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Abstract

Background Although weight loss in heart failure (HF) is a detrimental condition known as cachexia, weight gain
caused by fluid retention should also be considered harmful. However, studies with sufficient number of patients exam-
ining the impact of weight change and its interval on in-hospital mortality in HF have not been conducted thus far. We
sought to elucidate the association of weight change with in-hospital mortality in patients with HF.

Methods This retrospective observational study used data from the Diagnosis Procedure Combination database, a na-
tionwide inpatient health claims database in Japan. In total, 48 234 patients repeatedly hospitalized for HF (median 82
[74-87] years; 46.4% men) between 2010 and 2018 were included. Weight change was derived from body weight at
the first and second admissions.

Results The median weight change and interval between two hospitalizations were —3.1 [—8.3 to —1.8] % and 172
[67-420] days, with 66.9% of overall cohort experiencing any weight loss. As a result of multivariable-adjusted logistic
regression analysis, weight loss <—5.0% and weight gain >+5.0% were associated with increased in-hospital mortality
(adjusted odds ratio [OR] [95% confidence interval]: 1.46 [1.31-1.62], P < 0.001 and 1.23 [1.08-1.40], P = 0.002, re-
spectively) whereas mild weight loss and gain of 2.0-5.0% were not (OR [95% confidence interval]: 0.96 [0.84-1.10],
P =0.57 and 1.07 [0.92-1.25], P = 0.37, respectively), in comparison with patients with a stable weight (fluctuating no
more than —2.0% to +2.0%) used as a reference. Restrictive cubic spline models adjusted for multiple background fac-
tors illustrated that higher mortality in patients with weight loss was observed across all subgroups of the baseline body
mass index (<18.5, 18.5-24.9 and >25.0 kg/m?). In patients with short (<90 days) and middle (<180 days) intervals
between the two hospitalizations, both weight loss and weight gain were associated with high mortality, whereas the
association between weight gain and high mortality was attenuated in those with longer intervals.

Conclusions Both weight loss and weight gain in patients with repeated hospitalization for HF were associated with
high in-hospital mortality, especially weight loss and short/middle-term weight gain. Such patients should be treated
with caution in a setting of repeated hospitalization for HF.
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Introduction

Recent advances in  pharmacological and non-
pharmacological treatments have reduced the mortality rate
of patients requiring acute cardiovascular care.* However, a
considerable number of patients who survived acute cardio-
vascular illness are thought to progress to symptomatic heart
failure (HF) over the course of many years. Consequently, pa-
tients with HF are frequently encountered in daily clinical
practice, along with an ageing society.? HF is a chronic clinical
syndrome that cannot be completely cured, and many pa-
tients suffer from disease-related weight loss.?

Disease-related weight loss sometimes accompanies in-
flammatory cytokine activation, hyperadrenergic state, in-
creased metabolic requirements and physical inactivity.*>
However, although it is evident that weight loss is closely
linked to mortality in cancer,® the assessment of weight loss
in HF is rather challenging.” This is because HF is essentially
a disease in which the fluid status changes, and it is difficult
to determine whether weight change indicates a change in
fluid volume or a change in skeletal muscle or fat.® Although
weight loss in patients with chronic HF without oedema is as-
sociated with increased mortality,? acute weight gain is also a
predictor of re-hospitalization as a consequence of fluid
retention.'® However, studies with sufficient number of pa-
tients examining the impact of weight change and its interval
on in-hospital mortality in HF have not been conducted thus
far. Such an examination would be useful for risk stratification
and would provide a rationale for intervention studies
targeting weight gain or weight loss.

Therefore, this study was designed to fill the existing
knowledge gap. We hypothesized that weight loss or gain in
patients with HF is associated with in-hospital mortality.
Using the Diagnosis Procedure Combination (DPC) database,
a nationwide inpatient database in Japan, we retrospectively
examined weight change with the interval between two hos-
pitalizations for HF and in-hospital mortality during the sec-
ond hospitalization.

