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PREFACE

This Note documents the relationship between the principal and secondary

diagnoses of Medicare hospital patients and the propensity of these patients to use home

health agencies, skilled nusing facilities, and rehabilitation facilities after discharge from

the hospital. The findings are directed to policymakers considering payment systems that

bundle posthospital services with hospital payments, especially systems that permit

voluntary participation by hospitals and patients. A possible use for the results of this

research is to help researchers identify a fairly small set of common secondary diagnoses

that appear to be related to increased (or decreased) use of different types of posthospital

care among those sampled in quality of care studies. More careful study of patients with

these diagnoses could provide a first step toward the creation of more sensitive measures

of the access to and quality of posthospital care.

This Note is part of a research project an the "natural history" of episodes of care

among Medicare beneficiaries being conducted at The RAND Corporation and the

University of Minnesota. The authors thank Lisa Rubenstein for her helpful comments

and consulting. Daniel Relles reviewed this Note and offered many helpful comments.

His suggestions regarding the demonstration of the predictive capability of the secondary

diagnoses were especially helpful.

The work reported in this Note was supported by Health Care Financing

Administration cooperative agreement 17-C-98891/5-02.
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SUMMARY

One concern with any prospective payment system that bundles payment of

posthospital care with primary hospital care is the possibility that hospital administrators

and doctors will learn to predict which types of patients will require posthospital care.

Since any extra posthospitPl care would have to be paid by the hospital out of the fixed

prospective payment, predictable variation in the use of posthospital care within payment

categories might create an incentive to exclude patients likely to require the most care.

This Note demonstrates that knowledge of a patient's secondary diagnoses provides

additional information about the patient's use of posthospital care beyond that contained

in the principal diagnosis. Unless a small number of secondary diagnoses can be

identified that account for most of this additional variability in posthospital use,

refinement of the cur'rnt diagnostic related group (DRG) system to account for

differences among patients with differing secondary diagnoses will not be feasible. The

study provides concrete evidence that knowledgeable administrators can skim desirable

patients, not only from the current hospital DRG categories but also from categories

defined by the principal diagnoses contained in the current DRG categories.

The results presented are crude, providing a very conservative lower bound on the

success rate of a knowledgeable predictor. The crudeness is due both to the type and

quality of data available for this investigation and to the necessary simplifications

imposed by statistical modeling of such a complex process. The only additional patient

characteristics used to further distinguish between patients with the same DRG and

principal diagnosis are the secondary diagnoses recorded on the Medicare MEDPAR file.

There is evidence that the secondary diagnoses are not reliably recorded, which, if true,

should further reduce the predictive capability of the secondary codes we used. Patterns

of use among patients with different secondary codes am generally consistent with

clinical experience providing evidence that the correlation between certain secondary

diagnoses and an increase in the use of posthospital care is not an artifact of the

haphazard recording of secondary diagnoses. Secondary diagnoses represent a small

portion of the relevant information available on a patient at the time of admission. Other

characteristics, such as the recent use of a nursing facility or home health service, are

expected to be much better predictors of the use of posthospital care.

The analyses were performed separately for the five DRG categories with highest

posthospital use: DRG 14, stroke; DRG 88, chronic obstructive pulmonary disease;
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DRG 127, heart failure and shock, DRO 209, major joint and limb reattachment

procedures; and DRG 210, other hip and femur procedures to patients age 70 or older.

Regression methods were used to assess whether the secondary diagnoses contain

additc'al information about posthospital use not measured in the principal diagnoses.

Models were fit using only the principal diagnoses, and then the secondary diagnoses
were added to these models to determine whether they provided additional information

about posthospital use. Formal statistical analyses give strong evidence against the

hypothesis that the secondary diagnoses are unrelated to posthospital use once differences

related to principal diagnoses are eliminated. As measured by these significance tests,

and the size of the parameter estimates, the secondary diagnoses are most useful for

predicting skilled nursing facility use. Given the relatively large samples available for

this study, rejection of this naive hypothesis is not surprising. Judging by the size of their

estimates and standard errors, most secondary diagnoses do not appear to be related to the

use of posthospital care, but in each DRG approximately five to ten secondaries are

predictive of the different types of posthospital care. (The presence of a secondary

diagnosis can raise the odds of one type of posthospital use while lowering the odds of

another type of service.) Many of these secondary diagnoses, such as diabetes, appear

frequently in all of the DRG categories, and their presence typically has a consistent

effect on the use of posthospital care across the DRGs. Differences in the parameter

estimates for the principal and secondary diagnoses are roughly equal in magnitude.

To indicate the amount of differentiation among patients that is possible using

primary and secondary diagnoses, models were fit to a randomly selected half of the data

and then used to predict the posthospital use in the other half of the data. The range of

differing rates of posthospital use between patients with high and low predicted

probabilities of use is large and should still serve only as a lower bound for the predictive

capability of a knowledgeable investigator or administrator with access to more and better

quality data.
These findings are directed to policymakers considering bundled payment systems,

especially systems that permit voluntary participation. Another possible use for the

results in this Note is to help researchers identify a small set of common secondary

diagnoses that appear to be related to increased (or decreased) use of different types of

posthospital care. More careful study of patients with these diagnosed conditions could

provide a first step toward the creation of more sensitive measures of the access to and

quality of posthospital car.
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L WNROOJCTION

The purpose of this Note is to demonstrate that the secondary diagnoses routinely

reported to the Health Care Financing Administration (HCFA) for Medicare patient

hospital admissions contain additional predictive information about these patients' use of

posthospital services beyond that contained in the DRO classifications and principal
diagnoses. The analysis is based on data contained in a 20 percent sample of all

Medicare hospital discharges that occurred between July 1, 1984, and June 30, 1985.

This file is imown as the MEDPAR file. It has been linked by researchers at RAND to

several other data sources containing information on posthospital use by these patients.

The extended definition of an episode of care (Neu and Harrison, 1986) was used to

determine whether a patient's use of Home Health Agency (HHA), skilled nursing

facility (SNF), or rehabilitation hospital (REHAB) care qualifies for inclusion as

posthospital use. For each hospital admission in the file, the following classification

variables are available: DRG, principal diagnosis, and up to four secondary diagnoses.

Other potential predictors, such as age and sex, are also contained in the MEDPAR file,

but they were not used in this analysis. Indicators of posthospital care provided by a

SNF, HHA, or REHAB are also available for each patient.

A complete analysis is given for patients in DRG 014, stroke victims. This DRG

is used for the principal presentation because these patients account for a substantial

portion of all posdthotal care use. Brief summaries of similar analyses for several other

DRO categories are presented in Appendix A. A terse description of the principal and

secondary diagnoses for DRG 014 is given in Tables 1.1 and 1.2. Th percentages of

DRG 14 patients who use HHA, SNF, and REHAB care are also shown in these tables.

These rates are given for all DRG 14 patients, for patients grouped by principal diagnosis,

and for patients grouped by selected secondary diagnoes. The utilization rates vary

substantially across the secondary diagnoses. Analyses, not elaborated on in this Note,

show that these differences cannot be explained by simple models of variation resulting

from sampling. The fact that the posthospital utilization rates appear to vary more among

secondary diagnoses than among principal diagnoses baed on the range of the observed

rates should not be taken to imply that the secondary diagnoses wil be better predictors

of posdthotal care. Even if posthospital cafe use were completely unrelated to principal

and secondary diagnoses, this phenomenon would still be expected; the greater number of
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second?-, diagnoses increases the expected range of posthospital rates caused by

sampling fluctuations.
The technical sections that follow address the issue of whether the difference in

utilization rates among secondary diagnoses can be explained by their association with
some particular principal diagnoses, or whether they have their own distinct predictive
Ability.

Table 1.1
PRINCIPAL DIAGNOSES

Live Rshlb SNP HHA No
JCD9-.•! Dwcdw Dhdmw Um. % Us% , Uns. M% Us% %
430 Sulmbdchi b.oah-a, 423 2.6 12.4 13.8 702
431 bmbcrnisd bhanodop 2.734 L5 19.4 13.9 53.2
4320 Numm. emadwal hbm. is 0.0 6.7 0.0 933
4321 Subdualbmi emo•u 332 2.1 7.2 9.3 31.3
4329 bwmcuM bm. Mram. 90 4.4 8.9 18.9 67.8
4340 CMhMhmmbasi 6CM56 6&9 15.5 23.2 543
4341 Cuwral embolim 3=257 7.9 11.7 22.w 57.9
4349 Cmwubd utay uo0 . mou. 14."42 & 14.7 22.8 53.7
436 CVA 22,211 5.6 13.2 22.4 539
4373 NamoqmpLamymgmm 179 1.1 4.5 7.3 36.6
7843 AIph"a 161 3.7 9.9 15.5 70.3

TOal 51.155 69 14.1 22.2 56.8

The analysis for DRO 014 is divided into two sections. In the first section, the

relationship between principal and secondary diagnoses is examined. Although these

diagnoses are dependent, the dependence is not very streng. Each secondary diagnosis
does not occur with only one or two principal diagnoses. The differences in rates of

posthospital care use between patients with different secondary diagnoses cannot be fully

explained by differences in the principal diagnosis with which they most often occur.

There is also some weak dependence among the diffent secondary diagnoses. This

dependence arises because up to four different secondary diagnoses can be recorded for a
patient. and someone with any secondwy diagosis recorded is more likely to have some

other secondary diagnosis as well. Patients commonly have two or three secondary

diagnoses, but no pair of secondary diagnoses occuns together with high concordnme.
The second section directly verifies our claim that the secondary diagnoses contain

additional information about use of posthsptal care beyond that contained in the
principal diagnosis. This was done by fitting logistic regrusion models that include
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Table 1.2

SECONDARY DIAGNOSES

Live Rehs& sNF HHA No
CodQ Decilpion Diadmve Umse% Uae, Uue,% Ume.L

V10 Himmy of a m mcphm 793 5.8 15.4 23.2 55.6
V45 hWm Paamsicl saw 894 M4 12.2 20.6 51.8

41 ddie=im 1.962 611 26.7 21.9 45.4
244 Acquired bypoahrmaidim 566 L0 16.8 21.6 53.7
250 Dimsb mulnu 8.416 7.9 14.2 25.2 52.7
276 Dibasd.-.fid, acid balmme 3.353 4.3 19.0 21.0 55.8
278 Obitky 512 9.4 11.7 21.5 57.4
285 Unpecied urn.M.m. 664 3.2 17.5 24.8 54.5
290 Smil & pu•m•b--ef-cGa 933 1.9 19.2 22.3 56
298 NanoqWuic psydaae 56o 2.3 15.4 19.8 61.9
310 Naysyd... mmml--.mi 1.298 2.1 16.9 20.1 60.9
331 Cmibrm desgmeadw 1.218 3.3 14.9 22.2 59.6
332 Pkiam's diume 601 4.3 186 22.6 54.4
342 Hmaipki 10,792 13.7 19.8 22.2 44.3
344 Odhr pdWytic syndmme8 978 7.9 16.6 24.8 50.7
345 DEihpqy 548 5.1 14.4 23.7 56.8
401 BmumWivbypusumic. 12M458 9.1 12.8 23.0 55.0
4M2 Hypumumive bemu diseame 2.610 14 14.1 25.8 51.7
410 Acme uoa" Mfina. 566 11.1 14.1 23.1 51.6
412 Old m1adi inaiim 964 9.3 104 20.6 59.6
413 A*=ir pecamr 987 80 10.2 21.0 60.8
414 Otsh dbmnm. Lad. hbm diL. 6.176 64 13.6 21.9 58.1

(aommu• Admmcbmms)
424 Badaudi.-omrdio ass 897 LIS 13.3 21.1 56.9
426 Cnduucim diurdm 1,129 L. 12.3 25.9 53.8
427 Cau adyjuydnia 7.843 7.9 16.3 21.3 54.5
428 Hanr failu 3,745 5.9 183 23.3 5,2.5
429 Hun dinae--l-defimd 2,419 5.7 14.6 22.0 57.8
433 Pmmubralu occ. & um. 1.959 8.5 L8 21.3 62.1
434 O•mduiaof cmmb mn ty 793 7.3 14.1 24.8 53.7
435 Trulmu cebalkdrnhm. 1.145 2.4 6.4 20.2 71.1
436 Aem obdmovacemw diL. 705 6.7 1667 23.7 52.9
437 OubrcemWoma diu. 2.511 4.8 12.4 23.4 59.3
438 Luffdamcu( umal diu. 1.405 6.5 16.3 23.3 53.8
440 Ahmimcndms 2,021 5.3 12.9 22.5 59.3
443 PmNuiwmavascwar dises 566 9.5 13.1 23.7 53.7
486 Pemormlun i m u-.pm 1.128 4.6 27.3 19.0 49.1
496 Ciffnic U'rWay cadmmc 2.254 6.6 14.2 22.3 56.9
507 a • 642 7.2 32.6 14.3 46.0

599 DimomiL. wby tr. A u urm 5.212 7.1 23.2 23.0 46.7
715 Oue0auois 1.539 6.5 14.4 21.6 57.6
780 Gemal syympmmu 3.0A59 3.8 17.1 19.5 59.6

(atm& amvuiars. a&.)
714 SypL ivol bmd & neok 4.29" 12.4 186 21.3 47.7( -• m dimb)
717 SYMPs laveiv. diumive syL. 673 9.8 25.1 21.7 43.4

(manny WOW*
drffimy)

788 Sy . tVary 0 may 620 68 21.1 26.5 45.6
"sam

Now No nmdmy d& mm 4.476 4.2 9.2 21.7 64.9

terms for the principal diagnosis and the secondary diagnoses to the postspital care

utilization rates. A foimal statistical test of the null hypothesis (that the secondary

diagnoses have no additional explanatory power) was obtained bv comparing the fit of
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these models to that of models that include only the principal diagnoses. These tests are

very significant. The parameter estimates for several of the secondary diagnoses indicate

that their presence substantially changes the odds that a patient will use posthospital care.

This was confirmed by using the estimated models to predict posthospital care for a large

sample of patients excluded while the models were fit. Because the secondary diagnoses

are a poor substitute for the information available to decisionmakers at hospitals, these

models are only a very crude attempt to use the information contained in secondary

diagnoses to indicate the potential gains in predictive capability available to an

administraior with much superior information. The results are intended only as a

feasibility study for someone interested in predicting use of posthospital care using

patient characteristics.



11. CORRELATION AMONG DIAGNOSES

This section analyzes the relationship between principal and secondary diagnoses.
If each secondary diagnosis occurs with only one or two principal diagnoses, then the
secondary diagnoses, as well as the observed differences in use rates for different
secondary diagnoses, could be predicted from the principal diagnosis alone. The results
of this section show that despite some dependence between the diagnoses, no small group
of diagnoses exists that is highly predictive of the presence of the remaining diagnoses.

