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Abstract

Purpose The primary aim was to examine and compare the
increased risk of incident diabetes associated with second-
generation antipsychotics (SGAs) and first-generation antipsy-
chotics (FGAs), with and without adjusting for potential con-
founding factors. The secondary aim was to recalculate the rel-
ative risks of diabetes onset using a semi-symmetric bidirection-
al case-crossover (SSBC) design to adjust for time-trend bias.
Method Prescription records (2005-2015) of antipsychotics
were sourced from New Zealand Pharmaceutical
Collections. The first-time diabetes diagnosis was extracted
from the National Minimal Dataset. Relative risks (RRs) of
diabetes onset were calculated using conditional logistic re-
gression. Time-trend bias was corrected by recalculating the
RR using a SSBC design.

Results Among 645 individuals, the risk of diabetes onset is
higher in SGA users (ARR = 8.72, 95% CI = [5.57, 13.67])
compared to FGA users (ARR =5.68, 95% CI =[3.43, 9.39)).
The increased risk of diabetes onset associated with quetiapine
is higher (ARR =7.47, 95% CI = [4.10, 13.62]), compared to
haloperidol (ARR = 5.05, 95% CI =[2.91, 8.75]). However,
the increased risk of diabetes onset associated with olanzapine
(ARR = 2.27, 95% CI = [0.86, 5.98]) is insignificant after
adjusting for concomitant use of effect modifiers and other
antipsychotic drugs.
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(doi:10.1007/s00228-016-2158-2) contains supplementary material,
which is available to authorized users.
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Conclusion The results support that the magnitude of the risk
of diabetes is higher with SGA use compared with FGA use,
and the risk is higher when co-prescribed. Confounding by
indication and time-varying confounders such as body mass
index could bias the risk of onset of diabetes. Marginal struc-
tural models could provide more precise estimates of the risk
of onset of diabetes following exposure to antipsychotics.
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Introduction

Antipsychotics are mainly indicated for the treatment of
schizophrenia, bipolar disorder, psychotic depression and be-
havioural and psychological symptoms of dementia. There are
two main classes of antipsychotics: the first-generation anti-
psychotics (FGAs) and the second-generation antipsychotics
(SGASs) [1-3]. Clinical trials have demonstrated the link be-
tween antipsychotic exposure and incidence of diabetes, risk
of cardiovascular events and increased mortality [4-9].
However, these trials were often based on populations of
younger individuals aged between 18 and 65 years; people
65 and over with chronic medical conditions were often
excluded.

In a real-world setting, individuals prescribed antipsy-
chotics may be older, have higher comorbidity and are frailer
and hence have a higher baseline risk of experiencing adverse
drug effects than patients recruited in a clinical trial. An un-
certainty exists about making causal inferences about the true
effect of the risk of diabetes posed by antipsychotic drugs in
older people due to uncontrolled confounding [10] and limited
statistical power [11].
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National-level studies examining the risk of diabetes
mellitus with antipsychotic drug exposures are limited in
New Zealand. The primary aim of this study was to perform
a nationwide case-crossover analysis to examine the associa-
tion of diabetes with antipsychotic exposure in a large
population-based sample of older (age 65 and above) New
Zealanders. Using a case-crossover design, we examined the
risk of incidence diabetes in older individuals.

Methods

Approval to undertake this study was provided by the Human
Ethics Research Committee of the University of Otago, New
Zealand (approval number HD 16/022).

Data source

The New Zealand Ministry of Health maintains national col-
lections of prescription use and hospital discharges. Individual
records in these national collections include a unique seven-
digit alphanumeric identifier, known as the National Health
Index (NHI) identifier. The NHIs are encrypted in all datasets,
but there is only one encrypted version of each NHI and is
never changed. Therefore, we were able to link new data with
datasets previously extracted. The pharmaceutical information
database (Pharms) includes record of all prescription claims
made by community pharmacists funded by PHARMAC,
including the medicine name and prescription date. The
National Minimum Dataset (NMDS) is a collection of hospital
discharges for inpatients and day patients. Patients’ diagnoses
are coded according to the International Classification of
Diseases and Related Health Problems Tenth Revision,
Australian Modification (ICD-10-AM).

This study considered only drugs that are funded by
PHARMAC. Only prescriptions of antipsychotics, effect
modifiers of interests (i.e. diabetogenic drugs) and antidiabetic
drugs are considered; the rest were excluded as they were
irrelevant to our study. We excluded over-the-counter medi-
cines and drugs not subsidised by PHARMAC. The process of
case selection is shown in Fig. SI.

