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Abstract

The Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) survey measures patient perceptions of
hospital experience to determine the annual Center for Medicare and Medicaid Services (CMS) reimbursement. This study
focuses on the “Quiet at Night” variable and identifies institutions with the highest scores to determine characteristics that

facilitate patient sleep. The key findings were as follows:

I. CMS Top Rated Hospitals have a mean score of 5 on the “Quiet at Night” variable.
2. US News Honor Roll Hospitals have a mean score of 2.67, with a statistically significant difference of P<.001 between

the groups.

3. The key characteristics of the CMS Hospitals are that they are predominantly privately owned, specialized, surgical

facilities with few total hospital beds.

Knowing that HCAHPS scores directly impact and reflect patient experience, the objective of this study was to better under-
stand the hospital practices that facilitate a high score on the “Quiet at Night” question to empower low scoring hospitals to
improve their sleep practices at night and to score higher on the HCAHPS survey.
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Introduction

In an effort to promote greater transparency in healthcare and
to improve the quality of care delivered to patients, the Center
for Medicare and Medicaid Services (CMS) disseminates
a quality-assessment survey to all hospital patients (1).
The survey, Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS), aims to measure patient
perceptions of hospital experience to produce comparable
data for consumer and hospital utilization. Subject matter
ranges from questions about hospital comfort, provider
respect, and pain management to assess the universal care
received by patients in hospital settings and ascertain a
larger care domain score (2,3). The survey results are pub-
licly available and are directly linked to both the hospital rep-
utation and hospital reimbursement, such that if a hospital
scores poorly on a single metric it can negatively impact
the value-based incentive payments they receive through
the Patient Protection and Affordable Care Act (2-4). One
of the questions on the HCAHPS survey is a patient-assessed

measurement of the nighttime environment and whether it is
conducive to sleep as depicted by the “Quiet at Night” vari-
able (3).

Though the “Quiet at Night” metric is only a single
measure of hospital care, it is an important one as it addresses
both hospital culture and acknowledges the importance of
sleep as a healing tool for patients. Sleep is well-documented
to benefit health outcomes by decreasing recovery time and
medical complications and a lack of it is correlated with
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both increased morbidity and mortality (5). However, most
hospital settings are often subject to constant commotion
and frequent disruptions that prevent patients from receiving
adequate sleep and thus interfere with patient experience (5-7).
Thus far no studies have analyzed the CMS data to qualify the
types of hospitals that score well on this question. Given the
financial implications of the HCAHPS survey and the positive
benefit that sleep has on patient health and healing, this is a
highly pertinent question to address. The objective of this
study was to analyze the CMS data to better understand the
demographics of hospitals that score well on the “Quiet at
Night” question and compare them to the scores of the US
News World Report (USNWR) honor roll hospitals to identify
improvable and sleep-friendly measures that can be used by
institutions nationally.

Methods

The HCAHPS dataset contains 4 variables for measuring
“Quiet at Night.” Patients are asked to rate the hospital
using discrete descriptors (“Always” Quiet at Night,
“Usually” Quiet at Night, “Sometimes” Quiet at Night or
“Never” Quiet at Night) which are then assigned numeric
values. CMS then applies necessary adjustments (patient
mix, survey mode, etc) and translates these national survey
results into (1) the Linear Mean Score (1-100), an annual 4
quarter average, and (2) the HCAHPS Star Rating (1-5)
(1,8,9). The HCAHPS Star Rating is created using the
Linear Mean Score and clustering algorithms to identify
gaps in the data, thereby grouping the hospitals closest in
quality together (8,9). A HCAHPS Star Rating of 5 indicates
that a hospital is among the highest quality performers for the
“Quiet at Night” metric and a HCAHPS Star Rating of 1 is
assigned to the lowest performers. In an effort to identify
and understand trends in this survey, this study conducts a
secondary analysis on the HCAHPS dataset from 2019,
which incorporates information from 4722 hospitals (8,9).
Given that this research analyzed pre-existing online datasets,
an ethics review board was not consulted for this study.
The CMS database, available publicly, was downloaded
and imported into RStudioTM, a statistical programming
software. Additional software packages allowed for the orig-
inal dataset to be filtered down to data only related to the
“Quiet at Night” question. The hospitals were then further
isolated based on their Star Ratings for this metric and then
ranked based on their Linear Scores. Using the Linear
Mean Scores and the HCAHPS Star Ratings’ inherent clus-
tering algorithm, the top scorers among the 5 Star Rated hos-
pitals were isolated. These facilities were grouped together as
CMS Top Rated “Quiet at Night” Hospitals. The underlying
notion being that the Theory of Positive Deviance would
shed light on practices that would improve this metric for
all hospitals. This theory is predicated on the idea that differ-
ent hospitals, in this case, have uncommon practices that
enable them to find better solutions to universal challenges
(10). Thus, the key characteristics of these institutions were

