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Introduction

Cholinesterase inhibitors are the most frequently recommended pharmacologic treatment in patients with dementia.1,2 In the decision to prescribe cholinesterase inhibitors, clinicians must weigh their modest cognitive benefits with common adverse side effects. Gastrointestinal symptoms, such as diarrhea, nausea and vomiting, and anorexia are frequent after starting the drug.  

Weight loss may be another side effects of cholinesterase inhibitors that is under-recognized. There is limited evidence of from clinical trials, that weight loss can occur in some patients started on cholinesterase inhibitors.3,4 This is an important issue because involuntary weight loss has been associated with increased mortality in older adults,5,6 and patients with dementia may represent an additionally vulnerable population. However, much is unknown about cholinesterase inhibitors and their effect on weight. Clinical trials may underestimate of the true prevalence of weight loss due to these drugs, because the patients treated with cholinesterase inhibitors are often older and have more comorbidities than those included in clinical trials.7 It is not known how often clinically significant weight loss occurs loss these patients or if certain populations are at higher risk. 

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
We created a cohort of patients in the Veterans Affairs healthcare system who were age 65 years or older, had a diagnosis of dementia, and were not already receiving a cholinesterase inhibitor during a one-year baseline period of Fiscal Year (FY) 2007 or FY 2008. We used ICD-9 codes to define patients diagnosed with dementia or mild cognitive impairment. We included patients who had at least one inpatient or two outpatient encounter ICD-9 codes 290-290.9, 294-294.9, 331-331.9, 291.1, 291.2, 292.82, 292.83, 438.0, or 780.93. 

We excluded patients with conditions associated with large fluctuations in weight: congestive heart failure or cancer (other than prostate or and basal-cell skin cancer). In addition, we included only patients who had stable baseline weight and excluded patients with more than a 10-pound weight change in the year prior. This excluded patients who were rapidly losing weight prior to starting the new drug. We excluded patients who did not have weight data during the study period FY 2007 – FY 2010. 

Among eligible patients, we identified patients who were newly prescribed a cholinesterase inhibitor during FY2008 – FY 2009. We also identified a separate control group of patients not prescribed cholinesterase inhibitors that were newly started on other chronic medications during that time period. 
 
We chose to use a new-user design, including only new users of cholinesterase inhibitor and control medications. A new-user design has the advantage of capturing side effects which occur early in treatment or that vary over time; including including prevalent users may underestimate early side effects by missing patients who may have started the medications but then stopped due to side effects.8 In addition, the new-user design captures all baseline characteristics at the time the medication is started.8 This is important when measuring characteristics such as baseline weight, which may be altered by treatment.     

We assessed medication use using national VA pharmacy prescribing data, which records dispensing of medication from VA pharmacies. We included patients as users of cholinesterase inhibitors if they filled a prescription for a donepezil, galantamine, rivastigmine, or tacrine. In the control group, a new chronic medication was a prescription of >=25 days supply that they did not receive prescriptions for in the past year. 

Measures 
The primary outcome was 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 defined 10-pound weight loss as the first recorded weight >=10 pounds lower than weight at time the cholinesterase inhibitor or control medication was started.  

Many patients did not have a weight on the exact date the new medication was started. We defined each patient’s starting weight as their mean weight in the period 30 before to 5 days after the date the new prescription was filled. 

We also calculated each patient’s weight trajectory over the year prior to starting the cholinesterase inhibitor or control drug. We defined the weight one year prior to drug initiation as the mean weight between the 245-485 days before the new prescription was filled. The weight trajectory was the difference between the weight one-year prior and the starting weight.  

Weight data collected in VA is entered manually into the electronic medical record, and there are possibilities for data entry errors. To reduce impact of errors due to data entry, we eliminated “biologically implausible values” of weight values <70 pounds or >500 pounds, consistent with prior studies using VA weight data.9 In order to further exclude clearly erroneous weights from the data, and to avoid classifying patients with large fluctuations in weight as having weight loss, 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.  

Analysis
Propensity score matching was used to determine the effect of cholinesterase inhibitors on weight loss, using patients on cholinesterase inhibitors compared to matched controls.  New users of cholinesterase inhibitors were matched to 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 matches patients based on clinical and demographic characteristics present at baseline. We included many variables to predict the likelihood of being prescribed a cholinesterase inhibitor, including variables surrounding the degree of comorbid burden, weight status, and intensity of medical care that patients were receiving in the past year. Specifically, we included age, sex, race, presence or absence of 23 previously described common conditions in older adults (PMID: 23035702), number of chronic medications, use of memantine, baseline weight, weight trajectory, frequency of weight measurements, number of primary care and specialty visits, and hospitalizations in the propensity score model. 
 
