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Abstract
Background—Obesity is associated with high rates of disability in the general population. The
nature of the relationship between obesity and disability in lupus, a condition with a high
background rate of disability, is unknown.

Methods—Data were from two interviews, 4 years apart, of a longitudinal cohort of individuals
with SLE (n=716 women). Body mass index (BMI) was calculated from self-reported height and
weight; obesity was classified by usual (BMI≥30) and revised (BMI≥26.8) definitions. Three
measures of functioning were examined: SF-36 Physical Function (PF) subscale, Valued Life
Activities (VLA) Disability questionnaire, and employment. Multivariate analyses controlled for
demographics, SLE duration and disease activity, glucocorticoid use, depression, and
comorbidities. Prospective analyses also controlled for baseline function.

Results—At BMI≥30, 27.8% were obese; at BMI≥26.8, 40.6% were obese. Regardless of
obesity definition, obese women exhibited poorer baseline function, with decrements ranging from
20%-33%, depending on the functional measure and obesity definition. With BMI≥26.8, adjusted
SF-36 PF scores were 4.3 points lower for obese women (p<.0001), VLA difficulty was 0.09
higher (p=.01), and odds of employment were 80% of non-obese women (OR=0.8 [95% CI 0.5,
1.1]). At 4-year follow-up, women who were obese at baseline had poorer function and
experienced greater functional declines.

Conclusion—Obesity was associated with clinically significant negative effects on function,
both concurrently and prospectively. This negative impact occurred at a lower BMI than is often
considered problematic clinically. Because of the high rate of SLE-related disability, addressing
preventable risk factors such as obesity may improve long-term SLE outcomes.

Body composition has been implicated as an important factor in the development of
functional limitations and disability. The primary pathways by which body composition
affects functioning are through an excess of fat mass relative to lean, or through
disproportionately low lean mass (muscle-wasting, or sarcopenia) (1-5). Obesity, in
particular, is associated with increased functional limitations, both self-reported and
performance-based, and greater disability(2, 6-17).

Both disability and obesity appear to be common in systemic lupus erythematosus (SLE)
(18-21). A recent study of the same cohort used in the current study found that among
individuals with SLE, 91% experienced disability in at least one valued life activity, and
almost half were unable to perform one or more valued life activities(21). Studies have also
reported an increased risk of work disability(22-24), and significant impact on the ability to
perform activities at home or work(18, 25). Few studies have addressed body composition or
obesity in SLE. One report cited a 39% prevalence of obesity among a group of women with
lupus(20). A more recent estimate reported the prevalence of obesity from 29% to 50%,
depending of the method of ascertainment, with the highest rate based on the most accurate
method (dual energy x-ray absorptiometry [DXA])(21). In spite of the high rates of
disability and obesity in lupus, no studies have addressed the contribution of obesity to
disability in SLE.
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The goals of these analyses were to examine functioning among women with SLE classified
as obese and to identify the prospective impact of obesity on functioning and functional
decline.

Methods
Subjects

The sample for the present study was drawn from female participants in the UCSF Lupus
Outcomes Study (LOS). Participants in the LOS had formerly participated in a study of
genetic risk factors for SLE outcomes (26, 27) and were recruited from both clinical and
community-based sources, including UCSF-affiliated clinics (22%), non-UCSF
rheumatology offices (11%), lupus support groups and conferences (26%), and newsletters,
websites and other forms of publicity (41%). SLE diagnoses have been verified by medical
record review. Participants are interviewed annually by telephone; annual retention averages
93%. Baseline data for these analyses are from the wave 2 interview (n = 832; 753 women),
and follow-up data are from wave 6 (n =779; 715 women). All study procedures were
approved by the UCSF Committee on Human Research.

At baseline, 26 women met the criterion for underweight (BMI<18.5). Because underweight
may also be associated with poor functioning, but for potentially different reasons than
obesity, these women were excluded from these analyses. There were an additional 11
participants with missing data for key variables, leaving a final baseline sample of 716, of
whom 568 were followed to Wave 6.

