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Summary. The results are presented of a diabetic sur- 
vey in Zagreb where, in a typical population sample from 
five General Practice Units, 88.9% of the total  number  
of inhabitants  aged over 15 (9176) were examined. The 
examination in the screening phase comprised the deter- 
ruination of blood sugar 1 -  2 h after the largest daily 
meal. -- The results are analysed from technical, socio- 
medical, and epidemiological aspects. 1. For standardized 
epidemiological comparisons, blood sugar measurements 
after glucose loading should be adapted and so arranged 
that  the validity of the screening phase may be assessed. 
2. All blood sugar distributions proved unimodal, con- 
tinuous, and positively skewed. Consequently, all critical 
diagnosti c values are necessarily arbi trary and of greater 
importance to group than individual diagnosis. The OGTT 
results in so-called borderline cases proved unreliable in 
the course of time. Classifications based upon single de- 
terminations are inadequate. 3. In  the epidemiological 
studies of diabetes, a quanti tat ive approach to the analy- 
sis of relationship between the continuously varying 
blood sugar level and other epidemiological characteristics 
of the population, has been neglected. The use of this 
approach in the Zagreb Diabetes Survey promises further 
refinements in the understanding of the importance of 
glucose tolerance in complete populations. 

Enqu~te sur le diab~te c~ Zagreb 
R~sumd. Les auteurs pr~sentent les r6sultats d 'une 

enqu~te sur le diab~te ~ Zagreb, off, dans un  6chantillon 
repr6sentatif de population provenant  de cinq unitds de 
m6decine gdn6rale, on a examin6 88.9% du nombre total 
d 'habi tants  s de plus de 15 ans (9176). Bans la phase 
de d6pistage, l 'examen comportait la ddtermination de la 
glyc6mie 1 -  2 h apr~s le repas le plus important  de la 
journ6e. Les r6sultats sont analys6s des points de vue 
technique, socio-m6dical et 6pid6miologique. 1. Pour 
6tablir des comparaisons 6pid6miologiques standardis6es, 
les mesures de la glyc6mie apr~s charge en glucose doivent 
6tre adaptdes et arrang6es de telle sorte que la validit6 
de la phase de d6pistage puisse ~tre 6valu6e. 2. Toutes 
les distributions de glycdmie se sont avdr6es unimodales, 
continues et tout  ~ fait dissymdtriques. Par  cons6quent, 
toutes les valeurs diagnostiques critiques sont n6cessaire- 
merit arbitraires et d 'une plus grande importance pour 
les diagnostics de groupe que pour les diagnostics indivi- 
duels. Les r6sultats des tests de toldrance au glucose oral 

dans les eas limites se sont montr6s incertains au cours 
du temps. Les classifications bas6es sur des d6termina- 
tions uniques sont inad6quates. 3. Dans les 6tudes 6pid6- 
miologiques sur le diab~te, on a n6glig6 de faire une ap- 
proche quanti tat ive de l 'analyse de la relation existant 
entre la variation continue du taux glyc6mique et les 
autres caraet6ristiques 6piddmiologiques de la popula- 
tion. L'util isation de cette approehe dans l 'enqu~te sur le 
diab~te ~ Zagreb promet d'autres perfectionnements dans 
la compr6hension de l ' importance de la tol6rance au glu- 
cose dans des populations enti~res. 

Diabetes-Reihenuntersuchung in Zagreb 
Zusammenfassung. Es werden die Ergebnisse einer 

