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ABSTRACT

Background: Type 2 diabetes (DM2) is associated with cognitive impairment. 

However, most of the evidence has been based on self-reported DM2 and did not 

consider undiagnosed diabetes as a separate category. We aimed to examine the extent 

to which undiagnosed diabetes modifies the association between diabetes and cognitive 

impairment in a representative sample of Brazilian adults aged 50 years and older. 

Methods: We analyzed baseline data from 1,944 participants of the Brazilian 

Longitudinal Study of Aging (ELSI-Brazil) conducted in 2015-16. Diabetes was 

evaluated based on self-reported doctor diagnosis and HbA1c levels. Participants were 

classified as diabetics (D), undiagnosed diabetes (UDD) or non-diabetics (ND). 

Cognitive function was assessed by word list learning and verbal fluency tests. Three 

multiple logistic regression models were used to evaluate the changes in the strength of 

the associations. Results: Participants with diabetes had a 49% greater chance of 

exhibiting impaired memory than non-diabetics (OR=1.49; 95%CI:1.01–2.20). By 

combining UDD and ND, the association between diabetes and impaired memory was 

attenuated by 2.0%, losing its statistical significance (OR=1.46; 95%CI:0.98–2.17). By 

combining UDD and D, the association was attenuated by 7.4% (OR=1.38; 

95%CI:1.01–1.90). No significant association was found between DM2 and impaired 

verbal fluency. Conclusion: This study found an association between DM2 and 

impaired memory but not with impaired verbal fluency. When UDD individuals are 

considered diabetics, this association is attenuated; when UDD individuals are 

considered as ND, this association is attenuated to the extent that it loses its statistical 

significance, which affects the clinical interpretation.

Key words: aging, cognitive impairment, diabetes mellitus.

Page 2 of 31Journal of Diabetes

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Highlights: 

 DM2 is associated with impaired memory but not with verbal fluency.

 The association between diabetes and impaired memory becomes not significant 

by combining undiagnosed and non-diabetics in the same category.

 Including undiagnosed diabetics and diabetics in the same category attenuates 

the association between diabetes and impaired memory.
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INTRODUCTION

Type 2 diabetes (DM2) is one of the chronic conditions that most compromises the 

health of older adults and can cause both microvascular and macrovascular problems1,2. 

It is estimated that 8.5% of the world population has DM2 and the disease currently 

affects 20% of the older population3,1. Globally, around 193 million people have 

undiagnosed diabetes and are at risk of DM2 complications4.

In its early stages, DM2 may be asymptomatic and, therefore, undiagnosed and 

untreated2. Due to physiopathological complications caused by DM2, researchers have 

considered diabetes as an important risk factor for cognitive decline later in life5,6,7.

However, a common limitation of studies analyzing the association between DM2 and 

cognitive decline is the use of only self-report diagnosis for the classification of 

diabetes. Therefore, undiagnosed individuals are classified as non-diabetic cases, which 

could lead to an underestimation of this association. Undiagnosed diabetics have high 

blood glucose levels and are, as a consequence, exposed to the systemic effects of 

DM28,9.

Despite DM2 being associated with cognitive decline in older adults, the impact that 

undiagnosed diabetes may have on this association is not yet well known. To date, only 

Downer et al. (2016) investigated this methodological issue. They found that diagnosed 

diabetics having a 170% greater chance of severe cognitive impairment10. They also 

showed that not separating undiagnosed diabetics attenuated this association by 6.3% 

when they were classified as non-diabetics and 30.4% when classified as diabetics10. 
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However, the author's’ analyzed global cognitive decline composed of eight domains. In 

contrast, we separated the analysis of three cognitive domains: memory (one of the most 

compromised domains during the aging process), language and executive functioning, 

which are the domains most affected by DM2 after memory11. Furthermore, impairment 

can occur differently in each domain and the identification of the most affected domain 

by DM2 is essential to the planning of prevention strategies11.

Therefore, two hypotheses were tested in the present study: (a) there is an association 

between diabetes and impaired cognitive function; and (b) not separating undiagnosed 

diabetics i.e. classifying them as either diabetics or non-diabetics, attenuates the 

association between diabetes and impairment in cognitive function in Brazilians aged 50 

years or older. 

