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Abstract
Background:
Despite the development of several models of care delivery for patients with chronic
illness, consistent improvements in outcomes have not been achieved. These inconsistent
results may be less related to the content of the models themselves, but to the ways they
are applied to clinical settings. Complexity science, or the science of complex adaptive
systems (CAS), suggests that interventions leveraging the ability of participants to learn,
interact, self-organize, and co-evolve will lead to improved patient outcomes. We
examined the association between the presence of these four characteristics of complex
adaptive systems (CAS) in organizational interventions and outcomes of patients with
Type 1I diabetes.
Methods:
We conducted a systematic review of the literature for organizational interventions with
Type II diabetes. For each study we recorded measured process and clinical outcomes of
diabetic patients. Two independent reviewers gave each study a score that reflected
whether organizational interventions had 1 or more characteristics of a complex adaptive
system. The effectiveness of the intervention was assessed by standardizing the scoring
of the results of each study as 0 (no effect), 0.5 (mixed effect), or 1.0 (effective).
Results:
Out of 157 potentially eligible studies, 32 met our eligibility criteria. Most studies were
felt to utilize at least one CAS characteristic in their intervention designs, and most

reported at least mixed results. The number of CAS characteristics present in each



intervention was associated with outcome effectiveness (p=0.002). Two individual
characteristics were associated with effectiveness: interconnections between participants
and co-evolution.

Conclusion:

The significant association between CAS characteristics and effectiveness of reported
outcomes for patients with Type II diabetes suggests that complexity science may provide
an effective framework for conceptualizing clinical settings and designing interventions

that lead to improved patient outcomes.



Introduction:

Although the cost of managing patients with chronic disease is high, and is
predicted to rise to 80% of health care dollars spent by 2020 (1), identification of
effective ways to improve care of patients with chronic disease has been difficult to
achieve. While the evidence base regarding optimal medical management of these
patients has grown, our ability to translate evidence into routine clinical practice across
diverse clinical settings has been limited. A recent study of the number of patients who
received appropriate care recommended for their chronic conditions revealed poor
adherence to recommendations (2). Attempts to improve outcomes through use of
practice guidelines, quality improvement, or system improvement have not led to
consistently positive effects on process of care measures or outcomes, and have been
disappointing (3-5). “Environmental” or organizational barriers, such as inadequate staff
or support structure, are typically cited as a hindrance to guideline implementation (5).

To facilitate implementation, several models for delivery of care for patients with
chronic disease have emerged. These include the “self-management” and “collaborative
management” models, the “chronic care model,” and the “disease management” approach
(6-9). The former two share an emphasis on encouraging patients to be more active
participants in their care, while the latter focus more on improving organizational
infrastructure and community resources. Recent systematic reviews of interventional
studies based on the self-management, chronic care, and disease management models
reveal small to moderate effects on process or outcome measures (6,10,11). These
inconsistent results suggest that it is not the content of the models themselves, but instead

the specific ways in which they are applied to organizations, that may improve care.



It is not clear why some interventions fail while others succeed, or why the same
interventions work well in one setting and not another. One possible reason for this
inconsistency is suggested by the recent application of complexity science, or the study of
complex adaptive systems, to the organization of health care delivery.

Complex adaptive systems are characterized by individuals who can learn,
interconnect, self-organize, and co-evolve with their environment in non-linear dynamic
ways (14,17). These factors lead to patterns of relationships and interconnections in the
system that influence performance of the system, but may not be fully understood or
predicted as a sum of the system’s parts. Like musicians in an improvisational jazz band,
individuals in a complex adaptive system learn from and react to each other and their
environment, leading to constant shifts in the pattern of relationships or the interpretation
of the music. The natural tendency of individuals to learn, form patterns of relationships,
organize and evolve suggests that interventions that suppress these activities will lead to
poorer outcomes than those that facilitate them.