then assessed using the American Hospital Database
(AHD), an independent organization that provides and pub-
licly reports national hospital data and statistics (11). To
ascertain trends in these facilities and determine their predic-
tive value, the US News Honor Roll Hospitals (2019-2020)
were used as a comparison group (11,12). A significance
threshold of P<.05 was established when comparing the 2
cohorts. For these groups, the Linear Mean Scores and the
HCAHPS Star Ratings were isolated from the CMS data and
the same key characteristics were assessed utilizing AHD.

Results

The mean HCAHPS Star Rating for CMS Top Rated “Quiet
at Night” Hospitals (n =22, 0.46% of institutions nationally)
was 5.00 (out of 5.00), with a standard deviation of 0.00
(Figure 1). These values can be explained by the selection
criteria used to isolate these hospitals. The mean HCAHPS
Star Rating for US News Honor Roll Hospitals (n=21,
0.44% of institutions nationally) was 2.67 (out of 5.00),
with a standard deviation of 1.24 (Figure 1). Though there
was no overlap between these 2 groups, 2 US News Honor
Roll Hospitals, Johns Hopkins Hospital and the Mayo
Clinic, received a HCAHPS Star Rating of 5. However,
these hospitals’ HCAHPS Star Ratings did not place them
in the Top Rated “Quiet at Night” Hospitals as that list com-
pounded both HCAHPS Star Ratings and Linear Mean
Scores. An unpaired t-test of this data found a 2-tailed
P-value of less than .0001, which is considered statistically
significant under all conventional significance levels.

The key, overarching characteristics of the CMS Top
Rated “Quiet at Night” Hospitals were that these facilities
are predominantly privately owned (77%), non-trauma-
designated (100%), short-term acute care facilities, and are
often specialized, surgical facilities (77%) with a mean of
31.73 beds staffed (Figure 2). Of note, these hospitals also
appear to be located predominantly in cities throughout the
South (Figure 2). In looking at these same characteristics
for the US News Honor Roll Hospitals, these facilities are
largely composed of voluntary non-profit controlled (76%),
trauma-designated (100%), short-term care facilities contain-
ing various specialties (100%) with a mean of 1028.43 beds
staffed (Figure 3).

