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Summary. The aims of this survey were (1) to estimate the 
prevalence of known diabetes mellitns in 1988 in Casale 
Monferrato (Northern Italy); (2) to validate different data 
sources available in lEtaly; (3) to identify a population-based 
cohort of diabetic patients. Multiple independent data sour- 
ces were used and the capture-recapture method was applied 
to estimate the completeness of ascertainment of the survey. 
The primary data source was the list of all patients attending 
the diabetic clinic or those referred by family physicians and 
paediatricians of the area. The secondary data sources were 
the list of hospital discharges, the prescriptions data source 
and the list of all people using reagent strips and insulin sy- 
ringes. On 1 October 1988 (the cut-off date) 2,069 cases of 
known diabetes were identified. The estimated completeness 
of ascertainment of the survey was 91%. Prevalence of 
known diabetes, Type 1 (insulin-dependent),Type 2 (non-in- 
sulin-dependent) and insulin-treated diabetes were, respec- 

tively, 2.21% (95% CI 2.13-2.29), 0.80/1,000 (0.62-0.98) and 
2.10% (2.01-2.19), 2.92/1,000 (2.57-3.27). A higher prev- 
alence of Type 2 diabetes was observed in women (2.30%, 
2.18-2.42) than in men (1.88%, 1.76-2.00). Age-specific 
prevalence of Type 2 diabetes increased with age. Compu- 
terized data sources routinely available in the Piedmont Re- 
gion (hospital discharges and prescriptions data sources) 
showed a low completeness of ascertainment when con- 
sidered together (65 %, 1,338 of 2,069), indicating the need to 
involve the diabetic clinic and family physicians in the ascer- 
tainment of known diabetes. In conclusion, the prevalence of 
known diabetes in Italy was lower than in Northern Europe 
and the United States. 
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Prevalence of diabetes mellitus differs widely among dif- 
ferent populations [1]. However, only limited compari- 
sons with Mediterranean countries are possible because 
of the few studies available for this area [2, 3]. 

In Italy, estimations based either upon drug consump- 
tion by applying the defined daily dose (DDD)  [4] or upon 
prescriptions data source [5] suggested a low prevalence of 
the disease. These data were consistent with some previous 
studies [6-8] but were in disagreement with others [9]. 

Therefore,  no reliable data on prevalence of diabetes 
or on clinical features of patients are available in Italy, 
although there is evidence to suggest a low risk for the 
disease. 

The capture-recapture method, widely employed in 
the past by wildlife biologists and recently in human epi- 
demiology [10-13], allows the completeness of ascertain- 
ment of surveys based upon multiple independent data 

* Parts of this study were presented at the 14th Congress of the Inter- 
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sources to be assessed, resulting in an accurate estimation 
of occurrence of noncommunicable diseases. We have 
undertaken this study to test the hypothesis of a low 
prevalence of diabetes in Northern Italy by using multiple 
independent sources of ascertainment of cases. The aims 
of this survey were: (1) to measure the prevalence of 
known diabetes in a geographically defined community in 
Northern Italy; (2) to validate different sources of ascer- 
tainment available in Italy; (3) to identify a population- 
based cohort  of diabetic patients for future epidemiologi- 
cal studies on diabetes. 

Subjects and methods 

The residents of the area of Casale Monferrato (Northern Italy) with 
a previous diagnosis of Type i (insulin-dependent) or Type 2 (non- 
insulin-dependent) diabetes and alive on the cut-off date of 1 Oc- 
tober 1988 were used as the study base. The total population of 
Casale Monferrato, which is mainly a rural area, was estimated as 
93,477 from the intercensual estimates of 1987. 
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TaMe 1. Prevalent cases of known diabetes mellitus for residents of 
Casale Monferrato on 1 October 1988 by source of ascertainment 

Cases Source 
(n) 

Diabetic clinic Hospital Prescriptions Reagent 
and/or family discharges (secondary) strips and 
physicians (secondary) insulin 
(primary) syringes 

(secondary) 

58 X X X X 
157 X X X 

18 X X X 
46 X X X 

104 X X 
650 X X 

12 X X 
709 X 

14 X X X 
20 X X 
7 X X 
8 X X 

74 X 
182 X 

10 X 

2069 1754 452 1135 173 

Multiple independent sources of cases were used to ensure a case 
ascertainment as complete as possible and to estimate the complete- 
ness of the survey. 

