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Effect of Proton Pump Inhibitors on the Serum
Concentrations of the Selective Serotonin Reuptake
Inhibitors Citalopram, Escitalopram, and Sertraline

Caroline Gjestad, MS(Pharm),*1 Andreas A. Westin, MD,* Eirik Skogvoll, MD, PhD,}§
and Olav Spigset, MD, PhD*Y

Background: The selective serotonin reuptake inhibitors (SSRIs)
citalopram, escitalopram, and sertraline are all metabolized by the
cytochrome P-450 isoenzyme CYP2C19, which is inhibited by the
proton pump inhibitors (PPIs) omeprazole, esomeprazole, lansopra-
zole, and pantoprazole. The aim of the present study was to evaluate
the effect of these PPIs on the serum concentrations of citalopram,
escitalopram, and sertraline.

Methods: Serum concentrations from patients treated with citalo-
pram, escitalopram, or sertraline were obtained from a routine
therapeutic drug monitoring database, and samples from subjects
concomitantly using PPIs were identified. Dose-adjusted SSRI serum
concentrations were calculated to compare data from those treated
and those not treated with PPIs.

Results: Citalopram concentrations were significantly higher in
patients treated with omeprazole (+35.3%; P < 0.001), esomeprazole
(+32.8%; P < 0.001), and lansoprazole (+14.7%; P = 0.043). Escita-
lopram concentrations were significantly higher in patients treated with
omeprazole (+93.9%; P < 0.001), esomeprazole (+81.8%; P < 0.001),
lansoprazole (+20.1%; P = 0.008), and pantoprazole (+21.6%; P =
0.002). Sertraline concentrations were significantly higher in patients
treated with esomeprazole (+38.5%; P = 0.0014).

Conclusions: The effect of comedication with PPIs on the serum
concentration of SSRIs is more pronounced for omeprazole and
esomeprazole than for lansoprazole and pantoprazole, and escitalo-
pram is affected to a greater extent than are citalopram and sertraline.
When omeprazole or esomeprazole are used in combination with
escitalopram, a 50% dose reduction of the latter should be considered.
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INTRODUCTION

The selective serotonin reuptake inhibitors (SSRIs)
citalopram, escitalopram, and sertraline are all to some
extent metabolized by the cytochrome P-450 isoenzyme
CYP2C19. Citalopram, which is a racemic mixture of
S-citalopram and R-citalopram, is predominantly metabo-
lized to N-desmethylcitalopram via CYP2C19." Corre-
spondingly, escitalopram (S-citalopram) is metabolized
to N-desmethylescitalopram via CYP2C19. CYP2C19 seems
to be even more important in the metabolism of S-citalopram
than of R-citalopram®? possibly because CYP2C19 also
catalyzes the metabolism from S-citalopram to the propionic
acid metabolite.* Sertraline is metabolized by CYP2C19 to
N-desmethylsertraline and sertraline ketone, although other
enzymes, such as CYP3A4 and CYP2B6, are involved as
well.>#

Proton pump inhibitors (PPIs) are widely used in the
treatment of disorders related to gastric acid secretion. There
is evidence from studies both in vitro and in humans that
these drugs inhibit the activity of CYP2C19. In early studies
using liver microsomes, relatively small differences were
found in the inhibitory potencies between omeprazole,
esomeprazole, and lansoprazole.”!® However, in humans,
omeprazole and esomeprazole have been found to be more
potent inhibitors than lansoprazole,'' whereas pantoprazole
does not seem to inhibit CYP2C19 to a clinically significant
degree.'>"® These findings have more recently been con-
firmed in other in vitro studies, in which omeprazole and
esomeprazole were the most powerful inhibitors, followed
by lansoprazole and pantoprazole.'*!*

Because citalopram, escitalopram, and sertraline are
substrates of CYP2C19 and PPIs inhibit this enzyme,
a theoretical rationale exists for a decreased metabolism of
these SSRIs by concomitant treatment with PPIs. The impact
of omeprazole on the metabolism of citalopram/escitalopram
has been studied in humans in 2 previous studies.'®'” In the
first of these, a mean of 51% increase in the plasma levels of
escitalopram was seen after the administration of omeprazole
to 16 healthy volunteers.'® In the second, about a 2-fold
increase in the concentration of S-citalopram and a 25%
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increase in the concentration of R-citalopram were found in 9
healthy subjects.'” We have not identified any studies on the
effect of other PPIs on the metabolism of citalopram or esci-
talopram, nor have we found any published clinical data on
the effects of any PPIs on the metabolism of sertraline.

