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INTRODUCTION

Diabetes mellitus is a chronic condition with severe
long-term, disabling complications, and unknown
remedy thatis characterized by disordersin carbohydrate,
fat, and protein metabolism.! Prevalence of diabetes in
the adult population is currently considered to be 6.4%
in the world.” Type 2 diabetes (T2D) is caused primarily
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by insulin resistance in the liver, muscle, and adipose
tissue as peripheral target organs.® This disease strongly
impacts the production and composition of saliva
because it is connected with autonomic neuropathies,
microvascular alternations, and hormonal imbalances,
or a combination of all these." Saliva is a fluid with
complex compound and specific roles® as well as the
principal defensive factor in the mouth which contains
informative components that can be used as diagnostic

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Address for correspondence: Dr. Masoud Sadeghi, Medical Biology Research Center, Kermanshah University of Medical Sciences, Kermanshah,
Iran. E-mail: Sadeghi_mbrc@yahoo.com
Received: 02-03-2018; Revised: 05-05-2018; Accepted: 09-07-2018

© 2018 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow

| 2018 |



Naseri, et al.: Salivary profile and adult type 2 diabetic patients

markers for human diseases.!! There are specific antibody
systems in saliva.”’ Among all salivary parameters,
glucose, amylase, and total proteins have been found to
be closely related to the oral environment in patients with
T2D.") Furthermore, secretory immunoglobulin A (s. IgA),
as another salivary factor, can serve as the first line of
defense against pathogens that colonize and invade mucosal
surfaces.®! The noninvasive glucose detection techniques
suggest several advantages, including fewer problems of
patient compliance and cost-effectiveness for screening a
large population. Saliva has been investigated probably
to reflect and monitor blood glucose level in diabetic
patients.! This study aimed to evaluate salivary glucose,
IgA, total protein, and amylase levels in adult patients with
T2D compared with healthy controls and to determine
the correlation of salivary glucose with blood glucose and
glycated hemoglobin A1C (HbAlc) in both diabetic patients
and healthy controls.

MATERIALS AND METHODS

We designed this meta-analysis based on the guidelines
of the preferred reporting items of systematic reviews and
meta-analyses.['%!

Search strategies

Four databases, including Web of Science, Scopus, PubMed,
and Cochrane Library were examined for evaluation
of salivary profile in adult T2D using the search words
“type 2 diabetes, diabetes mellitus type 2, type II diabetes,
diabetes type II, diabetes type 2, or diabetes mellitus
typelIl,” “immunoglobulin A, IgA, amylase, total protein or
glucose,” and “saliva or salivary.” The search was limited
to publications in the English language up to July 2017. We
rechecked the studies in Google Scholar with the mentioned
search words for probability any missed study.

Study selection

The databases were examined for evaluation of salivary profile
of the diabetic patients compared with the healthy controls.
Studies were involved if they were case—control with two
groups (T2D patients and healthy controls), they evaluated
salivary profile, including the mean/median salivary glucose,
amylase, total protein, or s. IgA levels, the healthy controls
did not have any systematic or periodontal diseases, the
patients had just T2D, and described the salivary profile in
adults (>15 years). Studies were omitted if they were the
review, letter to the editor or case report, had not reported the
mean or median of the salivary profile, described the salivary
profile in children (<15 years), and had no relevant data.

Data extraction from studies
One author (M. S) searched the studies and screened the

titles and abstracts of every study based on the criteria and
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extracted data. Two authors (R. N and H. R. M) individually
re-checked the full-text of the screened studies. Data
obtained for every study included the first author, year
of publication, country, the sample size of patients and
controls, the percentage of male patients and controls,
the mean age of patients and controls, condition of saliva
sampling, salivary glucose, total protein, amylase, and s. IgA
levels in the patients and controls, and correlation of salivary
glucose with serum (blood) glucose and HbA1lc. These data
were re-checked by two other authors (M. R and M. S).

Quality evaluation

The quality of studies was estimated by the Newcastle-Ottawa
Scale,"! in which the maximum total score for a study
was nine, and the following categories for meta-evidence
evaluation were established: high quality (7-9), medium
quality (4-6), and low quality (0-3)[*! The quality of every
study was approved by two authors (M. R and M. S) by
reaching an agreement through discussion.

