
Introduction

There are only a few population-based studies about 
interrelations between oral health status, food consumption and 
nutrient intake, but the findings emerging from these studies 
are quite similar, i.e. the lack of one´s own natural teeth is 
associated with the ability to eat hard or difficult to eat foods (1, 
2, 3). It has also been observed that there are different nutrient 
concentrations in serum according whether a person has his/
her own natural teeth or not. For example, plasma retinol and 
plasma ascorbate concentrations have been reported to be lower 
among edentate than dentate individuals (1, 4, 5).

On the other hand, results from earlier studies are 
contradictory regarding differences between dentate individuals 
and denture wearers in terms of food consumption and nutrient 
intake. Some studies do not report any major differences 
in dietary pattern (6) or nutrient intake (7) according to 
denture status while others report differences not only in the 
consumption of hard to chew foods (3), but also in nutrient 
intakes and general food consumption between individuals with 
or without dentures (8, 9).

At the moment, there are few studies of the relationship 
between dental status and general health. In these studies 
edentulousness without dentures was reported to associate with 
higher risk of decreased physical ability and malnutrition when 

compared to having one´s natural teeth. In these studies the 
findings about the role of edentulousness without dentures in 
relation to mortality was contradictory (10, 11).

Currently, there is insufficient knowledge about the 
interrelation between the use of partial denture in dentate 
people and diet (12) and this interrelation has not been studied 
in the population-based studies mentioned above (1, 3, 4). 
The aim of this study was to examine whether denture status 
(edentulous with full dentures, own dentition with removable 
dentures, own dentition with no removable dentures) among 
men and women would be associated with consumption of 
foods and intake of nutrients in a middle-aged and elderly 
Finnish population. 

Material and methods

This study was based on data from the nationally 
representative Health 2000 Survey implemented in 2000–
2001 by the National Institute for Health and Welfare (THL) 
(former the National Public Health Institute (KTL) of Finland). 
The survey was conducted in whole Finland using the two-
stage stratified cluster sampling design. People aged 80 or 
over were oversampled with a double sampling fraction. The 
sampling frame was regionally stratified according to the five 
university hospital regions, each containing roughly one million 
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inhabitants. After this, 80 health center districts were selected 
among these university hospital regions. The participants were 
randomly selected among health center districts. The main 
sample concerning adults aged 30 years and over comprised 
of 8028 individuals who lived either at home or at institutions 
in mainland of Finland (13). The present study was restricted 
to participants aged 55–84 years (n=2,241) because among 
the younger ones, number of those who had lost teeth or wore 
removable dentures was very low (14).  All participants of this 
study filled in a food frequency questionnaire (FFQ), attended 
a clinical oral health examination and an interview where 
background information was collected. In the study group, 43% 
of participants were men and 57% were women. 

Each participant gave their written, informed consent. 
Approval of the Ethics Committee of Epidemiology and Public 
Health in the Hospital District of Helsinki and Uusimaa was 
also obtained.

Information of dietary variables
Food consumption was measured using a validated Food 

Frequency Questionnaire (FFQ) (15). FFQ included 128 food 
items, which allowed assessment of the whole diet over the 
previous 12 months. Nine frequency categories of the use of 
foods ranged from never or rarely to six or more times per day. 
The portion sizes were fixed, and if possible, specified using 
natural units (e.g. cups of coffee). The food consumption was 
converted to grams per day by multiplying the frequency of 
food consumption by fixed portion sizes. The ingredients of 
mixed foods were broken down into their components as were 
the contents of different nutrients in food items to allow them 
to be estimated using Fineli®, a Finnish food consumption 
database. The daily energy intake (in kcal/day) and the 
proportions of fats, carbohydrates and proteins in percentages 
were calculated and they were used in these analyses as 
continuous variables.  

The FFQ was handed to participants in connection with the 
health examination or home health examination. Participants 
filled in the questionnaire at their homes without an interviewer, 
which does not let us know the actual person filling in the 
questionnaire. However, the questionnaire was introduced 
to each participant and the filling instructions were reviewed 
together with them. A nutritionist looked through all forms at 
the THL and if there was some written information to declare 
the persons cognitive capacity, it was taken in account at this 
point. Unreliably filled questionnaires were not used in the 
analyses (16). 