Complexity science suggests that inconsistent outcomes may result from implicit
assumptions of linear, mechanistic relationships between cause and effect in
organizational interventions. This linear viewpoint implies that a specific intervention
should lead to consistent, reproducible results across clinical settings. In contrast,
complexity science suggests that clinical settings are complex adaptive systems (CAS’s)
with non-linear characteristics, and that outcomes may be greatly affected by seemingly
small differences or adjustments in the environments between or among organizations
(14-16). For example, clinical reminders may be very effective in prompting providers in

one setting to perform recommended care, but may not be as effective in another for



reasons that are specific to that setting (i.e., differences in the workflow of test ordering,
ease of access of recommended care, patient population served, or provider beliefs).
Therefore, we hypothesize that interventions that leverage the characteristics of
complex adaptive systems, intentionally or not, and regardless of the particular model of
chronic care delivery on which the intervention was based, will consistently lead to
improved outcomes over those that do not. The purpose of this research is to conduct a
systematic review of organizational interventions for patients with Type Il diabetes and

examine these interventions through the lens of complexity science.

Methods:
Search strategy:

We defined organizational interventions as those that explicitly attempt to affect
or change organizational structures or processes to implement evidence-based practice.
We searched Medline from 1989 through December 29, 2005, after developing a search
strategy based on four components: (1) the strategy developed by the Effective Practice
and Organization of Care (EPOC) Group of the Cochrane Collaboration and
bibliographies of relevant publications from Medline (18); (2) additional search terms
for types of organizational interventions not included in EPOC, such as total quality
improvement, PDSA (Plan-Do-Study-Act), and practice redesign; (3) additional search
terms used by recent systematic reviews of preventive and quality improvement strategies
(19,20); and (4) bibliographies and Medline indexing terms of relevant publications. To
focus the search on diabetes, we added disease-specific MeSH and text word terms, ran a

preliminary search, and reviewed 200 titles and abstracts (determined by saturation, until



no further new terms were identified), for additional text word terms. The search terms

are available from the author upon request.

Inclusion and Exclusion Criteria:

Inclusion criteria were randomized, quasi-randomized, or controlled clinical trials
published in English and conducted in economically developed countries identified as
such by the International Monetary Fund or the Organization for Economic Cooperation
and Development (21). We excluded non-English articles because non-English studies
comprise only 1% of the EPOC registry. We excluded studies reporting only the
following nonclinical outcomes: patient or provider knowledge; self-efficacy;
satisfaction; or other attitudes and beliefs. We also excluded studies of: type 1 or
gestational diabetes; patients <18 years old or patients younger and older than 18 but not
reporting results separately for adults; work site health interventions; exercise
rehabilitation or smoking cessation; and disease prevention or screening only.

Four investigators independently reviewed overlapping groups of differing halves
of the citations’ titles and abstracts generated by the full literature search to assess
agreement regarding potentially eligible publications. Raw agreement was 94%. If
eligibility was uncertain after review of the title and abstract, the full article was
reviewed. Eligible studies were independently reviewed and jointly abstracted in detail
by teams of two investigators. Disagreements were resolved by consensus of the group

of investigators.

Outcomes abstracted:



In order to maximize ability to synthesize the available evidence across studies,
we abstracted outcome data for the major broad domains of mortality, primary disease-
related outcomes (e.g., glycemic control, screening for retinopathy), quality of life,
functional status, evidence-based provider behavior, process measures, and health

services utilization.

Assessment of Leveraging of Characteristics of Complex Adaptive Systems:

Eligible publications were independently evaluated by two raters with content
expertise in complexity science to assess the extent to which the intervention utilized any
of the following characteristics of a CAS: individuals’ capacity/ability to learn; the
interconnections between individuals; the ability of participants to self-organize; and the
tendency of participants to co-evolve. The definition of each characteristic used by
reviewers is shown in Table 1. Each study was given a point for each of the
characteristics present in the study design, for a possible lowest score of 0 and highest
score of 4. Table 2 gives specific examples of interventions that met criteria for each
score, with the characteristics they were felt to reflect. The raters were blinded to the
outcomes of the studies. The kappa for these scores between reviewers was 0.78, with

conflicts subsequently resolved by discussion.

