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Rationale & Objective: Observational studies have
suggested that periodontal disease may be a
modifiable risk factor for chronic kidney disease
(CKD). The Kidney and Periodontal Disease
(KAPD) Study was designed to determine the
feasibility of conducting a periodontal disease
treatment trial among a high-risk (mostly poor and
racial/ethnic minority) population and estimate the
magnitude and variability of kidney and
inflammatory biomarker levels in response to
intensive periodontal treatment.

Study Design: Single-center, unmasked, intention-
to-treat, randomized, controlled, pilot trial with 2:1
allocation to the treatment and comparison groups.

Setting & Participants: English- and Spanish-
speaking individuals aged 20 to 75 years
receiving primary care within the San Francisco
Community Health Network with evidence of both
moderate to severe periodontal disease and CKD.

Intervention: Immediate intensive nonsurgical
periodontal treatment versus rescue treatment for
progressive disease at baseline and 4, 8, and 12
months.

Outcomes: Feasibility and process outcomes.
Levels of biomarkers of kidney function, kidney
injury, and systemic inflammation obtained at
baseline and 4 and 12 months.

Results: KAPD randomly assigned 51 participants
to the immediate (34 participants) or rescue (17
participants) groups. 14% dropped out of the study
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(4 immediate, 3 rescue) and 80% completed all 4
visits of the 12-month protocol (28 immediate, 13
rescue). Fewer than half the teeth recommended
for extraction were extracted and 40% of
immediate group visits were outside the protocol
window. Bleeding on probing and probing depth
improved more in the immediate group than in
the rescue group; there was no significant
separation in periodontal status. Levels of
markers of vascular endothelial and systemic
injury declined in both groups.

Limitations: No true control group.

Conclusions: This 12-month, pilot, randomized,
controlled trial successfully recruited and
retained a high-risk population but was less
successful observing treatment adherence,
treatment effect, and variability of biomarker
levels. Although KAPD did not meet all of its
goals, important lessons learned can be applied
to future studies.

Funding: National Institute of Diabetes and
Digestive and Kidney Disease (Bethesda, MD;
grant number 1K23DK093710-01A1) and Harold
Amos Medical Faculty Development Program of
the Robert Wood Johnson Foundation, Princeton,
NJ. Funders had no role in study design; collection,
analysis, or interpretation of data; writing the
report; or the decision to submit the report for
publication.

Trial Registration: NCT01802216.
Chronic kidney disease (CKD) and periodontal disease
are public health problems that disproportionately

affect poor and minority populations. Severe periodontal
disease has been repeatedly associated with faster kidney
function decline in observational studies. We found that
severe periodontal diseases was common in cohorts of
middle-aged African Americans and older men,1,2 and was
associated with a 4.2- and 2-fold greater rate of incident
CKD over approximately 5 years, respectively. However, to
date, there are no published randomized clinical trial data
on the potential effects of periodontal treatment on kidney
function.

We developed the Kidney and Periodontal Disease
(KAPD) Study to fill this knowledge gap. The study goals
were to test the feasibility of conducting the trial among a
high-risk (mostly poor and racial/ethnic minority) pop-
ulation and obtain preliminary estimates of the magnitude
and variability of change in levels of kidney and inflam-
matory biomarkers in response to intensive periodontal
treatment during a 12-month period among participants
with both CKD and periodontal disease. We hypothesized
that the KAPD Study was feasible and that intensive peri-
odontal intervention would slow the progression of CKD
as measured by kidney biomarkers compared with the
non–intensive treatment group.
METHODS

Study Design

The KAPD Study was a single-center, unmasked, ran-
domized, controlled pilot trial with 2 intent-to-treat
groups: immediate intensive nonsurgical periodontal
treatment (immediate group) or rescue treatment only to
worsening tooth sites with intensive periodontal treatment
49
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Figure 1. Kidney and Periodontal Disease Study design. Reproduced from Grubbs et al3 with permission from Elsevier.
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at the end of the study (rescue group; Fig 1). The protocol
was approved by the University of California, San Fran-
cisco Institutional Review Board (IRB# 12-09801) and
registered with clinicaltrials.gov (NCT01802216). Details
of the study protocol are described elsewhere.3

