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SUMMARY This study aimed to assess, whether

depression in adulthood was associated with self-

reported chewing difficulties at older age, and

examine whether the strength of the association

differed according to the number of depression

episodes in earlier adult life. We used Whitehall II

study data from 277 participants who completed a

questionnaire in 2011. Depression was measured

with the Center for Epidemiologic Studies

Depression Scale (CES-D) in 2003 and 2008. The

association between CES-D depression and self-

reported chewing ability was assessed using

regression models adjusted for some socio-

demographic factors. Participants with depression

at some point in their earlier adulthood had an odds

ratio (95% CI) of 2�01 (1�06, 3�82) for reporting

chewing difficulties in older adulthood, compared

to those without depression. The respective odds

ratios were 1�42 (0�66, 3�04) for individuals with

depression in only one phase, but 3�53 (1�51, 8�24) for
those with depression in two phases. In conclusion,

while further research is required, there was an

association between depression and chewing

difficulty that was independent of demographic and

socio-economic characteristics. Furthermore, this

increased odds for chewing difficulties was

primarily among adults that experienced two

episodes or a prolonged period of depression.
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Introduction

A major demographic transition is occurring in most

middle- and high-income countries with a substantial

ageing of the population. Currently, around 10 million

people in the UK are over 65 years of age, and this esti-

mate will nearly double to around 19 million by 2050

(1). An ageing population is accompanied by a transfor-

mation in many health conditions, including oral

health. The latest national oral health survey of British

adults showed that only 6% were edentulous, and the

dentate have fewer missing teeth and more sound and

untreated teeth than in the past (2). The older adult

population is also likely to experience excessive comor-

bidity, as many different chronic diseases are age-

related. One of the leading causes of morbidity and

mortality is mental illness (3), which has a rising preva-

lence across England especially among women (4).

Ayuso-Mateos and colleagues showed that depression

is a highly prevalent condition in Europe, and UK is

one of the countries with the highest rates (7�8%) (5).

Analysis of data from the Global Burden of Disease

Study for 21 regions found that depressive disorders

were ranked 11th (from 15th in 1990), their prevalence

increased by 37% over the same period, and it is

expected to further steadily increase in the future (6).

The prevalence of depression is also higher among

patients with other chronic diseases (7).

Studies have shown an association between common

mental disorders, particularly depression and anxiety,

and oral health and chewing ability; however, there is

no agreement about the direction of the association and
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there is some evidence that the association may be bidi-

rectional (8–10). On the one hand, oral health might

negatively impact on the psychological status of indi-

viduals. For example, a study found that oral conditions

have been associated with problems on daily life activi-

ties and psychological wellbeing (11). On the other

hand, depression may negatively impact on oral health

and chewing ability through different pathways. In a

population-based retrospective cohort study, Liao et al.

(12) concluded that patients with depression were at an

elevated risk of developing temporo-mandibular disor-

der (TMD), while a prospective cohort study showed

that depression was associated with pain sensitivity and

an increase in the risk of TMD (13), a condition that has

a negative effect on chewing ability (14). There are dif-

ferent mechanisms linking depression to oral health

conditions including chewing difficulties (8, 10).

Most of the studies on the association between

depression and oral health and chewing difficulty were

cross-sectional and were therefore limited in terms of

looking at the direction of the association. Very few

studies have examined the association longitudinally,

and no study has assessed the effect of experiencing

episodes of depression in early adulthood on the risk of

chewing difficulties in later life. Therefore, this study

used data from the Whitehall II study with the aim to

assess whether experiencing depression in adulthood

was associated with chewing difficulties at older age,

and to also examine whether the strength of the associ-

ation differed according to the number of depression

episodes in earlier adult life.

Material and methods

Whitehall II is a longitudinal, prospective closed

cohort study set-up in 1985 to investigate the impor-

tance of the socio-economic gradient in health and

disease by following a cohort of 10 308 working men

and women employed in London offices of the British

civil service (15). Since 1985, there have been a fur-

ther ten phases of data collection. For this study, we

focused on self-report oral health data collected at

Phase 10, together with relevant questionnaire data

from earlier phases.

Participants and sample size

Phase 10 took place from February until mid-March

2011. A random sample of 255 people was selected

from the people that attended a screening examina-

tion at Phase 9 (2008–2009). This sample was supple-

mented by inclusion of all participants with late onset

depression, as the main aims of Phase 10 were to vali-

date self-completed measures of psychiatric morbidity

in older people, and to invite a subsample to take part

in a neuroimaging study of late onset depression cases

and never depressed controls giving a total Phase 10

sample 337 (Fig. 1).

