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Effectiveness of lifestyle change plus dental care
(LCDC) program on improving glycemic and
periodontal status in the elderly with type 2
diabetes
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Abstract

Background: Currently, there is an increased prevalence of diabetes mellitus among the elderly. To minimize
adverse effects on glycemic control, prevention and management of general and oral complications in diabetic
patients is essential. The purpose of the present study is to assess the effectiveness of a Lifestyle Change plus
Dental Care (LCDC) program to improve glycemic and periodontal status in the elderly with type 2 diabetes.

Methods: A quasi-experimental study was conducted in Health Centers 54 (intervention) and 59 (control) from
October 2013 to January 2014. 66 diabetic patients per health center were included. At baseline, the intervention
group attended a 20 minute lifestyle and oral health education program, individual lifestyle counseling using
motivational interviewing (MI), application of self regulation manual, and individual oral hygiene instruction. The
intervention group received booster education every visit by viewing a 15 minute educational video. The control
group received a routine program. Participants were assessed at baseline and 3 month follow up for glycosylated
hemoglobin (HbA1c), fasting plasma glucose (FPG), body mass index (BMI), periodontal status, knowledge, attitude
and practice of oral health and diabetes mellitus. Data were analyzed by using descriptive statistic, Chi-square test,
Fisher’s exact test, t-test, and multiple linear regression.

Results: After the 3 month follow up, a multiple linear regression analysis showed that the intervention group was
significantly negatively correlated in both glycemic and periodontal status. Participants in the intervention group
had significantly lower glycosylated hemoglobin (HbA1c), fasting plasma glucose (FPG), plaque index score, gingival
index score, pocket depth, clinical attachment level (CAL), and percentage of bleeding on probing (BOP) when
compared to the control group.

Conclusions: The combination of lifestyle change and dental care in one program improved both glycemic and
periodontal status in the elderly with type 2 diabetes.

Trial registration: ClinicalTrials.in.th: TCTR20140602001.
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Background
The elderly are at high risk of chronic conditions includ-
ing diabetes mellitus (DM), arthritis, congestive heart
failure, and dementia [1]. Furthermore, the prevalence of
DM and oral manifestations of DM including periodon-
tal disease also increase in the elderly [2].
Currently, many countries face the problem of in-

creased prevalence of DM, which is a chronic, systemic
metabolic disorder. DM causes morbidity and mortality
due to long-term complications, which affect the im-
portant organs [2]. Clinical complications of DM include
retinopathy, nephropathy, neuropathy, macro-vascular
disease, delayed wound healing, and periodontal disease
[3]. Patients with type 2 diabetes have to make multiple
choices about the management of their condition, such
as, appropriate dietary intake, physical activity, and ad-
herence to drugs [4].
Periodontal disease, an inflammatory disease affecting

the periodontium, is a complication of type 2 diabetes
associated with health outcomes due to systemic inflam-
mation [2]. Periodontal disease and DM have a bidirec-
tional relationship [2]. The effects of DM on periodontal
health and periodontal infection also affect glycemic con-
trol. Furthermore, periodontal infection increases the risk
for developing DM complications [2]. It is important to
minimize the adverse effects of oral complications on gly-
cemic control in diabetic patients, particularly periodontal
disease, through prevention and management [2].
There have been many studies of diabetes intervention

programs to prevent and control diabetic complications
by decreasing HbA1c including using nurse practitioners
for lifestyle intervention in Dutch primary care [5], using
delivery meals and dietary counseling to reduce body
weight in Japan [6], using lifestyle change programs
(dietary counseling and exercise) to reduce the propor-
tion of metabolic syndrome [7] and using diabetes
empowerment to increase medication adherence and
self-care behavior [8]. Furthermore, there have been
periodontal intervention programs in others countries
which have emphasized periodontal therapy including
tooth brushing instruction, oral health education, and
supra-gingival scaling. All of these programs reportedly
improved glycemic control by decreasing HbA1c and
periodontal status with statistically significant differences
[9-11]. However, Promsudthi et al. [12], who carried out
their study in Thailand, found a decrease of HbA1c
3 months after periodontal treatment of scaling and root
planing without a statistically significant difference [12].
Although, diabetes intervention programs can prevent
and control diabetic complications by decreasing HbA1c
and periodontal intervention programs also decreased
HbA1c and periodontal status, decreasing HbA1c from
lifestyle change alone may not prevent periodontal dis-
ease; it only decreases the risk of periodontal infection
[2]. The most important method for treating periodontal
disease is intensive oral hygiene instructions including
teaching tooth brushing, flossing, and the use of others
devices [13]. Periodontal treatment programs improved
periodontal status [9-12]. To control DM, patients should
maintain healthy lifestyles and routinely control health
levels, healthy eating habits, regular physical activity, and
take diabetes medicine [14]. Combined lifestyle change
and periodontal care intervention are needed to prevent
dental complication.
The objective of the present study was to assess the