Clinical oral health examination 
The examination of clinical oral health, performed as part 

of the general health examination, took about 15 minutes 
(13). It was carried out in a dental chair with a headlamp as 
the light source and using a mouth mirror, fibre optics and a 
WHO periodontal probe. The presence of teeth was recorded 
according to the presence or absence of a tooth taking into 

account all teeth and tooth remnants visible and tactile in the 
mouth. The presence of removable dentures was subdivided 
into upper or lower ones by jaw. In this study, denture status 
was categorised into three groups: edentulous with full dentures 
(=full denture wearers), dentate with removable dentures and 
dentate with no removable dentures. 

Interview data
The interviews gathered information on socioeconomic 

circumstances, living arrangements, self-reported oral health, 
and cognitive function. The level of education was assessed 
using information on formal schooling and vocational training. 
In these analyses, education was categorised into three classes: 
basic, intermediate and higher education. Those with no 
formal vocational training or upper secondary education were 
classified as having basic education; those who had completed 
vocational training or passed the matriculation examination 
were considered as having intermediate education and those 
with higher education had degrees or diplomas from higher 
vocational institutions, polytechnics and universities. Marital 
status was classified into two classes: married or cohabiting 
vs. single, divorced or widowed. Living arrangements were 
categorised into two classes: those living at home vs. those 
living in a nursing home or an institution. Self- perceived oral 
health was measured with the question: ”Is the condition of 
your teeth and mouth at present, (A) good; (B) fairly good; 
(C) moderate; (D) fairly poor; (E) poor”. In the analyses the 
categories (A) and (B) were combined as were categories 
(C),(D) and (E). The participants were also asked whether 
they had suffered from toothache during the past 12 months 
or had experienced other problems related to their teeth or 
dentures (yes/no); whether they were able to eat dry bread /
biscuits without simultaneously drinking water (yes/no), or 
whether they were able to chew hard or tough food (such as rye 
bread) (A) without difficulty; (B) with difficulty or (C) not at 
all.  A shortened version of the Mini Mental State Examination 
(MMSE) (sum score: mean/13.7, SE, min/0, max/16) was used 
to measure cognitive function (17). 

Statistics
Due to the two-stage stratified cluster sample design and in 

order to correct the effects of non-response and over-sampling 
people aged 80 years or older, SAS Callable SUDAAN 
software was used. Means of consumption of food items and 
intake of nutrients with 95% confidence intervals (95%CI) 
were calculated according to denture status. Linear regression 
was used to first examine weighted but unadjusted associations 
between denture status and food consumption and nutrient 
intake. In these analyses, the food items or nutrient intakes 
were used as the outcome variables and denture status as the 
explanatory variable. Associations were first adjusted for age 
as continuous and energy intake, next for age as continuous, 
energy intake, marital status, level of education and living 
arrangements, and finally for age as continuous, energy intake, 
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Table 1
Distribution of the study subjects according to gender and denture status*

 MEN (n=911) WOMEN (n=1,215)

(missing value) Dentate, no 
removable 
dentures

Dentate with 
removable 
dentures

Edentulous 
/ Full den-

tures

ALL Dentate, no 
removable 
dentures

Dentate with 
removable 
dentures

Edentulous 
/ Full den-

tures

ALL

ALL (%) 47 31 22 39 31 30

Age (mean) 63.2 64.9 69.0 65.0 63.3 66.1 69.9 66.1

<0.001 1 <0.001 1

Number of teeth (mean) 23.2 10.3 0 14.1 23.7 10.3 0 12.4

<0.001 1 <0.001 1

Education (%)

Basic 46 60 80 58 44 67 83 63

Intermediate 29 27 17 26 25 20 15 20

Higher 25 13 3 16 31 13 2 17

    (n=7) <0.001 3 <0.001 3

Marital status (%)

Married/cohabiting 80 80 77 79 63 53 48 55

Single/separated/divorced 20 20 23 21 37 47 52 45

     (n=5) 0.575 3 <0.001 3

Living arrangements (%) 

Home 100 99 96 98 98 99 98 98

0 1 1 2 2 1 2 2

     (n=8) 0.059 3 0.602 3

Self-perceived oral health (%)

Good/fairly good 62 51 63 59 71 52 63 62

Intermediate/poor 38 49 37 41 29 48 37 38

     (n=18) 0.042 3 <0.001 3

Pain/discomfort during the past 12 months (%)

Yes 30 38 19 30 37 34 24 31

No 70 62 81 70 67 66 76 69

     (n=5) <0.001 3 0.006 3

Able to eat dry bread/biscuits (%) 

