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Abstract
Purpose: To assess the nutritional profile of denture wearers through a retrospective
cohort study using nutritional biomarkers from matched electronic dental and health
record (EDR-EHR) data.
Materials and methods: The case group (denture wearers) included matched
EDR-EHR data of patients who received removable partial, complete, and implant-
supported prosthodontic treatments between January 1, 2010 and December 31, 2018,
study time. The control (nondenture wearers) group did not have recorded denture
treatments and included patient records within 1 year of the denture index date (first
date of case patients’ receiving complete or partial denture) of the matching cases.
The qualified patients’ EDR were matched with their EHR based on the availability
of laboratory reports within 2 years of receiving the dentures (index date). Nutritional
biomarkers were selected from laboratory reports for complete blood count, com-
prehensive and basic metabolic profile, lipid, and thyroid panels. Summary statistics
were performed, and general linear mixed effect models were used to evaluate the rate
of change over time (slope) of nutritional biomarkers before and after the index date.
Likelihood ratio tests were performed to determine the differences between dentures
and controls.
Results: The final cohort included 10,481 matched EDR-EHR data with 3,519 den-
ture wearers and 6,962 controls that contained laboratory results within the study
time. The denture wearers’ mean age was 57 ±10 years and the control group was 56
±10 years with 55% females in both groups. Pre-post analysis among denture wearers
revealed decreased serum albumin (p = 0.002), calcium (p = 0.039), creatinine (p <

0.001) during the post-index time. Hemoglobin (Hb) was higher pre-index, and was
decreasing during the time period but did not change post-index (p < 0.001). Among
denture wearers, completely edentulous patients had a significant decrease in serum
albumin, creatinine, blood urea nitrogen (BUN), but increased estimated glomeru-
lar filtration rate (eGFR). In partially edentulous patients, total cholesterol decreased
(p = 0.018) and TSH (p = 0.004), BUN (p < 0.001) increased post-index. Patients
edentulous in either upper or lower arch had decreased BUN and eGFR during post-
index. Compared to controls, denture wearers showed decreased serum albumin and
protein (p = 0.008), serum calcium (p = 0.001), and controls showed increased Hb
(p = 0.035) during post-index.
Conclusions: The study results indicate nutritional biomarker variations among den-
ture wearers suggesting a risk for undernutrition and the potential of using selected
nutritional biomarkers to monitor nutritional profile.
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The interrelationship between aging and tooth loss in the 21st
century has changed from the 1970s with a decrease in partially
or completely edentulous individuals.1,2 Nevertheless, dispari-
ties in access to oral care lead to tooth loss, especially in popu-
lations adversely impacted by race and other socio-economic
factors.2–5 Risk factors such as smoking, periodontitis, un-
treated caries, disability, and injuries also lead to complete or
partial tooth loss.6,7 In addition, the population older than 65
years is expected to double in the United States to 83.7 million
by 2050; and an increased rate of 24% by 2060.8–11 This trend
suggests that the percentage of the older population with eden-
tulousness will increase.11–14 Essentially, the decline in eden-
tulism is offset by the overall increase in the aging population.
Consequently, edentulism remains a relevant problem for the
foreseeable future.

Edentulism affects both oral and systemic health.15–17 Lack
of proper food intake affects the nutritional status of individu-
als with tooth loss and thereby affects their overall health.18,19

Individuals who are edentulous, partially dentate, or wearing
any prosthesis, are shown to be at risk for malnutrition.20–26

Experimental and observational evidence demonstrates an as-
sociation between tooth loss, diet, and nutrition.27 Studies have
reported the risk of malnutrition with edentulousness among
older adults with or without prosthetic rehabilitation. Adult pa-
tients who were completely or partially edentulous and wore
a dental prosthesis lacked specific nutrients and were at risk
for malnutrition.28–32 Masticatory or chewing inefficiency was
more common among removable complete denture wearers
than partial denture wearers.32–36 Lower nutritional profiles
were observed among older adults with either a mandibu-
lar or a maxillary complete denture placed opposing natural
dentition.14,24,37,38 However, these studies used cross-sectional
study designs, included a small sample size, and short duration,
or with no longitudinal follow-up.29,31,39 In addition, studies
that administered self-reported questionnaires on dietary intake
have inherent limitations such as recall bias, inability to assess
health behavior over time, selective inclusion, and lack of ob-
jective measurement.25,26,29,31

Randomized clinical trials reported a decrease in nutritional
biomarkers such as serum folate, vitamin B12, and serum
albumin among removable prosthodontic patients but were
not statistically significant.40–44 Furthermore, clinical studies
have also demonstrated the need for dietary counseling during
prosthodontic treatment.18,45–47 Despite these studies, nutri-
tional counseling of patients who receive prosthodontic treat-
ments is not part of dental and medical care. One of the po-
tential reasons is these studies included few study participants
and short follow-up, thus limiting the generalizability of the re-
sults. A recent systematic review showed that dentures helped
reduce the risk of undernutrition in the edentulous, however,
the eating function and eating related quality of life was re-
duced compared to dentate individuals. Compared to dentate
individual’s denture wearers had a lower dietary intake, but
studies were of poor quality with no application of validated
nutritional assessment.48

While clinical research generates high-quality evidence on a
defined population, it may exclude patients with multiple co-
morbidities and older patients. Besides, it is costly, takes years
to generate results, and may not be generalizable to the treat-

ment effectiveness delivered in real-world settings.49,50 With
the digitization of patient care documentation, harnessing elec-
tronic health record (EHR) and electronic dental record (EDR)
data allows the study of all patients and facilitates longitudinal
studies, which are not possible with traditional methods. The
potential to link data from disparate data sources such as the
EDR and EHR of patients also enables us to study the effect
of oral health treatments on their overall health over a longer
time.

Therefore, the objective of this study was to assess longi-
tudinally the nutritional status among denture wearers; and to
compare the profile of denture and nondenture wearing patients
using nutritional biomarkers from laboratory reports. Labora-
tory data, specifically markers for malnutrition from complete
blood count (CBC), comprehensive metabolic profile (CMP),
basic metabolic profile (BMP), lipid and thyroid panel tests,
anthropometrics (weight, height, and body mass index (BMI),
demographics, and the presence of dental insurance, were re-
trieved from the EHR and EDR data. To the best of our knowl-
edge, studies utilizing laboratory values of nutritional biomark-
ers in the serum and urine samples present in the EHR and
linking with EDR data have not been reported previously.