effectiveness of the Lifestyle Change plus Dental Care
(LCDC) program to improve glycemic and periodontal
status in the elderly with type 2 diabetes.

Methods
The quasi-experimental study was conducted in two
health centers located in Bangkok, Thailand from October
2013 to January 2014. Health Centers 54 and 59 were se-
lected from 68 health centers in Bangkok because these
health centers serve a population with similar socio-
demographic characteristics, have scheduled appointments
and have at least 500 patients in their Diabetes Clinics.
The two health centers were randomly assigned to inter-
vention (Health Center 54) and control (Health Center
59) groups. Systematic sampling was used to select 66 par-
ticipants in each health center. The sample size was calcu-
lated based on a previous study [12]. The average HbA1c
level of the intervention and the control groups were
8.78% and 9.28%, respectively and the pooled variance was
0.88 [12]. The sample size required in each group in the
current study was 55 with 80% power at the 5% significant
level. 20% was increased for refusal and attrition in each
group so the total sample size in each group was 66 and
overall sample size was 132 participants.
The inclusion criteria for both male and female partici-

pants included patient age over 60 years with type 2 dia-
betes and at least 16 natural teeth (acceptable for scoring
plaque and gingival index). The patients who had serious
systemic diseases or complications, blood disease, liver
damage, kidney disease, severe chronic periodontitis, com-
municable disorder, could not speak Thai language, or did
not agree to participate, were excluded.

Training of interviewers
The interviewers were standardized by attending a 2–day
training program. Two nurse practitioners were trained in
Motivational Interviewing (MI) for lifestyle change and
dental care including dietary counseling, physical activity,
quiting smoking, and oral health care, by experts in this
field. Moreover, the same two nurse practitioners and two
dental assistants attended a one day training program for
the education and teaching technique, by experts in edu-
cation, diabetes, and oral health.



Saengtipbovorn and Taneepanichskul BMC Oral Health 2014, 14:72 Page 3 of 10
http://www.biomedcentral.com/1472-6831/14/72
Intervention
Lifestyle Change plus Dental Care (LCDC) program is
based on the health belief model, social cognitive theory,
and cognitive-behavioral theory [15]. At baseline, partici-
pants received a 20 minute lifestyle and oral health
education program, by trained nurse practitioners, which
emphasized type 2 diabetes complications, the preven-
tion of general and oral health complications, the rela-
tionship between type 2 diabetes and oral complications,
and oral health care. Then participants received individ-
ual lifestyle counseling by MI, application of self regula-
tion manual and selected their goal of lifestyle and oral
health care change with trained nurse practitioners. The
content of the lifestyle counseling and self regulation man-
ual were consistent with lifestyle change and oral health
education. The goals included loss of body weight, eat-
ing healthy food (fruits and vegetables), eating more
high-fiber foods, eating less sugar, exercising for more
than 30 minutes at least 3–5 times/week, quiting smok-
ing, tooth brushing after meals, and using dental floss at
least 1 time/day. Individual oral hygiene instruction by
trained dental assistants was also conducted in the den-
tal room. The content included tooth brushing with
fluoride toothpaste, using dental floss or other devices
such as inter-proximal brush, cleaning dentures, and
how to check oral health by themselves.
In the 1st and 2nd month, participants received an

educational booster by viewing a 15 minute educational
video covering all of the abovementioned points. Fur-
thermore, the goal of lifestyle and oral health care
change was boosted by nurse practitioners.
A focus group discussion was used to develop a slide