Yes 90 88 79 86 89 90 71 85

No 10 12 21 21 11 10 29 15

     (n=16) <0.001 3 <0.001 3

Problems in chewing (%)

None 88 75 58 77 87 74 64 76

Minor 8 23 31 18 11 21 29 19

Major 4 2 11 5 2 6 7 5

     (n=11) <0.001 3 <0.001 3

Cognitive function (MMSE4 sum score,-
mean)

14.1 13.8 13.1 14.1 13.7 13.3

     (n=151) <0.0012 <0.0012

* p-values refer to Kruskal-Wallis 1. ANOVA; 2.or chi square; 3. tests between denture status and the variables listed; 4. A shortened version of the Mini Mental State Examination
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marital status, level of education, living arrangements, and 
cognitive function (MMSE sum score as continuous). The 
p-values in tables 2–5 refer to the analysis of variance (or 
ANOVA) table for the regression analysis (Satterthwaite 
adjusted F), i.e. p-values show whether the main explanatory 
variable, e.g. categorised denture status, is statistically 
significantly associated with the outcome. Examining non-
overlapping confidence intervals for the means, it is possible 
to see which groups differ statistically significantly from each 

other. Nutrition intake variables, except E%, were corrected 
using the Willett residual method (18). Due to differences in 
dentition and eating habits between men and women, analyses 
were made separately for men and women. 

Results

In the study population, the mean number of teeth in dentate 
participants without removable dentures was about 20, and in 

Table 2

FOOD ITEM Dentate, no removable 
dentures (n = 422)

Dentate with removable 
dentures (n = 286)

Edentulous with full 
dentures (n = 203)

g/day 95%CI g/day 95%CI g/day 95%CI p-value1 p-value2 p-value3 p-value4

Cereals 200 190–210 200 190–210 200 190–220 0.733 0.468 0.440 0.654

   Rye 55 51–59 53 50–57 51 46–55 0.384 0.230 0.095 0.159

  Wheat 79 74–83 82 76–88 84 76–91 0.437 0.812 0.825 0.870

   Hard bread 6.7 5.5–7.9 7.3 5.5–9.1 8.5 6.3–10.6 0.295 0.311 0.234 0.221

Vegetables 260 240–280 260 230–280 210 180–230 0.003 <0.001 0.002 0.013

  Root vegetables and tubers 52 48–57 54 49–60 52 44–60 0.816 0.659 0.655 0.013

  Potatoes 190 170–200 190 180–210 210 190–230 0.068 0.111 0.229 0.220

Fruits 170 150–190 150 140–170 130 110–150 0.012 0.016 0.114 0.080

   Citrus 34 28–40 28 22–34 23 16–30 0.035 0.103 0.554 0.676

   Apples 88 76–100 80 67–92 55 46–65 0.002 0.002 0.005 0.008

   Berries 28 26–31 34 31–38 32 28–36 0.028 0.111 0.113 0.105

   Juice 65 56–73 65 54–75 48 37–60 0.065 0.100 0.485 0.618

49 45–53 59 53–64 50 45–55 0.006 0.013 0.018 0.004

Meat products 170 160–170 170 160–180 160 150–170 0.442 0.734 0.745 0.741

   Red meat 92 87–98 98 92–100 91 83–99 0.352 0.680 0.712 0.853

   Beef 27 25–29 29 26–31 27 23–30 0.641 0.896 0.662 0.591

   Pork 53 50–56 57 54–61 53 48–57 0.159 0.241 0.219 0.442

   Sausages 42 37–47 44 38–50 46 39–53 0.619 0.702 0.887 0.761

   Poultry 22 19–25 20 17–23 14 12–17 0.001 0.019 0.144 0.105

Eggs 28 26–30 31 28–34 32 28–37 0.227 0.467 0.523 0.421

Milk 360 330–380 390 350–420 420 390–460 0.024 0.314 0.658 0.981

   Soured milk products 1700 150–190 160 140–190 180 150–210 0.546 0.497 0.440 0.498

   Cheese 34 31–38 31 28–35 23 20–77 <0.001 0.001 0.004 0.003

Sugary products 31 29–33 35 32–38 41 37–46 <0.001 <0.001 0.001 0.012

Beverages  (-alcohol) 1400 1400–1500 1500 1400–1600 1400 1300–1500 0.117 0.368 0.435 0.454