Materials and methods

Institutional Review Board (IRB) approval, with exempt status,
was obtained from the Indiana University IRB (#: 910445123).
This retrospective longitudinal study included partially and
completely edentulous adult (18 years and above) patients who
received removable prosthodontic treatment and implant over-
dentures between January 1, 2010 and December 31, 2018,
at the Indiana University School of Dentistry (IUSD) clinics.
The procedures included complete dentures, removable par-
tial dentures, and implant-retained overdentures or over-partial
dentures. The procedures were identified using the American
Dental Association’s (ADA) Code on Dental Procedures and
Nomenclature (CDT) for prosthodontic treatments from the
EDR (axiUm®-EXAN) (see Table S1) used at IUSD. Next, pa-
tients who received these treatments were identified using their
EDR data, then matched with their EHR data available in the
Indiana Network for Patient Care Research Database (INPC-
R). INPC is derived from the statewide Indiana health informa-
tion exchange (IHIE) with data from over 100 separate health-
care entities in Indiana, including hospitals, health networks,
and insurance providers.52 A consolidated patient file is cre-
ated for each patient from multiple sources. Mainly, there are
five participating medical systems from over 14,000 practices
and 40,000 providers.52 Data from clinical encounters, labora-
tory and diagnostic reports, radiology, medication, insurance,
and other sources comprise greater than approximately 10 bil-
lion pieces of information.51 Figure 1 describes the process of
identifying the EDR of eligible patients and linking them with
their EHR data.

Patients with a minimum of one visit documented in the
EHR within 2 years after receiving the dentures were included
in the study. In addition to the criteria described above, pa-
tients with fixed prosthesis in addition to a removable denture
in an opposing/contralateral arch were included. Patients who
only had fixed prosthesis were excluded. Patients with systemic
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IUSD patients’ electronic dental record 
(EDR)
Case group (N=3,519): 
•  IUSD denture wearing patients

- removable complete denture (CD)
- removable partial denture (RPD)
- implant-retained removable 

complete denture (IOD)
Control group (N=6,962):
•  IUSD non-denture wearing patients

- did not receive a denture

•  age
•  sex
•  weight/height
•  insurance
•  case group (using CDT codes):

- complete denture in both arches
- partial denture
- complete denture in upper or 

lower arch
- control group (absence of denture 

CDT codes)

IUSD patients’ electronic health 
record (EHR)
Indiana Network for Patient 
Care-Research (INPC-R) 
database

Global matching algorithm

•  age
•  sex
•  weight/height
•  serology test results:
•  serum albumin
•  blood urea nitrogen (BUN)
•  serum calcium
•  serum creatinine
•  serum protein
•  estimated glomerular filtration 

rate (eGFR)
•  Hemoglobin (Hb)
•  high density lipoprotein (HDL)
•  low-density lipoprotein (LDL)
•  total cholesterol
•  triglycerides
•  thyroid stimulating hormone 

(TSH)

Study population: 
≥18 years and above;

Jan 1st 2010-Dec 31st, 2018

Figure 1 Flow diagram describes the pro-
cess of identifying the electronic dental record
(EDR) of eligible patients and linking them with
their electronic health record (EHR) data using
demographic, clinical, and laboratory variables.

diseases, infections, cognitive decline, or orofacial motor dis-
orders were not excluded. Patients with no follow-up visits or
no available information in the EDR or EHR were excluded.
Patients with no laboratory records during the study time pe-
riod were also not included.

Two controls (nondenture wearers) per case (denture
wearer), matched by age and gender and who had matched
EDR-EHR data, were included to detect any significant differ-
ences between denture wearers and controls in their nutritional
status. Eligible patients from the matched EDR-EHR data were
identified and queried for study-specific data. From the EDR,
the following demographic information was retrieved: age, sex,
presence of insurance, treatment history (including dates of
treatment), and completed treatments identified by CDT proce-
dure codes. Denture index date was defined as the first date for
a patient’s complete or partial denture treatment within the Jan-
uary 1, 2010 and December 31, 2018, study time. For the case
group (denture wearers), the pre- and post-index dates were
defined as ±2 years of the denture index date. The index date
for nondenture wearing patients (hereafter referred to as con-
trols) was matched within ±1 year of the denture index date
of the matching cases. The pre-index date refers to the time be-
fore denture insertion, and post-index date refers to the time af-
ter denture insertion. Terms pre- and post-index dates are used
throughout the article for the case and control groups. Den-
tition status was further classified into three groups by treat-
ments received: (1) completely edentulous, based on conven-
tional complete denture (CD) and implant-supported overden-
ture (IOD); (2) edentulous either in the upper or lower arch (CD
or IOD); and (3) partially edentulous (removable partial den-
ture [RPD]); overdenture-supported partial dentures (OPD).

Data retrieved from the EHR contained demographic infor-
mation, patient’s medical conditions recorded with ICD9/10
diagnostic codes, height and weight information, and se-
lected laboratory reports. Laboratory information from the
EHR within ±2 years of the denture index date was also
retrieved. The laboratory records included those performed
as part of the annual physical examination: complete blood
count (CBC) with differential and platelets test, comprehensive
metabolic panel (CMP), basic metabolic panel (BMP), lipid
panel, and thyroid function tests. The following laboratory val-
ues were retrieved from the laboratory records which may qual-
ify as a nutritional marker: serum albumin, calcium, creatinine,
protein, hemoglobin (Hb), blood urea nitrogen (BUN), esti-
mated glomerular filtration rate (eGFR), total cholesterol, low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
triglycerides (TGL), and thyroid-stimulating hormone (TSH)
values.53–56

Statistical analysis

Data analysis was performed using the statistical analysis soft-
ware, SAS® version 9.4 (SAS Institute, Inc., Cary, NC). Sum-
mary statistics of patient characteristics and nutritional out-
come measures were included for both denture wearers and
matched controls. Subgroup analyses were based on the three
levels (completely edentulous, edentulous either in the upper or
lower arch, partially edentulous) of the dentition status of the
denture wearers. The analyses focused on the rate of change or
slope for nutritional biomarkers between pre- and post-index
for denture wearers and controls. A slope-based model was
used to detect any changes that may be happening pre-index
when comparing to post-index. General linear mixed-effects
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models (GLMM) were used to compare laboratory measure-
ments from the EHR with pre-post index dates from the EDR.
Random effects slope-based models evaluated the mean rates
of change over time and tested the differences between pre- and
post-index dates. Random effects allowed individual variances
pre- and post-index to be included in the model and individual
patient-specific intercepts and slopes. Finally, the comparative
analysis included likelihood ratio tests in determining whether
the slopes were different for denture wearers and controls. A
5% significance level was used for all tests.