The aim of the present study was to evaluate the effect
of the PPIs omeprazole, esomeprazole, lansoprazole, and
pantoprazole on the serum concentrations of the SSRIs
citalopram, escitalopram, and sertraline in the clinical setting,
based on therapeutic drug monitoring data.

MATERIAL AND METHODS

In the period from January 2000 to December 2011,
a total of 17,026 patient samples were sent to our laboratory
for the analysis of citalopram, 21,258 samples were sent for
the analysis of escitalopram, and 11,068 samples were sent
for the analysis of sertraline. The results are stored in
a database, which also includes information on daily dose,
time of administration of the last dose, time of blood
sampling, and concomitant medication. Of the samples
analyzed for citalopram, there were 459 with information
that the patient had been concomitantly treated with a PPIL.
The corresponding numbers for escitalopram and sertraline
were 660 and 252, respectively.

Samples for which the request forms lacked information
about daily dose, time of administration of the last dose, or
time of blood sampling or those obtained less than 8 hours or
more than 30 hours after the last dose were excluded.
Moreover, samples for which there were no detectable serum
concentrations of the SSRI, samples from patients younger
than 16 years, samples with information of intake in over-
dose, and samples with alternating daily dosage were also
excluded. Finally, samples where the patient was treated with
known inducers and inhibitors of CYP2C19 or CYP3A4'%"?
were excluded.

On the basis of these criteria, 184 samples from patients
with concomitant PPI treatment were excluded for citalopram,
253 were excluded for escitalopram, and 121 were excluded
for sertraline. Thus, in the final material, 275 samples from
patients with concomitant PPI treatment were included for
citalopram, 407 for escitalopram, and 131 for sertraline.

The control group consisted of samples from patients
not treated with a PPIL, randomly picked from the database,
applying the same exclusion criteria as above. Five control
samples were chosen per PPI sample, rounded off to the
nearest 500, but not less than a total of 1000. The number of
controls was chosen because including more controls than
cases in a study like ours reduces the standard error of the
estimated coefficients and thus increases power. On the other
hand, including much more than 4 controls per case is
considered to be inefficient.”® We thus decided to use an
approximate 5:1 ratio. The study was approved by the
Regional Ethics Committee, northern Norway.

All substances were analyzed with liquid chromatography—
mass spectrometry methods developed in our laboratory.
Citalopram and escitalopram were extracted from 0.5 mL
of serum with a 4-mL solution of hexane/butanol/acetonitrile
(93/5/2) after the addition of the internal standard (50 L of
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10 wmol/L flurazepam in methanol) and alkalinization with
0.2 mL of 1 mol/L sodium carbonate. After mixing and cen-
trifugation, the organic extract was evaporated to dryness with
air, and the residue was reconstituted in 50-p.L methanol, trans-
ferred to vials and injected on an Agilent MSD 1100 system
(Agilent, Palo Alto, CA). Separation was performed on
a Zorbax SB-C18 (30 x 4.6 mm) 3.5-pum column (Agilent).
Methanol/ammonium acetate (60/40) was used as mobile
phase. Citalopram and escitalopram were monitored after
positive electrospray ionization at a mass-to-charge ratio of
325.1. The limit of quantitation was 10 nmol/L (3.25 ng/mL),
and the method was linear at least up to 1000 nmol/L. The
interassay coefficients of variation tested at different concen-
trations were less than 8.7%. The matrix effect was negligible,
with responses in the range of 90%-100%. There was no
indication of any analytical interference with the PPIs.

Sertraline was extracted from 1 mL of serum with 6-mL
butyl chloride after the addition of the internal standard
(50 L of 25 pmol/L CP-53631) and alkalinization with 1 mL
of 0.75 mol/L sodium carbonate. After mixing and centrifuga-
tion, the organic extract was evaporated to dryness with air, and
the residue was reconstituted in 50-pL methanol, transferred to
vials and injected on an Agilent MSD 1100 system (Agilent).
Separation was performed on a Zorbax SB-C18 (150 x 4.6 mm)
15-pm column (Agilent). Acetonitrile/methanol/ammonium
acetate (60/20/20) was used as mobile phase. Sertraline
was monitored after positive electrospray ionization at a
mass-to-charge ratio of 306.0. The limit of quantitation was
5 nmol/L (1.53 ng/mL), and the method was linear at least up
to 500 nmol/L. The interassay coefficients of variation tested at
different concentrations were less than 10.8%. The matrix effect
was negligible, with responses in the range of 90%—100%. There
was no indication of any analytical interference with the PPIs.

