
364 > RESEARCH

Abstract
Objectives: This study evaluated halitosis in patients suf-
fering from hepatic disease. 

Material and methods: Twenty-five patients (12 males 
and 13 females) aged between 16 and 73 years who had 
undergone treatment for liver disease were included in this 
study. Three halimeter recordings were performed to meas-
ure methyl mercarptan and hydrogen sulphite. Mean values 
were calculated and compared with normal values (75-120 
ppb). The level of significance was set at P < .05. 

Results: Thirteen of the 25 subjects (52%) had normal Volatile 
Sulphur Compound (VSC) values (75-120 ppb). Twelve sub-
jects (48%) recorded values ranging from 132 to 1112 ppb. 
There was no correlation between hepatic pathology and hali-
tosis. Fifty-two percent of all subjects had poor oral hygiene, 
strongly correlated with high VSC values (P<0.05) whereas the 
remaining 48% with good hygiene had normal levels of VSC. 

Conclusions: Within the limitations of this study, high 
values of VSC were not associated with the presence of 
hepatic disease. 

INTRODUCTION
Halitosis is a general word used to describe unpleasant 
breath, specifically in describing “bad” breath from the oral 
cavity.1 Scientific reports of halitosis first appeared in the 
1930’s2 but it was not until the mid-1960’s that the defini-
tive etiology, physiopathology and clinical therapy of hali-
tosis was elucidated by Toenzetich,3,4,5 followed by further 
research in the 1990s by Rosenberg.6, 7, 8, 9 

The condition can be found in patients of any sex and age: 
females, males, children and the elderly.10, 11 Some studies 

have estimated the prevalence of bad breath in groups 
considered to be representative of the general population. 
Miyazaki et al.12 concluded that 23% of the population 
presented with unpleasant breath. It is estimated that more 
than 50% of the adult population in North America suffer 
from halitosis.13 

The Fourth World Conference on Halitosis in 1999 con-
cluded that 85-90% of halitosis was caused by oral factors. 
In the remaining 10-15% of cases, halitosis has its origin 
in systemic diseases such as hepatic, pancreatic and re-
nal insufficiencies, as well as trimethylaminuria, upper and 
lower respiratory tract infections, gastric content, and the 
consumption of some drugs.14 

Halitosis is characterized by compounds such as Volatile Sul-
phur Compounds (VSC) which include hydrogen sulphide, 
methyl mercaptan, dimethyl sulphide and dimethyl disul-
phide,3,5 volatile fatty acids with short aliphatic chains (i.e. bu-
tyric acid, valeric acid, isovaleric acid and propionic acid) and 
amines, (putrescin and cadaverin, indole and skatole).16 VSCs 
arise from bacterial metabolism of sulphur amino acids such 
as cysteine and methionine.17 Oral microorganisms that pro-
duce VSCs are mainly gram negative anaerobic periodontal 
pathogens such as Veillonella alcalescens, Porphyromonas 
gingivalis, Prevotella intermedia, Prevotella loeschii, Trepone-
ma denticola, Klebsiella pneumoniae, Fusobacterium nucle-
atum and Eubacterium. These organisms produce hydrogen 
sulfide from L-cysteine and methylmercaptan from l-methio-
nine.18 Intraoral conditions such as poor oral hygiene, peri-
odontal pockets, biofilm of the tongue (especially the dorsal 
third), food impaction, unclean dentures, faulty restorations, 
oral carcinomas and throat infections favour the retention of 
anaerobic, mainly gram-negative, bacteria thus predisposing 
patients to the development of halitosis.19, 20, 21, 22 

Numerous studies have focused on the relationship between 
halitosis and the bacteria in saliva or in dental plaque.23 Spe-
cific diseases such as acute necrotizing ulcerative gingivitis 
and pericoronitis have been shown to induce a distinctive 
bad breath associated with certain pathogenic gram-negative 
organisms. In addition, other oral conditions which have been 
associated with bad breath include aphthous ulcers, dental 
abscesses, candidiasis, oral cancers, and xerostomia.24
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Halitosis appears to be a multi-factorial disease that requires 
a multidisciplinary approach in which dentistry plays an 
important role.10 Among the extra-oral predisposing factors 
for halitosis, fasting and morning breath are associated with 
temporary bad breath. This is the result of stagnation of 
epithelial cells and food debris combined with an overnight 
decrease in salivary flow.25 Certain hormonal changes 
that occur during ovulation, menstruation, pregnancy and 
menopause,26 as well as extra-oral diseases such as chronic 
sinusitis, tonsillitis, bronchitis, diabetes mellitus, hepatic 
failure, renal failure, and carcinoma of the lung have also 
been associated with oral malodour.24 

There have been reports evaluating the presence of halitosis 
in patients with liver disease but these have not considered 
the periodontal status and oral hygiene.30, 31, 32 

The objectives of this study were to assess the relationship 
between hepatic pathology and halitosis and also to evalu-
ate the role of oral hygiene and condition.

