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Body mass index and cognitive function in community-living elderly men and 

women: The Tromsø Study. 

 

Abstract 

Background: Previous studies have reported conflicting results regarding the 

relationship between cognitive function and nutritional status in the elderly. The 

primary objective of this study was to investigate the associations between body mass 

index (BMI) and cognitive function in a sample of community-living elderly men and 

women. 

Methods: This population-based study comprised data from 1148 men and 1344 

women aged 65 years or older from the municipality of Tromsø, Norway. The data 

was collected from the 5th survey of the Tromsø Study. A cross-sectional design was 

used to examine the associations between nutritional status and cognitive function. 

BMI was categorized into six groups (≤19.99, 20.00-22.49, 22.50-24.99, 25.00-27.49, 

27.50-29.99 and ≥30 kg/m2). Cognitive function was measured by use of the 12-word 

test, part one (immediate recall) and part two (short-term delayed recall), the digit 

symbol coding test, and the finger tapping test with dominant and non-dominant hand. 

The statistical associations between BMI and cognitive function were assessed using 

multiple logistic regression models. The data was adjusted for age, sex, educational 

level, co-morbidity, alcohol use and smoking habits, factors known to be associated 

with both BMI and cognitive function.  

Results: A BMI ≥30 kg/m2 was associated with a reduced score on the finger tapping 

test in the non-dominant hand (OR: 1.53, 95% CI: 1.11-2.10, p= 0.009). A BMI of 

≤22.49 kg/m2 was associated with a reduced score on the short-term delayed recall 

test (OR: 1.54, 95% CI: 1.07-2.23, p=0.020). For the other BMI categories and 

cognitive test scores there were no significant associations.  

Conclusion: Overall, there were no statistically significant associations between 

underweight, overweight or obesity and cognitive function in this study, also when 

adjusting for age, sex and confounding factors. An obese subgroup showed reduced 

performance on the finger tapping test, whereas an underweight subgroup performed 

poorer on the short-term delayed recall test.  

 

Keywords: elderly, body mass index, BMI, nutrition, nutritional status, cognitive 

function, cognition, cognitive decline, cognitive tests. 
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Background  

The association between nutritional status and risk of cognitive decline in the elderly 

has been investigated in a number of epidemiological studies with conflicting results 

(1-4). In a systematic review and meta-analysis from 2016 (1), 16 studies reported on 

late-life overweight/obesity and incident dementia. Of these, seven reported on 

overweight; three of them found that being overweight lowered the risk of incident 

dementia, while no significant associations were reported by the remaining four 

studies. Six studies reported on obesity; one study found that being obese increased 

the risk of incident dementia, two studies reported that obesity reduced the risk, while 

three of the six reported a non-significant association. Four studies reporting on 

obesity were suitable for inclusion in the meta-analyses and yielded a statistically 

significant relative risk between BMI and cognitive decline (RR: 0.83, 95% CI: 0.74-

0.94). The corresponding risk estimate for cognitive impairment among subjects in 

the overweight group, based on the five studies included, was almost significant (RR: 

0.88, 95% CI: 0.76-1.02). 

 

Studies reporting on underweight and risk of cognitive decline are fewer in number 

than those reporting on overweight or obesity. A review by Emmerzaal et al. (2) 

briefly discusses this problem. They presented five studies on underweight and risk of 

cognitive decline among the elderly. Three of the included studies reported that the 

underweight group had the highest risk of incident dementia, while two studies 

reported no difference in risk of dementia between the underweight and the normal 

weight participants.  

 

The inconsistent results from previous studies may be explained by differences in age, 

inclusion and exclusion criteria, study design and duration of follow-up time (2, 5). 