Assessment of Reported Outcomes:
Because of the heterogeneity across study outcomes, we did not use effect size as
the outcome variable. The most commonly used outcome was change in hemoglobin

alc, but this was used in only 14 studies of variable duration, 4 of which contained unit



of allocation error, or mismatch between the unit of randomization and unit of analysis.
Additionally, some studies compared change in hemoglobin Alc with baseline values,
rather than with controls. To overcome this, a rating scale was used to assess the efficacy
of the intervention. The outcomes of each study were assessed by two independent raters
on a scale of 0 (no effect), 0.5 (mixed results), and 1 (intervention effective) based on the
type (process versus outcome), number, and statistical significance of outcomes reported.
The specific criteria used for each rating, along with specific examples of the reported
outcomes for each rating, are shown in Table 3. Raters were blinded to study
interventions, and one was different from the intervention raters. The kappa for these

scores was 0.79 with conflicts resolved by discussion.

Statistical Analysis:

Because of the small number of studies identified, we used Fisher’s exact test to
test the significance of the relationship between total number of characteristics of
complex adaptive systems leveraging an organizational intervention and the strength of
outcomes reported, as well as between each individual characteristic and the strength of
outcomes. Because a mismatch between the unit of allocation and analysis may bias a
study towards positive results, we divided studies into two groups based on whether a
unit of analysis error was present. A second analysis using Fisher’s exact test was
performed including only those studies that did not contain a unit of analysis error. All

statistical analysis was performed using Stata 8.0 (College Station, Texas).

Results:
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The search identified 5,590 publications; 157 were potentially eligible by review
of title and abstract. After full review of these published studies, 32 met our eligibility
criteria (22-53). Figure 1 details the numbers of articles eligible and ineligible at each
point. The interventions, outcomes, duration of intervention, presence of unit of
allocation error, and extent to which interventions used characteristics of complex
adaptive systems are summarized in Table 4. Half of studies reported significant
improvement in most or all outcomes. Ten studies were felt to utilize self-organization;
co-evolution was a component in twenty-four, learning in twenty-seven, and
interconnections in thirty. Interventions that involved learning typically took the form of
distribution of educational materials; interconnections were frequently changed through
the addition of case managers or care coordinators. Relatively few (eight) allowed
participants to self-organize.

The distribution of characteristics of complex adaptive systems utilized by a study
intervention and the intervention efficacy for all studies is shown in Table 5. Only 50%
of studies demonstrated effective results as reflected by a score of 1. All studies with an
effectiveness score of 1 reported interventions whose CAS characteristic scores were at
least 3, while the studies with lower effectiveness had lower CAS characteristic scores.
The association between the number of CAS characteristics and effectiveness was
statistically significant (p=0.002), and remained so after adjustment for sample size and
duration of intervention. Nine studies had level of analysis error, most commonly
because the unit of randomization was a clinic or physician, while the unit of analysis

was the patient. The association between CAS characteristic scores and outcome
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effectiveness was also statistically significant when these nine studies were excluded
(p=0.004).

Of the four CAS characteristics assessed for each intervention, two were
individually significantly associated with effectiveness. Interventions that affected
interconnections in the organization or allowed participants to co-evolve were
significantly associated with intervention effectiveness (p=0.03 and 0.001, respectively).
When studies with unit of analysis error were excluded, these associations remained
significant (p=0.05 and 0.003). The associations between interventions affecting
participants’ ability to learn or self-organize were not statistically significant (p=0.06 and

0.58).

