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Abstract

Purpose In general, male and female are prescribed the
same amount of dosage even if most of the cases female
required less dosage than male. Physicians are often facing
problem on appropriate drug dosing, efficient treatment,
and drug safety for a female in general. To identify and syn-
thesize evidence about the effectiveness of gender-based
therapy; provide the information to patients, providers, and
health system intervention to ensure safety treatment; and
minimize adverse effects.

Methods We performed a systematic review to evaluate
the effect of gender difference on pharmacotherapy. Pub-
lished articles from January 1990 to December 2015 were
identified using specific term in MEDLINE (PubMed),
EMBASE, and the Cochrane library according to search
strategies that strengthen the reporting of observational and
clinical studies.
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Results Twenty-six studies fulfilled the inclusion criteria
for this systematic review, yielding a total of 6309 subjects.
We observed that female generally has a lower the gastric
emptying time, gastric PH, lean body mass, and higher
plasma volume, BMI, body fat, as well as reduce hepatic
clearance, difference in activity of Cytochrome P450
enzyme, and metabolize drugs at different rate compared
with male. Other significant factors such as conjugation,
protein binding, absorption, and the renal elimination could
not be ignored. However, these differences can lead to
adverse effects in female especially for the pregnant, post-
menopausal, and elderly women.

Conclusion This systematic review provides an evidence
for the effectiveness of dosage difference to ensure safety
and efficient treatment. Future studies on the current topic
are, therefore, recommended to reduce the adverse effect of
therapy.
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Abbreviations
BMR Basal metabolic rates
CcO Cardiac output

CYP3A  Cytochrome P450-3A

GFR Glomerular filtration rate

GST Glutathione-S-transferase isoenzymes

PGP p-Glycoprotein

UGT Uridine diphosphate glucoronosyl transferase
ADR Adverse drug reaction

CYP1A2 Cytochrome P450-1A2

GD Glomerular density
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Introduction

Recently, the role of gender as a factor in drug pharma-
cokinetics and pharmacodynamics has become better
appreciated [1]. Therefore, gender difference is a major
area of interest within the field of drugs pharmacology.
The usual weight difference between men and women can
potentially influence body water spaces, muscle mass,
organ blood flow, and organ function, and therefore, it
could also affect pharmacokinetic parameters of many
drugs, e.g., aliskirin, an antihypertensive rennin inhibitor,
as well as fluconazole, an antifungal drug [2, 3]. Further-
more, women tend to have a higher percentage of body
fat than men do which could affect the volume of distri-
bution of lipophilic drugs [4] such as trazodone [5] and
sufentanil [6], and many more. Women often exhibit a
moderately faster clearance of drugs metabolized by the
major metabolic CYP3A4 pathway [7] and also show
alterations in the disposition of drugs in relation to the
phase of the menstrual cycle [8], pregnancy [9], or after
menopause [10].

Pharmacokinetic and pharmacodynamical changes can
affect both the desired therapeutic effect of a drug as well
as its adverse effect profile [11]. Assessment of pharmaco-
dynamical differences between men and women requires
the control of pharmacokinetic factors and should use the
appropriate methodology to relate the response to a drug’s
plasma and bio-phase concentrations [12]. There are many
notable examples of marked gender differences in a drug’s
effectiveness and efficacy. Aspirin is less effective in
women in the prevention of stroke, which may be related
to the gender hormone-dependent difference in platelets
aggregation [13]. Pentazocaine, an opioid drug, shows
greater efficacy for pain relief in women than in men, but
ibuprofen exhibits a reverse response with no gender-asso-
ciated differences in kinetics [14]. Corticosteroids drugs
which are widely used for their anti-inflammatory and
immunosuppressive properties also exhibit pharmacokinet-
ics/pharmacodynamics which can be influenced by gender
difference [12]. These findings suggest that gender-specific
differences in body composition may result in variable
drugs disposition and responsiveness.

Therefore, this paper provides a brief overview of the
existing evidence for gender-specific differences in phar-
macotherapy. This overview is organized along the fol-
lowing questions: (1) What is the fundamental difference
between the male and female body composition? (2) What
factors are responsible for a drug’s differential pharma-
cokinetics and pharmacodynamics? (3) Why it is the right
time for gender-based pharmacotherapy? (4) What efforts
are/research is needed to move forward? (5) What impact
might gender based effect have for transforming the popu-
lation’s health status? We systematically reviewed the data
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for gender-based differences in pharmacotherapy with the
aim to provide a comprehensive review of this topic.