The primary outcome was time to 10-pound weight loss during the first year after initiating the new medication. We used Kaplan Meier survival analysis to compare cumulative incidence of patients experiencing weight loss over a one-year period. We used Cox-proportional hazards for paired data to compare the risk of weight loss between cholinesterase inhibitor and matched controls. The proportional hazard assumptions were assessed using a visual inspection of a log minus log curve and the Schoenfeld test for non-proportional hazards. To determine if there were clinically important subgroups in which cholinesterase inhibitors were associated with greater weight loss, data were analyzed in a priori defined subgroups by age, comorbid burden, and initial weight. A secondary outcome was the mean change weight over one year in the cholinesterase inhibitor and matched control group. We used multilevel mixed-effects linear regression to determine the one-year weight trajectory of each group. We used with random effects for each patient and unstructured covariance, and assessed model assumptions by a scatterplot of the residuals versus predicted values. 

Results

There were 6,504 patients who met inclusion and exclusion criteria. Of these, 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, taking fewer medications at baseline, and had a lower baseline weight (Table 1). While both groups had a similar total number of comorbidities, new users of cholinesterase inhibitors were less likely to have stroke, diabetes mellitus, or GERD, and more likely to have hypertension. 
 
Propensity score matching of new users vs. non-users yielded 1,190 new users of cholinesterase inhibitors who were matched with 2,247 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 +/- 35 pounds. 

Of patients who started cholinesterase inhibitors, 58% (n = 696) 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 using the drug.  The number of weight measures in follow-up period was similar between the two groups, with a mean of 5.4 weight measures in new users of cholinesterase inhibitors and 5.8 weight measures in the control group (Wilcoxon p=0.99). 

Patients initiated on cholinesterase inhibitors had a higher risk of weight loss compared to patients started on other medications over 12 months, with a hazard ratio of 1.24 (95% CI 1.08 - 1.42). At twelve months, 30.3% of patients on cholinesterase inhibitors had experienced >=10lbs weight loss compared 25.6% of non-users (Figure 1) corresponding to a number needed to harm of 18 over one year (95% CI 11.2 – 39.5).  

In pre-specified subgroup analyses, data were analyzed stratified by age, comorbid burden, and initial weight (Table 3). We did not find statistically significant differences in the impact of cholinesterase inhibitor use on weight loss across age groups, levels of comorbid burden, or levels of baseline weight.

As a different approach to evaluate weight loss, in secondary analysis we assessed the weight trajectory over one year in each group. There was a mean weight loss of 3.08 lbs over one year in patients on cholinesterase inhibitors, compared to a mean weight loss 2.47 lbs over one year in non-users (p=0.02). 

Conclusions:

In this observational study of patients with dementia in the VA healthcare system, we found that starting a cholinesterase inhibitor was associated with a significant risk of 10-pound weight loss, with a hazard ratio of 1.24 (95% CI 1.08-1.42). We did not find differences in the impact of cholinesterase inhibitor use on weight loss across subgroups of age, comorbid burden, or baseline weight. Substantially more patients prescribed cholinesterase inhibitors lost 10 or more pounds compared to matched controls, corresponding to a number needed to harm of 18 (95% CI 11.2 – 39.5). 

These findings are consistent with prior studies that shown weight loss in some patients in clinical trials prescribed cholinesterase inhibitors. However, our study provides evidence in a large, real-world population that patients with dementia starting cholinesterase inhibitors may experience clinically significant weight loss.
A meta-analysis of randomized controlled trials of cholinesterase inhibitors4 found four studies of donepezil that had weight loss adverse events that reached statistical significance, three of rivastigmine, and six of galanatmine. However the definitions of weight loss in each study may not have been the same, and overall sample sizes were small. Weight loss associated with galantamine was examined in a observational study in France;10 a significant difference in weight loss was not found, though the patients in the comparision group were prescribed an alternate cholinesterase inhibitor, and weight was infrequently assessed. 

Our study has some limitations. A measure of cognitive function was not available in national VA data sources, and patients with severe dementia may experience weight loss due to their underlying disease. To help account for this, we only included patients who had stable weights within +/- 10 pounds in the year prior. Furthermore, we matched patients specifically 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. The study sample included mainly older male veterans, thus these findings may not be generalizable to women. We did not find a specific subgroup in which starting cholinesterase inhibitors had a higher risk of weight loss, however we may have been underpowered to find these interactions.   

This study provides more information about the possible harm of weight loss, which clinicians should take into account when prescribing a cholinesterase inhibitor. 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.





