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Abstract
Alzheimer’s disease as a consequence of chronic brain inflammation mediated by infectious

microbes including the oral microbiome continues to attract support. Taiwan’s National

Insurance database was used to evaluate associations between dental health and

Alzheimer’s disease; 209,112 new cases of Alzheimer’s disease were matched 1:4 with

836,448 dementia-free controls to test the hypothesis that better dental health would be

associated with less occurrence of dementia. Ten year dental records and conditional

logistic regression models were used to estimate the odds ratios associated with

Alzheimer’s disease. Subgroup analyses compared vascular Alzheimer’s disease and spo-

radic Alzheimer’s disease. As the population aged, Alzheimer’s disease diagnoses were

more frequent with a 10 fold upward inflection after 60. Nearly 56% of sporadic Alzheimer’s

disease patients were women but less than 50% had vascular Alzheimer’s disease.

Comorbidities were 10–20% higher in the Alzheimer’s disease patients than in controls,

but stroke, chronic infection, and pneumonia were 40–45% more common in the vascular

Alzheimer’s disease patients. Heart disease, hypertension, diabetes, stroke, peripheral

artery disease, pneumonia, and herpetic disease (HSV) were all associated with higher

odds of Alzheimer’s disease. HSV was not a factor in the vascular Alzheimer’s disease.

Routine dental procedures tended to lower odds ratios. Root canals and extractions that

restore oral homeostasis were associated with lower odds of dementia. However, when

extractions exceeded four, the odds of Alzheimer’s disease rose. The fact that Alzheimer’s

disease was not associated with periodontal procedures per se but with more frequent periodontal emergencies suggested again

a chronic issue. Dental health costs suggest that good dental care was associated with lower odds of Alzheimer’s disease except

for radiographic costs which were consistently associated with higher odds, independent of oral health. Common comorbid

conditions were associated with higher odds of Alzheimer’s disease and oral health care was associated with lower odds,

providing support for the hypothesis that the oral microbiome is a factor in the development of Alzheimer’s disease.
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Introduction

Dementia comprises a spectrum of progressively degener-
ative brain disorders that primarily afflict the elderly.
In some cases, the disorder can be ascribed to a specific

etiology like impaired blood flow or infectious pathogens
like those responsible for syphilis and Lyme disease.
However, in the majority of cases, the precise cause is
unclear and is labeled as sporadic Alzheimer’s disease
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(SAD) both with and without post-mortem confirmation.
Several careful reviews of the salient data have made a
strong argument for the hypothesis that SAD is an inflam-
matory brain disorder that results from an ongoing battle
between the body’s immune defenses and a variety of
chronic subclinical brain infections.1,2 The progressive
loss of neuronal cell numbers and associated cognitive
function is presumed to be unfortunate consequences of
the host’s immune response, i.e., collateral damage.

A number of potential causative microbes have been
cultured from SAD brain samples and they have each dem-
onstrated the ability to produce similar sequela in experi-
mental model systems including the hallmarks of
SAD, the accumulation of the proteins Ab and tau needed
for the pathological markers of the disorder, extracellular
plaque, and neurofibrillary tangles. Most of these
microorganisms are able to evade regular host defenses
and persist via latency mechanisms, and/or sequestration
in internal reservoirs. These characteristics allow for
their periodic emergence or reactivation assuring an
ongoing chronic inflammatory process.3,4 Although a
number of prime candidates have been proposed, a
single causative agent seems unlikely and multiple organ-
isms are routinely isolated from post-mortem brain sam-
ples of AD patients. Successful access to the brain by any
one microbe seems to facilitate the entry of others, increase
their virulence and sensitize the resident immune defenses
to produce a more intense and thus, more damaging
response.

The source of these microbes and their continuing reser-
voir is also an open question. While the lung and gastroin-
testinal tract provide viable reservoirs of potential agents,
an increasingly strong case is made for the oral micro-
biome.5–7 Multiple oral microbes have been isolated from
SAD tissues and they clearly have proximate reservoirs
within the gingival spaces and regular access to the circu-
lation.8–13 In addition to circulatory access, the oral
microbiome may have a more privileged access to the
brain via retrograde transit along cranial nerve tracts.
In this regard, HSV has been isolated from within the
trigeminal ganglia.13–15

These collected observations led to the suggestion
that individuals with good oral health should be protected
from the development of SAD. The current study was
designed to test the hypothesis that good oral health as
evident from dental medical metrics would be associated
with lower odds of SAD. The Taiwan National Medical
and Dental records provide a robust database with which
to test the hypothesis. The very large sample sizes
with more than 200,000 cases of dementia likewise provides
for the prospect of very precise analyses. The diagnostic
codes also allow for subgroup analyses comparing
those diagnosed with dementia and those with the
specific atherosclerotic or vascular dementia (VAD). After
partitioning out the VAD group, the much larger remaining
group is primarily composed of patients with sporadic
Alzheimer’s disease (SAD) and will be labeled as
such herein.

Methods

Study population and database

The Taiwan National Health Insurance (NHI) that began in
1995 provides compulsory health insurance for the popu-
lace of 23 million with 99% participation. The associated
database includes both medical and dental records.

New cases of diagnosed dementia recorded during the
years 2011–2015 were identified based on an index hospital
admission or after two or more outpatient visits during one
year’s time (ICD 9 CM code 290.0–290-4, -331.0) From the
database, 209,122 “Cases” were identified and as each was
identified four dementia-free controls were selected by inci-
dence density sampling. The resulting 836,448 controls
were matched 4:1 with the cases by sex and age within
five years. Medical and dental, comorbidities and selected
pharmaceutical records including dental and pharmaceuti-
cal costs for the decade prior to the index diagnosis were
collected for analyses. The Study protocol was approved by
the National Taiwan University Hospital Research Ethics
Committee.

Statistical analysis

Conditional regression models were used to estimate odds
ratios (ORs) and their 95% confidence intervals (CIs).
Covariates were based on retrospective data obtained
from the decade prior to the index diagnosis of dementia.
Sub-group analyses were also conducted for men, women,
VAD, and SAD. Differences were deemed significant if their
chance probability was less than 0.05.

Two conditional logistic regression protocols and five
models based on the case-control matching process were
executed as follows:

Protocol 1: Logit (probability of dementia)¼ b0þ b1

(confounding factors)þ b2 (dental utilization as expo-

sure variables)þb3 (cost variables).

Model 1: Exposure variables and cost variables are all

continuous.

Model 2: Exposure variables are categorical but cost

variables are continuous.

Model 3: Exposure variables and cost variables are all

categorical.

Protocol 2: Logit (probability of dementia)¼ b0þ b1

(confounding factors)þ b2 (cost variables) (dental

utilization not considered).

Model 4: Cost variables are continuous.

Model 5: Cost variables are categorical.

