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This systematic review and meta-analysis were under-
taken to determine whether reduction mammaplasty im-
proves measurable outcomes in women with breast hyper-
trophy. A systematic review of the literature in 5 languages
from 1985 until March 1999 was performed, and data were
compared for meta-analysis. Eligible studies were both
experimental and observational and involved women with
preoperative physical and/or psychosocial signs and symp-
toms who underwent reduction mammaplasty for breast
hypertrophy. Outcomes assessed were postoperative
physical signs and symptoms such as shoulder pain, shoul-
der (bra strap) grooving, and quality-of-life domains, such
as physical and psychological functioning, and were ex-
pressed primarily as risk differences (RDs). Twenty-nine
studies of 4173 patients met all eligibility criteria. Reduc-
tion mammaplasty was associated with a statistically sig-
nificant improvement in physical signs and symptoms in-
volving shoulder pain (RD, 0.71 [95% confidence interval
(CI), 0.62-0.80]); shoulder grooving (RD, 0.69 [95% CI,
0.60-0.78]); upper/lower back pain (RD, 0.59 [95% CI,
0.48-0.70]); neck pain (RD, 0.50 [95% CI, 0.37-0.64]); in-

tertrigo (RD, 0.44 [95% CI, 0.34-0.54]); breast pain (RD,
0.36 [95% CI, 0.17-0.55]); headache (RD, 0.28 [95% CI,
0.11-0.46]); and pain/numbness in the hands (RD, 0.11
[95% CI, 0.04-0.18]). The quality-of-life parameter of
physical functioning was also statistically significant (RD,
0.58 [95% CI, 0.44-0.71]), while psychological functioning
was not significant (RD, 0.46 [95% CI, 0.00-1.00]). The
evidence suggests that women undergoing reduction mam-
maplasty for breast hypertrophy have significant postop-
erative improvement in preoperative signs and symptoms,
quality of life, or both.
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Recognition of breast hypertrophy (BH) as a morbid
condition has increased in recent decades. This may

be due to several factors, such as improved access to medi-
cal care, increased patient awareness, and acceptance by
the medical profession of unique issues pertaining to
women’s health. Reduction mammaplasty (RM) is a com-
mon plastic surgical procedure and is one of the most
frequently performed operations on the female breast.
Puosson and Verchere1 first described a surgical procedure
to reduce breast size, but it was not adopted in practice until
the 1920s.2 Today RM is a routine procedure for which
several techniques have been described. Research in the
field of RM has focused primarily on the various types of
surgical techniques3-7 rather than on outcomes related to

BH = breast hypertrophy; CI = confidence interval; ES =
experimental studies; FEM = fixed effects model; k = number
of studies; n = number of patients; NHS = National Health
Service; nRCT = nonrandomized controlled trial; OS = obser-
vational studies; QOL = quality of life; RCT = randomized
controlled trial; RD = risk difference; REM = random effects
model; RM = reduction mammaplasty; t = number of patient
groups; UCS = uncontrolled case series

these techniques. Only recently have studies considered the
physical and psychosocial implications of RM for BH.1,8-16

Most of these studies have been retrospective in design,
using surveys or chart reviews as information sources. One
prospective study by Gonzalez et al17 compared the physi-
cal symptoms of 39 women undergoing RM with those of a
control group of women with “small breasts.” After sur-
gery, their physical symptoms were statistically equivalent,
or less, than the levels in the control group.

For editorial comment, see page 459.

Along with the increase in the frequency of RM has
come controversy regarding reimbursement of this proce-
dure by third-party payers. Although the distinction be-
tween “reconstructive” vs “cosmetic” surgery has been
defined,18 the determination of what is medically neces-
sary, and thus reconstructive, is less clear. One of the most
common methods that third-party payers apply to deter-
mine the medical necessity for RM is to require the re-
moval of at least 350 g of breast tissue per breast. Some
insurance companies have also required that patients be no
more than 10% above their ideal body weight for reim-
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bursement regardless of the patient’s physical or psychoso-
cial complaints resulting from the BH.12 Frequently, the
patient’s breast size in relation to her body proportion plays
a significant role in physical symptoms, and therefore,
body weight and breast tissue resection weight may not be
adequate indicators of improved outcomes after RM.
Schnur et al19 evaluated the relationship between body
surface area and breast resection weight as possible indica-
tors for medical necessity. Seitchik20 was unsuccessful at
creating a formula incorporating body weight, specimen
weight, and height to determine medical necessity.

