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Summary

Background and objectives Quality of life (QOL) is markedly impaired in patients with anemia, diabetes
mellitus, and chronic kidney disease. Limited data exist regarding the effect of anemia treatment on patient
perceptions. The objectives were to determine the longitudinal impact of anemia treatment on quality of life
in patients with diabetes and chronic kidney disease and to determine the predictors of baseline and

change in QOL.

Design, setting, participants, & measurements In a large, double blind study, patients with type 2 diabetes
mellitus, nondialysis chronic kidney disease (estimated GFR, 20 to 60 ml/min per 1.73 m?), and anemia (he-
moglobin 10.4 g/dl) were randomized to darbepoetin alfa or placebo. QOL was measured with Functional
Assessment of Cancer Therapy-Fatigue, Short Form-36, and EuroQol scores over 97 weeks.

Results Patients randomized to darbepoetin alfa reported significant improvements compared with placebo
patients in Functional Assessment of Cancer Therapy-Fatigue, and EuroQol scores visual analog scores, per-
sisting through 97 weeks. No consistent differences in Short Form-36 were noted. Consistent predictors of
worse change scores include lower activity level, older age, pulmonary disease, and duration of diabetes.
Interim stroke had a substantial negative impact on fatigue and physical function.

Conclusion Darbepoetin alfa confers a consistent, but small, improvement in fatigue and overall quality of
life but not in other domains. These modest QOL benefits must be considered in the context of neutral
overall effect and increased risk of stroke in a small proportion of patients. Patient’s QOL and potential
treatment risk should be considered in any treatment decision.
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Introduction
Anemia is prevalent in patients with type 2 diabetes
mellitus and chronic kidney disease (CKD) and is
associated with increased mortality, significant symp-
tom burden, and markedly impaired health-related
quality of life (HRQOL) (1-6). Observational studies
have suggested multiple aspects of HRQOL are im-
paired in these patients, including lack of energy,
physical function, ability to work, sleep disturbances,
sexual dysfunction, and cognition (7-9). The recent
mandate by the Center for Medicare Services that all
dialysis units monitor HRQOL emphasizes its impor-
tance (10). Although there is a perception that correct-
ing anemia with erythropoiesis-stimulating agents
(ESAs) improves HRQOL, most of these trials in nondi-
alysis CKD patients were open label or compared two
management strategies, potentially introducing bias.
The Trial to Reduce cardiovascular Events with
Aranesp(darbepoetin alfa) Therapy (TREAT) enrolled
4038 patients in 24 countries with diabetes mellitus,
nondialysis CKD, and moderate anemia. The primary
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results of TREAT showed no difference in a compos-
ite of cardiovascular morbidity and mortality or in
renal outcomes, with an excess risk of stroke, in pa-
tients randomized to darbepoetin alfa compared with
placebo (11). Darbepoetin alfa modestly improved
fatigue at 25 weeks, which was the main HRQOL
endpoint, and one of three instruments used to mea-
sure patient-reported outcomes. This study provides
a more detailed and temporal analysis of darbepoetin
alfa on HRQOL, with focus on three prespecified
domains: fatigue, energy, and physical function. The
three specific aims are (1) to assess the impact and
durability over time of anemia treatment on HRQOL,
(2) to identify the baseline predictors of changes in
HRQOL, and (3) to determine the impact of interim
nonfatal events, particularly stroke, on key HRQOL
domains.

Materials and Methods
Patient Population

The design, baseline characteristics, and primary
results of TREAT have been published (11,12). Briefly,
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TREAT enrolled patients with type 2 diabetes mellitus,
CKD not on dialysis with estimated GFR (eGFR) of 20 to 60
ml/min per 1.73 m*(using the four-variable Modification
of Diet in Renal Disease Study equation), and anemia
(baseline hemoglobin, 10.4 g/dl) without evidence of overt
iron deficiency(transferrin saturation = 15%). Double-
blinded status was maintained using prefilled syringes of
various strengths of darbepoetin alfa or placebo and using
a third party individual not directly involved in the care of
the study subjects who used a point-of-care hemoglobin
monitoring device. The targeted hemoglobin level was 13
g/dl using a computer algorithm evaluating rate of rise
and stability of hemoglobin levels. Rescue therapy with
darbepoetin alfa was given to subjects randomized to pla-
cebo if their hemoglobin levels fell below 9 g/dl.

Assessment of QOL Variables

Three distinct self-administered instruments were used.
The Functional Assessment of Cancer Therapy-Fatigue
(FACT-Fatigue) and EuroQol (EQ-5D) were collected at the
beginning of TREAT. Short Form-36 (SF-36) was added
after the second protocol amendment in May 2005, exclud-
ing the first 1049 subjects for paired analysis. FACT-Fa-
tigue and EQ-5D tools were administered at baseline and
weeks 13, 25,49, 73, 97, 121, 145, 169, 193, and 217, and the
SF-36 was administered at baseline and weeks 25, 49, and
97. FACT-Fatigue was prespecified as the main HRQOL
endpoint, and the SF-36 energy /vitality and physical func-
tion domains were also prespecified as key outcomes.

