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Abstract
Xerostomia and salivary gland hypofunction are prevalent conditions in older people and may adversely influence the intake of certain foods, notably fruit
and vegetables. Here, we aimed to investigate whether xerostomia and salivary gland hypofunction were associated with a lower intake of fruit and vege-
tables. The study included 621 community-dwelling adults, mean age 75⋅2 ± 6⋅4 years, 58⋅9 % female, who had participated in the Copenhagen City Heart
Study follow-up, and undergone interviews regarding food intake (preceding month), oral and general health (xerostomia, taste alterations, diseases, medi-
cation, alcohol consumption and smoking), clinical oral examination and measurements of unstimulated and chewing-stimulated whole saliva flow rates.
The average total energy intake (8⋅4 ± 2⋅7 MJ) and protein energy percentage (14⋅8 ± 3⋅1 %) were slightly below recommendations. The average fruit
(234⋅7 ± 201⋅2 g/d) and vegetables (317⋅3 ± 157⋅4 g/d) intakes were within recommendations. Xerostomia and hyposalivation were more prevalent in
women than in men (16⋅4 v. 7⋅1 %, P < 0⋅001 and 40⋅7 v. 27⋅5 %, P < 0⋅001). Multiple linear regression analyses revealed that older age (β −0⋅009, SE

0⋅003, P= 0⋅005), smoking (β −0⋅212, SE 0⋅060, P= 0⋅0005) and wearing complete dentures/being partially or fully edentulous (β −0⋅141, SE 0⋅048,
P= 0⋅003), but neither xerostomia nor salivary flow rates were associated with an inadequate fruit and vegetable intake, after adjustment for covariates.
Older age, smoking, tooth loss and denture-wearing were stronger determinants of low fruit and vegetable intakes than xerostomia and salivary hypofunc-
tion supporting the importance of dietary counselling and maintenance of oral health and an adequate masticatory performance.
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Introduction

There is convincing evidence that a lifestyle characterised by a
high-quality diet rich in fruit and vegetables, adequate physical
activity and non-smoking contributes to healthy ageing, and
that many chronic diseases occurring in older adults can be
related to dietary factors(1,2). It has been shown that high
intakes of fruit, vegetables, fish and wholegrains are associated

with longevity and better cardiometabolic and cognitive health,
whereas dietary patterns rich in red meat and sugar-rich foods
are associated with an increased risk of developing cancer and
cardiometabolic diseases and increased mortality(3,4). With age-
ing, dietary behaviours may be challenged by a variety of fac-
tors, including polypharmacy, polymorbidity, cognitive decline,
dementia, impairment of taste and smell perception, physical
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inactivity and loss of social relations, which eventually can lead
to inadequate nutrition(5). In addition, common oral health
problems in older adults including tooth loss, oral pain and
wearing removable (and ill-fitting) dentures may deteriorate
the ability to chew, leading to food modification and avoidance
of notably crunchy and stringy foods, which can result in inad-
equate nutritional intake(6–9).
Saliva plays an important role in the maintenance of dental

and oral mucosal health, and it also exerts multiple functions
in relation to the digestive processes of taste, initial breakdown
of nutrients, chewing, bolus formation and swallowing(10,11).
Consequently, hyposalivation (objectively measured the reduc-
tion in salivary gland output) may cause changes in dietary
behaviours due to impaired taste perception, chewing and
swallowing difficulties, and discomfort when eating(10).
Hyposalivation is often associated with xerostomia (subjective
feeling of dry mouth), itching and burning sensation of the oral
mucosa, increased risk of developing dental caries, dental ero-
sion, tooth loss and oral candidiasis(10,11). Xerostomia and
hyposalivation are common conditions in older adults, and
especially in women. The prevalence of xerostomia ranges
from 0⋅9 to 46 % in older adults above the age of 65
years(12). The most common cause of xerostomia and hyposa-
livation in older adults is the intake of certain prescribed med-
ications, including polypharmacy, and not ageing per se(13,14).
Older adults may modify food intake or avoid certain foods
in response to xerostomia, but in spite of such potential
changes in dietary behaviours, they seem to maintain an
adequate dietary quality(15). Despite the common clinical
observation that xerostomia and salivary gland hypofunction
negatively influence food choice, evidence supporting an asso-
ciation between xerostomia and salivary gland hypofunction
and food and nutrient intake, including intake of fruit and
vegetables, in older people, is limited(15–18).
The objective of the present study was, therefore, to deter-

mine the nutrient and food intake and to test the hypothesis
that xerostomia and low unstimulated and chewing-stimulated
whole saliva flow rates are associated with lower daily intakes
of fruit and vegetables in a sample of community-dwelling,
independent Danish people aged 65–95 years. Our hypothesis
was based on the assumption that intake of acidic foods
including fruits may be associated with oral discomfort in
terms of burning and itching, and intake of vegetables may
be avoided due to taste alterations, chewing and swallowing
difficulties related to salivary gland hypofunction.

