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Clinical Centers

AFPATACIHIAN REGICUAL HOSPITAL (Mest Virginia School
of Mcdicire) Williamsor, West Virginia

Principal Investigator:
Co-FPrincipal Investigator:
Sccretary:

Dietfician:

Nurse:

Ladoratory Technicians:

Charles A. Jones, M.D.
Willizm H. Jacobs, M.D.
Janct Tackett

Mary Louise Kessinger
Roberta Schvartz

Jack Bevins

Von Ada Justice

THE JEVISH HCSPITAL AND MEDICAL CENTER OF BROOKLYN

Brooklyr, Kew York

Princi{pal Investigator:
Co-Principil Investigator:
Fhysicians:

Sccretary:
Rurse:
laboratory Technicians:

Martin G. Goldner, .D.
Stirley Weisenfeld, M.D.
M. K. Husaina, M.D.
Stanley Newhouse, M.D.
Naomi Trauber

‘Elaine Farber

Tiilda Waters

Ignatius E. Emeghebo

THE JQIUNS HOFKINS SCHOOL OF MIDICINE

B lrore, Maryland

.ipal Investigator:
icianst T T T

Secretary:
Dictician:
Laboratory Technicians:

Thaddeus E. Prout, M.D.
Zdwin berstock, H.D.
Paul J. Edgar, M.D.
David I. Millexr, ¥.D.
Marie E. Classon
Hillicent T. Kelly
Mahala Alford

Frances Cavenaugh

HASSACHUSETTS CZNERAL HOSPITAL

Poston, Massachusetts

Trincipal Investigator:
Co-Principal Investigator:
Sccretary:

Yurse:

Censultant:

Robert K. Osborne, M.D.
Ponald Martin, M.D.
¥ary Janc tleros

Hary T. Ryan

Richard A, Field, M.D.

PRESBYTERIAN-ST. LUKE'S HOSPITAL

Chicago, Iilinois

Principal Investigator:
Co-Principal Investigator:
Dictician:
Hurge-Secretarys

Kurse:

Consultants:

(

Theodere B. Schwartz, M.D.

Frank O. Becker, M.D.
Ana Doller Beach
Julie tadler

Eloise Paorocll

D, Vo Lo Brown, M.D,
R. L. Buenger, M.D.
Thanas Coogan, M.D.
Ccza De Takats, M.D.
Robert M. Kark, M.D.
Uill G. Ryan, M.D.

UNIVERSITY OF ALARAMA MEDICAL CENTER

Biymingham, Alabama

Principal Investigator:

Co-Principal Investigator:

Physicians:

Nurse-Secretary:
Technician:
Ophthaluologist:
Radiologist:

Buri{s R. Boshell, M.D.
James C. Barrett, M.D.
Arthur L. Ennis, M.D.
lcon S. Smelo, M.D.
Edith . McCulloch
Kaye M. Carlisle °
Elwar Lawaczeck, M.D.
Alvaro Ronderos, M.D.

UNIVERSITY OF CINCINMNATI MEDICAL CENTER

Cincfnnati, Chio

Principal Investigator:

Co-Principal Investigator:

Fhysfcians: .
Seccretary:
Dietician:
Technicians:

Consultants:

Harvey C. Knowles, Jr., M.D.
Kenncth Kreines, M.D.
Margaret Kessler, M.D.
Paul Sueeney, M.D.
Vivian J. Martin

Ann Yaher |

Lou Ardinghaus
zlizabeth Zalxe

Tayler Asbury, M.D.
Kenncth Rowe, M.D.
Barold Schneider, M.D.

TMNIVERSITY HOSPITALS OF CLEVELAND

Cleveland, Ohio

Principal Investigator:

Co-?rincipal Investigator:

Physician:
Secretary:
Dietician:
Rurse:
Statistician:
Techofcians:

Yax Miller, M.D.

Williaa B. Newberry, Jr.,M.D.
Helen Cash, M.D.

Jure Snyder

RAuth Laidig

Elizabeth Davis

Lucille Goldsmith

Susan Csegezi

Elcanor Sheppard

UNIVERSITY OF MINNESOTA HCSPITALS

Minneapolis, Minnesota

Principal Investigator:

Co-Frincipal Investigator:

Co-Investigator:
Secretaxy:

Nurse:

Laboratory Technlicians:

Frederick Goetz, M.D.

Maynard Jacobson, M.D.
Robert Maslansky, M.D.
Virginia Belcher

.ySandra Horsch

Bernadine Dumont

PNIVERSITY OF PUERTO RICO SCHOOL OF }EDICINE

$an Juau, Puerto Rico

Prfuncipal Investigator:

Co=Printipal Investigator:

Secretary:
Nurce:
Scchnlciang

Lillfan Haddock, IM.D.
Luis A. Vega, M.D,
Margarita Valderama
Pura C. Morales
Carmen Padillo
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STUDY PLRSONINLL AS OF JANUARY 1970 FOR FACH
PARTICIPATING INSTITUTICH IN THE
UNIVERSIEY GROUP DIAEBLTES PROGRAM (CONTTMULD)

Coordfinating Center

Clinfcal Centers (Continued)

THE VIRGINTIA M\SON RESEARCH CEXNTER

Scattle, Washington

Principal Investigator:
Co-Frincipal Investigator:
Fhysicians:

Sccretary:
Dietician:
Technician:
Consultants:

Robert L. Reeves, M.D.

Angela J. Bowen, M.D.

Robert L., Nielsen, M.D.
William J. Stcenrod, Jr., M.D.
Patricia Swanson

Dorothy Rockwell

Mary Gay McRae

Frederick E. Cleveland, M.D.
Loufs N, Kungerford, M.D.
Willia J. Taylor, M.D.

VASHTNCZOH UNIVERSITY SCHOOL OF MEDICINE

St. Louis, Missourdi

Princfpal Investigator:
Co-Trincipal Investigator:

Secretary-Technician:
Dietician?’

Cphthaliologist:

William H. Daughaday, ¥.D.
Marvin E. Levin, M.D.
Charles Xilo, M.D.

Betty Passcan

Rose Lee Sunmers

Allan Kolker, M.D.