Discussion:

In summary, we found a significant relationship between the number of
characteristics of complex adaptive systems utilized in an intervention and the
intervention’s effectiveness in improving process or outcome measures in patients with
Type II diabetes in studies conducted across a diversity of clinical settings and reported
outcomes. This finding suggests that complexity science may provide an effective lens
through which to understand these clinical settings and inform the design of interventions
to improve performance. Further, two individual characteristics, co-evolution (ability of
participants to modify practices based on forces internal and external to the clinical
setting) and interconnections (changing the pattern of communication between
participants) had the strongest relationship with intervention effect. It is difficult to

interpret the lack of a relationship between other individual characteristics and strength of

12



outcomes, as the number of studies included in this analysis was small, particularly after
those with level of analysis error were excluded. However, the significant association
between the overall number of characteristics of CAS and the intervention effectiveness,
in the absence of a clear association for all individual characteristics, could imply that
some combinations of characteristics are more effective. The number of studies was too
small to allow for this analysis.

Several other limitations besides the small sample size deserve mention. All of
the studies included related only to the chronic care of diabetic patients. Confirmation of
these findings for patients with other chronic diseases is necessary. In addition, while we
were able to address the potential bias inherent in studies with unit of allocation error,
publication bias (e.g., positive studies being more likely to be published), or the
possibility that studies with negative outcomes did not provide sufficient detail regarding
interventions, could potentially impact these results. However, regarding the latter
potential bias, the inter-rater consistency on characteristic ratings indicates that reported
methods were sufficient to reliably assess the interventions.

Consistent with prior literature, this systematic review found that many studies of
organizational interventions do not improve process or outcome measures for patients
with the chronic illness diabetes(3-5). Only 50% of randomized or controlled clinical
trials meeting criteria for this systematic review demonstrated significant improvement in
most or all endpoints. Importantly, the finding that interventions incorporating features
of complex adaptive systems were more effective suggests that a shift in thinking about
the design of organizational interventions to improve patient outcomes may be helpful.

Rather than designing one-size-fits-all initiatives that require adherence to a rigid, pre-set

13



course of action, allowing participants to have input and control, as well as allowing them
to adapt or deviate from a set plan as results evolve, may lead to more effective change.

Our findings also suggest that interventions that focus on the quality and pattern
of relationships between participants in a clinical setting may be superior to those that
focus on trying to change the behavior of a single participant. Finally, the nonlinearity
that is inherent in complex systems implies that inputs and outputs are unlikely to be
proportional, particularly across clinical settings and over time. This suggests the need
for the following specific approaches: involvement of more than one type of participant
in both intervention design and implementation, use of more than one method of
connecting agents in an organization, and continual reassessment of the effect of an
intervention coupled with a willingness to make changes based on this reassessment. In
fact, this may explain why multi-faceted organizational interventions may be more
effective than those with a focus on a single strategy (54).

While these results may be regarded as a preliminary stepping-stone, they point to
the use of complexity science as a framework for thinking about clinical settings that may
allow us to better understand the inconsistencies in the health care organizational
literature and to better design interventions that will lead to the greatest improvement in

outcomes for our patients.

Conclusions:
Improved outcomes in Type II diabetes were significantly associated with
organizational interventions that had characteristics of complex adaptive systems in their

design. Those interventions incorporating a greater number of characteristics

14



demonstrated the greatest improvement in diabetes-related outcomes. We observed a
greater effect for interventions that promoted interconnections between, and co-evolution
of, individuals.