Methods

Study design and study participants

This cross-sectional study included 621 community-dwelling
Caucasian men and women, living in inner Copenhagen or
its suburbs and aged 65–95 years, participating in a survey
and health examination on oral health and lifestyle factors
including dietary intake during 2004–6.
Participants were recruited among survivors of the third

follow-up of the Copenhagen City Heart Study (CCHS) exam-
ination in 2001–3. The original aim of the CCHS was to focus

on risk factors for coronary heart disease and stroke(19).
Details regarding the CCHS population including invitation and
examination procedures have previously been described(20,21).
In brief, a subpopulation including 1918 men and women aged
65 years and above in 2004–6, were invited, and among these,
783 subjects agreed to participate. Inclusion criteria comprised
the ability to communicate verbally and comprehend the study
information and to physically attend the dental clinic at the
University of Copenhagen for interview and clinical oral exam-
ination. Among both genders, non-participants were of older
age than participants (P < 0⋅001), and the most common rea-
sons for not participating were ‘old age’ and ‘poor health/not
feeling well’. Out of the 783 subjects, the 621 with complete
data on dietary intake, oral and general health, systemic dis-
eases, medication intake, alcohol consumption, smoking, and
clinical data on dentition, dentures and unstimulated and
chewing-stimulated whole saliva flow rates were included in
the present study.
The present study was conducted according to the guide-

lines laid down in the Declaration of Helsinki and all proce-
dures involving human subjects/patients were approved by
the ethics committee of the capital region of Denmark (KF
01-144/01). Written informed consent was obtained from all
subjects/patients. The present study was performed following
the STROBE recommendations.

Interview and medical history

All participants underwent an interview with standardised
questions regarding current and previous diseases, daily intake
of prescribed medication, smoking and alcohol habits and xer-
ostomia as described previously(13,14). The presence of diseases
and the daily intake of prescribed medication were registered
and grouped into variables, describing the total numbers of
diseases and prescribed medicines per day (0, 1, 2–3, 4–5
and 6+). Data on smoking habits were used to categorise par-
ticipants as never smokers, former smokers and current smo-
kers. The daily intake of alcohol (g/d) was calculated. An
alcoholic beverage contains about 12 g of alcohol. A high-risk
consumption was defined as a weekly intake of more than 252
g alcohol (>21 beverages) for men and 168 g (>14 beverages)
for women according to the recommendations from the
Danish Health Authority(22). Participants were asked if they
had a daily sensation of xerostomia, if it had been persistent
(i.e., present for more than 3 months), and if it affected oro-
pharyngeal functions (speech, taste, chewing and swallowing
(coded into yes or no)), including the following validated ques-
tions: ‘Does your mouth feel dry when eating a meal?’, ‘Do
you sip liquids to aid in swallowing dry food?’, ‘Do you
have any difficulty swallowing?’, ‘Have you had a daily sensa-
tion of dry mouth for more than 3 months?’ and ‘Does the
amount of saliva in your mouth seem to be too little, too
much, or you do not notice it?’(23). They were also asked if
they had experienced taste alterations in terms of distorted
or impaired taste (coded yes or no). It has previously been
reported that the oldest participants of both genders had the
highest frequency of low income (for women 76 % and men
59 %)(24). In addition, the proportions of participants with
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low education (less than 1 year of education after secondary
school) were the highest among the oldest women (above
the age of 72 years), being 28 % for women and 15 % for
men, respectively(24).

Dietary assessment

The habitual intake of foods and nutrients was assessed by
means of a diet history interview, where a trained interviewer
(TS) questioned the participants about their habitual dietary
intake in the past month. The interview was performed by pre-
coded questions about meal patterns and contents, while the
quantitative information on food intake was collected using
photo-series, cups and measures. Calculations of the total
energy (MJ), nutrient intakes (g/d) of protein, fat, carbohy-
drate, fibre, starch, total sugars, added sugars and sucrose,
intakes of fruit and vegetables (g/d), the percentage of energy
intake (E%) for protein, fat, carbohydrates and added sugar as
well as vitamins were performed by means of the Dankost
3000 computer software (http://dankost.dk). This software
was based on the Danish food composition database (version
7.01), developed by the National Food Institute at the
Technical University of Denmark(25). The Nordic Nutrition
Recommendations, which the Danish food-based dietary
guidelines are based upon, were used as a reference for an
adequate dietary intake(26). Accordingly, for people above the
age of 65 years with a moderate physical activity level, the
total daily energy intake should be on average 8⋅9 MJ (8⋅1
MJ for women and 9⋅7 MJ for men). The recommended
intake for protein (energy percentage) is 15–20 % (optimal
18 %), for total fat 25–40 % and for carbohydrate 45–60 %
of the total energy intake. In addition, the amount of added
sugar should be less than 10 %, the amount of dietary fibres
at least 25 g/d for women and 35 g/d for men, and the
total intake of fruit and vegetables should be no less than
550 g/d (calculation based on a daily energy intake of 9
MJ)(26).

Measurements of whole saliva flow rates and clinical oral
examination

Measurements of unstimulated and paraffin-chewing-
stimulated whole saliva flow rates were performed as previ-
ously described in details(14). In brief, the participants were
asked to refrain from drinking, eating, chewing gum/pastilles,
brushing teeth and smoking for 1 h prior to collection of sal-
iva. The unstimulated whole saliva was sampled over a
10-min period, and the stimulated whole saliva over 5 min,
using chewing on 1 g of paraffin. A normal unstimulated
whole saliva flow rate ranges between 0⋅3 and 0⋅4 ml/min
and a normal chewing-stimulated whole saliva flow rate
ranges between 1⋅0 and 2⋅0 ml/min. The diagnosis hyposali-
vation (abnormal low salivary secretion) is made when the
unstimulated whole saliva flow rate is ≤0⋅1 ml/min and the
chewing-stimulated whole saliva flow rate is ≤0⋅7 ml/
min(27). Finally, a clinical oral examination was performed
to register the number of teeth and the presence of complete
or partial removable dentures.

