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Figure S10: Confusion matrix for cluster assignment 6 clusters comparing models from k means 

and equivalent hierarchical clustering using Ward’s method 
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Table S4: Mean utilisation across each segment by utilisation variable from 6 cluster hierarchical model on subsample of 50,000 participants (green 

indicates lower than average utilisation, red indicates higher than average utilisation) 

 

Segment Size Percentage GP Outpatient A&E 

Elective 

admissions 

Elective 

length of stay 

Emergency 

admissions 

Emergency 

length of stay 

I: No health 

service utilisation 

12893 25.8% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

II: Low; GP 13860 27.7% 1.70 0.00 0.00 0.00 0.00 0.00 0.00 

III: Moderate; GP 5056 10.1% 6.27 0.01 0.00 0.02 0.00 0.00 0.00 

IV: Moderate; GP, 

OP & elective 

7497 15.0% 3.61 3.05 0.26 0.11 0.03 0.01 0.01 

V: Moderate; GP 

& emergency care 

7648 15.3% 4.20 0.03 1.71 0.02 0.00 0.11 0.08 

VI: High; all 

services 

3046 6.1% 8.61 4.15 2.22 0.24 0.07 0.38 0.67 

Total 50000 2.81 0.72 0.43 0.04 0.01 0.04 0.06 
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Table S5: Median and interquartile range of presentations/length of stay over one year for each segment from 6 cluster k-means model (green 

indicates lower than average utilisation, red indicates higher than average utilisation) 

  

k Segment Size Percentage GP Outpatient A&E 
Elective 

admissions 

Elective 

length of stay 

Emergency 

admissions 

Emergency 

length of stay 

1 Very low 110869 29.3% 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

2 Low: GP 98293 26.0% 1 (1-2) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

3 Moderate: GP 67358 17.8% 4 (3-6) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

4 
Moderate: GP, OP 

& elective 
33633 8.9% 3 (2-6) 3 (2-5) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

5 
Moderate: GP & 

emergency 
51524 13.6% 4 (2-6) 0 (0-0) 1 (1-2) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

6 High: all services 16632 4.4% 8 (6-12) 3 (2-6) 2 (1-3) 0 (0-0) 0 (0-0) 0 (0-1) 0 (0-0) 

 

Total 378309 2 (0-4) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 
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Table S6: Total healthcare associated costs for each segment from the 6-cluster k-means model  

Segment Size Percentage 

GP Outpatient A&E 
Elective 

admissions 

Emergency 

admissions 
Total 

Mean cost 

per capita 

(£) 
Total (£) Percentage Total (£) Percentage Total (£) Percentage 

Total 

(£) 
Percentage Total (£) Percentage Total (£) Percentage 

I: Very low 110869 29.3% 0 0.0% 1677749 3.4% 846374 4.6% 700875 3.6% 315633 1.7% 3540631 2.5% 32 

II: Low; GP 98293 26.0% 4415301 12.7% 1141363 2.3% 768704 4.2% 807133 4.1% 272191 1.4% 7404692 5.3% 75 

III: Moderate; 

GP 
67358 17.8% 11531157 33.3% 1862688 3.8% 0 0.0% 1095476 5.6% 71574 0.4% 14560895 10.4% 216 

IV: 

Moderate; 

GP, OP & 

elective 

33633 8.9% 4689465 13.5% 27200957 55.3% 823913 4.5% 7729103 39.5% 664487 3.5% 41107925 29.2% 1222 

V: Moderate; 

GP & 

emergency 

care 

51524 13.6% 8449386 24.4% 1691922 3.4% 10173249 55.4% 1406429 7.2% 5550515 29.6% 27271501 19.4% 529 

VI: High; all 

services 
16632 4.4% 5567562 16.1% 15639629 31.8% 5748710 31.3% 7832472 40.0% 11904047 63.4% 46692420 33.2% 2807 

