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Abbreviations: fMRI, functional magnetic resonance imaging; 
DT, detection thresholds; RT, recognition thresholds; ME, magnitude 
estimation 

Introduction
Smell function has been reported by some investigators to differ in 

men and women with women exhibiting greater olfactory sensitivity 
than men.1–5 However, other investigators were unable to document 
these differences.6–11 These differences emphasize the complex 
problems of specifying differences in olfactory sensitivity between 
men and women.

We have studied olfaction in patients with smell loss (hyposmia) 
for many years.12–14 Some of these studies involved treatment with the 
oral phosphodiesterase inhibitor theophylline which improved smell 
function in over 50% of these patients.12,13 This improvement was 
demonstrated by both psychophysical techniques (olfactometry)12–14 
and functional magnetic resonance imaging (fMRI) of brain.15 Initial 
analysis of these olfactometry data did not demonstrate any obvious 
gender differences in smell function either before or after treatment.12–14 
However, more detailed analysis of these data suggested that women 
improved their smell function with oral theophylline treatment more 
than did men but mainly at higher doses of the drug. Because of 
these post hoc analyses we re-evaluated these data to determine if 
differences in smell function between hyposmic men and women 
occurred after theophylline treatment and attempted to understand 
how these differences occurred.

Methods
Patients

Three hundred and twelve patients with chronic hyposmia were 
studied at The Taste and Smell Clinic in Washington, DC. These 

included 178women, aged 18-85y (55±2y, Mean±SEM) and 134men, 
aged 23-86y (54±3y). All patients presented themselves to The Clinic 
for evaluation and treatment of loss of smell. Patients complained 
of loss of smell with loss present for a mean period of 3.5years 
prior to their visit to The Clinic.13,14 Patients were treated with oral 
theophylline at 200, 400 and 600mg of the drug in two divided doses 
taken mid breakfast and lunch. Treatment was given for periods of 
two to 10months with patients returning for re-evaluation at the end 
of each period. 

All patients began theophylline treatment on 200mg in two 
divided doses for 2-6months. If patients improved their smell loss 
subjectively (≥5%) they were continued on that dose (see reference 
12 for details). If they did not improve their dose of theophylline was 
increased to 400mg in two divided doses for 2-6months. Upon their 
return to The Clinic if their subjective responses increased (≥5%) 
they were continued on that dose. If they did not improve their dose 
of theophylline was increased to 600mg in two divided doses and 
reevaluated at 2-6months. The study was terminated with the patients 
at this dose of theophylline.

Patients were classified into six etiological categories:13,14 allergic 
rhinitis [1697patients], congenital hyposmia [1723patients], head injury 
[1847patients], idiopathic hyposmia [12,1428patients], post-influenza-
like hyposmia [1997patients] and other pathologies [12,1420patients].

Procedures

Smell function was evaluated by both subjective measurements 
and by olfactometry.

Subjective measurements: obtained after treatment by 
questionnaire. Responses were graded on a scale from 0 100 with 0 
reflecting no change to 100 reflecting return to normal function and 
values between 0-100 reflecting return of less than 100 but greater 
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Abstract

Background: Differences in smell function between men and women have been studied by 
several investigators with variable results. We were interested in determining if differences 
in olfactory function might occur between men and women with loss of smell (hyposmia). 
To do this we evaluated their olfactory function before and after oral theophylline treatment.

Methods: Three hundred twelve patients with hyposmia, 178women and 134men, with 
chronic smell dysfunction of several etiologies were studied in an open-label controlled 
clinical trial before and after daily treatment with oral theophylline with doses of 200-
600mg for periods of 2-10months. Smell function was measured both subjectively and by 
olfactometry before and at termination of each treatment period as was serum theophylline.

Results: Before oral theophylline treatment there were no significant gender differences 
in olfactory function between hyposmic men and women. However, after theophylline 
treatment, which improved smell function in both men and women subjectively, 
improvement was greater in women than in men but clinically apparent by olfactometry 
only after a theophylline dose of 600mg at which time differences were statistically 
significant.