Statistical analyses

A random-effects meta-analysis (due to high levels of
heterogeneity among included studies) was executed
by Review Manager 5.3 (RevMan 5.3, The Cochrane
Collaboration, Oxford, United Kingdom) relating the
mean difference (MD) and 95% confidence intervals (Cls).
The r value for the correlation between salivary glucose
level with serum glucose level and salivary glucose level
with serum HbAlc level in the patients and controls
was used by Comprehensive Meta-Analysis software
version 2.2.064 (CMA 2.0; USA). Heterogeneity among the
estimates was evaluated by the I? statistic and Cochran’s
Q-test; for the Cochran’s Q-test, heterogeneity was
estimated if P < 0.1 or I* > 50%, and P value (two-sided)
< 0.05 was deemed statistically significant in this
meta-analysis. In addition, publication bias was evaluated
through funnel plot analysis and the Begg’s and Egger’s
tests, which proposed that the selection of publication
was a probable source of bias. The sensitivity analysis and
meta-regression as two possible sources of heterogeneity
were used, if possible, by subgroup analyses (condition of
saliva sampling). The sources of publication bias were also
assessed using sensitivity analysis, in which each study
with outlier data was removed from analyses. We managed
a formula for estimation of mean and SD if the study
reported median plus range™” and for estimation of SD
if the study reported the standard error (SE).['! The units
of measurement for glucose and total protein levels, in
analyses, were mg/dL and for amylase and s. IgA levels
were IU/ml. The unit of HbAlc in the correlations was the
percentage (%). The Pearson correlation (r) and t-test of a
correlation coefficient were performed for the correlation
between salivary and blood glucose or HbAlc levels in
the diabetes mellitus patients and the healthy controls.
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RESULTS

Characteristics of the studies

A total of 373 studies were found by searching the
databases. After excluding the duplicates, 212 studies
were recorded for screening, from which 173 studies were
no relevant and out of the remaining 39 studies, 14 other
studies were excluded with reasons [Figure 1]. Therefore,
25 studies were included and analyzed in the present
meta-analysis.

Table 1 shows the baseline characteristics of the 25
included studies in the meta-analysis. The studies were
published from 1996 to 2017. Two studies were reported in
Turkey,"! one in Pakistan,!"®! three in Iran,*'7'® thirteen
in India,*%1°%! one in Brazil,® two in Nigeria,[***!! one in
Egypt,©! one in Poland,*? and one in China.! There were
1432 and 900 diabetic patients and healthy controls in all
studies, respectively. The mean age and percentage of the
males in both groups are shown in Table 1. Nine studies
measured the salivary profile of patients and controls in
non-fasting condition (<2 h)®14192122242629321 and 16 studies in
fasting (8-12 h) condition. 691517.20232527.28303133 Three studies
reported SE,">7#1 one study reported median/range,!” one
study reported two means/SDs,!"® and a few studies reported
different units, which were changed. Four studies!'*##1
checked separately the factors in controlled diabetic and
uncontrolled diabetic patients.

Records identified through database searching
(n=373)
PubMed: 106 Web of Science: 91
Scopus: 171 Cochrane Library: 5

Records after duplicates removed
(n=212)

W e |

Screening

Records excluded
(n=173)

Records screened
(n=212)

!

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons*
(n=39) (n=14)

!

Studies included in
qualitative synthesis
(n=25)

!

Studies included in
quantitative synthesis
(meta-analysis)
(n=25)

)

Eligibility

J

Included

—J

*1 study just reported mean differences; 1 study was the letter to editor; 1 study had no the control
group; 2 studies were on children; 1 study mixed type I with II as the diabetes group; 1 study didn't
report the mean and SD and just showed median and quartiles on graph; 1 study didn't report the mean
and SD and even median; 2 studies had no relevant data; 1 study reported the case group with
periodontitis; 3 studies reported p of salivary factors.

Figure 1: Flowchart of the study
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Quantitative data synthesis

Out of 25 case—control studies, 20 checked the salivary glucose
in the diabetic patients and the healthy controls [Figure 2].
The pooled estimate showed the salivary glucose level was
significantly higher in the diabetic patients than the healthy
controls (MD = 6.77 mg/dL; 95% CI: 3.96, 9.59; P < 0.00001)
and I =100%.

The 20 studies were divided into subgroups based
on the condition of saliva sampling (fasting versus
nonfasting) [Figure 3]. The pooled subgroup analysis
showed that the salivary glucose level in the fasting and
nonfasting conditions was significantly higher in the diabetic
patients than the healthy controls ((MD = 6.23 mg/dL; 95%
CI: 2.94, 9.53; P = 0.0002] and [MD = 6.70 mg/dL; 95% CI:
4.21, 9.203; P < 0.00001], respectively), indicating a high
heterogeneity in two subgroups.

Six studies showed that fasting salivary total protein
level was significantly higher in the diabetic patients
than the healthy controls (MD = 167.96 mg/dL;
95% CI: 16.78, 319.13; P = 0.03), showing a high
heterogeneity [Figure 4]. There was no difference
between non-fasting salivary total protein level
and the healthy controls (MD = 49.11 mg/dL; 95%
Cl:-23.27,121.49; P=0.18), indicating a high heterogeneity.