Reihenuntersuchung auf Diabetes in Zagreb dargestellt, 
wo 88.9% der Einwohner fiber 15 Jahre (9176), die in 
5 Zentralen fiir A]lgemeinpraxis behandelt wurden, zur 
Untersuehung kamen. In  der Screeningphase wurde dabei 
der Blutzueker 1 -  2 h nach der grSi~ten Tagesmahlzeit 
bestimmt. Die Ergebnisse werden unter  technisehen, so- 
zialmedizinisehen und epidemiologischen Gesiehtspunk- 
ten analysiert. 1. Fiir standardisierte epidemiologische 
Vergleiche sollten die Blutzuekermessungen nach Glucose- 
belastung so modifiziert werden, daI3 die Aussagekraft der 
Screeningphase sich abschiitzen l ~ t .  2. Alle Blutzucker- 
verteilungskurven erwiesen sieh als eingipfiig, stetig und 
zeigten eine positive Schiefe. Es folgt daraus, da2 alle 
kritisehen diagnostischen Werte eine erheblicbe Zufalls- 
komponente erhalten und  mehr fiir die Diagnose yon 
Gruppen als yon Individuen geeignet sind. Die Resultate 
der oralen Glucosebelastung in sogenannten Grenzf~llen 
stellten sich bei Verlaufskontrollen als unzuverl~ssig her- 
aus. Eine Einzelbestimmung reicht fiir eine Klassifikation 
nicht aus. 3. Bei epidemiologisehen Diabetesstudien ist 
bisher der Versuch einer quant i ta t iven Analyse der Be- 
ziehungen zwischen den standig sehwankenden Blutzuk- 
kerspiegeln und anderen epidemiologischen Eigenschaften 
der untersuchten BevSlkerungsgruppe vernaehl~issigt wor- 
den. Die Anwendung derartiger Methoden auf die Diabe- 
tesstudie in Zagreb verspricht weitere Verbesserungen 
im Verstiindnis der Bedeutung der Glucosetoleranz bei 
gesehlessenen Bev51kerungsgruppen. 

Key-words: Diabetes Survey, technical, sociomedical, 
epidemiological aspects of results. 

Introduction 

The Zagreb Diabetes Survey was designed as a pa r t  
of an  integral  clinical, epidemiological and  social ap- 
proach to the heal th  protect ion of diabetics in  the re- 

gion. I t  was p lanned  to answer several quest ions from 
different aspects:  

1. W h a t  is the val id i ty  of diabetes screening proce- 
dures in  large popula t ion  surveys ? 
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2. To what  extent can a survey of such a type help 
the as yet undiscovered diabetics and borderline cases ? 

3. Is the pat tern  of epidemiology of diabetes in the 
Zagreb region different from common experience in 
Europe and North America ? 

The screening phase of the survey was completed 
in 1963 and 1964. This was the first diabetes survey 
in an open but  defined population in Yugoslavia. 

Organization of the survey 
The Zagreb Diabetes Survey has been designed to 

evolve as a five-phase project:  the preparatory phase, 
the screening phase ( 1 -  2 h postprandial sugar analysis 
in the capillary blood and in urine), the diagnostic 
phase based upon the use of the 100 g oral glucose 
tolerance test  (OGTT) according to the pat tern  pro- 
posed by  SCHLIACK [14], the clinical phase coupled 

o 

'~ 40 & 
o 
o 20 o 
c3  

b o_~10 

o 

x 

i xXXx 

x • ,~ x 

x x x X x  x 

• i 
. | 

x "  x [ ~ • >( 

x 
' x • 

• ! 
v 

10000 4000 2000 I000 500 

Inhabitants per physicicn 
(Log - scale) 

;l%x 
x ; X ~ x  

• x~X • 
x 

•  

I 

x x X •  x • 

x 

• x 

•  ' 

I I , I 
20 40 60 80 
Percentage of the deceased 

aged 50 or more 

200 100 

Fig. 1. Mortality from diabetes in some countries in 1959 (WHO : Annual 
epid. and vital statistics) Yugoslavia | 

Selection of population 

At tha t  time, iudged according to the number  of 
inhabitants per physician and the number  of deaths 
in the over-50-years age group, Yugoslavia was some- 
where halfway between developed and de~eloping 
countries [1]. Mortality from diabetes could have been 
expected to be higher than was actually recorded. [6] 
(Fig. 1) 

Within Yugoslavia, in Croatia, there have been 
great variations in the average mortal i ty  from diabe- 
tes, mostly connected with the development of health 
services and also with the age structure of the popu- 
lation [6, 7]. (Fig. 2) 

In  view of this situation, it was decided to carry 
out the survey in the terri tory with the best developed 
health service, and to t ry  to follow up the occurrence 
of diabetes, on the basis of a typical sample, in the 
course of the rapid urbanization underway in the Za- 
greb region. Five out of 269 General Practice Units 
were selected: one in the town centre, two in the pe- 
riphery, and one each in the outskirts and the rural 
area. 