The results were remarkably consistent across the five
models particularly for the influence of comorbid condi-
tions. However, the categorical data were consistently
more informative due in part to the moderating effect of
biphasic results. For instance, a moderate number of extrac-
tions were protective but larger numbers were problematic.
Thus, to reduce the very large volume of data, only the
results from the categorical Model 3 will be presented in
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full. Selected responses from the other models will be pre-
sented where appropriate.

Results

Cases ascertainment and controls selection

The demographics (Tables 1 and 2) include 209,112 individ-
uals (cases) diagnosed with dementia age matched 1:4 with
836,448 dementia-free control subjects for the years 2011–
2015. The dementia group was subdivided into those
simply identified as dementia (86%) and those assigned
the more specific diagnosis of atherosclerotic dementia
(14%). Experience suggests the larger group is primarily
comprised of a degenerative process (SAD). The aggregate
dementia group had an average age of 77.2 years and was
55.6% female. Diagnosed dementia numbers became
higher with age appearing first, late in the fourth decade
(Figure 1). Less than 1% of all cases were recorded before
age 60. The incidence of dementia accelerated rapidly after
age 60, peaking in the early-80s age interval. After 85 years
of age, the total incidence declined slightly presumably
reflecting a parallel increase in age-associated mortality
(survival bias). Dementia was more frequent in women
(55.6%) than in men and this gender disparity was entirely
due to the higher prevalence of dementia in women in the
larger SAD subgroup. Men were more likely to be diag-
nosed with VAD than women (51.5% vs. 48.5%).

Comorbidities

The odds of dementia associated with major comorbidities
were evaluated. Not surprisingly, any condition that might
compromise the healthy perfusion of the brain was associ-
ated with higher odds of dementia (Table 3). Ischemic heart
disease, hypertension, stroke, peripheral artery disease,
and diabetes were all proportionately more prevalent in
those diagnosed with dementia compared to their matched
controls.

Chronic or recurrent infections were also far more likely
among subjects with dementia compared to control subjects
(Table 3). The microorganisms associated with two of these
disorders, pneumonia and herpetic disease have both been
proposed as mediators of dementia. These specific infec-
tions were associated with higher odds of subsequent
dementia. However, by comparison, the odds associated
with pneumonia was clearly much higher than that associ-
ated with HSV (OR, 1.67 vs. 1.08) and HSV was not a factor
in the VAD variant.

There was no apparent change in the odds of dementia
associated with the number of caries filled, gingivectomies,
or scalings for the collected group (Table 4). Though not
significant, routine tooth restoration and gingival care
tended to be associated with lower odds of dementia.
Similarly, multiple scalings tended to be associated with
higher odds. Self-limiting acute procedures that should
rapidly restore oral health like extractions and root canals
were significantly associated with lower odds of dementia.
However, when the number of teeth extracted in 10 years
exceeded four, the odds of dementia reversed course and
became higher. These observations suggest that the odds of

dementia is associated more with chronic rather than acute,
easily corrected, oral health issues.

The odds of dementia was negatively associated with
the number of periodontics procedures but positively asso-
ciated with greater cost of periodontics. This higher
odds associated with the cost of periodontics (Model 5:
P�0.0001, OR 1.07) suggests again collectively that the
odds of dementia was associated with greater severity,
complexity, and/or frequency of the treated problems.

Oral surgery per se, was not associated with altered
odds but as the cost increased, the odds became higher
(Model 5: P �0.0001, OR 1.08), suggesting again that sub-
sequent dementia was associated with chronic or more
severe cases.

In contrast, the number of periodontal emergencies, a
potential indicator of repeated oral infections, was uniform-
ly associated with higher odds of dementia.

When the overall costs of dental procedures and/or
dental clinic visits were examined categorically, the more
funds spent collectively on dental care, the lower the odds
of dementia. Thus, it appears that those who regularly
attended to their oral health were at lower odds of
dementia.

In contrast, dental radiography was consistently associ-
ated with higher odds of dementia for both the number of
exposures and/or cost of dental radiology. This suggests
that independent of the positive effect of good oral health
care, there may an association between dementia and the
exposure of the brain to repeated oral diagnostic radiation.

Based on the hypothesis that microbial inflammation is a
proximate cause of dementia, the influences of selected
anti-microbial and anti-inflammatory drug therapies
were investigated. Collectively across the five models, sub-
jects who required prescribed antibiotics, NSAIDS, or
steroids were all associated with higher odds of dementia.
This is contrary to the original thesis that these therapies
would be protective suggesting that the underlying
medical problems that necessitated these therapeutic inter-
ventions are causative and outweighed the proposed pro-
tective influence of said drug therapies.

Subgroup analyses

Two subgroup analyses were conducted. One specifically
examined the role of sex and the other partitioned out VAD
and SAD to determine subgroup differences.

VAD included 29,680 cases equivalent to 14% of the
diagnosed dementia. Thus, the remaining majority of
179,728 or 86% of cases were presumed to be primarily
SAD. The incidence of both forms of dementia became
higher with age though the vascular form began to
appear as early as late in the fourth decade. This early
appearance of VAD still represents less than 1% of all
cases and only about 5% of all VAD diagnoses. After age
60, the diagnosis of both forms began to rise quickly in a
near parallel fashion. Both forms began to decline after age
85 suggesting again the natural influence of age-related
mortalities.

As indicated above, ischemic heart disease, hyperten-
sion, diabetes, stroke and peripheral artery disease were
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Table 1. Demographics of all study patients.

Case (N5 209,112) Control (N5 836,448)

Mean of age, years (SD) 77.2 (8.2) 76.9 (8.2)

Female gender (%) 116,370 (55.6) 465,480 (55.6)

Comorbidity (%):

Ischemic heart disease 42,336 (20.2) 143,453 (17.2)

Hypertension 130,968 (62.6) 474,887 (56.8)

Diabetes 63,549 (30.4) 202,401 (24.2)

Stroke 55,115 (26.4) 120,111 (14.4)

Peripheral artery disease 11,913 (5.7) 33,870 (4.0)

Chronic infection: 31,357 (15.0) 76,825 (9.2)

Pneumonia 26,768 (12.8) 59,669 (7.1)

Herpetic disease 5339 (2.6) 18,704 (2.2)

Dental utilization for decade prior to index

Total caries/amalgam fillings

Mean(SD) 0.5 (1.5) 0.5 (1.5)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Root canals

Mean(SD) 1.6 (3.0) 1.6 (3.0)

Median (Q1,Q3) 0 (0,2) 0 (0,2)

Periodontal emergencies

Mean(SD) 1.5 (3.4) 1.4 (3.2)

Median (Q1,Q3) 0 (0,2) 0 (0,1)

Scalings

Mean(SD) 2.7 (3.5) 2.7 (3.5)

Median (Q1,Q3) 1 (0,4) 1 (0,4)

Gingivectomies

Mean(SD) 0.0 (0.2) 0.0 (0.2)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Periodontics