Conclusion: These results indicate relative increased olfactory sensitivity in hyposmic 
women compared to hyposmic men after treatment with oral theophylline which improved 
smell function in both groups. Although mechanism(s) are not well defined these results 
could relate to a differential effect of theophylline on smell function relative to decreased 
metabolic clearance of theophylline in women than in men.

Keywords: gender, hyposmia, theophylline, phosphodiesterase inhibitors, drug responses, 
smell function, olfactory measurements, smell loss, smell acuity, metabolic clearance rate
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than 0.13,14 Improvement was considered present if patients reported 
≥5% improvement in smell of all odors.13,14

Olfactometry: obtained both before and after treatment. These 
included measurements of detection thresholds (DT), recognition 
thresholds (RT), magnitude estimation of odor intensity (ME) and 
hedonic responses (H) reflecting odor pleasantness, unpleasantness 
or neutrality [based upon scales of 0-100 with +1–+100 reflecting 
pleasantness, -1–-100 reflecting unpleasantness and 0 reflecting 
neutrality] to the four odors used [pyridine (pungent odor), 
nitrobenzene (bitter almond odor), thiophene (petroleum odor) and 
amyl acetate (banana oil odor);13,14 many of these techniques were 
confirmed in a prior controlled double-blind clinical trial.20

Smell function was measured in the morning three to four hours 
after the first theophylline dose. Measurements were made by 
technicians who were masked about the specific patient treatment but 
were aware that patients were in a treatment process to evaluate their 
smell loss. Improvement in smell function was defined by decreased 
DTs and/or RTs (increased sensitivity), increased MEs (increased 
sensitivity) and changes in Hs consistent with increased pleasantness 
(for nitrobenzene and amyl acetate) or increased unpleasantness (for 
pyridine and thiophene). While all experimenters were aware of the 
overall plan of this study, all were blinded with respect to the clinical 
status or treatment dose of each subject at each patient visit.

Serum for theophylline measurements were obtained three to four 
hours after the first drug dose at the end of each treatment period. 
Blood was obtained by venipuncture, placed into plastic tubes on ice, 
centrifuged in a refrigerated centrifuge at 3000xg for 10-20min, the 
serum analyzed by fluorescence polarization immunoassay21 within 
12hr of collection. All measurements were coded, performed in 
a blinded manner and results assembled only after all sensory data 
were calculated. Body weight was determined at each clinic visit 
on a calibrated clinical scale immediately prior to smell function 
measurements.

Statistics
Subjective smell responses, olfactometry, etiological categories 

of smell loss, body mass, serum protein and hormonal status (for 
women) and serum theophylline levels in men and women at each 
theophylline dose were assembled after all data were collected. 
Mean±SEM of all measurements at each theophylline dose level 
by gender and by clinical etiology of hyposmia were calculated and 
results between each treatment group compared. Differences were 
measured by parametric (Student t tests and X2) and non-parametric 
(sign test) tests and considered significant if p<0.05. ANOVA was 
performed with gender, body mass and theophylline dose as variables 
with differences of p<0.05 considered significant.

All studies were performed at The Taste and Smell Clinic in 
Washington, DC between February 2001 and November 2007 and 
constitute studies on consecutive hyposmic patients. Studies were 
completed in 2009. Studies were approved by the Institutional Review 
Board of the Georgetown University Medical Center, Washington, 
DC. Each patient agreed to participate in the study by giving written 
informed consent.

Results
Overall subjective improvement in smell function on 200-400mg 

of oral theophylline was not associated with any differential response 

between men and women. However, after 600mg of oral theophylline 
treatment, subjective improvement in smell function was significantly 
greater in women than in men with an increased sensitivity in women 
of 36% (Table 1). For each etiology of smell loss serum theophylline 
was higher in women than in men and statistically significant for all 
patients and for patients with allergic rhinitis and other pathologies. As 
noted before, overall women reported a significantly greater subjective 
improvement in smell function than did men. Relative subjective 
changes in smell function demonstrate increased smell function 
among women in four of six etiological categories–allergic rhinitis, 
congenital smell loss and head injury but not in patients with idiopathic 
hyposmia or post-influenza-like hyposmia. Significant differences 
between men and women were demonstrated only for patients with 
other pathologies. Increased serum theophylline was demonstrated 
in women over men for all patients and significant differences noted 
in all patients and in patients with other pathologies. No subjective 
changes were noted after 200-400mg of oral theophylline treatment 
and there were no differences in responsiveness between men and 
women (data not shown).