Limitations

The results from this study provide a secondary analysis of
the CMS data of institutions nationally and identify potential
characteristics that may contribute to having success on the
“Quiet at Night” measure. This study focused on one variable
and found that smaller, surgical hospitals had greater success
in comparison to large academic centers. A potential short-
coming of this observation is that the practices that allow
these smaller centers to be successful may not be feasible
in larger hospitals. Moreover, as with any secondary analysis,
this study relies on the primary data and patient perceptions
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:
Fayette Medical Center 5.00 5.00 Mayo Clinic
Towa Specialty Hospital - Belmond 5.00 2.00 Cleveland Clinic
Kansas City Orthopedic Institute 5.00 5.00 Johns Hopkins Hospital
Physicians Medical Center 5.00 2.00 New York-Presbyterian Hospital-Columbia and Cornell
Surgical Specialty Center of Baton Rouge 5.00 3.00 UCLA Medical Center
Park Place Surgical Hospital 5.00 2.00 Massachusetts General Hospital
Lafayette Surgical Specialty Hospital 5.00 2.00 Cedars-Sinai Medical Center
Central Louisiana Surgical Hospital 5.00 3.00 UCSF Medical Center
Baptist Memorial Hospital Booneville 5.00 2.00 NYU Langone Hospitals
Midwest Surgical Hospital LLC 5.00 4.00 Northwestern Memorial Hospital
Davie Medical Center 5.00 2.00 University of Michigan Hospitals-Michigan Medicine
TriHealth Evendale Hospital 5.00 2.00 Brigham and Women's Hospital
Surgical Hospital of Oklahoma 5.00 1.00 Stanford Health Care-Stanford Hospital
Tulsa Spine & Specialty Hospital 5.00 1.00 Mount Sinai Hospital
Summit Medical Center 5.00 1.00 Hospitals of the University of Pennsylvania-Penn Presbyterian
James E. Van Zandt VA Medical Center 5.00 4.00 Mayo Clinic - Phoenix
Black Hills Surgical Hospital LLP 5.00 2.00 UPMC Presbyterian Shadyside
The Physicians Centre 5.00 4.00 University of Wisconsin Hospitals - Madison
Texas Health Harris Methodist Hospital Southlake 5.00 3.00 Keck Hospital of USC
Oakleaf Surgical Hospital 5.00 4.00 Houston Methodist Hospital
Foundation Surgical Hospital of San Antonio 5.00 2.00 Yale New Haven Hospital
Methodist Hospital for Surgery 5.00
Averages 5.00 2.67

Figure |I. Comparison of HCAHPS Star Ratings between CMS top rated “Quiet at Night” hospitals and the US News honor roll hospitals

derived from the CMS national database.

There was a significant difference between the 2 groups for HCAHPS Star Ratings (P <.0001).

CMS Top “Quiet at Night” Hospitals Location (City, State) Type of Control Inpatient Specialties Total Beds Staffed
Baptist Memorial Hospital Booneville Booneville, Mississippi Voluntary Nonprofit, Church Various Specialties 54
Black Hills Surgical Hospital LLP Rapid City, South Dakota Proprietary, Partnership Surgical 26
Central Louisiana Surgical Hospital Alexandria, Louisiana Proprietary, Corporation Surgical 24
Davie Medical Center Bermuda Run, North Carolina Voluntary Nonprofit, Other  Various Specialties 50
Fayette Medical Center Fayette, Alabama Governmental, Other Surgical 167
Foundation Surgical Hospital of San Antonio San Antonio, Texas Proprietary, Corporation Surgical 20
lIowa Specialty Hospital - Bel d Belmond, Iowa Governmental, County Various Specialties 22
James E. Van Zandt VA Medical Center Altoona, Pennsylvania Governmental, Federal Various Specialties 57
Kansas City Orthopedic Institute Leawood, Kansas Proprietary, Corporation Orthopedic Surgery 17
Lafayette Surgical Specialty Hospital Lafayette, Louisiana Proprietary, Partnership Surgical 20
Methodist Hospital for Surgery Addison, Texas Proprietary, Corporation Surgical 32
Midwest Surgical Hospital LLC Omaha, Nebraska Proprietary, Partnership Surgical 19
Oakleaf Surgical Hospital Altoona, Wisconsin Proprietary, Corporation Surgical 13
Park Place Surgical Hospital Lafayette, Louisiana Proprietary, Partnership Surgical 10
Physicians Medical Center Houma, Louisiana Proprietary, Corporation Various Specialties 30
Summit Medical Center Edmond, Oklahoma Proprietary, Corporation Surgical 9
Surgical Hospital of Oklahoma Oklahoma City, Oklahoma Proprietary, Corporation Surgical 12
Surgical Specialty Center of Baton Rouge Baton Rouge, Louisiana Proprietary, Partnership Surgical 16
Texas Health Harris Methodist Hospital Southlake Southlake, Texas Proprietary, Corporation Surgical 17
The Physicians Centre Bryan, Texas Proprietary, Other Surgical 16
TriHealth Evendale Hospital Evendale, Ohio Proprietary, Corporation Surgical 29
Tulsa Spine & Specialty Hospital Tulsa, Oklahoma Proprietary, Par hi Surgical 38
Average = 31.7

Figure 2. Descriptive characteristics of the CMS top “Quiet at Night” Hospitals.
CMS Top “Quiet at Night” Hospitals determined from the HCAHPS data and the hospital characteristics obtained from the American Hospital Directory.

captured by the CMS methodology. Therefore, it should be
noted that the overarching themes discussed in this study
may be more correlatory than causatory. This data does not
capture all factors that influence a hospital’s environment,
and it is worth acknowledging that while many of the poten-
tial solutions (ie, room occupancy, hospital visitation poli-
cies, light and noise restrictions, etc) are modifiable, others
(ie, size, ownership, services offered) are not. For the modi-
fiable factors, further studies would need to isolate these
themes and determine their causatory effects based on the
Bradford Hill Criteria (13).

