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Applied Longitudinal Analysis: Unlocking the
Fitzmaurice Method for Powerful Insights

Introduction:

Are you grappling with complex, time-dependent data? Do you need to understand how variables
change over time and identify key patterns within your longitudinal datasets? Then mastering
applied longitudinal analysis, particularly the methods outlined by Fitzmaurice et al., is crucial. This
comprehensive guide delves into the intricacies of this powerful statistical technique, providing a
practical understanding of its application and interpretation. We’ll explore the core concepts,
address common challenges, and equip you with the knowledge to confidently analyze your own
longitudinal data using the Fitzmaurice framework. Prepare to unlock valuable insights hidden
within your datasets!

Understanding Longitudinal Data and its Uniqueness:

Longitudinal data, characterized by repeated observations of the same individuals over time,
presents unique analytical challenges. Unlike cross-sectional data, which captures a single snapshot
in time, longitudinal data reveals dynamic relationships and individual trajectories. Analyzing this
type of data requires specialized techniques that account for the correlation between repeated
measurements within each individual. Ignoring this correlation can lead to inaccurate inferences and
misleading conclusions. This is where the power of applied longitudinal analysis, specifically the
approaches detailed by Fitzmaurice, becomes evident.

The Fitzmaurice Approach: A Foundation for Robust Analysis

The work of Fitzmaurice and colleagues provides a robust framework for analyzing longitudinal
data, emphasizing the importance of correctly modeling the correlation structure inherent in
repeated measurements. This framework often involves the use of mixed-effects models, which
effectively account for both within-subject and between-subject variability. Key aspects of the
Fitzmaurice approach include:

Modeling the Correlation Structure: Fitzmaurice emphasizes the crucial role of appropriately
specifying the correlation structure among repeated measurements. Different correlation structures
(e.g., compound symmetry, autoregressive, unstructured) are suited to different data characteristics
and research questions. Selecting the wrong structure can lead to biased estimates and inefficient
inferences.

Handling Missing Data: Longitudinal studies are often plagued by missing data. The Fitzmaurice
approach incorporates methods for handling missing data, often employing techniques like multiple
imputation or maximum likelihood estimation under specific missing data mechanisms (e.g., Missing
Completely at Random, Missing at Random). Ignoring missing data can lead to biased results and
compromised validity.



Addressing Non-Normality: Assumptions about the normality of data are often violated in practice.
The Fitzmaurice approach allows for robust methods that address non-normality, potentially through
transformations or the use of generalized estimating equations (GEEs).

Interpreting Results: Understanding and interpreting the output from mixed-effects models or GEEs
is crucial. The Fitzmaurice approach provides a clear framework for interpreting the estimated
effects, standard errors, and confidence intervals, allowing researchers to draw meaningful
conclusions.

Practical Applications of Applied Longitudinal Analysis (Fitzmaurice Method):

The Fitzmaurice method finds broad applicability across diverse fields:

Clinical Trials: Evaluating the efficacy of treatments over time, assessing patient response, and
modeling disease progression.

Public Health Research: Studying the impact of interventions on health outcomes, tracking disease
outbreaks, and analyzing risk factors.

Educational Research: Assessing the effectiveness of educational programs, monitoring student
growth, and evaluating learning trajectories.

Social Sciences: Analyzing changes in attitudes, behaviors, and social networks over time.

Environmental Science: Monitoring environmental changes, studying pollutant levels, and assessing
the impact of environmental interventions.

Software and Tools for Applied Longitudinal Analysis:

Several statistical software packages support the implementation of the Fitzmaurice approach:

R: Offers extensive libraries (e.g., `lme4`, `nlme`, `gee`) for mixed-effects modeling and generalized
estimating equations.
SAS: Provides powerful PROC MIXED and PROC GENMOD procedures for analyzing longitudinal
data.
SPSS: Offers mixed-model capabilities through its MIXED procedure.
Stata: Provides robust commands for both linear and generalized mixed models.

Challenges and Considerations:

While powerful, applied longitudinal analysis using the Fitzmaurice method presents certain
challenges:

Computational Complexity: Analyzing large longitudinal datasets can be computationally intensive.
Model Selection: Choosing the appropriate correlation structure and model requires careful
consideration.
Interpretation of Interactions: Interpreting interactions between time-varying and time-invariant
variables can be complex.



Example: Analyzing the Effect of a Treatment on Blood Pressure Over Time

Imagine a clinical trial evaluating a new drug to lower blood pressure. Participants' blood pressure
is measured at baseline and at regular intervals over six months. Using the Fitzmaurice approach, a
mixed-effects model could be employed to assess the treatment's effect, accounting for the
correlation between repeated blood pressure measurements within each individual. The model
would estimate the treatment effect, adjusting for baseline blood pressure and other relevant
covariates.

A Book Outline: Mastering Applied Longitudinal Analysis with the Fitzmaurice Method

Book Title: Unlocking Longitudinal Insights: A Practical Guide to the Fitzmaurice Method

Introduction: Defining longitudinal data, highlighting the importance of the Fitzmaurice approach,
overview of the book's structure.
Chapter 1: Fundamentals of Longitudinal Data Analysis: Exploring different types of longitudinal
data, introducing key concepts like within-subject correlation and time-varying covariates.
Chapter 2: Mixed-Effects Models: A detailed explanation of mixed-effects models, including random
intercepts and slopes, model specification, and interpretation.
Chapter 3: Generalized Estimating Equations (GEEs): An in-depth exploration of GEEs, their
advantages and disadvantages compared to mixed-effects models, and their application to different
types of outcome variables.
Chapter 4: Handling Missing Data in Longitudinal Studies: Addressing missing data mechanisms,
exploring imputation techniques, and discussing methods for handling missing data in mixed-effects
models and GEEs.
Chapter 5: Model Selection and Diagnostics: Guidance on selecting the appropriate correlation
structure, assessing model fit, and identifying potential issues.
Chapter 6: Interpreting Results and Reporting Findings: A comprehensive guide to interpreting
model output, presenting results effectively, and drawing meaningful conclusions.
Chapter 7: Advanced Topics in Longitudinal Analysis: Exploring advanced techniques such as latent
growth curve modeling, joint modeling of longitudinal and time-to-event data, and handling non-
linear trajectories.
Conclusion: Summarizing key concepts, emphasizing the importance of the Fitzmaurice approach,
and highlighting future directions in longitudinal data analysis.