Participant Selection and Eligibility

Briefly, KAPD invited English- and Spanish-speaking in-
dividuals aged 20 to 75 years who were receiving primary
care within the San Francisco Community Health Network
and had evidence of both moderate to severe periodontal
disease and CKD to participate. Under a waiver for
screening of health records, potentially eligible participants
were identified by language, age, and estimated glomer-
ular filtration rate (eGFR) criteria through electronic
medical record (EMR) extraction. Study staff reviewed
EMRs of identified patients, confirmed that these initial
screening criteria were accurate, and excluded those who
were receiving dialysis, had evidence of recent acute kid-
ney injury (eGFR increase by >50% in prior 6 months),
were clinically inappropriate, had an allergy to tetracycline
or minocycline, had a history of either infective endo-
carditis or a heart valve replaced or repaired with pros-
thetic material, or the medication list included
anticoagulants (except aspirin, dipyridamole, or
50
clopidogrel) or long-term immunosuppressive medica-
tions. Patients with recent acute kidney injury were
excluded to avoid falsely attributing any improvements in
kidney biomarker levels to the periodontal intervention.
Patients were considered clinically inappropriate if the
EMR had a condition that may have precluded them from
being able to participate in a 12-month study protocol (eg,
deceased, active illicit drug use, untreated psychosis,
assaultive behavior, or metastatic malignancy). Patients
with a history of either infective endocarditis or heart valve
replacement or repair with prosthetic material were
excluded because they would have required antibiotic
prophylaxis for tooth extractions, a treatment that was not
part of the study protocol.

Moderate to severe CKD was defined at screening by at
least 2 eGFR measurements (using the Modification of Diet
in Renal Disease [MDRD] Study equation as reported by the
San Francisco Community Health Network clinical labora-
tory) in the past 12 months between 15 and 60 mL/min/
1.73 m2. Periodontal disease was defined using the Centers
for Disease Control and Prevention/American Academy of
Periodontology (CDC/AAP) 2003 consensus definition4 and
by extent of bleeding on probing. The CDC/AAP criteria
define moderate periodontal disease as 2 or more inter-
proximal sites with a ≥4-mm clinical attachment loss (not on
Kidney Med Vol 2 | Iss 1 | January/February 2020
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the same tooth) or 2 or more interproximal sites with
probing depth ≥ 5 mm, also not on the same tooth. The
criteria define severe periodontal disease as the presence of 2
or more interproximal sites with ≥6-mm clinical attachment
loss (not on the same tooth) and 1 or more interproximal
site(s) with ≥5-mm probing depth. In addition to meeting
CDC/AAP criteria, participants had to have bleeding on
probing on at least 30% of examined sites.

All participants who were found to be ineligible for
study participation were given a handout of local dentists
and recommendation for care as needed. Written informed
consent was obtained before in-person medical review and
oral examination.

Randomization

Participants were assigned using a random number
generator in a 2:1 ratio to the immediate or rescue treat-
ment group. After randomization, participants were eval-
uated at baseline and at 4, 8, and 12 months for repeat
periodontal assessment and measurements of various kid-
ney and inflammatory biomarkers. Randomization was
stratified by the presence of diabetes mellitus to ensure that
the groups were balanced for this strong risk factor for
causing/accelerating both CKD and periodontal disease.
Participants were informed of their randomization
assignment at the baseline visit.

Measures and Data Collection

Blood and urine samples were collected at the baseline and
4- and 12-month study visits. Primary outcome measures
included a traditional marker of kidney function (serum
creatinine) and markers of kidney structure (as glomerular
injury [albuminuria and serum neutrophil gelatinase-
associated lipocalin (NGAL) and tubular injury (urine
NGAL/creatinine)], vascular endothelial injury (asym-
metrical dimethylarginine [ADMA]), and systemic
inflammation (interleukin 6 and C-reactive protein [CRP])
to predict the effect of treatment and identify the specific
mechanisms through which the periodontal pathogen may
exert its effects. Creatinine values were used to estimate
GFR using the CKD Epidemiology Collaboration (CKD-EPI)
equation.5 Study data were collected and managed using
REDCap (Research Electronic Data Capture) hosted at
University of California, San Francisco.6,7