Fat and fat products

   Butter and butter spread 11 11–12 13 12–14 14 13–15 0.002 0.033 0.175 0.251

   Margarine and fat spread 

   (FAT) 5.4 4.6–6.2 6.2 5.2–7.1 5.5 4.3–6.7 0.517 0.594 0.679 0.510

   Margarine, butter spread and fat spread (<55%) 3.9 3.2–4.6 3.2 2.3–4.1 2.5 1.8–3.3 0.044 0.128 0.463 0.490

   Oils 8.3 7.8–8.7 8.9 8.3–9.4 7.9 7.3–8.6 0.067 0.077 0.124 0.186

* Associations between denture status and each food item were analysed by linear regression: 1. Weighted, unadjusted, 2. Adjusted for age as continuous, and energy intake; 3. Adjusted 
for age as continuous, energy intake, marital status, level of education, living arrangements (n=905); 4. Adjusted for age as continuous, energy intake, marital status, level of education, 
living arrangements, and cognitive function (n=855). 
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participants with removable dentures about 10. There was no 
essential difference in the number of teeth between genders 
in the above groups. Furthermore, the proportion of men who 
had at least 20 teeth was higher than that of women. In all, 
30% of female participants and 22% of male participants were 
edentulous full denture wearers.

When viewed socioeconomic background, dentate 
participants with no removable dentures more often had higher 
education than dentate participants with removable dentures 
or full denture wearers. Women who wore full dentures were 

more often living alone, and men who wore full dentures were 
in nursing homes or institutions when compared to the dentate 
group. The dentate participants without removable dentures 
more often reported their oral health as good, were able to eat 
dry bread or biscuits without simultaneously drinking water, 
and they did not have any problems in chewing in comparison 
to dentate participants with removable dentures who in turn 
reported better scores in most of the questions related to eating 
ability than the full denture wearers (Table I).

Table 3

FOOD ITEM Dentate, no removable 
dentures (n = 455)

Dentate with removable 
dentures  (n = 371)

Edentulous with full 
dentures (n = 389)

g/day 95%CI g/day 95%CI g/day 95%CI p-value1 p-value2 p-value3 p-value4

Cereals 180 180–190 190 180–200 190 180–200 0.101 0.249 0.293 0.180

   Rye 51 47–54 54 51–57 49 45–52 0.041 0.039 0.042 0.022

   Wheat 66 62–69 72 68–76 75 71–80 0.001 0.377 0.347 0.268

   Hard bread 7.8 6.6–8.9 7.1 6.0–8.3 7.4 6.2–8.6 0.721 0.600 0.899 0.595

Vegetables 330 310–350 310 290–330 280 260–300 <0.001 <0.001 <0.001 0.001

  Root vegetables and tubers 64 59–68 67 62–72 71 64–78 0.167 0.999 0.954 0.835

  Potatoes 180 170–190 190 180–200 200 180–210 0.143 0.645 0.495 0.400

Fruits 260 230–280 200 180–200 190 160–210 <0.001 <0.001 0.001 0.001

   Citrus 69 59–80 45 36–54 42 31–52 <0.001 <0.001 0.006 0.005

   Apples 130 120–141 99 88–110 90 76–100 <0.001 <0.001 0.004 0.007

   Berries 38 35–41 47 43–50 48 44–52 <0.001 0.011 0.004 0.004

   Juice 80 69–91 70 60–80 69 59–79 0.209 0.082 0.446 0.630

52 49–55 52 47–58 51 46–55 0.861 0.006 0.047 0.081

Meat products 150 140–160 150 140–160 160 150–170 0.180 0.747 0.783 0.555

   Red meat 79 74–84 84 77–90 91 83–99 0.030 0.331 0.568 0.491

   Beef 23 21–25 23 20–25 25 22–28 0.328 0.583 0.645 0.533

   Pork 45 42–48 50 46–55 55 51–60 0.001 0.148 0.677 0.677

   Sausages 28 24–31 31 26–36 37 33–42 0.066 0.093 0.564 0.369

   Poultry 32 29–35 28 22–33 24 19–29 0.011 0.042 0.101 0.183

Eggs 26 24–28 26 24–28 29 26–32 0.077 0.515 0.492 0.584

Milk 330 300–350 360 330–390 440 400–470 <0.001 0.003 0.017 0.056

   Soured milk products 190 170–210 210 190–230 220 200–240 0.138 0.624 0.525 0.824

   Cheese 41 38–45 40 35–45 32 30–35 0.004 0.004 0.010 0.021

Sugary products 26 24–28 29 27–31 35 32–38 <0.001 0.002 0.002 0.008

Beverages  (-alcohol) 1600 1500–1600 1600 1600–1700 1600 1600–1700 0.206 0.258 0.166 0.112