Discussion

This study critically analyzes hospitals that score well on the
CMS “Quiet at Night” metric and compares their CMS
ratings and demographic information to the US News
Honor Roll Best Hospitals, a list of the best hospitals as dem-
onstrated by national rankings. In comparing the ratings
for these 2 lists, a stark disparity emerged in the average
HCAHPS Star Rating score, the type of hospital, the
patient populations targeted (ie, by specialty), and the
number of beds staffed for the 2 groups. Most notably,
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US News Best Hospitals Honor Roll Location (City, State)

Brigham and Women's Hospital
Cedars-Sinai Medical Center
Cleveland Clinic

Hospitals of the University of Pennsylvania-Penn Presbyterian

Houston Methodist Hospital

Johns Hopkins Hospital

Keck Hospital of USC

Massachusetts General Hospital

Mayo Clinic

Mayo Clinic - Phoenix

Mount Sinai Hospital

New York-Presbyterian Hospital-Columbia and Cornell
Northwestern Memorial Hospital

NYU Langone Hospitals

Stanford Health Care-Stanford Hospital

UCLA Medical Center

UCSF Medical Center

University of Michigan Hospitals-Michigan Medicine
University of Wisconsin Hospitals - Madison

UPMC Presbyterian Shadyside

Yale New Haven Hospital

Boston, Massachusetts
Los Angeles, California
Cleveland, Ohio
Philadelphia, Pennsylvania
Houston, Texas

Baltimore, Maryland

Los Angeles, California
Boston, Massachusetts
Rochester, Minnesota
Phoenix, Arizona

New York City, New York
New York City, New York
Chicago, Illinois

New York City, New York

Stanford, California

Los Angeles, California
San Francisco, California
Ann Arbor, Michigan
Madison, Wisconsin
Pittsburg, Pennsylvania
New Haven, Connecticut

Type of Control Inpatient Specialties Total Beds Staffed
Voluntary Nonprofit, Other ~ Various Specialties 804
Voluntary Nonprofit, Other  Various Specialties 883
Voluntary Nonprofit, Other ~ Various Specialties 1310
Voluntary Nonprofit, Other  Various Specialties 807
Voluntary Nonprofit, Other ~ Various Specialties 1163
Voluntary Nonprofit, Other  Various Specialties 952
Voluntary Nonprofit, Other ~ Various Specialties 331
Voluntary Nonprofit, Other  Various Specialties 1019
Governmental, City Various Specialties 1318
Voluntary Nonprofit, Other ~ Various Specialties 271
Voluntary Nonprofit, Other ~ Various Specialties 1133
Voluntary Nonprofit, Other  Various Specialties 2670
Voluntary Nonprofit, Other  Various Specialties 908
Voluntary Nonprofit, Other  Various Specialties 1629
Voluntary Nonprofit, Other ~ Various Specialties 553)
Governmental, State Various Specialties 445
Governmental, State Various Specialties 785
Governmental, Other Various Specialties 1007
Governmental, State Various Specialties 604
Voluntary Nonprofit, Other ~ Various Specialties 1438
Voluntary Nonprofit, Other  Various Specialties 1567
Average = 1028.428571

Figure 3. Descriptive characteristics of the US News Best Hospitals Honor Roll.
US News Best Hospitals Honor Roll pulled from US News data and the hospital characteristics obtained from the American Hospital Directory.

