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ABSTRACT

Policies aiming to improve healthcare productivity often focus on reducing care fragmentation. 
Care fragmentation occurs when services are spread across many providers, potentially making 
coordination difficult. Using Medicare claims data, we analyze the effect of moving to a region 
with more fragmented care delivery. We find that 60% of regional variation in care fragmentation 
is independent of patients' individual demand for care and moving to a region with 1 SD higher 
fragmentation increases care utilization by 10%. When patients move to more fragmented 
regions, they increase their use of specialists and have fewer encounters with primary care 
physicians. More fragmented regions have more intensive care provision on many margins, 
including services sometimes associated with overutilization (hospitalizations, emergency 
department visits, repeat imaging studies) as well as services associated with high value care 
(vaccines, guideline concordant for diabetics).
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�����������	
�����
�����������������������
������������������������������������ � � �� � � � � � � ��
����
���	���������������������������������������������������������������������
������������������
��������� � � �� � � � � � � ����������������� ������
�����������������
������������������������������������� � � � � � � � � � �� � ����������
������������
������������!���	������"#�$%�������������������������� � � � � � � � �� � � � �������	�����������������������
������������
���	�������
������������������������������� � � � � ��� � � � � ���������������������������������	��
���	
���������
�������������	���������������� � �� � � � � � � � � � �
�������
�����������������������
���������������&'����
������������������������( ��)�����	���������
��������������������������������������
����������������� � � �� � �� � �� � ����������*������
���� �����������������������������������
�������������������������� � � � � � � � �� � � � �����������������������%��
���
���	���������
�������������������+	������������������ � � � � � � � � �� � �����
�������������������,�%,�����
,���������-�������
�������������
����������� � � � � � � � � �� � ���
����������������-��������	��������
�����
������������������	"#�$%��� � � � � � � � � � � � � � ���
�����	�����������������.����	
������������
���������)������������
������������ � � � � � � � � � � � ���
������������
�����	��/����������	����
������������	�������	���	����������� � � � � � � � �� � � �� �������	��/�������������������������������-�
������	��/�������������.���&��� � � � � �� � � � �� � � � � ���������������������
��������	��/���	����
����������	����������	������	��/�������� � � �� � ��� � � ��� � �� � �� ������	������
���	����������������������������%�
�����������
�������������
��������� � � � � �� � � � � � � �����
�������
��������������������	����������������������������������������� � � � � � � � � � � �
��������������������������������0������������
�������������
������������
������� � � � � � � � � �� � �"�!&
��������������������
������������������
����	������-��������������������
�������������������������&%�������
������������������ � � � � � �� � �� � � � ����	����'1���������	����
������
��������"�!&
�������������*�������
����	�� � � � �� � � � � � � � � � ��/�� 
�������
����������������������������
���	�������
����0�������������������� �� � � � � � � � � � �����������	�������������������������
�����	�
����	������
������������������
�����
� � � � � � � � � � � � � �
�����������������
�����	�
������	�����
�������������������
����������������� � � � � � � � � � ���
�������	���
��
���.����	2�����%���������34�0�������������������������������� � � � � � � � � � � � ��������������������������������������������������
�������������
����
����������� � �� � � � � � � � �� ���������������2���������������/
��������������	
���4�����������
��������	�������� � � � � � �� � � �� � � � � � �56�



����������	
�����������������������
�������������
�������
��
������������������ �� � � � � �� � �� � � ��������
���
	�������������
�������

��
�����
������������
�
���������	����
���������� � � � ��� � � � � �� ��������
�����������	�����
��
����
�����
�������������������
����
�������� � � � � � � � � � � � �������	��������
�������������
�����
����������
�������
	�����
���������������� � � � � � � � � �� � �������������
�
����������	�����
������
�����
�������
�����
�����
������������ � � � � � �� � �� � � � ��
���� ����
	�����
���	�����
����������
��������������	
����������������� � � � � � � � � � � � � ��������
����������������
��
���� ����
	!����
���
�����
����
���������������
��������
������� � � � � � � � �� � � ����������
��������
��������"������#��"�$�
���������������������
	�������
� �� �� �� �� � � � � � ��
���
����������

���
��
�����������
�����������
���
������������������
���
��%� � � � � � � � � �� � ��������
��&�������!������
���
�
��
����������������
��������������
�����
���%� � � � � � � � � ��������������������
��������'������%
�������
��
��
�������
�����������	� � � � � � � � � � � ������
�
�����
�������
���
����
�
��
�����	��������
�

��()�����
����������� � � �� � � �� � � � � �
��������������
������*+�,-./01/2345�67-�-88-.62�/4�19/:3;-9�<3==3452������>�?�����
��������������������������������
����@����������	���� � � � � � � � � � � ���
���������������!�����

�������������������&�����!A������	����@������B&A�C@D� � � � � � �� � �������E������
���
��
�������
�������
���������
��������������������
�
��%��� � � � �� ��� � � � � � �������������
�����
��������
����	��
����	��������������%��
�
���?���
����������� � �� � � �� � � � � �� ���������������������� �����
��������������������	��
���
������
���
�
���������� � � � � � � � � � �� � ����������
��������B��
��������
�������������
�����������������D��������� � � �� � � ��� �� � � � �����
���������������
�����������
��������%��������
��
����������� � � � � � � � � � � � ����������@�������������	������������%����
�����
�����
����������
���������	� � � � � � � ��� �� ��������
����
��
��
����%���������	F)��
������
��(@G����������
�������%� � � � � � �� ���� � � � ��������������	������
����
�
�����������������������
�
�������������
�������	�� � �� � � �� � � � �������
�
��
�����	������������	��������
��
����
�����������
���������������� � � � � � � � � � �������������
	�������
�
���
���������#�������������������������������� � � � �� �� � � � � ��������"��� HI�



�����������	
��
����������������������������	��������������
����������� � � � �� � � � � � ���
���
�
�����	��������	�
����
�������������������
�������	
���
���
���� � � � � � � � � � � �� ���	�����
���
�����������������������������������
���������������	������������������ �� �� � � � �� � � � � �����������������������
������������������������	����������
���	����������
�������� � � � � � � � � � �
����������������������������������������������
������	����������������������� � � � � � � � � ��������������������
����������	���
�����������������
������
�����
�������� � � � � � � �� � � � ������������
�	����������������������������
������������� �����������	���
���� � � � � �� �� � � � � � �!"��������������
���
���
����
��
����
����������������#��	�
������	������� � � � � � � � � � � � ����	�������
�����
��������������
�����	��	�$�����������������������������
�� � � �� � � � � � � �����������������������������%����������
�����������������
�����������������
�������������
��� � � � � � � � � � � ���������	���������
����������
�������������
�!&
��
���������������������� � � � � � � � � � � � �'
���	�
���	�
�������	���������
�
������������	�������
�������
����������
��������� � � � �� � � � �� � ������
�������������������������������������
����
���
��
�������
������������ � � � � � � � �� � � �()(�*��+,�-./0123411�564781�9���������
������
������
��������
�
����������
�������
������������� � � � � � � � � � �� � � ����������
���:��������%��
�������������
��
�������	�����������
��������;�
������ � � � � �� � � � � � ����
����������������������	�
������	�������
����	����������	���
����������������	�
�� � � � � � �� � � � � ��������
��������
����
�����������������<��������
��������������������������
������� � � � � � � � � � � ����
��������������"����������������
���������������
���
�����
��
����=��
����
�
���
�
��� � � � � � � � �� � � � �� ����	��������	�
�������
����
�
���
�������	��������	�
��������

���	���
������ � � � � �� � � � � � � ���������������
�������
������
�������������������������������������
���	��>;��� �� � � � � � � �� � � � ��
��%�����������������������������������������
�����������
����	�
��������
����� � � � � � � �� �� � �� � �� ����������	�������	�
���������������������9����������������
��
���	��
��
��
�� � �� � � � �� � � � �� � � ����	����	�������
������	��
�
����	�������
���
����������������������������������� � � �� � � �� � �� ��?@� ABCB�DCB�EDFG�EBHIJDK�LMNHIBL�MADM�NLB�ODJJIFDMIPF�CDMBL�DEPFQ�BKHBCKG�RDMIBFML�DL�D�SNDKIMG�PT�JDCB�EBDLNCBU��TPC�BVDERKBW�LBB�MAB�EBMDXDFDKGLIL�YG�ZBMBCLPF�BM�DK[�\]̂ _̂̀�PC�aPCb�PF�MAB�SNDKIMG�PT�cBMBCDFL�dBDKMA�eHEIFILMCDMIPF�JDCB�YG��fAD�BM�DK[�\]̂ ĝ̀[�� ]@�
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Online Appendix for Fragmented Division of Labor and Healthcare