Detailed Explanation of the Book Outline Points:

Each chapter of the proposed book would provide a detailed explanation of the corresponding topic,
including theoretical underpinnings, practical examples using real-world datasets, and step-by-step
instructions on how to implement the techniques using statistical software. For example, Chapter 2
on mixed-effects models would cover:

Different types of mixed-effects models (linear, generalized linear, nonlinear)
Specifying random effects structures
Interpreting fixed and random effects estimates
Assessing model fit using various criteria (e.g., AIC, BIC)
Presenting results using tables and graphs



Frequently Asked Questions (FAQs):

What is the difference between mixed-effects models and generalized estimating equations?1.
Mixed-effects models model the correlation structure explicitly, while GEEs use a working
correlation matrix. Mixed-effects models are generally preferred when the focus is on
estimating individual-level effects, while GEEs are often preferred for population-average
effects.

How do I choose the appropriate correlation structure for my data? The choice of correlation1.
structure depends on the nature of the data and the research question. Visual inspection of the
correlation matrix, along with model selection criteria (AIC, BIC), can guide this decision.

How do I handle missing data in my longitudinal analysis? Several methods exist, including1.
complete case analysis (which is generally discouraged), imputation methods (e.g., multiple
imputation), and maximum likelihood estimation under specified missing data mechanisms.
The best approach depends on the pattern and mechanism of missing data.

What are the assumptions of mixed-effects models? Assumptions include the linearity of the1.
relationship between the outcome and predictors (for linear mixed models), independence of
observations within subjects, and normality of residuals. These assumptions can be checked
using diagnostic plots and tests.

What software packages can I use for applied longitudinal analysis? R, SAS, SPSS, and Stata1.
all offer capabilities for mixed-effects modeling and GEEs.

How can I interpret the results of a mixed-effects model? Interpret the fixed effects as the1.
population-average effects, while the random effects represent the individual deviations from
the population average.

What is the advantage of using the Fitzmaurice approach? It provides a robust and flexible1.
framework for analyzing longitudinal data, accounting for within-subject correlation and other
complexities.



What are latent growth curve models? These are specialized mixed-effects models used to1.
model individual growth trajectories over time.

Where can I find more resources on applied longitudinal analysis? Numerous books, articles,1.
and online courses are available. The work of Fitzmaurice et al. provides a strong starting
point.

Related Articles:

Longitudinal Data Analysis: A Beginner's Guide: An introductory overview of longitudinal data1.
analysis concepts.

Mixed-Effects Models: A Comprehensive Tutorial: A detailed tutorial on mixed-effects models,1.
including model specification and interpretation.

Generalized Estimating Equations: A Practical Approach: A practical guide to using GEEs for1.
analyzing longitudinal data.

Handling Missing Data in Longitudinal Studies: A Review of Methods: A review of different1.
methods for handling missing data in longitudinal studies.

Model Selection in Longitudinal Data Analysis: A discussion of strategies for selecting the1.
appropriate model for longitudinal data.

Interpreting Results from Longitudinal Data Analysis: Guidance on interpreting the results of1.
longitudinal data analysis.

Applications of Longitudinal Data Analysis in Clinical Trials: Case studies illustrating the1.
application of longitudinal data analysis in clinical trials.



Longitudinal Data Analysis using R: A tutorial on performing longitudinal data analysis using1.
the R statistical programming language.

Advanced Topics in Longitudinal Data Analysis: A discussion of advanced topics in longitudinal1.
data analysis, such as latent growth curve modeling and joint modeling.

  applied longitudinal analysis fitzmaurice: Applied Longitudinal Analysis Garrett M.
Fitzmaurice, Nan M. Laird, James H. Ware, 2011-08-30 Praise for the First Edition . . . [this book]
should be on the shelf of everyone interested in . . . longitudinal data analysis. —Journal of the
American Statistical Association Features newly developed topics and applications of the analysis of
longitudinal data Applied Longitudinal Analysis, Second Edition presents modern methods for
analyzing data from longitudinal studies and now features the latest state-of-the-art techniques. The
book emphasizes practical, rather than theoretical, aspects of methods for the analysis of diverse
types of longitudinal data that can be applied across various fields of study, from the health and
medical sciences to the social and behavioral sciences. The authors incorporate their extensive
academic and research experience along with various updates that have been made in response to
reader feedback. The Second Edition features six newly added chapters that explore topics currently
evolving in the field, including: Fixed effects and mixed effects models Marginal models and
generalized estimating equations Approximate methods for generalized linear mixed effects models
Multiple imputation and inverse probability weighted methods Smoothing methods for longitudinal
data Sample size and power Each chapter presents methods in the setting of applications to data
sets drawn from the health sciences. New problem sets have been added to many chapters, and a
related website features sample programs and computer output using SAS, Stata, and R, as well as
data sets and supplemental slides to facilitate a complete understanding of the material. With its
strong emphasis on multidisciplinary applications and the interpretation of results, Applied
Longitudinal Analysis, Second Edition is an excellent book for courses on statistics in the health and
medical sciences at the upper-undergraduate and graduate levels. The book also serves as a
valuable reference for researchers and professionals in the medical, public health, and
pharmaceutical fields as well as those in social and behavioral sciences who would like to learn more
about analyzing longitudinal data.
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Analysis Garrett M.
Fitzmaurice, Nan M. Laird, James H. Ware, 2012-10-23 Praise for the First Edition . . . [this book]
should be on the shelf of everyone interested in . . . longitudinal data analysis. —Journal of the
American Statistical Association Features newly developed topics and applications of the analysis of
longitudinal data Applied Longitudinal Analysis, Second Edition presents modern methods for
analyzing data from longitudinal studies and now features the latest state-of-the-art techniques. The
book emphasizes practical, rather than theoretical, aspects of methods for the analysis of diverse
types of longitudinal data that can be applied across various fields of study, from the health and
medical sciences to the social and behavioral sciences. The authors incorporate their extensive
academic and research experience along with various updates that have been made in response to
reader feedback. The Second Edition features six newly added chapters that explore topics currently
evolving in the field, including: Fixed effects and mixed effects models Marginal models and
generalized estimating equations Approximate methods for generalized linear mixed effects models