Fat and fat products

   Butter and butter spread 10 9.4–11 11 10–12 13 12–13 <0.001 0.150 0.375 0.599

   Margarine and fat spread 

   (FAT) 4.2 3.6–4.8 5.8 5.1–6.6 5.4 4.6–6.1 0.005 0.006 0.013 0.016

   Margarine, butter spread and 

   fat spread (<55%) 4.4 3.7–5.0 3.9 3.1–4.6 3.1 2.4–3.7 0.042 0.178 0.262 0.275

   Oils 8.5 8.0–8.7 8.4 7.9–8.8 8.4 7.8–9.0 0.950 0.002 0.023 0.073

* Associations between denture status and each food item were analysed by linear regression: 1. Weighted, unadjusted; 2. Adjusted for age as continuous, and energy intake; 3. Adjusted 
for age as continuous, energy intake, marital status, level of education, living arrangements (n=1211); 4. Adjusted for age as continuous, energy intake, marital status, level of education, 
living arrangements, and cognitive function (n=1120). 
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Food consumption
In men, food consumption differed between the denture 

status groups after adjustments for age, total energy intake, 
marital status, level of education, living arrangements and 
cognitive function for vegetables (p = 0.013), apples (p = 
0.008), fish and fish products (p = 0.004), cheese (p = 0.003) 
and sugary products (p = 0.012). The differences were most 
evident between dentate men without removable dentures and 
edentate men with full dentures. However, the use of fish made 
an exception, as dentate men used less fish than dentate men 
with removable dentures (Table II). 

In women, food consumption differed between the denture 
status groups after adjustments for age, total energy intake, 
marital status, level of education, living arrangements and 
cognitive function for rye (p = 0.022), vegetables (p = 0.001), 
fruits (p = 0.001) (citrus (p = 0.005), apples (p = 0.007) and 
berries (p = 0.004)), cheese (p = 0.021), sugary products (p 
= 0.008) and margarine and fat spreads (p = 0.016). (Table 
III). Differences between dentate women without removable 

dentures and edentate women with full dentures were not 
as categorical as in men, although the use of vegetables, 
cheese and sugary products differed between these groups. 
Dentate women without removable dentures used more fruits 
(citruses and apples), but less berries than dentate women with 
removable dentures and edentate women with full dentures. 
Dentate women with removable dentures used more rye and 
margarine and fat spreads than the other two groups. (Table III). 

Nutrient intake
Intake of polyunsaturated fatty acids (E%) (p = 0.019), 

protein (E%) (p = 0.020), sucrose (g/day) (p = 0.003), calcium 
(mg/day) (p = 0.022) and vitamins D (p = 0.034) and E (p = 
0.005) differed in men between denture status groups after 
adjustments for  age, total energy intake, marital status, level 
of education, living arrangements and cognitive function. 
(Table  IV). The differences were most evident between dentate 
men without removable dentures and edentate men with full 
dentures. 

Table 4

NUTRITION ITEM Dentate, no removable 
dentures (n = 422)

Dentate with removable 
dentures (n = 286)

Edentulous with full 
dentures (n = 203)

mean 95%CI mean 95%CI mean 95%CI p-value1 p-value2 p-value3 p-value4

Energy (Kcal) 2300 2200–2400 2400 2300–2500 2300 2200–2500 0.222 0.316 0.281 0.150

Fat E% 35 35–36 36 35–36 35 34–36 0.137 0.214 0.152 0.144

  SFA E%5 14 14–15 15 14–15 15 14–14 0.403 0.666 0.832 0.776

  MUFA E% 5 12 12–12 12 12–12 12 11–12 0.023 0.093 0.092 0.108

  PUFA E% 5 5.5 5.3–5.6 5.5 5.4–5.7 5.1 4.9–5.3 <0.001 0.005 0.024 0.019

Protein E% 17 17–17 17 16–17 16 16–16 0.002 0.024 0.028 0.020

Carbohydrates E% 45 45–46 46 45–47 47 46–48 0.003 0.081 0.157 0.149

   Sucrose (g) 44 42–45 47 45–49 49 47–52 0.001 0.001 0.001 0.003

   Fiber (g) 25 25–26 24 24–25 24 23–25 0.064 0.023 0.020 0.056

   Alcohol E% 2.3 2.0–2.7 1.8 1.4–2.2 1.7 1.2–2.3 0.075 0.338 0.520 0.491

Calcium (mg) 1300 1200–1300 1200 1200–1300 1200 1200–1300 0.213 0.072 0.031 0.022

