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Abstract

Objective: The goal of this study was to examine whether psychosocial condi-
tions for general health described in the public health literature are also reflected in
tooth loss. Methods: The relation of psychosocial factors to missing teeth was
evaluated among 2,501 individuals aged 25 to 59 years from the population-based
cross-sectional Study of Health in Pomerania using logistic regression analyses. The
case group included 15 percent of participants of each 5-year age group with the
highest number of missing teeth. Results: Unemployment, dose-dependent current
and former smoking, a poor general health status, and a longer time since the last
dental appointment were significant risk indicators for missing teeth. Alcohol con-
sumption, use of interdental cleaning products, and checkup as the reason for the
last dental visit were protective. Women with low education and low income were
identified as a high-risk group for missing teeth by the three-way interaction between
gender, school education, and household income. The effect of marital status was
modified by gender: being single was a risk indicator for men but it was protective for
women. Conclusions: The study supports the hypothesis that psychosocial condi-
tions that affect health status as described in the general public health literature also
have an effect on tooth loss. Strategies to prevent tooth loss may be expeditiously
implemented in combination with approaches to prevent other health-related
problems.
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Introduction
Tooth loss is the final outcome of

a multifactorial process that involves
not only disease-related conditions
but also other factors (1-6). Among
psychosocial risks for tooth loss,
there are factors which have widely
been confirmed (2-6), rare factors,
such as systemic diseases (2,7) or
depressive symptoms (8), and factors
about which opinions diverge.
Oral health behavior (9-14), low
education (4,9,10-12,14-16), low in-
come (9,10,12,15,17), and smoking

(1,2,5,7,9,10,12,14,16,18) have been
consistently demonstrated as risk
factors for tooth loss. Furthermore,
race – specifically Black compared
with Caucasian (8,17) – geographical
area (6,14,16), urban or rural place of
residence (14), poor general health
(5,14,16), and marital status (15,18)
have repeatedly been observed to
be associated with tooth loss. Several
studies have found positive associa-
tions between alcohol consumption
and tooth loss (5,8), which could not
always be confirmed (2,6,19).

The role of gender is an ambi-
guous one: There are longitudinal
studies of psychosocial models iden-
tifying either men (1,9) or women
(3,17) as having a higher risk for
tooth loss, whereas others found no
gender differences (4,5,16). There
may be some explanations for these
findings. The gender effect differs
across regions in general (6) and in
terms of the effects related to age
(age effect, period effect, cohort
effect) (9). In addition, the gender
difference is related to behavioral
and cultural factors rather than to a
greater propensity for periodontal
diseases or caries (14). This would
imply that the gender effect may be
related to its characteristic as an
effect modifier rather than to its char-
acteristic as a main effect. From the
psychosocial literature, it is known
that women suffer prior to a divorce
but men do so afterward (20), and
that marriage is more advantageous
for men than for women (21). Marital
status is not the only effect modified
by gender, e.g., women use health
services more frequently than men
(22). Gender as an effect modifier
may also lead to gender-specific
high-risk groups. In Germany,
women with low education, low
income, many children, and no job
are at high risk regarding general
health (23). Unemployment is a
further psychosocial factor that

Send correspondence and reprint requests to Dr. Torsten Mundt, Department of Prosthodontics, Gerodontology and Biomaterials, Rotgerberstraße
8, D-17475 Greifswald, Germany. Tel.: +49-3834-867140; Fax: +49-3834-867148; e-mail: mundt@uni-greifswald.de. Torsten Mundt, Ines Polzer, and
Stefanie Samietz are assistant professors, Department of Prosthodontics, Gerodontology and Biomaterials, Center of Oral Health, University of
Greifswald, Germany. Christian Schwahn is assistant professor, Center of Oral Health, University of Greifswald, Germany. Florian Mack is professor,
Comprehensive Adult Dental Care, Griffith University, Queensland, Australia. Thomas Kocher is professor, Department of Periodontology, Center
of Oral Health, University of Greifswald, Germany. Reiner Biffar is professor and head of the Department of Prosthodontics, Gerodontology and
Biomaterials, Center of Oral Health, University of Greifswald, Germany. Sources of support: Federal Ministry of Education and Research (Grant
No. ZZ9603) and the Ministry of Cultural Affairs as well as the Social Ministry of the Federal State of Mecklenburg/West Pomerania, Germany;
Deutsche Forschungsgemeinschaft DFG Ko 799/5-1. A poster presentation at the 35th Annual Meeting and Exhibition of the AADR/IADR, March
8-11, 2006; Orlando, FL. Manuscript received: 6/2/06; accepted for publication: 5/12/07.

