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Measuring Population Health
Risks Using Inpatient Diagnoses
and Outpatient Pharmacy Data

Yang Zhao, Randall P. Ellis, Arlene S. Ash, David Calabrese,
John Z. Ayanian, James P. Slaughter, Lori Weyuker, and Bruce Bowen
Object ive. T o examin e an d evaluat e models th at  use in pat ien t  en coun t er dat a an d out pa-
t ien t  ph armacy claims dat a t o predict  f ut ure h ealt h  care expen dit ures.
Dat a Source/St udy  Design. T h e st udy group was th e privat ely in sured un der-65 populat ion 
in  th e 1997 an d 1998 MEDSTAT  Market Scan ® Research  Dat abase. Ph armacy an d disease
prof iles, creat ed f rom ph armacy claims an d in pat ien t  en coun t er dat a, respect ively, were
used separat ely an d in  combin at ion  to predict  each  in dividual’s subsequen t -year healt h 
care expen dit ures.
Principal Findings. T h e in pat ien t -diagn osis model predict s well for th e low-h ospit alizat ion 
un der-65 populat ion s, explain in g 8.4 percen t  of  fut ure in dividual tot al cost  variat ion . Th e
ph armacy-based an d in pat ien t -diagn osis models perf orm comparably overall, wit h  ph ar-
macy dat a bet t er able to split  of f  a group of  truly low-cost  people an d in pat ien t  diagn oses
bet t er able to fin d a small group wit h  ext remely high  fut ure cost s. Th e model th at  uses
bot h  kin ds of  dat a perf ormed sign if ican t ly bet t er th an  eit h er model alon e, wit h  an  R2 value
of  11.8 percen t .
Conclusions. Compreh en sive ph armacy an d in pat ien t  diagn osis classif icat ion  syst ems are
each  helpf ul for discrimin at in g amon g people accordin g to th eir expect ed cost s. Properly
organ ized an d in  combin at ion  t h ese dat a are promisin g predict ors of  f ut ure cost s.

Key  Words. Diagn ost ic cost  group (DCG) , ph armacy prof ile, populat ion  healt h  man age-
men t , predict ive models, risk assessmen t 

E ach p op u lat ion not  only has u niqu e d emograp hic and  socioeconomic charac- 
t erist ics bu t  also a d ist inct  med ical signat u re. Af t er nearly t wo d ecad es of  d evel- 
op ment , risk mod els t hat  combine d iagnoses f rom p at ient - clinician encou nt ers
across t he sp ect ru m of  healt h care d elivery sit es wit h age and  sex are now being
u sed  by healt h care organizat ions t o measu re t he healt h risk of  p op u lat ions.
H owever, many organizat ions have not  imp lement ed  “all- encou nt er” d iagnosis
mod els becau se t hey requ ire t imely, comp rehensive, high- qu alit y d at a f rom p hy- 
sician’s of f ices and  ot her d isp ersed  sit es of  care.
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Models to p red ict  next  year’s cost  f or ind ivid u als have been d eveloped  on a
range of p rior- year information. The earliest  d iagnosis- based  mod els were d evel-
op ed  on Med icare dat a and  relied  exclusively on p rincip al d iagnoses f rom hospi-
t alizat ions (Ash, P orell, G ru enberg, et  al. 1989; Newhou se et  al. 1989; Pop e, E llis,
Ash, et  al. 2000) . Inp at ient mod els p red ict next year’s t ot al cost s reasonably well in
Medicare, where nearly 20 p ercent of  the p op u lation is hosp it alized  annu ally, of -
t en f or chronic cond it ions. H owever, su ch mod els are less at t ract ive f or p rivat ely
insu red  u nd er- 65 pop u lat ions, where f ewer than 5 p ercent  are hosp it alized in a
year and of t en f or acu te cond it ions. Few p revious st ud ies have evaluat ed  inp atient 
d iagnosis models on younger p op u lat ions. So- called  all- encou nt er models that  use
both inpat ient  and ou t pat ient  d iagnoses t o p red ict  cost  have been d eveloped  f or
several t yp es of  pop u lat ions: elderly ( E llis and Ash 1995; E llis, P op e, Iezzoni, et al.
1996; Weiner, D obson, Maxwell, et al. 1996), d isabled ( Ash, E llis, Pop e, et  al. 2000;
Kronick et  al. 1996; Kronick et  al. 2000; Weiner, Tu cker, Collins, et  al. 1998) , and 
employer group s ( Ash, Ellis, P op e, et  al. 2000; St arfield  et  al. 1991; Weiner et  al.
1991) . These mod els are more p owerf u l t han t hose limit ed  to inpat ient  d ata; how-
ever, t he d ata t hey requ ire are not  always available. Several st u d ies have p red ict ed 
f u tu re healt h care costs f rom wid ely available p harmacy claims (Clark, Von Korff ,
Saund ers, et  al. 1995; F ishman and  Shay 1999; Johnson, H ornbrook, and  Nichols
1994; L amers 1999; Malone et al. 1999; Roblin 1998) , bu t  none have combined 
p harmacy claims and  inpat ient  d iagnoses.

