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Introduction | ;TIT(L:JE%RE

Time trend analyses of complex survey data are widely used by U.S.
government agencies to monitor changes in health, environmental, and
economic outcomes over time.

Agencies use methods such as pairwise tests, trend contrasts, regression
models, and joinpoint regression to assess trends and detect change-points.

NCI’s Joinpoint software, widely used for trend analysis of population-based
disease surveillance data, has also been considered by several U.S.
government agencies for analyzing complex survey data.

Before version 4.9, the software was limited because it relied on aggregated
time-specific estimates and did not account for more general correlation across
time points beyond the autoregressive AR(1) option.

As a workaround, analysts sometimes used an ad hoc two-step approach, but
this could be problematic because joinpoints from aggregated estimates may
differ from those based on data of sampled-units.
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Research Goals | TlT%E%

» Extend joinpoint methods for aggregate
outcomes to incorporate the general variance-
covariance matrix among time-specific
estimates in trend analysis using complex
survey data.

» Develop unit-level models that account for both
this correlation structure and the design-based
degrees of freedom required for valid

Inference.
pri] N
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Aggregate-level modeling
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Aggregate-level Joinpoint Regression Method mﬂ%

= Let (t4,y1), ..., (tm, Vi) be the estimates at m time points t for an outcome of interest
y. Assuming there are k joinpoints (k is unknown).

The joinpoint regression model is:

k
9O = Bo + Buti + 81(t; =TI, (1) + - + S (6 = T, (8) + £ (1)
where g(-) is a function, the 7;'s are the unknown joinpoints and I, (t;) = 1 if t;> 1y,

Bo, B1, 01, ..., O} are model parameters, ei(k) is the errorterm, i =1, ..., m.

v" 'When log-scale g(-) = log(+) is used, the
slope of the sth segment corresponding to
annual percent change (APC):

APC; = 100 X exp(fs — 1) = 1008,

v" The APC difference:
APC, — APC; = 100(e%1%F1 — ¢P1) = 1006,

> For registry data (e.g., SEER), the eITor terms are ™ s s i or o o s s 0 o 1 0 o 97

1983 1985 1087 1989 1991 1993 1935 1997 1999 2001

typically assumed uncorrelated or follow first e
order autocorrelation (AR1).
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Joinpoint Regression Model Fitting NG

» The NCI's Joinpoint software fits the model by
least squares or weighted least squares (WLS)
up to a specified number of joinpoints

» Top two methods to determine the number and
location of joinpoints

= Permutation test

= Weighted Bayesian Information Criterion (BIC)
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= |n complex survey data, time-specific aggregate estimates
y1 - Yn (€.9., totals, means, proportions) may be

correlated because of features like panel survey designs or
the reuse of the same sampled PSUs across multiple years.

= To account for this dependence, a (full) variance-covariance
matrix can be computed across the set of time-specific
estimates.



Extension of Joinpoint Regression Method for @9(%
Correlated Data INSTITUTE

Given joinpoints 14, ..., 7. When ei(k) are correlated:

»  Estimate the variance-covariance matrix V = (v;;), where v;; = Var(y;) and
vij = Cov(y,yj)fori=1,..,n;j=1,..,m; i #].

» Estimate 6 = [By, B1, 01, .-, O l:
= Fit the joinpoint model using WLS;

= The estimatorof 8is 8 = (T'WT)™'T'Wy, W =V~'andTis a
m X (k + 2) matrix with ith row equal to [1, x;, (x; — 7)F, ..., (0; — 7,.)T].

> When we model log(y), the estimate of variance-covariance matrix V = (i)
can be derived using Taylor series linearization method:
= ﬁii = %, and
ij _ Covlyiy))

n Cov(log()’i):log (yf)) - Yiyj yivj

fori=1,..,m;j=1,..,m; i #j.where Cov denotes covariance
and v;; is the estimated variance of y;.

v https://surveillance.cancer.qov_/help/iqinpoint/settinq-parameters/input-file-
tab/heteroscedastic-errors-option/variance-covariance-matrix



https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix
https://surveillance.cancer.gov/help/joinpoint/setting-parameters/input-file-tab/heteroscedastic-errors-option/variance-covariance-matrix

ONAL
Incorporate Variance-covariance Matrix in Joinpoint [ TlT%%EiE

 The full variance-covariance matrix has been incorporated
as an option in the NClI's Joinpoint software (version 4.9
and later) for joinpoint model fitting.

= Standard survey software, such as SAS PROC SURVEY
procedures and SUDAAN can be used to produce both
the time-specific aggregate estimates and their variance-
covariance matrix.

= The aggregate estimates (y; i = 1, ...,n) and their

variance-covariance matrix (V) are then used to fit the
joinpoint regression model.
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Empirical Studies m%%

Panel Study of Income Dynamics (PSID)

* Panel design directed by University of Michigan
» Data extracted from 1997-2017 with cross-sectional sample weights for each year

» Outcomes of interest: unemployment status for age 16+ (Yes/No) and physical health
status for age<55 (good/bad)

The National Health Interview Survey (NHIS)

* Cross-sectional household survey conducted by National Center for Health Statistics
(NCHS)

* Data extracted from 1991-2016
* Outcomes of interest: Body Mass Index (BMI) and obesity status for age 18+ (Yes/No)

The National (Nationwide) Inpatient Sample (NIS)

* Cross-sectional establishment survey administered by Agency for Healthcare Research
and Quality (AHRQ)

» Data extracted for 1993-2015 for gastric cancer patients

« Outcomes of interest: in-hospital mortality status, total charges ($), total gastrectomy
status, and partial gastrectomy status (Yes/No)

11
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Statistical Analysis m%%

Annual estimates for the eight measures in the three surveys, along
with the associated standard errors and the variance-covariance
matrix of the estimates, obtained using SUDAAN version 11.0.