Material and Methods
Twenty-five subjects, 12 males and 13 females, with a mean 
age of 59 years (range 16 to 73), undergoing medical treat-
ment at the Department of Gastroenterology and Internal 
Medicine at the University La Sapienza, Rome, Italy, were 
included in this study. A dental history of the subjects was 
obtained, which included the oral hygiene status (assessed 
by the presence of plaque and calculus, gingival bleeding 
during tooth-brushing and gingival hyperplasia); self-assess-
ment of breath or bad taste during the day; oral hygiene pro-
cedures (brushing; flossing; tongue scraping, use of mouth 

rinse); smoking and/or alcohol habits and diet (including the 
use of spices). Patients were classified as having poor oral 
hygiene if plaque was present in addition to at least two 
other clinical parameters i.e. calculus, gingival bleeding or 
gingival hyperplasia. Oral hygiene status was defined as 
good if neither plaque nor calculus were detected even in 
the presence of gingival bleeding and gingival hyperplasia. 

Halitosis was assessed utilizing the Halimeter (Halimeter RH-
17k, Interscan Corporation, Chatsworth, CA). The instrument 
is composed of a semiconductor sensor that catalyzes an 
electrochemical reaction, with production of an electric im-
pulse directly proportional to the specific concentration of 
the Volatile Sulphur Compounds (VSC); a control panel, dig-
ital display, small Teflon tube for survey of the air sample, an 
engine pump to generate a vacuum for the aspiration of the 
oral air, an on/off switch and a calibration adjustment. The 
Halimeter measures the levels of VSC in a semi-quantitative 
manner, being especially sensitive to hydrogen sulphide. 
Dimethyl sulphide and methyl mercaptan are also detected, 
but the response of the instrument to these gases is about 
50% less than it is to hydrogen sulphide. According to the 
manufacturer there is decreasing sensitivity in the following 
order: hydrogen sulphide > methyl mercaptan > dimethyl 
sulphide. The data was expressed in parts per billion (ppb) 
and the normal range is between 75-120 ppb.

Immediately prior to the examination the subject was in-
structed to keep his/her mouth closed for three minutes. A 
disposable 6.5 mm plastic straw was attached to the air inlet 
of the monitor. The subject was instructed to insert the straw 
into the oral cavity so that it extended approximately 4cm 

Table 1

Liver Pathology Measurement 1 Measurement 2 Measurement 3 Ave Std Dev Hygiene

1 Cirrhosis; HCV+ 307 396 312 338 50 Poor

2 Cirrhosis; HCV+ 830 1319 1187 1112 252 Poor

3 Cirrhosis; HCV+ 201 213 183 199 15 Good

4 Cirrhosis; HCV+ 89 101 96 95 6 Good

5 Cirrhosis; HCV+ 87 83 82 84 2.6 Poor

6 Cirrhosis; HCV+ 120 124 111 118 6.7 Good

7 Cirrhosis; HCV+ 168 154 158 160 7.2 Poor

8 Cirrhosis; HCV+ 89 99 90 92 5.5 Good

9 Cirrhosis; HCV+; HBV+ 93 100 104 99 5.6 Good

10 Cirrhosis; alcohol 460 448 459 455 6.7 Poor

11 Cirrhosis; alcohol 89 58 54 67 19 Good

12 Cirrhosis; alcohol 544 657 624 608 58 Poor

13 Cirrhosis; alcohol 122 74 65 87 31 Good

14 Cirrhosis; alcohol 132 126 138 132 6 Poor

15 Cirrhosis; alcohol 88 84 85 85 2.1 Good

16 Cirrhosis; cryptogenic 98 78 90 88 10.1 Good

17 Cirrhosis; cryptogenic 128 124 111 121 8.9 Good

18 Cirrhosis; cryptogenic 90 88 89 89 1 Good

19 Cirrhosis; cryptogenic 91 82 82 85 5.2 Good

20 Hepatitis; chronic; HCV+ 1014 803 264 693 387 Poor

21 Hepatitis; chronic; HCV+ 199 142 162 167 29 Poor

22 Hepatitis; chronic; HCV+ 80 76 82 79 3.1 Good

23 Celiac Disease 320 163 144 209 96.6 Poor

24 Edatoblastoma 242 154 234 210 48.7 Poor

25 Liver transplant 940 600 1020 853 223 Poor
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intraorally, ensuring that there was no contact with palate, 
teeth, tongue or cheeks. This prevented aspiration of sub-
stances such as saliva, blood and epithelial cells that could 
interfere with the quantification of VSC. A sample of air was 
aspirated through the plastic straw by the pump at 1500 mL/
min and then passed through the sensor which registered 
the levels of VSCs. The assessment lasted 10 seconds and 
the patient was instructed not to breathe through either the 
nose or mouth during the sampling. The peak value attained 
was recorded in ppb by direct readings from the analog 
scale of the monitor. The process was repeated three times, 
with a one minute interval during which the subject kept the 
mouth closed. The mean value of the three readings was 
calculated and correlated with the level of the oral hygiene 
status using PROC GENMOD in the SAS package (SAS In-
stitute, Cary, North Carolina, version 9.1).