UNIVEESITY OF MARYLAND
Baltfmore, Maryland

Principal Investigator:
Co-Frincipal Investigator:

Administrative Assistant:
Programming Personnel:

Secretaries:

Key Punch Supervisor:
Key Puuch Operators:

Christian R. Klint, M.D..
Curtis L. Meinert, Ph.D.
Genell L. Knatterud, Ph.D.
Phillip A. Crouch ’
Gecorgze Bowden

fargaret Breitenstein
Patricia Collins

Kendra Thomas

Marfan Bell

Angelia Blankenship

Yancy Garner

Charlene Johnson

Deris A. Lewis

Mary Mugavero

Patricia Patton

Betty Schleigh

Lioid laboratories

WVIIVERSITY OF MINNESOTA

(Laboratory of Fhysiological Hygienc)

Hinneapolis, Minnecsota

Principal Investigator:

Henry Blackburnm, .D.

WEST VIRGINIA UNIVERSITY MEDICAL CENTER

Horgantown, West Virginia

Principal Investigator:

Margaret Albrink, M.D.
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COMMITTEES T TG UNIVERST ¢ CROUL DIAGETES l"rlO.GuL\H
(As of Januavy 1970)

ddbinlstrative Coanitrees

EXECUTIVE COMMITTEE: EDITORTAL COMMITTEL:

Max Hfilicr, M.D. (study chafrean) Farvey C. Knowles, Jr., M.D. (chairran)
fiurfs R. BRoshell, M.D, (3-ycvar tern)
Chufstfan R, Klint, M.D. (study coordinator)
CGenell L. ¥natterud, Ph.D. (ex-officio)
Havvey C. Knouwles, Jr., M.D, (ex-oificio)
Cratfs L, Meinerc, Ph.D. (ex-o(ficio)
Pobert K. Osborne, M.D, (3-ycar term)

lcllar Fo Resimert, M.DJS

hcodore B, Schwartz, M.D. (3-year term)

Christfan R, Klint, }.D.
Max Miller, M.D,

Tcchnical Committees

DIAGETIC CONTROL COMMITTEZ: HORTALITY COMMIITEE:

Burfs R. boshell, M.D. (chafrman) Robert n. Osborne, M.D. (chairman)
fargaret J. Albrirk, M.D.
Chorles A. Jones, M.D.
Chxyistian R. Klimz, M.D.
Curtis L. Meinert, Ph.D.
Icon S. Su=lo, M.D,

Hartin G. Goldner, M.D.
Genell L. Knatterud, Pa.D.
Harvey C. Xnowles, Jr., M.D,
¥Yarvin E. Levin, M.D.

Hax Miller, M.D,

EYE COMOTITEE: HEUROINGICAL COMMITIEE @

%haddeus E. Prout, M.D. (chainrman) Robert L. Reeves, M.D. (chafrman)

Hayaard Jacobson, M.D. Richard A. Ficld, H.D.*
¥arvin E, levin, M.D. Chrfstian R. Klimt, M¥.D,

7+ Vallace leteel, M.D. David I. Miller, M.D.

Corlis L. Mzinexret, Pa.D. Williaa B, Mewdberry, Jz., M.D.
Stanley Newhouse, M.D,

PERIFPHERAL VASCULAR COMAIITTZE:

Yartin G. Coldner, M.D. (chaircen)
BEART COMMITIES:
James €. Barrett, M.D,

Robert K. Osborne, M.D,. (chafrman)

Frank 0. Becker, M.D.
$illian M. Jacobs, M.D,
Genell .. Knctterud, ?Ph.D.
Robert Moslansky, M.D.
Curtis L. Meinert, Ph.D.
tax Miller, M.D,

KIDINEY COMMITT=E:
Prederfck Goetz, M.D. (chafiman)

Jeans €, Barvett, M.D.
Villsen 1, Daughaday, M.D.
I51)ian Iaddlock, M.D.
Ccocl) L. ¥natterud, Ph.D.
.83 14{en Kecaat, T e
UL11l G. Ryan, M.D,
Eoixley Veisenfeld, M.D.

EEDICAL TLCINODILAY AND QUALITY CONTROL COMALTTEE:

liarvey €. Knowles, Jr., M.D. (chafrran)

Cerald B, Cooper, .:(.D.
.C?n:'l.'.tinn Re Elf{ze, M.D.
Cenedl .. Krattesvd, Ph.D,

. . - '

Charles ®Kilo, M.D.

Christian R. Klimt, M.D,
Keuneth Kreines, M.D,
Alexandar Lewitan, M.D,
Villiaa 2. Nevberry, Jr., ¥M.D.
Frederick Al Rose, M.D.

STATISTICS COMMIITEZ @

Christian R. Klimt, M.D. (chafr:an)

Jacob E, Bearnen, Ph.D.
Byron V. Drova, J,r., Thals
Jevore Coranficld, ¥Prof.
Genell L. Knatterud, Ph.D.
Curtis L. Meincrvt, Ph.D,

VEIGKY COMMITIEE:

Theodore B, Schvartz, M.D, (chafrean)

Charles Kilo, M.U.

Ponald Mavtin, M.D.

Curtfa L, Melncre, Ph.D.
Hillfan B, Mowberry, Jr., M.D.
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Jacob E. Beorman, Ph.D,, Statistics, University of liinnesota,
Jnncapolis, Minnesota '

Tenry Elackburn, M.D., Electrocardiography, Unfversity of Minnesota
Minncapolfs, Minnesota

_ bByrea V. Brcwa, Jr,, Pa.D., Statistics, Stanford University, Palo
2lto, Califoraia

Jeroas Cornficld, Statistics, Unfversity of Pittsburgh, Pittsburgh,
Fennsylvania

2lan Freezond, M.D., Ophthaleology, Unfversity of Cincinnatf,
Cincfnnati, Ohio (Until 1968)

Alexander Lewiten, M.D., Radiolozy, Kiugsbrook Jewish Medical Center,
Erooklyn, lew York

Yrvieg M. Lichow, M.D,, Flectrocardiography, Unlversity Hospitals
cf Cleveland, Cleveland, Ohlo (Until 1966)

