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Abstract

Background
Healthcare fragmentation is a phenomenon in which patients experience a discontinuity in healthcare. Patients with
colorectal cancer are more likely to experience fragmented care because they require specialized treatment by
multidisciplinary teams. The objective of this study was to identify the association between healthcare fragmentation and
3-year survival for patients with colorectal cancer in Colombia.

Methods
A retrospective cohort study was performed using administrative databases, with an electronic algorithm to identify patients
with colorectal cancer based on codes. The patients were recruited between January 1, 2013 and December 31, 2016. The
exposure variable was fragmentation, which was measured based on the number of different providers that treated a
patient during the �rst year after diagnosis. Three-year mortality rates and incidence rate ratios (IRRs) were estimated for
quartiles of fragmentation. A cut-off point was determined that divided the population between exposure to higher
fragmentation versus lower fragmentation. Matching was performed using propensity scores to control for confounding,
and the hazard ratio for exposure to higher fragmentation was calculated for the matched sample.

Results
A total of 5,036 patients with colorectal cancer was identi�ed, 2,525 (49.88%) of whom were women. The mean number of
network providers for the total sample was 5.71 (SD 1.98). The patients in the quartile with higher fragmentation had the
highest mortality rate, 35.67 (95%CI; 33.63–38.06) per 100 patients. The comparison of higher and lower quartiles of
fragmentation resulted in an IRR of 1.23 (95%CI; 1.04–1.45; p 0.02). Of the 5,036 patients, 422 (8.38%) were classi�ed as
the exposed cohort (higher fragmentation). The total matched sample consisted of 844 subjects, and an HR of 1.35 (95%CI;
1.14–1.61) was estimated.

Conclusions
Exposure to more highly fragmented healthcare networks decreases overall 3-year survival for patients with colorectal
cancer in Colombia.

Introduction
The quality of cancer care depends on factors such as supply, access to health services, insurance conditions, availability of
technology, the experience of the medical team and coordination among the actors, among other factors (1–5). When care
is fragmented, the patient experiences a discontinuity in healthcare, primarily because of a lack of coordination among the
actors in the health system (6). Fragmentation leads to higher healthcare costs, higher rates of preventable hospitalization
and lower survival for patients with chronic diseases such as cancer (7–13). However, there is no uni�ed or universal
de�nition of fragmentation, nor are there ways to measure it (6, 14).

The effectiveness of care for patients with colorectal cancer is in�uenced by timely access to health services that use an
interdisciplinary approach (15–20). The intensity and complexity of possible treatments (i.e. surgery, chemotherapy,
radiotherapy, etc.) require a great deal of coordination among payers, providers and patients. This increases the tendency of
patients with colorectal cancer to face more fragmented health systems, which is more notable in low-resource settings
such as Latin American countries (21, 22).
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Colombia, a middle-income country, has a mandatory insurance-based healthcare system that covers approximately 99% of
Colombians (23). In this system, insurance companies serve a population of enrollees and administer the same bene�t plan
for all Colombians. There are two healthcare systems in Colombia: contributory and subsidized. The former is for formal
workers and their families and the latter is designed for the poorest families. By 2020, 47% of the population was enrolled in
the contributory health system and 48% in the subsidized system. While the bene�t plan includes all the healthcare
technologies that are approved for colorectal cancer care in the country, coordination between insurers and providers may
be lacking. This results in fragmented care for patients with colorectal cancer, which is associated with worse clinical
outcomes. This study was aimed at identifying the association between healthcare fragmentation and 3-year survival for
colorectal cancer patients belonging to Colombia’s contributory health system.