Results
Twenty patients (80%) had hepatitis cirrhosis, 8%, chronic hep-
atitis C, 4% a hepatoblastoma, 4% had received a liver trans-
plant, and 4% presented celiac disease. Of the patients with 
hepatic cirrhosis, 20% were crypto genetic, 30% were post-al-
coholic and the remaining 50% had suffered from hepatitis C. 

Table 1 illustrates the pathology, the associated halimeter val-
ues expressed in ppb and the status of oral hygiene. 

Thirteen patients, i.e. 52%, had a mean VSC within normal val-
ues (75-120 ppb). Twelve subjects (48%) presented with hali-
tosis and with escalated VSC values that ranged from 132 to 
1112 ppb. However, no significant correlation was found be-
tween hepatic pathology and halitosis (Table 2). The strongest 
correlation was found between oral hygiene levels and halitosis 
(p< .001) (Table 3 & 4).

Forty eight percent of the patients, regardless of the type of 
hepatic pathology, had poor oral hygiene with severe plaque 
deposits, calculus and the presence of gingival bleeding. Poor 
oral hygiene levels were strongly correlated with high values of 
VSC (Table 5). The remaining 52% exhibited good hygiene and 
normal VSC values.  

DISCUSSION
Halitosis has a complex multifactorial etiology. Researchers 
have suggested that 85-90% of patients with halitosis have 
an oral condition, whilst the remaining 10% have a non-oral 
origin.14 Systemic diseases i.e. diabetes mellitus, chronic re-
nal failure, cirrhosis of the liver) are often associated with 
halitosis.27 Furthermore, medication i.e. chemotherapeutic 
drugs, psychiatric drugs and dimethylsulphide oxide may 
aid in the production of halitosis.28, 29 

Methyl mercaptan has been isolated from the urine of a pa-
tient with massive hepatic necrosis and hepatic coma with 
fetor hepaticus, a condition seen in portal hypertension 
where portosystemic shunting allows mercaptans to pass 
directly into the lungs. This is a late sign in liver failure. Other 
possible causes are the presence of ammonia and ketones 
in the breath. Many authors have speculated that the odour 
may be a mixture of mercaptans and dimethyl disulphide.30 
Together with cysteine, methionine is one of two sulphur-
containing proteinogenic amino acids. Its derivative S-ade-
nosyl methionine (SAM) serves as a methyl donor. Methio-
nine plays a role in the biosynthesis of cysteine, carnitine, 
taurine and lecithin. 

In the present study mercaptans were present in the breath 
of cirrhotic patients to approximately double the levels seen in 
normal subjects. This increase is probably due to two sourc-
es: the mercaptans formed by bacterial action in the intestine 
bypass the liver through shunts present in cirrhotic patients, 
and those formed in the process of cellular thiol metabolism, 
which the liver is unable to further metabolise.31

The liver also plays a major role in the utilization of fatty ac-
ids via the hepatic artery from fat deposits or other tissues 
via the portal vein from the intestinal tract. Hepatic disease 
causes damage or loss of liver tissue and may result in the 
accumulation of valeric acid, isovaleric acid and propionic 
acid as well as amines (putrescin and cadaverin, indole and 
skatole) all of which are components of halitosis.16

Sjogren’s syndrome may also be considered one of the 
extra-hepatic manifestations of HCV.35,36 Xerostomia causes 
plaque retention, and when combined with the stagnation of 
food debris, may generate halitosis. 

This study further confirmed that poor oral hygiene was as-
sociated with halitosis.37,38

CONCLUSION
Within the limitation of this study, high values of VSC, and 
therefore halitosis, correlated with poor oral hygiene. No 
significant correlation was found between high VSC values 
and the presence of hepatic disease. Further research is 
needed to expand knowledge about halitosis using larger 
numbers of patients and controls.

RESEARCH

Table 2: The relation between the hepatic pathology and halitosis

Halitosis

Hepatic pathology Yes No

Cirrhosis and HCV+ or Hepatitis chronic and HCV+ 
(Group 1)

6 6

Cirrhosis and alcohol or Cirrhosis and 
cryptogenic  (Group 2)

3 7

Epatoblastoma, Celiac disease, and Liver transplant  
(Group 3)

1 2

Table 3: The relation between the hepatic pathology and halitosis

Halitosis

Hygiene Yes No

Good 1 12

Poor 9 3

Table 5: The relation between the VSC and hygiene

Hygiene

VSC (ppb) Good Poor

Good 11 1

Poor 2 11

Table 4: Logistic regression analysis of halitosis on the hepatic 
pathology and hygiene

Variable Odds 
ratio

95% confidence 
interval

P-value

Hepatic 
pathology

Group 2 vs 1 0.625 0.033-11.946 0.49

Group 3 vs 1 0.052 0.002-1.585 0.10

Hygiene Poor vs Good 90.984 4.907- >1000 0.002
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