Since each patient must have a principal diagnosis, the principal diagnosis can be
represented by nd 0/l indicator variables, Dj ,...,D,,4 where nd is the number of
prominent principal diagnoses included in Table 1.1. All other principal diagnoses
occurring in the DRG are represented by setting each Dj ,...,Dnd equal to zero. For some
DRGs, including DRO 14, the other category is very small, so one of the principal
diagnoses was used as the reference so that standard errors would not be misleadingly
inflated. A patient may have several secondary diagnoses, so each of the ns secondary
diagnoses will be represented by 0/l indicator variables, S,,...4,,4 In addition to the
secondary diagnoses listed in Table 1.2, an extra category was created to epresent the
presence of a secondary diagnosis not included in the list of prominent secondaries. The
value of n. is thus the number of secondary diagnoses in Table 1.2 plus one. Up to four
of the Si may be one, indicating that the patient had four secondary diagnoses. Unlike the
principal diagnosis, all of the Si may also be zero (in fact, this happens often), indicating
that the patient had no recorded secondary diagnoses. For DRO 14, nd = 11, and n. = 45.

If each secondary diagnosis is independent of the principal diagnosis, then the
additional predictive capability of the secondary diagnoses is the sae as their predictive
capability excluding the principal diagnosis. For posthospital use data, this means that
the large differences in posthospital use for patients with the different secondary
diagnoses seen in Table 1.2 cannot be explained by differences in the patients' principal
diagnoses. Since the principal diagnosis is a discrete variable with no natural numerical
scale and many observations at each value, the conditional distribution of each secondary
diagnosis given the principal diagnosis was estimated by the sample mean (proportion for
0/l data) for each different principal diagnosis.

Table 2.1 contains the estimated distributions for each secondary diagnosis
conditional on the principal diagnosis. Rows correspond to the presence of a particular
secondary diagnosis, and columns correspond to the different principal diagnoses. Each
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entry is the proportion of patients with the secondary diagnosis from among those

patients with the principal diagnosis given by the column. The conditional distribution of

each secondary diagnosis given the principal diagnoses is given by an entire row in the

table. Although the sample sizes given in Table 1.2 are large, sampling variation can

still produce differences between the estimated proportions. This is particularly true

because for many of the secondary diagnoses, these proportions, snd potentially

important differences between them, are very smalL To aid in the search for secondary

diagnoses that are strongly related to the principal diagnosis, a chi square statistic was

computed for each estimated conditional distribution. These statistics are presented in the

final column of Table 2.1. Under the hypothesis of independence, each secondary

diagnosis has the same probability of appearing given any particular principal diagnosis,

and this chi square statistic should have approximately I I degrees of freedom. A large

value for the test statistic under this assumption is 20.

Examination of these chi square statistics in Table 2.1 conclusively rules out the

independence assumption. Since the proportions are very small, there is some doubt

about the accuracy of the chi square approximation, but a small number of simulations

using the proportions and the sample sizes from Table 2.1 showed that the larger cdi

square statistics do not result from a poor approximation to the null distribution of the test

statistic. The secondary diagnosis showing the greatest dependence on the principal

diagnosis as measured by the chi square statistic is 427, cardiac dysrythmias. The chi

square statistic is large because 48 percent of the patients with cerebral embolism (4341)

listed as their principal diagnosis have a secondary diagnosis of cardiac dysrythmias,

whereas fewer than 10 percent of patients with principal diagnoses of 4320, 4321,4373,

and 7843 have secondary diagnosis 427 listed. The principal diagnosis with which the

secondary diagnosis 427 occurs most commonly has higher than average posthospital

use; the principal diagnoses with which it rarely occus have lower than average

posthospital use. The higher posthospital use by patients with secondary diagnosis 427

can thus be largely explained by differences in principal diagnosis. Similar patterns can

be found for a few of the other secondary diagnoses with large chi square statistics, but
despite the unequivocal evidence that the principal and secondary diagnoses are

dependent, It is not clear whether the dependency is strong enough to explain all of the

variation in posthospital use among the secondary diagnoses in Table 1.2. This judgment

cannot be readily drawn from the examination of Table 2.1 alone, but the more direct

methods presented in Sec. III show that this dependence between secondary and principal
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Table 2.1

DISTRIBUTION OF SECONDARY DIAGNOSIS CONDITIONAL ON PRINCIPAL
DIAGNOSIS

ad
Code 430 431 4320 4321 4329 4340 4341 4349 436 4373 7343 Squuw

10 .011 .015 .118 .015 .012 .017 .010 .018 .015 .011 .25 23.3
45 .006 .013 9 .033 .012 .014 .034 .017 .015 .016 .012 89.5
41 M37 .039 .029 MI1 .02 .033 M 6 £40 .36 .016 .006 2.5
244 .012 .008 .9 .008 .003 .011 .009 .012 .009 .011 .012 13.0
250 .069 .106 .118 .077 .064 .183 .133 .172 .162 03 .153 272.9
276 .072 .055 .059 .067 .052 .061 .043 .067 .074 .079 .0M0 72.6
278 .007 .006 9 .003 .012 .011 .009 .008 .010 .005 .012 17.3
285 .004 .012 .029 £33 .006 .013 .011 .014. .013 .003 A 15.0
290 .004 .008 9 £31 .012 .015 .011 .0=1 £17 .021 .006 62.3
298 £M .007 £9 £36 .006 .007 .007 .010 .011 .005 A 37 45.0
310 .005 .013 .029 .049 .012 .029 .013 .019 A9N .01 .025 119.2
331 .051 .024 £39 MS .017 .024 .012 £6 .019 .058 .037 86.1
332 .005 .007 .029 £13 .003 .012 £05 .013 .012 .003 .012 33.8
342 .7 .148 .059 .056 .093 .260 .192 22 .139 .026 .160 532.5
344 AM .013 .059 .005 .006 A25 .015 .015 .013 AM .012 53.3
345 .006 .011 .£39 M31 .017 .009 .012 .012 .010 M .006 27.2
401 .242 .292 .059 .133 .297 .211 .185 .252 .215 .238 .196 270.7
40 .042 .054 .029 .013 .070 .071 £30 .035 .042 .026 .012 138.6
410 .014 .009 .029 .05 .012 .014 3 .015 .014 .0AM 105.0
412 .009 .010 .029 .005 .012 .017 .AS8 £31 .017 .016 .00M 5B3.
413 .007 .010 £39 .003 .023 .020 £31 .019 .017 .011 .012 34.4
414 £39 .0A3 .059 .077 .081 .174 .139 .132 .136 .079 .049 378.9
424 .014 .011 .£9 .008 .A3 .016 .045 .017 .013 .016 AM 224.2
426 .012 .018 £39 .015 .012 £33 3 6 £30 .016 .018 32.6
427 .129 .144 £59 .0A2 .198 .136 .483 .165 .143 .0A .093 2351.6
428 .040 AM 2 £39 £56 .052 .035 .124 An79 7 .016 .061 189.7
429 .019 .032 .029 26 .039 .043 .060 .045 3 .0AM £35 76.3
433 .014 .011 £9 .015 .012 .09 .061 £30 .£6 .074 .031 391.0
434 .021 .030 A29 .023 .012 .013 .015 03 .£1 .026 .013 231.9
435 .017 .005 .029 .018 .006 .014 436 £3 .019 £33 A98 156.0
436 .017 .033 .029 31 .064 22 .0£1 .019 .003 7 .123 630.0
437 .047 .047 £39 £38 .047 .071 £32 £54 .042 .048 .067 145.2
438 .007 £4 .118 .026 .003 £35 £31 £31 .1 .S 3 .190 213.3
440 .011 .02 £39 .008 .023 .054 £2 £36 .043 .016 .018 103.9
443 M .007 £9 .00 .006 .013 .011 .011 .011 .005 .012 19.6
486 .2 £031 £9 .01 .035 .039 .019 £7 £4 .005 .006 46.8
496 £37 .043 £39 £38 A23 .43 £39 .049 .044 .063 .013 17.7
507 £7 £35 £39 .00A ASS .016 .017 .019 .017 .005 .006 443
599 .075 M90 £39 .067 .076 .092 £17 .102 .100 .03 .049 34.3
715 .010 .£02 .£9 .013 .017 .0o4 £M3 £M4 £39 £4 .05 56.2
780 .090 .01 6 £9 .72 £o7 .0s £38 £o69 £60 .S .074 91.2
754 £35 .045 £39 £38 .017 .06 .090 A15 A67 A0N .04 190.0
787 £M 09 £39 .001 .A0 .014 ADS .012 .13 .016 .A06 25.9
733 .09 .010 £39 .08 .33 .011 .0o7 .012 .011 0M .£31 lU

NOMr Each entry is the psportiom of patients with the secondary diagnosis given by the
low cod& from among those patients with principal dinosis given by the column code, A large
value for the chi square statistic is 20 uder the null hypothsis of no differences.

diagnoses is not strong enough to explain all of the variation in posthospital use among

patients with different secondary diagnoses.

In analogy with the standard regression analysis, tie additional predictive

capability of all of the secondary diagnoses, S1,..., may be due in large part to the

presence of a small subset of the secondary diagnoses. This would be of interest if it
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were true because one of the primary purposes of this Note is to examine the feasibility of

explaining the variability in posthospital use by a relatively small number of categories

such as those used in the hospital DRO classification system. There is no natural

ordering of the secondary diagnoses for performing a sequential analysis for the inclusion
of some, but not all secondary diagnoses. An exploratory analysis was performed instead

to examine all of the distinct pairs of secondary diagnoses to determine if some pairs are

heavily dependent on each other. This dependence could come in the form of pairs of

diagnoses that frequently occur together, or pairs that never occur together.

A two-way table was formed for each pair of secondary diagnoses, and the Yule Q

measure of concordance (Bishop et &l, 1975) was calculated. This statistic is close to one

when two secondary diagnoses occur together with high frequency, and near negative one

when they seldom occur together. These statistics show that the secondary diagnoses are

much more highly correlated than could be explained by sampling fluctuations under a

null model of independence. The nature and magnitude of the dependence is similar for

each pair. The dependence occurs because when any one of the secondary diagnoses is

present, the odds that any one of the other secondary diagnoses will also be present are

substantially increased. Despite this strong dependence, no specific pairs of secondary
diagnoses were linked so that the presence (or absence) of one determined the presence

(or absence) of the other. As a result, no small subset of the secondary diagnoses can be

used to predict the values of all secondary diagnoses.

The dependence between secondary diagnoses may have two sources. The first is

that the presence of a secondary diagnosis may indicate that the patient is severely ill and

is more likely to have other problems as well. The second explanation is that the

reporting of secondary diagnoses in the records we are using is voluntarT, no direct
reimbursement decisions are based on secondary diagnoses. Anecdotal evidence suggests

that reporting practices may vary substantially among doctors and hospitals. The

presence of any secondary diagnosis may then simply serve as an indicator that the

patient was treated at an Institution that was more diligent in recording secondary

diagnoses, and may not be indicative of any special medical condition. This latter

possibility is important because it also provides an alternative interpretation of the

predictive capability of secondary diagnoses. If some institutions record secondary

diagnoses much mom frequently than others, and these Institutions also send patients into

posthospital facilities more often, then the fact that patients with reported secondary

diagnoses use posftspital care more often may be a consequence of reporting patterns

rather than different patient characteristics. Although this alternative interpretation of our
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data does cast doubt on the replicability of the estimated models using secondary

diagnoses obtained from some other data source, it does not account for the substantial

differences in posthospital care use for patients with different secondary diagnoses.

Although reporting incosisec in our data complicate the interpretation of the

predictive value of secondary diagnoses measured from our data, differerces in

posthospital use rates among patients with different secondary diagnoses still appear to be

associated with different physical characteristics of individual patients.
Forming the two-way tables for all of the different pain of secondary diagnoses

requires expensive computer tabulation. Although the principal diagnoses am very
different in each DRG. the more frequently occurring secondary diagnoses tend to be

common to all of the DRG categories. Because the same secondary diagnoses are

prominent for each DRG, we conjecture that the relationship between secondary

diagnoses does not change much for different DRG categories. In light of this opinion,

and the expense involved in forming the two-way tables, this analysis was not repeated

for other DRG categories.
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Il1. MODELS FOR POSThOSPITAL UTILIZATION

Models of the probability of posthospital use as a function of a patient's

principal and secondary diagnoses are described in this section. Formal statistical

evidence is presented supporting the claim that secondary diagnoses contain additional

predictive information beyond that contained in the principal diagnoses.

In its most basic formulation, the question being addressed is whether patients

with the same principal diagnosis but different secondary diagnoses use posthospital

care at different rates. The purpose of the modeling exercise documented in this

section is to explore the enormous number of different combinations of principal and

secondary diagnoses to determine if there are many examples where patients with the

same principal diagnosis but different secondary diagnoses receive substantially

different amounts of posthospital care. In addition to providing an efficient way to

examine many subsets of patients, this formalized modeling process provides a method

for quantifying the size of differences in posthospital utilization rates allowing

comparison of the relative importance of the principal and secondary diagnoses. With

so many combinations of principal and secondary diagnoses, the sample sizes for each

subgroup are fairly small, so differences in the observed rates are to be expected,

because of sampling fluctuations, even in the absence of any mechanism linking

diagnoses and posthospital use. The modeling done in this section also provides

standard statistical tools for assessing the exteit to which the differences in observed

use rates are due to our selection of these larger sampling fluctuations.

A GENERAL DESCRIPTION OF THE MODEL

The notation introduced here is common to all models of the different types of

posthospital care, and for the other DRG categories summarized in Appendix A. Let Y

be a 0/1 variable that represents the use of posthospital care. The three types of

posthospital care, HHA, SNF, and REHAB, are treated separately, with Y representing

use of each type of care. The representation of the principal and secondary diagnoses

introduced in Sec. II is reused throughout this section.

The model that was fit assumes an additive contribution from each principal and

secondary diagnosis to the log odds (logit) of the probability that the patient uses

posthospital care. The model is given by



Logit (P( = I =I. + a1D1 +... +
+Ahs•+... +Aws,.+ •I I

Several features of this model are worth noting. If the Si are excluded, the model just

estimates a patient's chance of using a posthospital service as the proportion of all

patients with the same principal diagnosis who receive the posthospital care,

Logit (P(Y = II DI .... Dd))- =a 0 + aDI + ... . (2)

These proportions, given as percentages, are in Table 1.1. This case involves few

modeling assumptions and yields very similar results regardless of the exact form of the

model. The inclusion of the indicators for secondary diagnoses, however, adds

substaial complexity to the model and requires strong assumptions which are at best

only approximately correc The most important and also most dubious modeling

assumption is that the pir- ence of each secondary diagnosis changes the log odds of

posthospital care use by the same amount regardless of which principal diagnosis is

present, and regardless of whether there are other secondary diagnoses. This is a crude

approximation, since the change in odds given the presence of a secondary diagnosis

might be different depending on the patient's principal diagnosis. This situation is

referred to as an interacion between the secondary and principal diagnoses. When

interactions am presMe the model can merly indicate the direction of the changes in

odds for a specific secondary diagnosis associated with each of the principal diagnoses.

Furthermore, the model can be accurate only insofar as most of these changes are of

about the same size and direction. The model also assumes that the change in odds for

secondary diagnosis Si is the same when it is the only secondary diagnosis as when

there are several secondary diagnoses pesent. This assumption becomes more dubious

as the number of secondary diagnoses recorded for a patient increases. In particular, in

the data used to estimate the model, at most four secondary diagnoses can be present

for a patient, and it would be foolish to extrapolate the model to make predictions when

there are more than four secondary diagnoses presen The likelihood ratio statistic

comparing models (I) and (2) provides a statistic for formally testing the hypothesis

that the secondary diagnoses are not predictive of posthospital use after accounting for
principal diagnosis.