Study population

We identified all individuals, aged 65 years and above, who
had been diagnosed for the first time with diabetes, between
01 January 2005 and 31 December 2015. Individuals were
considered to have new-onset diabetes if they had an ICD-
10-AM code for diabetes mellitus (Table S1) and without a
prescription for an antidiabetic medication (Table S2) within
2 years before the first-time diagnosis of diabetes. The day the
individual was diagnosed with diabetes for the first time after
01 January 2005 is the index date.
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Statistical analysis

Analyses was conducted using R version 3.2.4 Revised
(2016-03-16 r7033). We used a case-crossover design
[12—14], to study the population-level association between
antipsychotic drug exposure (Table S2) and incident diabetes.
Two 365-day observation periods were defined over a 730-
day study period. The first observation period is the time in-
terval 1-365 days before the index date, which is the case
period. The control period is the time interval 366—730 days
before the index date. For each individual, we summarised the
history of antipsychotic exposure as SGA-only, FGA-only,
using both and using neither during the observation periods.
In a case-crossover design, time-invariant or slow-changing
confounding variables are automatically balanced even if they
are unknown, so we did not spell them out. Fast-changing
confounding variables will need to be adjusted. Concomitant
use of diabetogenic drugs (i.e. the effect modifiers) is an im-
portant time-varying confounding variable that can vary
quickly over time, so we adjusted for the use of these drugs.

From the case-crossover design, for each individual, we
analysed antipsychotic exposure and the combination of anti-
psychotic exposures (i.e. SGA-only, FGA-only or both drugs),
over an observation period, and whether or not diabetes onset
occurred at the end of the same observation period. Using
conditional logistic regression (CLR), we were able to esti-
mate the risk of incident diabetes associated with antipsychot-
ic exposure/s and expressed the effect size as relative risk
(RR). CLR accounts for the between-individual variation of
health characteristics when estimating the changed risk with
drug exposure and thus mitigates confounding. We used mul-
tivariable CLR to adjust for concomitant use of effect-
modifying drugs that are known to increase the risk of diabe-
tes (Table S2). The relative risk calculations were repeated to
calculate the changed risk of incident diabetes associated with
the use of each antipsychotic drug, with or without adjusting
for concomitant use of other antipsychotic drugs and effect-
modifying drugs.

As a secondary aim, we recalculated the RRs of diabetes
onset using a semi-symmetric bidirectional case-crossover
(SSBC) design [23] with 365-day observation periods based
on the same cohort, to adjust for time-trend bias. The SSBC
design is based on the work published by Navidi and
Weinhandl [23]. Briefly, a case period, a pre-event control
period and a post-event control period were defined for each
individual. In this study, the case period is the time interval 1—
365 days before the index date as for the conventional case-
crossover design. The time interval 366—730 days before the
index date is the pre-event control period, and the time interval
1-365 days after the index date is the post-event control peri-
od. For each individual, we summarised the use of antipsy-
chotics during each observation period. When evaluating the
relative risk, we randomly selected one of the two control
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periods as the reference period, with equal (50%) probability
but subjected to the constraint that the reference period must
be between 01 January 2005 and 31 December 2015.

Results

We found a total of 52,135 individuals with a first-time diag-
nosis of diabetes between 01 January 2005 and 31 December
2015. Among these individuals, 1842 of them had prescrip-
tion records covering the time interval 2 years before the date
of'the first-time diagnosis of diabetes and, from these prescrip-
tion records, have had at least one prescription of antipsy-
chotics (SGA or FGA). Then, 1197 of them were excluded
because they had received antidiabetic medicines at least once
within 2 years before the first-time diabetes diagnosis. The
645 individuals remaining had a reliable date of first-time
diabetes diagnosis and form the study cohort.

The characteristics of the study sample are shown in Fig. 1.
Our study sample has 113 more females than males, and a vast
majority of them are New Zealand-European, and only a small
proportion of them are Maori. Descriptive statistics (Figs. 1
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and S2 and Table 1) support that antipsychotics are more
likely to be used within the case period (i.e. 1-365 days the
first-time diagnosis of diabetes), compared to the control pe-
riod. Rate ratio analysis (Fig. 2) with or without adjusting for
concomitant use of effect-modifying drugs indicates that
higher risk of incident diabetes is associated with antipsychot-
ic exposure. The risk of diabetes onset is higher with SGA use
(ARR 8.72, 95% CI [5.57, 13.67]) compared to FGA use
(ARR 5.68, 95% CI [3.43, 9.39]), and the risk increases fur-
ther if both SGA and FGA are co-prescribed. Adjusting for
concomitant uses of effect-modifying drugs lowered the rate
ratios but had no effect on the outcome. The increased risk of
diabetes onset associated with quetiapine is higher (Table 1,
ARR 7.47, 95% CI [4.10, 13.62]), compared to haloperidol
(ARR 5.05,95% CI [2.91, 8.75]). However, the increased risk
of diabetes onset associated with olanzapine (ARR 2.27, 95%
CI[0.86, 5.98)) is insignificant after adjusting for concomitant
use of effect modifiers and other antipsychotic drugs.