In  these geographically well-defined territories, 
there were about 12000 inhabitants. The sample cov- 
ered only residents over 15 years old (97176). The 
response rate was 88.9% (8161). Of the persons not 
responding, 419 (4.6%) were not available, 387 (4.2%) 
refused, and 209 (2.3%) were not examined for other 
r e a s o n s ,  

Fig. 2. Mortality from diabetes in Croatia per 100 000 in- 
habitants. 1958-- 1962 

with active efforts to urge patients to apply for regular 
treatment, and the follow.up phase in the course of 
which the positives found in the screening phase are 
compared with "normal" matched pairs. 

In the screening phase, the Hagedorn-Jensen me- 
thod was used for the determinatio~ of blood sugar 
and the Benedict method for urine sugar. The critical 
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value for positives was 160 mg or more/100 ml of capil- 
lary blood sugar, or positive urine sugar. 

In  our investigation we chose the largest meal 
(dinner) as the screening load. The assumption was 
made that  most diabetic disorders would be detected 
in the older people in whom 50 or 100 g glucose load 
is for the most part  unusual and, perhaps, unphysio- 
logical. : 

The survey was so organized as to allow a number 
of parallel and controlled subsample analyses to be 
made. The biggest was a double blind experiment in 
the rural sampling unit, where both positives and an 
age-and-sex-matched control group of negatives were 
invited to an OGTT and a clinical examination. The 
group to which the invited persons belonged was 
known neither to them nor to the doctors. 

Results and Discussion 
The overall results are shown in Table 1. These 

results do not differ essentially from the results of a 
number of similar surveys [17, 9, 16, 8, 2, 3, 15, 18]. 
They also show that, using an estimate based on ex- 
trapolation of actual results from a "low-prevalence 
survey" organized in the same way as ours, one can 
estimate results which are similar to those of a "high- 
prevalence survey", where OGTT is used as a screening 
procedure [10]. 

pirically on the basis of a number of criteria. We com- 
pared the percentage of the deceased in different diag- 
nostic groups and in matched controls four years after 
examination (Table 2). A significant difference in the 
percentage of the deceased between newly detected 
diabetics and their controls was found. The impaired 
glucose tolerance can be estimated as a general health 
risk factor. 

We followed the diabetics detected in the routine 
work of the health service in the observed region for 
four years after the survey (Table 3). The borderline 
group had a seven-fold risk even when correction for 
age was calculated. 

The frequency with which selected clinical findings 
were found in the various diagnostic groups is shown 
in Table 4. These results show that  the differences 
between the group of known and that  of newly de- 

Table 2. Percentage of the Deceased in Groups of Patients 
and Matched Controls Four Years After Examination 

Percentage of the deceased 
Probands Controls star. signif. 

of the 
difference 

Known diabetics 15.4 14.1 NS 
Detected diabetics 17.2 9.6 Significant 
Borderline cases 11.3 7.2 NS 

Table 3. Number of cases of diabetes diagnosed during four 
years after screening (urban areas) 

Population New Cases % 

Borderline group 175 8 4.57 
Screening negatives 6133 18 0.29 

Negatives 45+ yrs 2368 18 0.76 
New-comers in the 

area ? 6 . . . .  

Table 1. Overall results 

Screening positives 505 (6.3%) 
l~efused further examination 55 (11.4% ) 
Known diabetics 96 (1.1% ) 
Detected diabetics 103 (1.3~ 
Borderline eases 224 (2.8%) 
Estimated proportion 
of all OGTT positives 
in the population examined ( 12. 1% ) 

Table 4. Mean age and percentage ( % ) of the examined with selected clinical findings 

Mean Positive Thirst Polyuria Weight Weight 
age family lost (Broca) 

history 20.6 + kg 

Known 64.7 18 33 43 43 16 
diabetics 
Detected 60.3 17 27 32 24 23 
diabetics 
Borderline 52.8 12 13 19 21 11 
Cases 
Screening 41.2 7 12 12 10 1O 
negatives 

We analysed these results from three aspects: 
methodological, socio-medical and epidemiological. 

Consideration of methods employed 
The basic problem of the methodological and tech- 

nical aspects of the survey is the assessment of the 
reliability and validity of the diagnostic procedure. 

The validity of the procedure can be assessed era- 

teeted diabetics were not statistically significant, but 
between those people screening negative and the group 
of detected diabetics significant differences were pre- 
sent. 