Methods
Study design and data source

This retrospective cohort study used data from the DPC data-
base. The data collected include administrative claims and
clinical data of ~8 million hospitalized patients per year from
>1200 participating hospitals, including all 82 academic
hospitals.*>*? These hospitals are distributed across all 47
prefectures in Japan. The DPC database represents ~50% of
all acute inpatients and covers >90% of all tertiary-care

emergency hospitals in Japan. Academic hospitals are re-
quired to participate in this database, whereas participation
of community hospitals is voluntary. The database collates
the main diagnoses and comorbidities present at admission
using the International Classification of Diseases and Related
Health Problems 10th Revision (ICD-10) codes. Information
on treatment, including medication use and procedures,
was also available. An anonymized unique identification num-
ber was created for each patient in each hospital. The re-
searchers received data that include unique identification
numbers but do not include each patient’s personal informa-
tion including name and address. The researchers can link a
patient’s multiple admissions with each other using his/her
unique identification number.

This study was approved by the Institutional Review
Board of the University of Tokyo (Approval Number 3501-
(3)). The investigation conformed to the principles outlined
in the Declaration of Helsinki. The need to obtain informed
consent was waived owing to the anonymous nature of
the data used.

Patient selection

We screened the records of patients aged >20 years with
New York Heart Association class >Il, admitted and
discharged between January 2010 and March 2018 with
the main discharge diagnosis of HF defined by ICD-10 codes
150.0 (congestive HF), 150.1 (left HF) and 150.9 (HF) from
our DPC database. Among them, those with HF hospitaliza-
tion twice or more times during the study period were in-
cluded. Both the first and second admissions have to be
due to HF. The exclusion criteria were as follows: (i) under-
going major procedures under general anaesthesia,*® (ii)
missing body mass index (BMI), (iii) a BMI < 12.5 kg/m?
or BMI > 60 kg/m? (iv) patients with exactly the same
body weight in the first hospitalization as the second one,
(v) missing history of smoking and (vi) length of hospital
stay <2 days during the first or second hospitalization. A
length of hospital stay <2 days was excluded due to uncer-
tainty in the diagnosis of HF.'*'**> The second hospitaliza-
tion record was used in the analysis, except for height and
body weight data, which were derived data collected dur-
ing the first hospitalization. Weight change was derived
from body weight at the first and second admissions. Pa-
tients with the same body weight in the first as the second
hospitalization were excluded due to the high likelihood of
unreliable body weight data in either the first or second
hospitalization. The main outcome measured in this
study was in-hospital mortality during the second
hospitalization.
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Statistical procedures

Continuous and categorical data were presented as me-
dians with interquartile ranges and numbers with percent-
ages. We used restricted cubic spline (RCS) functions to
identify the association between weight change as a contin-
uous parameter and in-hospital mortality. The dose-re-
sponse association between weight change and in-hospital
mortality was adjusted according to the patient background
(BMI in the first hospitalization; age; sex; hypertension; di-
abetes mellitus; chronic renal failure; chronic liver disease;
chronic respiratory disease; cancer; anaemia; coronary ar-
tery disease; stroke; dementia; neurological disorder; ciga-
rette smoking; New York Heart Association class; medica-
tion use within 2 days after admission, such as
intravenous inotropic agent, intravenous nitrate, intrave-
nous furosemide, intravenous carperitide, oral beta-blocker,
oral angiotensin-converting enzyme inhibitor/angiotensin Il
receptor blocker and oral mineralocorticoid receptor antag-
onist; procedures within 2 days after admission, such as re-
spiratory support, haemodialysis, intra-aortic balloon
pumping and extra-corporeal membrane oxygenation; and
the interval between two hospitalizations) while also
adjusting for within-hospital clustering using a generalized
estimating equation. The splines were restricted to linear
below the first knot point and above the last knot point.
In this study, we wused five knots, excepting the
sub-analysis of BMI 18.5-24.9 kg/m? and BMI > 25.0 kg/
m? with four knots, for the nonlinear effects of continuous
assessment. Tests for overall and nonlinear associations be-
tween weight change and in-hospital mortality were per-
formed using the Xz test. The association of weight change
category with in-hospital mortality was evaluated using
multivariable logistic regression analysis with adjustment