10000 9400–11000 10000 92000–11000 8400 7400–9500 0.024 0.007 0.044 0.122

Iron (mg) 15 15–15 15 14–15 15 14–15 0.408 0.443 0.558 0.592

Potassium (g) 4.4 4.4–4.5 4.3 4.3–4.4 4.3 4.2–4.4 0.180 0.136 0.202 0.266

320 320–330 310 300–320 310 300–320 0.037 0.023 0.039 0.093

2.3 2.2–2.3 2.3 2.2–2.3 2.3 2.2–2.4 0.419 0.245 0.148 0.193

Thiamine (mg) 1.7 1.6–1.7 1.6 1.6–1.7 1.6 1.6–1.7 0.068 0.029 0.042 0.115

1600 1500–1700 1600 1500–1700 1600 1500–1800 0.814 0.798 0.861 0.941

9.4 9.1–9.7 9.6 9.1–10 9.7 9.1–10 0.569 0.657 0.714 0.753

Vitamin C (mg) 120 110–120 110 110–120 100 90–110 <0.001 <0.001 0.017 0.071

7.0 6.7–7.4 7.7 7.2–8.1 7.1 6.5–7.6 0.071 0.057 0.068 0.034

Vitamin E, TE (mg) 12 12–13 12 12–13 11 11–12 <0.001 <0.001 0.005 0.005

NaCl (g/day) 11 11–11 11 11–11 11 10–11 0.945 0.934 0.821 0.832

* Associations between denture status and each food item were analysed by linear regression: 1. Weighted, unadjusted; 2. Adjusted for age as continuous, and energy intake; 3. Adjusted 
for age as continuous, energy intake, marital status, level of education, living arrangements (n=905); 4. Adjusted for age as continuous, energy intake, marital status, level of education, 
living arrangements, and cognitive function (n=855); 5. SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
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In women the intake of polyunsaturated fatty acids (E%) 
(p = 0.036) , sucrose (g/day) (p = <0.001), fibre (g/day) (p 
= <0.001), alcohol (E%) (p = <0.001), potassium (g/day) (p 
= 0.046), folate (ug/day) (p = 0.001), and vitamins C (p = 
<0.001)), D (p = 0.016) and E (p = <0.001) differed between 
denture status groups after adjustments for age, total energy 
intake, marital status, level of education, living arrangements 
and cognitive function (Table V). The differences were mainly 
observed between dentate women without removable dentures 
and edentate women with full dentures. However, dentate 
women without removable dentures showed a higher intake 
of alcohol and vitamin C than dentate women with removable 
dentures or edentate women with full dentures (Table V).

Discussion

One of the most important findings of this study was that the 
use of full dentures appears to be associated with food selection. 
Both men and women who wore full dentures or removable 

dentures consumed less fruits and vegetables than dentate 
participants without any removable dentures. It was found that 
edentulous full denture wearers had an unhealthier diet, used 
more sugary products and used fats less favourably than dentate 
subjects with no removable dentures. This result has not been 
reported earlier. In the dentate individuals, differences between 
the two groups (own dentition with removable dentures, own 
dentition with no removable dentures) were fairly small. 
Statistically significant differences between these two groups 
were mostly observed in women. 

