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Abstract 

Objectives: This retrospective, longitudinal cohort study quantified the strength 
of the association between xerogenic cardiovascular medication use and dental 
restorations, using the latter as a proxy measure for dental caries experience. 
Methods: Study data were collected from I 1  years of electronic clinical/pharmacy 
records in two large dental group practices associated with managed care organi- 
zations (MCO). Records were extracted for all members who were at least 55 years 
old at the end of the I ?  year window, and had at feast 48 months of concurrent 
dental, medical, and pharmacy coverage. The authors identified 4,448 individuals 
whose only xerogenic medication exposure was to drugs treating a cardiovascular 
condition. This group was compared to a group not taking any medications (n=?, ?83), 
and a group taking medications with no known xerostomic side effect (n=5,622). 
Poisson regression compared restoration incidence and mean restoration rates 
among the three groups. Results: MCO members taking cardiovascular or non- 
xerogenic medications had higher restoration incidence and mean restoration rates 
than individuals taking no medications. A small difference in mean restoration rate 
between the non-xerogenic medication group and the cardiovascular drug group 
was observed; no significant difference in restoration incidence was seen between 
these two groups. Conclusions: This study provides objective quantification of 
cardiovascular medication’s long-term effects on increased restorations in older 
adults. When grouped under a single category labeled “cardiovascular,” drugs with 
effects targeting the cardiovascular system did not appear to unequivocally lead to 
higher restorative experiences. 
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Introduction 
Xerostomia, a reduction in sali- 

vary flow resulting in a subjective feel- 
ing of mouth dryness, is more com- 
mon in adults, especially older adults. 
Xerostomia can result from a number 
of causes, (1) including autoimmune 
diseases, head and neck radiation (2), 
depression (3;4) anxiety, dehydration, 
and long-term use of medications af- 
fecting the autonomic nervous system 
(5-7). Aging does not affect salivary 
gland function per se. The frequency 
of medication use that influences sali- 
vary flow, however, does increase with 

age (8)(9-11). Saliva serves an impor- 
tant protective function due to its 
remineralizing, antibacterial, and 
buffering actions (11). 

Many commonly prescribed drugs 
have anticholinergic properties that 
block parasympathetic salivary gland 
stimulation (12). Anticholinergic 
medications have long been identified 
as contributing to xerostomia, and 
subsequent dental crown and root 
caries (13), with one or the other pref- 
erentially associated with the num- 
ber of xerogenic medications taken 
(14). Reduced salivary flow can cause 

chronic discomfort, functional prob- 
lems, rapid caries progression, inten- 
sification of periodontal problems, 
and increased risk for oral candidi- 
asis. A decrease in saliva’s cleansing 
properties permits bacterial growth 
and adherence, leading to increased 
dental plaque accumulation. The 
same principle is responsible for the 
inadequate buffering of bacterial ac- 
ids, which causes caries progression 
(15). Some studies, however, have 
failed to find such associations when 
salivary flow rate was examined, or 
when repeated cross-sectional assess- 
ments were attempted (16-19). 

The intake of prescription medica- 
tions increases with age, with more 
than 75% of persons aged 65 and older 
taking at least one prescription medi- 
cation (20). Having at least one car- 
diovascular condition is common 
across all ages. The American Heart 
Association estimates that 61,800,000 
Americans have cardiovascular dis- 
ease, which can include high blood 
pressure, coronary heart disease, 
stroke, birth defects of the heart and 
blood vessels, or congestive heart fail- 
ure. Recent reports found that 50 mil- 
lion Americans have high blood pres- 
sure, 12.6 million have coronary heart 
disease, and 4.6 million have suffered 
stroke (21). Even though an accurate 
estimate of cardiovascular drug use 
is difficult to attain, it is generally ac- 
cepted that long-term cardiovascular- 
drug use is very frequent, even after 
accounting for substantial under- 
medication of chronic conditions. 
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Some studies have failed to quan- 
titatively estimate anticholinergic 
medication's effect on outcomes di- 
rectly relevant to observed dental sta- 
tus (16,17). Other studies have mea- 
sured drug use at one, or two points 
in time (14,18), and then assumed that 
drug use was continuous between the 
two time points. There is a need to 
accurately quantify the effect of such 
medications by resorting to large, 
population-based, longitudinal as- 
sessments of the relationships be- 
tween xerogenic medication usage 
and caries experience. The present 
study offers an investigation into the 
effect of xerogenic medications used 
to treat cardiovascular conditions on 
caries experience, aiming to quantify 
its long-term impact on restorative 
services in a population with good 
access to restorative care. 