Figure 5 shows five studies reporting no difference
in fasting salivary amylase between the diabetic
patients and the healthy controls (MD = 59.80 IU/mL;
95% CI: —98.89, 218.49; P = 0.46) and indicating a high
heterogeneity. Nonfasting salivary amylase level was
significantly lower in diabetic patients than healthy
controls(MD=-48.611U/mL;95% CI:~65.06,-32.16,°<0.00001),
indicating no heterogeneity.

Figure 6 shows six studies that reporting the fasting
salivary s. IgA level in the diabetic patients compared to
the healthy controls (MD = -1.66 IU/mL; 95% CI: -5.06,
1.71; P = 0.34), showing a high heterogeneity. Nonfasting
salivary s. IgA level was significantly lower in diabetic
patients than healthy controls (MD = -9.42 IU/mL; 95%
CI: -14.80, —4.03; P =0.0006), revealing a high heterogeneity.

Ten studies®*15212*3] showed a correlation between salivary
glucose and serum glucose levels in the diabetic patients,
r value was found to be >0.75 in seven studies, 69152124271
which was statistically significant (P < 0.01), and two of
which®#! checked this correlation in two diabetic groups.
The r values in two studies were 0.394% and 0.54,?* being
found to be statistically significant (P < 0.05). However,
this correlation in two studies®?! was not statistically
significant (P > 0.05). The pooled estimate showed a
significant correlation between salivary glucose and serum
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Diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Abd-Elraheem 2017 109 1011 20 488 062 20 4.1% 6.02 (1.58, 10.46] i
Abikshyeet 2012 422 359 106 123 052 15 46% 2.99(2.26,3.72) "
Aydin 2007 38 07 40 13 03 22 46% 2.55(2.30, 2.80) "
Bakianian Vaziri 2010 1867 16.54 40 1561 91 20 3.7% 3.06 [-3.43, 9.55) ™
Balan 2015 (i) 495 661 30 1.18 0675 30 45% 3.77(1.39, 6.15) I~
Balan 2015 (ii) 1335 661 30 1.18 0675 30 45% 12.17[9.79, 14.55] ki
Dhanya 2016 847 42 100 12 086 100 46% 7.27 (6.43,8.11) M
Gupta 2015 1948 5511 100 7.82 2423 100 46% 11.66(10.48,12.84] "
Gupta 2015a 992 7517 165 658 11.13 38 25%  3.34(-8.66,15.34) T
Indira 2015 845 459 20 165 03 20 45% 6.80 [4.78, 8.82) k4
KM2013 1731 205 30 433 029 30 46% 1298(12.24,13.72)
Kumar 2014 (i) 1181 301 30 458 132 30 46% 7.23(6.05, 8.41] *
Kumar 2014 (ii) 13.34 161 30 458 132 30 46% 8.76 (8.01, 9.51) ¢
Lasisi 2012 1115 329 10 625 319 10 0.8% 49.00(20.60, 77.40]
Lasisi 2012a 1061 242 20 715 1.9 20 28% 34.60(23.96,45.24] -
Mussavira 2015 (i) 341 052 27 207 063 40 46% 1.34 [1.06, 1.62)
Mussavira 2015 (ii) 834 408 26 207 063 40 46% 6.27 [4.69, 7.85) *
Naik 2014 1128 609 30 474 25 30 45% 6.54 [4.18, 8.90] e
Ravindran 2015 6.567 3.047 30 1.867 0.973 30 46% 4.70 (3.56, 5.84) ®
Sashikumar 2010 (i) 35 4475 50 26 1.875 50 46% 0.90 [-0.44, 2.24)
Sashikumar 2010 (ii) 685 6025 50 26 1875 50 4.5% 4.25 (250, 6.00) =
Satish 2014 1211 638 30 432 062 10 45% 7.79[5.47,10.11) -
Vasconcelos 2010 14.03 16.76 40 635 6.02 40 3.9% 7.68 [2.16, 13.20) sl
Wang 2017 57.11 0.051 30 6251 0.052 30 46%  -5.40(-543,-5.37]
Total (95% Cl) 1084 835 100.0% 6.77 (3.96, 9.59) ¢
Heterogeneity: Tau? = 44.60; Chi = 13654.51, df = 23 (P < 0.00001); I* = 100% o s 5 .
Test for overall effect: Z = 4.72 (P < 0.00001) Favours [diabetes] Favours [control]

Figure 2: Forest plot of the random-effect of salivary glucose level in the diabetic patients compared with the healthy controls. Signs: (i) controlled diabetic patients; (ii)
uncontrolled diabetic patients

Diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.2.1 Fasting
Abd-Elraheem 2017 10.9 10.11 20 488 062 20 41% 6.02 [1.58, 10.46) Bl
Abikshyeet 2012 422 359 106 123 0.52 15 46% 2.99(2.26, 3.72) by
Aydin 2007 38 07 40 13 03 22 46% 2.55[2.30, 2.80) by
Bakianian Vaziri 2010 1867 16.54 40 1561 9.1 20 3.7% 3.06 [-3.43, 9.55) ™
Balan 2015 (i) 495 661 30 447 25 30 45% 0.48 [-2.05, 3.01) T
Balan 2015 (i) 1335 6.61 30 447 25 30 45% 8.88 [6.35, 11.41) -
Dhanya 2016 847 42 100 12 086 100 46% 7.27 (6.43, 8.11) v
Gupta 2015a 992 7517 165 658 1113 38 25% 3.34 [-8.66, 15.34) M o
KM 2013 1731 205 30 433 029 30 46% 12.98(12.24,13.72) A
Lasisi 2012 1115 329 10 625 319 10 0.8% 49.00[20.60, 77.40] —
Lasisi 2012a 1061 242 20 715 19 20 28% 34.60[23.96,45.24) —
Mussavira 2015 (i) 341 052 27 207 063 40 46% 1.34 [1.06, 1.62) r
Mussavira 2015 (ii) 834 408 26 207 063 40 46% 6.27 [4.69, 7.85) 4
Ravindran 2015 6.567 3.047 30 1867 0973 30 46% 4.70 [3.56, 5.84) ”
Satish 2014 1211 6.38 30 432 062 10 45% 7.79(5.47,10.11) -
Wang 2017 57.11 0.051 30 62.51 0.052 30 46% -540(-543,-5.37) o
Subtotal (95% CI) 734 485 64.2% 6.23 [2.94, 9.53) ¢
Heterogeneity: Tau? = 38.82; Chi* = 10536.30, df = 15 (P < 0.00001); I* = 100%
Test for overall effect: Z = 3.71 (P = 0.0002)
1.2.2 Non fasting
Gupta 2015 1948 5511 100 7.82 2423 100 46% 11.66(10.48, 12.84) .
Indira 2015 845 459 20 165 03 20 45% 6.80 [4.78, 8.82) . 4
Kumar 2014 (i) 1181 3.01 30 458 1.32 30 46% 7.23 (6.05, 8.41) v
Kumar 2014 (ii) 1334 161 30 458 1.32 30 46% 8.76 [8.01, 9.51) .
Naik 2014 1128 609 30 474 25 30 45% 6.54 [4.18, 8.90) r
Sashikumar 2010 (i) 35 4475 50 26 1875 50 46% 0.90 [-0.44, 2.24) "
Sashikumar 2010 (ii) 685 6025 50 26 1875 50 45% 4.25 [2.50, 6.00) ¥
Vasconcelos 2010 1403 16.76 40 635 602 40 39% 7.68 [2.16, 13.20) .
Subtotal (95% CI) 350 350 35.8% 6.70 [4.21, 9.20) +
Heterogeneity: Tau? = 11.69; Chi* = 165.83, df = 7 (P < 0.00001); I* = 96%
Test for overall effect: Z = 5.27 (P < 0.00001)
Total (95% Cl) 1084 835 100.0% 6.48 (3.67, 9.28] ¢
Heterogeneity: Tau? = 44.25; Chi? = 13533.74, df = 23 (P < 0.00001); I = 100% + 700 50 o 5=0 1 oo:
Test for overall effect: Z = 4.53 (P.< 0.00001) Favours [diabetes] Favours [control]
Test for subaroup differences: Chi? = 0.05, df = 1 (P = 0.82). I = 0%

Figure 3: Forest plot of the random-effect of salivary glucose level in the diabetic patients compared with the healthy controls in two subgroups of fasting and non-fasting
conditions. Signs: (i) controlled diabetic patients; (ii) uncontrolled diabetic patients
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Diabetes Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Fasting
Aydin 2007 171 2 40 184 4 22 34.1% -13.00(-14.78,-11.22) o
KM 2013 877.2 603.8 30 4244 2373 30 0.5% 452.80 [220.65, 684.95) 4
Mussavira 2015 (i) 346 167.83 27 20223 9297 40 51% 143.77(74.22,213.32) —
Mussavira 2015 (ii) 407.8 207.02 26 20223 9297 40 3.7% 205.57 [120.94, 290.20) .
Subtotal (95% CI) 23 132 43.4% 167.96 [16.78, 319.13)  ——
Heterogeneity: Tau? = 20543.00; Chi* = 60.54, df = 3 (P < 0.00001); I* = 95%
Test for overall effect: Z = 2.18 (P = 0.03)
1.1.2 Non fasting
Chorzewski 2017 1946 76.7 50 123 577 50 18.7% 71.60 [45.00, 98.20) -
Indira 2015 918 661 20 103.1 546 20 336% -11.30 [-15.06, -7.54) s}
Yavuzyilmaz 1996 251 123 10 146 31 17  4.3% 105.00 [27.35, 182.65) T
Subtotal (95% Cl) 80 87 56.6% 49.11[-23.27, 121.49) el
Heterogeneity: Tau? = 3610.75; Chi* = 44.93, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 1.33 (P = 0.18)
Total (95% CI) 203 219 100.0% 26.99 [9.87, 44.12) <>
Heterogeneity: Tau? = 223.32; Chi? = 108.02, df = 6 (P < 0.00001); I = 94% _7200 _150 3 160 20:0
Test for overall effect: Z = 3.09 (P = 0.002) Favours [diabetes] Favours [control)
Test for subaroup differences: Chi* = 1.93. df = 1 (P = 0.16). I’ = 48.2%