However, all this relates only to groups, and the in- 
dividual variability was great. Besides, age differences 
may partly account for the results obtained. 

The problem of ~alidity was examined more closely 
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by  our double blind experiment. The main task was 
to compare two screening procedures: a standard 50 g 
glucose load and a prandial load by  a usual meal [5]. 
The ratio of actually positive results in the diagnostic 
phase to falsely negative results in the screening phase 
as obtained by  both methods but  with different critical 
values was 5:1 (Table 5). For this reason, accepting 

in the borderline region was nearly negligible. The re- 
latively highest degree of reproducibility in retesting 
after 6 months was observed in oxyhyperglyeaemic 
(lag-form) curves. They were often found in young men 
and were exhibited by  19.4% of all the persons ex- 
amined in the diagnostic phase. However, it was not 
possible to prove a connection between this type of 

Table 5. Comparison of matched pairs final diagnoses in a double blind experiment 

Screening by 50 g of glucose, 
critical value 130 rag% BS 
(25 pairs, 12.7~o population) 

Screening by prandial load, 
critical value 160 mg% BS 
(47 pairs, 5.9~o population) 

Probates Controls Probands Controls 

47.0 45.3 Mean age 48.1 48.7 
203.3 210.3 Skinfold 210.0 202.2 

(log. trans) 
120' 120' Screening 87.8' 83.7' 

Time (BS-L) 
153.4 94.3 Blood sugar 179.0 116.0 

Diagnosis 
5 1 Diabetic 10 2 
9 11 Borderline 22 19 
8 12 Normal 15 26 

tha t  the diagnostic validity of the survey is proved, 
it remains necessary to validate the screening phase 
b y  building-in a control mechanism when the procedure 
is applied in any new condition. 

In  spite of the assumption tha t  a prandial load can 
have not only technical but  also theoretical advantages 
in defining practical health under more realistic con- 
ditions, we have seen tha t  it is impossible to get a 
homogeneous composition of meals and reliable esti- 
mates of the time elapsing from eating to sampling. 
On the basis of this experience, we are of the opinion 
tha t  for epidemiologieal comparison controlled glucose 
loading should be used. 

Experience with the OGTT applied in the diagnos- 
tic phase enabled us to estimate reliability [7]. In  bor- 
derline cases we repeated the OGTT at  an interval of 
six months (Table 6). There was a higher relative sped- 

Table 6. Correlation (r) of blood sugar values in the repreated 
100 g OGTT ( N  85, "Borderline" cases, six months interval) 

Elements Correlation Corrected Prognostic 
of OGTT (r) correlation efficiency 

index 
Fasting (0) 0.375 0.536 0.156 
60 min (I) 0.529 0.629 0.223 
120 rain (II) 0.293 0.466 0.115 <A. 

P< .01  
I -  0 0.667 0.805 0.406 
100 x I I / I  0.414 0.392 0.079 
ri/n 0.319 

ficity of the blood sugar determination 120 rain after 
glucose loading, but  a higher reliability of the blood 
sugar values 60 min after loading. On the whole, the 
reproducibility of the OGTT was low, so that  the prog- 
nostic efficacy of a single examination for individuals 

curve and the occurrence of diabetes. I t  was because 
of these findings tha t  the use of a blood sugar deter- 
mination 60 min after the oral glucose loading showed 
comparatively a high reliability but  a poor specificity 
for diabetes. 

The results of the comparison of laboratory meth- 
ods in our survey showed the great advantage of the 
enzymatic method for the detmination of urine glu- 
cose but  not for tha t  of blood glucose [12]. Both meth- 
ods had practically the same variabili ty coefficient: 
Hagedorn-Jensen 14.3~ and glucose oxidase 17.4~o 
(no significant difference). The hexose being present 
in diabetics in larger amounts may  even increase the 
discriminatory power of a screening test. 

I t  was shown tha t  in a subsample the semi-quan- 
t i tative determination of PAS-positive substances in 
the lymphocytes of the peripheral blood of fasting 
patients, correlated well (0.7--0.8) with the blood 
sugar 120 min after loading. There was no statistically 
significant correlation between the fasting PAS indices 
and fasting blood sugar. The PAS index in the fasting 
state thus substantially predicts the results of the 
0 G T T  [13]. 

