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Source: OECD Health Statistics 2021, WHO 

Global Health Expenditure Database

Health expenditure per capita, 2019 (or nearest year)

1. OECD estimates.



Source: OECD Health Statistics, 2021

Hospital beds, 2009 and 2019 (or nearest year)



Source: OECD Health Statistics, 2021

Adult intensive care beds, 2019 (or nearest year) and 2020

1. Data cover critical care beds only.

2. Data refers to England only.

Source: OECD/Eurostat/WHO-Europe Joint Questionnaire on Non-Monetary Health Care Statistics 

2021 (unpublished data); Country Health Profiles 2021; Health at a Glance: Latin America and the 

Caribbean 2020; national sources 



Source: OECD Health Statistics, 2021

Practicing doctors per 1000 population, 2000 and 2019 (or nearest year)

1. Data refer to all doctors licensed to practice, resulting in a large over-estimation of the number of 

practicing doctors (e.g., of around 30% in Portugal). 2. In Finland, the latest data refer to 2014 only.



Source: Gallup World Poll (2020) database



Life expectancy at birth, 1970 and 2019 (or nearest year)

Source: OECD Health Statistics, 2021



Adults rating their own health as bad or very bad, 2019 (or nearest 

year) and 2020

1. Results for these countries are not directly comparable with those for other countries, 

due to methodological differences in the survey questionnaire resulting in a downward 

bias. 
Source: OECD Health Statistics 2021 (EU-SILC for EU countries).



1973 - “A Population-based health information system...”
John E. Wennberg, MD MPH and Alan Gittelsohn, PhD

Wennberg J, Gittelsohn A. Small area variations in health care delivery. Science 1973;182:1102-8. 

Observed variation could not be explained by population 

differences in demographics or health status.
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A Report of the Dartmouth Atlas Project

The Dar t m out h At las of   
Chi ldren’s Heal t h  Care  
in  Nor t hern New  England

1996 2013 2016

1996
The Dartmouth Atlas of Health Care Project:

Over 60 Atlases; > 350 research papers

2019

1973 – 1995

Numerous papers investigating health care variation in the U.S
as well some studies in other countries
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Wennberg D, et al. Dartmouth Cardiovascular Atlas

Harrison, Wasserman, Goodman.  J of Pediatr, 2017.

NICU beds

per births

Low birth weight %

U.S. Neonatal Intensive Care Regions
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Incidence of Acute Myocardial Infraction in 

Population ≥ 65 years

U.S. Hospital Referral Regions

Regional Health Care Capacity is not Associated with Population Need

Before examining patterns of health care, 
let’s consider health care capacity. 
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41 years after the Wennberg’s Science paper



Causes, consequences, remedies of variation

Category Cause Consequence Remedy

Unwarranted variation

1.Effective care Clinician decisions ≠ 
science 

Lower probability of  
good outcomes

Clinical microsystem 
improvements 

2. Preference
sensitive care

Provider-driven
decisions; patients 
uninformed and not 
involved in 
decisions

Pt. doesn’t receive
preferred care: the 
care with highest 
individual pt. utility

Shared decision making,
decisions aids.  Better 
outcomes research. Research 
in decision quality.

3. Supply sensitive
care 

Capacity that is 
idiosyncratically 
located and poorly 
related to outcomes

Higher resource use 
with marginal or no 
patient benefit

Wiser capital and labor 
investments in health care.  
Provider payment that 
encourages better outcomes, 
not more care.

4. Integrated
sensitive care

Fragmented 
organizations and 
responsibility

All of the above “Under Development”

Desired State: Warranted variation

Care in response to differences in patient 
needs and preferences

Better outcomes, including higher decision quality, 
and often lower costs 13



Use of beta-blockers 7-12 months following discharge for AMI
(2008-10) in Medicare beneficiaries ≥ 65 years

Hospital Referral Regions (=306)

92% or More (0)

84% to < 92% (42)

76% to < 84% (164)

68% to < 76% (86)

Less than 68% (13)

Insufficient data (1)

Not populated

Variation in technical quality: effective care

Munson JC,  Morden NE, Goodman DC, Valle, LA, Wennberg JE. The Dartmouth Atlas Report of Medicare Prescription Drug 

Use. Hanover, NH: The Trustees of Dartmouth College October 2013.