Vol. 67, No. 4, Fall 2007 243

©2007, American Association of Public Health Dentistry
DOI: 10.1111/j.1752-7325.2007.00041.x

mailto:mundt@uni-greifswald.de


affects health status (24) and may
also be related to tooth loss. A
general population that is character-
ized by high tooth loss is especially
suitable for examining the variety of
these psychosocial conditions in rela-
tion to tooth loss.

To examine whether the effect-
modifying role of gender and the
combined action of psychosocial
variables also apply to dentistry
requires some methodological strate-
gies when dealing with cross-
sectional data. An appropriate case
group definition is straightforward
and uniform in longitudinal studies
(1,3,4,6-9,17,18), but inconsistent in
cross-sectional studies. If Poisson (3)
or, if applicable, linear regression
analyses (12) are used then a case
definition on the individual level are
not intended. Case definitions based
on extreme values using edentulous
individuals (2,15,16) or individuals
missing any teeth (5) are not suitable
for adults of middle age. Defining
individuals by the number of missing
teeth over a certain threshold as
cases (13) is problematic in studies
with a wide age range, because the
mean number of teeth decreases
with age. An appropriate case defi-
nition, however, has to avoid an
overrepresentation of cases with
long duration of tooth loss and an
underrepresentation of those with
short duration of tooth loss. The goal
of this study was to examine whether
psychosocial conditions for health,
individually or in combination, are
also reflected in tooth loss.

Methods
Participants. The Study of

Health in Pomerania (SHIP-0) (25) is
a cross-sectional population-based
survey in northeast Germany involv-
ing three cities and 29 surrounding
villages. The population in this catch-
ment area was 212,157 in 1995. First,
the three cities of the region (17,076-
to 65,977 inhabitants) and the 12
towns (1,516 to 3,044 inhabitants)
were selected, and 17 out of 97
smaller towns (<1,500 inhabitants)
were randomly drawn. Second, from
each of these, German individuals
whose main residence was in the

area were drawn at random, propor-
tional to each community population
size and stratified by age and gender.
A representative sample of 6,262
individuals aged 20 to 79 years was
thus invited to participate, and from
October 1997 to May 2001, they were
studied. The final observed sample
included 4,310 individuals, reflecting
an overall participation rate of 68.8
percent. The study was approved by
the Ethics Committee of the Univer-
sity of Greifswald, and all partici-
pants gave informed written consent.

Data Assessment. The dental
examination was performed by cali-
brated dentists. Wisdom teeth were
not included in the analysis. The fol-
lowing sociodemographic variables
were taken from the interview:
gender, age, education [<10 years of
school, 10 to 11 years (reference),
>11 years of school], marital status,
and current place of residence
(urban: two cities of 50,000 or more
population; rural: surrounding vil-
lages and a city having 17,000 inhab-
itants). Income (in German Marks)
was a continuous variable of the
questionnaire and was divided by
the number of persons living in the
household of the individual. The
following behavioral variables were
taken from the interview: smoking
was categorized as always non-
smoker, former smoker, and current
smoker. The maximum quantity of
cigarettes smoked per day over a
year was divided into <10 cigarettes/
day, 10 to 19 cigarettes/day, and �20
cigarettes/day. Alcohol intake during
the previous week was queried for
type and frequency of alcohol con-
sumption. The mean daily alcohol
consumption was calculated by the
beverage-specific quantity/frequency
method: number of days with
alcohol intake (subdivided into three
beverage types: beer, wine, spirits).
The values are expressed in grams
of pure alcohol/day and categorized
into quintiles. Leisure physical activ-
ity was defined as one or more hours
of exercises per week. Body mass
index (BMI) was calculated using the
data of the clinical examination.

The self-reported general state of
health was quantified on a five-point

scale (1, excellent; 2, very good; 3,
fair; 4, less good; 5, poor) in
response to the following question:
How would you describe your
general state of health? Oral health
behavior was addressed using the
following variables: frequency of
toothbrushing (more than once a
day, once a day, less frequently), use
of interdental cleaning products, last
dental appointment (during the last
6 months/during the last 7 to 12
months/more than a year ago), and
reason for the last dental appoint-
ment (regular checkup/other).