Statistical analysis

SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and SPSS 20
(SPSS Inc., Chicago, IL, USA) were used for statistical analyses.
Mean values (SD) for continuous clinical characteristics and the
corresponding proportions/frequencies for categorical data
were computed and presented in tables. The distributions
were compared by using one-way ANOVA for continuous vari-
ables and χ2 test for categorical variables. Multiple linear regres-
sion analyses were performed to identify associations between
intakes of fruit and vegetables (dependent variable) and xerosto-
mia (yes/no) and unstimulated and chewing-stimulated whole
saliva flow rates (ml/min). A multiple linear regression analysis
was not performed with regard to taste alterations (yes/no) as
they were highly associated with xerostomia and hyposalivation
(P< 0⋅001). Intakes of fruit and vegetables and whole saliva
flow rates were transformed by natural logarithm in order to ful-
fil the assumptions of linearity and normality of residuals.
Adjusted regressions were also performed, adjusting for gender,
age, smoking status (non-smoker, former smoker and current
smoker), and alcohol intake (g/d), wearing denture/being eden-
tulous in either the maxilla or mandible or both, numbers of
systemic diseases (grouped into 0, 1, 2–3, 4–5 and 6+) and
medicines taken on a daily basis (grouped into 0, 1, 2–3, 4–5
and 6+). In addition, differences in the intake of fruit and vege-
tables between participants being smokers and wearing a com-
plete denture or being edentulous in the maxilla or mandible or
both v. participants being non-/former smokers and/or not
wearing a complete denture or being edentulous in the maxilla
or mandible or both, and xerostomia (yes/no) were tested by
the Mann–Whitney U test and tertiles of unstimulated (UWS)
and stimulated (SWS) flow rates by one-way ANOVA.
P-values less than 0⋅05 were considered statistically significant.

Results

Characteristics of the study participants

Table 1 shows the characteristics of all study participants as
well as by gender. Women comprised about 60 % of the study
sample. The average age of the participants was 75 years, and
86 % of them had one or more systemic diseases/medical
conditions, predominantly cardiovascular and musculoskeletal
diseases. Eighty-one percent had a daily intake of one or more
prescribed medicines, mainly cardiovascular, musculoskeletal
and gastrointestinal agents. The number of systemic diseases
and the intake of prescribed medication were the highest
among the oldest participants (P = 0⋅002) and among
women (P < 0⋅001 and P = 0⋅002, respectively; Table 1).
The proportion of current smokers was 22⋅5 %.

Significantly more men than women were both current and
former smokers. Approximately 50 % had a daily consump-
tion of alcoholic beverages, whereas 11 % were abstainers
(Table 1). Beer and red wine were the most common types
of alcoholic beverages consumed on a daily basis, either
alone or in combination with other alcoholic beverages.
More men (69 %) than women (41⋅5 %) had a daily consump-
tion of one or more alcoholic beverages (P < 0⋅001).
Furthermore, about 30 % of the participants (24⋅3 %
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women and 38⋅9 % men) had a high-risk alcohol consumption
according to the guidelines of the Danish Health Authority(22).
The mean intake of alcohol was 22⋅6 (±27⋅2) g/d for all par-
ticipants, and higher for men than women (P> 0⋅001).
A total of 338 (53⋅9 %) of the participants were dentate with

an average of 19⋅7 (±8⋅1) teeth and did not wear dentures.
Seventy-seven (12⋅3 %) participants were fully edentulous
and wore complete maxillary (upper) and mandibular (lower)
removable dentures (Table 1). Approximately 31 % were par-
tially edentulous; wearing both a removable partial maxillary
and mandibular denture, or a partial maxillary denture in com-
bination with either a dentate mandible or a complete man-
dibular denture. The remaining participants wore a complete
maxillary or mandible denture in various combinations (i.e.,
either alone or with a partial upper, or lower denture or
with a dentate mandible) (Table 1). Women tended to have
more remaining teeth and wear partial removable dentures
more often than men (P = 0⋅05). The odds of being a current
smoker and wearing dentures/being partially or fully edentu-
lous in either the maxilla or mandible or both (53/87 cases)
were twice the odds of being non-smoker/former smoker
and wearing dentures/being partially or fully edentulous
(107/373 cases) (OR 2⋅1; 95 % CI 1⋅40, 3⋅14; P < 0⋅001).

Whole saliva flow rates, xerostomia and hyposalivation

The study participants had a mean unstimulated whole saliva
flow rate of 0⋅20 (±0⋅19) ml/min (median 0⋅15 ml/min),
which is below the normal reference range and average for
unstimulated whole saliva flow rates, and thus to be consid-
ered subnormal salivary secretion. The mean chewing-
stimulated whole saliva flow rate of 1⋅92 (±0⋅98) ml/min
(median 1⋅75 ml/min) was within the normal range. Women
had lower unstimulated and chewing-stimulated whole saliva
flow rates than men (P < 0⋅001; Table 1). Approximately 35
% met the criteria of hyposalivation, and about 12 % suffered
from persistent and daily xerostomia reportedly affecting their
ability to taste and swallow foods. Xerostomia, hyposalivation
and taste alterations were more prevalent in women than in
men (P < 0⋅001; Table 1).