Mean(SD) 4.1 (6.0) 4.0 (5.8)

Median (Q1,Q3) 2 (0,6) 2 (0,6)

Extractions

Mean(SD) 2.4 (3.5) 2.3 (3.3)

Median (Q1,Q3) 1 (0,4) 1 (0,3)

Oral surgeries in ORs

Mean(SD) 0.0 (0.0) 0.0 (0.0)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Dental costs for decade prior to index

Cost: Dental clinic visits

Mean(SD) 1268.2 (2090.9) 1247.5 (2011.6)

Median (Q1,Q3) 380 (0,1730) 460 (0,1720)

Cost: Dental radiography

Mean(SD) 76.7 (238.7) 69.9 (225.1)

Median (Q1,Q3) 0 (0,50) 0 (0,50)

Cost: Dental procedures

Mean(SD) 9065.9 (11,513.4) 9022.4 (11,288.4)

Median (Q1,Q3) 4700 (250,13,750) 4800 (203,13,780)

Cost: Amalgam restoration

Mean(SD) 3026.3 (5129.8) 3081.7 (5117.0)

Median (Q1,Q3) 600 (0,4100) 600 (0,4250)

Cost: Endodontics

Mean(SD) 2215.3 (4191.5) 2224.3 (4125.9)

Median (Q1,Q3) 0 (0,2800) 0 (0,2900)

Cost: periodontics

Mean(SD) 1957.3 (2855.4) 1939.7 (2828.3)

Median (Q1,Q3) 750 (0,2850) 750 (0,2800)

Cost: Oral surgery

Mean(SD) 1858.3 (2700.6) 1768.2 (2579.0)

Median (Q1,Q3) 900 (0,2700) 900 (0,2550)

Cost: Oral surgery in OR

Mean(SD) 0.4 (45.3) 0.7 (89.5)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

(continued)
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all associated with higher odds of dementia. Each of these
five comorbidities was at least marginally more prevalent
in the VAD subgroup compared to the SAD subgroup.
Hypertension (70.6% vs. 61.3%) and stroke (51.2% vs.
22.2%) were each much higher within the vascular demen-
tia group. The OR for dementia associated with stroke was
four fold higher (5.98 vs. 1.56) in the vascular dementia
group when compared to the much larger SAD group.

Unlike the cardiometabolic issues above, the primary
inflammatory disorders identified, pneumonia and herpet-
ic infections were more evenly distributed across the two
dementia categories. A history of pneumonia was consis-
tently and substantively associated with higher odds of
dementia in each of the two dementia subgroups.
However, the higher odds of dementia associated with
the herpes virus was consistently limited to the larger
SAD group and was not a factor in the VAD group.

Despite the much larger SAD group size, associations
between oral health, SAD and VAD were consistently sim-
ilar to those described above for the two subgroups com-
bined. However, the odds associated with a number of
variables were different within the VAD subgroup.
Specifically the number of root canals which as a categorical
variable was negatively associated with the outcome in the
SAD subgroup was not associated within the VAD group.
Similarly, the cost of dental radiology was associated with
higher odds of dementia within the SAD subgroup but no
association was found within the VAD subgroup. This
suggests again a specific mechanistic association between
ionizing radiation and dementia and particularly within
the SAD subgroup.

Finally, the categorical analyses of the selected pharma-
ceuticals indicate that greater use of NSAIDs and steroids
were associated with higher odds within the SAD sub-
group, while antibiotics were not associated (Table 5).
Contrary to this observation, the opposite was true for the

VAD subgroup. NSAIDs and steroids were not a factor
among the VAD cases and more prescriptions for antibiotic
therapy were associated with higher odds of dementia for
VAD. This discrepancy may reflect a more general relation-
ship between microbial infections (e.g. pneumonia), cardio-
vascular disease, and VAD.

Sex/gender analyses

The total incidence of dementia in men and women was
similar when corrected for age-associated population num-
bers (Table 6). Plotting the all-case incidence between the
age 60 and 85 provided a nearly linear relationship with
correlation coefficients r¼ 0.97 for men and 0.99 for
women. The greater total number of diagnoses of dementia
in women prompted a reanalysis. In most analyses, the
effects of tested variables were again very similar to both
subgroups combined. Due to the large volume of data, only
key differences will be described here. The cumulative inci-
dence of dementia with age for women and men is illus-
trated in Figure 1. Approximately twice as many of the
cases recorded prior to age 60 are men. As indicted
above, these early cases were almost all characterized as
VAD. This is a true sex difference in VAD incidence since
the population is relatively balanced in these younger
age groups. Demographically, the men were more likely
to have vascular problems including more ischemic heart
and peripheral artery disease. Thirty percent of the men
with dementia had a diagnosed stroke. The women were
more likely to have high blood pressure and diabetes and
remarkably fewer strokes in both absolute numbers and as
a fractional percentage (23%). Despite the larger case
number, women were less likely to present with VAD
(W 12.4% vs. M 16.5%).

Stroke was positively associated with dementia in both
sexes. The odds ratio for VAD was greater than 5 for

Table 1. Continued

Case (N5209,112) Control (N5836,448)

Cost: Total dental care

Mean(SD) 10,410.9 (13,165.0) 10,339.8 (12,882.1)

Median (Q1,Q3) 5450 (500,15,720) 5560 (500,15,720)

Anti-inflammatory/antimicrobial Rx for decade prior to index diagnosis

NSAID Rx

Mean(SD) 1.4 (2.9) 1.4 (2.8)

Median (Q1,Q3) 0 (0,2) 0 (0,2)

Steroid Rx

Mean(SD) 0.0 (0.8) 0.0 (0.4)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Antibiotic Rx

Mean(SD) 2.4 (3.9) 2.3 (3.7)

Median (Q1,Q3) 1 (0,3) 1 (0,3)

Cost: NSAID Rx

Mean(SD) 9.8 (104.4) 8.0 (57.5)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Cost: Steroid Rx

Mean(SD) 0.5 (27.4) 0.3 (19.2)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Cost: Antibiotic Rx

Mean(SD) 21.1 (110.7) 18.2 (146.2)

Median (Q1,Q3) 0 (0,0) 0 (0,0)
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women and greater than 6 for men. The odds of
SAD associated with stroke, though lower than in the
VAD subgroup, was still significant at 1.51 for women
and 1.63 for men. Despite the demographic differences in
comorbid disease distribution, each of the five disease cat-
egories retained higher odds of dementia for men and
women.

Men had more diagnosed infections largely due to a
higher prevalence of pneumonia. Pneumonia was associat-
ed with higher odds for both VAD and SAD for both sexes;
higher for men (M 1.82 versus W 1.52) than for women. The
distribution of diagnoses for HSV was relatively equal
across genders. HSV posed higher odds of SAD for both
men andwomen. Again, HSV did not appear to relate to the
odds of VAD in either sex.

Table 2. Demographics of dementia subgroups.