Statistical Analyses. Cases were
defined by assessing edentulous
persons and persons with especially
few teeth in relation to their age.
Thus, 15 percent of participants with
the highest number of missing teeth
in each 5-year age group were
considered as cases. In addition,
these participants must have lost at
least five teeth, and the difference
from the median in each 5-year age
group must have been at least four
teeth. Sensitivity analyses with cases
defined by the top 10 percent or top
20 percent instead of the top 15
percent were performed to reduce
uncertainties regarding the results.

To describe the case group and
the reference group (the remaining
85 percent of individuals), data
on quantitative characteristics are
expressed as median and interquar-
tile range. Data on qualitative char-
acteristics are expressed as absolute
numbers and as percentages. Com-
parisons between the case group
and the reference group were made
using the Mann–Whitney’s U-test
(continuous data) and the Chi-square
test (nominal data).

A psychosocial model of putative
sociodemographic and behavioral
risk factors similar to other studies
was used (1,3,5,9,16,26). Logistic
regression models [with various stop-
ping rules setting the P-value from
0.15 to 0.25 for entering variables into
the model and setting the P-value
from 0.10 to 0.15 for deleting vari-
ables as recommended by Sun et al.
(27)] were used. The odds ratios (OR)
with 95 percent confidence intervals
(CI) were determined.

Journal of Public Health Dentistry244



In order to test the effect modifi-
cations known from the public
health literature and to identify high-
risk groups for missing teeth, the
final model included prespecified
interactions: between gender and
marital status (20,21), between
gender and time since or reason for
the last dental appointment (22), and
between gender, school education,
and household income (23). All
analyses were performed by SPSS
for Windows version 12.0 (SPSS, Inc.,
Chicago, IL, USA). A P-value < 0.05
was considered as statistically signifi-
cant, with the exception of interac-
tions that were significant if P < 0.10.

Results
Among the 60- to 64-year-old

participants, more than 15 percent
(17.9 percent) were edentate. The
age group 20 to 24 years did not
meet the other requirements for
especially few teeth in relation to
their age (minimal number of five
missing teeth among individuals of
the case group, difference of at least
four teeth of the cases to the median)
as 17.9 percent had lost two teeth
and 9.7 percent had lost three teeth.
Consequently, only the data of 2,621
participants aged 25 to 59 years were
used. Moreover, sensitivity analyses
with the top 10 percent or top 20
percent concerning the dependent
variable were only feasible in the
25- to 59-year-old individuals and
have showed only small differences.
Excluding 120 individuals with
incomplete records (4.6 percent),
2,501 individuals remained for
further analyses. According to the
definition, 355 out of 2,501 individu-
als belonged to the case group
(Table 1). There were only slight in-
significant gender differences regard-
ing the number of teeth in the 5-year
age groups.

The baseline characteristics and
bivariable comparisons are pre-
sented in Table 2. Among individuals
who had a lower level of school
education, were married but sepa-
rated, were divorced or widowed,
and who were unemployed, the per-
centage of the case group was sig-
nificantly increased compared with

the respective reference group. Mean
household income was lower and
BMI was higher among individuals
within the case group. Current and
former smokers were more likely to
have fewer teeth than those who had
never smoked, whereas individuals
with an increased weekly alcohol
intake, with a better general state of
health, and physically active indi-
viduals tended to have more teeth.
Individuals who brushed their teeth
more frequently, used interdental
cleaning products, visited the dentist
more frequently and for a checkup
were more likely to have more teeth.

In the final logistic regression
model, unemployment, current and
former smoking, poorer general state
of health, poor interdental hygiene,
last dental visit more than 6 months
ago, a reason different from a
checkup for the last dental appoint-
ment, and weekly alcohol intake
were protective and were identified
as main effects that are not part of
the interaction terms for fewer teeth
(Table 3). The following variables
were not significant: urban/rural
place of residence, BMI, and tooth-
brushing frequency.