The first data source was the list of all patients with a previous di- 
agnosis of Type 1 or Type 2 diabetes on the cut-off date, attending 
the diabetic clinic of the area. Criteria used to confirm a previous di- 
agnosis of diabetes were those defined by the National Diabetes 
Data Group (NDDG) [14]. A list of all patients identified through 
this data source was submitted to all family physicians and paediatri- 
cians of the area; they were asked to refer all patients with a previous 
diagnosis of Type i or Type 2 diabetes on the cut-off date, identified 
during a 9-month period and not previously ascertained through the 
diabetic clinic. Meetings were organized with small numbers of 
physicians to present the aims of the study, to standardize the di- 
agnosis of diabetes and to increase compliance. All 98 family physi- 
cians and paediatricians of Casale Monferrato agreed to take part. 
Since these two data sources (diabetic clinic, family physicians and 
paediatricians) were not independent, they were considered 
together as primary data source when applying the capture-recap- 
ture method to estimate the completeness of ascertainment. 

The second data source was the list of hospital discharges for all 
public and private hospitals of the Piedmont Region, where Casale 
Monferrato is located. Records were available for 90 % of discharges 
during 1976.1985 and for 80 % in 1986-1988. A list of all patients dis- 
charged with a primary or secondary diagnosis of diabetes (Interna- 
tional Classification of Diseases 250.0) and residents of Casale Mon- 
ferrato was checked. 

The third data source was the computerized data base of insulin 
and oral hypoglycaemic prescriptions for 1988. All Italian citizens 
are included in the National Health System (NHS); hypoglycaemic 
drugs prescribed by physicians contracted by the NHS are dispensed 
through public and private pharmacies which are then reimbursed 
by the health authorities. Prescription forms, which are standardized 
throughout Italy, are routinely collected from all Italian pharmacies; 
in the Piedmont Region, they are usually recorded 100% in three 
non-consecutive months/years and 10 % in the remaining months. 
The data base includes the NHS identification number for both the 
prescription holder and the family physician. Whereas the accuracy 
of drug prescription data is high, the accuracy of patient's code, 
which is not directly related to payment procedure, is lower. When 
the latter was not available on data base because of errors in tran- 
scription or registration or both, prescriptions were manually 
checked by one of us (GB). 
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The fourth data source was the list of all residents of the area of 
Casale Monferrato who requested a reimbursment for insulin sy- 
ringes and reagent strips. 

The list of all patients identified through any secondary data 
source and not previously ascertained through the primary data 
source was verified by asking family physicians and paediatricians to 
confirm the diagnosis of diabetes. For subjects who died in the mean- 
time, the exact date of death was obtained from public registries and 
further information on the disease was collected from family physi- 
cians. After linkage between primary and secondary data sources, 
individual data were coded in order to maintain patient anonymity. 

Criteria used to confirm a previous diagnosis of diabetes were 
those defined by the NDDG [14]. For the purpose of this survey, pa- 
tients were classified as Type i diabetic if they were 0-30 years at di- 
agnosis of diabetes and insulin-treated within 2 years and as Type 2 
diabetic if they were over 30 years at diagnosis, irrespective of treat- 
ment. 

Statistical analysis 

Results are presented as percentage or means + SD. Student's un- 
paired t-test or chi-square test were performed to compare means 
for continuous variables or percentage for discrete variables. The 
completeness of ascertainment of the survey was computed with the 
capture-recapture method according to the Chapman estimator 
[10-13] as the proportion between the observed and the estimated 
number of prevalent cases. The 95 % confidence intervals (CI) of 
point estimates of N was N + 1.96 times variance. Denominators of 
prevalence data were from the intercensual estimates of 1987. CI 
were prevalence + 1.96 times SE (p) [15]. 