Methods 
This retrospective, longitudinal co- 

hort study's design and undertaking 
followed the guidelines for ethically 
conducting studies at the organiza- 
tions where data were collected. 

Managed care organizations 
members-description and eligibil- 
ity. The study was conducted using 
electronic medical, dental, and phar- 
macy records within two large dental 
group practices associated with medi- 
cal managed care organizations 
(MCO). One MCO is a staff model 
group practice consisting of 60 gen- 
eral dentists and specialists that pro- 
vides both pre-paid and fee-for-ser- 
vice dental and oral-care services in 
16 dental clinics located throughout 
the Twin Cities metropolitan area of 
Minnesota. It provides care for ap- 
proximately 100,000 members. About 
70% of the dentists' compensation is 
salary, with the remainder being re- 
lated to production and other plan in- 
centives (including adherence to 
clinical guidelines). Dentist supervi- 
sors do random audits to determine if 
the risk assigned and interventions 
prescribed make sense based on the 
clinical information. The second 
MCO is similar, except that it is made 
up of about 120 general dentists and 
specialists that supply dental services 

through 16 dental clinics located in 
Southeast Washington State and 
Northern Oregon, with about 170,000 
dental members at any one time. While 
design and enactment of clinical 
guidelines is also undertaken largely 
under the supervision of the group 
practice, it is only recently that plan 
incentives (again, with a substantial 
component of adherence to clinical 
guidelines) have replaced a small frac- 
tion of otherwise salaried practitio- 
ners. 

Virtually all members obtained 
prescriptions through their MCO 
pharmacy benefits as the insurance 
coverage reduces the cost of most pre- 
scribed medications. MCO members 
at both sites were required to fulfill 
the following criteria for inclusion in 
the study. First, they had to be 55 
years of age or older on 12/31/2000. 
Second, they had both dental and 
medical coverage with pharmacy ben- 
efits for an overlapping period of at 
least 48 consecutive months. Third, 
this period had to fall between 1990 
and 2000. If a potential subject had 
more than one eligible period during 
this interval, only the earliest period 
was used. Contiguous gaps in cover- 
age up to ninety days were not con- 
sidered breaks in coverage. Due to dif- 
ferences in enrollment stability be- 
tween the two sites, there were sub- 
stantial differences in the length of 
eligibility periods by site (Table 1). Age 
distributions of MCO members by site 
are shown in Table 2. 

Variable construction. MCO mem- 
bers taking xerogenic medications 
used to treat cardiovascular condi- 
tions composed one of the study 
groups. Two additional control 
groups were selected. The first con- 
sisted of MCO members without any 
pharmacy fills during the study pe- 
riod. These were included to control 
for a possible undetermined influence 
of being on any other non-xerogenic 
medication. The second control group 
had a history of medication use, but 
no exposure to the medications on the 
study xerogenic list. This group was 
included to control for xerostomic ef- 
fects that might not be directly ascrib- 
able to xerogenic medications. 

TABLE 1 
Distribution of MCO members by 

site and length of eligibility 

Eligibility Counts (Percentages) 
Length 
in Years Site 1 Site 2 

4 1,433 (27%) 2,097 (9%) 
5 2,430 (47%) 1,962 (9%) 
6 383 (7%) 1,974 (9%) 
7 629 (12%) 1,837 (8%) 
8 231 (4%) 1,471 (6%) 

10 39 (1%) 12,266 (53%) 
9 71 (1%) 1,446 (6%) 

