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without s and comorbi an consume healthcare resources (e.g., visit their b f d m D f D h F diabetes.
healthcare provider, spend the night in a hospital). For example, we examined whether or not those D I Strl u tl o n o D P N an D R A o n IStrI U tl 0 n 0 el I |Og rap IC acto rs
OBJ ECT'VES TO eva_luate the effect of symptoms with comorbid SDPN and DR are more likely to have 4 or more healthcare visits in the past year than . . . Of these, nearly 3.9 million have SDPN, 3.3 million have DR, and 1.6 million have comorbid SDPN
characteristic of diabetic peripheral neuropathy (SDPN), those without both conditons. Diabetes Patient in the U.S. (Cont ) and DR (COMORB). T o
diabetic retinopathy (DR) and co-morbid SDPN & DR Analyses were conducted using SAS for Windows statistical software (Version 8.2). Final results ’ h h h Id,
= i i included both unweighted and weighted (e.g., nationally representative) estimates. Following Gregg et —_— f Among those with SDPN, the mean age was 62.5, 56.6% were <65 years old, 61.2% was non-
(COMORB) among US adults . 40 years old with dlagﬂOSEd al. (2004), we did not undertake any form of imputation to account for missing data. Using the > - 40 earS O a e CO-MORBID DR AND SDPN Hispanic white, and 52.4% was female. 36.4% had less than a high school education, and 86.1% had
diabetes on several burden of iliness (BOI) measures
> 2 2l = A = =) sampling we\ghls provided with the NHANES releases, we were able to generate nationally No YES some form of health insurance.
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Nutrition Examination Surveys (NHANES) 20+ years of age were asked about history of retinopathy and vision troubles due to diabetes, while 2040 0 Losiror  1mss 5046 16.00 206,154 - 050 form of health insurance.
res[‘)}?‘r‘ldems 4|0+ yef}rs _(()f g?e V\&e!ﬁ ajgfd aboulrlslory of numbness in hands or feet. Thus, our SDPN only: 2,328,462 (19.6%) 50-59 125 2,591,383 25.04 88.19 18.00 346,948 22.24 11.81
. . analytic sample was limited to adults 40+ years of age. . Among those with comorbid SDPN and DR, the mean age was 63.1, 50.8% were <65 years old,
5 6069 255 2,795,679 27.01 816 48.00 630,356 40.42 18.40
METHODS: Included in the analy_S|S were 8_50 NHAN ES Erom the original NHANES e of adults 40 " d old Juded dents f 079 6 507,264 1030 64 3500 15,857 2025 13.60 52.1% was non-Hispanic white, and 55.6% was female. 41.1% had less than a high school education,
respondents =40 years old classified as having diagnosed m’g’,g,,ogv;;ggggsons_ sample of adults 40 years of age and older, we excluded respondents for - . e o e o . o and 88.9% had some form of health insurance.
diabetes. Logistic regression models were used to assess the #Did not complete the exam and therefore would not have certain key information (e.g., monofilament _
effect of SDPN. DR and COMORB on BOI. Model covariates testing results, plasma glucose), and GENDER Using the comblnﬁjd 19th 2000 andddzogl 200% NHANES it was estimated thaut among US adults
included J d d a = : #Were not part of the Peripheral Neuropathy Section of the Lower Extremity Disease examination. Diabetes patients with no SDPN MALE 370 5,201,051 5112 88.42 61.00 692,799 44.42 11.58 (afjfw —fgé/ezalggg ar:'éncoﬁ%ngée(z Elg f‘;g 16 Aotgfv‘cvslslre %E;:\‘nggg |,kg|'210 ?.,Sav/oec‘lt or more3hisa)\tl?c§re
Include agez gendaer, race, € ucatlon, InS_urance $tatus, Persons are excluded from this exam if they are younger than 40 years of age, have bilateral or DR: 6,319,366 (53.1%) DR only: 1,702,200 (14.3%) FEMALE 356 5,058,977 48.88 85.37 63.00 866,906 55.58 14.63 visits in the it i i
> " 1319, past year than those without the corresponding condition. Those with DR (1.81; 1.31, 2.50)
cum-;-nt smoking _status, currently asth_matlc, and history of . amputations, or weigh over 400 pounds ELDERLY? and COMORB (2.07; 3.77) were both more likely to %ave had at least one overnight hospital stay
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and stroke. The conditions of interest were assessed based NON-ELDERLY (<65) 76 a3si0e 4204 8502 00 7e67es  avis 1498 limitations.
