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Abstract

Objective—In contrast to what is observed in the general population, a low body mass index
(BMI) has been associated with accelerated mortality in patients with rheumatoid arthritis (RA).
The aim of this study was to assess whether weight loss might explain these seemingly
paradoxical observations.

Methods—Our study included patients identified from the Veterans Affairs (VA) RA Registry.
Dates of death were abstracted from VA electronic medical records. The BMI at each study visit
and the change from the previous visit were determined. The maximum BMI of each patient was
also obtained from medical records. The annualized rate of BMI loss was determined from the
slope of change (per year) in BMI over visits within the preceding 13 months. Cox multivariable
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proportional hazards models were used to assess associations between BMI measures and
mortality.

Results—In a sample of 1,674 patients, 312 deaths occurred over 9,183 person-years. A loss in
BMI of =1 kg/m? was associated with a greater risk of death, after adjustment for demographics,
comorbidities, BMI, smoking, and RA therapies (hazard ratio [HR] 1.99, 95% confidence interval
[95% CI] 1.53-2.59, P< 0.001). This association remained significant in a subsample analysis
adjusting for C-reactive protein and physical function (HR 1.81, 95% CI 1.36-2.41, £< 0.001).
Weight loss at an annualized rate of >3 kg/m? was associated with the greatest risk of death (HR
2.49, 95% Cl 1.73-3.57, P< 0.001). Low BMI (<20 kg/m?) in patients with a history of obesity
(>30 kg/m?2) was associated with the greatest risk (HR 8.52, 95% Cl 4.10-17.71, £< 0.001).

Conclusion—Weight loss is a strong predictor of death in patients with RA. These observations
may explain the observed obesity paradox and do not support a biologically protective role of
obesity.

Several studies have demonstrated a greater risk of adverse outcomes in rheumatoid arthritis
(RA), including a greater risk of death, in patients with low body mass index (BMI) (1,2).
These observations might conceivably be explained by greater weight loss over time in
patients with more severe disease and worsening health. Weight loss itself has been shown to
be associated with a greater risk of death in other populations, including the elderly, and in
patients with chronic conditions such as chronic obstructive pulmonary disease or chronic
heart failure (3,4). No previous studies, however, have specifically investigated weight loss
as a predictor of death in patients with RA.

Greater BMI is associated with the development of comorbid diseases that are associated
with greater mortality, such as cardiovascular disease and certain forms of malignancy (5,6).
However, several epidemiologic studies in the elderly and in patients with chronic disease
states have shown that overweight patients may have lower mortality compared with those
with normal body weight (3,7,8). Recent evidence supports the hypothesis that weight loss
as the result of the development of chronic illness is a significant confounder explaining
these seemingly paradoxical associations between greater body weight and lower mortality
(9,10). llIness-induced weight loss also appears to explain findings of an obesity paradox in
diabetes (11,12). Therefore, studies that do not consider the weight loss that occurs in
chronic illnesses (such as RA) are likely to underestimate causal associations between
greater body weight and death. To support this, incorporation of the patient’s BMI earlier in
his or her life or the maximum lifetime BMI into analyses has been shown to demonstrate
greater estimated risks associated with obesity by accounting for confounding weight loss
due to chronic illness (9,13,14).

We sought to examine the association between recent weight loss and risk of death, using a
large US cohort of patients with RA. Our aim was to determine whether weight loss was
associated with an increased risk of subsequent death after adjusting for potential
confounders such as demographics, comorbidities, treatments, and measures of systemic
inflammation. We also assessed whether information regarding each patient’s maximum
BMI could help to clarify the nature of previously observed associations between low BMI
and risk of death in RA (9,10). We hypothesized that weight loss, particularly rapid weight
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loss, would be associated with greater mortality, and that the greatest risk of death would be
observed in patients with a low BMI who had previously been overweight or obese.

