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Introduction

Olfactory dysfunction is relatively common, affecting ap-
proximately 20 to 30 percent of adult.1,2) Including a tempo-
rary loss of the sense of smell, some articles report up to 60% 
of the population experienced olfactory dysfunction.3) Nu-

merous clinical reports have suggested that olfactory dys-
function could affect nutritional disturbances, social anxiety 
and depression which consequently influence the quality of 
life negatively.4,5) In particular, if occupation depends on the 
olfactory function, the olfactory dysfunction becomes cru-
cial obstacle. Recently, as people tends to focus on the quali-
ty of life, the number of population who are aware of olfac-
tory dysfunction and visit out-patient clinic for diagnosis and 
treatment is increasing. However, effective treatment options 
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The objective of this study was to perform a systematic review of the literature for application 
of intranasal sodium citrate in the patients with olfactory dysfunction to help determine the so-
dium citrate treatments for this condition. Two authors independently searched the data base 
(Medline, Scopus, and the Cochrane database) for relevant studies from inception to January 2018. 
Included studies were randomized controlled studies published in English comparing topical 
sodium citrate application (treatment group) with saline (control group) in patients who had 
olfactory dysfunction. Outcomes of interest included the change of olfactory identification 
and threshold during 2 hours post-treatment. Three studies were enrolled in the meta-analysis. 
Compared with control group, treatment group did not increase posttreatment score of olfacto-
ry identification [standardized mean difference (SMD)=-0.03; 95% confidence interval (CI)= 
-0.29-0.24; I2=0%] and olfactory threshold (SMD=0.18; 95% CI=-0.09-0.45; I2=0%) signifi-
cantly. In the degree of pre-post improvement of two outcomes, although treatment group statis-
tically showed the significant improvement in olfactory threshold (SMD=0.30; 95% CI=0.05- 

0.55; I2=17%), the clinical significance of this outcome was meaningless. Similarly, there was no 
significant difference in olfactory identification between two groups (SMD=0.17; 95% CI=-0.11-
0.45; I2=22%). Unlike the recent favorable results, our summated results presented the useless-
ness for the local application of sodium citrate in improving patient’s olfactory function. How-
ever, we also had some limitation such as small sample size and inconsistent application methods. 
Therefore, larger trials and standardized methodology are needed to reach more stronger and ex-
act results. Korean J Otorhinolaryngol-Head Neck Surg 2019;62(2):75-81
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for physicians are limited,6) and mainly focused on oral ste-
roid or intra nasal steroid administration.3)

Calcium in vertebrate olfactory receptor neurons (ORNs) 
is involved in both odor-induced excitation and intracellular 
feedback pathways. The effect of the rise in intracellular cal-
cium is a negative feedback action on various stages of the 
odor transduction mechanism, which is responsible for the 
down-regulation of the smell sensitivity such as olfactory 
adaptation. Based on the facts, previously Panagiotopoulos, 
et al.7) assumed that a rise in mucosal calcium could contrib-
ute to the consequent influx of calcium inside the cell and re-
ducing mucus free calcium levels might modulate these in-
hibitory effects and thereby enhance olfaction. They showed 
that intranasal sodium citrate, calcium sequestrant, in hypos-
mic patients improved olfactory function. Since his research, 
there have been several studies which intended to demonstrate 
the effect of sodium citrate on olfactory dysfunction.8-10) The 
objective of this article is to perform a systematic review of the 
literature for intranasal sodium citrate in the patients with ol-
factory dysfunction to help determine the efficacy of sodium 
citrate treatments for this condition.

Materials and Method 

Search strategy and selection of studies 
Studies published in English before December 2017 were 

identified from MEDLINE, SCOPUS, and the Cochrane Reg-
ister of Controlled Trials, using the following search terms: 
“olfaction,” “odor identification,” “odor threshold,” “calcium,” 
“nasal mucus,” “hyposmia,” “anosmia,” and “sodium citrate.” 

Two reviewers, working independently, screened all ab-
stracts and titles for relevant studies, and discarded any that 

were not relevant. Randomized controlled trials were eligible 
for review if they investigated the topical application of sodi-
um citrate in patients who suffered from olfactory dysfunc-
tion. Studies were not eligible for inclusion if 1) patients ex-
perienced the olfactory dysfunction due to the conductive cause 
(e.g., nasal polyp or chronic sinusitis); 2) patients had previ-
ous history of congenital anosmia; 3) patients suffered from 
a systemic or malignant disease; or 4) if multiple reports were 
based on the same trial data. Additionally, in the event of miss-
ing or incomplete data, attempts were made to request fur-
ther details of the published results from the authors directly. 
Studies were excluded from the analysis if outcomes of in-
terest were not clearly reported with quantifiable data, or if 
it was not possible to extract and calculate the appropriate 
data from the published results (Fig. 1). 