Table 1 Subjective responses in olfactory function to treatment with 
oral theophylline, 600mg daily, between hyposmic men and women and by 
hyposmia etiology

Patient diagnosis
Subjective 
improvement 
[%]

Serum 
theophylline 
[mg/L]

All Patients Men (134)  15±2.0*  8.5±0.4

Women (178)  22±1.8d 11.6±0.7a

Allergic Rhinitis Men (52) 19±4  7.7±0.5

Women (45) 30±6 12.5±1.1a

Congenital Hyposmia Men (7)  2±1 8.4±1.4

Woman (16) 16±6e 9.8±2.3

Head Injury Men (18) 17±7  7.0±1.1

Women (25) 19±6 10.1±1.2

Idiopathic Hyposmia Men (18) 14±7 10.0±1.2

Women (10) 13±6 13.1±2.6

Post Influenza-Like 
Hyposmia Men (36) 38±7 7.8±0.8

Women (61) 30±5 8.7±0.7

Other Pathology Men (3) 12±2  7.9±1.1

Women (17)  26±3a 12.9±1.5d

*Mean±SEM
( )Number of Patients
With respect to men
ap<0.001
dp<0.025
ep<0.05

Olfactometry results in hyposmic men and women before and after 
oral theophylline treatment are shown in Table 2. Before treatment 
there were no significant gender differences in any smell parameter 
(either DT, RT, ME or H); however, DTs for each odor were increased 
(less sensitive) in women compared to men and RTs for each odor 
was either similar (for pyridine or amyl acetate), increased (less 
sensitive) (for nitrobenzene) or slightly decreased (more sensitive) 
(for thiophene) in women compared to men. 
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Table 2 Differences in olfactometry and in serum theophylline between hyposmic men and women

Theophylline dosage (mg)

Pre treatment 200

Serum Theophylline Men 0.0 3.5±0.2†

Women 0.0  4.4±0.3e

Olfactometry (see ref 
22) PYRD NO2B THIO AA PYRD NO2B THIO AA

Detection Men  8.7±0.3*  9.5±0.3 9.2±0.4 9.6±0.3 8.4±0.4 9.3±0.5 9.2±0.5 9.5±0.5

Threshold (in BU) Woman 9.1±0.2 10.0±0.3 9.4±0.3 10.1±0.3 8.7±0.3 9.0±0.4 8.9±0.4 9.5±0.4

Recognition Men 10.7±0.2 10.6±0.3 11.0±0.2 11.1±0.2  9.8±0.4e1 10.3±0.3 10.6±0.4 10.9±0.2

Threshold (in BU) Women 10.7±0.3 11.2±0.2 10.8±0.3 11.1±0.2 10.0±0.3 10.6±0.3 10.2±0.4 10.5±0.3

Magnitude Men 17.0±2.6 9.5±2.1  9.2±2.2 5.9±1.6 22.4±4.0 11.3±3.0 11.1±3.2 8.1±2.5

Estimation (%) Women 18.2±2.9 7.1±1.8 11.5±2.5 5.8±1.4 19.8±3.4  8.3±2.1 12.3±2.9 10.4±2.5

Hedonic Men -13.6±2.4 2.8±1.8 -5.8±2.1 3.1±1.3 -15.6±4.4 4.6±3.0 -7.0±3.3 0.8±1.6

Value (%) Women -15.4±3.1 2.7±1.8 -8.9±2.5 3.4±1.3 -16.3±3.3 3.9±1.6 -8.1±2.7 3.0±2.0

Theophylline Dosage (mg)