Method

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [15].

Data sources

A comprehensive search of MEDLINE, EMBASE, and
Cochrane Central Register of Controlled Trials and Data-
base of Systematic Reviews from the earliest available
online year of indexing up to May 2016 was conducted.
We used the following text words as search terms “gender
difference  pharmacokinetics/pharmacodynamics”, “sex
difference pharmacokinetics/pharmacodynamics”, “male
and female pharmacokinetics/pharmacodynamics”, “gen-
der effect of medication”, “male and female difference”,
etc. Our search included articles published in English and
non-English languages. We also scanned the bibliographies
of all retrieved articles for additional relevant articles. Fur-
ther, the authors of potentially eligible abstracts, posters, or
manuscripts were contacted via e-mail to obtain additional
data, if possible. However, we did not include any unpub-
lished data in our analysis.

Study selection and eligible criteria

Two of our authors (Md. M.I. and P.-A.N.) independently
performed article selection, data extraction, and assessment
of risk of bias. All disagreements were resolved by consen-
sus with our main investigators.

Studies were included if they met the following inclu-
sion criteria: (1) Controlled observational and clinical stud-
ies, (2) studies reported cases of male and female dose dif-
ference; (3) studies which had more than 5 participants, and
(4) p value <0.05, or sufficient data were available to calcu-
late a p value.

We excluded studies if for the following reasons: (1) it
was only a case report, an editorial, or a review; or (2) stud-
ies that did not provide a sufficient amount of information
regarding gender-specific difference in the pharmacokinet-
ics and pharmacodynamics outcome.

Data extraction

Twenty-six studies that fulfilled all of our criteria as stated
above were then independently entered into our database
by the two authors, with the following entries: first author’s
last name, publication year, country source of study,
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participants’ characteristics, method of ascertainment of
dose difference, sample size, variable adjustment, etc. We
also screened the title, abstract, and full text in a similar
fashion; however, specific exclusion reasons were docu-
mented only during full-text screening. Upon selection of
the final group of studies, the same two authors indepen-
dently extracted the qualitative and quantitative data using
a standardized data extraction form adjudicated by a third
author (S.-A.S)

Outcome parameters

The two primary outcome parameters of this systematic
review were: (1) to address the factors for gender-specific
differences in pharmacokinetics and pharmacodynamics;
and (2) to identify the medications which should have dif-
ferent dosage recommendations for men and women.

Results
Study selection

The search strategy identified 18,183 articles. Of these,
18,032 articles were excluded based on our predetermined
eligibility criteria described above, while the remain-
ing 151 articles underwent detailed full-text evaluation.
Among these, only 26 published articles met our inclusion
criteria. The most common reason for exclusion of the 125
excluded studies was lack of participants (n=355), followed
by ineligible study design (n=37), unable to locate full text
(n=12), full-text duplication (n=4), and so on. Figure 1
summarizes our selection process.

Study characteristics

This systematic review identified 6309 subjects which were
mentioned in 21 studies; we also included five further stud-
ies which did not mention any gender-specific information.
Table 1 shows the general characteristics of these 26 obser-
vational or clinical studies which we included in the final
systematic review. Four studies were clinical trials, and 22
studies were observational studies. These studies were pub-
lished between 1990 and 2016, spanning 26 years. 14 stud-
ies were conducted in North America, eight studies in Asia,
and four studies in Europe. All studies included a signifi-
cant number of subjects ranging from 14 to 1005.

Systematic review:
We conducted a primary systematic analysis using the

26 studies which reported results on 26 different groups
of drugs based on gender-specific difference effect. A

qualitative synthesis of these 26 studies is shown in
Table 1. 17 out of 26 studies reported that a higher plasma
drugs concentration for women, even though the dose was
similar [16-32], and the range of drug plasma concentra-
tion in women was 10-30% higher than in men. However,
in some cases, the drug plasma concentration in women
was greater than 80% when compared to that of men [21,
31, 32]. We also found a slower clearance rate [25, 33-38]
and a lower volume of distribution [12, 20, 33] in women
compared to men. Only one study mentioned a faster clear-
ance rate for women [39].

