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II. OBJECTIVES 

The University Group Diabetes Program had three majot· ob,icclivcs: 

(1) Evaluation of the efficacy of hypoglycemic tr ea tments 111 lh c pre­
vention of vascular complications in a long- term, prospective 
and cooperative clinical trial. 

(2) Study of the natural history of vascular disease in maturi ly 
onset, non-insulin dependent diabetics. 

(3) Development of methods applicable to coopcrativc clinic<d 
trials. 

_. . 
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Ill DESIGN i\ND METllODS 

The inve stigato rs agreed to study five treatment groups "Insulin 
Val'i;tblc" in whic h mainl.<'n ;mce of normal" blood glucose wu.s stressed; 
"Insu lin Sl.an<l;tl'< l11 in wh 1ch small dosf!s of insulin were: given m a 
constan t dos1·; "Tolbutamide" . which represented the oral hypo­
glycemic dru gs of th e s ulfonylurea group; "Phenformin", which 
rcprescnl!.'cl the biguaniclc group of oral hypo glycemic drugs, and 
lactos e "Placebo" All pa ti ents received the same diet pres-
cription . These trea tm ent groups arc described in greater detail 
in Table 2 

TREATMENT 

Insulin Variable 
(U-80 L ente ll e t1n or 

othe r in su lin s ) 

.nsu 1 in Stanclarcl 
(U-80 Lentc Ilclin 
insulin) 

Tolbutami cl e (Orinase) 

Phenformin (DBI-TD) 

Lactose Pl accho 

TABLE 1 

STUDY TREATMENTS':' 

ABBTIEVIATION 

IVAR 

ISTD 

TOLB 

PHEN 

PLBO 

DOSAGE 

Insulin as much as is required to 
maintain "normal" '~' blood glucose 
The minimum dose 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 (l gram before 
breakfast and 0 . 5 grams before the 
evening meal) 

):<'~ 

100 mg per day 50 mg b0fore brca k­
fast and 50 mg before the evening meaL 
First week of study only 50 mg before 
breakfast . 

Dosage schNiulc corrcsponclmg to that 
used for oral hypoglycemi c agents 

':'"Normal" = FBS < 110 mg% a nd BS < 210 mg% l hour after 50 g of glucose 
p . o and l -1 I 2 hours after morning insulin injection 

':":' In the even t that both of thc~se l e vels were exceeded at a scheduled test, the 
insulin dose was to be raised by at lc:ast two units . Invest igalors were: to 
clccr cGse the in s ulin dosage when it appeared necessary in order to prevent 
hypoglyceil!ic episodes . A minimum dose of five U per day was stipulated 
at the low end of the dosage scale in order that all patients in this group would 
receive ins ulin . It was perrnisstble, at the discretiOn of the study physicians, 
to supplem ent lcnte forms of insulin with sem1-lcnte and regular types of insulin . 

'·' 
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/ - B_ Did fpr :1ll Study Patients 

( 

The prescribed diet consist ed of •15% carboilydrat.e. 20 "!o prot e in, ;1nd 
35% fat calories for ::1:1 pati e nts irrespe c tive of tl1e a ssi grwd Lre ~llnwnt. 

Tile nnmbcr of calories prescrib e d at. <!ac h follow-up cxarnin:1.Lion wa s 
designed to achieve and to maintain norma l body weight wilhrn plu s o r 
minus 15%. The table for desirable body weights is given in 1\pp< 'IHiix J3 . 

C. Patient Selection Criteria 

P:1tients were eligible for partic ipation in the UGDP only if the diagnosis 
of dia bdes had been establi s hed no more than one year prior to entry into 
the study . The time of diagnosis was determined by the dale of the first 
positive giucose tolerance t e st or by the time at which hypog :yccmic 
treatment was first initiated. The clinic physicians used the ir Jud gment 
to screen all patients for abs• :ncc of life-endangering di :;cascs so as to 
obtain patients with a minimum life exp ectancy 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 grea ter 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 obscr vcd 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 disea se in or.c organ 
system did not preclude the evaluation of the onset of disease in other organs. 

