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Abstract

Background/Objectives: Inconsistent data from randomized trials suggest cholinesterase
inhibitors may cause weight loss. We sought to determine if the initiation of cholinesterase
inhibitors is associated with significant weight loss in a real-word clinical setting.

Design: Retrospective cohort study from 2007-2010, comparing weight loss in patients with
dementia newly prescribed cholinesterase inhibitors and patients newly prescribed other
chronic medications

Setting: National Veterans Affairs (VA) data

Participants: Patients 65 years or older with a diagnosis of dementia who received a new
prescription for a cholinesterase inhibitor or other new other chronic medication.
Measurements: The primary outcome was time to 10 pound weight loss over 12 months. We
used propensity score matching patients to control for the likelihood of receiving a
cholinesterase inhibitor based on baseline characteristics. Data were analyzed in a priori defined
subgroups by age, comorbid burden, and initial weight.

Results: Of 6,504 patients that met study criteria, 1188 patients started on cholinesterase
inhibitors were matched to 2189 patients started on other medications. The propensity-
matched cohorts were well balanced on baseline covariates. Patients initiated on cholinesterase
inhibitors had a higher risk of weight loss compared to matched controls at 12 months, HR 1.23
(95% Cl 1.07 - 1.41). At twelve months, 29.3% of patients on cholinesterase inhibitors had
experienced weight loss compared to 22.8% of non-users, corresponding to a number needed
to harm of 21.2 (95% CI 12.5 - 71.4) over one year. There were no significant differences across

subgroups.



Conclusion: Patients with dementia started on cholinesterase inhibitors had a higher risk of
clinically significant weight loss over a 12-month period compared to matched controls. These
results are consistent with the available data from randomized controlled trials. Clinicians

should consider the risk of weight loss when prescribing cholinesterase inhibitors.
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Introduction

Cholinesterase inhibitors are thought to provide a modest improvement in cognition in patients
with dementia®? and are the most frequently recommended pharmacologic treatment for this
condition.**However, patients frequently experience adverse effects such as gastrointestinal

(GI) symptoms, as well as bradycardia.

Weight loss and anorexia are reported adverse effects of cholinesterase inhibitors that may be
under-recognized. This is an important issue because involuntary weight loss has been
associated with increased mortality in older adults,>® and patients with dementia may represent
an additionally vulnerable population. However, much is unknown about cholinesterase
inhibitors and their effect on weight. There is inconsistent evidence from clinical trials that
weight loss can occur in some patients started on cholinesterase inhibitors.”® However, the
available data provide highly variable information on the degree of weight loss experienced, and
many studies were underpowered to provide meaningful data about this outcome. In addition,
the limited weight loss data from clinical trials may not generalize well to clinical practice, since
the spectrum of patients typically treated with cholinesterase inhibitors is older and has more
comorbidities than those in clinical trials.’ These vulnerabilities may place patients in clinical

practice at higher risk of weight loss than the selected populations studied in clinical trials.

Despite the importance of this potential adverse effect, we are unaware of studies that have

attempted to evaluate the impact of cholinesterase inhibitors on weight in real-world



populations. As a result, we used national data from the Veterans Affairs healthcare system to
determine if starting cholinesterase inhibitors is associated with clinically significant weight loss
in older adults with dementia in a real-world setting, and to identify subgroups that may be at

higher risk for weight loss.



Methods

Subjects

Using data from Fiscal Year (FY) 2007-2010, we studied a cohort of patients in the Veterans
Affairs healthcare system age 65 years or older with a diagnosis of dementia who were not
receiving a cholinesterase inhibitor during a one-year baseline period. Employing a new-user
design, we identified patients who subsequently received a new prescription for a
cholinesterase inhibitor over the following year, and a control group of patients who received a

prescription for different new chronic medication over the same time period.

To maximize completeness of medication prescribing data, we excluded patients who received
less than 80% of primary care or specialty visits at VA medical centers or were enrolled in
Medicare managed care programs during the study period, as those patients may have received

cholinesterase inhibitors from other sources that we would not capture.