Costs: Evidence from Moves Across Regions

Leila Agha Brigham R. Frandsen James Rebitzer

November 7, 2018

1 Specialty categories for across-specialty fragmentation measure

Allergy & Immunology

Anesthesiology

Clinical Neuropsychologist

Clinical Pharmacology

Colon & Rectal Surgery

Dermatology

Electrodiagnostic Medicine

Emergency Medicine

Family Medicine

General Practice

Hospitalist

Independent Medical Examiner

Internal Medicine

Legal Medicine

Medical Genetics

Neurological Surgery

Neuromusculoskeletal Medicine & OMM

Neuromusculoskeletal Medicine, Sports..

Nuclear Medicine

Obstetrics & Gynecology

Ophthalmology

Oral & Maxillofacial Surgery

Orthopaedic Surgery

Otolaryngology
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Pain Medicine

Pathology

Pediatrics

Phlebology

Physical Medicine & Rehabilitation

Plastic Surgery

Preventive Medicine

Psychiatry & Neurology

Radiology

Surgery

Thoracic Surgery

Transplant Surgery

Urology

2 Appendix Tables
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3 Empirical Approach: Notation and Proofs

Our empirical strategy identifies the effects of fragmentation on patient outcomes conceptually in two stages.
The first stage identifies the causal effects of regions on health outcomes by exploiting variation from in-
dividuals who move across regions. The second stage identifies the contribution of fragmentation to these
regional effects by controlling for relevant observable regional characteristics. In practice, the two stages are
estimated simultaneously in a single regression framework, but it is useful to discuss them separately as they
rely on distinct identifying assumptions. This section describes these identifying assumptions in a potential
outcomes framework.

If patient i were to receive care in region r in period t she would experience potential outcome Yit (r).
We denote the region where individual i actually receives care in period t by Rit. Individual i’s observed
outcome in period t is therefore Yit := Yit (Rit).

Our population consists of movers and nonmovers. Let Mi be an indicator for whether individual i moves
across regions during the study period. Let Oi be individual i’s origin region and Di be the destination region.
Ti is the period in which individual i moves (equal to ∞ for nonmovers).

The average causal effect among individuals who move from region o to region d in period t is given by
the average difference between the potential outcome experienced by the mover in the destination region in
period t and the potential outcome had the individual not moved:

∆ (o, d, t) := E [Yit (d)− Yit (o) |Oi = o,Di = d, Ti = t] .

In general this average causal effect is specific to the moving period and the origin-destinatin pair. In order
for comparisons of different average causal effects to have a causal interpretation, we assume that among
movers the moving date and the specific origin and destination pair are not selected on the basis of the
potential gain (or loss) from moving:

Assumption: No Selection on Gains For all d 6= o,

E [YiTi
(d)− YiTi

(o) |Mi = 1, Oi, Di, Ti] = E [YiTi
(d)− YiTi

(o) |Mi = 1] .

This assumption says that the treatment effect of moving from o to d is independent of the moving date,
actual origin, and actual destination, conditional on moving. The assumption implies that comparisons of
different moving effects have a causal interpretation (see proof below):

∆ (o, d, t)−∆ (o, d′, s) = E [YiTi
(d)− YiTi

(d′) |Mi = 1] .

Since under No Selection on Gains, different average causal mover effects can be compared causally, we can
define the causal effect of a move between any two regions as

∆ (r, r′) := E [YiTi
(r)− YiTi

(r′) |Mi = 1] .

The key challenge to identifying regional causal effects is that they involve the comparison of counter-
factual potential outcomes, YiTi (r) and YiTi (r′), at most one of which is observed. A straightforward way
to overcome this challenge is to assume that the period-to-period change in outcomes that would have been
experienced by movers had they not moved is equal on average to the observed change among individuals
who did not move. Formally, this parallel trends assumption is given by:

Assumption: Parallel Trends For all regions o 6= d and all periods t,

E [Yit (o)− Yit−1 (o) |Rit−1 = o,Rit = d, Ti = t] = E [Yit (o)− Yit−1 (o) |Rit = o, Ti 6= t] .