Interventions

All participants received instruction in oral hygiene at the
baseline and 4-, 8-, and 12-month study visits. Partici-
pants in the intensive group received full-mouth scaling
and root planing (below the gumline deep cleaning
treatment), local controlled-release antibiotic adminis-
tration (minocycline hydrochloride [HCl]; Arestin mi-
crospheres [Valeant Pharmaceuticals]) in deeper gum
pockets ≥ 5 mm, and recommendation for extraction of
teeth that could not be saved (hopeless teeth) at the
baseline study visit. Hopeless teeth were defined as those
with 2 or more of the following: (1) loss of >75% of the
Kidney Med Vol 2 | Iss 1 | January/February 2020
supporting bone, (2) probing depths > 8 mm, (3) class
III furcation involvement, (4) class III mobility with
tooth movement in lateral (bucco-lingual or mesio-
distal) and vertical directions, (5) poor crown to root
ratios, and (6) root proximity with minimal interprox-
imal bone and evidence of horizontal bone loss. Hopeless
teeth were determined by one of the calibrated study
dentists and confirmed based on panorex x-rays at the
baseline visit and, if clinically necessary, at the subse-
quent 4-, 8-, and/or 12-month study visits.

Additional deep cleaning and antibiotic administration
occurred at study months 4 and 8 as needed for sites with
persistent pockets ≥ 5 mm. This antibiotic formulation was
chosen because it is active against a broad spectrum of
Gram-negative and Gram-positive anaerobes, including
those implicated in adult periodontal diseases. Further, its
controlled delivery platform (microspheres) gives up to 21
days of high concentrations of minocycline in the peri-
odontal pockets without detectable systemic exposure.8

Deep cleaning only at sites with progressive disease
occurred at study month 12.

Given the relatively long 12-month duration of the
protocol, the IRB deemed it unethical to have a true control
group that would receive no periodontal treatment until
the end of the study. Therefore, participants in the rescue
treatment group also had extraction of hopeless teeth at the
baseline visit and scaling and root planing without anti-
biotic administration at study months 4 and 8 only to sites
with progressive periodontal disease (pockets that had
increased by ≥3 mm in probing depth relative to prior
examination). Full-mouth scaling and root planing with
antibiotic administration to deeper gum pockets was per-
formed at the 12-month study visit.

Sample Size and Data Analysis

Our accrual target of 51 participants was assigned 2:1 to
intensive (n = 34) or rescue treatment (n = 17). This target
was deemed typical for a pilot study and feasible given
available resources.

Baseline characteristics of the immediate and rescue
groups were summarized using mean and standard devi-
ation (SD) or proportion as appropriate and compared
using t and Fisher exact tests. Intervention effects on
continuous, binary, and ordinal outcomes were estimated
using generalized estimating equations linear, logistic, and
proportional odds models with independence working
correlation, robust standard errors, and terms for treat-
ment, month, and their interaction; models for continuous
outcomes were adjusted for the baseline value. Biomarker
levels including serum and urinary NGAL, interleukin 6,
and CRP were log-transformed for analysis. Between-
group differences were modeled as constant or varying
arbitrarily across the follow-up visits and also as linearly
increasing. Between-group differences in linear trend were
assessed based on the P value for the interaction between
group and months since baseline. Because this was a small
pilot study, P values were not penalized for multiple
51
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comparisons. All analyses were implemented using Stata,
version 15.1 (Stata Corp).
RESULTS

Participant Enrollment and Follow-up

KAPD enrolled participants between February 2014 and
September 2016. We screened 2,999 EMR records to
identify 101 potentially eligible participants who were
invited to in-person screening. Of the 2,333 participants
who were not eligible after EMR screening, 1,503 (64%)
did not meet eGFR criteria (did not have CKD or were
receiving dialysis) and 649 (28%) were deemed clinically
inappropriate. Of the 663 potentially eligible participants,
we were unable to reach 359 (54%), 119 (18%) declined
in-person invitation, and 101 (15%) attended the in-
person screening. More than half (n = 55; 54%) of those
who attended in-person screening were eligible for
participation. Of the 46 ineligible participants, 41 (89%)
were excluded for not meeting periodontal disease severity
criteria. Additional details are shown in Figure 2.