Norwegian Myocardial Infarction Registry

Healthcare Quality Atlas, 2021

Proportion of STEMI patients receiving reperfusion within recommended time.

Age 18-84, 2017-19

Effective Care for Patients with Acute Myocardial Infarction
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Causes, consequences, remedies of variation

Category Cause Consequence Remedy

Unwarranted variation

1.Effective care Clinician decisions ≠ 
science 

Lower probability of  
good outcomes

Clinical microsystem 
improvements 

2. Preference
sensitive care

Provider-driven
decisions; patients 
uninformed and not 
involved in 
decisions

Pt. doesn’t receive
preferred care: the 
care with highest 
individual pt. utility

Shared decision making,
decisions aids.  Better 
outcomes research. Research 
in decision quality.

3. Supply sensitive
care 

Capacity that is 
idiosyncratically 
located and poorly 
related to outcomes

Higher resource use 
with marginal or no 
patient benefit

Wiser capital and labor 
investments in health care.  
Provider payment that 
encourages better outcomes, 
not more care.

4. Integrated
sensitive care

Fragmented 
organizations and 
responsibility

All of the above “Under Development”

Desired State: Warranted variation

Care in response to differences in patient 
needs and preferences

Better outcomes, including higher decision quality, 
and often lower costs 16



McPherson K, Wennberg JE, Hovind OB, Clifford P. Small-Area Variations in the Use of Common Surgical 

Procedures: An International Comparison of New England, England, and Norway. The New England Journal of Medicine 

1982;307(21):1310-1314.
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Small Area Variation in Surgical Procedures, New England, England, Norway.  

McPherson K, Wennberg JE, Hovind OB, Clifford P. (1982) Small-Area Variations in the Use of Common Surgical Procedures: An 
International Comparison of New England, England, and Norway. New Engl J Med. 307(21):1310-1314.



Percent of Male Medicare Beneficiaries Age 68-74 
Receiving PSA Screening among Hospital Service Areas (2010)

46.5 to 69.6

39.8 to < 46.5

32.3 to < 39.8

22.5 to < 32.3

4.1 to < 22.5

Insufficient data

Not populated
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“Before deciding whether to be screened, men should have an opportunity 
to discuss the potential benefits and harms of screening with their clinician 
and to incorporate their values and preferences in the decision.”

PSA Screening
Preferences Sensitive Care

U.S. Preventive Services Task Force, JAMA. 2018;319(18):1901-1913. doi:10.1001/jama.2018.3710 20



Gynaecology Healthcare Atlas 2015–2017

Hysterectomies and transcervical procedures per 10,000 women, 2015-17
Preferences Sensitive Care

21



Orthopaedic Healthcare Atlas for Norway, 2018

Arthroscopies for degenerative knee disease per 10,000 
population (≥50 years), 2012-16

Preferences Sensitive Care?
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Shared Decision Making

Clinician Patient

Options and 

Outcomes

Values and

Goals

• Providing patients with unbiased information about care options, the 
chances of associated benefits and harms.

• Eliciting patients’ values and goals.

• Legitimizing  patients’ participation in decision making.
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Causes, consequences, remedies of variation

Category Cause Consequence Remedy

Unwarranted variation

1.Effective care Clinician decisions ≠ 
science 

Lower probability of  
good outcomes

Clinical microsystem 
improvements 

2. Preference
sensitive care

Provider-driven
decisions; patients 
uninformed and not 
involved in 
decisions

Pt. doesn’t receive
preferred care: the 
care with highest 
individual pt. utility

Shared decision making,
decisions aids.  Better 
outcomes research. Research 
in decision quality.