Multiple imputation and inverse probability weighted methods Smoothing methods for longitudinal
data Sample size and power Each chapter presents methods in the setting of applications to data
sets drawn from the health sciences. New problem sets have been added to many chapters, and a
related website features sample programs and computer output using SAS, Stata, and R, as well as
data sets and supplemental slides to facilitate a complete understanding of the material. With its
strong emphasis on multidisciplinary applications and the interpretation of results, Applied
Longitudinal Analysis, Second Edition is an excellent book for courses on statistics in the health and
medical sciences at the upper-undergraduate and graduate levels. The book also serves as a
valuable reference for researchers and professionals in the medical, public health, and
pharmaceutical fields as well as those in social and behavioral sciences who would like to learn more
about analyzing longitudinal data.
  applied longitudinal analysis fitzmaurice: Longitudinal Data Analysis Garrett Fitzmaurice,
Marie Davidian, Geert Verbeke, Geert Molenberghs, 2008-08-11 Although many books currently
available describe statistical models and methods for analyzing longitudinal data, they do not
highlight connections between various research threads in the statistical literature. Responding to
this void, Longitudinal Data Analysis provides a clear, comprehensive, and unified overview of
state-of-the-art theory
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Analysis Garrett M.
Fitzmaurice, 2017-07-26 Applied Longitudinal Analysis By Garrett M. Fitzmaurice
  applied longitudinal analysis fitzmaurice: Analysis of Longitudinal Data Peter Diggle,
Patrick Heagerty, Kung-Yee Liang, Scott Zeger, 2013-03-14 This second edition has been completely
revised and expanded to become the most up-to-date and thorough professional reference text in
this fast-moving area of biostatistics. It contains an additional two chapters on fully parametric
models for discrete repeated measures data and statistical models for time-dependent predictors.
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Data Analysis for
Epidemiology Jos W. R. Twisk, 2013-05-09 A practical guide to the most important techniques
available for longitudinal data analysis, essential for non-statisticians and researchers.
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Data Analysis Judith D.
Singer, John B. Willett, 2003-03-27 By charting changes over time and investigating whether and
when events occur, researchers reveal the temporal rhythms of our lives.
  applied longitudinal analysis fitzmaurice: Linear Mixed Models for Longitudinal Data Geert
Verbeke, Geert Molenberghs, 2009-05-12 This book provides a comprehensive treatment of linear
mixed models for continuous longitudinal data. Next to model formulation, this edition puts major
emphasis on exploratory data analysis for all aspects of the model, such as the marginal model,
subject-specific profiles, and residual covariance structure. Further, model diagnostics and missing
data receive extensive treatment. Sensitivity analysis for incomplete data is given a prominent place.
Most analyses were done with the MIXED procedure of the SAS software package, but the data
analyses are presented in a software-independent fashion.
  applied longitudinal analysis fitzmaurice: Longitudinal Data Analysis Donald Hedeker,
Robert D. Gibbons, 2006-05-12 Longitudinal data analysis for biomedical and behavioral sciences
This innovative book sets forth and describes methods for the analysis of longitudinaldata,
emphasizing applications to problems in the biomedical and behavioral sciences. Reflecting the
growing importance and use of longitudinal data across many areas of research, the text is designed
to help users of statistics better analyze and understand this type of data. Much of the material from
the book grew out of a course taught by Dr. Hedeker on longitudinal data analysis. The material is,
therefore, thoroughly classroom tested and includes a number of features designed to help readers
better understand and apply the material. Statistical procedures featured within the text include: *
Repeated measures analysis of variance * Multivariate analysis of variance for repeated measures *
Random-effects regression models (RRM) * Covariance-pattern models * Generalized-estimating
equations (GEE) models * Generalizations of RRM and GEE for categorical outcomes Practical in
their approach, the authors emphasize the applications of the methods, using real-world examples