FACT-Fatigue contains 13 questions assessing symp-
toms during the past week, scored from 0 to 52, with
higher scores representing less fatigue (13,14). Reliability
and validity of FACT-Fatigue in oncology patients and a
general population have been reported, and a clinically
meaningful difference is 3 points (15). The EQ-5D visual
analog scale is a valid vertical scale, scored from 0 to 100,
with 0 representing the worst imaginable health state and
100 representing the best imaginable health (16,17); EQ-5D
has been used extensively in many patient populations
including CKD (18). The SF-36 is a reliable and valid mea-
sure of generic HRQOL (19,20) and is the most extensively
used instrument in nondialysis CKD patients (21). There
are eight domains, including physical function, role phys-
ical, bodily pain, general health, energy/vitality, role-emo-
tional, social function, and mental health. The prespecified
targeted SF-36 domains for TREAT were energy (4 ques-
tions) and physical functioning (10 questions). A 5-point
change is generally considered clinically meaningful (22).
For the purpose of simplicity, all three instruments will be
referred to as measuring QOL. All patients in TREAT were
eligible for the substudy.

Statistical Analyses

All SE-36 analyses used raw scores (0 to 100 range) and
were repeated for norm-based score, as specified in the
statistical analysis plan. Because the results were similar,
presented SF-36 analysis used raw data (0 to 100 scoring) to
facilitate comparison with other published trials/popula-
tions. Changes in all HRQOL measures were calculated
longitudinally, limited through 97 weeks to minimize the
effect of imputation. Only subjects with at least both base-

line and week 25 measurements were included in the
analysis. Missing items were handled using the standard,
recommended imputation methods for the instruments.
Last observation carried forward using last nonmissing
postbaseline values were used for missing postbaseline
HRQOL items for subjects who were still on study. The
proportions of patients who had a clinically meaningful
change in FACT-Fatigue and SF-36 energy and physical
function scores were also calculated. Sensitivity analysis
was performed without imputed data to ensure similar
results.

Mean change scores in FACT-Fatigue and SF-36 Physical
Function and Energy subscales were calculated from base-
line to each study visit occurring at weeks 13 (FACT-
Fatigue only), 25, 49, and 97. Mean changes were com-
pared across the two randomized treatment groups using
a two-sided t test, and 95% confidence intervals were cal-
culated for the mean difference between the two groups. A
generalized linear model (analysis of covariance) was ap-
plied, adjusting for baseline scores and the stratification
factors of proteinuria and cardiovascular disease history.

The proportion of “responders” in the two groups (sub-
jects experiencing 3-point improvement in FACT-Fatigue
score or 5-point improvement in the two SF-36 subscales)
was measured at each time period, and differences be-
tween treatment groups were assessed using the X test.
Multivariate models were developed to determine predic-
tors of baseline HRQOL using the three prespecified do-
mains (i.e., FACT-Fatigue, SF-36 energy, and SF-36 physi-
cal function). A mixed-effect repeated measure model was
performed, adjusting for significant univariate predictors
to identify independent predictors of improvements in the
three prespecified HRQOL endpoints, using all baseline
characteristics and key postrandomization factors (i.e., ad-
judicated clinical events, transfusions, and hemoglobin).
All adjudicated clinical events for use in the multivariate
models were censored at week 97.

All analyses were performed by a statistical group at
the sponsor and confirmed by an independent statisti-
cian at Brigham and Women’s Hospital. The sponsor
and independent statistician provided the writing group
with unrestricted access to the data. This manuscript
was written by the first author and subsequently revised
by all authors.

Results

Of the 4038 patients enrolled in TREAT, 3531 (87.4%)
completed the FACT-Fatigue and 3539 (87.6%) com-
pleted EQ-5D at baseline and 25 weeks. A total of 2295 of
2989 (76.8%) eligible subjects completed SF-36 at base-
line and 25 weeks. The characteristics of those patients
who completed HRQOL instruments at baseline were
somewhat different than those who did not (Table 1).
Instrument completion through 97 weeks was relatively
complete.

Overall QOL Outcomes

Baseline and follow-up FACT-Fatigue, SF-36, and EQ-5D
scores are detailed in Table 2. In the unadjusted analysis at
25 weeks, fatigue was significantly improved in the pa-
tients randomized to darbepoetin alfa compared with pla-
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Table 1. Baseline characteristics stratified by QOL completion