PATIENTS AND METHODS

Our study sample consisted of 1,674 patients from the Veterans Affairs RA (VARA)
Reqgistry (2,15-21). VARA is a national repository and multicenter RA registry that has been
active for more than 10 years (initiated in October, 2002). At the time this study was
conducted, there were 12 participating VA sites (Salt Lake City, Washington, DC, Jackson,
MS, Philadelphia, Brooklyn, Omaha, Dallas, lowa City, Denver, Little Rock, Portland,
Birmingham). Veterans with RA are identified by the treating physician at individual sites.
All veterans who fulfill the American College of Rheumatology 1987 revised criteria for the
classification of RA (22) and are older than age 18 years are eligible for VARA enrollment.
The physician investigators at each site record clinical data at the time of enrollment and at
routine followup visits as part of normal clinical care. Each individual site has institutional
review board approval, and all study patients provided informed written consent and Health
Insurance Portability and Accountability Act authorization at the time of enrollment.

Ascertainment of BMI and death

Data used in this study included those derived from the VA Corporate Data Warehouse
(CDW) and the Decisions Support System accessed and linked with VARA data via the VA
Informatics and Computing Infrastructure (23). Weight was extracted from the VA electronic
medical record within 14 days of each study visit. Height (taken as the constant modal
value) was used to calculate BMI (kg/m?). Modal height was used to avoid changing
estimates of BMI due to measurement error in height over time. BMI categories were
defined as previously described (underweight, <20 kg/m2; normal weight, 20-25 kg/m?;
overweight, >25-30 kg/m?; obese, >30 kg/m?2) (2). Changes in BMI between registry visits
were determined. Consistent with previously published definitions of weight loss, modest
weight loss was defined as an absolute decrease in BMI of >1 kg/m? since the preceding
visit (4,24). For each study observation, the annualized rate of change in the BMI was
determined from the slope of the BMI over time over all available visits in the preceding 13
months. The annualized rate of decrease in the BMI was categorized as follows: no weight
loss, BMI loss of <2 kg/m? per year, BMI loss of 2—3 kg/m? per year, and BMI loss of >3
kg/m? per year.

The CDW Vital Signs package was also queried for all available body weight measurements
for all patients from 1999 to 2013. The maximum BMI recorded during that time was
obtained for each patient during this period regardless of when the RA diagnosis was made
or when enrollment in the registry occurred. The median age at the time the maximum BMI
was recorded was 64 years (interquartile range [IQR] 58-71 years). Patients were assigned
to a BMI category based on their maximum BMI, as previously described (9).

Deaths and the dates of death were identified through systematic review of the VA
Computerized Patient Record System (CPRS) throughout the period of October 2002 to
June 2013 (2). Mortality events were captured by yearly CPRS abstraction, notification of
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the next of kin, or by periodic regional VA surveillance. All VA beneficiaries are tracked for
vital status and death benefit eligibility, using social security numbers, on a quarterly basis.

Other study measures

Demographics and disease-specific characteristics at baseline and during followup were
extracted from the VARA Registry database. Results of testing for markers of inflammation
(erythrocyte sedimentation rate-, C-reactive protein [CRP]), clinical swollen/tender joint
counts, global disease assessments, physician-reported presence of erosions, results from the
Multidimensional Health Assessment Questionnaire (MD-HAQ) (25), and current smoking
status were extracted from the VARA Registry data. The presence of erosions and current
smoking status were considered to be time invariant (presence or absence of exposure at
baseline). For analyses incorporating MD-HAQ scores, missing values were imputed using
the last observation carried forward method.

The prescription of specific RA therapies within 1 month of the visit date was determined by
querying the VVA pharmacy records using previously validated algorithms (18). Anti—cyclic
citrullinated peptide (anti-CCP) antibodies were measured using a Diastat second-generation
anti-CCP2 enzyme-linked immunosorbent assay (Axis-Shield; positive =5 units/ml).
Baseline comorbid conditions that were considered a priori to be potential confounders were
defined based on International Classification of Diseases, Ninth Revision, Clinical
Modification codes and Current Procedural Terminology codes identified prior to or within 1
year of enrollment in the registry. Determination of the presence or absence of specific
comorbidities at baseline was based on previously validated algorithms (26,27) or
algorithms appearing in peer-reviewed publications (15,28), with particular attention to
prevalent comorbidities previously identified in the Rheumatic Disease Comorbidity Index
(29,30). Comorbidities specifically assessed included cardiovascular disease, diabetes,
hypertension, depression, chronic lung disease, any malignancy, and chronic kidney disease.
Comorbidities not initially shown to be significant predictors of death were not included in
the final models.