Used  f or hosp it al reimbu rsement  and  case management , inp at ient  encou n- 
t er claims are now wid ely available and  are generally of  high qu alit y and  rou t inely
su bject  t o screening and  valid at ion. Alt hou gh risk mod els t hat  u se bot h inp at ient 
and  ou t p at ient  d iagnoses t o p red ict  cost  have mu ch bet t er p red ict ive p ower t han
t hose limit ed  t o inp at ient  d at a only, many healt h care organizat ions d o not  have
comp let e or consist ent  d at a on d iagnoses f rom ou t p at ient  encou nt ers. O n t he
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ot her hand , t imely and  high- qu alit y elect ronic ou t p at ient  p harmacy d at a are
wid ely available. Combining inp at ient  and  p harmacy d at a t o p red ict  f u t u re healt h
care sp end ing is at t ract ive in sit u at ions where all- encou nt er claims d at a of  su f f i- 
cient  qu alit y are not  available.

This art icle d evelop s and  evalu at es mod els t hat  u se p harmacy and  inp at ient 
inf ormat ion t o p red ict  su bsequ ent - year healt h care sp end ing. We f irst  d escribe a
new syst em f or const ru ct ing p erson- sp ecif ic p harmacy- based  p rof iles and  p red ict - 
ing cost s f rom t hese p rof iles. We also d evelop  a d iagnosis- based  mod el u sing only
inp at ient  inf ormat ion and  exp lore how p harmacy and  inp at ient  inf ormat ion can
be combined  t o p red ict  healt h risk. F or comp arison we d evelop  an all- encou nt er,
d iagnosis- based  mod el u sing bot h inp at ient  and  ou t p at ient  inf ormat ion. F inally,
we evalu at e each mod el’s p red ict ive p erf ormance on a large, commercially in- 
su red , u nd er- 65 p op u lat ion.

METHODS

Data

We d evelop ed  ou r mod els on a p op u lat ion of  1,000,000 nat ionally d isbu rsed  in- 
d ivid u als eligible f or healt h care coverage t hrou gh large emp loyers in 1997 and 
1998. Inclu d ed  ind ivid u als had  at  least  one mont h of  enrollment  in each year and 
p harmacy coverage whenever enrolled . Abou t  t wo- t hird s ( 66 p ercent )  were in
f ee- f or- service p lans; all were u nd er age 65.

O u r ou t come was t ot al covered  exp end it u res in 1998, inclu d ing bot h d e- 
d u ct ibles and  cop ayment s, and  was aggregat ed  f rom inp at ient  ad mission, ou t p a- 
t ient  service, and  ou t p at ient  d ru g claims. Typ ical of  many p rivat ely insu red 
p op u lat ions, 15 p ercent  were not  enrolled  f or all of  1998. F or each p art ial- year
enrollee we calcu lat ed  t he f ract ion of  t he year eligible and  an annu alized  exp en- 
d it u re ( act u al sp end ing d ivid ed  by t he eligibilit y f ract ion) ; in mod eling we u sed 
annu alized  exp enses as t he ou t come and  eligibilit y f ract ions as weight s.

RxGroups and Rx Profiles

P reviou s st u dies selected  d ru gs that  are commonly u sed  f or t he t reatment  of  spe-
cific chronic condit ions and group ed  them int o ap p roximat ely 30 d iagnost ic cate-
gories su ch as d iabet es mellit u s, hyp ert ension, and  ast hma. Becau se f ew dru gs are
highly ind icat ive of  specif ic medical p roblems only a handf u l of  d rugs were recog-
nized . Ou r app roach was t o develop  a comp rehensive Rx classif icat ion system t hat 
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would  ident ify all t he p rescrip t ion ( Rx)  d ru gs each ind ivid u al f illed  over a fixed 
p eriod . The main crit erion used  to classif y each d ru g was t herap eu t ic indicat ion.
We classif ied each of  more than 58,000 Nat ional D ru g Cod es int o one of  127 mu -
t u ally exclu sive cat egories ( called  RxG rou ps) . For stru ct ural clarity t hese grou p s
were f u rt her clu stered  int o 18 aggregat ed  Rx categories ( ARC)  encompassing
broad  cat egories of  d rugs, based  u p on t heir most common u ses. ARCs typ ically
id ent if y t he major organ syst em wit h which an agent  int eract s (e.g., cardiovascu lar
d rugs)  or t he agent ’s primary p harmacologic act ivit y ( e.g., anti- infect ives) . Bot h
ARCs and RxG rou p s can be u sed  t o create Rx p rof iles for ind ividu als and  pop u la-
t ions. However, only RxG rou ps are u sed t o pred ict  f u tu re cost s.