Total 5,216 23,053 

TABLE 2 
Distribution of MCO members by 

age and by study site 

Eligibility Counts (Percentages) 
Aae Site 1 Site 2 
55-59 2,072 (40%) 6,952 (30%) 
60- 64 
65-69 
70-74 
75-79 
80-84 
85-89 
90-94 
95-99 

100-104 
105-109 
Total 

1,367 (26%) 
814 (16%) 
524 (10%) 
241 (5%) 
116 (6%) 
42 (1%) 
18 (4%) 
18 (4%) 
4 (<1%) 

0 
5,216 

4,840 (21%) 
3,312 (14%) 
2,758 (12%) 
2,294 (10%) 
1,439 (6%) 
921 (4%) 
403 (2%) 
111 (4%) 
22 (<1%) 
1 (4%) 
23,053 

Classification of xerogenic and 
non-xerogenic medications. The clas- 
sification of xerogenic medications re- 
lied on three approaches. Thefirst ap- 
proach categorized drugs based on an- 
ticholinergic mechanisms (22; 23). 
The second approach assembled lists of 
drugs that were known to have 
xerogenic potential-either by their 
clinical manifestations, with special 
attention to dry mouth (18),(24) or be- 
cause they were so classified based 
on their pharmacodynamics (25). An 
internal medicine specialist, a psy- 
chiatrist, and two pharmacists re- 
viewed these lists before they were 
merged into a single list. The third 
approach conducted an electronic 
search for any drug with a reported 
xerostomic side effect rates of 3% or 
greater in the 2002 Physician's Desk 
ReferenceTM (PDR) (26). While crude, 
such an arbitrary threshold is set by 
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TABLE 3 
Distributions of cardiovascular drug classes (GPI) and of MCO members 

taking xerogenic medications by GPI class 

Count of Drugs 
GPI Class in Each 
Code Description GPI Class 
3310 Beta Blockers Non-Selective 5 
3320 Beta Blockers Cardio-Selective 4 

3400 Calcium Blockers 8 
3330 Alpha-Beta Blockers 1 

3510 Antiarrhythmics Type I-A 4 
3520 Antiarrhythmics Type I-B 2 
3530 Antiarrhythmics Type I-C 3 
3540 Antiarrhythmics Type I11 1 

3615 Angiotensin I1 Receptor Antagonist 4 
3620 Adrenolytic Antihypertensives 10 

3710 Carbonic Anhydrase Inhibitors 2 
3720 Loop Diuretics 4 
3750 Potassium Sparing Diuretics 3 

3910 Bile Sequestrants 2 

3950 Misc. Antihyperlipidemics 2 
4030 Impotence Agents 2 

3610 ACE Inhibitors 5 

3640 Vasodilators 3 

3760 Thiazides 7 

3920 Fibric Acid Derivatives 2 
3940 HMG CoA Reductase Inhibitors 6 

Count of Members 
Taking Drugs in 
Each GPI Class 

424 
2,488 

15 
578 
79 
2 
44 
71 

1,356 
104 
491 
18 
58 
606 
154 

1,585 
359 
442 

1,397 
7 

486 

current standards of reporting indus- 
trial specifications. To obtain a final 
classification for data analysis, we 
created a subset of medications that 
included all drugs that were derived 
from approaches one, two, or three. This 
final list contained 190 different pu- 
tative xerogenic medications used by 
the study population. Each medica- 
tion was coded by Generic Product 
Identifier (GPI)TM group and class for 
clustering by usage. Among subjects 
taking xerogenic medications, only 
those taking xerogenic drugs used to 
manage cardiovascular conditions 
were included in the present study. 

The rationale for identlfying medi- 
cations with a xerostomic effect was 
twofold. The first was to exclude any 
patients on xerogenic medications 
from the control population. The sec- 
ond was to identify a sub-population 
whose only xerogenic medication ex- 
perience was with the drug group of 
interest-in this case, cardiovascular 
drugs. Cardiovascular medications 
not determined to be xerogenic were 
not excluded from the ”non xerogenic 
medicine group.” Cardiovascular 
medications included in the study 

were identified on the xerogenic drug 
list and had a GPI group code of 33, 
34,35,36,37,39, or 40. The number of 
MCO members having prescriptions 
in each of the cardiovascular drug 
classes is presented in Table 3. 