The interaction between gender
and marital status was significant
(P = 0.04; Table 4). Being single was
a risk indicator for men (OR = 1.4;
Table 5), but it was protective for
women (OR = 0.4, Table 5; P < 0.01
for this interaction term, Table 4).
A high-risk group, namely women
with low school education and low

income, could be identified by the
three-way interaction between
gender, school education, and
household income (P = 0.06,
Table 4). Among participants with
10 to 11 years of school education,
gender differences were marginal
regarding the effect by income,
whereas in participants with less
than 10 years of school education,
gender differences were conspicu-
ous: tooth loss in women was highly
affected by income compared with
tooth loss in men (Figure 1). The
prespecified interactions between
gender and time since or reason for
the last dental appointment were not
significant.

Discussion
We found that gender modified

the effect of marital status as well as
the effect of school education and
income. The most prominent high-
risk group was that of women with
low school education and low
income. In this general population
with a high prevalence of tooth loss,
a diversity of psychosocial factors,
including unemployment, was asso-
ciated with tooth loss. The effect
of the psychosocial conditions re-
mained after adjusting for variables
related to oral health behavior.

The modifying role of gender is
plausible for three reasons. First, the
general psychosocial literature has
supported the income effects on the
health of women, whereas marital
status affects the health of men (28).

Table 1
Characteristics regarding the Number of Missing Teeth and the
Number of Individuals in the Case Group in Proportion to All

Individuals of Each Age Group

Age (years)

Median number of
missing teeth of all

individuals

Number of missing
teeth within the case

group

Individuals of the case
group in proportion to

all individuals (%)

25-29 1 �5 41/318 (12.9)
30-34 2 �7 44/357 (12.3)
35-39 4 �10 53/371 (14.3)
40-44 5 �13 51/353 (14.4)
45-49 5 �16 56/360 (15.6)
50-54 7 �18 54/347 (15.6)
55-59 9 �22 56/395 (14.2)
25-59 4 355/2,501 (14.2)
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The first observation is reflected by
the modification of the effect of
school education and income by
gender, the second observation is
reflected by the modification of
marital status by gender. Second, the
modification of the effect of marital
status by gender was reported in
detail in the psychosocial literature:
“marriage is more advantageous for
men than for women” (21). The
observation “that women suffer prior
to a divorce, but men do so after-
ward” (20) could not be confirmed
because the number of married but
separated individuals was low. A ten-
dency towards an increased OR for
men, however, could be supposed
(95 percent CI = 0.4, 8.7; Table 5).
The psychosocial effect of divorce on
general health and use of health ser-
vices has been reported previously
(20). Third, for Germany, the high-
risk group of women with low
school education and low income
has been described in the public
health literature (23). These modify-
ing roles of gender may in part
explain the heterogeneity of the lit-
erature concerning the association
between gender and tooth loss. Only
a few studies have modeled pre-
specified interactions (1,3,8).

As expected, unemployed indi-
viduals showed a poorer dental
health status. The unemployment in
the study region is high (about 20
percent) compared with other
regions in Germany. The higher
power resulting from the high unem-
ployment compared with other
studies may be the reason why no
other study has reported an associa-
tion between unemployment and
tooth loss. Unemployment means
not only an economic but also a psy-
chosocial burden linked with the
demands to develop strategies to
compensate the loss of social status
(24).

We did not find an association
between urban/rural residence and
tooth loss (14). There may be two
explanations for this finding. First,
the population is homogenous with
respect to urbanization; the largest
town in the study region has fewer
than 70,000 inhabitants. Second, after

Table 2
Baseline Characteristics of Individuals (n = 2,501) regarding the High

Number of Missing Teeth

% of the
reference group

(n = 2,146)

% of the
case group
(n = 355)

Female gender 53.2 55.2
School education†

<10 years 20.0 40.0
10-11 years 59.6 55.5
>11 years 20.4 4.5

Marital status†

Married 68.4 59.7
Married but separated 2.0 3.1
Single 19.3 18.0
Divorced 8.0 15.8
Widowed 2.1 3.4

Current place of residence: rural 39.8 42.0
Income per person living in the household† (in

German Marks, continuous)
1,150 (833)‡ 812 (646)‡

Being unemployed† 17.2 33.8
Smoking (cigarettes/day)†

Never smokers 35.6 19.7
Current smokers

<10 9.9 11.3
10-19 14.0 22.3
�20 10.3 21.7

Former smokers
<10 14.1 9.6
10-19 6.4 5.6
�20 9.7 9.9

Alcohol intake (grams pure alcohol/week)†

First quintile 28.7 41.7
Second quintile 9.5 7.6
Third quintile 20.3 20.0
Fourth quintile 21.0 13.8
Fifth quintile 20.5 16.9