Statistical analysis

Patients for whom data for all of the variables of interest were available were included in
longitudinal analyses. Skewed variables (the CRP level) were transformed to fit a normal
distribution. Observations that were missing necessary values for BMI and change in BMI
were not included. Changes in BMI prior to the time of death in patients who died compared
with patients who survived to the date of data extraction were illustrated using Lowess
curves. Cox proportional hazards models were used to study time-variant and time-invariant
predictors of death. BMI category was treated as time-varying, with a unique value for each
study visit. Similarly, weight loss and the annualized rate of decrease in the BMI were
considered time-varying predictors at each study visit with available data. Potential
confounding variables including age, sex, race, smoking, comorbidities, RA treatments,
disability (the MD-HAQ score), and systemic inflammation (the CRP level) were included
in multivariable models.
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In separate models, the maximum recorded BMI category for each patient was included as
an independent time-invariant predictor in Cox proportional hazards models. Linear
combination was performed to assess the risk of death in patients with all possible weight
histories. For example, the hazard ratio (HR) was calculated for a patient who was
previously maximally obese and currently had a low BMI compared with a patient with a
normal current and normal maximum BMI. For all analyses, the proportional hazards
assumptions were evaluated by assessing for the significance of multiplicative interaction
terms with time in the model. Data were analyzed with Stata version 12 software.

RESULTS

The baseline characteristics of the study population from VARA are shown in Table 1. BMI
data were available for 1,674 of 1,900 patients; 1,639 patients had sequential values that
enabled calculation of the change in BMI since the previous assessment. Among the 1,674
patients, 312 deaths occurred during 9,183 person-years of followup. The median followup
time was 5.5 years (IQR 3.3-7.9 years), and the median interval between visits was 105 days
(IQR 63-175 days).

At baseline, the mean + SD age of the patients was 63.5 + 11.1 years, and 91% of the
patients were male, which is consistent with the demographics of the VA population. In the
whole cohort, the maximum BMI was significantly higher than the BMI at enrollment (mean
+ SD 33.3 + 12.7 kg/m? versus 28.5 + 5.4 kg/m?2; P<0.001). Fewer patients were obese, and
a greater number of patients had a low or normal BMI based on their BMI at enroliment
compared with their maximum BMI.

After multivariable adjustment, low BMI (<20 kg/m?) was associated with an increased risk
of death over the subsequent followup period (Table 2). A modest weight loss (>1 kg/m? of
BMI) over the preceding observation period was associated with an increased risk of death
before and after adjustment for multiple potential confounders (HR 1.99, 95% CI 1.53-2.59,
F£<0.001) (model 1) (Table 2). Further adjustment for CRP and MD-HAQ (model 2) (Table
2) in a subsample of observation periods with available data (n = 1,453 [13,844
observations]) did not attenuate these associations. Adjustment for length of the preceding
interval did not affect these estimates. Figure 1 illustrates the rapid decline in mean BMI
over time prior to death in patients who died compared with those who survived until the
date of data extraction.