Efforts to validate objectively the medical necessity for
RM have been difficult given that physical and psychoso-
cial morbidity in BH can be very subjective. The physical
signs and symptoms noted by patients with BH include
headache, shoulder pain, upper and lower back pain, inter-
trigo, and shoulder (bra strap) grooving. Psychosocial ef-
fects include difficulty in participating in sports, difficulty
finding clothes to fit, and poor self-image. The present
study is a systematic literature review and meta-analysis of
all published observational and experimental studies re-
porting discrete clinical outcomes after RM to determine
whether RM is associated with measurable improvement.

METHODS
A study protocol was designed prospectively to define the
study objectives, search parameters, study eligibility crite-
ria, key data elements for extraction, and analytical meth-
ods to be implemented.

Literature Search
A MEDLARS search was conducted using the follow-

ing proximity expressions: breast adj reduc: or reduc: adj
mammaplasty or breast adj hypertrophy. Also used were
macromastia (textword); hypertrophy with subheading
surgery combined with mammaplasty (MeSH and
textword). All years from 1985 through March 26, 1999,
were searched with the inclusion of the following lan-
guages: English, Italian, Spanish, German, and French. A
CD-ROM version of Current Contents was also searched
from 1994 through March 26, 1999, using the following
terms: macromastia and/or reduction mammaplasty and/or
breast reduction and/or breast hypertrophy. The computer-
based search was supplemented by manual searches of
bibliographies of all retrieved studies and review articles to
detect other potentially acceptable studies. Abstracts and/
or full articles were obtained for each citation considered
possibly relevant.

Study Selection
Two levels of study screening were used. The first level

involved the rejection of all abstracts that contained any

one of the following exclusion criteria: (1) case reports,
abstracts only, letters, comments, and reviews; (2) studies
investigating surgical procedures in which clinical out-
comes of interest were not reported; (3) mixed surgical
procedures (ie, augmentation and reduction); (4) virginal
breast hypertrophy; (5) gigantomastia secondary to preg-
nancy; (6) RM in the contralateral breast in the setting of
breast cancer; or (7) mixed gender studies. At the second
level of screening, full articles of all accepted abstracts
were then retrieved and screened for the presence of all the
following inclusion criteria: (1) minimum of 10 patients
per study; (2) experimental study designs (randomized
controlled trials [RCTs], nonrandomized controlled trials
[nRCTs], uncontrolled case series [UCS]) and observa-
tional studies (historical cohorts and cross-sectional sur-
veys); (3) diagnosis of BH or macromastia, either unilateral
or bilateral; (4) RM as the surgical procedure of interest;
and (5) clinical outcomes of interest.

Data Extraction
Studies were blinded as to authorship, journal, and fund-

ing source, and data extraction was performed by 2 review-
ers. The key data elements that were sought for each study
were categorized as (1) study characteristics, (2) patient
characteristics, (3) treatment characteristics, and (4) clini-
cal outcomes. Clinical outcomes were captured as pre- and
postoperative values according to signs/symptoms, coinci-
dent nonsurgical treatment modalities, and quality of life
(QOL). In addition, studies were assigned a level of evi-
dence score.21

Statistical Methods
The primary objective of the analysis was to examine

the clinical efficacy outcomes of RM. Descriptive statistics
were used to summarize all study, patient, treatment, and
outcome characteristics by applying means weighted for
study size. For patient and treatment summary tables, the
number of patients enrolled or analyzed for efficacy were
used as denominators (see footnotes of summary tables).
For outcome summary tables, the number of patients ana-
lyzed for efficacy was used as the denominator. When the
number of patients analyzed for efficacy was missing, the
number of patients enrolled was substituted for the missing
value. A conservative nominal level of P=.01 was used to
establish statistical significance for all pre- and postopera-
tive comparisons.