Atherosclerotic dementia

Others (majorly Sporadic

Alzheimer disease)

Case (N5 29,680) Control (N5118,720) Case (N5179,432) Control (N5 717,728)

n (%) n (%) n (%) n (%)

Mean of age, years (SD) 75.2 (9.3) 75.0 (9.5) 77.5 (7.9) 77.2 (8.0)

Female gender (%) 14,395 (48.5) 57,580 (48.5) 101,975 (56.8) 407,900 (56.8)

Comorbidity (%):

Ischemic heart disease 6163 (20.8) 19,352 (16.3) 36,173 (20.2) 124,101 (17.3)

Hypertension 20,957 (70.6) 64,295 (54.2) 110,011 (61.3) 410,592 (57.2)

Diabetes 10,939 (36.9) 27,962 (23.6) 52,610 (29.3) 174,439 (24.3)

Stroke 15,208 (51.2) 15,827 (13.3) 39,907 (22.2) 104,284 (14.5)

Peripheral artery disease 2021 (6.8) 4507 (3.8) 9892 (5.5) 29,363 (4.1)

Chronic infection 4653 (15.7) 10,309 (8.7) 26,704 (14.9) 66,516 (9.3)

Pneumonia 4066 (13.7) 8020 (6.8) 22,702 (12.7) 51,649 (7.2)

Herpetic disease 689 (2.3) 2491 (2.1) 4650 (2.6) 16,213 (2.3)

Dental utilization for decade prior to index (SD)

Total caries/amalgam fillings 0.5 (1.6) 0.6 (1.6) 0.5 (1.5) 0.5 (1.5)

Root canals 1.5 (3.0) 1.6 (3.0) 1.6 (3.0) 1.6 (3.0)

Periodontal emergencies 1.3 (3.1) 1.4 (3.3) 1.5 (3.4) 1.4 (3.2)

Scalings 2.5 (3.4) 2.7 (3.5) 2.7 (3.6) 2.6 (3.5)

Gingivectomies 0.0 (0.2) 0.0 (0.2) 0.0 (0.3) 0.0 (0.2)

Periodontics 3.8 (5.6) 4.1 (5.9) 4.2 (6.1) 4.0 (5.8)

Extractions 2.4 (3.5) 2.3 (3.3) 2.4 (3.5) 2.3 (3.3)

Oral surgery in OR 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Dental costs decade prior to index diagnosis mean (SD):

Cost: Dental clinic visits 1145.2 (1939.2) 1234.8 (1989.6) 1288.6 (2114.3) 1249.6 (2015.3)

Cost: Dental radiology 73.0 (219.8) 72.1 (229.1) 77.4 (241.7) 69.6 (224.4)

Cost: Dental procedures 8634.4 (11,121.7) 9275.0 (11,403.5) 9137.3 (11,575.4) 8980.6 (11,268.7)

Cost: Amalgam restoration 2843.0 (4902.5) 3230.3 (5231.2) 3056.7 (5165.8) 3057.1 (5097.5)

Cost: Endodontics 2131.8 (4086.0) 2285.5 (4167.8) 2229.2 (4208.5) 2214.2 (4118.8)

Cost: Periodontics 1820.5 (2725.6) 2009.8 (2917.7) 1980.0 (2875.7) 1928.2 (2813.1)

Cost: Oral surgery 1830.7 (2692.0) 1740.5 (2598.0) 1862.8 (2702.0) 1772.8 (2575.9)

Cost: Oral surgery in OR 0.7 (58.7) 0.6 (61.9) 0.4 (42.7) 0.7 (93.3)

Cost: Total dental care 9852.5 (12,632.2) 10,581.8 (12,972.6) 10,503.2 (13,248.8) 10,299.8 (12,866.7)

Anti-inflammatory/antimicrobial rx for decade prior to index diagnosis

NSAID Rx 1.4 (2.8) 1.4 (2.9) 1.4 (2.9) 1.4 (2.8)

Steroids Rx 0.0 (0.6) 0.0 (0.5) 0.0 (0.8) 0.0 (0.4)

Antibiotics Rx 2.4 (3.8) 2.3 (3.7) 2.4 (3.9) 2.3 (3.7)

Costs of NSAIDs 9.7 (111.0) 8.1 (68.0) 9.9 (103.2) 8.0 (55.5)

Costs of steroids 0.4 (19.1) 0.4 (28.4) 0.5 (28.5) 0.3 (17.3)

Costs of antibiotics 21.3 (113.9) 18.5 (305.8) 21.1 (110.1) 18.1 (97.1)

Total

Men

Women

SAD

VAD
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Figure 1. Cumulative diagnosis of dementia by age between 2011 and 2015.

Total diagnoses, men, women, sporadic Alzheimer’s disease (SAD), vascular

Alzheimer’s disease (VAD).
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Table 3. Comorbid diseases adjusted odds ratio by fitting conditional logistic model 3.

Dementia Atherosclerotic dementia Others (majorly Alzheimer disease)

Variables OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Ischemic heart disease 1.13 1.12–1.14 <0.0001 1.16 1.12–1.21 <0.0001 1.13 1.11–1.14 <0.0001

Hypertension 1.09 1.08–1.10 <0.0001 1.37 1.33–1.41 <0.0001 1.05 1.04–1.06 <0.0001

Diabetes 1.22 1.21–1.24 <0.0001 1.45 1.41–1.50 <0.0001 1.19 1.17–1.20 <0.0001

Stroke 1.97 1.94–1.99 <0.0001 5.96 5.78–6.15 <0.0001 1.56 1.54–1.58 <0.0001

Peripheral artery disease 1.24 1.21–1.26 <0.0001 1.34 1.26–1.43 <0.0001 1.22 1.19–1.25 <0.0001

Pneumonia 1.67 1.64–1.69 <0.0001 1.46 1.39–1.53 <0.0001 1.71 1.68–1.74 <0.0001

Herpetic disease 1.09 1.05–1.12 <0.0001 1.04 0.94–1.14 0.4283 1.10 1.06–1.13 <0.0001

Note: Exposure and cost variables are categorical.

Table 4. Oral health factors adjusted odds ratios.