D. Patient Recruitment 

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

E. Assignment to Study Treatment 

Patients enrolled in the UGDP were randomly assigned to one of the 
five treatment groups listed in Table 2 . 

F. 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 challe!LJ!cd with 30 grams of glucose for each square meter of estimated 
bodysu:-fac'~ (Appendix A ). 

•i 
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Venou::; ::~ntccubital blood samples were taken irnnwdiatdy prior to 
glucose ingestion antl one, two, and three hours thereafter. Whole 
blood glucose ddcrr11inations were performed w@ the usc of tile 
Hoffman fcrricyaniclc method on tile Autoanalyzer \. 

All patients were sc·cn by Llwir study physician at three-month 
intervals after initiation of tile study treatment. 

8 

G. The Heart Examino.tion 

H. 

The heart examination included obt::tining a clinical history from the 
patient which consisted of information on hospitalizations for heart 
disease, digitalis prescription, attacks of angina pectoris and whether 
or not serum tr::~nsaminase determinations had been performed. The 
results of SGOT determinations and the date of a suspected myocardial 
infarction were recorded. 

The patient's physical cxamino.tion for the heart included the measure­
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 baseline 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, 

I. 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. 

J. Demographic Charactcr'istics 

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

DIAGNOSTIC CRITEHIA FOR DIABETES 
69 Patients < 500 sum (,... 7o/o) 

339Patients FBS <110 mg/100 ml (33o/o) 

, . 
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PERCENT OF PATIENTS WITTI SELECTED 

BASELINE CHi\RACTEHISTICS 

(Denominators given in parenthesis) 

Demographic Characteristics 

Age ;?.,. 55 
Male 
Non-White 

Baseline Cardiova scular Risk Factors 

Hypertension 
Blood Pressure: 

Systolic: 

Diastolic 

< 140 
> 139 
> 160 
< 90 
> 89 

History of Digitalis Use 
History of Angina Pectoris 
Significant ECG Abnormality 

Originally 19.2'7o 
Now 4. 3% 

Cholesterol2 300 mg/ 100 ml 

51. 5 
48.6 
23. 1 
67.8 
32.2 

<250mg% - 70.2 
> 250 - 29. 8 
> 290 

One or More Cardiovascular 
Risk Factors Listed Above 

- 15. 7 

Other Selected Baseline Characteristics 

Fasting Blood Glucose " 110 mg/ 100 ml 
Relative Body Weight 1. 25 
Visual Acuity ' (either eye 20/200) 
Serum Creatinine l. 5 rrig/ 100 ml 
Arterial Calcification':' 

45.4 (B23) 
27.8 (B23) . 
47.1 (823) 

31. 5 (806) 

5. 7 (808) 
5. 8 (812) 
4.1 (810) 

13.4 (805) 

46. 8 (772) 

6 6. 8 ( 81 ~)) 
55. 7 (823) 

5. 4 (7GG) 

2. 3 (79D) 
16. 8 (799) 

9 

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

'·' ·. 
.. 
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VI. HESULTS 
( 

A. Fatal Events 

1. Deaths by Rx 

2. lk:tl.lt s by HasclinC' Cltac;tc.tcristics 

a. Demographic 
b. c-v Hisk Factor'S 
c. Other 

3. Deaths by Adherence (see tabl e on page 14) 

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

B. Non-Fatal Events 

(See table on page 1 G). 

/ 
{ 

( 

'. 

, . 



