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Background Previous research has investigated the connection between sublingual varices (SV) and cardiovascular
disease, aging, and smoking. However, it is still unclear whether arterial hypertension affects the presence of SV. This
meta-analysis aimed to investigate the relationship between hypertension and the presence of SV.

Methods The literature search was performed using PubMed, Web of Science, Scopus, Google Scholar, and Embase
for cross-sectional studies until July 2023. PRISMA guidelines were used for article selection. A meta-analysis using
standardized mean differences by a random effects model was conducted to pool studies.

Results A total of 568 articles were retrieved, of which twelve were included in the meta-analysis. Cumulatively,
2543 samples in the case group (1185 with hypertension) and 3897 samples (821 with hypertension) were studied
in the control group. Using the random effects model, the pooled odds ratio (OR) revealed a significant association
between hypertension and sublingual varices (OR=2.66; 95% Cl: 1.69-4.18).

Conclusion The meta-analysis showed a significant and positive association between sublingual varices and hyper-
tension. SV's presence could be used by dentists as a non-invasive indicator of hypertension screening.

Background

Sublingual varices (SV) are a local dilatation of veins often
visible on the ventral surface of the tongue, though they
can also be seen rarely on the floor of the mouth and lips
[1, 2]. SVs are usually distributed bilaterally from the pos-
terior region to the tip of the tongue [1, 3]. The presence
of vein enlargement under the tongue characterizes SV.
Sometimes, this condition is known as “caviar tongue”
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Several factors, including venous structure and connec-
tive tissue disorders, have been identified as potential
causes [4]. The most commonly affected intraoral areas
are the sublingual area, the buccal mucosa, and the retro
commissural mucosa [5]. Regarding clinical features, sub-
lingual varicose veins are usually multifaceted, irregular,
raised, or bubble-like in the ventral and lateral border of
the tongue and are usually blue or purple [2, 6-8]. Lesions
are mostly asymptomatic and discovered through routine
clinical examinations [6]. The occurrence of SV in the
general population ranges from 1.5-16.2% [4, 9]. SV is
more dominant in seniors [10, 11], and age is an underly-
ing etiological factor for SV [12-16]. SV affects both men
and women [6, 17]. In addition to gender and age, other
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risk factors, such as smoking, hypertension, diabetes, and
use of dentures, were also investigated [4, 12, 18-21].

Hypertension is the most common risk factor for cardi-
ovascular disorders, affecting approximately 1.28 billion
adults globally [22—-24]. A large percentage of people with
hypertension remain undiagnosed, untreated, or under-
treated [25, 26]. Early detection of hypertension through
screening increases awareness for those at risk of hyper-
tension, and it allows for timely intervention and man-
agement of the condition [25].

According to international clinical practice guidelines,
the risk of cardiovascular disease rises with an increase
in systolic and diastolic blood pressure [27]. On the
other hand, according to the WHO, 46% of adults with
hypertension are not informed of their condition [28, 29].
Blood pressure is measured using systolic blood pressure
(SBP) and diastolic blood pressure (DBP). The current
guidelines for categorizing high blood pressure are as
follows: stage 1 hypertension is defined as an SBP rang-
ing from 130 to 139 or a DBP ranging from 80 to 89, and
stage 2 hypertension refers to an SBP > 140 or a DBP >90
[30-32].

Some studies have found a significant association
between SV and hypertension [17, 21, 33]. A study with
an eight-year follow-up reported that participants with
SV showed a higher prevalence of hypertension than par-
ticipants with no SV. Meanwhile, some studies did not
reveal an association between SV and hypertension [16].
Considering the different and controversial results of
published studies, developing an accumulative result of
studies could provide a valuable guide, especially for the
timely and effective diagnosis of hypertension. Therefore,
this study aimed to systematically review the relation-
ship between sublingual varicose veins and high blood
pressure.

Methods

Protocol and registration

This is a systematic review and meta-analysis study
conducted in 2023. PRISMA guidelines were used to
report the results. This study is registered in PROSPERO
(CRD42023476936).

Eligibility criteria

Articles with cross-sectional or case—control designs in
English published until July 2023 were included. Quasi-
experimental, letters to the editor, commentary, and con-
ference abstracts were excluded.