Results
Demographic characteristics of denture (case)
and control patients

From the EDR, 6,834 distinct patients with records of receiv-
ing removable complete/partial dentures or implant/abutment
retained dentures qualified for the study. Approximately 52%
(n = 3,519) of the patients’ EDR matched their EHR that con-
tained laboratory results within the study time. The total num-
ber and type of prosthodontic procedures and CDT codes used
for 3,519 denture wearers are listed in Table S2. Forty-one
percent (N = 1,430) of the cases had maxillary (D5110) and
mandibular (D5120) complete dentures followed by maxillary
and mandibular partials with cast metal frame along with ei-
ther one of the upper or lower complete dentures. Distribution
of denture wearers based on dentition status revealed that 46%
of the patients were completely edentulous, followed by par-
tially edentulous patients (31%); 23% of patients were either
edentulous in the upper or lower arch opposing a natural den-
tition or any partial denture.

The average age of the case-cohort was 57 years ±10
(mean ± SD), ranging from 18 to 84 years. Females con-
stituted 55% in both the case and control groups (see
Table 1). Sixty-three percent of denture wearers were White,
followed by 30% Black, and 5% Hispanic. Patients belonging
to other races/ethnicities were less than 1%. Sixty-one percent
of the case-cohort lacked dental insurance. Sixty-four percent
of completely edentulous patients did not have insurance, fol-
lowed by 63% of completely edentulous patients in the upper
or lower arch and 56% of partially dentate patients (Table S3).
In addition, the distribution of age, sex, ethnicity, and insur-
ance information of denture wearers classified based on their
dentition status is provided in the supplementary information
(see Table S3).

Based on the 2:1 ratio of controls to denture wearers, the
control group included 6,962 patients without dentures with
an average age of 56 ±11 (mean ± SD) years. Forty-two per-
cent of the controls were White followed by Black (13%) and
Hispanic (3%), and a large percentage (40%) were unknown
race/ethnicity. Like denture wearers, 61% of control patients
did not have insurance and 39% had insurance. Demographic
attributes for the study cohort, including denture and control
patients, are listed in Table 1.

The number of subjects, total, average, and range of the num-
ber of measurements per subject for nutritional biomarkers ob-
tained from the laboratory values within the index date for
both denture wearers and controls are provided in Table S4.
The EHR had the same laboratory results recorded from mul-

Table 1 Demographic characteristics of denturewearers (N= 3,519) and
control group patients (N = 6,962)

Denture wearers Controls

Variables Frequency (N) % Frequency (N) %

Age in years
18-20 2 (<1) 13 (<1)
21-30 55 (2) 121 (2)
31-40 199 (6) 501 (7)
41-50 585 (17) 1,359 (20)
51-60 1,212 (34) 2,445 (35)
61-70 1,231 (35) 2101 (30)
71-80 233 (7) 420 (6)
≥81 2 (<1) 2 (<1)

Sex
Female 1,926 55 3,812 55
Male 1,591 45 3,147 45
Unknown 2 < 1 3 <1

Race/Ethnicity
Caucasian/White 2,220 63 2,896 42
African American/Black 1,039 30 904 13
American Indian/Alaskan 3 <1 4 <1
Asian 43 1 103 1
Bi-Racial/Multiracial 13 <1 4 <1
Hispanic/Latino 166 5 217 3
Other/Blank 31 1 34 <1
Unknown 4 <1 2,800 40

Insurance
Yes 1,362 39 2,701 39
No 2,157 61 4,261 61

tiple sources. Therefore, multiple laboratory records would be
available for the same patient. Duplicates were removed, and
one record was included per patient per day. Table 2 lists the
means and slopes (rates of change over time) for the pre- and
post-index periods for denture wearers and controls. The nor-
mal ranges of the nutritional biomarkers are also shown in
Table 2.

Pre-post analyses of nutritional biomarkers for
denture wearers and controls

The rate of change over time (slope) for each outcome variable
measuring nutritional status during pre- and post-index dates
was evaluated using GLMM. The pre-post analyses showed de-
creasing serum albumin (p = 0.002) and calcium (p = 0.039)
during the post-index period for denture wearers (Table 2). Ta-
ble 3 illustrates the changes in nutritional biomarkers (slope)
classified by patients’ dentition status. The results revealed no
changes in serum albumin during the pre-index period but a
decrease during the post-index (p = 0.001) period for com-
pletely edentulous patients. Serum albumin decrease was not
significant for the other two dentition groups. Serum calcium
for edentulous patients in the upper or lower arch increased
pre-index but decreased post-index (p = 0.016). Although
there was a decrease in the slope for serum calcium during
the post-index time, they were not statistically significant for
completely edentulous (p = 0.415) and partially edentulous

e56 Journal of Prosthodontics 31 (2022) e53–e65
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Gomez et al Assessment of Denture Wearers’ Nutritional Profile

Ta
b
le

2
Pr
e-
po

st
an

al
ys
is

fo
r
de

nt
ur
e
w
ea

re
rs

an
d
co

nt
ro
ls

D
en

tu
re

(c
as

e
gr
ou

p)
pa

tie
nt
s

N
on

de
nt
ur
e
(c
on

tr
ol

gr
ou

p)
pa

tie
nt
s

M
ea

su
re
m
en

t
Ti
m
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

N
or
m
al

va
lu
es

W
ei
gh

t
(k
g)

Pr
e

80
.7
6
(0
.3
7)

–0
.0
00

5
(0
.0
00

4)
0.
41

4
81
.7
6
(0
.2
8)

0.
00

02
(0
.0
00

2)
0.
00

3∗
12

5-
16

8
lb
s.
56

.6
9-
76

.2
0
kg

Po
st

80
.3
9
(0
.3
6)

–0
.0
01
0

(0
.0
00

3)
81
.7
4
(0
.2
8)

–0
.0
00

7
(0
.0
00

2)
B
M
I

Pr
e

27
.9
6
(0
.1
2)

–0
.0
00

1
(0
.0
00

1)
0.
13

5
28

.1
1
(0
.0
9)

0.
00

01
(0
.0
00

1)
0.
00

4∗
18

.5
-2
4.
9

Po
st

27
.8
4
(0
.1
1)

–0
.0
00

4
(0
.0
00

1)
28

.1
2
(0
.0
9)

–0
.0
00

2
(0
.0
00

1)
H
D
L

Pr
e

47
.4
5
(0
.3
9)

0.
00

33
(0
.0
01
5)

0.
39

8
49

.5
6
(0
.2
6)

0.
00

07
(0
.0
00

4)
0.
61

2
M
en

:4
5-
70

m
g/
dL

W
om

en
:5

0-
90

m
g/
dL

Po
st

48
.6
9
(0
.3
4)

