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Summary  To provide complete  prevalence data on 
diabetes mellitus in Italy (diagnosed and undiag- 
nosed), a populat ion survey was per formed in the 
Heal th  District of Cremona,  a representative area of 
the Po river (north Italy). The survey is characterised 
by particular at tent ion being paid to methodology,  
non-responders  being investigated for possible selec- 
t ion biases affecting diagnosed and undiagnosed dia- 
betes prevalence estimations. Out  of a populat ion 
aged 44 years or older f rom three municipalities, a 
r andom sample of 3097 subjects was selected to un- 
dergo an oral glucose tolerance test. In addition, past 
medical  history, clinical and laboratory data were col- 
lected. A total of 1797 subjects participated (58 %), 
and information on known diabetes status was ob- 
tained for 2618 persons (85 %), also including 826 in- 
terviewed non-participating subjects. Overall rates 
were age-standardised according to the 1991 Italian 
census. Overall prevalence and 95 % confidence in- 
terval of diagnosed diabetes was 8.5 % (6.9-10.1) in 

males and 7.9 % (6.7-9.3) in females over the age of 
44 years; previously undiagnosed diabetes was 2.5 % 
(1.4-3.6) in males and 3.4 % (2.1-4.7) in females; glu- 
cose intolerance was 7.7 % (5.7-9.7) in males and 
8.9% (7.0-10.8) in females. Total d iabe tes  preva- 
lence above age 44 years, developed-world age, and 
sex standardised, was 10.7 %. This study provides the 
first reliable prevalence estimation of impaired glu- 
cose tolerance, diagnosed and undiagnosed diabetes 
in Italy, according to World Heal th  Organization cri- 
teria, and one of the few figures for Southern Eu- 
rope. The role of body mass index on both  preva- 
lence of diabetes and cluster of cardiovascular risk 
factors is considered, with implications for preven- 
tion. [Diabetologia (1995) 38: 306-313] 
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insulin-dependent  diabetes mellitus, glucose intoler- 
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In spite of the increasing amount  of data on known 
diabetes mellitus, oral glucose tolerance test 
(OGTT)-based populat ion studies (World Heal th  
Organization criteria) are still rare, and accurate 
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evaluations of both diagnosed and undiagnosed dia- 
betes are almost absent in the literature, particularly 
for the southern part  of Europe  [1]. This situation 
should be compared  with the importance of a proper  
knowledge of the extent of this disease for preven- 
tion strategy, given the association of diabetes with 
cardiovascular mortality. 

In this context, we carried out a large populat ion 
survey in the Heal th  District of Cremona,  in order to 
estimate the prevalence of diagnosed and undiag- 
nosed diabetes and impaired glucose tolerance in 
north Italy, and to set up a populat ion cohort  in an- 
ticipation of a follow-up study. 
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Fig. 1. Study population by level of participation, age and sex 

Subjects and methods 

The study consisted of a population survey carried out in 1990 
in the Health District of Cremona (51st Local Health District 
of Lombardy). The present study involves 3097 subjects aged 
45 years or over, randomly selected from 38,634 inhabitants of 
three representative municipalities of the Health District 
(Cremona, Casalbuttano, and Vescovato), as registered in the 
Lombard Regional Computer Service. Institutionalised sub- 
jects were excluded from the randomisation (about 2 % of the 
reference population). 

After an information campaign, all the selected subjects 
were invited to visit one of the three clinics set up for this pro- 
gramme (one in each town). At the clinic fasting venous blood 
was sampled (after at least a 12-h overnight fast), a 75-g oral 
glucose monohydrate was given, past medical history was tak- 
en and clinical data were collected through a standard proto- 
col, and a further venipuncture 2-h after the glucose load. 
This phase was completed in a 9-month period, following 
2 April 1990. 

For plasma glucose determinations, blood was collected 
into tubes with a glycolytic inhibitor and analysed within 3 to 
4 h in a central laboratory through the GOD-PAP glucose-oxi- 
dase method (Boehringer Mannheim, Milan, Italy) with a 
Hitachi 705 autoanalyser (Hitachi, Tokyo, Japan). At the 
same time fibrinogen, GOT, GPT, gammaGT and ALP were 
also determined. A further 20 ml of fasting blood was immedi- 
ately centrifuged and plasma was stored at - 30 ~ in five dif- 
ferent tubes; they were then transferred in dry ice to the other 
central laboratory for insulin, total and HDL-cholesterol, tri- 
glycerides and lipoprotein(a) determinations. 