Figure 4: Forest plot of the random-effect of salivary total protein level in the diabetic patients compared with the healthy controls. Signs: (i) controlled diabetic

patients; (ii) uncontrolled diabetic patients

Test for overall effect: Z = 0.74 (P = 0.46)

1.1.2 Non fasting

Indira 2015 10766 286 20 15496 2507 20 20.9%
Yavuzyilmaz 1996 130.7 822 10 2282 1855 17 16.7%
Subtotal (95% CI) 37 37.6%
Heterogeneity: Tau? = 0.00; Chi* = 0.91,df =1 (P =0.34); I = 0%

Test for overall effect: Z = 5.79 (P < 0.00001)

Total (95% Cl) 120 109 100.0%

Heterogeneity: Tau? = 10240.49; Chi* = 525.28, df = 4 (P < 0.00001); I* = 99%
Test for overall effect: Z = 0.24 (P = 0.81)
Test for subaroup differences: Chi* = 1.77, df = 1 (P = 0.18). I = 43.6%

Diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Fasting
Abd-Elraheem 2017 21643 595 20 885 434 20 205% 127.93[95.65, 160.21] —_—
Aydin 2007 620 15.61 40 494 44 22 20.9% 126.00[106.99, 145.01) =
KM2013 192 18 30 9251 1374 30 21.0% -73.31([-78.27,-68.35) -
Subtotal (95% Cl) 20 72 62.4% 59.80 [-98.89, 218.49) e —

Heterogeneity: Tau? = 19543.12; Chi? = 523.55, df = 2 (P < 0.00001); I2 = 100%

-48.61 [-65.06, -32.16)

-47.30 -63.97, -30.63)
-97.50 [-199.34, 4.34) -

10.97 [-80.05, 101.98)

-200 -100 0 100 200
Favours [diabetes] Favours [control]

Figure 5: Forest plot of the random-effect of salivary amylase level in the diabetic patients compared with the healthy controls

glucose in the diabetic patients (r = 0.765; 95% CI = 0.580,
0.875; P <0.001) [Figure 7a].

Five studies!®***%1 showed a correlation between salivary
glucose and serum glucose levels in the healthy controls,
and r value was found to be >0.35 in all studies and was
statistically significant (P < 0.05). The pooled estimate
showed a significant correlation between salivary glucose
and serum glucose in the healthy controls [r = 0.646; 95%
CI=0.347, 0.825; P <0.001] [Figure 7b].

Four studies®'>?*2*l showed a correlation between
salivary glucose and serum HbA1lc levels in the diabetic
patients. The pooled estimate showed a significant
correlation between salivary glucose and serum HbAlc

5 Journal of Research in Medical Sciences

in the diabetic patients (r = 0.721; 95% CI = 0.483, 0.860;
P <0.001) [Figure 7c].

Two studies®*! showed a correlation between salivary
glucose and serum HbAlc levels in the healthy controls.
This correlation in the two studies was not statistically
significant (P > 0.05). The pooled estimate showed no
significant correlation between salivary glucose and serum
HbAIlc in the healthy controls [r = 0.252; 95% CI = -0.078,
0.532; P =0.133] [Figure 7d].

Quality evaluation

Table 2 shows the quality score for each study in the
meta-analysis. The mean quality score of 25 studies was
6.72 (medium quality).
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Heterogeneity: Tau? = 175.60; Chi* = 67.41, df = 2 (P < 0.00001); I* = 97%
Test for overall effect: Z = 1.01 (P = 0.31)

1.1.2 Non fasting

Chorzewski 2017 1663 862 50 543 1962 50 13.5%
Sardari 2015 6.73 2 25 633 152 25 224%
Yavuzyilmaz 1996 0613 0.38 10 0.301 0.136 17 22.8%
Subtotal (95% Cl) 85 92 58.8%

Heterogeneity: Tau? = 20.19; Chi* = 156.89, df = 2 (P < 0.00001); I* = 99%
Test for overall effect: Z = 3.43 (P = 0.0006)