II 

NUMI3fi:l{ AND PEH•:::ENT DEA D BY CAUSE OF Df·:/\Tl-1 

PI ,T30 TOLH 1ST I ) IV i\ H 

Number at Hi sk a t Death 205 201 210 20~ 

Cardiovascular Causes 

1. Myoca r cli a 1 lnf11. rction 0 10 3 2 

2. Sudden Death 4 4 4 5 

3. O~her Heart Disease 1 5 2 

4. Extracacdi<lc Vascular 
Disease 5 7 5 3 

AllC.V. CAUSES 10 26 13 12 

"";on-Cardiovascular Causes 

5. Cancer 7 2 4 2 
( 3. Cause Ot.hern Them 1-5 3 2 2 3 

7. Unkn o·Nn Caus e 1 0 1 

All CAUSES 21 30 20 18 

P ercent Dead From: 
c.v. Causes 4.9(10) 12.7 (26) 6.2 5.9 

All Causes 10.2 14.7 9.5 8.8 

" 

( 

' . 
. ', 
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1. Dcoc.~;raph ic Cha rae tc r is tics 

Sex 
tW.lc 
}'cn'llC 

r.c.cc 
\.'hite 
}lon-\.'hitc 

11.1 
2.1 

2o Cardiovascular Risk Factors 

Definite Hy~crtcns ion 
Absent 
PrC!iCnt 

}lir.tory o( Di&italis li$C 

1:o 
"ics 

&istory of An~ina Fcctcris 

Sl£nif{c~nt 'ECG Abnc:-t:".ality 
Absent 
~!..·t:zcn~ 

Cholc :; tcxol 
< 3:)0 c.s/100 ol 
:: ::oo L'z/too r.•t 

C, v. Risk ?actors Listed Above 
llonc 
Cnc or H:JL' C 

fllstinr, Blcod Gl\lcosc 
< 110 ~'g/100 ol 
~ 110 tc&/100 d 

P.cl:-.tiv e Eody h'cit;ht 
< 1.25 
:z: 1.25 

Visual Acul. ty 
> 20/200 
~ 20/7.00 

Scnrn CrNtinlnc 
< 1.5 t:l<;/100 t>l 
~ 1.:; Ll&/100 t>l 

Arterial Calcification 
l.l>3cnt 
l'rcscnt"'*' 

3.9 
6.8 

.. , .... o 
:7.i:o· 

5.C 
5.9 

~.o 
6.0 

5.6' 
o.o 

t..~ 
:o.o 

5.2 
13,8 

'NI.Il 

17.5 
10.6' 

16.7 
8.3 

11.5 
13.3 

11.8 
":!1.4 

.1.9 ... ~ 
~o.o 

.. 9.0 . 
15,2 

e.G 
:4,3 . 

15.5 
lO.Il 

12.1 . 
30,0 

10.6 
20.0 

9.1. 
25.6 

IS'ill 

1.8 
11.3 

6.8 
5~?. 

7,8 
4.7 

4.2 
10.9 

5.1 
:<5.0 

5.2 
18.8 

5,6 
13,2 

2.0 
10.9 

~.6 
8.3 

6.7 
5.8 

5.1~' 

16.7 

s.o 
2S.O 

''·' 25.7 

IVAR 

1.8 
10.6 

1,_3 
6.3 

7 ·'" 3.6 

0.7 
19.6 

4.7 
::o.o 

4.7 
37.5 

4.0 
lS.S 

o.o 
15,0 

3.1 
7.2 

!).6 
'2.7 

6.::! 
o.o 

5.6 
o.o 

"t:.~Jo~: c,,· a.·! nor Q · v~·lco (cc-J.,~ 1-t-l th;,,u~:h \-2-i:, S-1' dcprc ~ 5loll (c:r.Jc '··l), "I' ~·:\VC 
inversion (c:c-Jc 5-l), CM~lrr.c l"' "tt !.l<'.:k (c o<lc 1.-l), lc!~ buncl)<! · br.ln~h !>loc k (cc<~C 
1·1), or vcntrlc:u\.1r tachrc.Hdl<'~ (c0J~ 8-2). 