To reduce the impact of cardiovas- 
cular xerogenic medications use prior 
to the eligibility period, any MCO 
members with a xerogenic cardiovas- 
cular fill within the first 100 days of 
initial eligibility were excluded. This 
period was chosen because less than 
1 % of cardiovascular drug fills or re- 
fills were for greater than 100 days. 
This criterion excluded 1,232 pa- 
tients. 

The effect of non-prescription, 
over-the-counter (OTC) medications 
was considered for incorporation to 
the analysis plan, but the authors de- 
cided against it. While subject to sub- 
stantial recall bias in the absence of 
documented dispensings (in particu- 
lar in the context of frequency of use/ 
dose), the default assumption was 
that use of OTC drugs could be ex- 
pected to be reasonably similar across 
all study groups. Because many OTC 
medications are occasionally used by 

some people, or used as needed de- 
pending on symptoms or other con- 
siderations, long-term stable dosages 
would be unlikely to have a major 
xerostomic impact but would be ex- 
ceedingly difficult to incorporate to 
the analysis plan. 

Data assumptions, data manipu- 
lation, and statistical analysis. To ob- 
tain a proxy for caries activity, events 
were restricted to occurrences of amal- 
gam or resin restorations. A chart au- 
dit of 517 MCO member records at site 
two found that 62% of all restorations 
were associated with primary or re- 
current caries. As “all restorations” 
included crowns, it could be reason- 
ably assumed that this percentage 
would be even higher if restricted to 
amalgams and resins. While the ex- 
perience of resin and amalgam resto- 
rations cannot be considered a per- 
fect representation of caries activity, 
we assume that the great majority of 
carious lesions that reached a restor- 
able stage in the opinion of the treat- 
ing dentist would be treated with 
resin and amalgam restorations in 
these MCOs, environments which 
provide good access to care. 

Data were entered and analyzed 
in SAS8.20. Dental procedure-coding 
systems from both sites were trans- 
lated into a single common structure 
to create common data structures for 
analysis. Final analyses were under- 
taken fitting Poisson regression mod- 
els (details included in description of 
model results). 

Restoration incidence rates in 
Poisson regression models. The au- 
thors first examined whether the res- 
toration incidence rate for individuals 
exposed to cardiovascular xerogenic 
medications was greater than that for 
those exposed to only non-xerogenic 
medications and those exposed to no 
medications. This analysis used Pois- 
son regression, controlling for age, 
gender, and study site. The response 
was a binary variable (l=yes, O=no) 
for the occurrence of any restoration 
during the study period. Poisson re- 
gression analysis was used because 
it allows an adjustment for the vary- 
ing observation (eligibility) periods 
among the MCO members. The obser- 
vation period used in this Poisson 
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analysis was the time from study en- 
try for each individual (first day for 
which member had both dental and 
medical coverage between 1990 and 
2000) until his/her first restoration. 
For individuals with no restorations, 
the observation period consisted of 
the time from study entry until the end 
of the members' eligibility within the 
study period. The model estimates the 
restoration incidence rate among 
members as a function of drug expo- 
sure, age, gender, and study site. 

Restoration rates in Poisson re- 
gression models. The authors consid- 
ered a Poisson model for the mean res- 
toration rate to further explore the re- 
lationship between cardiovascular 
medication exposure and restora- 
tions. The response variable was the 
total number of restorations observed 
during the eligibility period, rather 
than the binary variable considered 
above for looking purely at incidence. 
Individual eligibility lengths were 
included in the model to estimate the 
restoration rate (number of restora- 
tions/eligibility time). 

Results 
Basic results. Fifty-six percent of 

MCO members at site one were male, 
compared to 57% at site two. Mem- 
bers at site two were also slightly older 
(65.3 vs. 62.7years of age; p<=O.OOOl). 