Fig. 1. Sample selected from

Whitehall II study, Phase 10.
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Variables

Outcome. Chewing ability (self-reported, at Phase 10);

the original question, was ‘In general, how well are

you able to bite or chew food that you eat nowadays?

answering options: no difficulty, a little difficulty, a

fair amount of difficulty or a great amount of diffi-

culty’ For analysis reason and because of the very

small number of participants in some categories, par-

ticipants were grouped into two groups: those with

little, fair or great amount of difficulty versus those

with no difficulty chewing.

Primary exposure. Depression was measured using the

Center for Epidemiologic Studies Depression Scale

(CES-D) (16). CES-D consists of 20 items and sum-

ming of all items for each participant provides the

total score; this can range between 0 and 60, with

scores of 16 or more considered as cases of depression

(17). We used Phase 7 (2003–04) and Phase 9 (2008–

09) data in this analysis, and through the afore-

mentioned cut-off point we calculated whether the

participant had experienced depression in any of

these two phases (yes vs. no). We also calculated

the episodes of depression (none; only in one phase;

in both phases) variable to assess whether there was

a biological gradient in the association between

depression and chewing ability. Participants who

were taking antidepressant medications were consid-

ered as depressed even if their CES-D scores were

below 16.

Covariates. Socio-demographic variables included sex,

age (<70, and ≥70 years), marital status (married, single,

divorced and widowed), and deprivation rating using

the Townsend index to capture neighbourhood material

deprivation. Neighbourhood deprivation ratings ranged

from 1 (least deprived) to 4 (most deprived).

Ethical approval and consent

The study was approved by the Joint UCL/UCLH

Committees on the Ethics of Human Research (Com-

mittee Alpha). All participants provided written

informed consent.

Statistical methods

Statistical analysis was carried out using STATA 11.

Initially, descriptive statistics were used for the

characteristics of the study sample. Frequency of

experience of depression (in phases 7 & 9) was also

calculated. Associations between variables were

explored by chi-squared and chi-squared test for

trend. Logistic regression models were used to deter-

mine the strength of the association between expo-

sure and outcome. Initially, a crude odds ratio (and

95% confidence interval) was calculated (model 1);

this was then adjusted for sex, marital status and age

group (model 2) and finally also for neighbourhood

deprivation (sex, marital status, age and deprivation

scores included in model 3). The likelihood ratio test

was used to test the adequacy of sequential adjust-

ment between models. For assessing the presence of

biological gradient, respondents were grouped into;

those with no previous experience of depression,

those with depression in one phase (either at phase 7

or 9) and finally those who experienced depression

in two phases (both at phase 7 and 9) in earlier

adulthood. Depression in only one phase is indicative

of one episode of depression, while a similar experi-

ence in both phases indicates either the existence of

either two episodes of depression or a prolonged

(more long term) experience of the condition. This

biological gradient between depression and later

chewing difficulty was examined using logistic regres-

sion analysis.

As there were 57 participants with missing CES-D

values in one of the two phases (7, 9), we substituted

missing values by ‘depressed’ if the participant

reported depression in the other phase, and ‘non-

depressed’ if otherwise. There were only five missing

values (<2%) in our main outcome ‘chewing diffi-

culty’ and were simply excluded from the analysis.

Missing values for age group and deprivation were

kept in the analysis as a separate category in these

covariates.

Results

From the 337 people contacted, 277 participated

(response rate: 82%). Table 1 summarises the charac-

teristics of participants by sex. Approximately 80% of

both men and women did not report chewing difficul-

ties. However, experience of depression in earlier

adulthood was almost twice as prevalent in women

(52%) than men (29%).

Depression in earlier adulthood was associated with

reporting chewing difficulties (P = 0�007), as around
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29% of those with depression in adulthood but only

15% of those who did not experience depression

reported chewing difficulties (Table 2). Participants

aged 70 years or over as well as those that were

poorer reported higher prevalence of chewing difficul-

ties compared to the younger and more affluent ones,

respectively, but the association was not significant

for the former (P = 0�084) and marginally so for the

latter (P < 0�059).
Compared to participants who had not experienced

depression, people with depression at some point in

their earlier adulthood (at phase 7 and/or 9) had

2�27 times (95% CI: 1�25–4�15) higher odds for

chewing difficulties in older adulthood (Table 3).

This estimate attenuated but remained significant

after adjustment for sex, marital status and age (OR:

2�14, 95%CI: 1�14–4�03), as well as in the fully

adjusted model that also accounted for neighbour-

hood deprivation (OR: 2�01, 95%CI: 1�06–3�82).
Looking separately at participants that reported

depression in one or both phases (exploring the

effect of a potential biological gradient of depression

episodes on the outcome), we found that people

who had depression in one phase (at either phase 7

or 9) had an odds of 1�49 (95% CI: 0�72–3�12) for

reporting chewing difficulties in older life, while

those that experienced depression in both phases (at

phase 7 & 9) had a much higher odds ratio of 4�14,
(95% CI: 1�89–9�07).

