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ABSTRACT 

We aimed to assess clinical and socio-demographic characteristics of undiagnosed diabetes, 

including glucose control, in French community-living elderly people. Diagnosed and 

undiagnosed diabetes, impaired fasting glucose (IFG), and characteristics of subjects were 

assessed by interview, clinical examination and fasting blood glucose measures at the baseline 

visit of the Three-City (3C) study including 9294 people over 65 in three urban areas in 

France. In the Bordeaux sample, HbA1c was measured in diabetic and IFG subjects and in a 

sub-sample of non-diabetic subjects. The proportion of diagnosed diabetes, undiagnosed 

diabetes and IFG was respectively 8.2%, 1.4% and 3.6%. Diabetic and IFG subjects were 

more likely to be men, to suffer from hypertension and to be overweight. They were less 

likely to have a high income and more likely to have a lower educational level. These factors 

were unrelated to knowledge of diabetic status. In the Bordeaux sub-sample, 19.6% of the 

diagnosed diabetic subjects and 16.1% of those undiagnosed had an HbA1c greater than 8%. 

Prevalence of ischemic heart disease was more common in diagnosed than in undiagnosed 

diabetic subjects (p =0.021). A significant number of undiagnosed elderly had poor glucose 

control suggesting a potential benefit for diabetes screening in the elderly. 

Key words – diabetes mellitus; blood glucose; epidemiology; aged; aged, 80 and over; 

comorbidity; socioeconomic factors
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1. Introduction 

The benefits of early detection of type 2 diabetes [1, 2] is currently a topic of 

considerable debate. In adults under 60 years of age, efficient control of diabetes has proven 

highly efficacious in the prevention of microvascular complications and has borderline effects 

on cardiovascular morbidity in newly diagnosed type 2 diabetes [3, 4]. Furthermore, within 

the same population, the risk of developing any diabetic complication was associated with the 

level of blood glucose; the lowest risk being in those with an HbA1c value in the normal range 

[5]. In addition, it has also been shown that controlling blood pressure in type 2 diabetic 

subjects leads to a significant reduction in diabetes-related morbidity [6]. These observations 

point to the clinical importance of preventive strategies, notably early diagnosis of type 2 

diabetes. Nevertheless, using retrospective epidemiological data in a population-based study, 

no evidence of increased health service use during a ten-year observation period has been 

observed in subjects remaining undiagnosed [7]. However, in this latter study, other end-

points such as mortality were not analysed on the basis of the knowledge of diabetic status.  

In the oldest age group (over 65 and even over 80), the impact of diabetes control is 

still less known, but as younger subjects, this population could benefit from preventive 

strategies. Indeed, the prevalence of diagnosed diabetes in adults over 65 is high, varying 

from 10.0 to 16.9 % [8-10], and tends to decrease over 80. Prevalence of undiagnosed 

diabetes is less often studied, but in the adult population over 20 it has been estimated that this 

prevalence is half that of diagnosed diabetes [11]. In Canadians aged 60-74, the prevalence of 

undiagnosed diabetes was even greater and was found to be equal to that of diagnosed 

diabetes in women, and between one third to a half in men [7]. Thus undiagnosed diabetes 

appears to be quite common. However, little is currently known concerning the clinical and 

socio-demographic characteristics of these individuals whereas they should constitute a target 

for the screening and management of impaired glucose level and its associated complications.  
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We aimed to describe the socio-demographic and clinical features and the level of glycemic 

control of free living elderly subjects with undiagnosed diabetes, and to compare them with 

those of diagnosed diabetic subjects and non-diabetic subjects.  

2. Research design and methods 

2.1 Study population 

 The Three-City (3C) Study is a longitudinal epidemiological study of vascular risk 

factors of dementia conducted in three areas of France: Bordeaux (south-west), Dijon (north-

east) and Montpellier (south-east). The study design and characteristics of the three 

population samples is described in detail elsewhere. [12]. The cohort was recruited and 

examined for the first time between March 1999 and March 2001. The study protocol was 

approved by the Ethical Committee of Kremlin-Bicêtre Hospital (Paris, France). To be 

eligible for recruitment into the study, subjects had to be i) living in these cities or their 

suburbs and registered on the electoral rolls, ii) aged 65 years and over, and iii) not 

institutionalised. Eligible inhabitants of the selected districts were then invited to participate 

by a letter and were then contacted by phone with an acceptance rate of 37%, giving a total 

cohort of 9,294. 