Data extraction and risk of bias assessment
Data from the eligible studies were extracted using stan-

dardized forms and were independently checked by the two 
reviewers. Sodium citrate, a solution licensed and used safe-
ly in other body cavities (e.g., stomach and bladder), is known 
to buffer calcium ions. Topical application of sodium citrate 
into olfactory cleft is employed to bind the free calcium in 
the nasal mucus. It is assumed that sodium citrate reduce the 
calcium level from nasal mucosa, and subsequent decrease 
the negative feedback in the olfactory receptor cell response. 
The primary outcome for this meta-analysis was the post-
treatment score of olfactory identification9,10) or threshold9,10) 
within 2 hours after nasal application of sodium citrate. Out-
comes associated with sodium citrate after nasal application 
was compared against a control (placebo). Additionally, the 
outcomes regarding to change of pre-and post-treatment ol-

Studies identified
(n=56)

Included studies 
(n=3)

51 articles excluded after screening  
of title or abstract

3 articles included in meta-analysis for 
  pre-and post-treatment change in  
  sodium citrate group (olfactory  
  identification & thresholds)
  (Whitcroft, et al.10) Whitcroft, et al.9), and Philpott, et al.8))

2 articles included in meta-analysis for 
  comparison with placebo  
  (olfactory identification & thresholds)
  (Whitcroft, et al.10) and Whitcroft, et al.9))

2 articles excluded after full text
screening (no quantifiable data)

Full-text articles
reviewed (n=5)

Fig. 1. Diagram of the study selec-
tion process.
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factory identification9,10) or threshold8-10) were derived from 
comparison between the pre- and post-treatment values. The 
incidence of the adverse effect, a sodium citrate-related mor-
bidity, was assessed as a secondary outcome.

For studies which investigated the influence of sodium ci-
trate on the improvement of olfactory threshold and identifi-
cation, the following data were extracted: the number of pa-
tients, scores of parameters, and p-values recorded in the 
comparison between the sodium citrate and control groups. 
The risk of bias for each study was evaluated using the Co-
chrane “Risk of Bias” tool.

Statistical analysis
A meta-analysis was performed using “R” statistical soft-

ware (R Foundation for Statistical Computing, Vienna, Aus-
tria). An outcome analysis was performed using the standard 
mean difference. An effect size of approximately 0.2 is con-
sidered a small effect, while 0.5 is considered a medium ef-
fect and 0.8 a large and clinically significant effect. A funnel 
plot and Egger’s test were used simultaneously to detect pub-
lication bias. Additionally, the Duval and Tweedie’s trim and 
fill method was used to adjust for missing studies and to cor-
rect the overall effect size according to publication bias. Ad-
ditionally, sensitivity analyses were performed to estimate the 
influence of each individual study in the overall meta-analy-
sis results. 

Results 

Three studies, which included a total of 267 participants, 
were included and reviewed in this study. Risk of bias assess-

ments and study characteristics are described in Table 1. 

Comparison of the use of sodium citrate versus 
controls: post-treatment olfactory identification 
and threshold

In the patients who received sodium citrate (sodium citrate 
group) and those who received placebo (control group), there 
were no statistically significantly different in the posttreat-
ment score of olfactory identification [SMD=-0.03; 95% 
confidence interval (CI)=-0.29-0.24; I2=0%] and olfactory 
threshold within 2 hours (SMD=0.18; 95% CI=-0.09-0.45; 
I2=0%) (Fig. 2). Based on the degree of improvement in olfac-
tory identification, there was no significant difference be-
tween two groups (SMD=0.17; 95% CI=-0.11-0.45; I2=22%). 
By contrast, the improvement in olfactory threshold (SMD= 

0.30; 95% CI=0.05-0.55; I2=17%) was significantly higher 
in the patients who received sodium citrate (sodium citrate 
group) than in those who received placebo (control group) (Fig. 
3). There was no statistically significant inter-study hetero-
geneity (I2＜50%) in these outcomes. Egger’s test regarding 
these outcomes was not available due to small number in the 
enrolled studies. Duval and Tweedie’s trim and fill analysis 
showed there was no difference between observed and ad-
justed values. These results showed that the selected studies 
were not biased.