For meta-analyses, the efficacy data from multiple stud-
ies were combined by using 2 different approaches: (1)
fixed effects model (FEM)22 and (2) random effects model
(REM).23 Although both FEM and REM were used in the
meta-analyses, only the results from the REM are reported
here, since no important differences were observed.
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Table 1. Study Characteristics*

Observational Experimental
Characteristics studies† studies‡

No. of studies 18 11

Location
North America 12 3
Europe 5 7
Other 1 1

Language
English 18 9
French 0 1
German 0 1

Study design
Cross-sectional 17 0
Historical cohort 1 0
Uncontrolled case series 0 8
Nonrandomized controlled

trial 0 3

Level of evidence21

I 0 0
II 0 0
III 18 11
IV 0 0
V 0 0

Preoperative information
obtained§

Before surgery 4 10
After surgery 13 0

Mean No. of charts reviewed 304 NA
(k) (10)

Mean No. of patients to
receive survey 219 NA

(k) (17)

Mean No. of respondents 160 NA
(k) (18)

Mean ± SD time for survey
sent postoperatively (mo) 45±29 NA

(k) (12)

Mean ± SD follow-up
time (mo) NA 12±16

(k) (8)

*(k) = number of studies; NA = not available.
†References 8, 9, 12, 15, 16, 20, 24, 26, 29, 32-39, and 43.
‡References 1, 14, 17, 25, 27, 28, 30, 31, and 40-42.
§Two studies (1 observational, 1 experimental) did not report

when preoperative information was obtained.

Based on the amount of data available and on clinical
relevance, 8 efficacy and 2 QOL outcomes were analyzed
with use of meta-analytic techniques. The efficacy out-
comes were improvement in or resolution of headache,
neck pain, shoulder pain, upper/lower back pain, shoulder
grooving, pain/numbness in hands, breast pain, and inter-
trigo. The QOL outcomes were physical and psychological
functioning.

For each efficacy and QOL outcome available, group
averages for pre- and postoperative measurements were
computed, and the differences expressed as a weighted risk
difference (RD) with 95% confidence interval (CI).

Following the primary data analyses, sensitivity analy-
ses were performed by examining the correlation between
the study-specific outcomes of interest and study-specific
covariates. These analyses were supplemented with use of
general linear models. These analyses examined any het-
erogeneity found in the meta-analyses and examined the
influence of potential covariates that were identified in the
protocol: study size, study location, study design (observa-
tional or experimental), mean patient age in each study,
mean patient height in each study, and mean patient weight
in each study.

All calculations were performed with use of SAS soft-
ware version 6.12. All summary results are expressed as
means with ranges or SDs.

RESULTS
In the section that follows, study counts are designated by
“k,” patient groups by “t,” and patient counts by “n.”

Study Characteristics
The initial search yielded 530 citations. Of these, 399

abstracts were rejected during the first screening. The sec-
ond level of screening of full articles resulted in further
exclusion of 102 articles, with the most common reasons
for rejection being (1) outcomes of interest not available;
(2) abstracts, letters, comments, and reviews; and (3) lan-
guage not specified. Twenty-nine studies satisfied all crite-
ria for eligibility.1,8,9,12,14-17,20,24-43

Study characteristics for the 29 included studies are
summarized in Table 1. The studies were conducted in
North America (k=15), Europe (k=12), and elsewhere (Tai-
wan [k=1] and Qatar [k=1]). Reporting languages were
English (k=27), German (k=1), and French (k=1), and pub-
lication dates extended from 1986 to 1998.