METHODS

Study population

A cross-sectional analysis was conducted using data from the first wave (2015-16) of 

the Brazilian Longitudinal Study of Aging (ELSI-Brazil). ELSI-Brazil is representative 

of the Brazilian population aged 50 years or older living in private households. A 

complex sampling procedure involved different stages of selection i.e. municipalities, 

census sectors and homes. An inverse sampling process was adopted, with the estimate 

of 10,000 participants (9,412 participated). The survey was conducted in 70 

municipalities in the five major regions of the country. Baseline data collection was 

performed between 2015 and 2016. Further details on the sampling process can be 
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found elsewhere12.

From the 9,412 participants who took part in the baseline of ELSI, the present study 

used a probabilistic subsample of 4,000 individuals who were selected for blood 

samples and 59% of them (2,360 individuals) had glycated hemoglobin (HbA1c) 

results12. Out of the 2,360 individuals who had data on HbA1c, 416 individuals were 

further excluded for not having information on self-reported diagnosis of diabetes, 

cognitive assessment or covariates, resulting in a final analytical sample of 1,944 

participants. Figure 1 shown the sample selection flowchart.

INSERT FIGURE 1

Cognitive function assessment: verbal fluency and memory

Cognitive function was assessed through a validated battery of tests used by the Health 

and Retirement Study network of aging cohorts from different countries12.

The verbal fluency test i.e. animal naming, is a validate test and widely used in 

epidemiological studies to assess language and executive function13,14. More 

specifically, it measures lexical knowledge, lexical recovery capacity and executive 

control capacity as demonstrated in previous studies15, 16. The test consists of asking the 

participants to name as many as possible animals in one minute. The score is obtained 

by the total number of animals mentioned. An impaired verbal fluency was defined as a 
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cut off of 1.0 standard deviation below the normative mean. This way, those participants 

who have scored < 8 points were classified as having a verbal fluency impairment.

The memory variable was assessed through the word list learning test17. This test has 

two parts: immediate and delayed memory. In the first part of the test, the participants 

heard 10 words and immediately after that they should say the words remembered. The 

second part of the test occurred after other tests and questions, when the respondents 

were asked about the 10 words previously heard. A memory score was calculated by 

adding the number of words correctly mentioned on both parts of the test. The total 

score could vary from 0 to 2017. The cut off point for the word list learning test was 

defined as a value of 1.0 standard deviation below the normative mean. Therefore, a 

value lower than 5 was classified as a memory impairment.

Diabetes

Diabetes was evaluated in two ways: self-reported doctor diagnosis and HbA1c serum 

levels. Participants who reported a diagnosis of diabetes were classified as diabetic (D). 

Those who did not report having diabetes but had HbA1c ≥6.5% were classified as 

undiagnosed diabetic (UDD). Those who reported not having diabetes and had HbA1c 

<6.5% were classified as non-diabetics (ND)18.

Covariates 

The socioeconomic characteristics were sex, age, schooling years (illiterate, one to four 

years, five to eight years and nine or more years), living alone (yes/no), marital status 
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(with/without a conjugal life) and income (no income, up to two times the Brazilian 

monthly minimum wage (BMMW), two to five times the BMMW and five or more 

times the BMMW). Health behaviors included were physical activity level evaluated 

using the Brazilian version of the International Physical Activity Questionnaire 

(IPAQ)19; individuals who performed less than 150 minutes of physical activity 

(walking, moderate activity or vigorous activity) per week were classified as 

insufficiently active20. Regarding smoking, participants were classified as non-smokers, 

former smokers or current smokers. Alcohol intake was measured based on reports of 

the frequency of consumption (never, once a month or less, two to six times a week or 

daily). The anthropometric characteristics were body mass index (BMI) classified as 

undernourished (< 18.5 kg/m²); ideal range (18.5 to < 25 kg/m²); overweight (25 to < 30 

kg/m²) and obese (≥ 30 kg/m²)21 and waist circumference (>102 cm for men and >88 cm 

for women indicated abdominal obesity)22. A waist/hip ratio ≥ 0.90 for men and ≥ 0.85 

for women indicated cardiovascular risk23. The following chronic conditions were 

included: hypertension (self-reported doctor diagnosis of hypertension and/or the use of 

anti-hypertensive medications and/or systolic blood pressure higher than 140 mmHg or 

diastolic blood pressure higher than 90 mmHg)24; self-reported heart disease (infarction, 

angina or heart failure), cerebrovascular disease and Alzheimer’s disease. The presence 

of depressive symptoms was evaluated using the eight-item Center for Epidemiological 

Studies Depression Scale (CES-D), with a score of ≥4 considered indicative positive for 

such symptoms25. We also measured participants’ lipid profile: Triglycerides (≥150 

mg/dl considered high); total cholesterol (≥200 mg/dl considered high); HDL (<40 

mg/dl for men and <50 mg/dl for women considered low)23. A good glycemic control 

for the diabetic participants was defined as a HbA1c level < 7.0%, according to the 
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American Diabetes Association (2018) recommendation26.

