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ABSTRACT

The Cox proportional hazards model to explore the effect of explanatory variables on survival is by far the
most popular and powerful statistical technique. It is used throughout a wide variety of types of clinical
studies. However, special techniques are required when multiple interaction terms are introduced into the
Cox model. This paper provides an in-depth analysis, with some explanation of the SAS code. It
examines two-way and three-way interaction terms into the Cox proportional hazards model using SAS.
Examples of using the PHREG procedure are drawn from the recently accepted article in the Journal of
American Geriatrics Society (JAGS) (1).

CASE STUDY: DEPRESSTION, DIABETES, AND MORTALITY

The Prevention of Suicide in Primary Care Elderly: Collaborative Trial (PROSPECT) was a cluster-
randomized controlled trial designed to compare an algorithm-based intervention with usual care to
reduce major risk factors of suicide (e.g., depression) for older primary care patients (2, 3).

The PROSPECT data contain survival times for 1,226 patients in 20 primary care practices. The median
follow-up time was 98 months and ranged from 1 to 116 months. The twenty practices were randomly
assigned to intervention or usual care. The variables are as follows:

time is the time in months from the baseline interview to death.
death 1 = dead; 0 = censored.

intervention 1 = intervention practices; O = usual care practices.

practice is the practice number for each patient.

major 1 = major depression; 0 = no depression.

minor 1 = minor depression; 0 = no depression.

diabetes 1 = diabetes; 0 = no diabetes.

age is the age in years at baseline.

gender 1 =female; 0 = male.

education is the number of years of schooling completed.

marital 1 = married; O = other.

smoking 1 = smoker; 0 = hon-smoker.

cognition is a measure of the cognitive impairment, ranging from 18 to 30 (lower scores indicating
greater cognitive impairment).

suicidal 1 = suicidal ideation; 0 = no suicidal ideation.

charlson is the Charlson comorbidity index at baseline.
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| explored mortality risk for depression (major and minor) among primary care patients with diabetes in
intervention practices and in usual care practices (results are shown below in Table 1).

Table 1. Mortality risk for major and minor depression compared to no depression for patients
with diabetes within intervention or usual care, adjusted hazard ratios and 95% confidence
intervals. Data from PROSPECT (1999-2008).

Intervention practices Usual care practices
Hazard ratio Hazard ratio
Medical condition Depression status (95% ClI) (95% Cl)
Major depression 0.79 (0.42 to 1.46) 2.41 (1.36to 4.26)
Diabetes Minor depression 1.40 (0.67 to 2.90) 2.25(1.12to 4.53)
No depression 1.00 1.00

Notes: Hazard ratios are from Cox proportional hazards models. Adjusted models include terms for
characteristics identified by their association (P < 0.05) with time to death: baseline age, gender,
education, marital status, smoking, cognition, suicidal ideation, and Charlson comorbidity index.

Among patients with diabetes, persons with major depression in usual care were significantly more likely
to die during the course of follow-up than were persons in the same practices without depression
(adjusted hazard ratio = 2.41, 95% confidence interval [1.36, 4.26]). In contrast, the mortality risk was
attenuated in the intervention practices comparing persons with major depression to no depression
(confidence interval includes the null). Similar patterns were identified for minor depression (adjusted HR
=2.25,95% CI[1.12, 4.53] in usual care; adjusted HR = 1.40, 95% CI [0.67, 2.90] in intervention).

More importantly, | investigated whether a depression management program (i.e., intervention) improves
mortality among older adults with diabetes (results are shown below in Table 2).

Table 2. Mortality risk for intervention compared to usual care for patients with diabetes within
depression status, adjusted hazard ratios and 95% confidence intervals. Data from PROSPECT
(1999-2008).

Intervention practices Usual care practices
Hazard ratio Hazard ratio
Medical condition Depression status (95% ClI) (95% Cl)
. Major depression 0.47 (0.24 to 0.91) 1.00
Diabetes . .
Minor depression 0.89 (0.48 to 1.62) 1.00

Notes: Hazard ratios are from Cox proportional hazards models. Adjusted models include terms for
characteristics identified by their association (P < 0.05) with time to death: baseline age, gender,
education, marital status, smoking, cognition, suicidal ideation, and Charlson comorbidity index.

| found older primary care patients with diabetes and major depression in practices implementing
depression care management were less likely to die over the course of a 8-year interval than patients with
diabetes and major depression in usual care practices (adjusted HR = 0.47, 95% CI [0.24, 0.91]). Stated
differently, patients with diabetes and major depression were 53% less likely to die over follow-up if they
had received the PROSPECT intervention. No statistically significant effects were observed for patients
with diabetes and minor depression.
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STATISTICAL ANALYSIS USING SAS
Here is the code for estimating the Cox regression models with PROC PHREG for the PROSPECT data:

PROC PHREG DATA=prospect COVS(AGGREGATE);
MODEL time*death(0) = major minor intervention diabetes
interl inter2 inter3 inter4 inter5 inter6 inter?7
age gender education marital smoking cognition
suicidal charlson;

interl = major*intervention;

inter2 = minor*intervention;

inter3 = major*diabetes;

inter4 = minor*diabetes;

inter5 = intervention*diabetes;
inter6 = major*intervention*diabetes;
inter7 = minor*intervention*diabetes;

X1 _vs X3: TEST major
X2_vs_ X3: TEST minor
X7_vs_X9: TEST major
X8 vs X9: TEST minor

interl + inter3 + iInter6 / PRINT;
inter2 + inter4 + inter7 / PRINT;
inter3 /7 PRINT;
inter4 / PRINT;

+ o+ + +

X1 vs X7: TEST intervention + interl + inter5 + inter6 / PRINT;
X2_vs _X8: TEST intervention + inter2 + inter5 + inter7 / PRINT;

ID practice;
ODS OUTPUT TestPrintl = outputl;
RUN;

DATA output2;
SET outputl (RENAME=(Coll=variance Col2=estimate));
Hazard = exp(estimate);
Lower_CL = exp(estimate - 1.96*sqrt(variance));
Upper_CL = exp(estimate + 1.96*sqrt(variance));
RUN;

PROC PRINT DATA=output2 NOOBS;

VAR Hazard Lower_CL Upper_CL;

FORMAT Hazard Lower CL Upper_ CL 4.2;
RUN;

The COVS(AGGREGATE) option is specified to compute the robust sandwich covariance matrix estimate
(4). The ID statement is specified in order to adjust standard errors for within-practice clustering in the
Cox proportional hazards regression (5).

The analysis introduced three-way interactions (i.e., major*intervention*diabetes, minor*intervention*
diabetes) into the Cox model, in addition to main effects (i.e., major, minor, intervention, diabetes), and
the corresponding two-way interactions (i.e., major*intervention, minor*intervention, major* diabetes,
minor* diabetes). Based on the above Cox three-way interaction model, hazard ratios for all-cause
mortality, and corresponding 95% confidence intervals, were stratified by twelve groups defined by
diabetes, depression status, and intervention condition as follows.
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Medical Depression Intervention Usual care
condition status practices practices
Major depression X1 X7
Diabetes Minor depression X2 X8
No depression X3 X9
Major depression X4 X10
No diabetes Minor depression X5 X11
No depression X6 X12

Xi denotes a vector of covariates (explanatory variables) for group i (1 <i < 12). For example, diabetes =
1, major = 1, minor = 0, and intervention = 1 for X1 and diabetes = 1, major = 1, minor = 0, and
intervention = 0 for X7. The adjusted hazard ratio of 0.47 in Table 2 came from the ratio of the hazard
rates for these two groups. That s,

HR = h(t, X1) / h(t, X7)
= ho(exp(X}_, B; X1;) / ho(t)exp(X)-, B; X7))
= exp(Z].pzl B; (X1 — X7)))
= exp(B,intervention + B,major*intervention + Bsintervention*diabetes + ,major*intervention*diabetes)

where hy(t) is the baseline hazard function. The fifth TEST statement (labeled as X1_vs_X7) computed
the estimated coefficient (B, + B, + B3 + B.) and the corresponding variance estimate. The DATA step
was used to change the variable names and calculate a hazard ratio with 95% Cls. The PROC PRINT
statement was used to print the final results with two decimal places. The same analyses were applied to
the remaining five TEST statements.

DISCUSSION

Recent decades have seen tremendous applications of survival analysis in various academic fields.
However, few have reported detailed information on examining two-way and three-way interaction terms
into the Cox proportional hazards model using SAS. In this paper, | examined whether primary care
patients with diabetes were more or less likely to benefit from the depression care intervention using the
test statement within the PROC PHREG procedure in SAS. Other specific medical conditions (e.g., heart
disease, hypertension, peripheral vascular disease, stroke, cancer, chronic pulmonary disease) were
addressed in the JAGS paper (1).

This paper provides the example SAS code to explain the use of interaction terms in the Cox proportional
hazards model, along with step-by-step instructions to perform each technique in SAS. The emphasis is
on statistical tools and model interpretations which are useful in medical follow-up studies and in general
time-to-event studies. Moreover, this paper could be used as a valuable reference for biostatisticians,
epidemiologists, and other healthcare professionals who are working in settings involving various lifetime
events. Investigators interested in subgroup analysis in the randomized controlled trials should find it a
useful guide for the incorporation of two-way and three-way interactions into their Cox models.
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