FACT-Fatigue and Non-QOL
EQ- %) (n S:F_232695) Partici%ants p?
(n = 3531) (n = 451)
Age (years) 68 (60 to 75) 68 (60 to 75) 69 (62 to 77) <0.01
Female gender (%) 2046 (57.9) 1341 (58.4) 243 (53.9) 0.11
Race or ethnic group 0.75
white (%) 2250 (63.7) 1413 (61.6) 283 (62.7)
black (%) 719 (20.4) 454 (19.8) 90 (20.0)
Hispanic (%) 462 (13.1) 359 (15.6) 66 (14.6)
other (%) 100 (2.8) 69 (3.0) 12 (2.7)
Randomized darbepoetin 1762 (49.9) 1138 (49.6) 217 (48.1) 0.48
alfa
group [n (%)]
Marital status [1 (%)] <0.01
married 1991 (56.4) 1279 (55.7) 167 (37.0)
single 260 (7.4) 162 (7.1) 29 (6.4)
separated 125 (3.5) 93 (4.1) 12 (2.7)
divorced 300 (8.5) 192 (8.4) 22 (4.9)
widowed 825 (23.4) 519 (22.6) 105 (23.3)
unknown 30 (0.8) 50 (2.2) 116 (25.7)
Smoking status [1 (%)]
current smoker 173 (4.9) 97 (4.2) 29 (6.4) 0.16
former smoker 1377 (39.0) 852 (37.1) 170 (37.7) 0.59
Alcohol use [n (%)] 558 (15.8) 368 (16.0) 60 (13.3) 0.17
Recreation activity [n (%)]
medium or heavy 999 (28.3) 646 (28.1%) 102 (22.6) 0.01
Any nonsedentary job 849 (24.0) 591 (25.8%) 95 (21.1) 0.16
activity
[n (%)]
Body mass index (kg/m?) 30.4 (26.4 to 35.3) 30.4 (26.3 to 35.0) 29.3 (25.2 to 34.1) <0.01
Systolic BP (mmHg) 136 (122 to 149) 135 (122 to 148) 134 (122 to 146) 0.06
Diastolic BP (mmHg) 71 (64 to 80) 70 (64 to 80) 70 (64 to 80) 0.95
Serum creatinine (mg/dl) 1.9 (1.5t0 2.3) 1.9 (1.5t0 2.3) 1.9 (1.5 to0 2.5) 0.49
Estimated GFR (ml/min per 34 (26 to 42) 34 (26 to 43) 33 (26 to 43) 0.61
1.73 m?)
Ratio of urine protein (in 04 (0.1t 1.9) 04 (0.1t0 1.8) 0.4 (0.1to02.0) 0.59
mg/dl) to creatinine (in
mg/dl) in urine
Proteinuria = 1 n(%) 1222 (34.6) 789 (34.4) 163 (36.2) 0.50
Potassium (mmol/L) 47 (43t05.1) 4.7 (43t05.1) 46((4.2t05.1) 0.43
Albumin (g/dl) 4.0 (3.7 to 4.3) 4.0(3.74.3) 3.9(3.7t04.3) 0.09
Glycated hemoglobin (%) 7.0 (6.2 to 8.0) 6.9 (6.2t07.9) 7.0(6.2t08.2) -
Hemoglobin (g/dl) 10.5 (9.8 to 11.0) 10.5 (9.9 t0 10.9) 10.3 (9.7 t0 10.9) <0.01
White blood cells (10°/L) 6.6 (5.4 to 8.0) 6.7 (5.4 t0 8.1) 6.8 (5.5 t0 8.2) 0.10
Platelets (10°/L) 243 (199 to 293) 247 (201 to 299) 242 (196 to 288) 0.24
Transferrin saturation (%) 23 (18 to 28) 23 (18 to 28) 22 (18 to 29) 0.93
Serum ferritin (ug/L) 132 (66 to 255) 128 (61 to 252) 143 (67 to 282) 0.19
Total cholesterol (mg/dl) 169 (142 to 202) 170 (141 to 201) 171 (142 to 205) 0.91
LDL (mg/dl) 85 (64 to 111) 85 (63 to 111) 87 (64 to 112) 0.71
HDL (mg/dl) 46 (38 to 56) 46 (38 to 56) 47 (38 to 57) 0.36
Triglycerides (mg/dl) 155 (110 to 232) 151 (109 to 224) 150 (108 to 220) 0.25
Known duration of diabetes 15.4 (8.2 to 21.7) 15.5 (8.4 to 21.7) 15.8 (8.8 to 22.5) 0.37
(years)
Retin};pathy [n (%)] 1676 (47.5) 1101 (48.0) 191 (42.4) 0.04