The primary target variable used is the SSRI serum
concentration-to-dose ratio (C/D ratio), which is the serum
concentration of the drug divided by its daily dose. The
C/D ratio thus corresponds to the serum concentration per
milligram of SSRI administered daily. To convert the unit
from nmol/L to ng/mL, the concentrations should be
divided by 3.08 for citalopram and escitalopram and by
3.27 for sertraline. To normalize the SSRI concentration
for variations in time from the last dose to sampling,
a noncompartment exponential model for the elimination
phase of the SSRIs was assumed. The observed SSRI
concentration at ¢ hours since intake (C,) was then converted to
a standardized 12-hour concentration (C;,) according to the
following equation:

Cpp = Cte_k(lz_t).

The rate constant k& was set according to the equation
k = log, 2/t,,, using half-lives of 33 hours for citalopram,
30 hours for escitalopram, and 26 hours for sertraline. Spe-
cifically, the SSRI C/D ratio was calculated by dividing this
standardized serum concentration by the total daily dose in
milligrams. As the distributions of the C/D ratios were found
to be heavily right skewed, the natural logarithm (log,) of the
SSRI C/D ratios was employed as the outcome variable in the
statistical model to achieve near normality.
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TABLE 1. Descriptive Data of the Samples Included in the Study

SSRI PPI No. Samples Percentage Women Median Patient Age (Range), Yrs
Citalopram Omeprazole 71 48 64 (21-96)
Esomeprazole 103 68 63 (25-98)
Lansoprazole 73 63 61 (23-94)
Pantoprazole 28 57 69.5 (34-87)
None (control group) 1500 66 46 (16-99)
Escitalopram Omeprazole 43 53 59 (28-94)
Esomeprazole 178 67 61 (28-94)
Lansoprazole 85 56 61 (23-100)
Pantoprazole 101 58 61 (25-89)
None (control group) 2000 66 45 (16-98)
Sertraline Omeprazole 18 61 78 (19-97)
Esomeprazole 64 59 59.5 (25-93)
Lansoprazole 25 64 58 (37-95)
Pantoprazole 24 67 51 (17-93)
None (control group) 1000 67 44 (16-98)

As multiple samples from the same patient were allowed,
a linear mixed model, allowing correlation between repeated
observations, was used. This model assumes that each
individual patient possesses a random intercept (ie, an
individual “offset”) in addition to being affected by fixed fac-
tors. The factors included in the model for each of the 3 SSRIs
were gender, age, and concomitant treatment with each of the 4
PPIs. Model parameters, including variance components, were
estimated by the method of restricted maximum likelihood
using the nime package of the software R version 2.15, and
R and GraphPad PRISM version 6.0 were used for graphical
illustrations. Data are presented as means with 95% confidence
intervals, or as medians with corresponding minimum and
maximum values, as appropriate. P values less than 0.05 were
considered statistically significant.

RESULTS

The final material consisted of 275 samples from 202
patients treated with citalopram and a PPI, 407 samples from

330 patients treated with escitalopram and a PPI, and 131
samples from 94 patients treated with sertraline and a PPI
(Table 1). In addition, 1500 control samples from patients not
treated with a PPI were included for citalopram, 2000 for
escitalopram, and 1000 for sertraline (Table 1).