Insulin was determined by a radioimmunoassay method 
(intraassay and interassay coefficients of variation were 6.0 % 
and 5.3 %, respectively) (kit Technogenetics, Medgenics, Brus- 
sels, Belgium). Total cholesterol and triglycerides were mea- 
sured by enzymatic methods (Boehringer Mannheim, Mann- 
heim, Germany) with the CIBA Coming 550 Express Auto- 
analyser. The HDL fraction was separated from plasma by pre- 
cipitation with PEG using a Colortest kit (Roche, Basel, Swit- 
zerland). Lipoprotein(a) concentration was quantified using a 
commercially available ELISA kit (Tint Elize Lp(a) kit, Bio- 
pool, Umea, Sweden), intraassay coefficients of variation of li- 
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poprotein(a) concentrations of 40 and 300 mg/dl were 3.8 % 
and 2.1%, respectively whereas interassay coefficients of var- 
iation were 8.5 % and 3.6 %, respectively. 

Anthropometric measures (height, weight, waist and thigh 
girths) were taken by the same trained person using the same 
instruments for all the investigated subjects. The waist to thigh 
ratio was calculated as an index of fat distribution. Heart rate 
and systolic and diastolic blood pressures were taken twice, at 
the beginning and at the end of the visit, in the sitting position 
and after at least 10 min rest. The lowest figure was consid- 
ered. Measures were obtained using a full automatic non-inva- 
sive sphygmomanometer (BP-103N Nippon Colin Co., Colin 
Corporation, Hayashi, Komakisiti, Japan). Further details con- 
cerning the study protocol have been already reported previ- 
ously [2]. 

Diabetes was either defined according to a previously 
known diabetes status (i. e. on hypoglycaemic drug therapy or 
with a proved diagnosis of diabetes) or according to the re- 
sults of the OGTT [3]. It was then classified as already diag- 
nosed or previously undiagnosed diabetes, respectively. Sub- 
jects with diagnosed diabetes did not undergo the OGTT. Dia- 
betic subjects diagnosed below age 30 years and on insulin 
therapy were considered as insulin dependent. 

Hypercholesterolaemia was defined as total cholesterol 
above 5.7 mmol/1 while hypertriglyceridaemia as triglycerides 
above 1.9 retool/1. To provide a possibly unbiased prevalence 
estimation of total diabetes, efforts were made to obtain infor- 
mation on known diabetes status among non-responders: the 
prevalence of diagnosed diabetes was then adjusted to com- 
pensate for respondenee status by weighting the frequency of 
diabetes among responders and non-responders for the re- 
sponse proportion in each 10-year stratum of age, by sex. 

Results are reported both as age- and sex-specific preva- 
lence and as overall prevalence, and 95 % confidence intervals 
(C. I.) were calculated. The overall prevalence was standardi- 
sed by age and sex using the 1989 Health Regional files of the 
adult population of Casalbuttano, Vescovato and Cremona to- 
gether, hospice living excluded. To provide a national age- 
standardised result, overall prevalence was calculated also ac- 
cording to the 1991 Italian census [4]. The overall diabetes pre- 
valence is also reported after age standardisation according to 
the world standard population of the more developed coun- 
tries [5]. 

Population data of the frequency distribution of serum fast- 
ing insulin (after exclusion of the insulin-treated subjects), to- 
tal cholesterol, HDL-cholesterol and triglycerides levels are 
reported. Age-standardised hypercholesterolaemia and hyper- 
trigliceridaemia prevalences were estimated. The population 
was also characterised in terms of clinical and biochemical 
data according to the condition of glucose tolerance. 