0.
00

16
(0
.0
00

7)
50

.1
8
(0
.2
5)

0.
00

11
(0
.0
00

4)
LD

L
Pr
e

10
3.
31

(0
.8
7)

0.
01
07

(0
.0
04

0)
0.
20

4
10

7.
39

(0
.5
5)

–0
.0
04

0
(0
.0
01
3)

0.
68

5
O
pt
im

al
:<

10
0
m
g/
dL

A
bo

ve
op

tim
al
:1

00
-1
29

m
g/
dL

B
or
de

rli
ne

hi
gh

:1
30

-1
59

m
g/
dL

H
ig
h:

16
0-
18

9
m
g/
dL

Ve
ry

hi
gh

:1
90

m
g/
dL

Po
st

99
.8
8
(0
.7
3)

–0
.0
04

2
(0
.0
01
7)

10
4.
46

(0
.5
4)

–0
.0
05

0
(0
.0
01
3)

To
ta
lc
ho

le
st
er
ol

Pr
e

17
7.
92

(1
.1
5)

–0
.0
02

9
(0
.0
05

5)
0.
94

2
18

3.
63

(0
.7
5)

–0
.0
03

7
(0
.0
01

8)
0.
65

1
<
15

0
m
g/
dL

Po
st

17
5.
84

(0
.9
4)

–0
.0
02

2
(0
.0
02

5)
18

0.
70

(0
.7
0)

–0
.0
05

0
(0
.0
01
6)

Tr
ig
ly
ce

rid
e

Pr
e

15
5.
87

(3
.0
0)

–0
.0
01
7

(0
.0
15

0)
0.
96

1
14

7.
43

(1
.8
2)

–0
.0
03

7
(0
.0
04

7)
0.
24

2
N
or
m
al

<
15

0
m
g/
dL

.B
or
de

rli
ne

hi
gh

:
15

0-
19

9
m
g/
dL

H
ig
h:

20
0-
49

9
m
g/
dL

Ve
ry

hi
gh

:≥
50

0
m
g/
dL

Po
st

15
2.
57

(2
.5
1)

–0
.0
02

4
(0
.0
06

9)
14

2.
73

(1
.7
0)

–0
.0
13

1
(0
.0
04

4)
S
er
um

al
bu

m
in

Pr
e

4.
06

(0
.0
1)

0.
00

01
(0
.0
00

1)
0.
00

2∗
4.
08

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
0.
39

0
3.
4-
5.
4
g/
dL

Po
st

4.
00

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
4.
01

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)

(C
on
tin
ue
d)

Journal of Prosthodontics 31 (2022) e53–e65 e57
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Assessment of Denture Wearers’ Nutritional Profile Gomez et al

Ta
b
le

2
(C
on

tin
ue

d)

D
en

tu
re

(c
as

e
gr
ou

p)
pa

tie
nt
s

N
on

de
nt
ur
e
(c
on

tr
ol

gr
ou

p)
pa

tie
nt
s

M
ea

su
re
m
en

t
Ti
m
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

N
or
m
al

va
lu
es

B
U
N

Pr
e

15
.8
6
(0
.1
9)

0.
00

16
(0
.0
00

8)
0.
34

8
16

.1
7
(0
.1
5)

0.
00

10
(0
.0
00

4)
0.
99

4
7-
21

m
g/
dL

Po
st

16
.4
8
(0
.1
6)

0.
00

10
(0
.0
00

4)
16

.8
5
(0
.1
5)

0.
00

13
(0
.0
00

3)
S
er
um cr
ea

tin
in
e

Pr
e

1.
06

(0
.0
2)

0.
00

02
(0
.0
00

1)
<
.0
01

∗
1.
02

(0
.0
1)

0.
00

01
(0
.0
00

0)
<
0.
00

1∗
M
al
e:

0.
9-
1.
3
m
g/
dL

W
om

en
:0

.6
-1
.1

m
g/
dL

Po
st

1.
06

(0
.0
2)

–0
.0
00

1
(0
.0
00

0)
1.
04

(0
.0
1)

0.
00

00
(0
.0
00

0)
eG

FR
Pr
e

73
.3
4
(0
.4
8)

–0
.0
03

3
(0
.0
01
4)

0.
23

8
76

.4
4
(0
.4
2)

–0
.0
02

2
(0
.0
00

8)
0.
43

3
H
ea

lth
y:

>
90

m
L/
m
in
N
or
m
al
:>

60
m
L/
m
in

K
id
ne

y
di
se

as
e:

<
60

m
L/
m
in
K
id
ne

y
fa
ilu
re
:≤

15
m
L/
m
in

Po
st

72
.0
6
(0
.4
3)

–0
.0
01
4

(0
.0
00

7)
75

.5
0
(0
.4
1)

–0
.0
01
6

(0
.0
00

7)
H
b

Pr
e

13
.2
3
(0
.0
4)

–0
.0
00

8
(0
.0
00

1)
<
.0
01

∗
13

.2
7
(0
.0
3)

–0
.0
00

6
(0
.0
00

1)
<
0.
00

1∗
12

-1
6
g/
dL

(w
om

en
)1
4-
17
.4

g/
dL

(m
en

)

Po
st

13
.0
6
(0
.0
4)

0.
00

00
(0
.0
00

1)
13

.1
9
(0
.0
3)

0.
00

02
(0
.0
00

1)
S
er
um

ca
lc
iu
m

Pr
e

9.
31

(0
.0
1)

0.
00

00
(0
.0
00

0)
0.
03

9∗
9.
31

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
0.
00

1∗
8.
5-
10

.3
m
g/
dL

Po
st

9.
26

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
9.
25

(0
.0
1)

0.
00

00
(0
.0
00

0)
S
er
um

pr
ot
ei
n

Pr
e

7.
19

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
0.
75

0
7.
24

(0
.0
1)

0.
00

00
(0
.0
00

0)
0.
06

1
6-
8
g/
dL

Po
st

7.
26

(0
.0
2)

–0
.0
00

1
(0
.0
00

1)
7.
24

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
TS

H
Pr
e

2.
38

(0
.1
7)

0.
00

09
(0
.0
01
1)

0.
48

8
2.
36

(0
.0
8)

0.
00

03
(0
.0
00

3)
0.
69

7
0.
4-
4.
0
pe

r
m
U
/L

Po
st

2.
55

(0
.1
4)

0.
00

00
(0
.0
00

5)
2.
56

(0
.0
9)

0.
00

02
(0
.0
00

3)