Models that allow for all or many of the interaction terms are possible in

principle, but they are not practical because there are thousands of possible interactions
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for the large number of diagnoses being considered. Not only would this cause

computational difficulty, but even with the large data set available, most interaction

estimates would be based on few or no data. As a crude approximation, a variable

was added to model (1) to indicate whether there was more than one secondary

diagnosis present for a patient. This is a type of average interaction among the

secondary diagnoses. It was included to detect whether there may be a consistent

negative interaction term among secondary diagnoses corresponding to the situation

where the presence of any secondary diagnosis raises the odds of posthospital use, but

the presence of additional reported secondary diagnoses is of little relevance. Let I

represent this common interaction term. The variable I is I if more than one secondary

diagnosis is present, and zero otherwise. Model (1) is then supplemented by I to give

Logit(P(Y = II D,...D,,,Sl .... Sj) =qo + a1 D1 +... + a ,
+P +..-. + +Y (3)

This average interaction term had small estimated values for most of the outcomes and

DRO categories that were modeled. In many cases, the interaction has a positive value

indicating that individuals with many secondary diagnoses may be even more likely to

use posthospital care.

ESTIMATING THE LOGISTIC MODELS

The large number of parameters that must be estimated, and the large sample

sizes available (and necessary to provide accurate parameter estimates with so many

parameters), presented computational difficulties that were resolved by fitting the

models in a two-step process. For the first step, the complete model in (1) was

estimated using the sample linear discriminant estimate of the a's and P's. This

estimator was obtained by applying a very simple modification to the standard least

squares regression estimator of model (1), where the response variable is the 0/1

variable indicating whether each patient used a particular type of posthospital care.
Haggstum (1983) discusses the use of this easy-to-compute estimator as a very good

approximation to the iterative logistic regression maximum likelihood estimator. The

estimated parameters of the secondary diagnoses were then compared with their

estimated standard errors by forming t-statistics. A subset of 13 secondary diagnoses

whose t-statistics showed the most evidence of changing the odds of posthospital care

use were retained for the next step in the estimation process. The estimation was then
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completed using the logistic regression maximum likelihood estimates of the

parameters for the subset model.

Reducing the number of secondary diagnoses included in the model has two
benefits. First, it reduces the computational difficulty and allows logistic regression
estimators to be calculated. Second, and more important, the smaller subset is easier to

explore and comprehend. All of the principal diagnoses are included in the resulting

reduced models. The number of secondary diagnoses retained in the reduced models

depended on the sample size (for computational reasons), and varies by a small amount

for different diagnoses. In addition to the secondary diagnoses with large parameter

estimates, a new variable was formed to indicate when a patient has a secondary

diagnosis (including those in the original other category) that is not among those in the

reduced list.

A major concern arising from an estimation process like this is that the

magnitude of the parameter estimates in the final models, and the corresponding
inferential quantities such as the t-statistics and likelihood ratio statistics, will be biased

in the direction of exaggerating the predictive capability of the secondary diagnoses.
To get some indication of the size of this bias, the 51,165 patients in DRO 14 were

divided into two random, mutually exclusive subsets of roughly equal size. Estimates

based on the first subset are presented in the remainder of this section. The same

procedures were applied to the second half of the data with the results presented in
Appendix B for comparison. The number of patients in DRG 14 is roughly double the

number of patients in the other DRG categories considered in Sec. IV, so the

differences between the two subsets should indicate the stability of the estimation

process for the other DRG categories. For most posthospital outcome variables and

DRO categories, the magnitudes of the parameter estimates and inferential statistics are

much larger than the effect resulting from selecting only a subset of the secondary

diagnoses.

The estimates of the parameters for models (1) and (3) for the HHA outcome

variable are given in Table 3.1. The estimates for model (1). which include all of the

secondary diagnoses, were fit using the sample linear disaiminant and are labeled

"Full." Estimates obtained using logistic regression for a model like that in (3), but

which contains only the 13 secondary diagnoses with the largest t-statistics, are labeled

"Reduced." In general, there is good agreement between the parameter estimates

common to both models. This is because the logistic regression estimator and the
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Table 3.1

ESTIMATED MODELS FOR DRO 14: HHA

FoR RodumdSFi t-UR. am. t-N&.

430 -0.42 -3.43 462 -3.38
431 -0.09 -0.44 412 -1.77
4320 -1.28 -1.67 0.8 4.82
4321 .0.67 -3.19 .099 -3.84
4329 -0.35 431 .013 438
4340 0.10 3.01 0.09 2.10
4341 0.13 1.92 0.06 0.98
4349 0.13 4.36 0.06 2.32
4373 483 -3.14 -1.20 -3.25
7343 -0.42 -1.40 .0.68 -2.10

ViO 0.04 0.31 - -
V4S 0.06 -0.54 - -
41 -. 01 407 - -
244 0.17 1.26 - -
250 0.21 5.33 0.19 4.69
276 -0.05 432 - -
278 .4118 -1.28 - -
235 0.18 1.45 - -
290 .0.20 -1.84 -4)21 -1.80
29 4).02 .0.15 - -
310 .0.09 -1.01 - -
331 am 0.75 - -
332 0.05 0.41 - -
342 O.23 6.49 0.23 6.06
344 032 2.92 030 2.90
345 0. 0.0M -- -
401 0.14 4.21 0.13 3.41
402 0.18 2.63 0.16 2.37
410 0.05 0.39 - -
412 0.06 0.57 - -
413 0.08 0.74 - -
414 00s -1.07 - -
424 408 4).71 - -
426 0.16 1.67 - -
427 4)M -1.23 - -
428 0.10 1.76 - -
429 0.04 0.60 - -
433 414 -1.92 4.15 -1.97
434 0.30 2A58 0.28 2.43
435 414 -136 - -
436 0.24 1.97 - -
437 0.02 0.23 - -
438 0.12 1.33 - -
440 4m00 4 - -
443 0.06 0.41 - -
486 -0.34 -3.47 4X37 -3.40
496 -02 .027 - -
5O7 030 -2.37 .33 -2.37
599 0.12 2.10 0.11 2.15
715 400 -05 - -
730 423 -3.72 -0.26 W3.77
784 0.04 0.67 - -
787 4.11 -0.6 - -
783 0.39 2.91 035 2.Z2
O4-2 464 4M4 490.o

- - 0.02 0.46
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sample linear discriminant am similar estimators for most types of data, and because

the conelation between dzgnoses is low as Indicated in Sec. I.

The estimates for the principal diagnoses given at the beginning of the table

require some additional explanation. Because there were only about 25 patients in

DRG 014 with a principal diagnosis not listed in Table 1.1, these patients were

excluded from the analysis. To provide a more appropriate reference category for the

principal diagnoses estimates, the principal diagnosis with the largest number of

patients, 436 CVA, was used as the reference in model (1). It is indicated by setting all

of the principal diagnosis indicator variables to zero. The parameter estimates for

principal diagnoses measure differences with principal 436, but diffrences between

other primaries can be obtained directly from these estimates by subtracting the

parameter estimates.

Judging by the size of the differences in the parameter estimates, the use of HHA

care tends to vary more with different principal diagnosis than with different secondary
diagnosis. This is consistent with the unadjusted percentages given in Tables 1.1 and

1.2. Judging from the t-statistics, there is still evidence that HHA use varies among

patients with differnmt secondary diagnoses. As indicated by the results in Appendix B,

the larger t-statisktc will shrin somewhat as a result of selection effects when the

estimation process is repeated with an independent replication of the ample, but this

shrinkage does not account for most of the larger values. The change in odds predicted

for patients with different secondary diagnoses can be sbstantiaL For example, a

patient with diagnosis 788, symptoms involving the urinary system, is predicted to be

about one and a half times as likely to use HHA car as a patient with no secondary

diagnoses, and twice as likely to use HHA care as a patient with diagnosis 486,

pneumonia. Although results such as these must be viewed cautiously because of the

crude nature of the statistical models and the selection effects that occur when a small

number of significant parameters ame selected from a lap group of parameters, the

analyses presented here and in Appendix B support the claim that secondary diagnoses

provide meaningful information for predicting HHA use beyond that contained in the

principal diagnosis.
The logistic regression procedure provides a fbimal statistical test of this

hypothesis. The reduced model in Table 3.1, which includes secondary diagnoses, can

be compared with the estimate of model (2). A test that the parameters associated with

the secondary diagnoses are all zero is obtained from the likellhood ratio statisic for

comparing these nested models. Under the null hypothesis, twice the diffrene in the
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log likelihood ratios for these models should be approximately a chi square random

variable with degrees of freedom equal to the difference in the number of parameters in

the models. Twice the log likelihood ratio for the HHA models is 175.98, and the

difference in the number of parameters Is 15, the number of secondary diagnoses plus

the "other" and "interaction" parameters. The test statistic is highly significant. The

degrees of freedom here are too small, however, since the 13 secondary diagnoses were

selected from a list of 44 secondary diagnoses. A conservative way to correct for this

selection effect is to assume that the number of additional parameters is actually that of

the larger model with all secondary diagnoses, but even with 50 degrees of freedom, the

test statistic values arc still far from plausible under the mnll hypothesis.

Note that the role of te additive logistic models in Eqs. (1) and (3) is only to
specify alternatives to the null hypothesis that only principal diagnoses provide
information about posthospital use. Although the ability of the test to detect deviations

from this hypothesis depends on the choice of models in (1) and (3), the validity of the

reported P-values does not depend on these models being correctly specified. The

much more important question of how much additional information is contained in the

secondary diasnoses, however, does depend on the odels specifed In (I) and (3).
The corresponding results for SNF use are given in Table 3,2- The parameter

estimates tend to be larger and have larger t-statistics than for HHA use indicating a

suta dependence on the diagnoses. With the excepion of the two rare principal
diagnoses, tie parameter estimates for the principal diagnoses are of approximately the

same magnitude as those for the secondary diagnoses, indicating ta differences in

SNF use for patients with different secondazry diagnoses is about the same as that for
patients with different principal diagoses. It is interesting to note that the interaction
tem has a positive estimaft that is borderline sufficant. The presence of a negative

interaction term along with several substatally negpaive parameter estimates for some
of the secondary dianoses makes this trm partcularly difficult to interpret. When it
is removed from the model, the remasining parameter estimates chang very little
because of the low correlation of each secondary dignosis with the inteacdon term.

The likelihood ratio statistic, computed In the same way as described for the -HA

variable, is 729.42. This is highly significant regardless of the choice of plausible

degrees of fraedom.
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Table 3.2

ESTIMATED MODELS FOR DRG 14: SNF

Fau Reduced
COd& B.L 10.g Jm.

430 4109 406 421 -0.94
431 0.51 5.62 0.48 6.74
4320 0.12 O.0 0.16 0.15
4321 -036 -1.71 471 -2.16
4329 .03 4-34 4112 -0.27
4340 0.07 3.18 0.14 2.43
4341 -0.27 -1.76 4X18 -2.22
4349 0.13 3.31 0.W7 3.96
4373 444 -1.26 497 -1.90
7843 0.01 0.am 424 -0.59

Soomduy Distooma

VI0 0.23 1.57 --
V45 0.09 O.65 - -

41 0.73 6.64 0.51 5.54
244 0.51 2.99 - -

250 0.13 2.59 - -

276 0.45 5.87 039 5.68
278 .0.1 -1.07 - -

235 0.17 1.07 - -
290 0.37 2.72 - -
298 0.12 0.67 - -
310 0.27 2.34 - -

331 400 -0 - -

332 0.32 188 - -
342 0.63 13.83 0.50 11.31
344 0.44 3.19 - -
345 m0 .0.50 - -
401 00 472 - -

4 0.15 1.85 - -
410 0.11 O65 - -
412 -03 -2.48 447 -2.89
413 42 -1.74 - -

414 0.U3 0.96 - -

424 0.09 G66 - -
426 41 -1.11 - -

427 0.44 320 0.37 7.54
428 0.38 5.40 0.3 5.00
429 0.12 1.44 -
433 4).3 -3.78 m55 .4.62
434 0.06 0.43 - -
435 m5 -3.90 -&a .444
436 0.43 34 - -

437 4.0W0 4M - -
438 40 4038 - -
440 0.04 0,38 - -

443 41 -53 - -
486 0.84 6.79 64 6.23
496 0.11 1.27 - -

5O7 1.41 &.84 0.96 7.92
599 0.4 6&92 039 6.17
715 0.11 I0S - -
730 0.22 2.79 --
734 036 530 0.28 46
717 1.15 7.11 .2 6.36
73 0.51 3.00 - -
Odier 0.10 2.73 O.09 L0

- -- 0.11 2M20
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The results for the REHAB variable are given in Table 3.3. They are very

similar to those for SNF use and no additional comments are included here. The

likelihood ratio statistic for the null hypothesis of additional information in the

secondary diagnoses for REHAB is highly significant with a value of 635.54.

DIFFERENTIATING BETWEEN PATIENTS USING ESTIMATED MODELS

To quantify the ability of the estimated models to differentiate between patients

with high and low posthospital utilization, the models estimated in the previous section

were used to compute an estimated probability of (each type of) posthospital use for the

half of the data excluded when the models were selected and estimated. For each

patient in the excluded data, the estimated probability of posthospital use was

calculated, and then these patients were divided into ten equal-sized groups with

increasing estimated probabilities of posthospital use. Within each of these deciles of

estimated probabilities, the pronrdtinn of patients who actually used posthospital care

was also computed. This process was performed for each type of posthospital use

separately. The results, shown in Table 3.4, confirm that the models divide the patients

into groups of substantial size that have markedly different levels of posthospital use.

The average estimated probabilities in the extreme categories tend to be even more

extreme than the actual observed use rates. Some degradation in the model predictions

of this type was anticipated; this corresponds to the shrinkage of large t-statistics

discussed in the previous section.