· , 
·, tvn ln•!cpcn<lcnt na•Hnr,o of the 

l2 
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PEltCENT IH:AD IW CLINIC 

( 
PLBO TOLI3 IST D IVJ\R Nll' fll>l :r . o J ·a th s 

All C au ses 
nal tim ore 0.0 4.~ 0.0 0.0 
Cincinnati 30.4 3 1. R 1 fj. 7 2:1. B 2'' ,J 

Cle veland :) . :1 ~.G 0. 0 10 . 0 1\ 

Minneapolis 1 :.;. (j :13 . :l 20.ll a. :1 1B 
New York 13. (i 10.0 !),5 1 :). (j 10 
Williamso n 8.7 18. 2 13.0 12. ~ 1 2 
Birmingham 15.4 18 . 2 0.0 0.0 4 
Boston 6.7 28. 4 12. 5 G. 7 8 
Chi cago 9 . 1 0.0 8.3 D. 1 3 
St. Louis 10.0 0.0 8.3 0.0 2 
San Ju a n 0.0 0.0 7. 7 7.7 2 
Sea ttl e 0.0 0.0 9 . 1 0.0 

Cardiovasc ula r Causes 
Baltimore 0.0 4.5 0.0 0.0 1 
Cinc inna ti 8. 7 31. 8 1G.7 19.0 17 
Clevela nd 0.0 5. G 0.0 5.0 2 
Minneapolis D. 1 25 . 0 8.3 8.3 12 
N ew York 13. 6 10.0 0.0 0.0 5 
Williamson 4 . 3 13. G 8.7 12. 5 D 
Birmingham 0.0 18.2 0.0 0. 0 2 
Boston 6.7 23. 5 6.3 G. 7 7 
Chicago 9.1 0.0 8. 3 9 . 1 3 
St. Louis 0.0 0.0 8.3 0.0 1 
Sa n Juan 0 . 0 0.0 7.7 0.0 
Seattle 0.0 0.0 9 . 1 0.0 M e dian 

Tota l II of Years of 
Denominators P at ients Follow-Up 

B a ltimore 24 22 21 20 !37 7. 2 
Cincinnati 23 22 24 21 90 8.0 
Cl evela nd 19 18 20 20 77 6.8 
Minneapolis 22 24 24 24 U4 6.6 
New York 22 20 21 22 85 6.8 
Williamson 23 22 23 24 92 7. 5 
Birmingham 13 11 13 12 4D 7.2 
Boston l 5 17 16 15 G:l 7.0 
Chicago 11 12 12 11 4 (j 5. 3 
St. Louis 10 11 12 11 44 5 . 7 
Sa n Juan 12 14 1~ 13 52 5. 3 
Seattle 11 11 11 11 44 5.0 

, 
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LEVEL Ol~:' 
CONTROL 

GOOD 
FAIR 
POOR 

Number of Patients 

PERCENTAGE IHSTHIBUTI00J OF PATIENTS 
BY LEVEL OF BLOOD GLUCOSE CONTHOL 

PLBO TOLB ISTD 

27.0 37.4 38.5 
32.3 37. 0 33. 2 
40.7 25.6 28.3 

204 203 205 

15 

IVAI\ 

49.0 
38.4 
11. 6 

U:l3 

* Based on the fasting blood glucose values obtained from the S t-IORT GTT for a 
given patient. 

GOOD: 70o/o or more of all the patient's SHORT GTT fasting blood 
values < 110 mg pr::r 100 ml. 

POOR 70o/o or more of all the patient's SHORT GTT fasting blood 
glucoEe value-:-> 130 mg per 100 ml. 

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

. \ 



LEVEL OF -·-.,, 

ADHEHENCE 

LOW 
INTEl\ MEDIATE 
HIGH 

Number of Patients 

* 

PEHCE!\11'/\GE DISTI\IBUTION OF PATLENTS 
BY LEVEL OF i\ OIIEH ENC E 

PLBO TOLB ISTD 

10. 2 10.3 12.8 
20 .0 15.7 29 . 8 
69.8 74.0 57.6 

205 204 210 

Based on percent of follow-up periods Juring which p:-o1tient took ALL o[ 

prescribed study medication . 