Variables
Body mass index (BMI)—Height was self-reported at baseline. Weight was self-reported
at each interview. BMI was calculated as weight (kg) / height (m)2(28). Obesity was defined
from BMI using two criteria. The first criterion was the one commonly used, BMI≥30 kg/m2

(29). The second was BMI≥26.8 kg/m2, a revised obesity criterion recently proposed for
women with SLE based on data regarding body composition from DXA analyses of a subset
of these women(21). This lower criterion was found to correspond better with the percentage
of body fat associated with threshold of obesity than a BMI of ≥30 kg/m2.

Functioning—Three measures, which assess different aspects of functioning, were
examined:

(1) SF-36 Physical Function subscale(30). The Physical Function subscale includes 10 items
assessing actions such as lifting and carrying, bending or kneeling, walking, and climbing
stairs. Scores are standardized to range from 0 – 100, with a mean of 50, standard deviation
of 10, and higher scores reflecting better function.

(2) Valued life activity (VLA) disability(18). The VLA disability scale consists of 21 items,
for which respondents rate difficulty in performance on a 4-point scale (0 = no difficulty, 3 =
unable to perform). Activities that individuals deem unimportant to them or that they do not
perform for reasons unrelated to lupus are not rated and are not included in scoring. The
mean difficulty score is calculated based on items rated, and ranges from 0 – 3, with higher
scores reflecting greater disability.

(3) Employment. Participants who reported that they were working part- or full-time were
classified as currently employed. Employment was examined only for women younger than
age 65.
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Other variables—Socio-demographic characteristics (age, race/ethnicity, education,
income, and marital status) and smoking status were obtained from the baseline LOS
telephone interview. Disease activity was assessed during annual telephone interviews using
the Systemic Lupus Activity Questionnaire (SLAQ) a validated, self-report measure of
disease activity in SLE (31, 32). One item of the SLAQ queries unintentional weight loss, so
sensitivity analyses were conducting using a modified version of the SLAQ excluding this
item. No differences were noted in results, so all results presented use the entire SLAQ.
Disease duration at baseline was calculated based on date of diagnosis obtained from
medical record reviews or, if not available in medical records, from participant self-report.
Current glucocorticoid use was assessed by interview (at baseline, simple yes/no for current
use; at follow-up, yes/no for current use, plus report of highest dose in the previous year).
Depressive symptoms were measured with the Center for Epidemiologic Studies Depression
(CESD) scale (33), using a score of ≥ 24 as a cut-point for possible depression (34). The
following comorbid conditions were assessed by self-report: hypertension, heart disease,
diabetes, cancer, respiratory disease, fibromyalgia, and renal disease.

Analysis
Differences in background characteristics and functioning between obese and non-obese
women were tested first with t-tests and chi-square analyses. To examine the independent
contribution of obesity to function at baseline, multivariate linear or logistic regression
models were constructed for each measure of functioning, adjusting for age, race/ethnicity,
education, household income, marital status, disease duration, smoking, current
glucocorticoid use, SLAQ score, depression, and comorbid conditions. Changes in obesity
classifications (e.g., not obese at baseline→obese at follow-up) were tabulated; mean weight
changes were calculated for each group. To examine the prospective contribution of baseline
obesity to functioning at follow-up, two multivariate regression models were constructed for
each measure of functioning. First, to estimate change in functioning alone, the model
included only the baseline value of the function measure. The second model added age, race/
ethnicity, education, household income, marital status, disease duration, smoking,
glucocorticoid use at baseline, highest glucocorticoid use in the follow-up year, baseline
SLAQ score, baseline depression, and baseline comorbid conditions. Sensitivity analyses
were conducted by eliminating individuals who no longer met the obesity criteria at follow-
up. Results of these analyses were not substantively different, and are not shown. Each of
the above analyses was performed for each of the two obesity criteria.

