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Background: Accurate estimates of clinically important difference (CID) are required for 

interpreting the clinical importance of treatments to improve physical function, but CID estimates 

vary in different disease populations.

Aims: We determined the CID of 6-minute walking distance (6MWD) and physical function 

component (PF10) of Medical Outcomes Study Short Form-36 in mobility-limited older men 

using the Testosterone Trials (TTrials) data.

Methods: TTrials participants (n=429) with mobility limitation and gait speed<1.2m/sec, were 

divided into training and test sets. Patient global impression of change was used as anchor. Three 

anchor-based methods – regression, receiver operator curves (ROC), and empirical cumulative 

distribution functions (eCDF) -— were used to determine the CID.

Results: Baseline characteristics did not differ between the training and test sets. Mean changes 

from baseline, adjusting for time-in-intervention and site, were 29.6, 13.2, 12.5, −2.4, and −32.6 

meters for 6MWD, and 15.4, 7.2, 2.1, −3.4, and −7.2 for PF10 in men who reported their mobility 

was ‘very/much better’, ‘little better’,’no change, ‘little worse’, or ‘much worse,’ respectively. 

CID estimates using regression, ROC, and eCDF varied from 5.0-—29.6 meters for 6MWD, and 

5.0-—15.2 points for PF10.

Conclusions: CID estimates vary by the population studied and by the method and precision 

of measurement. Increases of 16 to 30 meters for 6MWD and 5 to 15 points for PF-10 over 12 

months appear to be clinically meaningful in mobility-limited, older hypogonadal men. These CID 

estimates may be useful in the design of efficacy trials of therapies to improve physical function.
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Introduction

The “clinically important difference” (CID) is a patient-centered concept that refers to 

the change in an outcome measure that the patient perceives as beneficial (1). Accurate 

estimates of CID are required for defining dichotomous treatment response and for 

interpreting the clinical relevance of treatment effects in randomized trials of interventions 

to improve physical function. An average difference between groups, even if statistically 

significant, does not provide sufficient information about whether the treatment effect is 

important to patients.

The six-minute walking distance (6MWD) is a commonly used performance-based measure 

of mobility in older adults with mobility limitation, chronic obstructive pulmonary disease 

(COPD), heart failure, and other diseases (2–4). Although the CID for 6MWD is often cited 

to be 50 meters, the estimates have varied substantially - from 19 to 63 meters - depending 

upon the condition, study population, and the estimation method (5–12).

Many pharmacologic therapies, such as testosterone, selective androgen receptor 

modulators, myostatin-activin antagonists, growth hormone secretagogs, and troponin 

activators are being developed to treat aging- or chronic diease-associated mobility 

limitation; efficacy trials have typically included community-dwelling older adults with 
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mobility limitation (12–20). To facilitate the design of future trials of these therapies, we 

derived CID estimates for 6MWD and self-reported physical function in mobility-limited 

older adults using data from the Testosterone Trials (TTrials) (13, 21–23).

Methods

The design, eligibility criteria, and main findings of the TTrials - a coordinated set of trials 

designed to determine the efficacy of testosterone in improving sexual function, physical 

function, and vitality in community-dwelling older men with low testosterone - have been 

published (13, 21–23) (NCT00799617).

Study Population.

The Physical Function Trial, one of three main trials of the TTrials, enrolled men ≥65 years, 

with an average of two testosterone concentrations<275-ng/dL (13), self-reported difficulty 

walking one-quarter mile and/or walking up one flight of stairs, and walking speed<1.2 

m/sec in the 6-minute walk test(21). Of the 788 men enrolled across all TTrials, our analytic 

sample consisted of the 429 who self-reported difficulty walking and met gait speed criteria, 

inclusive of the 387 men who consented to the Physical Function Trial.

Outcome Measures

The 6MWD, an objective measure of performance, is the total distance walked in 6 minutes. 

Men were instructed to walk as far as possible at a speed that they could safely maintain. 

Remaining time was announced at predetermined intervals; other encouragement was 

prohibited. The PF10 is a self-reported 10-item questionnaire that asked about limitations 

in activities such as lifting, climbing stairs, and walking. The Patient Global Impression of 

Change (PGIC) asked participants whether their walking ability was ‘very much better’, 

‘much better’, ‘little better,’ ‘no change’, ‘little worse’, ‘much worse’, or ‘very much worse’ 

since the study’s start. ‘Very much’ and ‘much’ categories were combined to create a 5-point 

PGIC variable (21, 23). Responders were defined as men reporting ‘very much’ or ‘much 

better’.

The 6MWD, PF10, and PGIC were assessed at months 3, 6, 9, and 12. 6MWD and PF10 

were also assessed at baseline.

Statistical Analyses:

Spearman correlations of PGIC and change in the 6MWD and PF10 were calculated. Men 

were randomly divided into a training set and test set in a 1:2 ratio (n=143 training; n=286 

test).