R e s u l t s  

F r o m  the  res idents  of  the  a rea  of  Casa le  M o n f e r r a t o  on  
the  cut-off  date ,  1 O c t o b e r  1988 2,069 cases  of  k n o w n  
d iabe te s  were  ident i f ied .  

T h rough  the  p r i m a r y  da t a  source  1,754 cases  were  
ident i f ied  (Table  1). Of  these,  1,520 were  iden t i f i ed  
t h rough  the  d iabe t ic  clinic and  234 t h rough  fami ly  physi-  
c ians and  paed ia t r i c ians .  

The  hosp i ta l  d i scharge  d a t a  source  iden t i f i ed  1,224 
res iden ts  of  Casa le  M o n f e r r a t o  d i scha rged  with  a d iag-  
nosis of  d i abe te s  dur ing  the  p e r i o d  1976-1988. Of  these,  
684 h a d  d ied  o r  m o v e d  be fo re  the  cut -off  date .  In  the  re-  
main ing  540 subjects ,  the  va l id i ty  of  d iagnosis  of  d iabetes ,  
as assessed by  fami ly  physicians ,  showed  tha t  88 (16 % )  
were  no t  d iabe t ic  and  452 (84 % ) were  d iabet ic ;  of  these,  
115 (25 % ) had  no t  b e e n  p rev ious ly  iden t i f i ed  t h r o u g h  the  
p r i m a r y  da ta  source.  

The  insulin and  ora l  h y p o g l y c a e m i c  p resc r ip t ions  d a t a  
source  r e c o r d e d  6,276 presc r ip t ions  in 1988. F o r  3,412 
presc r ip t ions  (54 % ), the  N H S  pa t i en t  iden t i f i ca t ion  num-  
b e r  was ava i lab le  and  a l lowed  the iden t i f ica t ion  of  1,085 
subjects;  of  these,  58 (5 % )  were  no t  d iabet ic ,  54 (5 % ) had  
m o v e d  or  d i ed  b e f o r e  the  cut-off  da te  and  973 (90 % )  were  
diabet ic .  Of  the  r ema in ing  2,864 prescr ip t ions ,  we man-  
ual ly  c he c ke d  1,121 (39 % ), r e c o r d e d  in Apr i l ,  S e p t e m b e r  
and N o v e m b e r  of  1988, for  which  the  file was exhaust ive;  
162 d iabe t i c  pa t ien t s  were  found,  who  were  no t  p rev ious ly  
iden t i f i ed  t h rough  the  p r i m a r y  da ta  source.  

There fo re ,  the  p resc r ip t ions  d a t a  source  iden t i f i ed  
1,135 (55 %,  1,135 of  2,069) d iabe t ic  pa t ien ts ,  224 (20 % )  
of  w h o m  h a d  no t  been  p rev ious ly  a sce r t a ined  th rough  the  
p r i m a r y  source.  
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Table 2. Prevalence of known diabetes mellitus on 1 October 1988 
in Casale Monferrato 

Cases 95 % 
(n) confidence interval 

Type i 77 0.80/1,000 (0.624).98) 
Type 2 1967 2.10 % (2.01-2.19) 
Unclassified 2;5 0.27/1,000 (0.164).38) 
diabetes 
Overall known 2069 2 . 2 1 %  (2.13-2.29) 
diabetes 

Table 3. Age-specific prevalence rates per 1,000 of insulin-treated 
diabetes on 1 October 1988 in Casale Monferrato 

Age Cases Age specific 95 % confidence 
(years) (n) prevalence interval 

per 1,000 

0-30 36 1.23 (0.83-1.63) 
31-39 22 1.85 (1.08-2.62) 
40-49 18 1.50 (0.88-2.12) 
50-59 49 3.79 (2.91-4.67) 
60~59 60 4.98 (3.74-6.22) 
70-79 58 5.89 (4.50-7.28) 
> = 80 30 5.59 (3.63-7.55) 