for illustration. Some syntax examples are provided, although the authors do not generally focus on
software in this book. Several datasets and computer syntax examples are posted on this title's
companion Web site. The authors intend to keep the syntax examples current as new versions of the
software programs emerge. This text is designed for both undergraduate and graduate courses in
longitudinal data analysis. Instructors can take advantage of overheads and additional course
materials available online for adopters. Applied statisticians in biomedicine and the social sciences
can also use the book as a convenient reference.
  applied longitudinal analysis fitzmaurice: Missing Data in Longitudinal Studies Michael J.
Daniels, Joseph W. Hogan, 2008-03-11 Drawing from the authors' own work and from the most
recent developments in the field, Missing Data in Longitudinal Studies: Strategies for Bayesian
Modeling and Sensitivity Analysis describes a comprehensive Bayesian approach for drawing
inference from incomplete data in longitudinal studies. To illustrate these methods, the authors
employ
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Data Analysis Judith D.
Singer, John B. Willett, 2003-03-27 By charting changes over time and investigating whether and
when events occur, researchers reveal the temporal rhythms of our lives.
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Data Analysis Marie
Davidian, 2010-08-01 The goal of this book is to provide an overview of statistical models and
methods that are useful in the analysis of longitudinal data; that is, data in the form of repeated
measurements on the same experimental unit over time. The intended audience is a combination of
non- statistics graduate students who have taken an applied methods course covering linear
regression and Analysis of Variance and masters-level statistics students looking for an applied intro
course.
  applied longitudinal analysis fitzmaurice: Mixed Effects Models for Complex Data Lang
Wu, 2009-11-11 Although standard mixed effects models are useful in a range of studies, other
approaches must often be used in correlation with them when studying complex or incomplete data.
Mixed Effects Models for Complex Data discusses commonly used mixed effects models and presents
appropriate approaches to address dropouts, missing data, measurement errors, censoring, and
outliers. For each class of mixed effects model, the author reviews the corresponding class of
regression model for cross-sectional data. An overview of general models and methods, along with
motivating examples After presenting real data examples and outlining general approaches to the
analysis of longitudinal/clustered data and incomplete data, the book introduces linear mixed effects
(LME) models, generalized linear mixed models (GLMMs), nonlinear mixed effects (NLME) models,
and semiparametric and nonparametric mixed effects models. It also includes general approaches
for the analysis of complex data with missing values, measurement errors, censoring, and outliers.
Self-contained coverage of specific topics Subsequent chapters delve more deeply into missing data
problems, covariate measurement errors, and censored responses in mixed effects models. Focusing
on incomplete data, the book also covers survival and frailty models, joint models of survival and
longitudinal data, robust methods for mixed effects models, marginal generalized estimating
equation (GEE) models for longitudinal or clustered data, and Bayesian methods for mixed effects
models. Background material In the appendix, the author provides background information, such as
likelihood theory, the Gibbs sampler, rejection and importance sampling methods, numerical
integration methods, optimization methods, bootstrap, and matrix algebra. Failure to properly
address missing data, measurement errors, and other issues in statistical analyses can lead to
severely biased or misleading results. This book explores the biases that arise when naïve methods
are used and shows which approaches should be used to achieve accurate results in longitudinal
data analysis.
  applied longitudinal analysis fitzmaurice: Applied Survival Analysis David W. Hosmer, Jr.,
Stanley Lemeshow, Susanne May, 2011-09-23 THE MOST PRACTICAL, UP-TO-DATE GUIDE TO
MODELLING AND ANALYZING TIME-TO-EVENT DATA—NOW IN A VALUABLE NEW EDITION
Since publication of the first edition nearly a decade ago, analyses using time-to-event methods have



increase considerably in all areas of scientific inquiry mainly as a result of model-building methods
available in modern statistical software packages. However, there has been minimal coverage in the
available literature to9 guide researchers, practitioners, and students who wish to apply these
methods to health-related areas of study. Applied Survival Analysis, Second Edition provides a
comprehensive and up-to-date introduction to regression modeling for time-to-event data in medical,
epidemiological, biostatistical, and other health-related research. This book places a unique
emphasis on the practical and contemporary applications of regression modeling rather than the
mathematical theory. It offers a clear and accessible presentation of modern modeling techniques
supplemented with real-world examples and case studies. Key topics covered include: variable
selection, identification of the scale of continuous covariates, the role of interactions in the model,
assessment of fit and model assumptions, regression diagnostics, recurrent event models, frailty
models, additive models, competing risk models, and missing data. Features of the Second Edition
include: Expanded coverage of interactions and the covariate-adjusted survival functions The use of
the Worchester Heart Attack Study as the main modeling data set for illustrating discussed concepts
and techniques New discussion of variable selection with multivariable fractional polynomials
Further exploration of time-varying covariates, complex with examples Additional treatment of the
exponential, Weibull, and log-logistic parametric regression models Increased emphasis on
interpreting and using results as well as utilizing multiple imputation methods to analyze data with
missing values New examples and exercises at the end of each chapter Analyses throughout the text
are performed using Stata® Version 9, and an accompanying FTP site contains the data sets used in
the book. Applied Survival Analysis, Second Edition is an ideal book for graduate-level courses in
biostatistics, statistics, and epidemiologic methods. It also serves as a valuable reference for
practitioners and researchers in any health-related field or for professionals in insurance and
government.
  applied longitudinal analysis fitzmaurice: The Encyclopedia of Research Methods in
Criminology and Criminal Justice, 2 Volume Set J. C. Barnes, David R. Forde, 2021-09-08 The
Encyclopedia of RESEARCH METHODS IN CRIMINOLOGY & CRIMINAL JUSTICE The most
comprehensive reference work on research designs and methods in criminology and criminal justice
This Encyclopedia of Research Methods in Criminology and Criminal Justice offers a comprehensive
survey of research methodologies and statistical techniques that are popular in criminology and
criminal justice systems across the globe. With contributions from leading scholars and practitioners
in the field, it offers a clear insight into the techniques that are currently in use to answer the
pressing questions in criminology and criminal justice. The Encyclopedia contains essential
information from a diverse pool of authors about research designs grounded in both qualitative and
quantitative approaches. It includes information on popular datasets and leading resources of
government statistics. In addition, the contributors cover a wide range of topics such as: the most
current research on the link between guns and crime, rational choice theory, and the use of
technology like geospatial mapping as a crime reduction tool. This invaluable reference work: Offers
a comprehensive survey of international research designs, methods, and statistical techniques
Includes contributions from leading figures in the field Contains data on criminology and criminal
justice from Cambridge to Chicago Presents information on capital punishment, domestic violence,
crime science, and much more Helps us to better understand, explain, and prevent crime Written for
undergraduate students, graduate students, and researchers, The Encyclopedia of Research
Methods in Criminology and Criminal Justice is the first reference work of its kind to offer a
comprehensive review of this important topic.
  applied longitudinal analysis fitzmaurice: Multilevel and Longitudinal Modeling Using Stata,
Second Edition Sophia Rabe-Hesketh, Anders Skrondal, 2008-02-07 This textbook looks specifically
at Stata’s treatment of generalized linear mixed models, also known as multilevel or hierarchical
models. These models are mixed because they allow fixed and random effects, and they are
generalized because they are appropriate for continuous Gaussian responses as well as binary,
count, and other types of limited dependent variables.