Dietary intake

Table 2 shows the daily intakes of energy and macronutrients,
and the differences with regard to gender. The total mean
energy intake was 8⋅4 (±2⋅7) MJ (median 7⋅8 MJ) for the entire
study sample, which was slightly below the recommendation

Table 1. Characteristics of all study participants and by gender

All Women Men P-valuea

Number of participants (%) 621 366 (58⋅9) 255 (41⋅1) 0⋅001
Age (years), mean (SD) 75⋅2 (6⋅4) 75⋅7 (6⋅2) 74⋅6 (6⋅6) 0⋅036
Number of systemic diseases (%)

0 88 (14⋅1) 36 (9⋅8) 52 (20⋅4) <0⋅001
1 156 (25⋅1) 94 (25⋅7) 62 (24⋅3)
2–3 240 (38⋅6) 151 (41⋅3) 88 (34⋅5)
4–5 107 (17⋅2) 69 (18⋅9) 39 (15⋅3)
6+ 30 (4⋅8) 16 (4⋅4) 14 (5⋅5) <0⋅001

Number of medications (%)

0 101 (16⋅3) 45 (12⋅3) 56 (21⋅9) 0⋅002
1 97 (15⋅6) 52 (14⋅2) 45 (17⋅6)
2–3 189 (30⋅4) 122 (33⋅3) 67 (26⋅2)
4–5 121 (19⋅5) 80 (21⋅8) 41 (16⋅0)
6+ 116 (18⋅7) 69 (18⋅9) 47 (18⋅4) 0⋅001

Number of smokers (%)

Current 140 (22⋅5) 70 (19⋅1) 71 (27⋅8) 0⋅010
Former 294 (47⋅3) 148 (40⋅4) 146 (57⋅3) <0⋅001
Never 187 (30⋅1) 148 (40⋅4) 38 (14⋅9) <0⋅001

Alcohol, g/d, mean (SD) 22⋅6 (27⋅2) 15⋅5 (18⋅1) 32⋅8 (32⋅3) <0⋅001
Daily users (%) 328 (52⋅8) 152 (41⋅5) 176 (69⋅0) <0⋅001
Weekly/monthly users (%) 223 (35⋅9) 161 (43⋅9) 62 (24⋅3) <0⋅001
Abstainers (%) 70 (11⋅2) 53 (14⋅4) 17 (6⋅6) <0⋅001
High-risk consumption (%) 187 (30⋅1) 89 (24⋅3) 99 (38⋅9) <0⋅001

Dental status

Dentate, number of teeth, mean (SD) 19⋅7 (8) 20⋅3 (8) 19⋅0 (8) 0⋅050
Dentate, wearing no dentures (%) 338 (53⋅9) 208 (56⋅8) 130 (50⋅9) 0⋅147
Fully edentulous, wearing complete dentures (%) 77 (12⋅3) 46 (12⋅5) 31 (12⋅2) 0⋅970
Partial edentulous, wearing a removable partial upper or lower denture or both (%) 194 (31⋅2) 103 (28⋅1) 91 (35⋅6) 0⋅050
Partial edentulous, combinations of a complete upper or lower denture (%) 83 (13⋅3) 48 (13⋅1) 37 (13⋅7) 0⋅829

Whole saliva flow rates, ml/min

Unstimulated, mean (SD) 0⋅20 (0⋅19) 0⋅17 (0⋅15) 0⋅24 (0⋅22) <0⋅001
Chewing-stimulated, mean (SD) 1⋅92 (0⋅98) 1⋅67 (0⋅82) 2⋅28 (1⋅06) <0⋅001

Hyposalivation (%) 219 (35⋅3) 149 (40⋅7) 70 (27⋅5) <0⋅001
Persistent xerostomia (%) 78 (12⋅5) 60 (16⋅4) 18 (7⋅1) <0⋅001
Taste alterations (%) 71 (10⋅7) 51 (14⋅5) 20 (7⋅8) <0⋅001

Data presented as the number of participants (n) and proportions (%) and as means (and standard deviation, SD).
a Statistical significant differences between genders. High-risk consumption and hyposalivation are defined in the text.
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of 8⋅9 MJ for people above the age of 65 years with a moder-
ate physical activity level. The male participants had an average
energy intake of 8⋅6 MJ, which was below the recommenda-
tion of 9⋅7 MJ for men, whereas the female participants had an
average energy intake slightly above (8⋅3 MJ) the recommenda-
tions. The total energy intake was the highest in the group aged
85–95 years (8⋅7 MJ) but did not differ significantly from that
of the groups aged 65–74 and 75–84 years (Table 3).
For the entire study sample, the daily consumption and the

energy distribution (as E%) from total carbohydrates and total
fat were within recommendations. The average protein E%
was below recommendations (an optimal E% is 18 %), and
the lowest intake of protein intake (69⋅5 g/d) and protein E

% (13⋅8 %) were observed in the group aged 85–95 years.
The average intake of dietary fibres of 18⋅8 g was below the
recommended daily intake, which is 25 g for women and 35
g for men, respectively. The intake of total carbohydrates
was the highest in women (Table 2) and in participants aged
85–95 years (Table 3), and thus explains the apparent higher
total energy intake in these subgroups.
The intake of micronutrients (folate, vitamin B12, iron, zinc)

was within the normal range, and generally higher for men
(Table 2). The intake of vitamin D (mean 5⋅3 μg daily) was the
same for both men and women and below recommendations.
The mean intakes of fruit and vegetables were 234⋅7