upon I’eSpOndent Se|f—rep0rt_ We classified a respondent as having been diagnosed with diabetes if: RACE/ETHNICITY
« He or she answered yes to the question “Doctor told you have diabetes?’, or ¥ Multi
* Ho or she reports curtenty tzking msulin or ciabetc pils for iabetes. rovSpE e I T S B R T VOIS Vet hoamial ey In he pact yoar (RAR. 105 557 G 156, 3015 e thoca winodt
RESULTS: Using the combined 1999-2000 and 2001-2002 ) o g DR; those with COMORB are more likely to have 2 overnight hospital stays versus 0 overnight hospital
: N _ We classified a respondent as having SDPN if: MEXICAN AMERICAN 211 694,772 671 85.79 39.00 115,036 7.38 1421 stays (2.50; 1.10, 5.66) than those without COMORB; finally, those with SDPN are more likely to have
NHAN E|§, |tt\I{‘1/%5 eStIma(tje(cjj'ﬂE)at[' amt%ng Ust?]dglésp?\]gegR_‘lo * He or she reports numbness, loss of feeling, or painful sensations or feeling in their feet. OTHER RACE, INCLUDING MULTI- 2 44,494 526 3,24 200 109,647 .03 16.76 o¥ m(ore overnight ho)spltal stay versus 0 overnight hosp|:g| stays (7.70; 1.51, 39.32) than th);)se
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% 27:95%Cl= 1 394 3 85) DR (1 é? 1.08, 2 59) and( We classified a respondent as having DR if: X ) Di trib ti n f D m r hi F t r OTHER HISPANIC as 909,285 8.79 83.93 8.00 174101 1116 16.07
C'ON’IORB 2 88'. 1 28 . 6 4’8 an h . likel h + He or she answered yes to the question *Has diabetes affected your eyes/do you have retinopathy? S utio O e Og a-p C actors oeanron | GH scHooL Additionally, multinomial logit models suggest that those with DR are more likely to have 1 healthcare
( o b S 12 ) were each more likely to 'ave 4 " . . y . . No visit versus 0 healthcare visits in the past year (6.15; 1.84, 20.60), 10-12 healthcare visits versus 0
or more healthcare visits in the past year than those without We dlassified a respondent as having comorbid SDPN and DR if they were classified as having both SYMPTOMS OF DPN (SDPN)? s T A no me me gmen wenE healthcare visis n e past year (4.73; 1,81, 17.07), and 13+ healthoare isit versus 0 healthcare visits
the corresponding condition. Those with DR (1.81; 1.31, 2.50) ' i "o ves —_— . ’ in the past year (3.82; 1.07, 13.63) than those without
and COMORB (2.07; 1_.13, 3.77_) were b_Oth more |Ik9|y to have . UNWEIGHTE  WEIGHTED V‘{VS‘(GC"OFSD {‘f‘@gﬁ“ UNWEIGHTE  WEIGHTED V‘{,/S‘&’gf“ {‘f‘gg’;‘)’ T~ . 1,031,879 997 as.62 18.00 173,368 a2 1438 Those with DR, and comorbid DR and SDPN each report using significantly more prescription
had at least one overnlght hospltal stay in the past year. Burden of lliness Variables AGE CATEGORY Ves 632 9316149 20.03 7.05 106.00 1,386,336 s8.88 1295 medications, 1.52 and 1.98 respectively, than those without the conditions.
Finally, those of working age (40-65) with SDPN (3.31; 1.64, e ] ) 049 74 Lol 082 77es 30 4enel 123 2231 ToraL 725 womoms  wom Dae yeame wons | Do
6.64), DR (2.99; 1.47, 6.08) and COMORS (4.40; 2.22, 8.74) Nuber o psicare i e pst L ot e ssesd e b o e  epore S
i i 60-69 196 2,111,564 26.32 61.63 107.00 1,314,472 33.81 38.37
}(\/e_rte t‘?a"h IEoiE Ilkely to be unable to work due to phyS|caI “During the past 12 months, how many times have you seen a doctor or other health care professional 70-79 127 1,535,638 19.14 66.1 70.00 787,483 20.25 33.90
imitations. about your health at a doctor's office, a clinic, hospital emergency room, at home or some other place? s0r 7 842,009 1051 76,35 2600 21930 564 20.65 . .