Table 1. Descriptive characteristics of the study sample

(N = 277) at Phase 10

Characteristic

Female Male Total

N (%) N (%) N (%)

N = 83 N = 194 N = 277

Age

<70 44 (53�0) 105 (54�1) 149 (53�8)
≥70 35 (42�2) 75 (38�7) 110 (39�7)
Missing 4 (4�8) 14 (7�2) 18 (6�5)
Deprivation score

1 (Lowest deprived) 19 (23�0) 63 (32�5) 82 (29�6)
2 25 (30�1) 61 (31�4) 86 (31�0)
3 21 (25�3) 45 (23�2) 66 (23�8)
4 (most deprived) 8 (9�6) 12 (6�2) 20 (7�2)
Missing 10 (12�0) 13 (6�7) 23 (8�3)
Marital status

Married 40 (48�2) 156 (80�4) 196 (70�8)
Single 16 (19�3) 17 (8�8) 33 (11�9)
Divorced 13 (15�7) 12 (6�2) 25 (9�0)
Widowed 14 (16�8) 9 (4�6) 23 (8�3)
Depression in adulthood*

No 40 (48�2) 137 (70�6) 177 (63�9)
Yes 43 (51�8) 57 (29�4) 100 (36�1)
Use of antidepressant

No 60 (72�3) 165 (85�1) 225 (81�2)
Yes 15 (18�1) 11 (5�6) 26 (9�4)
Missing 8 (9�6) 18 (9�3) 26 (9�4)
Self-reported general health

Excellent 9 (10�8) 43 (22�2) 52 (18�7)
Very good 30 (36�2) 98 (50�5) 128 (46�2)
Good 35 (42�2) 42 (21�6) 77 (27�8)
Fair 8 (9�6) 11 (5�7) 19 (6�9)
Poor 1 (1�2) 0 (0�0) 1 (0�4)
Chewing difficulty

No 65 (78�3) 152 (78�4) 217 (78�3)
Yes 17 (20�5) 38 (19�6) 55 (19�9)
Missing 1 (1�2) 4 (2�0) 5 (1�8)
Number of natural teeth

<21 17 (20�5) 34 (17�5) 51 (18�4)
21 or more 55 (66�3) 149 (76�8) 204 (73�7)
Missing 11 (13�2) 11 (5�7) 22 (7�9)
Denture wearers

No 30 (36�1) 59 (30�4) 89 (32�1)
Yes 52 (62�7) 131 (67�5) 183 (66�1)
Missing 1 (1�2) 4 (2�1) 5 (1�8)

*Depression measured by CES-D at Phase 7 and/or 9.

Table 2. Association between the presence of chewing diffi-

culty and socio-demographic characteristics (N = 272)

Characteristic

Chewing

difficulty N (%) P-value*

Sex

Female 17 (20�7) 0�890
Male 38 (20�0)
Age

<70 22 (15�2) 0�084
≥70 28 (25�7)
Missing 5 (27�8)
Deprivation score

1 and 2 (Less deprived) 27 (16�2) 0�059
3 and 4 (more deprived) 24 (28�9)
Missing 4 (18�2)
Marital status

Married 37 (19�3) 0�510
Single 5 (15�2)
Divorced 7 (29�2)
Widowed 6 (26�1)
Depression in adulthood

No 27 (15�3) 0�007
Yes, in one and/or two phases 28 (29�2)
Yes, in only one phase 13 (21�3)
Yes, in both phases 15 (42�9)

*Chi-squared test and chi-squared test for trend.
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Discussion

This study showed that depression in earlier adult life

is significantly and strongly associated with self-

reported chewing difficulties in older adulthood. After

accounting for the effect of some demographic and

socio-economic factors, this association was slightly

attenuated but remained significant, with people that

experienced depression earlier in their adult years

having double the risk of reporting chewing difficulty

later on in adulthood (60 years or over). Moreover,

this was the first study to indicate a biological gradi-

ent in this association; compared to those without

depression, the risk for chewing difficulties was much

higher (and significant) among adults with two epi-

sodes or a prolonged period of depression and lower

(and not significant) for those with only one earlier

episode of depression.

Depression is a potential risk factor for impaired

oral health status such as chewing difficulty, and it

can affect the physical and functional oral health

through different pathways. First, Slade et al. and Liao

et al. (12, 13) suggested depression as a risk for temp-

oro-mandibular disorder (TMD) by influencing the

association between pain and motor activity; and

there is evidence that TMD and pain might have a

negative effect on chewing ability (8, 14). Second,

depression might affect chewing ability also through

reducing the motivation towards oral health-related

behaviours, such as oral hygiene, dietary and smoking

habits (18, 19). Third, depression may also affect oral

health physiologically by reducing the amount of sal-

iva or changing the immune response system (10),

leading to higher risk of developing dental caries (20)

and periodontal diseases that collectively lead to

greater risk of tooth loss and, therefore, impaired

chewing ability. It is also important to note that

depressed people might perceive their health worse

than non-depressed people (21). Therefore, the possi-

bility that people with depression may perceive that

they have worse chewing ability even if they have

the same masticatory ability of non-depressed people

cannot be ruled out, particularly as chewing ability

was measured through self-reports in our sample.