(±201⋅2) g/d (median 194 g/d) and 317⋅3 (±157⋅4) g/d

Table 2. The daily total energy intake (megajoule, MJ), the intake of protein, fat and carbohydrate in grams (g, mean (SD)) and of the total energy (E%) and

intake of selected micronutrients in the study population

All (n 621) Women (n 366) Men (n 255) P-valuea

Energy (MJ) 8⋅4 (2⋅7) 8⋅3 (2⋅5) 8⋅6 (2⋅9) 0⋅169
Protein, g/d 71⋅3 (22⋅3) 84⋅0 (22⋅1) 71⋅4 (22⋅4) <0⋅0001
E% 15⋅8 (3⋅1) 18⋅3 (3⋅1) 14⋅6 (3⋅1)
Fat, g/d 71⋅9 (28⋅9) 63⋅1 (26⋅4) 73⋅5 (32⋅0) <0⋅0001
E% 32⋅6 (7⋅3) 28⋅0 (7⋅3) 32⋅6 (7⋅3)
Carbohydrate, g/d 221⋅7 (82⋅3) 252⋅3 (76⋅2) 225⋅7 (90⋅2) 0⋅0001
E% 45⋅1 (8⋅3) 50⋅4 (8⋅5) 44⋅9 (7⋅9)
Dietary fibres, g/ 19 (8) 19 (9) 19 (7) 1⋅000
Folate, μg 319⋅6 (140⋅2) 302⋅3 (134⋅7) 344⋅4 (144⋅2) <0⋅0001
Vitamin B12, μg 7⋅0 (3⋅9) 6⋅3 (3⋅6) 7⋅9 (4⋅2) <0⋅0001
Vitamin D, μg 5⋅3 (4⋅1) 5⋅3 (4⋅3) 5⋅3 (3⋅6) 0⋅912
Iron, mg 10⋅9 (4⋅6) 9⋅9 (4⋅3) 12⋅3 (4⋅7) <0⋅0001
Zinc, mg 10⋅5 (4⋅0) 9⋅4 (2⋅8) 12⋅1 (3⋅4) <0⋅0001

a Statistical significant differences between genders.

Table 3. Differences in intakes of fruit and vegetables (g/d) with regard to gender, age, smoking status and dental status

Fruit, g/d Mean (SD) Vegetables, g/d Mean (SD) Total fruit and vegetables, g/d P-value

All (n 621) 234⋅7 (201⋅1) 317⋅3 (157⋅4) 551⋅9 (278⋅1)
Women (n 366) 245⋅6 (202⋅5) 294⋅7 (148⋅3)a 540⋅3(276⋅5) 0⋅001
Men (n 255) 219⋅0 (198⋅8)a 349⋅7 (164⋅1) 568⋅7 (279⋅6) 0⋅040
65–74 years (n 304) 239⋅8 (195⋅0) 336⋅3 (166⋅7) 576⋅1 (289⋅7)
75–84 years (n 265) 236⋅1 (219⋅3) 300⋅8 (150⋅2) 536⋅9 (279⋅3)
85–95 years (n 52) 197⋅4 (172⋅0)b 289⋅0 (118⋅0)b 486⋅4 (163⋅9)b <0⋅001
Non-smoker (n 184) 276⋅7 (254⋅0) 322⋅7 (174⋅9) 599⋅4 (331⋅6)
Former smoker (n 296) 232⋅6 (163⋅3) 320⋅4 (141⋅7) 553⋅4 (235⋅5)
Current smoker (n 141) 183⋅8 (182⋅5)c 303⋅5 (163⋅6)c 487⋅3 (271⋅7)c <0⋅001
Dentate (n 461) 242⋅5(191⋅7) 326⋅7 (157⋅8) 569⋅3 (272⋅1)
Full dentures (n 160) 212⋅6 (225⋅1)d 288⋅9 (152⋅2)d 501⋅6 (289⋅1)d <0⋅001
Non-smoker and dentate 252⋅9 (198⋅8) 329⋅3 (115⋅9) 582⋅2 (276⋅2)
Smoker and full dentures 155⋅7 (227⋅8) 284⋅6 (158⋅5) 440⋅3 (305⋅9) <0⋅001
Tertiles UWS, ml/min

0⋅05 (0⋅03) (n 207) 220⋅2 (171⋅8) 305⋅1 (151⋅1) 525⋅3 (262⋅5)e 0⋅071
0⋅15 (0⋅07) (n 207) 260⋅2 (242⋅9) 325⋅3 (150⋅8) 585⋅6 (300⋅1) 0⋅750
0⋅39 (0⋅92) (n 207) 223⋅7 (178⋅8) 321⋅2 (168⋅7) 544⋅9 (266⋅1) 0⋅297

Tertiles SWS, ml/min

0⋅97 (0⋅29) (n 207) 248⋅1 (227⋅5) 303⋅7 (145⋅0) 551⋅8 (299⋅1)e 0⋅968
1⋅77 (0⋅23) (n 207) 239⋅7 (181⋅9) 305⋅5 (160⋅8) 545⋅3 (265⋅0) 0⋅966
3⋅04 (0⋅75) (n 207) 216⋅2 (189⋅9) 342⋅5 (162⋅6) 558⋅7 (268⋅9) 0⋅875