Materials And Methods

Study design and population
A retrospective cohort study was conducted based on administrative databases. It included patients with colorectal cancer
who were treated for the �rst time in the contributory health system between 2013 and 2016. An electronic algorithm was
used to identify patients in the unit per capitation (UPC) su�ciency database based on diagnostic codes (ICD-10) and
unique health procedure codes (CUPS), as previously described (24). In brief, patients who were recorded for three or more
months with ICD-10 codes associated with colorectal cancer (C180-C189, C19x, C20x) and at least one CUPS code
associated with oncologic procedures (i.e., chemotherapy, radiotherapy, or surgery) were identi�ed as patients with a
diagnosis of colorectal cancer (the complete list of ICD-10 and CUPS codes used in the electronic algorithm can be found in
supplementary material [see Additional �le 1].

The cohort consisted of patients whose �rst ICD-10 code was registered between January 1, 2013 and December 31, 2016
and who survived at least one year from the date that it was recorded. All patients were included in the cohort as of the date
of the �rst registered ICD-10 code. Fragmentation was measured during the �rst year and patient survival was assessed
through follow-up from the end of that �rst year and up to three subsequent years. Patients who had ICD-10 codes for other
types of cancer for three months or more and those who could not be followed for the four years because they left the
contributory system were excluded.

Sources of information
Three sources of information were used. 1) One was the UPC su�ciency base, which contains the information that insurers
send to the Ministry of Health to estimate the premium that the health system recognizes for each enrollee. This database
contains detailed information about all health services that are used by the individuals in the contributory system, and
includes the identi�cation of the type of service provided, the associated ICD-10 code, the cost paid by the insurer, the date
of service, the municipality and the provider. This database is highly standardized, has little underreporting of the health
services provided to the enrolled population and has already been used in other national studies (25–32). 2) Another source
of information that was used was the Unique Enrollee Database (BDUA in Spanish), which contains information about all
enrollees in the health system, including enrollment status, age, sex, insurer and the health system in which the person was
enrolled. 3) The Single Registry of Enrollees (RUAF in Spanish) was also used, which contains information from death
certi�cates corresponding to the Colombian population. All databases were anonymized and had a unique identi�er that
made it possible to cross-reference records among the different sources of information.

Exposure, outcome and control variables
The primary exposure variable was healthcare fragmentation during the �rst year, de�ned as the number of different
providers that treated a patient for colorectal cancer during the �rst year of inclusion in the cohort. The primary outcome
variable was overall survival at 3 years after the end of that �rst year of follow-up when fragmentation was assessed. The



Page 4/18

RUAF database was used to determine whether the patient died of any cause during the follow-up period and the date of
death.

The control variables were: sex, age upon inclusion in the cohort, insurer, geographic area of care (Colombia is divided into
32 departments), and 15 diseases from the Charlson Comorbidity Index upon inclusion in the cohort: acute myocardial
infarction, congestive heart failure, peripheral vascular disease, stroke, dementia, pulmonary disease, connective tissue
disease, peptic ulcer disease, liver disease, diabetes, complications of diabetes, paraplegia, renal disease, metastatic cancer,
severe liver disease, and HIV. The ICD-10 codes from the Charlson Index proposed by Sundararajan (33) were used.

Analysis
A descriptive analysis of all the variables was performed. Continuous variables with normal distributions were summarized
with means and standard deviations (SD). Continuous variables with non-normal distributions were described with medians
and interquartile ranges. Categorical variables were summarized using absolute frequencies and relative frequencies. The
median of this study’s measure of fragmentation was estimated for each department in Colombia and a map of the country
was generated.

The mortality rate was calculated for each quartile of the fragmentation distribution, as was crude 3-year incidence rate
ratios using a Poisson regression. In both cases, 95% con�dence intervals were calculated. A cut-off point was identi�ed for
the distribution of the fragmentation measurement in order to classify patients according to two cohorts: 1) the exposed
cohort, de�ned as patients with a fragmentation measurement greater than or equal to the cut-off point, and 2) the
unexposed cohort, de�ned by the sample of patients with a fragmentation measurement less than the cut-off point. To
identify the cutoff point, a segmented regression was used with mortality as the dependent variable and the measure of
fragmentation as the independent variable (34).