those who score well on the “Quiet at Night’” question are
predominantly privately controlled, specialized, surgical
facilities with few total hospital beds staffed. Hospitals recog-
nized by US News are predominantly non-profit controlled,
widely specialized, short-term facilities with high patient
capacity. Specifically, the patient capacity increases 32-fold
between the 2 groups. As noise is a proxy for sleep distur-
bances within hospitals and sleep is vital for patient health,
this observation alone could be detrimental to patient well-
being and health outcomes. With the added burden that
larger hospitals experience when caring for and managing
trauma, these differences in characteristics between the
cohorts are not immediately surprising. The “Quiet at
Night” metric is only one means of measuring the success
of a hospital center and oftentimes more complex patient
cases (as seen with trauma) require a multispecialty approach
to comprehensive care that smaller facilities are unable to
provide. However, ideally the goal would be for these
larger centers and their multidisciplinary care teams to also
improve their sleep quality practices to aid their patients’
care from every direction. The US News Honor Roll
Hospitals are considered outstanding across metrics allowing
them to set the standard for quality care nationally. However,
the large differences in characteristics observed above and
difference in “Quiet at Night” rating highlights the fact that
these institutions lack certain qualities that are correlated
with an ability to score well on the “Quiet at Night” question
and thus optimize patient sleep.

The difference in success may be attributed to sleep-
friendly actions taken by top performing “Quiet at Night”
Hospitals, such as more programs aimed at promoting sleep
through quiet hours and nighttime light reduction, specialized
hospital units allowing for more personalized patient care, a
less vulnerable/sick patient population and/or overall

decreased activity throughout the night due to lower patient
acuity and smaller hospital size. The common thread in the
potential factors above is that there may be a hospital
culture surrounding sleep that is more responsive and better
equipped to facilitate patient sleep in the top performing
“Quiet at Night” Hospitals compared to those on the US
News Honor Roll Report list.

Conclusions

This study provides a comparison of hospitals that excel and
fall behind in “Quiet at Night” metrics. Given the importance
of sleep hygiene on improving patient health outcomes,
sleep-friendly practices could potentially be implemented
throughout hospitals nationally in a low-cost, low-tech
manner. Moreover, the financial incentives tied to succeeding
in this metric could benefit hospital systems and enable these
extra funds to be allocated to other technologies and efforts to
further improve patient health.

With the knowledge that “Quiet at Night” scores impact
patient experience and CMS reimbursement, it is important
to learn from those positive deviant hospitals to help the
US News Hospitals improve on this metric. A greater under-
standing of how top CMS hospitals so efficiently provide
care in a sleep-protective way may help inform larger institu-
tions about Best Practices. Moving forward it is important to
determine the cultural and organizational factors that enable
hospitals to be top performers on the “Quiet at Night”
metric, that is, through quantitative surveys and/or qualitative
interviews of these hospitals. Ultimately, these next steps and
further analysis needs to be done to determine how to mean-
ingfully recreate and translate successful sleep programs to
US News Honor Roll hospitals and all other hospitals
nationally.



Gulati et al.

Authors’ Note

Prior Abstract Presentations: SHM Converge 2022, SLEEP 2022,
ACP DC Chapter Meeting 2022.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Jasmine Gulati https:/orcid.org/0000-0003-0876-8623

References

1. Cms.gov. 2022. Accessed May 12, 2022. https:/www.cms.gov/
medicare/quality-initiatives-patient-assessment-instruments/
hospitalqualityinits/downloads/hospitalhcahpsfactsheet201007.pdf.

2. Centers for Medicare and Medicaid Services. Hospital con-
sumer assessment of healthcare providers and systems patient
survey data. January 2020.

3. AHE. HCAHPS: ways to improve on the environment question
| AHE. 2022. Accessed May 18, 2022. https:/www.ahe.org/
hcahps-ways-improve-environment-question.

4. Frist WH. Connected health and the rise of the patient-
consumer. Health Aff Millwood. 2014;33(2):191-3.

5. Wesselius HM, van den Ende ES, Alsma J, et al. Quality and
quantity of sleep and factors associated with sleep disturbance

10.

11.

12.

13.

in hospitalized patients. JAMA Intern Med. 2018;178(9):1201-
8. doi:10.1001/jamainternmed.2018.2669.