Another source of discrepancy between results could be the way BMI has been 

modelled. Some studies treat BMI as a continuous variable, while others report BMI 

as a categorical variable with varying definitions of subgroups. How BMI is defined 

(quantiles or classical categories) and how BMI is measured (self-reported versus 

weighing) may also contribute to the variation in results (2, 6). Cognitive function has 

been evaluated by different cognitive tests and this makes comparison between 

studies difficult. Some studies measure cognition only by screening with the mini-

mental state examination (or a modified version of the MMSE), while others use a 
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combination of different cognitive assessment tools (1). Numerous variables and 

confounders may interact with, and influence, the association between BMI and 

cognition. Inadequate standardization and weaknesses in study design may also 

contribute to the heterogeneous results reported on the relation between nutrition and 

cognition. 

 

The present study is based on the 5th survey of the Tromsø study which has a number 

of unique characteristics including a high attendance rate, information regarding a 

wide range of medical conditions and lifestyle variables and the use of three validated 

cognitive tests. This makes the database suitable to explore the association between 

nutritional status and cognitive decline.  

 

Methods 

Study population and design 

Participants were recruited from the 5th wave of the Tromsø Study, a single center, 

population-based longitudinal study with repeated health surveys conducted in the 

municipality of Tromsø, Norway. The 5th survey of the population was carried out in 

2001-2002 and had a cross-sectional design (7, 8) 

 

Our study sample is restricted to participants aged 65 years and older. A total of 4022 

men and women in this age group were invited, and 3479 completed the survey, 

providing an overall attendance rate of 86.5 %, women 85 % and men 88 %, 

respectively. Participants with missing values for weight and/or height, and who were 

not willing to participate in research were excluded. In the analysis only participants 

who completed all cognitive tests were included. The final study sample is described 

in table 1 and included 1344 women (53.9 %) and 1148 men (46.1 %), with a mean 

age of 72.0 (4.9) and 71.6 (4.7) years, respectively. 

 

The Tromsø Study has received recommendations from the Regional Committee for 

Medical Research Ethics and has been approved by the Data Inspectorate and the 

Norwegian Directorate of Health. All subjects gave written consent to participate, 

with the option to withdraw at any point (9). 
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Measurements 

Information on baseline characteristics was collected by self-administered 

questionnaires and physical examination at a single time-point.  

 

Body Mass Index 

At the research centers height (cm) and weight (kg) were measured, to the nearest 

decimal, with participants wearing light clothing and no shoes. BMI was calculated as 

weight (kg) divided by height (m) squared. Based on BMI, the participants were 

categorized into six groups (≤19.99, 20.00-22.49, 22.50-24.99, 25.00-27.49, 27.50-

29.99 and  ≥30 kg/m2), thereby including the definitions of overweight (25.00-29.99 

kg/m2) and obesity (≥30 kg/m2) as given by the World Health Organization (WHO) 

(10). The subdivision of the lower and higher WHO categories made it possible to 

discriminate further between subgroups of participants.  

 

Cognitive measures 

Cognitive function was assessed by use of three different tests: the 12-word test, the 

digit symbol coding test and the finger tapping test.  

 

The 12-word test, part one and two, measures verbal episodic memory, and is a 

modified version of the California Verbal Learning Test. Part one tests short-term 

verbal memory with immediate free recall of 12 nouns, presented verbally and 

visually. One point is given for each correctly recalled noun. In part two, after a five-

minute delay, the participants are encouraged to identify the 12 words among a total 

of 24. This test is referred to as short-term delayed recall. A total score (δ-value) is 

estimated by use of an algorithm based on correct or incorrect answers (11).  

 

The digit symbol coding test is a part of the Wechsler Adult Intelligence Scale 

(WAIS) and measures cognitive domains such as attention, motor speed, visuo-

perceptual functions and executive functions like planning, strategizing, performing 

and controlling. The test consists of rows of small, blank squares, each paired with a 

randomly assigned number from one to nine, and with a printed key above each row 

that paired each number with a different nonsense symbol. After a practice trail with 

the first seven numbers, the subjects were asked to consecutively fill in as many as 

possible of the blank spaces with the corresponding symbol, as fast and precise as 
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possible. The number of correctly coded symbols within a given time limit constitutes 

the score (12).  