The point estimates, standard errors, or full variance-covariance

matrix for eight outcomes were input into Joinpoint to fit joinpoint
models.

Both the permutation method and the weighted BIC method were
used to determine the number of joinpoints.

Models were fit both with and without accounting for the covariances
between the yearly data.

12
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Example SUDAAN Codes to Compute the

CIR
Variance-Covariance Matrix INSTITUTE

proc DESCRIPT data=ind37 17;
NEST ER318%6 ER31537; <«—— Stratum & PSU
weight weight:
var unemployed:
class year:
*PRINT nsum mean semean COVMEAN

fmeanfmt=F10.3 semceanfmt=F10.& COVmeanfmt=Fl0.&:
OUTPUT nsum mean semean /meanfmt=F10.4 sg
OUTPUT COVMERAN /COVmeanfmt=F10.5

]

NAMFE =unemployed MeanS717 FILETYPE = SAS REPLACE;
ILETYPE = 5AS REPLACE;

VARIABLE|ROWNUM| DDF | BOO1 [ B003 | B004 | B005 [ B00G | B007 | B003 | B00S [ BO10 [ BO11 | B012 |
1 1 1 70.000 0.000012292 LLiiiCess TR dallillecy daadilioll SR ] Lisinlcig SN SRR RS A R
2 1 2 70000 0000008343 0.000005383 0.000007675 0.000008249 0.000005786 0.000007540 0.000008202 0.000009477 0.000010910 0.000006873 0.000006117
3 1 3 70.000 0.000006255 0.000016700 0.000006108 0.000003136 0.000006613 0.000005332 0.000004643 0.000005517 0.000006493 0.000003809 0.000005789
4 1 4 70000 0.000010896 0000006108 0.000018154 0.000011977 0.000012404 0000012445 0.000008792 0.000012867 0.000011606 0000006863 0.000009503
5 1 5 70.000 0.000011645 0000003136 0.000011977 0.000017677 0000012186 0000011545 0.000012686 0.000013770 0.000013954 0.000010972 0.000008801
6 1 6 70.000 0.000013280 0000006613 0.000012404 0000012186 0000021430 0000013585 0.000013030 0.000018275 0000016349 0.000010695 0.000011175
7 1 7 70.000 0.000012799 0.000005332 0.000012446 0.000011545 0.000013585 0000019872 0.000013442 0.000016166 0000018369 0000009339 0.000010822
8 1 8 70.000 0.000013642 0.000004643 0.000008792 0.000012686 0.000013030 0.000013442 0.000024860 0.000016532 0.000020568 0000011994 0.000011588
9 1 9 70.000 0.000015488 0.000005517 0.000012867 0.000013770 0000018275 0000016166 0.000016532 0.000024749 0000021914 0.000013701 0.000013082
10 1 10 70.000 0.000017158 0000006493 0.000011606 0.000013954 0000016349 0000018369 0.000020568 0.000021914 0.000030837 0000017963 0.000014917
1 1 11 70.000 0.000011415 0000003803 0.000006863 0.000010972 0.000010695 0000009333 0.000011994 0.000013701 0000017363 0000021692 0.000008282
12 1 12 70.000 0.000011508 0.000005785 0.000009503 0.000002801 0000011175 0000010822 0.000011588 0.000013082 0.000014917 0000008282 0.000023003
13 1 1 70.000 0079299419 0058401298 0.061017803 0074815378 0.059245388 0.067200480 0.107897873 0.110570267 0.0962884882 0084713257 0079120582
14 1 1 70.000 0.000000579
15 1 2 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
16 1 3 70.000 0.000005585 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
17 1 4 70000 0.000000000 0.000005456 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
18 1 5 70.000 0.000000000 0.000000000 0.000006163 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
19 1 6 70.000 0.000000000 0.000000000 0.000000000 0.000004846 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
20 1 7 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000005305 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000
21 1 8 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000007306 0.000000000 0.000000000 0.000000000 0.000000000
2 1 9 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000008037 0.000000000 0.000000000 0.000000000
23 1 10 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000007089 0.000000000 0.000000000
24 1 11 70.000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000006347 0.000000000
25 1 12 70.000 . ! 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000000000 0.000005580
26 1 1 70000 126185000000000  9251.000000000  9246.000000000  10502.000000000  11233000000000  11502.000000000  11318.000000000  12176.000000000  12237.000000000  12343.000000000  12218.000000000  13059.000000000
27 1 1 70000 1632753734.000000 125045482.0000000 131012105.0000000 134955646.0000000 143830055.0000000 150074535.0000000 153970016.0000000 155678797.0000000 156909579.0000000 157357564.0000000 162420695.0000000 161495260.0000000