Total 378309 34652871 49214308 18360950 19571488 18778447 140578064  
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Table S7: Population characteristics for each segment from 6-cluster k-means model 

  I: Very low II: Low; GP III: Moderate;  GP 

IV: Moderate; GP, 

OP & elective 

V: Moderate; GP & 

emergency VI: High; all services 

Participant characteristic Total Proportion Total Proportion Total Proportion Total Proportion Total Proportion Total Proportion 

Gender 

Female 53,785  48.5% 49,476  50.3% 34,224  50.8% 15,485  46.0% 24,128  46.8% 7,310  44.0% 

Male 57,083  51.5% 48,816  49.7% 33,132  49.2% 18,147  54.0% 27,396  53.2% 9,321  56.0% 

Unknown 1  0.0% 1  0.0% 2  0.0% 1  0.0% 0  0.0% 1  0.0% 

Age (years) + 

female 

Mean (SD)  8.7 (4.0)   7.5 (4.3)   6.3 (4.8)   8.2 (4.6)   5.4 (4.7)   6.3 (5.1)  

Median (IQR)  9 (6-12)   8 (4-11)   6 (2-10)   9 (4-12)   4 (1-9)   5 (1-11)  

Under 1 1,064  1.0% 2,304  2.3% 4,106  6.1% 864  2.6% 4,211  8.2% 1,222  7.3% 

1-2 2,997  2.7% 5,422  5.5% 5,958  8.8% 1,386  4.1% 4,708  9.1% 1,198  7.2% 

3-4 4,553  4.1% 6,395  6.5% 5,144  7.6% 1,730  5.1% 3,550  6.9% 873  5.2% 

5-10 25454 23.0% 21398 21.8% 10461 15.5% 5643 16.8% 7176 13.9% 2076 12.5% 

11-15 19,717  17.8% 13,957  14.2% 8,555  12.7% 5,862  17.4% 4,483  8.7% 1,941  11.7% 

Age (years) + 

male 

Mean (SD)  8.9 (4.0)   7.7 (4.3)   6.1 (4.6)   7.8 (4.6)   5.4 (4.6)   5.5 (4.8)  

Median (IQR)  9 (6-12)   8 (4-11)   5 (2-10)   8 (4-12)   4 (1-9)   4 (1-10)  

Under 1 1,021  0.9% 2,036  2.1% 3,975  5.9% 1,084  3.2% 4,723  9.2% 1,694  10.2% 

1-2 3,038  2.7% 5,075  5.2% 5,698  8.5% 1,921  5.7% 5,398  10.5% 1,790  10.8% 

3-4 4,542  4.1% 5,976  6.1% 5,184  7.7% 2,203  6.6% 4,067  7.9% 1,342  8.1% 

5-10 25916 23.4% 21542 21.9% 11012 16.3% 6757 20.1% 8101 15.7% 2486 14.9% 

11-15 22,566  20.4% 14,187  14.4% 7,263  10.8% 6,182  18.4% 5,107  9.9% 2,009  12.1% 

Age (years) 

Mean (SD)  8.8 (4.0)   7.6 (4.3)   6.2 (4.7)   8.0 (4.6)   5.4 (4.6)   5.9 (4.9)  

Median (IQR)  9 (6-12)   8 (4-11)   5 (2-10)   8 (4-12)   4 (1-9)   5 (1-10)  

0 2,085  1.9% 4,340  4.4% 8,081  12.0% 1,948  5.8% 8,934  17.3% 2,916  17.5% 

1-2 6,035  5.4% 10,498  10.7% 11,656  17.3% 3,307  9.8% 10,106  19.6% 2,988  18.0% 

3-4 9,095  8.2% 12,371  12.6% 10,328  15.3% 3,933  11.7% 7,617  14.8% 2,215  13.3% 
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5-10 51371 46.3% 42940 43.7% 21475 31.9% 12400 36.9% 15277 29.7% 4562 27.4% 