The association between depression and chewing

difficulties slightly attenuated after adjusting for

demographic variables, primarily age group. This con-

firmed the effect of age on chewing ability, as has

already been shown with a decline in oral functioning

ability in longitudinal studies of older adults (22).

However, the fully adjusted findings showed that the

association is strong over and above the effect of

demographic and socio-economic characteristics.

The main contribution of this study was to assess

the association between experiencing depression in

adulthood and having chewing difficulties at older

adult life using data from a well-established longitudi-

nal cohort study. By having data on depression from

two time points, it was possible to also assess whether

the association differs depending on the episodes of

depression in adulthood, and if there is any biological

gradient in this relationship. Unfortunately, data on

chewing abilities is not available at earlier Whitehall

II phases, and therefore, only the prevalence of chew-

ing difficulties was assessed; availability of chewing

abilities data longitudinally would have allowed for

the estimation of changes in chewing ability over

time. However, at earlier waves participants were

Table 3. Association between CES-D depression and chewing difficulty. Logistic regression analysis (N = 272)

Depression in adulthood

Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)

P-value P-value P-value

No 1 1 1

Yes, in one and/or two phases 2�27 (1�25–4�15)
0�007

2�14 (1�14–4�03)
0�018

2�01 (1�06–3�82)
0�033

Yes, in only one phase 1�49 (0�72–3�12)
0�285

1�46 (0�68–3�12)
0�327

1�42 (0�66–3�04)
0�365

Yes, in both phases 4�14 (1�89–9�07)
<0�001

3�86 (1�69–8�83)
0�001

3�53 (1�51–8�24)
0�004

P-value for trend 0�001 0�002 0�005

Model 1: crude, Model 2: sex, marital status and age adjusted, Model 3: model 2+deprivation score.
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younger, healthier, and all of them were employed,

so they could be expected to have relatively good oral

health status and chewing ability. In addition, chew-

ing difficulties was only assessed using a self-reported

question and was not supplemented by any clinical

examination. As discussed earlier, there is a possibility

that the reported chewing difficulty is actually a result

of depressed mood and negative perceptions of health.

We also acknowledge that our sample was relatively

small, and simple approaches were used to deal with

missing values in the data set. Being conservative in

our approach towards dealing with missing data may

have, if anything, underestimated the actual strength

of the observed associations. Nevertheless, the sample

proved sufficient in terms of showing an association

between depressive symptoms and poor chewing abil-

ity that remained after adjustment for different con-

founders, including deprivation. One of the

limitations in this study is that depression was

assessed using an epidemiological tool (CES-D) and

was not supplemented by clinical/medical diagnosis,

although studies have shown that CES-D is a vali-

dated and useful tool for epidemiologic studies of

depression (16). We do acknowledge that other fac-

tors, such as clinical oral health status or other socio-

economic position measures such as neighbourhood

deprivation could have further affected that associa-

tion. However, due to lack of data availability, we

could not explore this further. In line with other stud-

ies (8, 12–14), our findings showed that people’s psy-

chological illnesses, depression in this case, contribute

to oral disease and functional problems, which are of

great importance especially for elderly as they are

likely to be the most vulnerable group for a decline in

oral function. Despite these limitations, useful preli-

minary data have been gathered describing the associ-

ation between experiencing depression and reporting

chewing difficulties in older life.

Our results highlight the need for more integration

between general and oral health to fully understand

their associations, and therefore intervene accord-

ingly. With an ageing population at higher risk of

depression and also at increased risk of functional oral

health problems, health promotion activities should

consider using the common risk factor approach (23)

and addressing the broader common determinants of

these conditions. Moreover, people that suffer from

depression during their earlier adult life should be

signposted by dental services as a priority group, as

appropriate dental health care may partly counterbal-

ance their increased risk for reduced oral health func-

tion in later life. This is particularly the case for those

adults that experienced depression at two different

time points for a prolonged period, as our results

showed a strong and much higher risk than those for

one episode of depression.

In conclusion, we found an association between

depression and chewing difficulty that is independent

of the effect of demographic and socio-economic char-

acteristic. Individuals who experienced depression in

their earlier adulthood were at greater risk of having

chewing difficulties at older age. Furthermore, this

increased risk for chewing difficulties was primarily

among adults that experienced two episodes or a pro-

longed period of depression. Although these findings

must be interpreted with caution, and further studies

are needed to explore the association and examine its

potential pathways.
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