Given the observational nature of this study and following recommendations by Austin (35), a propensity score analysis
was performed to balance the baseline characteristics of the two exposure groups. The propensity score for each subject
was calculated with a logistic regression model that included the previously mentioned control variables as predictors of
exposure status. Different matching algorithms were developed with replacement and different calipers. A 1:1 nearest-
neighbor matching with replacement and a caliper of 0.05 was selected since it resulted in the best balance of the baseline
variables. Balance was de�ned as standardized absolute differences of less than 10%, in accordance with Austin (36). With
the matched sample, Cox regression analyses were performed to estimate the hazard ratio (HR) for exposure to higher
fragmentation. Standard errors were estimated with bootstrapping to account for the matching process (37). Con�dence
intervals of 95% were calculated. Survival function curves were estimated to perform analyses with propensity scores, and
multivariate Cox models were generated with the aforementioned baseline variables as a robustness analysis of the HR that
was estimate. Statistical and graphical tests were performed to evaluate the assumption of proportionality for all survival
models used. All analyses were performed with Stata 17 MP (National University of Colombia license).

Results
This study identi�ed 5,036 patients with colorectal cancer between 2013 and 2016, of whom 2,525 (49.88%) were female..
The mean age was 62.04 (SD 13.78) years. The central region and Bogota had the largest amount of colorectal cancer
cases, with 1,690 (33.56%) and 1,664 (33.04%), respectively. Of the comorbidities evaluated, the most frequent were
diabetes mellitus in 716 (14.22%) patients, renal disease in 381 (7.57%) patients and chronic pulmonary disease in 370
(7.35%). Insurers 1, 2 and 3 accounted for 53.06% of patients with colorectal cancer. Additional information on
sociodemographic, clinical characteristics and mortality for the total cohort can be found in Table 1.
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Table 1
Clinical and sociodemographic characteristics of

cohort
Variable Full sample

N = 5036

Woman, n (%) 2525 (50.14)

Age in years  

Mean (SD) 62.04 ( 13.78)

Categories, n (%)  

39 or less 351 (6.97)

40 to 59 1766 (35.07)

60 to 80 2463 (48.91)

80 or more 456 (9.05)

Region, n(%)  

Atlantic 446 (8.86)

Bogota 1664 (33.04)

Central 1690 (33.56)

Oriental 505 (10.03)

Paci�c 726 (14.42)

Orinoquia and Amazon 5 (0.10)

Comorbidities, n(%)  

Myocardial infarction 85 (1.69)

Heart failure 104 (2.07)

Peripheral vascular disease 48 (0.95)

Stroke 108 (2.14)

Dementia 36 (0.71)

Chronic pulmonary disease 370 (7.35)

Connective tissue disease 98 (1.95)

Peptic ulcer disease 74 (1.47)

Hepatic disease 15 (0.30)

Diabetes mellitus 716 (14.22)

Diabetes mellitus complications 69 (1.37)

Paraplejia 8 (0.16)

Renal disease 381 (7.57)

Metastatic cancer 268 (5.32)
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Variable Full sample

N = 5036

Severe hepatic disease 2 (0.04)

HIV 23 (0.46)

Charlson index, n (%)  

2 3298 (65.49

3 to 4 1196 (23.75

5 or more 542 (10.76)

Insurers, n(%)  

1 1290 (25.62)

2 762 (15.13)

3 620 (12.31)

4 479 (9.51)

5 473 (9.39)

6 423 (8.40)

7 314 (6.24)

8 196 (3.89)

9 164 (3.26)

10 117 (2.32)

11 94 (1.87)

Others 104 (2.07)

Fragmentation index  

Median (IQR) 6 (3.00)

Mean (SD) 5.71 (1.98)

3-year mortality proportion, n(%) 1585 (31.47)

Year  

2013 1350 (26.81)

2014 1199 (23.81)

2015 1229 (24.4)