Studies were categorized by study design as either
observational studies (OS) or experimental studies (ES).
The results that follow are subgrouped according to these
categories so as not to obscure any discrepancies that
might be present on the basis of study design. There were
18 OS8,9,12,15,16,20,24,26,29,32-39,43 consisting of cross-sectional

(k=17) and historical (k=1) designs, and all were reported
in English. Preoperative signs/symptoms and QOL in-
formation were obtained either prior to or after RM and
typically in the form of surveys. Four OS8,12,35,43 obtained
preoperative information prior to surgery, 13 recorded pre-
operative information on postoperative surveys, and 1 was
not reported. The mean ± SD number of months that sur-
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Table 2. Patient Characteristics*

Observational Experimental
Characteristics studies studies

No. of patients enrolled 3605 568
(k) (18) (11)

No. of patients analyzed
for efficacy 2639 371

(k) (17) (10)

No. of patients analyzed
for safety 2332 355

(k) (14) (8)

No. of patients analyzed
for quality of life 2462 291

(k) (16) (7)

Mean age (y) 35.8 35.4
Range 11.0-86.0 14.0-72.0
(k) (13) (9)

Mean height (cm) 160.6 161.8
Range 142.5-189.0 147.0-178.0
(k) (5) (2)

Mean weight (kg) 73.9 71.6
Range 43.2-134.1 49.0-100.0
(k) (7) (2)

Mean body mass index (kg/m2) 27.5 29.6
Range 26.4-28.0 27.6-30.0
(k) (2) (2)

Diagnosis of breast
hypertrophy† (mean %) 82.9 94.8

Range 47.2-100.0 74.0-100.0
(k) (10) (5)
(n) (1654) (250)

Breast asymmetry† (mean %) 15.1 19.5
Range 2.6-28.0 14.0-25.0
(k) (3) (2)
(n) (128) (11)

*(k) = number of studies; (n) = number of patients.
†Values derived using the number of patients enrolled.

veys were sent postoperatively was 45±29 months, and
the survey period ranged from 6 to 92 months. One study33

was not included in this calculation because only a range
was provided for the number of months, not a mean.
Other study characteristics such as average number of
charts reviewed, the number of patients receiving the
survey, the number of respondents, and the number of
studies reporting these characteristics are displayed in
Table 1.

For the 11 ES,1,14,17,25,27,28,30,31,40-42 8 were UCS and 3
were nRCTs. English (k=9), French (k=1), and German
(k=1) were the reporting languages in this group. Postop-
erative follow-up, at which time surveys were sent, was
noted in 8 studies and occurred from 1 to 42 months after
surgery with a mean ± SD follow-up time of 12±16

months. Ten of the 11 ES captured preoperative informa-
tion before surgery, while 1 did not record timing of
collection.

Patient Characteristics
The study set included 4173 patients who were distrib-

uted between the OS (n=3605) and the ES (n=568). Demo-
graphic features of patients in these studies are displayed in
Table 2. The number analyzed for efficacy was approxi-
mately 25% lower than the number enrolled, due to unex-
plained loss of patients to follow-up for the specific out-
comes assessed. The mean age in each of these study
designs was similar among the 2 study designs: OS, 35.8
years, and ES, 35.4 years. Height, weight, and body mass
index (BMI) were also similar. Breast asymmetry was
noted in 3 OS (mean 15.1% of patients per study) and 2 ES
(mean 19.5% of patients per study).

Treatment Characteristics
Treatment characteristics are displayed in Tables 3

and 4. The surgical specialty performing RM in almost
all studies was plastic surgery (k=25), and 1 study
reported a general surgeon. Three studies did not re-
port the surgical specialty. Various operative techniques
were used. The most frequent operative technique was
the inferior pedicle in the OS (k=8) and the Strombeck
in the ES (k=2). A hospital surgical setting was re-
ported in 2261 OS patients and 518 ES patients, and
an ambulatory setting was reported for 189 OS pa-
tients. None of the ES patients had surgery performed in
an ambulatory setting. The numbers of patients with a
surgical setting not reported were 1155 for OS and 50
for ES.

The mean weight of total breast tissue resected was
similar in both designs (OS, 1429.4 g, and ES, 1567.2 g)
with 93.3% of the OS patients and 94.1% of the ES patients
undergoing bilateral RM (Table 4).