13
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Example SAS Codes to Compute the Variance-

: . | CER.
Covariance Matrix TITUTE

proc surveymeans data=ind37 17;
strata ER315959&;

cluster ER3159%57;

welight weight;

var unemplnyed;‘////

domain year/ cov;

ods output domain=MyStat unemployed QomainMeanCov=DomainMeanCov Unemployed;

T«
Levels | DomainLabel year | VarMName | Covl Cov2 Cov3 Covd Covh Covh Cov? Cov3 Covd Cov10 | Covll

1 Covl  year 1557 unemployed 0000015 5983E6 767BE6 B245E6 5VIGEE VHIES B20PES 9477E6 000001 6873EE 611VES
2 Cov2  year 1559 unemployed 5983E6 0000017 6.108E6 3.136E6 6613E6 5H332E6 4643E6 5HHIVES 6453E6 3.B09E6 5.735E6
3 Covd  year 2001 unemployed 7675E6 6.108E6 0000012 0000012 0000012 0.000012 8.792E6 0.000013 0000012 6.863E6 9.903E6
4 Covd  year 2003 unemployed 8.245E6 3136E6 0000012 0000012 0000012 0.0000712 0.000073 0000014 0000014 0000011 B.801ES6
5 CovB  year 2005 unemployed 5786E6 6613E6 0000012 0000012 0.000021 0.000074 0.000013 0000072 0.000017 0.000017 0.000011
6 CovE  year 2007 unemployed 754E6 B533ZE6 0000012 0.000012 0.000074 0000020 0000013 0.000006 0.000018 S9.333E6 0.000011
7 Cow7  year 2009 unemployed 8.202E6 4643E6 8792E4 0000013 0000013 0.000013 0.000025 0.000017 0.000021 0.000012 0.000002
3 CovB  year 2011 unemployed 94776 5517E6 0000013 0000014 0000012 0.000006 0.000017 0000025 0.000022 0.000014 0.000013
9 Cov3  year 2013 unemployed 0000011 645%3E6 0.000012 D.O000014 D.O000D17 0000018 0.000021 0.000022 D.O000031 D.O00D1E O.000015
10 |CovlD  year 2015 unemployed 6.073E6 380%E6 6.863E6 0000011 0000011 9.33%E6 0.000012 0000014 0000012 0000022 B.282E6
11 Cowll  year 2017 unemployed 6117E6 57E%E6 99503E4 B8.801E6 0000011 0.000011 0.000012 0000013 0000015 8.232E6 0.000023

Il There may be insufficient memory issue if the dimensions of the matrix are
too large. Switch to SUDAAN if this 1ssue occurs.

14
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ation of the Variance-Covariance Matrix Option | CIR

View Help Sample Sessions Update Available! What's New?
ong®
@ B X B & O 0O :#£
© —
Close Save & Close Print Execute Execute Silent Options
Input Data File H:'JoinPoint\JoinPoint_COWJSSMYfinalRun-RerunV4s00\MyStat_unemployed_age16_elig.csv Browse...
Delimiters Missing Characters Thousands Separator Decimal Separator
Method And Parameters ) Tab () semi-colon @ space () NA ) Period © Period
@ column Headers 0O comma ) Space ) Period © comma () Comma
Advanced Analysis Tools Displaying 20 ™ Lines
Independent Propaortion
Wariable Variable
DomainLabel year WarMame M JnemploymentRats StdErr LowerCLMean
year 1997 unemployed 9248 0061297 0.003825 0.05366819
year 1999 unemployed 9843 0.058416 0.004086 0.05026768
year 2001 unemployed 10501 0.061028 0.00426 0.05253124
year 2003 unemployed 11232 0074318 0.,004204 0.06643204
year 2005 unemployed 11501 0.059246 0.004625 0.05001284
Dependent Variable What type of data do | have? Independent Variable
| want Joinpointto  Use Dependent Variable Provided in Data File year v Define...
Type of Variable Proportion b
P P Interval Type Annual hd
Propartion UnemploymentRate B Shift data points b o
Heteroscedastic/Correlated Errors Option What are the options?
Standard Error (Provided) v To Exclude Data Points use the "Define” button
Constant Variance (Homoscedasticity) .
Standard Error (Provided) i By Variables
Poisson Variance
Variance-Covariance Matrix Add..
(O First Order Autocorrelation estimated from the data . . i Remove...
: i b : Heterosc rrelated Errors Option What are the options?
O First Order Autocorrelation with correlation = .
riance-Covariance Mat[j ~ Define...
Matrix File H\oinPointJoinPoint_COVUSSM\finalR Preview...
Exclude... All cohorts to be executed,
Learn More About the Variance-Covariance Matrix
Log Transformation
() Nofy=xb} © ves{iny) =xb}

ion Note:

Created by Joinpoint Version 5.
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lllustration of the Joinpoint Variance-Covariance Mat

(ER
Option INSTITUTE

Variance-Covariance Matrix Preview X
Matrix File  HMJoinPoint'JoinPoint_COVJSSMfinalRun-Reruny430hDomainMeanCov_Unemployed_age16_elighatri csv Browse...
Delimiters
Mumber of Observations: 11 () Tab () Semi-colon
Mumber of Rows: 11 O comma () space
Mumber of Colummns: 11