Because CID estimates can vary with the estimation method, we used three anchor-based 

methods in the training set - regression, receiver operator curves (ROC), and empirical 

cumulative distribution functions (eCDF) to determine CID thresholds for 6MWD and PF10; 

response to PGIC was the anchor. Regression utilized Generalized Estimating Equations 

clustered on the participant to account for repeated measures of 6MWD and PF10. Models 

included change from baseline in 6MWD or PF-10 as the outcome and 5-point PGIC 
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as the predictor; models adjusted for site and month. Dichotomous PGIC (responder,non­

responder) was used in ROC analyses to evaluate candidate CID thresholds across the range 

of changes in 6MWD and PF10. Candidate thresholds considered increments of 5 meters for 

6MWD and 5 points for PF10. Sensitivity and specificity were calculated for each threshold. 

ROC curves were plotted and areas under the curve (AUC) calculated. eCDFs of change in 

the 6MWD and PF10 were generated for each level of 5-point PGIC, and the median change 

in the ‘ ‘very/much better’ category was used as a CID estimate. A final threshold for CID 

was selected based on consideration of all three analyses and the coefficient of variation of 

6MWD.

Testosterone’s effect on mobility outcomes was then evaluated in the test set using mixed 

effects logistic regression of binary change in 6MWD and PF10 according to selected 

CID estimates. Models included intervention arm, month, and balancing factors used in 

treatment allocation as fixed effects and a random intercept to account for within-participant 

correlation over time. Analyses were conducted using SAS version 9.4.

Results

CID thresholds in the training set

Of 429 qualifying TTrials participants, 212 were allocated to testosterone and 217 to 

placebo. Baseline characteristics did not differ between the training and test sets (Table 

1). Spearman correlation of PGIC with change in mobility measures during months 3, 6, 9 

and 12 ranged from 0.15–0.20 for 6MWD and 0.15–0.27 for PF10.

Adjusted mean (95% CI) changes in 6MWD from baseline in the training set were 29.6 

(18.6,40.6), 13.2 (4.2,22.2), 12.5 (5.0,20.0), −2.4 (−20.5,15.6), and −32.6 (−58.2,−7.0) 

meters in men who reported ‘very much/much better’, ‘little better’,’no change, ‘little 

worse’, ‘much worse,’ respectively. Similarly, mean changes in PF10 from baseline were 

15.2 (9.1,21.3), 7.2 (3.1,11.2), 2.1 (−0.9,5.2), −3.4 (−9,6,2.8), and −7.2 (−14.8,0.3) across 

‘very much/much better’ to ‘very much/much worse’ PGIC categories (Figure 1).

Using ROC analysis, the threshold for change in 6MWD that maximized the sum of 

sensitivity and specificity was 5 meters (Sensitivity=0.73, Specificity=0.56). A PF10 change 

of ≥5 maximized the sum of sensitivity and specificity ( Sensitivity=0.74, Specificity=0.54, 

Figure 2).

The eCDFs of change in PF10 separated along PGIC response categories (Figure 2), 

with greater increases among men with more favorable PGIC responses. Little difference 

was observed in the distribution of change of 6MWD for “no change” and “little better” 

responses. Median changes in 6MWD were 16.2, 4.5, −1.6, and −10.6 meters in participants 

who reported “very much better/much better”, “little better”, “no change”, or “little worse” 

walking ability, respectively. Median changes in PF10 scores were 10, 5, 0, −5, and −5 in 

men who reported “very much/much better”, “little better”, “no change”, “little worse”, and 

“very much/much worse” function, respectively.
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Supplementary Table 1 shows the estimated CID threshold by method. The ROC-based 

threshold was lower than the threshold suggested by regression and eCDF methods, and also 

substantially lower than reported test-retest variability of the 6MWD. We therefore exclude 

the ROC estimate from our proposed 6MWD CID range of 16–30 meters. The estimate of 

CID for PF10 ranged from 5–15 points.

Proportions of Men in Each Intervention Arm Who Achieved Clinically Meaningful Change

The percent of men achieving change in 6MWD ≥ 16 meters ranged from 42% to 

50% across months 3 to 12 in the testosterone arm and 32 to 37% in the placebo arm 

(Supplementary Figure 1). The larger threshold of 30 meters was achieved by 28% to 39% in 

testosterone arm and 17% to 25% in placebo arm. Adjusted ORs (95% CI) for increases of 

≥16 meters and ≥30 meters were 1.5 (95% CI 0.9 to 2.7) and 1.8 (1.0, 3.1) for testosterone- 

versus placebo-treated men, respectively.

PF10 increased by ≥5 points in similar proportions of men in testosterone and placebo arms 

at month 3 (61% testosterone, 58% of placebo); the proportion of men with this degree 

of improvement remained stable over time across both arms (Supplementary Figure 1). 