Dementia Atherosclerotic dementia Others (majorly Sporadic Alzheimer disease)

Variables OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Total caries/amalgam fillings

0 ref 0.265 ref 0.3495 ref 0.5123

�1 0.99 0.98–1.01 0.98 0.94–1.02 0.99 0.98–1.01

Root canal treatment

0 ref <0.0001 ref 0.3229 ref <0.0001

1 0.98 0.96–0.99 0.97 0.91–1.02 0.98 0.96–1.00

�2 0.96 0.94–0.97 1.01 0.96–1.06 0.95 0.93–0.97

Periodontal emergencies

0 ref <0.0001 ref 0.0302 ref <0.0001

1 1.05 1.03–1.07 1.07 1.02–1.13 1.04 1.02–1.06

�2 1.11 1.09–1.13 1.05 0.99–1.11 1.11 1.09–1.14

Scalings

0 ref 0.7781 ref 0.3453 ref 0.6506

1 1.01 0.98–1.04 1.07 0.99–1.15 1.00 0.97–1.03

2–4 1.02 0.99–1.05 1.03 0.95–1.13 1.01 0.98–1.05

�5 1.02 0.98–1.05 1.02 0.92–1.14 1.02 0.98–1.06

Gingivectomies

0 ref 0.6976 ref 0.8046 ref 0.6058

�1 0.99 0.95–1.03 1.01 0.90–1.14 0.99 0.95–1.03

Periodontics

0 ref 0.0466 ref 0.522 ref 0.1318

1–2 0.97 0.94–1.00 0.96 0.89–1.04 0.97 0.94–1.00

3–6 0.96 0.93–1.00 0.95 0.85–1.06 0.97 0.93–1.01

�7 0.98 0.93–1.03 0.98 0.85–1.12 0.98 0.94–1.04

Extractions

0 ref <0.0001 ref <0.0001 ref <0.0001

1 0.97 0.95–0.98 1.01 0.96–1.07 0.96 0.94–0.98

2–3 0.97 0.95–0.99 1.03 0.98–1.09 0.96 0.94–0.98

�4 1.01 0.99–1.02 1.13 1.07–1.19 0.98 0.96–1.00

Oral surgery in OR

0 ref 0.9363 ref 0.3886 ref 0.868

�1 1.02 0.65–1.60 1.67 0.52–5.36 0.96 0.58–1.58

Cost: Dental procedures

Q1 ($1–250) ref 0.0005 ref 0.0026 ref 0.009

Q2 ($250–4800) 1.01 0.99–1.04 0.96 0.90–1.02 1.02 1.00–1.05

Q3 ($$4801–13,770) 0.98 0.95–1.01 0.88 0.81–0.95 1.00 0.96–1.03

Q4 (>$13,770) 0.97 0.94–1.01 0.84 0.76–0.93 1.00 0.96–1.04

Cost: Dental clinic visits

Q1 ($ 0) ref <0.0001 ref 0.0022 ref 0.0009

Q2 ($1–460) 1 0.98–1.01 0.98 0.93–1.03 1.00 0.98–1.02

Q3 ($461–1730) 0.97 0.95–0.98 0.95 0.91–1.00 0.97 0.95–0.98

Q4 (>$1730) 0.96 0.94–0.98 0.89 0.84–0.95 0.97 0.95–1.00

Cost: Dental radiography

Q2 ($0) ref <0.0001 ref 0.4796 ref <0.0001

Q3 ($1–50) 1.01 0.99–1.02 0.97 0.92–1.02 1.01 0.99–1.03

Q4 (>$50) 1.04 1.03–1.06 1.01 0.96–1.05 1.05 1.03–1.07

Note: Fitting conditional logistic model 3 exposure and cost variables are categorical
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The frequency of dental procedures overall was quite
similar for men and women. However, the cost of those
procedures was consistently 5–10% higher for men includ-
ing dental radiology (Table 6). Variables for which a sex
disparity was observed are listed in Table 7 with male/
female differences highlighted as bold P values.
Surprisingly, the small number of differences provides
few cogent clues as to why so many women are diagnosed
with dementia. Women may have more gingival issues
(periodontal emergencies; scalings) and inflammation
(NSAIDs) compared with men, and men may derive
more protection from periodontal procedures and the
total costs of dental care than women. The cost of antibiotic
and NSAIDs medication was more than 50% higher for
men in the study. This greater requirement for antibiotics
translates into greater odds of VAD and SAD for men.
NSAIDs were associated with higher odds of SAD in
women and despite the greater NSAIDs costs for men;
the associated odds for men were not altered. The cost of
anti-inflammatory steroids was similar between the two
subgroups. Thus, NSAIDs and steroids were associated
with higher odds of SAD for women. NSAIDs were not a
problem for men but steroids and antibiotics were associ-
ated with higher odds of SAD for men and antibiotics were
associated with higher odds of VAD for men. Thus, collec-
tively, the apparent disparity in SAD between women and
men may depend on multiple factors where women suffer
more from negative influences and men benefit more from
positive influences.

Discussion

The Taiwan National Health Insurance (NHI) database pro-
vides a unique opportunity to test for a variety of influences
on the development of dementia in a national populace.
The large comprehensive sample size allows for the evalu-
ation of very subtle associations with a high degree of
confidence and precision. As indicated above, the current
analyses selected residents of Taiwan 40 years of age or
older diagnosed with dementia within the five-year inter-
val 2011–2015. These were then age matched 1:4 with their
dementia-free countrymen and women. Five models were

conducted but due to the large volume of data and similar
results, the categorical Model 3 was selected for presenta-
tion. Model three was also better able to compensate for
biphasic variables and dilutive effect of the VAD subgroup.
In Model 3, all the variables were categorical. Selected
results from the other models were presented. Two sub-
group analyses were also conducted to first compare VAD
and SAD and second to compare the influences onmen and
women separately. More than 200,000 new cases were iden-
tified during the five-year study interval. Taiwan is an
aging society and since the mean mortality rate following
diagnosis is 4.48 years,16 it would appear that the overall
prevalence of dementia in Taiwan will continue to increase
as we proceed forward.

The primary hypothesis proposed that those with either
better oral health or better oral health care would be less
likely to develop dementia. This is based on the emerging
concept that dementia results at least in part from chronic
subclinical infectious processes within the brain.1,2 The
actual brain damage then arises from normal host defense
mechanisms and the resulting inflammation from the con-
tinual struggle to eliminate the foreign microbes. Although
the host defense systems should be self-limiting by design,
the hypothesis suggests that the offending biome is contin-
ually replenished from a natural reservoir.5 A number of
sources have been suggested due to their ready access to
the external environment including the normal biome
within the lungs, intestinal tract, and the oral cavity.
The oral microbiome may first, have an advantage in that
several of the cranial nerves serve the mouth and nasal
passages and their musculature. There is experimental evi-
dence for the retrograde transport of oral microbes along
these nerves based on microbes isolated from associated
ganglia and from within the postmortem brains of SAD
patients.4 Second, rough food and the sometimes intense
mechanical pressure associated with mastication can easily
damage and breech the oral epithelium to allow microbial
access to the interstitial spaces and thus the systemic
lymph. And finally, in the absence of scrupulous attention
to dental hygiene, these same forces regularly create micro-
bial reservoirs between teeth andwithin the gingival spaces

Table 5. Anti-inflammatory/ antimicrobial pharmaceuticals adjusted odds ratios.