2016 1258 (24.98)

The average number of healthcare providers during the �rst year of care after the cancer diagnosis (measure of
fragmentation) was 5.71 (SD 1.98) for the entire cohort. Fragmentation for the departments with the largest amount of
cases was: 5.28 (SD 1.75) for Bogota, 6.78 (SD 2.18) for Antioquia, 5.23 (SD 1.88) for Valle del Cauca, 5.25 (SD 1.67) for
Santander and 5.95 (SD 1.93) for Cundinamarca. Figure 1 shows the geographic distribution of fragmentation for all
departments in Colombia.
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Figure 1. geographical distribution of fragmentation

The patients with care networks in the quartile with higher fragmentation had the highest 3-year mortality rate, with 35.67
(95%CI; 33.63–38.06) per 100 patients. A comparison of higher versus lower fragmentation quartiles resulted in an
incidence rate ratio (IRR) of 1.23 (95%CI; 1.04–1.45, p 0.02). The association with mortality was not statistically signi�cant
for the second and third quartiles. Table 2 shows the mortality rates and the IRRs that were estimated.

Table 2
3-year mortality proportion by fragmentation index quartiles

Quartiles 3-year mortality proportion per 100-patients   Incidence rate ratio

Proportion 95% CI   IRR 95% CI p

Q1 29.19 25.69–32.95   ref ref ref

Q2 30.16 28.14–32.27   1.04 0.88–1.23 0.67

Q3 28.47 25.68–31.43   0.98 0.81–1.18 0.81

Q4 35.67 33.36–38.06   1.23 1.04–1.45 0.02

As previously described, segmented logistic regression was used to divide the distribution of fragmentation into two groups:
one with higher exposure and one with lower exposure to fragmentation. This resulted in a cut-off of 8.99 providers. Of the
5,036 patients, 422 (8.38%) were assigned to the exposed cohort (patients in healthcare networks with higher
fragmentation). The mean age was 62.36 (SD 12.81) for the exposed group and 62.01 (SD 13.87) for the unexposed group.

The 3-year mortality rate for the entire cohort was 1,585 (31.47%) deaths. The 3-year mortality rate was 157 (37.20%) for
patients with higher fragmentation versus 1,428 (30.95%) for those with lower fragmentation. The mortality rate for the
entire sample was 9.18 (95%CI 8.74–9.64) per 100 subject-years. An HR of 1.08 (95%CI; 1.05–1.11) was estimated for the
entire cohort using the multivariate survival model, adjusted with the previously mentioned covariates. Figure 2 shows the
survival curves for the entire sample, which were calculated with the Kaplan Meier method.

Figure 2. Total sample Kaplan Meier survival estimates

Standardized differences were calculated for the baseline characteristics to verify the balance of the covariates. This
resulted in imbalances for department of residence, diabetes mellitus, HIV, insurer and year of diagnosis. The 422 patients
with higher fragmentation were matched 1:1 with patients with lower fragmentation, resulting in a total matched sample of
844 subjects. All control variables had absolute standardized differences of less than 10% after matching. Table 3 presents
the absolute standardized differences of the covariates. An HR of 1.35 (95%CI; 1.14–1.61) was estimated for the matched
sample. Figure 3 shows the survival curves for the matched sample, which were calculated with the Kaplan Meier method.
The �ow diagram for the construction of our cohorts can be found in supplementary material [see Additional �le 2].
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Table 3
Absolute standardized differences of total and matched sample

  Total sample   Matched sample

Variables High
fragmentation

(N = 422)

Low
fragmentation

(N = 4614)

Absolute
standarised
differences
(%)

  High
fragmentation

(N = 422)

Low
fragmentation

(N = 422)

Absolute
standarised
differences
(%)

Number of
woman
followed up

218 (51.66) 2307 (50.00) 3.30   218 (51.7) 217 (51.5) 0.40

Age in years,
mean (SD)