Statistical analysis

Descriptive statistics were performed for the characterization of the sample. 

Comparisons among the groups regarding memory and verbal fluency were performed 

using the Rao-Scott Wald test (comparison of means) and the chi-square test with the 

Rao-Scott correction (comparison of proportions). The sample characteristics were not 

adjusted by multiple tests. Three multiple logistic regression models were used to 

analyze whether undiagnosed diabetes modifies the association between diagnosed 

diabetes and impaired cognitive function. For the regression models, the covariates were 

selected based on their relationship with diabetes and/or cognitive impairment and after 

that, the variables with a p-value <0.20 in the univariate analysis were selected for the 

multiple model and variables with a p-value <0.05 in the final model were considered 

significantly associated with the outcome. Based on the existing evidence on the 

influence of education and age on cognitive function27 all models were adjusted for age 

and education. Model 1 included the three diabetes categories separately: non-diabetic 

(ND), undiagnosed diabetes (UDD) and diabetes (D). Model 2 combined UDD and ND 

in the same category and Model 3 combined UDD and D in the same category. 

The odds ratios (OR) obtained in Models 1 and 2 were used to calculate the change in 

the strength of the association between diagnosed diabetes and cognitive impairment 

according to the different diabetes classification groups adjusted for socioeconomic, 

health, behavioral and anthropometric characteristics. The equation (ORmodel1 – 

ORmodel2)/ORmodel1 was used, in which ORmodel1 is the OR of diabetes from Model 1 and 
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ORmodel2 is the OR of diabetes from Model 2. The same formula was applied to Models 

1 and 3 to calculate the change in the association when undiagnosed diabetics were in 

the same category as diabetics. The percentage of change in the association was 

determined among the three models. 

Descriptive statistics, comparison tests and regression models were weighted. The 

Stata® statistical package (Stata Corp, College Station, TX, USA) version 14.0 was 

used for the data analyses.

Ethical aspects

The ELSI-Brazil study received approval from the Human Research Ethics Committee 

of the René Rachou Research Center of the Oswaldo Cruz Foundation (state of Minas 

Gerais, Brazil) (certificate number: 886.754). All participants signed a statement of 

informed consent. 

RESULTS

The prevalence of undiagnosed diabetes was 7.6% (95%CI: 6.1 to 9.5) and the 

prevalence of diagnosed diabetes was 16.6% (95%CI: 14.4 to 19.0). The prevalence of 

impaired verbal fluency and impaired memory was 14.3% (95%CI: 11.3 to 17.8) and 

21.0% (95%CI: 17.4 to 25.2), respectively. Tables 1 and 2 displays the characteristics of 

the overall sample and stratified by the presence/absence of impaired memory and 

verbal fluency. The individuals excluded due to missing data were older, had lower 
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schooling, were less physically active, had less depression and fewer had a conjugal life 

in comparison to the individuals included in the present study (data not shown).

The participants with impaired verbal fluency were older, had less schooling, lived 

alone, had no conjugal live and had a lower income than those without impaired verbal 

fluency (p<0.05). These participants also were less physically active, had more 

depressive symptoms, a lower mean of BMI, a lower proportion of obesity (BMI ≥ 30 

kg/m²), and a lower mean of waist circumference (p<0.05). No differences in verbal 

fluency performance were found among the three diabetes groups analyzed (Table 1 and 

2).

Individuals with impaired memory were older, had less schooling and had a lower 

income in comparison to those without impaired memory (p<0.05). They were less 

consumers of alcohol, were less active, had a higher prevalence of diabetes and stroke, 

lower mean of BMI, lower proportion of obesity (BMI ≥ 30 kg/m²), had more 

depressive symptoms and had a lower prevalence of hypercholesterolemia (p<0.05) 

(Tables 1 and 2). 

When the three diabetes groups were compared, D individuals were older than ND. 

