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Background.0e effect of depressive symptomatology on periodontitis is not clear in its path of action.Objective. To test amodel to
predict clinical attachment loss by direct effect of the dental plaque accumulation, which is a direct effect of worse oral hygiene
habits and an indirect effect of greater depressive symptomatology. Methods. 0ree incidental samples were collected: 35 dental
patients with periodontitis, 26 mental health patients with depressive symptomatology, and 29 people from the general pop-
ulation. 0e Beck Depression Inventory-II and the Oral Hygiene Habits Scale were applied. Plaque index and clinical attachment
loss were assessed. Path analysis was used to test the model. 0e parameters were estimated by the maximum-likelihood method.
Results. Depressive symptomatology had no direct effect on oral hygiene habits nor an indirect effect (mediated by oral hygiene
habits) on the plaque index in any of the 3 samples. Oral hygiene habits had a large-size direct effect on plaque index and a
medium-size indirect effect on clinical attachment loss in the general population sample. 0e plaque index had a direct effect on
clinical attachment loss with a large effect size in general population sample and with a medium effect size in dental patients and
depressive symptomatology patients. Conclusion. 0e model shows that dental plaque accumulation has a direct effect on clinical
attachment loss in the 3 samples, and oral hygiene habits have an indirect effect on attachment loss mediated by dental plaque
accumulation only in the general population sample. However, depressive symptomatology is not a relevant variable.

1. Introduction

Periodontitis is an infectious disease that results in in-
flammation of the supporting tissues of the teeth, clinical
attachment loss (CAL), and bone loss. It is associated with
the presence of dental plaque and calculus [1]. 0e clinical
characteristics that identify periodontitis are as follows:
interproximal CAL ≥2 or 3mm, interdental CAL detectable
at 2 or more nonadjacent teeth, and presence of inter-
proximal tissue loss confirmed through radiographic as-
sessments [2], as well as bleeding at probing, periodontal
pockets ≥4 to 6mm, and CAL ≥3 to 5mm [3].

0e severity of periodontitis is classified according to
CAL and three stages are defined: stage I with a CAL from 1
to 2mm, stage II with a CAL from 3 to 4mm, and stage III

with a CAL ≥5mm.0e extent of periodontal disease can be
considered localized if less than 30% of the sites are affected
and generalized if more than 30% of the sites are involved
[4].

0e periodontitis has multiple determinants. Systemic
diseases and conditions that affect periodontal supporting
tissues, such as diabetes mellitus, nicotine dependence, or
arthritis, can worsen periodontal deterioration [5]. On the
other hand, poor oral hygiene generates accumulation of
dental plaque, which first leads to gingivitis. Subsequently,
the chronification of gingivitis causes a destruction of the
tissues that support the teeth and finally periodontitis ap-
pears [6]. Hence, oral hygiene instructions for self-care are
important to preserve periodontal health as well as me-
chanical or chemotherapeutic removal of dental plaque to
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minimize disease activity. It has been pointed out that the
difficulty in modifying oral hygiene habits may be due to lack
of motivation or problems with the implementation of
prescribed oral hygiene procedures [7].

Depressive disorders are related to a decrease in oral
healthcare consultations, as well as an increased risk of
periodontal disease and tooth loss. 0e findings have strong
implications throughout life, since early-onset mental dis-
orders increase their potential to negatively impact oral
health over time [8]. In addition, negligence in oral hygiene
during periods of depression is associated with the loss of
connective tissue attachment and tooth [9]. However, sci-
entific evidence for this effect of depression on periodontitis
is weak [5]. It is worth mentioning that, in a systematic
review of the literature and meta-analysis on the association
between depression and periodontitis, Araujo et al. [10]
found a great heterogeneity in reported effect sizes and could
not conclude that there was a significant association between
depression and periodontitis.

As the effect and mechanism of action of depression on
periodontitis are not clear, the objective of this study is to
test a predictive model for CAL including depressive
symptomatology, oral hygiene habits, and dental plaque
accumulation.0is hypothetical model proposes that CAL is
a direct effect of a greater dental plaque accumulation and an
indirect effect of greater depressive symptomatology and
worse oral hygiene habits. 0e first hypothesis to specify the
model is that depressive symptomatology has a direct effect
on oral hygiene habits [8], as well as an indirect effect on
dental plaque (mediated by oral hygiene habits) and on CAL
(mediated by the 2 previous variables, that is, oral hygiene
and dental plaque) [7, 11]. In other words, greater levels of
depressive symptoms determine worse oral hygiene habits
due to depressive apathy and neglect in personal care.
Likewise, greater depressive symptoms have an indirect
effect on the increased accumulation of bacterial plaque due
to these poor oral hygiene habits. As a final consequence, this
increased accumulation of bacterial plaque results in CAL;
therefore, greater depressive symptoms also have an indirect
effect on CAL. 0e second hypothesis is that oral hygiene
habits have a direct effect on dental plaque and an indirect
effect on CAL (mediated by the dental plaque accumulation)
[6]. 0at is to say, worse oral hygiene habits determine
greater bacterial plaque accumulation, and this consequent
accumulation produces CAL; hence, worse oral hygiene
habits have an indirect effect on CAL. Finally, it was stated
that the dental plaque accumulation has a direct effect on
CAL [12], that is, greater bacterial plaque accumulation
results directly in greater CAL (Figure 1).

To enhance the attributable effects in this nonexperi-
mental study, the hypothetical model is tested on 3 samples
drawn from 3 different populations and on the sample that
resulted from joining them. A population is defined by CAL
or disease under study (dental patients with periodontitis).
Another population is defined by depressive symptoms,
which is one of the two risk factors considered (mental
health patients with depression). In the third population,
CAL and depressive symptoms have a natural prevalence
and are not defining features (general population). 0is

choice of population is made to enhance the effects at-
tributable to depressive symptoms in a cross-sectional de-
sign (data collected at a single time point).0e intention is to
have a pooled sample in which people defined by clinical
depression, CAL, and neither of these two clinical criteria
can be distinguished; in such a way that the behavior of the
parameters can be observed in each individual sample and
when joining the three samples.

In relation to this design, the 3 samples collected are
expected to differ significantly in the variables that define
them (CAL and depressive symptoms), including in oral
hygiene habits. 0e expectations are that the CAL will be
greater in dental patients than in the other two pop-
ulations with the greatest difference between dental pa-
tients and general population people [13], depressive
symptoms are more frequent in mental health patients
than in the other two populations with the greatest dif-
ference between depressive patients and general pop-
ulation people [14, 15], and oral hygiene habits are worse
in both types of patients than in the general population
[16]. Besides, it is intended that the 3 samples be as
equivalent as possible in sociodemographic variables to
control effects attributable to sociodemographic biases. It
is expected that the specified direct and indirect effects are
significant and the hypothetical model shows a good fit to
the data in the 3 samples and pooled sample.