 

The computerized finger tapping test measures motor speed and motor control and is 

sensitive for brain damage, including subtle ones (13). Also, the finger tapping 

performance is impaired in populations with Alzheimer´s disease (14). The participant 

taps as many times as possible for 10 seconds with the index finger alternating 

between the dominant and the non-dominant hand. The number of taps are registered 

by a computer, and repeated four times for each hand, calculating the mean of the last 

three trials for the final result (15).  

 

The three cognitive tests represent validated tools widely used in the assessment of 

cognitive function (16). However, there are no established cut-off values indicating 

cognitive decline in any of these tests. We defined the lower 25th percentile of the 

various cognitive test scores as the cut-off indicating lower cognitive function. 

 

Other covariates 

Information concerning education, marital status, smoking, alcohol, physical activity 

and medical conditions were obtained from self-administered questionnaires. 

 

Marital status was dichotomized into single living (single, widow/widower, divorced, 

separated) and married (married, registered partnership). 

 

Education was categorized into five groups: primary school (1-6 years), lower 

secondary school (7-9 years), upper secondary school (10-12 years), 

college/university less than 4 years (13-15 years) and college/university for 4 or more 

years (15 or more years). 

 

Smoking was divided into three groups; never, previously and current.  

Alcohol consumption during the last year was divided into five categories. Teetotalers 

and participants not drinking alcohol during the last year were defined as never. 

Alcohol intake a few times a year and once per month were defined as rarely and 2-3 

times per month and once per week were defined as monthly. The last two categories 

being 2-3 times and 4-7 times per week (table 2). This five-category variable was then 
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dichotomized into weekly (2-3 times per week and 4-7 times per week) and seldom 

(never, rarely, monthly) for the regression analyses. 

 

A history of antihypertensive medication was dichotomized into currently or 

previously/never. A previous myocardial infarction and/or prevalent angina were 

combined into a new variable called coronary heart disease (CHD) for the 

multivariate regression analyses but kept as separate entities in table 2 (baseline 

characteristics) as it gives a fuller description of the medical conditions of the 

participants. A history of diabetes or stroke were also included as cofactors. 

 

Statistical analyses 

The differences in baseline characteristics between men and women were assessed by 

the use of the chi-square test and independent sample t-test. Continuous variables are 

presented as means (standard deviations (SD)) and categorical variables are presented 

as numbers of observations (percentages of observations).  

 

The relationship between nutritional status and cognition was assessed in a logistic 

regression model. Data from men and women were pooled due to the low numbers in 

some BMI groups in sex-stratified analyses. The different cognitive tests were treated 

as dependent variables and the BMI categories as independent variables. The BMI 

category 25.00-27.49 kg/m2 was chosen as reference group. The estimates were 

adjusted for age, sex, educational level, smoking habits, alcohol consumption, 

hypertension, diabetes, coronary heart disease (CHD) and stroke. These potential 

confounders were entered into the model giving an adjusted odds ratio (OR) with 

corresponding 95 % confidence interval (CI) for performing under the 25th percentile 

across BMI categories.  

   

The analyses were performed using SPSS statistical software version 26 (SPSS Inc., 

Chicago, Illinois, USA). 

 

Results 

Baseline characteristics of the study population including 1148 men and 1344 women 

are described in table 2. The mean age was 71.6 years for men and 72.0 for women. 

Men had a significantly higher educational level than women. There was a higher 
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proportion of women both in the underweight and the obese BMI group. 

Approximately two thirds of the study population were overweight or obese. There 

were statistically significant gender differences in most variables with the exception 

of diabetes, stroke and hypertension, with p-values of 0.28, 0.39 and 0.64 

respectively.  