presentation for lifestyle change and oral health educa-
tion, self regulation manual, and the 15 minute educa-
tional video by brainstorming ideas from doctors, nurse
practitioners, dentists, dental assistants, and a represen-
tative of diabetic patients. The slide presentation, self
regulation manual, and educational video were validated
by an expert in education, an expert in diabetes and an
expert in dentistry. A pretest of the three items was also
conducted.
Control group
The routine program in the diabetes clinic, which the par-
ticipants in the control group attended, included seeing a
doctor, measuring fasting plasma glucose (FPG), collecting
diabetic medicine from a pharmacist, and making an ap-
pointment for their next visit.
Outcome measures
Participants in both groups received oral examination,
blood sample testing, and face-to-face interview at base-
line and 3 month follow up. The single-blind technique
was used. The participants did not know if they were in
the intervention or the control group.
Oral examination was done by two calibrated dentists.

Inter-examiner reliability was tested by using Cronbach’s
Coefficient Alpha. Another 5 diabetic patients were ex-
amined for periodontal status (plaque index, gingival
index, pocket depth, gingival margin, and percentage of
bleeding on probing (BOP)) by three dentists included
one expert in periodontics (gold standard) and the other
two dentists who conducted the present study to meas-
ure the agreement between examiners. The Cronbach’s
Coefficient Alpha was 0.85. Plaque index score, gingival
index score, pocket depth, clinical attachment level
(CAL), and percentage of bleeding on probing (BOP) [16]
were used to find periodontal status. Pocket depth was
measured by a level from the gingival margin to the most
coronal extension of the epithelial attachment [17]. Gin-
gival recession was measured by a level from cemento-
enamel junction to the gingival margin [17]. The pocket
depth and gingival recession of the six surfaces (mesiobuc-
cal, midbuccal, distobuccal, mesiolingual, midlingual, and
distobuccal) of every tooth in the diabetic patient’s mouth
were recorded by using a periodontal probe [18]. Clinical
attachment level (CAL) was calculated by measuring
pocket depth plus gingival recession [18].
Blood sample testing was done by nurse practitioners.

Biomedical outcomes included glycosylated hemoglobin
(HbA1c), fasting plasma glucose (FPG), and body mass
index (BMI).
The questionnaire was validated by three experts in pub-

lic health. The Item-Objective Congruence Index (IOC)
was 0.83. A pilot study was carried out to test the reliability
of the questionnaire. The Cronbach’s Coefficient Alpha
was divided into 4 parts; knowledge toward oral health and
DM: 0.84, attitude toward oral health and DM: 0.87, oral
health behaviors: 0.77, and practice toward DM: 0.89. The
questionnaire included general characteristics, BMI, know-
ledge and attitude toward oral health and DM, oral health
behaviors, and practice toward DM.

Statistical analysis
Descriptive statistic, Chi-square test, Fisher’s exact test,
and t-test were used to compare the difference between
the intervention and the control groups at baseline.
T-test was used to compare the difference of biomedical
outcomes, periodontal status, knowledge and attitude to-
ward oral health and DM at baseline and 3 months fol-
low up between the intervention and the control groups.
Chi-square test and Fisher’s exact test were used to ex-
plore the effect of the intervention on oral health behav-
iors and practice toward DM. Multiple linear regression
was also used to measure the relationship. The Enter
Method was used to include variables in the regression
models. Group affiliation, age, gender, smoking, BMI,
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and the respective baseline measures were adjusted for
glycemic status (FPG and HbA1c). In regard to periodon-
tal status (plaque index, gingival index, pocket depth,
CAL, and BOP), group affiliation, age, gender, smoking,
and the respective baseline measures were adjusted. Data
were analyzed by SPSS statistical package version 16.0. All
analysis used a 95% confidence interval (CI), and statisti-
cally significant p-value of less than 0.05.

Ethical consideration
Ethics approval was granted from the Ethics Review Com-
mittee for Research Involving Human Research Subjects,
Health Science Group, Chulalongkorn University (No.
123.1/56). Informed consent was signed by all participants.