*
In

di
ca

te
s

st
at

is
tic

al
si

gn
ifi

ca
nc

e;
W

ei
gh

t(
in

kg
);

bo
dy

m
as

s
in

de
x

(B
M

I)
;

hi
gh

de
ns

ity
lip

op
ro

te
in

(H
D

L
);

lo
w

de
ns

ity
lip

op
ro

te
in

(L
D

L
);

to
ta

lc
ho

le
st

er
ol

,T
ri

gl
yc

er
id

e
(T

G
L

);
se

ru
m

al
bu

m
in

,b
lo

od
ur

ea
ni

tr
og

en

(B
U

N
);

se
ru

m
cr

ea
tin

in
e;

ex
tr

a
gl

om
er

ul
ar

fil
tr

at
io

n
ra

te
(e

G
FR

);
he

m
og

lo
bi

n
(H

b)
;s

er
um

ca
lc

iu
m

;s
er

um
pr

ot
ei

n;
th

yr
oi

d
st

im
ul

at
in

g
ho

rm
on

e
(T

SH
).

e58 Journal of Prosthodontics 31 (2022) e53–e65
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Gomez et al Assessment of Denture Wearers’ Nutritional Profile

Ta
b
le

3
Pr
e-
po

st
an

al
ys
es

fo
r
su

bg
ro
up

s
am

on
g
de

nt
ur
e
w
ea

re
rs

ba
se

d
on

de
nt
iti
on

st
at
us

C
om

pl
et
el
y
ed

en
tu
lo
us

E
de

nt
ul
ou

s
ei
th
er

in
up

pe
r
or

lo
w
er

ar
ch

Pa
rt
ia
lly

ed
en

tu
lo
us

M
ea

su
re
m
en

t
Ti
m
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

W
ei
gh

t
(k
g)

Pr
e

80
.3
4
(0
.5
4)

–0
.0
00

7
(0
.0
00

6)
0.
74
5

80
.8
7
(0
.7
6)

–0
.0
01
1

(0
.0
00

9)
0.
92

6
81
.3
5
(0
.6
6)

0.
00

04
(0
.0
00

6)
0.
17

3

Po
st

79
.8
9
(0
.5
3)

–0
.0
01
1

(0
.0
00

4)
80

.4
0
(0
.7
4)

–0
.0
00

9
(0
.0
00

6)
81
.1
8
(0
.6
5)

–0
.0
00

8
(0
.0
00

5)
B
M
I

Pr
e

27
.6
3
(0
.1
7)

–0
.0
00

1
(0
.0
00

2)
0.
21

5
28

.1
8
(0
.2
4)

–0
.0
00

5
(0
.0
00

3)
0.
70

7
28

.3
6
(0
.2
1)

0.
00

02
(0
.0
00

2)
0.
08

4

Po
st

27
.4
8
(0
.1
7)

–0
.0
00

4
(0
.0
00

2)
28

.0
3
(0
.2
3)

–0
.0
00

3
(0
.0
00

2)
28

.3
1
(0
.2
1)

–0
.0
00

3
(0
.0
00

2)
H
D
L

Pr
e

46
.6
6
(0
.5
8)

0.
00

41
(0
.0
02

3)
0.
23

9
47
.2
8
(0
.8
3)

0.
00

49
(0
.0
03

2)
0.
43

3
48

.7
8
(0
.6
7)

0.
00

00
(0
.0
02

3)
0.
34

8

Po
st

47
.6
9
(0
.4
9)

0.
00

06
(0
.0
01
1)

48
.7
8
(0
.7
2)

0.
00

19
(0
.0
01
4)

50
.0
5
(0
.6
1)

0.
00

29
(0
.0
01
0)

LD
L

Pr
e

10
1.
19

(1
.2
8)

–0
.0
14

6
(0
.0
05

7)
0.
18

9
10

2.
74

(1
.7
7)

–0
.0
07

6
(0
.0
08

5)
0.
47

6
10

7.
05

(1
.5
7)

–0
.0
06

8
(0
.0
07

2)
0.
99

0

Po
st

96
.9
4
(1
.1
0)

–0
.0
04

8
(0
.0
02

6)
10

0.
49

(1
.4
9)

0.
00

01
(0
.0
03

7)
10

3.
91

(1
.2
7)

–0
.0
06

4
(0
.0
03

0)
To
ta
lC

ho
le
st
er
ol

Pr
e

17
5.
62

(1
.6
5)

–0
.0
15

5
(0
.0
08

0)
0.
21

2
17

8.
59

(2
.4
3)

–0
.0
05

4
(0
.0
11
2)

0.
75

2
18

1.
40

(2
.1
1)

0.
02

18
(0
.0
10

0)
0.
01

8∗

Po
st

17
0.
94

(1
.4
3)

–0
.0
01

8
(0
.0
04

0)
17

7.
10

(1
.8
7)

–0
.0
00

2
(0
.0
04

5)
18

2.
13

(1
.6
3)

–0
.0
07
4

(0
.0
03

8)
Tr
ig
ly
ce

rid
e

Pr
e

16
1.
87

(4
.6
6)

–0
.0
18

9
(0
.0
22

0)
0.
48

2
15

8.
75

(5
.7
4)

–0
.0
38

6
(0
.0
26

0)
0.
30

9
14

7.
18

(4
.9
1)

0.
03

98
(0
.0
26

0)
0.
22

0

Po
st

15
2.
82

(3
.7
3)

0.
00

13
(0
.0
09

4)
15

1.
87

(4
.5
2)

–0
.0
04

5
(0
.0
10

4)
15

2.
95

(4
.7
5)

–0
.0
01
9

(0
.0
13

6)
S
er
um

al
bu

m
in

Pr
e

4.
01

(0
.0
2)

0.
00

01
(0
.0
00

1)
0.
00

1∗
4.
08

(0
.0
3)

0.
00

02
(0
.0
00

1)
0.
12

1
4.
12

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
0.
77
4

Po
st

3.
94

(0
.0
2)

–0
.0
00

2
(0
.0
00

0)
4.
06

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
4.
06

(0
.0
2)

–0
.0
00

1
(0
.0
00

1)
B
U
N

Pr
e

15
.7
4
(0
.2
7)

0.
00

37
(0
.0
01
0)

0.
03

9∗
15

.7
3
(0
.3
8)

0.
00

34
(0
.0
01
5)

0.
04

0∗
16

.3
(0
.3
5)

–0
.0
06

3
(0
.0
01
7)

<
.0
01

∗

Po
st

16
.8
8
(0
.2
4)

0.
00

13
(0
.0
00

5)
16

.0
0
(0
.3
1)