Leisure physical activity �1 hour/week† 32.3 19.4
Body mass index (kg/m2; continuous)* 26.3 (6.4)‡ 26.9 (6.3)‡

General health status†

Excellent 2.5 0.8
Very good 20.3 12.4
Fair 63.8 65.1
Less good 12.0 20.3
Poor 1.4 1.4

Frequency of toothbrushing*
>1/day 86.2 82.4
1/day 12.4 13.6
<1/day 1.4 4.0

Interdental hygiene† 42.7 18.3
Time since the last dental appointment†

�6 months 70.9 56.9
7-12 months 19.2 22.5
>12 months 10.0 20.6

Reason for the last dental appointment
Checkup† 57.3 43.9

Case group: 15% of individuals with the highest number of missing teeth per 5-year age group.
Reference group: remaining 85% of individuals.
* P < 0.05.
† P < 0.001.
‡ Median (interquartile range).
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the reunification in 1989, the mobility
of the population in general became
higher and the status of urban/rural
was dissolved.

Contrary to other authors (5,6,8),
an inverse association was observed
between alcohol consumption and
number of missing teeth. In a former

study, Xie and Ainamo (2) supposed
that the lack of the association
between alcohol intake and edentu-
lism in elderly people might be
caused by the higher alcohol con-
sumption of participants with a high
socioeconomic status compared with
those having a low socioeconomic
status. In the present study, only 20
percent of individuals who had a
12-year school education were found
within the lowest quintile of alcohol
intake (versus 30.4 percent with 10 to
11 years and 39.5 percent with
less than 10-year school education,
P < 0.01). Furthermore, low alcohol
consumption was significantly
related to low household income
(P < 0.01). Both confirm a previous
study which established that women
with high socioeconomic status
drank more alcohol and had better
dental status compared with women
of low socioeconomic status (19).
Additional research is needed regard-
ing these findings.

Confirming other studies
(9-11,13), regular dental attendees
and individuals who visited the
dentist for preventive care had a
greater number of natural teeth.
Regular dental visits may provide
opportunities for the prevention and
early treatment of oral diseases
(10,13). A modifying role of gender
regarding the use of dental health
services (22) was not found in this
study. Only the use of interdental
cleaning products, but not the fre-
quency of toothbrushing, was signifi-
cantly associated with the number
of teeth. This practice supports the
hypothesis of Kressin et al. (11)
that the lack of statistical significance
of hygiene practices may also reflect
the limits of a single versus longitu-
dinal assessment of hygiene
habits.

The use of psychosocial circum-
stances instead of clinical measures
for the detection of high-risk popu-
lations has the benefit that the target
group for prevention or interventions
can be discovered more easily (26).
In this way, the prevention policy
might be focused more efficiently
and “needs to apply both targeted
and population strategies” (29). A

Table 3
Odds Ratios (OR), 95% Confidence Intervals (CI), and P-Values for
All Main Effects That Are Not Part of the Interaction Terms of the

Variables Remaining in the Final Model regarding the High Number
of Missing Teeth

OR 95% CI

Being unemployed (Ref.: no)* 1.4 (1.1, 1.9)
Smoking (cigarettes/day)‡

Never smokers (Ref.) 1
Current smokers

<10† 2.1 (1.3, 3.3)
10-19‡ 2.3 (1.6, 3.4)
�20‡ 3.5 (2.3, 5.4)

Former smokers
<10 1.3 (0.8, 2.0)
10-19 1.7 (1.0, 3.1)
�20‡ 2.4 (1.4, 3.9)

Alcohol intake (g/week)†
First quintile (Ref.) 1
Second quintile 0.8 (0.5, 1.2)
Third quintile 1.0 (0.7, 1.5)
Fourth quintile† 0.6 (0.4, 0.9)
Fifth quintile† 0.6 (0.4, 0.8)

General health status* 1.2 (1.0, 1.5)
Interdental hygiene (Ref.: poor)‡ 0.4 (0.3, 0.5)
Time since the last dental appointment‡

�6 months (Ref.) 1
7-12 months† 1.5 (1.1, 2.0)
>12 months† 1.7 (1.2, 2.4)

Reason for the last dental appointment
Checkup (Ref.: other)† 0.7 (0.5, 0.9)

* P < 0.05.
† P < 0.01.
‡ P < 0.001.
Ref., reference.