There was a dose-dependent increase in the risk of death based on the annualized rate of
decrease in BMI (Table 3). A decrease in the BMI of >3 kg/m? per year was associated with
the greatest risk of death over the subsequent observation period, after multivariable
adjustment (HR 2.49, 95% CI 1.73-3.57, A< 0.001). There was no difference in the risk of
death between patients who lost weight at a rate of <2 kg/m? per year and those who
experienced no weight loss over the preceding interval. The greater risk observed with a
BMI decrease of >3 kg/m? per year was similar after adjusting for CRP levels and MD-HAQ
score in the subsample of patients for whom data were available (HR 2.08, 95% CI 1.39-
3.10, P<0.001) (1,424 patients [13,890 observations]) (full model not shown).
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The date of maximum BMI was a median 9.5 years after the diagnosis of RA and a median
1.8 years after enrollment in the registry. In multivariable models, maximum BMI (per 1
kg/m?2) was not associated with risk of death (HR 1.00, 95% CI 0.99-1.01, 2= 0.80). In
models including both current and maximum BMI, a lower current BMI and a higher
maximum BMI category were each independently associated with a greater risk of death
(Table 4). This model thus demonstrated that in patients with a similar maximum BMI, a low
current BMI of <20 kg/m? was associated with a greater risk of death (HR 3.82, 95% Cl
2.51-5.84, P<0.001). Similarly, among patients with a similar current BMI, those who were
previously obese would have an increased risk of death (HR 2.22, 95% CI 1.28-3.58, P=
0.001). This model therefore suggests that a patient with a low BMI at a given visit and a
history of obesity would have a dramatically increased risk of death compared with a
normal-weight individual who consistently had a normal body weight (HR 8.52, 95% ClI
4.10-17.71, P< 0.001) (Figure 2). In addition, among patients who remained in a stable
weight category, obese patients had a nonsignificantly higher risk compared with patients in
the normal-weight category (HR 1.47, 95% CI 0.89-2.42, P=0.10). Finally, a decrease in
BMI category between the maximum BMI to the current BMI was independently associated
with a greater risk of death (HR 1.42, 95% CI 1.03-1.96, 2= 0.03) (full model not shown).

DISCUSSION

This study is the first to comprehensively assess the roles of body weight and weight loss
over time in predicting death in RA. We believe these observations are critical to
understanding the predictive value of body weight on mortality in RA. This study is also the
first to demonstrate a strong and independent association between recent weight loss, as
opposed to BMI per se, and the risk of subsequent death in patients with RA. These
observations represent an important step in explaining the “obesity paradox” in RA.

A change in weight of 1 kg/m? over the preceding observation period was associated with an
important increase in the risk of death. This study also demonstrated that a greater rate of
weight loss was associated with an increased risk of death. Patients who lost weight at a rate
of <2 kg/m? per year did not have an increased risk of death. In contrast, those who lost
weight at a rate of >3 kg/m? per year had the greatest risk. This observation supports the
common dogma that more rapid weight loss is a poor prognostic sign, while slower changes
should be less alarming.

This study also went further to show that a history of obesity based on a patient’s maximum
BMI was associated with an increased risk of death independent of the patient’s current
BMI. In other words, for 2 patients who are currently in the same BMI category, the patient
whose maximum recorded BMI was consistent with obesity has a higher risk of mortality.
We believe that this novel observation, in combination with the previous observations, helps
to explain the paradoxical association between obesity and lower mortality observed in RA,
namely, that weight loss over time, perhaps related to chronic illness, at least partially
explains the inverse association between BMI and mortality in RA. This notion is supported
by the observation that in patients whose body weight remained stable over time, obesity
was not associated with a decreased risk of death and tended toward an association with an
increased risk.
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Overall, these observations do not support a biologically protective role of obesity on the
mortality risk in RA. Epidemiologic studies to date are likely to have been confounded by
disease-related weight loss in patients with the most severe phenotype of the disease and
with other comorbid illnesses. However, although the current study suggests that low body
weight is not likely to be in the causal pathway to increased mortality in RA, it should be
recognized as a profound and important marker of an increased risk of death by identifying
those who have experienced significant weight loss.

An association between weight loss and death has been identified in the elderly and in
patients with other chronic inflammatory conditions (13,31,32). Weight loss may be
associated with the onset and severity of chronic illness and has been cited as an explanation
for the “obesity paradox” observed in epidemiologic studies of the risk of mortality in
patients in higher body weight categories in the general population (7,11). Weight loss is
likely to represent poor functional status, poor nutrition, ongoing inflammation, and/or
underlying malignancy, all of which may lead to early death in patients with RA.

