
128

ABSTRACT

Evidence-based practice supports the use
of validated outcome measures to assess the
impact of lymphedema; however, condition-
specific lymphedema assessment measures are
needed. The Lymphedema Life Impact Scale
(LLIS) was developed as a comprehensive,
lymphedema-specific instrument to assess 
the effects of lymphedema in any extremity.
The LLIS is an 18-item measure of physical,
psychosocial, and functional impairments
caused by lymphedema. The purpose of this
multicenter, cross sectional study was to
investigate the reliability and validity of the
LLIS. Test-retest reliability was assessed in 
a subgroup of 17 participants. Internal
consistency and validity was assessed in 71
participants with upper (nUE = 37) or lower
limb (nLE = 34) lymphedema, and a control
group of 31 participants without lymphedema. 

Intraclass correlation coefficients for 
test-retest reliability ranged from .965 to .990.
Cronbach’s alpha coefficients for internal
consistency ranged between .841 and .926.
Construct validity of the LLIS was upheld
with symptoms, but not with edema severity.
The LLIS correlated highly with other com-
parison measures used in this study. Minimal
clinically important difference of the LLIS
was 7.31; MDC95 = 11.53. Our results showed
the LLIS to be a valid and reliable tool for the
assessment of severity of impairment among
patients with lymphedema. 
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Lymphedema is a condition that mani-
fests as tissue swelling when the lymphatic
system fails to remove excess interstitial fluid.
Numerous impairments, activity limitations,
and infections associated with lymphedema
have been shown to adversely affect quality 
of life (1-3). The diminishing effect of lymph-
edema on quality of life has been most often
measured using either generic quality of life
instruments or cancer-specific instruments 
(4-8). Assessment of lymphedema using either
generic quality of life instruments, or cancer-
specific outcome measures (especially to
assess non-cancer-related lymphedema, or
post-cancer lymphedema), fails to capture
lymphedema-specific impairment. Lymph-
edema therapists often resort to simply using
rehabilitation outcome measures, forgoing
quality of life assessment entirely. Several
authors have identified the importance of
using a condition-specific measure to assess
the effects of lymphedema upon patients
(4,5,9,10).

Among the existing lymphedema-specific
questionnaires, most measure only the 
impact of upper limb lymphedema, typically
following breast cancer. The only known
English-language outcome instruments
measuring both upper and lower limb
lymphedema outcomes are the LYMQOL (11)
and the Lymph-ICF (12,13), neither of which
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inquire about incidence of infection, a
common and serious complication of lymph-
edema. Additionally, the U.S. Centers for
governmental insurance programs, Medicare
and Medicaid, now require documentation of
functional outcomes and impairment coding
for rehabilitation reimbursement; however, no
current rehabilitation impairment (“G code”)
calculators include lymphedema-specific
measures. We developed a new lymphedema-

specific instrument – the Lymphedema Life
Impact Scale (LLIS) – to (a) assess lymph-
edema-specific impairment, (b) measure any
extremity lymphedema, (c) inquire about
infection incidence, and (d) satisfy U.S.
Medicare documentation requirements by
calculating functional outcomes with its own
G code calculator (Fig. 1). The purpose of 
this study was to assess the reliability and
validity of the LLIS. 

Fig. 1. Components of the Lymphedema Life Impact Scale (LLIS) (Version 1). The full version with scoring scale
can be found in the supplementary materials and further information on working copies with the G-Code calculator
can be found at http://klosetraining.com/resources/llis/
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METHODS

LLIS Development

The LLIS was originally created from
concerns expressed by patients with
lymphedema about lymphedema’s impact
upon their quality of life. The author of the
questionnaire interpreted the patient con-
cerns, developed questionnaire items, and
categorized the items into physical, functional,
and psychosocial areas of impairment.
Following item development, patients with
lymphedema and lymphedema practitioners
reviewed the instrument for clarity and
comprehensiveness, and changes were made
according to recommendations. 