There are sizeable differences in the patients grouped by their predicted values,

considerably more than can be obtained using only the principal diagnosis in Table 1.1

to distinguish between patients. The improvements over Table 1.1 are even larger than

first appearances suggest because the principal diagnoses with the more extreme values

are those that occur very rarely, so their estimated posthospital use is much more

variable, and in any case, these diagnoses do not help much in distinguishing between

patients because they occur so infrtuently. A more direct comparison of the results in

Table 1.1 with the categories formed by the predicted values in Table 3.4 was obtained

by computing the posthospital use rames for each principal diagnosis using only the

training set that was also used to estimate the models with secondary diagnoses, and

then these rates were used to predict the rates for the data excluded from the fitting

process. Since there are only a few principal diagnoses, and the patients are highly

concentrated in only five of the principal diagnoses, deciles were formed by pooling
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Table 3.3

ESTIMATED MODELS FOR DRO 14: REHAB

PA Reduced
Cod& It Lt. Et-sWL

430 -0.2 -1.00 -0.67 -1.60
431 0.54 3.17 0.34 3.24
4320 40.72 -0.51 4.L93 -0.41
4321 -0.15 -0,38 4017 -1.48
4329 0.09 0.42 4030 40.40
4340 0.13 1.90 0.13 1.70
4341 0.38 3.50 0.45 4.63
4349 0.46 7.56 0.31 6.52
4373 462 -1.65 -0.70 -0.98
7843 -0.23 -0.06 -.M16 -0.27

Sowndavy Dvmam
VIO 0.01 0.10 -- -
V45 0.29 1.51 - -

41 .0.04 -0.29 - -
244 0.50 2.13 - -

250 0.15 2.64 0.11 164
276 430 -2.88 40.46 -3.54
278 -0.31 -.125 - -
215 -445 -2.06 - -

290 -059 -3.20 -1.36 -3.78
298 442 -1.79 - -

310 -49 -3.16 -0.98 -3.82
331 430 -1.81 - -

332 .05 42024 --
342 1.29 20.70 0.94 16.33
344 4U0 -0.25 - -
345 -439 -1.63 - -

401 0.39 6.63 0.30 S.06
402 0.27 2.33 0.20 1.86
410 0.96 4.09 0.67 3.75
412 0.41 2.22 --

413 0.23 1.28 - -
414 40.17 -2.21 4116 -2.09
424 0.20 1.0L - -
426 0.09 0.50 - -
427 0.14 1.84 - -
421 411 -1.16 - -
429 .0.29 -2.44 .0.37 -2.76
433 .0.21 1.73 - -
434 0.15 0.77 - -

435 -444 -2.53 40.70 -..81
436 0.0 0.a - -
437 415 -1.26 - -
438 -0.8 -M0.50 - -
440 417 -1.34 - -
443 0.22 0.97 - -
486 432 -1.90 - -
496 -401 406 - -
507 0.07 0.31 - -
599 0.0 0.4a9 - -
715 am 0.22 - -
780 4035 -3.33 453 -3.91
734 0.53 5.63 033 4.44
737 4.M2 4a11 - -
738 0.26 1.12 - -

Othw 0.12 2.33 -0.m 425
u-- -- 0.18 2.24
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Table 3.4

PREDICTED AND OBSERVED POSTHOSPITAL UTILIZATION RATES

HHA SNF REHAB

Observed Predicted Observed Predicted Observed Pre•icted
0.210 0.189 0.077 0.079 0.022 0.018
0.239 0.226 0.105 0.102 0.034 0.035
0.248 0.242 0.105 0.114 0.043 0.038
0.264 0.253 0.112 0.124 0.054 0.047
0.273 0.262 0.141 0.128 0.053 0.053
0.271 0.275 0.155 0.140 0.061 0.060
0.278 0.285 0.148 0.150 0.076 0.071
0.295 0.303 0.185 0.167 0.092 0.090
0.300 0.317 0.210 0.187 0.113 0.121
0.325 0.359 0.285 0.258 0.176 0.187

NOTE. The predicted values are based on the models estimated in Sec. HI. The observed
and predicted values are for the half of the data excluded from the model fitting.

principal diagnoses with similar posthospital use and randomly selecting patients from

large diagnoses that must be split to obtain deciles. The upper and lower extreme

deciles based on the principal diagnoses for HHA are 0.220 and 0.292, for SNF the

deciles are 0.124 and 0.192, and for REHAB, the deciles are 0.050 and 0.088.

Comparing these extreme deciles to those in Table 3.4 shows that patients with much

higher rates of posthospital care can be selected from within the DRGs, and substantial

further differentiation of patients is possible if secondary diagnoses are considered.

SUMMARY OF RESULTS FOR OTHER ORG CATEGORIES

This section summarizes the results from the other DRG categories, with

emphasis on comparisons of posthospital use among secondaries occurring in each of

the five DRG categories studied. More complete results for the remaining DRG

categories are given in Appendix A. The main purpose of this analysis is to identify

groups of secondary diagnoses that have consistent trends across different DRO

categories and principal diagnoses. The existence of such secondary diagnoses lends

some credibility to the modeling process and the use of the secondary diagnoses

recorded in the Medicare administrative records. More important, they may be helpful

in identifying secondary diagnoses, or groups of secondary diagnoses, for further study

using data with more extensive medical information.

As part of this analysis, we consulted a clinician experienced in the treatment of

Medicare patients and the assignment of these patients to posthospital care. Each
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secondary diagnosis was assigned one of three ratings for each type of posthospital

care: more likely to use care, less likely to use care, or not related to care decisions.

These subjective ratings, based on medical experience, were then compared with the

results estimated from the Medicare data, and although there were a few disagreemens

(which will be discussed below), the estimated results were generally consistent with

clinical experience. As was expected, most secondary diagnoses do not appear to be

very strongly related to SNF use, but for those that are, the tendency is to increase the

chance of SNF use above that of patients with no recorded secondary diagnoses. The

same was expected of HHA use, and although this was generally observed in the

estimated results, there were more exceptions to this for HHA. An explanation of why

the presence of some secondary diagnoses is associated with less HHA use will be

given below. The results for REHAB use are more mixed than expected, since some

conditions make it unlikely that the the patient will show the demonstrated

improvement necessary for the REHAB to receive reimbursement. A much smaller

number of secondary diagnoses were judged to be significantly related to REHAB use

than the other types of posthospital care. This is almost certainly a consequence of the

fact that the rates of REHAB use are so small that it is very difficult to detect

differences even if they represent a doubling or tripling of the odds of REHAB use. No

systematic attempt was made to quantify the extent of agreement between the

clinician's judgment and the results of the estimation procedure. The goal of this

analysis was to obtain a general impression of the clinica reasonableness of the

estimated models, and to identify unusual predictions from the estimated models that
warrant further examination. A detailed medical interpretation of each parameter in the

estimated models is beyond the scope of this analysis.

The HHA parameter estimates and their t-statistics for the secondary diagnoses

common to all five of the DRG categories are given in Table 3.5. A number of these

secondaries showed consistent trends toward increased HHA use including diabetes

(250), anemias (285), hypertension and related heart disease (401,402). and urinary
tract problems (599). Patients with psychological diseases, especially those related to

identifiable brain degeneration, tended to use less HHA care. These secondaries are not

represented in Table 3.5 (except for diagnosis 310) because they are not common to all

secondary diagnoses. We speculate that the reduced use of HHA care among these

patients results because these patients are so ill that they are seldom discharged to home

care. If this is the case, the models would be correct in identifying these patients, but

our interpration of the negative estimates would be much different. To check if this is
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happening, we estimated an identical model for DRG 209, which had several large

negative estimates, using only patients who were discharged to home care according to

the information contained in the MEDPAR data. Although the estimated parameters

for these secondaries did decrease in magnitude, they remain negative with significant

t-statistics, warranting further study. One possible explanation for this observation is

that the MEDPAR information indicating discharge to home care may fail to reflect the

actual status of these patients because many of these patients may in fact be

institutionalized, but not under Medicare funding, so their institutional status is not

reported in the MEDPAR files.

Table 3.5

SECONDARY DIAGNOSES COMMON TO ALL DRG CATEGORIES: HHA USE

DRG 14 DRG 8 DRG 127 DRG 209 DRG 210

CAde 5g. H -g&.L r. VaIL 1. taaL Est. i-mg. ES. t-CAL

Vio 0.036 0309 0.019 0.194 -0.046 -0376 0.044 0.517 0.163 1.702
V45 4060 -540 4-.212 -1.518 .0.047 -0.603 408 4=238 0.265 1.943
41 4006 41067 0.019 0.230 4017 4147 4119 -1.506 0.021 0.27
244 0.170 1.257 0.220 1.531 0.116 1.469 4134 -1309 0267 1.943
250 0.210 5326 0,194 3.282 0.149 3.785 0.161 3.123 0.099 1.853
276 4050 4123 0.279 4.743 0.179 2.830 -007 -0.096 4X125 -1.864
285 0.183 1.449 0.518 3.975 0.117 1.454 0.177 3.337 .MB 0.529
310 4091 -1.005 0.060 0.579 4 -0399 4746 -4317 4894 -13.2
401 0.14 4.211 -0.059 -1.146 .0.042 -355 0.106 3.160 0.243 5.469
402 0.178 2.681 0.018 0.153 .0.044 4.503 0.191 2.177 0.233 2.262
412 0.061 0.570 .0.144 -1.202 -0.099 -1317 4021 4180 0.113 0.737
413 0.073 '.743 0.064 0.817 -0.055 4851 0.430 4.316 0.110 0.394
414 4047 -1.074 0.010 0.230 0 -1.707 0.5 1.111 .0.069 -1.381
426 0.164 1.670 ,0.064 45.40 4122 -1.740 4114 -I.07 0.166 1.863
427 40052 -1.226 0.269 5.440 0.030 0.864 0.093 1.719 40.082 -1.516
428 0.099 1.759 0.462 11.221 .0.M5 -0362 0.014 0.193 -0.241 -3.933
429 0.041 0.599 0 0 0.011 0.196 0.040 0.566 0.197 -2.738
440 4003 4044 0.233 2.011 0.016 0.179 4172 -1.789 .0.163 .1.885
496 4019 4272 0.217 2.160 0361 6237 0056 0.874 0.854 1.407
599 0.115 2.101 0.490 5.555 0.103 1.234 0.206 3.483 4.093 -1.702
715 40004 4050 0.093 1.007 .0.7 4)214 0.097 1.736 0.646 0.879
780 40.228 -3.723 0.015 0.149 0.428 3,05 0.099 0.954 4046 40.485

Table 3.6 shows the parameter estimates and t-statistics for SNF use just as those

in Table 3.5. The secondary diagnoses with strong positive trends across the five DRG

categories are fluid disorders (276), anemias (285), organic mental disorders (310),

heart diseases (414,427,428), and urinary tract problems (599). Patients with
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Table 3.6

SECONDARY DIAGNOSES COMMON TO ALL DRG CATEGORIES: SNF USE

DRG 14 DRG 88 DRG 127 DRG 209 DRG 210

Code E. tM. .E -mA. Em i- EtL -MaL EsL V-KaL

vio 0223 1.568 4675 -2.150 -0.294 -0M97 -0.119 -1.017 0.060 0.820
V45 0.091 0.651 -am223 -0.50 0.007 0.032 -0.07 -0.168 0.024 0.170
41 0.729 6.642 0.229 0.896 0.556 1.800 -0.059 -0.543 -0.027 4.0339
244 0.509 2.939 0.227 0.499 0.170 0.498 0.043 0345 0.033 0.538
250 0.129 2.586 -0.060 -0321 .0.264 -2.500 0.157 2.226 -0.019 -0.338
276 0.450 5.874 0.790 4.189 1.071 6.303 0.452 4.651 0.169 2.446
235 0.170 1.068 0.867 2.098 0.069 0320 0.147 2.023 0.115 2.096
310 0.267 2.344 1.890 4339 1.951 5.827 0.942 7.681 0.135 1.939
401 -0mi -0.718 -0.25 -1.570 -0.0 -1.736 -0.109 -2362 a 0.030 -0.650
402 0.155 1.846 40307 -042 -0.472 -2.004 0256 2.135 0.317 2.999
412 -0335 -2.478 -0-57 -1.526 -0.045 -0.225 -0.111 -0.702 0.009 0.063
413 -0=32 -1.738 40493 -1.977 -0.362 -2.089 -0.271 -1.983 0.226 1.781
414 0.053 0.959 0.077 0.553 -0.06 4963 0393 5.851 0.147 2.380
426 -0.137 -1.106 4787 -2.108 0.20 -1.090 0.014 0.115 40.103 -1.124
427 0.441 3.201 0.531 3.3M3 0325 3.462 0.392 5.30 0.309 5.561
428 0382 5396 0.467 3.577 0.448 1.092 0.566 5.765 0.146 2.316
429 0.124 1.441 4492 -1.961 41.154 -1.046 0.092 0.946 0.141 1.914
440 O.036 0384 4020 -0.054 0.314 1.319 0.198 1.507 0.034 0.379
496 0.110 1.269 0.310 0.972 0.668 4.295 0.191 2.174 -0.047 4760
599 0.480 6.916 1.233 4.415 0.144 0.641 0.290 3548 0.134 2.392
715 0.108 1.028 0.025 0.036 0.302 0.879 0.000 -0.006 0.063 0.833
780 0.216 2.793 0.9P4 2.917 -0M40 -1.431 -. 072 .0.511 0.052 0.541

psychological diseases related to identifiable brain degeneration were also consistently

high users of SNF care.

As anticipated, the presence of brain diseases, 290, 310, and 331, decreased the

use of REHAB care. The presence of Pakinmon's disease in DRGs 209 and 210,

however, is an unexplained exception to this trend. The estimates for REHAB care for

the common secondary diagnoses are given in Table 3.7.
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Table 3.7

SECONDARY DIAGNOSES COMMON TO ALL DRG CATEGORIES:
REHAB USE

DRG 014 DRG 209 DRG 210
Secondary Parameter t-su. Parameter t-sta. Pareter t-sta

Code Esimate Esimate Estimate
VIO 0.020 0.103 0.082 0.301 0.155 0.565
V45 0.290 1.511 0.316 0.849 -0.011 -0.029
41 -0.044 -0.291 -0.037 -0.148 -0.247 -1.104
244 0.497 2.134 -0.234 -0.718 0.220 0.556
250 0.180 2.642 0.166 1.010 0.236 1.535
276 -0302 -2.882 0.241 1.062 -0.041 -0.211
278 -0.311 -1.248 0.535 1.906 0.225 0.824
285 -0.450 -2.065 -0.044 -02.58 0.138 0.899
290 -0.594 -3.199 -0.752 -2.344 -0.766 -3.386
310 -0.493 -3.162 -0.289 -1.008 -0.365 -1.873
331 -0.305 -1.813 -0.846 -2.051 -0.149 -0.446
332 -0.055 -0.238 0.716 2.035 1.231 4.057
401 0.387 6.630 0.104 0.966 0A35 3.402
402 0.267 2.331 0.237 0.847 0.044 0.148
412 0.411 2.221 -0.121 -0328 0.058 0.142
413 0.233 1.280 0.115 0.361 -0.366 -1.032
414 -0.166 -2.214 -0.073 -0.467 -0.061 -0.424
424 0.195 1.032 -0.314 -0.849 0.299 0.926
426 0.086 0.504 0.151 0.543 0.255 0.992
427 0.135 1.838 -0.027 -0.156 0.024 0.154
428 -0.112 -1.162 0.085 0.368 -0.239 -1353
429 -0.287 -2.440 0.669 2.935 0.221 1.069
437 -0.146 -1.263 -1.172 -2.916 -0.277 -0.883
438 -0.075 -0.500 1.306 3.338 0.702 2.108
440 -0.172 -1.339 -0.065 -0.213 -0.025 -0.100
496 -0.007 -0.062 -0.003 -0.015 0.157 0.901
599 0.046 0.490 0.249 1.306 0.031 0.198
715 0.031 0.218 -0.032 -0.177 0.271 1.282
780 -0352 -3328 0.573 1.734 0.296 1.091
788 0.259 1.123 -0.191 -0.592 -0.152 -0.475
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IV. SUGGESTIONS FOR FURTHER RESEARCH

The primary technical difficulty posed by the study of principal and secondary

diagnoses is the overwhelming number of categories and possible combinations of

categories. Rather than attempt to improve on the current research with even more

elaborate statistical models, future work needs to focus on the use of medical expertise to

reduce the complexity of the current models. Despite the use of "other" categories, and

the relatively crude nature of the principal and secondary categorizations, the results from

the present models still do not produce a manageable summary of this large database.