  applied longitudinal analysis fitzmaurice: Methods and Applications of Longitudinal
Data Analysis Xian Liu, 2015-09-01 Methods and Applications of Longitudinal Data Analysis
describes methods for the analysis of longitudinal data in the medical, biological and behavioral
sciences. It introduces basic concepts and functions including a variety of regression models, and
their practical applications across many areas of research. Statistical procedures featured within the
text include: - descriptive methods for delineating trends over time - linear mixed regression models
with both fixed and random effects - covariance pattern models on correlated errors - generalized
estimating equations - nonlinear regression models for categorical repeated measurements -
techniques for analyzing longitudinal data with non-ignorable missing observations Emphasis is
given to applications of these methods, using substantial empirical illustrations, designed to help
users of statistics better analyze and understand longitudinal data. Methods and Applications of
Longitudinal Data Analysis equips both graduate students and professionals to confidently apply
longitudinal data analysis to their particular discipline. It also provides a valuable reference source
for applied statisticians, demographers and other quantitative methodologists. - From novice to
professional: this book starts with the introduction of basic models and ends with the description of
some of the most advanced models in longitudinal data analysis - Enables students to select the
correct statistical methods to apply to their longitudinal data and avoid the pitfalls associated with
incorrect selection - Identifies the limitations of classical repeated measures models and describes
newly developed techniques, along with real-world examples.
  applied longitudinal analysis fitzmaurice: Joint Models for Longitudinal and Time-to-Event
Data Dimitris Rizopoulos, 2012-06-22 In longitudinal studies it is often of interest to investigate how
a marker that is repeatedly measured in time is associated with a time to an event of interest, e.g.,
prostate cancer studies where longitudinal PSA level measurements are collected in conjunction
with the time-to-recurrence. Joint Models for Longitudinal and Time-to-Event Data: With
Applications in R provides a full treatment of random effects joint models for longitudinal and
time-to-event outcomes that can be utilized to analyze such data. The content is primarily
explanatory, focusing on applications of joint modeling, but sufficient mathematical details are
provided to facilitate understanding of the key features of these models. All illustrations put forward
can be implemented in the R programming language via the freely available package JM written by
the author. All the R code used in the book is available at: http://jmr.r-forge.r-project.org/
  applied longitudinal analysis fitzmaurice: Models for Intensive Longitudinal Data
Theodore A. Walls, Joseph L. Schafer, 2006-01-19 Rapid technological advances in devices used for
data collection have led to the emergence of a new class of longitudinal data: intensive longitudinal
data (ILD). Behavioral scientific studies now frequently utilize handheld computers, beepers, web
interfaces, and other technological tools for collecting many more data points over time than
previously possible. Other protocols, such as those used in fMRI and monitoring of public safety, also
produce ILD, hence the statistical models in this volume are applicable to a range of data. The
volume features state-of-the-art statistical modeling strategies developed by leading statisticians and
methodologists working on ILD in conjunction with behavioral scientists. Chapters present
applications from across the behavioral and health sciences, including coverage of substantive topics
such as stress, smoking cessation, alcohol use, traffic patterns, educational performance and
intimacy. Models for Intensive Longitudinal Data (MILD) is designed for those who want to learn
about advanced statistical models for intensive longitudinal data and for those with an interest in
selecting and applying a given model. The chapters highlight issues of general concern in modeling
these kinds of data, such as a focus on regulatory systems, issues of curve registration, variable
frequency and spacing of measurements, complex multivariate patterns of change, and multiple
independent series. The extraordinary breadth of coverage makes this an indispensable reference
for principal investigators designing new studies that will introduce ILD, applied statisticians
working on related models, and methodologists, graduate students, and applied analysts working in
a range of fields. A companion Web site at www.oup.com/us/MILD contains program examples and
documentation.



  applied longitudinal analysis fitzmaurice: Nonparametric Regression Methods for
Longitudinal Data Analysis Hulin Wu, Jin-Ting Zhang, 2006-05-12 Incorporates mixed-effects
modeling techniques for more powerful and efficient methods This book presents current and
effective nonparametric regression techniques for longitudinal data analysis and systematically
investigates the incorporation of mixed-effects modeling techniques into various nonparametric
regression models. The authors emphasize modeling ideas and inference methodologies, although
some theoretical results for the justification of the proposed methods are presented. With its logical
structure and organization, beginning with basic principles, the text develops the foundation needed
to master advanced principles and applications. Following a brief overview, data examples from
biomedical research studies are presented and point to the need for nonparametric regression
analysis approaches. Next, the authors review mixed-effects models and nonparametric regression
models, which are the two key building blocks of the proposed modeling techniques. The core
section of the book consists of four chapters dedicated to the major nonparametric regression
methods: local polynomial, regression spline, smoothing spline, and penalized spline. The next two
chapters extend these modeling techniques to semiparametric and time varying coefficient models
for longitudinal data analysis. The final chapter examines discrete longitudinal data modeling and
analysis. Each chapter concludes with a summary that highlights key points and also provides
bibliographic notes that point to additional sources for further study. Examples of data analysis from
biomedical research are used to illustrate the methodologies contained throughout the book.
Technical proofs are presented in separate appendices. With its focus on solving problems, this is an
excellent textbook for upper-level undergraduate and graduate courses in longitudinal data analysis.
It is also recommended as a reference for biostatisticians and other theoretical and applied research
statisticians with an interest in longitudinal data analysis. Not only do readers gain an
understanding of the principles of various nonparametric regression methods, but they also gain a
practical understanding of how to use the methods to tackle real-world problems.
  applied longitudinal analysis fitzmaurice: Latent Curve Models Kenneth A. Bollen, Patrick J.
Curran, 2005-12-23 An effective technique for data analysis in the social sciences The recent
explosion in longitudinal data in the social sciences highlights the need for this timely publication.
Latent Curve Models: A Structural Equation Perspective provides an effective technique to analyze
latent curve models (LCMs). This type of data features random intercepts and slopes that permit
each case in a sample to have a different trajectory over time. Furthermore, researchers can include
variables to predict the parameters governing these trajectories. The authors synthesize a vast
amount of research and findings and, at the same time, provide original results. The book analyzes
LCMs from the perspective of structural equation models (SEMs) with latent variables. While the
authors discuss simple regression-based procedures that are useful in the early stages of LCMs,
most of the presentation uses SEMs as a driving tool. This cutting-edge work includes some of the
authors' recent work on the autoregressive latent trajectory model, suggests new models for method
factors in multiple indicators, discusses repeated latent variable models, and establishes the
identification of a variety of LCMs. This text has been thoroughly class-tested and makes extensive
use of pedagogical tools to aid readers in mastering and applying LCMs quickly and easily to their
own data sets. Key features include: Chapter introductions and summaries that provide a quick
overview of highlights Empirical examples provided throughout that allow readers to test their
newly found knowledge and discover practical applications Conclusions at the end of each chapter
that stress the essential points that readers need to understand for advancement to more
sophisticated topics Extensive footnoting that points the way to the primary literature for more
information on particular topics With its emphasis on modeling and the use of numerous examples,
this is an excellent book for graduate courses in latent trajectory models as well as a supplemental
text for courses in structural modeling. This book is an excellent aid and reference for researchers in
quantitative social and behavioral sciences who need to analyze longitudinal data.
  applied longitudinal analysis fitzmaurice: Handbook of Research Methods for Studying
Daily Life Matthias R. Mehl, Tamlin S. Conner, 2013-10-01 Bringing together leading authorities,