Vallace MeMeel, M.D., Ophthaloology, Retina Associates, Bostou,
¥assacuusctts

Frederick Rose, M.D:, Radiology, University Hospitals of Cleveland,
Cleveland, Cuio

LIAYSON OFFICERS FROM THZ
EATTORAL INSTITUTE OF ARTHRILIS AND YETABOLIC DISFASES
FOR TEe UNIVERSLITY GROUP? DIABETLS PRCGRANU

Jehn F. Sheroan, Ph.D. 1959 - ;960
Jases W Prace,” PhuD. 1950 ~ 1964,
Edward T, Offutt, Ph.D. 19¢4 -~ 1965
Risc Yiarje Fetrucelli, Ph.D; 1965 -~ 1968
Har ¥. Kermert, Ph.D. 1968 = Fresent
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II. OBJECTIVLS
The University Group Diabetes Program had three major objectives:

(1) Evaluation of the efficacy of hypoglycemic trcalments in the pre-
vention of vascular complications in a long-term, prospcctive
and cooperative clinical trial.

(2) Study of the natural history of vascular diseasc in maturily
onset, non-insulin dependent diabetics.

(3) Devclopment of methods applicable to cooperative clinical
trials.



III DESIGN AND MIETHODS

A Therapeulic Regimens Scelected

il

wo
i

The investigators agreed to study five treatment groups "Insulin
Variable' in which maintenance of normal'' blood glucose was stressed;
"Insulin Standard' in which small doses of insulin were given 1n a

constant dosc;

""Tolbutamide'. which represented the oral hypo-

glycemic drugs of the sulfonylurea group; "Phenformin', which
represented the biguanide group of oral hypoglycemic drugs, and

lactose "Placecbo"

cription.

in Table 2

TREATMIINT

Insulin Variable
(U-80 Lente lletin or
other insulins)

.nsulin Standard

(U-80 Lente Iletin
insulin)

Tolbutamide (Orinasc)

Phenformin (DBI-TD)

Lactose Placcho

TABLE 1

All patients received the same dict pres-
These treatment groups are described in greater detail

STUDY TREATMENTS"

ABBREVIATION

IVAR

ISTD

TOLB

PHEN

PLBO

DOSAGE

Insulin as much as is required to
maintain "normal"” blood glucose -
The minimum dosec is 5 U per day.

10, 12. 14, or 16 units per day
depending on body surface (injected
before breakfast)

1.5 grams per day (1 gram before
breakfast and 0.5 grams before the
evening meal)

100 mg per day 50 mg before brea k-
fast and 50 mg before the evening meal.
First weck of study only 50 mg before
breakfast.

Dosage schedule corresponding to that
used for oral hypoglycemic agents

*"Normal' =

“ In Lthe event that both of these levels were exceeded at a scheduled test,

hypoglycemic episodes.
at the low end of the dosage scale in order that all patients in this group would

reccive insulin. It was permissible, at the discretion of the study physicians,
to supplement lente forms of insulin with semi-lente and regular types of insulin.

IFBS <110 mg% and BS <210 mg% 1 hour after 50 g of glucose
p.o and 1-1/2 hours after morning insulin injection
the

insulin dosc was to be raised by at least two units. Investigalors were to

decrcase Lhe insulin dosage when it appeared necessary in order to prevent

A minimum dose of five U per day was stipulated

w——



Dict for all Study Paticnls

The prescribed diet consisled of 45% carbohydrate, 20 % prolein, and
35% fat calories for all patients irrespective of the assigned treatment.
The number of calorics prescribed at cach follow-up examination was
designed to achieve and to mainlain normal body weight within plus or
minus 15%. The table for desirable body weights is given in Appendix B.

Patient Sclection Criteria

Patients were cligible for participation in the UGDTP only if the diagnosis
of diabctes had been established no more than one year prior to entry into
the study. The time of diagnosis was dectermined by the date of the first
positive glucose tolerance test or by the time at which hypog'ycemic
treatment was first initiated. The clinic physicians used their judgment
to screcn all patients for abscnce of life-endangering diseases so as to
obtain patients with a minimum lifc expectancy of at least five years. No
age limitation for study patients was specified.

Patients were given a diagnostic glucose tolerance test The sum of the
four blood glucose values had to be equal to or greater than 500 mg per
100 ml in order for a patient to be eligible for the study

Patients who met all of the diagnostic criteria were obser ved during four
weeks while on diet alone.

No attempt was made to exclude patients who already had signs of

vascular disease since they could be observed for progression or regression
of that abnormality. Moreover, presence of vascular disease in o organ
system did not preclude the evaluation of the onset of disease in other organs.

Patient Recruitment

A total of 1, 027 patients were enrolled in the study during this 5-year period.

Assignment to Study Treatment

- Patients enrolled in the UGDP were randomly assigned to one of the

five treatment groups listed in Table 2.

Diagnosis of "Diabetes"

In the UGDP the summed value of the four blood glucose levels had to be

500 mg per 100 ml in order for a patient to be eligible for the study. Patients
were challenged with 30 grams of glucose for cach square meter of estimated
body surface (Appendix A).

——
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Venous antecubilal blood samples were taken immediately prior to
glucose ingestion and one, two, and three hours thereafter. Whole
blood glucose determinations wereperformed with the use of the
Hoffman ferricyanide method on the Autoanalyzer >,

All paticnts were scen by their study physician at three-month
intervals after initiation ol the study treatment.

The Tleart Examination

The heart examination included obtaining a clinical history fromthe
paticnt which consisted of information on hospitalizations for heart
discase, digitalis prescription, attacks of angina pectoris and whether
or not serum transaminase determinations had been performed. The
results of SGOT determinations and the date of a suspected myocardial
infarction were recorded.

The patient's physical examination for the heart included the measurc-
ment of systolic and the fourth and fifth phase diastolic blood pressure,

a standard twelve-lead electrocardiogram, chest x-rays from which
cardiothoracic diameters were determined (chest x-rays were obtained

at bascline and at annual intervals thereafter) and examination for presence
of congestive heart failure.

The Peripheral Vascular Examination

The peripheral vascular examination included a search for a history of
intermittent claudication and amputation and clinical examimtion of
pulses, oscillometry and soft tissue x-rays of the lower extremities.