Results
Subject characteristics

Mean age of the 716 women at baseline was 48.1 (± 12.6) years (Table 1). The majority
(71.9%) were white non-Latino, 7.3% were African American, 8.2% were Asian, and 7.1%
were Latino. Thirteen percent had incomes below the poverty level. 37.4% had a history of
smoking, and 9.5% were current smokers. The average duration of SLE was 13.6 (±8.5)
years, and the average SLAQ score was 12.7 (±7.9). Roughly three quarters of the sample
(72.0%) were taking oral glucocorticoids at the time of assessment.

With obesity defined as BMI ≥ 30 kg/m2, 27.8% of the cohort was obese at baseline; with
the revised obesity cut-point of BMI ≥ 26.8 kg/m2, 40.6% of the women were obese. Using
the BMI≥30 definition of obesity, approximately one-third of each ethnic group was obese,
except for the Asian group, where only 8.5% met the obesity criterion. Using the lower BMI
cutpoint, obesity was significantly more common among Latino women (56.9%) and
significantly less common among Asian women (18.6%). High levels of depressive
symptoms were significantly more common in obese women, as were a greater number of
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comorbid conditions, regardless of the obesity definition. SLAQ scores were also higher for
obese women. Loss to follow-up was not significantly different between women who were
and were not obese at baseline.

Baseline functioning
Unadjusted analyses revealed significant differences in all three function measures between
obese and non-obese women, regardless of how obesity was defined (Table 2). In each case,
obese women exhibited worse function. With BMI≥30, functional decrements ranged from
22% (on SF-36 PF; mean score for obese=32.5, mean score for non-obese=46.7) to 33%
(VLA disability) for obese women. With BMI≥26.8, differences were only slightly smaller,
ranging from 20% (SF-36 PF) to 31% (VLA). Significant differences persisted after
adjustment for age, race/ethnicity, education, household income, marital status, smoking,
disease duration, glucocorticoid use, SLAQ scores, depression, and comorbid conditions.
With BMI≥30, SF-36 PF scores were 4.2 points lower (p<.0001), VLA mean difficulty was
0.08 points higher (p=.03), and odds of employment were 80% of non-obese women
(OR=0.8 [95% CI 0.5, 1.3]), although the latter difference was not statistically significant.
With BMI≥26.8, differences in SF-36 and VLA difficulty were roughly equivalent (−4.3,
p<.0001, and 0.09, p=.01), respectively, but still significantly significant, and the odds of
employment for obese women were 80% of non-obese women (OR=0.7 [0.5, 1.1]).

Functioning at follow-up
The vast majority of women remained in the same obesity classification category from
baseline to follow-up – 89% did not change categories when obesity was defined as
BMI≥30 (65% remained not obese and 24% remained obese) and 87% did not change when
obesity was defined as BMI≥26.8 (52% remained not obese and 35% remained obese)
(Figure 1). Approximately equal numbers of women shifted from non-obese to obese and
from obese to non-obese. Mean absolute changes in weight were small among women
whose classification did not change (+0.4 pounds or +0.2 pounds for women who were not
obese, and +6.3 pounds or +4.1 pounds for obese women). Weight gains and losses were
more substantial for women whose classification changed (+30.7 pounds or +26.6 pounds
for women who shifted from non-obese to obese; −38.2 pounds or −29.6 pounds for women
who shifted from obese to non-obese).