1997 1999 2001 2003 2005 2007 2009 20M 2013 2015 2017

1997 PRE VY 5.93E-06 | V.67E-06 | 8.24E-06 | 5.77E-06 | ¥.53E-06 | 8.19E-06 | 9.47E-06 | 0.000011 | 6.87E-06 | 6.11E-06
1999 5.98E-06 |0.000017 | 6,10E-06 | 3.14E-06 | 6.61E-06 | 5.33E-06 | 4.66E-06 | 5.52E-06 | 6.4%E-06 | 3.81E-06 | 5.78E-06
2001 7.67E-06 | 6.10E-06 | 0.000018 | 0.000012 [0.000012 | 0.000012 | 8.79E-06 [0.000013 | 0.000012 | 6.86E-06 | 9.91E-06
2003 8.24E-06 | 3.14E-06 | 0.000012 | 0.000018 [0.000012 | 0.000012 | 0.000013 [0.000014 | 0.000014 | 0.000011 | 8.81E-06
2005 5.77E-06 | 6.61E-06 | 0.000012 | 0.000012 | 0.000021 | 0.000014 | 0.000013 | 0.000018 | 0.000017 | 0.000011 [ 0.000011

2007 7.53E-06 | 5.33E-06 | 0.000012 | 0.000012 [0.000014 | 0.00002 | 0.000013 [0.000016 | 0.000018 | 9.34E-06 | 0.000011
2009 8.19E-06 | 4.66E-06 | 8.79E-06 | 0.000013 [0.000013 | 0.000013 | 0.000025 [ 0.000017 | 0.000027 | 0.000012 | 0.0000712

2011 947E-06 | 5.52E-06 |0.000013 | 0.000014 | 0.000018 | 0.000016 | 0.000017 | 0.000025 | 0.000022 | 0.000014 | 0.000013
2013 0.000011 | &.49E-06 [0.000012 | 0.000014 | 0,000017 | 0.000018 | 0.000021 | 0.000022 | 0.000031 | 0.000018 | 0.000015
2015 £.87E-06 | 3.81E-06 | 6.86E-06 | 0.000011 | 0.000011 | 9.34E-06 | 0.000012 | 0.000014 | 0.000013 |0.000022 | 8.23E-06
2017 &11E-06 | 5.73E-06 | 9.91E-06 | §.81E-06 | 0.000011 [0.000011 | 0.000012 | 0000013 | 0.000015 | 8.28E-06 | 0.000023
[ oK ] Cancel Help

I No row and column names are allowed in the input matrix file.
16
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Snapshot of the variance-covariance matrix fo

O
(ER
mean BMI from NHIS 1991-2016 INSTITUTE

1991 1992 1993 1994 1995 1096 1997 1998 1993 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

1099 0. 0.00028 0.00028 0.00032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1994 0.00029 07 0.00026 0.00034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1993 0.00028 0.00026 0.00031 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1995 0 0 0 0 m% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1996 0 0 0 0 §0.00021 0:06165 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1097 0 0 0 0 0 0 06011 0.00014 0.0001 9.9E-05 9.9E-05 0.00023 0.00018 0.00021 -2.7E-05 0 0 0 0 0 0 0 0 0 0 0
1998 0 0 0 0 0 00.00014 0:06098 0.00017 9.6E-06 9.4E-05 0.0001 0.00025 0.00014 0.00012 0 0 0 0 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0.0001 0.00017 0706432 0.00018 0.00011 5.8E-05 5.3E-05 0.00011 0.00014 0 0 0 0 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 99E-05 O.6E-06 0.00018 0:06411 0.00013 0.00011 O.6E-05 -3.9E-05 2.7E-05 0 0 0 0 0 0 0 0 0 0 0
2001 0 0 0 0 0 0 9.9E-05 9.4E-05 0.00011 0.00013 006418  7E-05 0.00025 7.8E-05 0.0001 0 0 0 0 0 0 0 0 0 0 0
2002 0 0 0 0 0 00.00023 0.0001 5.8E-05 0.00011  7E-05 006451 0.00027 0.00015 0.00021 0 0 0 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 00.00018 0.00025 5.3-05 9.6E-05 0.00025 0.00027 0:06461 0.00026 0.00025 0 0 0 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 00.00021 0.00014 0.00011 -3.9E-05 7.8E-05 0.00015 0.00026 006446 5.8E-05 0 0 0 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0-2.7E-05 0.00012 0.00014 2.7E-05 0.0001 0.00021 0.00025 5.8E-05 0:06158 0 0 0 0 0 0 0 0 0 0 0
2006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P0647 0.00047 0.00038 0.00015 0.00025 0.00033 0.00017 0.00016 0.0001  0.0002 0
2007 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00047 006497 0.00013 0.00024 0.0003 0.00019 0.00017 0.00012  5E-05 0.00022 0
2008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00038 0.00013 006234 0.00043 0.00012 0.00015 55E-05 6.3E-05 0.00034 0.00016 0
2009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00015 0.00024 0.00043 O. 0.00021 0.00037 0.00028 -4.2E-05 0.00028 0.00018 0
2010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00025 0.0003 0.00012 0.00021 0. 0.00019 0.00037 -5.8E-05 0.0001 0.00025 0
2011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00033 0.00019 0.00015 0.00037 0.00019 0. 0.00029 0.00022 0.00034 0.00037 0
2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P.00017 0.00017 5.5E-05 0.00028 0.00037 0.0002¢ 0. 0.00021 0.00015 0.00017 0
2013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p.00016 0.00012 6.3E-05 -4.2E-05 -5.8E-05 0.00022 0.00021 0. 0.00019 0.00029 0
2014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 J0.0001  5E-05 0.00034 0.00028 0.0001 0.00034 0.00015 0.00019 O 0.00031 0
2015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10,0002 _0.00022 0.00016 0.00018 0.00025 0.00037 0.00017 0.00029 000031 0. 0
2016 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 U4
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Table 1: The mean, median and range of the Correlation Coefficie @Qgﬁ%
between annual cross-sectional estimates for eight outcome vari INSTITUTE