The role of body mass index (BMI) was considered among 
males and females either by estimating the prevalence of both 
impaired glucose tolerance and diabetes by degree of obesity 
(BMI _< 27 kg/m 2 or BMI > 27 kg/m 2) or through a logistic re- 
gression analysis (dependent variable: diabetes or glucose in- 
tolerance vs normal; independent variables: age, degree of 
obesity and waist to thigh ratio). The relationship between 
common cardiovascular risk factors and clustering in syndro- 
me X, was evaluated by comparing the pattern of subjects 
with low ( < 50th centile) vs high ( _> 50th centile) fasting insu- 
lin levels. Multiple regression models have been applied to 
evaluate the role of BMI and waist to thigh ratio. In all the 
comparison analyses insulin, triglycerides and lipoprotein(a) 
data have been processed after Log transformation. 
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Table 1. Frequency of previously diagnosed diabetes and of family history among subjects without diagnosed diabetes: comparison 
between clinic attenders and non-attenders a 

Age Males Females 

(years) Diagnosed diabetes Family history Diagnosed diabetes Family history 
n (%) n (%) n (%) n (%) 

Attenders 

Non-attenders 

45-64 44 (8.1) 118 (23.9) 31 (4.6) 201 (31.7) 
65+ 21 (9.4) 23 (11.4) 45 (12.6) 73 (24.1) 
45+ b 65 (8.5) 141 (19.9) 76 (8.8) 274 (27.5) 
45-64 17 (7.6) 33 (16.5) 15 (7.0) 37 (18.8) 
65+ 14 (10.3) 13 (11.0) 26 (10.3) 18 (8.1) 
45+ b 31 (8.7) 46 (14.9) 41 (8.6) 55 (13.9) 

a Information collected by telephone interviews 
b Age-standardised according to the Cremona Health District population 

Table 2. Prevalence of IGT, undiagnosed and diagnosed a diabetes 

Age (years) IGT Undiagnosed diabetes Diagnosed diabetes Total diabetes 

Males Females Males Females Males Females Males Females 
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

45-54 14 (5.1) 12 (3.7) 4 (1.5) 4 (1.2) 18 (4.5) 13 (3.2) 22 (6.0) 17 (4.4) 
55-64 15 (5.6) 25 (7.2) 4 (1.5) 7 (2.0) 43 (11.6) 33 (7.5) 47 (13.1) 40 (9.5) 
65-74 16 (9.5) 27 (11.1) 9 (5.4) 11 (4.5) 23 (9.3) 39 (10.9) 31 (14.7) 50 (15.4) 
75+ 11 (20.0) 21 (18.9) 1 (1.8) 10 (9.0) 12 (10.8) 32 (11.8) 13 (12.6) 42 (20.8) 
45+ b 56 (7.7) 85 (8.9) 18 (2.5) 32 (3.4) 96 (8.5) 117 (7.9) 114 (11.0) 149 (11.3) 
95% Confidence Interval (5.7-9.7) (7.0-10.8) (1.4-3.6) (2.1-4.7) (6.9-10.1) (6.5-9.3) (9.3-12.7) (9.8-12.8) 

Total diabetes prevalence was 10.6 % for males and 10.8 % for 
females after age-standardisation for developed-world popula- 
tion. 

a Adjusted for non-participation 
b Age-standardised according to the Italian population (census 
1991) 

Statistical analysis 

All the analyses were performed using the SAS software. 
Comparisons between frequencies were performed through 
Fisher's exact test and chi-square test. Relative risks adjusted 
for stratification variables were estimated as Mantel-Haenszel 
risks. All the clinical and biochemical data comparisons were 
properly adjusted through the covariance analysis performed 
by the generalized linear model (GLM). 

Results 

After  efforts to increase compliance, 1797 subjects 
(767 males and 1030 females) agreed to participate 
out of a total randomised sample of 3097: overall par- 
ticipation to Visit was 58 %. Participation resulted in a 
similar response in the different age strata, for both 
sexes, except among the elderly, where males partici- 
pated more  than females (Fig.l). Abou t  67 % of 
non-participants showed little interest, 11% had lack 
of free time or job reasons, 16 % were severely in- 
firm, 2 % were sick at the time of the screening and 
about  4 % had died in the meantime. 

Out  of the 1300 non-participants, 826 were traced 
and interviewed by telephone about  their status of di- 
agnosed diabetes. Finally, information on diagnosed 
diabetes was available for 2618 subjects representing 
85 % of the randomised sample. The proport ion of 

previously diagnosed diabetes between participants 
and interviewed non-participants who visited the sur- 
gery are shown in Table 1 in different age and sex 
strata. In order to evaluate possible prevalence esti- 
mation bias also regarding impaired glucose toler- 
ance and undiagnosed diabetes, we investigated the 
subjects with no previous diagnosis of diabetes about  
their family history of diabetes according to the par- 
ticipation in attending the clinic (Table 1). Family dia- 
betes history appeared to be more frequent among 
participants than among interviewed non-partici- 
pants across the different age and sex strata, but  nei- 
ther undiagnosed diabetes nor impaired glucose tol- 
erance among participants in the clinic visit was sig- 
nificantly associated with a reported status of family 
history of diabetes. It was then decided not to adjust 
impaired glucose tolerance and undiagnosed dia- 
betes figures for non-participation. 