400 600

Serum Theophylline Men 6.2±0.4† 8.5±0.4†

Women 9.8±0.6a 11.6±0.7a

Olfactometry (see ref 
22) PYRD NO2B THIO AA PYRD NO2B THIO AA

Detection Men 8.8±0.5 9.2±0.6 8.5±0.7 8.9±0.7 8.3±0.3 9.3±0.4 8.6±0.5 9.9±0.4

Threshold (in BU) Women  7.8±0.4d1  8.4±0.7e1 8.1±0.7 9.1±0.6  8.0±0.5e1  8.6±0.6d1  7.8±0.6d1  8.6±0.6e1

Recognition Men 9.9±0.8 10.5±0.4 10.3±0.5 9.8±0.7 10.6±0.3 10.3±0.4 10.4±0.3 10.8±0.3

Threshold (in BU) Women  9.5±0.4d1  10.1±0.5e1  9.6±0.6c1 10.5±0.5  9.7±0.4  9.9±0.5d1  9.8±0.5e1  10.0±0.5e1

Magnitude Men 15.2±3.9 10.8±4.1 13.6±5.0 13.1±4.3 16.0±3.4 10.4±2.7 12.6±2.9  7.8±2.2

Estimation (%) Women 24.9±5.0 14.2±5.2 15.8±4.2 7.1±2.9 24.2±4.1 13.9±3.4 15.7±3.7 10.2±3.0

Hedonic Men -11.8±3.5 -2.6±3.4 -9.3±5.1 6.0±4.3 -10.5±2.8 6.8±2.2 -8.4±2.8 4.9±2.0

Value (%) Women -15.7±5.3 11.2±5.5 -9.7±3.6 0.7±1.9 -17.9±4.7 4.8±3.4 -10.6±3.4 4.7±2.1

*Mean±SEM

†Serum theophylline level (in mg/L)    With respect to men   With respect to pre treatment

PYRD, pyridine, NO2B, nitrobenzene     ap<0.001     c1p<0.01

THIO, thiophene, AA, amyl acetate     ep<0.05     d1p<0.025

BU, bottle unites (see ref 22)          e1p<0.05

On 200mg theophylline there were no significant gender 
differences in olfactometry; however, DTs and RTs for both men 
and women for all odors decreased (more sensitive) and changes in 
women, while not significantly different from those in men, were 
lower (more sensitive) than in men for DTs of nitrobenzene and 
thiophene and RT for amyl acetate. RT for pyridine among men was 
significantly decreased (more sensitive) than before treatment. MEs 
for all odors among both men and women increased (more intense) 
than before treatment but there were no significant gender differences. 
Hs for unpleasant odors of pyridine and thiophene increased among 
men and for pyridine among women (judged as more unpleasant) but 
there were no significant gender differences. 

On 400mg theophylline there were also no significant gender 
differences in olfactometry but there were trends of differences. 
DTs for all odors and RTs for all odors except amyl acetate were 
lower (more sensitive) in women than in men. DTs for pyridine 
and nitrobenzene and RTs for pyridine, nitrobenzene and thiophene 
among women were significantly decreased (more sensitive) than 
before treatment but not significantly decreased among men [although 
all but DT for pyridine were decreased (more sensitive) than before 
treatment]. ME for three odors (pyridine, nitrobenzene and thiophene) 
were judged consistently higher (more intense) by women than by 
men and Hs for unpleasant odors of pyridine and thiophene were 
judged more unpleasant by women than men. 
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On 600mg theophylline there were also no significant gender 
differences in olfactometry but trends of differences previously 
observed continued and increased. DTs for all odors were decreased 
(more sensitive) in women compared to men as were RTs for 
nitrobenzene, thiophene and amyl acetate; these differences were 
statistically significantly decreased (more sensitive) from pretreatment 
values (except for DTs for pyridine) whereas all DTs and RTs for men 
were decreased (more sensitive) from pretreatment values but not 
statistically significantly different. On this theophylline dose MEs for 
each odor were consistently higher (more intense) in women than in 
men and Hs for the unpleasant odors of pyridine and thiophene were 
judged more unpleasant by women than men. 