More useful, and likely to be more reliable, sets of predicting equations could be formed

using techniques similar to those used in this Note, but applied to a much coanrer
grouping of the secondary diagnoses. The number of such secondary diagnosis

categories should be at most 10 or 15, and they must be formed to contain medically

related conditions. (The results presented in this Note may be of some help in forming
these categories, but the decisions should be dominated by clinical experience.)

There are several advantages to this approach over the current presentation. Aside

from the fact that there would be many fewer estimates for a researher to consider, the

coarser groupings of secondary diagnoses would be common to each DRO (and most

principal diagnoses), making the comparisons of secondary diagnoses for patients in
different DRG categories much simpler than in the present work where many secondary

diagnoses appear in several, but not all, of the DRG categories under study. In this Note,

the most frequently occurring secondary diagnoses were determined separately for each

DRG and used in the modeling of posthospital use. These selection criteria resulted in

substantial undesirable variability in the secondary diagnoses that were modeled for each

DRG.

Another advantage of coarser groupings of the secondary diagnoses is that it will

permit more careful examination of possible interactions between the secondary and

primary diagnoses, and may allow formal testing for differences in the effects of

secondary diagnoses for patients in different DRO categories. This is likely to result in
more reliable and medically plausible predicting models.

One primary weakness of the results presented in this Note is the questionable
reliability of the recording of the secondary diagnoses for each patient. Although it was

possible to check the validity of the models' fit in this Note by predicting posthospital use

for patients in our database, this check was not very useful for determining whether some
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of the differences among secondary diagnoses were simply record keeping anomalies.

This approach would also failto measure how much larger differences might be if

accurate secondary information were u.sed. Other data sources are needed to perform

useful validity checks. Since they would not have to be used for reestimating models,

other data sources can be much smaller than the MEDPAR files. One possible source of

such data is the Kane study of posthospital use currently being conducted at the

University of Minnesota. Another possible source is the DRG study currently being

conducted at The RAND Corporation, although it may be more difficult to obtain

necessary follow-up data after hospital discharge. There may also be difficulty identifying

chronic conditions often indicated by secondary diagnoses from the hospital medical

chart information collected for that study.

A more complete dataset, such as the one being collected at the University of

Minnesota, may also be helpful when trying to interpret some of the estimated

coefficients, especially the negative estimates for home health use. Obtaining more

accurate information on the institutional status of patients using such care is much more

desirable than attempting to explain such values by more complex and fragile statistical

models, such as multinomial logit models that attempt to model each type of posthospital

use simultaneously. Such an approach would be particularly difficult to apply in the

posthospital utilizaton setting because numerous patterns of joint use are possible. For

"example, it is quite feasible for a patient to enter a REHAB facility, then to be discharged

to further care in a SNF, and then to return home with follow-up care from an HHA.
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APPWeIx A
RESULTS FOR THE OTHER DRO CATEGORIES

DRG 88: CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Patients arm admitted into DRO 88 on the basis of their principal diagnosis.

Most suffer from bronchitis, emphysema, or otherwise unclassified airway obstruction.

As shown in Table A.I, almost 70 petv-sit of our sample had a principal diagnosis of

49600, chronic airway obstructi n,. elsewhere classified. This provided a natural
point of reference for posthospital care use among the remainder of the patients, and it

was used as the reference on which the principal parameter estimates were based.

Principal diagnoses 50640 and 50690 were excluded from the regressions, as they have

only three patients each, none of whom used posthospital care.

Table A.1

PRINCIPAL DIAGNOSES: DRG 88

Uve REHLAB SNF HHA No
Cod& Ducdw Disdm Uu. Use, Us, % Ue, %

49110 MWim%=V1Wdudad 164 0.0 1.2 21.3 77.4

49120 Obmuuaive chdnic beman•is 4.775 0.1 1.1 15.7 13.2
49180 od chradcIm uI- 124 0.0 0.0 11.3 8L.7
49190 Unqmffwd cdnic branabis 460 0.0 0.7 V7 90.7
49200 BnqISy 1ma blab 213 0.0 1.9 13.3 79.8
49210 Otheremhye m 3.652 0.2 1.6 18.4 79.8
49400 BMndkeands 958 0.1 0.6 14.5 14.8
49600 Casmc auway obstmaco an 24,233 0.1 1.5 18.0 10.4
50640 omoic oq - d

due o Fm md vWa= 3 0.0 0.0 0.0 100.0
50690 U- ",, -•s,,my

cmdimm A. m fu n. mnd
repor 3 0.0 0.0 0.0 100.0

TO 3459 0.1 1A 17.5 31.0

DRO 88 differs from our other DRO categories in that its paties make

relatively little use of any type of posthospital care. Only 19 percent use posthospital

car as opposed to about 57,54,41, and 22 percent for DRG categories 14,209,210,

and 127, respectively. Home health care accounts for the vast majority of all
posthospia- came used by DRG 88 patients. On average, 17.5 percent of patients use

HHA care. Only 1.4 percent use SNF care, and 0.1 percent use REHAB care. The fact
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that so few DRO 88 patients use REHAB care means that the regression techniques that

we used for DRG 14 cannot be used to distinguish differences in REHAB use between

patients with different secondary diagnoses. Even if a patient's chances of needing

REHAB care increase from 0.1 percent to 0.2 percent which represents a doubling of

the odds of REHAB use, this is not a particularly re-vant increase for our purposes.

Such changes, if they exist, cannot be detected with our statistical methods, even with

the large sample sizes available to us. As a consequence, we present analyses for HHA

and SNP care only.

Table A.2 shows the perenrtages of patients using posthospital care for each

secondary diagnosis. Diagnoses assigned to at least 350 patients, plus a few assigned to

at least 300 patients, are included. Home health care use varies from 12.8 percent for

patients with diverticula of the intestine (562), to 28.6 percent for those with bone and

cartilage disorders (733). SNF care ranges between 0.3 percent for patients suffering

from obesity and other hyperalimentation (278), and 4.3 percent for patients with

specific nonpsychotic mental disorders resulting from organic brain damage (310). As
with Table 2.1 for DRG 14, some dependence between secondary and principal

diagnoses is evident, but far less than would be needed to explain most of the variation

among secondary diagnoses. The secondary diagnoses with the most extreme values of
posthospital care are evenly distributed among the different principal diagnoses.

Examining Table A.3, other trends among secondary diagnoses are evident.
There is a strong positive correlation between HHA and SNF care; secondary diagnosis

categories whose patients use much of one type of care tend also to use the other type
frequently. Patients suffering from heart ailments, bone and cartilage disorders,
anemias, and urinary tract problems used relatively mor posthospital cam; those
suffering from obesity or with respiratory problems such as asthma, emphysema, and
bronchitis used relatively ittile The regression analyses confirmed these differences

even after the adjustment for differences in principal diagnosis. Of the diagnoses
relating to heart problems, 416, 427, and 428 all have statistically significant increases

in a patient's chance of using both HHA and SNF care. This finding is paricularly

strong for diagnosis 428, heart failure, which has a t-statistic of 10.17 and an estimate

of 0.45 for HHA care use. Bone and cartilage disorders (733), and other disorders of

the urethra and urinary tract (599), also had strong positive effects on both HHIA and
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Table Al2

SECONDARY DIAGNOSES: DRO 88

Live REHMB. SNP IOU NO
Clode Deacr~iptim Diadau Use, % Uusk % use. Use. %
VIO Naomd izoory df u* no%"=pl 756 0. 0M 16. 32.5
V12 Personlbiag~yofcsarnabmdr Asemuss 363 0.0 1.1 17.4 31.5
V45 0mbwposmrwickaS 366 0.0 0.3 13.4 35.3
041 DooAis imuh.m Mei Coan=di

dlmssifled A - I- brn d of
wompudflhd 1do6 0. 1 2.0 13.3 79.7

162 Malipu n~mwm. of - am,
hnbiuoauhmdlog 373 0.3 1.1 23.6 75.1

244 Acquiredbhypofbydudim 343 03 1.7 21.0 77.0
250 Dibmmm=aion 2.163 0.0 1.3 19.6 79.1
276 Disonlhu of Odd. docueiyw.

and acd-ubomeIDM~ 2A40 0.1 2.9 21.4 75.7
273 Obesiy mid cebbw yhlmlhiimmoomio 385 0. 0.3 13.2 36.5
235 0mb. and unspecified enmies 418 0.0 2.9 24.9 72.2
300 Nouroic isomidm 919 0.3 1.5 17.6 30.5
310 Sefcnomqiydmoicaiamail

disorders Ac to cqIini brain duammge 376 0.0 4.3 18.6 77.1
311 Deipresivedisodemda~c 445 0.2 1.3 21.6 76.4
401 Enuiiabypwmtmm 2.831 0.2 1. 16.3 32.
4M2 lypermamsiv barn assmes 539 0.2 0.9 17.1 31.3
412 Old mycomnliul infuarcion 50o 0.0 0.4 14.9 34.3
413 Auginsa pectos 1.201 0.0 06 17.3 31.6
414 0mb. famns fchidmuic iscimmic

bomdaem 4.442 0.0 1.4 17.6 31.0
416 Cammc pubmaweybandmtduaf 2.275 0.3 2.3 22.6 74.3
426 Camihboonam , Pe 551 0.2 0. 167 32.
427 C icmdy~urbdmnii 3.516 0.2 2.2 21.2 76.5
423 Hainufailor 4,942 0.1 2.1 23.5 74.3
429 111deihsd dwedpam and

comaplicaimus of been, diseae 1.262 0.3 0.7 17.3 31.1
440 Azbmirwhmit s 569 0.2 1.1 20.2 73.6
46.1 Aa. upper umphsamny infecai

of avluipicor mepecdfied do" 460 0.2 1.3 16.3 M2.
466 Ashudmme ra"ad bomdjicoit 2,393 0.1 1.2 166 32.1
486 P ,ami ,oarsamm mapdwd 1ion 0. 2.6 18.9 7385
490 Bronchitis, ma specifhd ma amu

ordwami 622 0.3 1.3 14.0 33.9
491 Cbeooicbronchitis 798 0.1 1.1 17.0 31.7
492 Emhupyma 633 0.0 1.7 14.4 33.9
493 Asduma 1.44 0.1 0. 14.4 34.7
496 abumic airwy obiiumcdom, am 755 0. 1.5 13.0 304
515 potethflmumamoy puamamary Swamis 544 0.4 1.5 14.7 33.5
513 Other ema 325fbtsu 0.2 1.7 17.7 30.4
519 0mb diuiofresiratormy NY 11500 0. 0.9 14.5 34.6
530 Dimmamme ofgeoilmq 435 M. U. 15.3 33.5
535 Chwakiumiad duodun562 0.0 1.2 13. 30.1
553 Od. h..uh o iabdominal caviry

502w s 0.0 1.0 13.9 85.1
561 Dkwcubofimmudme 366 0.3 1.4 12.3 35.5
599 Other 1 d, m i I di & ofMh siey ama 967 0. 33 24. 72.0
715 0seomdwmih s ad affieddhs 3- 0.0ss C 1.3 13.9 79.8
733 Ober di I rd of bow hansd carilage 966 0.1 2.6 23.6 63.7
73 Gmaud y q ,m 672 0.3 3.0 13.3 78.4
736 SYW*UM ifivolvhng .upizua

sysam and odbo chan @ uyi 4.299 0.2 1.3 16.1 32M
799 Ma M~ U.dolmd adi...

- ciahdady md
i - ..- 3,617 0. 2.4 222 75.3

Told 34.595 U. 1.4 17.5 31.0
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Table A.3
ESTIMATED MODELS FOR DRG 88

HHA SNF

Code Est. t-Lm. Ex t-str

49110 027 1.32 -0.10 -0.13
49120 40.14 -3.07 -0.32 -2.03
49180 4).43 -1.44 -5.98 -0.65
49190 -0.78 -4.37 -0.39 -0.78
49200 0.03 0.14 0.02 0.03
49280 0.02 0.36 -0.01 -0.04
49400 -0.20 -2.06 -0.89 -1.96

V10 - - -1.05 -1.81
162 0.51 3.80 - -
250 0.19 2.96 - -

276 0.30 4.88 0.69 4.44
278 -0.37 -2.24 - -
285 0.54 4.35 - -
310 - - 1.12 3.99
413 - - -0.92 -2.23
416 0.26 4.38 0.56 3.47
426 - - -1.24 -1.75
427 0.25 4.63 0.49 3.27
428 0.45 10.17 0.44 3.39
486 - - 0.44 1.93
493 4-.14 -1.69 - -
519 -0.21 -2.57 - -
599 0.45 5.42 0.90 4.47
733 0.71 8.31 0.78 3.32
780 - - 0.59 2.28
799 0.34 6.86 0.57 4.14
Oilier 0.16 3.76 0.36 2.48
Imsd 40.08 -1.57 -0.13 -0.87

SNF use. Anemias (285), while having a measurable effbct on HHA care use, did not

appear to be predictive of SNF use.
The chi square tests for the hypothesis that secondary diagnoses cany no

additional information about HHA or SNF use were highly significant with chi square
values of 379 and 282. A chi square value laer than 75 is eumely unlikely.



-31-

DRO 127: HEART FAILURE AND SHOCK
Heart failure and shock patients are admitted into DRO 127 on the basis of their

principal diagnosis. The vast majority, 85 percent, suffer from congestive heart
failure, as shown in Table A.4. This principal diagnosis was therefore used as the

Table A.4
PRINCIPAL DIAGNOSES: DRG 127

Live RBHAB SNF lilA No
Code Duscripio Disdmare Use, S Uue se , Ua% use.
39691 Rhasonswic cnestuive bond faifur 323 0.0 1.5 23.5 74.9
40201 Mpmbyu me

with congestive bean More 186 0.0 0.5 23.1 76.3
4mi I Daip byperimadve beent dieaem

WAb aoseuive bunt falue 590 0.0 1.7 19.2 79.2
4M91 Unsecfid hyposieim how bendeem

WMh Congemstv heart faissio 4094 0.1 1.9 2D.3 77.7
42800 Congustive been fail. 73.141 0.1 2.1 20.2 77.5
42810 lAft buitfdhuret 7A067 0.0 2.1 13.2 79.7
42390 Unspecified beun More. 456 0.0 3M 19.3 77.2
78550 Unspofid dock Wahout senion~

of87os 1.1 4.6 14.9 79.3
71551 Cuwlqeuc$ d~ock whMa umubmm

ovauses 121 0.0 2.5 9.9 37.6
73559 Other dock withotsommossori fuaw 515 0.6 7.6 14.0 77.9

Toad 91.533 0.1 2.1 20.0 77.7

reference for comparing the other principal diagnoses. The broader three-digit category
of heart failure (428) describes 93 percent of DRO 127 patients. Since there is very

little variation in the principal diagnosis among the DRO 127 patients, the differences

in posthospital use among patients with different secondary diagnoses, shown in Table
A.5, can be more safely attributed to the secondary diagnoses thant to the dependence of

secondary diagnoses on the principal diagnosis. DRO 127 patients make relatively
little use of any type of posthoqpital care compared to all the other DRO categories

studied except DRO 88. Home health care is most frequently used, averaging 20

percent, with a range of 9.9 percent for cardiogenic shock patients to 23.5 percent for
rheumatic congestive heart failure patients. SNF care use averages only 2.1 percent
and REHAB care only 0. 1 percent Because ther is so little REHAB use, analyses
were not performed for this type of poutbospital care.