Overall prevalence above 45 years of age was 
7.7 % (5.7-9.7) and 8.9 % (7.0-10.8) for impaired glu- 
cose tolerance, 2.5 % (1.4-3.6) and 3.4 % (2.1-4.7) for 
previously undiagnosed diabetes, and 8.5 % (6.9- 
10.1) and 7.9 % (6.5-9.3) for already-diagnosed dia- 
betes for males and females, respectively. Age and 
sex specific prevalence data for each of these condi- 
tions are reported in Table 2. These data show a con- 
sistently increasing trend with age and a general ten- 
dency to higher frequency among younger males and 
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Table 3. Prevalence of overweight and proportion a of diabetes (diagnosed and undiagnosed) and glucose intolerance among re- 
sponders, by degree of obesity 

Age (years) Obesity Diabetes Diabetes + IGT 
(BMI > 27 kg/m 2) BMI _< 27 kg/m 2 BMI > 27 kg/m 2 BMI ___ 27 kg/m 2 BMI > 27 kg/m 2 
n (%) n (%) ~ (%) ~ (%) ~ (%) 

Males 
45-54 115 (42.4) 4 (2.6) 13 (11.3) 9 (6.0) 22 (19.0) 
55-64 129 (48.0) 10 (7.3) 25 (19.5) 18 (13.1) 32 (25.0) 
65-74 74 (44.3) 15 (16.1) 10 (13.5) 24 (29.4) 17 (23.0) 
75 + 22 (39.3) 1 (3.0) 5 (22.7) 6 (18.2) 11 (50.0) 
45 +b 340 (44.6) 30 (7.0) 53 (15.6) 57 (13.7) 82 (25.0) 
Females 
45-54 116 (35.9) 0 (-) 12 (10.5) 6 (2.9) 18 (15.8) 
55-64 148 (42.5) 14 (7.1) 16 (10.1) 22 (11.5) 33 (21.6) 
65-74 108 (44.6) 11 (8.2) 26 (24.1) 24 (17.9) 40 (37.1) 
75 + 46 (40.7) 16 (23.8) 13 (29.5) 27 (40.2) 23 (52.2) 
45 +b 418 (40.9) 41 (9.8) 67 (17.7) 69 (17.5) 114 (31.4) 

a Calculated on 912 males and 1019 females 
b Age-standardised according to the Cremona Health District population 
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Fig.2. Frequency distribution of plasma fasting insulin levels 
in the population above the age of 44 years, by sex Numbers 
on the x-axis are the midpoints. Insulin-treated subjects have 
been excluded 

among older females. The relationship between pre- 
viously undiagnosed and already diagnosed diabetes 
appears clearly unbalanced towards the latter. No 
subject was found with insulin-dependent diabetes. 
Diabetes and glucose intolerance together represent- 
ed 18.7 % of males and 20.2 % of females, above age 
45 years. 

Diagnosed and undiagnosed diabetes together re- 
sulted in 11.0 % and 11.3 % for males and females, re- 
spectively. It was 10.6 % and 10.8 % after world age- 
standardisation and roughly 3.2 % and 3.9 % over all 
ages for males and females, respectively. Table 3 
shows the frequency of all these conditions among 
participants by different BMI levels, below or equal 
to 27 kg/m a and above 27 kg/m 2. After  age-standardi- 
sation, impaired glucose tolerance and diabetes ap- 
peared more frequently among obese than non-ob- 
ese subjects, even if not always significantly. Im- 
paired glucose tolerance and diabetes as a whole rep- 
resented 25.0 % (males) - 31.4 % (females) of an ob- 
ese population, whereas its proportion was 13.7 % 
(males) - 17.5 % (females) among non-obese. Man- 
tel-Haenszel age-adjusted association of obesity was 
significant both with diabetes alone (relative risks: 
2.1 (1.4-3.2) for males and 2.3 (1.6-3.2) for females) 
and with diabetes and glucose intolerance together 
(relative risks: 1.8 (1.3-2.4) for males and 2.0 (1.6- 
2.6) for females). Logistic regression analysis also 
showed that diabetes and impaired glucose tolerance 
were associated with obesity, in both males 
(p = 0.0039) and females (p < 0.0001), independently 
of age and waist to thigh ratio: the odds ratio of these 
conditions was 1.3 (1.1-1.6) and 1.5 (1.3-1.8) for ob- 
ese vs non-obese subjects for males and females, re- 
spectively. 