As a secondary aim, we adjusted for time-trend bias by
recalculating the relative risks using SSBC design based on
the protocol published by Navidi and Weinhandl [23]. The
results support the general trend observed in the primary aim
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Table 1
modifying (EF) drugs and other antipsychotics

Relative risk of diabetes onset associated with individual antipsychotic medication with or with adjusting for concomitant uses of effect-

Frequency Relative risk
Case period Control period Both periods (V) Original (95% CI) Adjusted for EF (95% CI)
(1-365 days) (366-730 days)
only () only (V)
SGA
Risperidone 110 17 110 6.47 (3.88-10.78) 5.25 (3.10-8.90)
Quetiapine 116 13 90 8.92 (5.02-15.83) 7.47 (4.10-13.62)
Olanzapine 19 7 31 2.71 (1.14-6.46) 2.26 (0.86-5.98)
FGA
Haloperidol 109 16 36 6.81 (4.03-11.51) 5.04 (2.91-8.75)
Chlorpromazine HCI 10 4 10 2.50 (0.78-7.97) 1.87 (0.55-6.41)
Levomepromazine 23 6 11 3.83 (1.56-9.41) 2.58 (0.99-6.69)
Effect modifiers
Prednisolone acetate 6 6 2 1.00 (0.32-3.10) 1.25 (0.33-4.76)
Dexamethasone 28 5 4 5.60 (2.16-14.50) 2.49 (0.80-7.77)
Valproate and phenytoin 27 6 46 4.50 (1.85-10.90) 2.87 (0.91-9.02)
Indapamide, prazosin and tamsulosin 2 2 4 1.00 (0.14-7.10) 0.60 (0.05-7.04)
Beta blockers 73 11 156 6.64 (3.52-12.51) 3.24 (1.56-6.76)

that higher risk of diabetes onset is associated with antipsy-  higher in SGA users compared to FGA users with and without

chotic exposure (Fig. 2, Table 2), and risk of diabetes onset is

Fig. 2 Relative risk of diabetes
onset and exposure to
antipsychotics calculated based
on the ordinary (top) and semi-
symmetric bidirectional (bottom)
case-crossover designs with 365-
day observation periods
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Table 2  Relative risk of diabetes onset associated with individual antipsychotic medication using the semi-symmetric bidirectional case-crossover
design, with two 365-day observation periods before the date of diabetes onset

Frequency Relative risk (background-adjusted)
Case period Ref period (sampled) ~ Both periods (V)  Original (95% CI) Adjusted for EF
(1-365 days)  only (V) (95% CI)
only (V)
SGA
Risperidone 94 9 126 12.77 (6.15-26.49)  11.62 (5.85-23.08)
Quetiapine 100 17 106 7.62 (4.31-13.47) 6.61 (3.94-11.09)
Olanzapine 12 10 38 1.06 (0.46-2.48) 0.97 (0.38-2.45)
FGA
Haloperidol 90 25 55 3.94 (2.52-6.17) 3.47 (2.15-5.63)
Chlorpromazine HCI 8 5 12 1.71 (0.55-5.29) 1.10 (0.32-3.72)
Levomepromazine 19 11 15 1.89 (0.89-4.03) 1.57 (0.71-3.51)
Effect modifiers
Prednisone/Prednisolone acetate 6 6 2 1.00 (0.32-3.17) 1.38 (0.40-4.77)
Dexamethasone 22 13 10 1.70 (0.84-3.41) 0.97 (0.44-2.12)
Valproate and phenytoin 16 6 57 2.69 (1.05-6.91) 0.80 (0.27-2.37)
Indapamide, prazosin and tamsulosin 5 4 1 1.26 (0.33-4.76) 1.29 (0.27-6.15)
Beta - blockers 58 19 171 321 (1.91-5.41) 1.95 (1.06-3.59)

For each individual, the reference observation period (Ref period) was sampled randomly between 366 and 730 days before and 1-365 days after the date

of diabetes onset

other antipsychotic drugs. The increased risk of diabetes onset
associated with olanzapine is still insignificant after adjusting
for concomitant use of effect modifiers and other antipsychot-
ic drugs, as well as time-trend bias (Table 2).

However, after adjusting for time-trend bias by using
SSBC design, the relative risk of diabetes onset associated
with concomitant use of SGA and FGA is lower compared
to using only SGA and is only marginally higher compared to
using only FGA (Fig. 2). This counterintuitive finding is re-
lated to the fact that SGA users commonly started to use both
SGA and FGA within the year after the diagnosis if not adher-
ing to it or discontinuing (Fig. S2). In SSBC design, reference
period antipsychotic use include use of antipsychotics 1 year
after the diagnosis; any post-event antipsychotic use will
therefore reduce the relative risk.