Xerostomia, yes (n 78) 197⋅1 (138⋅2) 282⋅9 (130⋅6) 480⋅0 (209⋅3)f

Xerostomia, no (n 543) 243⋅2 (221⋅8) 321⋅9 (160⋅0) 565⋅1 (293⋅7) 0⋅040

a Gender differences: Women had a higher intake of fruit and men had a higher intake of vegetables.
b Age group differences: Participants aged 85–95 years had lower intakes of fruits and vegetables.
c Smoking status differences: Current smokers had lower intakes of fruit and vegetables.
d Dental status differences: Fully edentulous/full denture wearers had lower intakes of fruit and vegetables than dentate non-denture wearers/partial denture wearers.
e Unstimulated (UWS) and stimulated (SWS) whole saliva flow rate (mean (SD) differences: Participants with low UWS and SWS did not differ from those with normal and high

UWS and SWS with regard to intakes of fruits and vegetables.
f Participants with xerostomia had lower intakes of fruits and vegetables.
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(median 288 g/day), respectively (Table 3). The average total
intake of both fruit and vegetables was 551 (± 271⋅1) g/d
(median 511 MJ), and thus barely in accordance with the recom-
mendations for fruit and vegetable intake for people above the
age of 65 years with a daily energy intake of 9 MJ. The total con-
sumption of fruit and vegetables did not differ significantly
between men and women, but participants aged 85–95 years
had a lower intake of both fruit and vegetables than those
aged 65–74 and 75–84 years (P= 0⋅001; Table 3).
Current smokers and/or participants wearing a complete

denture or being edentulous in the maxilla or mandible or
both also had a significantly lower intake of both fruit and
vegetables than non-smokers and former smokers and/or par-
ticipants not wearing a complete denture or being edentulous
in the maxilla or mandible or both (Table 3). Tertiles of
unstimulated and chewing-stimulated whole saliva flow rates
(low/normal and high) revealed no significant differences in
the intakes of fruits and vegetables, whereas participants
with xerostomia had lower intake than those without com-
plaints of xerostomia (Table 3).
Unadjusted linear regression analyses showed that chewing-

stimulated but not unstimulated whole saliva flow rates were
directly associated with the daily intake of fruit and vegetables
(P= 0⋅04), whereas xerostomia was inversely associated with
the daily intake of fruit and vegetables (P = 0⋅05). After adjust-
ing for covariates including gender, age, wearing dentures/
being edentulous in the maxilla or mandible or both, smoking
(current v. non-smoker/former smoker), alcohol consump-
tion, the number of diseases and the number of medicines
taken on a daily basis, the multiple linear regression analyses
revealed that participants being of older age, (β −0⋅009, SE

0⋅003, P= 0⋅005), current smokers (β −0⋅212, SE 0⋅060,

P= 0⋅0005), and wearing complete dentures/being partially
or fully edentulous (β −0⋅141, SE 0⋅048, P = 0⋅003) had a
lower intake of fruit and vegetables, whereas the associations
with chewing-stimulated whole saliva flow rates and xerosto-
mia were no longer statistically significant (Table 4). The esti-
mate, β, states the association (higher or lower fruit and
vegetable intake) by the variables by an integer or category.
In model 1, age explained 25⋅5 %, current smoking 24⋅8 %
and wearing dentures 29⋅4 % of the variance in the intake of
fruit and vegetables. In model 2, age explained 32⋅2 %, current
smoking 23⋅6 % and wearing dentures 28⋅6 % of the variance
in the intake of fruit and vegetables. In model 3, age explained
20⋅2 %, current smoking 18⋅9 % and wearing dentures 29⋅4 %
of the variance in the outcome variable (fruit and vegetable
intake) (Table 4).

Discussion

In the present study, including 621 community-dwelling
Danish people aged 65–95 years, a lower daily intake of fruit
and vegetables was associated with being among the oldest
old, being a current smoker and wearing full dentures or
being edentulous in one or both jaws, but not with xerostomia
or low whole saliva flow rates.
In accordance with previous studies, we found that female

gender and age were associated with a higher prevalence of
systemic diseases, a higher intake of medication, lower
unstimulated and chewing-stimulated whole saliva flow rates,
as well as higher prevalence of xerostomia and hyposaliva-
tion(28–33). It has previously been shown that salivary gland
hypofunction is not associated with age and gender per se,
but rather is the consequence of an increase in the number

Table 4. Multiple linear regression analyses on the association between intake in g/d of fruit and vegetables, whole saliva flow rates (ml/min) and xerostomia

(yes/no), adjusted for gender, age, smoking status, and alcohol intake, wearing denture/being partially or fully edentulous, numbers of systemic diseases

present and medicines on a daily basis (0, 1, 2–3, 4–5 and 6+)