Among responders, obesity (BMI > 27 kg/m 2) ac- 
counted for 44.6 % and 40.9 % of males and females, 
respectively, above age of 45 years (Table 3). Popula- 
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tion frequency distributions of fasting plasma insulin, 
total cholesterol, HDL-cholesterol  and triglycerides 
are shown in Figures 2, 3, 4 and 5, respectively. 
Mean + SD of insulin was 16.9 + 14.3 mU/1 for males 
and 16.0 + 9.6 mU/1 for females; total cholesterol was 
5.90 + 1.07 mmol/1 for males and 6.32 + 1.14 retool/1 
for females; HDL-cholesterol  was 1.26 + 0.40 mmol/1 
for males and 1.45 + 0.36 mmol/1 for females; triglyce- 
rides were 1.64 + 1.33 mmol/1 and 1.34 + 0.66 mmol/1 
for males and females, respectively. Age-standardi- 
sed proportion of hypercholesterolaemia was 56.1% 
for males and 71.5% for females, while hyper- 
triglyceridaemia was 23.9 % for males and 15.3 % for 
females. 

Table4 shows the age-adjusted comparison of 
some variables between diabetic, glucose intolerant 
and normal subjects. All the considered parameters, 
except for total cholesterol and lipoprotein(a), 
showed a worsening trend from normal towards dia- 
betic subjects for both males and females. This trend 
was more evident for females. Total cholesterol was 
not different among males, whereas it decreased 

from normal to diabetic subjects in females. Lipopro- 
tein(a) showed an unclear pattern. As regards the re- 
lationship between HDL-cholesterol, triglycerides 
and blood pressure, and insulin levels, all of these 
variables show an age adjusted significant association 
(Table 5). These differences, except for HDL-choles- 
terol, decrease slightly but consistently after adjust- 
ing for waist to thigh ratio, although remaining signifi- 
cant. This association decreases after adjusting for 
BMI instead of waist to thigh ratio, particularly for sys- 
tolic and diastolic blood pressure, among females. 

Discussion 

This is the first large survey carried out in Italy to 
provide prevalence estimations of impaired glucose 
tolerance and previously undiagnosed diabetes ac- 
cording to the latest World Health Organization cri- 
teria based on the oral glucose tolerance test [3], De- 
spite a 58 % participation rate, the results should be 
considered reliable as we investigated possible selec- 
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t ion biases  of  the  sample  in t e rms  of  b o t h  d iabe tes  fa- 
mi ly  h is tory  and  condi t ions  of  k n o w n  diabetes .  The  
f o r m e r  condi t ion,  t hough  slightly u n b a l a n c e d  be-  
tween  par t ic ipan ts  and  non-par t ic ipants ,  was not  con-  
s idered to requi re  any  adjus tment .  O n  the  contrary,  
awareness  of  d iabe tes  status a p p e a r e d  to affect  par-  
t ic ipat ion in a way  requi r ing  cor rec t ion ,  wi th  no  sim- 
ple re la t ion  to age or  sex [2]. The  p r eva l ence  es t ima-  
t ion of  8 .1% (males  and  f ema le s  toge the r )  regard ing  
d iagnosed  d iabe tes  ove r  44 years  is consis tent  with 
the  f igure of  8.0 % resul t ing f r o m  a p rev ious  large in- 
ves t iga t ion  on k n o w n  d iabe tes  a b o v e  40 years,  in- 
volving all the  C r e m o n a  H e a l t h  Dis t r ic t  p o p u l a t i o n  
[6]. 