Variables (data source) mean min median  max

Unemployment rate age 16+ (PSID 1997-2017) 0.504 0.180 0.510 0.790

Poor health rate age <55 (PSID 1997-2017) 0.185| -0.172 0.152 0.747
Mean BMI age 18+ (NHIS 1991-2016) 0.033 -0.031 0.000 0.461
Obesity rate age 18+ (NHIS 1991-2016) 0.024  -0.087 0.000 0.390
In-hospital mortality rate (NIS 1993-2015) 0.021 -0.018 0.006 0.292
Mean total charges $ (NIS 1993-2015) 0.068 -0.04 0.011 0.681
Total gastrectomy rate (NIS 1993-2015) 0.043 -0.027 0.002 0.531
Partial gastrectomy rate (NIS 1993-2015) 0.034 -0.03 0.002 0.789
‘ cov(yi, ¥j)

Y Jvar)var () .
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Obesity rate = NHIS 1991-2016
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Number of joinpoints found

Permutation

diagonal

Variables (data

source)

Unemployment rate aged
16+ (PSID 1997-2017)

Poor health rate age <55

only
1 joinpoint (2011)

0 ioinboint
(PSID 1997-2017) Joinpoin
Poor health rate age

<55(PSID 1997-2017, 0 joinpoint
excluding data point 1999)

Mean BMI age 18+ (NHIS 2 joinpoints (1999,
1991-2016) 2009)
Obesity rate age 18+ (NHIS 2 joinpoints (1999,
1991-2016) 2008)

In-hospital mortality rate
(NIS 1993-2015)

Mean total charges $ (NIS 2 joinpoints (1998,
1993-2015) 2008)

Total gastrectomy rate (NIS 0 ioi ,

oinpoint
1993-2015) joinp
Partial gastrectomy rate
(NIS 1993-2015)

1 joinpoint (2011)

0 joinpoint

standard errors

with variance-

covariance
matrix

1 joinpoint (2011)

0 joinpoint

0 joinpoint

2 joinpoints (1999,
2009)

2 joinpoints (1999,
2008)

1 joinpoint (2011)

3 joinpoints (1999,
2003, 2011)

0 joinpoint

0 joinpoint

Weighted BIC
diagonal
standard errors
only

1 joinpoint (2011)

covariance
matrix

1 joinpoint (2011)
0 joinpoint 1 joinpoint (2007)

1 joinpoint (2003) 1 joinpoint (2007)

2 joinpoints (1999, 2 joinpoints (1999,
2009) 2009)
2 joinpoints (1999, 2 joinpoints (1999,
2008) 2008)
S 2 joinpoint (2011,
1 joinpoint (2011) 2004)
2 joinpoints (1998, 3 joinpoints (1999,
2008) 2003, 2011)
0 joinpoint 0 joinpoint
0 joinpoint 0 joinpoint

with variance-
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Trends of in-hospital mortality rates among m%%

ER
LILE

gastric cancer patients (NIS 1993-2015) SRR

Weighted BIC method: left panel without and right panel with variance-
covariance matrix

0089

All: 1 Joinpoint
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* Inieates that the Annisal Percent Change (APC) is significantly difleren from 2efo at the slpha = (.05 level
Final Selected Model: 1 Joinpeint
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* Indacates that the Annual Percent Change (ARC) 15 sigrificanty different from zero at the alpha = 0.05 level
Final Selectad Model: 2 Jeinpoinis
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The empirical studies demonstrate the necessity of
accounting for the correlated errors, through
incorporating the full variance-covariance matrix of
time-specific estimates into the joinpoint regression
model fitting.

The models considered are at aggregate level, the

N results may differ from results computed by fitting
models at the unit level.

Liu B, Kim H-J, Feuer E.J.,
Graubard B.l. (2022). Joinpoint

. - regression methods of aggregate
D FOI‘ teCh N IC8| d eta | IS y outcomles for complex survey
. . data. Journal of Survey Statistics
see Liu et al (2022 ) and Methodology, 11(4), 96;-589.

https://doi.org/10.1093/jssam/sma
c014.
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Unit-level modeling
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Motivations | TIT(L:JETRE

When modeling aggregated data, each time point
has only a single value, so the degrees of freedom
for variance estimation in joinpoint analysis are
based on the number of time points rather than the
typically larger number of sampled PSUs used in
iIndividual-level survey analyses.