Fifty-five participants were randomly assigned (36 to
immediate and 19 to rescue), but 4 were lost to follow-up
before the baseline visit (2 immediate and 2 rescue). We
considered participants enrolled if they attended the base-
line visit (n = 51). Seven participants dropped out of the
study after enrollment (4 immediate and 3 rescue), leaving
44 (86.2%) who completed the study. Eighty percent of
participants completed all 4 study visits (28 immediate and
13 rescue), 6% completed 3 visits (2 immediate and 1
rescue), 2% completed 2 visits (0 immediate and 1 rescue),
and 12% completed only the baseline visit (4 immediate
and 2 rescue). Most follow-up study visits were completed
within the protocol (120 ± 14 days): 54 of 90 immediate-
group visits (60%) and 29 of 41 (71%) rescue-group visits,
P = 0.2. Immediate- and rescue-group participants had on
average 143 (SD, 61) and 137 (SD, 48) days between study
visits, respectively, P = 0.5.

Participant Baseline Characteristics

Of 51 enrolled participants, 34 (67.7%) were men, 24
(47.0%) were African American, 10 (19.6%) were His-
panic, 24 (47.0%) had diabetes, and 5 (10%) were current
smokers (Table 1). Mean age of study participants was 59
(range, 34-73) years and 71% had CKD stage 3 (mean
eGFR, 43 [SD, 15] and 46 [SD, 11] mL/min/1.73 m2 in
the immediate and rescue groups, respectively].

About a quarter (27%) of all participants reported that
they had seen a dentist within the year before study enroll-
ment. Nearly two-thirds (65%) of the immediate group had
severe periodontal disease, while about half (53%) of rescue-
group participants had severe periodontal disease. The
remaining participants had moderate periodontal disease,
except for 1 participant with mild periodontal disease who
was enrolled and randomly assigned to the rescue treatment
group due to an error in software programming.
52
Interventions Recommended and Performed

At the baseline visit, dental providers determined that 132
teeth were hopeless and recommended extraction (0-9 and
0-7 teeth among immediate- and rescue-group partici-
pants, respectively; P = 0.2), but only 52 teeth were
extracted. The number of tooth extractions averaged 0.8 at
the baseline in both groups, then declined substantially
and nondifferentially at follow-up study visits (P = 0.34).
No additional teeth were determined hopeless at subse-
quent visits.

The median minocycline HCl doses applied for the
immediate group was 17 (interquartile range [IQR], 6,
28) at baseline, 5 (IQR, 1, 17) at 4 months, and 4 (IQR, 0,
13) at 8 months. The rescue group received 8 (IQR, 0, 23)
minocycline HCl doses at the 12-month visit. There was
only 1 adverse event reported after the baseline visit;
“brown staining on tongue” in an immediate-group
participant that resolved without intervention. Although
tongue discoloration is not a published adverse effect of
minocycline HCl, the participant was allowed to decline
further minocycline HCl application.

Five rescue-group participants required rescue treat-
ment for progressive periodontal disease. A total of 16
tooth sites at the 4-month visit and 11 sites at the 8-month
visit received rescue treatment.

Eleven immediate- and 9 rescue-group participants re-
ported going to a dentist, dental surgeon, or hygienist
outside the KAPD Study between study visits. Two rescue-
group participants and 5 immediate-group participants
reported seeing an outside provider for a cleaning. One
rescue participant reported an outside cleaning at the 8-
month visit and another at the 12-month visit. One
immediate-group participant reported an outside cleaning
at the 4-month visit, 2 at the 8-month visit, and 2 at the
12-month visit. Other reasons provided for seeing an
outside dental provider were for consultations (n = 3), x-
ray (n = 2), and repairs to crowns (n = 2).

Outcomes

Periodontal status by probing depth and bleeding on
probing appeared to improve for the immediate group
more than the rescue group, but there was no statistically
significant separation between groups for either criterion;
P-trend = 0.9 and 0.1, respectively (Fig 3). After the
baseline visit, attachment loss improved for the immediate
group and was relatively unchanged for the rescue group.
Attachment loss remained about the same for both groups
for the rest of the study (P-trend = 0.8).