Factors affecting the C/D ratios for citalopram, escita-
lopram, and sertraline are shown in Tables 2—4. For citalo-
pram, the C/D ratios were significantly higher in samples
from patients treated with omeprazole (+35.3%; P <
0.001), esomeprazole (+32.8%; P < 0.001), and lansoprazole
(+14.7%; P = 0.043) than in those in the control group. No
significant effect was observed for pantoprazole. For escita-
lopram, the C/D ratios were significantly higher during come-
dication with all the 4 PPIs (+93.9%; P < 0.001 for
omeprazole, +81.8%; P < 0.001 for esomeprazole, +20.1%);
P =0.008 for lansoprazole, and +21.6%; P = 0.002 for pan-
toprazole). For sertraline, a 38.5% increase in the C/D ratio
was observed in combination with esomeprazole (P =
0.0014), whereas there were no significant differences in

TABLE 2. Model Parameter Estimates Showing the Effect of the Explanatory Factors (One by One) on the Log.-Transformed

Citalopram C/D Ratio

Log,. Citalopram C/D Ratio

Expected Citalopram C/D Ratio

95% CI 95% CI Mean 95% CI,
Variable Estimate P Lower Bound Upper Bound (nmol/L)/(mg/d)* Percent Change Percent Change
Intercept 2.314 <0.001 2.140 2.488 10.1 — —
Omeprazole 0.302 <0.001 0.169 0.435 13.7 +35.3 18.6; 54.7
Esomeprazole 0.284 <0.001 0.177 0.390 13.4 +32.8 19.5; 47.9
Lansoprazole 0.137 0.043 0.0046 0.270 11.6 +14.7 0.6; 31.2
Pantoprazole 0.068 NS —0.117 0.254 10.8 +7.1 —10.9; 29.1
Male —0.151 <0.001 —0.205 —0.098 8.70 —14.1 —18.4; —9.2
Age —0.0248 <0.001 —0.0317 —0.0180 —t — —
Age X age 0.00035 <0.001 0.00029 0.00041 —Ff —t —t
Dose (20 mg) —0.0042 <0.001 —0.0052 —0.0033 9.30 -8.1 —9.7; —6.2

*To convert the unit from (nmol/L)/(mg/d) to (ng/mL)/(mg/d), values should be divided by 3.08.

fChanges illustrated in Figure 1.
CI, confidence interval; NS, not significant.
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or pantoprazole.

For all SSRIs, men had significantly lower C/D ratios
than women (—14.1%; P < 0.001 for citalopram, —5.7%;
P =0.032 for escitalopram, and —18.9%; P < 0.001 for sertra-
line) (Tables 2—4). As illustrated in Figure 1, age affected the
C/D ratios significantly for all the 3 SSRIs. As a comparison,
also the effect of esomeprazole, which was the only PPI sig-
nificantly affecting the C/D ratios for citalopram, escitalo-
pram, and sertraline, is displayed in Figure 1. Some
examples of expected mean serum concentrations related to
gender, age, and concomitant PPI use are presented in Figure 2.

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

The principal finding in the present study is that
comedication with PPIs to a varying extent increases the
serum concentrations of citalopram, escitalopram, and sertra-
line. The effect is more pronounced for omeprazole and
esomeprazole than for lansoprazole and pantoprazole, and
escitalopram is affected to a greater extent than are citalopram
and sertraline.

Our findings are largely in line with what could be
expected from in vitro and in vivo data on which PPIs being
the most potent inhibitors of CYP2C19''~'> and which SSRIs
that to the largest extent are dependent on CYP2C19 in their

93

Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Gjestad et al

Ther Drug Monit » Volume 37, Number 1, February 2015

Citalopram
o 4004
§ ® Age 40 years
E_ + % m  Age 80 years
g 3 3004
c E
g& L
£ E 200- L]
25 ?:
38 |, )
é E 100 .
8
4 o
@ A% W@ @ @ NP\ SN N
((0&0 W <’51’° «q;\/o @19 Qa‘(\{b W \’Do @;‘9 @19
@QQ &Q,Q R (&Q &?)Q K
& & & & S &
6\%\6 \G‘Q} > 6\0\@ \0‘% &
SO ST
Escitalopram
¢ 200-
§ ® Age 40 years
%g ®  Age 80 years
€35 150+ %
o £
e £
Sg
£ 1004 "
2 a
g2 $ s "
- =
o 9 504
§8 e P
3
w 0T T T T T T
@ A0 @ @ @ @ ¥ % % % &%
e&’b \&’bk&o‘&o‘&o&&o eé{b @’DK&O‘&O‘&O‘&O
& &
X @R R QO K R KRR
RSN ISPFSPPRS
R & oS & & @
& se & e
iné@w@&@ &, e S
Sertraline
& 250-
§ ® Age 40 years
g: 200- ®  Age 80 years
5 £ } : i
5 100+ }
$E s
33 :
k] 50
g
x
w 0 T T T T T T T T
NN RN ) NP\ NN ]
6@% ‘\“D K&,o \019 @6@ érb <,b¢° ﬂb/l/o
< K N « K K
aoe 90@ a°@ e°@
e,% \e:*@ \QQ \2"0
G & ©
((0@ W Qo@ W~