Only a few population studies have focused on whether 
denture status is related to food consumption including nutrient 
intake (1, 2, 3, 4).  When comparing the results of this study to 
the results of other population studies, it can be seen that the 
findings are in line with reports from the UK and USA (1, 3, 
4). In relation to nutrient intake, the results of this study are in 
agreement with a study conducted in an elderly UK population; 
poorer intake of vitamins, such as C and E and less dietary fibre 
when full denture wearers were compared with their dentate 

Table 5

NUTRITION ITEM Dentate, no removable 
dentures (n = 422)

Dentate with removable 
dentures (n = 286)

Edentulous with full den-
tures (n = 203)

mean 95%CI mean 95%CI mean 95%CI p-value1 p-value2 p-value3 p-value4

Energy (Kcal) 2100 2000–2200 2200 2100–2300 2300 2200–2400 0.001 0.027 0.019 0.052

Fat E% 35 35–36 35 34–35 35 35–36 0.604 0.669 0.597 0.622

  SFA E%5 14 14–14 14 14–15 15 14–15 0.002 0.111 0.287 0.171

  MUFA E% 5 12 12–12 12 12–12 12 12–12 0.548 0.580 0.445 0.641

  PUFA E% 5 5.8 5.7–6.0 5.6 5.5–5.7 5.4 5.3–5.5 <0.001 0.001 0.022 0.036

Protein E% 18 17–18 17 17–18 17 17–17 0.002 0.074 0.083 0.105

Carbohydrates E% 46 46–47 46 47–48 47 47–48 0.015 0.045 0.054 0.075

   Sucrose (g) 44 43–46 48 46–50 50 48–52 <0.001 <0.001 <0.001 <0.001

   Fiber (g) 29 28–29 28 27–29 26 26–27 <0.001 <0.001 0.001 <0.001

   Alcohol E% 0.97 0.83–1.1 0.45 0.37–0.53 0.37 0.29–0.45 <0.001 <0.001 <0.001 <0.001

Calcium (mg) 1400 1300–1400 1400 1300–1400 1400 1300–1400 0.782 0.788 0.805 0.447

12000 11000–13000 12000 11000–12000 11000 10000–12000 0.100 0.001 0.001 <0.001

Iron (mg) 15 15–16 15 15–16 15 14–15 <0.001 0.025 0.130 0.127

Potassium (g) 4.9 4.8–5.0 4.7 4.7–4.8 4.6 4.5–4.7 <0.001 <0.001 0.006 0.046

360 350–370 350 340–360 330 320–340 <0.001 <0.001 0.001 0.001

2.5 2.4–2.5 2.5 2.4–2.5 2.5 2.4–2.5 0.935 0.962 0.925 0.683

Thiamine (mg) 1.8 1.7–1.8 1.7 1.7–1.7 1.7 1.6–1.7 0.014 0.047 0.084 0.112

1900 1800–2000 1900 1800–2000 1800 1700–1900 0.456 0.493 0.517 0.453

9.9 9.6–10 9.9 9.4–10 9.7 9.3–10 0.656 0.298 0.408 0.438

Vitamin C (mg) 170 160–180 150 140–150 140 130–140 <0.001 <0.001 <0.001 <0.001

7.3 7.2–7.8 7.5 7.1–7.9 7.0 6.6–7.4 0.093 0.003 0.017 0.016

Vitamin E, TE (mg) 14 13–14 13 13–14 12 12–13 <0.001 <0.001 0.001 <0.001

NaCl (g/day) 11 11–11 11 11–11 11 11–11 0.092 0.082 0.071 0.199

* Associations between denture status and each food item were analysed by linear regression: 1. Weighted, unadjusted; 2. Adjusted for age as continuous, and energy intake; 3. Adjusted 
for age as continuous, energy intake, marital status, level of education, living arrangements (n=1211); 4. Adjusted for age as continuous, energy intake, marital status, level of education, 
living arrangements, and cognitive function (n=1120). 5. SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
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counterparts (4). Lower consumption of vegetables and the 
lower intake of fibres among edentulous persons in comparison 
to individuals with their own natural teeth have also been 
reported in the USA (NHANES) (1).

The mechanisms underlying differences in nutrient intake 
and food consumption between full denture wearers, dentate 
subjects with removable dentures and dentate individuals with 
no removable dentures remain unresolved. However, it has 
been reported previously that denture wearers have an impaired 
chewing ability and they swallow less fragmented food boli 
than people with their own natural teeth (19). Based on this 
and the findings of the present study, it could be speculated 
that denture wearers find eating problematic and therefore 
choose foods that are easier to chew but which at the same 
time are unhealthier. In addition to food selection, it is possible 
that there are also age related differences in the absorption of 
nutrients, for instance as described by Remond (20).