 

The relationship between BMI categories and cognitive tests are described in table 3 

and table 4. Overall, there were no significant associations between the various BMI 

categories and lower cognitive test scores. However, a BMI ≥30 kg/m2 was 

significantly associated with a reduced score on the finger tapping test for the non-

dominant hand in model 1 (OR: 1.67, 95% CI: 1.23-2.27, p=0.001), and in model 2 

after adjusting for all potential cofounders (OR: 1.53, 95% CI: 1.11-2.10, p=0.009).  

 

The two lowest BMI groups, pooled into one (BMI ≤22.49 kg/m2), were significantly 

associated with a reduced score on the short-term delayed recall test in model 1 (OR: 

1.55, 95% CI: 1.09-2.21, p=0.015), and also in the multivariate adjusted model 2 (OR: 

1.54, 95% CI: 1.07-2.23, p=0.020). 

 

As separate groups, a BMI of 20-22.49 kg/m2 was significantly associated with a 

reduced score on the short-term delayed recall test in model 1 (OR: 1.59, 95% CI 

1.08-2.34, p=0.019) and remained so in the multivariate model 2 (OR: 1.59, 95% CI: 

1.07-2.37, p=0.022). However, in the lowest underweight group (BMI ≤19.99) this 

association turned insignificant, probably due to the small number of participants in 

this group (table 3). 

 

The finger tapping test for the dominant hand was associated with a statistically 

significant reduced score in the obese group (BMI ≥30 kg/m2) in model 1 (OR: 1.38, 

95% CI: 1.09-1.88, p=0.038), but turned insignificant in the multivariate adjusted 

model (table 4).   

 

Besides this, there were no significant associations between BMI and lower cognitive 

function (table 4). 
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Discussion 

In the present study, there was no overall statistically significant association between 

BMI and lower cognitive test scores indicating cognitive decline.  

 

One could argue that BMI as a single measure of nutritional status is inadequate. BMI  

is gender, race and age specific, and does not give information on body fat 

distribution and body composition (17, 18). Aging is associated with decline in 

stature, decreased bone mineral density, loss of muscle mass and altered fat 

distribution (19, 20). All of these are known risk factors for age-related diseases (19). 

Due to physical changes related to ageing and illness, malnutrition and reduced 

muscle mass may be present in the elderly although their BMI falls into the 

overweight categories (21). The use of BMI as the only anthropometric measure may, 

in part, contribute to the discrepancy in results reported in the earlier studies.  

 

In the present study only cross-sectional data on BMI and cognition were used. It is 

possible that prospective data may give more reliable results. This is supported by 

recent studies which have investigated the possibility of a longitudinal link between 

BMI and cognition in late-life (17). This has led to the theory of the obesity paradox, 

where obesity in mid-life is associated with a higher risk of incident dementia, 

whereas late-life obesity reduces the risk (1). What is considered a risk factor at one 

point may very well change during a life-course, i.e. the obesity paradox.  

BMI as a risk factor for cognitive decline should be considered over time, preferably 

in a life-time perspective (22).  

 

The different profiles of cognitive deficits in the underweight and overweight group 

may reflect the cognitive domains that are affected in these two groups. To speculate, 

underweight and overweight patients could have different neuroanatomical 

localization of their brain dysfunction. The different cognitive profiles between the 

weight groups may be a reflection of this. 

 

Interestingly, the performance on the finger tapping test was significantly reduced in 

the obese BMI group (BMI ≥30 kg/m2) and remained so when adjusted for possible 

confounders. This finding is consistent with previous studies claiming that obesity is 

associated with cognitive deterioration in the elderly (23, 24). A possible mechanism 
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for reduced performance on finger tapping could be a default brain network in obese 

individuals. Tregellas et al. (25) argue that the function of this brain network, which 

is the main contributor to neuronal activity, is altered in obese individuals. 