Other Determinations

Serum specimens were collected upon the patient's entry into the study
and at annual intervals thereafter for cholesterol determinations and
serum triglyceride levels.

Biothesiometry measurements were made at entry and at annual intervals
thereafter.

Demographic Characteristics

The youngest paticent enrolled was 20 years of age and the oldest patient
79 years of age. A large proportion of the study population was female
(71%). Thec mean ages at entry for males and for females were 54 and 52,
respectively. Ncarly 60% of all patients were in the age range 45 through
64. Tifty-five percent of the patient population was white.

DIAGNOSTIC CRITERIA FOR DIABETES

69 Patients <500 sum (~ 7%)
339 Patients FBS <110 mg/100 ml (33%)
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PERCENT OFF PATIENTS WITH SELECTED
BASELINE CHARACTERISTICS

(Denominators given in parenthesis)

Demographic Characteristics

Age 2 55 45.4 (823)
Male 27.8 (823)

Non-White 47.1 (823)

Baseline Cardiovascular Risk Factors

Hypertension 31.5(806)
Blood Pressure:
Systolic: <140 - 51.5
>139 - 48.6
>160 - 23.1
Diastolic < 90 - 67.8
>89 - 32.2
History of Digitalis Use 5.7 (808)
History of Angina Pectoris 5.8 (812)
Significant ECG Abnormality 4.1 (810)
Originally 19.2%
Now 4.3%
Cholesterol > 300 mg/100 ml 13.4 (805)
<250 mg% - 70.2
>250 - 29.8
>290 - 15,7
One or More Cardiovascular
Risk Factors Listed Above 46.8 (772)
Other Selected Baseline Characteristics
Fasting Blood Glucose~110 mg/100 ml 66.8 (819)
Relative Body Weight 1.25 55.7 (823)
Visual Acuity (either eye 20/200) 5.4 (766)
Serum Creatinine 1.5 mg/100 ml 2.3 (799)
Arterial Calcification™ 16.8 (799)

* Evidence of calcification noted by two independent readings of soft tissue
x-rays of right lower limb.



VI. RESULTS
A. Tatal Events

1. Decaths by Rx

2. Deaths by Bascline Characteristics
a. Demographic
b. C-V Risk IFactors
c. Other

3. Deaths by Adherence (see table on page 14)

4. Deaths by Blood Glucose Control (see table on page 15).

B. Non-Fatal Events

(See table on page 16).
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NUMBER AND PERCENT DEAD BY CAUSE OIF DEATH

PIL.BO TOILB ISTD [VAR
Number at Risk at Death 205 2014 210 201
Cardiovascular Causes

1. Myocardial Infurction

2. Sudden Dcath

3. Other Hecart Discase

4, Extracardiac Vascular
Disease 5 T 5 3

- O

=
o O
— AW
[SCRNG) I v

All C.V. CAUSES 10 26 13 12

Non-Cardiovascular Causes

5, Cancer i 2 4 2

5. Cause Othern Than 1-5 . 2 2

7. Unknown Cause 1 0 1 1
All CAUSES 21 30 20 18

Percent Dead From:
C.V. Causes 4,9 (10) 12.7 (26) 6.2 5.
All Causes 10,2 14,7 9.5 8.



part B. Cardfovasculac Causes
PLEBO TOLB 1s1Dh IVAR

1. Deaographic Characteristies

Agzc
< 55 1.7, 15, 1.8 1.8
= 55 Q.4 18.4 11.3 10.6
Sex
Male ; 11.1 17.5 8.8 4.3
Fcumale 2.1 10.6 5.2 6.3
l‘.cc'c 3
Vhite 5.8 16.7 7.8 7.4
Non-vwhite 3.9 8.3 4.7 3.6
2, Cardiovascular Risk Factors
pefinite Hypertension
Absent ' 3.9 11.5 4.2 0.7
Present 6.8 13.3 10.9 19.6
Ristory of Digitalls Use
o 3.6 10.9 5.1 4.7
Yes . 23,3 33.3 25.0 20.0
Eistory of Angina Fecteris
Ho - 288, 1.8 L 5.7
Yes 30.0 21.4 18.8 14.3
Siﬁnlfi‘ccnt £CG Abnerralicy
Abscat 2.6 10.9 5.6 4.7
Bresent 23.3 20.0 18,2 37.5
Cholesterol
< 300 ©5/100 nl 5.0 12, b6 4,0
= 200 ©:g/100 ml . 569 13.3 14.7 18.5
Ce V. Risk Factors Listed Above
llone 2.0 9.0 2.0 0.0
Cae or More 8.0 15.2 10.9

A, Other Baseline Characteristics

Fasting Blecod Glucose

< 110 2g/100 ol Seb 2.0 2.6 3l

> 110 rg/100 =l . &7 6.3 3 7.2
Relative Body Weight

< 1.25 7.2 15.5 6.7 9.6

z 1.25 2.8 10.8 5.8 2.7
Visual Acuity

> 20/200 . . He6 12,1 S 6.2

< 20/200 0.0 30,0 16.7 0.0
Scrua Creatlnine ) -

< 1.5 0g/1C0 ul i , 4.2 10.8 5.0 5.6

s 1.5 1g/100 ol 20.0 20.0 25.0 .0
Arterlal Caleffication

Absent : 5.2 - 9.4 4,2 4,9

Preseat™ . 13.8 25.6 25.7 22,6

"li:‘.jor_ or ninor Q-waves (codes 1-1-1 th:‘ough 1-2-7}, $-T depressfon (cede 4-1), T wvave
fuverston (cede S-1), ccaplete heare bleck (code 4-1), left bundle branch bleck (ccde
7-1), or ventricular tachycardfa (code 8-2).

tk : . : "
dccorded as present only {f calcf{icezion nted « two {ndependent readings of the



All Causecs

Baltimore
Cincinnati
Cleveland
Minncapolis.
New York
Williamson
Birmingham
Boston
Chicago

St. Louis
San Juan
Seattle

Baltimore
Cincinnati
Cleveland
Minneapolis
New York
Williamson
Birmingham
Boston
Chicago

St. Louis
San Juan
Seattle

Denominators

Baltimore
Cincinnati
Cleveland
Minncapolis
New York
Williamson
Birmingham
Boston
Chicago

St. Louis
San Juan
Scattle

PERCENT DEFEAD BY CILINIC

PLBO
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PERCENTAGE DISTRIBUTION OF PATIENTS
BY LEVEL O BLOOD GLUCOSE CONTROL

LEVEL OF,

CONTROL PLBO TOLB ISTD " IVAR
GOOD 27.0 37.4 38.5 49,0
FAIR 32.3 37.0 33.2 - 39.4
POOR 40.7 25.6 28.3 11.6
Number of Patients 204 203 205 193

sk
Based on the fasting blood glucose values obtained from the SHORT GT'T for a
given patient.