Compared to ND individuals, both D and UDD individuals had a higher prevalence of 

hypertension, higher mean BMI, larger waist circumference, higher waist-hip ratio, and 

higher HbA1c, triglycerides, total and HDL cholesterol serum levels. However, the D 

group had higher mean triglycerides and total cholesterol values than the UDD (p<0.05) 

(Supplementary Tables 1 and 2).
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Table 3 displays the odds ratios for the regression models and the change in the strength 

of the association between diabetes and impaired verbal fluency. In Model 1, no 

association was found. When including undiagnosed diabetics in the same category as 

non-diabetics, the chance of impaired verbal fluency was overestimated by 1.0%, with 

no significant association with (Model 2). When including undiagnosed diabetics in the 

same category as diabetics, the association between diabetes and impaired verbal 

fluency was attenuated by 8.0% but remained non-significant (Model 3). In Model 1, 

diabetics had a 49% greater chance of exhibiting impaired memory (OR=1.49 95%CI: 

1.01 to 2.20). When including undiagnosed diabetics in the same category as non-

diabetics, the association between diabetes and impaired memory was attenuated by 

2.0% and lost its statistical significance (OR=1.46 95%CI: 0.98 to 2.17) (Model 2). 

When including undiagnosed diabetics in the same category as diabetics, the association 

was attenuated by 7.4%, maintaining statistical significance (OR=1.38 95%CI: 1.01 to 

1.90) (Model 3).

DISCUSSION

The main findings from the first nationally representative aging cohort in Brazil indicate 

that DM2 increases the chances of memory impairment by 49% in individuals aged 50 

years or older. In addition, there is an attenuation of the association when undiagnosed 

diabetics are not analyzed separately to the extent of losing its significance when such 

individuals are classified as non-diabetics. 
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There is a robust body of evidence on the association between diabetes and cognitive 

decline. Our main findings are corroborated by previous studies. Rawlings et al. (2014) 

using 20 years follow-up data found that diabetes was associated to 19% higher risk to 

cognitive decline6. A meta-analysis conducted by Zhang et al. (2017) also showed that 

in diabetics the incidence of Alzheimer’s disease was 53% higher compared to non-

diabetics28
. Another meta-analysis by Palta et al. (2014), demonstrated that diabetics had 

poorer performance on executive function, processing speed, verbal memory and visual 

memory compared to non-diabetics29.

However, to date, only another study analyzed undiagnosed diabetes as a separate 

group. Nevertheless, the authors did not test the association with different cognitive 

domains separately. In a cross-sectional study involving a sample of 1,033 Mexicans 

aged 60 years or older, Downer et al. (2016) found that diabetics had a 170% greater 

chance of exhibiting severe cognitive impairment than non-diabetics. However, this 

association was attenuated by 6.3% when undiagnosed diabetics were considered non-

diabetics and 30.4% when the same individuals were considered diabetics10.

The findings reported by Downer et al. (2016) are in agreement with our results in terms 

of memory. In both studies, diabetes was associated with a greater chance of cognitive 

impairment and including undiagnosed diabetics in the same group as non-diabetics 

attenuated this association. However, the greater strength of the association and greater 

percentage of attenuation between diabetes and severe cognitive impairment may be 

attributed to the fact that Downer et al. (2016) analyzed eight cognitive domains, 

whereas we analyzed memory and verbal fluency and performed separate analyses for 

each. Furthermore, the sample used by Downer et al. (2016) was considerably older, 
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with a smaller proportion of illiterate individuals and had considerably more women. In 

addition, the prevalence of diabetic and undiagnosed diabetic individuals within the 

severe cognitive impairment group was twice as large compared to our study. Their 

mean HbA1c value was also higher than in our sample. Finally, our analyses were 

adjusted for covariates related to cognitive decline that were not used by Downer et al. 

(2016), enabling better control of the strength of the association found herein10.

DM2 as a risk factor for cognitive impairment has been explained by the reduction in 

cortical perfusion due to vascular microlesions30. Frequent hypoglycemia episodes can 

cause cell death due to a lack of energy. Frequent hyperglycemia episodes predispose an 

individual to the formation of atheromatous plaque, compromising blood circulation as 

well as adding the effect of inflammatory cytokines in the cerebral cortex and causing 

abnormalities in the homeostasis of the autonomic nervous system31,32,33,34. There is also 

evidence that chronic hyperglycemia is associated with the significant loss of cortical 

neurons and a reduction in cholinergic transmission, which is thought to result in 

impaired memory35. Gold et al. (2007) found that diabetic individuals have a smaller 

volume of the hippocampus and that there is an inverse relation between glycemic 

control and hippocampus size. As the hippocampus is more susceptible to harm due to 

severe hypoglycemia and hypoxia, it is understandable that this structure is the first 