62.36 (12.81) 62.01 (13.87) 2.70   62.36 (12.81) 62.21 (13.79) 1.20

Department of
residence, n
(%)

             

Antioquia 221 (52.37) 864 (18.73) 75.10   214 (50.81) 221 (52.37) 3.10

Atlántico 3 (0.71) 182 (3.94) 21.60   4 (1) 3 (0.71) 1.90

Bogotá 58 (13.74) 1408 (30.52) 41.20   61 (14.46) 58 (13.74) 1.80

Bolívar 3 (0.71) 99 (2.15) 12.10   3 (0.78) 3 (0.71) 0.60

Boyacá 11 (2.61) 89 (1.93) 4.60   9 (2.25) 11 (2.61) 2.40

Caldas 16 (3.79) 143 (3.1) 3.80   15 (3.56) 16 (3.79) 1.30

Caquetá 0 (0.00) 4 (0.09) 4.20   1 (0.28) 1 (0.24) 0.00

Cauca 1 (0.24) 37 (0.80) 7.90   1 (0.26) 1 (0.24) 0.60

Cesar 1 (0.24) 34 (0.74) 7.20   1 (0.3) 1 (0.24) 0.40

Córdoba 1 (0.24) 46 ( 9.70   15 (3.62) 16 (3.79) 0.80

Cundinamarca 16 (3.79) 182 ( 0.80   1 (0.23) 1 (0.24) 0.90

Choco 1 (0.24) 7 (1.00) 1.90   4 (1.05) 4 (0.95) 0.10

Huila 4 (0.95) 51 (1.11) 1.60   0 (0.00) 0 (0.00) 1.00

La Guajira 0 (0.00) 11 (0.24) 6.90   0 (0.00) 0 (0.00) 0.00

Magdalena 2 (0.47) 32 (0.69) 2.90   2 (0.45) 2 (0.47) 0.30

Meta 1 (0.24) 52 (1.13) 10.80   1 (0.31) 1 (0.24) 0.90

Nariño 3 (0.71) 51 (1.11) 4.20   3 (0.68) 3 (0.71) 0.40

N de
Santander

10 (2.37) 88 (1.91) 3.20   12 (2.83) 10 (2.37) 3.20

Quindío 4 (0.95) 94 (2.04) 9.00   4 (0.97) 4 (0.95) 0.20

Risaralda 9 (2.13) 180 (3.9) 10.30   9 (2.18) 9 (2.13) 0.30

Santander 10 (2.37) 230 (4.98) 13.90   11 (2.49) 10 (2.37) 0.70

Sucre 1 (0.24) 21 (0.46) 3.70   1 (0.25) 1 (0.24) 0.20

Tolima 9 (2.13) 95 (2.06) 0.50   9 (2.1) 9 (2.13) 0.20
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  Total sample   Matched sample

Valle del
Cauca

36 (8.53) 585 (12.68) 13.50   37 (8.87) 36 (8.53) 1.10

Arauca 0 (0.00) 2 (0.04) 2.90   0 (0.00) 0 (0.00) 0.00

Casanare 1 (0.24) 11 (0.24) 0.00   1 (0.26) 1 (0.24) 0.40

Putumayo 0 (0.00) 5 (0.11) 4.70   0 (0.00) 0 (0.00) 0.00

San Andrés 0 (0.00) 10 (0.22) 6.60   0 (0.00) 0 (0.00) 0.00

Guaviare 0 (0.00) 1 (0.02) 2.10   0 (0.00) 0 (0.00) 0.00

Comorbidities,
n(%)

             