 Data were collected during a face-to-face interview using a standardised questionnaire. 

General data included: demographic characteristics, education level, occupational history, 

daily-life habits and a functional evaluation. Medical history of vascular diseases and vascular 

risk factors was assessed: hypertension, diabetes, stroke, angina pectoris, myocardial 

infarction, lower limb ischemic peripheral vascular disease, cardiac and vascular surgery. 

When subjects reported diabetes, they should specify the age of onset of this pathology. 

Examination included an inventory of all drugs used regularly during the preceding month. 

The clinical examination also included measurement of systolic and diastolic blood pressure, 

anthropometric measures (including height and weight), neuropsychological testing, and 
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fasting blood sampling. Biological results were given to the subjects and their general 

practitioners. 

2.2 Diagnosis of diabetes  

 Subjects were considered as diagnosed diabetic subjects if they reported diabetes 

and/or if they used hypoglycemic agents including insulin, sulfonylureas, metformine, 

acarbose and miglitol. In addition, subjects not classified as diagnosed diabetic subjects 

because they do not report diabetes and do not receive anti-diabetic treatment, were 

considered as having undiagnosed diabetes when fasting glucose level was equal or over 7 

mmol/L and were considered as having Impaired fasting glucose (IFG) when fasting 

glucose level was between 6.1 (included) and 7 (excluded) mmol/L. The classification was 

based on WHO criteria [13].  

2.3 Glucose control 

 Evaluation of glucose control was based on HbA1c (percent) measurement in subjects 

living in the Bordeaux area. HbA1c was determined in diabetic and hyperglycemic subjects 

and for a sample of 227 non-diabetic controls randomly matched on age and sex. HbA1C was 

determined by ion exchange low-pressure liquid chromatography (LPLC). Three classes of 

HbA1c were created in reference to current treatment goal threshold guidelines [14]: less or 

equal to 7 %, from 7 (excluded) to 8 % (included), and over 8%. 

2.4 Descriptive and adjustment variables 

 Variables considered were: age, sex, education level (at least primary school level 

validated by a diploma, versus no diploma), and monthly income (less than 750 euros, 

between 750 and 1500 euros, between 1500 and 2250 euros, and more than 2250 euros). Time 

interval from the previous blood analysis was assessed to evaluate access to health care or 

health seeking practices (less than one month, less than six months, less than one year, more 

than one year). Lifestyle included use of alcohol (number of glasses per week) and tobacco 
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(classified as never, former and current smokers). Self-rated health was assessed on a 5-level 

scale from very good to very poor. Hypertension was defined as systolic blood pressure equal 

to or greater than 160 mm Hg and/or diastolic blood pressure equal to or greater than 95 mm 

Hg, and/or anti-hypertensive treatment. Body Mass Index (BMI) (weight/size
2
) was 

calculated.  

 Subjects were classified as having cardiovascular ischemic disease if they complained 

of angina pectoris, and/or had antecedents of myocardial infarction, coronary bypass or 

coronary angioplasty. Antecedents of stroke or carotid angioplasty were classified as 

cerebrovascular disease. Subjects were classified as having lower limb ischemic vascular 

disease if they reported to have it or had undergone surgery for lower limb ischemic vascular 

disease. 

Cognition was evaluated using the Mini Mental State Examination (MMSE) which 

provides a global cognitive functioning score [15] ranging from 0 to 30, the highest score 

corresponding to better cognition. Depressive symptoms were assessed using the Center for 

Epidemiologic Studies-Depression (CES-D) scale [16]. Subjects were considered as having 

depressive symptomatology when they scored 17 or more for men and 23 or more for women 

on the CES-D scale or when the test was not administered due to a reported diagnosis of 

depression. 

2.5 Analysis 

 Statistical analysis was performed using the SAS system (8.2, SAS institute Inc., Cary 

NC, USA). Values are expressed as means with Standard Deviations (SD) or as percentages. 