Laser treatment [ (%)] 1035 (29.3) 675 (29.4) 120 (26.6) 0.23
Diabetic neuropathy [ (%)] 1700 (48.1) 1102 (48.0) 208 (46.1) 0.42
Amputations 196 (5.6) 137 (6.0) 36 (8.0) 0.04
History of cardiovascular 2300 (65.1) 1445 (63.0) 307 (68.1) 0.22
disease [1 (%)]
Coronary artery disease 1542 (43.7) 1003 (43.7) 223 (49.4) 0.02
Heart failure 1162 (32.9) 720 (31.4) 168 (37.3) 0.07
Myocardial infarction 631 (17.9) 407 (17.7) 98 (21.7) 0.05
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Table 1. (Continued)
FACT-Fatigue and Non-QOL
EQ- %) (n S:F_232695) Partici%ants p?
(n = 3531) (n = 451)
Stroke 392 (11.1) 242 (10.5) 53 (11.8) 0.68
Peripheral arterial disease 739 (20.9) 475 (20.7) 96 (21.3) 0.86
Transient ischemic attack 227 (6.4) 129 (5.6) 34 (7.5) 0.37
Atrial fibrillation 357 (10.1) 223 (9.7) 64 (14.2) 0.01
Pacemaker 180 (5.1) 100 (4.4) 32(7.1) 0.08
AICD 50 (1.4) 34 (1.5) 6(1.3) 0.88
Pulmonary disease [ (%)] 869 (24.6) 551 (24.0) 117 (25.9) 0.54
COPD 313 (8.9) 198 (8.6) 56 (12.4) 0.01
Asthma 295 (8.4) 187 (8.1) 33(7.3) 0.45
Emphysema 64 (1.8) 43 (1.9) 12 (2.7) 0.22
Hypertension [1 (%)] 3278 (92.8) 2127 (92.7) 401 (88.9) <0.01
Malignancy [n (%)] 306 (8.7) 185 (8.1) 38 (8.4) 0.86
Insulin 1742 (49.3) 1140 (49.7) 217 (48.1) 0.63
Oral hypoglycemic agents 2029 (57.5) 1292 (56.3) 234 (51.9) 0.02
Thiazolidinediones 872 (24.7) 499 (21.7) 96 (21.3) 0.11
Sulfonamides 1250 (35.4) 790 (34.4) 165 (36.6) 0.62
Biguanide 619 (17.5) 446 (19.4) 62 (13.7) 0.04
Angiotensin-converting 2851 (80.7) 1874 (81.7) 326 (72.3) <0.01
enzyme inhibitor or
angiotensin receptor
blocker
Angiotensin-converting 360 (10.2) 241 (10.5) 38 (8.4) 0.24
enzyme inhibitor and
angiotensin receptor
blocker
B-blocker 1747 (49.5) 1107 (48.2) 218 (48.3) 0.65
Aldosterone receptor blocker 192 (5.4) 125 (5.4) 16 (3.5) 0.09
Statin 2073 (58.7) 1354 (59.0) 254 (56.3) 0.33
Aspirin 1502 (42.5) 1002 (43.7) 180 (39.9) 0.29
Vitamin K antagonist 234 (6.6) 143 (6.2) 38 (8.4) 0.15
Oral iron 1526 (43.2) 1014 (44.2) 153 (33.9) <0.01
Intravenous iron 55 (1.6) 46 (2.0) 6(1.3) 0.71
Prior use of erythropoietic 337 (9.5) 190 (8.3) 45 (10.0) 0.77
agent
Region [1 (%)] <0.01
North America 2199 (62.3) 1302 (56.7) 281 (62.3)
Latin America 404 (11.4) 386 (16.8) 32(7.1)
Western Europe/Australia 301 (8.5) 200 (8.7) 61 (13.5)
Eastern Europe 517 (14.6) 306 (13.3) 70 (15.5)
Russia 110 (3.1) 101 (4.4) 7 (1.6)
P value is comparison between those patients who did not complete QOL and those who completed the EQ-5D/
FACT-Fatigue. Interquartile range is provided in parentheses for continuous variables, and percentage is provided in parentheses for
categorical variables.

