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Abstract

Purpose

This study aims to determine if the primary care provider (PCP) assessment of readmission

risk is comparable to the validated LACE tool at predicting readmission to hospital.

Methods

A prospective observational study of recently discharged adult patients clustered by PCPs

in the primary care setting. Physician readmission risk assessment was determined via a

questionnaire after the PCP reviewed the hospital discharge summary. LACE scores were

calculated using administrative data and the discharge summary. The sensitivity and speci-

ficity of the physician assessment and the LACE tool in predicting readmission risk, agree-

ment between the 2 assessments and the area under receiver operating characteristic

(AUROC) curves were calculated.

Results

217 patient readmission encounters were included in this study from September 2017 till

June 2018. The rate of readmission within 30 days was 14.7%, and 217 discharge summa-

ries were used for analysis. The weighted kappa coefficient was 0.41 (95% CI: 0.30–0.51)

demonstrating a moderate level of agreement. Sensitivity of physician assessment was

0.31 (95% CI: 0.22–0.40) and specificity was 0.80 (95% CI: 0.77–0.83). The sensitivity of

the LACE assessment was 0.42 (95% CI: 0.25–0.59) and specificity was 0.79 (95% CI:

0.73–0.85). The AUROC for the LACE readmission risk was 0.65 (95% C.I. 0.55–0.76)
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demonstrating modest predictive power and was 0.57 (95% C.I. 0.46–0.68) for physician

assessment, demonstrating low predictive power.

Conclusion

The LACE index shows moderate discriminatory power in identifying high-risk patients for

readmission when compared to the PCP’s assessment. If this score can be provided to the

PCP, it may help identify patients who requires more intensive follow-up after discharge.

Introduction

Readmission after hospitalization is common and costly [1, 2]. It affects almost one in ten of

all hospitalizations and up to one-third may be avoidable [1, 3, 4]. Many jurisdictions have

identified 30-day hospital readmissions as a key quality indicator [5]. Similarly, strategies to

reduce rates of readmissions have become a priority in many countries [6, 7].

Several studies provide support for the effectiveness of early follow-up post-hospital dis-

charge in the primary care setting to reduce readmission [8–11]. Patients aged 65 and over

who do not have physician follow-up within 30 days of discharge are three times more likely to

be re-admitted [8]. Follow-up post-discharge was associated with a 19% lower chance of

readmission for patients with congestive heart failure [9], and a 15% reduction in readmission

to hospital after high-risk surgery associated with complications [10]. Follow-up within 7 days

post-discharge from hospital in the primary care setting has been used in primary care quality

frameworks [11].

A number of readmission risk assessment tools have been developed to identify high-risk

patients who may benefit from early post-discharge follow-up [12–15]. The LACE index is a

validated score that assesses the risk of death or unplanned readmission after discharge from

hospital [12]. This tool has been suggested to help identify patients needing post-discharge

interventions [16]. However, some information needed to calculate the score, such as emer-

gency room visits in the previous 6 months, may not be readily available to primary care pro-

viders (PCPs) at the time an assessment regarding the need for early post-discharge follow-up

is being made.

Primary care providers who possess detailed clinical and social knowledge of patients in the

community gained over time may be able to predict which patients are at higher risk for hospi-

tal readmission. This study aims to determine if the primary care provider assessment of read-

mission risk is comparable to the validated LACE tool at predicting readmission to hospital

within 30 days, for patients who have been discharged from hospital within the last 14 days.

Methods

Study setting and design

This study took place in Toronto, Canada between September 2017 and June 2018. Three fam-

ily practice clinics of varying size participated. The sites included 31 physician faculty and a

total of approximately 27,500 rostered patients in the sampling frame of the study. This study

received ethics approval from the Mount Sinai Hospital Research Ethics Board (MSH REB

#17-0173-E). Written consent was obtained for all participating clinicians.

This was a prospective observational study of recently discharged adult patients clustered

by PCPs to observe agreement between PCP risk assessment of readmission compared to the
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LACE tool against a criterion standard of observed hospital readmission within 30 days in any

hospital in Ontario, Canada.

Determination of PCP and LACE risk estimates for readmission

To determine PCP estimate of the risk for an individual patient of being readmitted, hospital

discharge summaries from the patient’s electronic medical record or faxed to the clinic from

the hospital were identified from the period of September 2017 to June 2018. Only discharge

summaries for adults 18 years of age or older cared for by a consenting study physician, and

received within 14 days of hospital discharge, were eligible.

A survey was attached to each hospital discharge summary that asked the PCP to rate their

risk of readmission for that patient within 30 days as low, moderate or high, as well as the fac-

tors that led him/her to that decision (S1 File).