We applied several weight-based exclusion criteria to focus on patients who had relatively
stable weight at baseline and did not have comorbid conditions associated with large
fluctuations in weight. We excluded patients with congestive heart failure or cancer (other than
prostate or basal-cell skin cancer), patients with more than a 10-pound weight change in the

year prior, and patients with insufficient weight data during the study period.



Among eligible patients, we identified patients who were newly prescribed a cholinesterase
inhibitor (donepezil, galantamine, rivastigmine, or tacrine) through a VA outpatient pharmacy
during FY 2008 - 2009. We also identified a separate control group of patients not prescribed
cholinesterase inhibitors, but who were started on other new chronic medications (which we
defined as medications prescribed with a >=25 days supply) during that time period. If a patient
was started on more than one new chronic medication, we randomly selected one as the
control medication for this study. An index date for each patient was defined as the day the

new medication (cholinesterase inhibitor or other chronic medication) was first dispensed.

Measures

We used ICD-9 codes to define patients diagnosed with dementia or mild cognitive impairment
using established methods™* that included patients who had at least one inpatient or two
outpatient encounter ICD-9 codes for dementia (290-290.9, 294-294.9, 331-331.9, 291.1, 291.2,
292.82, 292.83, 438.0, or 780.93). These include ICD-9 codes for Alzheimer’s, vascular, and Lewy
body dementia, and exclude codes for dementia due to alcohol and drug-induced dementia,
and general senility or frailty. In validation studies, the sensitivity of using similar ICD-9 codes to

identify dementia ranges from 30-87%, and specificity from 84-100%."

We obtained baseline demographics including age and race from national VA and Medicare
databases. We defined the presence of each of 22 comorbid conditions by the presence of 2 or
more outpatient encounter codes or 1 or more inpatient discharge diagnosis, following

previously described methods."”? We measured health services utilization by examining the



number of primary and specialty clinic visits by each patient to the VA in the year before the
index date for new drug. We used both VA and Medicare date to determine whether patients

were hospitalized in the baseline year.

Weight data in VA are collected during clinic visits and entered manually into the electronic
medical record. To reduce impact of erroneous readings or data entry errors, we eliminated
biologically implausible values of <70 pounds or >500 pounds.™ To further exclude clearly
erroneous weights from the data, in the one-year baseline period we excluded weight measures
for each patient that were more than 20% different from their median weight in the baseline
period. Similarly, in the follow-up period weight measures more then 20% different from the
starting weight were excluded, to avoid classifying patients to as having weight loss based on a

single aberrant weight measure.

We then defined weights during three periods. First, we established the weight one year prior
to drug initiation by determining the mean of weights recorded between 245-485 days before
the index date. Then, we established the weight at the index date (the “index weight”) by
calculating the mean of recorded weights for each patient between 30 days before to 5 days
after the index date. We used this date range because patients did not always have a weight on
their exact index date. We considered the difference between the one-year-prior weight and the
index weight to be the weight trajectory for each patient during the baseline period. Finally, we

evaluated weights over the year following initiation of the cholinesterase inhibitor or control



drug. We defined 10-pound weight loss as the first recorded weight in the follow-up period that

was >=10 pounds lower than the weight at the time the drug was started.

Our primary outcome was the time to 10-pound weight loss during the first year after initiating
a cholinesterase inhibitor, or in the control group, after starting a different chronic medication.
We chose 10 pound weight loss as our primary outcome, as this represents a degree of weight
loss that would be noticed by a clinician and may prompt further action in in considering causes

and work-up of weight loss.

Analysis

Propensity score matching was used to match new users of cholinesterase inhibitors with new
users of other chronic medications who had similar baseline characteristics, using a propensity
score model with 3:1 nearest neighbors matching. The propensity score model included
demographic factors (age, sex, race); baseline degree of comorbid burden and medication use
(presence or absence of 22 common conditions in older adults,* number of chronic
medications, use of memantine); weight status (baseline weight, weight trajectory over prior
year); and intensity of medical care (frequency of weight measurements, number of primary

care and specialty visits, and hospitalizations over the baseline year).