Dementia Atherosclerotic dementia Others (majorly Alzheimer disease)

Variables OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

NSAIDs Rx

0 ref 0.003 ref 0.6691 ref 0.0007

1 1.02 1.01–1.04 1.01 0.96–1.06 1.03 1.01–1.05

�2 1.03 1.01–1.04 0.98 0.94–1.03 1.03 1.01–1.05

Steroids Rx

0 ref 0.02 ref 0.1418 ref 0.002

�1 1.06 1.01–1.11 0.9 0.77–1.04 1.08 1.03–1.14

Antibiotics Rx

0 ref 0.0054 ref 0.0278 ref 0.0832

1 1.02 1.01–1.04 1.06 1.01–1.12 1.02 1.00–1.04

2–3 1.01 0.99–1.03 1.03 0.98–1.10 1.00 0.98–1.02

�4 1.03 1.01–1.05 1.09 1.02–1.16 1.02 1.00–1.05

Note: Fitting conditional logistic model 3 exposure and cost variables are categorical.
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Table 6. Subgroup analyses demographics by sex.

WOMEN (N5116,370) Men (N592,742)

Mean of age, years (SD) 77.1 (8.1) 77.3 (8.3)

Comorbidity (%):

Ischemic heart disease 22,675 (19.5) 19,661 (21.2)

Hypertension 75,254 (64.7) 55,714 (60.1)

Diabetes 37,272 (32.0) 26,277 (28.3)

Stroke 26,988 (23.2) 28,127 (30.3)

Peripheral artery disease 6286 (5.4) 5627 (6.1)

Chronic Infection: 14,537 (12.5) 16,820 (18.1)

Pneumonia 11,897 (10.2) 14,871 (16.0)

Herpetic disease 2937 (2.5) 2402 (2.6)

Prior decade dental utilization

Total caries filled, amalgam fillings

Mean(SD) 0.5 (1.5) 0.5 (1.6)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Root canals

Mean(SD) 1.5 (2.9) 1.6 (3.2)

Median (Q1,Q3) 0 (0,2) 0 (0,2)

Periodontal emergencies

Mean(SD) 1.4 (3.2) 1.5 (3.5)

Median (Q1,Q3) 0 (0,2) 0 (0,2)

Scalings

Mean(SD) 2.6 (3.5) 2.7 (3.6)

Median (Q1,Q3) 1 (0,4) 1 (0,4)

Gingivectomies

Mean(SD) 0.0 (0.2) 0.0 (0.3)

Median (Q1,Q3) 0 (0,0) 0.0 (0.3)

Periodontics procedures

Mean(SD) 4.1 (5.8) 4.2 (6.2)

Median (Q1,Q3) 2 (0,6) 2 (0,6)

Extractions

Mean(SD) 2.3 (3.3) 2.6 (3.6)

Median (Q1,Q3) 1 (0,3) 1 (0,4)

Oral surgeries in operating rooms

Mean(SD) 0.0 (0.0) 0.0 (0.0)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Dental costs decade prior to index diagnosis

Costs: Dental clinic visits

Mean(SD) 1244.5 (2038.8) 1297.9 (2154.2)

Median (Q1,Q3) 270 (0,1670) 460 (0,1810)

Costs: Dental radiography

Mean(SD) 71.6 (233.2) 83.2 (245.2)

Median (Q1,Q3) 0 (0,50) 0 (0,50)

Costs: Dental procedures

Mean(SD) 8708.8 (11,084.9) 9514.0 (12,014.6)

Median (Q1,Q3) 4450 (150,13,300) 5000 (500,14,400)

Costs: Amalgam restoration

Mean(SD) 2886.4 (4933.2) 3201.9 (5361.2)

Median (Q1,Q3) 600 (0,3900) 600 (0,4350)

Costs: Endodontic procedures

Mean(SD) 2162.9 (4085.1) 2281.1 (4320.3)

Median (Q1,Q3) 0 (0,2800) 0 (0,2880)

Periodontics procedures

Mean(SD) 1909.9 (2760.1) 2016.8 (2969.7)

Median (Q1,Q3) 750 (0,2800) 750 (0,2900)

Oral surgeries

Mean(SD) 1741.3 (2559.9) 2005.0 (2860.7)

Median (Q1,Q3) 700 (0,2500) 950 (0,2853)

Oral surgeries in operating rooms

Mean(SD) 0.4 (41.8) 0.5 (49.3)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Total dental care

Mean(SD) 10,024.9 (12,696.2) 10,895.1 (13,715.3)

Median (Q1,Q3) 5170 (410,15,240) 5790 (600,16,346)
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composed of oral microbes and a veritable culture medium
of partially digested food.

The data analyses identify a number of suspected factors
that might be associated with subsequent dementia.17

The disease is associated with age and the data illustrate
a consistent timeline for the relatively homogenous
Taiwanese populace. The numbers of cases prior to age 60
are few but are twice as likely to be men and nearly all are
VAD. After age 60, new cases increase rapidly with the
incidence in women consistently surpassing men in every
age bracket after age 60. The greater number of women
mirrors an even greater female/male disparity reported
by the Alzheimer’s Association in the United States.18,19

Some smaller studies did not always find a greater preva-
lence in women throughout the aging process but most
found women were at higher risk.20–23 The sex disparity
has been attributed in part to a survivor bias which sug-
gests that men succumb to chronic diseases earlier in life
than their female counterparts. Thus, following this early
attrition, the remaining male populace is then dispropor-
tionately comprised of those with superior health and per-
haps greater brain reserve providing greater resistance to
dementia and delaying its perceived onset. This is not sup-
ported in the combined group because when the incidence
between ages 60 and 85 is corrected for the national popu-
lation by age and sex, the incidence rates are not different
for men and women. Thus, it seems there are more women
with dementia because there are more women in the aging
population not because the surviving men are healthier.

The data reinforce significant dementia associations
with coronary artery, peripheral artery, and cerebral
artery (stroke) disease plus hypertension and diabetes.
Since latter two conditions are major contributors to the
prior three, cerebral perfusion issues must be considered
a major contributing factor for dementia. Impaired perfu-
sion of the brain may compromise the blood–brain barrier
and facilitate further the entry of both infectious agents
and/or humoral inflammatory mediators.

In addition to the established relationships among
hypertension, diabetes and vascular disease, hypertension
and diabetes are both associated with a general state of sub-
clinical systemic inflammation.24–27 Diabetes and coronary
artery disease also have more specific known interrelation-
ships with inflammatory periodontal disease.28,30 In each
case, these comorbidities were associated with significant
odds for VAD and SAD in both men and women. Of these
comorbidities, stroke was most prominently associated
with the outcome among the VAD subgroup for both men
and women by a similarly wide margin.