Subjects

All patients recruited for this study were
over age 18, with either upper or lower limb,
bilateral or unilateral lymphedema (except
controls), and were recruited from lymph-
edema therapy clinics across the U.S. between
May 2013 and March 2014. Patients with life-
threatening or terminal illness, and those
currently wearing compression bandages were
excluded. The study was approved by the
Missouri State University Institutional
Review Board. An initial group of 17 patients
with stable lymphedema, undergoing no
active treatment was recruited to assess the
test-retest reliability of the LLIS. A second
group of 71 patients with lymphedema was
recruited at the time of initiating Complete
Decongestive Therapy (CDT) treatment.
They provided self-report measures necessary
to assess construct, content, and criterion
validity, and reliability. An additional group
of 62 participants underwent full CDT
treatment, completing LLIS questionnaires on
the first treatment day and upon discharge
once they were wearing compression garments.
These LLIS questionnaires were used to
analyze psychometrics. Finally, LLIS scores
from a control group of 31 patients were used
to assess discriminant validity. These patients

had diagnoses placing them at risk for
lymphedema, but did not have swelling.

Self-Report Measurements

After providing informed consent,
patients completed a demographic survey, 
a symptom scale checklist of six symptoms
frequently associated with lymphedema, and
four questionnaires. All patients completed
the Lymphedema Quality of Life (LYMQOL)
(11), a lymphedema-specific, self-report
assessment tool measuring four domains of
quality of life (symptoms, appearance,
function, and emotion); the European
Organization for Research and Treatment 
of Cancer – Quality of Life Questionnaire –
Core 30 (EORTC QLQ-C30) (14), a self-report
instrument measuring physical symptoms
and functioning (physical, role, emotional,
cognitive, and social) designed to assess the
impact of cancer on quality of life; and the
LLIS, comprising 18 questions measuring
physical, psychosocial, and functional
domains with responses ranked 1-5, where 1
= no impairment, and 5 = severe impairment.

Patients with upper extremity lymph-
edema were additionally assessed with the
Disability of Arm, Shoulder, and Hand
(DASH) (15). The DASH is a self-report
measure assessing upper extremity function
and symptoms in patients with any upper
extremity impairment. Patients with lower
extremity lymphedema were additionally
assessed with the Lower Extremity
Functional Scale (LEFS) (16), a self-report
measure assessing lower extremity function in
patients with any lower extremity impairment. 

Circumferential Measurements

Bilateral circumferential measurements
of the hands at the thumb web space and
every 10 cm from the ulnar styloid process 
to axilla were measured in cases of upper
extremity lymphedema, or at the arch of the
foot and every 10 cm from malleoli to groin
in the lower extremity. 
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Content Validity

Patients and experts evaluated the LLIS
for clarity and pertinence to lymphedema.
Four experts in the field of lymphedema
management rated LLIS questions according
to perceived relevance of questions to those
living with lymphedema (1 = question not
pertinent to those with lymphedema; 4 =
strongly pertaining to lymphedema) in order 
to compute the average item-level content
validity indices (CVI) (17). The mean ranking
of question pertinence from the four expert
reviewers was ≥ 3.00 out of 4.00 for all
questions, and the overall CVI for the LLIS
was .94, indicating agreement among the

experts that all questions pertained to or
strongly pertained to the problems that
patients with lymphedema may experience. 

Data Analysis

IBM SPSS Statistics 22.0 (SPSS, Armonk,
NY) was used to compute demographic
frequencies and for the reliability/validity
analysis. Intra-class correlation coefficients
(ICC) were calculated for test-retest measures.
The internal consistency of each domain in
the LLIS was determined by Cronbach’s
alpha. Construct validity was assessed using
Pearson’s correlation between LLIS scores
and lymphedema symptoms, and edema

TABLE 1
Demographics of the Participants by Involved Region
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severity (as measured by limb volume
difference in those with unilateral lymph-
edema). Pearson correlation analysis was also
used for criterion validity when comparing
the physical, psychosocial, and functional
domains of the LLIS to comparable domains
of four other outcome measures used in this
study. Correlations were assumed to be
moderate if between r = .50-.69, high r = .70-
.89, and very high r = .90-1.00 (18). Alpha
levels for all tests were statistically significant
beyond p = 0.05. Discriminant validity com-
paring those with and without lymphedema
was analyzed from one-way ANOVAs.
Minimal detectable change (MDC) was
calculated from ICC and repeated-measures 
t tests, and minimally clinically important
difference (MCID) was calculated based on
half a standard deviation of the pretest mean,
as recommended by Norman et al (19). 