Information sources and search strategy
The PEO approach was applied to establish the clinical
inquiry in the following way: P (population): all patients;
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E (exposure): hypertension; O (outcome): sublingual
varices. The PubMed, Web of Science, Scopus, Google
Scholar, and Embase databases were searched, as well
as related journals and article references. The following
MeSH and free terms are used in different combinations:
sublingual varices, lingual varices, hypertension, and
high blood pressure. The exact search strategy is available
in Supplementary 1.

Study selection and data extraction

The Endnote X8 software package was used to organ-
ize and screen retrieved citations. First, duplicates were
excluded, and then articles were screened by reviewing
their titles to exclude nonrelevant citations. Screening
through abstracts was the second step, which excluded
some articles not reporting the needed information.
The remaining articles were investigated based on
inclusion and exclusion criteria through their full text.
Two researchers (KK and FHM) ran the screening
process independently and consulted a third reviewer
(HE) for disagreements. An extraction table was used
to extract data from the included studies. The author’s
name, publication year, country, sample size in case/
control groups, case/control groups age and sex, and
number of samples with and without hypertension,
both in case/control groups, were the data items that
were extracted.

Risk of bias assessment

The Joanna Briggs Institute (JBI) Checklist for Cross-Sec-
tional Studies was used to assess the studies’ quality and
risk of bias. The reporting bias in this systematic review
was independently assessed by two authors (FHM and
KK) and the discrepancies were discussed with a third
author (HE).

Statistical analysis

The pooled measure of association, odds ratios (ORs),
with a 95% confidence interval (CI), was calculated
for the relationship between varices and BP using the
random effects model. For pooling systolic and dias-
tolic blood pressure, the weighted mean differences
(WMD), endpoint scores, or change scores were used
to represent the difference in BP between groups. The
BP values in mmHg were compared between study
groups, including patients with varices and controls.
Cochran’s Q test and I? were used to assess heteroge-
neity between studies. Sensitivity analyses were con-
ducted for results with heterogeneity. The subgroup
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meta-analysis by continent was used for the associa-
tion between varices and BP. STATA 14.0 (Stata Corp,
College Station, TX, USA) was used for meta-analysis.

Results

A literature search resulted in 568 articles, of which 46
were duplicates. After carefully screening the retrieved
articles, 12 were eventually included in the meta-anal-
ysis. The PRISMA flowchart for article screening is
reported in Fig. 1.

Cumulatively, 2543 samples were in the case group,
and 3897 were in the control group. Regarding the
share of samples with hypertension, 46.5% (n=1185)
of samples in the case group and 21% (n=2821) had
hypertension. The characteristics of the included stud-
ies are detailed in Table 1.
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Risk of Bias assessment

According to the JBI Checklist, all 12 articles had a low
risk of bias. Table 2 displays the risk of bias in the studies
included.

Meta-analysis
Figure 2 represents the overall and subgroup meta-analy-
sis results for the relationship between BP and the risk of
sublingual varices using the random effects model for ten
studies. Pooled OR using a random effects model showed
a significant association between BP and sublingual
varices. High BP increased the risk of varices 2.66 times
compared to healthy controls (pooled OR=2.66; 95% CI:
1.69-4.18).

In the subgroup analysis by continent, the minimum
and maximum measures of associations were found for

Identification of studies via databases and registers

- Records identified from*:
o Databases (n =568)
E Embase (n =14) \I;{Cergc;rn%; r.emoved before
= Google scholar (n =121) —_—> 9:
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c PubMed (n =389) (n =46)
-E Scopus (n =30)
Web of Science (n =14)
\ 4
Records screened Records excluded™
——» =
(n =522) (n =507)
\ 4
: Reports not retrieved
Reports sought for retrieval -
@ (h=15) —¥| (n=0)
=
)
g
b v
Reports assessed for eligibility
(n=15) Reports excluded: (n =3)
Didn’t report hypertension
separately (n=3)
\4

Studies included in review
(n=12)