Rx Model Construction

A mod el t o p red ict  cost s f rom p harmacy d at a shou ld  p red ict  accu rat ely, be robu st 
t o common variat ions in p rescribing, and  be u nd erst and able and  cred ible t o cli- 
nicians. We u sed  hierarchies, p ooling, and  “d rop p ing” of  RxG rou p s t o achieve
t hese goals. H ierarchies imp ose “d ominance” relat ionship s among RxG rou p s
t hat  are u sed  t o t reat  t he same med ical p roblem. F or examp le, a p erson wit h d ia- 
bet es might  t ake insu lin or oral hyp oglycemic agent s alone or in combinat ion.
Typ ically, t hose t aking insu lin have more severe or ref ract ory d isease t han t hose
t aking only oral hyp oglycemic agent s. H owever, a p erson who u ses bot h oral
d ru gs and  insu lin d u ring a year is not  necessarily sicker t han one who u ses insu lin
alone. Thu s, we p laced  t he RxG rou p  f or insu lin above t he RxG rou p  f or oral d ia- 
bet ic agent s in a “d iabet es d ru gs” hierarchy so t hat  only p eop le who were not  u s- 
ing insu lin were cred it ed  ( in t he mod el)  wit h u sing oral d iabet ic agent s. This
ensu red  t hat  t he mod el coef f icient  f or oral d iabet ic agent s was based  only on t he
cost s incu rred  by less severely ill p eop le.

We p ooled  RxG rou p s in ou r mod el when t hey were u sed  almost  int er- 
changeably f or t he same kind s of  med ical p roblems. F or examp le, new ant iret ro- 
viral d ru gs f or t reat ing H IV inf ect ion and  AID S may have d if f erent  f u nct ions and 
higher cost s t han old er d ru gs, alt hou gh t he u se of  eit her kind  of  d ru g generally
ind icat es a p at ient  wit h H IV inf ect ion ( excep t  f or brief  p rop hylact ic u ses) . When
RxG rou p s are p ooled , t he mod el t reat s combinat ions of  t hese d ru gs t he same as
if  any one was t he sole agent  p rescribed .

We d rop p ed  a f ew RxG rou p s f rom t he mod el, which means t hat  we set 
t heir mod el coef f icient s t o zero. D rop p ed  RxG rou p s f ell p rimarily int o t hree
cat egories: d ru gs, su ch as oral cort icost eroid s, wid ely u sed  f or a range of  u nre- 
lat ed  med ical p roblems; d ru gs, su ch as ant acid s, t hat  are available in bot h over- 
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t he- cou nt er and  p rescrip t ion f orms, making d at a cap t u re u nreliable; and  d ru gs,
su ch as d iagnost ic t est ing su p p lies, t hat  are u sed  p rimarily t o conf irm or ru le ou t 
a med ical cond it ion. Ad d it ional RxG rou p s, su ch as oral cont racep t ives, were
d rop p ed  becau se t hey d id  not  p red ict  f u t u re cost s. To avoid  p eop le being seen as
less sick becau se t hey f illed  a p art icu lar p rescrip t ion, we also zeroed  ou t  t he coef - 
f icient s of  RxG rou p s, su ch as p erip heral vasod ilat ors, wit h negat ive coef f icient s.
Most  of  t he negat ive valu es were small and  not  st at ist ically signif icant , and  ou r
clinicians d id  not  believe t hat  any of  t hem cap t u red  imp ort ant  relat ionship s be- 
t ween likely d isease st at u s and  f u t u re cost s.

RxGroup Interactions

P eop le wit h mu lt ip le med ical p roblems of t en t ake many d ru gs, and  p art icu lar
combinat ions of  d ru gs may su ggest  d if f erent ial d isease severit y t han t he ind ivid - 
u al d ru gs alone. We exp lored  ad d ing markers f or combinat ions of  d ru g grou p s t o
emp irically id ent if y su ch int eract ions. P osit ive int eract ions ind icat e t hat  t he com- 
bined  ef f ect  is larger t han t he su m of  ind ivid u al ef f ect s; negat ive int eract ions in- 
d icat e smaller combined  ef f ect s.