Christianson et al. (26) argues in a study from 2004 that although motor functioning 

is controlled by many areas of the brain, the motor strip rostral to the central sulcus is 

most important. Furthermore, Hugdahl et al. (27) has reported on a corresponding 

extrinsic mode network interacting with the internal one, making this sophisticated 

interplay even more vulnerable to minor brain damage. It is possible that motor speed 

and function, as measured by finger tapping, could be most sensitive for minor brain 

dysfunction related to obesity. On the other hand, it is hard to explain why the 

performance on digit symbol coding test, which is mapping attention, motor speed 

and visuo-perceptual function, was unchanged in the obese BMI group (table 4). It is 

reasonable to assume that this test, reflecting speed and quality of the interplay 

between various brain regions, also should be sensitive to minor brain damage. It is 

well known that obesity is related to brain damage due to a history of diabetes, 

hypertension and coronary heart disease (28) (see table 2). Previous studies have 

found that the finger tapping test is very sensitive for cognitive dysfunctions 

following a history of stroke (29, 30).  

 

When the two lowest BMI groups were pooled into one (BMI ≤22.49 kg/m2), this 

group performed significantly lower on the short-term delayed recall test compared to 

the reference group (BMI 22.50-24.99 kg/m2) in both models. Although the medical 

literature reporting on the association between underweight and delayed recall in the 

elderly is sparse, a study from Shanghai claims that delayed recall, long term as well 

as short term, is the most sensitive measure for the early diagnosis of Alzheimer´s 

disease (AD), and a predictor of conversion from mild cognitive impairment to AD 

(31). Another study from Seoul reports that underweight is a marker for identifying 

individuals in increased risk of AD in mild cognitive impairment (32). In the 

Canadian population-based study on elderly above 65 years (n=13176) the cognitive 

profile among those with underweight was characterized by low scores on semantic 

fluency (recalling as many names as possible from a specified category in one minute) 

and processing speed, both indicators of executive dysfunction (33). Deficits in cued 

delayed recall are suggestive of temporo-limbic amnesia and is an indicator of 

preclinical AD (34). Although there is no data providing evidence for an underlying 
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mild cognitive impairment or early AD in our underweight sub-group, such a 

hypothesis should not be rejected.  

 

The causes for underweight in our lowest BMI groups may include malnutrition, 

starvation, sarcopenia, malignancies and even cachexia. Among these possible causes, 

sarcopenia is of particular interest. Huang et al. (35) reported that sarcopenia is 

significantly associated with impaired verbal fluency.  

 

Strengths and weaknesses 

This study has several limitations. First, the cross-sectional study design, from which 

one can only make assumptions based on measurements from a single point in time. 

Thus, no cause-effect conclusions can be drawn. A longitudinal design would have 

made it possible to say something about change in BMI and cognition over a time-

period. Secondly, although widely used in epidemiological research, there is always a 

possibility of recall bias and social desirability bias when relying on self-reported data 

(36). Information regarding medical conditions and medication use were also self-

reported and not validated through review of medical records. Third, to attend the 

Tromsø study, the participants had to be healthy and mobile enough to physically go 

to the study center. Due to this, institutionalized people, although invited, may not 

have been able to participate. Attendance rate among people with cognitive 

decline/dementia was probably low. Hence the study population reflects this selection 

bias, and the results are not necessarily a true representation of the population of 

elderly individuals. There were few participants in the underweight group and not 

enough participants to do sex and age-group stratified analyses across the six BMI 

categories. 

 

Despite these limitations, there are several strengths to this study. Most of all, the 

large sample size and relatively low number of missing data in each variable included 

in the analyses. Furthermore, the cognitive tests used are validated tools and are all 

sensitive for measuring cognitive decline. The study population was relatively 

homogenous in terms of ethnicity being mainly Caucasians. In addition, the mean age 

was high, as was the attendance rate even among the oldest old. Finally, the results 

were adjusted for a wide range of potential confounders. 
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Conclusion 

In this study, no overall significant association was found between cognitive function 

and underweight, overweight or obesity compared to normal BMI. This conclusion 

remained unchanged when multiadjusting for potential confounding factors. This may 

be a reflection of the many interactions between known and unknown confounding 

factors which could influence cognitive test performance.  
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Table 1. Participation in different age groups of elderly men and women. The Tromsø 

study. 