cebo (FACT-Fatigue: mean change, 4.2 * 10.5 versus 2.8 *
10.3; P < 0.001). In contrast, there was no significant dif-
ference in the mean change in SF-36 energy domain (5.3 *
20 versus 4.2 * 19 for darbepoetin alfa versus placebo, P =
0.196) and physical function domain (3.2 = 22 versus 2.6 *
21 for darbepoetin alfa versus placebo, P = 0.514). All other
SF-36 domains were also not significant at 25 weeks (Table
2). Overall HRQOL (measured by EQ-5D) improved more
in the darbepoetin alfa group (5.6 = 19) compared with the
placebo group (4.0 = 18; P = 0.011).

The unadjusted mean change in FACT-Fatigue and
EQ-5D remained significantly improved in patients ran-
domized to darbepoetin alfa compared with placebo for
each follow-up visit through 97 weeks. There were no

significant differences in the unadjusted mean change
scores of both Energy and Physical Function domains of
SF-36 except for the 97-week visit.

A =3-point increase in the FACT-Fatigue score (consid-
ered clinically meaningful) occurred in 963/1762 (55%) of
the darbepoetin alfa and 875/1769 (49%) of the placebo
patients (P = 0.002) at 25 weeks, and these differences in
the proportions were consistent throughout most of the
visits over 2 years (Figure 1). At 25 weeks, a =5-point
increase in SF-36 Energy domain (considered clinically
meaningful) occurred in 611/1138 (54%) of the darbepoetin
alfa and 569/1157 (49%) of the placebo patients (P = 0.027).
A =5-point increase in SF-36 Physical Function domain
occurred in 557/1138 (49%) of the darbepoetin alfa and
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Table 2. Baseline and longitudinal change in health status
g Mean Change (SD
Instrument Treatment B{i/s;lﬁrele ge 6D)
Week 13 Week 25 Week 49 Week 73 Week 97
FACT-Fatigue Placebo 304 + 12 3.3+10 2.8 +10 2311 27 +11 19 =11
Darbepoetin 30.2 =12 47 +10? 42 + 117 35=+11° 3.9 +11° 3.4 +11°
SF-36 Energy Placebo 449 =22 — 42*+19 49 =20 — 3.5*20
Darbepoetin 46.9 = 23 — 53+ 20 54 +20 — 5.0 + 212
SF-36 Physical Placebo 449 * 26 — 2.6 =21 1.9+£23 — —-15+24
Function
Darbepoetin 45.0 £ 27 — 32+22 2.7 +23 — 1.4 + 24°
SF-36 Role Physical Placebo 475 + 28 — 44+ 26 3.2+29 — 1.3 =30
Darbepoetin 479 * 30 — 54 + 28 5.5 + 28 — 49 + 31
SF-36 Bodily Pain Placebo 552 =27 — 21 *+24 22 *25 — 2.0 =26
Darbepoetin 56.6 = 27 — 2.0+ 25 1.8 =26 — 2.0+ 26
SF-36 General Placebo 43.8 =20 — 39 +17 3.7 +17 — 23 +19
Health
Darbepoetin 453 £ 21 — 39 +17 3.6 +18 — 2.8+ 20
SF-36 Social Placebo 64.6 = 27 — 34 +26 3.6 =27 — 24 + 28
Function
Darbepoetin 67.3 = 29 — 3.3 =27 1.9 =27 — 1.8 28
SF-36 Role- Placebo 64.7 * 31 — 1.7 29 1.3 =31 — 0.2 +32
Emotional
Darbepoetin 65.3 = 32 — 42 + 31 3.1 +32 — 1.3 +33
SF-36 Mental Placebo 66.2 = 21 — 19 +17 1.3*+19 — 1.0 =18
Health
Darbepoetin 67.5 =22 — 23 +19 2.2+ 20 — 2.1 +20
EQ-5D VAS Placebo 60.0 = 19 35+17 40+ 18 3.3+19 3.6 +20 3.0 +20
Darbepoetin 603 +19 54 +17° 56+19° 52*20° 51+20° 4.6 =20°
2P < 0.001 and ®P < 0.05 in unadjusted analysis.
& o0 “p<0.0s z
£ B * *p<0.05
g 507 % § - d
g . & _ + [
_*g 40 %/ E *
','c”:‘ 30 1 % M Placebo .cax.
.‘g 20 - %7 #. Darbepoetin l/?\
£ 107 8
Week 13 Week25 Week49 Week73  Week 97 § Energy Physical Energy Physical Energy Physical
Function Function Function
% Completion  97% 100% 95% 89% 74% 25 Weeks 49 Weeks 97 Weeks

Follow-up Visit

Figure 1. | Clinically meaningful improvement in FACT-Fatigue
scores defined as proportion of patients at each time point with =3
point improvement. A higher score is associated with less fatigue.

546/1157 (48%) of the placebo patients (P = 0.482). These
findings were consistent throughout 2 years (Figure 2).

Predictors of Baseline QOL

Several factors were consistent predictors of all three key
domains of HRQOL at baseline (Table 3). The most pow-
erful predictors of better HRQOL at baseline include
higher physical activity, self-described black race, male
gender, and higher albumin. Patients who worked, had
a higher baseline hemoglobin, and who were older had
better perceptions. Lower HRQOL was noted among
those with pre-existing cardiovascular or pulmonary

100% Completion 96% Completion 70% Completion

Follow-Up Visits

Figure 2. | Clinically meaningful improvement in SF-36 Energy and
SF-36 Physical Function Scores defined as proportion of patients at
each time point with =5 point improvement. A higher score is
suggestive of better QOL.

disease, higher body mass index, and diabetic neuropa-
thy.

Predictors of Longitudinal Changes in QOL

Using linear repeated-measures models incorporating
all visits through 97 weeks, several baseline and interim
predictors of long-term changes in HRQOL were identified
(Tables 4-6). Consistent predictors of decrements in all
three domains include older age, higher baseline HRQOL
score, lower activity level, pulmonary disease, and dura-
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Table 3. Multivariate predictors of baseline QOL

FACT-Fatigue SF-36 Energy SF-36 PF
Model Covariates
Estimate SE ® Estimate SE P Estimate SE P
Recreation activity (heavy/ 3.548 0429  <0.001 7.119 0968  <0.001 14.54 1.067  <0.001
medium versus other)
Race (black versus white) 3.461 0.509  <0.001 7.851 1.14 <0.001 2.825 1.227 0.021
Male gender 2.776 0.423  <0.001 2.957 0.969 0.002 5.777 1.046  <0.001
History of diabetic —2.6 0.39 <0.001 —4.15 0.889  <0.001 —7.307 0.988  <0.001
neuropathy
History of cardiovascular —2.22 0.405 <0.001 —-3395 091 <0.001 —4334 0995 <0.001
disease
Albumin (per 1 g/dl increase) 2.048 0.485  <0.001 2.699 1.093 0.014 6.454 1.194  <0.001
Pulmonary disease —1.705 0.441  <0.001 —2.432 0.995 0.015 —2.897 1.094 0.008
Alcohol use 1.683 0.537 0.002 3.248 1.199 0.007 421 1.322 0.001
Any nonsedentary job activity 1.572 0.386  <0.001 1.659 0.863 0.055 4.869 0951 <0.001
Smoker status (former versus —1.239 0.419 0.003 —2.035 0.919 0.027 —2.173 1.011 0.032
never)
Potassium (per 1 mmol/L 0.883 0.312 0.005 1.696 0.695 0.015 1.934 0.764 0.011
increase)
Hemoglobin (per 1 g/dl 0.745 0.198  <0.001 1.41 0.448 0.002 2.002 0.49 <0.001
increase)
Body mass index (per 1 kg/ -0.195 0.028  <0.001 —0.28 0.062  <0.001 —0.631 0.068  <0.001
m? increase)
Age (per 1 year increase) 0.051 0.021 0.016 0.091 0.048 0.055 -03 0.051  <0.001
Systolic BP (per 1 mmHg 0.044 0.011  <0.001 0.053 0.026 0.041 0.056 0.025 0.027
increase)
Serum ferritin (per 1 pug/L —0.002 0.001 0.011 —0.004 0.002 0.009 —0.004 0.002 0.021
increase)