To analyze these data in a systematic manner results of all 16 
olfactometry measurements were combined (4 DTs, 4RTs, 4MEs and 
4Hs values) and overall differences in smell function with respect to 
gender were compared (Table 3). These differences are illustrated 
with respect to total number of gender differences in DTs, RTs, MEs 
and Hs as measured in Table 2 and illustrated in Table 3; for example, 
in the untreated state all four DTs in men were below (more sensitive) 
those in women, one RT of four in men was below (more sensitive) 
that in women, ME for two of four odors in men were higher (more 
sensitive) than in women and Hs for one of two pleasant odors 
(nitrobenzene) in men were higher (more pleasant) than in women 
so that olfactory sensitivity in eight of 16 measurements were more 
sensitive (or more pleasant) in men than in women whereas eight of 
16 measurements were more sensitive (or more pleasant) in women 
than in men. As the oral theophylline dose increased there was a 
consistent relative increase in sensitivity in women compared to 
men. For these 16 variables as theophylline dose increased from 200 
to 600mg women demonstrated consistently increased sensitivity in 
olfactory measurements than did men (10 of 16 better on 200mg, 12 
of 16 better on 400mg and 14 of 16 better on 600mg). On 600mg of 
theophylline, using both X2 and the sign test, significantly increased 
olfactory sensitivity was present in women compared to men.

Table 3 Gender differences in olfactometry in men and women after 
theophylline treatment

Theophylline 
dosage (mg)

Men more 
sensitive

Women more 
sensitive X2

No Treatment 8/16  8/16 NS

200 6/16 10/16 NS

400 4/16 12/16 NS

600 2/16 14/16 p<0.05

Numerator, Total number of smell function tests in which sensitivity differences 
occurred between men and women based on olfactometry.

Denominator, Total smell function tests performed.

NS, not significant

Mean serum theophylline levels at termination of each treatment 
period were consistently higher in women than men with differences 
statistically significant at each theophylline dose (Tables 1), (Table 2). 
On 200mg theophylline levels in women were 31% higher, on 400mg 
58% higher and on 600mg 36% higher (Table2). 

Serum theophylline relative to body mass in men and women 
are shown in Table 4. At each theophylline dose serum theophylline 
per kg body mass increased and were consistently higher in women 
compared to men varying from 1.5-1.9times higher. Results of the 
ANOVA (not shown) confirm these results.

Table 4 Serum theophylline per kg body mass in men and women 

Theophylline dosage [mg]

200 400 600

Men (134)  0.086* 0.015 0.021

Women (178)  0.013 0.029 0.035

*Ratio of mean serum theophylline (in mg/L)/mean body mass (in kg)

( )Number of Patients

Comparison of serum theophylline in men and women at each 
theophylline dose categorized by clinical etiology (Table 5) illustrates 
those differences in theophylline levels were not uniformly distributed 
across all etiologies. On 200mg, while drug levels in women were 
consistently higher than in men, levels were statistically significantly 
higher only with respect to the total gender group. On 400mg levels 
in women were also consistently higher than in men, but statistically 
significantly higher only with respect to the total gender group 
and in patients with allergic rhinitis and idiopathic hyposmia. On 
600mg levels in women were again consistently higher than in men, 
statistically significantly higher overall but statistically significantly 
higher only in patients with allergic rhinitis and other pathologies. 
As treatment dose of oral theophylline increased differences in 
serum theophylline increased in a stepwise manner as previously 
demonstrated (Table 2) but most consistently in patients with allergic 
rhinitis. The clinical characteristics which might enhance serum 
theophylline in these latter patients are unclear. 