The LACE tool provides a risk estimate of readmission based on clinical and administrative

data elements to provide a risk score from 0–19. The variables comprising the score include

length of stay (“L”); acuity of the admission (“A”); comorbidity of the patient (measured with

the Charlson comorbidity index score) (“C”) [17]; and emergency department use (measured

as the number of visits in the six months before admission) (“E”) [12]. The Charlson comor-

bidity index is determined by assigning a score for each comorbid condition depending on the

risk of dying associated with each condition. In the original study, the LACE score for each

patient was classified into (i) low risk (with LACE score 0–8) corresponding to< 10% risk of

readmission, (ii) medium risk (with LACE score 9–13) corresponding to 10–20% risk of read-

mission and (iii) high risk (with LACE score 14–19) corresponding to>20% risk of readmis-

sion [12].

Ontario has universal health care coverage for visits to doctors in emergency departments,

clinics, and for hospital admissions under the Ontario Health Insurance Plan (OHIP). These

visits are captured using a unique identifier for each eligible resident of the province and all

analyses are considered population based. This administrative data is available for research

upon request through ICES (www.ices.on.ca, n.d.). Discharge summaries were linked to the

administrative data through a combination of patient identifiers which included hospital num-

ber, patient name, hospital of admission and date of admission. Administrative data was also

used to determine the number of emergency department visits in the prior 6 months, as well as

whether the patient was readmitted within 30 days. This was then linked to the data from the

hospital discharge summary and physician risk estimate. Anonymized data was sent back to

the research team through a secure portal. Data on length of stay, acuity and co-morbidities

was retrieved manually from the discharge summary.

Statistical analysis

Agreement between the LACE and physician risk assessment was quantified using the

weighted kappa statistic to account for differences on ordinal scale of predicting 30-days read-

mission (low, medium, high). The weighted kappa statistic can be interpreted as indicating

slight agreement (0.01–0.20), fair agreement (0.21–0.40), moderate agreement (0.41–0.60),

substantial agreement (0.61–0.80), and almost perfect agreement (0.80–0.99) [18]. The associa-

tion between the readmission rate derived from physician risk assessment and LACE tool was

assessed using two-sided Cochrane-Armitage trend test.

Sensitivity and specificity for predicting a high risk for hospital readmission was estimated

by collapsing the “low risk” and “medium risk” categories into a single group for the PCP

assessment, as indicated by the treating PCP. This was done to be consistent with the LACE

categorization of high-risk readmissions as per the original paper. We felt it would be most
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prudent to identify and closely follow-up those patients deemed to be high-risk for readmis-

sion. These diagnostic measures were estimated for the LACE tool and physician assessment.

The area under receiver operating characteristic curves (AUROC) was used to estimate the

predictive power of 30-days readmission for LACE score and physician assessment. An

AUROC value of 0.5 suggests no discriminatory predictive power, 0.7 to 0.8 as acceptable dis-

criminatory predictive power and greater than 0.8 as excellent discriminatory predictive

power [19]. We compared the AUROC of LACE tool and physician assessment tool using the

non-parametric approach, as further described by DeLong, Delong and Clarke-Pearson [20].

Multiple logistic regression models were fitted to describe the relationship for LACE score

and physician assessment with respect to the 30-days readmission, while adjusting for patient’s

age and gender [21]. We conducted complete case analysis when fitting the multivariable logis-

tic regressions.

All analyses were conducted using SAS v9.4.

This study contracted ICES Data and Analytic Services (DAS) and used de-identified data

from the ICES Data Repository, which is managed by ICES with support from its funders and

partners: Canada’s Strategy for Patient-Oriented Research (SPOR), the Ontario SPOR Support

Unit, the Canadian Institute of Health Research and the Government of Ontario. The opin-

ions, results and conclusions reported are those of the authors. No endorsement by ICES or

any of its funders or partners is intended or should be inferred.

Results

Twenty-one of 31 eligible physicians (67.7%) agreed to participate in the study. A total of 257

discharge summaries were collected across the 3 sites during the study period. Eight summa-

ries were excluded as they included pediatric or obstetric cases. Physicians completed survey

questionnaires for 238 (96.6%), of which 21 were excluded as the provider was aware of the

readmission prior to completing the survey leaving 217 on which analysis was completed. The

LACE score was able to be calculated for 208 patients and physician assessments were available

for 202 patients (Fig 1).

The overall rate of readmission within 30 days was 32/217 (14.7%). There was no statisti-

cally significant difference in proportion of readmission when comparing patients less than 64

years of age with more than 65 years of age, males with females or low-income group with

high income group (Table 1).