Fig. 1 The screening process of retrieved articles
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Table 1 Characteristics of the included studies
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N Author, date Country Samplesize Mean Age Sex (%F) Hypertension Normotensive
case/control case/ frequency in case/  frequency in case/

control control control

1 Accardo et al. (2021) [1] Italy 724/284 45-85 59.4/57 518/227 206/57

2 Akkayaetal. (2019) [21] Turkey 186/505 NR 67.2/683 63/23 123/482

3 Berghetal (2022) [33] Sweden  326/663 Case: 688+7.3 485/57.5 136/179 190/484

Control:65.3+7.2

4 Hedstrom et al. (2015) [48] Sweden  114/317 553£109 56.4 57/63 57/254

5 Baharvand et al. (2022) [37] Iran 91/60 4758+12.19 49 33/4 58/56

6 Jafarietal. (2022) [6] Iran 271/207 74.5 50.2/67.6 103/74 168/133

7 Shivakumar et al. (2020) [17] India 65/136 523+115 52.3/338 45/30 20/106

8  Gonzélez-Alvarez et al. (2022) [20] Spain 162/336 NR 70.4/69.9 50/52 112/284

9 cozetal (2021) [49] Turkey 155 388 60.6 22/35 133/431

10 Olufemi et al. (2016) [50] Nigeria 31/169 51609 44.5/44.5 28/72 3/97

11 Jamaliet al. (2023) [38] Iran 109/391 Case: 433113 45/56 84/58 25/333

Control:42.7+£12.2

12 Lazos et al. (2020) [2] Argentina 309/363 18-92 (median=37.7) 61.8/58.6 46/4 263/359

NR Not Reported

Table 2 Risk of Bias of the included studies

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Final score

Jafari et al. Y Y Y Y Y Y N Y Y 7/8

Accardo et al. Y Y Y Y Y Y Y Y Y 8/8

Akkaya et al. Y Y Y Y Y Y Y Y Y 8/8

Gonzélez-Alvarez et al. Y Y Y Y Y Y Y Y Y 8/8

Bergh et al. N Y Y Y Y Y Y Y Y 7/8

Hedstrém et al. Y Y Y Y Y Y Y Y Y 8/8

icoz etal. Y Y Y Y Y Y Y Y Y 8/8

Jamali et al. Y Y Y Y Y Y Y Y Y 8/8

Lazos et al. Y Y Y Y Y Y Y Y Y 8/8

Baharvand et al. Y Y Y Y Y Y Y Y Y 8/8

Olufemi et al. Y Y Y Y Y Y N Y Y 7/8

Shivakumar et al. Y Y Y Y Y Y Y Y Y 8/8

Y:Yes, N: NO, Q1: Were the criteria for inclusion in the sample clearly defined? Q2: Were the criteria for inclusion in the sample clearly defined? Q3: Were the study
subjects and the setting described in detail? Q4: Was the exposure measured in a valid and reliable way? Q5: Were objective, standard criteria used for measurement
of the condition?Q6: Were confounding factors identified? Q7: Were strategies to deal with confounding factors stated? Q8: Were the outcomes measured in a valid

and reliable way? Q9: Was appropriate statistical analysis used?

Europe (pooled OR=1.61; 95% CI: 0.92-2.81) and Amer-
ica (Argentina) (pooled OR=13.51; 95% CI: 1.92-37.11),
respectively.

Sensitivity analysis

Sensitivity analysis was performed by excluding studies
one-by one (Fig. 3). It was demonstrated that the omis-
sion of each study did not influence the pooled odds ratio
significantly, suggesting that the result was relatively
robust.

Figure 4 shows the meta-analysis of the weighted mean
difference of SBP and DBP in sublingual varices and con-
trols using a random effect model. The WMD of SBP and
DBP were increased in sublingual varices (WMD =13.04;
95% CI: 5.01-21.08) and (WMD="7.21; 95% CI: —0.11—
14.53), respectively (Table 3).