This assumption means that the period-to-period change in potential outcomes in a given region does
not (on average) depend on moving status. The parallel trends assumption can be assessed using the event-
study approach we describe below, which examines whether prior to moving individuals who eventually
moved followed similar trends to non-movers.
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Under the parallel trends assumption the causal effect of moving is identified (see below for the proof)
via the difference in the observed change in outcomes between movers and stayers (including those who move
in another period):

∆ (r, r′) = E [Yit − Yit−1|Rit−1 = r′, Rit = r, Ti = t]− E [Yit − Yit−1|Rit−1 = r′, Ti 6= t] .

The Parallel Trends assumption as expressed above is quite strong. It allows movers on average to have
different levels of outcomes from nonmovers, but requires that trends in outcomes be no different on average
between movers and nonmovers. The assumption can be weakened to allow movers to be on different trends
from nonmovers, provided they are on parallel trends with other contemporaneous movers:

Assumption: Parallel Trends among Movers For all regions o, d, d′ and periods t,

E [Yit (o)− Yit−1 (o) |Rit−1 = o,Rit = d, Ti = t] = E [Yit (o)− Yit−1 (o) |Rit−1 = o,Rit = d′, Ti = t] .

Parallel Trends among Movers is implied by the stronger Parallel Trends assumptions, but does not imply
it. This assumption, together with No Selection on Gains, identifies region effects via difference-in-differences
among contemporaneous movers (see below for proof):

∆ (r, r′) = E [Yit − Yit−1|Rit−1 = r0, Rit = r, Ti = t]− E [Yit − Yit−1|Rit−1 = r0, Rit = r′, Ti = t] .

No Selection on Gains and Parallel Trends among Movers (possibly conditional on controls xit) identify
the average causal effect among movers of moving from one region to another. As only differences between
regions are identified, we can normalize these effects to some reference region r0 to define region causal
effects:

∆r := ∆ (r, r0) .

Many factors likely contribute to the region effects ∆r, including regional practice styles, institutional
characteristics of the region, and infrastructure. Recall, however that regional effects by definition do not
reflect differences in patient health status across regions. To define the contribution of fragmentation to
regional effects, let ∆r (f) be the potential effect of region r if its fragmentation level were f . The region’s
observed fragmentation level is Fr. The realized region effect is ∆r = ∆r (Fr), which is identified given Par-
allel Trends among Movers and No Selection on Gains as shown above. The average causal effect of a change
in fragmentation from level f to f ′ is E [∆r (f ′)−∆r (f)], where now the expectation is taken over regions.
To identify the effect of fragmentation, consider the assumption that realized fragmentation is conditionally
(mean) independent of potential regional effects given a vector of observable region characteristics:

Assumption: Fragmentation Selection on Observables For observed vector Xr and for all fragmen-
tation levels f we have

E [∆r (f) |Xr, Fr] = E [∆r (f) |Xr] .

This assumption means that after controlling for Xr, further factors that influence a region’s “place
effect” are uncorrelated with its fragmentation level. This assumption can be assessed in several ways.
First, a necessary (though of course not sufficient) condition for this assumption to hold is that controlling
for additional variables beyond Xr that influence the outcome does not change the estimated effect of
fragmentation. Second, economic theory may suggest that fragmentation will have a specific pattern of
effects that omitted variables may not be expected to follow. For example, fragmentation across specialist
types may increase use of specialist care while reducing utilization of primary care providers. One might
expect omitted variables to be associated with increased utilization in all types of care. Third, the selection-
on-observables assumption together with no selection on gains means that the change in fragmentation
experienced by an individual moving across regions will not be related to the individual’s health status. The
Roy model of practice spillovers developed in the appendix provides a plausible setting in which this will be
true.

Given Parallel Trends among Movers, No Selection on Gains, and Fragmentation Selection on Observ-
ables, the effect of regional fragmentation on individual health outcomes is nonparametrically identified. In
practice we estimate regression specifications that parameterize these assumptions. Conceptually, estimation

53



can be thought of as occurring in two steps. First, region effects can be estimated from a differences-in-
differences regression on region indicators controlling for covariates xit, individual fixed effects αi, time effects
γt, and effects for periods relative to move ρp, in a specification such as the following:

Yit =
∑
r

∆r + x′itγ + αi + γt + ρp(i,t) + εit.