Total (95% CI) 273 264 100.0%
Heterogeneity: Tau? = 13.18; Chi* = 225.22, df = 5 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.95 (P = 0.34)

Test for subaroup differences: Chi* = 4.17, df = 1 (P = 0.04). I =76.0%

Diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Fasting
Abd-Elraheem 2017 31.72 972 20 1224 379 20 16.2%  19.48[14.91, 24.05) -
Bakianian Vaziri 2010 066 032 40 067 2 20 225% -0.01 [-0.89, 0.87] v
Kakoei 2015 454 7772 128 41.17 88 132 25%  4.23[-15.94,24.40) B B
Subtotal (95% CI) 188 172 41.2% 8.30 [-7.83, 24.43) —ecugii——

-37.67[-4361,-31.73) ——
0.40 [-0.58, 1.38) 4
0.31(0.07, 0.56) s

>

-9.42 [-14.80, -4.03]

-1.66 [-5.06, 1.74]

. *

-50 25 0 25 50
Favours [diabetes] Favours [control]

Figure 6: Forest plot of the random-effect of salivary secretory immunoglobulin A level in the diabetic patients compared with the healthy controls

Table 1: Characteristics of the included studies in meta-analysis (n=25)

First author, year Country n DM patients (mean Controls (mean Condition of
(patients/controls) age/%M) age/%M) saliva sampling

Yavuzyilmaz et al., 1996!" Turkey 10/17 NA/NA 23.2/411 Nonfasting
Amer et al., 20011 Pakistan 135/25 NA/NA NA/NA Fasting
Aydin 20071 Turkey 40/22 47.5/47.5 49/45.5 Fasting
Bakianian Vaziri et al., 20105 Iran 40/20 54/50 54.3/50 Fasting
Sashikumar and Kannan 20101 India 50 C, 50 U/50 Matched/matched Matched/matched Nonfasting
Vasconcelos et al., 20101%) Brazil 40/40 57.7/50 50.2/50 Nonfasting
Abikshyeet et al., 2012 India 106/15 NA/49.1 NA/60 Fasting
Lasisi and Fasanmade 201269 Nigeria 10/10 54.2/50 45.1/40 Fasting
Lasisi and Fasanmade 2012(" Nigeria 20/20 58.4/50 50.2/55 Fasting
KMP et al., 201314 India 30/30 48.1/53.3 44.4/46.7 Fasting
Balan et al., 201520 India 30 C, 30 U/30 48.3 C, 47.8 U/NA 48.2/NA Fasting
Kumar et al., 2014121 India 30 C, 30 U/30 NA NA Nonfasting
Naik et al., 2014122 India 30/30 -/- -/- Nonfasting
Satish et al., 2014123 India 30/10 NA/NA NA/NA Fasting
Gupta et al., 2015124 India 100/100 Nonmatched /46 Nonmatched /54 Nonfasting
Gupta et al., 201517 India 165/38 NA/37 NA/42.1 Fasting
Indira et al., 20152 India 20/20 50.4/50 NA/NA Nonfasting
Kakoei et al., 20151 Iran 128/132 NA/NA NA/NA Fasting
Mussavira et al., 20151”) India 27 C, 26 U/40 63.3 C, 60.6 U/60.4 53.5/45 Fasting
Ravindran et al., 201528 India 30/30 NA NA Fasting
Sardari et al., 201518 Iran 25/13 55.7/40 55.5/23 Nonfasting
Dhanya and Hegde 2016 India 100/100 53/NA 52.4/NA Fasting
Abd-Elraheem et al., 20175! Egypt 20/20 47.6/50 46.6/50 Fasting
Chorzewski et al., 201782 Poland 50/50 57.9/36 51.2/24 Nonfasting
Wang et al., 20178 China 30/30 68.3/43.3 67.5/50 Fasting

C=Controlled diabetes; U=Uncontrolled diabetes; NA=Not available; DM=Diabetes mellitus

Publication bias

Begg’'s and Egger’s tests were used for analysis of more
than two studies. These tests did not reveal a significant
evidence of publication bias among the included studies on
saliva in salivary glucose level in the diabetic patients versus
the healthy controls in nonfasting subgroup [Figure 8b],
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total protein level in the diabetic patients versus the
healthy controls in nonfasting subgroup [Figure 8c],
amylase level in the diabetic patients versus the healthy
controls in fasting subgroup [Figure 8d], s. IgA level in
the diabetic patients versus the healthy controls in both
subgroups (fasting and nonfasting) [Figure 8e], correlation