At baseline, about half the participants reported
brushing their teeth at least twice a day (immediate,
56%, and rescue, 41%), but only 21% and 12% of im-
mediate- and rescue-group participants, respectively,
reported flossing at least twice a day. These oral hygiene
behaviors did not change over time despite oral hygiene
instruction at each study visit for all participants; P > 0.2
(Table 2).
Kidney Med Vol 2 | Iss 1 | January/February 2020



Assessed for
eligibility

N = 2,996 Excluded (n = 2,333):
eGFR criteria (n = 1,501)
clinically inappropriate (n = 649)**
anticoagulation (n = 80)
immunosuppressants (n = 47)
language (n = 40)
allergy (n = 10)
age (n = 4)
antibiotic prophylaxis (n = 2)

Potentially eligible
for in-person

screening
n = 663

Excluded (n = 562):
unable to reach (n = 359)
declined invitation (n = 119)
failed phone screening (n = 64)
did not come to in-person

screening (n = 20)

In-person oral
exam n = 101

Excluded (n = 46):
did not meet periodontal
disease criteria (n = 41)
declined invitation (n = 5)

Randomized*
n = 55

Immediate
n = 36

Baseline completed
n = 34

4 month completed
n = 30

8 month completed
n = 29

12 month completed
n = 30

Rescue
n = 19

Baseline completed
n = 17

4 month completed
n = 14

8 month completed
n = 14

12 month completed
n = 14

Figure 2. Kidney and Periodontal Disease Study consort diagram. Abbreviation: eGFR, estimate glomerular filtration rate. *Not
considered enrolled until attended baseline visit. **Clinically inappropriate: deceased, n = 143; residential facility, n = 106; active
drug/alcohol abuse, n = 101; homeless/no telephone, n = 85; limited life expectancy, n = 80; unstable mental disorder, n = 25; trans-
ferred care, n = 20; assaultive behavior, n = 14; edentulous, n = 4; and other unable to participate in study, n = 71.
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Table 1. Baseline Participant Characteristics by KAPD Study
Treatment Group

Characteristic
Immediate
(n = 34)

Rescue
(n = 17) P

eGFR, mL/min/1.73 m2 43 (15) 46 (11) 0.5
Age, y 59.2 (7.7) 58.9 (8.5) 0.9
Men 21 (62%) 13 (76%) 0.4
Race/ethnicity 0.3
White 5 (15%) 4 (24%)
African American 19 (56%) 5 (29%)
Hispanic 5 (15%) 5 (29%)
Asian 4 (12%) 3 (18%)
Other 1 (3%) 0 (0%)

Diabetes 16 (47%) 8 (47%) 1.0
Hemoglobin A1c, mg/dL
among yes

7.2 (1.5) 6.9 (1.9) 0.7

Current smoker 3 (9%) 2 (12%) 0.8
Last time went to dentist 0.2
Within last 6 mo 10 (29%) 6 (35%)
6-12 mo 1 (3%) 1 (6%)
1-3 y 7 (21%) 5 (30%)
3-5 y 4 (12%) 3 (18%)
>5 y 12 (35%) 1 (6%)
Don’t know 0 (0%) 1 (6%)

Self-rating teeth and gums 0.6
Excellent/very good 2 (6%) 0 (0%)
Good/fair 17 (50%) 11 (64%)
Poor 13 (38%) 4 (24%)
Don’t know 2 (6%) 2 (12%)

Periodontal status by
CDC criteria

0.4

Mild 0 (0%) 1 (6%)
Moderate 12 (35%) 7 (41%)
Severe 22 (65%) 9 (53%)

% sites examined with
BOP (SD)

51 (17) 58 (23) 0.3

Nonmissing teeth, n (SD) 23 (5) 24 (5) 0.8
Hopeless teeth, mean (max)a 1.5 (9) 1.1 (7) 0.2
Pocket probing depth, mm 3.0 (0.8) 3.0 (0.7) 0.9
Prevalence of examined
sites with pocket-probing
depth
≥4 mm, % (SD) 39 (25) 36 (23) 0.7
≥5 mm, % (SD) 22 (20) 18 (19) 0.5