Outcomes
Table 5 displays both pre- and postoperative results for

signs and symptoms. The mean sternal notch-to-nipple
distance was an additional outcome reported in 2 ES,17,27

which reported a mean ± SD distance of 27.4±34.5 cm
preoperatively and 21.2±5.8 cm postoperatively.12,14,35,40

The QOL domains of social functioning, overall life
satisfaction/well-being, and perception of health status
were documented infrequently preoperatively and were
even less so postoperatively. Four studies used various
QOL scales in addition to the 5 domains. No specific
information can be obtained from these 4 studies, given
that each one used a different type of scale. In general,
however, all scales reflected overall improvement.
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Table 4. Treatment Characteristics*

Observational Experimental
Characteristics studies studies

Surgical setting†
Hospital (% of patients) 73.6 100.0

Range 0.0-100.0 100.0-100.0
(k) (14) (10)
(n) (2261) (518)

Ambulatory (% of
patients) 4.7 0.0

Range 0.0-64.9 0.0-0.0
(k) (14) (10)
(n) (189) (0)

Mean tissue resection
weight† (g)

Right 840.1 639.3
Range 120.0-4200.0 145.0-2005.0
(k) (7) (6)

Left 839.6 643.9
Range 120.0-4200.0 15.0-2150.0
(k) (7) (6)

Total 1429.4 1567.2
Range 100.0-8132.0 250.0-4800.0
(k) (7) (6)

Type of mammaplasty†
Unilateral (% of patients) 2.8 2.8

Range 0.0-7.1 0.0-14.0
(k) (5) (5)
(n) (44) (7)

Bilateral (% of patients) 93.3 94.1
Range 87.5-100.0 84.6-100.0
(k) (5) (5)
(n) (1286) (161)

Surgical specialty‡
Plastic surgery 17 8
General surgery 0 1

*(k) = number of studies; (n) = number of patients.
†Values derived using the number of patients enrolled.
‡Three studies did not report a specialty.

Table 3. Treatment Characteristics*

Observational Experimental
Treatment studies studies

Operative technique
Free nipple–graft 3 0
Inferior pedicle 8 1
Skoog 4 0
Strombeck 4 2

Other
Amputation 2 0
Central parenchymal

pedicle 1 1
Free nipple–areola 1 0
Inferior lateral 1 0
Lejour vertical

mammaplasty 0 1
McKissock 2 0
Modified McKissock 0 1
Regnault 1 0
S approach 0 1
Superior 1 0
Vertical pedicle 2 0
Wise pattern 1 1

*The number of studies reporting  the operative technique used is
greater than the total number of studies because some studies
reported use of more than 1 technique.

Meta-analytic Results
The outcomes with sufficient data that were available

for meta-analysis were postoperative signs/symptoms and
2 of 5 QOL categories. The outcomes were expressed as
RDs and their respective 95% CIs, comparing pre- and
postoperative data. Sensitivity analysis comparing results
by study design did not reveal a significant difference,
except for shoulder grooving. Therefore, meta-analysis
was performed after pooling of results from the 2 catego-
ries of study designs.

All REM and FEM meta-analytic results were similar;
therefore, only the REM is reported here. Denominators of
numbers analyzed for efficacy were used for all RD calcu-
lations and were the same for pre- and postoperative values
except in 1 study35 in which 166 patients were enrolled, 128
completed the preoperative survey, and 58 completed the
postoperative survey.

Signs/Symptoms
The preoperative measures per study were considered as

the comparison group for all postoperative results. The 3
nRCTs consisted of control groups with female volunteers
without BH who did not undergo surgery.14,17,31 These were
not incorporated into any analyses since only these 3 studies
had such controls. One of these nRCTs17 showed improve-
ment in signs/symptoms after surgery, while signs/symp-
toms in the control group remained unchanged. The second

nRCT31 described minimal symptoms and upper/lower back
pain, which showed improvement after surgery in the study
group and no change in the control group. The third nRCT
did not report any findings in the control group but did reveal
an improvement in the specific scale used to measure QOL
in the group undergoing RM. The RDs (95% CIs) for the 8
signs/symptoms experienced by the patient populations in all
studies are summarized in Table 6. All 8 outcomes were
statistically significant for the reduction or elimination post-
operatively of signs/symptoms experienced preoperatively.