tion of diabetes. Lower body mass index and lower trig-
lycerides were associated with significant improvements in
physical function and fatigue. Self-described blacks were
more likely to note improvements in fatigue and energy,
and men noted improvements in physical function and a
trend in improved energy. Other significant factors were
not consistent predictors across the three domains.

Postrandomization events had a significant impact on
HRQOL. Hospitalization events and hemoglobin <9 g/dl
at any point were significantly associated with worse
scores on all three HRQOL domains. The occurrence of
stroke had a substantial negative impact on fatigue (—5.0
1.3 SE) and on physical function (—10.5 = 3.5 SE). Al-
though there were trends in worse patient reported out-
comes after acute heart failure event or the development of
ESRD, these were not statistically significant. After adjust-
ing for all other predictors, randomization to darbepoetin
alfa improved FACT-Fatigue scores but did not influence
SF-36 energy or physical function scores. Change in hemo-
globin throughout the 97 weeks was highly collinear with
randomization arms, and inclusion of this variable in the
model negated the independent predictive ability of ran-
domization to darbepoetin alfa.

Several sensitivity analyses were performed. Only non-
imputed data were used (excluding last value carried for-
ward), which did not change the results of the univariate
analysis for impact of therapy. There was no consistent
impact on the magnitude of change scores during fol-
low-up when patients were stratified by either baseline
hemoglobin or eGFR.

Discussion

The principal new finding in TREAT is that, in compar-
ison to placebo, patients randomized to darbepoetin alfa
noted a significant improvement in fatigue, of modest
clinical significance, by 13 weeks, and this difference per-
sisted through 2 years, even after adjusting for other inde-
pendent predictors of improvement. Despite the concom-
itant improvement in overall HRQOL as measured by
EQ-5D, there were no consistent differences in energy or
physical function scores using the SF-36. The baseline
HRQOL of TREAT patients was as impaired as those with
advanced heart failure (23), cancer (24), myocardial infarc-
tion (25), and on dialysis (26). Therefore, improving pa-
tient’s sense of well being was an important secondary
outcome evaluated in TREAT in particular and for CKD in
general (10). Few studies evaluate long-term effects of
treatment on HRQOL. Given the prevalence of anemia in
patients with CKD and diabetes, estimated at 40 to 50% of
patients (4,27), understanding the long-term HRQOL out-
comes of anemia treatment needed elucidation.

Prior studies of ESAs in nondialysis patients showed
considerable between-study heterogeneity in terms of pa-
tient characteristics, starting hemoglobin concentrations,
target hemoglobin concentrations, durations of follow-up,
choice of HRQOL instrument, and research design (21).
However, the collective experience in placebo-controlled
studies of this population is low. The U.S. Recombinant
Human Erythropoietin Predialysis Study Group followed
117 patients for 8 weeks, showing improved energy and
work capacity with anemia correction using a 5-point Lik-
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Model Covariates

Table 4. Repeated-measure models for FACT-Fatigue changes at weeks 25, 49, and 97

Randomization to darbepoetin
Baseline proteinuria = 1
History of cardiovascular disease
Baseline FACT-Fatigue score (per 1 unit increase)
Baseline factors
race (black versus white)
recreation activity (heavy/medium versus other)
age (per 1 year increase)
pulmonary disease
any nonsedentary job activity
baseline diastolic BP (per 1 mmHg increase)
body mass index (per 1 kg/m? increase)
baseline white blood cells (10°/L)
baseline triglycerides (per 10 mg/dl)
baseline potassium (mmol/L)
baseline serum ferritin (per 10 pg/L)
history of diabetic neuropathy
history of atrial fibrillation
known duration of diabetes (per 1 month increase)
Postrandomization factors
interim stroke
number of hospitalizations
any hemoglobin <9 g/dl status

FACT-Fatigue Change (n = 3531)

Estimates P

(SE)

1.001 (0.402) 0.013
—0.251 (0.378) 0.507
—0.990 (0.299) <0.001
—0.504 (0.012) <0.001

1.108 (0.382) 0.004

1.066 (0.320) <0.001
—0.073 (0.016) <0.001
—1.299 (0.329) <0.001

0.933 (0.338) 0.006
—0.044 (0.015) 0.004
—0.045 (0.021) 0.030
—0.191 (0.070) 0.006
—0.070 (0.019) <0.001

0.535 (0.234) 0.023

0.012 (0.006) 0.036
—0.570 (0.293) 0.052
—0.999 (0.480) 0.038
—0.003 (0.001) 0.013
—5.040 (1.300) <0.001
—1.007 (0.128) <0.001
—1.100 (0.314) <0.001

analysis set.