2. Materials and Methods

2.1. Design and Participants. 0is empirical research with
base on its objectives was descriptive and correlational/
predictive and has a cross-sectional nonexperimental design
[17]. Nonprobabilistic sampling was used. Convenience
samples from 3 populations were taken. 0e common in-
clusion criteria for the 3 samples were as follows: residing in
Monterrey or its metropolitan area (Nuevo León, Mexico),
being an age between 35 and 65 years, and not receiving
dental treatment or taking antibiotics or analgesics at the
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Figure 1: Hypothetical model.
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time of sampling. For the sample of dental patients, it was
added to have received a diagnosis of periodontitis and not
to have initiated periodontal treatment. For the sample of
mental health patients, it was added to have received a
formal diagnosis of depressive disorder, to have a total score
in the Beck Depression Inventory-II ≥14 [14, 18], and not to
be taking antidepressant medication or having less than 2
weeks of starting it. 0e exclusion criteria were as follows:
being a pregnant woman, suffering from diabetes or some
other systemic disease, using orthodontic appliances, and
being a smoker. 0e purpose of these criteria was to select
the ages with the highest prevalence of periodontitis [19, 20],
excluding the subgroup of adults aged over 65 years due to
its more specific health characteristics [21]. On the other
hand, specific causes of risk for periodontal deterioration
(systemic diseases, pregnancy, orthodontic appliances, and
smoking) were eliminated [5]. In addition, it was intended
that the periodontal treatment did not alter the natural
evolution of the periodontitis in dental patients.

2.2.Procedures. 0e sample of dental patients was composed
of 35 people who consulted at the Department of Peri-
odontics of the Faculty of Dentistry of the Universidad
Autónoma de Nuevo León (UANL). Once the patients were
diagnosed with periodontitis and after checking the inclu-
sion and exclusion criteria, they were invited to participate
in the study. If the patient wanted to participate, he signed
the informed consent form and answered the self-report
questionnaire in an empty room.

0e mental health sample was made up of 26 patients
with depressive disorder, 16 (61.5%) from the Psychological
Services Unit of the UANL Faculty of Psychology, 6 (23.1%)
from the Department of Psychiatry at the University Hos-
pital of UANL, and 4 (15.4%) from the Psychiatric Reha-
bilitation Unit of the Secretary of Health of the State of
Nuevo León. 0e department heads were contacted. Once
permission was granted, the medical record base was
reviewed. When a case was detected, the psychiatrist or
psychologist informed the patient about the study. After
leaving the consultation, if the patient wanted to participate,
he/she signed the informed consent form, answered the
questionnaire, and finally underwent periodontal
evaluation.

0e 29 participants in the general population sample
were contacted, 23 (79.3%) in workplaces and 6 (20.7%) in
family homes. After being informed about the study, they
were asked to attend the Periodontics Clinic of the UANL
Faculty of Dentistry to sign the informed consent, answer
the questionnaire, and be submitted to periodontal
evaluation.

First, the sample of dental patients was collected between
February 2016 and May 2017. 0en the sample of mental
health patients was completed between August 2016 and
November 2017. Finally, the general population sample was
recruited between July and September 2018, and an attempt
was made to match the previous two in demographic
characteristics. 0is was done to minimize effects attribut-
able to sociodemographic biases.

Unstimulated whole saliva samples were collected from
the 2 samples of patients (dental and mental health patients)
to determine the concentration of 3 biomarkers of proin-
flammatory activity using enzyme-linked immunosorbent
assay (ELISA): matrix metalloproteinase-8 (MMP-8), in-
terleukin-1β (IL-1β), and interleukin-6 (IL-6). 0ese data
were used in another study [22].

2.3. Instruments of Assessment. Two periodontal parameters
were assessed: CAL and plaque index. In addition, the
participants answered a self-report questionnaire consisting
of questions about sociodemographic information (sex, age,
schooling, subjective socioeconomic status, civil status, and
occupation) and 2 self-report scales. 0e scales were the
following: Beck Depression Inventory-II (BDI-II)
[14, 15, 18] and Oral Hygiene Habits Scale (OHHS) [23].

0e translation of BDI-II from English into Spanish by
Sanz and Vázquez [15] was used. 0e BDI-II consists of 21
items that are answered by choosing 4 response options that
are scored from 0 to 3. Four levels of depression are dis-
tinguished based on the BDI-II total score: between 0 and 13
minimum, between 14 and 19 mild, between 20 and 28
moderate, and between 29 and 63 severe [14].0e BDI-II has
been validated in Mexico. It has shown excellent internal
consistency reliability in a sample of 420 medical students
(α� 0.92) and good in a community sample of 220 adults
from Mexico City (α� 0.87); a 3-factor structure (negative
attitude, performance difficulties, and somatic elements)
showed the best fit to the data [18].

OHHS was developed in Mexico. It consists of 8 direct
items with 5 response options that are scored from 0 to 4. By
adding the scores obtained in the items and dividing by 8,
the OHHS total score is obtained in a continuum from 0 to 4.
Higher score reflects better oral hygiene habits. 0ere are 3
levels of oral hygiene habits based on the OHHS total score:
between 0 and 0.99 bad, between 1 and 2.124 regular, and
between 2.125 and 4 good. In Mexico, its internal consis-
tency reliability was good (ordinal α� 0.83 among 256 adults
in the general population and 0.87 among 240 dental pa-
tients) and it had 2-factor structure: dental brushing and
flossing [23].

For the periodontal evaluation, the 15mm North Car-
olina periodontal probe was used. 0e evaluation was
performed by a single examiner. It was a full mouth ex-
amination. CAL wasmeasured by the distance in millimeters
between the cementoenamel line and the bottom of the
periodontal pocket. In each dental piece, 6 sites were
evaluated (3 vestibular and 3 palatine or lingual). 0e value
reported per participant corresponds to the average of sites
with CAL (≥1mm). CAL was classified into 4 ordered
categories: without CAL� 0mm, stage I� between 1 and
2mm, stage II� between 3 and 4mm, and stage III ≥5mm
[4].

0e plaque index assesses the amount of dental plaque
visible on the vestibular and lingual surfaces of all teeth,
except the third molars. 0e bacterial plaque developer
solution was used to define cumulative amounts of plaque
with criteria from 0 to 5 [24]. Once the values of the
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individual teeth are recorded, they are added and divided by
the number of teeth examined to obtain the plaque index of
each patient.

2.4. Statistical Analysis. Data analysis was performed with
the SPSS version 24, AMOS version 16, and Microsoft Excel
2013. 0e 2-tailed tests with a significance level of 0.05 were
computed. Due to the incidental nature of the samples, the
randomness of the data sequence (in its order of sample
collection) was tested through theWald–Wolfowitz runs test
for randomness; this was done to justify the use of inferential
statistics.