We used Cox-proportional hazards models to compare the risk of weight loss between
cholinesterase inhibitor and matched controls. To determine if there were clinically important

subgroups in which cholinesterase inhibitors were associated with greater risk of weight loss,



we evaluated treatment-by-subgroup interaction terms for a priori-defined subgroups by age,
comorbid burden, and initial weight. Number needed to harm was calculated using survival

probabilities, which does not assume a constant hazard ratio over time.

A secondary outcome was the mean change in weight over one year. We used mixed-effects
linear regression with random slopes and intercepts to estimate a one-year weight trajectory for
each patient. We compared the predicted weight trajectory in the two groups using Student’s t-

test.

We did several sensitivity analyses. First, we examined the outcome of time to 5% weight loss
instead of 10-pound weight loss. Second, we used regression analysis incorporating the
propensity score to evaluate weight loss instead of matching using the propensity score. Third,
we evaluated weight loss in an on-treatment analysis, censoring patients from further weight
loss assessments 30 days after they stopped taking the medication. In the on-treatment
analysis, in addition to matching on propensity score we also matched new users of
cholinesterase inhibitors to control patients by the length of time they continued filling
prescriptions for the new medication. Fourth, we used Cox regression to compare the risk of
weight loss among donepezil and galantamine, the two most commonly used cholinesterase
inhibitors in our sample, controlling for the same types of variables used in the propensity

score.



STATA version 12 was used for analysis. The Committee on Human Research at the University of
California, San Francisco, and the Research Committee at the San Francisco VA Medical Center

approved this research.



Results

There were 6,504 patients who met all of the inclusion and exclusion criteria. Initially, 50,330
patients were identified as 65 years or older with a diagnosis of dementia and a new user of a
cholinesterase inhibitor or other chronic medication. Of those patients, 13,651 had a diagnosis
code for heart failure or cancer within the last year and were excluded. An additional 21,606
patients were excluded for having had <80% primary care or specialty visits at VA medical
centers during the study period. There were 8,569 patients excluded based on specific weight-
measure exclusion criteria; most of these patients (6,389) had incomplete weight data, meaning
they did not have at least one weight measure in each of three time periods of the study: at

time of starting the new medication, during the year prior, and during follow-up period.

Of the 6,504 patients who met the inclusion and exclusion criteria, 1,190 were new users of
cholinesterase inhibitors and 5,314 were new users of other chronic medications. Patients
prescribed cholinesterase inhibitors were generally older, took fewer medications at baseline,

and had a lower baseline weight (Table 1).

Propensity score matching of new users vs. non-users yielded 1,188 new users of cholinesterase
inhibitors who were matched with 2,189 new users of other chronic medications. After
propensity score matching, the two groups were well balanced on all baseline covariates (Table
2). The mean age was 78 years, 98% were male, and mean weight at baseline was 175-177

pounds. The number of weight measures in the follow-up period was slightly higher in new



users of cholinesterase inhibitors, with a median [interquartile range] of 6 [IQR 4-9] weight
measures in the cholinesterase inhibitor group and 5 [IQR 3-8] weight measures in the control

group.

Of patients who started cholinesterase inhibitors, 58% (n = 694) were prescribed donepezil, 41%
(n=482) galantamine, and 1% (n= 12) rivastigmine. No patients were prescribed tacrine. Of the
patients who started other chronic medications, the most common prescriptions were for
amlodipine, simvastatin, omeprazole, hydrochlorothiazide, and docusate. At 12 months, 78% of
patients started on cholinesterase inhibitors were still receiving the drug. Of patients started on

other medications, 66% still had a prescription for that medication at 12 months.

Patients initiated on cholinesterase inhibitors had a higher risk of weight loss over 12 months
compared to patients started on other medications, with a hazard ratio of 1.23 (95% Cl 1.07 -
1.41). At twelve months, 29.3% of patients on cholinesterase inhibitors had experienced
>=10lbs weight loss compared to 22.8% of non-users (Figure 1) corresponding to a number

needed to harm of 21.2 over one year (95% Cl 12.5 - 71.4).

There were no significant differences in the impact of cholinesterase inhibitor use on weight
loss across age groups, levels of comorbid burden, or levels of baseline weight (Table 3). There
was no statistically significant difference in the risk of weight loss between patients treated with
galantamine and those treated with donepezil (HR 1.15 for galantamine vs. donepezil, 95% Cl

0.93-1.42).