Table A.5 shows posthospital care use for each secondary diagnosis assigned to

at leas I MXX live discharges, plus a few assigned to at least 800. Home health care
ranges from 16.9 percent for patients with old myocardial infarctiow (412), to 27.2
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Table A.5

SECONDARY DIAGNOSES: DRG 127

Live REHA SNF HHA No
Deseuilsio Disoebr Us Use U . Ue. % Us% Use, %

VlO Perul hist. of maignmt neoplasm 1,334 0.0 1.3 20.0 78.2
V45 Other poamurgic saman 3.510 0.1 1.6 17.8 80.5
041 Bacteial infecion coadisions

clessified esewese and of
unspecified size 24052 0.1 5.2 25.9 61.9

244 Aehnd hypothyoidism 1242 0.1 2.5 22.5 75.0
250 Diaba mesflims 16.916 0.1 1.7 21.7 76.4
276 Disoiders of fild, electroyte,

mad acid-base balance 5,113 0.1 4.0 21.7 74.2
278 Obesity & otber bhypusem tsation 1.264 0.1 0.6 17.2 82.1
2810 Ion deciency anamis 1.930 0.0 2.2 22.1 75.3
285 Other& Aunspecified uanima 3,26 0.0 2.1 22.2 75.0
310 Specific nonpsychosic mental

1is e dwe to lorganc brain dmnag 1,36 0.1 6.3 21.7 72.0
401 Busetisl hypestessiou 9,492 0.1 1.4 19.0 79.5
4M Hyp taive hear disease 2,655 0.0 0.9 17.7 31.4
403 H -.uemive ae]d disýe 897 0.0 3.0 22.3 74.7
411 Oherasome and wbacme forms of

isebmic heart disee 3,231 0.0 1.0 20.8 78.1
412 Old myocwdial infacion 3.773 0.1 1.1 16.9 81.9
413 Agim pectois 5.395 0.0 1.3 11.3 80.4
414 Odie foans dumic isdunric

beendiseae 28.111 0.1 1.9 19.0 79.0
416 Cmausic puhmiesy bean disease 996 0.0 1.4 22.8 75.8
424 Other diseases of adocrdium 5277 0.0 1.9 193 73.8
425 Cardiamyopashy 5,473 0.1 1.6 20.4 73.0
426 Camduaima disondass 4,518 0.2 1.7 1&.1 30.0
427 Cudisa dywhythmias 25,517 0.1 2.2 20.2 77.5
421 Hewfalm e 312 0.1 2.4 19.2 7M.3
429 m-1edfned desuiptiom &

complicuaiow beaoh disese 7,69 0.1 1.9 18.9 79.1
437 Other mad M.defined

al owasular disease 1,226 0.3 3.9 21.4 74.4
438 Lac effect aofc osaalardisease 1,144 0.3 4.5 26.4 68.4
440 AdAMsdercsis 2,836 0.2 2.2 19.0 7&.6
443 Other peuiphend vasculardisese 1.231 0.1 2.5 22.3 75.1
466 Acuse bmndaitis and bromddialiis 2,112 0.0 2.5 18.5 7&.9
491 Chronic hmadhiis 1,319 0.1 1.8 18.9 79.2
492 ]nybysuna 13" 0.0 1.8 19.2 79.0
493 Asthma 1.1• 0.0 1.9 18.8 79.3
496 Oeawc ahway obsbuctim a c 11,776 0.1 2.0 20.6 77.3
511 Pbuoday 6.3M2 0.2 3.3 23.3 73.2
514 Padunmiay cmgestion mad hyposuasis 1.030 0.2 2.5 22.4 74.9
513 (.-r disease ofim 1,099 0.2 2.6 20.9 76.3
585 Chroimc =ami f'loe 2,734 0.0 2.9 19.1 77.9
516 Roadl fMsu. umpecified 1.264 0.1 4.1 23.6 72.2
593 w erdisudem of kiduey nd w 1e307U 0.1 2.7 22.2 75.0
599 Oder discusers of umthm md

minsy raut 5,406 0.2 5.0 25.8 69.0
715 Osmaouih s mad adied disords 3,110 0.1 2.3 21.9 75.7
730 Gmul symptom 1,257 03 2.5 21.0 76.2
782 Symptoms invving ukin mad other

. egaaaay Use.. 1,004 0.0 2.9 27.2 69.9
736 sYuPlos il",40vmg esPinaoly

sys. mad tuherchest symptm 1,377 0.1 1.4 19.7 7&.8
789 Oether y uwvdlng abdomme

md pelvis 1.119 0.2 2.3 22.3 75.Z
790 Nompecific fdings am

eumitio•of blood 1,404 0.1 2.6 21.2 76.2
79 Otr fl-deedmand admnown ems.

of mobdity and motalky 1,144 0.4 3.9 24.7 71.0
Tawl 91.588 0.1 2.1 20.0 77.7
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percent for those with skin diseases (782). An analysis of the relationship between

principal and secondary diagnoses, like that given in Table 2.1 for DRG 14, shows that

secondary codes 428, heart failure, and 599, urinary tract disorders, are frequently
assigned to shock patients, who use the least HHA care. This dependence explains
some of the association between the secondary diagnoses and posthospital use, but

appears to be an inadequate explanation for the differences in most of the secondary

diagnoses. To obtain a more formal assessment of this statement, standard regression

analyses were used.

The regression results are summarized in Table A.6. Secondary diagnosis 428

does not have much predictive value for HHA aside from the principal diagnoses
associated with it and is not included among the parameters with significant t-statistics.

Diagnosis 599, on the other hand, rather than being explained by the effect of principal
diagnoses, acts very powerfully and to some extent counters the principal diagnoses'
negative effect on HHA care use. Urinary tract disorders have the most significant and

one of the largest effects on HHA care use of the 13 secondaries we measured. its t-

statistic is 6.85, with an estimate of 0.41. Pleurisy, secondary diagnosis 511, has the
largest t-statistic for HHA care use and also has a positive effect.

DRG 209: MAJOR JOINT AND LIMB REATTACHMENT PROCEDURES
Of DRG 209 patients, 28.6 percent use HHA care, more than in any of the other

four DRG categories analyzed. In terms of SNF and REHAB care, they fall in the
middle range: 15.2 percent and 2.2 percent, respectively. use these types of care.

Unlike he other DRG categories we have analyzed, DRG 209 is procedure-driven. It is
assigned not according to principal diagnosis but according to whether at least one of a

number of procedures has been performed on the patient. For this reason many
principal diagnoses are represented among DRG 209 patients. Nevertheless, some are
much more common than others, and they are listed in Table A.7. Those not listed

constitute the "other" category, and they are used as the reference for principal
diagnoses in the logistic regressions. Principal diagnoses may be conveniently grouped

into fracture and nonfractur cases. Patients with fractres tend to use more REHAB
and SNF care, and less HHA care.



-34-

Table A.6

ESTIMATED MODELS FOR DRG 127

HMA SNF
Code ESL t-HaL Es. t-smaL

nIMw DWMKsu
39891 0.38 1.62 -0.11 -0.15
40201 0.20 0.65 -0.35 -0.34
40211 -0.24 -1.22 0.02 0.03
40291 0.10 1.41 -0A8 -2.05
42810 -0.13 -2.19 0.09 0.60
42890 4-.19 -0.84 0.65 1.53
78550 -0.66 -1.24 1.17 1.90
78551 -2.30 -2.30 1.17 1.90
78559 -0.41 -1.93 -5.56 -0.60

Secondary Diamnoses
250 0.17 3.97 - -
276 0.21 3.37 0.84 6.62
278 - - -2.03 -2.02
310 - - 1.13 5.56
402 - - -0.69 -2.04
411 0.17 2.11 -0.71 -2.19
413 - - -0.62 -2.56
414 -0.05 -1.27 - -
426 -0.12 -1.59 - -
427 - - 0.30 3.38
437 - - 0.59 2.11
438 0.32 2.64 0.98 4.00
443 - - 0.75 2.97
496 0.13 2.82 - -
511 0.36 6.49 0.60 4.53
514 0.28 2.13 - -
586 0.26 2.31 - -
599 0.41 6.85 0.96 7.78
782 0A3 3.36 - -
799 0.37 3.66 0.71 3.22
Oher 0.13 2.66 0.49 3.09
Interact -0.10 -2.01 -0.26 -2.52

For each secondary diagnosis, the propensity to use posthospital care is given in

Table A.S. Home health care use ranges from a low of 13.2 percent for patients with

senile and presenile organic psychotic conditions (290), to 36.6 percent of patients with

angina pectods (413). Patients with mental problems tend to have low HHA care use,

whereas those with varous types of heart disease use slightly more than average.
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The analysis of the relationship between principal and secondary diagnoses

shows stronger and more easily interpretable correlations in this DRG. For example,

accidental falls, secondary diagnosis Egg, typically resulted in classification into one of

the fracture categories. All four of the mental disordeus (290, 310, 331, and 332) are

also correlated with fracture cases. Even when adjustment is made to account for

Table A.7

PRINCIPAL DIAGNOSES: DRG 209

Lie REHMA. SNP HHA No
Code Descrivsio Diac. UMSe. Use,. Use, Use, %
71515 Localind outaouduopuhy,

idiqsahie, pelvic easim md 553 0.90 3.50 21.57 62

71516 Lacalized oaesatkupathy,
idiephic. lowe leg 705 1.99 4.40 32.34 61.28

71535 Ossew , oalized, na
specific wbhedrprincipal or

1ec-ud.ry. pelvic ugmu md 1,700 1.13 7.12 25.59 66.12

71536 sosta niuis. localiz•d.
pecif�c ewbdrpndcip•l or

MINoday, lower le 2,056 2.33 5.70 2L.21 63.76
71595 Oteoudusia, mupecified

,buedw Smmliamd or
localid, pelvic pmon md 4,128 1.62 640 29.46 625

71596 Owuoudnusia, mpecified
wmuerm emliwad or
localized, lowaoloh 4.700 1.2 6.45 31.55 60.38

73342 Aseptic macrns of buae. ba-d
mad neck of f1r 698 2.01 9.60 29.66 53.74

82OW TMDICsvlcal fm cK doud,
imacepdar, mdi., 741 1.89 30.50 25.51 42.11

am Cloed, Uuuaecovicml fia.m of
Deck of femur, midrvical 52 3.9 30.88 24.90 40.24

seaim
82009 Trmaesvicid fazes , dosed,

didorvicd seaio 5,464 2.75 2936 26.7 41.03
82MI I.Ca ic fac"% doed,

imsmrebuhsic secai. 452 3.10 35.62 20.13 41.15

TOW 30.839 2.20 15.18 28.59 54.02

the tendency of these secondary diagnoses to occur with a particular class of principal

diagnosis, the secondary diagnoses still appeared to be predictive of posthospital use
based on the regression analyses.
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Table A.8

SECONDARY DIAGNOSES: DRG 209

Live REHAB SNF HHA No
Cede Descripimi Dicharge Use.5 Ue ,% Ue. , Use. %
Elg Acdemal fall 1,.3 3.3 21.6 25.9 42.2
VIO Pwase1biam utmnalant

nolams 641 2.6 14.5 30.7 52.2
V43 Organ orsame mphiod by cab.

m 597 3.2 7.0 27.1 62.0
V45 Other poahsca stas 345 2.9 14.3 27.8 54.5
041 Bacmieal infecti. ut cnadlimos

damsifid uwbom md
umpecifiad ske 1,210 2.6 19.8 29.4 48.2

244 Acquired hypothyroidism 440 1.8 14.8 26.8 56.6
250 Diboma meflis i.48 2.8 17.8 30.6 49.8
276 Dioedm of fiK electro%

md stad-batse blance 1,007 3.0 25.4 27.5 44.1
278 Obesiy and oter hyperalimmutuuen 610 3.3 10.7 232 57.9
280 Ima ddlcimcy mmnis 457 2.6 17.3 29.8 57.9
285 Other and unspecified manemias 1,705 2.2 18.2 30.1 49.5
290 Smml ad - o, ac

psycaotic conditinm 468 1.1 35.3 13.2 50.4
310 Specific nmepsydaotic mend

disce 8 de to o.ga13c brai
damage 536 2.0 35.3 13.1 49.5

331 OPtkrcesob'al dise rase n3s79 0.M7 40. 15.1 44.1
332 PInkiem~ sdiseas 379 4A. 33.8 19.5 42.7
401 Esselhypepuusuben 4.923 2.4 12.6 303. 543.
402 Hypanussive hen disese 603 2.3 19.4 29.9 47.9
412 Old myadci infarction 346 2.0 14.2 23.0 55.1
413 Authimpecrims 473 2. 13.7 36.6 47.1
414 Othear fomws of d.22ic .la.m4ic

42 edt diet 2.171 2.2 22.3 28.7 46.3
424 Ot6erdiseasesofandocmdim 346 2.0 162 31.2 50.6
426 Conadoaion disondm 1610 2 1.2 24.6 56.3
427 Cudicdyu* i9n 1,906 2.1 22.5 29.2 46.2
429 Hu tme 926 2.7 283 27. 41.3
429 moWf od descritimons and

c4mq7icm s of be" disease 971 3.7 193 23.1 48.7
437 Otbraodill o29 0 1h48

u u.1te aslr ndivease 293 0.0 32.1 19.1 4.8.
438 WeL effec6s of c a.1s7u1.ar

disaeae 306 4.9 27.1 27.1 40.8
440 Admoih Wweracis 523 23 22.3 22.9 51.8
496 Movie airway cheearctio, oc 1.150 2.3 203 29.0 48.2
513 otberdisaesofhug 309 3.2 22.3 2.2 46.3
553 01bw emoia of abdominal caity

wia1outmim. of obsansdot1
or dsouam 341 1.2 14A 31.7 ,52.8

5 Waedi "ua P0 of 220and
waOyu amt 2.101 22. 22.1 30.4 44.7

600 Hypeuplasoia 1 0.6 12.3 22.7 64.4
714 Rbsostid tlu dsiandadcaw

k&flm mmypdyaauopmuiM 555 2.9 15.0 30.8 514
715 Omounbauds and allied disord1 1.598 2.3 17.1 30.5 50.1
718 OMetd -fjoiat 336 2.4 9.2 363 52.1
733 O rdiu d of bh e & caidl'p 1,257 2.3 20.8 303 46.6
"736 Odor acqumd adeounmif aof fib 520 1.9 9.2 2S.6 63.3
780 Geal, dywnms 434 3.7 17.7 29.7 48.3
7838 Sym5uipm vudvi8 musty sysm 470 1.7 19.8 31.7 46.8
996 comeadsp ssrtocmtais

spsd"d pomdoms 618 2.9 16.2 30.6 0.3
997 comp dm aectsecifi-ed

body ayusm - hc 965 3.0 15.6 30.7 57
998 GWecomaplicUmts of pacs.,neM 1.119 2.3 13.8 314 52.S

Ttda 123.556 2.2 15.2 23.6 54.0
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Although the use of HHA decreases in the presence of mental disorders, SNF

use increases. Among the secondary codes in Table A.8, the highest SNF use is among

patients with secondary code 331, other cerebral degenerations. Over 40
percent of these patients use SNF care. The three other categories of mental disorders

also have high propensities to use SNF care. The regression results show that all four

types have strong and highly significant positive effects on SNF care use. Patterns of

SNF use also differ from HHA care in their response to heart troubles. SNF use vanes
significantly among a number of hea-related secondary diagnoses, although the
direction is not entirely consistenL Table A.8 shows that patients with essential

hypertension and hypertensive heart disease (401 and 402) use less SNF care, and those

with chronic ischemic heart disease, cardiac dysrydtmias, and heart failure (414, 427,

and 428, respectively) all use more care. In each case this is borne out by the

regression results shown in Table A.9.