Results
Study population
Of the 132 participants who enrolled at baseline (66 inter-
vention and 66 control), 130 (98.5%) were eligible for fol-
low up at 3 months. Of those who were not eligible,
1 participant in the intervention group was too ill to fol-
low up (paralysis) and 1 participant in the control group
moved to live in another province.

Baseline characteristics
Among the 132 diabetic patients (66 diabetic patients
per group), most of the participants in each group were
female. The average age of the intervention and the con-
trol groups were 63.83 (4.51) years and 64.06 (5.53)
years, respectively. There were no statistically significant
differences of gender, age, educational level, BMI, health
insurance, duration of having diabetes, and smoking
between the intervention and the control groups (p =
0.856, 0.357, 0.790, 0.057, 0.643, 0.118 and 0.474, re-
spectively) (The details are demonstrated in Table 1).

Biomedical outcomes
Among the remaining 130 participants (65 intervention
and 65 control), HbA1c in the intervention group de-
creased from 7.39 (1.19) % at baseline to 7.10 (1.04) % at
3 month follow up. Whereas, in the control group,
HbA1c increased from 7.68 (1.48) % at baseline to 7.77
(1.46) % at 3 month follow up. FPG in the intervention
group decreased from 143.83 (38.78) mmol/l at baseline to
129.57 (21.24) mmol/l at 3 month follow up. Whereas, in
the control group, FPG increased from 152.91 (51.35)
mmol/l at baseline to 158.32 (47.28) mmol/l at 3 month
follow up. There were statistically significant differences
of both HbA1c and FPG between the intervention and
the control groups at 3 month follow up (p = 0.003 and
<0.001, respectively). However, there was no statistically
significant difference in BMI between the intervention
and the control groups at 3 month follow up (p = 0.057)
(Table 2).
Periodontal status
Among the 130 participants (65 intervention and 65
control), the plaque index score and gingival index score
decreased from baseline to 3 month follow up in both
the intervention and the control groups with statistically
significant differences between the intervention and
the control groups at 3 month follow up (p = 0.006 and
0.001, respectively). Pocket depth and CAL decreased
from baseline to 3 month follow up only in the interven-
tion group. Whereas, in the control group, pocket depth
increased and CAL was equal at baseline and 3 month
follow up. The percentage of BOP decreased from base-
line to 3 month follow up in the intervention group.
Whereas, in the control group, the percentage of BOP
increased from baseline to 3 month follow up. There
were statistically significant differences between the
intervention and the control groups at 3 month follow
up of pocket depth, CAL, and BOP (p < 0.001, 0.001 and,
<0.001, respectively) (Table 2).

Knowledge and attitude toward oral health and DM
The average score of overall knowledge, oral health know-
ledge, and diabetes knowledge increased from baseline to
3 month follow up only in the intervention group with sta-
tistically significant differences between the intervention
and the control groups at 3 month follow up (p < 0.001,
<0.001 and <0.001, respectively) (Table 2).
The average score of overall attitude, oral health atti-

tude, and diabetes attitude increased from baseline to
3 month follow up only in the intervention group with sta-
tistically significant differences between the intervention
and the control groups at 3 month follow up (p < 0.001,
<0.001 and <0.001, respectively) (Table 2).

Oral health behaviors
Every participant (100%) in both the intervention and
the control groups reported regular cleaning of their oral
cavity by tooth brushing at baseline and 3 month follow
up (Table 3).
At baseline, there were no statistically significant dif-

ferences in the use of mouth rinse, salt solution, dental
floss, toothpick, inter-proximal brush, and having had
dental treatment between the intervention and the con-
trol groups (p = 0.856, 0.291, 0.804, 0.722, 0.176, and
0.148, respectively).
After 3 month follow up, the participants in the inter-

vention group were more likely to use mouth rinse, salt
solution, dental floss, and inter-proximal brush. How-
ever, only salt solution and dental floss had statistically
significant differences (p = 0.020 and < 0.001, respect-
ively). The participants in the intervention group were
less likely to use toothpicks with no statistically signifi-
cant difference (p = 0.216). Furthermore, the participants
in the intervention group were more likely to have had



Table 1 Baseline characteristics (N = 132)