for the same covariates as in the RCS analysis. Odds ratios
(ORs) and 95% confidence interval for in-hospital mortality
were calculated for each category of weight change with
respect to the reference value calculated for the reference
group with the lowest mortality in the analysis by deciles
and the category with a stable weight (>—2.0% and <
+2.0%) in the analysis by pre-specified five subcategories
of weight change (<—5.0%, >-5.0% and <—2.0%,
>—2.0% and <+2.0%, >+2.0% and <+5.0%, and >+5.0%).
The cut-offs in the pre-specified subcategories were derived
from those used for patients with cancer cachexia.*® For
subgroup analyses, we divided the study population into
two or more groups by baseline BMI category (<18.5,
18.5-24.9 and >25.0 kg/m?), interval between two hospital-
izations (<90 or >90 days, and <180 or >180 days), sex
and age (<80 or >80 years). A subgroup with an interval
of >180 and <360 days between two hospitalizations
was also analysed. Statistical significance was set at
P < 0.05. All statistical analyses were conducted using SPSS
Version 25 software (SPSS Inc., Chicago, IL, USA)
and STATA Version 17 (StataCorp LLC, College Station, TX,
USA).

Results

We screened 344 636 records of patients aged >20 years with
a New York Heart Association class >Il. Among them, 69 926
patients experienced hospitalization for HF twice or more
times, and the final number of patients analysed in this study
was 48 234 (Figure 1). The baseline clinical characteristics of
the study population are summarized in Table 1. The median
age of the patients was 82 [74-87] years, and 22 379 patients

Patients aged >20 years with NYHA class >II, admitted and discharged twice or
more times between January 2010 and March 2018 with the main discharge
diagnosis of HF defined by ICD-10 codes 150.0, 150.1, and 150.9 (n = 69,926)

(i1) Missing BMI (n = 7,933)

(i) Procedures under general anesthesia (n = 995)

(iii) BMI <12.5 kg/m? or BMI >60 kg/m? (n = 96)

| (iv) Exactly the same BW in 1%t as in 2"d hospitalisation (n = 7,167)
(v) Missing history of smoking (n = 4,694)

(vi) Length of hospital stay <2 days (n = 807)

Analysed in this study (n = 48,234)

Figure 1 Study flow chart. BMI, body mass index; BW, body weight; HF, heart failure; ICD-10, International Classification of Diseases and Related

Health Problems 10th Revision; NYHA, New York Heart Association
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Table 1 Patient characteristics

n =48 234

82 (74-87)

22 379 (46.4%)
22.3(19.9-25.1)
21.7 (19.2-24.4)

36 727 (76.1%)

18 049 (37.4%)

10 289 (21.3%)
2228 (4.6%)
6703 (13.9%)
3685 (7.6%)
3296 (6.8%)
9381 (19.4%)

799 (1.7%)
2714 (5.6%)
1115 (2.3%)

15 963 (33.1%)

Variable

Age (years)

Men, n (%)

BMI at the 1st hospitalization (kg/m?)

BMI at the 2nd hospitalization (kg/mz)

Hypertension, n (%)

Diabetes mellitus, n (%)

Chronic renal failure, n (%)

Chronic liver disease, n (%)

Chronic respiratory disease, n (%)

Anaemia, n (%)

Cancer, n (%)

Coronary artery disease, n (%)

Stroke, n (%)

Dementia, n (%)

Neurological disorder, n (%)

Smoking, n (%)

New York Heart Association
Class Il, n (%)

Class lll, n (%)
Class IV, n (%)

Medication within 2 days after admission
Intravenous inotropic agent, n (%)
Intravenous nitrate, n (%)
Intravenous furosemide, n (%)
Intravenous carperitide, n (%)

Oral beta-blocker, n (%)
Oral ACE inhibitor/ARB, n (%)
Oral MRA, n (%)

Procedures within 2 days after admission
ECMO, n (%)

IABP, n (%)
Intubation, n (%)
Haemodialysis, n (%)

13 860 (28.7%)
19 877 (41.2%)
14 497 (30.1%)

7905 (16.4%)

7322 (15.2%)
30 006 (62.2%)
17 702 (36.7%)
16 965 (35.2%)
15 095 (31.3%)
13 165 (27.3%)

11 (0.0%)
59 (0.1%)
431 (0.9%)
640 (1.3%)

Note: Data are expressed as median (interquartile range) or num-
ber (percentage). Abbreviations: ACE, angiotensin-converting en-
zyme; ARB, angiotensin Il receptor blocker; BMI, body mass index;
ECMO, extra-corporeal membrane oxygenation; IABP, intra-aortic
balloon pumping; MRA, mineralocorticoid receptor antagonist.