3. Supply sensitive
care 

Capacity that is 
idiosyncratically 
located and poorly 
related to outcomes

Higher resource use 
with marginal or no 
patient benefit

Wiser capital and labor 
investments in health care.  
Provider payment that 
encourages better outcomes, 
not more care.

4. Integrated
sensitive care

Fragmented 
organizations and 
responsibility

All of the above “Under Development”

Desired State: Warranted variation

Care in response to differences in patient 
needs and preferences

Better outcomes, including higher decision quality, 
and often lower costs 24



Total Medicare Reimbursements per Beneficiary 
by Hospital Referral Region (n=306) 

age, sex, race adjusted, 2010

Variation is Medicare reimbursements is primary due to regional differences in 

volume of services to patients with chronic illness.

$10,420 to 13,830 (61)
9,770 to < 10,420 (62)
8,920 to < 9,770 (60)
8,100 to < 8,920 (61)
6,910 to < 8,100 (62)

Not populated



To understand the relative efficiency of care for the chronically ill 
across providers, 

risk adjustment is necessary but difficult  with medical claims.

One approach: The chronic illness decedent cohort

• ≥ 65 years with at least one chronic illness 
– (congestive heart failure, chronic renal failure, cancer, COPD, dementia, diabetes with 

end organ damage, chronic liver disease, coronary artery disease, peripheral vascular 
disease) 

• Cohort inception – death

• Followed back 6, 12, 24 months prior to death

• Utilization rates at regional and hospital level adjusted for age, sex, race, 
and mix of chronic illness (at death)

• At a regional and hospital level, end-of-life utilization is highly correlated 
with overall Medicare utilization.



Hospital days per patient during the last six months of life

Hospital referral regions (n=206) (2010 deaths)

adjusted for age, sex, race, mixture of chronic illness

10.8 to 18.9 (61)

9.7 to < 10.8 (57)

8.7 to < 9.7 (65)

7.4 to < 8.7 (64)

4.7 to < 7.4 (59)

Not populated

Correlates highly with overall Medicare spending



ICU days per Chronically Ill Medicare Beneficiaries, 
last 6 months of life, Academic Medical Centers (2010 deaths)

UCLA Medical Center 12.4
Cedars-Sinai Med Ctr 12.0
Thomas Jefferson Univ. 11.5
RWJ University Hosp 11.3
UC Irvine Med Ctr 11.0

University of Michigan 2.3
Dartmouth-Hitchcock 1.8
Scott & White Memorial 1.7
University of Wisconsin 1.4
Fletcher Allen Health Care 1.2
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In U.S. chronically ill elderly.... 

• Utilization of inpatients & ICU days, imaging, physician clinical labor, and costs vary 
markedly across regions and hospitals, even when the outcomes are held constant.

• Regions with higher intensity of end-of-life chronic illness care, are also much 
more likely to have higher utilization rates of medical care prospectively, but with 
lower technical quality, poorer patient perceived access, and no better (and 
possibly worse outcomes)

• These higher intensity regions have higher capacity – more hospital beds & 
physicians (particularly specialists).

• Fisher ES, et al (2003) The implications of regional variations in Medicare spending. Part 1: the content, quality, and 
accessibility of care. Ann Intern Med

• Fisher ES, et al. (2003) The implications of regional variations in Medicare spending. Part 2: health outcomes and 
satisfaction with care. Ann Intern Med. 

• Sirovich BE, et al. (2006) Regional variations in health care intensity and physician perceptions of quality of care. Ann 
Intern Med. 144(9):641-649.

• Goodman DC, et al. (2006) End-of-life care at academic medical centers: implications for future workforce 
requirements. Health Aff (Millwood). 

• Skinner J, et al. (2009) The elusive connection between health care spending and quality. Health Aff (Millwood).

• Skinner J, et al. (2010) Looking back, moving forward. N Engl J Med. 

• Nyweide DJ, et al. (2011) Seniors' perceptions of health care not closely associated with physician supply. Health Aff
(Millwood).