In the sample description, the differences among the
means in the numerical variables of the 3 samples were
tested using analysis of variance (ANOVA). 0e assumption
of normal distribution in each sample was tested through the
Shapiro–Wilk test and the assumption of the equality of
variances through Levene’s test. When equality of variances
could not be assumed, Welch’s correction was used. 0e
differences among the medians in the ordinal variables of 3
samples were tested using the Kruskal–Wallis test. 0e
homogeneity among 3 samples regarding their distribution
of frequencies in each categorical variable was tested using
Pearson’s chi-square test.

0e internal consistency reliability among items com-
posing each psychometric scales (BDI-II and OHHS) was
verified in 3 samples using the ordinal omega coefficient
(ordinal ω). 0is coefficient does not require compliance
with the assumption of tau-equivalent items (equivalent
measurement weights between the items). Moreover, its
calculation is based on measurement weights computed
from the polychoric correlation matrix [25]. Precisely, this
type of correlation is considered more suitable for ordinal
variables, such as Likert-type items, than Pearson’s product-
moment correlation [26]. 0e measurement weights were
estimated by the weighted least squares method, which is
also considered more suitable for these types of variables
[27], and polychoric correlations by the 2-step maximum-
likelihoodmethod. It was interpreted that values of ordinalω
between 0.70 and 0.79 reflect an acceptable level of reli-
ability, between 0.80 and 0.89 good, and ≥0.90 excellent [28].

0e hypothetical model was tested using path analysis.
0is technique was chosen instead of modeling structural
equations to not include the measurement models of each
variable due to the sample size limitation [29]. However, the
reliability of the measurement models (items composing of
each scale) of depressive symptomatology and oral hygiene
habits was checked by the ordinal omega coefficient [28].
0e assumption of multivariate normality of the 4 variables
included in the model was verified by Mardia’s asymmetry
and kurtosis tests. 0e punctual estimation of parameters
was performed through maximum-likelihood method. Due
to the limited sample size, the standard error and 95%
confidence interval for each parameter were calculated by
parametric bootstrapping (Monte Carlo method) with the
simulation of 10,000 samples, since data showed a good
approximation to multivariate normality [30, 31]. 0e
goodness of fit was assessed using 5 indices: likelihood ratio

chi-square test (χ2), Bollen–Stine’s bootstrap probability
value with the simulation of 2,000 random samples (BS
bootstrap p), relative or normed chi-square (χ2/df), good-
ness-of-fit index (GFI), and root mean square of error of
approximation (RMSEA). P(χ2> 1−αχ2df ) and BS bootstrap p

values > 0.10, χ2/df≤ 2, GFI≥ 0.95, and p value >0.10 for H0:
RMSEA≤ 0.05 shows a good fit. On the other hand,
p(χ2> 1−αχ2df ) and BS p values >0.05, χ2/df≤ 3, GFI≥ 0.90,
and p value >0.05 for H0: RMSEA≤ 0.05 reflects an ac-
ceptable fit [29].

3. Results

3.1. TestingRandomness. 0e null hypothesis of randomness
was supported for the sequence of data (in its order of
sample collection) by the runs test with a significance level of
0.05 for all variables in the 3 samples, except for item 9 on
suicidal ideation in the general population sample because it
was a constant (0� “never”) (Table 1).

3.2. Internal Consistency Reliability of Psychosocial Variables.
Table 2 shows the levels of internal consistency reliability for
the 8 items composing of the OHHS and the 21 items
composing of the BDI-II, which varied from good (ordinal
ω≥ 0.80) to excellent (ordinal ω≥ 0.90).

3.3. Description of the Sociodemographic and Clinical
Variables. 0e frequency of participants was statistically
equivalent among the 3 samples (one-sample chi-square test:
χ2 [2]� 1.40, asymptotic p value� 0.497). Table 3 shows the
frequency distributions of the sociodemographic variables
(sex, age, schooling, subjective socioeconomic status, civil
status, and occupation), oral clinical variables (classifications
of CAL and plaque index), and psychosocial variables (levels
of depressive symptomatology and oral hygiene habits) in
the 3 samples, as well as the statistical comparison of each
variable among the 3 samples.

According to the claim of equivalence in sociodemo-
graphic variables to avoid biases attributable to these vari-
ables, the frequencies of both sexes were statistically
equivalent among the 3 samples (one-sample chi-square test:
χ2 [2]� 0.86, asymptotic p value� 0.650). Consequently, the
sex ratio in the pooled sample (binomial test for null hy-
pothesis π � 0.5: two-tailed p value� 0.916) showed that
there were half men and half women in each sample. Also,
the frequencies of the 5 categories of civil status were sta-
tistically equivalent among the 3 samples (chi-square test for
homogeneity: χ2 [8]� 11.29, exact two-tailed p val-
ue� 0.180), as well as the levels of schooling and SSES
(Kruskal–Wallis test: H[2]� 2.72, p value� 0.257 and H
[2]� 4, p value� 0.136, respectively) and the mean age (one-
way between-group ANOVA : F[2, 86]� 1.72, p val-
ue� 0.186). 0e civil status mode corresponded to the
category of “married” marital status with two-thirds of the
sample. 0e median schooling corresponded to “high
school” level and SSES to “middle-middle” social stratus.0e
average age was 47 years (Table 3).
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However, there were differences in occupation (chi-
square test for homogeneity: χ2 [4]� 11.64, exact two-tailed
p value� 0.019). 0ere were more homemakers in the
sample of mental health patients compared to that of the
general population; in turn, there were more unskilled
manual workers and low-skilled technicians in the dental
patient sample compared to the mental health patient

sample (Table 3).0e strength of the association between the
type of sample and occupation was small (Cramer’s
V� 0.27).

0ere was heterogeneity of variances in CAL and plaque
index among the 3 samples by Levene’s test, and thus,
Welch’s ANOVA was used. 0is omnibus test rejected the
null hypothesis that means were equal among the 3 samples.
0e effect of sample type on the oral health variable was large
through omega squared (ω2> 0.14). 0e Games–Howell test
for multiple pairwise comparisons showed that mean of
dental patients was higher than means of mental health
patients and general population persons in both variables
(Table 4).