Quality of Life
Investigators reported QOL outcomes using various de-

scriptive terms in the studies evaluated. Four studies12,14,35,40
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Table 5. Frequency of Pre- and Postoperative
Signs and Symptoms*

Signs/symptoms Preoperative Postoperative

Headache 33.7 8.8
Range 2.0-88.7 0.0-27.3
(k) (7) (7)
(n/N) (481/1427) (125/1427)

Neck pain 65.4 9.7
Range 30.9-94.0 2.2-27.3
(k) (11) (11)
(n/N) (1035/1582) (153/1582)

Shoulder pain 79.7 6.0
Range 47.5-98.5 1.5-24.2
(k) (12) (12)
(n/N) (1547/1829) (109/1829)

Upper/lower back pain 72.9 13.0
Range 45.7-91.8 2.7-33.3
(k) (11) (11)
(n/N) (841/1153) (150/1153)

Shoulder grooving 84.1 7.6
Range 20.0-95.5 0.0-24.2
(k) (12) (12)
(n/N) (1546/1838) (139/1838)

Pain/numbness in hands 18.6 6.5
Range 11.1-22.6 2.7-9.1
(k) (4) (4)
(n/N) (174/934) (61/934)

Breast pain 50.1 13.0
Range 6.0-90.2 1.3-45.5
(k) (8) (8)
(n/N) (683/1364) (178/1364)

Intertrigo 50.3 4.4
Range 22.0-77.4 1.2-17.3
(k) (10) (10)
(n/N) (761/1513) (66/1513)

*Frequency is reported as the mean percentage of patients. Values
were derived using the number of patients analyzed for efficacy.
(k) = number of studies; (n/N) = number of patients with this
sign or symptom/number of patients assessed both pre- and
postoperatively for this sign or symptom.

also administered specific QOL scales to assess more rigor-
ously this outcome. Types of scales used included the Body
Dysmorphic Disorder Examination Self-report, Short-
Form 36 Questionnaire, General Health Questionnaire, and
Rosenberg’s Self-esteem scale. To analyze QOL, 5 do-
mains of interest44 were identified prior to data extraction,
and results were captured according to these domains. The
5 domains included physical functioning, psychological
functioning, social functioning, overall life satisfaction/
well-being, and perceptions of health status.7 Due to a
paucity of data, only physical and psychological function-
ing were meta-analyzed.

Physical functioning was the most frequently reported
QOL domain with 15 studies* meta-analyzed reporting
both preoperative and postoperative results. If a study re-
ported more than 1 response in these domains, the response
with the greatest change from preoperative to postopera-
tive, ie, the best response, was used in calculation of the
RD. The RD and 95% CI for physical functioning based on
the 15 studies referenced above was 0.58 (0.44-0.71) and
for psychological functioning based on 4 studies16,24,27,34

was 0.46 (0.00-1.00).

Sensitivity Analyses
Sensitivity analyses were performed to examine the ef-

fect of study level and patient level variables on the out-
comes. The following covariates identified in the protocol
were included based on availability of data, sufficient
spread of results, and clinical or methodologic rationale:
study location, study design, number of patients enrolled,
number of patients analyzed for efficacy, mean patient age,
height, and weight. There was only 1 outcome, shoulder
grooving, that was significantly affected by any of these
covariates: study design and patient age. There was a sig-
nificant study design effect (P<.01 for analysis of variance
test) for the RD for pre- and postoperative shoulder groov-
ing, with a higher RD in the OS group than in the ES group.
Meta-analysis undertaken separately for OS and ES
showed a higher overall RD of 0.77 (95% CI, 0.68-0.85)
for OS vs 0.35 (95% CI, 0.15-0.56) for ES. A possible
explanation for the greater RD in the OS vs ES may be that
OS reporting this outcome included older patients with
several more years “at risk” for this structural defect to
have developed. Second, the Pearson correlation coeffi-
cient and general linear model analysis showed that a sig-
nificant positive relationship (P<.01 for correlation test)
exists between the RD of shoulder grooving and mean age.
The RD of shoulder grooving increased as the mean patient
age of each study increased. These correlations are from
study level covariates and should be interpreted with cau-
tion, as they may not represent the same relationship as
correlation among individual patient data. None of the
other covariates was significant in these sensitivity tests at
P=.01 level, and therefore they were not considered to be
confounding the meta-analysis results.