As a different approach to evaluate weight loss, in secondary analyses we assessed the weight
trajectory over one year in each group. There was a mean weight loss of 3.1 |bs over one year in
patients on cholinesterase inhibitors, compared to a mean weight loss 2.5 |bs over one year in

non-users (p=0.02).

In sensitivity analyses, we examined the outcome of time to 5% weight loss. We found a similar
increased risk of weight loss in new users of cholinesterase inhibitors compared to matched
controls (HR 1.22, 95% Cl 1.08 - 1.38). We also used regression analysis incorporating the
propensity score to evaluate weight loss instead of matching using the propensity score. This
analysis of all 6,504 patients yielded similar results for risk of weight loss in new users of

cholinesterase inhibitors compared to unmatched controls (HR 1.32, 95% Cl 1.16 - 1.50).

To control for possible ascertainment bias, we did additional sensitivity analysis controlling for
the number of weight measures in follow-up by adding this value to the Cox proportional
hazards model. Adjusting for the number weight measures, there remained an increased risk of
weight loss in new users of cholinesterase inhibitors compared to matched controls HR 1.20

(95% CI 1.04 - 1.38).

In an on-treatment analysis, outcomes were similar with a persistently higher risk of weight loss
in patients started on cholinesterase inhibitors compared to patients started on other

medications (HR 1.28, 95% Cl 1.11 - 1.48). Mean weight change in the on-treatment analysis



was similar to the main analysis, with a mean of 3.2 Ibs weight loss in the cholinesterase

inhibitor group compared to mean of 2.8 Ibs in the control group.



Discussion

In this study of patients with dementia in the VA healthcare system, starting a cholinesterase
inhibitor was associated with a 24% increased risk of developing weight loss (HR 1.23, 95% Cl
1.07-1.41), corresponding to a number needed to harm of 21 over one year. We did not find

significant differences in the impact of cholinesterase inhibitor use on weight loss across

subgroups of age, comorbid burden, or baseline weight.

Unintentional weight loss in older adults is associated with many adverse outcomes, including
increased rates of institutionalization and mortality, a decline in functional status, and poorer
quality of life.**** Our study provides evidence in a large, real-world population that
cholinesterase inhibitors may contribute to clinically significant weight loss in a substantial
proportion of older adults with dementia. This is consistent with prior studies, almost all
randomized controlled trials, that have suggested weight loss can be an adverse event in
patients treated with cholinesterase inhibitors. Although concerning, results from these trials
have been difficult to interpret for two reasons. First, patients in these trials may not be similar
to real-world patients. Patients with dementia included in clinical trials are highly selected, and
often younger and with fewer comorbidities than the general population of patients with
dementia.” Second, there is a wide range of methods and results across the trials. For example,
among 22 studies of cholinesterase inhibitors covered in a 2004 meta-analysis® and 14

1,8,17-30

additional studies published more recently, weight loss was reported in 14/37 trials. Of

those that reported weight loss, there was a substantial range in the degree of weight loss



between trials, ranging from 0% absolute risk increase to 15% absolute risk increase, with a
trend of patients on higher doses experiencing a higher frequency of weight loss. In addition,
the definition of weight loss varied; some studies defined weight loss as >=7% change in body

weight, >5% change from baseline, and in others the definition of weight loss was unspecified.

Of note, only two studies of cholinesterase inhibitors, both observational, evaluated weight loss
as the primary outcome of interest. One study from France of 486 patients treated with
cholinesterase inhibitors found that 21% of patients experienced a weight loss of >=4%, but
there was no meaningful control group for comparison. Another observational study in the
Netherlands found no difference in weight loss between galantamine and donepezil,** although
there was no placebo or control group for comparison. This is consistent with data from meta-
analysis revealing a similar side effect profile between donepezil, galantamine, and

rivastigmine.®

Cholinesterase inhibitors may cause weight loss through adverse Gl tract effects that frequently
occur with drug initiation. The common symptoms of diarrhea, nausea, vomiting, and anorexia
are likely due the drugs effect of increased cholinergic activity in the Gl tract. Increased
acetylcholine reaching the muscarinic receptors leads to an increase in smooth muscle
contraction, increased peristalsis, and sphincter relaxation.** However anorexia is also very
common with initiation of cholinesterase inhibitors, and it possible that weight loss is mediated
through poor oral intake due to anorexia and nausea. While diarrhea and vomiting usually

resolve quickly,’ anorexia and nausea may be harder to detect and go unnoticed.