RESULTS

Subjects

The sample used for validation consisted
of 102 patients. Approximately one third
(36%, n = 37) of the participants had been
diagnosed with upper extremity (UE)
lymphedema, one third (33%, n = 34) with
lower extremity (LE) lymphedema, and the
remaining third (31%, n = 31) comprised
patients at risk for – but not manifesting –
lymphedema. The final third of the
participants were used as a control group.
Participants averaged 58.73 years of age,
85.3% were female, and were almost

exclusively white (99.0%). Demographics 
are contained in Table 1.

Reliability

All scales on the LLIS produced
Cronbach’s alpha reliability values above
.840.  All test-retest values were above .940
and all ICC values exceeded .964. Upon
review, it was noted that the question about
number of infections, with its categorical
answer options, reduced the internal consis-
tency of the physical subscale. The infection
question was re-categorized as a separate
scale and removed from the physical subscale
for subsequent analysis. The question about
effects of lymphedema on work had a low
response rate because many of the respon-
dents were unemployed or retired. The
missing data for this question resulted in
some portions of the analysis being based on
n = 40 and not n = 71. Reliability results are
in Table 2. 

Construct Validity

Construct validity was measured through
examination of six symptoms frequently
associated with lymphedema. The LLIS total
scores correlated highly (r = .706 to r = .830)
with heaviness, stiffness, and tightness in 
all participants, and also for swelling in those
with upper limb lymphedema. Severity of
swelling as determined from initial limb
volume difference in patients with unilateral
lymphedema, did not correlate well with
LLIS scores (rUE = .361; rLE = .347).

TABLE 2
Reliability Coefficients for the Domains of the LLIS Scales
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Lymphedema symptoms correlated more
strongly with the LLIS than with limb 
volume difference (Table 3). 

Criterion Validity

Each of the domains of the LLIS
correlated with their respective domains on
the comparison measures and all correlations
with LLIS total scores were statistically
significant at the 0.01 level (Tables 4 and 5).

TABLE 3
Correlations Between LLIS Domains, Total Score, Six Lymphedema Symptoms, 

and Limb Volume Difference

TABLE 4 
Correlations Between LLIS Domains, Total Score, and UE Measures

TABLE 5
Correlations Between LLIS Domains, Total Score, and LE Measures
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The LLIS physical scale correlated more
strongly with the LYMQOL symptoms scales
(rUE = .832; rLE = .736) than with the other
scales. The LLIS functional scale correlated
most strongly with the LYMQOL functional
scale (rUE = .772; rLE = .879) than with other
scales with the exception of the DASH for
patients with upper extremity lymphedema
(rDASH = .847). Total LLIS scores correlated
highly with all comparison scales at r ≥ ± .727
except with the LYMQOL emotion domain
(rUE = .653; rLE = .638). Despite higher corre-
lations with like domains of the LYMQOL
than with other instruments, a follow-up
analysis of differences between correlations
showed no statistically significant differences
(z scores all less than ± 1.96) between corre-
lations from the EORTC, LEFS, DASH, and
LYMQOL, supporting the criterion validity 
of the LLIS with each of the measures. 