Myocardial
infarction

12 (2.84) 73 (1.58) 8.60   12 (2.8) 8 (1.8) 6.80

Heart failure 11 (2.61) 93 (2.02) 3.90   11 (2.6) 11 (2.6) 0.10

Peripheral
vascular
disease

2 (0.47) 46 (1) 6.10   2 (0.5) 5 (1.3) 9.30

Stroke 8 (1.9) 100 (2.17) 1.90   8 (1.9) 8 (1.9) 0.00

Dementia 2 (0.47) 34 (0.74) 3.40   2 (0.5) 2 (0.5) 0.10

Chronic
pulmonary
disease

33 (7.82) 337 (7.3) 2.00   33 (7.8) 35 (8.2) 1.30

Connective
tissue disease

11 (2.61) 87 (1.89) 4.90   11 (2.6) 7 (1.7) 5.80

Peptic ulcer
disease

5 (1.18) 69 (1.5) 2.70   5 (1.2) 5 (1.3) 1.00

Hepatic
disease

1 (0.24) 14 (0.3) 1.30   1 (0.2) 1 (0.2) 0.40

Diabetes
mellitus

80 (18.96) 636 (13.78) 14.00   80 (19) 79 (18.8) 0.30

Diabetes
mellitus
complications

10 (2.37) 59 (1.28) 8.20   10 (2.4) 6 (1.5) 6.20

Paraplejia 0 (0) 8 (0.17) 5.90   0 (0) 0 (0.1) 4.00

Renal disease 39 (9.24) 342 (7.41) 6.60   39 (9.2) 39 (9.3) 0.20

Metastatic
cancer

29 (6.87) 239 (5.18) 7.10   29 (6.9) 27 (6.5) 1.50

Severe hepatic
disease

0 (0) 2 (0.04) 2.90   0 (0) 0 (0) 0.00

HIV 0 (0) 23 (0.5) 10.00   0 (0) 2 (0.4) 8.10

Insurers, n (%)              

1 98 (23.22) 1192 (25.83) 6.10   98 (23.22) 97 (23) 0.50
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  Total sample   Matched sample

2 128 (30.33) 634 (13.74) 40.80   128 (30.33) 125 (29.64) 1.70

3 117 (27.73) 503 (10.9) 43.60   117 (27.73) 111 (26.29) 3.70

4 15 (3.55) 464 (10.06) 26.00   15 (3.55) 17 (3.96) 1.60

5 34 (8.06) 439 (9.51) 5.10   34 (8.06) 32 (7.56) 1.80

6 1 (0.24) 422 (9.15) 43.10   1 (0.24) 7 (1.57) 6.40

7 7 (1.66) 307 (6.65) 25.20   7 (1.66) 9 (2.05) 2.00

8 1 (0.24) 195 (4.23) 27.30   1 (0.24) 3 (0.76) 3.60

9 0 (0) 164 (3.55) 27.10   0 (0.00) 0 (0.00) 0.00

10 13 (3.08) 104 (2.25) 5.10   13 (3.08) 13 (3.06) 0.10

11 1 (0.24) 93 (2.02) 16.90   1 (0.24) 2 (0.41) 1.60

Others 7 (1.66) 97 (2.1) 3.30   7 (1.66) 7 (1.71) 0.30

Year              

2013 71 (16.82) 1279 (27.72) 26.40   71 (16.82) 77 (18.23) 3.70

2014 130 (30.81) 1069 (23.17) 17.30   130 (30.81) 121 (28.74) 4.70

2015 126 (29.86) 1103 (23.91) 13.40   126 (29.86) 125 (29.68) 0.40

2016 95 (22.51) 1163 (25.21) 6.30   95 (22.51) 99 (23.36) 2.00

Figure 3. Matched sample Kaplan Meier survival estimate

Discussion
Based on a national cohort of colorectal cancer patients identi�ed by the Colombian health system, the present study
describes the fragmentation of care during the �rst year after diagnosis and its association with survival for 5,036 patients
in the country’s contributory health system. Using the number of different providers who treated each patient for cancer care
during the �rst year, this study describes the distribution of fragmentation for the country, identi�es a cut-off point for this
distribution and �nds that patients exposed to more fragmented networks (with 9 or more different providers) have a 35%
higher risk of dying at 3 years. This is the �rst study of this type in a low- or middle-income country.

