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Objectives

• To examine the trajectories of public health system 
capital over time, and identify how institutional and 
community correlates may affect their shape.

• Use data collected through a national longitudinal 
survey of local public health agencies serving 
communities with at least 100,000 residents to 
identify and examine the various pathways by which 
public health delivery systems in the U.S. change 
over time.



Background

• National Longitudinal Survey of Public Health Systems 
(NLSPHS)

• Cohort of 360 communities with at least 100,000 residents 
surveyed in 1998, 2006, 2012, 2014, and 2016 

Local public health officials report: 
 Scope: availability of 20 recommended core population health 

activities 
 Network: organization contribution to each activity
 Centrality of effort: contributed by the governmental public 

health agency
 Quality: perceived effectiveness of each activity



Implementation of population health activities, 

1998-2016
Activity 1998 2016 % Change
1.  Conduct periodic assessment of community health status and needs 71.5% 89.2% 24.8%

2.  Survey community for behavioral risk factors 45.8% 70.2% 53.3%
3.  Investigate adverse health events, outbreaks and hazards 98.6% 99.7% 1.1%
4.  Conduct laboratory testing to identify health hazards and risks 96.3% 96.4% 0.1%
5.  Analyze data on community health status and health determinants 61.3% 75.8% 23.7%
6.  Analyze data on preventive services use 28.4% 36.7% 29.2%
7.  Routinely provide community health information to elected officials 80.9% 86.6% 7.0%

8.  Routinely provide community health information to the public 75.4% 83.7% 11.0%
9.  Routinely provide community health information to the media 75.2% 86.5% 15.0%
10. Prioritize community health needs 66.1% 83.4% 26.2%
11. Engage community stakeholders in health improvement planning 41.5% 65.8% 58.6%
12. Develop a community-wide health improvement plan 81.9% 84.9% 3.7%
13. Identify and allocate resources based on community health plan 26.2% 47.1% 79.8%
14. Develop policies to address priorities in community health plan 48.6% 65.6% 35.0%
15. Maintain a communication network among health-related organizations 78.8% 84.0% 6.6%
16. Link people to needed health and social services 75.6% 50.0% -33.9%

17. Implement legally mandated public health activities 91.4% 92.7% 1.4%
18. Evaluate health programs and services in the community 34.7% 41.7% 20.2%
19. Evaluate local public health agency capacity and performance 56.3% 53.0% -5.9%
20. Monitor and improve implementation of health programs and policies 47.3% 52.9% 11.8%
Mean performance of assessment activities (#1-6) 67.0% 78.0% 16.4%

Mean performance of policy and planning activities (#7-15) 63.8% 76.4% 19.7%
Mean performance of implementation and assurance activities (#16-20) 61.1% 58.1% -4.9%
Mean performance of all activities 64.1% 72.3% 12.8%
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Public Health Systems Configurations

Type of system
• Comprehensive system capital

 A broad scope of recommended population health activities 
(>75%) supported through dense networks of contributing 
organizations and sectors

• Conventional system capital
 A moderate scope of recommended population health activities 

(50%-75%)  implemented through lower-density networks of 
contributing organizations and sectors

• Limited system capital
 A narrow scope of recommended population health activities 

(<50%) implemented through lower-density networks of 
contributing organizations and sectors



Variation in Public Health System Configurations 

Over Time

Systems frequently migrated from one configuration to another over 
time, with an overall trend toward offering a broader scope of services 
and engaging a wider range of organizations (Mays et al. 2016). 



Questions of Interest

1. What are the trajectories followed by public health 
delivery systems over time?  
What are the sequence patterns of the individual 

trajectories?

How can we compare and classify these sequence 
patterns?

2. Once the classes of sequence patterns are identified, 
what characteristics of the community influence 
pathways by which public health delivery systems in 
the U.S. change over time? 



Analytical Strategy

• Sequence analysis will be used to describe and 
compare the trajectories followed by the public health 
delivery systems over time. 

• The trajectories will be classified based on whether 
they show upward or downward slopes to identify the 
pathways by which public health delivery systems in 
the U.S. change over time 

• A multinomial logistic model will be estimated to 
identify how institutional and community correlates 
are associated with the pathways



Sample used

• Data collected through a national longitudinal survey of 
local public health agencies serving communities with at 
least 100,000 residents for 2012, 2014, and 2016

• Sample restricted to 143 communities with at least 
100,000 residents  that have complete information (no 
missing data) for 2012, 2014, and 2016.

• Data linkages (in progress for 2016): 
Information on local public health agency and system 

(National Association of County and City Health 
Officials Profile Survey) 

Community characteristics (Census and Area Health 
Resource File)



Sequence Analysis

• Sequence analysis is a technique used to analyze categorical  
time series in order to obtain classes of  individual 
trajectories.