FIGURE 2. Expected serum concentrations of citalopram (top
panel), escitalopram (middle panel), and sertraline (lower
panel) with 95% confidence intervals in men and women at 2
different ages during monotherapy and during comedication
with PPls, applying the model presented in Tables 2-4. The
doses are set to 20 mg/d for citalopram, 10 mg/d for escita-
lopram, and 100 mg/d for sertraline.

metabolism.>”’ Specifically, omeprazole and esomeprazole
have been found to be more potent CYP2C19 inhibitors than
lansoprazole and pantoprazole,''™° with esomeprazole and
omeprazole having about the same inhibiting potential.'!

94

The more pronounced effect on the C/D ratio for escitalopram
than for citalopram is consistent with the fact that CYP2C19
seems to be even more important in the metabolism of
S-citalopram than of R-citalopram.>* Our results also confirm
and extend the findings from 2 previous studies in a total of
25 healthy volunteers, in which omeprazole increased the
plasma concentration of escitalopram by a mean of approxi-
mately 50% and 100%, respectively.'®!” The corresponding
increase in R-citalopram was a modest 25%,'” indicating an
increase of approximately 45% for racemic citalopram. This
is in accordance with the results from our study, in which the
serum concentrations during omeprazole therapy were 93.9%
higher for escitalopram and 35.3% higher for citalopram.

The effect of PPIs on the C/D ratios for sertraline is
clearly lower than that for escitalopram and seems to be even
lower than that for citalopram. It should however be noted
that the results for sertraline are not as robust as for citalopram
and escitalopram due to the lower number of samples in our
material; for sertraline, there were only about 20 samples
available in some of the PPI groups, whereas for escitalopram
and citalopram, the corresponding numbers were closer to or
above 100 samples (Table 1). We are not aware of any studies
directly comparing the role of CYP2C19 in the metabolism of
citalopram and sertraline, but the impact of CYP2C19 poor
metabolism on the metabolism of sertraline was relatively low
in a study in healthy volunteers.’ This finding and the results
from the present study are consistent with the more extensive
role of CYP3A4 and CYP2B6, which are not inhibited by
PPIs, in the metabolism of sertraline.'®!%-2!:22

Age was associated with a significant increase in the
C/D ratios for all the 3 SSRIs. The model that best fitted the
original data was a combination of age as a linear function
and a square function. By applying this combined model, the
age effect was shown to be relatively low in the age range 20—
60 years, whereas it increased considerably in the higher age
groups (Fig. 1). For citalopram and escitalopram, the C/D
ratios were roughly doubled in patients aged 80 years. For
sertraline, the age effect was smaller. Due to the square func-
tion, the age effects after the age of 80 years become even
more pronounced, although the results in these advanced age
groups should be interpreted with caution due to the relatively
low number of subjects included. Nevertheless, the age span
of included subjects was considerable, with patients being up
to 100 years old (Table 1). In a study where patients elder
than and younger than 65 years were compared, the mean
concentration of citalopram was 2.0-fold higher in those elder
than 65 years.”> The corresponding ratios were 1.8 for esci-
talopram and 1.3 for sertraline. Our findings are thus in good
agreement with those results. Unfortunately, patients of
advanced age (eg, above 80 or 90 years) were not handled
separately in that study.”® Our results are also in line with
current dosage recommendations that elderly patients should
be treated with a halved SSRI dose. In our study, patients
using PPIs had a somewhat higher age (median of 51-78
years in the various subgroups) than those in the 3 control
groups (median of 44-46 years) (Table 1). However,
because we controlled for age in the statistical analysis, this
factor has not influenced our results regarding the effect of
the PPIs.
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TABLE 3. Model Parameter Estimates Showing the Effect of the Explanatory Factors (One by One) on the Log.-Transformed