Table 1: Characteristics of Participants  (Unmatched Cohort), N = 6,504
	
Characteristic
	Cholinesterase
New User
N = 1,190
	Non-Cholinesterase
New User
N = 5314
	
p-value

	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
Black, non Hispanic
Hispanic
Asian
	
883 (74.2)
197 (16.6)
66 (5.5)
14 (1.2)

	
4108 (77.3)
890 (16.7)
147 (2.8)
33 (0.6)

	<0.001

	Number of Co-Morbid Conditions, n (%)
	3.1 (2.1)
	3.2 (2.1)
	0.20

	Cerebrovascular Accident
	135 (11.3)
	812 (15.3)
	<0.001

	COPD/Asthma
	159 (13.4)
	780 (14.7)
	0.24

	Hypertension
	826 (69.4)
	3428 (64.5)
	0.001

	Hyperlipidemia
	507 (42.6)
	2247 (42.3)
	0.84

	Diabetes Mellitus
	341 (28.7)
	1734 (32.6)
	0.008

	Gastroesophageal Reflux Disease
	144 (12.1)
	776 (14.6)
	0.03

	Depression
	209 (17.6)
	991 (18.6)
	0.38

	Atrial Fibrillation
	119 (10.0)
	465 (8.8)
	0.17

	Number of Chronic medications, mean (SD)

	9.7 (5.7)
	10.1 (5.7)
	0.02

	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 (primary care/specialty) in baseline year, median [IRQ]
	24 (17, 35)
	24 (16, 36)
	0.78


	Baseline weight in pounds, mean (SD)

	174.8 (32.8)
	181.5 (36.6)
	<0.001

	Frequency of Weight Measures in year prior
2-5
6-10
≥ 11
	
400 (33.6)
499 (41.9)
291 (24.5)
	
1766 (33.2)
2111 (39.7)
1437 (27.0)
	
0.16 

	 Weight Trajectory in Year Prior in pounds, mean (SD)
	0.9 (4.8)
	0.4 (5.0)
	0.002


Table 2: Characteristics of Propensity Score Matched Cohort, N = 3,437
	
Characteristic
	Cholinesterase
New User
N = 1,190
	Non-Cholinesterase
New User
N = 2,247
	
p-value

	Age, mean (SD)
	77.9 (6.3)
	77.5 (6.8)
	0.13

	Male, n (%)

	1161 (97.6)
	2190 (97.5)
	0.86

	Race, n (%)
White, non Hispanic
Black, non Hispanic
Hispanic
Asian
	
883 (74.2)
197 (16.6)
66 (5.5)
14 (1.2)

	
1711 (76.1)
387 (17.2)
84 (3.7)
14 (0.6)
	0.10

	Number of Co-Morbid Conditions, n (%)
	3.1 (2.1)
	3.1 (2.1)
	0.80

	Cerebrovascular Accident
	135 (11.3)
	262 (11.7)
	0.78

	COPD/Asthma
	159 (13.4)
	301 (13.4)
	0.98

	Hypertension
	826 (69.4)
	1512 (67.3)
	0.20

	Hyperlipidemia
	507 (42.6)
	947 (42.1)
	0.80

	Diabetes Mellitus
	341 (28.7)
	662 (29.5)
	0.62

	Gastroesophageal Reflux Disease
	279 (12.4)
	144 (12.1)
	0.79

	Depression
	209 (17.6)
	400 (17.8)
	0.86

	Atrial Fibrillation
	119 (10.0)
	225 (10.0)
	0.99

	Number of Chronic medications, mean (SD)

	9.7 (5.7)
	9.8 (5.5)
	0.67

	Prescribed Memantine, n (%)

	46 (3.9)
	63 (2.8)
	0.09

	Hospitalized in past year, n (%)

	336 (28.2)
	635 (28.3)
	0.99

	Number of outpatient visits in baseline year, median [IRQ]

	24 (17, 35)
	23 (16, 34)
	0.35


	Baseline weight in pounds, mean (SD)

	174.8 (32.8)
	176.7 (34.3)
	0.12

	Frequency of Weight Measures in year prior
2-5
6-10
≥ 11
	
400 (33.6)
499 (41.9)
291 (24.5)
	
776 (34.5)
893 (39.7)
578 (25.7)
	
0.45 

	 Weight Trajectory in Year Prior in pounds, mean (SD)
	0.9 (4.8)
	0.9 (4.9)
	0.81


Figure 1. Kaplan-Meier plot for Weight Loss in Propensity Score Matched Cohort in One Year Follow-up
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Table 3. Risk of Weight Loss with Cholinesterase Inhibitors, 
Stratified by Age, Comorbid Burden, and Initial Weight 

	Subgroup
	Number in Group
	Hazard Ratio for Weight Loss (95% CI)
	P-value for Difference in Hazard Ratio
(Interaction Term)

	Age 
Age <=77 years
Age >77 years  
	
1,590
1,847
	 
1.22 (0.99 – 1.51)
1.35 (1.12 – 1.63)
	
0.488

	Comorbid Burden 
0-3 conditions
>3 conditions
	
2091
1346
	
1.39 (1.15 – 1.67)
1.19 (0.96 – 1.47)
	
0.285

	Initial Weight 
Weight <=170 pounds
Weight >170 pounds

	
1621
1816
	
1.24 (0.99 – 1.55)
1.37 (1.15 – 1.65)
	
0.466
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