Journal of Research in Medical Sciences 6
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Study na Statistics for each study Correlation and 95% CI
Lower Upper
Correlation Lt linut Z-Value p-Value
Amer, 2001 0.780 0.704 0.838 12.010 0.000
Abikshyeet, 2012 0.768 0.676 0.836 10.306 0.000
Kumar, 2014 (1) 0.841 0.690 0.922 6.363 0.000
Kumar, 2014 (1) 0.929 0.855 0.966 8.579 0.000
Satish, 2014 0.540 0.223 0.754 3.139 0.002
Gupta, 2015 0.907 0.865 0.937 14.875 0.000
Gupta, 2015a 0.030 0.123- 0.182 0.382 0.702
Indira, 2015 0.135 0.327- 0.545 0.560 0.575
Mussavira, 2015 (1) 0.900 0.790 0.954 7.212 0.000
Mussavira, 2015 (1) 0.922 0.832 0.965 7.684 0.000
Ravindran, 2015 0.394  0.039  0.661 2.164 0.030 -
Dhanya, 2016 0.881 0.828 0.918 13.594 0.000
Total 0.765 0.580 0.875 5.711 0.000
= -1.50 -0.75 0.00 0.75 1.50
Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation linit Limit Z-Value p-Value
Abikshyeet, 2012 0.521 0.012 0.816 2.001 0.045
Kumar, 2014 0.370 0.011 0.644 2.018 0.044
Satish, 2014 0.450 0.251- 0.841 1.282 0.200 —_
Mussavira, 2015 0.900 0.818 0.946 8.955 0.000 -
Dhanya, 2016 0.634 0.500 0.738 7.368 0.000
Total 0.646 0.347 0.825 3.709 0.000
b -1.00 -050 000 0.50 1.00
Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation Lt lumit Z-Value p-Value
Amer, 2001 0.820 0.756 0.869 13.291 0.000
Abikshyeet, 2012 0.566 0.421 0.683 6.512 0.000 l |
Satish, 2014 0.390 -0.063 0.710 1.698 0.090 —il—
Gupta, 2015 0.874 0.818 0.914 13.294 0.000
Total 0.728 0.498 0.862 4.805 0.000
-1.50 -0.75 0.00 0.75 1.50
Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation Limit Limit Z-Value p-Value
Kumar, 2014 0.217 0.155- 0.535 1.146 0.252 =
Satish, 2014 0.380 0.328- 0.815 1.058 0.290
Total 0.252 -0.078 0.532 1.501 0.133 ~eagm—l
[ -1.00 -0.50 0.00 0.50 1.00

Figure 7: Forest plot of the random-effect of the correlation between (a) salivary glucose and serum glucose levels in the diabetic patients, (b) salivary glucose and
serum glucose levels in the healthy controls, (c) salivary glucose and serum hemoglobin A1C levels in the diabetic patients, and (d) salivary glucose and serum
hemoglobin A1C levels in the healthy controls. Signs: (i) controlled diabetic patients; (ii) uncontrolled diabetic patients
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Figure 8: Funnel plot of the random-effect of the correlation between (a) salivary glucose level, (b) salivary glucose in two subgroups, (c) total protein level, (d) amylase
level, and (e) secretory immunoglobulin A level in the diabetic patients versus the healthy controls

between salivary glucose and serum glucose in the diabetic
patients [Figure 9a] and in the healthy controls [Figure 9b],
and correlation between salivary glucose and HbAlcin the
diabetic patients [Figure 9c]. Two tests revealed significant
evidence of publication bias among the included studies
in salivary glucose level in the diabetic patients versus the
healthy controls in fasting subgroup [Figure 8b]. Begg’s
test revealed, but Egger’s test did not reveal the salivary
glucose level in the diabetic patients versus the healthy
controls [Figure 8a]. Egger’s test revealed, but Begg’s test
did not reveal total protein level in the diabetic patients
versus the healthy controls in fasting subgroup [Figure 8c].
Furthermore, the two tests could not be used for the
correlation of salivary glucose and HbAlc levels in the
healthy controls and amylase level in the diabetic patients
versus the healthy controls in nonfasting subgroup because
there were only two studies.
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Sensitivity analysis and meta-regression

We used a sensitivity analysis using deleting each study at
a time and following the changes in the pooled MDs and
95% Cls [Table 3]. We deleted the study by Wang et al.l*"!
because outlier data in two analyses of the salivary glucose
in the diabetic patients compared with the healthy controls
as well as salivary glucose fasting compared with the
healthy controls. The pooled estimate showed the salivary
glucose level was significantly higher in the diabetic
patients than the healthy controls (MD = 6.83 mg/dL;
95% CI: 5.17, 8.50; P < 0.00001). The pooled estimate
showed that the fasting salivary glucose level was
significantly higher in the diabetic patients than the healthy
controls (MD =6.31 mg/dL; 95% CI: 4.33, 8.28; P <0.00001).
The meta-regression analysis assessing the possible effect
of mean age of participants could not be observed as a
source of heterogeneity.
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Figure 9: Funnel plot of the random-effect of the correlation between (a) salivary glucose and serum glucose in the diabetic patients, (b) salivary glucose and serum
glucose in the healthy controls, and (c) salivary glucose and hemoglobin A1C in the diabetic patients