The smaller degrees of freedom (based on time
points) can limit the statistical power.
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Unit-level Joinpoint Regression Method mﬁ%

O We consider the following model with k (= 0) joinpoints:

= Log-normal joinpoint regression model for continuous y:
log (yS5) = Bo + Prt + 6:.(t = I, () + -+ + 8 (t — 1), (8) + &5 (2)

= Logistic joinpoint regression model for binary y:

logit (p (yf,? 1)) = Bo + Brt + 6106 =TI, () + =+ 8,6 = 11, (), (3)

where yl(]tz) and Euz denote the response and error term for unit [ in stratum i and PSU j at

time point t (t=1,...,T), 7;s are the unknown joinpoints and I, (t) = 1if t > 7.

1 We are interested in:
- How many change-points there are?
- Where is/are the change-point(s)?
- How variable is the estimate?

% Challenge: Need to find an appropriate model selection method to determine k.
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Review: Lumley & Scott (2015) modified AIC EISANSS

For Statisticians

*  Lumley & Scott (2015) proposed the following modification of the
classical Akaike information criterion (AIC) for regression with complex
survey data:

a/

dAIC = —2nl(0) + 2pé
where [(8) = %Zies w;l;(0) = %Zies wilogfz(yilx;), n is the sample

size, N is the population size, X, w; = N, p is the # of covariates, § =

(Bo, By, ...,Bp)’ and

§ = trace{J(9)~1V (9)}, sample design effect

J(6) and V(6) are the variance-covariance matrix associated with 8
assuming SRS and the complex design, respectively. The first row and
column of the matrices corresponding to 3, removed in this calculation.
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Grid search to find the best jpk model for given mﬂ%

« Do a grid search to find the best jpk model across models with
different joinpoint locations 74,..., ) for each given k (k =
1,2, ..., K).

* Follow the default rule:

= Minimum three time points from a joinpoint to either end of the data
(including the joinpoint);

= Minimum four time points between two joinpoints (including the join
points)

« Use appropriate survey procedure to fit each model and obtain
* adjusted R-square (for continuous data) or
= —2loglL (for binary data).

« Select the best jpk model with the largest adjusted R-square or
smallest —2logL rule.

» Question: Which model (jp0, jp1, jp2,..., jpK) fits the best?
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Modified dAIC to select the best joinpoint mo

d Lett = (74, ..., Tx) denote the k estimated joinpoints for a given k (k =
1,2, ..., K) from the grid search. To find which jpk (k = 0) model fits the
best, we use the following modified dAIC:

- For the log-normal joinpoint model (2):
m.dAIC = n * MSE + 2(2k + 1)8,
- For the logistic jointpoint model (3):
m.dAIC = =+ (—2logL) + 2(2k + 1)6,

where § = trace{f(6)"1V(9)},6 = (ﬁo,ﬁl,(fl, ...,Sk)’.

+ Estimation of MSE and —2logL

= Run SAS PROC SURVEYREG to get square root of MSE for the log-normal
model; Run PROC SURVEYLOGISTIC to get —2logL.

= Use the R Survey package to compute both

% Estimation of &
= Constrained model approach: Assume the mean functions are continuous at 7s.
= Unconstrained model approach: Not assume that the mean functions are continuous

at 7.
S 28
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Computation of Annual Percent Change (APC) mﬁ}ﬁ

= For a continuous outcome under the log-normal joinpoint model (2),
the model for the sth segment, s =1, ...,k + 1, is assumed as:

t
log (¥ ) = Bso + Boat + £,

where (s, and [, denote the intercept and slope of the segment s,
respectively.

= APC in segment S (APC,) measures the annual percent change in
the sample-weighted mean outcome (denoted as y) from year (t) to
year (t+1):

APC, =100 [¢*V) — 5©]/5® = 100 (efsr — 1),

where ,BAS,l is the estimate of the slope (S5, ) in segment s.

= AAPC is defined as average APC over a given time period.
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Computation of Odds Annual Percent Change (OAPC) m%%

= For a binary outcome under the logistic joinpoint model (3), let 0dds YO

prob (ylﬂ 1)/(1 prob (ylﬂ )) the model for the sth segment, s = 1 k +1,is
assumed as:

log (Odds ® _ 1) = BS,O + Bs,lt'

l]l
where S, and B, denote the intercept and slope of the segment s, respectively.

= OAPC in segment S (OAPC,) measures the annual percent change in the sample-
weighted mean predicted odds from year (t) to year (t+1):

REBwy 0dds e /305y Bawiy = BiZy Bawiy) 04ds o, /3,8 T wyi
2Byl 0dds 0, /3.2, 8w/

=100 (ePs1 - 1),

where ,BAS,l is the estimate of the slope (B, ) in segment s.

0APC, = 100

= OAAPC is defined as average OAPC over a given time period.
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Simulation Study: Data Generation

* Objective: Generate 20 years of data (t=1997-2016) with:
- Total Population per year: 1 million;
- # of clusters per year: 1000;
- # of observations per cluster per year: 1000
- # of sampled clusters per year: 80
- Sampling rate within each cluster (5%, 20%, 50%)
- # of simulations: 100

- Data generation steps:

- Generate yearly population means/proportions using:
fue) = Bo + Bit + 81(t — 7)1, (t), where t=1997-2016, 71 = 2003, f(-) = log(-) or
logit(-), By = —6.57705; B; = 0.00492, §; = (0,—0.0041,—0.041).