Cardiovascular drugs represented 
42% of the xerogenic medications this 
project examined. Members were ex- 
posed to 21 cardiovascular, xerogenic 

drug classes (Table 3). While exposure 
to multiple cardiovascular drug types 
was common, we felt that we had in- 
sufficient numbers in each drug type 
groups to conduct disaggregated 
analyses. No effort was made to do a 
sub-analysis for each cardiovascular 
drug type. 

The study populations started 
with 5,216 eligible subjects in site 1, 
and 23,053 in site 2. Total study sub- 
jects excluded because of other 
xerogenic medications were 1,992 
and 13,792. An additional 87 and 
1,145 subjects were excluded due to 
medication fills in the first 100 days. 
This resulted in final study popula- 
tions of 3,137 and 8,116 in sites 1 and 
2, respectively, for a total of 11,253 
subjects. Of these, there were 1,183 
subjects with no exposure to prescrip- 
tion medication (584 at site 1 and 599 
at site 2) and 5,622 subjects (1,747 at 
site 1 and 3,875 at site 2) with only 
non-xerogenic prescription medica- 
tions dispensings. Finally, the MCO 
members whose only xerogenic medi- 
cation exposure was to one or more of 
the cardiovascular drugs on the 
xerogenic list consisted of 4,448 indi- 
viduals (806 at site 1 and 3,642 at site 
2). Fifty-nine percent of the MCO 
members taking xerogenic cardiovas- 
cular medications were male. Their 
average age was 67 years. The first 
control group of MCO members with 
no pharmacy fills was 67% male and 
had a mean age of 62 years. The sec- 
ond control group of MCO members 

with a history of medication use, but 
no exposure to the medications on the 
study xerogenic list was 52% male 
and had a mean age of 63 years. 

Restoration incidence rates in 
Poisson regression models. The au- 
thors first considered a model with 
main effects of age, exposure group, 
gender, and site as well as all pair 
wise interactions with exposure 
group. Finding no pair-wise interac- 
tions with exposure group 
(exposure*age p=0.8005, exposure* 
gender p=0.5847, exposure*site = 
0.2698), the study presents results 
from the main effects model (Table 4). 

The incidence rate for restorations 
was approximately 28% greater for 
those dispensed xerogenic cardiovas- 
cular drugs than those with no medi- 
cation dispensings, suggesting a 
xerostomic effect of the cardiovascu- 
lar medications. The non-xerogenic 
medication group and the cardiovas- 
cular medication group rates were not 
significantly different. The estimated 
incidence rates, per year, were 0.20, 
0.27, and 0.26 for the no medication, 
non-xerogenic medication, and the 
cardiovascular xerogenic medication 
groups, respectively. 

Restoration rates in Poisson re- 
gression models. When modeling 
mean restoration rate as a function of 
age, exposure group, gender and age, 
along with all pair-wise interactions 
with exposure group, the authors 
found no evidence that the effect of 
exposure depended on either site 

TABLE 4 
Poisson regression results for estimation of restoration incidence rates as a function of 

exposure group, gender, site, and age (N = 11,249) 

P-value for 
Effect Testing Effect 
Exposure <0.0001 

Cardiovascular Medications relative to No Medications 
Cardiovascular Medications Relative to Non-Xerogenic Medications 

<0.0001 
0.5090 

<0.0001 
Gender: Male/Female 0.0230 
Site: 2/1 0.5438 
Age" 0.5338 

Non-Xerogenic Medications Relative to No Medications 

Estimated Ratio 95% Confidence 
of Resoration 

Incidence Rates 
Adjusted for 
Covariates 

Interval 
for Estimated 

RestorationIncidence 
Rate Ratio 

1.28 
0.98 
1.31 
1.07 
1.02 
0.99 

(1.15, 1.43) 
(0.92, 1.04) 
(1.18, 1.45) 
(1.01,1.14) 
(0.95,1.09) 
(0.95,1.03) 

'The estimated ratio for age refers to the estimated incidence rate of restorations for individuals of a given age relative to individuals 10 years 
younger after adjustment for covariates. 
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TABLE 5 
Poisson regression results for estimation of mean restoration rates as a function of 

exposure group, gender, site, and age (N = 11,253) 