GOOD : 70% or more of all the patient's SHORT GTT fasting blood
values <110 mg per 100 ml.

POOR : 70% or more of all the patient's SHORT GTT fasting blood
glucose values 130 mg per 100 ml.

FAIR : Patient classified as having neither GGOD or POOR blood
glucose control.



PERCENTAGE DISTRIBUTION OFF PATLENTS
BY LEVEL OF ADHIERENCE

LEVEL OF

ADHERENC E PLBO TOLB ISTD
LOW 10.2 10. 3 12.8
INTERMEDIATE 20.0 15.7 29.8
HIGH 69.8 74.0 57. 6
Number of Patients 205 204 210

sk
Based on percent of follow-up periods during which patient took ALL of
prescribed study medication.

LOW : Patient took AL of prescribed study medication
. < 25% of all follow-up periods.

INTERMEDIATE : Patient took ALL of prescribed study medication
25-74% of all follow-up periods.

HIGH : ' Patient took ALIL of prescribed study medication
> 75% of all follow-up periods.

14

IVAR
14.8
39.9
45.3
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VII. SUMMARY

“1. Tolbutamide plus dict is no more effective than dict alone,
except for antihyperglycemia.

2. The particular tolbutamide regimen used here may be less
effective than diet alone or dict plus insulin with respect to C-V
mortality in the type of patient studied.

3. Except for superior control of blood glucose by insulin variable,
no other differences between the two insulin groups were noted.

CRITIQUE
I. BASIC DESIGN

A. Data Collection - Inadequate baseline data
1. Methods of collection not described
2. Clinical definitions not stated - individual judgements prevail

B. Choice of Therapies
1. Only two of the five regimens (diet alone and insulin variable)

are used in practice.

C. Choice of Patients

1. Admission criteria included:

a. Patients who already had vascular disease--undefined as to
severity.

b. Patients who, in the judgement of the individual clinician,
would live at least 5 years--a dubious a priori prognostic
exercise in a study designed to obtain prognostic data (cf death rate
from 0 to 33%). Death risk factors were thus to be excluded and
the study not designed for mortality analyses.

c. Non-diabetics

2. Pooling obvious heterogeneous populations as if it were random

homogenous population essential for valid statistical analysis.

S

¥
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3. TIFailure to cxamine risk factors: c.g. smoking, parcnial
longevity, pulmonary disease status, "co-morbid ailments"
such as infection, other medications.

4. Abscnce of all bascline dala in 481 patients.

D. Allocation and Intrusion Problems

1. Two patient pools due to DBI intrusion

2. Treatment Change
a. Drop-outs -- 12%

b. Medication arbitrarily changed due to failure but patient
classified under original therapy (6. 8% of placcbo).

c. Non-adherence to therapy = 25%. Patients were actually
on other therapy--2'""tolbutamide deaths' had been off of
tolbutamide for four years.

II. STATISTICAL ANALYSIS

A. Omissions:

1. No analysis of vascular complications, i.e. all vascular
events, a prime original objective.

2. No analysis of other features of diabetes.
3. No DBI data.
B. Questionable Decision to Stop Tolbutamide
1. There was no significant overall mortality differcnce and
continuation would have been ethically justifiable in view of
heterogeneily. (cf cancer mortality on placebo)
2. Paasikivi and Keen expericnce.

3. Narrowing of excess C-V mortality at time of decision.
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C. Questionable Mancuver

1. Revision of NCG criteria to eliminate bascline discerepancies
and justlify conclusion that excess C-V mortality was nol due to
chance.

-

D. Mathematical Errors
III. PERSONAL CONCLUSIONS:

A. Validity of the Study

The study is obviously seriously flawed.

B. Tolbutamide's Danger

Thesc flaws do not, on the basis of the limited raw data made
public, necessarily absolve tolbutamide of contributing in some
undetermined manner to the excess mortality of the Minncapolis-
Cincinnati patients. (Was this excess C-V mortality just the
"luck of the draw'' or a consequence of tolbutamide Rx ilsclf
at least in this particular population? No way of knowing this).
C. Value of Antihyperglycemic Therapy in Preventing Vascular
Complications

Since blood glucose was not controlled adequately in the tolbutamide

and insulin standard patients, many of whom were nondiabetics, and
since the adequately controlled insulin-variable patients, like the
others, had a high percentage of established advanced vascular

disease at the time of the study, and since meaningful data on the cffect
of therapy on progression of vascular disease from its baseline status
was not published, the study does not answer the question of the

effect of antihyperglycemic therapy of diabetes upon vascular and

other complications of diabetes.

D. Status of Antihyperglycemic Therapy

1. Tolbutamide rx is not just-ificd in a) chemical diabctes;
b) diabetic patients who are frightened by the adverse publicity
about the drug.

2. Tolbutamide Rx is probably not justified a) in paticents who are
readily controlled by dict alone; b) in elderly diabetics with
asymptomatic and aglycosuric fasting hyperglycemia not
controlled by diet alone, particularly if established vascular
disease is likely, in which case such hyp erglycemia may be



Page Missing in Original Volume



-~

WD e
I

| aamadesaea s e
§

50jadsaviddatyy vu; o5ty
IEL) 4 I .