this unique handbook reviews the breadth of current approaches for studying how people think, feel,
and behave in everyday environments, rather than in the laboratory. The volume thoroughly
describes experience sampling methods, diary methods, physiological measures, and other
self-report and non-self-report tools that allow for repeated, real-time measurement in natural
settings. Practical guidance is provided to help the reader design a high-quality study, select and
implement appropriate methods, and analyze the resulting data using cutting-edge statistical
techniques. Applications across a wide range of psychological subfields and research areas are
discussed in detail.
  applied longitudinal analysis fitzmaurice: Statistical Methods for Rates and Proportions
Joseph L. Fleiss, 1981-04-21 An introduction to applied probability; Assessing significance in a
fourfold table; Determining sample sizes needed to detect a difference between two proportions;
How to randomize; Sampling method; The analysis of data from matched samples; The comparison
of proportions from several independent samples; Combining evidence from fourfold tables; The
effects of misclassification errors; The control of misclassification error; The measurement of
interrater agreement; The standardization of rates.
  applied longitudinal analysis fitzmaurice: Latent Class and Latent Transition Analysis Linda
M. Collins, Stephanie T. Lanza, 2013-05-20 A modern, comprehensive treatment of latent class and
latent transition analysis for categorical data On a daily basis, researchers in the social, behavioral,
and health sciences collect information and fit statistical models to the gathered empirical data with
the goal of making significant advances in these fields. In many cases, it can be useful to identify
latent, or unobserved, subgroups in a population, where individuals' subgroup membership is
inferred from their responses on a set of observed variables. Latent Class and Latent Transition
Analysis provides a comprehensive and unified introduction to this topic through one-of-a-kind,
step-by-step presentations and coverage of theoretical, technical, and practical issues in categorical
latent variable modeling for both cross-sectional and longitudinal data. The book begins with an
introduction to latent class and latent transition analysis for categorical data. Subsequent chapters
delve into more in-depth material, featuring: A complete treatment of longitudinal latent class
models Focused coverage of the conceptual underpinnings of interpretation and evaluationof a
latent class solution Use of parameter restrictions and detection of identification problems Advanced
topics such as multi-group analysis and the modeling and interpretation of interactions between
covariates The authors present the topic in a style that is accessible yet rigorous. Each method is
presented with both a theoretical background and the practical information that is useful for any
data analyst. Empirical examples showcase the real-world applications of the discussed concepts and
models, and each chapter concludes with a Points to Remember section that contains a brief
summary of key ideas. All of the analyses in the book are performed using Proc LCA and Proc LTA,
the authors' own software packages that can be run within the SAS® environment. A related Web
site houses information on these freely available programs and the book's data sets, encouraging
readers to reproduce the analyses and also try their own variations. Latent Class and Latent
Transition Analysis is an excellent book for courses on categorical data analysis and latent variable
models at the upper-undergraduate and graduate levels. It is also a valuable resource for
researchers and practitioners in the social, behavioral, and health sciences who conduct latent class
and latent transition analysis in their everyday work.
  applied longitudinal analysis fitzmaurice: Handbook of Missing Data Methodology Geert
Molenberghs, Garrett Fitzmaurice, Michael G. Kenward, Anastasios Tsiatis, Geert Verbeke,
2014-11-06 Missing data affect nearly every discipline by complicating the statistical analysis of
collected data. But since the 1990s, there have been important developments in the statistical
methodology for handling missing data. Written by renowned statisticians in this area, Handbook of
Missing Data Methodology presents many methodological advances and the latest applications of
missing data methods in empirical research. Divided into six parts, the handbook begins by
establishing notation and terminology. It reviews the general taxonomy of missing data mechanisms
and their implications for analysis and offers a historical perspective on early methods for handling