Clinical attachment
loss, mm

2.8 (1.1) 2.5 (1.3) 0.4

Prevalence of examined
sites with clinical attachment
loss
≥3 mm, % (SD) 54 (30) 41 (30) 0.2
≥4 mm, % (SD) 35 (27) 25 (27) 0.2
≥6 mm, % (SD) 13 (15) 9 (16) 0.4
Note: Unless otherwise noted, values for categorical variables are given as n
(percentage of column); values for continuous variables are given as mean
(SD).
Abbreviations: BOP, bleeding on probing; CDC, Centers for Disease Control
and Prevention; eGFR, estimated glomerular filtration rate; KAPD, Kidney and
Periodontal Disease; SD, standard deviation.
aHopeless teeth were defined as those with 2 or more of the following: (1) loss
of >75% of supporting bone, (2) probing depths > 8 mm, (3) class III furcation
involvement, (4) class III mobility with tooth movement in lateral (bucco-lingual
or mesio-distal) and vertical directions, (5) poor crown to root ratios, and (6)
root proximity with minimal interproximal bone and evidence of horizontal
bone loss.

54
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Biomarker results by study visit and treatment group
are shown in Table 3 and Figure 4. Mean eGFR was lower
at baseline in the immediate treatment group compared
with the rescue group and decreased similarly in both
groups. Urinary albumin-creatinine ratio was higher at
each measurement for the immediate treatment group
compared with the rescue group and increased similarly
in both groups. Median serum NGAL level increased
steadily from baseline at the 4- and 12-month visits in
the immediate group. It was higher at the 4-month visit
in the rescue group, then decreased slightly at 12
months. Median urine NGAL excretion was lower at
baseline in the immediate group than in the rescue
group. The 12-month urine NGAL excretion was about
the same as baseline for the immediate group but
significantly lower in the rescue group. Baseline mean
ADMA level was similar in both groups and decreased
similarly with each visit. Median CRP level was consid-
erably higher at baseline in the immediate group than in
the rescue group, but values decreased similarly in both
groups at subsequent visits. Median interleukin 6 level at
baseline was nearly twice that in the immediate group
than in the rescue group. Values slightly decreased in the
immediate group but increased in the rescue group.
DISCUSSION

Though the KAPD Study was a pilot randomized
controlled trial, to our knowledge, it is the largest and
longest-running randomized trial examining periodontal
disease treatment among participants with CKD completed
to date. The study was intended to show the feasibility of
conducting the trial among a high-risk (mostly poor and
racial/ethnic minority) population and to obtain pre-
liminary estimates of the magnitude and variability of
change in kidney and inflammatory biomarker levels in
response to intensive periodontal treatment over a 12-
month period. With a drop-out rate of 14% and 80% of
participants completing all 4 study visits, the trial was
feasible in terms of recruitment and retention but was less
successful with completion of treatment recommenda-
tions (ie, visits every 4 months and tooth extractions),
treatment effect, and variability of biomarker levels.
Bleeding on probing and probing depth improved with
intensive treatment but was not significantly different
from improvement observed in the rescue group.
Although we observed a pattern of decline for ADMA
and CRP levels, we were unable to establish preliminary
estimates for the magnitude of the effect of measured
biomarkers in response to intensive periodontal
treatment.

Many factors contributed to our successful recruitment
and retention of participants with CKD enrolled in a dental
intervention study. We employed a bilingual research staff,
updated participant contact information at every study
visit, communicated with participants on a regular basis to
ensure that contact information was correct, conducted a
Kidney Med Vol 2 | Iss 1 | January/February 2020
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study raffle, and paid participants. Participants invited for
in-person screening were paid US $10 cash regardless of
screening outcome. Enrolled participants received Visa gift
cards in the amounts of US $50 for baseline and 12-month
study visits, US $25 for 4- and 8-month study visits,
additional Visa gift cards of US $25 if extractions were
required, and US $50 if all 4 study visits were completed.
Each participant also received free periodontal treatment,
panorex radiograph(s), and extractions, as well as a sample
bag of oral hygiene items at each study visit.

