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Motivation

* Multimorbidity represents a global challenge with significant implications for
individuals, healthcare systems and society (Gastens et al., 2022).

* Multimorbidity is more common in old age, and it is associated with premature death,
poorer quality of life and increased healthcare use and costs (Ruckstuhl et al., 2023).

* |n Switzerland, the healthcare costs are 5.5 times higher in multimorbid patients than
in single-morbid patients (Bahler et al., 2015).
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Our research

Research objective

We aim to model the progression of multimorbidity by highlighting the major
chronic disease patterns in the Swiss adult population.

* How do different multimorbidity patterns evolve over time?
* |sthere any effect of age on the incidence of patterns of
multimorbidity?

* Are there specific patterns in which multimorbidity tends to
develop depending on gender?
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Competing risks framework

State dH_l C K

d; U {d"}

d; U {d*}

State d; C D
With ‘d1| =1
d;

di U {d*~1}

{d*}

Fig. 1: lllustration of the transition from d; to d; ;1.

Notation

d; = initial state
d;,1 = subsequent state

_ diseases e [ :=number of diseases
e Set of diseases:
D ={d},.., d51}.
* Complete set:
| K =D U {d¥}.
— death
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Subdistribution hazard model (1)

The instantaneous rate of occurrence, so-called subdistribution hazard function (SHF), for

the event of interest d¥ € D \ d; and time-dependent covariate Z(t) (for time-
independent Z(t) = Z) is as follows (Fine and Gray, 1999):

(120018 2= 0 1) -5 (2703

Baseline SHF
for d¥

The estimated cumulative SHF at time t for the event of interest d* conditional on
covariate Z(t) is:

/A\dg(t | Z(s),s <t) = /0 Ai(s]Z(u),u < s)ds = /0 )\dgyo(S) - exp (ZT(S)BO) ds.
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Subdistribution hazard model (2)

The cumulative incidence function (CIF) at time t for the event of interest d¥ conditional
on covariate Z(t) is defined as:

CIF i (t| Z(s),s < t) = Pr {T <t,d" = dF| Z(s),s < t} —1—exp (—[xdk(t 1 Z(s),s < t))

Marginal probability function:
F it Z(t))
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Data

e Atotal of 320,679 policyholders aged 50 years or older with chronic conditions.
* Monthly individual claims data on medication use from 2014 to 2022.
e Medication information used to asses the morbidity status of individuals.

* Classification of diseases into pharmacy cost groups (PCGs) according to similarities in
diagnosis.

Development of multimorbidity patterns in older adults in Switzerland: A competing risks modeling approach Mr
UNIL | U té de | e

Laura Aburto

niversile de ausar
HEC Lausanne



Disease groups

PCG Abbr.  Medical conditions N
Hypertension  Hyp. Hypertension 236 568
Asthma Ast. Asthma 109 865
Diabetes Dia. Diabetes type 1 and type 2 64 720
Glaucoma Gla. Glaucoma 55960
Heart Heart  Heart disease 46233
COPD COPD  Chronic obstructive pulmonary disease/severe asthma 37732
Cancer Can. Cancer, complex cancer, hormone-sensitive tumor 28236
Inflammatory Infi. Crohn’s disease /ulcerative colitis, disease of the brain/spinal 26691
cord: multiple sclerosis, psoriasis, rheumatism
Epilepsy Epi. Epilepsy 20686
Parkinson Park.  Parkinson’s disease 14307
Alzheimer Alz. Alzheimer’s disease 6314
Immune Imm. Auto-immune disease 5118
HIV HIV Human immunodeficiency virus/acquired immunodeficiency 1393
syndrome
Mental Men. Attention deficit hyper-activity disorder 1195

Table 1: Summary of pharmacy cost groups (PCGs) and medical conditions.
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Number of observations for multimorbidity transitions

1+1 T+ 2 1+ z 1 +1 74 2 1+ z

N (% lc) N %le) N (%lc) N (% lc) N (% lc)

i—1 84498 (26.5) 3204 (33.3) 159 (49.1) i—=1 78712 (26.4) 3448 (33.9)
i=2 46438 (10.6) 1334 (15.1) 42 (11.9) =2 45341 (11.0) 1401 (15.6)
i>3 30934 (3.6) 518 (5.6) 8 (250) i>3 33209 (3.3) 600 (7.8)
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3
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(a) Female. (b) Male.

Note: The number N in the first column refers to the total number of observations from d; to di4+1, i.e. N it1;
the Ns in the second and third columns of the table correspond to N; ;42 and N; ;4. respectively, where z > 3.
Left-censored observations (“lc”), where PCGs are diagnosed before observing the individuals in the data, are
reported as a share (in %) in parentheses.