missing data. The following three parts cover various inference paradigms when data are missing,
including likelihood and Bayesian methods; semi-parametric methods, with particular emphasis on
inverse probability weighting; and multiple imputation methods. The next part of the book focuses
on a range of approaches that assess the sensitivity of inferences to alternative, routinely
non-verifiable assumptions about the missing data process. The final part discusses special topics,
such as missing data in clinical trials and sample surveys as well as approaches to model diagnostics
in the missing data setting. In each part, an introduction provides useful background material and an
overview to set the stage for subsequent chapters. Covering both established and emerging
methodologies for missing data, this book sets the scene for future research. It provides the
framework for readers to delve into research and practical applications of missing data methods.
  applied longitudinal analysis fitzmaurice: The Fundamentals of Modern Statistical
Genetics Nan M. Laird, Christoph Lange, 2010-12-13 This book covers the statistical models and
methods that are used to understand human genetics, following the historical and recent
developments of human genetics. Starting with Mendel’s first experiments to genome-wide
association studies, the book describes how genetic information can be incorporated into statistical
models to discover disease genes. All commonly used approaches in statistical genetics (e.g.
aggregation analysis, segregation, linkage analysis, etc), are used, but the focus of the book is
modern approaches to association analysis. Numerous examples illustrate key points throughout the
text, both of Mendelian and complex genetic disorders. The intended audience is statisticians,
biostatisticians, epidemiologists and quantitatively- oriented geneticists and health scientists
wanting to learn about statistical methods for genetic analysis, whether to better analyze genetic
data, or to pursue research in methodology. A background in intermediate level statistical methods
is required. The authors include few mathematical derivations, and the exercises provide problems
for students with a broad range of skill levels. No background in genetics is assumed.
  applied longitudinal analysis fitzmaurice: Statistics and Scientific Method Peter J.
Diggle, Amanda Chetwynd, 2011-08-11 An antidote to technique-orientated approaches, this text
avoids the recipe-book style, giving the reader a clear understanding of how core statistical ideas of
experimental design, modelling, and data analysis are integral to the scientific method. No prior
knowledge of statistics is required and a range of scientific disciplines are covered.
  applied longitudinal analysis fitzmaurice: Matrix Analysis for Statistics James R. Schott,
2016-06-20 An up-to-date version of the complete, self-contained introduction to matrix analysis
theory and practice Providing accessible and in-depth coverage of the most common matrix methods
now used in statistical applications, Matrix Analysis for Statistics, Third Edition features an
easy-to-follow theorem/proof format. Featuring smooth transitions between topical coverage, the
author carefully justifies the step-by-step process of the most common matrix methods now used in
statistical applications, including eigenvalues and eigenvectors; the Moore-Penrose inverse; matrix
differentiation; and the distribution of quadratic forms. An ideal introduction to matrix analysis
theory and practice, Matrix Analysis for Statistics, Third Edition features: • New chapter or section
coverage on inequalities, oblique projections, and antieigenvalues and antieigenvectors • Additional
problems and chapter-end practice exercises at the end of each chapter • Extensive examples that
are familiar and easy to understand • Self-contained chapters for flexibility in topic choice •
Applications of matrix methods in least squares regression and the analyses of mean vectors and
covariance matrices Matrix Analysis for Statistics, Third Edition is an ideal textbook for
upper-undergraduate and graduate-level courses on matrix methods, multivariate analysis, and
linear models. The book is also an excellent reference for research professionals in applied statistics.
James R. Schott, PhD, is Professor in the Department of Statistics at the University of Central
Florida. He has published numerous journal articles in the area of multivariate analysis. Dr. Schott’s
research interests include multivariate analysis, analysis of covariance and correlation matrices, and
dimensionality reduction techniques.
  applied longitudinal analysis fitzmaurice: Mixed Models Eugene Demidenko, 2013-08-05
Praise for the First Edition “This book will serve to greatly complement the growing number of texts



dealing with mixed models, and I highly recommend including it in one’s personal library.” —Journal
of the American Statistical Association Mixed modeling is a crucial area of statistics, enabling the
analysis of clustered and longitudinal data. Mixed Models: Theory and Applications with R, Second
Edition fills a gap in existing literature between mathematical and applied statistical books by
presenting a powerful examination of mixed model theory and application with special attention
given to the implementation in R. The new edition provides in-depth mathematical coverage of mixed
models’ statistical properties and numerical algorithms, as well as nontraditional applications, such
as regrowth curves, shapes, and images. The book features the latest topics in statistics including
modeling of complex clustered or longitudinal data, modeling data with multiple sources of
variation, modeling biological variety and heterogeneity, Healthy Akaike Information Criterion
(HAIC), parameter multidimensionality, and statistics of image processing. Mixed Models: Theory
and Applications with R, Second Edition features unique applications of mixed model methodology,
as well as: Comprehensive theoretical discussions illustrated by examples and figures Over 300
exercises, end-of-section problems, updated data sets, and R subroutines Problems and extended
projects requiring simulations in R intended to reinforce material Summaries of major results and
general points of discussion at the end of each chapter Open problems in mixed modeling
methodology, which can be used as the basis for research or PhD dissertations Ideal for
graduate-level courses in mixed statistical modeling, the book is also an excellent reference for
professionals in a range of fields, including cancer research, computer science, and engineering.
  applied longitudinal analysis fitzmaurice: Modeling Longitudinal Data Robert E. Weiss,
2006-12-06 The book features many figures and tables illustrating longitudinal data and numerous
homework problems. The associated web site contains many longitudinal data sets, examples of
computer code, and labs to re-enforce the material. Weiss emphasizes continuous data rather than
discrete data, graphical and covariance methods, and generalizations of regression rather than
generalizations of analysis of variance.
  applied longitudinal analysis fitzmaurice: Proceedings of the Second Seattle Symposium in
Biostatistics Danyu Lin, Patrick J. Heagerty, 2012-12-06 This volume contains a selection of papers
presented at the Second Seattle Symposium in Biostatistics: Analysis of Correlated Data. The
symposium was held in 2000 to celebrate the 30th anniversary of the University of Washington
School of Public Health and Community Medicine. It featured keynote lectures by Norman Breslow,
David Cox and Ross Prentice and 16 invited presentations by other prominent researchers. The
papers contained in this volume encompass recent methodological advances in several important
areas, such as longitudinal data, multivariate failure time data and genetic data, as well as
innovative applications of the existing theory and methods. This volume is a valuable reference for
researchers and practitioners in the field of correlated data analysis.
  applied longitudinal analysis fitzmaurice: Models for Discrete Longitudinal Data Geert
Molenberghs, Geert Verbeke, 2006-08-30 The linear mixed model has become the main parametric
tool for the analysis of continuous longitudinal data, as the authors discussed in their 2000 book.
Without putting too much emphasis on software, the book shows how the different approaches can
be implemented within the SAS software package. The authors received the American Statistical
Association's Excellence in Continuing Education Award based on short courses on longitudinal and
incomplete data at the Joint Statistical Meetings of 2002 and 2004.
  applied longitudinal analysis fitzmaurice: Generalized Estimating Equations James W.
Hardin, Joseph M. Hilbe, 2002-07-30 Although powerful and flexible, the method of generalized
linear models (GLM) is limited in its ability to accurately deal with longitudinal and clustered data.
Developed specifically to accommodate these data types, the method of Generalized Estimating
Equations (GEE) extends the GLM algorithm to accommodate the correlated data encountered in
heal
  applied longitudinal analysis fitzmaurice: Fixed Effects Regression Methods for Longitudinal
Data Using SAS Paul D. Allison, 2019-07-12 Fixed Effects Regression Methods for Longitudinal Data
Using SAS, written by Paul Allison, is an invaluable resource for all researchers interested in adding