Estimates were from repeated-measure model adjusted for baseline FACT-fatigue scores, stratification factors, treatment
groups, covariates listed in Table 1, and postrandomization factors (i.e., interim heart failure event, number of days
transfused, interim myocardial ischemia/infarction, and development of ESRD). 1, number of subjects in PRO FACT-fatigue

ert scale (28). Kleinman et al. (29) reported HRQOL im-
provement among treated patients and no improvement
among placebo patients followed for 12 weeks (n = 14).
Most remaining studies evaluating patient-reported out-
comes did not use a placebo-controlled design. The effect
size of HRQOL changes generally was greatest in open
label single-arm studies with generally diminishing effect
size in open-label randomized studies and double-blinded
comparative studies of two active therapies (21). Using the
SF-36 Energy/Vitality subscore as an outcome, single-arm
studies resulted in improvements in scores of >14 (7,30)
compared with net differences of 8.9 points with Revicki et
al. (31) comparing open-labeled treated and untreated pa-
tients. The Cardiovascular Risk Reduction by Early Ane-
mia Treatment With Epoetin B study showed a moderate
effect of early correction of moderate anemia compared
with later treatment (32), and the Correction of Hemoglo-
bin and Outcomes in Renal Insufficiency study showed a
clinically significant improvement in patient-reported en-
ergy and physical function scores in both high and low
hemoglobin target groups, but no incremental between-
group differences. Parfrey et al. (33) (n = 596) showed a
clinically significant improvement in some HRQOL do-
mains, with full correction of anemia in hemodialysis pa-
tients who had moderate anemia at baseline in a double-
blinded study of two strategies. Given similar impairments
of baseline HRQOL between TREAT patients and other
kidney populations, the modest effects in TREAT likely

represent the true impact of therapy and show the impor-
tance of calculating magnitude of HRQOL benefit with
placebo-controlled studies.

In determining the clinical meaning of HRQOL out-
comes, confounding factors influencing these outcomes
must be considered. Knowledge of the intervention or
hemoglobin achieved may influence patient perceptions
about “benefit” (34). In a large cancer trial using erythro-
poietin, patient knowledge of hemoglobin achieved af-
fected multiple HRQOL domains (35). Patients enrolled in
open-label, single-arm studies may be influenced by me-
ticulous follow-up and the general perception of efficacy.
Baseline hemoglobin and absolute change in hemoglobin
over time may influence patient perceptions with more
attenuated improvements beyond 12 g/dl (36). Impor-
tantly, TREAT’s study design reduced patient or investi-
gator bias with regard to interpretation of patient reported
outcomes, although we cannot quantitate the influence of
routine injections on the perceptions of patients random-
ized to placebo.

Prior CKD studies have evaluated predictors of baseline
HRQOL (37,38). Contrary to dialysis patients (38), older
patients had better physical function and less fatigue at
baseline in our study, a finding supported in other chronic
conditions such as heart failure (39). HRQOL was better
among self-described black patients, and their perceptions
improved over 2 years, which extends our understanding
(40). Several additional predictors of better baseline



852 Clinical Journal of the American Society of Nephrology

Table 5. Repeated-measure models for SF-36 energy changes at weeks 25, 49, and 97
SF-36 EN Change (Scale 0 to 100)
(n = 2295)
Model Covariates
Estimates P
(SE)
Randomization to darbepoetin 1.303 (0.958) 0.174
Baseline proteinuria = 1 —1.571 (0.752) 0.037
History of cardiovascular disease —1.221 (0.654) 0.062
Baseline SF-36 Energy score (per 1 unit increase) —0.458 (0.014) <0.001
Baseline factors
recreation activity (heavy/medium versus other) 2.801 (0.710) <0.001
race (other versus white) 3.852 (0.854) <0.001
race (black versus white) 4.321 (0.819) <0.001
any nonsedentary job activity 1.299 (0.728) 0.074
age (years) —0.090 (0.033) 0.006
pulmonary disease —1.758 (0.718) 0.014
male gender 1.163 (0.640) 0.069
history of diabetic neuropathy —1.093 (0.645) 0.090
duration of diabetes (per 1 month increase) —0.008 (0.003) 0.003
history of retinopathy 1.469 (0.666) 0.027
baseline white blood cells (10°/L) —0.244 (0.134) 0.070
Postrandomization factors
number of hospitalizations —1.713 (0.293) <0.001
interim heart failure event —2.372 (1.579) 0.133
any hemoglobin <9 g/dl —1.487 (0.712) 0.037
Estimates were from repeated measure model adjusted for baseline SF-36 Energy Function (Raw score) scores, stratification
factors, treatment groups, covariates listed in Table 1, and post-randomization factors (i.e., interim stroke, number of days
transfused, interim myocardial ischemia/infarction, and development of end-stage renal disease).