Variables Intervention group Control group p-value*

(n = 66) (%) (n = 66) (%)

Gender

Male 23 (34.8) 24 (36.4) 0.856

Female 43 (65.2) 42 (63.6)

Age

60–69 years 56 (84.8) 55 (83.3) 0.357

70–79 years 10 (15.2) 9 (13.6)

≥80 years 0 (0.0) 2 (3.1)

Educational level

Illiteracy 2 (3.0) 3 (4.5) 0.790

Primary school 53 (80.3) 48 (72.8)

Secondary school 8 (12.2) 9 (13.7)

Vocational school 2 (3.0) 3 (4.5)

Bachelor degree 1 (1.5) 3 (4.5)

BMI (kg/m2)

Mean (S.D.) 25.30 (3.57) 26.63 (4.37) 0.057

Min-max 17.95–34.60 18.93–36.50

Health insurance

Universal coverage 55 (83.4) 59 (89.4) 0.643

Universal coverage (other) 3 (4.5) 2 (3.0)

Government/state enterprise officer 7 (10.6) 5 (7.6)

No 1 (1.5) 0 (0.0)

Duration of being diabetes (years)

Mean (S.D.) 6.86 (5.16) 8.42 (6.19) 0.118

Min-max 1–20 1–25

Smoking

Never 57 (86.4) 58 (87.8) 0.474

Ever 7 (10.6) 4 (6.1)

Current smoker 2 (3.0) 4 (6.1)

p by chi-square test or t-test.
*Statistical significances of difference: p < 0.05.
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dental treatment in the previous 3 months with no sta-
tistically significant difference (p = 0.085) (Table 3).

Practice toward DM
At baseline, there were no statistically significant differ-
ences in exercise, tested weight, diet modification, for-
getting to take any prescribed drugs, eye examination,
foot examination, always wearing covered shoes, and
screening of feet between the intervention and the con-
trol groups (p = 0.310, 0.397, 0.518, .0384, 0.394, 0.170,
0.282, and 0.337, respectively).
After 3 month follow up, the percentage of participants

who exercised more than 5 times/week in the intervention
group (29.2%) was more than the control group (9.2%).
Moreover, the participants who never exercise in the
intervention group (4.6%) was less than the control group
(35.5%). Exercise had a statistically significant difference
between the intervention and the control groups (p <
0.001). The percentage of participants in the intervention
group (93.8%) who modified diet was higher than the con-
trol group (70.8%) with a statistically significant difference
(p = 0.001). The percentage of participants in the interven-
tion group who received foot examination, always wore
covered shoes, and participated in screening of feet were
higher than the control group with statistically significant
differences (p <0.001, <0.001, 0.044) (Table 3).

Multiple linear regression analysis
In the multiple linear regression analysis, the interven-
tion group was significantly negatively correlated in both



Table 2 T-test for biomedical outcomes, periodontal status, knowledge and attitude toward oral health and DM
(N = 130)