This s tudy shows tha t  the  p r eva l ence  of  to ta l  dia- 
be tes  in the  adul t  popu la t i on  of  the C r e m o n a  a rea  is 
qui te  high, account ing  for  11 .0% and 11.3 % for  
males  and  females ,  respectively,  a b o v e  the  age of  
44 years. These  adul t  specific ra tes  rough ly  corre-  
spond  to an overa l l  p r e v a l e n c e  of 4.5 %. 

The  co r re spond ing  f igures adjus ted  for  the  wor ld  
s t andard  p o p u l a t i o n  ( m o r e  d e v e l o p e d  countr ies)  pro-  
vide a p r eva l ence  of  3.7 % for  all ages and  10.7 % for  
ages ove r  44 years.  This overa l l  p r eva l ence  ap p ea r s  
s imilar  to the  m o s t  r ecen t  p r eva l ence  f igures of  s o m e  
no r the rn  E u r o p e a n  countries,  account ing  for  a b o u t  
4 %  [7-11] while it a p p e a r s  lower  than  in Ma l t a  
(9.2 % for  males  and  14.5 % for  f ema le s  in the  age  
45-64 years) ,  which p rov ides  the  sole c o m p a r a b l e  
da ta  in sou the rn  E u r o p e  [1]. 

I t  is n o t e w o r t h y  tha t  non - in su l in -dependen t  dia- 
be tes  and  i m p a i r e d  glucose to le rance  t oge the r  affect  

Table 4. Age-adjusted characteristics comparison of both diabetic and glucose intolerant subjects vs normal subjects, by sex 

Diabetic subjects Glucose intolerant subjects Normal subjects 
(n : 191) (n = 141) (n : 1451) 

p -value p -value 

Males 
BMI (kg/m 2) 28.5 + 0.5 0.0001 27.7 + 0.5 0.003 26.1 + 0.2 
Waist/thigh ratio 1.92 + 0.02 0.066 1.90 + 0.02 0.43 1.88 + 0.01 
Systolic blood pressure (mmHg) 155.7 + 2.6 0.0002 153.7 + 2.6 0.016 147.1 + 0.8 
Diastolic blood pressure (mmHg) 86.4 + 1.3 0.001 86.1 + 1.3 0.014 81.9 + 0.5 
Total cholesterol (mmol/1) 5.9 + 0.12 0.71 5.8 _+ 0.14 0.62 5.9 + 0.04 
HDL-cholesterol (mmol/1) 1.2 + 0.04 0.07 1.2 + 0.05 0.23 1.3 + 0.02 
Triglycerides (mmol/1) a 1.6 + 0.07 0.018 1.5 + 0.07 0.34 1.4 + 0.01 
Lipoprotein(a) (mg/dl) a 9.8 + 1.5 0.45 6.5 + 1.2 0.002 11.0 + 0.5 
Insulin (mU/1) a 19.3 + 1.4 0.0001 16.1 + 1.3 0.014 13.1 + 0.3 

Females 
BMI (kg/m 2) 29.7 + 0.5 0.0001 27.7 + 0.5 0.003 26.1 + 0.2 
Waist/thigh ratio 1.71 + 0.02 0.0001 1.66 + 0.02 0.04 1.62 + 0.01 
Systolic blood pressure (mmHg) 158.6 + 2.0 0.0001 152.5 + 2.2 0.0003 144.0 + 0.7 
Diastolic blood pressure (mmHg) 85.6 + 1.2 0.0001 82.5 + 1.4 0.006 78.5 + 0.4 
Total cholesterol (mmol/1) 6.0 + 0.11 0.001 6.2 + 0.12 0.23 6.4 + 0.03 
HDL-cholesterol (mmol/1) 1.2 + 0.04 0.0001 1.4 + 0.04 0.32 1.5 + 0.01 
Triglycerides (mmol/1) ~ 1.5 + 0.07 0.0001 1.3 + 0.06 0.005 1.2 + 0.02 
Lipoprotein(a) (mg/dl) ~ 8.8 + 1.1 0.03 13.9 + 1.9 0.18 11.5 + 0.5 
Insulin (mU/1) ~ 20.4 + 1.1 0.0001 17.5 + 0.9 0.0001 13.0 + 0.2 

a Geometric mean. 
Data shown as mean + SEM 
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Table 5. Relationship between some cardiovascular risk factors and fasting insulin level, according to different standardisation 
models, by sex 

Model variables Females Males 

Insulin Insulin 

< 50th centile (a) _> 50th centile a p-value < 50th centile (a) _> 50 centile a p-value 