2007 95% Cl

Point Estimate

1.754

1.50

1.254

Odds ratio for in-hospital death

1.00

0.75+4

(46.4%) were men. The median weight change and interval
between two hospitalizations were —3.1 [—8.3 to —1.8] %
and 172 [67-420] days, with 66.9% of overall cohort
experiencing any weight loss.

Association between weight change and
in-hospital mortality

Figure 2 shows the adjusted dose-response association be-
tween weight change and in-hospital mortality in the RCS
analysis with five knots. RCS illustrated that in-hospital mor-
tality decreased with increased weight change until weight
change of —3.0% and increased with weight change after
weight change exceeded —3.0%. Thus, the RCS curve showed
a relationship between weight change and in-hospital mortal-
ity with the bottom of splines around —3.0%. The tests for
overall and nonlinear associations were significant (both
P < 0.001).

The multivariable logistic regression analysis by deciles of
weight change indicated that compared with patients in dec-
ile 5 as a reference, patients in deciles 1-4 and 10 had higher
in-hospital mortality (Figure 3). Table 2 shows the results of
the multivariable logistic regression analysis by the five
pre-specified subcategories of weight change. Compared with
patients with stable weight (—2.0% to +2.0%) as a reference,
patients with weight loss >5.0% (multivariable-adjusted OR
1.46, 95% confidence interval 1.31-1.62) and weight gain
>5.0% (OR 1.23, 95% confidence interval 1.08-1.40) had
higher in-hospital mortality. The patients with mild weight
loss and gain of 2.0-5.0% had a similar in-hospital mortality
to those with stable weight (OR [95% confidence intervall:

T
15 12 -9 -6 -3

0 3
Weight change (%)

Figure 2 Adjusted dose-response association between weight change and in-hospital mortality in an analysis using restricted cubic splines with five
knots. The y axis represents the odds ratio for in-hospital mortality between individuals with any weight change. Estimates are shown with 95% con-

fidence intervals (Cls).
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Deciles  Weight change, % pNa(z.i;fts gIeZtl(:sf Mortality g:gz ?jt‘ﬁv(:l)nﬁdence p value Forest plot
Decile 1 <-14.2% 4,824 527 10.9% 2.07 1.76-2.44 <0.001 ——
Decile 2 >-14.2%, <-9.8% 4,823 423 8.8% 1.60 1.35-1.90 <0.001 ——
Decile 3 >-9.8%, <-7.1% 4,824 355 7.4% 1.37 1.15-1.63 <0.001 ——
Decile 4 >-7.1%, <-4.9% 4,832 329 6.8% 1.29 1.08-1.54 0.005 ——
Decile 5 >-4.9%, <-3.1% 4,816 250 52% *
Decile 6 >-3.1%, <-1.4% 4,822 276 5.7% 1.12 0.93-1.34 0.23 ——
Decile 7 >-1.4%, <+0.7% 4,824 269 5.6% 1.06  0.88-1.27 0.55 ——
Decile 8 >+0.7%, <+3.2% 4,823 272 5.6% L11 0.92-1.33 0.27 ———
Decile 9 >+3.2%, <+7.4% 4,823 312 6.5% 1.16  0.97-1.39 0.10 H——
Decile 10 >+7.4% 4,823 391 8.1% 1.40 1.18-1.67 <0.001 ——
O.IS 1.0 1 .IS 2.I0 2 .l5

Odds ratio and 95% confidence interval

Figure 3 In-hospital mortality according to deciles of weight change. The model was adjusted for body mass index in the first hospitalization; age; sex;
hypertension; diabetes mellitus; chronic renal failure; chronic liver disease; chronic respiratory disease; cancer; anaemia; coronary artery disease;
stroke; dementia; neurological disorder; cigarette smoking; New York Heart Association class; medication use within 2 days after admission, such as
intravenous inotropic agent, intravenous nitrate, intravenous furosemide, intravenous carperitide, oral beta-blocker, oral angiotensin-converting en-
zyme inhibitor/angiotensin Il receptor blocker and oral mineralocorticoid receptor antagonist; procedures within 2 days after admission, such as re-
spiratory support, haemodialysis, intra-aortic balloon pumping and extra-corporeal membrane oxygenation; and the interval between two

hospitalizations.