Several limitations are worth noting. Although the VA setting was ideal for many aspects of
the study, the proportion of men was higher than that in other RA cohorts. Therefore,
observations may not be entirely generalizable and should be confirmed in other study
populations. We were not able to assess details surrounding the cause of weight loss in
individual patients. Therefore, we were not able to distinguish between unintentional and
intentional weight loss or to understand how changes in the medical history may have
influenced body weight. However, meaningful weight loss in older adults is most commonly
associated with illness (33). We also did not assess the cause of death for each individual and
therefore whether certain causes of death are more likely to be associated with preceding
weight loss. Although the CDW provided a unique opportunity to perform analyses using a
maximum BMI, the limited date range for available body weights may have resulted in
underestimation of the actual lifetime maximum BMI for individual patients, and the study
may therefore have underestimated the observed associations between greater maximum
BMI and death. In addition, because only 7 patients had a maximum BMI of <20 kg/m?, this
study was limited in the assessment of risk in the group of patients with a low BMI that
remained stable. Finally, our study did not have enough power to assess whether there was
modification of the effect of weight loss over the range of BMls. In other words, smaller
amounts of weight loss could conceivably be of greater importance in patients with a low
BMI.

This study has several critical strengths, including the use of a well-characterized registry
sample with highly reliable outcomes for death and survival time. The use of VA electronic
medical records in combination with the VARA Registry data allowed for reliable
ascertainment of multiple BMI measures over time to support robust and comprehensive
analyses in a large cohort of patients with rheumatologist-diagnosed RA with reliable
clinical assessments.

In conclusion, in this sample of patients with RA, we observed that weight loss is an
important independent predictor of death. A rate of BMI loss of ~3 kg/m? per year is
associated with a significantly increased risk of death. Furthermore, we observed that
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patients with a low BMI who have a history of being overweight would be expected to have
the most dramatic increase in the risk of death. These observations do not support a
biologically protective role of obesity in RA and support close monitoring of patients with
RA who experience unintentional weight loss.
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Figure 1.

Lowess curve illustrating the mean body mass index and 95% confidence interval prior to
the date of death in patients who died compared with those who survived to the date when

the database was queried.
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Figure 2.
Calculated hazard ratios for death in patients with different body weight histories. Values

above each column are the number of observations for each weight history. Only 7 patients
were maximally underweight, and data for these patients are not shown.
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Characteristics of the 1,674 VARA participants at enrollment™

Table 1

Age, mean * SD years
Male sex
Race
White
African American
Current smoker
Baseline BMI, mean + SD kg/m?
Maximum BMI, mean + SD kg/m2
Baseline BMI category
<20 kg/m?
20-25 kg/m?
>25-30 kg/m?
>30 kg/m?
Maximum BMI category
<20 kg/m?
20-25 kg/m?2
>25-30 kg/m?
>30 kg/m?
Disease specific

Anti-CCP antibody positive t

Disease duration, median (IQR) years

DAS28-ESR, mean £ SD
CRP, median (IQR) mg/dl
ESR, median (IQR) mm/hour
MD-HAQ score, mean = SD
Current therapy
Prednisone
Methotrexate
TNF inhibitor
Common comorbidities
Diabetes
Chronic kidney disease
Lung disease
Cardiovascular disease
Depression
Any malignancy

Hypertension

635+11.1
1,515 (91)

1,206 (72)
275 (16)
441 (27)
284+55

333127

50 (3)
415 (25)
635 (38)
575 (34)

7(0.4)

133 (8)
571 (34)
964 (58)

1,191 (79)
7.4 (1.6-16.8)
406+16
0.8 (0.4-1.9)
22 (10-38)
0.93 +0.60

646 (39)
846 (51)
336 (20)

437 (26)
118 (7)
538 (32)
639 (38)
523 (31)
863 (52)
1,167 (70)
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*

Except where indicated otherwise, values are the number (%). VARA = Veterans Affairs Rheumatoid Arthritis Registry; BMI = body mass index;
anti-CCP = anti—cyclic citrullinated peptide; IQR = interquartile range; DAS28-ESR = Disease Activity Score in 28 joints using the erythrocyte
sedimentation rate; CRP = C-reactive protein; MD-HAQ = Multidimensional Health Assessment Questionnaire; TNF = tumor necrosis factor.
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7LA total of 1,517 patients were assessed.
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Multivariable-adjusted hazard ratios for death in patients with rheumatoid arthritis *

Table 2

Variable

Model 1 (n = 1,634)

Model 2 (n = 1,453)