Total 273 2.92 (2.57-3.27) 

Table 4. Prevalent cases of known Type 2 (non-insulin-dependent) 
diabetes on 1 October 1988 in Casale Monferrato by treatment and 
sex 

Treatment Men Women Total 

(n) % (n) % (n) % 

Diet (96) 11.4 (107) 9.5 (203) 10.3 

Oral hypoglycaemic (644) 76.9 (855) 75.7 (1499) 76.2 
drugs 

Insulin (79) 9.5 (117) 10.4 (196) 10.0 

Insul in+oralhypo- (19) 2.2 (50) 4.4 (69) 3.5 
glycaemic drugs 

Total (838) 100 (1129) 100 (1967) 100 

The fourth data source identified 173 diabetic patients 
who requested reimbursement for reagent strips and in- 
sulin syringes, 39 (23 % ) of whom had not been previously 
identified through the primary data source. 

Computerized data sources routinely available in the 
Piedmont Region (hospital discharges and prescriptions 
data sources), when considered together, identified 1,338 
of 2,069 (65 %) diabetic patients. 

The estimated number of prevalent cases in the target 
population, according to the Chapman estimator, was 
2,283 (95 % CI 2,240. 7-2, 325.3). 

N=  ( M + I )  ( n + l )  - 1  
(m + 1) 

= (1,754 + 1) (1,360 + 1) - 1 = 2,283 
(1,045 + 1) 

variance (N) = (M + 1) (n + 1) (M-m) (n-m) 
(m + 1) 2 (m + 2) = 465.67 
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where N is the estimated number of cases in the target 
population; M is the number of cases identified in the pri- 
mary source, 1,754; n is the number of cases identified in 
any secondary source, 1,360; and m is the number of cases 
identified in both primary and secondary data sources, 
1,045. 

Therefore, the estimated completeness of the primary 
data source was 77 % (1,754/2,283) whereas the estimat- 
ed completeness of the prevalence survey was 91% 
(2,069/2,283). 

Table 2 shows prevalence rates for Type 1, Type 2 and 
overall known diabetes. The overall prevalence of known 
diabetes was 2.21 (95 % CI 2.13-2.29). 

Regarding the classification of diabetic patients as 
Type 1 or Type 2, for 25 patients neither age at diagnosis 
nor type of treatment were available on case records. Of 
the remaining 2,044, 77 were 0-30 years at diagnosis, 
insulin-treated within 2 years after diagnosis and there- 
fore defined as Type i diabetic; the remaining 1,967 were 
over 30 years at diagnosis of diabetes and therefore 
defined as Type 2 diabetic. The prevalence of Type 1 
diabetes was 0.80 per 1,000 (0.62-0.98); the mean age 
at diagnosis and current age were, respectively, 
19.17 + 8.0 years and 35.1 + 16.9 years, with a mean dura- 
tion of 16.0 _+ 14.9 years. 

The prevalence of insulin-treated diabetes was 2.92 per 
1,000 (2.57-3.27). Table 3 shows age-specific prevalence 
rates per 1,000 of insulin-treated diabetes. Of 273 cases 
identified, 196 (72 %) were over 30 years at diagnosis of 
diabetes. The overall proportions of patients insulin- 
treated within 1 year after diagnosis were 56.6 % (120 of 
212) and 32 % (43 of 135), respectively, for all age groups 
and for the age group over 30 years at diagnosis, after ex- 
cluding patients with an unknown interval between diag- 
nosis and start of insulin treatment (61 of 273). In all pa- 
tients diagnosed under the age of 30 years, insulin was 
started within 1 year after diagnosis, while this proportion 
decreased with increasing age at diagnosis. Prevalence 
rates for diabetic patients starting permanent insulin 
treatment within 1 year after diagnosis were 1.28 per 1,000 
(1.05-1.51) and 0.46 per 1,000 (0.32-0.60), respectively, in 
those aged 0-30 years at diagnosis and in those diagnosed 
at over 30 years of age. 