Discriminant Validity

Discriminant validity was demonstrated
by comparing LLIS total and subscale scores
from the known group (patients with lymph-
edema) to the control group (patients at risk
for lymphedema but without swelling).
Although in some cases it was difficult to
entirely separate the effects of edema from
other comorbidities, patients with lymph-
edema were instructed to complete the
questionnaire as accurately as possible with

regard to only the effect of lymphedema on
their QOL. Because of the lymphedema-
specific wording of the LLIS, patients without
lymphedema uniformly answered 1 (no
impairment) indicating that the LLIS focuses
on lymphedema etiology of symptoms and
not those of other comorbidities. Three inde-
pendent measures ANOVAs were conducted
to assess differences between known groups
and control on each LLIS subscale. Each
ANOVA was statistically significant: the
physical scale, F(2,90) = 42.10, MSE = .499,
p< 0.001; the psychosocial scale, F(2,90) =
24.33, MSE = .692, p<0.001; and the func-
tional scale, F(2,90) = 29.25, MSE = .609,
p<0.001. Post hoc tests conducted with 
Tukey HSD showed that in all three scales,
the patients with lymphedema formed
homogeneous subsets distinct from the
control group. 

Psychometrics

The group with pre- and post-treatment
scores had mean pre-treatment LLIS scores 
of 50.85, and mean pre-to post differences of
14.91. (Table 6) Minimal detectable change
(MDC) was calculated after conducting the
interclass correlation and a repeated measures
t test on the total and subscale LLIS scores
for patients before and after lymphedema
treatment. Minimally clinical important
difference (MCID) was calculated based on

TABLE 6
MDC and MCID for the LLIS Scales
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one-half standard deviation of the pretest
mean based on the recommendation of
Norman et al (19), who described the half SD
standard as having “remarkable universality”
(20). MCID was calculated as 7.31 for the
total LLIS. The mean difference and the
lower boundary of the 95% CI were larger
than both the MCID and the MDC95 for the
LLIS total scale, indicating that the total
LLIS has the sensitivity to be clinically useful
in assessing changes as the result of lymph-
edema treatment. The effect sizes for all
scales ranged from 0.65 to 1.64: meaning that
post-test scores improved by two-thirds of a
SD to over one and half SDs. These effect
sizes ranged from medium (>.50) to very
large (>1.00) following Cohen’s guidelines
(21). Measures needed to calculate the MDC
and MCID values are contained in Table 6.

DISCUSSION

This study demonstrated that the LLIS 
is a reliable and valid measure of quality-of-
life impairment caused by lymphedema.
Reliability was confirmed through excellent
internal consistency and test-retest reliability.
Construct validity was upheld through 
strong LLIS correlation with symptoms most
commonly associated with lymphedema
(heaviness, stiffness, tightness, swelling), and
is also confirmed by other researchers. Ridner
et al noted that substantial symptom burden
accompanies lymphedema (1). Hayes et al
found approximately 50% of women
following breast cancer treatment reported 
at least one moderate to extreme symptom at
6 and 18 months post operatively, with
numbness and swelling being most common
(22). Armer et al found self-reported symp-
toms of “heaviness in the past year”, and
“swelling now”, best predicted the presence
of lymphedema (23).  

Also consistent with literature about
subjective experience of lymphedema
symptoms, this study found weak correlation
between LLIS scores and edema severity as
measured by pre-treatment limb volume

difference in unilateral lymphedema cases.
Edema severity was not measured in bilateral
cases. Although limb volume is a very
common outcome measure used in the treat-
ment of lymphedema, research demonstrates
weak correlation between edema volume and
function or quality of life. Hormes et al and
Pain et al found arm symptoms and physical
limitations adversely impacted quality of life
more than arm swelling (2,24). Keeley, Weiss,
and Viehoff also reported no significant
correlations between amount of edema and
quality of life in their studies (11,25,26).
These studies support the contention that
quality of life is not reliably decreased simply
by the amount of swelling, so clinicians
should focus on assessing other relevant
factors to evaluate the overall impact of
lymphedema on the individual. In the group
of participants who completed pre- and post
LLIS measures, significant improvement was
noted in LLIS scores. The mean difference
between pre- and post LLIS scores (14.91),
considerably exceeded the MCID (7.31),
indicating improvement in QOL. Although
post-treatment circumferential measures 
were not a focus of this study, it is likely that
improvement in LLIS scores were related to
factors beyond mere reduction of edema. 