At 4-year follow-up, obese women also had significantly worse function according to the
unadjusted analyses (Table 3). The decrements in SF-36 and VLA difficulty were equivalent
to those noted at baseline. However, the decrement in employment increased from 15.2% at
baseline to 20.0% at follow-up for women with BMI≥30, and from 15.1% at baseline to
22.3% at follow-up for women with BMI≥26.8. When follow-up scores were adjusted for
baseline values, providing an estimate of the difference in functional changes between obese
and non-obese women, the results suggested that obese women experienced greater
functional declines than non-obese women. After adjusting for baseline function,
sociodemographic and disease characteristics, including SLAQ score, depression, and
comorbidities, women with BMI≥30 reported changes in SF-36 PF scores 6% greater
(adjusted difference −2.5 / non-obese score of 41.7) and changes in VLA difficulty 13%
greater (adjusted difference 0.09 / non-obese score of 0.67) than non-obese women, and
were 40% less likely to be employed (OR for employment at follow-up, controlling for
baseline employment = 0.60). Taking into account the same covariates, women with
BMI≥26.8 reported changes in SF-36 PF 4% greater than non-obese women and were 50%
less likely to be employed. Women with BMI≥26.8 also reported changes in VLA difficulty
5% greater than non-obese women, but this difference was not statistically significant.
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Is there a critical value in the BMI-function relationship?
Figure 2 shows mean unadjusted values for each of the functional measures at baseline and
follow-up with the cohort divided into four BMI groups – Group 1: BMI 18.5-26.7 (those
who would not be considered obese by either definition); Group 2: BMI 26.8-29.9 (obese by
the revised definition only); Group 3: BMI 30.0-34.9 (obese by the traditional definition, but
not morbidly obese); and Group 4: BMI ≥35.0 (morbidly obese)(29). Each measure shows a
substantial functional decrement when moving from the lowest BMI group to the next group
(12% for SF-36 PF and 24% for VLA difficulty and employment), but further patterns of
functional decrements differed among measures. For the SF-36 PF, each step in the BMI
gradient was associated with a relatively comparable functional decrement, ranging from 9%
to 12% at baseline and 7% to 12% at follow-up. At baseline, VLA difficulty exhibited
similar decrements for the first two gradients (Group 1 to Group 2, 24%; and Group 2 to
Group 3, 22%), with a further decrement of only 7% at the last BMI gradient (Group 3 to
Group 4). At follow-up, a similar pattern was noted (17%, 30%, 9%). For employment, the
largest decrements were noted between Group 1 (BMI 18-5-26.7) and Group 2 (BMI
26.8-29.9), with differences between the two groups of 24% at baseline and 38% at follow-
up. There were only slight differences at the next BMI gradient, moving from Group 3 to
Group 4, and another considerable decrement in employment noted at the final BMI increase
from Group 3 (15% at baseline and 11% at follow-up).

Discussion
Function was significantly worse among women with lupus who were obese, compared to
those who were not obese, regardless of the definition of obesity or the measure of
functioning. Moreover, these differences were not static: obese women experienced a greater
decline in functioning over the four-year follow-up period than non-obese women, even
taking initial functioning into account. These differences existed even after controlling for
factors that might be associated with either obesity or functional difficulties, such as
glucocorticoid use and SLE disease activity.

We used two BMI criteria to classify obesity, the well-accepted cut-point of BMI ≥ 30 kg/
m2, as well as a newly suggested cut-point of BMI ≥ 26.8 kg/m2(21). The lower cut-point
was identified in a previous analysis, using data from a subset of the current cohort, as more
accurately reflecting the proportion of body fat associated with the threshold of obesity. In
that previous analysis, the lower BMI cut-point was shown to identify cardiovascular risk as
well as the accepted BMI cut-point of 30. In the current study, both criteria identified
significant differences in baseline functioning for all three measures, indicating that women
who might not be considered obese using the traditional BMI cut-point are still at elevated
risk for functional problems. Both BMI criteria also identified differences in functional
decline between obese and non-obese women. These findings provide additional evidence
that, for women with lupus, a lower BMI cut-point might be useful in identifying those at
risk for potential negative health outcomes.

While these analyses focused on the impact of obesity on function, it appears that there is a
steady increase in functional problems as BMI increases above the normal range.
Importantly, this impact does not begin at the usual BMI cut-point for obesity. Evidence of
this phenomenon is provided first by the results we obtained using the lower BMI cut-point
of 26.8 kg/m2, which is quite close to the standard cut-point for overweight (25.0 kg/m2).
Plots of functional measures also showed increasing gradients of impairment and disability
as BMI increased, although the patterns of functional decrements varied among measures of
functioning.
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We examined functioning using three measures that tap different aspects of functioning. The
most consistent impact of obesity on functioning was noted for the SF-36 Physical Function
subscale, which is a measure of functional limitations. The effect of obesity was also strong
for the two disability measures, but less consistent, perhaps reflecting some degree of
adaptation to functional limitations. Perhaps most striking was the association between
obesity and current work status. Women who were obese at baseline were 30% less likely to
be working than women who were not obese, and were about half as like to be working by
follow-up. Whether this situation was due solely to the functional or health effects of
obesity, there were subtle workplace discriminations due to body size, or changes in disease
status that led to both becoming obese and job loss, we cannot determine.