The overall prevalence (%) of known Type 2 diabetes 
was 2.10 (2.01-2.19). Figure 1 shows the age-specific prev- 
alence rates. The sex-specific prevalence rates (%) were 
1.88 (1.76-2.00) in men and 2.30 (2.18-2.42) in women. 
The male to female ratio of sex-specific prevalence was 
0.82; an excess of men was evident in the 40-49 year age- 
group (male to female ratio 1.45) whereas an excess 
of women was evident in older age groups, although not 
significant. Men had a younger age at diagnosis 
(57.39 + 11.35 years vs 60.03 + 11.61years), a shorter 
duration of the disease (7.34 + 6.66 years vs 8.36 + 
7.38 years) and a younger current age (64.74 + 10.57 years 
vs 68.39_+ 10.73 years). A family history of diabetes in 
parents was found in 33 % of diabetic patients. 

As regards therapeutic patterns (Table 4), 10.3% 
diabetic subjects were treated with diet alone, 76.2 % with 
oral hypoglycaemic drugs, 10.0% with insulin and 3.5 % 
with both insulin and oral hypoglycaemic drugs. Of 
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Fig. 1. Age-specific prevalence rates 
(%) of known Type 2 (non-insulin-depen- 
dent) diabetes in residents of Casale Mon- 
ferrato on 1 October 1988, in men (E]) and 
women (N) 

diabetic patients treated with oral hypoglycaemic drugs, 
65.1% were treated with sulphonylureas, 0.26 % with bi- 
guanides and 34.6 % with both. The average number of 
tablets per day of oral hypoglycaemic drugs and total in- 
sulin units dosage per day were, respectively, 1.38 _+ 1.07 
tablets per day and 33.03 + 15.43 IU per day. No significant 
differences were found between men and women 
(7) > 0.01). 

Discuss ion  

While some diabetes prevalence surveys have been per- 
formed in Northern Europe [16-21], few studies are avail- 
able at present for the Mediterranean area [2, 3]. In Italy, 
screening programmes performed in the past resulted in 
different estimates, ranging from 1.03 % in the 30-70 year 
age group [7] to 11.2 % in the 20 year and over age group 
[9]. However, these studies were hampered either by a low 
response rate (45-55 %) [6-8] or by non-random selection 
of subjects [9]; different diagnostic criteria were adopted, 
as fasting blood glucose level 7.8 mmol/1 and over [8], the 
sum of fasting and post-load glucose levels 27.8 mmol/1 
and over [6] or those defined by WHO [9, 22]. In a small 
rural population of Southern Italy, a prevalence of known 
diabetes of 4 % was found based on 43 diabetic patients 
identified with a screening programme [22]. A study con- 
ducted in San Marino, with case ascertainment based only 
on diabetic clinic attendance, showed a prevalence of 
1.85 % in men and 1.94 % in women [23]. In Vicenza, a sur- 
vey based on prescriptions and hospital discharge records 
found a prevalence of 2.07 % [24]. Two recent studies 
based either on drug consumption, by applying the DDD 
[4], or upon the analysis of prescriptions in Pozzuoli [5] es- 
timated a prevalence of 1.7 % and 2.4 %, respectively. 

This survey, based on four independent data sources, 
showed a prevalence of known diabetes that was higher 

than the estimate based on the DDD [4]; and comparable 
with the studies performed in Vicenza [24] and Pozzuoli [5]. 

In comparison with the United States [25-26] and 
Northern Europe [16-21], the prevalence of known 
diabetes in Casale Monferrato was low. This might reflect 
either differences in incidence or in survival [27]; at pres- 
ent, however, no incidence or mortality data of diabetes in 
an Italian population are available to explain the prev- 
alence we found. Comparisons of occurrence of diabetes 
could be biased by differences in screening by family 
physicians in different areas. In Italy, a prevalence of 
known diabetes almost equal to that of unknown diabetes 
has been shown in a screening programme based on the 
oral glucose tolerance test and WHO criteria in the age 
group over 18 years (3.2 % vs 3.7 % ) [22]. Another study 
based on fasting glucose levels of 7.8 mmol/1 and over, 
found prevalence rates of 2.2 % and 1.45 %, respectively, 
of known and unknown diabetes in the 20-59 year age 
group, probably because of the lower sensitivity of this 
test to detect unknown diabetes [8]. 