affected by DM2. With the progression of the disease, other areas of the brain are also 

affected, with the occurrence of global atrophy and white matter disease, contributing to 

cognitive deficiencies and impaired recent memory36.
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In the present study, no association was found between diabetes and impaired verbal 

fluency in any of the models tested. In contrast, Palta and collaborators (2018) using 

data from a longitudinal study involving 3,069 individuals aged 72 to 96 years found no 

significant difference on languages tests (including verbal fluency test) between 

diabetics and non-diabetics at the onset of the study. However, diabetic participants had 

a worse performance on the phonemic verbal fluency test over the six years of follow-

up. Thus, the lack of a difference between diabetics and non-diabetics regarding verbal 

fluency in the present investigation could be attributed to the cross-sectional design of 

the study. On the other hand, Palta et al. (2018) only used self-reported classification of 

diabetes and did not consider undiagnosed diabetics as a different category11. According 

to Parente et al. (1999), one’s performance in terms of language and executive 

functioning depends on the capacity and integrity of memory37. Therefore, a possible 

explanation for the non-association between diabetes and impaired verbal fluency may 

be temporal, that is, impaired memory may occur prior to impairments in language and 

executive functioning, which lends support to the findings described by Palta et al. 

(2018)10.

The observed loss of statistical significance of the association between DM2 and 

memory impairment when undiagnosed diabetics are included in the non-diabetic 

category (model 2) as well as the underestimation of this association when undiagnosed 

diabetic individuals are included in the diagnosed diabetes group (model 3) could be 

explained by the fact that undiagnosed individuals have less severe diabetes compared 

to those with diagnosed diabetes. In addition, Zilliox et al. (2016) found that time living 

with diabetes has a strong impact on the type and severity of cognitive decline38. 
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Similarly, Rawlings et al. (2014) showed that there is a stronger association between 

cognitive deficit and diabetes of long duration6. Therefore, undiagnosed diabetic 

individuals have a shorter period living with the condition and being exposed to 

hyperglycemia. This way, they have potentially fewer negative effects on their cognitive 

function, especially memory, compared to diagnosed diabetics. Moreover, there is some 

evidence showing that the presence of other conditions and their related complications 

is higher in diagnosed diabetics compared to non-diabetics39 which would support our 

findings.

To the best of our knowledge, this is the first nationally representative study to 

investigate the association between undiagnosed DM and cognitive function in Brazilian 

older adults. The strengths of this study include its large sample size, which ensured the 

representativeness of Brazilian men and women aged 50 years or older, and the use of 

different regression models, which enabled identifying that the inclusion of undiagnosed 

diabetes in the non-diabetic group may not be the most adequate way to analyze this 

condition in epidemiological studies. This study also has limitations that should be 

acknowledged. No information was collected on the duration of the disease. The fact 

that the excluded individuals were older, had less schooling, had a lower frequency of a 

conjugal life and were less physically active may have led to some degree of bias in the 

associations found. The fact that we only had a single HbA1c measurement to classify 

the participants in diabetics and undiagnosed diabetics could have potentially influenced 

in their classification. However, despite these limitations, it was possible to find an 

association between diabetes and impaired memory and prove the initial hypothesis of 
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the study. A further limitation relates to its cross-sectional design, which does not allow 

establishing causality.

Since memory is an earlier indicator of cognitive impairment, the association between 

diabetes and its impairment is clinically relevant. Clinicians should diagnose as earlier 

as possible diabetes as well as its negative impact on cognitive function.

CONCLUSION

Older Brazilian adults with diabetes are more likely to have impaired memory. In 

addition, by not separating undiagnosed diabetes there is an attenuation of this 

association to the extent that it loses its significance when such individuals are analyzed 

as non-diabetics. This association is also attenuated when undiagnosed diabetics are 

considered diabetics. No association was found between diabetes and impaired verbal 

fluency. This may be explained by the deterioration of memory prior to the decline in 

language and executive functioning, which is an issue that needs to be examined 

longitudinally.
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Figure Legends

Figure 1 – Sample selection flowchart.
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Table 1 – Socioeconomic and behavioral characteristics of 1,944 participants of the ELSI-Brazil study according verbal fluency and memory status (2015-16)

Socioeconomic characteristics Total
(n=1,944)

Normal Verbal Fluency
(n=1,640)

Impaired Verbal Fluency
(n=304)

Normal Memory
(n=1,485)

Impaired Memory
(n=459)