This study has several strengths. Data are drawn from a large, community-based cohort of
women with verified SLE diagnoses. We analyzed multiple measures that assessed different
aspects of function. The longitudinal nature of our cohort permitted analysis of the
prospective impact of obesity on functioning. Examination of both the traditional and
revised BMI cut-points demonstrated the impact of body fatness on functioning at a lower
level than might be expected.

The study also has limitations that should be considered. First, all data are self-reported. The
self-report of height and weight, from which BMI is calculated, might be particularly
suspect. However, in a previous analysis of a sample of this cohort, we found that BMI
calculated from self-report and in-person measurements were highly correlated (r = .98).
Other studies have also reported adequate correlations between BMI calculated from direct
measurement and self-report(35-37). We do not know whether obesity developed before or
after SLE diagnoses, but it is possible that the relative timing of obesity and SLE diagnosis
may affect the impact of obesity on functioning. The LOS may not be representative of all
individuals with SLE. However, participants were recruited from community sources as well
as from medical centers, and so may be more representative of the universe of women with
SLE than samples drawn only from tertiary medical centers. The relationship between
obesity and functioning may differ among racial/ethnic groups. In our sample, we found that
Asian women were less likely to be obese by either definition and that Hispanic women
were more likely to be obese at least by the revised definition. We did not have large enough
samples of either ethnic group to conduct separate analyses, but we did control for race/
ethnicity in our multivariate analyses. We did not examine the impact of underweight. In
population studies, individuals whose BMI falls below 18.5 kg/m2 have functional
decrements that are, in some cases, as large as those associated with obesity. However, we
did not have a sufficient number of women whose BMI fell into the underweight category to
conduct multivariate analysis of that group. An additional limitation to these analysis is
incomplete information regarding current and, perhaps more importantly, cumulative
dosages of glucocorticoids. We did account for use/non-use of glucocorticoids at baseline
and the highest dose received during the follow-up year, but we were not able to distinguish
individuals with histories of prolonged exposure to high levels of glucocorticoids, which
might be expected to affect body composition. Finally, men with SLE were not included in
these analyses. The proportion of men (n=79 at baseline; 9%) in our cohort is equivalent to
the prevalence of SLE in men, yet is still small for stratified multivariate analysis. In
addition, our previous analysis comparing BMI with DXA did not include men because the
number of men was too small (n=12) for meaningful analysis. Thus, we did not have a
DXA-equivalent BMI for men for the current analyses. Future studies are needed to
determine both the body composition characteristics of men with SLE and the impact of
those characteristics on functioning.

In summary, obesity is associated with a significant negative impact on functioning among
women with lupus, both cross-sectionally and prospectively. This negative impact was seen
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in terms of functional limitations, disability, and work status. Perhaps most notably, this
negative impact occurred at a BMI lower than is usually considered problematic clinically or
in the general population. Results from these analyses confirm our earlier suggestion that
use of this lower cut-point to define obesity may prove useful in identifying women at risk
of adverse health outcomes, such as disability. Because of the high rates of disability in
SLE, identifying preventable risk factors, such as overweight and obesity, has the potential
to decrease the negative impact of the disease on functioning.
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Significance and Innovation

• Obesity is associated with high rates of disability in the general population, but
the relationship has not been studied in SLE, a condition with high background
rates of disability.

• Previous studies have shown a high prevalence of obesity in women with SLE.

• Obesity was associated with a clinically negative impact on function
concurrently.

• At 4-year follow-up, women who were obese at baseline experienced
significantly greater functional declines.
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Figure 1.
Transitions in obesity from baseline to follow-up and mean weight changes
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Figure 2.
Function by BMI groups at baseline and follow-up.
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