Do not include times hospitalized overnight.” GENDER M Ode I I ng Estl | | |ates
CONCLUSION: Among US adults aged =40 years old with Me?tal healllh vi;il in the past 12|-|m0fm?|15: We clazsigied a resrondint as having visited :memal health MALE 201 4,131,687 5151 69.05 140.00 1,852,163  47.64 30.95 . . .
R 3 professional in the past 12 months if s/he responded positively to the question “During the past 12 FEMALE 270 3,880,879  48.49 65.64 149.00 2,036,004  52.36 34.36 Outcome Modeled Parameter of Interest'?  Odds Ratio® 5% Coni L m t t
dlagnosed dlabetes SDPN DR and COMORB all appear to months, have you seen or talked to a mental health professional such as a psychologist, psychiatrist, ELDERLY? I I a IO n S
Slgmflcanﬂy increase BOL. Future theraples that offer relief of psychiatric nurse or clinical social worker about your health?” ELDERLY (>=65) 266 4,591,088  57.25 67.61 145.00 2,199,916  56.58 32.30 Unable to work due to physica limitations* PN’ 331 164
both of these conditions may have significant benefits on Overnight hospital in th 12 hs: We classified d h had NON-ELDERLY (<65) 205 3429578 4275 6701 14400 1688251  43.42 32.99 Ratinopathy e e
vernight hospital stay in the past 12 months: We classified a respondent as having had an (any) Comorbid SOPNand DR 4.40 222 Unf Iy, NHANES 1999-2000 d . hinf . DR. For this stud
direct measures of healthcare resource utilization and indirect overnight hospital stay in the past 12 months if s/he responded positively to the question “During the RACE/ETHNICITY Iirzit%ghigaéﬁg'question e ciiabetesocj}jer;?ii)i%’;?lenwm?gh ;rélfsm\;/ah‘é%:eor%r ot 1ﬁ;‘re‘:;;ﬁdéh¥v\:/améere
i ient i i ight? i i (ON-HISPANIC verni i i v i i i i
costs (SUCh as lost work tlme). zif;’;mmc;r}t:;nvzere you a patient in a hospital overnight? Do not include an overnight stay in the :Oz ::Sz:xic :L*:;i fﬁ; fi;i??} ?i;: Z?if 3332 z;iigsé? ?;12 i;;; At least 1 overnight hospital stay in past yea :zw . ::51 ::3 ever told by a doctor that diabetes has affected her/his eyes or that s/he had retinopathy. As is
. g 152, : ’ g s . . inopathy ¥ ¢ ) A etes athly. AS
Number of overnight hospital stays in the past 12 months: We assessed the number of times a MEXICAN AMERICAN 163 541823 675 6691 87.00 267,985 689 33.09 Comorbld SOPNand DR' 207 113 ?evt‘i?\i';tayt‘l-ll-;.s easufe 5 1Ot clnical n nature, and hus we were 1ot able to stage this defintion of
respondent reported having an overnight hospital stay in the past 12 months using response to the MSLTTT,E;?,\ELE' newpime 17 465,665 581 7119 8.00 188,476 4.85 28.81 Had 4 or more healthcare visits in past year J— 227 134
I t d t' question “During the past 12 months, how many times were you an overnight hospital patient?” OTHER HISPANIC 35 747,917 9.32 69.04 18.00 335,469 8.63 30.96 Retinopathy” 1.67 1.08 Al definitions were based upon respondent self-report, and as such, may be subject to response bias.