Second, estimates of the regional effects ∆̂Rit
can be regressed on the regional fragmentation measure in a

similar specification, but with the region dummies replaced with the regional fragmentation measure:

∆̂Rit
= δFRit

+ x′itγ + αi + γt + ρp(i,t) + εit.

The coefficient on fragmentation identifies the effect of regional fragmentation on movers’ health outcomes.
The two-stage procedure conceptually distinguishes the identification of regional effects from the identi-

fication of fragmentation’s contribution to the regional effects and lends itself to graphical analysis, but in
practice we use the following single regression specification, which yields algebraically equivalent estimates
of the effects of fragmentation and simplifies inference:

Yit = δ∆Fi × postit + x′itγ + αi + γt + ρp(i,t) + εit.

Theorem 1 Suppose No Selection on Gains holds. Then ∆ (o, d, t)−∆ (o, d′, s) = ∆ (d, d′).

Proof. No Selection on Gains implies

∆ (o, d, t) = E [YiTi
(d)− YiTi

(o) |Mi = 1]

and
∆ (o, d′, s) = E [YiTi

(d′)− YiTi
(o) |Mi = 1] ,

and thus the difference is

∆ (o, d, t)−∆ (o, d′, s)

= E [YiTi
(d)− YiTi

(o) |Mi = 1]− E [YiTi
(d′)− YiTi

(o) |Mi = 1]

= E [YiTi
(d)− YiTi

(d′) |Mi = 1] .

= ∆ (d, d′) .

Theorem 2 Suppose Parallel Trends and No Selection on Gains hold. Then

∆ (r, r′) = E [Yit − Yit−1|Rit−1 = r′, Rit = r, Ti = t]− E [Yit − Yit−1|Rit−1 = r′, Ti 6= t] .

Proof. Adding and subtracting Yit (r′) in E [Yit − Yit−1|Rit−1 = r′, Rit = r, Ti = t] yields

E [Yit − Yit−1|Rit−1 = r′, Rit = r, Ti = t]

= E [Yit (r)− Yit (r′) |Rit−1 = r′, Rit = r, Ti = t] + E [Yit (r′)− Yit−1 (r′) |Rit−1 = r′, Rit = r, Ti = t] .

Parallel Trends implies the second term on the right-hand side of this equation is equal to

E [Yit (r′)− Yit−1 (r′) |Rit−1 = r′, Ti 6= t]

= E [Yit − Yit−1|Rit−1 = r′, Ti 6= t] .

Thus, the right hand side of the theorem’s conclusion becomes

E [Yit (r)− Yit (r′) |Rit−1 = r′, Rit = r′, Ti = t]

= E [YiTi
(r)− YiTi

(r′) |Mi = 1]

= ∆ (r, r′) ,

where the first equality follows from No Selection on Gains and the second equality is by definition.
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Theorem 3 Suppose Parallel Trends among Movers and No Selection on Gains hold. Then

∆ (r, r′) = E [Yit − Yit−1|Rit−1 = r0, Rit = r, Ti = t]− E [Yit − Yit−1|Rit−1 = r0, Rit = r′, Ti = t] .

Proof. Adding and subtracting Yit (r0) in the first term of the right hand side of the theorem’s conclusion
yields

E [Yit − Yit−1|Rit−1 = r0, Rit = r, Ti = t]

= E [Yit (r)− Yit (r0) |Rit−1 = r0, Rit = r, Ti = t] + E [Yit (r0)− Yit−1 (r0) |Rit−1 = r0, Rit = r, Ti = t] .

Parallel trends among movers implies the second term on the right hand side of this equality is invariant to
the destination region, and thus similarly adding and subtracting Yit (r0) in the second term of the theorem’s
conclusion and simplifying yields

E [Yit − Yit−1|Rit−1 = r0, Rit = r, Ti = t]− E [Yit − Yit−1|Rit−1 = r0, Rit = r′, Ti = t]

= E [Yit (r)− Yit (r0) |Rit−1 = r0, Rit = r, Ti = t]− E [Yit (r′)− Yit (r0) |Rit−1 = r0, Rit = r′, Ti = t] .

No Selection on Gains implies these two conditional expectations can be expressed as conditional on Mi = 1
only, which means the right hand side simplifies to

E [YiTi (r)− YiTi (r′) |Mi = 1] =: ∆ (r, r′) .
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