Only a few secondary diagnoses significantly differ in the propensity of

DRG 209 patients to use REHAB care. As with HHA care and SNF care use, patients

with mental disorders tend to use less REHAB care. Patients with late effects of
cerebrvascular disease (438) use more REHAB care than those assigned any other

secondary code. Obesity (278) and 111-defined descriptions and complications of heart

disease (429) also have positive indications.

The chi square tests for the hypothesis that secondary diagnoses carry no

additional information about HHA or SNF use were highly significant with cdi square

values of 262 and 326. A chi square value larger than 75 is extremely unlikely. The

chi square statistic for REHAB, 61, is only marginally significant at about the 0.05

level.

DRG 210: HIP AND FEMUR PROCEDURES EXCEPT MAJOR JOINT, AGE > 70
AND/OR COMPLICATIONS

Like DRG 209, patients qualify for inclusion in DRG 210 based on the

procedures performed on them. REHAB care is used by 2.7 percent of DRG 210

patients, SNF care is used by 30.5 percent, and HHA care by 25.6 percent. DRG 210

has several unique cIaracteristics. These patients use far more SNF care than those in

any other DRG, and this is the only DRO in which SNF care is actually used more

frequently than HHA care. As Table A.10 shows, there is relatively little variation in

posthospital care use among patients with diffeem prncipal diagnoses. The analysis
of the dqepne of secondary diagnoses on principal diagnosis also indicated very
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Table A.9

ESTIMATED MODELS FOR DRG 209

IHA SNF REHAB
Code Es. t-staL. ESL. t-staL. Es. t-stat.
71515 -0.19 -2.06 -0.74 -4.74 -1.08 -2.38
71516 -0.06 -0.70 -1.44 -7.75 -0.23 -0.87
71535 -0.30 -5.20 -0.92 -9.35 -0.82 -3.47
71536 -0.17 -3.14 -1.14 -11.62 -0.11 -0.72
71595 -0.14 -3.40 -1.03 -14.77 -0.44 -3.18
71596 -0.03 -0.76 -1.03 -15.59 -0.47 -3.56
73342 -0.08 -0.96 .0.61 -4.67 -0.28 -1.02
82000 0.01 0.13 0.63 7.35 -0.30 -1.13
82002 0.01 0.09 0.67 6.64 0.41 1.72
82009 0.09 2.46 0.57 13.79 0.02 0.20
82021 -0.16 -1.55 0.84 8.18 0.13 0.45
E88 - - 0.21 3.25 0.20 1.23
V43 - - -0.60 -3.66 0.44 1.86
250 0.13 2.49 - - - -

276 - - 0.32 3.92 - -
278 - - - - 0.48 2.05
285 0.15 2.75 - - - -

290 -0.94 -7.60 0.41 3.91 -1.15 -2.28
310 -0.90 -8.29 0.52 5.55 - -
331 -0.67 -4.47 0.71 5.48 -1.30 -1.82
332 - - 0.60 5.20 0.50 1.85
401 0.07 1.84 4-.17 -3.14 - -
413 - - -0.31 -2.18 - -
414 - - 0.30 5.09 - -
427 - - 0.30 4.64 - -
428 - - 0.36 4.55 - -
429 - - - - 047 2.65
437 -0.45 -3.21 . - -

438 - - - 0.79 3.09
553 - - - - -0.70 -1.38
599 0.12 2.28 0.12 1.92 - -
600 -0.47 -3.50 - - -1.25 -1.76
718 0.28 2.40 - - - -

733 0.15 2.37 - -.

736 -0.13 -1.32 - -.

780 - - - - 0A2 1.64
788 0.20 2.02 - - - -

997 - - - - 0.33 1.70
Other 0.05 1.52 0.12 2.88 0.24 2.67
Inlcauci 0.04 1.02 0.13 2.73 - -
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Table A.10

PRINCIPAL DIAGNOSES: DRG 210

Live REHAB SNF HHA No
Code Description Discharge Use, % Use, % Use, % Use. %

82000 Closed transcervical facture

of intracap•aur section of
neck of famur, unspecified 235 2.1 25.1 27.2 45.5

82002 Closed wruscervical fracture of
midoervicl tin of neck of femur 238 2.5 23.1 29.8 44.5

82003 Closed truascervical fracture
of bine of neck of femur 549 3.1 35.2 24.0 37.7

82009 Other closed transceavical
fracture of neck of femur 2,174 2.1 26.3 27.1 44.5

82020 Closed perochanteric fracture
of the uodmnteric section
of neck of femur, unspectfed 287 3.1 34.5 21.3 41.1

82021 Closed purvocbmteric fracture
of the interwoc'htotaic
section of neck of femur 13.309 2.8 33.6 24.2 39A

82022 Closed pertochauueric fracture
ofthe dsubuodhantic
section of neck of femur 870 3.2 31.6 26.2 39.0

82031 Open prvochanteic fracture
of the intarochuteric
section of neck of femur 245 5.7 28.6 26.5 39.2

82100 Closed fracture of other and
unspecified put of femur,
thigh or upper lg 189 1.1 25.9 39.2 33.9

82101 Closed fracture of other aud
umspecified pot of shaft of femur 426 3.5 28.2 24.4 43.9

82123 Closed m.qxcondylar fracture

of other and uspecified
part of lower eand of femu 326 is 26.4 27.9 43.9

Total 22,942 2.7 30.5 25.6 41.3

little dependence. It is expected, therefore, that the variation in posthospital care use

among the secondary diagnoses shown in Table A. 11 cannot be explained by variation

in principal diagnoses.
Examining Table A. 11, we detect enfds in posthospital care use among patients

with different secondary diagnoses. REHAB care varies between a low of 0.2 percent

for patients with personal histories of malignant neoplasms (VI0), and a high of 5.7
percent for patients with Parkinson's disease. This high rate for Parkinson's disease is
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Table A.I I

SECONDARY DIAGNOSES: DRG 210

Live REHMB SNF EMA No
CoeDectiptim Dibdwp Use.% use.% Use% Usk%

EBB Accidenta fells 2,54.7 2.6 30.0 24.1 43.3
vto pomon hiWmy omadnmm

moplm 5.52 0.2 29.0 29.9 X82
V12 Ponenal W"lu oem( eadmoei

&Nalem 20"7 4.3 25,A 23.7 46.4
V4.5 Other petmsil states 250 2.8 31.6 n..4 37.2
041 Busensl kcionh an condofim

disafied elsewher and of
mospecified site 1,25 2.0 31.9 24.8 41.3

M9 Soccodery ,,mdo neopi, of
aer specifiedsite 334 1.2 20.4 32..6 45.8

2.44 Acgubod Jpothyriio 245 3.7 33.1 26.5 367
250 Dimsoem meillimms 1.770 3.3 30.7 27.4 X386
276 Diecodet of noid, elemolyt,

and, .cad~tme balance 1.182 25 34.3 23.4 39.8
280 Imon deficistcy memtm 320 3.7 33.8 24.8 37.7
281 Othe deficiency smemi 233 2.6 39.5 25.8 32.2
285 Oebemdmq mif 1,762 3.0 34.1 24.2 As.
290 Semdle md posesil wpmic

psycbloecootin 772 0.8 346.8 9.8 S2.6
298 Odworoug€s cpycboee8 244 0.4 30.3 14.8 S4-5
310 Specific nomprichatic messia

.. medl. due to orammic bnia demoe 1.04 i.5 33.9 11k 53.6
331 Mlet adWxd delpowaim 345 2.0 35.1 11.3 SI.6
332 Poridwo'f disease 418 5.7 34.2 17.9 42.1
342 Homnik&i 245 4.9 32.7 23.7 AS.
401 Bomam bypassed= 2.645 3.8 30.1 28.6 37..S
402 Hyprm biertn diseine 442 2.9 36 2 27.1 33.7
410 Acre myacmdis idmcdi• 1413 1.4 X85 20.3 39.9
412 Oud myocordiffi infmdm 22.5 2.7 31.1 2S.3 40.9
413 Amgbn pecooms 309 1.9 36.0 25.3 36.7
414 foor ofmm d cbmmc imhbuem

bmnbmx ies 2.143 2.6 34.3 23.1 40.0
415 Acmt pdmoomy bows dismme 141 2.1 30..S 34.8 32.6
424 Odw dismmot of edocsrdkm 375 3.5 32.0 2S.3 39.2
426 CAMd&WOR r1 - I e9 3.6 293 27.7 39.4
427 Cardiac dyu**dm• 1,A% 2.6 37.A 22.0 37.8
428 Heo frlo'n 1.35 2.1 34.7 21.2 42.0
429 m-dWdmmd ductipiom md

compflctm8 of bune dismue 999 3.4 34.3 20.4 41.8
437 Ober md m-dofimd

I Pi idismme W5S 2.0 32.7 1I.4 49.9
438 List ofew o codmbomosmo Aismeno 423 4.9 332 22.8 39.1
440 Adbmosdirmis 6"1 .7 32.8 2D.4 44.2
486 Plommmmis I, mspecified 294 2.0 33.3 M8. 46.3
4*I Ch mmi mchidi 186 3.2 31.7 2&.9 X12
492 Bomphsesmm 241 1.2 30.7 2U. 39.4
496 Chomic sia obsouctm me 1,324 32 29.S 27.5 39.5
518 Oiber Aso m 8s ofbo 9 1.1 36.1 23.8 39.0
353 Otherhmmiso Adomid coit

arpmln Iin 4,3 2V 29.3 37.8
560 hkmmild I~c~ ki Mt

wood= d berie 234 1.7 34.6 21.8 41.9
599 06W b o fm --m md uebm 2,.556 IS. 33.2 23.7 40.5
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Table 11 (continued)

Live REHMB SNF MWA No
Code Demipsiam Disdzah Use, Uu4% USCA Uu,%
707 Omi.ic ukW of " 318 2.2 36.5 19.2 421
714 Rbkmmid ad nhwis mid admir

mMMM&yplyatbhMpAhdu 197 5.1 24.4 32.0 38.6
715 Oamoanhrs a&d allied disordm 904 3.4 32.0 25.6 39.0
733 OedbWSdm eo boemdwmtil 1.153 3.1 30.8 21.9 44.1
780 Gmuid a mpom 528 4.0 32.0 21.8 42.2
788 SYMP MiVdVMiWmyuyum 379 2.4 31.1 28.2 32.3
797 Sem'ilty wMa =mum o psydmu 19" 05 34.3 13.1 52.0
799 Obur ill-def.ed md unknown crmes

of me ymidmty sa lky 141 3.5 29.8 24.8 41.1
312 FIMOatuI'dUu 387 3.9 43.7 18.3 34.1
313 FraM.Mdm of mid uoh 436 4L6 32.3 22.5 40.6
820 Fnrma of nOak of femu 634 3.3 33.6 25.7 37.4
996 Cmnlhadima peito ncnsin

sMeified pred"u 306 2.0 30.7 19.9 47.4
997 Conipicsif. a ReMCig asied

body ryems. nec 578 3.5 34.1 242 3X.2
998 Odhr CO picei= of pmeedsur,

amc 588 2.2 33.0 22.4 42.3

TOUNa 91.768 2.7 30.5 25.6 41.3

unique among mental disorders. All of the other diagnoses relating to mental problems,

290, 298, 310, 331, and 797, have low rates of REHAB care use. Consistent with our

findings In other DRG categories, patients with any type of mental disorder tend to use
less HHA car and more SNF care. In fact, HHA care use is least common for patients

with senile and presenile organic psychotic conditions (290). Only 9.8 percent of them

use HHA care, as opposed to a high of 34.8 percent of patients with acute pulmonary

heart disease (415).

Table A.12 shows the results of the logistic regressions. The parameter

estimates are generally consistent with the size and direction of the percentages given

in Table A.11. Acute pulmonary heart disease (415), however, whose patients have

the highest HHA care use of any secondary diagnosis group, does not have a

statistically significant estimate for HHA use after our crude adjustment for differences

between principal diagnoses. The estimate is positive, but its t-statistic is low. This is

likely to be due to the small sample size; only 141 patients had this secondary

diagnosis. Patients with secondary diagnosis 812, fracture of humerus, are heavy users

of SNF car. The other two fractures, however, do not appear to be strong predictors.

Only four of the secondary diagnoses we included in the final regression fit have

a measurable difference in REHAB use. Two of these are mental disorders:
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Parkinson's disease makes it much more likely that a patient will use REHAB care,
whereas senile and presenile organic psychotic conditions (290) make it less likely.

This is consistent with the general tendencies to use REHAB care found in Table A. 11.

Although patients with all three fractures use more REHAB care, only fracture
of radius and ulna (813) was included in the final regression. Table A.12 also shows

that these patients are prone to greater use of REHAB care.

The chi square tests for the hypothesis that secondary diagnoses carry no

additional information about HHA, SNF, or REHAB use were highly significant with

chi square values of 625, 136, and 89. A chi square value larger than 75 is extremely

unlikely.
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Table A. 12

ESTIMATED MODELS FOR DRG 210

HHA SNF REHAB
Code Est t-star Est t-ma Est t-str.

Pfimay Diaposes
82000 0.03 0.24 0.11 0.71 -0.19 -0.41
82002 0.14 1.02 -0.01 -0.06 -0.04 -0.10
82003 0.05 0.48 0.60 6.17 0.24 0.93
82009 0.02 0.40 0.17 2.77 -0.18 -1.02
82020 -0.04 -0.27 0.52 4.01 0.25 0.69
82021 -0.01 -0.26 0.50 11.94 0.11 0.94
82022 0.05 0.69 0A1 4.99 0.20 0.94
82031 0.12 0.91 0.28 1.88 0.84 2.86
82100 0.44 2.94 0.17 1.01 -0.82 -1.14
82101 0.00 -0.01 0.25 2.15 0.53 2.04
82123 0.03 0.21 0.18 1.37 -0.23 -0.59

Secondy Diagnwm
E88 -0.12 -2.54 - - - -

198 - - -0.28 -1.97 -0.76 -1.50
250 - - - - 0.20 1.45
276 - - 0.15 2.30 - -

281 - - 0.34 2.49 - -

285 - - 0.10 1.92 - -

290 -1.24 -11A3 0.22 2.84 -1.33 -3.21
298 -0.89 -5.26 - - -1.95 -1.96
310 -1.13 -12.59 - - -0.46 -1.93
331 -0.94 -6.22 .- -

332 - - 0.87 4.01
401 0.25 5.18 - - 0.41 3.37
402 0.25 2.43 0.29 2.85 - -

414 - - 0.13 2.71 - -

415 0.33 1.90 - -.