To further elicit the factors that are responsible for alter-
ing drugs pharmacokinetics and pharmacodynamics, we
divided the drugs into different groups. The commonly
used drugs such as anti-malarials [16], anti-depressants
[18, 22, 32], antibiotics [20, 33], bronchodilators [40], ster-
oids [12, 41], antihypertensives [19, 23, 30, 31, 39], and
anti-virals had a gender-specific effect. Examples included
studies of steroidal drugs such as Rocuronium and Pancu-
ronium, in which women were 30% more sensitive when
compared to men. Women had a higher plasma drug con-
centration in various types of medication such as valproic
acid [17], Desvenlafaxine [18], Carvedilol [19], Enceni-
cline [21], Clomipramine [42], Amiodarone [23], Dela-
virdine [25, 43], oxcarbazepine and carbamazepine [44],
Metoprolol [30], etc. Likewise, women had a lower vol-
ume of distribution for Methamphetamine [45], Levofloxa-
cin [33], Albuterol [40], and Ofloxacin [20], and a slower
rate of clearance for Verapamil [39], Parampanel [37], and
Rosuvastatin [38, 46], etc.

Most of the studies indicated that women tend to have
a lower body weight, a higher amount of body fat, lower
plasma volume, and a metabolic rate which is higher for
cytochrome P450 (CYP) 3A4 substrates, and a lower
hepatic activity for the drug efflux transporter P-glycopro-
tein than men [12, 16, 19, 38, 39, 41, 42, 46]. In contrast to
earlier findings, however, we also found that the digestion
factor could modify the pharmacological action of the med-
ication. Women are physiologically liable to produce less
gastric acid than men because of their slower digestion of
foods [19, 42]. Finally, the studies mentioned that the men-
strual cycle and steroid hormones are also responsible for
modifying a drug’s action [24, 27, 28, 34-36, 47].

Discussion

We obtained 26 studies which provide evidence about the
factors which are mainly responsible for altering drugs
pharmacokinetics and pharmacodynamics. We identified
gender-specific differences for numerous molecular and
physiological factors affecting the pharmacokinetics of
therapeutic agents, and these pharmacokinetic differences
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Fig. 1 Diagram of study selec-
tion, adapted from PRISMA
group 2009 flow diagram

Record identified through database
searches of PubMed, Google
scholar, Embase, Cochrane
Library etc. citation searching of
included articles. (N=23872)

=
o
=
v}
Q
=
=
O]
o
—

»
»

Duplicates (N=5689)

en
g
o v—
g Title/ Abstract screening
3 N=18,183
O - )
N
Excluded abstracts (N=18,032)
Reviews, comments, letters, editorials =
. 237
Not relevant to pharmacokinetics and
pharmacodynamics differences = 3851
Not on gender difference observational or
2 clinical studies = 13944
:
o p—
£ Full text screen
] o
83

might result in variation of the pharmacological response
of men and women. Gender-specific differences in drug
distribution might be expected because of the differ-
ent proportions of muscular and adipose tissue in men
and women [48]. The 26 studies overall agreed out that
women usually have a lower body weight, shorter organ
sizes, and lower plasma volume and blood flow, as well
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as a higher percentage of body fat. Table 2 shows the
basic fundamental difference between men and women
that could change the pharmacological action of drugs.
However, the systemic exposure and the average concen-
tration of drugs in a steady state depend on its clearance,
difference in volume of distribution, and the resulting
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Table 1 Some studies related to pharmacokinetics and pharmacodynamics difference between male and female
Drugs Study participant Pharmacokinetics/pharma-  Study design P value Reference Country
codynamics
Primaquine (anti malaria) M=17,F=17 Plasma concentration is Observational  <0.001 [16] Vietnam
higher in female than
male
Carboxyprimaquine (anti Plasma concentration is Observational ~ <0.001 [16] Vietnam
malaria) higher in female
Levofloxacin M=11,F=9 slower systemic clearance, Observational — <0.0001 [33] Saudi Arabia
(Quinolone antibiotics) smaller
steady-state volume of
distribution
Albuterol M=16,F=14 Volume of distribution Clinical trail “0.05 [40] USA
(bronchodilator) is lower in female than
male
Prednisolone M=8,F=8 Volume of distribution Observational ~ <0.01 [12] USA
(steroidal drug) is lower in female than
male
Rocuronium, Pancuronium M=30, F=30 female are 30%more sensi- Observational NA [41] China
(steroidal, neuromuscular tive than male
blocker)
Valproic acid M=7,F=7 Plasma concentration Observational ~ <0.01 [17] USA
was higher in male than
female
Desvenlafaxine M=24,F=24 Plasma concentration was  Observational ~ <0.001 [18] USA
(antidepressant) higher in female than
male
Carvedilol M=20,F=20 Plasma concentration was ~ Observational ~ “0.05 [19] Pakistan
(beta-blocker) higher in female than
male
OFLOXACIN Boy and Girl Volume of distribution Observational NA [20] Pakistan
(fluroquinolone antibiotics) was lower in female and,
Plasma concentration
was higher in girl than
boy
Atazanavir (protease F=131, M =655 Clearance in slower in clinical 0.003 [34] USA
inhibitor) female than male
Encenicline Male and female Plasma concentration was  Observational  90% con- [21] USA
30-40% higher in female fidence
than male interval
Clomipramine M=96,F=196 Plasma concentration was  Observational — <0.05 [22] Denmark
(Antidepressant) higher in female than
male
Amiodarone(ant arrhyth- 1005 Patients Plasma concentration was ~ Observational ~ 0.02 [23] Canada
mic agent) higher in female than
male
Nevirapine (Protease M=268, F=100 Random concentration was 0.02 [24] USA
inhibitor) 22% higher in female
than male
Delavirdine (Protease M=199, F=35/M=582, Lower clearance in female/ Clinical trail 0.05 [15, 35] USA
inhibitor) F=136 Plasma concentration is NA
higher in female
Indinavir (Protease inhibi- M=170, F=69 Clearance lower in female <0.05 [36] USA
tor)
Saquinavir(Protease inhibi- M =157, F=29 Plasma concentration 0.004 [25] USA
tor) higher in female
Vecuronium M=30,F=30 Female are more sensitive ~ Observational — <0.005 [29] China