We select ed  f rom an exhau st ive set  of  bot h t wo-  and  t hree- way RxG rou p  in- 
t eract ions accord ing t o f ou r crit eria. Most  imp ort ant ly, t he combinat ions had  t o
have clinical f ace valid it y, t hat  is, clinicians had  t o believe t hat  t he d isease severit y
inf erred  f rom t he combined  d ru gs was su bst ant ially d if f erent  t han ind icat ed  by
t he d ru gs ind ivid u ally. Second , t o be consid ered , an RxG rou p  combinat ion cou ld 
not  be t oo rare ( it  mu st  occu r f or at  least  500 p eop le of  t he 1,000,000 in ou r d a- 
t abase) . Third , we enf orced  monot onicit y; we d id  not  int rod u ce int eract ions t hat 
resu lt ed  in a lower p red ict ion f or a p air of  d ru gs t han wou ld  occu r if  only one of 
t he d ru gs were p resent . F ou rt h, all int eract ion t erms had  t o be st at ist ically signif i- 
cant  at  t he .05 level.

DCG Inpatient/All-encounter Diagnosis Modeling

Using t he same st ru ct u re u sed  t o bu ild  t he all- encou nt er D iagnost ic Cost  G rou p 
( D CG )  mod el ( Ash, E llis, P op e, et  al. 2000) , we f irst  map p ed  bot h d iagnoses
cod ed  d u ring inp at ient  ad missions and  d iagnoses cod ed  d u ring ou t p at ient  p a- 
t ient - clinician encou nt ers int o one of  118 clinically homogenou s cond it ion cat e- 
gories ( CC) . H ierarchies were imp osed  on t he CCs t o generat e hierarchic
cond it ion cat egories ( H CC) , which id ent if y t he most  cost ly manif est at ion of  each
d ist inct  med ical p roblem. Alt hou gh t he nu mber of  t imes a d iagnosis ap p ears
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d oes not  af f ect  t he CC assignment , ind ivid u als wit h several d ist inct  d iagnoses are
recognized  in several H CCs. A p erson’s H CCs f orm a d isease- bu rd en p rof ile t hat 
id ent if ies his or her med ical p roblems in year one; t his p rof ile is u sed  t o p red ict 
year- t wo exp end it u res.

Model Development

We u sed  linear regression t o est imat e year- t wo cost s. All mod els cont ained  mark- 
ers f or age and  sex. The inp at ient - only mod el ( IP H CC)  also u sed  H CCs, gener- 
at ed  f rom inp at ient  d iagnoses only, as p red ict ors. We u sed  H CCs generat ed  f rom
bot h inp at ient  and  ou t p at ient  d iagnoses in t he all- encou nt er mod el ( H CC) . F or
t he RxG rou p  mod el, we u sed  RxG rou p s and  select ed  RxG rou p  int eract ions. F i- 
nally, f or t he Rx + inp at ient  d iagnoses mod el ( Rx + IP H CC)  we u sed  RxG rou p s,
select ed  RxG rou p  int eract ions, and  inp at ient  H CCs.

Evaluation

We u sed  t he same d evelop ment  p op u lat ion t o evalu at e each mod el’s p red ict ive
accu racy. In ad d it ion t o t he t rad it ional R2, which measu res t he p ercent age of  in- 
d ivid u al t ot al cost  variat ion exp lained  by a mod el, we examined  t he abilit y of  each
mod el t o id ent if y p eop le wit h ext reme cost s. F or each mod el, we classif ied  all
ind ivid u als int o d eciles of  mod el- p red ict ed  risk and  comp ared  t he mean act u al
cost s of  p eop le in variou s d eciles accord ing t o t he d if f erent  mod els. More d is- 
criminat ing mod els yield  more ext reme d ist inct ions across t he d eciles t han less
p owerf u l mod els; t heir f irst  and  second  d ecile grou p s incu r lower cost s, and  t heir
nint h and  t ent h d eciles incu r higher cost s. We also comp u t ed  f or each mod el t he
rat io of  act u al year- t wo cost s in d ecile t en versu s d ecile one.