n ro u C I O n Number of prescription medicines reported: We assessed the number of prescription medicines a :fjfcl;‘;g‘ HIGH SCHOOL Comorbid SDPNand DR®  2.88 128
respondent reported taking using the variable. No
. vy " . 26! ,968,16° 61.9¢ 66.78 38.00 2, N 63.. 33.22
Inability to work: We classified a respondent as being unable to work due to a health concem if s/he > o o i ! . o Visited & mental health professional in past year SDPN 168 0.0
’ . o el o th forr D i) ol fional bl » YES 296 3,053,399  38.06 68.31 151.00 1,416,422 36.43 31.69 Retinopathy et 070
Ot he past 2 docades, mary pates wih dibetos comiue 1o b atan oM working a1 800 O BUSINGSS? © e e o NSURANGE cOvErAGE? omogsomanaox 10 163 C lUSi
increased risk for diabetic microvascular complications such as diabetic Limited ability to work: We classified a respondent as being limited in his or her ability to work due to a No 63 664,523 8.28 55.14 49.00 540,724 13.91 44.86 O n C u S I O nS
peripheral neuropathy (DPN) and diabetic retinopathy (DR). DPN and DR are health concern if s/he responded positively to the question “Are you limited in the kind or amount of YES 498 7,357,043 91.72 68.73 240.00 3,347,442  86.09 31.27 Outcome Comparative Groups Parameter of Interest'? "e‘:’:ﬂf‘“ 95% Cont
work you can do because of a physical, mental or emotional problem?” TOTAL 561 8,021,566 100.00 67.35 289.00 3,888,166  100.00 32.65 ‘ N . . .
i/ll%?lefg/aer:'t 2.rgrz'f?cnfnf'ﬁi%ﬂﬁ%:ﬁg?‘eyslﬁfgg ‘:r: g;:g?ecgclgeygfaﬂghﬁea? ‘?1:2%"15 v phy: P! Number of overnight hospital stays n past year®” 1 overnight say ve. 0 overnight stays® _ SDPN 128 061 Prevalence estimates presented here suggest that novel therapies that can be used to provide relief of
conditions, both for active symptoms and for late-stage complications including » . . . . 1 overnight stay vs. 0 overnight stays®  Retinopathy"* 1.93 1.20 SDPN and DR may address a substantial unmet medical need among patients with these conditions.
. In addition, we created a number of variables to describe the burden of illness which were based upon s
ulcers and amputations. th iously d ibed variables. Th included dichot ‘ P 1 overnight stay vs. 0 overnight stays’ Comorbid SDPN and DR 213 098
e previously described variables. These new measures included dichotomous terms for: X X .
Although often diagnosed and treated separately, DPN and DR are + Had 3 or more overnight hospital stays in past year? 2 overnight stays vs. O overnight stays”  SOPN e o ;Llen:set:ﬁi?;;ei:gt:cfi?%e;;m2nati‘gz'?r¥?-?;;‘llrfc§2lT:iiaiZaF:{gnsen‘ @ potential costofset by reducing
pathologically linked. Previous research (Dyck et al., 1999, for example) has + Had 4 or more healthcare visits in past year? :v:':‘::t Z::z - Z :V:':‘z:i z::z: :::n::vswmm - ;ZZ ,D:, ’
identified three lines of evidence suggesting that DPN and DR have a similar . DIABETIC RETINOPATHY? e v O overn " ) i
metabolic genesis: 1) DPN and DR are statistically associated; 2) Models Estimated S WEleEDWWElGW YES 6+ overnight stays vs. 0 overnight stays®  SDPN" 7.70 151
mil::rovfascular charflfges adri his‘n:ogicallc)j{ gnd fun;tionally simi!ar in vs§sels Dn N % (COISD VZ/S'{%";)D U"WslfHTE WEICHTED Wﬂ/?fc"gf? {Lfﬁg’ﬁ? 6+ overnight stays vs. 0 overnight stays® zetmar:a:;( , z zz zz«
N " " " . verni vs. 0 overnig 3 id SOPN DR 78 .05
taken from areas affected by either condition; and 3) praspective studies Using Stata’s SVYREG command, which adjusts for NHANES' complex survey design, we estimated AGE CATEGORY O+ overnight says vs. 0 overnight stays” Come -
