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Poll Question 1

What experience do you have with interval
data?

A. No experience with interval data or
interval models estimation.

B. Experience with interval data but not
interval models estimation.

C. Experience with interval data and
interval models estimation.



“Stings in the Tails” (1)

" Interval data occurs when only the lower and upper interval
bounds of a variable are observed and the true value which
lies between the bounds is unknown. (2)

" |nstead of measuring the dependent variable on a
continuousscale, the scale is divided into n,intervals where k
indicates in which of the n intervals an observation falls. (2)

" This leads to information loss since the distribution shape
within the intervals is unknown. (2)

" Inthe survey statistics field, especially among government
surveys, requesting data such as income in intervals has been
shown to reduce item non-response because it offers a
higher level of privacy protection. (2)



Types of Interval Data

" Income reported in health surveys such as

" Behavioral Risk Factor Surveillance System
(BRFSS),

" National Health Interview Survey (NHIS)

" and Medicare Current Beneficiary Survey
(MCBS) are reported in intervals.

" Wait times (3)



BRFSS 2019

Label: Income Lewel

Section Name: Demographics
Core Section Mumber: 8
Question Mumber: 16
Colummn: 191-192

Type of variable: Num

SAS Wariabkle Mame: INCOMEZ
OQuestion Prologue:

Question: Is your annual household income from all sources:

(If respondent refuses at any income level, code "Refused.”)

Weighted

e L SWaltr= Lal»=1 Freommeroyr Percentags Peroc=e=ntags

i ITess TE ol 1S, 8560 1 .59
MHot==s: code

= oo L= o 1as, 122 I . 9= 3.7F

SCode

2 Les o 3= A S .89 L=
520
Hot [=2a

= ILe= [ a ] o = T.Z2D
525
Mot a= o T

L= Lem 0 = n} 1 34,4986 6.3 E.11
F325
Hot 2= o

L= oo o 10.499

o

il
1]
o
s}

8]

(%]

[u}

8]
0
i)
i

K1}

e




OLS Bias

" While OLS regression on the midpoints of the intervals
is easily applied, it comes with the disadvantage of
giving biased estimation results. (2)

" This approach disregards the uncertainty stemming
from the unknown true distribution of the data within
the intervals and therefore leads to biased parameter
estimates. (2)

" |ts performance relies on the number of intervals and
estimation results are only comparable to more
advanced methods when the number of intervals is very
large. (2)



Poll Question 2

Which statistical package do you use?
Check all that apply

A. Stata
B. SAS
C. R

D. SPSS
E. Other



STATA Intreg

" intreg fits a linear model with an outcome
measured as point data, interval data, left-
censored data, or right-censored data.

" Assuch, it is a generalization of the model fit
by tobit.

" Regression on x1 and x2 of an interval-
measured dependent variable with lower
endpoint y lower and upper endpoint y
upper intreg y_lowery_upper x1 x2.

" Coefficients are interpreted directly.



STATA Intreg

" With robust standard errors: intreg
v _lower y _upper x1 x2, vce(robust)

" Model heteroskedasticity in the
conditional variance as a function of x3 :
intreg y_lower y_upper x1 x2, het(x3)

" Adjust for complex survey design using
svyset data: svy: intregy lower y _upper
X1 X



Eintreg for sample selection or
endogeneity

" eintreg fits an interval regression model
that accommodates any combination of
endogenous covariates, nonrandom
treatment assignment, and endogenous
sample selection.

" Continuous, binary, and ordinal
endogenous covariates are allowed.

" Treatment assignment may be
endogenous or exogenous.



Intreg Extensions

" Xteintreg - fits a random-effects
interval regression model that
accommodates endogenous
covariates, treatment, and sample
selection in the same way as eintreg
and also accounts for correlation of
observations within panels or within
groups.



Other intreg extensions

" bayes:intreg —Bayseian interval regression

" fmm:intreg- Finite mixtures of interval
regression models

" meintreg- Multilevel mixed-effects interval
regression

" stintreg- parametric models for interval-
sensored survival-time data

" xtintreg- Random-effects interval-data
regression models



R package and SAS

" R package kdeAlgo() Estimates
statistical indicators and its standard
errors from interval censored data.

" SAS uses proc lifereg

" Ex. Proce lifereg data=intreg+data;
class type; model (lgpa
ugpa)=.../d=normal; run;



Example of intreg and extintreg

" Employment status, hours working, and gainful
earnings after spinal cord injury: relationship with
pain, prescription medications for pain, and
nonprescription opioid use (4)

" Participants included 4670 adults with traumatic
SCI of at least one-year duration who were
enrolled in a study of health and longevity.

" Earnings were measured with 16 categories
ranging from a low 0f<$10,000 to a high of
>5175,000.



Methods

" We used standard interval regression
(intreg) to estimate the association of pain
and pain medications with conditional
earnings (conditional on being employed).

" We used extended interval regression

(extintreg) to estimate the association of
pain and pain medications with
unconditional earnings (full sample).
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Comparing intreg and extintreg

" Injury severity C5-C8 becomes significant
in unconditional earnings as does all age
categories, and time since onset 20-19

years.

" Painful days 0-5 and all painful conditions
becomes significant as well.

" Finally, pain medications becomes
significant with never use being
associated with the highest earnings.



Wait Time Example

Socioeconomic inequalities in waiting times for
primary care across ten OECD countries. (3)

Waiting time measured by time reported to see
an MD or RN from Commonwealth Fund survey.

Interval regression used since responses are in
intervals. Eg. Same day, Next Day, 2-5 days, 6-7
days, 8-14 days, more than 2 weeks, never, with a

separate model for each country.
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Main Points

" When data is reported in intervals, OLS
IS biased.

" Intreg and many extensions are
available in STATA

" R package smicd
" SAS package Proc Lifereg
" Coefficients are interpreted directly
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Questions?

For more information contact:
Clara.Dismuke@va.gov

or

Visit the HERC website at
www.herc.research.va.gov

Or

Email us at HERC@va.gov
Or

Call us at (650) 617-2630
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