An imp ort ant  crit erion f or evalu at ing a mod el is how well it s p red ict ions
mat ch act u al exp end it u res f or key p op u lat ion su bgrou p s ( Ash and  By rne- L ogan
1998)  su ch as t hose f ormed  by p ercent iles of  increasing year- one cost . H owever,
t here is no nat u ral ord er f or assigning t he ap p roximat ely 22 p ercent  of  p eop le
wit h zero year- one exp enses t o p ercent iles one t hrou gh 22. Alt hou gh a second 
sort  variable ( su ch as ascend ing age)  cou ld  be u sed  t o “break t he t ies,” we inst ead 
u sed  a rand om variable t o assign t he zero- cost  cases t o p ercent iles. We next  com- 
p u t ed  t he mean act u al year- t wo cost s and  t he mean cost s p red ict ed  by each of  t he
f ou r mod els wit hin each p ercent ile grou p  and  p lot t ed  each of  t he 100 mod el- 
p red ict ed  averages ( on t he x axis)  against  t he act u al average f or t he same p ercen- 
t ile grou p  ( on t he y axis) . The 45- d egree line was also p lot t ed ; t he short er t he
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horizont al d ist ance f rom a p oint  t o t he 45- d egree line, t he closer t he p red ict ed 
and  act u al cost s f or t hat  grou p  and  mod el.

RESULTS

Table 1 su mmarizes p op u lat ion d emograp hics and  u t ilizat ion exp erience. In year
one more t han one- t hird  of  p eop le ( 35.6 p ercent )  were neit her hosp it alized  nor
received  d ru gs t hrou gh t he p harmacy d at a, and  only 4.3 p ercent  of  p eop le were
hosp it alized . Average year- t wo cost s varied  f rom a low of  $723 f or t he no- 
hosp it al/ no- d ru g grou p  t o $7,822 f or t he grou p  wit h bot h kind s of  u t ilizat ion.

Table 2 shows how t he p revalence of  t he 18 ARCs as rat es p er 10,000 p eo- 
p le varied  by sex or age. Not ice t hat  women were more likely t o t ake end o- 
crine/ met abolic, genit ou rinary, and  nu t rit ional d ru gs, whereas men were more
likely t o have ant ihyp erlip id emic or biologic ( inclu d ing ant icoagu lant )  d ru gs.
The p at t ern of  d ru g u se also varied  by age. D ru g u se f or chronic med ical cond i- 
t ions, su ch as card iovascu lar d isease and  d iabet es, was more p revalent  among
ad u lt s, whereas more child ren ( t hat  is, t hose u nd er age 18)  u sed  d ru gs f or eye,
ear, nose, and  t hroat  p roblems.

In Table 3, we show t he p revalence and  mod el coef f icient s associat ed  wit h
t he RxG rou p s t hat  comp rise t hree imp ort ant  ARCs: t he very common ant i- 
inf ect ives ( p rescribed  at  least  once d u ring year one t o more t han 40 p ercent  of 
p eop le) , t he common and  imp ort ant  card iovascu lar d ru gs ( u sed  by 11 p ercent  of 

Table 1:–– D emograp hics and  Ut ilizat ion E xp erience in a
P rivat ely Insu red  P op u lat ion ( N  = 1,083,405) 

% of Year-two Year-two Costs ($)
People Mean Costs ($) (Standard Deviation)

All 100.0 1,901 8,515
Female 50.2 2,143 8,003
Male 49.8 1,657 8,995
Age (y.) (mean 32.8)
–0–17 26.2 773 4,938
–18–44 41.5 1,546 6,236
–45–64 32.3 3,265 12,325
Year-one utilization status
–Neither Rx nor inpatient claims 35.6 723 4,275
–Only Rx claims 60.1 2,204 6,754
–Only inpatient claims 0.5 4,095 41,965
–Both Rx and inpatient claims 3.8 7,822 27,434
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Table 2:–– P revalence Rat es p er 10,000 of  Aggregat ed  Rx Cat egories
( ARC)  by Sex or Age

ARC Label All Male Female Adults* Children*

  1 Analgesics/anti-inflammatories 2,248 1,936 2,557 2,808 686
  2 Antihyperlipidemics 372 443 301 503 4
  3 Anti-infectives 4,343 3,858 4,824 4,275 4,534
  4 Biologicals 77 91 63 102 5
  5 Cardiovascular 1,110 1,062 1,156 1,476 89
  6 Central nervous system agents 1,218 905 1,528 1,461 542
  7 Dermatologicals 987 829 1,143 1,036 849
  8 Diabetes drugs 195 219 171 259 17
  9 Eye, ear, nose, throat preps 771 701 841 654 1,097
10 Endocrine/metabolic agents 1,718 687 2,739 2,134 557
11 Genitourinary agents 446 208 582 567 109
12 Gastrointestinal drugs 960 781 1,137 1,180 348
13 Immunologic agents 38 27 49 50 4
14 Neuromuscular agents 486 411 560 628 90
15 Nutritionals 457 255 657 481 390
16 Pulmonary drugs 595 561 629 496 872
17 Upper respiratory agents 2,374 2,048 2,697 2,518 1,975
18 Additional groups 984 825 1,141 1,076 729

*Adults are aged 18 to 64; children are aged up to 17.