427 - - 0.28 5.28 - -

428 -0.27 -4.08 0.14 2.23 - -

437 -0A9 -3.88 - - - -

438 .-.. 0.63 2.78
492 .- - -0.84 -1.44
599 - - 0.11 2.47 - -
707 -0.40 -3.01 0.25 2.07 - -

714 - - - - 0.63 1.91
788 0.28 2.55 .- -

797 -1.12 -5.58 - - -1.75 -1.75
812 - - 0.56 5.26 - -

813 - - - - 0.61 2.62
820 - - 0.16 1.82 - -

997 - - - - 0.34 1.50
Otier -0.01 -0.12 0.03 0.83 0.21 1.87
Inmanr -0.01 -0.12 0.03 0.81 -0.07 -0.71
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Appendix B

REPLICATING THE ESTIMATION PROCESS

The reliability of the regression model estimation procedure used in Secs. mI and IV

is examined in this appendix. The data for DRO 14 were divided randomly into two

subsets of approximately equal size. The results for the first subset are presented in Sec.

III. The results for the second subset ame given in this appendix for comparison to judge

how much the estimates and t-statistics should be deflated to account for the fact that only

the largest estimates from a large pool of candidates were included in the finW modeling.

Each subset is approximately the same size as the datasets of the remaining DRO

categories, so the results for DRG 14 should be indicative of the other DRG categories.

Tables B. 1 to B.3 contain the results for the HHA, SNF, and REHAB models. The

estimates from each mrplication are placed side by side to make comparisons easier. As

was anticipated, there is a substantial reduction in the magnitudes of the estimates and t-

statistics in the second replication for secondary diagnoses identified as having high

predictive value. Even with this reduction, most of the secondaries identified as having

high predictive value in the first replication retain the same sign and continue to show

evidence that they are related to the posthospital variables. There are numerous secondaries

with t-statistics larger than 4.0, and their presence cannot be explained by selection effects

alone.

A more systematic comparison of the estimates from the two independent

replications can be used to identify pain of estimates that are mursually different. This

comparison also provides an opportunity to verify that the standard enors, and normal
approximations used with them, are providing t-statistics and confidence intervals with the

inferential distributions claimed for them. By construction, the estimates from each half of

the data am independent estimates of the same populatiogvolue; Denote the two

indpenet estimates for the P secondary diagnosis by adPJ

theory, on which all of our statistical results are based, predicts that the estimates follow

approximately normal distributions about their population values with standard deviations

given by their standard errors,

• J .140(s.elf)( . re.9 -(pi)m-Y0,(se 2 f)
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The difference in the two estimates is thus predicted to follow a normal distribution with a

variance derived from the standard errors of each estimator,

(~).N(O 4self + (Se2f)2

As noted previously, the secondary diagnoses have low conelation with each other, so the

parameter estimates for the secondary diagnoses are also approximately uncorrelated. The

differences in the estimated parameters for each secondary diagnosis thus provide 44

replications to test the asymptotic approximation. Figures B.I to B.3 contain quantile plots

of the differences between the two parameter estimates for each secondary diagnosis

plotted against the expected normal order statistics under the asymptotic approximation for
HHA. SNF, and REHAB. Each difference has been divided by its standard error so that

these scaled differences should be like a sample of size 44 from the standard normal

distribution and fall along the line passing through zero with slope one. Agreement with

the behavior predicted by the aysmpwtic distributions is very good. The only exception to
this statement is for the parameter estimates of secondary diagnoses 427 and 787 when

predicting SNF use. All of the estimates for these secondary diagnoses indicate a strong

dependence between SNF use and the presence of these secondary diagnoses. The

divergence from the asymptotic theory when there is a strong dependence like this is well

known in the statistical literature. The normal approximation usually fails because the tails

of the sampling distributions of the parameters are heavier than predicted. Distributions

skewed towards parameter estimates with large magnitude are also common, for example,

Jennings (1986).

Summarizing the results of this appendix, there is evidence of substantial

exaggeration in the magnitude of the secondary diagnoses with larger parameter estimates

and their corresponding large t-statistics. A ceude- conservative guide, developed through
casual examination of the two sets of estimators, would be to shrink each estimate and t-

statistic by about 25 percent. Even with this adjustment, there is still evidence that the

secondary diagnoses could be used to provide predictive infonnation about posthospital use

not contained in the principal diagnWoe This is consistent with the likelihood ratio chi

square statistics presented in Secs. m and IV. Examination of the differences between the

two sets of parameter estimates provides evidence to support the use of the standard

asymptotic apprximaion for logistic regression estimators.
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Table B.l

REPLICATION OF THE REGRESSION ESTIMATES: HHA

Mull Reduced
FFui Sereod

Repliegion Rwlicatkmz RE&~ALMon Relicauiat
Co EL t-sm. EsL 1-hL ]MLi -hML BA t-WaL

430 -42 - .0.50 - -0.69 - -0.59 -

431 -0.09 - .0.13 - -0.09 - -0.11 -

4320 -1.28 - -0.92 - -6.08 - -0.82 -

4321 -0.67 - -0.65 - -0.90 - -0.91 -
4329 40.35 - -0.20 - -0.40 - -0.13 -

4340 0.10 - 0.01 - 0.10 - 0.09 -

4341 0.13 - 0.04 - 0.13 - 0.06 -
4349 0.13 - 0.09 - 0.13 - 0.07 -
4373 -0.83 - -0.79 - -127 - -1.06 -
7843 -0.42 - -0.56 - -0.44 - -0.64 -

Seemdv Dwauom
Vil 0.04 0.31 0.06 0.52 - - - -

41 0.G01 -0.07 -0.04 -0.42 ....
244 0.17 1.26 -009 -0.66 - - -

250 0.21 5.33 023 5.88 0.19 4.69 0.21 5.19
276 40as -0.2 .0.06 40.95 - - -

278 4118 -1.28 0.03 0.20 ....
285 0.18 1.45 0.12 0.99 - -.

290 -0.20 -1.34 0.12 1.11 -0.21 -1.80 - -
298 401M -0.1s -0.29 -2.17 - - -032 -2.15
310 40,09 -1.01 -0.28 -3.03 - - -0.31 -3.07
331 0.07 0.75 -0.23 -2.5 - - -0.25 -2.54
332 0.05 0.41 0.11 0.85 - - - -

342 0.23 6.49 0.20 5.54 0.23 6.06 0.19 4.88
344 0.32 2.92 0.30 291 0.30 2.90 0.29 2.17
345 0.01 0.08 -om -0.484 - - -

401 0.14 4.21 0.14 4.00 0.13 3.41 0.12 3.18
402 0.18 2.68 0.27 4.15 0.16 2.37 0.24 3.76
410 0.05 0.39 0.18 1.34 - - - -

412 0.06 0.57 -0.12 -1.15 - - - -

413 0.06 0.74 -0.02 .0.23 - - - -

414 -0.05 -1.07 -0.05 -1.11 - - - -

424 -40 -0.71 -0.12 -1.14 - - - -

426 0.16 1.67 0L24 2.36 - - 0.23 2.31
427 405 -1.23 -0.02 -038 - -.-
423 0.10 1.76 0.07 132 - - - -

429 0.04 0.60 -0.0 .120 - - - -

433 -0.14 -1.92 -M -as -0.15 -1.97 - -
434 0.30 2.58 0.14 1.22 0.28 2.43 - -
435 4.14 -1.36 -0.22 -2.25 - - -0.26 -2.39
436 0.24 1.97 0.12 0.99 - - - -

437 0.02 023 -0.01 -00 - - - -

438 0.12 1.33 0.04 0.41 - - - -

440 -0.0 -004 0.M0 0.00 - - - -

443 0.06 0.41 0.15 1.09 - - - -

486 034 -3.47 -0.09 -095 -037 -3.40 - -
496 402 4.27 0.14 1." - - 0.12 1.73
507 -0.30 -2.37 -033 -2.54 -033 -2.37 4.34 -2.42
599 0.12 2.10 0.06 1.48 0.11 2.15 - -
715 -. 00 4a05 -00 428 - - -

730 -0.23 -3.72 -0.20 .3.21 -0.26 -3.77 -0.21 -3.17
784 0.04 0.67 0.02 0.44 - - -

717 4111 43 0.07 0.56 ....
7K 039 2.91 0.11 0.36 035 2.32 - -
Osher -402 464 40M -478 -0.04 4190 -0406 -1.41
hos*e .... 0.02 0.46 0.03 0.61
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Table BI

REPUCATION OF THE REGRESSION ESTIMATES: SNF

flu Roduced
Fm Seod rn Sc d

__liad Repivimm ____plca

CEM. t-saL Es. t-VAL FA. t-A.L E11 t-ma.

4340 0.07 - 0.Z3 - 0.09 - 0.14 -

4341 -0.26 - am0 - 40.27 - 0.01 -

4349 0.13 - 0.20 - 0.13 - 0.19 -
4373 -0.44 - -0.54 - -0.82 - -1.16 -
7843 0.am - -0.49 - 0.10 - -0.79 -

Vl0 0.23 1.57 0.20 1.33 .-..
V45 0.09 0.65 -0.03 4.21 . - -

41 0.73 6.64 0.46 4.06 0.50 5.54 0.32 3.43
244 0.51 2.99 0.06 0.35 . - -
250 0.13 2.59 0.09 1.80 - - - -

276 0.45 5.37 0.29 3.76 0.39 5.68 0.27 3.83
278 -0.19 -1.06 0.0U 0.2 - - - -

285 0.17 1.07 0.41 2.60 - - -

290 0.37 2.72 0.48 3.57 - - 0.45 3.80
291 0.12 0.67 0.17 0.97 - - - -
310 0.27 2.34 0.20 1.71 - - - -

331 -0.01 4065 0.19 1.66 - - - -

332 0.32 1.88 0.47 2.83 - - - -

342 0.63 13.83 0.63 14.99 0.50 11.31 0.53 13.05
344 0.44 3.19 0.23 1.72 - - - -

345 -0.08 -0.49 0.09 0.52 - - - -
401 -03M 472 -OA0 -1.16 - - - -

402 0.15 1.35 -OA. -. 96 - - - -
410 0.11 0.65 AM.02 .0.11 - - - -

412 -0.34 -2.48 4X., .0.17 -0.47 -2.39 - -
413 -. 23 -1.74 4.21 -1.65 - - - -
414 0.0s 0.96 0.04 0.74 - - - -

424 0.09 0.66 00 4.17 - - - -

426 -0.14 -1.11 0.&2 0.18 - - - -

427 0.44 8.20 0.13 3.39 0.37 7.54 0.15 2.99
423 0.38 5.40 0.37 532 0.32 5.00 0.32 5.16
429 0.12 1.44 0.11 1.24 - - -

433 4.35 -3.77 4.40 -4.15 -0.55 -4.62 -0.55 -4.61
434 0.06 0.44 0.34 2.32 - - - -

435 40.50 -3.90 4.41 -3.27 -0.32 4.44 .0.63 -3.76
436 0.48 3.04 0.14 0.90 - - - -

437 0.00 4.04 -0.11 -1.32 - - - -

433 4.04 4).38 0.24 2.13 - - - -

440 0.04 0.38 0.01 0.0 - - - -

443 -0.10 4538 0.22 1.29 - - - -

486 0.34 6.0 1.16 9.53 0.64 6.23 0.87 9.10
496 0.11 1.27 0.06 0.95 . - -

507 1.41 8.34 1.36 832 0.96 7.92 0.96 7.66
599 0.48 &.92 0.71 10.22 0.39 6.17 0.&59 9.92
715 0.11 1.0 0.16 1.53 - - - -
790 0.22 2.79 0.30 3.17 - - 0.26 3.57
734 0.36 5.30 026 3.87 0.28 4.66 0.22 3.67
737 1.15 7.11 0.48 3.06 0.32 6.56 - -
733 0.5i 3.00 0.43 2.66 . - -
Olher 0.10 2.73 0.06 1.23 0.09 1.60 0.06 1.19
hw .a.. - - - 0.11 2.20 0.06 1.19
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Table B.3

REPLICATION OF THE REGRESSION ESTIMATES: REHAB

Ful Reducid
First Secmd Firu Scod

RgwgicstOM Revlicaicn Roind esign Rpig
Code aS. t-AL Est. t-a.L Fa.. t-a. Est. t-as.

4340 0.13 0.12 0.15 - 0.12 -
4341 0.39 0.28 3 0.45 - 0.41
4349 0.46 - 0.47 - 0.47 - 0.45 -
4373 4-L62 - -0.26 - -0.73 - -0.5 -
7343 .0.22 - 0.21 - -0.40 - 0.24 -

so=,,wy Disto.m
riO O.02 0.10 -0.31 -1.47 - - - -
V45 0.29 1.51 0.32 1.71 - - - -

41 -0.04 -0.29 -0.29 -1.37 - - - -

244 0.50 2.13 -0.24 -1.01 - - - -

250 0.18 2.64 0.14 2.06 0.11 1.64 - -

276 -0.30 -2.88 -0.26 -2.49 -46 -3.54 -0.39 -3.03
278 -0.31 -1.25 0.58 2.34 .- -

235 4.045 -2.07 -0.35 -1.57 - -.

290 459 -3.20 -0.41 -2.21 -1.36 -3.78 - -
298 442 -1.79 -0.51 -2.16 - - - -

310 -0.49 -3.16 -0.59 -3.71 -g96 -3.82 -1.35 -4.39
331 4).30 -1.81 448 -3.01 - - -0.90 -3.72
332 40U -0.24 -0.38 -1.66 - - - -
342 1.29 20.70 1i. 19.48 0.94 16.33 0.90 15.05
344 4.05 -0.25 0..5 3.18 - - 0.45 2.80
345 -439 -1.65 0.04 0.15 - - -

401 0.39 663 0.43 3.04 0.30 5. 037 6.19
40 0.27 2.33 0.17 1.43 0.20 1.86 - -

410 0.96 4.09 0.46 1.90 0.67 3.75 - -

412 0.41 2.22 0.36 1.96 - -.
413 0.23 1.23 0.23 1.30 -...

414 417 -2.21 -010 -1.338 4.16 -2.09 - -
424 0.19 1.0s 0.33 1.71 - -.

426 0.09 0.50 0.29 1.61 - - - -

427 0.14 1.34 0.22 3.01 - - 0.18 2.53
428 411 -1.16 -0.07 477 - - - -

429 429 -2.44 0.01 0.09 437 -2.76 - -

433 0.22 1.73 0.13 1.00 - -.
434 0.15 0.77 0.31 1.52 - - - -

435 4-44 -2.53 4).64 -3.69 470 -2.81 -1.31 -4.06
436 0.00 0.0 0 40.19 48 - - - -
437 4115 -1.26 -0.24 -Z04 - - - -

438 408 40.0 -039 -2.55 - - 4).40 -2.40
440 417 -1.34 -0.11 433 - - - -

443 0.22 0.97 0.63 2.63 - - 0.51 2.53
486 432 -1.90 4011 463 - - -

496 401 -0.06 0.09 0.72 - -.
507 0.07 0.31 0.05 0.20 - -.

599 0. 0.49 0.30 3.14 - - 0.16 2.04
715 0.03 0.22 O.00 0.02 - - - -

780 4035 -3.33 447 4.42 M -3.91 -0.76 -5.04
784 0.53 5.68 0.53 5.74 0.33 4.44 0.35 4.60
787 4M.02 -0.11 0.50 230 - - -

781 0.26 1.12 413 4-80 . - -

a W0.12 2.33 -0. 41.42 402 -0.25 .0.09 -1.19
-. ... 4138 2.24 024 3.12
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