fixed effects regression methods to their tool kit of statistical techniques. First introduced by
economists, fixed effects methods are gaining widespread use throughout the social sciences.
Designed to eliminate major biases from regression models with multiple observations (usually
longitudinal) for each subject (usually a person), fixed effects methods essentially offer control for all
stable characteristics of the subjects, even characteristics that are difficult or impossible to
measure. This straightforward and thorough text shows you how to estimate fixed effects models
with several SAS procedures that are appropriate for different kinds of outcome variables. The
theoretical background of each model is explained, and the models are then illustrated with detailed
examples using real data. The book contains thorough discussions of the following uses of SAS
procedures: PROC GLM for estimating fixed effects linear models for quantitative outcomes, PROC
LOGISTIC for estimating fixed effects logistic regression models, PROC PHREG for estimating fixed
effects Cox regression models for repeated event data, PROC GENMOD for estimating fixed effects
Poisson regression models for count data, and PROC CALIS for estimating fixed effects structural
equation models. To gain the most benefit from this book, readers should be familiar with multiple
linear regression, have practical experience using multiple regression on real data, and be
comfortable interpreting the output from a regression analysis. An understanding of logistic
regression and Poisson regression is a plus. Some experience with SAS is helpful, but not required.
  applied longitudinal analysis fitzmaurice: Design and Analysis of Quality of Life Studies in
Clinical Trials Diane L. Fairclough, 2010-01-07 Design Principles and Analysis Techniques for
HRQoL Clinical TrialsSAS, R, and SPSS examples realistically show how to implement methods
Focusing on longitudinal studies, Design and Analysis of Quality of Life Studies in Clinical Trials,
Second Edition addresses design and analysis aspects in enough detail so that readers can apply
statistical meth
  applied longitudinal analysis fitzmaurice: Latent Markov Models for Longitudinal Data
Francesco Bartolucci, Alessio Farcomeni, Fulvia Pennoni, 2012-10-29 Drawing on the authors'
extensive research in the analysis of categorical longitudinal data, this book focuses on the
formulation of latent Markov models and the practical use of these models. It demonstrates how to
use the models in three types of analysis, with numerous examples illustrating how latent Markov
models are used in economics, education, sociology, and other fields. The R and MATLAB routines
used for the examples are available on the authors' website.
  applied longitudinal analysis fitzmaurice: Developing a Protocol for Observational
Comparative Effectiveness Research: A User's Guide Agency for Health Care Research and Quality
(U.S.), 2013-02-21 This User’s Guide is a resource for investigators and stakeholders who develop
and review observational comparative effectiveness research protocols. It explains how to (1)
identify key considerations and best practices for research design; (2) build a protocol based on
these standards and best practices; and (3) judge the adequacy and completeness of a protocol.
Eleven chapters cover all aspects of research design, including: developing study objectives,
defining and refining study questions, addressing the heterogeneity of treatment effect,
characterizing exposure, selecting a comparator, defining and measuring outcomes, and identifying
optimal data sources. Checklists of guidance and key considerations for protocols are provided at
the end of each chapter. The User’s Guide was created by researchers affiliated with AHRQ’s
Effective Health Care Program, particularly those who participated in AHRQ’s DEcIDE (Developing
Evidence to Inform Decisions About Effectiveness) program. Chapters were subject to multiple
internal and external independent reviews. More more information, please consult the Agency
website: www.effectivehealthcare.ahrq.gov)
  applied longitudinal analysis fitzmaurice: Applied Longitudinal Data Analysis for Medical
Science Jos W. R. Twisk, 2023-05-31 Discusses methods available for longitudinal data analysis in
non-technical language, allowing readers to apply techniques easily to their work. Aimed at
non-statisticians and researchers working in medical science and utilising longitudinal studies, the
interpretation of the results of various methods of analysis is emphasised.
  applied longitudinal analysis fitzmaurice: Longitudinal Data Analysis Jason Newsom,



Richard N. Jones, Scott M. Hofer, 2013-06-19 This book provides accessible treatment to
state-of-the-art approaches to analyzing longitudinal studies. Comprehensive coverage of the most
popular analysis tools allows readers to pick and choose the techniques that best fit their research.
The analyses are illustrated with examples from major longitudinal data sets including practical
information about their content and design. Illustrations from popular software packages offer tips
on how to interpret the results. Each chapter features suggested readings for additional study and a
list of articles that further illustrate how to implement the analysis and report the results. Syntax
examples for several software packages for each of the chapter examples are provided at
www.psypress.com/longitudinal-data-analysis. Although many of the examples address health or
social science questions related to aging, readers from other disciplines will find the analyses
relevant to their work. In addition to demonstrating statistical analysis of longitudinal data, the book
shows how to interpret and analyze the results within the context of the research design. The
methods covered in this book are applicable to a range of applied problems including short- to
long-term longitudinal studies using a range of sample sizes. The book provides non-technical,
practical introductions to the concepts and issues relevant to longitudinal analysis. Topics include
use of publicly available data sets, weighting and adjusting for complex sampling designs with
longitudinal studies, missing data and attrition, measurement issues related to longitudinal research,
the use of ANOVA and regression for average change over time, mediation analysis, growth curve
models, basic and advanced structural equation models, and survival analysis. An ideal supplement
for graduate level courses on data analysis and/or longitudinal modeling taught in psychology,
gerontology, public health, human development, family studies, medicine, sociology, social work,
and other behavioral, social, and health sciences, this multidisciplinary book will also appeal to
researchers in these fields.
  applied longitudinal analysis fitzmaurice: Analysis of Longitudinal and
Cluster-correlated Data Nan M. Laird, 2004
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