Discussion

The present study examined the risk of diabetes in a large
population-based cohort of older people exposed to antipsy-
chotics. This study supports the risk of incident diabetes posed
by exposure to antipsychotic drugs. The findings show an
increased risk of incident diabetes ranging from 3.4 to 9.4
for FGAs and from 5.6 to 13.7 for SGAs after adjusting for
concomitant use of effect modifiers (i.e. drugs that increase
the risk of incident diabetes). After adjusting for time-trend

bias, the increased risk of incident diabetes ranges from 7.6 to
22.6 for FGAs and from 4.3 to 12.7 for SGAs after adjusting
for effect modifiers. Previous studies have highlighted and
compared the risk of diabetes posed by FGAs and SGAs
[15—17]. The results confirm that the magnitude of the risk
of diabetes is higher with SGAs compared with FGAs and
higher when co-prescribed.

Our study also found that if antipsychotics are not
discontinued after the first-time diagnosis of diabetes, the most
common drug switching is to change from using SGA only to
using both SGA and FGA. This may explain why the relative
risk of diabetes onset does not increase when SGA and FGA
are co-prescribed, when a SSBC design is used to adjust for
time-trend bias and post-event prescriptions are accounted for.
A possible explanation is that individuals may switch from
SGA to FGA in the year after the diagnosis because FGAs
are perceived as being less diabetogenic than SGAs.

Pharmacological mechanisms [ 18] underpinning the associ-
ation of antipsychotics with diabetes have highlighted that obe-
sity and metabolic syndrome are the major drivers. Olanzapine
and clozapine with the greatest effect on weight gain are known
to be highly diabetogenic compared to risperidone that has
relatively a less impact on inducing weight gain [19, 20].
Interestingly, our study favours the trend that risperidone is
more diabetogenic compared to olanzapine (Tables 1 and 2).

Pharmacoepidemiological studies have highlighted that
the use of both FGAs and SGAs is associated with onset
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of diabetes [21, 22]. Challenges in these studies include
the use of cross-sectional designs, variation in the defini-
tion of incident diabetes and lack of adherence data. A
case-crossover design mitigates confounding from un-
known time-invariant confounding variables. The case-
crossover design is similar to a matched case-control de-
sign. A matched case-control design is typically used to
control confounding and is accomplished by matching an
individual in the case group with a similar individual in
the control group based on the values of potential con-
founder variables. Case-control matching requires accu-
rate identification of potential confounders, but in reality,
potential confounders are not always known or measured.
The advantage of using case-crossover design is that com-
parisons are made using the same individual, the compar-
isons are matched without dealing with time-invariant
confounders, and hence, the issue of unidentified or un-
measured biological and psychosocial confounders is
avoided.

Our study found preferential prescribing of quetiapine and
risperidone over olanzapine. This preferential prescribing may
have been influenced by clinical guidelines and previous stud-
ies that have implicated higher risk of diabetes associated with
olanzapine compared to risperidone. We adjusted for concom-
itant medications in the CLR model, i.e. effect modifiers likely
to induce diabetes. The effect sizes were smaller, but this did
not impact the overall findings of increased risk of diabetes
posed by both FGAs and SGAs.

However, it is unclear from observational and experimental
studies about the exact temporal relationship (i.e. the time lag)
between exposure to antipsychotic and the risk of developing
diabetes. A prospective cohort study would perhaps shed light
on time-dependent risk associated with antipsychotic drug ex-
posure. However, our findings are in agreement with previous
pharmacoepidemiological approaches showing an increased
risk of diabetes associated with antipsychotic exposures, and
the magnitude of effect size reported higher with SGAs is also
consistent as reported in these studies.

Case-crossover designs are typically used to evaluate tran-
sient exposures with immediate and transient effects to ensure
that the effects of any time-varying confounding variables are
negligible [22], and therefore, we were concerned that the
effects of changes to individual frailty scores and body mass
index (BMI) scores may have biased the risk of diabetes onset.
Hence, a potential limitation of our study is that there may be
confounding that is residual as we did not control for these
important time-varying confounders. Also, lack of data on
lifestyle factors is another major limitation of this study.

We plan to address the issue of frailty and BMI changes by
applying published statistical methodologies such as marginal
structural modelling or covariate adjustment, to a complete set
of health care data that allows time-varying confounders to be
quantified.
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Conclusion

We found that antipsychotic drug exposure increases the risk
of diabetes onset in older New Zealanders. The risk of new-
onset diabetes was shown to be lowest in individuals using
FGAs. The risk of diabetes was found to be higher for
quetiapine compared to haloperidol. We plan to use marginal
structural models to provide unbiased estimates of the risk of
antipsychotic exposures on onset of diabetes.
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