1960

Neonatal Intensive Care Units

in Academic Medical Centers

Today:

Nearly every U.S. 

hospital with a 

moderately sized OB unit 

has a NICU

Cole Lee Goodman: December 5, 2019

Is unwarranted variation a problem of only the elderly?



U.S. Birth Weight Specific Neonatal Mortality Rates, 1957 & 2010

Conditional on birth weight,
neonatal mortality rates 

continue to decline.  

Good news, but still lagging
many countries.

Sources: Wishik SM, et al. AJPH 1961. 51:53-64.  and U.S. Birth Linked-Death File, NCHS,. 

2010

1957

Developments in newborn care has improved outcomes



Variation in NICU Admissions. 
(U.S. Neonatal Intensive Care Regions)

Very low

(500-1499

gm)

Low

(1500-1999

gm)

High

(≥4000 gm)

Extremal ratio 2.33 2.92 5.80 7.61 15.24

Interquartile ratio 1.13 1.19 1.45 1.63 1.71

Coefficient of variation 11 16 26 37 44

Low

(2000-2499

gm)

Normal

(2500-3999

gm)
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Harrison WN, Wasserman JR, Goodman DC. Regional variation in neonatal intensive care 
admissions and the relationship to bed supply. J Pediatr. 2018;192:73-79.



Moen A. Regional Variation in the Treatment of Sick Newborns in Norway in
The Dartmouth Atlas of Neonatal Intensive Care

33

Variation of NICU Admissions Across Norwegian Regions, 2009-14



While regional NICU capacity (NICU beds and neonatologist) is poorly related to 

perinatal risk, capacity is strongly related to NICU utilization,

for the lower risk groups of newborns

34Harrison, Wasserman, Goodman.  J of Pediatr, 2017.



Number of Special Care Days (Intensive or Intermediate) per 100 Births, 
Texas Medicaid Insured, CY 2010-14

30Ratio of Region to State Rate

Red: Unadjusted

Blue: Adjusted

Overall Rate - 4.6 days/newborn

Amarillo
San Antonio

Austin
Abilene

Tyler
Odessa
El Paso

Lubbock
Longview

Beaumont
Laredo

College Station
Temple

Dallas
Fort Worth

Houston
Victoria

Brownsville
Corpus Christi

Denton
McAllen

0.6   0.8   1   1.2   1.4   1.6            1.8

Late Preterm Singletons, C 5
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Number of NICU Days in Texas Medicaid Insured Late Preterm (34-36 Wk) Singletons
by NICU Regions, 2010-14



Length of Stay, Norwegian Live Births, 34 - 36 Wk Gestation, 2009-14
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100 Largest Hospitals Texas Medicaid, 2010-14

Late Preterm 

r2=0.10

Very Low Birth Weight

r2=0.12

Shorter NICU stays are not associated with a higher chance of readmission, 

ER visit, or mortality.

Goodman DC, Wasserman JR, Mowitz ME, et al. Neonatal intensive care utilization and 

postdischarge newborn outcomes: A population-based study of Texas Medicaid insured infants. 

J Pediatr. 2021;236:62-69.



tdi.dartmouth.edu

What can we learn from population-based variation studies? 

• Patterns of care prior to, during, and after hospitalization.

• And care of patients who are not hospitalized

• Hospital admissions and surgical procedure rates.

• Outcomes, including mortality.

• Detailed measures of quality and efficiency of health care across regions 
and providers.

• Are necessary to conduct research in the causes and consequences of 
variation in health system performance.

• Assist in identifying quality and efficiency benchmarks.

• Provide transparency and encourage public engagement.

These studies...



Home at last....

Cole Lee Goodman

Son of
Theresa Wagner Goodman
Andrew Goodman

Date of Birth:  3 Dec. 2019

33 1/7 weeks

2083 grams

Date of discharge: 24 Dec 2019
(21-day length of stay)

Done for Today...