 

 

 

 

  

Age 

(years) 

No. invited No. attended Participation rate (%) 

Men Women Men  Women Men  Women 

65-69 637 687 591 636 92.8 92.6 

70-74 542 683 495 604 91.3 88.4 

75-79 470 627 390 495 83.0 78.9 

≥80 162 214 118 150 72.8 70.1 

Total 1811 2211 1594 1885 88.0 85.3 
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Table 2. Baseline characteristics of participants. The Tromsø Study. 

 

Total 

(n=2492) 

Men 

(n=1148) 

Women 

(n=1344) 

P-valuea 

Age, years. Mean 

(SD) 

71.6 (4.7) 72.0 (4.9) 0.025b 

Single living 264 (23.0%) 626 (46.6%) <0.001c 

BMI kg/m2, Mean 

(SD) 

26.4 (3.5) 27.0 (4.5) <0.001b 

BMI categories    

≤19.99 kg/m2 24 (2.1%) 63 (4.7%)  

20.00-22.49 kg/m2 113 (9.8%) 132 (9.8%)  

22.50-24.99 kg/m2 256 (23.3%) 260 (19.3) <0.001c 

25.00-27.49 kg/m2 354 (30.8%) 316 (23.5%)  

27.50-29.99 kg/m2 236 (20.6%) 257 (19.1%)  

≥30.00 kg/m2 165 (14.4%) 316 (23.5%)  

Education    

Primary school 84 (7.8%) 63 (5.1%)  

Lower secondary 556 (51.6%) 834 (67.1%)  

Upper secondary 275 (25.5%) 235 (18.9%) <0.001c 

College/university  

< 4 years 

94 (8.7%) 65 (5.2%)  

College/university 

≥4 years 

68 (6.3%) 45 (3.6%)  

Smoking    

Currently 256 (22.4%) 277 (20.9%)  

Previously 686 (60.1%) 397 (29.9%) <0.001c 

Never 199 (17.4%) 654 (49.2%)  

Alcohol    

Never 193 (17.2%) 398 (31.5%)  

Rarely 448 (39.9%) 552 (43.7%)  

Monthly 311 (27.7%) 207 (16.4%) <0.001c 

2-3 times/week 122 (10.9%) 83 (6.6%)  

4-7 times/week 49 (4.4%) 22 (1.7%)  

Medical conditions    

Diabetes 68 (6.0%) 64 (4.9%) 0.276c 

Heart attack 179 (15.8%) 80 (6.1%) <0.001c 

Angina 216 (19.2%) 156 (12.0%) <0.001c 

Stroke 71 (6.3%) 70 (5.4%) 0.391c 

Hypertension 340 (30.5%) 415 (31.9%) 0.634c 

 

Values are mean (SD) for continuous variables and n (%) for categorical variables.  

 

aThe p-values for the difference between men and women were estimated by using the 

independent sample t-testb and the chi-square testc. 
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Table 3. Regression models for the association between cognitive test performance and BMI categories. 

 

BMI 

groups 

(kg/m2) 

Finger tapping (non-dominant hand) Short-term delayed recall*  

(12-word test, part two) 

Model 1a Model 2b Model 1a Model 2b 

OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p 

≤19.99 1.70  

(0.97-2.99) 

0.063 1.68 

(0.93-3.03) 

0.085 1.44  

(0.78-2.64) 

0.242 1.41  

(0.76-2.64) 

0.279 

20.00-

22.49 

1.00  

(0.66-1.51) 

0.987 1.03  

(0.67-1.57) 

0.907 1.59  

(1.08-2.34) 