These data suggest that complexity science may provide an effective framework
for conceptualizing clinical settings and designing interventions that lead to improved
patient outcomes. Specifically, interventions with strategies targeting multiple CAS
characteristics may be most effective in improving health outcomes. Further research
should address how best to translate the theoretical constructs of complex adaptive

systems into interventions that improve the outcomes of chronically ill patients.
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Table 1: Characteristics of Complex Adaptive Systems Abstracted

Characteristic

Definition

Agents who Learn

® People can and will process information, as well as react
to changes in information

Interconnections

e Change in pattern of interactions, including non-verbal
communication, among agents
e Introducing new agents into the system

Self-organization

® Order is created in a system without explicit hierarchical
direction

Co-evolution

® The system and the environment influence each other’s

development
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Table 2: Examples of Interventions Utilizing Characteristics of Complex Adaptive

Systems
Intervention Characteristics Present Score Given
1-page reminder of BP None 0
goals put on the front of the
charts of all diabetics
Educational materials Learning 1
(articles, videotapes) sent to
physicians at defined
intervals
Decision — support system | Interconnections 2
generated treatment Co-evolution
recommendations based on
current treatment and level
of control. Patients seen
monthly until controlled.
Pharmaco-evaluation and Learning 3
med review conducted at set | Interconnections
intervals over 1 year. Co-evolution
Emphasis on education, but
tailored to progress of
individual patients
Usual visits replaced with Learning 4
group visits led by a Interconnections

physician and diabetes
nurse educator, who were
allowed to tailor the
meeting frequency and
content to the needs of the
group. The goal of these
visits was to improve
compliance through
education.

Self-Organization
Co-evolution
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Table 3: Criteria Used to Classify Outcomes of Studies with Organizational

Interventions
Outcome Score Criteria Example
0 e No differences between No difference in rate of
control and intervention groups, | medication changes between
or between intervention and groups
baseline, on process or outcome
measures
0.5 ® Trends without significance Significant improvement in hgb
e Mixed outcomes (significant alc at 6 and 12 months when
improvement in minority of compared with baseline, but not
measures) when compared with control
e Significant improvement group
compared with baseline, but not
with control
1 e Significant improvement: Significant improvement in

- all outcomes if <=3
endpoints

- majority of outcomes if
>3 endpoints

number of patients at alc goal,
significant decrease in
hospitalizations and emergency
department visits
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Table 4: Summary of Eligible Studies of Organizational Interventions on QOutcomes
of Patients with Type 2 Diabetes

