-phosphate (PAL-P) - 400 ~o1/l. 
4.95 mg are dissolved in 50 ml water (vigorous 
shaking or stirring is necessary to dissolve). 

3. GOT optimized kit (Boehringer Cat. No. 124419) -
a. Buffer/substrate· 

100 mM phosphate buffer, pH 7.4 
250 mM L-(+)-aspartate 

b. !·lADH 13. 5 mM . 
c. MDHjLDH, 48 U/ml IvJ)H, 96 U/ml LDH 
d. ~-ketoglutarate, 445 mM 

It is convenient to combine (a), {b), and.(c) above in 
the amounts necessary for that day's assays, to have 
only one solution to pipet. For 20 assays, 21 ml (a) 
would be combined 1-1ith .35 ml each (b) and (c). This 
would give a buffer/substrate-plus (B/S-plus) with 
final concentrations of 97 mM ohosphate buffer, 
213 mM t-aspartate, 0.18 :rrJv! NADH, 0.7 U/ml NDH, and 
l.Y. U/!!11 LDH. 

Procedure: The hemolysate is prepared by taking 100 ~ of the 
thawed packed red cells and diluting ,.,1 th 1. 9 ml 
water (a capillary-type micropipet is necessary to 
oi-:Jet these cells). This solution can be mixed by 
pipetting up and down a Pasteur pi ~ette until clear. 
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To run in duplicate, four tubes ~re set up for each 
sa~ple to be assayed. A bla~k is also set up for 
each sa~ple. The tubes are prepared as follows: 

Rea rent tubes 1&2 tubes d&:4 blank 
BUi' er r.o rr:1 I.o rn 2.0"ml 
B/S-plus 1.0 1.0 
Hemolysate o.o4 o.o4 o.o4 
PAL-P -T 0.05 
water 0.05 

The snectroohotometer is set at 340 nm and "blanked" 
as previousiy described. 

To assay, the first tutJ is placed in the 37• water 
bath and the stopwatch is started. At 15 ~in. the 
contents of the tube are t~ansferred to the cuvette 
and a reading is taken. The reaction is started by 
adding 0.025 ~1 solution (d) (~-ketoglutatate) and 
mixing by inverting the cuvette · .. ri th parafilm over 
the top. After mixing, the solution is poured back 
into the original tube and returned to the jffiter 
bath. At 36 min. a second reading is taken and the 
solution is disc?.rded. 

IH?ORTANT: each day that assays are done, a control 
must be run substituting Hater for the herr.olysate. 
The control is run induplicate with and ·,·ri thout 
PAL-P, just as for each sanple. This is because 
there will be a ~ even I·Ii thout hemolysa te, and this 
:must be subtracted from the readings to have me.a.'1-
ingful results. 

If tubes are added to the •,rater bath in 2 min. inter
vals, 2 samples can be assayed in 50 minutes. If a 
second batch of tubes are added to the water bath as 
the second reading is being taken on the first batch, 
then 4 samples can be assayed in 86 minutes as shoim 
in the exa~ple below. 

Sannles A, B, C and control - tubes are prepared as 
described above and designated Al-4, Bl-~, Cl-4 and 
:a.-4. 
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Timetable (minutes on stO?\·!a t:::h) 

tube into 1st 2nd tube into 1st 
# bath reading reading # bath reading 
AI 0 15 36 c1 36 51 
A2 2 17 ~ C2 ~ 53 
A3 4 19 C3 55 
A4 6 21 42 c4 42 57 
Bl 8 23 44 X1 44 59 
B2 10 25 46 X2 46 61 

~a 12 27 48 X3 48 63 
14 29 50 X4 0 6 

or 

Data and calculations: 

tube %T34o A34o AA 
# 0' 20 1 0' 20' ~ave.) 
11 46.2 ?2.2 .335 .282 .652 
A2 48.2 54.2 .317 .266 

!~ 46.0 61.6 -3~7 .210 .129 
44.9 60.5 .3 8 .218 

Bl 49.7 49.9 .304 .302 .002 
B2 51.1 51.4 .291 .289 
B3 47.2 56.2 .326 .250 .078 
B4 47.3 56.9 .325 .245 

Xl 43.7 4o.o .360 .398 ~ .039 
X2 43.8 4o.o .359 • .)98 

~~ 41.3 43.2 .384 .365 - .020 
41.0 43.1 .387 .366 

Calculation of activity coefficient: 

.129 - .020 = .109 .. 1.19 
Sample A .o52 + .039 ~ 

.078 - .020 : :8Zr = 1.42 
Sample B .oo2 t .639 

Calculation of enzyme activity-(see pg. 2): 

1000 X A X 2.0~ A 
Activity: 6.22 X .,04 X H = 8394 X H'5 

The hemoglobin concentration of each hemolysate is 
measured by the cyanmethe~oglobin method. 

2nd 
readi:1g 
72 
74 
76 
78 
80 
82 
84 
86 
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Sa~p1e A 
.091/20 

Activity without added PAL-P = 8394 X 15.9 
.109/20 

2- 2.4o U/g Hb 

Activity with added ?AL-P : 8394 X 1:;.9 = 2 •. 88 U/g Hb 

2.88 - 2.4o 
Vitamin effect = 2.88 X 100% : 16.7% 

Sarno1e B 
.041/20 

ActiYity ~-tithout added PAL-P : 8394 X 15.2 : 1.13 

.058/20 
Activity with added PAL-P = 8394 X 15.2 : 1.60 

1.60 - 1.13 
Vitamin effect : 1.6o X 100% :· 29.4% 