0e means in OHHS total score (oral hygiene habits)
were equivalent among the 3 groups with a level of sig-
nificance set at 0.05, but their difference would be significant
if the level of significance is set at 0.01 (F[2, 87]� 2.90, p

value� 0.060). 0e effect of the group type on oral hygiene
habits was small (0.06>ω2> 0.01). When performing
multiple pairwise comparisons through Tukey’s test, there
was no significant difference in a 2-tailed test with a level of
significance set at 0.05, but there was a significant difference
using Fisher’s least significant difference (LSD) test. 0e
mean of the dental patients was higher than the mean of the
general population persons (Fisher’s LSD: t[87]� 2.29, p

value� 0.025). 0e comparison of means in the total BDI-II
score was carried out through Welch’s ANOVA, due to the
unfulfillment of the variance homogeneity assumption. 0e
difference was significant and the effect size was very large
(ω2> 0.50). 0e mean in depressive symptomatology of
mental health patients was higher than the means of the
other 2 groups, between which the mean difference was not
significant (Table 4).

3.4. Testing Model. Table 5 shows the descriptive statistics
and normality test in the sample of 35 dental patients. 0e
assumption of multivariate normality was fulfilled (Mardia’s
multivariate skewness� 4.42, Z� 25.81, and p value� 0.172;
Mardia’s multivariate kurtosis� 21.83, χ2[20, N� 35]� −

0.93, and p value� 0.355).
Figure 2 shows the model estimated in the sample of

dental patients. Only the direct effect of the plaque index on
CAL was significant (Table 6). Its size was medium. 0e
goodness of fit of the model was good based on 4 indices (χ2
[3, N� 35]� 4.13, p value� 0.241; BS bootstrap p

value� 0.253; χ2/df� 1.377; and RMSEA� 0.110, 90% CI (0,
0.325), p value� 0.283 under null hypothesis H0:

Table 2: Internal consistency reliability through coefficient ordinal
omega.

Scale DPS (n� 35) MHS (n� 26) GPS (n� 29)
BDI-II 0.800 0.881 0.909∗
OHHS 0.851 0.932 0.901
Note. Samples: DPS� sample of dental patients with periodontitis,
MHS� sample of mental health patients with depressive symptomatology,
and GPS� general population sample. Variables: BDI-II�Beck Depression
Inventory-II and OHHS�Oral Hygiene Habits Scale. ∗Without item 9
(thoughts or wishes of suicide) because it was a constant (0� “never”).

Table 1: Runs test for the randomness of the data sequence.

Variable
DPS (n� 35) MHS (n� 26) GPS (n� 29)

n0 n1 R p

value n0 n1 R p

value n0 n1 R p

value
BDI-1 31 4 9 0.845 16 10 15 0.533 26 3 7 0.836
BDI-2 28 7 12 1 13 13 14 1 26 3 7 0.836
BDI-3 32 3 7 0.858 17 9 13 1 28 1 3 1
BDI-4 29 6 12 0.559 17 9 11 0.517 27 2 3 0.071
BDI-5 27 8 12 0.638 18 8 14 0.469 23 6 7 0.050
BDI-6 33 2 5 1 18 8 11 0.640 28 1 3 1
BDI-7 28 7 11 0.580 19 7 11 1 26 3 7 0.836
BDI-8 23 12 17 1 15 11 15 0.684 22 7 8 0.055
BDI-9 34 1 3 1 15 11 15 0.684 0 29 1 -
BDI-10 30 5 9 0.854 10 16 15 0.533 26 3 7 0.836
BDI-11 30 5 11 0.550 18 8 13 0.834 26 3 7 0.836
BDI-12 30 5 9 0.854 13 13 14 1 27 2 5 1
BDI-13 32 3 7 0.858 16 10 14 0.834 28 1 3 1
BDI-14 32 3 4 0.024 16 10 16 0.294 27 2 5 1
BDI-15 18 17 20 0.615 17 9 14 0.661 13 16 16 0.854
BDI-16 19 16 19 0.861 11 15 14 1 16 13 13 0.445
BDI-17 26 9 12 0.378 18 8 10 0.358 27 2 5 1
BDI-18 28 7 13 0.856 15 11 12 0.544 24 5 9 1
BDI-19 26 9 13 0.649 12 14 12 0.551 23 6 13 0.272
BDI-20 13 22 18 0.852 14 12 16 0.428 18 11 14 0.839
BDI-21 31 4 9 0.845 16 10 15 0.533 26 3 7 0.836
BDI-22 28 7 12 1 13 13 14 1 26 3 7 0.836
BDI-II 15 20 14 0.164 14 12 16 0.428 18 11 12 0.317
OHHS-
1 14 21 20 0.477 11 15 16 0.414 11 18 14 0.839

OHHS-
2 22 13 17 1 15 11 15 0.684 14 15 15 1

OHHS-
3 15 20 14 0.164 12 14 17 0.233 19 10 16 0.525

OHHS-
4 20 15 23 0.114 11 15 16 0.414 11 18 14 0.839

OHHS-
5 29 6 9 0.437 16 10 14 0.834 20 9 12 0.664

OHHS-
6 22 13 19 0.591 15 11 16 0.414 20 9 12 0.664

OHHS-
7 33 2 3 0.059 25 1 3 1 22 7 8 0.055

OHHS-
8 32 3 7 0.858 18 8 12 1 14 15 10 0.056

OHHS 16 19 15 0.300 14 12 18 0.065 19 10 10 0.097
CAL 19 16 14 0.166 12 14 12 0.551 9 20 10 0.188
PI 17 18 17 0.732 16 10 16 0.294 14 15 14 0.706
Note. Samples: DPS� sample of dental patients with periodontitis,
MHS� sample of mental health patients with depressive symptomatology, and
GPS� general population sample. Statistics: n0�number of cases< arithmetic
mean, n1�number of cases≥ arithmetic mean, R�number of runs, and p

value� two-tailed exact probability value. Variables: BDI-i� item i (1 to 21) of
the Beck Depression Inventory-II, BDI-II�BDI-II total score, OHHS-i� item i
(1 to 8) of the Oral Hygiene Habits Scale, OHHS�OHHS total score,
CAL� clinical attachment loss, and PI� plaque index.
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RMSEA≤ 0.05), and acceptable based on one (GFI� 0.946).
When reviewing modification indices for the fit improve-
ment, there was no suggestion.

Table 5 shows the descriptive statistics and normality test
in the sample of 26 mental health patients with depressive
symptomatology. 0e assumption of multivariate normality

was fulfilled (Mardia’s multivariate skewness� 4.33,
Z� 18.75, p value� 0.538; Mardia’s multivariate
kurtosis� 22.63, χ2[20, N� 35]� −0.50, p value� 0.614).
Figure 3 shows the model estimated in this sample. As in the
previous model, only the effect of plaque index on the CAL
was significant (Table 6). Its size was medium. 0e 5

Table 3: Sociodemographic and clinical variables and statistical comparison among the 3 samples.