HDL-Cholesterol age 1.53 + 0.02 1.37 + 0.02 0.0001 1.40 + 0.02 1.12 + 0.02 0.0001 
(mmol/1) age + BMI 1.51 + 0.02 1.39 + 0.02 0.0001 1.36 + 0.02 1.16 + 0.02 0.0001 

age + waist/thigh 1.52 + 0.02 1.38 + 0.02 0.0001 1.39 + 0.02 1.12 + 0.02 0.0001 

Triglycerides age 1.09 + 0.02 1.37 + 0.02 0.0001 1.17 + 0.03 1.67 + 0.04 0.0001 
(mmol/1) b age + BMI 1.11 + 0.02 1.34 + 0.02 0.0001 1.20 + 0.03 1.55 + 0.10 0.0001 

age + waist/thigh 1.10 + 0.02 1.34 + 0.02 0.0001 1.19 + 0.03 1.64 + 0.04 0.0001 

Systolic blood age 139.1 + 1.0 144.6 + 1.1 0.0003 142.3 + 1.0 148.2 + 1.2 0.0002 
pressure (mmHg) c age + BMI 140.8 + 1.1 142.7 + 1.1 0.22 142.7 + 1.1 147.7 + 1.3 0.005 

age + waist/thigh 139.7 + 1.0 143.9 + 1.1 0.006 142.8 + 1.1 147.7 _+ 1.2 0.003 

Diastolic blood age 76.3 + 0.6 79.7 + 0.7 0.0002 79.7 + 0.7 83.5 + 0.7 0.0002 
pressure (mmHg) c age + BMI 77.0 _+ 0.6 78.9 + 0.7 0.06 80.3 + 0.7 82.8 + 0.8 0.03 

age + waist/thigh 77.6 + 0.6 79.4 + 0.7 0.003 80.0 + 0.7 83.1 + 0.7 0.002 

a Insulin 50th centile = 14 mU/1. b Geometric mean. c Hypotensive drug treated subjects excluded. 
Data shown as mean + SEM 

about one subject in five and that insulin-dependent 
diabetes is quite negligible in this adult population. 

As suggested by Balkau et al. [12], some of the di- 
agnoses based on the OGTT could be due to an ex- 
cessive alcohol consumption. As wine drinking is a 
normal habit in the investigated area, the common 
hepatic enzymes were determined for all partici- 
pants, who were then classified according to a possi- 
ble alcohol-dependent liver dysfunction. However, 
no significant association was found between glucose 
intolerance or diabetes and liver dysfunction. 

Comparison of normal subjects with glucose intol- 
erant or diabetic subjects confirms an unfavourable 
cardiovascular risk factor pattern among these latter 
categories. Body mass index remains one of the ma- 
jor risk factors associated with diabetes or impaired 
glucose tolerance. The high prevalence of obesity, 
among the investigated population could account, at 
least in part, for the high prevalence of the condi- 
tions of glucose metabolism abnormalities. We 
would like to stress the importance of systematically 
reporting BMI-specific prevalence rates, to allow 
more informative comparisons. Body mass index 
also seems to play a relevant role in the relationship 
between some common cardiovascular risk factors 
and fasting insulin levels, even independently of fat 
distribution, and has important implications in the 
prevention of cardiovascular diseases. Association of 
obesity to cardiovascular risk factors such as hyper- 
triglyceridaemia, hypercholesterolaemia, hyperten- 
sion and hyperinsulinaemia is well known. The find- 
ings of this paper support once again the vital role of 
life style in population health, and the need to in- 
crease the efforts to identify and apply effective inter- 
vention. It is in fact important to stress, as stated by 
Zimmet [13], that non-insulin-dependent diabetes 

can be prevented, and that strenuous risk factor inter- 
vention in subjects with this disorder can reduce their 
cardiovascular risk even if we do not fully understand 
their underlying biochemical and genetic mecha- 
nisms. 

As far as the relationship between diagnosed and 
undiagnosed diabetes is concerned, the available 
data show that the proportion of unknown diabetes 
exhibits great variation among different countries [9, 
11, 14-19], particularly when different Health Sys- 
tems are operating. In our study its proportion result- 
ed much lower with respect to the figures of 1 to 1 
[14], up to now adopted in Italy. 
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