–0
.0
00

4
(0
.0
00

7)
16

.1
1
(0
.2
8)

0.
00

19
(0
.0
00

7)

(C
on
tin
ue
d)

Journal of Prosthodontics 31 (2022) e53–e65 e59
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Assessment of Denture Wearers’ Nutritional Profile Gomez et al

Ta
b
le

3
(C
on

tin
ue

d)

C
om

pl
et
el
y
ed

en
tu
lo
us

E
de

nt
ul
ou

s
ei
th
er

in
up

pe
r
or

lo
w
er

ar
ch

Pa
rt
ia
lly

ed
en

tu
lo
us

M
ea

su
re
m
en

t
Ti
m
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

M
ea

n
(S
E
)

S
lo
pe

(S
E
)

p-
Va

lu
e

C
re
at
in
in
e

Pr
e

1.
10

(0
.0
3)

0.
00

05
(0
.0
00

1)
<
.0
01

∗
1.
01

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
0.
01
1∗

1.
03

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
0.
96

9

Po
st

1.
12

(0
.0
3)

–0
.0
00

1
(0
.0
00

0)
1.
03

(0
.0
3)

0.
00

01
(0
.0
00

0)
1.
00

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
eG

FR
Pr
e

74
.1
6
(0
.7
0)

–0
.0
08

2
(0
.0
01

8)
0.
00

3∗
69

.9
2
(0
.9
5)

0.
00

60
(0
.0
02

9)
0.
00

8∗
74
.3
3
(0
.8
7)

0.
00

11
(0
.0
02

7)
0.
66

5

Po
st

71
.9
6
(0
.6
4)

–0
.0
01
2
(0
.0
01
1)

70
.0
3
(0
.8
2)

–0
.0
03

2
(0
.0
01
4)

73
.8
8
(0
.7
7)

–0
.0
00

6
(0
.0
01
3)

H
b

Pr
e

13
.1
9
(0
.0
6)

–0
.0
01
2

(0
.0
00

2)
<
.0
01

∗
13

.1
6
(0
.0
9)

0.
00

00
(0
.0
00

3)
0.
95

1
13

.3
5
(0
.0
8)

–0
.0
00

1
(0
.0
00

3)
0.
96

3

Po
st

12
.9
6
(0
.0
5)

0.
00

01
(0
.0
00

1)
13

.0
5
(0
.0
7)

–0
.0
00

1
(0
.0
00

2)
13

.2
4
(0
.0
6)

–0
.0
00

1
(0
.0
00

1)
S
er
um

C
al
ci
um

Pr
e

9.
27

(0
.0
2)

0.
00

00
(0
.0
00

1)
0.
41

5
9.
33

(0
.0
2)

∗
0.
00

02
(0
.0
00

1)
0.
01
6∗

9.
37

(0
.0
2)

0.
00

00
(0
.0
00

1)
0.
38

4
Po

st
9.
21

(0
.0
1)

–0
.0
00

1
(0
.0
00

0)
9.
29

(0
.0
2)

–0
.0
00

1
(0
.0
00

0)
9.
32

(0
.0
2)

–0
.0
00

1
(0
.0
00

0)
S
er
um

Pr
ot
ei
n

Pr
e

7.
29

(0
.0
2)

–0
.0
00

2
(0
.0
00

1)
0.
34

3
7.
20

(0
.0
3)

0.
00

01
(0
.0
00

2)
0.
40

4
7.
26

(0
.0
3)

0.
00

00
(0
.0
00

1)
0.
79

3

Po
st

7.
20

(0
.0
2)

–0
.0
00

1
(0
.0
00

0)
7.
15

(0
.0
3)

–0
.0
00

1
(0
.0
00

1)
7.
22

(0
.0
2)

–0
.0
00

1
(0
.0
00

1)
TS

H
Pr
e

2.
49

(0
.2
5)

0.
00

24
(0
.0
01
6)

0.
13

2
2.
39

(0
.4
5)

0.
00

20
(0
.0
02

7)
0.
42

6
2.
18

(0
.2
0)

–0
.0
02

9
(0
.0
01
1)

0.
00

4∗

Po
st

2.
70

(0
.2
2)

–0
.0
00

7
(0
.0
00

8)
2.
44

(0
.3
5)

–0
.0
00

8
(0
.0
01
2)

2.
33

(0
.1
7)

0.
00

15
(0
.0
00

6)

*
In

di
ca

te
s

st
at

is
tic

al
si

gn
ifi

ca
nc

e;
w

ei
gh

t
(i

n
kg

);
bo

dy
m

as
s

in
de

x
(B

M
I)

;
hi

gh
de

ns
ity

lip
op

ro
te

in
(H

D
L

);
lo

w
de

ns
ity

lip
op

ro
te

in
(L

D
L

);
to

ta
l

ch
ol

es
te

ro
l,

T
ri

gl
yc

er
id

e
(T

G
L

);
se

ru
m

al
bu

m
in

,b
lo

od
ur

ea
ni

tr
og

en

(B
U

N
);

se
ru

m
cr

ea
tin

in
e;

ex
tr

a
gl

om
er

ul
ar

fil
tr

at
io

n
ra

te
(e

G
FR

);
he

m
og

lo
bi

n
(H

b)
;s

er
um

ca
lc

iu
m

;s
er

um
pr

ot
ei

n;
th

yr
oi

d
st

im
ul

at
in

g
ho

rm
on

e
(T

SH
).

e60 Journal of Prosthodontics 31 (2022) e53–e65
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Gomez et al Assessment of Denture Wearers’ Nutritional Profile

(p = 0.384) patients (Table 3). Among controls, the rate of
serum calcium decrease was significant during the pre-index
period but did not decrease significantly during the post-index
period (p = 0.001, Table 2).

Contrary to serum albumin and calcium, the slope for
creatinine increased during the pre-index period but de-
creased during post-index (p < 0.001) among denture wear-
ers and did not change post-index among controls (p < 0.001)
(Table 2). Completely edentulous patients showed an in-
crease in creatinine pre-index and decrease during post-index
(p < 0.001), and partially edentulous patients showed no sig-
nificant pre- and post-index difference (p = 0.969) (Table 3).
Whereas, patients’ edentulous either in the upper or lower arch
(p = 0.011) decreased slope during pre-index but increased
during post-index. Regarding Hb, the slope decreased in the
pre-index period and did not change significantly in the post-
index (p < 0.001) time for denture wearers and increased
for controls (Table 2). Pre-post analysis of the dentition sub-
groups showed that Hb slope in completely edentulous pa-
tients decreased during the pre-index phase and did not de-
crease significantly post-index (p < 0.001) period (Table 3).
Pre- and post-index changes of Hb for edentulous either in
the upper or lower arch (p = 0.951) or with partial dentures
(p = 0.963) were not significant (Table 3).