Figure 1
Odds ratios (OR) for the three-way interaction between gender,

school education, and household income calculated from the final
model regarding the high number of missing teeth. Reference

category: men; income of 1,083.3 German Marks (50th percentile);
10 to 11 years of school education
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“targeted” strategy may include infor-
mation concerning better oral health
behavior or antismoking campaigns.
The “whole population” strategy
should aim for an enhanced school
education or more employment in
order to support an entire popula-
tional shift in terms of improved
health behavior (29).

In conclusion, our study supports
the hypothesis that psychosocial
conditions that affect health status as

described in the general public
health literature also have an effect
on tooth loss. Strategies to prevent
tooth loss may be expeditiously
implemented in combination with
approaches to prevent other health-
related problems.
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Table 4
Coefficients, Odds Ratios (OR), 95% Confidence Intervals (CI), and P-Values for All Main Effects and
Interactions That Are Part of the Interaction Terms of the Variables Remaining in the Final Model

regarding the High Number of Missing Teeth

Coefficient OR 95% CI P-value

Terms of the interaction between gender
and marital status*
Gender (Ref.: male) 0.42 1.5 (0.7, 3.2)
Marital status

Married (Ref.) 1
Married but separated living 0.62 1.9 (0.4, 8.7)
Single 0.32 1.4 (0.9, 2.1)
Divorced 0.51 1.7 (0.9, 3.0)
Widowed 0.47 1.6 (0.3, 8.4)

Gender (Ref.: male) ¥ marital status 0.037
Married (Ref.)
Married but separated living -0.71 0.5 (0.1, 2.9) 0.435
Single -1.14 0.3 (0.2, 0.7) 0.002
Divorced 0.01 1.0 (0.5, 2.2) 0.979
Widowed -0.43 0.7 (0.1, 4.2) 0.652

Terms of the interaction between gender,
school education, and household income†
Gender (Ref.: male) 0.42 1.5 (0.7, 3.2)
School education

<10 years -0.82 0.9 (0.4, 2.0)
10-11 years (Ref.) 1
>11 years -1.98 0.1 (0.0, 0.7)

Household income -0.68 0.5 (0.3, 0.8)
Gender (Ref.: male) ¥ household income 0.10 1.1 (0.6, 2.0)
Gender (Ref.: male) ¥ school education

<10 years 1.14 3.1 (1.1, 9.3)
10-11 years (Ref.) 1
>11 years 1.15 3.1 (0.3, 29.0)

Household income ¥ school education
<10 years 0.55 1.7 (0.9, 3.3)
10-11 years (Ref.) 1
>11 years 0.82 2.3 (1.0, 5.2)

Gender (Ref.: male) ¥ household
Income ¥ school education

0.063

<10 years –1.13 0.3 (0.1, 0.9) 0.026
10-11 years (Ref.) 1
>11 years –0.92 0.4 (0.1, 1.6) 0.194

* OR for men who are not married compared with married men can be directly seen from the table (i.e., OR = 1.4 for single men compared with
married men), whereas the OR for the women who are not married compared with married women is to be calculated [i.e., OR = exp (0.32 –
1.14) = 0.4 for single women compared with married women or OR = exp (0.42 + 0.32 – 1.14) = 0.7 for single women compared with married men].
For the results of the calculation see Table 5.
† For the calculation see Figure 1. Ref., reference.
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Table 5
Odds Ratios (OR) and 95% Confidence Intervals (CI) for the

Two-Way Interaction between Gender and Marital Status Calculated
from the Final Model

Men Women

OR 95% CI OR 95% CI

Married (Ref.) 1 1
Married but separated living 1.9 (0.4, 8.7) 0.9 (0.4, 2.2)
Single 1.4 (0.9, 2.1) 0.4 (0.2, 0.8)
Divorced 1.7 (0.9, 3.0) 1.7 (1.0, 2.7)
Widowed 1.6 (0.3, 8.4) 1.0 (0.5, 2.3)

Ref., reference.
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