Chi-square tests and ANOVA were used to compare qualitative or quantitative variables. 

Polynomial regression models were performed to test characteristics of the subjects according 

to their diabetic status. Logistic regression models were performed to compare the 

characteristics of diagnosed and undiagnosed diabetic subjects. 
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3 Results 

3.1 Diabetes diagnosis 

Diagnosis of diabetes was evaluated in the 8654 subjects (93.1% of the total cohort) 

who accepted the fasting blood sampling. Among them, 830 had diabetes (9.6%) (including 

706 with diagnosed diabetes) and 315 (3.6%) had IFG. The proportion of diabetics was 10.4% 

in Bordeaux, 9.3% in Dijon and 9.5% in Montpellier, the observed differences not being 

significant (
2
 = 1.63, P = .443). 

Among the 830 diabetic subjects identified in our cohort, 124 (14.9%) had 

unrecognized diabetes, thus giving a proportion of undiagnosed diabetes in this sample of 

1.4%. The proportion of undiagnosed diabetes was found to be the same in the three cities (
2
 

= 2.31, P = .315). 

Date of onset of diabetes was assessed in 671 diagnosed diabetic subjects and the 

mean diabetes duration was found to be 13 years (SD: 11.4). Age of onset could be assessed 

only for subjects aware of their pathology (i.e. 706 diagnosed subjects minus 20 subjects 

treated without reporting a diabetes, thus 686 subjects). Fifteen more subjects were missing 

because they did no answer the question. 

A total of 545 (77.2%) of the diagnosed diabetic subjects were treated with 

hypoglycemic agents. Of these 545 drug-treated subjects, 496 (91.0%) used oral treatment 

alone, 35 (6.4%) used insulin alone and 14 (2.6%) both. The distribution of hypoglycemic 

treatment regimes did not differ between the three centers (P = .11). Only 20 subjects were 

receiving anti-diabetic treatment without reporting diabetes. 

Demographic characteristics of the subjects according to diabetes status are given in 

Table 1. Age did not differ between diabetic, IFG and non-diabetic subjects (P = .272); 

however, undiagnosed diabetic subjects were older than diagnosed diabetic subjects 

(P = .018). Diabetic subjects, particularly those with diagnosed diabetes, and IFG subjects 
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were more often men (P < .001). Whatever the age category, frequency of diabetes was lower 

in women than in men (P < .001) although this difference was not statistically significant in 

the 85 years and over group (P = .190). 

The distribution of HbA1c measures according to glycemic status is shown in Table 2. 

In this sub-sample, 16.1% of the undiagnosed diabetic subjects had an HbA1c greater than 

8%. This proportion was lower but close to that found in diagnosed diabetic subjects (19.6 

%). In IFG subjects, fewer had HbA1c values over 8%. However, an HbA1c greater than 7% 

was found in 12% of this group. In addition, 29 more subjects in the IFG group had HbA1c 

equal to or higher than 6.1%, which leads to a total of 37 subjects (55.2%) with HbA1c 

greater than 6.1% in this group, compared to 4 subjects (1.8%) in the non-diabetic subjects. 

 

3.2 Social and clinical characteristics of subjects 

The characteristics of undiagnosed, diagnosed, IFG and non-diabetic subjects are 

given in Table 3. Diabetic subjects had a lower educational level than non-diabetic subjects, 

but knowledge of diabetic status was not related to educational level. Diabetic subjects less 

often had a high income, but income did not differ according to the knowledge of diabetic 

status. Overall, the delay from previous blood sampling differed according to diabetic status. 

It was similar in non-diabetic, IFG and undiagnosed diabetic subjects but was lower in 

diagnosed diabetic subjects. As expected, BMI was higher in diabetic and IFG subjects than 

in non-diabetic ones. Undiagnosed diabetic subjects had a higher BMI than diagnosed 

subjects. Tobacco consumption differed slightly according to diabetic status, with both 

diagnosed and undiagnosed diabetics more often being former smokers. 