Discussion

Cardiovascular diseases (CVDs) have the highest bur-
den of disease and are the leading cause of death world-
wide [39]. According to the WHO, hypertension is the
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Hypertension
Study %
ID OR (95% ClI) Weight
'
Europe 1
Accardo (Accardo) - : 0.90 (0.83, 0.96) 9.09
Bergh (Bergh) - ! 1.55(1.29,1.85) 8.98
Hedstrom (Hedstrom) —— 2.52(1.89, 3.35) 8.79
Alvarez (Alvarez) —0—;- 1.99 (1.42, 2.80) 8.66
Subtotal (I-squared = 97.2%, p = 0.000) '<> 1.61(0.92,2.81) 3553
- |
Asia :
Akkaya (Akkaya) : —_— 7.44 (4.76,11.63) 8.37
Baharvand (Baharvand) —_— 5.44 (2.03,14.57) 6.36
Jafari ( Jafari) —— | 1.06 (0.84,1.35)  8.89
Shivakumar (Shivakumar) —;-0— 3.14 (2.20, 4.48) 8.63
Icoz (Icoz) — 1.89(1.14,3.12)  8.19
Jamali (Jamali) : —-— 5.20 (4.01,6.73)  8.85
Subtotal (I-squared = 95.4%, p = 0.000) <":> 3.24 (1.60,6.54)  49.28
. |
Africa :
Olufemi (Olufemi) - 212(1.72,2.61) 8.94
Subtotal (l-squared =.%, p=.) <>: 212(1.72,2.61) 8.94
|
. |
America :
Lazos (Lazos) : ——> 13.51(4.92,37.11) 6.26
Subtotal (I-squared = .%, p =) | = 1351(4.92,37.11) 6.26
1
. |
Overall (I-squared = 97.5%, p = 0.000) <> 2.66 (1.69, 4.18) 100.00
1
NOTE: Weights are from random effects analysis !
T T
.0269 37.1

Fig. 2 Meta-analysis of the association between BP and sublingual varices

Omitted study
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icoz
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Lazos

T T T
1.69 2.36 4.18
Fig.3 Sensitivity analysis to examine the effect omitting individual
studies on odds ratio (OR)

major risk factor for CVDs and the cause of prema-
ture death [40]. The literature indicates that hyperten-
sion could result in organ damage. Therefore, timely

diagnosis and treatment of hypertension is vital for the
prevention of its complications [41, 42].

Meta-analysis results showed that the weighted mean
difference of both systolic and diastolic blood pressure
was higher in adults with sublingual varices (p =0.000).
Hedstrom et al., in their clinical study, reported a signifi-
cant difference in systolic and diastolic blood pressure
between patients with grade 0 and grade 1 SV. Simi-
larly, a study by Bergh et al. with the participation of 989
patients indicated higher mean systolic blood pressure
(139.5 mmHg vs. 134.3 mmHg) for patients with SV. The
circulatory anastomosis in the tongue’s venous system
or a hemodynamic impact in which the artery pressure
affects the veins through arteriovenous shunts may be the
cause of the link between clinical alterations in sublingual
varices and hypertension [1, 4, 37].

Some included studies have reported a significant rela-
tionship between hypertension and sublingual varices
[10, 38, 43]. A Lynge et al. study on elderly individuals
showed a significant relationship between hypertension
and SV frequency. Hedstrom et al. reported a signifi-
cant association between hypertension and SV, as they
reported that SV grade 1 prevalence increased from
21.8% among participants with no hypertension to 30.8%
in patients with hypertension stage 1 and 43.6% among
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Systolic BP
Average %
First Author (Year) (95% Cl) Weight
Bergh (2022) - 5.20 (2.73,7.67) 25.97
Hedstrom (2015) - 8.90 (4.88, 12.92) 24.96
Shivakumar (2020) ie—  16.90 (11.71,22.09) 23.97
Jamali (2023) | - 2159 (17.77,25.41) 25.11
Overall, DL ( = 94.7%, p = 0.000) <> 13.04 (5.01, 21.08) 100.00
T T
-20 0 20 A
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Diastolic BP
Average %

First Author (Year) (95% CI) Weight
Bergh (2022) P 1.30 (-0.05, 2.65) 25.80
Hedstrom (2015) -~ 3.80 (1.01, 6.59) 25.09
Shivakumar (2020) - 4.00 (0.51, 7.49) 24.58
Jamali (2023) | == 20.14 (1659, 23.69) 2453
Overall, DL (f =96.8%, p = 0.000) @ 7.21(-0.11, 14.53) 100.00

T T

20 0 20 B

Fig. 4 Meta-analysis for the association between systolic (A) and diastolic (B) blood pressure and sublingual varices

Table 3 Characteristics of studies reporting SBP and DBP for subgroup meta-analysis

First Author SBP in case SBP in control DBP in case DBP in control
1 Bergh et al. (2022) [33] 139.5+186 1343+188 854+99 84.1+£108
2 Hedstrom et al. (2015) [48] 1321193 1232+17.3 8344133 796+122
3 Shivakumar et al. (2020) [17] 138.1+186 12124151 852+125 81.2+10.2
4 Jamali et al. (2023) [38] 139.68+19.01 118.09+13.78 100.45+17.81 80.31+£12.08
5 Lazos et al. (2020) [2] 140.96 127.98 86.9 79.38