The adjusted OR was 1.2 (95% CI 0.8-to-1.9) averaging across the treatment period. PF10 

results did not differ between arms for the CID threshold of ≥15 (OR 1.3, 95% CI 0.8–2.2). 

Empirical cumulative distribution function curves of the PF10 and 6MWD by arm display 

differences in the percent of men achieving additional thresholds of change (Supplementary 

Figure 2).

Discussion

In randomized trials of anabolic therapies in mobility-limited older adults, consideration of 

CIDs of mobility measures, such as 6MWD and PF10, is important in interpreting treatment 

effects. Although 50 meters has been widely accepted as the CID for the 6MWD and used 

to guide the design of many randomized trials, including the TTrials, our analyses indicate 

that 50 meters should not be viewed as the definitive estimate of CID because CID estimates 

vary depending on the population and the estimation methods used. We used three different 

methods for estimating CID; the estimates for the 6MWD varied from 5.0 meters by the 

ROC to 29.6-meters by regression. The test re-test variability of the measure should also be 

considered in establishing the CID; if the coefficient of variation exceeds the CID estimate, 

the higher of the two values should be considered. Because the ROC-based CID estimate 

was substantially lower than test-retest variability of the 6MWT (25–27), we propose 16–30 

meters, based on the regression and eCDF methods, as reasonable estimates of the CID in 

mobility-limited, community-dwelling older men. The maximum value of 30 represents a 

conservative estimate that is least likely to result in false positive responses.

These estimates of CID for the 6MWD are lower than the 50 meters used in the design of 

the TTrials and lower than the CIDs reported in some epidemiologic studies of older adults 

with COPD or stroke survivors. They are similar, however, to those reported in another 

randomized testosterone trial in mobility-limited older men, in some other observational 

studies in COPD patients (9, 14), and the estimates reported in a Cochrane review (14.0–
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30.5 meters) (28). The CID estimates of PF10 are similar to the expert opinion at the time of 

TTrials’ planning.

These findings have important implications for clinical trials to determine the efficacy of 

function promoting therapies, and for clinical practice. Consistent with the work of Enright 

et al, who showed that estimates of 6MWD are affected by individual’s characteristics, our 

data highlight the importance of determining the CID in the patient population for which 

the intervention is developed (29). Our analyses also show that CID estimates vary with the 

method of estimation; it is advantageous to use multiple approaches.

These analyses have several strengths and limitations. The estimates were derived in the 

setting of one of the largest trials of testosterone’s effects on physical function in mobility­

limited, older hypogonadal men. The 6MWD was assessed by well-trained staff. Inclusion 

of a PGIC rendered it possible to corroborate whether participants perceived improvement in 

their walking speed, and to use it as an anchor. We used three different methods to estimate 

the CID. Limitations of our study include the modest correlation between the PGIC anchor 

and mobility measures and that we did not measure test-retest variability in the current 

population. The response to PGIC can also be affected by depressive symptoms; however, 

depressive symptom scores were similar between arms at baseline and were only minimally 

affected by testosterone.

The analyses presented were neither prespecified nor adjusted for multiple comparisons. 

These results do not replace the pre-specified primary endpoint analysis of the TTrials, 

nor should they be used to re-interpret the published results of the TTtrials. Because CID 

estimates are specific for the context of use, these data do not imply that published estimates 

of CID for 6MWD derived in different populations are incorrect. Further, our CID estimates 

were derived in participants who were enrolled in an RCT; individuals participating in 

research may differ from those not participating in research. Our CID estimates, derived 

using multiple statistically rigorous approaches in the setting of a controlled trial, may be 

more appropriate for future studies of function-promoting therapies in mobility-limited older 

adults.

Conclusion

We estimated the CID for 6MWD to be 16 to 30 meters and for PF10 5 to 15 points 

in older mobility-limited hypogonadal men. These findings emphasize the importance of 

context-specific CID estimates to determine the clinical significance of treatment effects 

in efficacy trials. Because the derivation of CID estimates is time consuming, embedding 

anchors in phase 2 trials can be efficient in deriving CIDs and guiding sample size estimates 

for phase 3 trials. Our analyses also show that multiple adjacent thresholds for response can 

be evaluated using a cumulative distribution function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mean and 95% CI of estimated mean change in walking outcome: Six-minute walk distance 

(6MWD, top) and the physical function component of the Medical Outcomes Study Short 

Form-36 (PF10, bottom) for each level of Patient Global Impression of Change (PGIC) 

category. Mean change per PGIC response catgory was estimated by a marginal model 

and generalized estimating equations clustered by participant with walking outcome as the 

dependent variable and categorical PGIC response as the independent variable. The model 

adjusted for site and month.
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Figure 2. 
Receiver Operating Characteristic Curves and Empirical Distribution Functions. Receiver 

Operating Characteristic Curves (ROC) of responder status as defined by dichotomized 

PGIC response and candidate thresholds of dichotomous change in walking outcome: 

6MWD, PGIC (top left); PGIC PF10 (top right); Empirical cumulative distribution functions 

(eCDF) of change in 6MWD (bottom left, range −200 to 151 meters) and PF10 (bottom 

right, range −60 to 75) by each category of Patient Global Impression of Change response. 