(Non-depolarizing agent)

and need 30% less dose
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Table 1 (continued)

Drugs Study participant Pharmacokinetics/pharma-  Study design P value Reference Country
codynamics
oxcarbazepine and carba- 161 patients Plasma concentration high  clinical <0.001 [38] UK
mazepine in female, need lower
(Anticonvulsant) dose than male
Rosuvastatin 214 pediatric patients Clearance was 30% lower ~ Comparative NA [37, 46] United
(Statin drug) in female children than HPLC method <0.05 Kingdo
male children/ and Paki-
Higher plasma concentra- stan
tion in female than male
Parampanel M=719,F=759 Clearance was 17% lower ~ Observational — <0.05 [39] USA
(Anti-epileptic) in female than male,
and female were more
sensitive
Verapamil M=135,F=51 Female was faster clear- observational <0.05 [55] USA
(calcium channel blocker) ance than male
Metoprolol M=10 Plasma concentration is so  observational <0.05 [30] USA
(beta-blocker) F=10 high in female than male
Labetalol 14 men, 5 women; 6 Plasma concentration is crossover study <0.05 [31] USA
(beta-blocker) blacks, 13 whites 80% higher in female
than male
Fluvoxamine M=25 Plasma concentrations observational <0.05 [32] GERMANY
(antidepressant) F=37 were reported to be 70 to

100% higher in female
than in male

All of the drugs have same amount of dose for male and female

Table 2 Different factors responsible to gender-specific drug effects

Gender-based Gender-specific

Weight Receptor response

Height Cyclical variation

Basal metabolic rate Neurotransmitter difference
Body fat Cytochrome enzyme difference

Muscle mass Gender hormone induce

modification of half-life which are all relevant to the peak
which is attained after administrating drugs.

There are several possible explanations for this effect.
It is interesting to note that in all the 26 included studies,
some female hormones may modify gastric acid secretion,
and therefore, gastric PH can lead to slower gastric empty-
ing time in women [49-51]. This could change the signifi-
cant delay of the onset of an effectiveness of enteric-coated
forms, and drugs solubility, as well as dissolution [52].
Table 3 shows the reason for gender-specific differences
in drug absorption. However, women usually have a lower
organ blood flow which diminishes the blood flow and
may thus cause a slower rate and probability lower extent
of drug absorption [53]. Higher plasma level is reached in
women when compared to men in oral drugs such as cip-
rofloxacin, oxafloxacin, levofloxacin, gatifloxacin, etc.
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[54-58], but they also indicate that this difference disap-
pears when the data are normalized by the body weight of
an individual.