evaluating improved hyperglycemic control results in a similar preventive ordinary least squares regression models of the general form: 40-49 76 1,628,202 18.83 75.39 33.00 531,652 16.30 24.61 N N 5 050 N
effect on both conditions. 50-59 109 2,212,006 2558 75.28 3400 726325 2227 24.72 Mumber of ealtcare visks in past year™ Fvistvs. O visis 0 o . : -
BOIl =R+ RCOND. + RX. 60-69 209 2,340,345 27.06 68.3 94.00 1,085,69: 33.28 31.69 L visitvs: 0 visis Retinopatny o o AC kn OWI e d e me nts
=R, + +RBX +e - ,340, . .31 ¥ 085,691 . ' "
=By *+ B tBXte it v, 0 vsts Comorba SOMandDR 124 016 g
70-79 128 1,658,843 19.18 71.41 69.00 664,278 20.36 28.59
where BOI_ is a continuous burden of illness outcome (e.g., number of prescription 80+ 76 808,341 9.35 76.09 22.00 253,958 7.79 23.91 10-12 visits vs. 0 visits'* SDPN. 1.57 047
. . medications currentl belng taken), COND is a condition indicator SDPN DR, or comorbid SDPN and GENDER 10-12 visits vs. 0 visits'! Retinopathy” 473 131
O bJ eCtIVe DR). Xis a vector o#’explana‘ory varisbles, and eis the eror term. MALE 303 4,470,815 51.70 74.71 128.00 1,513,034  46.38 25.29 10-12 visits vs. 0 visits™* Comorbid SDPN and DR 3.60 0.67 Funding for this stud ided by Eli Lilly & C
,470, : 5 /513, 2 . unding for this study was provided by Eli Lilly & Company.
FEMALE 295 4,177,013 48.30 70.49 124.00 1,748,870 53.62 29.51
Explanatory variables included: age, gender, race (non-white is the reference category), current ELDERLY? 13+ visits vs. 0 visits'* SDPN 269 092
smoker status, education (high school graduate and above is the reference category), self-reported — 13+ visits vs. 0 visits'* Retinopathy” 3.82 1.07
The objective of this study was to estimate the prevalence and associated cardiovascular disease, cancer, arthritis, chronic obstructive pulmonary disease, hypertension, stroke, ELDERLY (>=65) 295 5,074,259  58.68 74.71 116.00 1,717,645  52.66 25.20 13+ visits v, 0 visits't Comorbid SDPN and DR 344 082
burden of illness of symptoms characteristic of diabetic peripheral neuro dpathy currently asthmatic, and insurance status (no insurance is the reference 031990'1/) NON-ELDERLY (<65) 303 3,573,569 4132 69.83 136.00 1,544,259 47.34 30.17
(SDPN) and diabetic retinopathy (DR) among US adults aged 40 and ol Using Stata’s SVYLOGIT command, which adjusts for NHANES' complex survey design, we RACE/ETHNICITY
with diagnosed diabetes. estimated logistic regression models of the general form: NON-HISPANIC WHITE 233 5,736,303 66.33 76.56 73.00 1,756,041 53.83 23.44
NON-HISPANIC BLACK 142 1,235,153 14.28 66.05 74.00 634,901 19.46 33.95 Outcome. parameter of Interest? 2T g0q Cont
BOI, =B, + BCOND, + BX, +e, MEXICAN AMERICAN 170 566,503 6.5 69.96 80.00 243,305 7.46 30.04 Estimate
OTHER RACE, INCLUDING Number of prescription medications being taken sopn 075 -0.24
" 15 400,632 4.63 61.25 10.00 253,509 7.77 38.75 "
where BOL, is a dichotomous outcome of interest (e.g., had at least one mental health wsn MULTLRACIAL Retinopathy 152 oss I zefe re n CeS
a a O u rceS in the past 12 months &r had at least one overnight hospital stay in the past 12 months), COND is __OTHERHISPANIC 38 709,237 820 6546 15.00 374,149 1147 34.54 Comorbid SOPNand DR 1.98 1.00
condition indicator (SDPN, DR, or comorbid SDPN and DR), X is a vector of explanatory vanables :gﬁg}‘l‘g‘ HIGH SCHOOL
and eis the error term. * significant at the 95% level.  ** Significant at the 99% level.