These findings are important for clinical practice. This degree of weight loss, 10 pounds or
greater, is clinically significant in this vulnerable patient population and may lead to increased
institutionalization and mortality.®***® Morbidity and morality risks associated with weight loss
may differ depending on the cause of weight loss, however, because cholinesterase inhibitors
are widely used, this adverse effect may have large implications for both individual patients and
society. The decision to prescribe a cholinesterase inhibitor is a complex one; physicians must
weigh the modest possible benefits with the increased pill burden and possibility of side effects.
This study provides more information about the possible harm of weight loss, which clinicians
should take into account when prescribing a cholinesterase inhibitor. A trial of a cholinesterase
inhibitor may be appropriate for some patients with dementia. However, clinicians need to be
vigilant about assessing for weight loss over time. Though a hazard ratio of 1.23 represents a
small absolute risk of weight loss, this study provides evidence that a newly started
cholinesterase inhibitors should be strongly considered a possible source of weight loss when

evaluating unintentional weight loss in older adults.

Our study has some limitations. A measure of cognitive function was not available in national VA
data, which may be a concern as patients with severe dementia may experience weight loss due
to their underlying disease. While were not able to directly measure dementia severity, we were
able to measure and include weight trajectory of the year prior. This may largely address the
potential confounding, as dementia induced anorexia from anosmia, decreased access to food,

and other causes are likely to be reflected in weight changes prior to starting the drug.



Furthermore, we matched patients on their baseline weight and weight trajectory in the past
year, in addition to the intensity of medical care they were receiving and degree of comorbid
burden. However, the possibility of unmeasured confounding still exists, and further studies
would be helpful to further validate our findings and address limitations we were not able to
attend to in this study. Due to restrictions in the VA formulary, only 1% of the new users of
cholinesterase inhibitors in our study were prescribed rivastigmine. Because some randomized
controlled trials suggest rivastigmine has greater Gl side effects,® the results may have been
different had more patients been prescribed rivastigmine in our study. We did not have
information about if patients received medications through Medicare Part D from stand-alone
prescription drug plans. However, if some patients classified as non-users had received
cholinesterase inhibitors through Medicare Part D, this would serve to bias our results in the
direction of the null. We were not able to explore dose response and dose duration response
relationships with cholinesterase inhibitors in this study. We did not control for other drugs
associated with weight loss, such as metformin, topiramate, or methylphenidate, though we
would not expect it to influence our propensity-matched results. As the study sample included
mainly older male veterans, the generalizability of our findings to women is uncertain. Finally,
although we did not find a specific subgroup in which starting cholinesterase inhibitors had a

higher risk of weight loss, we may have been underpowered to find these interactions.

Patients with dementia started on cholinesterase inhibitors had a substantially higher risk of
clinically significant weight loss over a 12-month period compared to matched controls.

Clinicians should take into account the risk of weight loss when weighing the risks and benefits



of prescribing cholinesterase inhibitors in patients with dementia. In addition, clinicians should
monitor for weight loss if these medications are prescribed, and consider discontinuing

cholinesterase inhibitors if significant weight loss occurs.
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Figure 1. Time to >=10 pound weight loss in new users of cholinesterase inhibitors vs. matched