Age at baseline
Female sex
White race versus other
BMI category
<20 kg/m?
20-25 kg/m?
>25-30 kg/m?
>30 kg/m?
Weight loss category
<1 kg/m? loss
>1 kg/m? loss
Current therapy
Methotrexate
Prednisone
TNF inhibitor
Baseline comorbidities
Diabetes
Cardiovascular disease
Chronic kidney disease
Chronic lung disease
Any malignancy

Active smoking

Natural log-transformed CRP

MD-HAQ score

1.06 (1.04-1.07) "

0.47 (0.23-0.95)7
1.10 (0.82-1.49)

3.12 (2.12-4.57)7
Reference
0.91 (0.67-1.23)
0.87 (0.61-1.24)

Reference

1.99 (1.53-2.59) 7

0.58 (0.45-0.76)7

1.37 (L.06-1.77) 7
0.76 (0.55-1.05)

1.41 (1.09-1.83)7
1.55 (1.21-1.98) 7
1.62 (1.12-2.35)"
1.39 (1.09-1.77) 7
1.36 (1.06-1.73)7

1.50 (1.09-2.05) 7

1.06 (1.04-1.08) 7
0.58 (0.27-1.24)

1.29 (0.88-1.89)

2.31(1.50-3.57)7
Reference

0.92 (0.66-1.29)

0.74 (0.49-1.11)

Reference

1.81 (1.36-2.41)7

0.62 (0.46-0.82)7
1.21 (0.91-1.63)

0.85 (0.60-1.21)

1.32 (0.98-1.77)
1.57 (1.19-2.09) 7
1.41 (0.88-2.23)

1.10 (0.83-1.45)

1.59 (1.21-2.10)7
1.44 (1.03-2.03)"
1.29 (1.14-1.46) "

1.53 (1.22-1.90)
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*

Model 1 includes age, female sex, white race, current body mass index (BMI) category, weight loss over the previous interval (versus no weight
loss), use of methotrexate, prednisone, or tumor necrosis factor (TNF) inhibitor, presence of diabetes, cardiovascular disease, chronic kidney
disease, or malignancy, and active smoking (17,057 observations, 280 deaths, 8,101 person-years). Model 2 includes the variables in model 1 but
with the addition of the natural log—transformed C-reactive protein (CRP) level and the Multidimensional Health Assessment Questionnaire (MD-

HAQ) scores (13,844 observations, 222 deaths, 6,417 person-years). Values are the hazard ratio (95% confidence interval).

fP<0.05.
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Table 3

Rate of change in BMI over the previous interval and risk of subsequent death™

Rate of changein BMI (no. of observations) Risk of death P
No weight loss (8,000) 1 (reference)

0-<2 kg/m? loss/year (6,541) 1.12 (0.85-1.49) 0.4
2-3 kg/m? loss/year (1,067) 1.65(1.09-2.50)  0.02
>3 kg/m? loss/year (1,421) 2.49 (1.73-357)  <0.001

Page 16

*
Values are the hazard ratio (95% confidence interval), adjusted for age, sex, white race/ethnicity (versus other), body mass index (BMI) category,
diabetes, cardiovascular disease, chronic lung disease, any malignancy, chronic kidney disease, smoking, methotrexate use, prednisone use, and

anti—tumor necrosis factor therapy use (1,574 patients, 17,029 observations, 286 deaths, 7,883 person-years).
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Risk of death according to BMI category and maximum available BMI category

Table 4

BMI Risk of death P
Current
<20 kg/m? 3.82 (2.51-5.84) <0.001
20-25 kg/m? 1 (reference) -
>25-30 kg/m?  0.73 (0.54-0.98) 0.04
>30 kg/m? 0.66 (0.45-0.97)  0.03
Maximum
<20 kg/m? 1.26 (0.40-452) 0.6
20-25 kg/m? 1 (reference) -
>25-30 kg/m?  1.84 (1.19-2.86)  0.007
>30 kg/m? 2.22(1.28-358)  0.001
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*

Values are the hazard ratio (95% confidence interval), adjusted for age, sex, white race/ethnicity (versus other), smoking, lung disease, chronic
kidney disease, any malignancy, cardiovascular disease, diabetes, and the use of methotrexate, prednisone, and anti-tumor necrosis factor therapies
(1,674 patients, 19,348 observations, 312 deaths, 9,183 person-years).

BMI = body mass index.
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