Although the pre-post decrease of total cholesterol was not
significant for denture wearers (Table 2), among partially
edentulous patients, the slope (0.0218 ±0.0100) increased
before partial denture treatment (pre-index) and decreased
(–0.0074 ± 0.0038) post-index (p = 0.018) time (Table 3).
The mean total cholesterol level for all denture wearers was
above the upper limit (170–181 mg/dL) of the normal range
(150 mg/dL) with the highest cholesterol value seen among
partially edentulous patients. The rate of change (slope) in
blood urea nitrogen (BUN) levels among completely edentu-
lous (p = 0.039) and edentulous in the upper or lower arch (p
= 0.040) patients was increasing during the pre-index phase
and decreasing during the post-index phase (Table 3). How-
ever, the BUN levels were increasing in partially edentulous
(p ≤ 0.001) patients during post-index. Conversely, estimated
glomerular filtration rate (eGFR) in completely edentulous pa-
tients decreased pre-index and increased during post-index (p
= 0.003), but a reverse relationship was among edentulous ei-
ther in upper or lower arch patients (p = 0.008) and partially
edentulous patients (p = 0.665). TSH in partial denture pa-
tients was decreasing pre-index and increasing post-index (p
= 0.004). There was no significant change observed in some
of the subgroups for anthropometric measures and nutritional
biomarkers such as HDL, LDL, TGL, and serum protein. There
were no significant differences based on the pre- and post-
index date within any subgroup for weight, BMI, HDL, LDL,
TGL, or serum protein.

A comparative analysis among denture wearers based on
their classification on dentition status for denture wearers and
then a comparison with controls is given in Table S5 with their
“p” values. Significant differences were observed among den-
ture wearers based on their dentition status for total cholesterol
(p = 0.008); TGL (p = 0.019); TGL:HDL ratio (p = 0.030); al-
bumin (p = 0.030), TSH (p = 0.034), BUN, creatinine, eGFR,
and Hb (p < 0.001) (Table S5). The calculated TGL: HDL ra-

Table 4 Comparison of denture wearers versus controls

Measurement p-Value

Weight (kg) 0.394
BMI 0.400
HDL 0.071
LDL 0.244
Total Cholesterol 0.601
Triglyceride 0.138
Serum albumin ∗0.008
BUN 0.626
Creatinine 0.349
eGFR 0.705
Hb ∗0.035
Serum Calcium ∗0.001
Serum Protein ∗0.008
TSH 0.858

*Indicates statistical significance; weight (in kg); body mass index (BMI); high

density lipoprotein (HDL); low density lipoprotein (LDL); total cholesterol,

Triglyceride (TGL); serum albumin, blood urea nitrogen (BUN); serum creati-

nine; extra glomerular filtration rate (eGFR); hemoglobin (Hb); serum calcium;

serum protein; thyroid stimulating hormone (TSH).

tio for partially edentulous individuals increased significantly
pre-index (p = 0.020) while it did not change significantly for
other subgroups.

Neither denture wearers nor controls showed any differences
in the rate of change pre-index versus post-index for HDL,
LDL, total cholesterol, TGL, BUN, eGFR, serum protein, or
TSH levels (p > 0.05) (Table 3). For the controls, weight
(p = 0.003) and BMI (p = 0.004) were significantly decreasing
faster during the post-index period than the pre-index period,
whereas denture wearers did not show any decrease during this
period (Table 3).

Comparison of denture wearers versus controls

Table 4 depicts the significant differences between denture
wearers and controls for nutritional biomarkers. Denture wear-
ers demonstrated faster decreases in serum protein and albumin
levels post-index time compared to controls (p = 0.008). The
slope of albumin increased in the pre-index period among den-
ture wearers while it decreased in the control group. There was
no significant rate of change in Hb for either denture wearers
or controls during the pre-index period. While Hb level did not
decrease significantly during post-index among denture wear-
ers, it was significantly different with an increased rate of Hb
level observed in the control group (p = 0.035). Serum calcium
decreased faster during the post-index period in denture wear-
ers compared to the control group (p = 0.001). We calculated
the TGL: HDL ratio since there was no significance among
denture wearers with pre- and post-index periods for the lipid
panel tests. The means for the TGL: HDL ratio for pre- and
post-index periods were 3.93 ±0.11 and 3.81 ±0.10 (Mean ±
SE) for denture wearers and for controls it was 3.71 ±0.12 and
3.67 ±0.11 for pre- and post-index, respectively. There were
no indications of significant changes within the pre- and post-
index periods and no difference in the rate of change between
pre- and post-index periods (all p > 0.30 for denture wearers

Journal of Prosthodontics 31 (2022) e53–e65 e61
© 2022 The Authors. Journal of Prosthodontics published by Wiley Periodicals LLC on behalf of American College of Prosthodontists.



Assessment of Denture Wearers’ Nutritional Profile Gomez et al

and p > 0.10 for controls), and no significant difference in the
rates of change between the denture wearers and controls (p =
0.28).

Discussion

This retrospective study of 10,481 patient records with
matched EDR-EHR data showed a decrease in serum albu-
min, calcium, creatinine, and no change in Hb among den-
ture wearers during post-index. The results from previous stud-
ies were confirmed using a large and diverse study population
that reported prosthodontic patients’ nutritional profiles. When
comparing denture wearers and their controls, serum albumin,
calcium, and total protein decreased during the post-index pe-
riod among denture wearers and Hb increased among controls
(Table 4). Analyses captured the change over time and the
rate of change (slope) for selected nutritional biomarkers be-
fore and after the index date. Despite the decrease in serum
albumin, calcium, protein, and creatinine, the mean values of
hematological markers stayed within normal limits except for
total cholesterol, TGL, LDL, and weight and BMI in anthropo-
metrics. BMI was above the normal range, which further indi-
cates that both denture wearers and controls were overweight,
consistent with Indiana’s population.57 The results suggest that
undernutrition may potentially occur even among individuals
receiving prosthodontic treatment to replace missing teeth.