- .
g4 =
) .
.o L
' ' ! \ ' ) ’
j ] » ~
| _ | -
0 IV Sal SIX T-0¢id u
&% o Poes _ ; _ I -
= 0 n { ox ox | ¢s 5 302 f1-Ce1d .
¢ | o oo | : peas
t X N ¥ PR ! E] < =
5 _ cot _ 2 . 0 5C1 _ oN N it d3IND [ESTEH
- m p _ oot 0 SiT G w on ol . co ox on B30LVD T-0n1d
. ' W o ., on T
- _ : g5 L5 0 §91 i on oL [} 0 RN
i
g _ &9 - z _ cor booex o 2 STA 101 _ s\ S3L Y3V
. | 0 _ €3 _ 1 _ L S3A
cit | o |« L 2
oo, . o i 3
d &) 8 M ot " 051 1 cs M ou :

i g : i 7

: . i |

i 62 I SRR N 1 oo ) o - .

e e qe | ¢ o | ,
0t on h 50 '
£ 1 (-uad :

1
= B mu.of
i { 1 $-0aid .
| | ! R =7
i T i on TR, -
” ! “ !
_ uw>_ 6| { FR V3T N3CAAS |
| \ {
| o _ s0Is ! Giv | niVSd KauGas
1 ) * 1 .
! toon | g8 i !
KA T T | i .
. h el .k‘...lr..l.l.mn. o 1..\.. PR ruc:m Qesw( 39 9phi) | deQeily
?own:_ _:Lu_ TI0L 8015 06, 20 ¢M ui
_ \ uuuuna* yivag

danoud




n. .

~:
-~

h.!V
o
).

<
v

.35\2:& v}m g <

2 b

] U\/ IJJ\?\»v N\ ...U¥ m b= VV\G'&‘V\@U A\J\\-Q\U‘IN \.M\IOJ%\ \w

' ' ' : ' : 1
_ _ _ _ | m .
] _ | _
; _ | _ |
| | | i, i | | * |
i _ | ) | _ P
! | i _ | m
m _. | . |
: _ | i
“ | _ | _ u !
. | ] | |
| | | i
; : | _ | :
! | | ] ”
i | : o |
i _ ] | !
” | | i |
| w | | | | m
: ! . m m
A ! ! ~
W ~ _ o8 4] z.j. “ T “ o el M..c.:.
) it w L w ['R) ﬂ o.. Co ot , w e “ [VEY ] M...J;....
WK :....Hmﬁ:. ..w..( o T x.mmw”. m e Nevel o0 sendg §4eSEeR
B 1usis | bavasny | Laviagg | URUPed ..M Y, e.u”w... m.
; BojebgadidvienD EEHTRT 3 °

(ponursucs) 1-g TITVI

-

n



:

i

v atasaase”)
. E.VJ.»J\V D\J\,U /.»\\ g«ﬁd\% >U Ww

e ) 1 : ] 1 fod
i | * “ {
{ ! 1 ||l|~ ; {
1 H | g
; ] P | _
! 6z | 07 | s _ o |mz ot i TG o (1670 TS ox S3A
! 4 M 1 _ 06 _ 0 262 ox oN 8 151 | Loty *.nﬂ T o .
¢ , "t 93 _ 1 20C o1 o $6 i1 S.:..._S o oil
[ ‘e m cot & z 0zl oni o1 11 1% [ S3A SUA
o . = . 1 T 3 n 3
! s I s | wsa __mom . 3500 | i 3 |9 | 9 . P
i P e | s ] v (A _gsa S3A S2A I W |c 1z ox _ v
N oz L _ Py S { o i ,mwuv T N % | UI\TG nTons jisior %3 -
° i) w T 0 162 o m el oN L 4 eyl u N o AIVEY KICLAS i-CiGd
i ° @ {
! 63 * “ 001 3 19%4 5 , o 05 060wt | sz ] w....Sow
- ——— b B ——
' 4 I oo 0 | 1%t o | ox o6 (ot begtileee ey 3 |0 A S3A W wo-ﬂﬂ
“ | o m . 001 0 zee ol m o L9 ot L osttriesing o tow SLA S2A in (s-wicy
. 1 - i < ! i
v sk 2 B | cot _ 001 .0 vie i oL [N _Mic 0 165 S3EA L |40 g
A . i . ; i &
IW..\I\«..Y \ a1 i ° _ oot 0 e (V8 on D] 1 mn* :_ﬁ.:; o 0o sy SUA CHEY it PR
— ) & —. pom _llll
3 { 16 m 001 1 X5 5L L e HOSTRVIR Ve
i H =
‘s 7 e i ” v ¢ Un o uvl §ov I Tomaidd sy
S. ”, “ i _ rbﬂ — t ~ = x Q
; 62 o1 _ 1 _ (14 oz | sCti in ﬁ..._..ﬂ .
5 “ ,x S i ous v m Em\. Wi B .M_?r.c. xm
‘ e : v i 0 | 9al i TR m........ﬁ ’
‘ ! | !
N f.ﬂ.....lnl...u..u.ﬂ.ﬂ\.un. YAUaIva | 00| Kijpeodeney | FVi Y EIT .|-x~ % Quesg S0 Senty . S9ony
T T %370 a5} o _ i it S R h
50 |30 0 ox | il b P i
TP L ) IREITIIATAY FOJANjAsdavdity Y] oNby
) I7¢3n79 pools -
d00¥0 QIZIvE dl IGIRVIAGTIOL NI NIILVL GISYIED
N ~ "



I

SN Y SR =, g e S gvea J—
—— LG amma) Vi e i A
s C oy fo N\C Zhe e ow 9 2 e Py
S VA L N U\N]Q/ ~ /J\ylu)\v Y\)\V /S (J\.:BJ\)?DV\.)M
- ; ll‘r}\vd d 1.\ ® ¥ L e \3\
,v lx\ B Xy Qj@ V)\V\; Jﬂ;C
s PO, /\\e RO UUJ\BU YWz oy v

- ™
Hf.:V JQ\WJ)O H:\UJV&H QIQ\.G'DIV.\QW\N %.)\Nﬂd./%% uvqfo.\v JJU\ .G\w /J\))..\p R

v AT Jt w\u .