Change in olfactory measurements after sodium citrate
Sodium citrate did not increase the olfactory identification 

(SMD=0.02; 95% CI=-0.24-0.29; I2=0%) and olfactory 
threshold (SMD=0.12; 95% CI=-0.18-0.55; I2=0%) after 
application significantly. There was no statistically signifi-

Table 1. Summary of the studies included in the meta-analysis

Study (year) Sample 
size

Age (mean, range, or  
standard deviation)/ 

sex (ratio of male  
to female)

Study design Comparison Outcome measure 
analyzed

Risk of bias  
of randomized 

studies

Philpott, et al.  
  (2017)8)

55 52.5 years (10.4 years)/  
  13 males and 42  
  females

Randomized  
  controlled

Sodium citrate (spray  
  bottle and nozzle)  
  vs. control (saline)

A series of threshold  
  smell tests 

Risk of bias  
  (low risk)

Whitcroft, et al.  
  (2016)10)

57 50.8 years (17.3 years)/  
  30 males and 27  
  females

Randomized  
  controlled

Sodium citrate  
  (endoscopic  
  application by  
  physician) vs. control  
  (saline)

“Sniffin’ Sticks” test  
  (identification  
  test and threshold  
  test)

Risk of bias  
  (unclear  risk)

Whitcroft, et al.  
  (2017)9)

49 58.71 years (11.03 years)/  
  11 males and 38 fe-
males

Randomized  
  controlled

Sodium citrate  
  (application with 
  specific device by  
  physician) vs. control  
  (saline)

Sniffin’ Sticks” test  
  (identification  
  test and threshold  
  test)

Risk of bias  
  (unclear  risk)
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cant inter-study heterogeneity (I2＜50%) in these outcomes 
(Fig. 4). Egger’s test regarding these outcomes was not avail-
able due to small number in the enrolled studies. Duval and 
Tweedie’s trim and fill analysis showed there was no differ-
ence between observed and adjusted values. These results 
showed that the selected studies were not biased.

Sensitivity analyses 
Sensitivity analyses were performed to evaluate whether 

the pooled estimates of the change of olfactory threshold and 
identification were different by omitting a different study each 
time and repeating the meta-analysis. The results of these sen-
sitivity analyses were all consistent with the above outcomes 
(data not provided).

Discussion

Recent studies revealed the role of calcium in olfactory path-
way. Odor molecules bind to olfactory receptor cell in the ol-
factory cleft. G protein-coupled cascade occurs, resulting in 
increase of cystic adenosine monophosphate (cAMP). cAMP 
opens cyclic nucleotide-gated channels and then calcium in-
flux occurs. Increase in intracellular calcium acts not only 
as a second messenger of axon, but also plays inhibitory role. 
Mucosal calcium gives negative feedback on multiple stages 
of the olfactory passage.7,11-13) Through negative feedback, ad-
aptation to long-term odorant exposure is possible. This mech-
anism could give an interesting idea for a treatment option 
for olfactory dysfunction by reducing mucosal calcium level 

Standardised mean
difference

-0.4     -0.2       0        0.2       0.4

Fixed effect model
Heterogeneity: I2=0%, τ2=0, p=0.39

Study (year) TE seTE

Whitcroft, et al. (2016)10) 0.08 0.1873

Whitcroft, et al. (2017)9) -0.15 0.2022

SMD 95% CI Weight

0.08 [-0.28-0.45] 53.8%

-0.15 [-0.55-0.24] 46.2%

-0.03 [-0.29-0.24] 100.0%

A

Fig. 2. Comparison between local 
application of sodium citrate and pla-
cebo in posttreatment score. Stan-
dardized mean difference of post-
treatment score in identification (A) 
and threshold (B). TE: treatment ef-
fect, seTE: standard error of treat-
ment effect, SMD: standardized mean 
difference, CI: confidence interval.

Standardised mean
difference

-0.4     -0.2       0        0.2       0.4

Fixed effect model
Heterogeneity: I2=0%, τ2=0, p=0.95

Study (year) TE seTE

Whitcroft, et al. (2016)10) 0.19 0.1876

Whitcroft, et al. (2017)9) 0.17 0.2025

SMD 95% CI Weight

0.19 [-0.18-0.56] 53.8%

0.17 [-0.22-0.57] 46.2%

0.18 [-0.09-0.45] 100.0%

B

Fig. 3. Comparison between local 
application of sodium citrate and pla-
cebo in pre-and post-treatment score 
change. Standardized mean differ-
ence of pre-and post-treatment score 
change in identification (A) and thresh-
old (B). TE: treatment effect, seTE: 
standard error of treatment effect, 
SMD: standardized mean difference, 
CI: confidence interval.