- Generate clusters with ICC = (0,0.01,0.075)

- Generate individual records using normal distribution for continuous data
and Beta-Bernoulli for binary data.

- Sample clusters: Use the same set of sampled clusters for years 1997-2006
and another set of sampled clusters for years 2008-2016.

- Sampling within sampled clusters: n=(4000, 16,000, 40,000) per year.



Simulation Study: Analytic goals INSTITUITE

* Apply the unit-level models and the aggregate-level models
with & without variance-covariance matrix to compute the
following statistics for each scenario:

- Compare how many times # of joinpoints were identified using unit-

level model with & without constrains for dAIC and those from the
aggregate-level models

- Check whether the V() from the constrained model or the V from
the unconstrained model is a better estimator of the true covariance
matrix
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Figure 1: Variance estimation of beta1 & delta1 fro

the individual-level models

Empirical variance estimate of betal: lognormal models
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Empirical variance estimate of deltal: lognormal models
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Simulation study: Results m%%

Table 1: Percent (%) of samples correctly identified true # of joinpoint(s)
for a continuous outcome: log-normal model

ICC=0 ICC=0.01 ICC=0.075
sampli APC | Unit-level Aggregate-| Unit-level Aggregate-| Unit-level Aggregate-
ng differe] model level model model level model model level model

rate  nce |constr unconswithout with |constr unconswithout with |constr unconswithout with
ained trained COV COV | ained trained COV COV |ained trained COV COV

s, 000% 90 76 93 89 |97 30 94 88 |100 O 83 89
(n=400-041% 90 67 94 94 |95 36 91 95|95 28 85 93
0 410% 93 78 97 96|96 51 94 97|98 21 83 96
000%| 8 77 91 88 [100 O 8 90 |100 O 53 87
20% -041% 89 59 94 93 | 98 22 84 95|99 22 58 94
410% 90 71 95 96 | 99 22 91 96 |100 14 61 96
000%| 87 78 91 89 [100 O 72 88 |100 O 40 88
50% -041% 87 69 94 94|97 20 71 91|99 14 51 92
410% 89 72 95 95|99 23 73 92|98 10 73 92

unif
5%~15-4.10% 91 90 94 100| 9% 45 91 100| 97 16 75 100
%
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Simulation study: Results
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Table 2: Percent (%) of replicates correctly identified true # of joinpoint(s)
for a binary outcome: logistic joinpoint model

APC
samplin differen

ICC=0
Unit-level Aggregate-
model level model

uncon
constr straine withou with

ICC=0.01
Unit-level Aggregate-
model level model

uncon
constr straine withou with

ICC=0.075
Unit-level Aggregate-
model level model

uncon
constr straine withou with

g rate ce |laned d tCOV COV |[ained d tCOV COV |ained d tCOV COV
., ©° |69 73 72 71|74 74 71 71|76 74 75 75
(=000 04ss%| 38 35 18 21 |36 38 26 24|32 35 32 31
) 4% | 88 87 72 69 |8 82 73 74| 8 83 83 83
o |31 24 74 75|64 60 8 84|71 70 75 77
0% -0435%| 86 76 42 38 | 60 62 35 34 |37 39 33 37
ass% | 90 89 74 73 |8 8 76 73|93 8 92 87
o | 3 7 73 76|55 53 84 84|72 70 73 69
sox -o4ss%| 91 84 57 58| 70 70 34 33|37 38 34 36
ass% | 91 90 76 74 |91 92 84 78|92 8 91 88
T 4% | 93 100 74 73 | 92 100 72 78 | 86 80 81 87

5%~15%
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Empirical Study mﬁ%

 Data source:

The National Health Interview Survey 1991-2016

« Qutcomes of interest:
¢+ Body mass Index (BMI)
¢ Obesity (=1 if BMI>=30; =0 otherwise)

* Analyses conducted

— Fit unit-level joinpoint models (using both constrained
and unconstrained models)

— Fit aggregate-level joinpoint models (with and without
incorporating the variance-covariance matrix of the
parameters
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Empirical study: Results m%%

Table 3: The final joinpoints identified and the APC (%) and AAPC (%)
results from the log-normal models for mean BMI

Aggregate-level model
Individual-level model*
/ without COV with COV \
Joinpoints 1999, 2009 1999, 2009 @95, 1998, 2005, ZOOEN
Segment Range APC (95% CI) Range APC (95% CI) Range APC (95% CI)
1 1991-1999 0.54 (0.48,0.60) 1991-1999 0.54 (0.48,0.59) 1991-1995 0.38 (0.32, 0.45)
2 1999-2009 0.37 (0.30,0.43) 1999-2009 0.36 (0.29,0.42) 1995-1998 0.83 (0.45, 1.21)
3 Q09-2016 0.17 (0.07,0.27) 2009-2016 0.18 (0.08, O?l 1998-2005 0.31 (0.24, 0.37)
4 2005-2008 0.45 (0.03, 0.87)
5 Q08-2016 0.16 (0.11, O.Zy
AAPC
whole range 1991-2016 0.37 (0.33, 0.41) 1991-2016 0.37 (0.33, 0.41) 1991-2016 0.35 (0.28, 0.42)
1991-1999 0.54 (0.39, 0.69)
Range corresponding to the aggregate-level model 1999-2009 0.33 (0.20, 0.47)
2009-2016 0.16 (0.11,0.21) J |, 5
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Empirical study: Results (cont’d) mﬁ%