0.96 [0.84-1.10], P = 0.57 and 1.07 [0.92-1.25], P = 0.37,
respectively).

Subgroup analysis

Figure 4 illustrates the adjusted dose-response association
between weight change and in-hospital mortality in each sub-
group. Higher mortality in patients with weight loss was ob-
served across all subgroups of the baseline BMI (<18.5,
18.5-24.9 and >25.0 kg/m?% Figure 4A). The results from
the subgroups by age and sex illustrated consistent associa-
tions with those in the main analysis (Figure 4B,C). In patients
with short (<90 days) and middle (<180 days) intervals be-
tween the two hospitalizations, both weight loss and weight
gain were associated with high mortality, whereas the associ-
ation between weight gain and high mortality was attenuated
in those with longer intervals (Figure 4D,E). In logistic regres-
sion models, a short-term weight gain of 2.0-5.0% and >5.0%
within 90 days was associated with significantly increased
mortality (multivariable-adjusted OR 1.29, 95% confidence in-
terval 1.00-1.65, P = 0.046 and OR 1.49, 95% confidence in-
terval 1.20-1.86, P < 0.001, respectively), whereas weight
gain of 2.0-5.0% and >5.0% over a longer (>90 days) period
did not show statistical significance (multivariable-adjusted
OR 0.96, 95% confidence interval 0.79-1.18, P = 0.71 and

OR 1.11, 95% confidence interval 0.94-1.30, P = 0.23, respec-
tively; Table 3). Similarly, a middle-term weight gain >5.0%
within 180 days was associated with significantly increased
mortality (multivariable-adjusted OR 1.40, 95% confidence in-
terval 1.18-1.67, P < 0.001), whereas weight gain over a lon-
ger (>180 days) period did not show statistical significance
(Table 3). Weight loss <—5.0% in 180-360 days was associ-
ated with increased in-hospital mortality, whereas weight
gain was not associated with in-hospital mortality (Table 3).
As a sensitivity analysis, we investigated an adjusted dose—re-
sponse association between weight change and in-hospital
mortality including patients with a hospital stay <2 days,
which showed a similar finding to that in the main result
(Figure 5).

Discussion

The principal findings of the present study were as follows: (i)
Weight loss was observed in 66.9% of patients with repeated
hospitalization for HF, (ii) both weight loss and weight gain
were associated with high in-hospital mortality and (iii) the
association of short- and middle-term weight gain with in-
hospital mortality was prominent compared with that of
long-term weight gain.
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Figure 4 Adjusted dose—response association between weight change and in-hospital mortality in analyses using restricted cubic splines in each sub-
group. (A) Patients with body mass index (BMI) <18.5, 18.5-24.9 and >25.0 kg/mz. (B) Male and female patients. (C) Patients aged <80 and >80 years.
(D) Patients with interval between two hospitalizations <90 and >90 days. (E) Patients with interval between two hospitalizations <180 and
>180 days. The y axis represents the odds ratio for in-hospital mortality between individuals with any weight change. Estimates are shown with
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Figure 5 Adjusted dose—-response association between weight change and in-hospital mortality in a sensitivity analysis including patients with a hos-
pital stay <2 days. The y axis represents the odds ratio for in-hospital mortality between individuals with any weight change. Estimates are shown with

95% confidence intervals (Cls).