NO 295 5,508,895 63.70 74.05 108.00 1,931,016 59.20 25.95
Lo YES 303 3,138,933 36.30 70.23 144.00 1,330,888  40.80 29.77 Centers for Disease Control and Prevention (CDC). National Center for Health Statistics: NHANES
NHANES is a nationally representative, periodic survey of the non- Explanatory variables included: age, gender, race (non-white is the reference category), current _— " S " . "
institutionalized US clvﬁlanppopulanon ar,:d is admlnlstgred by the National smoker status, education (high scl oo? graduate and above is the reference category), self-reported ANY INSURANCE COVERAGE? TP W PP P < - 1999-2000 ad_dendum to the NHANES il analytic guidelines [online article]. 2002. Available from the
Center for Health Statistics of the Centers for Disease Control and Prevention cardiovascular disease, cancer, arthritis, chronic obstructive pulmonary disease, hypertension, stroke, v~ + 19997 fational Health and Nutrition Examination Survey (NHANES). Centers for Disease Control at http://www.cdc.gov/nchs/data/nhanes/quidelines1.pdf.
(CDC). NES staff conduct interviews and perform physical examinations on currently asthmatic, and insurance status (no insurance is the reference category). 85 971,105 11.23 80.57 27.00 234,142 7.18 19.43 * Each row in this table represents a distinct model. Separate models for SDPN, DR, and comorbid SDPN and DR were estimated for each outcome.
ﬁammpants Respondents are interviewed in their homes to obtain information on YES 513 7676723  88.77 7172 22500 3,027,762 92.82 28.28  Explanatory variables included: age, gender, race (non-white is the reference category), current smoker status, education (high school graduate and ¢ . . b I N . N b N
ToTAL 598 8,647,828 100.00 7261 252.00 3,261,004 100.00 2739 the reference category), self-reported cardiovascular disease, cancer, arthritis, chronic obstructive pulmonary disease, hypertension, stroke, currently ; Dyck PJB, Dyck PJ. “Diabetic Polyneuropathy.” 1999. In Dyck PJ, Thomas PK. Diabetic Neuropathy.
ealth history, hehaviors, and risk factars. Respondents are also asked to In addition, using the same vector of explanatory variables listed above, we used Stata’s SVYMLOGIT and insurance status (no insurance is the reference category). 4 oY i 4 P y‘ 4 paty
undergo a pl yswcal examination in a mobile examination center. The procedures " - " iy N ; > B . . 2nd Ed. Philadelphia: WB Saunders Company: 255-278.
used to select the sample and to conduct the interview and examination have command, which adjusts for NHANES' complex survey design, to estimate multinomial logit regression Estimated using Stata's SYYLOGIT command, which accounts for NHANES's complex survey design.
P
been described in great detail in the literature (CDC, 2002). models to estimate the number of overnight hospital stays, as well as the number of healthcare visits * Among those of working age (less than 66 years of age). . )
in the past 12 months. As recorded in NHANES, these variables are not strictly continuous (i.e., 0, 1, * Estimated using Stata's SVYMLOGIT command, which accounts for NHANES's complex survey design. Gregg EW, Sorlie P, Paulose-Ram R, Gu Q, Eberhardt MS, Wolz M, Burt V, Curtin L, Engelgau M,
For this study, we analyzed the combined NHANES 1999-2000 and 2001-2002. 2-3, 4-9, 10-12, and 13 or more for the number of healthcare visits in the past 12 months). © Multinomial logit estimates are relative to the base category, in this case no overnight hospital stays in past year. Geiss L. 2004. “Prevalence of Lower-Extremity Disease in the Adult US Population =40 years of Age
7 This measure is not purely continuous; rather, the upper range is truncated at 6 or more overnight hospital stays per year. With and Without Diabetes.” Diabetes Care. 27(7): 1591-1597.
# The full multinomial logit models included categories for 0 overnight hospital stays 1 overnight hospital stay, 2 overnight hospital stays, 3 overnight hos.
stays, 4 overnight hospital stays, 5 overnight hospital stays, and 6+ overnight hospital stays; only significant categories are presented here.
 Multinomial logit estimates are relative to the base category, in this case no healthcare visits in past year.
10 This measure is not purely continuous; rather, the upper range is truncated at 13 or more visits per year.
** The full multinomial logit models included categories for 0 visits, 1 visit, 2-3 visits, 4-9 visits, 10-12 visits, and 13 visits; only significant categories are
presented here. s
12 Estimated using Stata's SVYREG command, which accounts for NHANES's complex survey design.
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