Variables Intervention group Control group p-value*

n = 65 n = 65

Mean Standard deviation Mean Standard deviation

HbA1c

Baseline 7.39 1.19 7.68 1.48 0.217

3 months 7.10 1.04 7.77 1.46 0.003

FPG

Baseline 143.83 38.78 152.91 51.35 0.258

3 months 129.57 21.24 158.32 47.28 <0.001

BMI

Baseline 25.35 3.57 26.66 4.40 0.064

3 months 25.57 3.64 26.88 4.11 0.057

Plaque index score

Baseline 0.59 0.42 0.63 0.41 0.544

3 months 0.26 0.31 0.45 0.45 0.006

Gingival index score

Baseline 0.64 0.41 0.77 0.48 0.139

3 months 0.27 0.29 0.48 0.40 0.001

Pocket depth

Baseline 2.35 0.55 2.39 0.81 0.719

3 months 2.04 0.47 2.54 0.88 <0.001

CAL

Baseline 3.33 0.86 3.68 1.31 0.079

3 months 2.96 0.85 3.64 1.37 0.001

BOP

Baseline 35.36 25.83 37.32 22.17 0.644

3 months 17.66 22.18 38.22 33.36 <0.001

Overall knowledge

Baseline 7.19 2.36 7.04 2.27 0.705

3 months 9.48 0.70 7.29 2.23 <0.001

Oral knowledge

Baseline 3.68 1.73 3.51 1.60 0.564

3 months 4.77 0.52 3.63 1.36 <0.001

DM knowledge

Baseline 3.53 1.09 3.58 0.97 0.799

3 months 4.70 0.28 3.66 1.17 <0.001

Overall attitude

Baseline 43.75 4.42 41.80 6.57 0.057

3 months 47.82 3.41 41.44 5.27 <0.001

Oral attitude

Baseline 21.54 2.95 20.78 3.15 0.161

3 months 23.85 1.80 20.58 3.18 <0.001
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Table 2 T-test for biomedical outcomes, periodontal status, knowledge and attitude toward oral health and DM
(N = 130) (Continued)

DM attitude

Baseline 22.25 2.32 21.74 2.57 0.239

3 months 23.92 1.81 20.86 2.62 <0.001

p by t-test.
*Statistical significances of difference: p < 0.05.
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glycemic and periodontal status at 3 month follow up.
FPG at 3 month follow up was significantly correlated
with group affiliation and FPG at baseline (R2 = 0.539,
p <0.001). HbA1c at 3 month follow up was significantly
correlated with group affiliation, smoking, and HbA1c
at baseline (R2 = 0.757, p <0.001) (Table 4). The plaque
index score at 3 month follow up was significantly
correlated with group affiliation, smoking, and the
plaque index score at baseline (R2 = 0.238, p <0.001).
Table 3 Chi-square test and Fisher-exact test for oral health b
(N = 130)

Variables Intervent

Oral health behaviors

Tooth brushing (yes)

Mouth rinse (yes)

Salt solution (yes)

Dental floss (yes)

Tooth pick (yes)

Inter-proximal brush (yes)

Have had dental treatment, previous 3 months (yes)

Practice toward DMExercise

> 5times/week

2-5 times/week

1 time/week

2-3 times/month

Never

Tested weight

> 1 time/month

1 time/month

Diet modification (yes)

Forgot to take any drugs prescribed (yes)

Eye examination, last year (yes)

Foot examination, last year (yes)

Always wear covered shoes (yes)

Screening of feet

Everyday

Sometimes

Rarely/never

p by chi-square test or Fisher-exact test.
*Statistical significances of difference: p < 0.05.
The gingival index score at 3 month follow up was
significantly correlated with group affiliation and the
gingival index score at baseline (R2 = 0.200, p <0.001).
Pocket depth at 3 month follow up was significantly cor-
related with group affiliation and pocket depth at base-
line (R2 = 0.533, p <0.001). CAL at 3 month follow up
was significantly correlated with group affiliation and
CAL at baseline (R2 = 0.721, p <0.001). The percentage
of BOP at 3 month follow up was significantly correlated
ehaviors and practice toward DM, at 3 month follow up

ion group (n = 65) Control group (n = 65) p-value*

no. (%) no. (%)

65 (100.0) 65 (100.0) -

32 (49.2) 24 (36.9) 0.157

32 (49.2) 19 (29.2) 0.020

46 (70.8) 5 (7.7) <0.001

33 (50.8) 40 (61.5) 0.216

23 (35.4) 20 (30.8) 0.576

24 (36.9) 15 (23.1) 0.085

19 (29.2) 6 (9.2) < 0.001

24 (36.9) 22 (33.8)

12 (18.5) 9 (13.8)

7 (10.8) 5 (7.7)

3 (4.6) 23 (35.5)

22 (33.8) 13 (20.0) 0.075

43 (66.2) 52 (80.0)

61 (93.8) 46 (70.8) 0.001

28 (43.1) 30 (46.2) 0.724

56 (86.2) 50 (76.9) 0.175

57 (87.7) 16 (24.6) < 0.001

41 (63.1) 19 (29.2) < 0.001

50 (76.9) 39 (60.0) 0.044

12 (18.5) 15 (23.1)

3 (4.6) 11 (16.9)



Table 4 Multiple linear regression analysis for glycemic status (FPG and HbA1c) (N = 130)

Variables FPG (3rd month) HbA1c (3rd month)