Standardised mean
difference

-1        -0.5        0         0.5          1

Fixed effect model
Heterogeneity: I2=17%, τ2=0.0103, p=0.30

Study (year) TE seTE

Philpott, et al. (2017)8) 0.69 0.2828

Whitcroft, et al. (2016)10) 0.17 0.2000

Whitcroft, et al. (2017)9) 0.24 0.2000

SMD 95% CI Weight

0.69 [-0.14-1.24] 20.0%

0.17 [-0.22-0.56] 40.0%

0.24 [-0.15-0.63] 40.0%

0.30 [0.05-0.55] 100.0%

B

Standardised mean
differenceStudy (year) TE seTE

Whitcroft, et al. (2016)10) 0.01 0.2000

Whitcroft, et al. (2017)9) 0.33 0.2000

SMD 95% CI Weight

0.01 [-0.38-0.40] 50.0%

0.33 [-0.06-0.72] 50.0%

0.17 [-0.11-0.45] 100.0%

A
-0.6   -0.4  -0.2    0      0.2    0.4    0.6

Fixed effect model
Heterogeneity: I2=22%, τ2=0.0112, p=0.26
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and restraining the negative feedback.14,15) Therefore, there 
have been som sodium citrate e previous studies which sup-
port positive results regarding the administration of function-
ing as a calcium buffer on olfactory dysfunction.

Assessment of the olfactory function can be generally di-
vided into 3 different components such as odor threshold (the 
perception of odors at low concentrations), odor discrimina-
tion (the nonverbal distinction of different smells), and odor 
identification (the ability to name or associate an odor). Al-
though there has been no objective assessment of olfactory 
function in clinical situation, several psychophysical tests as-
sessing olfactory performance have been used for the assess-
ment of each of these components.16) Sniffin’ Sticks are a val-
idated psychophysical test that is based on pen like odor-
dispensing devices, and previous studies have verified that it 
shows high test-retest reliability and validity in measuring the 
olfactory sensitivity.17) A series of threshold smell tests in-
cluding phenyl ethyl alcohol was also previously validated and 
showed the high test-test reliability.18) This study performed 
the meta-analysis with previous studies related to sodium ci-
trate and olfactory dysfunction and used the validated psy-
chophysical test to assess the degree of olfactory function. 
Additionally, the comprehensive evaluation of several compo-
nents in olfaction, especially including olfactory thresholds, 
provides the most significant approach to the measurement of 
olfactory disfunction.16) Therefore, we measured the olfacto-
ry identification and threshold as the olfactory outcomes.

Our results showed that the posttreatment score of olfacto-
ry identification and threshold within 2 hours were not sig-
nificantly changed in sodium citrate group compared with the 

control group. Although the degree of treatment-related change 
in olfactory threshold was statistically significantly higher in 
the sodium citrate group than in control group, the effect 
size regarding the olfactory threshold was small (SMD=0.3) 
and there was no significant difference in olfactory identifi-
cation between two groups. Additionally, in sodium citrate 
group, the change in olfactory identification and threshold af-
ter treatment was also not statistically significantly identified. 

The common representation of the SMD is Cohen’s d, which 
suggests that a smaller effect size indicates that a treatment is 
clinically less effective. An effect size (SMD) between 2 means 
of around 0.3 is considered a small effect (possibly clinically 
non-significant), an effect size of around 0.5 is considered a 
medium effect, and an effect size of 0.8 or greater is consid-
ered a large and clinically significant effect.19) The only sig-
nificant effect size for the measurements regarding the treat-
ment-related change in olfactory threshold were no more 
than 0.3, which meant that these effect sizes were clinically 
insignificant during treatment periods. These results consis-
tently showed that the application of sodium citrate in patients 
with olfactory dysfunction would not be helpful to improve 
their olfaction. In addition, as researchers’ comment, although 
there were no serious adverse effect related to the application 
and patient seemed to be tolerable, local trivial adverse ef-
fects such as rhinorrhea, nasal obstruction or throat irritation 
were frequent and the treatment effect short-lived, with only 
lasting 2 hours.9) Given the therapeutic effect size and half-
life period and frequent minimal side effects, this treatment 
would not be recommended to the patients clinically.