Escitalopram C/D Ratio

Log,. Escitalopram C/D Ratio

Expected Escitalopram C/D Ratio

95% CI 95% CI Mean 95% CI,
Variable Estimate P Lower Bound Upper Bound (nmol/L)/(mg/d)* Percent Change Percent Change
Intercept 2.110 <0.001 1.934 2.286 8.24 — —
Omeprazole 0.662 <0.001 0.469 0.856 16.0 +93.9 60.0; 135.6
Esomeprazole 0.594 <0.001 0.494 0.694 14.9 +81.1 64.0; 100.4
Lansoprazole 0.183 0.008 0.049 0.317 9.90 +20.1 5.1;37.4
Pantoprazole 0.195 0.002 0.076 0.315 10.0 +21.6 8.0; 37.2
Male —0.058 0.032 —0.111 —0.005 7.78 =57 —104; —0.4
Age —0.031 <0.001 —0.038 —0.024 T —F T
Age X age 0.00040 <0.001 0.00034 0.00047 —t —t —t
Dose, 10 mg —0.0128 <0.001 —0.0160 —0.0097 7.25 —12.0 —14.7; —9.2

*To convert the unit from (nmol/L)/(mg/d) to (ng/mL)/(mg/d), values should be divided
fChanges illustrated in Figure 1.
ClI, confidence interval.

by 3.08.

We found that men had 5%-20% lower C/D ratios than
women, an effect that might be caused by a decreased
CYP2C19 activity in women.** However, such a gender-
related difference has not been found in all studies, and most
of the lower CYP2C19 activity seen in women could proba-
bly be attributed to an inhibitory effect of combined oral
contraceptives on CYP2C19.**° As only a small proportion
of all women in the present study used oral contraceptives,
there are most likely other factors as well that cause this
effect, although we cannot pinpoint these in further detail.

The most pronounced interaction was seen when
omeprazole or esomeprazole was combined with escitalo-
pram, causing an almost 2-fold increase in the escitalopram
levels. This is of particular importance given the recent
regulatory restrictions on the dosage of escitalopram (and
citalopram) related to the risk of QT prolongation,”**’ although
the extent of this increase is subject to controversy.?2°
The European Medicines Agency has stated that the maximum

escitalopram dose should be 20 mg/d and 10 mg/d in the
elderly.>® The US Food and Drug Administration has not given
such advice, although a corresponding restriction has been
issued for citalopram.?” On the basis of our data, using
omeprazole or esomeprazole concomitantly with escitalopram
20 mg/d would cause an escitalopram concentration equivalent
to taking an escitalopram dose of close to 40 mg/d, ie, above
the recommended maximum daily dose. In contrast to the
effects of omeprazole and esomeprazole on the concentra-
tion of escitalopram, the effects of the other combinations
investigated in this study are so small that they could be
considered clinically insignificant.

Pharmacokinetic enhancement, that is, exploiting
a drug’s inhibitory effect on the metabolism of another drug,
is sometimes used in psychiatry. The most common situation
is the addition of fluvoxamine to clozapine; then, the cloza-
pine dose can be considerably decreased due to fluvoxamine’s
inhibitory effect of CYP1A2, which is the major enzyme

TABLE 4. Model Parameter Estimates Showing the Effect of the Explanatory Factors (One by One) on the Log.-Transformed

Sertraline C/D Ratio

Log. Sertraline C/D Ratio

Expected Sertraline C/D Ratio

95% CI 95% CI Mean 95% CI,

Variable Estimate P Lower Bound Upper Bound (nmol/L)/(mg/d)* Percent Change Percent Change
Intercept 0.958 <0.001 0.688 1.228 2.61 — —
Omeprazole 0.048 NS —0.264 0.360 2.74 +4.9 —23.3;43.1
Esomeprazole 0.326 0.0014 0.129 0.522 3.61 +38.5 13.6; 68.3
Lansoprazole —0.078 NS —0.384 0.228 2.41 =75 —32.0;25.4
Pantoprazole 0.0009 NS -0.279 0.296 2.63 +0.9 —24.4; 343
Male —0.210 <0.001 —0.300 —0.119 2.11 —18.9 —26.0; —11.3
Age —0.0411 <0.001 —0.052 —0.030 — ¥ —
Age X age 0.00043 <0.001 0.00032 0.00053 —t —T —F
Dose, 100 mg —0.00127 <0.001 —0.00197 —0.00058 2.30 -11.9 —18.0; —5.8

*To convert from (nmol/L)/(mg/d) to (ng/mL)/(mg/d), values should be divided by 3.27.

fChanges illustrated in Figure 1.