Both the LACE tool and physician assessment identified a higher proportion of older

patients (age 65+) than younger patients, a higher proportion of male than female patients and

a higher proportion of low income group than high income group to be at high risk of

readmission.

Patients with at least one emergency visit in the previous 6 months had 18.6% readmission

rate while patients with no emergency visit had 9.1% readmission rate (p = 0.05) (Table 2).

The LACE tool categorised 97/208 (46.6%) as low risk, 60/208 (28.8%) as medium risk and

51/208 (24.5%) as high risk. Physicians estimated the risk of readmission low for 101/202

(50.0%), medium for 58/202 (28.7%) and high for 43/202 (21.3%).

Agreement between physician risk assessment and LACE instrument

estimates

The weighted kappa coefficient was 0.41 (95% CI: 0.30–0.51) demonstrating the presence of

statistically significant agreement between the LACE readmission risk tool and physician

assessment demonstrating a statistically significant moderate level of agreement.
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Fig 1. Number of patients included in the study.

https://doi.org/10.1371/journal.pone.0260943.g001

Table 1. Characteristics of the patients involved in the study.

Readmission within 30 days after hospital discharge (with respect to hospital discharge)

No Yes Total

Age group (year)

18–64 80 (82.5%) 17 (17.5%) N = 97

� 65 90 (85.7%) 15 (14.3%) N = 105

Gender

Female 92 (85.2%) 16 (14.8%) N = 108

Male 78 (83%) 16 (17%) N = 94

Income group �

High 115 (83.3%) 23 (16.7%) N = 138

Low 55 (85.9%) 9 (14.1%) N = 64

1categorized using income quintiles where [1, 2, 3] is low income and [4, 5] is high income.

https://doi.org/10.1371/journal.pone.0260943.t001

PLOS ONE Predicting hospital readmission risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0260943 December 15, 2021 5 / 10

https://doi.org/10.1371/journal.pone.0260943.g001
https://doi.org/10.1371/journal.pone.0260943.t001
https://doi.org/10.1371/journal.pone.0260943


When LACE score deemed patient to be low risk of readmission, there was 76% agreement

with physician assessment. In contrast, when LACE score deemed patient to be high risk, there

was 43% agreement with physician assessment. Overall, there was 57.8% agreement (i.e. (71

+20+21)/194) between physician risk assessment and LACE risk groups (Table 3).

The odds of being readmitted within 30 days increased by 1.16 with every one point

increase in LACE score (95% CI: 1.04–1.28; p-value = 0.004). The AUROC estimated for the

LACE readmission risk estimate was 0.65 (95% C.I. 0.55–0.76) demonstrating modest predic-

tive power. The AUROC estimate for the physician risk for readmission suggested a lower

level of discrimination with a value of 0.57 (95% C.I. 0.46–0.68) (Fig 2). However, the AUROC

of LACE readmission was not statistically significant at the nominal level of 5% to the AUROC

of physician assessment (Chi-square = 3.11, p = 0.08).

When adjusting for age range and gender, the odds of 30-days readmission among patients

labelled in high risk group by LACE score was 3.61 times higher than the odds of readmission

among patients labelled in low risk group by LACE score (95% CI: 1.37–9.55; p-value = 0.009).

Accuracy of physician and LACE estimates of risk of readmission

There was a 9% rate of readmission within 30 days when LACE score was low risk, 15% risk of

readmission when LACE score was medium risk and 25% rate of readmission when LACE

score was high risk, indicating statistically significant trend in the increasing rate of re-admis-

sion with respect to LACE score (P-value = 0.009) (Table 4). Similarly with physician assess-

ment, there was a 12% readmission rate within 30 days when physician assessment was

deemed to be low risk, 14% risk of readmission when physician assessment was medium risk

and 21% risk of readmission when physician assessment was high risk, indicating statistically

insignificant trend in the increasing rate of re-admission with respect to physician assessment

(P-value = 0.18) (Table 4).

The diagnostic estimates for the physician risk assessment were: (1) sensitivity = 0.31 (95%

CI: 0.22–0.40) and (2) specificity = 0.80 (95% CI: 0.77–0.83). The diagnostic estimates for

LACE group were: (1) sensitivity = 0.42 (95% CI: 0.25–0.59) and (2) specificity = 0.79 (95% CI:

0.73–0.85).

Table 2. Risk of readmission associated with increased co-morbidity, acuity of admission and previous number of

emergency department visits.

Category Readmission rate

Two or more co-morbidities vs. 1 or less 18.2% vs. 11.2% (p = 0.16)

Admitted for 2 or more days vs. 1 or less 15.2% vs. 14.0% (p = 0.84)

Acute vs. elective admission 17.1% vs. 7.8% (p = 0.11)

One or more vs. no ED visits in the previous 6 months 18.6% vs. 9.1% (p = 0.05)

https://doi.org/10.1371/journal.pone.0260943.t002

Table 3. Agreement between physician risk assessment and LACE tool.