DISCUSSION
Meta-analysis is most valid when the studies pooled are of
high quality regarding issues of randomization and blind-
ing, and the individual studies are similar in terms of pa-
tient population, treatments, and outcomes. Hence, pla-
cebo-controlled, double-blind, randomized trials are ideal

*References 1, 9, 15-17, 24, 26, 30, 32, 36, 37, 39-41, 43.
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Table 6. Risk Difference in Reduction Mammaplasty

No. of RD
Signs/symptoms studies (95% CI)*

Clinical
Headache 7 0.28 (0.11-0.46)
Neck pain 11 0.50 (0.37-0.64)
Shoulder pain 12 0.71 (0.62-0.80)
Upper/lower back pain 11 0.59 (0.48-0.70)
Shoulder grooving 12 0.69 (0.60-0.78)
Pain/numbness in hands 4 0.11 (0.04-0.18)
Breast pain 8 0.36 (0.17-0.55)
Intertrigo 10 0.44 (0.34-0.54)

Quality of life
Physical functioning 15 0.58 (0.44-0.71)
Psychological functioning 4 0.46 (0.00-1.00)

*CI = confidence interval; RD = risk difference.

for meta-analysis because they represent the “gold stan-
dard” for establishing efficacy of an intervention. In the
surgical setting, such studies are much more difficult to
realize than in the medical setting and therefore are much
less common in the literature. Most of the studies in this
systematic literature review were observational and retro-
spective in design. These represent the best available evi-
dence on the subject of RM and physical and psychosocial
outcomes. This evidence is sufficient to answer the primary
question: Does RM improve measurable, discrete patient
outcomes? The answer is yes. Meta-analysis reveals that
improvement occurred in all signs and symptoms exam-
ined. This result is supported by other studies with other
outcomes not included in this review. A study by Losee et
al45 in macromastia and bulimia demonstrated dramatic
improvement in symptoms of bulimia in 4 of 5 patients
after RM. Another study by Starley et al41 included in this
review also reported on respiratory changes after RM.
There were statistically significant improvements in peak
expiratory and inspiratory flow rates and change in forced
expiratory volume in 1 second after RM. Letterman and
Schurter46 have also studied the effects of BH on the skel-
etal system and showed improvements after RM.

Despite these results, the debate has continued regard-
ing whether RM is cosmetic or medically necessary.
Klassen et al35 assessed whether RM should be rationed by
the National Health Service (NHS) in England. They con-
cluded, “The study provided empirical evidence that sup-
ports the inclusion of breast reduction surgery in NHS
purchasing contracts.” A US court has ruled that RM is
medically necessary.47,48 The findings of this systematic
literature review and meta-analysis are concordant with
these other assessments.

From a methodologic perspective, this review has sev-
eral key strengths. First is the comprehensive electronic
and manual search performed for potentially eligible clini-
cal studies that reported on clinical outcomes after RM for
BH. It is unlikely this search missed important published
data on this subject. The rigorous methods used for screen-
ing and selecting studies, blinding published articles prior
to data extraction, and using dual extraction by 2 investiga-
tors allowed for reduction of bias and error as much as
possible. The fact that this review was carried out by scien-
tists who were not plastic surgeons may have reduced
chances for bias in selecting studies, extracting data, and
interpreting results.

Limitations of the review include recall bias, given that
preoperative information was obtained several months af-
ter the surgical procedure in many studies. In addition, the
proportion of patients without follow-up results was high
(25%) and could bias results in favor of the intervention if
patients with bad outcomes were less likely to provide

information after surgery. It may have been of interest to
capture the level of patient satisfaction, which appeared to
be consistently high, although this information was not
specifically extracted because it was judged to reflect more
an aesthetic outcome, as opposed to a clinical one. Finally,
one of the main challenges of this review was to categorize
subjective patient information into workable, consistent
formats. Although the outcomes formats chosen in this
review are somewhat arbitrary, the consistent direction and
magnitude of effect on diverse signs and symptoms suggest
that the benefit being measured is likely to be real.

We conclude that this systematic literature review and
meta-analysis demonstrates improved clinical outcomes in
women with BH who undergo RM.
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