11-15 42,283  38.1% 28,144  28.6% 15,818  23.5% 12,045  35.8% 9,590  18.6% 3,951  23.8% 

Ethnicity 

Asian or Asian British 23,778  21.4% 24,124  24.5% 20,215  30.0% 7,749  23.0% 12,893  25.0% 3,945  23.7% 

White 27,950  25.2% 21,714  22.1% 12,481  18.5% 7,151  21.3% 10,726  20.8% 3,384  20.3% 

Mixed/multiple ethnic 

groups 
10,425  9.4% 11,941  12.1% 7,060  10.5% 3,924  11.7% 6,376  12.4% 2,001  12.0% 

Other ethnic groups 10,566  9.5% 9,566  9.7% 6,889  10.2% 3,674  10.9% 5,581  10.8% 2,003  12.0% 

Black or Black British 7,749  7.0% 6,834  7.0% 4,225  6.3% 2,773  8.2% 3,138  6.1% 1,240  7.5% 

Unknown 30401 27.4% 24114 24.5% 16488 24.5% 8362 24.9% 12810 24.9% 4059 24.4% 

IMD quintile 

1 (most deprived) 15,282  13.8% 15,462  15.7% 10,670  15.8% 6,600  19.6% 9,101  17.7% 3,391  20.4% 

2 34,072  30.7% 31,174  31.7% 22,292  33.1% 10,792  32.1% 17,178  33.3% 5,666  34.1% 

3 29,050  26.2% 25,125  25.6% 17,163  25.5% 7,936  23.6% 13,028  25.3% 3,911  23.5% 

4 19,216  17.3% 15,457  15.7% 9,525  14.1% 4,453  13.2% 6,888  13.4% 1,906  11.5% 

5 (least deprived) 8,362  7.5% 7,054  7.2% 4,940  7.3% 2,385  7.1% 3,041  5.9% 931  5.6% 

Unknown 4,887  4.4% 4,021  4.1% 2,768  4.1% 1,467  4.4% 2,288  4.4% 827  5.0% 

Number of 

long-term 

conditions 

0 106,464  96.0% 91,248  92.8% 58,453  86.8% 27,083  80.5% 46,206  89.7% 12,457  74.9% 

One or more 4,015  3.6% 7,026  7.1% 8,890  13.2% 6,544  19.5% 5,308  10.3% 4,163  25.0% 

Missing 390  0.4% 19  0.0% 15  0.0% 6  0.0% 10  0.0% 12  0.1% 

Chronic 

condition* 

Asthma 2,288 2.1% 4,469 4.5% 6,053 9.0% 3,128 9.3% 3,560 6.9% 2,161 13.0% 

Obesity 938 0.8% 1605 1.6% 1726 2.6% 993 3.0% 1139 2.2% 594 3.6% 

Mental health problem 276 0.2% 435 0.4% 631 0.9% 756 2.2% 398 0.8% 397 2.4% 

Learning Disability 84 0.1% 148 0.2% 394 0.6% 527 1.6% 133 0.3% 321 1.9% 

Chronic heart disease 245 0.2% 279 0.3% 237 0.4% 344 1.0% 186 0.4% 232 1.4% 

Chronic neurological 

disease & epilepsy 
45 0.0% 93 0.1% 135 0.2% 508 1.5% 67 0.1% 461 2.8% 

Hypothyroidism 108 0.1% 125 0.1% 229 0.3% 396 1.2% 76 0.1% 154 0.9% 
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Cancer & 

immunosuppression 
124 0.1% 152 0.2% 146 0.2% 315 0.9% 95 0.2% 229 1.4% 

Diabetes 18 0.0% 16 0.0% 20 0.0% 440 1.3% 14 0.0% 267 1.6% 

Total participants 110,869  29.3% 98,293  26.0% 67,358  17.8% 33,633  8.9% 51,524  13.6% 16,632  4.4% 

* For those with ≥500 with condition. Proportion of those with non-missing data on LTC        
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