The lack of a standard measurement of fragmentation makes it di�cult to compare these �ndings with other studies.
Decreased survival at 1 year has been reported for patients with colorectal cancer who had undergone surgery and had been
readmitted and seen by a different surgeon than the one who performed the surgery, with an HR of 1.55 (95%CI; 1.40–1.73)
(38). In addition, a comparison of academic hospitals showed that 90-day survival for patients with stage II-III rectal cancer
is poorer for those receiving fragmented care, with an HR of 1.11 (95%CI; 1.05–1.17) (39). Meanwhile, a study that explored
the association between speci�c survival at 1 year for patients with stage III colon cancer and fragmentation, de�ned as
receiving care in more than one hospital, found no difference in survival, with an HR of 0.98 (95%CI; 0.89–1.07), while the
average cost of care was 8% lower (40).

The study herein measures healthcare fragmentation based on a type of fragmentation known as inter-hospital
fragmentation, given that it is based on the number of different providers that treated the patient. It used the number of
different providers that a patient had to see during the �rst year after the health system identi�ed them as ill. The literature
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has reported another pathway to measure inter-hospital fragmentation, which is readmission to a hospital other than the
index hospital of care. This has been associated with higher mortality, longer length of stay and a higher risk of readmission
(41–43).

The present study found geographical differences in the fragmentation of care. As shown in Fig. 1, the Amazon and Orinoco
regions had the least number of cases and low levels of fragmentation, as measured by our study. And no patients were
registered in some of the country’s departments. These differences can be explained by the fact that these regions have few
specialized cancer care services, and patients can travel to departments with more complex services for diagnosing and
treating their disease. In regions with lower population density and fewer services, patients may need to travel long
distances to receive care, which may cause delays in diagnosis and treatment. There is a need to develop fragmentation
measurements that take into account the distance traveled by patients, especially in countries with marked geographical
differences in the supply of healthcare services and access to those services (44).

Healthcare fragmentation can impact the survival of patients with colorectal cancer in multiple ways. It can lead to delays in
diagnosing the illness and in initiating treatment, which has been associated with poorer survival (15–17). Patients may
receive care from different specialties in an uncoordinated manner, care by multidisciplinary teams has been associated
with increased prescriptions for chemotherapy and increased survival for patients with colorectal cancer (18). Specialized
cancer care centers have teams that are highly experienced in diagnosing and treating, and for patients with colorectal
cancer this has been associated with increased survival (19, 45–48).

The present study used propensity score matching to control for confounding (49). Matching algorithms were selected
through an iterative process that made it possible to select the algorithm that produced the best balance of the baseline
variables. The sociodemographic characteristics contained in the UPC database and comorbidities were identi�ed with ICD-
10 codes to control for confounding for as many variables as possible. Although the algorithm that was selected balanced
the observable variables, the balance of unobservable variables was not veri�able.

While our main outcome was overall survival at 3 years, it has also been found that healthcare fragmentation impacts other
outcomes, such as hospital stay, readmission and costs, especially for chronic diseases. Studies are needed to explore
whether healthcare fragmentation in the case of colorectal cancer impacts economic and clinical outcomes such as length
of stay, readmissions, speci�c mortality and quality of life, among others (7,42,50–52).

The limitations of this study are related to the use of administrative databases, which are not designed for clinical research,
and therefore, they do not include clinical variables. We addressed these variables by identifying comorbidities in the
Charlson Index, but we did not have information on the staging of the disease upon inclusion in the cohort.

Conclusions
Healthcare fragmentation, measured by the number of providers who treat a patient during one year, decreases 3-year
overall survival for patients with colorectal cancer in Colombia.
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Figure 1

geographical distribution of fragmentation
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Figure 2

Total sample Kaplan Meier survival estimates
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Figure 3

Matched sample Kaplan Meier survival estimate
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