One strength of this study is that the results are based on 
a nationally representative sample with a high response rate 
also in the older age groups. This means that the results can 
be generalised to the total Finnish population and also to 
other populations, naturally, most easily to those of Caucasian 
origin and populations with a similar level of oral health 
and similar kind of dental health system. Another strength 
is that the results are based on a large set of food items and 
nutrients, which provides a better picture of the entire diet. 
The food frequency questionnaire, which is based on self-
administered questionnaires, has been shown to be a valid 
method for assessing habitual/long-term food consumption (14). 
In any assessment that evaluates the healthiness of the diet, it 
is important to adjust nutrient intake to the total energy intake 
(21). Total energy intake was taken into account in this study by 
using the Willett residual method (18). An obvious weakness is 
that it does not allow us to make any causal interpretations on 
the effects of denture status on food consumption or nutrient 
intake; this is due to the descriptive nature of the study.

Although full denture wearers had the highest intake of 
carbohydrates, all three denture status groups were within 
the Nordic Council´s nutrient recommendations for 
carbohydrates (45–60 E%) (22). There was a difference in 
fibre intake between men and women, i.e. all male denture 
status groups were below the recommended level whereas 
females consumed enough fibre irrespective of their denture 
status. The results suggest that in order to achieve the level 
that has been recommended for fibre intake (25–35 g/day), 
it would be necessary to increase the amount of vegetables 
and carbohydrate foods rich in fibre by limiting the amount 
of sugars and fat in the diet (22). This change in diet would 
not only have a beneficial effect on oral health but would also 
reduce problems related to obesity.

The quality of the fat that is consumed is important for 
cardiovascular health. In this study population, there was a 
significant difference between the denture status groups in 
their intakes of polyunsaturated fatty acids. Among participants 

who wore full dentures, the intake of polyunsaturated fatty 
acids as a percentage of the total energy intake barely reached 
the recommended lowest level (5–10 E%) (22). The intake 
of saturated fatty acids was slightly, although not statistically 
significantly, higher among edentulous full denture wearers 
and dentate participants who used removable dentures in 
comparison to dentate participants with no removable dentures. 
From the cardiovascular point of view, it is important to 
note that the overall intake of saturated fatty acids among all 
participants was higher than the recommended level (10 E%), 
even though total fat intake in the study population remained 
within the recommended level at the population level (25–40 
E%) (22).  

This study showed that the intake of nearly all vitamins was 
lower among edentate full denture wearers than among dentate 
individuals with or without removable dentures. It should 
be noted that in all denture status groups, the intake of all 
vitamins was above the recommended level except for vitamin 
D, where intake was clearly below the recommended level (10 
ug/day) among all participants, both dentate and edentate (22). 
Fortification of dairy products with vitamin D is conducted in 
many countries because the vitamin D content is inherently 
rather low in most foods.

Masticatory function appears to be important for older 
people, who are more likely to suffer from health consequences 
related to dietary restrictions (23). Dietary changes following 
tooth loss and poor dental status have been suggested to be 
associated with an increased risk of developing chronic diseases 
as well as with mortality (7, 24). 

Based on the results, we suggest that edentulism in an old 
person is one factor among others that may lead to malnutrition, 
which according to WHO (World Health Organisation) is 
defined as a cellular imbalance between supply of nutrients 
and energy and the body´s demand for them to ensure growth, 
maintenance and specific functions (25). In addition to 
edentulism, it is worth remembering that there are several 
physiological changes in an aging person’s body that affect 
eating habits and food choices. These include, for example, that 
older people feel less hungry than their younger counterparts 
due to hormonal changes (26) and they may also suffer from 
“dry mouth syndrome”, which alters the perception of taste and 
smell (27, 29).  

It has previously been reported that the oral health-related 
quality of life is related to the risk of developing malnutrition 
(29) and that a sufficient dentition comprises 20 teeth with 
9–10 occlusal units (30). In their clinical practice, dentists 
should especially ask older people with insufficient dentition 
and denture wearers who report that their denture fit is 
problematic, about their ability to eat hard or chewy foods (31) 
and give advice on how to improve their oral health and, if 
necessary, refer patients to nutritional counselling. In addition, 
replacement of extracted teeth should be planned to avoid 
deterioration of masticatory ability.
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Conclusions

Wearing full dentures appears to be associated with 
unhealthier food choices, lower consumption of some 
foodstuffs and lower intake of certain nutrients when compared 
to the food choices of dentate persons. More studies will 
be required to elucidate the role of oral health on nutrition, 
especially other clinical oral health outcomes with longitudinal 
study designs.  
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