Age, years (SD) 62.1±9.2 61.6±8.7ª 65.1±11.7ª 60.6±8.0b 68.1±11.2b

50-59 years, (%) 48.4 49.5 41.7 55.1b 23.4b

60-69 years, (%) 30.7 31.9 23.7 29.9b 33.7b

70-79 years, (%) 15.3 14.3 21.1 12.0b 27.8b

80-89 years, (%) 4.9 3.8ª 11.5ª 2.8b 12.8b

90 years or more, (%) 0.7 0.5 2.0 0.2 2.3
Sex (female), (%) 53.6 52.6 59.2 54.3 50.8
Schooling, (%)

Illiterate 11.4 8.9ª 27.0ª 6.9b 28.2b

1-4 years 40.1 38.8 48.0 37.1b 51.7b

5-8 years 18.8 19.6 13.8 20.8b 11.3b

9 years or more 29.7 32.7ª 11.2ª 35.2b 8.8b

Lives alone (yes), (%) 7.8 6.9ª 13.5ª 7.3 10.0
Marital status (without conjugal life), (%) 33.8 32.2ª 43.7ª 31.7 41.8
Income, (%)

No income 1.3 1.5 0.4 1.3 1.2
< 2 x BMMW 29.5 26.2ª 49.2ª 25.8b 43.5b

2-5 x BMMW 44.7 45.6 39.0 44.6 44.8
≥ 5 x BMMW 20.8 23.2ª 6.6ª 24.5b 6.8b

Did not answer 3.7 3.5 4.8 3.8 3.7
Behavioral characteristics
Alcohol intake, (%)

Never 71.2 69.9 78.9 68.7b 80.8b

> once per month 8.1 8.8 3.7 9.2b 3.8b

2-6 times a week 13.7 14.6 8.3 15.1 8.4
Daily 3.0 2.6 5.6 2.7 4.3
Did not answer 4.0 4.1 3.5 4.3 2.7

Tobacco use, (%)
Non-smoker 44.5 44.7 43.7 45.1 42.7
Ex-smoker 39.8 38.9 45.1 38.0 46.4
Smoker 15.7 16.4 11.2 16.9 10.9

Physical activity level, (%)
Active 64.8 68.5ª 42.6ª 69.1b 48.7b

Insufficiently active 27.5 24.5ª 45.8ª 23.7b 42.0b

Did not answer 7.7 7.0 11.6 7.2 9.3
BMMW – Brazilian monthly minimum wage; Means, standard deviation (SD) and proportions calculated considering sample weight. Normal verbal fluency: ≥ 8 points in verbal fluency test. 
Normal memory: ≥ 5 points in word list learning test. ª Significantly different from normal verbal fluency; b Significantly different from normal memory; p<0.05.
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Table 2 – Clinical, anthropometric and biochemical characteristics of 1,944 participants of ELSI-Brazil study according verbal fluency and memory status 

(2015-16)

Health conditions Total
(n=1,944)

Normal verbal fluency
(n=1,640)

Impaired Verbal Fluency
(n=304)

Normal Memory
(n=1,485)

Impaired Memory
(n=459)

Diabetes Mellitus, (%)
Non-diabetics, (%) 75.8 75.9 75.6 77.9b 67.9b

Undiagnosed diabetics, (%) 7.6 7.7 7.0 7.3 8.9
Self-reported diabetics, (%) 16.6 16.4 17.4 14.8b 23.2b

Verbal Fluency (impaired), (%) 14.3
Memory (impaired), (%) 21.0
Systemic arterial hypertension (yes), (%) 65.7 65.4 67.8 64.9 68.8
Cardiovascular disease (yes), (%) 14.3 14.4 13.8 14.5 13.8
Stroke (yes), (%)
)

5.6 4.7 10.4 4.7b 8.8b

Alzheimer disease (yes), (%)
Depressive symptoms, (%)

0.6 0.2 2.6 0.2 1.9

No < 4 points 46.8 49.1a 33.0a 49.8b 35.8b

Yes ≥ 4 points 46.8 45.3a 56.1a 45.0b 53.4b

Did not answer 6.4 5.6 10.9 5.2b 10.8b

Anthropometric characteristics 
Body mass index, (SD) 27.9±5.2 28.1±5.2ª 27.0±5.0ª 28.2±5.2b 27.1±5.1b