Diabetic subjects more often evaluated their health as poor or very poor than non-

diabetic ones, particularly diagnosed diabetic subjects. Diabetes was significantly associated 

with higher depressive symptom scores with a trend of higher rates of depressive 
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symptomatology in diagnosed compared to undiagnosed subjects. Slightly lower MMSE 

scores were found in diabetic subjects; this difference was still significant after adjustment for 

educational level in addition to age and sex (P = .003). However, MMSE did not differ 

between diagnosed and undiagnosed subjects. 

Decreasing rates of cardiovascular disease were observed, descending in order from 

diagnosed diabetic subjects, to undiagnosed, IFG subjects and to non-diabetic ones. This was 

particularly marked for ischemic heart diseases, while in lower limb ischemic vascular disease 

or cerebrovascular disease the trend was weaker. However, only the diabetic subjects and 

particularly those who were diagnosed had a significantly higher rate of cardiovascular 

disease than non-diabetic subjects. Both diagnosed and undiagnosed diabetic subjects had 

elevated rates of hypertension (about 84%) compared to the non-diabetic ones (about 60%). 

Hypertension was also more frequent among IFG than among non-diabetic subjects. After 

adjustment for age, sex, cardiovascular diseases and tobacco consumption, hypertension in 

diabetic and IFG subjects was still more frequent (p < .001). When considering only the 

measures of blood pressure but not the antihypertensive treatment, the same trend was 

obtained, high blood pressure being observed in 41.4% of diagnosed diabetic subjects, 46.2% 

of undiagnosed ones, 38.5% of IFG subjects and 29.4% of non-diabetic subjects. 

4. Discussion 

 In the 3C study undiagnosed diabetes affected 1.4 % of the cohort compared to an 

overall diabetes proportion of 9.6%. Undiagnosed and diagnosed diabetic subjects were 

predominantly male, had a lower educational level, higher BMI and higher hypertension rate 

in comparison to non-diabetic subjects. 

 The proportion of undiagnosed cases among total diabetes cases was low (14.9%) 

compared to the few previous published studies, leading to a low estimated proportion of 

undiagnosed diabetes (1.4%) in the general older population of the 3 C study. In the USA, the 
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rate of undiagnosed diabetes varies from 15% in older diabetic subjects [11] to one third [17], 

with rates of 50% being reported in Canadian women [7]. It is likely, however, that our 

estimates represent a slight over-estimation. In the subsample of the cohort for whom HbA1c 

levels were obtained, 50% of the undiagnosed diabetic subjects (16 among 31) had an HbA1c 

lower or equal to 7%, and 5 subjects had values lower than 6.1%. In these latter subjects who 

were receiving neither dietary advice nor drugs, diabetic status was questionable.  

The proportion of undiagnosed diabetes cases among the total cases increased with 

age. This could be due to a failure on the part of physicians to give a formal diagnosis of 

diabetes in cases of moderate fasting blood glucose increase in very elderly patients if no 

treatment was prescribed. However, it is difficult to conclude on this point given the small 

number of very elderly subjects in the sample. 

 A noticeable feature of these undiagnosed diabetic older subjects was the high 

percentage of treated and untreated hypertension. This rate of hypertension was equivalent to 

that found in diagnosed elderly diabetic subjects. Our study was a cross-sectional study, 

which did not allow us to establish the direction of the association between pathologies and 

diabetes. However, it has already been shown in younger populations that undiagnosed 

diabetes is associated with a higher prevalence of hypertension, obesity, an unfavourable lipid 

profile and evidence of nephropathy and retinopathy when compared to normoglycemic 

individuals [7, 18]. In a Danish population under 60, age, male sex, BMI over 25 or over 30 

and hypertension were shown to be independent predictors for undiagnosed diabetes [19]. In a 

study focused on older subjects, a history of hypertension was found to be an independent risk 

factor for having undiagnosed diabetes along with male sex and high BMI [17]. Furthermore, 

both hypertension and antihypertensive therapy were found to be independent risk factors for 

type 2 diabetes in people under 65 [20]. In addition, the rate of cardiovascular disease, 

especially ischemic heart disease, was higher in diagnosed than in undiagnosed diabetic 
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subjects in our study. Since it is an observational cross-sectional study, this rate could have 

been underestimated in the non-diabetic population, as well as in the undiagnosed diabetic 

population, due to the usual active search for such complications once a diagnosis of diabetes 

has been made. A prospective study including subjects considered at baseline as having 

successfully aged has shown that diagnosed and newly diagnosed diabetes, but not IFG, was 

associated with a similar increased risk for unsuccessful ageing during a mean 8-year 

observation period [21]. Thus, undiagnosed diabetic subjects may still benefit from preventive 

measures targeting cardiovascular disease.  