CI, confidence interval; NS, not significant.
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involved in the metabolism of clozapine.’® Although the
effect is less pronounced for the drug combinations in the
present study, there could possibly be situations where add-
ing, for example, omeprazole or esomeprazole to escitalo-
pram could be advantageous, such as in subjects being
CYP2C19 ultrarapid metabolizers. However, the procedure
cannot be generally recommended due to the lack of clinical
documentation, and it might in such cases probably be more
convenient to switch to another SSRI not metabolized by
CYP2C19.

This study has several limitations. First, it is unknown
to which degree patients were adherent to the prescribed
doses and medications. Thus, a differentiated degree of SSRI
nonadherence related to comedication with PPIs would affect
our finding. For example, if patients using PPIs were more
adherent to the SSRIs than those in the control group, that
would have explained our findings. On the other hand, if
adherence to SSRIs was lower in the PPI group, our results
would have underestimated the real effect. However, we
consider it being unlikely that patients with gastritis, peptic
ulcers, esophagitis, and the like would have an altered SSRI
adherence compared with those without such conditions.
Moreover, we consider it being highly unlikely that there
should be any differences across the various PPIs with respect
to SSRI adherence.

Second, it is unclear whether the subjects included in
the present study are representative of the whole population of
SSRI users. There might be specific reasons for why a blood
sample for the analysis of the serum concentration of an SSRI
is obtained, such as a suspicion of nonadherence, comedica-
tion with potentially interacting drugs, concomitant diseases,
poor therapeutic response, adverse drug reactions, and so on.
However, samples from patients using drugs with a known
interaction potential with the SSRIs were excluded from the
study, and although there are uncertainties with regard to the
representativity of the material, we believe that a naturalistic
study like the present, with more than 5000 subjects included
in total, reflects the “real-life” situation more closely than, for
example, pharmacokinetic studies in healthy volunteers or
randomized clinical trials, which often exclude elderly pa-
tients, patients with comorbidities, and the like.

Third, we have not cross-checked against original data
the information given on the request forms about doses,
comedication, times of drug ingestion, and times of sampling.
However, we consider that possible inaccuracies with this
respect would be counterbalanced by the large number of
samples included in the study. This assumption is also
substantiated by the fact that for the drug combinations
previously studied, the extent of the interactions was the same
in our study as in previous studies.'®"’

Fourth, relatively few samples were available for
certain drug combinations, such as sertraline combined with
omeprazole, lansoprazole, and pantoprazole. On the other
hand, we were able to include more than 100 samples, for
example, from subjects using esomeprazole combined with
citalopram and escitalopram, which are considerably more
than usually seen in more formal interaction studies. More-
over, we chose to include 5 control samples per PPI sample,
thereby increasing power. Finally, by standardizing the time
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interval from ingestion of last dose to sampling to 12 hours
and including gender and age in the statistical model, the
variability in C/D ratios caused by these factors were
eliminated. We also included the SSRI dose as a variable in
the final analysis. This was done because we observed that the
SSRI C/D ratios were clearly dependent on the dose.
Although apparently illogical because these SSRIs do not
exert dose-dependent kinetics, this effect is readily explained
by the naturalistic design of the study: As several samples
usually are obtained from most subjects, the SSRI dose will in
many patients be gradually increased or decreased to achieve
a serum concentration within the predefined reference range
for the respective SSRI. Then, subjects who are relatively
extensive metabolizers of the SSRIs, for example, due to
genetic factors (and thereby have lower C/D ratios), will more
often be treated with a higher SSRI dose, whereas those with
relatively poor SSRI metabolism (ie, with higher C/D ratios)
will more often be treated with a lower SSRI dose. In contrast
to in randomized studies, the dose will thus be inversely
related to the C/D ratio in a study like the present, and it
would be proper to adjust for this effect.

In conclusion, in this study exploring the inhibiting
potential of PPIs on the metabolism of some SSRIs in
a naturalistic setting, the most pronounced effect was seen
when omeprazole or esomeprazole was combined with
escitalopram, causing an almost 2-fold increase in the
escitalopram levels. Thus, when omeprazole or esomeprazole
is combined with escitalopram, it should be considered to
reduce the dose of escitalopram. In contrast, the effects of the
other PPIs on escitalopram and of all PPIs on citalopram and
sertraline were so small that they could be considered
clinically insignificant.
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