Socio-medical aspects of the survey 

Although from the public health point of view the 
socio-medical results of a survey are very important ,  
they are often neglected in the theory and presentation 
of data. 

The response rate is an indicator of the population's 
co-operation, but  new patients undergoing t rea tment  
are an indicator of the efficacy of the whole under- 
taking. 

In  our experience it was men and the better  edu- 
cated who refused most frequently to participate in 
the survey (Fig. 3). 
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.Fig. 4 shows the degree to which the proportion 
of those following instructions about diet and therapy 
in the final phase of the survey fell short of what  we 
had hoped. In newly detected patients, the frequency 
of routine control examinations has been increased. 
The number of people restricting their sugar intake or 
following recommended medication was also reason- 
able. However,  basic changes in diet, physical activity, 
and regular treatment in asymptomatic  patients or 
borderline cases appear to have been achieved only 
with difficulty. The inquiry conducted by public health 
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Fig. 4. l~esponse rates in the Zagreb diabetes survey 

nurses in the homes of the patients in the urban regions 
four years follo~dng the time of diagnosis, has shown 
that some of them have neglected treatment, in spite 
of the early diagnosis, individual and group recommen- 
dations and the free utilization of health services. In 
view of these results and the results of similar studies 
[11] of known diabetics, we have concluded that, from 
the point of view of public health, it is more important 
under present conditions to secure improvements in 
diagnostic and therapeutic activities in the regular 
health services as a first step, than to organize special 
mass examinat ions . .Further  operational and socio- 
logical research in this direction is needed. 

Epidemiological aspects of results 
A comparison of urban and rural areas shows that 

in our studies, the rural population (physically more 
active and less overweight) has had a significantly 
lower prevalence of diabetic findings in the adult and 
elderly groups (Fig. 5). 

However,  like others [9, 10], we have always ob- 
tained continuous positively-skewed, unimodal blood 
sugar distributions, both in the groups as a whole and 
in groups analysed by sex, age, body weight, and the 
time and kind of loading (Fig. 6). 
Age groups Urban sampling units 
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betics by age 
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Fig. 6. Postprandial blood sugar distribution patterns 

This indicates that in the use of common diagnostic 
methods for the diagnosis of diabetes in large popula- 
t ion samples, it is necessary (a) to consider the final 
clinical diagnosis separately from biochemical findings, 
and (b) to regard as arbitrary any boundaries between 
healthy persons and diabetics drawn on the basis of a 
few blood sugar determinations. 

For this reason we are of the opinion that the 
epidemiological observation of a"qualitat ive type" (by 
dividing the population into apparently healthy per- 
sons, borderlines and diabetics) is unjustifiable, and 
that the quantitative epidemiological analysis of blood 
sugar as a continuous variable (or "risk-factor") should 
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be intensified, just  as has been done for a long t ime 
in the epidemiology of the blood pressure or serum 
cholesterol [7, 4]. 

We have s tar ted work on the '~ analy- 
sis" by  s tudying  the correlation matrices of bo th  para- 
metric (r) and nonparametr ic  (Kendall 's tau) correla- 
tions between selected epidemiological characteristics 
and blood sugar values (Table 7). 

The relation between blood sugar values after pran- 
dial load and several other characteristics, such as age, 
relative body  weight, interval between meals and 
blood sampling, positive family history, educat ion 
(completed schooling), and occupat ion as an indicator 
of physical activity,  was investigated. The multiple 
correlation coefficients (R ~) both  for parametr ic  and 
nonparametr ic  (Kendall 's  tau) correlations show, tha t  

Table 7. Correlation matrix (Kendall's tau) of the postprandial blood sugar level and 
selected epidemiological characteristics (Urban areas) 

Males (N 1634) 
T A W E PA F 

--0.135 0.187 0.062 --0.024 0.136 --0.001 S 
0.063 0.031 --0.008 0.009 0.006 T 

0.321 --0.018 0.576 --0.008 A 
0.072 0.172 0.032 W 

0.129 0.057 E 
-- 0.009 PA 

Females (N 2032) 
T A W E BA F 

--0.069 0.198 0.105 --0.039 0,157 0.013 S 
0.075 --0.009 --0.055 0.067 0.031 T 

0.377 --0.156 0.561 --0.025 A 
--0.201 0.338 --0.003 W 

0.006 0.065 E 
0.014 BA 

Explanation:  
S -- postprandial capillary blood sugar 
T -- time between prandial load and blood sampling 
A -- age of the persons examined 
W -- weigh~ index (Broca) 
E -- years of completed schooling (education) 
PA -- profession, scale according to physical activity 
F -- positive family history 

statistically significant at the 0.05 level 

Table 8. Partial and multiple correlations of the postprandial 
blood sugar level and selected epidemiological characteristics 