The most obvious finding to emerge from our review
is that the plasma volume, body mass index, average
organ blood flow, total body water, and body fat differ-
ence between men and women also change the distribu-
tion as well as the entire pharmacokinetic process [,
59-61]. Hydrophilic drugs such as atenolol [62] and ran-
itidine [63] tend to stay in the blood and the fluid which
surrounds the cells [64]. Similarly, Arthur (1994) identified
alcohol and ranitidine which revealed a smaller volume of
distribution and produced a higher Cmax in women [65].
Other researchers mentioned that due to body fat varia-
tion, women have a higher plasma volume of distribution
when they intake lipophilic drugs like benzodiazepine [66,
67]. This is because lipophilic drugs have an inclination to
be concentrated in fatty tissues. Table 4 lists some drugs
whose distribution rate varies between men and women.

Another possible explanation for this is that the drug’s
metabolism was the primary focus to explain gender-spe-
cific differences in the pharmacokinetics of medicines [49].
For example, the activity of the enzyme pathway in men
and women is different. Several enzymatic pathways are
reduced in women, whereas, in other cases, the channels
are increased in women. Table 5 shows different enzymatic
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Table 3 Pharmacokinetics variation based on physiological characteristics between male and female
Pharmacokinetics criterion Physiology criterion Physiology difference Influences on pharmacokinetics References
Drug absorption Gastrointestinal tract Gastric emptying Decreased absorption and gastric [39, 59]
M >F > pregnant F hydrolysis in female
Gastric pH Altered absorption of acid/bases
Acidity M>F > preg. F depending on specific drug ioni-
zation. In pregnancy decreased
absorption of weak acid
Gastric fluid flow Higher absorption in males
M>F
Intestinal motility Absorption increased in males
M>F> pregnant F
Extrusion by drug trans- Intestinal p-gp levels do not consist- Transport does not consistently
porters, such as intestinal  ently seem to vary by sex seem to
p-gp vary by sex
Dermal conditions Dermal hydration: increased in Altered absorption in pregnant F
Structures pregnant F
Dermal thickness: M >F Absorption decreased in male
Skin blood flow Absorption increased in pregnant
Increased in pregnant F
Other physiology Body surface area Absorption is the highest in male
Parameters M > pregnant F>F
Pulmonary function*
M > pregnant F>F Pulmonary exposure increased in
Cardiac output* males
M > pregnant F>F Absorption increased in males
*Normalized for body surface area
Distribution Body composition Plasma volume Decreased concentration in preg- [39]
pregnant F>M>F nancy
Body mass index (BMI): M>F Higher in male
Average organ blood flow: Pregnant Higher in male
F>M>F
Total body water: M > pregnant Decreased concentration in male
F>F
Body fat: pregnant F>F>M Increase body burden of lipid- solu-
ble drug in female
Protein binding Plasma proteins Free concentration increases in
M, F> pregnant F pregnancy
Metabolism Hepatic transporters hepatic p-gp level Higher rates of drug clearance in [27, 39]
Phase | hepatic p-gp or MDR1 M>F female

Basal metabolism

Extra-hepatic: metabolism by fetus/
placenta

Plasma Proteins: free concentration
increase in pregnant F

Basal metabolism rate

male > female

Versus male for drugs that are
substrates of p-gp
Decreased metabolism

Decreased metabolism
Increased metabolism

CYPI1A1 and CYP2A1—more
active in male than female,
CYP3A4—higher activity in
female
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Table 3 (continued)

Pharmacokinetics criterion Physiology criterion

Physiology difference

Influences on pharmacokinetics References

Excretion/elimination Renal function

Others
F>F

Plasma proteins: decrease in preg-

nant F

Glomerular filtration, Passive diffu-
sion, active secretion: M >F

Pulmonary function: M > pregnant

Kinetics of PAH showed a shorter [89]
elimination half-time in males
than in females

Increase pulmonary elimination

Decreased elimination

Modified from Soldin and Mattison [99]

Table 4 Examples of some drugs associated with gender difference in distribution

Drugs Description

Comment

Diazepam (anxiety)
Ethanol

Fluroquinolones (antibiotics) Volume of distribution

Plasma binding

Volume of distribution

Methylprednisolone
(steroid medicine)

Plasma binding and distribution

Metoprolol
(beta-blocker)
Metronidazole (antibiotic Volume of distribution
and anti-protozoal)
Quinine
(antimalarial/anti pyritic)

Plasma binding, volume of distribution

Testosterone Plasma binding

Plasma binding and volume of distribution

Larger volume of distribution in female
Volume of distribution is smaller in female
Lower in female