Variable DPS MHS GPS Total p valuen (%) n (%) n (%)

Sample 35 (38.9%) 26 (28.9%) 29 (32.2%) 90 (100%) 0.497
χ2 test

Sex Women 16 (45.7%) 15 (57.7%) 15 (51.7%) 46 (51.1%) 0.650
χ2 testMen 19 (54.3%) 11 (42.3%) 14 (48.3%) 44 (48.9%)

Age

35–39 6 (17.1%) 8 (30.8%) 5 (17.2%) 19 (21.1%)
0.186

ANOVA
40–49 14 (40%) 12 (46.2%) 11 (37.9%) 37 (41.1%)
50–59 12 (34.3%) 5 (19.2%) 12 (41.4%) 29 (32.2%)
60–65 3 (8.6%) 1 (3.8%) 1 (3.4%) 5 (5.6%)

Schooling

Primary 5 (14.3%) 3 (11.5%) 2 (6.9%) 10 (11.1%)

0.257
Kruskal–Wallis test

Secondary 9 (25.7%) 10 (38.5%) 4 (13.8%) 23 (25.6%)
High school 6 (17.1%) 1 (3.8%) 7 (24.1%) 14 (15.6%)
Vocational 7 (20%) 5 (19.2%) 5 (17.2%) 17 (18.9%)
Bachelor 7 (20%) 5 (19.2%) 10 (34.5%) 22 (24.4%)

Postgraduate 1 (2.9%) 2 (7.7%) 1 (3.4%) 4 (4.4%)

SSES
Low 2 (5.7%) 2 (7.7%) 1 (3.4%) 5 (5.6%) 0.136

Kruskal-Wallis testMiddle-low 12 (34.3%) 13 (50%) 8 (27.6%) 33 (36.7%)
Middle-middle 21 (60%) 11 (42.3%) 20 (69%) 52 (57.8%)

Civil status

Married 25 (71.4%) 13 (50%) 23 (79.3%) 61 (67.8%)

0.180
χ2 test

Single 2 (5.7%) 6 (23.1%) 4 (13.8%) 12 (13.3%)
Divorced or separated 3 (8.6%) 5 (19.2%) 1 (3.4%) 9 (10%)

Cohabitating 3 (8.6%) 1 (3.8%) 1 (3.4%) 5 (5.6%)
Widow 2 (5.7%) 1 (3.8%) 0 (0%) 3 (3.3%)

Occupation

White-collar worker 15a (42.9%) 13a (50%) 17a (58.6%) 45 (50%)
0.015
χ2 test

Homemaker 11a,b (31.4%) 12b (46.2%) 3a (10.3%) 26 (28.9%)
Blue-collar worker 8a (22.9%) 0b (0%) 4a,b (13.8%) 12 (13.3%)

Others 2a (5.7%) 1a (3.8%) 5a (17.2%) 8 (8.9%)

Classification of CAL

Without CAL 0 (0%) 0 (0.0%) 6 (20.7%) 6 (6.7%)
0.001

Kruskal–Wallis test
Stage I 0 (0%) 0 (0%) 1 (3.4%) 1 (1.1%)
Stage II 17 (48.6%) 24 (92.3%) 15 (51.7%) 56 (62.2%)
Stage III 18 (51.4%) 2 (7.7%) 7 (24.1%) 27 (30%)

Classification of plaque index Low 0a (0%) 0a (0%) 10b (34.5%) 10 (11.1%) <0.001
χ2 testHigh 35a (100%) 26a (100%) 19b (65.5%) 80 (88.9%)

Level of depressive symptomatology

Minimal 35 (100%) 0 (0%) 29 (100%) 64 (71.1%)
<0.001

Kruskal–Wallis test
Mild 0 (0%) 8 (30.8%) 0 (0%) 8 (8.9%)

Moderate 0 (0%) 7 (26.9%) 0 (0%) 7 (7.8%)
Severe 0 (0%) 11 (42.3%) 0 (0%) 11 (12.2%)

Classification of oral hygiene habits
Bad 13 (37.1%) 10 (38.5%) 7 (24.1%) 30 33.3% 0.107

Kruskal–Wallis testRegular 20 (57.1%) 15 (57.7%) 16 (55.2%) 51 (56.7%)
Good 2 (5.7%) 1 (3.8%) 6 (20.7%) 9 (10%)

Note. Samples: DPS� sample of dental patients with periodontitis, MHS� sample of mental health patients with depressive symptomatology, and
GPS� general population sample. Variables: age� the 4 age ranges shown in the table are used for descriptive purposes, since the mean comparisons are made
with the quantitative variable “years of age” using the one-way between-group analysis of variance (ANOVA); SSES� subjective socioeconomic status;
occupation�white-collar worker (clerk, receptionist, telephone operator, salesperson, and supervisor), homemaker (housewife and househusband), and
blue-collar worker including both unskilled manual worker (cleaning worker, waiter, stevedore, assembly line worker, keeper, and security guard) and low-
skilled technician (mason, painter, plumber, electrician, carpenter, glazier, hauler, heavy equipment operator, and clinical assistant), and others (self-
employed worker, unemployed, and retired); classification of CAL� classification of clinical attachment loss (without CAL� 0mm, stage I� 1 to 2mm, stage
II� 3 to 4mm, and stage III� 5mm or more); classification of plaque index� classification of the Turesky–Gilmore–Glickman plaque index (low: 0 to 1 and
high: 2 to 5); level of depressive symptomatology (minimal�BDI-II total score from 0 to 13, mild 14 to 19, moderate from 20 to 28, and severe from 29 to 63);
and classification of oral hygiene habits (bad�OHHS total score from 0 to 0.999, regular from 1 to 2,124, and good from 2,125 to 4). Statistics: n� absolute
frequency, p value� probability value for a 2-tailed test, and a, b� each subscript letter denotes a subset of categories whose column proportions do not differ
significantly from each other at the 0.05 level applying Bonferroni’s correction.
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goodness-of-fit indices evidenced a close fit to the data: χ2[3,
N� 26]� 1.86, p value� 0.601; BS bootstrap p value� 0.547;
χ2/df� 0.621; GFI� 0.965; and RMSEA� 0, 90% CI (0,
0.281), p value� 0.625 under null hypothesis H0:
RMSEA≤ 0.05.

Table 5 shows the descriptive statistics and normality test
in the sample of 29 participants from the general population.
A mathematical transformation was applied to CAL, raising
the squared scores to correct the negative skewness and
achieve a normal distribution. 0e assumption of multi-
variate normality was fulfilled (Mardia’s multivariate
skewness� 4.85, Z� 23.42, p value� 0.269; Mardia’s multi-
variate kurtosis� 22.64, χ2[20, N� 35]� -0.53, p val-
ue� 0.598). Figure 4 shows the model estimated in this
sample. Depressive symptomatology had no direct effect on

oral hygiene habits, nor indirect effect (mediated by oral
hygiene habits) on the dental plaque accumulation as in the
previous 2 samples. Oral hygiene habits had a direct, neg-
ative, and large-size effect on the dental plaque accumulation
and an indirect, negative, andmedium-size effect on CAL. In
addition, the dental plaque accumulation had a direct,
positive, and large-size effect on CAL (squared scores)
(Table 6). 0e model explained 29% of the variance of the
plaque index and 41% of the variance of the CAL. 0e
goodness of fit of this model was good based on 3 indices (χ2
[3, N� 29]� 6.15, p value� 0.105; BS bootstrap p val-
ue� 0.151; and RMSEA� 0.193, 90% CI (0, 0.414), p val-
ue� 0.125), and acceptable based on 2 indices (χ2/df� 2.048
and GFI� 0.908). When reviewing modification indices for
the fit improvement, there was no suggestion.