Effect 
Cardiovascular Medications 
Relative to No Medications 

Cardiovascular Medications 
Relative to Non-Xerogenic 
Medications 
Non-Xerogenic Medications 
Relative to 
No Medications 
Gender: Male/Female 
Site: 2/1 

p-value 
Testing 
Effect 

Estimated Ratio of 
Mean Restoration 

Rates Adjusted 
for Covariates 

(1.3344)(1 .O015)”ge 

95% Confidence 
Interval for 

for Estimated 
Restoration Rate Ratio 

For example: 
Age=65: <0.0001 
Age=75 <0.0001 

Age=65: 0.0020 
Age=75: 0.0002 

Age=65: <0.0001 
Age=75: 0.0003 

<0.0001 
<0.0001 

1.47 
1.49 

.7755(1 .0049pe 
1.07 
1.12 

(1.7206)(0.9966)”ge 
1.38 
1.33 
1.25 
1.35 

(1.35, 1.60) 
(1.28, 1.73) 

(1.02,1.11) 
(1.06, 1.19) 

(1.27, 1.50) 
(1.14, 1.56) 
(1.20,1.30) 
(1.28.1.42) 

(p=0.2363) or gender (p=0.9766). The 
authors did find some evidence (p 
=0.0329) that the effect of cardiovas- 
cular drug exposure, relative to non- 
xerogenic medication exposure, de- 
pends on the individual’s age. Table 
5 presents results from the model con- 
taining the three main effects and the 
interaction between age and exposure 
group. Comparing the CVD drug ex- 
posure group to the non-xerogenic 
medication group, in particular, we 
find that the estimated relative rate 
ratio is approximately .7755 
(1.O049)”ge, so that the greater the age, 
the larger the relative rate ratio. 

To illustrate the age interaction 
ke., the effect of age on the relative 
rate ratio), we display the estimated 
rate ratio separately for individuals 
of two different ages. For individuals 
who are 65 years of age this ratio is 
approximately 1.07 (95% CI: 1.02, 
1.1 l), for individuals 75 years of age 
the estimated rate ratio is 1.12 (95% 
CI: 1.06, 1.19). For completeness, 
Table 5 presents the estimated rela- 
tive rate ratios for each pair of expo- 
sure groups. The relative rate ratio for 
the xerogenic vs. non-xerogenic medi- 
cation group varies only slightly with 
age. In general, for individuals 55 and 
over, the estimated restoration rate for 
the cardiovascular medication group 
is over 40% greater than that for the 
no medication group. Both site and 
gender had a significant effect on 

mean restoration rate. Collapsing 
across age, site, and gender, the mean 
restoration rates are estimated to be 
0.50,0.69, and 0.73 for the no medica- 
tion group, the non-xerogenic medi- 
cation group, and the cardiovascular 
medication group, respectively. 

Discussion 
The present analyses evaluated 

the overall delivery of dental restora- 
tions (a proxy for caries experience) 
to MCO members undergoing differ- 
ent medication regimes. During the 
lengthy follow-up, MCO members tak- 
ing cardiovascular medications or 
non-xerogenic medications had 
higher restoration incidence rates and 
higher mean restoration rates than in- 
dividuals taking no medications. The 
differences in restoration incidence, 
however, were non-significant when 
the groups on xerogenic cardiovascu- 
lar drugs were compared with the 
group on non-xerogenic drugs. Dif- 
ferences for mean restoration rates 
were of borderline significance. 

The strongest effect identified 
through the analyses may be ascribed 
to using any medication (classified as 
xerogenic cardiovascular drugs or 
otherwise). While the authors have 
seen such differences when jointly 
examining the effects of anti-depres- 
sant medications (27) with other 
classes of medications without 
xerostomic side effects, the present 

analyses led to different results. The 
latter have failed to clearly tease out 
the effect of cardiovascular drugs from 
other non-xerogenic medications. 
These results suggest the impact of 
xerogenic medication regime on level 
of restorative services’ delivery may 
be significant, but this effect could not 
be separated from the effects of medi- 
cations that are not supposed to in- 
duce xerostomia, or from the under- 
lying conditions that gave rise to the 
use of cardiovascular drugs. 