Parameter estimate* (Standard error), p-value

Group affiliation (ref. control) −23.537 (4.831), <0.001 −0.403 (0.117), 0.001

Age −0.568 (0.481), 0.607 −0.004 (0.012), 0.719

Gender (ref. female) −8.188 (4.912), 0.098 0.070 (0.119), 0.557

Smoking (ref. no) 2.062 (4.912), 0.675 0.283 (0.118), 0.018

BMI 0.310 (0.602), 0.607 −0.005 (0.015), 0.738

FPG at baseline 0.541 (0.053), <0.001 0.795 (0.044), <0.001

HbA1c at baseline R2 = 0.539, p <0.001 R2 = 0.757, p <0.001
*Adjusted for group affiliation, age, gender, smoking, BMI, and the respective baseline measures.
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with group affiliation and BOP at baseline (R2 = 0.318,
p <0.001) (Table 5).

Discussion
The present study shows that the combination of life-
style change and dental care in one program, improved
both glycemic and periodontal status in the elderly with
type 2 diabetes.
As mentioned in the introduction, combined lifestyle

change and periodontal care intervention are needed to
prevent dental complications. The multiple linear regres-
sion analysis showed that the LCDC program was sig-
nificantly negatively correlated in both glycemic (FPG
and HbA1c) and periodontal status (plaque index, gin-
gival index, pocket depth, CAL, and BOP). Furthermore,
the multiple linear regression analysis also found HbA1c
and the plaque index score significantly correlated with
smoking which is consistent with a previous study that
found that smoking is a risk factor for both periodontal
disease and DM [19,20].
After the LCDC program, glycemic status including

FPG and HbA1c decreased with statistically significant
Table 5 Multiple linear regression analysis for periodontal sta
BOP) (N = 130)

Variables Plaque index Gingival index

(3rd month) (3rd month)

Paramete

Group affiliation (ref. control) −0.148 (0.062), 0.018 −0.172 (0.058), 0.004

Age 0.008 (0.006), 0.170 −0.002 (0.006), 0.712

Gender (ref. female) 0.072 (0.064), 0.261 0.008 (0.060), 0.888

Smoking (ref. no) 0.166 (0.064), 0.011 0.011 (0.060), 0.857

Plaque index at baseline 0.346 (0.075), <0.001

Gingival index at baseline 0.313 (0.066), <0.001

Pocket depth at baseline

CAL at baseline

BOP at baseline

R2 = 0.238, p <0.001 R2 = 0.200, p <0.001

*Adjusted for group affiliation, age, gender, smoking, and the respective baseline m
differences between the intervention and the control
groups at 3 month follow up. Whereas, in the control
group, both FPG and HbA1c increased from baseline to
3 month follow up. The results showed an improvement
of glycemic status in the intervention group and deteri-
oration of glycemic status in the control group. The dif-
ference of HbA1c in the intervention and the control
groups were −0.29% and +0.09%, respectively with a sta-
tistically significant difference consistent with a previous
study regarding the effect of changes in diet on HbA1c
for 3 months which found the difference of HbA1c in
the intervention was −0.83% with a statistically signifi-
cant difference [21]. In other previous studies, meal
preparation training also decreased HbA1c (0.3%) after
6 month follow up [22] and lifestyle counseling in the
primary care setting also decreased HbA1c [23]. How-
ever, the effect of changes in supportive telephone
counseling on HbA1c for 18 months did not present a
statistically significant difference between the interven-
tion and the control groups [24].
After the LCDC program, periodontal status including

plaque index, gingival index, pocket depth, CAL, and
tus (plaque index, gingival index, pocket depth, CAL, and