Table 3:–– P revalence Rat es p er 10,000 and  Increment 
t o Year- t wo Cost  P red ict ion f or t he Select ed  D ru gs

Increment, Increment,
RxGroup/Label Prevalence RxGroup* Rx + IPHCC*

Anti-infectives 4,313 — —
  7 Amebicides 4 0 0
  8 Anthelmintics 20 0 0
  9 Antiherpetics 159 409 316
10 Anti-infectives 4,215 184 159
11 Antimalarials 26 1,016 701
12 Antineoplastics 30 3,065 2,497
13 Azole antifungals 212 566 400
14 Influenza drugs 39 0 0
15 Leprostatics 1 3,950 2,275
16† Non-nucleoside reverse transcriptase inhibitors
17† Nucleoside reverse transcriptase inhibitors
18† Protease inhibitors 6 9,341 8,256

19† Miscellaneous antivirals

Continued
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Increment, Increment,
RxGroup/Label Prevalence RxGroup* Rx + IPHCC*

Cardiovascular 1,100 — —
32 Agents for hypertensive emergencies 0 0 0
33 Angiotensin converting enzyme inhibitor 316 567 502
34 Angiotensin II inhibitors 41 1,001 892
35 Antiadrenergic agents, centrally acting 37 1,326 875
36 Antiadrenergic agents, peripherally acting 87 1,090 957
37 Antianginal agents 76 2,010 1,742
38 Antiarrhythmic agents 12 2,112 2,092
39 Antihypertensive combinations 266 64 192
40 Beta-adrenergic blocking agents 304 534 477
41 Calcium channel blocking agents 328 1,219 1,093
42 Inotropic agents 38 826 464
43 Loop diuretics 90 2,038 1,447
44 Peripheral vasodilators 2 0 0
45 Potassium-sparing diuretics 19 3,337 2,359
46 Pulmonary hypertension drugs 0 0 0
47 Thiazide diuretics 177 0 0
48 Vasodilators 4 1,483 0
49 Vasopressors 30 286 301
50 Miscellaneous cardiovascular agents 1 1,316 0
Diabetes Drugs 195 — —
66 Insulin 70 2,332 2,130
67 Oral diabetic agents (but not insulin) 125 1,462 1,321

*Dollar increment to year-two cost prediction in the RxGroup and Rx + IPHCC models
associated with a year-one drug in this RxGroup.
‡RxGroups are pooled in the model such that any combination of drugs from these
RxGroups is treated the same as if only one were prescribed.

p eop le) , and  t he less common bu t  st ill imp ort ant d iabet es med icines ( u sed by 2
p ercent ). A list ing of  all the coef f icient s and  t- stat istics for t he Rx-based mod els is
available f rom t he au t hors. Not e that  some RxG roup s had  zero p revalence in ou r
samp le, whereas some RxG rou ps were d rop p ed  f rom t he mod el. D rop p ed 
RxGrou p s had  nonzero p revalence bu t  zero coef f icient s. In ad d ition to t he 127
RxGrou p s 23, t wo-  and  three- way RxG rou p  int eract ions were inclu d ed  in bot h t he
RxGrou p  and  Rx + IP H CC mod els. All t he int eract ion t erms had  p osit ive coef f i-
cient s, ind icat ing t hat t he combined  ef f ects were bigger than the sum of  ind ivid u al
ef fect s. O nly a f ew interactions t hat  were not  st at ist ically signif icant  were p resent ;
t hey were inclu d ed becau se clinicians believe t hat  t hey make clinical sense. The Rx
+ IP H CC mod el also inclu d ed  118 HCCs generat ed  f rom inp at ient d iagnoses.