It is particularly interesting that levels of ADMA (a
marker of endothelial dysfunction) and CRP (a marker of
systemic inflammation) decreased with each study visit
because this pattern would be the expected result of
periodontal disease treatment given the proposed
mechanism for how periodontal pathogens might lead to
kidney damage and is consistent with prior studies.
Periodontal pathogens can access systemic circulation
through normal oral health procedures such as tooth
brushing and even chewing.9,10 As a result, circulating
bacterial coating (lipopolysaccharide) can bind to Toll-
like receptors (TLR4), which are found throughout the
Kidney Med Vol 2 | Iss 1 | January/February 2020
kidney.11-13 Once bound to the lipopolysaccharide
ligand, the TLR4 is activated to launch an inflammatory
cascade that may lead to endothelial dysfunction14,15 and
sustained local tissue inflammation and fibrosis, with
deterioration of kidney function.11,12 Also, reactive ox-
ygen species, which are increased in periodontal dis-
ease,16 are another potential pathway for endothelial
dysfunction through TLR4 activation17 and inhibition of
nitric oxide–mediated vascular activity.18 Amar et al15

found that patients with advanced periodontal disease
exhibited endothelial dysfunction and systemic inflam-
mation, possibly placing them at increased risk for car-
diovascular disease. Further, Tonetti et al19 found that
intensive periodontal treatment resulted in improved
endothelial function at 6 months compared with the
control group.

Our inability to establish preliminary estimates for the
magnitude of change in measured biomarker levels in
response to intensive periodontal treatment is likely multi-
factorial. The presence of more severe periodontal disease in
our immediate treatment group and the lack of a true control
group certainly weakened our ability to determine the full
55



Table 2. Oral Hygiene Behaviors by KAPD Study Treatment Group and Study Visit

Behavior Baseline 4 mo 8-mo 12 mo P-Trend
Brush teeth some days 0.3
Immediate 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Rescue 3 (18%) 3 (20%) 3 (21%) 3 (21%)

Brush teeth 1×/d
Immediate 15 (44%) 14 (45%) 12 (41%) 13 (43%)
Rescue 7 (41%) 6 (43%) 6 (43%) 6 (43%)

Brush teeth ≥2×/d
Immediate 19 (56%) 17 (55%) 17 (59%) 17 (57%)
Rescue 7 (41%) 5 (36%) 5 (36%) 5 (36%)

Floss not at all 0.9
Immediate 12 (36%) 11 (37%) 10 (36%) 10 (34%)
Rescue 5 (29%) 4 (29%) 4 (29%) 4 (29%)

Floss some days
Immediate 9 (27%) 9 (30%) 9 (32%) 9 (31%)
Rescue 7 (41%) 6 (43%) 6 (43%) 6 (43%)

Floss 1×/d
Immediate 5 (15%) 4 (13%) 4 (14%) 4 (14%)
Rescue 3 (18%) 2 (14%) 2 (14%) 2 (14%)

Floss ≥2×/d
Immediate 7 (21%) 6 (20%) 5 (18%) 6 (21%)
Rescue 2 (12%) 2 (14%) 2 (14%) 2 (14%)
Note: Values expressed as number (percentage).
Abbreviation: KAPD, Kidney and Periodontal Disease.

Original Research
effect of periodontal treatment. In addition to a third of
rescue-group participants receiving treatment for progressive
periodontal disease, the rescue group also received oral hy-
giene instruction, above the gumline cleaning, and
Table 3. Biomarkers by KAPD Study Visit and Treatment Group