Table 5 Differences in serum theophylline between hyposmic men and 
women by hyposmia etiology 

Theophylline Dosage [mg]

Patient Diagnosis 200 400 600

All Patients Men (134)  3.5±0.2*†  6.2±0.4  8.5±0.4

Women (178)  4.4±0.3e  9.8±0.6a 11.6±0.7a

Allergic Rhinitis Men (52) 3.4±0.4 5.7±0.5† 7.7±0.5†

Women (45) 4.1±0.4  8.4±1.0d 12.5±1.1a

Congenital 
Hyposmia Men (7) 2.4±1.0 6.3±3.0 8.4±1.4

Woman (16) 4.1±0.7 12.9±3.6 9.8±2.3

Head Injury Men (18) 2.8±0.7 4.5±1.5 7.0±1.1

Women (25) 4.0±0.5 6.8±1.2 10.1±1.2
Idiopathic 
Hyposmia

Men (18) 5.2±0.4 7.2±1.5 10.0±1.2

Women (10) 5.4±1.8 14.8±1.4b 13.1±2.6
Post Influenza-
Like Hyposmia Men (36) 4.0±0.4 7.4±0.6 7.8±0.8

Women (61) 4.2±0.2 8.2±0.8 8.7±0.7

Other Pathology Men (3) 3.2±1.2 6.2±2.4  7.9±1.1

Women (17) 4.5±0.8 9.3±1.4 12.9±1.5

*Mean±SEM

( )Number of Patients

 †Serum theophylline (in mg/L)

With respect to men

 ap<0.001

 bp<0.005

 dp<0.025

 ep<0.05
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Evaluation of serum theophylline per kg body mass with respect to 
hyposmia etiology (Table 6) demonstrates results similar to those in 
Table 3. Overall, in the total group, the ratio of serum theophylline per 
kg body mass was significantly higher in women than in men indicating 
that body mass was a factor in determining higher theophylline levels 
in women compared to men. Ratios of serum theophylline per kg 

body mass increased at each theophylline dose with ratios in women 
consistently higher than in men. These ratios are lower in men with 
head injury at lower levels of theophylline than in all other patient 
categories consistent with their resistance to hyposmia correction at 
low doses of the drug.12,13

Table 6 Serum theophylline per kg body mass by hyposmia etiology in men and women 

Theophylline dosage [mg]

200 400 600

Patient diagnosis Men Women Men Women Men Women

All Patients (134, 178) 0.091±0.001* 0.015±0.002d 0.015±0.002 0.028S0.005d 0.022±0.001 0.035±0.005c

Allergic Rhinitis (52, 45)  0.073** 0.011 0.014 0.023 0.018 0.038

Congenital Hyposmia (7, 16) 0.081 0.015 0.014 0.034 0.023 0.040

Head Injury (18, 25) 0.055 0.012 0.082 0.013 0.022 0.023

Idiopathic Hyposmia (18, 10) 0.013 0.016 0.020 0.043 0.025 0.045

Post Influenza-Like Hyposmia (36, 61) 0.011 0.014 0.017 0.029 0.023 0.032

*Ratio of mean serum theophylline (in mg/L)/mean body mass (in kg) 

**Mean±SEM

 ( )Number of Patients (men, women)

Compared to men

 cp<0.01

 dp<0.05

Serum theophylline in pre or postmenopausal women (Table 7) 
demonstrate that while mean levels of the postmenopausal group are 
higher than those of the premenopausal group for each theophylline 
dose there were no significant differences between the groups 
suggesting that hormonal factors were not a major source of these 
differences. The range of results overlaps in each treatment group. 
Serum protein levels in men and women were also not significantly 
different (data not shown).

Table 7 Differences in serum theophyllline related to premenopausal or 
postmenopausal status

Theophylline dosage [mg]

200 400 600

Premenopausal  2.3±1.9*†(1.7-5.7)
7.5±2.3(5.8-
22.1)

10.6±1.3(5.8-
22.1)

Postmenopausal 4.0±0.4(2.8-8.3) 11.2±1.7(5.4-
17.3)

11.9±1.8(1.0-
18.0)

*Mean±SEM
 †Serum theophylline (in mg/L)

( )Range (in mg/L)

Discussion
These studies demonstrate that hyposmic women exhibit increased 

subjective and olfactometry related sensitivity to odors than did 
hyposmic men relative to their oral theophylline treatment. Treatment 
with theophylline may be a factor which accentuates the increased 
olfactory sensitivity in women compared to men shown by the dose-
response relationship in changes in both olfactometry acuity and in 
theophylline serum level. While the mechanism for this difference 

is not immediately clear these data demonstrate that serum levels 
of theophylline in hyposmic women were consistently higher than 
in men. These higher levels may play a role in this increased smell 
sensitivity of women over men but the olfactory difference was 
statistically significant clinically only after the highest theophylline 
dose was administered.