Hedges C, Hunt C, Ball P. Quiet time improves the patient
experience. J Nurs Care Qual. 2019;34(3):197-202. doi:10.
1097/NCQ.0000000000000363.

Orlov NM, Arora VM. Editorial: a call for a “sleep-friendly”
designation in hospitals [published online ahead of print,
2022 Mar 16]. Sleep. 2022;45(5):zsac066. doi:10.1093/sleep/
zsac066.

Hcahpsonline.org. 2022. Accessed May 18, 2022. https:/
hcahpsonline.org/globalassets/hcahps/star-ratings/tech-notes/
october_2020_star-ratings_tech-notes.pdf.

Cms.gov. 2021. Hospital compare | CMS. Accessed May 20,
2021. https:/www.cms.gov/Medicare/Quality-Initiatives-Patient-
Assessment-Instruments/HospitalQualityInits/Hospital Compare.
Herington MJ, van de Fliert E. Positive deviance in theory and
practice: a conceptual review. Deviant Behav. 2018;39(5):664-
78. doi:10.1080/01639625.2017.1286194.

American Hospital Directory - information about hospitals
from public and private data sources including MedPAR,
OPPS, hospital cost reports, and other CMS files. Accessed
May 20, 2021. https:/www.ahd.com/.

Brooks M. U.S. News releases 2019-2020 top hospitals list.
WebMD. Published July 30, 2019. Accessed June 20, 2021.
https:/www.webmd.com/health-insurance/news/20190730/us-
news-releases-2019-2020-top-hospitals-list.

Fedak KM, Bernal A, Capshaw ZA, Gross S. Applying the
Bradford Hill criteria in the 21st century: how data integration
has changed causal inference in molecular epidemiology.
Emerg Themes Epidemiol. 2015;12(1):14. doi:10.1186/
$12982-015-0037-4.


https://orcid.org/0000-0003-0876-8623
https://orcid.org/0000-0003-0876-8623
https://www.cms.gov/medicare/quality-initiatives-patient-assessment-instruments/hospitalqualityinits/downloads/hospitalhcahpsfactsheet201007.pdf
https://www.cms.gov/medicare/quality-initiatives-patient-assessment-instruments/hospitalqualityinits/downloads/hospitalhcahpsfactsheet201007.pdf
https://www.cms.gov/medicare/quality-initiatives-patient-assessment-instruments/hospitalqualityinits/downloads/hospitalhcahpsfactsheet201007.pdf
https://www.cms.gov/medicare/quality-initiatives-patient-assessment-instruments/hospitalqualityinits/downloads/hospitalhcahpsfactsheet201007.pdf
https://www.ahe.org/hcahps-ways-improve-environment-question
https://www.ahe.org/hcahps-ways-improve-environment-question
https://www.ahe.org/hcahps-ways-improve-environment-question
https://doi.org/10.1001/jamainternmed.2018.2669
https://doi.org/10.1097/NCQ.0000000000000363
https://doi.org/10.1097/NCQ.0000000000000363
https://doi.org/10.1093/sleep/zsac066
https://doi.org/10.1093/sleep/zsac066
https://hcahpsonline.org/globalassets/hcahps/star-ratings/tech-notes/october_2020_star-ratings_tech-notes.pdf
https://hcahpsonline.org/globalassets/hcahps/star-ratings/tech-notes/october_2020_star-ratings_tech-notes.pdf
https://hcahpsonline.org/globalassets/hcahps/star-ratings/tech-notes/october_2020_star-ratings_tech-notes.pdf
https://hcahpsonline.org/globalassets/hcahps/star-ratings/tech-notes/october_2020_star-ratings_tech-notes.pdf
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare
https://doi.org/10.1080/01639625.2017.1286194
https://www.ahd.com/
https://www.ahd.com/
https://www.webmd.com/health-insurance/news/20190730/us-news-releases-2019-2020-top-hospitals-list
https://www.webmd.com/health-insurance/news/20190730/us-news-releases-2019-2020-top-hospitals-list
https://www.webmd.com/health-insurance/news/20190730/us-news-releases-2019-2020-top-hospitals-list
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1186/s12982-015-0037-4

	 Introduction
	 Methods
	 Results
	 Limitations
	 Discussion
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