Panagiotopoulos, et al.7) firstly performed the pilot case 

Standardised mean
difference

-0.4       -0.2         0           0.2          0.4

Fixed effect model
Heterogeneity: I2=0%, τ2=0, p=0.83

Study (year) TE seTE

Whitcroft, et al. (2016)10) -0.00 0.1873

Whitcroft, et al. (2017)9) 0.06 0.2020

SMD 95% CI Weight

-0.00 [-0.37-0.36] 53.8%

0.06 [-0.34-0.45] 46.2%

0.02 [-0.24-0.29] 100.0%

A

Fig. 4. Effectiveness of local appli-
cation of sodium citrate in treatment 
group. Standardized mean differ-
ence of pre-and post-treatment score 
change in identification (A) and thresh-
old (B). TE: treatment effect, seTE: 
standard error of treatment effect, 
SMD: standardized mean difference, 
CI: confidence interval.

Standardised mean
difference

-0.4     -0.2       0        0.2        0.4

Fixed effect model
Heterogeneity: I2=0%, τ2=0, p=0.63

Study TE seTE

Whitcroft, et al. (2016)10) 0.19 0.1876

Whitcroft, et al. (2017)9) 0.05 0.2020

SMD 95% CI Weight

0.19 [-0.18-0.55] 53.7%

0.05 [-0.34-0.45] 46.3%

0.12 [-0.15-0.39] 100.0%

B
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series study and reported that sodium citrate showed the very 
high effectiveness on the improvement of olfactory function 
in patients, of which p-value was less than 0.0001. However, 
since then, the next three randomized controlled studies 
could not demonstrate as high therapeutic effectiveness as 
the previous one did, of which p-value were mostly larger than 
0.01. Consequently, our studies which included the next three 
studies could not identify the usefulness of local application 
of sodium citrate in patients with olfactory dysfunction. 

For this discrepancy, there were some reasons. Firstly, Pan-
agiotopoulos, et al.7) conducted the repeated identification 
testing on during 3 days. The repeated same test could make 
participants find the right answer skillfully and the results 
tend to be biased.9) Secondly, Panagiotopoulos, et al.7) used a 
12-item identification test, which is less sensitive and specif-
ic than the full 16-item test that other researchers utilized.9) 
Thirdly, combined testing of two components of olfaction 
could be more reliable approach to detect the olfactory func-
tion and threshold test presented more distinct properties 
than the identification tests.16) In previous other studies, olfac-
tory function test included two components such as thresh-
old and identification. However, Panagiotopoulos, et al.7) 
concluded on the basis of only identification test. In particu-
lar, compared to olfactory threshold, olfactory identification 
has higher possibility of learning effect.20) It is possible that 
learning effect increased identification correction rate as the 
tests repeats, which may lead to the incorrect results.9) Fourth-
ly, the effect of calcium in the olfactory function would be 
more complex than expected previously. In addition to the 
adaptation of the ORN to odor stimuli (negative) feedback 
inhibition, all basic transduction processes in the ORN are 
mediated by calcium. The generation of the receptor action 
potential, its amplification, and the termination of the recep-
tor potential are the share of calcium itself.21) Therefore, only 
depletion of calcium in mucus could explant the olfactory 
improvements or related outcomes. 

Although the results of this study offer the uselessness for 
the local application of sodium citrate in improving patient’s 
olfactory function, we also had some limitation. Firstly, includ-
ed studies use different sodium citrate administration method. 
Different concentration of solution and different type of the 
nozzle may have caused bias.22-24) Secondly, dividing the par-
ticipant with the degree of olfactory dysfunction such as an-
osmia and hyposmia or more detailed may be helpful since 
anosmia group is less likely to gain olfactory function im-
provement.25) Thirdly, since sodium citrate is expected to have 

temporary effect of the sodium citrate, there has been no 
long-term study to analyze until now. Lastly, this meta-anal-
ysis included only three studies with a total of 267 patients. 
Further study with large, randomized, controlled clinical tri-
al should be performed to provide more evidence on the effi-
cacy of sodium citrate.

Conclusion

This study demonstrated that local application of sodium 
citrate in the patients with olfactory dysfunction did not im-
prove olfactory function effectively but could cause frequent 
but trivial local adverse effect such as transient nasal or 
throat discomfort. Considering that calcium itself has multi-
function on olfaction, not limited to negative feedback, we 
recommend that further well designed studies be needed to 
verify the clinical effectiveness of sodium citrate.
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답    ⑤ 

해 설 ㅋ�급속하게�성장하는�양성종양으로�악성종양과�감별이�필요하다.
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