As past literature reports have 
highlighted this trend, the lack of ef- 
fects differentiation between the car- 
diovascular medication regime and 
the non-xerogenic (as per the study’s 
classification) medication regime for 
either restoration incidence and mean 
restoration rates (Tables 4 and 5) was 
not completely unexpected. This lack 
of differentiation may be generally 
grouped into pharmacological and 
behavioral. First, the lack of a univer- 
sally accepted drug classification 
based on their xerogenic potential is 
a substantial problem. A number of 
factors should be taken into account 
when appraising the effect of drugs 
when grouped in a large variety of 
drugs labeled ”cardiovascular,” such 
as the one used for this study. (Inci- 
dentally, the diversity of drugs clas- 
sified as anti-depressants in our pre- 
vious report (27) was much smaller 
than the cardiovascular drugs pres- 
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ently used (Table 3). These factors in- 
clude whether synergistic interac- 
tions between prescription drugs 
(and/or OTC drugs) lead to a stron- 
ger or weaker xerogenic effect when 
using more than one drug within the 
same GPI class. A person could also 
have been exposed to a drug with 
xerogenic potential, and then given a 
drug with a different xerogenic poten- 
tial as older formulations were phased 
out, side-effects occurred, a tolerance 
developed, and so on. Further, the in- 
consistent direction of drug effects is 
compounded by the fact that drugs’ 
xerogenic potential are poorly re- 
ported in the pharmaceutical indus- 
try specifications, which essentially 
summarizes xerostomic effects in ru- 
dimentary categories. Finally, the 
group using non-xerogenic medica- 
tion might have been unknowingly 
contaminated with medications hav- 
ing xerogenic side effects that fell out- 
side our classification. 

Secondly, a complementary expla- 
nation from a behavioral perspective 
suggests people with cardiovascular 
diseases have poorer health behaviors 
- antecedent or simultaneous to their 
current conditions and medications. 
While some of these behaviors may 
have been a matter of lifestyle, other 
behaviors may limit the range of 
choices. For example, having compet- 
ing priorities between dental and 
medical conditions forces the indi- 
vidual to seek clinical care in terms of 
perceived importance. As a result, a 
person with an “important” disease 
may not have time to be as dedicated 
to oral hygiene practices or recom- 
mended dental recall adherence, com- 
pared to another person who would 
not need to juggle lab tests, clinical 
appointments, buy drugs, or engage 
in non-cariogenic diets in his/her 
daily life. A separate analysis (data 
not reported here) found that patients 
with diabetes not only had higher car- 
ies counts, but also reduced dental 
visit rates (28). These choices are 
framed within an environment of re- 
alistic perceptions of individual-level 
restorative and preventive services 
(i.e., when directly asked, patients 
know what type of treatment needs 
they have and where their problems 

lie (29)). Limited to a secondary analy- 
ses, however, the authors could not 
ascertain whether oral health behav- 
iors differed between the three study 
groups. 

Alternatively, the no medication 
group might be healthier (orally and 
medically) than the non-xerogenic 
medication and CVD medication us- 
age groups, resulting in an overall 
lower risk of developing caries. While 
the mechanics are unknown, some 
cardiovascular conditions may be in- 
directly related to poorer oral health 
without a pharmacologic component. 
This explanation applies to the dis- 
abling consequences of cardiovascu- 
lar disease manifestations, as would 
be the case for survivors of cerebrovas- 
cular incidents. A separate report in- 
vestigating chronic conditions asso- 
ciated with oral features (30) found 
that diagnosed, non-fatal stroke was 
the only cardiovascular disease 
linked to increased number of de- 
cayed teeth, and to an increased ratio 
of decayed-to-present teeth. While not 
always explicitly dissociated from the 
larger class of cardiovascular diseases 
when investigated in relation to oral 
health, strokes are not commonly as- 
sociated with tooth decay. Most of the 
attention in the literature related to 
stroke and oral health appears to fo- 
cus on periodontal status (31-33), 
with mixed results (31;34;35). The 
exact mechanism directly linking car- 
ies and stroke remains unclear, except 
for speculations suggesting that 
stroke survivors lack the manual dex- 
terity to brush or floss. 