Baseline Visit 4-m
eGFR, mL/min/1.73 m2

Immediate 43.4 (14.7) 43
Rescue 46.3 (10.8) 44

UACR, mg/g
Immediate 116 [11, 472] 14
Rescue 58 [3, 327] 81

Serum NGAL, ng/mL
Immediate 12.1 [5.8, 34.0] 20
Rescue 11.4 [4.8, 44.7] 24

Urine NGAL/creatinine, ng/g
Immediate 142 [105, 204] 12
Rescue 150 [95, 182] 12

ADMA, mg/dL
Immediate 0.49 (0.11) 0.4
Rescue 0.47 (0.11) 0.4

IL-6, pg/mL
Immediate 4.01 [2.11, 6.73] 3.3
Rescue 2.10 [1.60, 3.44] 2.6

CRP, mg/L
Immediate 2.62 [1.38, 5.09] 2.3
Rescue 1.60 [0.71, 2.54] 1.5
Note: Values expressed a median [interquartile range] (analysis done on log-scale) o
immediate group, n = 34; rescue group, n = 17; 4- and 12-month visits: immediate
Abbreviations: ADMA, asymmetrical dimethylarginine; CRP, C-reactive protein; eG
Periodontal Disease; NGAL, neutrophil gelatinase-associated lipocalin; UACR, urin
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extraction of hopeless teeth—all of which could have
reduced the burden of periodontal disease, thus reducing
our ability to achieve significant separation in periodontal
status between groups and detect differences in biomarkers.
o Visit 12-mo Visit
Difference in
Trends P
0.8

.2 (16.6) 42.4 (18.3)

.7 (12.1) 45.6 (12.4)
0.6

9 [17, 437] 182 [17, 626]
[17, 463] 156 [7, 309]

0.9
.3 [9.1, 46.6] 33.4 [10.1, 48.7]
.6 [6.0, 49.0] 22.0 [13.1, 40.8]

0.4
8 [97, 154] 140 [109, 203]
6 [108, 164] 132 [96, 168]

0.6
4 (0.10) 0.41 (0.10)
4 (0.14) 0.40 (0.11)

0.7
1 [2.17, 5.94] 3.41 [1.94, 4.92]
1 [2.30, 3.88] 2.65 [1.83, 4.85]

0.1
2 [1.13, 3.91] 1.92 [0.77, 3.55]
2 [0.87, 2.00] 1.42 [0.63, 3.19]
r mean (standard deviation). Number of participants at each stage: baseline visit:
group, n = 30; rescue group, n = 14.
FR, estimated glomerular filtration rate; IL-6, interleukin 6; KAPD, Kidney and

ary albumin-creatinine ratio.
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Figure 4. Biomarker levels by Kidney and Periodontal Disease (KAPD) Study visit and treatment group show mean and standard
deviation for estimated glomerular filtration rate (eGFR) and asymmetrical dimethylarginine (ADMA) values, median and interquartile
range for urinary albumin-creatinine ratio (UACR), serum neutrophil gelatinase-associated lipocalin (NGAL), urinary NGAL excretion,
and high-sensitivity C-reactive protein (hsCRP) levels.

Original Research
Furthermore, that more than one-third (40%) of immediate-
group participants did not receive treatment every 4 months
as intended, and more than half were not brushing and
flossing at least twice daily as recommended after repeat
instruction and had fewer than half the recommended
hopeless tooth extractions also diluted separation between
groups by periodontal status. However, while bleeding on
probing (a marker of active inflammation) appeared to
improve more in the immediate group compared with the
rescue group, our prior study suggested that the presence of
more severe disease as measured by pocket probing depth
and attachment loss, rather than active inflammation, were
most strongly associated with CKD progression, suggesting
that longer follow-up may be needed to observe improve-
ments in more severe periodontal disease and therefore
biomarker levels.1

Although KAPD did not meet all of its goals, important
lessons can be applied to future studies to maximize the
likelihood of determining the effect of intensive peri-
odontal treatment on CKD progression. For example, more
frequent visits might result in greater improvement in
periodontal status, and provision of dental implants or
dentures to replace extracted hopeless teeth might improve
adherence to extraction recommendations. Finally, a
stepped-wedge study design in which the intervention is
rolled out in stages could provide a true and ethically
acceptable control group. Such a design would collect
blood and urine samples at baseline for all sites, but
periodontal examinations and treatments would be done
Kidney Med Vol 2 | Iss 1 | January/February 2020
by site every quarter. For a 4-site study, this would mean
0, 3, 6, and 9 months of true control for participants at
sites A, B, C, and D, respectively. A primary limitation here
would be the lack of a baseline periodontal examination
for all participants. With successful replication incorpo-
rating these changes, future studies may lead to the treat-
ment of periodontal disease as an important and currently
underused intervention for reducing disparities among
individuals with CKD.
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