• Sequence analysis arise in biology, where DNA sequences 
constitute the basic foundation of life, and the social sciences, 
where researchers investigate life courses, marital histories, 
and employment profiles (Abbott, 1995; Billari and Piccarreta, 
2005; Elzinga, 2006).

• Sequence analysis is a non-parametric method to process 
sequence data, sequences being defined as series of states or 
events in the trajectories of statistical individuals. 

• Sequence analysis includes tools to compare sequences, to 
cluster them, and to extract prototypical sequences.



Examples of State Sequence

• Sequences are time series 
with categorical data. The 
following three states are 
observed during the 3 
years:

CP  Comprehensive 
public health systems

CV Conventional public 
health systems

 LM Limited public 
health systems
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Pathways Identified

• 27 specific sequences and individual trajectories 
are identified in the sample. Some examples are:
CP-CP-CP,  LM-CV-CP,  CV-CV-CV, LM-LM-CV, and LM-

LM_LM

• Six Classes of trajectories :
(1) Stable comprehensive
(2) Increasing to comprehensive
(3) Decreasing to conventional
(4) Stable conventional
(5) Increasing to conventional
(6) Limited



Classification of Sequences

Sequence 

Pattern

 Stable 

comprehensive

Increasing to 

comprehensive

Decreasing to 

conventional

Stable 

conventional

Increasing to 

conventional

Limited Total

CP-CP-CP 21 21

CV-CP-CP 17 17

CV-CV-CP 7 7

LM-LM-CP 6 6

CV-LM-CP 6 6

LM-CP-CP 4 4

LM-CV-CP 3 3

CP-LM-CP 3 3

CP-CV-CP 2 2

CP-CV-CV 4 4

CV-CP-CV 3 3

CP-LM-CV 3 3

CP-CP-CV 2 2

CV-CV-CV 21 21

LM-CV-CV 5 5

CV-LM-CV 3 3

LM-LM-CV 2 2

LM-CP-CV 2 2

CV-CV-LM 7 7

CV-CP-LM 5 5

CV-LM-LM 4 4

CP-CP-LM 4 4

LM-CP-LM 3 3

CP-LM-LM 2 2

LM-CV-LM 1 1

CP-CV-LM 1 1

LM-LM-LM 2 2

Total 21 48 12 21 12 29 143



The Multinomial logit Model

• The dependent variable is a categorical variables representing the six pathways 
identified before.

• The model is:

𝜂𝑖𝑗 = 𝑙𝑜𝑔
𝜋𝑖𝑗

𝜋𝑖𝐽
= 𝛼𝑗 + 𝑥𝑖

′𝛽𝑗

where 𝛼𝑗 is a constant, 𝛽𝑗 is vector of regression coefficients, for j=1,2,…,J-1, and X 
is a series of covariates which include:

 Expenditures per capita in 2012 and change in expenditures per capita between 
2012 and 2016

 Proportion of non-white in 2012 and change in proportion of non-white  between 
2012 and 2016

 Unemployment rates in 2012 and change in unemployment rates between 2012 
and 2016

 Per capita income in 2012 and change in per capita income between 2012 and 2016
 Insurance rates in 2012 and change in insurance rates between 2012 and 2016
 Physicians per capita in 2012 and change in physicians per capita between 2012 and 

2016
 Have a local board of health in 2012



Preliminary Bivariate Results 
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• Communities with public health systems 
identified as either stable comprehensive or 
increasing towards comprehensive are more likely 
to have:



Next Steps

• Focus on the three typologies as an ordinal variable 
and develop a model for ordinal longitudinal data

• Use a Markov chain transition model to evaluate 
changes between time points. 
 For example, a first-order Markov model in which Yt is 

assumed to depend on the state at t-1, but not on 
responses in earlier occasions.

• Two advantages: use the full sample of the 360 
communities with at least 100,000 residents  and 
include the rural communities.



Some Preliminary Conclusions

• These findings support the evidence of  an overall trend 
toward offering a broader scope of services and 
engaging a wider range of organizations. 
 21 communities remain stable over time, 48 communities 

show upward trend toward comprehensive and 12 other 
ones show upward trend toward conventional.

• A closer look at the stable comprehensive public health 
system and the examination of factors that allow them 
to remain stable over time can lead to strategies that 
may help other public health systems deliver a more 
comprehensive set of population health services in a 
more effective manner.



Limitations

• Reduced sample: Only 143 communities with 
complete information are included in most part 
of the study

• Self-reported survey may not reflect all relevant 
activities and contributing organizations in the 
community

• Data on concentration, value, and quality of the 
population health delivery services were not 
collected from the NLSPHS survey
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Thank you for participating in today’s webinar!

www.systemsforaction.org

For more information about the webinars, contact:

Ann Kelly, Project Manager  Ann.Kelly@uky.edu 859.218.2317

111 Washington Avenue #201, Lexington, KY 40536
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