Table 4 shows t hat  t he IP H CC and  RxG rou p  mod els each had  R2 valu es ap - 
p roximat ely equ al t o 8.4 p ercent . Combining Rx and  inp at ient  d iagnoses signif i- 
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cant ly imp roved  p red ict ive p ower, increasing t he R2 t o 11.8 p ercent , which is very
similar t o t he R2 of  t he all- encou nt er mod el ( 11.3 p ercent ) . Bot h Rx- based  mod - 
els were bet t er at  id ent if ying p eop le wit h ext reme cost s t han t he IP H CC mod el.
Among t he highest  risk d ecile grou p s id ent if ied  by each of  t he f ou r mod els, p eo- 
p le id ent if ied  by IP H CC ( a mod el t hat  only “sees” risk when p eop le are hosp it al- 
ized )  were only abou t  75 p ercent  as exp ensive as t hose id ent if ied  by eit her of  t he
mod els t hat  incorp orat e p harmacy d at a. Similarly, cost s f or p eop le in t he lowest 
d ecile id ent if ied  by t he IP H CC were 40 p ercent  higher t han cost s f or t hose in t he
lowest  d ecile of  eit her p harmacy-reliant  mod el. The all- encou nt er H CC mod el
was somewhat  bet t er t han t he Rx- based  mod els at  id ent if ying t he lowest  risk p eo- 
p le, p rod u cing t he great est  overall sp read .

F igu re 1 comp ares p red ict ed  t o act u al year- t wo cost s wit hin p ercent ile
grou p s of  act u al year- one cost s. The H CC and  Rx- based  mod el p red ict ions were
closer t o act u al cost s t han t he IP H CC p red ict ions f or all p ercent ile grou p s excep t 
t he t op  one. O verall t he t wo Rx- based  mod el p red ict ions were very similar t o t he
H CC p red ict ions excep t  f or grou p s t hat  cost  more t han $5,000, where t he
RxG rou p  p red ict ions su bst ant ially u nd erest imat ed  t he act u al cost s. Among p eo- 
p le in t he t op  t hree p ercent ile grou p s, Rx + IP H CC p red ict ions were closest  t o
t he 45- d egree line, where p red ict ions equ al act u al cost s. All f ou r mod els u nd er- 
p red ict ed  t he most  exp ensive grou p , which averaged  $21,661 in year t wo. The
RxG rou p  mod el p red ict ed  cost s of  $10,533, only half  of  act u al cost s. The IP H CC
mod el p erf ormed  bet t er, p red ict ing $14,672, or 68 p ercent  of  act u al cost s. The
H CC mod el p red ict ion was $15,080, or 70 p ercent  of  act u al cost s. The Rx +
IP H CC mod el p red ict ed  best  at  $16,659, or 79 p ercent  of  act u al cost s.

Table 4:–– P erf ormance of  Mod els t o P red ict  Cost s:
Mean Year- t wo Cost s by D ecile of  Mod el- p red ict ed  Risk

Decile Decile Decile Decile
Model R2 (%) One ($) Two ($) Nine ($) Ten ($) Ratio*

IPHCC 8.44 52 641 3,032 5,449 10.2
HCC 11.30 292 444 3,297 7,488 25.6
RxGroup 8.35 385 560 3,194 7,185 18.7
Rx + IPHCC 11.75 363 519 3,159 7,453 20.5

*Ratio = (decile ten mean year-two costs)/(decile one mean year-two costs).
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F igu re 1:––Year- t wo P red ict ed  Versu s Act u al Cost s f or P ercent ile
G rou p s Based  on Year- one Cost 

DISCUSSION

We have comp ared  t he p red ict ive p ower of  f ou r risk- ad ju st ment  mod els t hat  u se
variou s combinat ions of  d iagnoses, p harmacy d at a, or bot h t o p red ict  f u t u re
healt h exp end it u res. Using only p art ial inf ormat ion t o measu re p op u lat ion
healt h st at u s, IP H CC and  RxG rou p  mod els p red ict  t ot al cost s reasonably well,
wit h t he RxG rou p  mod el p red ict ing bet t er f or low- cost  healt hy p eop le and  t he
IP H CC mod el bet t er id ent if ying t he very highest  cost  p eop le. Combining p har- 
macy and  inp at ient  claims imp roved  mod el p erf ormance signif icant ly and  p ro- 
vid ed  a more comp let e p ict u re of  t he d ist ribu t ion of  illness in t he p op u lat ion.
The gain is p rincip ally d u e t o being able t o id ent if y bot h t he healt hiest  p eop le
( wit h bot h no or only “t ime- limit ed ” p harmacy u se and  no hosp it alizat ions)  and 
t he sickest  ( who are hosp it alized  f or chronic illness) . O verall t he p red ict ive p er- 
f ormance of  t he Rx + IP H CC mod el comp ared  well wit h t hat  of  t he gold  st and ard 
all- encou nt er ( H CC)  mod el.