Model 1 Model 2 Model 3

β (SE) P-value β (SE) P-value β (SE) P-value

Intercept 7⋅066 (0⋅258) <0⋅0001 7⋅012 (0⋅258) <0⋅0001 7⋅033 (0⋅258) <0⋅0001
UWS (ml/min) 0⋅021 (0⋅019) 0⋅267
SWS (ml/min) 0⋅057 (0⋅268) 0⋅084
Xerostomia – yes −0⋅092 (0⋅063) 0⋅148
Gender (male) 0⋅077 (0⋅046) 0⋅095 0⋅067 0⋅149 0⋅078 (0⋅045) 0⋅087
Age (years) −0⋅009 (0⋅003) 0⋅006* −0⋅009 (0⋅003) 0⋅005* −0⋅009 (0⋅003) 0⋅005*
Current smoker −0⋅213 (0⋅060) 0⋅001* −0⋅213 (0⋅060) 0⋅001* −0⋅211 (0⋅060) 0⋅001*
Former smoker −0⋅033 (0⋅049) 0⋅503 −0⋅032 (0⋅049) 0⋅524 −0⋅032 (0⋅049) 0⋅522
Alcohol (g/d) −0⋅001 (0⋅001) 0⋅44 −0⋅001 (0⋅001) 0⋅387 −0⋅001 (0⋅001) 0⋅431
Dentures – yes −0⋅142 (0⋅048) 0⋅003* −0⋅145 (0⋅048) 0⋅003* −0⋅141 (0⋅048) 0⋅003*
Diseases no. +6 0⋅035 (0⋅133) 0⋅791 0⋅039 (0⋅133) 0⋅766 0⋅004 (0⋅133) 0⋅97
Diseases no. 4–5 −0⋅089 (0⋅106) 0⋅397 −0⋅082 (0⋅106) 0⋅438 −0⋅084 (0⋅106) 0⋅431
Diseases no. 2–3 0⋅007 (0⋅089) 0⋅939 0⋅015 (0⋅089) 0⋅863 0⋅017 (0⋅089) 0⋅851
Disease no. 1 −0⋅046 (0⋅084) 0⋅586 −0⋅040 (0⋅084) 0⋅634 −0⋅040 (0⋅084) 0⋅632
Medicines no. +6 0⋅004 (0⋅101) 0⋅966 0⋅004 (0⋅101) 0⋅964 0⋅004 (0⋅101) 0⋅97
Medicines no. 4–5 −0⋅001 (0⋅090) 0⋅999 −0⋅004 (0⋅090) 0⋅961 −0⋅002 (0⋅090) 0⋅982
Medicines no. 2–3 −0⋅067 (0⋅079) 0⋅404 −0⋅071 (0⋅080) 0⋅373 −0⋅078 (0⋅080) 0⋅438
Medicine no. 1 −0⋅077 (0⋅081) 0⋅343 −0⋅079 (0⋅081) 0⋅326 −0⋅078 (0⋅081) 0⋅339

β, regression coefficients (SE, standard error of β). UWS and SWS, ln_unstimulated and chewing-stimulated whole saliva flow rates, respectively. The types of diseases and medi-

cation are detailed in the text. In models 1, 2 and 3, R2 was 0⋅070, 0⋅073, and 0⋅072, respectively. The intake of fruit and vegetables was inversely associated with age, smoking

and wearing dentures. For each 10 years difference in age, there was a 9 % lower daily intake of fruit and vegetables. Being a smoker and wearing dentures was associated with a

daily 21 and 14⋅2 % lower intake of fruits and vegetables.

*P < 0.05.
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of diseases and medication with increasing age, a phenomenon
being most prevalent in women(13,14,30,32–35). However, a more
recent meta-analysis reported lower unstimulated and stimu-
lated submandibular/sublingual and unstimulated whole saliva
flow rates in older adults, irrespective of medication intake(36).
The findings of the present study indicate that the salivary
gland hypofunction primarily is medication-induced as the
unstimulated whole saliva flow rates were below the normal
range, and the chewing-stimulated flow rates within the normal
range. Most medications exert an inhibitory effect on the
unstimulated salivary secretion and affect stimulated secretion
to a lesser extent(13). Persistent hyposalivation may result in
dental decay and subsequent tooth loss. As the present
study was cross-sectional, we have no data on the onset and
duration of salivary gland hypofunction and the subsequent
impact on oral health. Overall, we found no significant differ-
ences between gender with regard to tooth loss/remaining
teeth and wearing removable dentures, but the number of den-
tate female participants tended to be higher. Of note, a study
including almost the same sample of older adults as the pre-
sent study, showed that men had more decayed coronal and
root surfaces, while women had more restorations on the cor-
onal surfaces(25), indicating that women pay more attention to
oral hygiene procedures and regular dental visits, thereby pre-
venting or delaying dental decay and tooth loss despite having
lower salivary secretion than men.
With regard to lifestyle factors, we found that the propor-

tions of smokers and consumers of alcohol on a daily basis
were higher in men than women, corroborating previous find-
ings(37). It has been reported that smokers have a poorer oral
health, including more prevalent tooth loss and severe peri-
odontitis than non-smokers(38–42). In the present study, cur-
rent smokers were also more likely to wear full dentures/
being edentate in one or both jaws, and they also had the low-
est intake of fruit and vegetables compared with former smo-
kers and non-smokers. This indicates that a subgroup of older
people with concurrent smoking and compromised oral health
may have a less healthy food intake, at least when considering
the intake of fruit and vegetables as a proxy for healthy dietary
habits. Previous studies have also shown that tooth loss is
associated with a lower intake of fruit and vegetables(41),
even in a group of male health professionals(43). In addition,
fruit intake has been reported to be lower in smokers than
in former and non-smokers, whereas no association was
found between smoking habits and intake of vegetables(44).
Additional previous findings suggest that smokers, in general,
have a poorer diet than non-smokers(45,46).
Oral health, smoking and alcohol consumption habits and