Due to the hypothesized relation- 
ship between periodontitis and cer- 
tain cardiovascular conditions, the 
authors assume that some study par- 
ticipants’ restored caries - root caries 
specifically - could have been associ- 
ated with their cardiovascular condi- 
tions, and not only with their use of 
cardiovascular medications. Re- 
cessed gingiva is a pre-condition for 
caries on the root surfaces. On one 
hand, cardiovascular diseases’ asso- 
ciation with poor periodontal status 
has been extensively investigated 
(34;36-39), with some studies (31- 
33;35;40-43) suggesting that poor pe- 
riodontal health precedes cardiovas- 

cular disease independent of cardio- 
vascular risk factors. On the other 
hand, the feasibility of a link between 
cardiovascular disease and periodon- 
tal problems has been questioned (43). 
Data for restorations placed on the 
tooth’s root or crown, however, were 
available for only one study site, and 
this was only for the second half of 
the study period. This deficiency in 
the dataset precluded us from under- 
taking root-specific and crown-spe- 
cific analyses. The present results fail 
to distinguish between their relative 
contributions to overall caries experi- 
ence. 

Methodological considerations. 
As most participants were white, em- 
ployed (or lived in a household whose 
head was employed), and had dental 
insurance, the present findings are not 
directly generalizable to other popu- 
lation groups. Certain methodologi- 
cal limitations and strengths are rel- 
evant to the study. 1) It is worthwhile 
emphasizing that overall restorative 
services’ delivery is a reasonable, yet 
imperfect proxy for caries risk in these 
large study populations. The authors 
do not know, for example, what pro- 
portion of caries was treated with 
tooth extractions. They also do not 
know if non-cavitated carious lesions 
exhibit different patterns from the le- 
sions that were deemed restorable. 2) 
This study was not able to tease out 
what effect (if any) cardiovascular dis- 
eases have on the development of res- 
toration or caries rates on the root sur- 
faces through increasing root expo- 
sure as the gingiva recedes, as op- 
posed to the xerostomic effect of the 
medication used to treat cardiovascu- 
lar diseases. The reasons for the as- 
sociation of cardiovascular diseases 
and oral health in adult groups are 
not clear (40). Follow-up research elu- 
cidating the longitudinal course of 
oral and cardiovascular health and 
dental interventions is needed. 

Perhaps more importantly, 3) the 
study was conducted within two 
MCOs in three states of the US. Such 
an environment reduced deviations 
in services sought and rendered due 
to access-to-care problems, which 
probably reduced the variability of 
diagnostic and clinical approaches 
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that one could reasonably expect from 
dentists who are not affiliated with a 
group practice nor adhere to guide- 
lines set by the group, and were sala- 
ried by the group practice - thus op- 
erating under different rules for com- 
pensation for individual clinical ser- 
vices, such as the more common fee- 
for-item payment schedule. The MCO 
environment poses, however, another 
interesting paradox: While having 
dental insurance may remove some 
obstacles that prevent a patient from 
obtaining dental care, it is reasonable 
to assume that some of the sickest 
patients may have had the hardest 
time obtaining it (dentists may have 
been unwilling to treat them as out- 
patients, patients might have mobil- 
ity problems to reach dental offices, 
and so on). These factors may have 
lead to the restoration rate being dif- 
ferentially underestimated in these 
patients. 

While prescription drugs use 
(xerogenic and non-xerogenic) may be 
related to the increased experience of 
restorative services in this popula- 
tion, the authors were unable to un- 
equivocally establish a pharmaco- 
logic pathway for the xerogenic effects 
of a large and diverse group of car- 
diovascular drugs. Other factors ap- 
peared to play a role of uncertain im- 
portance. No recommendations with 
regard to public health policies ap- 
pear warranted at this point in time. 
Further work is required to investigate 
the individual effects of smaller sub- 
groups of cardiovascular drugs and 
continue building the body of reliable 
evidence on the association between 
drugs, specific drug classes, and den- 
tal caries. 
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