Table 4: The final joinpoints identified and the OAPC (%) and OAAPC (%)
results for obesity: aggregate-level log-normal models and individual-level
logistic models

Aggregate level
Individual-level*
without COV with COV

Soupaints 1999, 2008 1999, 2008 1999, 2008
Segment Range APC (95% ClI) Range APC (95% ClI) Range OAPC (95% ClI)
1 1991-1999  4.62 (4.13,5.11) 1991-1999  4.65 (4.17,5.14) | 1991-1999 5.63 (5.02, 6.20)
2 1999-2008  3.03(2.49,3.58)  1999-2008  3.00 (2.45, 3.45) | 1999-2008 3.99 (3.35, 4.64)
3 2008-2016  1.35(0.85,1.85)  2008-2016  1.37 (0.87,1.88) | 2008-2016 1.86 (1.28, 2.45)

AAPC OAAPC

Whole range 1991-2016  2.99(2.72,3.27)  1991-2016  3.00(2.72,3.28) || |1991-2016  3.82(3.47,4.17)
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Figure 2: Plot of the annual geometric mean' along with the 95% confidence O%L
intervals and the fitted joinpoint line from individual-level log-normal model f: INSTITUTE
chosen from the constrained approach e ——

BMI - 4 joinpoints (1995, 1998, 2005, 2008)

+ Geometric mean
—— 1991-1995 APC=0.38*
——— 1995-1998 APC=0.83*
—— 1998-2005 APC=0.31*
—e— 2005-2008 APC=0.45*
2008-2016 APC=0.16*

BMI
245 250 255 26.0 265 270 275
I

1990 1995 2000 2005 2010 2015

Year

*APC 1s statistically significant, p-value<0.05;

1T6M® = 1 AN (t) O] ;=
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Figure 3: Plot of the annual obesity prevalence (and 95% confidence interval) [@Qgﬁ%
[ ITUTE

with the fitted joinpoint line estimated from the individual- level logistic mode
probability of obesity chosen from the constrained approach e —

Obesity - 2 joinpoints (1999, 2008)

0.30
|

®  Proportion

—e— 1991-1999 OAPC=5.63"
—e— 1999-2008 OAPC=3.99*
—e— 2008-2016 OAPC=1.86*

Proportion with obesity
0.20 0.25
l |

0.15
|

0.10
|

1990 1995 2000 2005 2010 2015

Year

The OAPC is for the annual percent change of the odds of obesity;
* OAPC i1s statistically significant, p-value<0.05.
The fitted line is for predicted probability of obesity.
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The R Program: Unit_Level_Joinpoint_CompSurv.R m%%

 An R program has been released at the NCI Joinpoint website:

https://surveillance.cancer.gov/joinpoint/Unit Level Jointpoint CompSurv.R

= The program can be used to analyze trend using unit-level
joinpoint regression models to complex survey data.

» Created by Joe Zoe (11/21/2025)
» Provided by The National Cancer Institute & The IMS inc.
* Program was developed from the project described in Liu et al. (2026).

= The program defines two functions:

1) unit_level n_jp: This function finds the best joinpoint model with given
number of joinpoint (=n_jp) for complex survey data;

2) unit_level: This function calls for function 'unit_level n_jp' and finds the
overall best joinpoint model.

= Users just need read in their data, define the required variables,
call the 'unit-level' function, and run for results.

An example of applying this program to trend analysis using BMI data from
the NHIS(1991-2016) is provided at the end of the program.


https://surveillance.cancer.gov/joinpoint/Unit_Level_Jointpoint_CompSurv.R

: : ONAL
Summary & Discussion m%%

Developed and evaluated individual-level joinpoint methods for complex survey

|ﬁ data within a finite population framework, using simulations and NHIS empirical data, and
compared them with traditional aggregate-level methods across varying ICCs, APC/OAPC
differences, and sample sizes.

Individual-level constrained models performed best when ICC > 0 and design effects
A were reasonable, particularly for correctly identifying the number of joinpoints; aggregate-
level models were more appropriate when ICC was low or zero.

Recommended workflow: use the constrained individual-level model to determine the
= number and location of joinpoints, then estimate APC/OAPC and AAPC/OAAPC from the
constrained model, while deriving standard errors from the corresponding
unconstrained model.

Practical implications and future directions: individual- and aggregate-level models
@ produced generally similar results for NHIS data. Avoiding detection of very small changes
y may require a minimum detectable APC/OAPC threshold. Future work

includes covariate adjustment through a weighting approach.

Liu B, Kim H-J, Zou J, Feuer E.J., Graubard B.l. (2026). Extended joinpoint regression
D methodology for complex survey data. Statistics in Medicine, 45(1-2):e70374.
https://doi.org/10.1002/sim.70374.
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For questions, feel free to contact:
Benmel Liu

liub2@mail.nih.qov
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