0.019 1.59  

(1.07-2.37) 

0.022 

22.50-

24.99 

1.17  

(0.82-1.55) 

0.465 1.21  

(0.87-1.68) 

0.255 0.80  

(0.57-1.13) 

0.199 0.83  

(0.59-1.18) 

0.300 

25.00-

27.49 

1.00 Reference 1.00 Reference 

27.50-

29.99 

1.04  

(0.75-1.44) 

0.828 1.01  

(0.73-1.41) 

0.947 0.90  

(0.64-1.27) 

0.540 0.90  

(0.64-1.27) 

0.550 

≥30.00 1.67  

(1.23-2.27) 

0.001 1.53  

(1.11-2.10) 

0.009 0.93  

(0.66-1.32) 

0.696 0.96  

(0.67-1.36) 

0.805 

Nc 22.90% (486/2122) 17.06% (360/2110) 

 

Significant test results are printed in bold. 

aAdjusted for age and sex. 

bAdusted for age, sex, educational level, smoking, alcohol consummation, diabetes, hypertension, 

stroke, coronary heart disease. 

cSample size (with proportion of participants performing under the 25th percentile in %). 

 

*Short-term delayed recall:  

When the two lowest BMI categories were collapsed; 

BMI ≤22.49 kg/m2: 

Model 1a; OR: 1.55, 95% CI: 1.09-2.21, p=0.015  

Model 2b; OR: 1.54, 95% CI: 1.07-2.23, p=0.020 
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Table 4. Regression models for the association between cognitive test performance and BMI categories. 

 
BMI 

groups 

(kg/m2) 

Finger tapping (dominant hand) Immediate recall (12-word test, part one) Digit symbol coding test 

Model 1a Model 2b Model 1a Model 2b Model 1a Model 2b 

OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p OR  

(95% CI) 

p 

≤19.99 1.36  

(0.77-2.39) 

0.292 1.38  

(0.76-2.56) 

0.288 1.14  

(0.62-2.10) 

0.665 1.10  

(0.59-2.05) 

0.777 1.31  

(0.72-2.39) 

0.383 1.35  

(0.72-2.53) 

0.358 

20.00-

22.49 

0.82  

(0.54-1.25) 

0.352 0.84  

(0.54-1.29) 

0.414 1.14  

(0.78-1.69) 

0.497 1.13  

(0.76-1.69) 

0.536 1.09  

(0.73-1.62) 

0.676 1.15  

(0.75-1.75) 

0.523 

22.50-

24.99 

0.91  

(0.66-1.24) 

0.536 0.97  

(0.70-1.35) 

0.875 0.91  

(0.67-1.25) 

0.570 0.98  

(0.71-1.34) 

0.894 0.88  

(0.64-1.21) 

0.442 1.02  

(0.73-1.42) 

0.920 

25.00-

27.49 

1.00 Reference 1.00 Reference 1.00 Reference 

27.50-

29.99 

1.08  

(0.79-1.48) 

0.633 1.07  

(0.77-1.47) 

0.713 1.18  

(0.87-1.61) 

0.281 1.18  

(0.87-1.62) 

0.288 0.92  

(0.67-1.27) 

0.611 0.90  

(0.64-1.26) 

0.540 

≥30.00 1.38  

(1.09-1.88) 

0.038 1.26  

(0.92-1.73) 

0.150 1.19  

(0.87-1.62) 

0.287 1.14  

(0.82-1.57) 

0.436 1.23  

(0.89-1.68) 

0.206 1.08  

(0.77-1.51) 

0.670 

Nc 22.76% (483/2122) 22.20% (470/2117) 21.39% (454/2122) 

 

Significant test results are printed in bold. 

aAdjusted for age and sex. 

bAdusted for age, sex, educational level, smoking, alcohol consummation, diabetes, hypertension, stroke, coronary heart disease. 

cProportion of participants performing under the 25th percentile in % (sample size). 
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