Exposure to two of the proposed microbial offenders,
pneumonia and HSV, were evaluated. Pneumonia was con-
sistently associated with the outcome across all groups,
though 60% more problematic for men. In contrast, HSV
was also positively related for men and women but the
odds were concentrated in the SAD subgroup and were
not significant for VAD. This difference in the distribution
of the HSV-associated odds reinforces the distinct etiology
of the two dementia variants. One concern in this regard is
that the prevalence of diagnosed HSV (2–3%) in the data-
base significantly underestimates the reported prevalence
in the population based on random serological sampling.29

The association between pneumonia and VAD may reflect
the added influence of a reported association between
pneumonia and cardiopulmonary disease.31 However, the
association between both pneumonia, HSV, and SAD pro-
vides additional support for participation by these
microbes in the proposed microbial inflammatory hypoth-
esis of dementia. Most discussants believe that a variety of
microbes are likely to be involved, though access by a few
primary microorganisms, may then facilitate the entry of a
spectrum of secondary organisms.1

The odds associated with dental or oral health are some-
what mixed and open to interpretation. Many routine
dental procedures like fillings, scalings, gingivectomies,
periodontics, and even oral surgeries were not consistently
associated with a change in the overall odds though the

Table 6. Continued

WOMEN (N5116,370) Men (N5 92,742)

Anti-inflammatory/ antimicrobial pharmaceuticals decade prior to index diagnosis

NSAIDs Rx numbers

Mean(SD) 1.3 (2.7) 1.6 (3.1)

Median (Q1,Q3) 0 (0,2) 0 (0,2)

Steroids Rx numbers

Mean(SD) 0.0 (0.5) 0.0 (1.0)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Antibiotics Rx numbers

Mean(SD) 2.2 (3.6) 2.7 (4.3)

Median (Q1,Q3) 1 (0,3) 1 (0,4)

Costs of NSAIDs

Mean(SD) 7.4 (60.9) 12.9 (141.0)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Costs of steroids

Mean(SD) 0.5 (21.3) 0.5 (33.5)

Median (Q1,Q3) 0 (0,0) 0 (0,0)

Costs of antibiotics

Mean(SD) 16.9 (113.3) 26.5 (107.1)

Median (Q1,Q3) 0 (0,0) 0 (0,13)

Note: Fitting conditional logistic model 3 exposure and cost variables are categorical.
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Table 7. Female/male disparities oral health factors adjusted odds ratios.

Dementia Atherosclerotic dementia Others (majorly Alzheimer disease)

Variables OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Periodontal emergencies

Women

0 ref 　 <0.0001 ref 　 0.0156 ref 　 <0.0001

1 1.05 1.02–1.07 　 1.11 1.03–1.19 　 1.04 1.01–1.07 　
�2 1.12 1.09–1.15 　 1.05 0.96–1.14 　 1.12 1.09–1.16 　

Men

0 ref 　 <0.0001 ref 　 0.5094 ref 　 <0.0001

1 1.05 1.02–1.08 　 1.03 0.96–1.11 　 1.05 1.02–1.08 　
�2 1.10 1.06–1.13 　 1.05 0.96–1.14 　 1.1 1.07–1.14 　

Scalings

Women

0 ref 　 0.0941 ref 　 0.3743 ref 　 0.0069

1 0.99 0.96–1.03 　 1.07 0.96–1.20 　 0.98 0.94–1.02 　
2–4 1.01 0.97–1.05 　 1.01 0.89–1.14 　 1.01 0.97–1.06 　
�5 1.04 0.99–1.10 　 1.00 0.86–1.16 　 1.05 1.00–1.11 　

Men

0 ref 　 0.0534 ref 　 0.7618 ref 　 0.0628

1 1.03 0.99–1.08 　 1.06 0.95–1.18 　 1.03 0.99–1.08 　
2–4 1.02 0.98–1.07 　 1.06 0.93–1.19 　 1.02 0.97–1.07 　
�5 0.99 0.93–1.04 　 1.05 0.90–1.22 　 0.98 0.92–1.04 　

Periodontal procedure

Women

0 ref 　 0.4018 ref 　 0.3749 ref 　 0.6945

1–2 0.99 0.95–1.03 　 0.97 0.86–1.09 　 1.00 0.96–1.04 　
3–6 0.98 0.94–1.04 　 0.94 0.81–1.10 　 1.00 0.94–1.05 　
�7 1.01 0.95–1.07 　 1.01 0.83–1.23 　 1.01 0.95–1.08 　

Men

0 ref 　 0.0253 ref 　 0.8933 ref 　 0.0242

1–2 0.94 0.90–0.98 　 0.95 0.85–1.07 　 0.93 0.89–0.98 　
3–6 0.93 0.88–0.99 　 0.95 0.81–1.11 　 0.94 0.88–0.99 　
�7 0.94 0.88–1.01 　 0.94 0.78–1.15 　 0.95 0.88–1.02 　

Extractions

Women

0 ref 　 <0.0001 ref 　 0.402 ref 　 <0.0001

1 0.96 0.94–0.98 　 1.03 0.96–1.11 　 0.95 0.92–0.97 　
2–3 0.95 0.93–0.97 　 1.00 0.93–1.07 　 0.94 0.92–0.96 　
�4 0.97 0.95–1.00 　 1.05 0.97–1.13 　 0.96 0.93–0.98 　

Men

0 ref 　 <0.0001 ref 　 <0.0001 ref 　 0.0111

1 0.98 0.95–1.01 　 1.00 0.92–1.08 　 0.97 0.94–1.00 　
2–3 1.00 0.98–1.03 　 1.06 0.99–1.15 　 0.99 0.96–1.02 　
�4 1.05 1.02–1.08 　 1.20 1.11–1.29 　 1.02 0.99–1.05 　

NSAIDs Rx

Women

0 ref 　 0.0001 ref 　 0.6172 ref 　 0.0002

1 1.04 1.01–1.06 　 1.02 0.95–1.10 　 1.04 1.01–1.06 　
�2 1.05 1.02–1.07 　 1.03 0.96–1.11 　 1.05 1.03–1.08 　

Men

0 ref 　 0.6599 ref 　 0.1754 ref 　 0.4886

1 1.01 0.99–1.04 　 0.99 0.92–1.06 　 1.01 0.99–1.04 　
�2 1.00 0.98–1.03 　 0.94 0.88–1.00 　 1.01 0.99–1.04 　

Antibiotics Rx

Women

0 ref 　 0.1317 ref 　 0.1246 ref 　 0.4366

1 1.01 0.99–1.04 　 1.03 0.95–1.11 　 1.00 0.98–1.03 　
2–3 0.98 0.96–1.01 　 0.96 0.89–1.05 　 0.99 0.96–1.01 　
�4 1.01 0.98–1.04 　 1.05 0.95–1.15 　 1.00 0.97–1.03 　

Men

0 ref 　 0.0019 ref 　 0.0227 ref 　 0.0303

1 1.04 1.01–1.07 　 1.10 1.02–1.19 　 1.04 1.00–1.07 　
2–3 1.03 1.00–1.07 　 1.11 1.02–1.20 　 1.02 0.99–1.06 　
�4 1.06 1.03–1.10 　 1.14 1.04–1.24 　 1.05 1.01–1.09 　
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odds often trended lower. Although dental amalgam has
routinely been deemed safe and unrelated to AD,32,33

a modest trend for the association between AD and oral
mercury containing amalgam has been proposed in this
population.34 Though the current analyses did not partition
the filling materials by content, an association with the
number of fillings was not identified. However, when
treated as categorical variables, typical restorative dental
care like root canals and limited numbers of extractions
appears to be protective, lowering dementia odds ratios.
When the recorded problems were frequent and/or
severe as in large numbers of extractions or in periodontal
emergencies, the odds rose. Perhaps the strongest evidence
for better dental care resides with the costs of dental care.
Based on a decade of care, the average costs are modest, yet
the cost of dental visits and dental procedures were both
associated with a significant reduction in odds of dementia.