. , 3 z\(,.\uJ\ P.‘\J\A/J.u\.v\.w, © ; ' ) : T el
N N C m _ _ w
= = o : _ i
|u 1 U\ ! Q.\pl | ‘ . ! :
o “ A | 0 | .
NSO LI L0 D (g e NS Y i I
S KR AV G ST, po -
- F .
~ e e : } A _ i
< — : =1 2Ty A PN |
| SiFg— = 7700 A*. N ,
= PR AR .
_ I N S l))r‘. 7yg &U@ I_ ~ - _
Ay by 4 S Rt R
g gy | OLRZT T T -
TS v v 4_
| | | _ »
i ) ¥
© i s | + s [ oo 1| ae ci o ox Sk or N
oo .68 " 6ol _ 0 i o:i m i ox $3A | sm
: ‘ =
T P 001 | ‘ 1 | ov | en on R 2 ’
e .
_ 8L _ 2 _ 16 ~ 0 o3t e | oon ON on w 538 )
3 I}
~ _ | _
i co1 { 0 _ 001 0 592 t on G D _
: '
! Ca1 o _ o 0 12 on o oN Sk _ 53 | o .ﬁu.,,...r
_. har 1Y _ 16 C En.\.,v T S3A “ Giy mmu; SuA “ SHA D _.....-,x.n.p
R {0 . cot K t tot | o | s 1 “ S3k “ s vz _Z.ﬂ;,.n
M 9 | cs _ 601 4 _ L m o mxc A ERE Sah e m Vot Pt
’ ! ol 6 _ ¥4 1 * oo w o il _ i) as eies
i %5 (4 _ R %0 _ o _ cs _ _ LA * ox _
. r. \ “ ) ._ =1 _ cot _ % ~ \_. mn.:,. m # _ N _ PSS
_,..r...n..\,-..\n..n ICUCT o=0ia2 | e N3IA | 3202005 (0G0 Enproaory ) iy AL ._ e vty j = i () \o.lu.n...go. FEITN
M -mwu.n.b — nmm..r.ﬂ.... . aw%n.w... v.w.n«.mo......u .e.u.‘_\w_...u“n x..o:.: _x,:._.__, — SIS . aconny m rA”M m
1 n (OXITT — tuc-ﬂnlxtql. . nbuuvu»(‘o-Lr:L UL sty N
” 2503015 pooTe ~ i " .

lb Awoé.?rcﬁ g-9 TIgvi’ ..



mil.ll t:i&.,l
X Tﬁwi., AN RS

- ° . -n.‘.
— e
N S3A o [} ¢-CIsi .
| oot 0 cot AN ;0
N SY H SaA 1051 ’
| o € ls 9 = :
g 53 2 W 0: 10T -
~ 9 5 6ot ON SIA [ i . T P44 4 J
ox cx p TS3A PEPIRE) r1-Cis
" ¥ . 00t " : e
i i 34 ® Si 3 m T IS YT .
_ cet 0 08 sak i ; o DML L .
- S3A SAA SiHA g S38 VedouVasdidd' W\l L1-GiS1
<l 1¥4 © 6S ~ % 15
i 0 o 63 ox ox on W S3A -1-018t. )
I B
| _ | : .
: = s | w _ o8 | ou | s34 3 = e
| o . ¢ _ 001 ﬁ { o oi _ Sk ¥ ox i
| cs ¢ _ ss | on | i sax : -
i 4 5 _ i | s2 59 ¥ o Va , e
: )
i £ 1 ¢ i oN N ou 4 i es S3R “ :
| 0 o 03 S2A ot S3A 9 ) | e
i 52 <1 v on on - o4
i 5¢ 1 sz | i oN o | ol =
) y | ;
s 5 \ on | o% :
| ] 0 _ ) 5L | & * _
I L9 0 _ [vio}{ SHA STiA <8 oN ”
| <. (] _ 697 | o ol Oid |
| 6 | S3h N s _
i .
_ 4] ~ ON m cx _
AR r...c..u’..p“ FiTyrcouay | Selesy (Tiifiivie RN 3
SysTA 75L& 005 19 [ n
n“wu.w.a .ﬁ 53Y &D :.h:..n: Liorara | 4393 Lsdosny ;
5 ..I..In..:.mﬁ— VI, IV AVIOCAUNg vef i . i
! 5030390 [GOTC _ i)
" .
~/ .
LY
Y - -~



.
oy \

[ ! ! . : i ! ! -l
] i
_ _ ~ ~ | |
; | ! | i
i “ | | i {

0 _ 0 _ 0 _ (o] aNea ON ON on 98 o€l 66°0 IUTUT ! H-R a 9 - 9% S3A e w imeYal

Van
' 0 ‘ 0l i L9 1 951 cs ox ot €1z {913 (629 | & 4 |99 _ o2 'S2A SIA !
! i i L ] ! ]
| 72 | [ " C 0 £91 ox on 06 ) 62t |tzez scifa-w | 3 1S 3 o S3% i
! | SRR T | :
! v 7 09 “ "l 0 ez |- ox 8 Gl 16 1wt rett s | men o3 gy 1t ou STA
\ 1 - i . c—
| 1 | 68 _ ¢ 0 2T o% 0 oN 1 _ 611 lig i joer | & ijgy oz S3A S3X
_ 1 _ 97 | os 0 05z o: st _ TR TR RIS B T 61 L ox
t
I} .
i | | | | | | |
m w _ | 0 _ 1 m 6Tt _ Gii N o1 §61 [0I°T |¥68 _ 3 _ L9 1 ~ SEA R
. sl !
i ¢t o i & ) oic. ssa 7| ou on 93 v61 |L20T |eezi) Bt 4120 3 . o s3t
! | -
; Eot ! 0 cor f ¢ £9¢ STA ox ou £s co1 ezt 4 4oL 9 ox S3k
: | ! i 4
. 7 . 0 _ 0 z _ vz |. oN S3X 66 ot lseto (wes |8 EREY) a S3A
i o7 _ ] 1 _ icl on £ o uu:_
! ]
! i : 0 P 1 [33 _ ox i, o8 o ooN _
! ! .