SBP Systolic blood pressure, DBP Diastolic blood pressure

patients with stage 2 hypertension. Accardo et al. dis-
covered a correlation between SV and compensated and
resistant hypertension, but no correlation was found in
newly diagnosed cases. This could be because resistant
and compensated hypertension had been present for a
more extended period, leading to vascular damage that
was not seen in newly diagnosed cases. No positive cor-
relation between SV and hypertension was shown for this
study in the current meta-analysis. This could be because
of combining all three groups of studies (compensated,
resistant, and newly diagnosed) into one and considering
them as a single group with hypertension.

This meta-analysis revealed a significant relationship
between hypertension and the presence of SV, which
could be used as a screening method for hypertension
in dental settings. This could highlight dentists’ role in
hypertension screening in collaboration with the public
health system. Subgroup analysis showed that odd ratio
was higher in Asia compared to the Europe. This could
be due to life style or genetic differences [45]. Dentists are
among the first healthcare providers likely to encounter
early signs and symptoms of systemic disease and play
an essential role in diagnosing and effectively managing
the situation. The pathophysiological background of this
association remains unclear. Nevertheless, it is believed
that high blood pressure in arterial hypertension may

play a role in the onset or exacerbation of sublingual
varices. The raised pressure in the arterial system could
cause venous congestion and expansion of the sublingual
veins. Some experts suggest that this may be because
of circulatory anastomosis in the venous system of the
tongue [3]. Another theory is that it may be due to a
hemodynamic effect, where the arterial pressure affects
the veins through arteriovenous shunts [46]. Increased
arteriovenous blood flow could transfer arterial pres-
sures which is much higher than venous pressure to the
venous circulation, with vein dilatation and consequent
morphologic changes in their walls. The negative staining
to glucose transporter protein —1 is consistent with the
hypothesis that SV result from structural alterations [47].
However, further research is needed to clarify the mecha-
nisms underlying this correlation.

A positive predictive value of 0.5 and 0.80 of nega-
tive predictive value was reported for sublingual varices
as a detection sign for hypertension [33]. The results of
this meta-analysis showed that SV is a common benign
clinical sign of hypertension and could be used as a valu-
able measure to screen people regarding hypertension.
Therefore, the role of dentists in screening undiagnosed
hypertension or undertreated cases is valuable. Lazos
et al. reported an association between SV and hyperten-
sion using only two grades (none or few visible varices vs.
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medium or severe varices) to classify sublingual varices,
and this may lead to bias due to patient classification
overlap with other studies [3].

Aging, one of the confounding factors for the results
of this study, wasn’t reported separately for each group
in some of the included articles. Therefore, an analy-
sis wasn't possible. The study by Baharvand et al. didn’t
find any relationship between age and SV [37]. However,
Akkaya et al. reported that sublingual varices are associ-
ated with aging [21]. Shivakumar et al. found a positive
correlation between SV and hypertension in patients
older than 40 years old [17]. It seems that the effect of
age should be considered in the interoperation of results
about the relationship between sublingual varices and
hypertension.

Limitations

The included studies had a case-control or cross-
sectional design, which has limitations. Many of the
included studies didn’t report the mean age of the par-
ticipants separately for each group, and also some stud-
ies didn’t report the number of females and males in
each group. Therefore, conducting a subgroup analysis
for these two important factors wasn't possible and this
might be the reason for heterogenicity between the stud-
ies. Only English articles were included in this systematic
review which rises a language bias. One of the limita-
tions of this study is related to the population of included
studies related to their genetics and nutritional status,
which wasn’t reported, and smoking history which wasn’t
matched in some studies. All these factors could affect
hypertension status.

Conclusions

The meta-analysis showed a significant and positive asso-
ciation between sublingual varices and hypertension.
The risk of sublingual varices was 2.66 times higher in
patients with hypertension. Moreover, both systolic and
diastolic blood pressures were higher in patients with
SV. Although results should be interpreted with caution,
this could be used as evidence for a probable diagnosis of
undiagnosed hypertensive cases. Dentists, as health team
members, could use this recommendation to take part in
hypertension screening and advise their patients with SV
to be screened for hypertension measures. Prospective
cohort studies provide more substantial evidence, which
could lead to the development of clinical guidelines for
better and more effective management of hypertension.