Each point along the eCDF curve denotes the value such that the shown proportion of 

subjects increased by less than or equal to the indicated amount in respective walking 

outcome.
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Table 1.

Comparison of Characteristics of the Participants in the Training and Test Sets

Parameter Levels Training Set Test Set P-value

N 143 (100%) 286 (100%)

Arm A 72 (50.3%) 140 (49.0%) 0.7848

Arm B 71 (49.7%) 146 (51.0%)

Age 143 73.8 ± 6.4 286 73.3 ± 6.3 0.4313

Race Black/African American 7 (4.9%) 18 (6.3%) 0.8390

Race White/Caucasian 127 (88.8%) 251 (87.8%)

Race Other 9 (6.3%) 17 (5.9%)

Ethnicity Hispanic/Latino 7 (4.9%) 9 (3.2%) 0.3715

Ethnicity Not Hispanic/Latino 136 (95.1%) 276 (96.8%)

Education College graduate 72 (50.3%) 135 (47.2%) 0.5386

BMI 142 31.1 ± 3.3 286 31.7 ± 3.5 0.0711

PHQ-9 ≤4 61 (43.3%) 140 (50.2%) 0.2019

PHQ-9 5 – 14 72 (51.1%) 131 (47.0%)

PHQ-9 >14 8 (5.7%) 8 (2.9%)

History of Smoking 102 (71.8%) 195 (68.9%) 0.5351

Diabetes 66 (46.2%) 113 (39.5%) 0.1884

Hypertension 114 (79.7%) 207 (72.4%) 0.0986

Sleep Apnea 28 (19.7%) 54 (18.9%) 0.8489

6MWD - Month 0 139 347 ± 67.4 284 345 ± 69.5 0.7628

6MWD - Month 3 128 351 ± 74.0 262 357 ± 70.4 0.4279

6MWD - Month 6 123 355 ± 77.9 247 354 ± 71.6 0.9169

6MWD - Month 9 114 350 ± 80.2 242 352 ± 80.2 0.7814

6MWD - Month 12 116 363 ± 77.2 245 358 ± 76.7 0.5465

PF10 - Month 0 143 64.7 ± 22.0 286 64.4 ± 20.4 0.8832
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Parameter Levels Training Set Test Set P-value

PF10 - Month 3 124 70.1 ± 21.8 255 69.7 ± 19.6 0.8593

PF10 - Month 6 122 69.9 ± 22.7 248 70.8 ± 20.6 0.6940

PF10 - Month 9 125 69.3 ± 22.7 248 70.0 ± 21.6 0.7715

PF10 - Month 12 127 68.2 ± 23.1 261 69.0 ± 21.3 0.7496

PGIC - Month 3 Very/Much better 20 (17.7%) 45 (19.7%) 0.6530

PGIC - Month 3 Little better 33 (29.2%) 66 (28.8%)

PGIC - Month 3 No change 51 (45.1%) 107 (46.7%)

PGIC - Month 3 Little worse 9 (8.0%) 10 (4.4%)

PGIC - Month 3 Very/Much worse 1 (0.4%)

PGIC - Month 6 Very/Much better 15 (13.4%) 37 (16.4%) 0.5448

PGIC - Month 6 Little better 34 (30.4%) 71 (31.4%)

PGIC - Month 6 No change 57 (50.9%) 101 (44.7%)

PGIC - Month 6 Little worse 6 (5.4%) 13 (5.8%)

PGIC - Month 6 Very/Much worse 4 (1.8%)

PGIC - Month 9 Very/Much better 21 (17.4%) 44 (18.7%) 0.0753

PGIC - Month 9 Little better 23 (19.0%) 67 (28.5%)

PGIC - Month 9 No change 58 (47.9%) 104 (44.3%)

PGIC - Month 9 Little worse 17 (14.0%) 15 (6.4%)

PGIC - Month 9 Very/Much worse 2 (1.7%) 5 (2.1%)

PGIC - Month 12 Very/Much better 13 (11.3%) 35 (15.0%) 0.6073

PGIC - Month 12 Little better 28 (24.3%) 66 (28.3%)

PGIC - Month 12 No change 59 (51.3%) 106 (45.5%)

PGIC - Month 12 Little worse 14 (12.2%) 22 (9.4%)

PGIC - Month 12 Very/Much worse 1 (0.9%) 4 (1.7%)
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