Ideal 18.5 to < 25 kg/m², (%) 27.6 27.0 30.7 26.9 30.2
Undernourished < 18.5 kg/m², (%) 2.4 2.5 1.8 2.3 2.9
Overweight 25 to < 30 kg/m², (%) 38.8 37.4 47.7 37.4 44.4
Obesity ≥ 30 kg/m², (%) 31.2 33.1a 19.8a 33.4b 22.5b

Waist circumference, (SD) 93.6±12.7 93.9±12.6ª 92.0±12.6a 93.7±12.6  93.3±12.9
> 102 cm men > 88 cm women 42.8 44.2 34.6 43.2 41.5

Waist/hip ratio, (SD) 0.9±0.1 0.9±0.1 0.9±0.1 0.9±0.1 0.9±0.1
≥ 0.90 men ≥ 0.85 women 80.9 80.8 81.7 80.6 82.1

Biochemical characteristics
Glycated hemoglobin, (SD) 6.1±1.3 6.1±1.3 6.1±1.5 6.1±1.3 6.1±1.5

≥ 7.0, (%) 12.4 12.4 12.7 12.3 12.7
Triglycerides, (SD) 181.2±113.4 181.8±113.7 177.6±110.8 183.1±114.9 173.8±104.7

≥ 150 mg/dl, (%) 50.9 51.0 50.3 50.6 51.9
Total Cholesterol, (SD) 191.2±41.1 190.6±40.5 195.1±44.2 192.7±39.6 185.9±46.2

≥ 200 mg/dl, (%) 40.5 40.2 42.3 42.7b 32.3b

HDL, (SD) 46.9±14.4 46.7±14.1 48.1±16.6 46.9±13.9 47.2±16.7
< 40 mg/dl men < 50 mg/dl women, (%) 50.5 50.7 49.3 51.1 48.4

Means, standard deviation (SD) and proportions calculated considering sample weight. Normal verbal fluency: ≥ 8 points in verbal fluency test. Normal memory: ≥ 5 points in word list 
learning test. ª Significantly different from normal verbal fluency; b Significantly different from normal memory; p<0.05.
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Table 3 – Final multiple logistic regression models for impairment in verbal fluency and memory and changes in OR according to different diabetes 

classification groups in 1,944 participants of ELSI-Brazil study (2015-16)

Impaired Verbal Fluency
OR (95%CI)

(n=1,944)

Percentage change 
compared to Model 1 (%)

Impaired Memory
OR (95%CI)

(n=1,944)

Percentage change 
compared to Model 1 (%)

Model 1
ND 1.00 - 1.00 -
UDD 0.81 (0.45–1.45) - 1.17 (0.68–2.02) -
D 1.00 (0.63–1.52) - 1.49 (1.01–2.20) -
Model 2
ND + UDD 1.00 - 1.00 -
D 1.01 (0.66–1.54) + 1.0 1.46 (0.98–2.17) - 2.0
Model 3
ND 1.00 - 1.00 -
UDD + D 0.92 (0.62–1.37) - 8.0 1.38 (1.01–1.90) - 7.4
CI – confidence interval; ND – non-diabetics; UDD – undiagnosed diabetics; D – diagnosed diabetics. Models of verbal fluency were controlled for age, sex, marital status, income, alcohol 
intake, smoking, physical activity level, waist circumference, cardiovascular disease, systemic arterial hypertension, stroke, Alzheimer disease. Models of memory were controlled for age, 
sex, schooling, income, alcohol intake, tobacco use, physical activity level, waist circumference, cardiovascular disease, systemic arterial hypertension, stroke, Alzheimer disease, depressive 
symptoms, HDL cholesterol.
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Figure 1 – Sample selection flowchart. 
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Supplementary Table 1 – Socioeconomic and behavioral characteristics of 1,944 participants of the ELSI-Brazil study according diabetes status (2015-16)

Socioeconomic characteristics Total
(n=1,944)

Non-diabetics
(n=1,451)

Undiagnosed diabetics
(n=155)

Diabetics
(n=338)

Age, years (SD) 62.1±9.2 61.5±9.1 62.6±9.1 64.8±9.2a

50-59 years, (%) 48.4 52.1 47.6 32.1a

60-69 years, (%) 30.7 29.1 29.3 38.6
70-79 years, (%) 15.3 13.3 19.5 22.3a

80-89 years, (%) 4.9 4.7 3.5 6.1
90 years or more, (%) 0.7 1.0 0.1 0.8

Sex (female), (%) 53.6 54.1 46.9 54.5
Schooling, (%)

Illiterate 11.4 9.7 15.9 17.4
1-4 years 40.1 39.3 42.0 43.3
5-8 years 18.8 19.0 25.8 14.5
9 years or more 29.7 32.0 16.4 24.8