Table 2: Quality ratings for the studies included on the basis of Newcastle-Ottawa quality assessment scale (N=25)

Study (year)

Selection (score)

Comparability (score)

Exposure/outcome (score)

Total score

Yavuzyilmaz et al., 19961
Amer et al., 20011
Aydin 20070

Bakianian Vaziri et al., 20108
Sashikumar and Kannan 2010

Vasconcelos et al., 201012°
Abikshyeet et al., 20121

Lasisi and Fasanmade 201215
Lasisi and Fasanmade 2012

KMP et al., 201314

Balan et al., 2015120
Kumar et al., 201421

Naik et al., 2014122

Satish et al., 2014123
Gupta et al., 2015124
Gupta et al., 2015129
Indira et al., 20152
Kakoei et al., 201517
Mussavira et al., 2015?71
Ravindran et al., 201528
Sardari et al., 20150%]
Dhanya and Hegde 2016
Abd-Elraheem et al., 20171
Chorzewski et al., 201782
Wang et al., 20171

Mean score
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Table 3: Sensitivity analysis

The first Deleting Subgroup z P 95% CI Heterogeneity (P) (%)
study, year reason (minimum-maximum)
Wang et al. Outlier data  The salivary glucose in the diabetic patients 8.05 <0.00001 5.17-8.50 99
compared with the healthy controls
Wang et al. Outlier data  The fasting salivary glucose compared with 6.26 <0.00001 4.33-8.28 99
the healthy controls
DISCUSSION significant correlation between diabetic patients®?! and

The alterations in salivary component could impact the
incidence, signs, and severity of oral changes in diabetic
patients® and metabolic syndrome as a metabolic
abnormality can increase risks of T2D.* This study
estimated salivary glucose, total protein, amylase, and s. IgA
levels in T2D patients compared with the healthy controls as
well as the correlation of salivary glucose level with serum
glucose and HbAlc levels in the patients and controls.

This meta-analysis revealed that the salivary glucose level
of T2D patients was significantly higher than that of the
healthy controls, as most of the studies reported similar
results. The salivary amylase level was lower in patients
with T2D than the healthy controls, which was in agreement
with the results of Yavuzyilmaz et al.,"*! Panchbhai et al.,”!
KMP et al., and Indira et al.,? but was higher in two
studies.'® These differences can be because of the hormonal
and metabolic alternations in diabetic patients.

This meta-analysis indicated that salivary total protein level
was significantly higher in T2D patients than the healthy
controls, as four studies confirmed the results,*1427:32]
but two studies had opposite results.'*?*] The observed
differences may have different reasons. Total protein level
is influenced by the saliva collection method, determination
method, diet fluctuations of protein concentration, and
even the speed and time of centrifugation.’™ There was
no significant difference between the T2D patients and the
healthy controls in salivary s. IgA level and three studies
showed agreement with this result.’'”!8] The s. IgA level
was higher®* and lower?! in the T2D patients than the
controls in other studies. Therefore, the presence of Candida
species and humoral response of the immune system to
this microorganism, or compensatory mechanisms in the
immune system can lead to enhanced humoral response
and salivary IgA level.l"

Several studies found a significant correlation
between salivary and serum glucose levels in diabetic
patientsl(691521.23.2427.281 and healthy controls.[692127]
Agrawal et al.! reported an association between fasting
saliva and fasting plasma glucose levels of diabetic patients
and healthy controls. In contrast with these results and
the results of this meta-analysis, three studies found no

| 2018 |

healthy controls,”! which can be because of different
evaluation methods of salivary and serum glucose
compared with other studies,™! or small sample size.[*>2637 I
This meta-analysis showed a significant correlation between
salivary and serum HbAlc levels in diabetic patients, as
four studies confirmed it and one study®! did not.
There was no significant correlation in the healthy controls
similar to the results of this meta-analysis.l*"*! These results
indicate that differences in the study designs and condition
of saliva sampling can be two significant reasons for high
heterogeneity in the overall analyses.

CONCLUSIONS

This meta-analysis indicated that glucose, total protein,
amylase, and s. IgA levels were detectable in the saliva of
diabetic patients and healthy controls. Measurement of
these salivary factors and paying attention to the condition
of saliva sampling (fasting or nonfasting) can be helpful
for diagnostic and monitoring purposes of T2D. Therefore,
salivary tests may have a basic role in diagnosis and
early detection of T2D. In addition, salivary glucose as a
diagnostic tool can evaluate serum glucose and HbAlc
levels in the diabetic patients.
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