controls



Table 1. Characteristics Of Participants (Unmatched Cohort), N = 6,504



Characteristic Cholinesterase Non-Cholinesterase | p-value
Inhibitor New-User New-User
N=1,190 N =5314
Age, mean (+ SD) 77.9 (6.3) 76.6 (6.8) <0.001
Male, n (%) 1161 (97.6) 5148 (96.9) 0.21
Race, n (%)
White, non Hispanic 883 (74.2) 4108 (77.3)
Black, non Hispanic 197 (16.6) 890 (16.7)
Hispanic 66 (5.6) 147 (2.8) <0.001
Asian 14 (1.2) 33 (0.6)
Other 30 (2.5) 136 (2.6)
Number of Co-Morbid 3.1(2.1) 3.2(2.1) 0.20
Conditions, mean (+ SD)
Cerebrovascular Accident, n 135 (11.3) 812 (15.3) <0.001
(%)
COPD/Asthma, n (%) 159 (13.4) 780 (14.7) 0.24
Hypertension, n (%) 826 (69.4) 3428 (64.5) 0.001
Hyperlipidemia, n (%) 507 (42.6) 2247 (42.3) 0.84
Diabetes Mellitus, n (%) 341 (28.7) 1734 (32.6) 0.008
Gastroesophageal Reflux 144 (12.1) 776 (14.6) 0.03
Disease, n (%)
Depression, n (%) 209 (17.6) 991 (18.6) 0.38
Atrial Fibrillation, n (%) 119 (10.0) 465 (8.8) 0.17
Number of chronic 9.7 (5.7) 10.1 (5.7) 0.02
medications, mean (+ SD)
Prescribed Memantine, n (%) 46 (3.9) 120 (2.3) 0.001
Hospitalized in past year, n (%) | 336 (28.2) 1556 (29.3) 0.47
Number of outpatient visits 6(4,9) 6(3,9) 0.03
(primary care/specialty) in
baseline year, median [IQR]
Baseline weight in pounds, 174.8 (32.8) 181.5 (36.6) <0.001

mean (+ SD)




Table 2. Characteristics Of Propensity Score Matched Cohort, All Matched Subjects, N = 3,377



Characteristic Cholinesterase Inhibitor | Non-Cholinesterase | p-value
New User New User
N=1,188 N=2,189
Age, mean (+ SD) 77.9 (6.2) 77.7 (6.8) 0.38
Male, n (%) 1159 (97.6) 2136 (97.6) 0.97
Race, n (%)
White, non Hispanic 883 (74.3) 1663 (76.0)
Black, non Hispanic 197 (16.6) 374 (17.1)
Hispanic 64 (5.4) 76 (3.5) 0.09
Asian 14 (1.2) 19 (0.9)
Other 30 (2.5) 57 (2.6)
Number of Comorbid 3.1(2.1) 3.1(2.1) 0.86
Conditions, mean (+ SD)
Cerebrovascular Accident, | 135 (11.4) 264 (12.1) 0.55
n (%)
COPD/Asthma, n (%) 158 (13.3) 317 (14.5) 0.35
Hypertension, n (%) 824 (69.4) 1476 (67.4) 0.25
Hyperlipidemia, n (%) 505 (42.5) 913 (41.7) 0.65
Diabetes Mellitus, n (%) 341 (28.7) 645 (29.5) 0.64
Gastroesophageal Reflux | 144 (12.1) 288 (13.2) 0.39
Disease, n (%)
Depression, n (%) 209 (17.6) 388 (17.7) 0.92
Atrial Fibrillation, n (%) 119 (10.0) 200 (9.1) 0.40
Number of chronic 9.7 (5.7) 9.9 (5.4) 0.40
medications, mean (+ SD)
Prescribed Memantine, n 46 (3.9) 68 (3.1) 0.24
(%)
Hospitalized in past year, n | 336 (28.3) 635 (29.0) 0.66
(%)
Number of outpatient visits | 6 (4, 9) 6(3,9) 0.06

in baseline year, median




Table 3. Risk of Weight Loss With Cholinesterase Inhibitors, Stratified By Age, Comorbid Burden,

And Initial Weight

Subgroup Number in | Hazard Ratio for Weight | P-value for Difference
Group Loss (95% Cl) in Hazard Ratio
(Interaction Term)
Age
Age <=77 years 1,541 1.16 (0.93 - 1.43) 0.46
Age >77 years 1,836 1.28 (1.07 - 1.53)
Comorbid Burden
0-3 conditions 2,035 1.33(1.11 - 1.59) 0.24
>3 conditions 1,342 1.13(0.91 - 1.39)
Initial Weight
Weight <=170 1,592 1.26 (1.01 - 1.56) 0.94
pounds
Weight >170 pounds | 1,785 1.25 (1.04 - 1.49)