Undiagnosed elderly diabetic subjects seemed to be clinically monitored in the same 

way as IFG and non-diabetic ones, with a similar delay from the previous blood sampling. 

Thus, our results do not support the hypothesis that undiagnosed diabetic subjects have less 

access to medical attention than other subjects, given our somewhat limited definition of 

health access. In case of diagnosed diabetes, subjects were more often monitored but not in 

accordance with standard guidelines (only half of them underwent blood sampling in the 

previous 6 months). 

 We have performed HbA1c dosages only in the city of Bordeaux and could have 

introduced a bias. However, there was no difference for diabetes prevalence and diabetes 

duration, proportion of undiagnosed diabetes according to the cities and thus the results found 

in Bordeaux could reflect the reality of the whole population of the 3 cities. It is important to 

note that glycemic control was the same in both undiagnosed and diagnosed diabetic subjects, 

whereas 77% of the latter received a hypoglycemic treatment. Around half of the undiagnosed 

and diagnosed diabetics had an HbA1c higher than 7% and were thus at high risk of 

microvascular complications according to previous research [7]. We could thus conclude that 

screening for undiagnosed diabetes and the implementation of a treatment program would 

have significant public health benefits. 
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 Diagnosis of diabetes was based on self-reported diabetes, anti-diabetic drug use and 

fasting glucose values that were only measured once. As the diagnostic criteria of ADA 

(American Diabetes Association) require two independent fasting samples, some subjects may 

have been misclassified. In the Bordeaux sample, we also asked subjects about diabetic diet. 

Among the 84 subjects who declared a diabetic diet, only 2 had not reported either diabetes or 

use of hypoglycemic agents: one has been classified as undiagnosed and the other as IFG on 

the basis of fasting glucose level. When considering HbA1c values equal to or higher than 

6.1% [22] in the Bordeaux group, misclassification could have occurred in 3 cases who were 

classified as non-diabetic subjects and whose HbA1c was higher than 6.1%, representing a 

potential error of 0.6%. In addition, 29 more subjects in the IFG group could have been 

classified as diabetics on the basis of HbA1c equal to or higher than 6.1% which leads to a 

total of 37 subjects (55.2%) with HbA1c greater than 6.1% in this group, compared to 4 

subjects (1.8%) in the non-diabetic subjects. However, none of these possibly misclassified 

subjects displayed HbA1c values higher than 6.5%. Thus, a combination of interview and 

fasting blood glucose values interpreted according to WHO criteria [13] seems to provide 

adequate subject classification among glycemic status categories. 

 Despite these limitations, our study showed that undiagnosed diabetes was present in 

1.4% of the older population of 3C study and in about 15% of all diabetic subjects while both 

have the same prevalence of hypertension and overweight. Furthermore, a significant 

proportion of undiagnosed diabetic subjects had a poor glucose control, and thus could benefit 

from diabetes treatment and follow-up. These results can contribute to a better understanding 

of the features of undiagnosed diabetes in the elderly population and advocate for a better 

screening and management of these patients. 
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  Table 1. Demographic characteristics of the Three Cities sample in whom fasting blood sampling was available. 3C Study 

1999-2001, N=8654. 