Table 4: One-way analysis of variance for independent groups and multiple pairwise comparisons of means.

Variable Sample M (95% CI) Levene
ANOVA

ω2 Multiple comparisons
F p

CAL
DPS 4.56 (4.45, 4.68)

31.76∗∗∗ Welch 19.50 <0.001 0.185
Games–Howell:

MHS 4.05 (3.90, 4.21) DPS>
GPS 3.27 (2.56, 3.97) MHS�GPS

Plaque index
DPS 2.84 (2.68, 3)

8.78∗∗∗ Welch 7.43 <0.001 0.179
Games–Howell:

MHS 2.74 (2.58, 2.90) DPS>
GPS 2.21 (1.92, 2.51) MHS�GPS

OHHS total score
DPS 1.12 (0.94, 1.30)

1.27ns 2.90 0.060 0.041
Fisher: DPS>GPS

MHS 1.18 (0.88, 1.48) DPS�MHS
GPS 1.50 (1.22, 1.78) MHS�GPS

BDI-II total score
DPS 5.86 (4.41, 7.30)

19.07∗∗∗ Welch 63.05 <0.001 0.713
Games–Howell:

MHS 25.81 (22, 29.61) MHS>
GPS 3.69 (2.36, 5.02) DPS�GPS

Note. Samples: DPS� sample of dental patients with periodontitis, MHS� sample of mental health patients with depressive symptomatology, and
GPS� general population sample. Levene� testing statistic of Levene’s test for equality of variance; ns�nonsignificant� p value >0.050 and ∗∗∗p value ≤
0.001 or probability value under null hypothesis of equality of variances. ANOVA: F� testing statistic for Fisher’s one-way analysis of variance for in-
dependent groups, Welch� testing statistic of Welch’s test for equality of means, and p value� probability value under null hypothesis of equality of means.
ω2 � omega-squared or effect size estimator. Multiple comparisons: groups whose means were statistically different by the Games–Howell test for multiple
pairwise comparisons or Fisher’s least significant difference test.

Table 5: Descriptive statistics and normality test in the sample of 35 dental patients.

Sample Variable
Descriptive statistics Shapiro–Wilk’s test

Min Max Sk ZSk K3 ZK3 W df p

Dental patient sample

BDI−II 0 13 0.162 0.391 −1.228 −1.483 0.922 35 0.016
OHHS 0.25 2.50 0.275 0.663 −0.077 −0.093 0.959 35 0.215
CAL 3.80 5.42 0.515 1.243 0.965 1.165 0.957 35 0.192
PI 2 3.72 0.181 0.436 −0.947 −1.144 0.971 35 0.463

Mental health patient sample

BDI−II 14 50 0.699 1.456 −0.059 −0.062 0.932 26 0.086
OHHS 0.25 3.50 1.045 2.176 1.676 1.744 0.905 26 0.020
CAL 3.21 4.78 −0.536 −1.116 −0.044 −0.046 0.958 26 0.353
PI 2.13 3.63 0.366 0.762 −0.699 −0.728 0.955 26 0.301

General population sample

BDI−II 0 11 0.902 1.983 −0.251 −0.276 .868 29 0.002
OHHS 0.50 3.37 0.847 1.861 0.127 0.139 .928 29 0.050
CAL 0 6 −0.882 −1.940 −0.547 −0.601 .828 29 <0.001
CAL2 0 36 0.003 0.006 −0.578 −0.636 .939 29 0.095
PI 0.83 3.56 −0.244 −0.537 −1.014 −1.114 .954 29 0.235

Note. Variables: BDI-II� total score in Beck Depression Inventory-II, OHHS� total score in Hygiene Habits Scale, CAL� clinical attachment loss,
CAL2 � clinical attachment loss values squared to correct negative skewness, and PI� plaque index. Statistics: Min�minimum, Max�maximum,
Sk� coefficient of skewness based on central moments, ZSk � standardized value of the coefficient of skewness, K3 � excess kurtosis, ZK3 � standardized value
of excess kurtosis, W� Shapiro–Wilk’s testing statistic, df� degree of freedom, and p value� probability value under null hypothesis that empirical dis-
tribution follows a normal distribution.
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It should be noted that when the 3 samples were pooled,
the direct effect of oral hygiene habits on dental plaque
accumulation (β� −0.43, 95% CI (−0.60, −0.27), Z� −5.05, p
value <0.001) and its indirect effect on CAL (β� −0.27, 95%
CI (−0.40, −0.14, Z� −4.06, p value <0.001), as well as the
direct effect of dental plaque accumulation on CAL (β� 0.63,
95% CI (0.50, 0.75), Z� 9.63, p value <0.001) were signifi-
cant. As in previous models, depressive symptoms had no
direct effect on oral hygiene habits (β� −0.10, 95% CI (−0.31,
0.10), Z� −0.99, p value� 0.322), nor indirect effects on
dental plaque accumulation or CAL. Goodness-of-fit indices
varied from acceptable (χ2[3, N� 90]� 7.37, p value� 0.052;
Bollen–Stine bootstrap p value� 0.060; χ2/df� 2.579; and
RMSEA� 0.133, 90% CI (0, 0.253), p value� 0.095) to good
(GFI� 0.959).

4. Discussion

0e purpose of this research was to analyze the relationship
between 4 variables, 2 psychosocial (depressive symptom-
atology and oral hygiene habits), and 2 oral health variables
(plaque accumulation and CAL) in 3 different populations.
On the one hand, the samples were extracted from 2 clinical
populations, one defined by CAL (dental patients with
chronic periodontitis) and another defined by depressive
symptomatology (mental health patients). On the other
hand, it was considered a population in which periodontal
and depressive pathology were not distinctive features
(general population). Before using inferential statistics to
analyze the data, it was necessary to verify its randomness,
since the sample data were collected through a
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Figure 2: Maximum-likelihood parameter point estimates and 95% Monte Carlo confidence intervals (with 10,000 bootstrap samples) in
the sample of 35 dental patients.

Table 6: Standardized direct and indirect effects.