Plasma binding and volume of distribution (Vd) are similar in male
and female

Volume of distribution (Vd) smaller in female than male, but
increases during pregnancy; plasma binding is unaffected by gender
or pregnancy

Smaller volume of distribution and increased clearance resulting in
lower AUC in female

Plasma binding is unaltered during pregnancy, volume of distribution
(Vd) decreases during pregnancy, as does half-life

Female is larger than male

pathways that play a crucial role in drug metabolism in
response to gender factors. Tsutsumi et al. [68] described
CYPI1A which is more prevalent and led to genetic poly-
morphisms with the extensive metabolizer phenotype. Sev-
eral studies analyzing metabolite ratios confirmed that men
have a higher rate of clearance when caffeine is adminis-
tered intravenously or orally [69—72]. Furthermore, gender-
specific differences in clearance of CYP1A2 substrates
were observed in the case of clozapine, olanzapine, and
theophylline [49]. Increased levels of estrogen and proges-
terone alter hepatic enzyme activity, which can increase
drug accumulation or decrease elimination of some drugs.
Female steroid hormones and prolactin play a role in auto-
immunity. However, metabolic changes can also depend
on hormone levels that change during the menstrual cycle,
with the use of oral contraceptives, throughout pregnancy,
or during menopause. Although some researchers believe
that the sex hormone plays a dominant role in modulating
sex-based differences in pharmacokinetics, such a conclu-
sion result is still controversial. Researchers have failed to
show any difference in the case of caffeine [69], paraceta-
mol [73], and ropinirole [74] during the menstrual cycle.
Likewise, they did not find any sex-related or menstrual
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cycle-related differences when treating migraine patients
with elitriptan [75].

Therefore, it is important to consider gender-specific dif-
ferences in pharmacotherapy, because a significant amount
of studies mentioned that adverse drugs reaction is 50 to
70% more likely in women [76-80]. The overall incidence
of suspected adverse drugs reaction in women was 20.6
per 10,000 patient-months of exposure, whereas in men, it
was only 12.9 per 10,000 patient-months of exposure [78].
The most common adverse effect in women is neuropsy-
chiatric, whereas rarer adverse effects are cardiovascular
[81], gastrointestinal [82, 83], cutaneous allergic distur-
bance [83], blood dyscrasias [82], electrolyte disturbances
[83], and urinary tract disorder [84]. The Spanish System
of Pharmacovigilance reported that 60% of 1609 adverse
reactions (OR=1.67, 95% CI) were due to nonsteroidal
anti-inflammatory drugs in women [79]. Moreover, in a
review of 93 articles investigating cardiac drugs, 70% of
women observed ADRs, even though it is thought there is
a male predominance usage of antiarrhythmic drugs [80].
However, anti-infective (60.4%), nervous system agents
(21.5%), and musculoskeletal agents (3.7%) reported higher
number of ADRs in women [84, 85].
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Table 5 Gender difference metabolism and excretion of some drugs

Metabolic route

Enzymes

P. gender Substrates

Drugs metabolism by
routes

Observation

Renal Glomerular filtration Creatinine, insulin Aminoglycosides Clearance is higher in male
Cephalosporins, fluoroqui- than female
nolones
Tubular secretion p-Aminohippuric acid Amantidine Clearance is higher in male
than female
Hepatic CYPIA and CYP1A2 +M Caffeine Clomipramine, clozapine Clearance is higher in male
paracetamol olanzapine than female
(acetaminophen) theophylline
Nicotine
CYP2D6 +M Dextromethorphan,  Codeine, encainide, Clearance is higher in male
debrisoquine, fluoxetine, hydrocodone, than female
sparteine metoprolol, propranolol,
timolol
CYP2E1 +M Chlorzoxazone Clearance is lower in women
than men
CYP2A6 +F Nicotine Clearance is lower in men
than women
CYP2C19 = (S)-Mephenytoin Diazepam Clearance is equal
mephobarbital, citalopram
Imipramine, propranolol
Mixed (oxidative Labetatolol Clearance is higher in male
and glucuronida- than female
tion)
Conjugative UDP-glucuronosyltrans- +M Caffeine Clofibric acid, ibuprofen Clearance is higher in male
ferases Steroid hormones than female
Acetaminophen
Catechol-O-methyl +M Norepinephrine Dopamine, levodopa Clearance is higher in male
transferase Epinephrine than female
Acetylcholinesterase +M Acetylcholine
(human)
=rat
Thiopurine methyl +M 6-mercaptopurine Clearance is higher in male