Abbreviations

SV Sublingual varices

SBP Systolic blood pressure
DBP Diastolic blood pressure
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ORs Odds ratios

@ Confidence interval

WMD  Weighted mean differences
CVDs  Cardiovascular diseases

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512903-024-03982-8.

[ Supplementary Material 1. }

Acknowledgements
Not applicable.

Authors’ contributions

HE contributed to the conception of the study and reviewed the identified
articles for eligibility; FHM screened the articles, extracted data and assessed
the risk of bias and drafted the manuscript; FS conducted the systematic
search in databases and revised the manuscript; NK interpreted the data and
revised the manuscript; KK screened the articles, extracted data and assessed
the risk of bias and drafted the manuscript. All the authors have read and
approved the final manuscript.

Funding
None.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The ethics committee of Tabriz University of Medical Sciences approved this
study (IRTBZMED.REC.1401.076).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 December 2023 Accepted: 4 February 2024
Published online: 15 February 2024

References

1. Accardo A, Pascazio L, Costantinides F, Gorza F, Silveri G. Influence of
hypertension and other risk factors on the onset of sublingual varices.
BMC Oral Health. 2021;21(1):235.

2. Lazos J, Marco ER, Brunotto M, Panico R, Piemonte E. Oral varicose veins:
clinical features and its association with medical conditions. J Oral Maxil-
lofac Surg Pathol Med. 2020;32(3):216-21.

3. Lazos JP, Piemonte ED, Panico RL. Oral varix: a review. Gerodontology.
2015;32(2):82-9.

4. Al-Shayyab MH, Bagain ZH. Sublingual varices in relation to smoking,
cardiovascular diseases, denture wearing, and consuming vitamin rich
foods. Saudi Med J. 2015;36(3):310-5.

5. Zadrozny t, Czajkowska M, Tallarico M, Wagner L, Markowski J, Mijiritsky
E, Cicciu M. Prosthetic surgical templates and dental implant site time
preparation: an in vitro study. Prosthesis. 2022;4(1):25-37.

6. Jafari A, Alaee A, Rezai M, Masoudi M. Evaluation of sublingual varices
prevalence and its respective factors in two Iranian nursing homes in
2019. Iran J Otorhinolaryngol. 2022,;34(123):165-9.

7. Ettinger RL, Manderson RD. A clinical study of sublingual varices. Oral
Surg Oral Med Oral Pathol. 1974;38(4):540-5.


https://doi.org/10.1186/s12903-024-03982-8
https://doi.org/10.1186/s12903-024-03982-8

Eslami et al. BMC Oral Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2024) 24:240

Migliari D, Vieira RR, Nakajima EK, Azevedo LH. Successful management of
lip and oral venous varices by photocoagulation with nd laser. J Contemp
Dent Pract. 2015;16(9):723-6.

Mansour Ghanaei F, Joukar F, Rabiei M, Dadashzadeh A, Kord Valeshabad
A. Prevalence of oral mucosal lesions in an adult Iranian population. Iran
Red Crescent Med J. 2013;15(7):600-4.

Lynge Pedersen AM, Nauntofte B, Smidt D, Torpet LA. Oral mucosal
lesions in older people: relation to salivary secretion, systemic diseases
and medications. Oral Dis. 2015;21(6):721-9.

. Ferreira RC, Magalhdes CS, Moreira AN. Oral mucosal alterations among

the institutionalized elderly in Brazil. Braz Oral Res. 2010,24(3):296-302.
Barzideh N, Alaee A, Azizi A. The relationship between smoking and
sublingual varices in the elderly. Oman Med J. 2021;36(4):e288.

d’El-Rei J, Cunha AR, Trindade M, Neves MF. Beneficial effects of dietary
nitrate on endothelial function and blood pressure levels. Int J Hypertens.
2016;2016:6791519.

Kovac-Kovacic M, Skaleric U. The prevalence of oral mucosal lesions in a
population in Ljubljana, Slovenia. J Oral Pathol Med. 2000;29(7):331-5.
Pemberton MN. Sublingual varices are not unusual. BMJ.
2006;333(7560):202.

Duarte NT, de Oliveira Godoy A, da Rocha Tendrio J, et al. Prevalence

of sublingual varices in patients with cirrhosis and the correlation

with nitrogen compounds. Oral Surg Oral Med Oral Pathol Oral Radiol.
2020;129(1):39-44.