dietary habits are closely related to socioeconomic and educa-
tional factors. A study including a similar sample of older
adults as the present study revealed that the oldest old
women and men (above 79 years of age) had the lowest
income, and women above the age of 72 years had the lowest
educational level, and generally lower income than men(24). For
both genders, the mean number of teeth as well as the number
of smokers and alcohol consumers were the lowest among the
oldest old(24). We found no gender differences with regard to
dental status and intake of fruit and vegetables, but a

significantly higher number of smokers and alcohol consumers
among the male participants. Consequently, dental health in
old age seems influenced by a large number of health-related
habits and the accumulative effect of these and other determi-
nants across the lifespan, and not merely by educational and
socioeconomic factors.
We found that the men had an average energy intake below

and the women slightly above the recommendations. The total
energy intake was the highest in the group aged 85–95 years,
although it did not differ significantly from that of the other
age groups. The higher total energy could be ascribed to a
higher intake of total carbohydrates among women and parti-
cipants aged 85–95 years.
The daily consumption and energy distribution (as E%)

were in general within recommendations, except from protein
and dietary fibres, which were below recommendations and
lowest among participants aged 85–95 years.
The average total intake of fruit and vegetables (551 ±

271⋅1 g/d) was barely within the current recommendations
for people above the age of 65 years with a daily energy
intake of 9 MJ, but higher than that reported in a national
investigation of dietary habits of the Danes from 2011 to
2013, where the age group 18–75 years had an average
total daily intake of 389 g fruit and vegetables(47).
Moreover, we found that women had a higher daily intake
of fruit, but a lower intake of vegetables, than men. The
total intake of fruit and vegetables did not differ between
gender. Fruit (comprising citric acids) can act as the gustatory
stimulus of salivary secretion, and the higher intake of fruit
among female participants may reflect a way to alleviate
symptoms of oral dryness. On the other hand, citric acids
may also cause burning and itching sensation in the oral
mucosa, especially in the case of hyposalivation. The
unadjusted linear regression analysis revealed that chewing-
stimulated, but not unstimulated whole saliva flow rates,
were directly associated with the daily intake of fruit and
vegetables, whereas xerostomia was inversely associated
with the daily intake of fruit and vegetables. However, after
adjusting for covariates including gender, age, wearing den-
tures/being edentulous in the maxilla or mandible or both,
smoking (current v. non-smoker/former smoker), alcohol
consumption, the number of diseases and the number of
medicines taken on a daily basis, older age, current smoking,
and wearing complete dentures/being partially or fully eden-
tulous were associated with the low intake of fruit and vege-
tables, whereas the associations with salivary flow rates and
xerostomia no longer were statistically significant.
In participants aged 75–84 years and particularly those

aged 85–95 years, the intakes of fruit and vegetables were
below recommendations. In Denmark, the Ministry of
Environment and Food recommends a daily intake of ≥600
g of fruit and vegetables for adults (and 550 g for people
aged above 65 years). It is well known that older people gen-
erally eat less than younger people primarily as a result of
reduced energy requirements due to decreased levels of phys-
ical activity and basal metabolism due to age-related loss of
muscle mass(48–50). The regulation of appetite may also be
altered in older people leading to ‘anorexia of ageing’(51–53).
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In addition, being edentulous and wearing dentures appear
to be stronger determinants of a lower intake of fruit and vege-
tables than xerostomia and salivary gland hypofunction. Thus,
participants wearing denture, particularly full dentures, had a
fruit and vegetable intake below recommendations. Ill-fitting
dentures, chewing difficulty and oral pain in relation to wearing
dentures are probable explanations. However, limitations of
the present study are that the function and symptoms related
to wearing dentures were not addressed. It has previously been
shown that wearing dentures are associated with a number of
oral mucosal problems(54).
It may be questioned if the actual fruit and vegetable intake

was overestimated, as it is well known that people tend to
overestimate their self-reported intake of healthy foods(55).
However, previous studies have found that older people are
less likely than younger (65 years v. <50 years) to underreport
their food intake. Also, it is possible that the health profile of
the present sample of older adults may be better than that of
the general older population. Indeed, the subjects who partici-
pated were all able to attend/travel to the dental clinic, and
they presumably present with better health and behaviours
than the non-responders(24), which can also be reflected in a
high intake of fruits and vegetables. Moreover, the participants
included in the present study have for decades taken part in
the CCHS and are presumably more aware of a healthy diet
including a high intake of fruit and vegetables, which may
impact the external validity of the study.
In conclusion, we found no associations between whole saliva

flow rates, hyposalivation and xerostomia and the daily intake of
fruit and vegetables in this sample of older Danish people.
However, smoking, being of older age and wearing denture or
being edentate in one or both jaws were associated with a
lower intake of fruit and vegetables, and intakes below recommen-
dations. Age, current smoking and wearing full denture explained
about 25, 25 and 29 % of the variance in the fruit and vegetable
intakes. Our findings underline the importance of maintaining a
functional natural dentition and providing dietary guidance in
older adults to prevent dietary changes, but also paying attention
to changes in dietary intake and nutritional status in older adults in
cases of salivary gland function impairment and compromised
oral health, as also suggested by previous research(16,17,56,57).
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