 Diagnosed 

diabetic 

subjects 

Undiagnosed 

diabetic 

subjects 

Proportion of 

Diabetes 

(%) in 3-C 

IFG subjects Non-diabetic 

subjects 

Total sample 

 

Mean age (SD) 74.2 (5.2) 75.4 (6.2) - 74.4 (5.2) 74.1 (5.6) 74.2 (5.5) 

Sex (% women) 44.1 54.0 - 50.8 62.4 60.4 

Age and sex distribution        

65-74 years       

 Women 170 32 6.6 92 2751 3045 

 Men 248 32 13.3 87 1736 2103 

 Total 418 64 9.4 179 4487 5148 

75-84 years       

 Women 128 28 8.1 61 1717 1934 

 Men 130 19 12.9 60 948 1157 

 Total 258 47 9.9 121 2665 3091 

>85 years       

 Women 13 7 8.2 7 218 245 

 Men 17 6 13.5 8 139 170 

 Total 30 13 10.4 15 357 415 
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Table 2. Distribution of HbA1c according to diabetic status in a subsample of 468 subjects from the area of 

Bordeaux. 

  HbA1c 

  <= 7 % > 7 and <=8 > 8 

 N % % % 

Diagnosed diabetic subjects 143 

 

55.9 24.5 19.6 

Undiagnosed diabetic subjects 31 

 

51.6 32.3 16.1 

IFG subjects 67 

 

88.0 9.0 3.0 

Non-diabetic subjects 227 100.0 0.0 0.0 

Total 468 81.6 10.9 7.5 
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Table 3. Socio-demographic characteristics and health-related features of Three Cities subjects according to their diabetic status (N = 8698) 

 Diabetic subjects (n = 830) IFG subjects 

n = 315 

Non-diabetic 

subjects 

n = 7509 

P -value † 

 

 Diagnosed 

diabetic subjects 

n = 706 

Undiagnosed 

diabetic subjects 

n = 124 

p-value* 

(diagnosed vs 

undiagnosed) 

Low educational level (%) 12.5 12.1 .707 8.9 8.0 <.001 

Income (%) - < 760  

 - 760 -1520  

 - 1520 -2290  

 - > 2290  

 - no answer 

5.7 

32.0 

27.6 

29.7 

5.0 

9.7 

24.2 

31.4 

28.2 

6.5 

.241 

 

 

 

 

5.7 

30.8 

23.5 

33.3 

6.7 

5.1 

28.5 

26.8 

33.6 

6.0 

<.001 

Delay from previous blood sampling (%) 

- < 1 month 

 - 1 - 6 month 

 - 6 m-1 year 

 - > 1 year 

 

28.2 

43.9 

16.7 

11.2 

 

13.1 

27.8 

18.0 

41.0 

<.001  

14.1 

33.0 

22.8 

30.1 

 

12.5 

30.9 

21.2 

35.4 

<.001 

BMI (kg/m2) mean (SD) 27.5 (4.3) 28.4 (3.9) .022 28.3 (4.8) 25.3 (3.9) <.001 

Alcohol: number glasses per week mean 

(SD) 

10.5 (12.5) 10.2 (12.5) .450 11.6 (12.6) 9.2 (10.9) .066 

Tobacco - non-smokers 

 - former smokers 

 - current smokers 

49.0 

44.2 

6.8 

54.8 

42.0 

3.2 

.418 53.3 

39.4 

7.3 

62.1 

31.9 

6.0 

.017 

MMSE score mean (SD) 26.8 (2.3) 27.0 (2.4) .263 27.4 (2.0) 27.2 (2.2) <.001 
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Subjective health - very good / good 

 - fair 

 - poor / very poor 

47.2 

43.9 

8.9 

55.3 

41.5 

3.2 

.016 58.5 

36.4 

5.1 

60.8 

34.5 

4.7 

<.001 

Depressive symptomatology (%) 18.0 11.6 .088 15.6 13.4 .004 

Hypertension (%) 83.9 83.5 .940 75.6 61.3 <.001 

Ischemic heart disease (%) 23.5 14.3 .021 7.2 5.9 <.001 

Lower limb ischemic disease (%) 7.0 5.9 .613 5.2 3.9 .018 

Cerebrovascular disease (%) 7.6 3.3 .076 5.2 4.8 .162 

* p-value for the odds ratio of undiagnosed diabetes versus diagnosed one, adjusted on age and sex, by 

logistic regression 

† p-value for the odds ratio of diabetic (together diagnosed and undiagnosed), hyperglycemic, and 

non-diabetic subjects, adjusted on age and sex, by polynomial regression 

 

 

 