Shivakumar K, Raje V, Kadashetti V. Assessing the correlation between
sublingual varices and hypertension among the adults of Satara district,
Maharashtra: an observational study. J Int Oral Health. 2020;12(4):349.
Hedstrom L, Bergh H. Sublingual varices in relation to smoking and
cardiovascular diseases. Br J Oral Maxillofac Surg. 2010;48(2):136-8.
Gonzélez-Serrano J, Serrano J, Lopez-Pintor RM, Paredes VM, Casafas

E, Herndndez G. Prevalence of oral mucosal disorders in diabetes
mellitus patients compared with a control group. J Diabetes Res.
2016;2016:5048967.

Gonzélez-Alvarez L, Garcfa-Pola MJ. Risk factors associated with tongue
lesions: a propensity score-matched case-control study. Med Oral Patol
Oral Cir Bucal. 2022;27(1):e25-34.

Akkaya N, Olmez D, Ozkan G. Evaluation of the factors associated with
sublingual varices: a descriptive clinical study. Folia Morphol (Warsz).
2019;78(2):325-30.

Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH guidelines for the
management of arterial hypertension. Eur Heart J. 2019;40(5):475.
World Health Organization (WHO). Hypertension. Geneva: World Health
Organization. 2023. https://www.who.int/health-topics/hypertension#
tab=tab_1. Accessed 16 Aug 2023.

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365(9455):217-23.

Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne AP.
Burden of undiagnosed hypertension in sub-saharan Africa: a systematic
review and meta-analysis. Hypertension. 2015;65(2):291-8.

World Health Organization (WHO). A global brief on hypertension: silent
killer, global public health crisis. Geneva: World Health Organization.
2013. https//www.who.int/publications/i/item/a-global-brief-on-hyper
tension-silent-killer-global-public-health-crisis-world-health-day-2013.
Accessed 18 Aug 2023.

Weber MA, Schiffrin EL, White WB, et al. Clinical practice guidelines for
the management of hypertension in the community: a statement by
the American Society of Hypertension and the International Society of
Hypertension. J Clin Hypertens (Greenwich). 2014;16(1):14-26.

World Health Organization (WHO). Hypertension/ fact sheet. Geneva:
World Health Organization. 2023. https://www.who.int/news-room/fact-
sheets/detail/hypertension#:~:text=Hypertension%20is%20diagnosed%
20if%2C%20when,days%20is%20%E2%89%A590%20mmHg. Accessed
18 Aug 2023.

Chang W, LiuY, Xiao Y, et al. A machine-learning-based prediction
method for hypertension outcomes based on Medical Data. Diagnostics
(Basel). 2019,9(4):178.

American College of Cardiology Foundation. New ACC/AHA high blood
pressure guidelines lower definition of hypertension. ACCF. 2018. www.
acc.org/latest-in-cardiology/articles/2017/11/08/11/47/mon-5pm-bp-
guideline-aha-2017. Accessed 20 Aug 2023.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 8 of 8

. Carey RM, Whelton PK, ACC/AHA Hypertension Guideline Writing Com-

mittee. ; 2017. Prevention, Detection, Evaluation, and Management of
High Blood Pressure in Adults: Synopsis of the 2017 American College

of Cardiology/American Heart Association Hypertension Guideline. Ann
Intern Med. 2018;168(5):351-8.

Whelton PK, Carey RM, Aronow WS, etal, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
detection, evaluation, and management of high blood pressure in adults:
executive Summary. Hypertension. 2018;71(6):1269-324.

Bergh H, Kastberg C, Albrektson M, Hedstrom L. Persistence and stability
of sublingual varices over time and their connection to underlying fac-
tors: an 8 year follow up study. BMC Oral Health. 2022,22(1):346.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Moola S, Munn Z, Sears K, et al. Conducting systematic reviews of associa-
tion (etiology): the Joanna Briggs Institute’s approach. Int J Evid Based
Healthc. 2015;13(3):163-9.

Mensah GA, Roth GA, Fuster V. The Global Burden of Cardiovascu-

lar diseases and Risk factors: 2020 and Beyond. J Am Coll Cardiol.
2019;74(20):2529-32.