Pocket depth CAL BOP

(3rd month) (3rd month) (3rd month)

r estimate* (Standard error), p-value

−0.480 (0.091), <0.001 −0.374 (0.111), 0.001 −18.938 (4.406), <0.001

0.002 (0.009), 0.826 0.010 (0.011), 0.372 −0.245 (0.434), 0.573

0.101 (0.094), 0.284 0.148 (0.117), 0.209 6.366 (4.587), 0.168

−0.091 (0.097), 0.352 0.029 (0.118), 0.808 2.437 (4.549), 0.593

0.732 (0.068), <0.001

0.836 (0.053), <0.001

0.585 (0.092), <0.001

R2 = 0.533, p <0.001 R2 = 0.721, p <0.001 R2 = 0.318, p <0.001

easures.
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BOP decreased from baseline to 3 month follow up. The
slight decrease in mean differences of periodontal status
highlighted the first step of the periodontal disease
improvement with statistically significant differences
between the intervention and the control groups at
3 month follow up. The present study found the signifi-
cant correlation between periodontal status (BOP) and
glycemic status (FPG) after the LCDC program was con-
sistent with the previous studies that found periodontal
disease is associated with the progression of HbA1c
[25,26]. Many studies in other countries have found
periodontal therapy including tooth brushing instruc-
tion, oral health education, and supra-gingival scaling
improved glycemic control by decreasing HbA1c and
periodontal status with statistically significant differences
[9,10]. However, a previous study in Thailand found a
decrease of HbA1c after periodontal treatment by scal-
ing and root planing without a statistically significant
difference [12].
Previous research papers which studied knowledge

and attitude toward oral health and DM in type 2 dia-
betes have found the scores of knowledge and attitude
in diabetic patients were low to moderate [27-30]. The
present study found knowledge and attitude toward oral
health and DM increased after the intervention. These
results showed the effectiveness of the LCDC program
to increase and maintain knowledge and attitude of the
elderly with type 2 diabetes for 3 months. This is con-
sistent with a previous study which found diabetic pa-
tients who received oral health information related to
diabetes by health professionals, knowledge scored 2.9
times higher, compared to participants who did not re-
ceive that information [31].
The present study found the participants in the inter-

vention group more likely to exercise, modify diet, have
foot examinations, always wear covered shoes, and par-
ticipate in screening of feet than the participants in the
control group. This is inconsistent with a previous re-
search paper, which studied a structured group diabetes
education program of 6 hours, which was delivered in
the community, with follow up for 3 years. The research
found no statistically significant difference of physical
activity [8]. The difference between the results of the
current study and the abovementioned study is due to
the fact that the abovementioned study used group edu-
cation, did not use educational boosters, and used long
term follow up. However, the present study used a mix
of individual and group education, which was boosted
every month and used short term follow up. The results
of the present study are consistent with a previous study,
which found improvements in eating control and step
counts after receiving meal preparation training [22]. Yet
another previous study found the association between
the knowledge of preventive behaviors regarding foot
ulcers and actual preventive behaviors [32] to be consist-
ent with the present study which found the participants
in the intervention group increased their knowledge
score and improved their foot behaviors after receiving
the LCDC program.
The results of the present study show knowledge and

attitude toward oral health and DM in the elderly with
type 2 diabetes translated to practice in both oral health
and DM.
The strengths of the present study are the high re-

sponse rate (98.5%) and that it used biomarkers includ-
ing HbA1c, FPG, plaque index score, gingival index
score, pocket depth, and CAL to examine the outcomes.
The limitations of the present study are a lack of ran-

dom assignment due to a quasi-experimental design,
selection bias from the willingness to participate and it
was not representative of the entire elderly population
with type 2 diabetes because of the small number of cen-
ters in which the present study was conducted. However,
the LCDC program had the effectiveness and acceptabil-
ity that could be adapted into routine work by staff in
the health centers which could be implemented in the
other health centers. The single-blind technique might
cause measurement bias. Furthermore, the use of partici-
pant reports to estimate practice toward DM and oral
health behaviors are subject to some degree of measure-
ment error.
Future studies need to incorporate a longer follow-up

period to generate understanding of intervention effects,
adherence and sustainability, over time, by randomized
controlled trial.

Conclusion
The LCDC program was significantly negatively correlated
in both glycemic and periodontal status that improved the
glycemic status (HbA1c and FPG) and periodontal status
(plaque index score, gingival index score, pocket depth,
CAL, and BOP), which were maintained for 3 months.
Furthermore, the results of the present study show the
effectiveness of the LCDC program by increasing know-
ledge, attitude and practice toward oral health and DM of
the elderly with type 2 diabetes.
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