Table 2: Number of observations in the original data for transitions from d; by gender.

e Algorithm to simulate the occurence of the first next PCG (for cases i + 2).
* We treat left-censored data with an imputation method.
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Number of observations for transitions d; = d,

da

|
[ \

+Hyp. +Ast. +Dia. +Gla. +Heart 4+COPD +4Can. +Infl. +Epi. +Park. +4Alz. +Imm. +HIV +4+Men. Death Total

o — 9621 8668 5187 7200 1802 2559 2096 1331 973 483 121 68 53 3560 43722 )
Ast. 4709 ~ 680 536 302 1919 356 443 237 127 28 27 19 31 260 9714 /5.8%
Dk, 6152 830 ~ 563 207 130 235 199 124 76 28 15 1 5 295 8863
Gla. 2075 701 366 - 122 96 228 145 89 84 71 8 5 6 267 5163
Heart 1771 246 04 128 - 44 48 39 92 27 11 4 0 2 123 2559
COPD 613 727 73 86 A1 - 83 48 25 9 13 1 0 1 128 1851
d, { Cm 1062 280 142 157 65 103 ~ 63 86 29 ] 1 3 2 900 2904
Infl, 1067 402 134 124 14 43 93 T 35 12 335 1 9 53 2408
Epi. 1038 330 115 127 56 6 111 85 - 51 16 7 4 18 210 2244
Park. 553 140 64 72 42 28 32 33 97 ~ 60 4 3 7 188 1323
Alz. 190 25 16 33 10 8 9 5 28 28 - 0 0 0 159 511
T, 114 33 14 11 1 2 3 111 3 2 0 - 0 0 3 300
HIV 213 96 97 17 7 12 23 11 2 7 2 0 - 3 18 462
| Men. 53 31 5 3 3 3 3 5 12 4 2 0 0 - 2 126
Total 20510 13462 10398 7094 8103 1266 3783 3283 2128 1452 734 520 110 137 6171 82160
(b) Male.

Table 3: Number of observations for transitions d; = d, for males.
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Effect of age on the SHF for transitions d; — d,

Female Male

SHR (95% CI) % risk  Sig. SHR (95% CI) % risk  Sig.
Hypertension
+Asthma 0.959 (0.957-0.960) —4.1 ¥ 0.968 (0.966-0.970) —3.2  FEx Relative risk \4 as age /
+Diabetes 0.970 (0.968-0.972)  —3.0 **¥* 0969 (0.967-0.971)  —3.1  **¥* o
+Glaucoma 1.020 (1.018-1.022)  42.0 *** 1,032 (1.030-1.034)  +3.2 *** Relative risk /* as age /
+Heart 1.021 (1.019-1.023)  +2.1  ** 1,000 (0.998-1.002)  +0.0 L
+COPD 1.005 (1.001-1.009)  40.5 *  1.001 (0.997-1.005)  +0.1 Relative risk differs by gender
+Cancer 0.988 (0.985-0.990)  —1.2 *¥* 1020 (1.017-1.023)  +2.0 ***
+Inflammatory  0.968 (0.965-0.972)  —3.2 *k* 0971 (0.967-0.975)  —2.9 R¥x
+Epilepsy 0.980 (0.976-0.984)  —2.0 *¥* 0979 (0.974-0.984)  —2.1 ¥k
+Parkinson 1.014 (1.010-1.018)  +1.4 ** 1023 (1.018-1.029)  +2.3  ***
+Alzheimer 1.069 (1.065-1.073)  +6.9 ** 1,098 (1.091-1.105)  +9.8 ***
Asthma c oo .
+Hypertension  1.005 (1.002-1.007) +0.5 % 1,000 (0.997-1.003) +0.0 Age dS d S|gn|f|ca nt risk
+Diabetes 0.958 (0.951-0.966)  —4.2 *¥* 0964 (0.956-0.972)  —3.6 *** .
+Glaucoma 1.028 (1.024-1.033)  4+2.8 *** 1032 (1.025-1.039)  +3.2 *** factor in most models.
+COPD 0.993 (0.989-0.997)  —0.7 *** 0999 (0.995-1.004)  —0.1
+Cancer 0.991 (0.984-0.998)  —0.9 * 1.014 (1.005-1.024)  +1.4 **
+Inflammatory  0.960 (0.952-0.967)  —4.0 *** 0965 (0.955-0.976)  —3.5  *¥*
Diabetes
+Hypertension  1.007 (1.004-1.010)  +0.7  ** 0,995 (0.992-0.997)  —0.5 **¥*
+Asthma 0.951 (0.944-0.959)  —4.9 **% 0963 (0.956-0.971)  —3.7 ***
+Glaucoma 1.012 (1.004-1.021)  +1.2  **  1.026 (1.019-1.034)  +2.6 ***