According to existing literature, the reason/s for the increase
or decrease in change for nutritional biomarkers before and af-
ter denture treatment and the implications are not studied in
detail. It should be noted that there was a higher rate of de-
cline in serum albumin levels in completely edentulous pa-
tients compared to other groups. These lower levels of serum
albumin could be due to chewing and swallowing difficulty in
older denture wearing individuals, and in patients with mal-
nutrition and chronic inflammation.14,58,59 Serum albumin, a
predominant protein in blood is an indicator for nutritional
assessment in healthy individuals and reduced levels indicate
poor health outcomes.54 A systematic review showed albumin
and pre-albumin being stable and decrease only in cases of
severe malnutrition.54,58,60 Therefore, further study is needed
to determine the role of prosthodontic treatments on albumin
levels.14,59

Protein is a macronutrient and is a biomarker for assessing
nutritional status. Protein levels typically decrease during nu-
tritional impairment, infection, or inflammation because these
factors influence the liver’s protein synthesis.54 Nevertheless,
serum protein levels decreased faster among denture wearers
compared to controls in this study. Moreover, serum albumin,
calcium, and total protein levels had a higher rate of decline
among denture wearers compared to control patients indicating
interrelationships between them.61 Older adults with reduced
protein intake are at risk for sarcopenia which can impact phys-
ical activity and lead to poor quality of life.54

Previously, studies reported lower serum calcium levels in
edentulous and partially edentulous individuals.32 Denture
wearers reportedly had a significantly faster decline in calcium
compared to controls during the post-index period (Table 4).
The alveolar bone turnover rate is rapid with small changes,
and it may not be necessarily related to osteoporosis.61

Reduction in serum calcium could be attributed to reduced
dietary calcium intake among denture wearers relative to
others. Further evaluation is needed to determine whether the
serum calcium is reduced because of reduced dietary calcium
and vitamin D intake or because of their edentulousness and/or
the effect of inadvertent forces from the prosthesis on the
alveolar bone.

Body mass index (BMI), Hb, and total cholesterol are useful
biomarkers to assess nutrition among older adults.60 None of
the lipid markers in the lipid panel test in the study had an im-
pact on the changes related to pre- and post-index date except
for decreased total cholesterol after partial denture treatment.
Although denture wearers often complain about the difficulty
in chewing, there is no evidence of nutritional impairment in
healthy individuals.59 In this study, we did not investigate the
underlying health or living conditions of the patients and the
role of these factors on nutrition. Future studies should also in-
clude analysis stratified by age to study older adults aged 60
and above.

Normal Hb levels in men range from 14 to 17.4 g/dL. The
mean levels reported in this study were 13 g/dL, indicating a
possible disruption of nutritional balance among men in the
denture wearers group. One of the significant biomarkers for
malnutrition is Hb and the study participants with dentures
have a comparatively lower Hb level compared to controls
(Table 4). Monitoring Hb levels for denture wearers could
avoid problems related to the underdiagnosis of nutritional im-
pairment among this group.60 Screening tests for anemia in
completely and edentulous patients during the prosthodontic
treatment planning phase could be an effective approach to
identify nutritional impairment and promote oral and overall
health. Future studies based on Hb levels in denture patients
stratified by gender to assess nutritional imbalance is also rec-
ommended.

Creatinine is a byproduct of muscle metabolism and is pro-
portional to lean body mass.62 Our study found decreased
serum creatinine levels among completely edentulous and
edentulous patients either in the upper or lower arch. A possi-
ble explanation can be attributed to the reduced intake of pro-
tein in patients wearing removable oral prostheses. Similarly,
BUN and eGFR were decreased in patients edentulous either in
the upper or lower arch showing an interrelationship between
serum creatinine, BUN, and eGFR. All these changes may be
because of reduced dietary protein intake or underlying disease
conditions.62,63

The study has some limitations. First, this study utilized
clinical data entered in the EHR and EDR during patient care
for research. Therefore, inconsistencies may exist because
multiple providers record patient care information, and the
data is entered for patient care and not for research. Never-
theless, the clinical data offer the opportunity to study patient
populations who received care in real-world clinical settings
in contrast to randomized trials where a well-defined patient
population is studied for a defined time. Second, partial den-
ture patients were not classified based on the number of teeth
present (less or more than 20) or based on their presence of
posterior occluding pairs of teeth. Third, although significant,
the change in hematological markers remained within the nor-
mal limit ranges and therefore, indicates the need to quantify
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biologically active components of the mentioned nutritional
biomarkers. For example, endogenous metabolites revealed
through omics technological approaches are promising in the
study of nutritional biomarkers.64 In addition, factors that may
influence nutritional biomarkers such as dietary supplements,
medications, health conditions, inflammatory states, hormonal
factors were not considered.54,64 Finally, this study used pa-
tient data from one academic institution. Also, the study cohort
included varied age groups, indicating a possibility of varied
food consumption habits and living conditions affecting their
nutrition. Multisite studies, investigating nutritional profiles of
older adults, are warranted to expand the studys’ findings.

Despite the limitations, this study has several strengths.
The study demonstrated the potential of using hematological
and anthropometric values from laboratory reports to monitor
nutritional biomarkers among denture wearing population.
The study supports previous findings of a decline in the
nutritional profile of denture wearers using a large and diverse
cohort of the study population. For instance, all patients
irrespective of their underlying health conditions were in-
cluded. Whereas in previous clinical trials, recruited patient
populations did not include patients with cognitive decline,
chronic diseases, and other systemic conditions. Therefore,
future studies should investigate the significance of screening
patients who receive denture treatment (irrespective of the
type of prosthesis they receive) for malnutrition risk using
simple and easy-to-implement tools such as a questionnaire.
In addition, it is also crucial that future research investigate the
benefit of nutritional diet counseling for patients who receive
teeth replacements—dentures as well as implants. These
interventions would require communication and collaboration
between dental and medical providers such as primary care
physicians and dieticians to maintain the overall health of the
adult denture wearing populations. The study also highlights
the effect of oral health treatments on overall health. With
the rising awareness to integrate dental and medical care,
matched EDR-EHR data is a rich resource to study the effect
of oral health and dental treatments on overall health and vice
versa. Such a dataset will have a cohort with various ethnic-
ities, and large sample size, and the generalizability of the
results.65–68

Conclusions

Use of matched EDR-EHR data assisted with evaluating nutri-
tional biomarkers through laboratory reports and determining
the nutritional profile of denture patients. Incorporating diet
and nutritional counseling in addition to general post-operative
instructions at the time of denture insertion has the potential to
improve the oral and overall health of denture wearers. Sero-
logical tests from EHR demonstrated the potential to moni-
tor denture wearers’ nutritional status. The decreasing trend of
specific nutritional biomarker values observed in the study may
have an impact on oral and overall health over time in an indi-
vidual’s life and warrants detailed investigation. The study also
reports the significance of utilizing matched dental and medical
electronic records and the critical role the matched data plays
in dentistry’s contribution towards improving overall health.
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