(Urban areas) 

Males Females 
S.F / T A W E B A 0.002 0.015 
S.A / T W E P A F 0.198 0.204 
S.W / T A E I? A F 0.067 0.106 
S.E / T A W P A F --0.025 --0.043 
S.PA / T A W E F 0.139 0.162 

.PE / T A W E t~ 0.014 0.012 
S.T / A W E P A F --0.177 --0.087 

/~ 0.259 0.219 
R 2 0.067 0.048 

The analysis of these matrices, of which only ex- 
t racts  are presented, indicates t h a t  the positive family 
his tory of diabetes in our subjects is in fact  only a 
funct ion of the educat ional  level. When  this is taken 
into consideration, no evidence was obtained of corre- 
lation with blood sugar values. The correlation table 
also shows an interesting association between the rela- 
t ive body  weight and completed schooling (education) 
in the persons examined:  men show a positive and 
women a negative correlation. Bet ter  educated men 
are relatively fa t ter  and women slimmer (Table 8). 

by  observing and controlling these characteristics only 
5--10~o of the blood sugar variance could be explained 
(Table 9). 

The total  correlations are consistent bu t  low. They  
are very  similar to the parametr ic  and nonparametr ic  
correlation coefficients. 

Judging  by  the partial  correlations observed, the 
strongest and most  consistent relationship is t ha t  bet- 
ween blood sugar values and age, followed b y  the cor- 
relation between blood sugar values and the interval  
between meals and blood sampling. 

The relative body  weight, analysed b y  means of 
parametr ic  correlations, does no t  show any  significant 
partial  correlation with blood sugar values. I n  view 
of this, i t  spears to us t ha t  the correlation between 
the degree of impaired glucose tolerance and relative 
increase in body  weight, often reported from epide- 
miological surveys, could be only an epidemiologieal or 
methodological  artefact,  which m a y  for the most  par t  
be explained by  the populat ion age structure,  t tow- 
ever, before accepting this conclusion two facts 
should be borne in mind:  the type  of loading preceding 
the blood sugar measurements  (glucose or a large nor- 
mal meal), and  the fact  t h a t  88% or more of the ob- 
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served popula t ion  has by  accepted criteria, no diminu-  
t ion  of glucose tolerance. After  loading with larger 
glucose doses (100 g), par t icular ly  in  persons with 
diminished glucose tolerance, the effect of body  weight 
on the blood sugar m a y  be seen far more clearly [7]. 
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Canad. med. Ass. J. 65, 233--241 (1951). 
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betes mellitus in perspective. J. Amer. med. Ass. 198, 
579--582 (1966). 

Table 9. Correlation (r) matrices, partial and multiple correlations of the postprandial blood sugar 
level and selected epidemiological characteristics (All sampling units) 

Males (N 2891) Females (N 3596) 
T A W E T A W E 

--0.128 0.239 0.107 0.062 S --0.079 0.252 0.094 
0.065 0.020 0.035 T 0.072 0.019 

0.337 --0.042 A 0.419 
0.116 W 

S.A / W T E  0.236 S.A / W T E  0.247 
S.W / A T E 0.037 S.W / A T E --0.024 
S.T / A W E  --0.153 S.T / A W E  --0.102 
S.E / A W T  0.081 S.E / A W T  --0.053 

R ~ 0.085 R e 0.074 

--0.091 
--0.004 
--0.172 
--0.237 

Fur the r  analysis  has shown tha t  the es t imat ion  of 
physical  ac t iv i ty  by  occupat ion is nei ther  sensitive 
nor  specific enough. W h e n  the effects of age and  edu- 
cat ional  level were allowed for, no s tat is t ical ly signi- 
ficant residual  correlation between blood sugar and  
occupat ion was evident.  
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