HRQOL and improvements in HRQOL over 2 years in-
cluded higher physical activity and lower body mass in-
dex. Physical activity has been associated with better out-
comes in many chronic conditions, including heart failure
and diabetes. Patients with higher hemoglobin noted better
HRQOL at baseline, and severe anemia during follow-up
was associated with deterioration of these perceptions.
Severity of diabetes, as measured by neuropathy, retinop-
athy, and insulin use, negatively impacted physical func-
tion, supporting cross-sectional findings of a large diabetes
population (41). These findings were variably supported in
TREAT. Interim nonfatal events dramatically worsened
HRQOL, suggesting the scales can be responsive; more-
over, these nonfatal interim events may contribute to the
variable HRQOL responses to ESA use with long-term
follow-up. Despite a relatively infrequent occurrence,
stroke conferred the biggest impact on change in fatigue
and physical function scores in multivariate models. Al-
though initiation of dialysis can dramatically influence a
patient’s sense of well being, this was not an independent
predictor of HRQOL. Finally, adding the absolute change
in hemoglobin to the model negates the influence of dar-
bepoetin alfa randomization on fatigue, suggesting that the
improved HRQOL conferred by darbepoetin alfa was
through raising hemoglobin. Thus, knowledge of patient’s
baseline HRQOL and the presence of factors known to
influence HRQOL longitudinally may be useful for patient
counseling about aggressiveness of care and medical deci-
sion making.

There are several limitations to this study. There is no
disease-specific instrument developed specifically for this

population. The widely used FACT-Fatigue (42) was de-
signed for oncology patients, although it has been used in
both CKD patients (43) and hemodialysis patients; prelim-
inary qualitative research suggests that SF-36 domains of
energy and physical function have reasonable content va-
lidity in this population (44). The number of domains
evaluated could increase the likelihood of chance findings,
albeit less likely given the a priori focus on three prespeci-
fied domains; however, providing complete HRQOL data
enables comparison with other trials for future use. Finally,
we did not measure depression or cognitive function,
which are both impaired in patients with anemia and CKD
(45). Nevertheless, this represents the largest study of pla-
cebo-controlled patients with diabetes and nondialysis
CKD, which provides a robust assessment of this impor-
tant feature of ESA treatment.

The evidence from TREAT to support long-term im-
provement in HRQOL with treatment of moderate anemia
with darbepoetin alfa in diabetic nephropathy is mixed.
The improvement in some HRQOL domains (fatigue and
overall HRQOL) was of modest clinical significance, and
no consistent improvement was observed in energy or
physical function. Several factors, some of which are mod-
ifiable, were predictive of longitudinal change in HRQOL.
Given the neutral overall effect and increased risk of stroke
with treatment, clinicians should individualize the use of
ESAs in the management of patients with CKD and mod-
erate anemia considering a variety of factors, including the
patient’s baseline HRQOL, severity of symptoms attrib-
uted to anemia, and the potential risk of treatment.
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Model Covariates

Table 6. Repeated-measure models for SF-36 Physical Function changes at weeks 25, 49, and 97

SF-36 PF Change (Scale 0 to 100)

(n = 2295)
Estimates P
(SE)
Randomization to darbepoetin 1.947 (1.102) 0.077
Baseline proteinuria = 1 —1.656 (0.819) 0.043
History of cardiovascular disease —0.700 (0.765) 0.361
Baseline SF-36 Physical Function score (per 1 unit increase) —0.419 (0.015) <0.001
Baseline factors
age (per 1 year increase) —0.305 (0.040) <0.001
body mass index (per 1 kg/m? increase) —0.345 (0.054) <0.001
male gender 3.568 (0.834) <0.001
recreation activity (heavy/medium versus other) 3.095 (0.844) <0.001
history of retinopathy 2.855 (0.787) <0.001
history of diabetic neuropathy —1.952 (0.758) 0.010
baseline white blood cells (10”/L) —0.414 (0.156) 0.008
baseline triglycerides (per 10 mg/dl) —0.069 (0.024) 0.004
insulin use at baseline —1.839 (0.785) 0.019
any nonsedentary job activity 1.670 (0.856) 0.051
angiotensin-converting enzyme inhibitor or angiotensin 1.869 (0.923) 0.043
receptor blocker use at baseline
duration of diabetes (per 1 month increase) —0.006 (0.003) 0.049
pulmonary disease —1.845 (0.845) 0.029
Postrandomization factors
hospitalization (per event) —1.396 (0.338) <0.001
interim stroke —10.49 (3.388) 0.002
any hemoglobin <9 g/dl status —2.254 (0.821) 0.006
development of ESRD —3.333 (1.892) 0.078
interim heart failure event —3.079 (1.829) 0.092

Estimates were from repeated-measure model adjusted for baseline SF36 Physical Function (raw score) scores, stratification factors,
treatment groups, covariates listed in Table 1, and postrandomization factors (i.e., number of days transfused and interim
myocardial ischemia/infarction). #, number of subjects in PRO SF36 analysis set.
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