Inp at ient  d iagnosis cod es have limit ed  abilit y t o d escribe d isease bu rd en in
u nd er- 65 p op u lat ions becau se only abou t  4 p ercent  of  enrollees are hosp it alized .
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F u rt hermore, many of  t he med ical p roblems in t hese p op u lat ions are acu t e and 
have f ew imp licat ions f or f u t u re cost s. Among t he 96 p ercent  of  t he p op u lat ion
wit h no hosp it alizat ion, an inp at ient  mod el can only d if f erent iat e t hem by age
and  sex; it  cannot  d ist ingu ish t he f u lly healt hy f rom nonhosp it alized  p eop le wit h
cont inu ing seriou s med ical p roblems. H owever, it  is su rp rising t o see t hat  ou r
inp at ient - only mod el t hat  u sed  all d iagnoses f rom hosp it alizat ions, inclu d ing
bot h p rincip al and  second ary inp at ient  d iagnoses, had  an R2 valu e of  8.4 p ercent 
given t he rarit y of  hosp it alizat ion in su ch p op u lat ions. In cont rast , t he P rincip al
Inp at ient  D iagnost ic Cost  G rou p  ( P IP D CG )  mod el d evelop ed  f or Med icare
( P op e, E llis, Ash, et  al. 2000)  obt ains an R2 valu e of  6.3 p ercent  u sing age, sex,
and  only a d ominant  p rincip al inp at ient  d iagnosis t o classif y ind ivid u als int o one
of  16 mu t u ally exclu sive cat egories. Alt hou gh Med icare enrollees are more likely
t o be hosp it alized  f or chronic d iseases t hat  are highly p red ict ive of  f u t u re healt h
care need s, t he single- cond it ion P IP D CG  mod el ignores t he inf ormat ion cap - 
t u red  by ad d it ional inp at ient  d iagnoses, which are imp ort ant  f or id ent if ying co- 
morbid  med ical cond it ions and  ind ivid u als at  high risk.

While hosp it alizat ion rat es were low, more t han 60 p ercent  had  at  least  one
p rescrip t ion d ru g in t he base year. Unlike p reviou s st u d ies t hat  id ent if y only se- 
lect ed  d ru gs t hat  map  t o sp ecif ic med ical p roblems ( su ch as insu lin t o d iabet es,
oral su lf onamid es t o inf lammat ory bowel d isease) , ou r comp rehensive p harmacy
classif icat ion syst em recognizes t he comp let e range of  p rescrip t ion d ru gs each
ind ivid u al t akes d u ring t he year and  su mmarizes t his inf ormat ion in a d ru g p ro- 
f ile t hat  is u sef u l f or clinicians and  healt h care managers as well as f or p red ict ion.

D ru g u se, however, d oes not  u su ally map  t o med ical cond it ions; insu lin f or
d iabet es and  bet a int erf eron f or mu lt ip le sclerosis are among t he rare excep t ions
t o t his ru le. The vast  majorit y of  d ru gs are u sed  f or cond it ions wit h wid ely d if f er- 
ent  cost  imp licat ions. F or examp le, lamivu d ine, p reviou sly u sed  exclu sively f or
p ersons inf ect ed  wit h H IV, is now u sed  in managing hep at it is C. E ven t he p res- 
ence of  a d isease- sp ecif ic d ru g, su ch as an inhaled  st eroid  f or ast hma, is not  able
t o id ent if y t he severit y of  t he d isease. Consequ ent ly, p eop le in Rx cat egories are
more clinically het erogeneou s t han t hose classif ied  u sing d iagnosis cod es, making
it  d if f icu lt  f or Rx- only mod els t o d ist ingu ish t hose at  highest  risk.

F or healt h p lans t hat  lack reliable all- encou nt er claims d at a, a risk mod el
t hat  u ses bot h p harmacy and  inp at ient  d iagnoses may be best . Rx d at a can d ist in- 
gu ish t he healt hiest  p eop le f rom t hose wit h at  least  one p rescribed  med icat ion
and  also cap t u re a sense of  t he range of  med ical p roblems exp erienced ; inp at ient 
d iagnoses id ent if y sickness among t hose hosp it alized  and  can d ist ingu ish bet ween
chronic and  acu t e p roblems. Comp rehensive Rx and  d iagnost ic classif icat ion
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syst ems comp lement  each ot her. Mod els t hat  combine bot h can not  only creat e
comp rehensive p harmacy and  d isease p rof iles at  t he ind ivid u al and  grou p  levels
bu t  also id ent if y ind ivid u als and  p op u lat ions t hat  are at  risk f or sp ecif ic d iseases.
These mod els are valu able t ools f or p hysicians, healt h care managers, and  healt h
p lans engaged  in p op u lat ion- based  healt h management .
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