As noted above there are many prior studies of olfactory function 
in men and women. Reports indicate that women score better than 
men on tests of odor detection and/or identification,1,2 women give 
higher intensity and unpleasant ratings than men for unpleasant 
odors,3,4 women identify common odors better than men,5 exhibit 
better olfactory “functioning” than men10 and exhibit greater olfactory 
sensitivity than men.7,10 These differences were attributed to increased 
brain activation as measured by fMRI,1 to differences in specific 
activation sites in the hypothalamus22 or to differences in elementary 
encoding of odorous signals.8 A more recent study has reported that 
women have up to 50% more olfactory bulb cells than do men using a 
technique termed isotropic fractionation.23

However, other studies have reported no significant gender 
differences on behavioral olfactory tests between men and women6–9 
or between adolescent or young boys or girls.24 However, normal 
women exhibit increased daily circadian olfactory and gustatory 
variation than do men.25 Over the menstrual cycle women exhibit 
increased olfactory acuity at ovulation and return to baseline activity 
at menses.26 These differences were small and measurable only under 
carefully controlled conditions with repeated studies as in the present 
study. Significant differences in smell function between hyposmic 
men and women were not apparent as they presented before treatment 
in our clinical program.13,14 Comparison of smell function in pre or 
postmenopausal hyposmic women before any treatment also revealed 
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no significant differences13,14 and in the present study theophylline 
levels in pre and postmenopausal women at the various dose levels of 
theophylline also did not demonstrate significant differences.

Gender drug variations have been previously related to differences 
in body mass, blood volume, gastric emptying time, serum protein 
levels, hormonal state, age, cytochrome p450 activity, drug 
transporter function differences, drug excretion differences and other 
gender related factors.27–29 In the present studies differences in serum 
theophylline between men and women may be dependent upon body 
mass differences but independent of serum protein levels or hormonal 
status of the women patients.

Theophylline has been used to treat patients with asthma for many 
years.30 Although its use has decreased due to introduction of other 
effective therapies its pharmacokinetics31,32 and pharmacodynamics33 
have been well studied as have general physiological responses 
to methylxanthenes.34 Gender differences in drug therapy are 
well known35 and gender36 and age37 differences in relationship to 
theophylline treatment have been previously reported.

Differences we observed in serum theophylline between hyposmic 
men and women have not been previously reported and mechanisms 
underlying these differences are not readily apparent. Although 
theophylline38 and phosphodiesterase inhibitors of various types have 
been given to patients with a variety of clinical conditions,36–38 gender 
differences in theophylline treatment, although previously reported for 
pharmacokinetic differences,36 have not been reported for differences 
in sensory function.

There are several limitations to this study. The basis for differences 
we observed is complex. Body mass differences in relationship to 
theophylline metabolism between men and women may be a factor. 
Gender differences in drug pharmacokinetics and pharmacodynamics 
are well known based upon drug bioavailability, distribution, 
metabolism and elimination,27,28 Some gender differences in metabolic 
clearance rate of theophylline have been reported.39 A lower cAMP 
response to isoproterenol was reported in female asthmatics40 and 
theophylline decreased blood eosinophils and decreased estrogen-
induced uterine eosinophilia.41 These and other influences may have 
played some role in the increased olfactory sensitivity we observed in 
women when taking theophylline. 

Conclusion
Hyposmic women treated with oral theophylline exhibit increased 

olfactory function than do men. This difference may relate to the 
manner in which women metabolize theophylline different from 
men. Further investigation of gender differences to oral theophylline 
treatment may offer an opportunity to learn more about olfactory 
responses to this drug and the relatively more significant action that 
this drug may play in women than in men.
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