The most novel finding was that both weight loss and gain
were associated with high in-hospital mortality in patients
with HF. To date, there have been no reports on the weight
gain or loss and in-hospital mortality associated with HF. This
finding needs to be divided into two parts; the first is weight
loss and in-hospital mortality. Weight loss in HF is often de-
scribed as cardiac cachexia, which may be associated with
the severity of cardiac dysfunction.’” In our study, the associ-
ation between weight loss and high mortality remained sig-
nificant even after adjustment for the New York Heart Associ-
ation class and mechanical support, both of which are
measures of cardiac dysfunction. Although severely diseased
cardiac function assessed by more precise examinations (e.g.,
right heart catheterization or cardiopulmonary exercise test)
may be associated with poor outcomes, weight loss was re-
ported as a poor prognostic factor independent of such
measures.® Aside from the severity of cardiac dysfunction,
weight loss may reflect a poor general condition,*® low nutri-
tional status, and poor resistance to infection’® and
bleeding,> which might have contributed to high
in-hospital mortality. The detailed association between
weight loss and infection or bleeding remains unknown be-
cause the studies,”*®?2?3 including the present study, lacked
adjustment for markers of bleeding/infection or cause of
death. The association of weight loss with poor outcome
was in line with several previous reports®>*#2%23 and was ob-
served across all subgroups of baseline BMI in our study. Al-
though Niedziela et al. reported that weight loss was associ-
ated with increased mortality only in non-obese patients
without diabetes,*®?* we could not compare their study to
ours as the baseline characteristics, including ethnicity and
setting, differed. Given weight loss as a poor prognostic fac-
tor irrespective of the baseline BMI,® attention should be
paid to weight loss, even in obese patients. Other than base-

line BMI, subgroup analyses by sex and age showed similar
results, indicating the robustness of the association between
weight loss and higher in-hospital mortality observed in the
present study.

The association of short- and middle-term weight gain with
mortality was prominent in the RCS analysis results, whereas
that of long-term weight gain was attenuated. A previous re-
port showed that short-term weight gain after hospitalization
for worsening HF was predictive of repeated hospitalization
events.'® One of the proposed mechanisms underlying the
association between weight gain and increased mortality
may be fluid retention during the short-term period. In addi-
tion to fluid retention, it has been suggested that obesity may
worsen the prognosis in relation to biventricular remodelling,
right ventricular dysfunction, low exercise capacity, abnormal
relaxation of pulmonary vasculature, myocardial load due to
increased plasma volume, arterial hypertension and
atherosclerosis.”>*®

Weight loss was observed in >60% of patients with re-
peated hospitalization for HF in our study. This figure
seems higher than that in previous reports that included
patients with both de novo HF and a history of HF.?” Pa-
tients with a history of worsening HF have been reported
as a high-risk population in previous studies, including
ours,*>?829 and ‘frequent flyers’ should be treated with
caution.*

The present study has some limitations. Due to the nature
of the administrative claim database, some potentially im-
portant data are lacking. These include laboratory testing,
measured skeletal muscle/fat mass, weight change during
hospitalization, the cause of death, and ejection fraction
measured by echocardiography or cardiac magnetic reso-
nance, although a negative prognostic impact of weight loss
was observed in previous studies, irrespective of whether
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the ejection fraction was preserved or reduced.>*®?® Lack of
these data would hinder a detailed analysis defining ca-
chexia and focusing on the mechanisms between weight
change and mortality. The prevalence of some comorbidities
and the prescription rate of HF-related drugs were lower
than expected due to the nature of the administrative claim
database of the inpatient setting. The interval of weight as-
sessment was not controlled, although the association be-
tween weight loss <—5.0% over an interval of 180-360 days,
a commonly used interval to determine weight loss,>® and
mortality was consistent with the main result. There may
be a selection bias in the analysis as the investigation could
not include the patients who did not reach the hospital alive
after the discharge from the first hospitalization. Thus, the
results cannot be generalized to the patients who did not ex-
perience the second hospitalization. Uncertainty in the diag-
nosis of HF may be another limitation of this nationwide da-
tabase, although the diagnosis of HF in our database was
highly specific (specificity, 97.5%).3* It may be difficult to
generalize our results to obese Caucasian patients due to
the differences in patient characteristics across ethnicities,
although low BMI appears to be harmful irrespective of
ethnicity.?

Conclusions

Both weight loss and weight gain in patients with repeated
hospitalization for HF were associated with high in-hospital
mortality, especially weight loss and short/middle-term
weight gain. These results indicate that patients readmitted
to the hospital for HF with weight loss or acute weight gain
should be treated cautiously.
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