Baharvand M, Mortazavi H, Eshaghian M, Mirzaei H. Sublingual varicosity
as a possible indicator of hypertension. Gen Dent. 2022;70(2):46-9.
Jamali Z, Katebi K, Alibabaei H, Jamei Khosroshahi A. Evaluation of

the relationship between sublingual varices and hypertension. Front
Dent.2024:21:07.

Mills KT, Stefanescu A, He J. The global epidemiology of hypertension.
Nat Rev Nephrol. 2020;16(4):223-37.

Lee MK, ChoYJ, Lee SK, Jung SK, Heo K. The effect of presymptomatic
hypertension in posterior reversible encephalopathy syndrome. Brain
Behav. 2018;8(8):e01061.

Verhaaren BF, Vernooij MW, de Boer R, et al. High blood pressure and
cerebral white matter lesion progression in the general population.
Hypertension. 2013;61(6):1354-9.

Bergh H, Albrektson M, Kastberg C, Baigi A, Hedstrém L. The Association
between Sublingual Varices and Cardiovascular Risk factors. Vasc Health
Risk Manag. 2022;18:319-27.

Jassar P, Jaramillo M, Nunez DA. Base of tongue varices associated with
portal hypertension. Postgrad Med J. 2000;76(899):576-7.

Textbook of Medical Physiology. The microcirculation and the lymphatic
system: capillary fluid exchange, interstitial fluid, and lymph flow. 2003.
Eastwood SV, Tillin T, Chaturvedi N, Hughes AD. Ethnic differences in asso-
ciations between blood pressure and stroke in south Asian and European
men. Hypertension. 2015;66(3):481-8.

Popescu SM, Scrieciu M, Mercut V, Tuculina M, Dascalu . Hyperten-

sive patients and their management in Dentistry. Int Sch Res Notices.
2013;2013:410740.

Johann AC, Salla JT, Gomez RS, de Aguiar MC, Gontijo B, Mesquita RA.
GLUT-1 in oral benign vascular lesions. Oral Dis. 2007;13(1):51-5.
Hedstrom L, Albrektsson M, Bergh H. Is there a connection between sub-
lingual varices and hypertension? BMC Oral Health. 2015;15:78. https://
doi.org/10.1186/512903-015-0054-2.

Icoz D, Ozlu Ucan G, Apaydin BK, Karakurt R. Prevalence of Sublingual
Varices and Evaluation of Possible Etiologic Factors. Selcuk Dent J.
2022;9(3):763-8.

Olufemi OE, Ibitoye KS, Owotade FJ, Fatusi OA, Adesina OM. Oral lesions
in hypertensive patients attending a South Western Nigerian Tertiary
Hospital. MJDS. 2016;1(2):1-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.who.int/health-topics/hypertension#tab=tab_1
https://www.who.int/health-topics/hypertension#tab=tab_1
https://www.who.int/publications/i/item/a-global-brief-on-hypertension-silent-killer-global-public-health-crisis-world-health-day-2013
https://www.who.int/publications/i/item/a-global-brief-on-hypertension-silent-killer-global-public-health-crisis-world-health-day-2013
https://www.who.int/news-room/fact-sheets/detail/hypertension#:~:text=Hypertension%20is%20diagnosed%20if%2C%20when,days%20is%20%E2%89%A590%20mmHg
https://www.who.int/news-room/fact-sheets/detail/hypertension#:~:text=Hypertension%20is%20diagnosed%20if%2C%20when,days%20is%20%E2%89%A590%20mmHg
https://www.who.int/news-room/fact-sheets/detail/hypertension#:~:text=Hypertension%20is%20diagnosed%20if%2C%20when,days%20is%20%E2%89%A590%20mmHg
http://www.acc.org/latest-in-cardiology/articles/2017/11/08/11/47/mon-5pm-bp-guideline-aha-2017
http://www.acc.org/latest-in-cardiology/articles/2017/11/08/11/47/mon-5pm-bp-guideline-aha-2017
http://www.acc.org/latest-in-cardiology/articles/2017/11/08/11/47/mon-5pm-bp-guideline-aha-2017
https://doi.org/10.1186/s12903-015-0054-2
https://doi.org/10.1186/s12903-015-0054-2

	Relationship between sublingual varices and hypertension: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategy
	Study selection and data extraction
	Risk of bias assessment
	Statistical analysis

	 Results
	Risk of Bias assessment
	Meta-analysis
	Sensitivity analysis

	 Discussion
	Limitations

	 Conclusions
	Acknowledgements
	References