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

INTE!\MEDIATE : Patie nt took ALL of prescribed study m<cdic<1tion 
25-74u/o of all follow-up periods. 

HIGH Patient took ALL of prescribed study me.:Jication 
> 75% of all follow-up periods . 

.. 

14 

iV 1\ R 

14 . 8 
3fl.fl 
45. 3 

20 ·1 
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VII. SUMMARY 

· 1. TolhuUm1idc plus did is no more dfectivc than clicl: nlonc, 
except for' antihypcrglycemia. 

2. The particular tolbutamide regimen used here may be less 
effective than diet alo n e or diet 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 wer'e noted. 

CRITIQUE 

I. BASIC DESIGN 

· A. Data Collection- Inadequate baseline data 

l. Methods of collection not described 

17 

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 

l. Admission criteria included: 

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

b. Patients who, in the iudgement 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 ratf!S 
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 . 

. , 
'· ... 
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3. Failure to examine risk f<1ctors: c . g . smoking, paJ'(·niL~l 

longevity, plllmon;try rlis0asc statu s, "co-mor·bid ;Ji]mcnls" 
such a::; infection, olill'r mct:icalions. 

4. Abs ence of all basclinl! data in 4B l patients . 

D. Allocation and Intrusion Problems 

1. Two patient p0ols due to DBI intrusion 

2. Treatment Change 

a. Drop-outs -- 12% 
b. Medication arbitr·arily changed due' to failure but. patient 

classified unrl0 r ori g i.na l therapy (G. B% of pla cebo). 
c. Non-adhcn:ncc to lht~rapy - 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 difference anJ 
continuation would have been ethically justifiable in view of 
hetero;;eneily. ( cf cancer mortality on placebo) 

2. Paasiki vi and Keen expcr.icnce. 

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

.. 
'· 

· .. 
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C. Questionable Maneuver 

1. Hcvi~ion of ECG criteria to climinat<· bas<'lin<· disC'r·<·p;rn<·ic~ 
and justify conclu::;ion that excess C-V mcH·tality w;rs nol <iu<~ to 
chance. 

D. Mathematical Errors 

III. PERSONAL CONCLUSIONS: 

A. Validity of the Study 

The study is obviously seriously flawed. 

B. Tolbutamid e 's D;wger 

Thes e flaws do not, on the basis o f the limited raw data made 
public, nec essari ly absol ve tolbutamide of contributing in some 
undeterm ined manner to the excess mortality of the Minneapolis­
Cincinnati patients. (Was this excess C-V mortality jusL the 
"luck of the draw" or a consequence of tolbutamide Rx ilsdf 

\ .. at leas t in this particular population? No way of knowing this). 

C. Value of Antihyperglycemic Therapy in Preventing Vascular 
Complications 

Since blood glucose was not controll ed adequately in the lolbutamidt• 
and in s ulin standard patients, many of whom were nondialwti<~s. 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 tlata on the effect 
of therapy on progression of vascular disease from its baseline status 
was not publishe d, the study docs not answer the question of the 
effect of antihyperglycemic therapy of diabetes. upon vascular and 
other complica tion s of diabetes. 

D. Status of Antihyperglyccmic Therapy 

1. Tolbutamide rx is not justified in a) chemical diabe te s; 
b) diabetic patients who are frightened by the adverse publicity 
about the drug. 

2. Tolbutamide Rx is probably not justified a) in pat.icnts who are 
.readily controlled by diet alone; b) in elderly diabetics with 
asymptomatic and aglycosuric fasting hypcrglycC'mia not 
controlled by diet alone, particularly if establi!-ilwd vascular 
disease is likely, in which case such h)p crglyccmia may bC' 

.. 
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