In dramatic contrast, the cost of dental radiographic pro-
cedures appears to positively relate to SAD but again dif-
ferentially not for VAD. This disparity between the costs of
dental care and the costs of dental radiographic procedures
strongly suggests the associated X-radiation may be inde-
pendently associated with SAD. An alternative interpreta-
tion might suggest that greater radiology costs reflect more
severe/chronic oral health issues. Although plausible, this
latter concept seems less likely since the overall cost of
dental care directly refutes that logic. Although, modern
dental radiographic equipment is better collimated to
focus and reduce the exposure, the convenience of the dig-
ital equipment may actually increase the number of images
routinely acquired.

Based on the inflammatory hypothesis, the roles of three
classes of pharmaceuticals were analyzed. These included

anti-inflammatory steroids, NSAIDs, and antibiotics. The
original thesis was that these drugs would lower the odds
of dementia. However, the data do not support that con-
cept. Increasing use or requirement for these drugs rather
appears to be a hallmark of repeated infection and/or
chronic inflammation. All three classes are associated
with higher odds of total dementia. The notable exception
was that NSAIDs and steroids were not an issue in the VAD
subgroup. Antibiotics were specifically a problem for men
especially within the VAD subgroup. This perhaps empha-
sizes again an underlying relationship between infection
and cardiovascular disease. For some antibiotics, their
access to the central nervous system may not have been
sufficient to alter the resident microbial population within
the brain. The analysis of specific antibiotics was beyond
the scope of this study. Once again it is unlikely these drug
associations are causative but more likely that they are
symptomatic of an underlying chronic or repeated condi-
tion. High dose steroids may be a potential exception if
their immunosuppressive activity is sufficient to allow the
pathological biome to evade immune surveillance and
thus, flourish.

Limitations

(1) As always, the analyses described here are able only to
assess the association and though the data may support a
cause and effect relationship, they cannot prove causality.
The association with oral health may be mediated by other
relationships. In this regard, those with better oral health
may be more socially and physically active or enjoy a more
nutritious diet. (2) The diagnoses were made based on clin-
ical findings and not confirmed by post-mortem pathology,
and thus the clinical diagnosis of SAD may overestimate

Table 7. Continued

Dementia Atherosclerotic dementia Others (majorly Alzheimer disease)

Variables OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Cost: Dental clinic visits

Women

Q1 ($ 0) ref 　 0.2875 ref 　 0.2925 ref 　 0.395

Q2 ($1–460) 1.01 0.98–1.03 　 0.99 0.92–1.06 　 1.01 0.98–1.03 　
Q3 ($461–1730) 0.98 0.96–1.01 　 0.98 0.92–1.04 　 0.99 0.96–1.01 　
Q4 (>$1730) 0.99 0.96–1.01 　 0.93 0.85–1.01 　 0.99 0.97–1.02 　

Men

Q1 ($ 0) ref 　 <0.0001 ref 　 0.0069 ref 　 0.0001

Q2 ($1–460) 0.98 0.95–1.01 　 0.97 0.90–1.04 　 0.98 0.96–1.01 　
Q3 ($461–1730) 0.94 0.92–0.96 　 0.93 0.87–0.99 　 0.94 0.92–0.97 　
Q4 (>$1730) 0.94 0.91–0.97 　 0.87 0.80–0.94 　 0.95 0.92–0.98 　

Cost: Dental procedures

Women

Q1 ($1–250) ref 　 0.0343 ref 　 0.5289 ref 　 0.0372

Q2 ($250–4800) 1.02 0.99–1.05 　 0.96 0.88–1.04 　 1.03 1.00–1.06 　
Q3 ($$4801–13,770) 0.99 0.95–1.03 　 0.92 0.82–1.03 　 1.00 0.96–1.04 　
Q4 (>$13,770) 0.99 0.94–1.03 　 0.92 0.80–1.07 　 1.00 0.95–1.05 　

Men

Q1 ($1–250) ref 　 0.0148 ref 　 0.0007 ref 　 0.2392

Q2 ($250–4800) 1.00 0.97–1.03 　 0.97 0.88–1.06 　 1.01 0.97–1.05 　
Q3 ($$4801–13,770) 0.96 0.91–1.00 　 0.84 0.75–0.95 　 0.98 0.94–1.03 　
Q4 (>$13,770) 0.95 0.90–1.01 　 0.77 0.67–0.89 　 0.99 0.94–1.05 　

Note: Fitting conditional logistic model 3 exposure and cost variables are categorical.
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the actual numbers. In contrast, cultural respect for the
elderly in Taiwan may result in an underestimate in
the actual incidence.31,35–38 However, given the very large
sample size, these errors would presumable be relatively
constant across groups. (3) When one makes a large
number of comparisons, the probability of false positives
rises. Several factors in the current study tend to mitigate
this issue including the internally consistent findings across
multiple regression models and frequent P-values that
would meet much higher stringencies. (4) The study used
available dental records for the decade preceding the index
diagnoses and thus the assessments might differ if life-
long records were available. While the data analyses are
very precise, the interpretation of that data is necessarily
qualitative given the multifactorial characteristics of
Alzheimer’s disease.

Summary

The Taiwan National Insurance database allows for some
very precise estimates of associations with dementia.
Cardiometabolic and infectious disease are clear and poten-
tially modifiable factors. Serious and/or recurrent oral
health problems also appear to be positively associated
with dementia. Consistent attention to oral healthcare
appears to be associated with lower odds.37,39 These obser-
vations are consistent with the hypothesis that resident oral
microbes participate in the development of dementia, par-
ticularly sporadic Alzheimer’s disease. The NHI dental
records do not include the mundane daily hygiene prac-
ticed by the populace. Simple measures such as daily
brushing, flossing, and using antimicrobial mouthwash
are increasingly difficult for cognitively impaired patients
and may represent an easy and important point of inter-
vention. Thus, routine oral hygiene may be strategically
important with respect to both the development of demen-
tia and its subsequent rate of progression especially for
dementia patients who have increasing difficulty with
their daily routine. Since prophylaxis is absolutely critical,
carefully controlled studies or well-designed retrospective
surveys of routine dental hygiene could be very useful for
public health advice and planning.
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