Content validity was established through
patient and expert feedback on the pertinence
of LLIS questions to experiences with
lymphedema and is supported by numerous
authors who have reported on the effects of
lymphedema on quality of life (4,5,10,27-30).
Bogan et al reported that participants
measured success of lymphedema treatment
by decreased frequency of infections,
increased mobility and social participation,
and fitting into regular clothes (27). 
Capturing the impact of impairments
associated with lymphedema is an important
feature of assessment, and treatment success
is gauged, in part, by reduction of those
impairments. The LLIS is particularly well
suited to assessing pre- to post- treatment
changes in those impairments. 

In the absence of a gold standard against
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which to perform criterion validity, this 
study validated a lymphedema-specific
instrument against four other measures: a
cancer quality of life measure, UE and LE
functional measures, and a lymphedema-
specific measure. The EORTC, DASH, and
LEFS were used for criterion validity due to
the frequent use of these instruments in
lymphedema QOL literature (4-8,22,31). The
LYMQOL, though less reported in lymph-
edema literature was used as an important
condition-specific measure appropriate for
validating a new lymphedema instrument.
Although correlations between measures did
not differ statistically significantly, the LLIS
correlated more strongly with like-domains 
of the LYMQOL than with any of the other
measures except the functional domain on 
the DASH. Overall, these findings suggest 
the benefit of using a validated, condition-
specific measure when assessing criterion
validity of a new instrument.

Having demonstrated validity and the
ability to discriminate between patients with
and without lymphedema, the LLIS offers a
new comprehensive lymphedema outcome
instrument for both upper- and lower-
extremity lymphedema. The inclusion of the
question about frequency of infection, offers 
a highly useful clinical tool for the lymph-
edema practitioner to include in the assess-
ment of the patient. With the chronicity of
lymphedema and need for recurrent clinical
follow-up, the information as to whether a
patient is having fewer or greater episodes of
infection since the previous course of care, is
agreed by therapists to be very important
information. Having to re-categorize the
infection question for purposes of reliability
analysis does not diminish its importance to
the instrument, and that question is unique
among lymphedema QOL tools. The LLIS
further facilitates ease of documentation of
functional outcomes reporting for Medicare
patients in the U.S. Since generic impairment
level calculators do not include lymphedema
specific measures, it is beneficial to have a
means to determine functional impairment

when using a lymphedema measure. The
LLIS is unique, in its design to be used with
an Excel “G code” calculator (developer 
L. Hodgkins, MS, OTR/L, CLT-LANA;
Therapeia Lymphedema Center, LLC,
Hamden, CT) for scoring to meet Medicare
requirements. The “G code” calculator is able
to establish a percent impairment from a
summed LLIS score. This percent impair-
ment then is equated to a Medicare Modifier
indicating the patient’s level of impairment. 

A limitation of this study was that
despite adequate group sizes, the vast
majority of participants were white females,
so generalizations to male patients or to those
of different races should be done cautiously.
Still, the female-to-male ratios in this study
were consistent with other studies (11,13),
and there is no theoretical reason to think
that lymphedema impairment should act
differentially across gender or ethnicity.
Another limitation was that two questions
(infection and work-related questions) did not
perform well during analysis. These questions
will be reformatted in a future version of the
LLIS. This study did not explore the relation-
ship between edema volume reduction and
change in LLIS scores as a result of treat-
ment, which could be an area of future study.

CONCLUSIONS

The LLIS contributes to the field of
lymphedema treatment by offering a
condition-specific outcome measure for
lymphedema, serving to benefit lymphedema
research and clinical practice. The instrument
is short and quick to administer. It measures
treatment outcomes, and when combined
with an Excel spreadsheet calculator, is able
to calculate Medicare functional impairment.
The LLIS has demonstrated validity and
reliability in the population with any
extremity lymphedema and can be used in
place of measures that are not condition-
specific, providing additional accuracy in
detecting impairment and treatment
outcomes in patients with lymphedema.
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