Sample
Direct effect Indirect effect

PR PD
95% CI

PD
95% CI

PD
95% CI

PE LL UL PE LL UL PE LL UL

DPS
DS OHH 0.17 (−0.16, 0.50) DPA −0.04 (−0.15, 0.07) CAL −0.01 (−0.06, 0.03)

OHH DPA −0.24 (−0.56, 0.07) CAL −0.08 (−0.22, 0.06)
DPA CAL 0.34∗ (0.04, 0.64)

MHS
DS OHH −0.09 (−0.49, 0.30) DPA 0.02 (−0.10, 0.14) CAL 0.01 (−0.06, 0.07)

OHH DPA −0.21 (−0.58, 0.17) CAL −0.10 (−0.31, 0.10)
DPA CAL 0.48∗∗ (0.17, 0.79)

GPS

DS OHH −0.13 (−0.50, 0.24) DPA 0.07 (−0.15, 0.29) CAL 0.04 (−0.10, 0.19)

OHH DPA −0.54∗∗∗ (−0.81,
−0.27) CAL −0.35∗∗ (−0.58,

−0.11)
DPA CAL 0.64∗∗∗ (0.41, 0.87)

Note. Samples: DPS� sample of dental patients with periodontitis, MHS� sample of mental health patients with depressive symptomatology, and
GPS� general population sample. Variables: PR� predictor, PD� predicted variable, DS� depressive symptomatology (BDI-II total score), OHH� oral
hygiene habits (OHHS total score), DPA� dental plaque accumulation (plaque index), and CAL� clinical attachment loss. Statistics: PE� point estimation
through the maximum-likelihood method and 2-tailed probability value using Z-test: ∗p value ≤ 0.05, ∗∗p value ≤ 0.01, ∗∗∗p value ≤ 0.001, 95% CI� interval
estimation with a confidence level of 95% through parametric (Monte Carlo) bootstrap method, LL� lower limit, and UL� upper limit.
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nonprobabilistic incidental sampling [32]. 0e null hy-
pothesis of randomness was maintained in the variables
including in the model as well as in the items composing 2
psychometric scales. 0erefore, the data sequences of the 3
samples can be considered random.

In the design of this cross-sectional study, we tried to
achieve an equivalence in sociodemographic characteristics
between the 3 samples so that there were no biases due to

different sociodemographic composition and were more
comparable. First, the 2 clinical samples were collected and
then the general population sample, with which we tried to
achieve this equivalence. Statistical analysis shows that this
objective was met. 0e 3 samples are equivalent in size and
sociodemographic characteristics.

0e only difference was in the occupation variable. Office
employees dominated and its proportion was statistically
equivalent between the 3 samples. However, the sample of
dental patients had the highest proportion of blue-collar
workers (unskilled manual workers and low-skilled tech-
nicians) and the sample of mental health patients had the
highest proportion of housewives. What caused the differ-
ence in these occupational categories? On the one hand,
housewives dominate among middle-aged women who at-
tend depression treatments, which is attributed precisely to
their occupational role [33]. On the other hand, the inter-
section of sex (man) and occupation (blue-collar worker) is a
risk factor for periodontitis with a large effect size [34].
Consequently, these differences are determined by the
characteristics of each population.

0e 3 samples were balanced in terms of sex, which is a
representative feature of the general population [35] and
patients with periodontitis [19], although the sex ratio
among depressive patients is approximately 2 women per 1
man [33]. 0e 3 samples were also balanced in terms of age.
0e age range was limited based on the prevalence of
periodontitis [19, 20]. 0e minimum age was 35 years and
the maximum age was 65. Adults over 65 years of age were
not included, since it constituted a subpopulation with re-
spect to periodontal pathology [21]. 0e average age was
equivalent among the 3 groups, dominating middle-aged
adults (between 40 and 59 years old). 0e distribution of the
5 qualitative categories of civil status among the 3 samples
was also equivalent. Two-thirds of the participants were
married, followed by a tenth of separated or divorced
persons, which is representative of the civil status of middle-
aged adults in Mexico [35]. 0e median schooling corre-
sponded to high school and the median of the subjective
socioeconomic status (SSES) to middle-middle. Both me-
dians were equivalent among the 3 samples and correspond
to those of the urban population of Monterrey for schooling
and objective socioeconomic status [36]. However, the
upper-middle and high SSES were not represented. 0is was
due to the fact that patient samples were collected in clinics
belonging to a public university [37]. It should be noted that
objective and subjectivemeasurements of the socioeconomic
status have high correlations [38]. Since it is easier to de-
termine the SSES, especially given the sensitivity of pro-
viding the information necessary to estimate the objective
socioeconomic status, and being a better predictor of health
outcomes [39], it was decided to measure SSES.

In the study design, an equivalence in sociodemographic
variables was intended to avoid biases and reinforce the
effects attributable to the variables included in the model.
However, it was an expected difference among the samples
in the variables including in the model. According to the
expectative for the design [13], the CAL and plaque index
means in dental patients were significantly higher than the
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Figure 3: Maximum-likelihood parameter point estimates and
95% Monte Carlo confidence intervals (with 10,000 bootstrap
samples) in the mental health sample of 26 patients with depressive
symptomatology.
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Figure 4: Maximum-likelihood parameter point estimates and
95% Monte Carlo confidence intervals (with 10,000 bootstrap
samples) in the general population sample of 29 participants. ∗0e
squared clinical attachment loss scores were used, since this
mathematical transformation improved their fit to normal
distribution.
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corresponding means in general population and mental
health patients, and there were no mean differences between
the latter 2 groups. It should be noted that there were only
cases without CAL in the general population, approximately
a fifth. 0e periodontal health was rather bad in the 3
samples from the indicator of the CAL. 0is result contrasts
with the lower prevalence of periodontitis reported by the
Health Secretary in the general population [19], but it does
coincide with other research studies on CAL carried out in
the general population from Latin American countries, such
as Chile, Colombia and Guatemala [40], and Mexico [41].

Regarding psychosocial variables, the mean of depressive
symptomatology in the mental health patient sample was
greater than the means in the dental patient and general
population samples, between which there was no difference.
In the samples of the general population and dental patients,
there were no cases of depression; when the mean of de-
pressive sintomatology in the mental health patient sample
corresponded to a moderate level [14, 15, 18]. 0ese data fit
the expected difference [14, 15]. On the other hand, using an
omnibus test (Fisher’s ANOVA) with a significance level set
at 0.01, there was a significant difference in means of oral
hygiene habits among the 3 samples, and using Fisher’s least
significant difference test, there was a significant difference
between the means of dental patient and general population
samples in a 2-tailed test with a significance level set at 0.05.
0ese data also fit the expected difference. Clearly, regular
oral hygiene habits prevail. Good oral hygiene habits were
only found in approximately a fifth of the general population
sample and a twentieth of the 2 samples of patients. 0is low
proportion of good habits is also observed in other studies
[40, 41].