The classification of diabetic patients into either 
Type 1 or Type 2 according to N D D G  criteria is often dif- 
ficult in patients over 30 years at diagnosis [28]. Age at di- 
agnosis under 40 years and permanent insulin therapy 
within 2 years after diagnosis [29] or age under 40 years, 
100 % ideal body weight at diagnosis or C-peptide values 
less than 0.30 mmol/1 or both [30] suggest Type 1 diabetes. 
In this survey, we used a more conservative approach by 
defining as Type 2 diabetic all patients diagnosed after 
30years, irrespective of treatment. Misclassification 
could have occurred, mainly for Type 1 diabetes develop- 
ing in the 31-39 year age group; however, only 11 cases 
were insulin-treated within 2 years after diagnosis in this 
age group, which would have increased the prevalence of 
Type i diabetes from 0.80 to 0.90 per 1,000. 

In the present study, the prevalence of insulin-treated 
diabetes was lower than in Scotland [31], New Zealand 
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[32] and D e n m a r k  [33]. Our  rates remained lower when 
comparing prevalence of insulin-treated diabetes within a 
short per iod after diagnosis, which probably  includes sub- 
jects with a slower progression towards insulin-dependent 
diabetes [34]. These results could depend either on dif- 
ferences in physicians'  prescribing attitude or on a low 
incidence of Type 1 diabetes in the overall population, as 
described by surveys limited to the 0-29 year  age group 
[35,36]. 

This survey showed that the prevalence of Type 2 
diabetes increased with age f rom 0.65 % in the 40.49 year  
age group to 5.78 % in the 70-79 year  age group, confirm- 
ing previous observations of worsening glucose tolerance 
with age [37]. The lower prevalence we found in the 
80 years and over  age group was probably caused by 
higher mortali ty rate. A significantly higher prevalence of 
diabetes was evident in women, confirming previous ob- 
servations [5]. 

As regards therapeutic pat tern  of Type 2 diabetes, this 
survey showed a higher proport ion of t rea tment  with oral 
hypoglycaemic drugs, consistent with results f rom France 
[38]. In this survey, a very tow consumption of biguanides 
was found, suggesting that sulphonylureas alone or com- 
bined with biguanides are the current t rea tment  for most  
diabetic patients in this community. 

Results of this study seem not to be affected by under- 
ascertainment of diabetes. The capture-recapture method 
allows the estimation of the true number  of  cases in a tar- 
get population, if sources are independent .  This assump- 
tion should be met  in our survey, since the chances of a 
diabetic patient being ascertained through the secondary 
data sources should not be influenced by previous identi- 
fication through the pr imary data source. Lack of inde- 
pendence of data sources would have biased our estimate, 
underestimating the real number  of prevalent  cases. The 
completeness of ascertainment of this survey can be con- 
sidered high (91%),  given the difficulties encountered 
in populat ion-based surveys when including Type 2 
diabetes. 

The  second aim of this study was to validate different 
sources of case ascertainment routinely available in Italy. 
Neither  hospital discharge nor prescription records were 
exhaustive, which probably  explains the low complete-  
ness of ascertainment.  As regards hospital discharges, 
under-reporting of diabetes on discharge records, or a low 
rate of  hospitalization of diabetic patients living in this 
area could have occurred. These results indicate the need 
to involve the diabetic clinic and family physicians in the 
ascertainment of known diabetes in this area. 

Finally, this study was useful in identifying a large 
populat ion-based cohort  of  diabetic patients for future 
epidemiologicat studies on diabetes, lacking at present in 
Italy. 
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