transferase

6-thioguanine, tazathio- than female

prine

P. gender predominant gender

Gender-related dissimilarities in the pharmacokinetics
and pharmacodynamics of these drugs have been con-
sidered as major determinants for the higher reporting
of adverse drugs reactions in women. Likewise, Ander-
son et al. [52] reported that female patients always had a
higher adverse effect of drugs as a consequence of their
physiological difference. Several studies showed that
female patients have a 1.5- to 1.7-fold greater risk of
developing an adverse drug reaction [86, 87], and gen-
der-related drug pharmacokinetics and pharmacodynam-
ics variation play a crucial role in adverse effects [48,
84, 88] (Table 6). Much of the research up to now has
described adverse effect which occurs due to the type of
drugs, administration route, treatment duration, dosage,
and bioavailability, but they always ignored gender-spe-
cific differences. The rate of adverse effect always varies
with patient characteristics which include age, gender,

ethnicity, coexisting disorders, and genetic or geographic
factors [89-91].

This combination of findings provides some support
for the conceptual premise that it is necessary to adjust
the dosage or even change medications by gender dif-
ferentiation. When a patient differently responds to the
same amount of dosage, it is recommended that the phy-
sician takes into consideration the patient’s sex when
they make any decision regarding changing the dose or
the medication. Physicians should prescribe medica-
tion after considering these differences to minimize the
adverse effect and enhance therapeutic effectiveness. The
complexity of the female body due to hormonal changes,
the menstrual period, the use of birth control pills, and
the menopause alters the pharmacological action of
drugs due to variation in pharmacokinetics and pharma-
codynamics. Nowadays, clinicians are becoming more
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Table 6 Reasonable factors for gender difference adverse drug reaction

Reason for gender difference Pharmacological reason

Pharmacological factors

Female are overdosed Pharmacokinetics

Female are more susceptible Pharmacodynamics

Volume of distribution is higher in lipid soluble drugs and
smaller in water soluble drugs

Protein binding of some drugs is higher
Free fraction of drug is larger

Drug clearance is slow

Modification of receptor number
Reduce in protein binding

Modification of signal transduction pathways in receptor binding

aware of dissimilarities in the response to treatment of
men and women [49, 92], but it is not yet satisfactory.
For example, when doctors prescribe medications for
pregnant women, particular attention should be paid to
drugs treatment, because drugs respond differently dur-
ing pregnancy [9, 93, 94].

Several questions remain unanswered at present.
Since men and women are biologically different, increas-
ing awareness of the possibility of gender on PK/PD var-
iation could influence future clinical trial design. This
will create many opportunities to understand the rel-
evance of gender-specific effects, because they certainly
do not exist for all drugs, because only 6-7% of those
that include a pharmacokinetic gender analysis display-
ing significant gender differences [52]. It is important to
examine whether men and women exhibit different basal
expression profiles of drug metabolizing proteins in rel-
evant tissues. Therefore, a human gene expression data-
base is required. This would constitute a large under-
taking involving tissues from organ donors and gene
expression facilities on a large scale [95]. Moreover, for
the issue which is related to non-growth hormone non-
drug exposure mechanisms and related to drug metabo-
lizing enzyme or transporter expression, drugs need to
be examined on an individual basis.

Our systematic review has several limitations. We
did not include race and ethnic factors for PK/PD dif-
ference despite racial difference in pharmacokinetics of
several drugs having been demonstrated [96]. For exam-
ple, methylprednisolone clearance was 50% higher in
white patients than black patients in a gender- and age-
matched study in renal transplants recipients [97]. Black
patients were also found to have a different toxicity pro-
file than white patients [98]. Finally, it is not possible to
draw conclusions regarding causality through more ret-
rospective observational studies. Therefore, the results
of this study should be regarded with caution.

@ Springer

Conclusion

Our study discusses possible reasons for male and female
dose differences. As the literature suggests, there are dif-
ferences how the male and female body deal with drugs
because of their differential physiological characteris-
tics. In general, therefore, the current data highlight the
importance of involving more females in clinical trials
for better results. While the present study is based only
on analyzing the published literature, the findings suggest
that it may be necessary to differentially adjust the dose
for men and women for their safety and efficient treat-
ments. Our study will hopefully serve as a base for future
studies and create a better awareness to healthcare pro-
viders regarding this issue.
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