0e objective enunciated for this study was to test a
model to predict the CAL by direct effect of the dental plaque
accumulation and indirect effect of poor oral hygiene habits
(mediated by dental plaque accumulation) and depressive
symptomatology (mediated by oral hygiene habits and
dental plaque accumulation) [42]. To this end, path analysis
was used, since this technique does not require a large
sample [29]. Despite the limited sample size, there were
approximately 5 participants per parameter to estimate,
which is usually considered an adequate minimum [43].
Since no measurement models were included, the internal
consistency reliability of each scale was checked and reli-
ability levels varied from good (in dental patients) to ex-
cellent (in general population). In addition, the ordinal
omega coefficient was used to estimate the reliability instead
of the Cronbach alpha coefficient, since it is the most suitable
for ordinal variables, such as Likert-type items, and does not
require equivalence of variances and covariances between
the items [25]. 0e assumption of normality was also tested.
Data showed a good approximation to multivariate nor-
mality, and this opened up the possibility of an analysis
strategy to compensate for the limited sample size, such as
the use of parametric bootstrap [30]. 0e standard error of
each parameter was estimated by this method and this
bootstrap error was used to test the significance of the
parameter. To this end, a very large number of random
samples, namely, 10,000 bootstrap samples, were generated.

Precisely, this procedure is considered one of the most
appropriate practices for data analysis, but it is usually ig-
nored [31]. 0e implementation of these procedures, the
positive results of reliability, and the fulfillment of as-
sumptions made it possible to adapt the data analysis to the
research objective.

0ree hypotheses were formulated to specify the pre-
dictive model. 0e first hypothesis about the direct effect of
depressive symptomatology on oral hygiene habits and its
indirect effect on dental plaque mediated by oral hygiene
habits was not confirmed. 0e structural weights were not
significant in any of the 3 samples, even if the 3 samples are
pooled. 0ese results contrast with the study conducted in
Italy by Luca, Luca, Vittorio, Grasso, and Calandra [11],
where the researchers state that the severity of depression
results in worse periodontal health, greater dental plaque
accumulation, and poorer oral hygiene habits. Other studies
have also found that depression increases the risk of peri-
odontal disease [6, 7] and negligence in oral hygiene [9].
However, the strength of association is small and the present
data coincide with studies in which the association of
periodontitis and depression has not been significant
[44, 45], including a meta-analysis [10].

0e second hypothesis to specify the model stated that
oral hygiene habits have a direct effect on dental plaque and
an indirect effect on CAL mediated by dental plaque. 0e
evidence in favor of this hypothesis was provided by the
general population sample and pooled sample. In the 2
samples of patients, the weights were not significant, but
their signs corresponded to the hypotheses. 0erefore, the
present results support the assertion that oral hygiene in-
structions are important to preserve periodontal health and
minimize disease activity in the general population [7, 46]. It
should be noted that smoking [47], diabetes [48], pregnancy
[49], and wearing orthodontic appliances [50] are factors
that increase the risk of periodontitis, but in the present
study they were controlled through elimination, that is, there
were no cases in the samples. 0erefore, poor oral hygiene is
directly attributable to deficient brushing technique and not
using or misusing dental floss without any interaction of any
of these 4 factors.

Finally, the third hypothesis to specify the model stated
that the dental plaque accumulation has a direct effect on
CAL. 0is hypothesis was confirmed in all samples. 0e size
of the effect of dental plaque on CAL was large in the general
population sample and pooled sample and was medium in
the 2 patient samples. Dental plaque is the primary etio-
logical factor of periodontal disease in patients with de-
pression [51] and in patients without depression [52]. Its
accumulation causes inflammation and CAL [6, 12, 42].
0erefore, these data are consistent with the positioning of
the American Academy of Periodontics, which states that
periodontitis is associated with the presence of dental pla-
que, CAL, and bone loss [2].

A first limitation of the study is the use of non-
probabilistic sampling, and thus, inferences should be taken
with due caution in dental patients with periodontitis,
mental health patients with depressive symptoms, and
general population persons resident in Monterrey and its
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metropolitan area, all of them were middle-aged adults
corresponding to a SSES varying from low tomiddle-middle.
All the patients were attended in public or university clinics
(focused on low-income people), so people of medium-high
or high ESES and professionals were absent in the 3 samples.
A second limitation is the reduced sample size. 0is implies
that weak or trivial associations at the population level may
be nonsignificant in the sample. Despite the efforts made in
the data analysis to overcome the limitations (verification of
assumptions of randomness and multivariate normality, and
the use of repetitive sampling procedures with a high
number of bootstrap samples to generate errors in the es-
timates), this research should be considered as a pilot study
as a result of a second limitation. A third limitation is the
nonexperimental cross-sectional design; therefore, no causal
inferences can be made and only predictive relationships are
discussed.

5. Conclusion

0e hypothetical predictive model is partially validated. 0e
direct effect of the dental plaque index on CAL is confirmed in
the 3 samples with a medium effect size in dental patients with
periodontitis and mental health patients with depressive
symptomatology and large effect size in general population.
Both the direct effect of oral hygiene habits on the dental plaque
accumulation and its indirect on the CAL mediated by dental
plaque accumulation are confirmed, although only in the
sample of general population. Nevertheless, depressive
symptomatology is an irrelevant variable, since its direct effect
on oral hygiene habits and indirect effect on dental plaque or
CAL were not significant in any sample; moreover, the
modification indexes for the fit improvement did not suggest
any additional path for this variable.

It is suggested to focus on public health interventions on
oral hygiene habits to reduce dental plaque and prevent
periodontitis, especially in general population. It is invited to
promote dental consultation assistance in symptomatic
patients to achieve better oral health. It seems that the study
of the effect of oral hygiene habits on periodontitis is more
fruitful in the general population than in very specific
clinical populations. 0is article joins the set of studies that
conclude that depressive symptoms do not have a relevant
role in the etiology of periodontitis [10]. Although it could be
considered as a pilot study because its sample size was
limited (approximately 30 cases per sample and 90 in the
pooled sample) and it has a cross-sectional design, trivial or
very small effect sizes of depression on oral hygiene habits,
dental plaque accumulation, and CAL are replicable results
with a larger sample size (≥200 per sample and 600 in the
pooled sample) due to the analysis methodology used (path
analysis, estimation in each sample and in the pooled
sample, and bootstrapping). Consequently, the variable
depression is not important for preventive purposes. Its
relevance for treatment requires specific longitudinal data in
this regard (pain sensitivity, poor treatment adherence,
enhanced side effects, and decreased immune competence)
[53]. 0ese effects have been little studied in dental patients
treated for periodontitis, and thus, we suggest their study.
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