Lives alone (yes), (%) 7.8 7.5 9.3 8.6
Marital status (without conjugal life), (%) 33.8 34.4 33.3 31.6
Income, (%)

No income 1.3 1.1 0.4 2.8
< 2 x BMMW 29.5 28.6 41.0 28.2
2-5 x BMMW 44.7 43.4 46.9 49.3
≥ 5 x BMMW 20.8 22.3 11.7 18.1
Did not answer 3.7 4.5 0.0 1.6

Behavioral characteristics
Alcohol intake, (%)

Never 71.2 69.9 74.6 75.4
> once per month 8.1 8.6 3.3 7.9
2-6 times a week 13.7 14.3 15.7 10.2
Daily 3.0 3.3 2.4 2.0
Did not answer 4.0 3.9 4.1 4.4

Tobacco use, (%)
Non-smoker 44.5 46.0 36.2 41.9
Ex-smoker 39.8 37.7 46.1 46.2
Smoker 15.7 16.3 17.7 11.9

Physical activity level, (%)
Active 64.8 66.0 63.4 60.0
Insufficiently active 27.5 26.0 31.1 32.9
Did not answer 7.7 8.0 5.5 7.1

BMMW – Brazilian monthly minimum wage; Means, standard deviation (SD) and proportions calculated considering sample weight. a Significantly different 

from non-diabetics.b Significantly different from undiagnosed diabetics
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Supplementary Table 2 – Clinical, anthropometric and biochemical characteristics of 1,944 participants of ELSI-Brazil study according verbal fluency and 

memory status (2015-16)

Health conditions Total
(n=1,944)

Non-diabetics
(n=1,451)

Undiagnosed diabetics
(n=155)

Diabetics
(n=338)

Verbal Fluency (impaired), (%) 14.3 14.2 13.0 15.0
Memory (impaired), (%) 21.0 18.8 24.6 29.4a

Systemic arterial hypertension (yes), (%) 65.7 62.5 77.9a 75.1a

Cardiovascular disease (yes), (%) 14.3 13.5 14.3 18.3
Stroke (yes), (%) 5.6 5.4 8.1 5.1
Alzheimer disease (yes), (%)
Depressive symptoms, (%)

0.6 0.3 0.0 1.8

No < 4 points 46.8 47.9 53.0 39.1
Yes ≥ 4 points 46.8 46.5 37.0 52.4
Did not answer 6.4 5.6 10.0 8.5

Anthropometric characteristics 
Body mass index, (SD) 27.9±5.2 27.4±5.0 30.4±6.4a 29.4±5.1a

Ideal 18.5 to < 25 kg/m², (%) 27.6 30.5 19.2 18.0a

Undernourished < 18.5 kg/m², (%) 2.4 3.2 0.2a 0.1a

Overweight 25 to < 30 kg/m², (%) 38.8 37.7 40.0 43.5
Obesity ≥ 30 kg/m², (%) 31.2 28.6 40.6 38.4a

Waist circumference, (SD) 93.6±12.7 92.0±12.2 101.3±13.7a 97.4±11.8a

> 102 cm men > 88 cm women 42.8 38.7 64.6a 51.8a

Waist/hip ratio, (SD) 0.9±0.1 0.9±0.1 1.0±0.1a 1.0±0.1a

≥ 0.90 men ≥ 0.85 women 80.9 76.8 96.4a 92.7a

Biochemical characteristics
Glycated hemoglobin, (SD) 6.1±1.3 5.6±0.4 7.8±1.9a 7.5±2.1a

≥ 7.0 (%) 12.4 0.0 50.8 51.6
Triglycerides, (SD) 181.2±113.4 171.8±100.3 242.8±176.5a 195.7±124.4a,b

≥ 150 mg/dl (%) 50.9 47.6 70.2a 56.8
Total Cholesterol, (SD) 191.2±41.1 193.7±39.6 199.7±42.7 175.9±43.5a,b

≥ 200 mg/dl (%) 40.5 42.5 47.7 28.0a,b

HDL, (SD) 46.9±14.4 47.8±14.4 42.4±15.3a 45.2±13.8a

< 40 mg/dl men < 50 mg/dl women, (%) 50.5 48.6 55.2 56.9
Means, standard deviation (SD) and proportions calculated considering sample weight. a Significantly different from non-diabetics.b Significantly different from 

undiagnosed diabetics.
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