Table 5: Subdistribution hazard ratios for selected transitions d; = d».
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Cumulative Incidence Functions for transitions d; — d,

Female Male
Months 12 24 60 12 24 60
Age 50 65 80 50 65 80 50 65 80 50 65 80 50 65 80 50 65 80
Hypertension
+Ast. 22.12  12.42  6.79 33.71 19.60 10.93 49.22 30.20 17.37 13.56 851 529 21.56 13.78 8.66 32.63 21.43 13.70
+Dia. 7.61 489 313 1145 741 476 20.12 13.26 861 11.17 7.15 454 16.59 10.75 6.88 28.42 1890 12.30
+Gla. 3.20 427 569 505 6.73 893 826 10.93 1440 218 349 556 3.38 538 852 558 883 13.83

+Heart 312 422 571 482 651  8Y7 735 988 1322 6.78 6.75 6.72 10.17 10.12 10.07 14.89 14.83 14.76
+COPD 123 132 142 18 199 214 297 318 341 142 145 147 230 234 238 358 3.64 3.70

+Can. 222 1.84 153 361 3.00 249 593 493 410 1.21 1.64 2.21 1.90 257 346 332 448 6.02
+Infl. 3.03 187 116 481 299 185 808 506 315 283 183 1.19 437 284 184 682 446 2.90
+Epi. 1.95 145 1.07 3.06 228 170 482 360 268 1.72 125 092 265 194 142 3.8 283 2.08
+Park. 075 092 113 120 148 1.81 195 238 292 049 0.70 099 074 105 148 119 1.68 2.36
+Alz. 0.10 027 072 0.16 042 1.14 0.26 0.71 1.92 0.03 0.14 056 0.05 021 08 0.09 037 1.51
Asthma

+Hyp. 1796 19.19 20.49 26.67 28.39 30.20 38.44 40.68 43.00 22.73 22.73 2273 31.93 31.93 31.92 44.83 44.83 44.82
+Dia. 3.33 177 094 539 283 153 918 496 265 384 223 130 6.38 3.74 218 10.01 591  3.46
+Gla. 1.82 276 417 311 470 706 526 790 11.77 1.32 2.11 3.35 215 342 542 3.42 541 8.53
+COPD 943 848 7.63 14.00 12.63 11.39 19.65 17.79 16.09 10.10 9.97 985 14.13 13.96 13.79 18.95 1873 18.51
+Can. 1.67 146 128 298 261 229 481 422 370 139 1.72 212 196 241 297 - — —
+Infl. 3.22 175 095 540 296 1.61 885 488 267 249 147 087 38 229 136 622 371 221
Diabetes

+Hyp. 36.93 39.91 43.04 49.07 52,55 56.12 60.12 63.78 6745 43.31 40.80 38.39 56.23 53.39 50.59 68.87 65.97 63.06
+Ast. 11.86 5.79 278 17.86 887 429 2369 1199 585 640 3.70 213 1030 6.01 347 1444 851 4.94
+Gla. 220 264 316 347 416 497 502 599 715 1.77 261 383 274 402 589 3.8 564 822

Table 6: Estimated CIFs for selected combinations of transitions d; = d, by gender.
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Hypertension-related CIFs at ages 50, 65 and 80 years
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Hypertension + Asthma CIFs at ages 50, 65 and 80 years

Cumulative Incidence Function (in %)
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Conclusion

 We develop a competing risks framework to analyze the progression of
multimorbidity in the elderly population by specifying the disease pattern.
* A few highlights:
— The complex dynamics of multimorbidity are influenced by interactions between
age, gender and initial diagnoses.

— Overall, asthma and diabetes exhibit a decreasing relative risk with increasing age,
while glaucoma becomes more prevalent at older ages.

— Combinations of hypertension, asthma, diabetes, glaucoma, heart disease and
COPD are the most common in the transition from two to three PCGs.

* By identifying multimorbidity trajectories, the study provides insights for prevention
strategies and targeted interventions to reduce disease burden and economic impact.
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Future research

* Analyzing the impact of cumulative risk of major multimorbidity trajectories on
health insurance costs.

* Including other socioeconomic factors in our model, such as deprivation, social
status, region.

 Modeling the multimorbidity dynamics from a mental health condition to (physical)
chronic diseases.
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