H b \ <ol H (o1 | Z o ON [ 8 ON un *
] 1 H S .
. 3 i
' i i 4 i [} 3 oy on B on i aCIas :
, _ " | i o T “ 4
\ B i ) . 601 v o 53k | " O : Noount ueevAl =2
; [ £C ] Ly 1 wse i i & _ CRRN TRYALY
i i i | , 1 ;
;

G ox 77 | Sk
A » | i 2
| ) _ Vs 54 ox
' L , .
PAveva /e ' ?T.« Live( Velg
Lo sagsia _ " _ ales s :.uo....
_ jou _ . ; i : s3aund
1 eI aevdvapy 29:30340335¢ A X
i 25cIn]o peo1T m _

GL0¥0 CULVIEL TIGVIEVA NIT I NI SINIILVC CEsvaEd
BTSVL w
s =2



PERTINEIENT - .
RIFERINCIS _ ' 217
1) Dubois, D. and DuBois, E. F. A fornula to estimate the approxi-
mate surface area if height and weight be known. The Archives of Intérnai

_ Medicine 17:863-871, 1916.

2) Velsh, George W. III, Henley, Elaine D., Williams, Robert H.,
and Cox, Robert W. Insulin I-131 metabolism in man. American Journal

of Medicine 21:324-338, 1956.

3) Williams, Robert H. Differences in thé pharmacology of the
sulfonylurcas, pp. 719-720, Textbook of Endocrinology (4th Edition),

W. B. Saunders, 1968.

4) Tolbutamide...After Ten Years. Orinase (tolbutamide), p. 328,
International Congress Series 149, Excerpta Medica Foundation, New York,

" 1967.

5) Balodimos, M. C., Gleascn, R. E., Bradley, R. F. and Marble, A.
Long-term tolbutamide therapy in diabetes: A controlled study of the fre-
quency of cardiovascular disease and other findings. In Tolbutamide...-
After Ten Years, p. 272, International Congress Series No. 149, Excerpta.

Medica Foundation, New York, 1967.

6) lLozano-Castaneda, 0., Villasenor, A., Gonzalez-Millan, H.,
and Rull, J.A. Trcatment of diabetes with a single dose of tolbutamide.
In Tolbutamide...After Ten Years, p. 298, International Congress Serxics

No. 149, Excerpta Medica Foundation, New York, 1967.



7) Ychnert, Hellaut. Clinical results after 10 years trecatment 98-

-with tolbutamide. In Tolbutamide...After Ten Years, pp. 281-285,
International Congress Series No. 149, Excerpta Medica Foundation, New

York, 19(7.

8) The Rand Corporation. A Million Random Digits with 100,000

Normal Deviates. Free Press, Glencoe, Illinois, 1955.

9) University Group Diabetes Program. A study of the effects of
hypoglycemic agents on vascular complications: II. Mortality Results.

Diabetes 19, Supplement _, 1970.

10) Committce on Statistics of the American Diabetes Association.
Standardization of the oral glucose tolcrance test., Diabetes 18:299-310,

1969.

1i) Klimt, C. R., Meinert, C. L., and Prout, T. E. (Unpublished

data)

12) Blackburn, H., Keys, A., Simonson, E., Rautaharju, P., and
Punsar, S. The electrocardiogram in population studies. Circulation 21:

1160-1175, 1960.

13) Owens, J. A., Iggo, B., Scandrett, F. J., and Stewart, C. P,
The determination of creatinine in plasma or serum, and in urine; a critical

examination. Biochemical Journal 58:426-437, 1954,

14) Peters, John P. and Van Slyke, Donald D, Quantitative Clinical
Chemistry, Vol. 2 (HMethods), pp. 682-683, The Williams and Wilkins, Company,

1932,

BT
.




L~

29

15) * Anderson, :J. T. and Keys, A. Cholesterol in serum and lipo-
protein fractions, its measurcment and stability. Clinical Chcmisﬁry -2 3

145-159, .956.

16) Abell, L. L., Levy, B. B., Brodie, B. B., and Kendall, F. E.
A simplified method for ‘the estimation of total cholesterol in serum and
demonstration of its specificity. Journal of Biological Chemistry 195:

357-366, 1952.

17) iofland, H. B. Jr., A semiautomated proceduré for the determi=-

nation of triglycerides in serum. Analytical Biochemistry 9:393, 1964,

18) Van Handel, E., and Zilversmit, D. B. Micromethod for the
direct determination of serum triglycerides. Journal of Laboratory and

Clinical tiedicine 50:152, 1957.

19) Gregg, E. G. Jr. Absolute measurement of the vibratory

threshold. Archives of Neurology and Psychiatry 66:403, 1951.

20) Wilkerson, H. L. C. Diagnosis: Oral glucose tolerance tests.
In Diabetes Mellitus:.Diagnosis and Treatment, pp. 31-34, Amcrican Diabetes

Association, Inc., New York, 1964.

21) Cooper, R. G. and McDaniels, V. Workshop Manual on Mcthods

for Determination of Glucose, pp..117-118, Annual Meeting of American Society

~ of Clinical Pathologists, Washington, D. C., September, 1966.

) 22) , Fajans, S. S. and Conn, J. W. Prcdiabctcs, subclinical diabetes
and latent clinical diabetes: Intcrprciation, diagnosis and treatment,
On the Rature and Treatment of Diabetes, pp. 641-656, Excerpta Medica

International Congress Series, No. 84, New York, 1965.

- b . e

2
{

‘.uv_t-..



30|
G. Statistical Methods (6th Edition)

A Y

23) Snedecor, G. W. and Cochran, W.

pp. 172-193, The Io‘vq.Stat_g: Upivc;:sity Press, Ames, Iowa, 1967.

24) Expert Committee on Arterial Hypertension and Ischaemic Heart
Disease. Arterial hypertension and ischaemic heart disease. World Health

Organization Technical Report Series, No. 231, 1962,

25) Subcommittee on Nutrition, Committee on Public Health, Medical

Society of the County of New York. New height-weight tables, JAMA 173:134,
1960.

26) Seltzer, Holbrooke S.- A Different ihferbfététiqn of the Mc')rtality
Da;a_ of the _Univers‘ity_ 'Group' Diabetes Rrogram (UGDP), (submitted to Diabetes)

I R e - |