Author Sample Intervention Outcome Follow-up Unit CAS
Size Measures of Analysis | Leveraged
Error
Denver, 120 Nurse-led clinic Systolic BP, target BP 6 mos No L, IC, SO,
EA (22) Patient education Medication changes, CoE
CHD risk scores
Frijling, BD 1449 Physician feedback reports | Process measures: 21 mos Yes L, IC, SO,
(23) Outreach visits to Foot, eye exams CoE
physicians
Gary, TL (24) 186 Nurse Case Managers Hemoglobin alc 24 mos No L, IC, CoE
Case Workers, or both Cholesterol, BP
Glasgow, RE 320 Health, diet counselor Hemoglobin Alc 12 mos No L, IC, CoE
(25) Telephone outreach Lipid profile
Community resources Psychosocial outcomes
Hirsh, IB (26) 185 Computerized compliance | Hemoglobin Alc (% 14 mos Yes L, IC, CoE
feedback change)
Physician didactic training | Weight, BP, costs
Kim, HS (27) 50 Care booklet and log Hemoglobin Alc 12 weeks No L, IC, CoE
Nurse phone intervention Diet, exercise, glucose
Dietician review monitoring adherence
Miller, CD 597 Rapid alc at time of visit Treatment 4-8 mos No L, IC, CoE
(28) Education intensification
Hemoglobin Alc
Oh, JA (29) 50 Care booklet, logs Hemoglobin Alc 12 weeks No L, IC, SO,
Phone calls Blood glucose CoE
Dietician recommendations | BMI
Sanders, K 320 Colored chart reminders Medication changes unclear Yes IC
(30)
Stroebel, R 1083 Searchable patient registry | % pts with hgb Alc >8 6 mos No L, IC, SO
3D Team time Lipids ordered
Letters to patients BP
Greoneveld,Y 288 Visits with nurse educator Hemoglobin Alc 12 mos Yes L, IC, CoE
(32) and dietician for 1 year Specialist referral
McDermott, 678 Outreach groups Process measures: BP, 12 mos No L, IC, SO,
RA (33) Recall system weight check, eye, foot CoE
care
Piette, JD (34) 292 Telemedicine system Hemoglobin Alc 12 mos No L, IC, CoE
Nurse educators in VA Process measures: foot
exams, cholesterol,
glucose monitoring
Piette, JD (35) 280 Telemedicine system Hemoglobin Alc 12 mos No L, IC, CoE
Nurse educators in Process measures: foot
community health centers exams, cholesterol,
glucose monitoring
Pritchard, DA 17 Dieticians Weight 12 mos No L, IC, CoE
(36) PCP focus on diet Blood pressure
Wagner, EI 35 Small group visits Hemoglobin Alc 24 mos Yes L, IC, SO,
37 Counseling Preventive care CoE
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ER visits, bed days
Walker EA 600 PCP workshops Process measures: hgb 12 mos Yes L,IC
(38) Project liaisons Alc measurement, foot
exams
Cagliero, E 89 Hgb alc at time of visit Hemoglobin Alc 12 mos No IC, CoE
39) Resource utilization
Vaughan, NJ 218 Decision support system # pts with normal Alc 16 mos Yes IC, CoE
(40)
Coffey, E (41) 96 Managed care vs. Fee for Medications, non-drug 12 mos No -
service systems treatment
Pt income spent
Litzelman, 396 MD guidelines re: foot care | Foot lesions 12 mos Yes L, IC
DK (42) Pt ed, Behavior contract Foot care behavior
Phone/mail reminders
Newcomb, 1082 Mobile eye exams Visual impairment 7-9 years No L, 1C
PA (43) Education, phone contact Ophthalmology visits
Clancy, DE 120 Group visits Process indicators 6 mos No L, IC, SO,
44) Hemoglobin Alc CoE
Cholesterol
McClellan, W 123 Physician-based QI project | Process indicators: 6 mos No L
(45) Alc, urine testing, eye
exams
Taylor, CT 69 Pharmacoevaluation # pts with Alc at goal, 12 mos No L, IC, SO,
(46) Education BP CoE
Hospital utilization
Quality of life
Tsuyuki, RT 675 Visits with pharmacist Composite lipid panel 16 weeks No L, IC, SO,
(CY))] or increase in lipid CoE
medication
Basch, CE 280 Eye education, phone calls | Receipt of eye exam 6 mos No L, IC, CoE
(48)
McCabe, C 2001 Foot-screening protocol Ulcers, amputations 24 mos No L, IC, CoE
49)
Lobach, DF 1265 Computer-assisted Guideline adherence, 6 mos No IC, SO, CoE
(50) management protocol Compliance, time spent
Shultz, EK 20 Modem transfer of blood Hemoglobin Alc (exact 15 mos No L, IC, CoE
(51) glucose measurements change not quantified)
Smith, S (52) 183 PCP education / protocols Hemoglobin Alc, BP, 18 mos Yes L, IC, CoE
Community nurse specialist | BMI
Satisfaction, Well-
being
Rothman, RL 217 Pharmacists Hemoglobin Alc 12 mos No L, IC, CoE
(53) Diabetes care coordinator BP, cholesterol
Aspirin use

L = Learning, IC = Interconnections, SO = Self-organization, CoE = Co-evolution




Table 5: Distribution of CAS and Effectiveness of Interventions

Total CAS Rating of Intervention Effectiveness Total No.
Score Studies with
0 0.5 1 each CAS Score

0 1 0 0 1
1 1 1 0 2
2 1 3 0 4
3 0 7 11 18
4 0 1 6 7

Total No. 3 12 17 32

Studies at each
Level of
Effectiveness
P=0.002
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Figure 1: Flowchart of Publication Inclusion
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review
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