Physician Risk Assessment

LACE risk group1 Low Medium High Total

Low 71 16 7 94

Medium 19 20 12 51

High 9 19 21 49

Total 99 55 40 194

1categorized using the LACE score (0–9 = low risk; 10–13 = medium risk; 14–19 = high risk).

https://doi.org/10.1371/journal.pone.0260943.t003

PLOS ONE Predicting hospital readmission risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0260943 December 15, 2021 6 / 10

https://doi.org/10.1371/journal.pone.0260943.t002
https://doi.org/10.1371/journal.pone.0260943.t003
https://doi.org/10.1371/journal.pone.0260943


Discussion

Our study of 21 PCPs at three sites evaluated 194 patients recently discharged from hospital.

We found a moderate level of agreement between the LACE tool and physician assessment for

predicting the risk of hospital readmission within 30 days after being discharged. The LACE

index performed slightly better than physician assessment with moderate predictive power,

although this difference was not statistically significant.

The overall rate of readmission in our study was 14.7%. The original LACE study had a

readmission rate of 8% [12] which was comparable to population-based data [1]. This may be

because the clinics involved in this study were mostly affiliated with tertiary care hospitals

where patients may be more complex or because of secular changes over time.

A number of studies assessing the LACE tool have been performed, but these are often in

certain population groups e.g. cardiovascular disease [22], chronic obstructive pulmonary dis-

ease [23] or in older people [24] and they show conflicting results. The results of this study

Fig 2. Receiver Operating Curve (ROC) for LACE score and physician assessment.

https://doi.org/10.1371/journal.pone.0260943.g002

Table 4. Readmission rate according to LACE and physician assessment score.

Readmission within 30 days (with respect to hospital discharge)

No Yes Total

LACE risk1

Low 88 (90.7%) 9 (9.3%) N = 97

Medium 51 (85%) 9 (15%) N = 60

High 38 (74.5%) 13 (25.5%) N = 51

Physician risk

Low 89 (88.1%) 12 (11.9%) N = 101

Medium 50 (86.2%) 8 (13.8%) N = 58

High 34 (79.1%) 9 (20.9%) N = 43

1categorized using the LACE score (0–9 = low risk; 10–13 = medium risk; 14–19 = high risk).

https://doi.org/10.1371/journal.pone.0260943.t004
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compare with the Damery study [25] where increasing LACE score and certain components of

the LACE index were independent predictors of readmission. A trade-off between sensitivity

and specificity can be observed with increasing sensitivity and decreasing specificity as the

threshold for LACE score to classify patients as high risk for 30 days readmission is decreased.

Both methods performed sub-optimally; the PCP assessment of readmission risk may not

be as effective as the LACE tool. There was overlap of the 95% C.I. for both AUROC deeming

the difference not statistically significant. Studies looking at clinician assessment of readmis-

sion risk have shown varied results with one demonstrating an AUC derived from ROC of

0.689 for the risk assessment completed by the discharging attending on a hospital team vs.

0.620 for the LACE tool as a predictor [26]. Allaudeen et al. found poor ability of inpatient

teams (physician, nurse and case manager) to discriminate between readmissions vs. non-

readmissions (AUC from ROC of 0.5786) [27]. However, PCPs have long term patient rela-

tionships that may affect their assessment differently as a result of their knowledge of a

patient’s social conditions and overall medical status. To the best of our knowledge there are

no studies looking at the PCPs’ judgment of readmission, but the results of our study are com-

parable to the Allaudeen study which showed poor discriminatory power of clinicians in

assessing readmission risk. This may indicate that the relationship and contextual knowledge a

primary care provider has with a patient does not improve assessment of readmission risk and

that the information in the EMR is not readily accessible to the PCP to allow for pertinent deci-

sion making.

If the LACE score can easily be calculated and provided to the PCP by the discharging phy-

sician it may be helpful in conjunction with physician assessment in deciding who requires

more intensive follow-up after discharge. Future directions may include calculating the sensi-

tivity and specificity of a score that combines the LACE tool with physician assessment and to

observe whether implementation of such a tool can reduce readmission rates.

Our study has limitations that merit emphasis. ICES data was used to collect data on emer-

gency department use in order to calculate the LACE score. Currently in our healthcare system

emergency room visits are not comprehensively reported to PCPs. As a result, it may be more

practical for the hospital discharge team to provide the PCPs with a readmission risk score.

The analysis was performed without taking into account the unique structure of patient-physi-

cian hierarchy (i.e. clustering) due to small sample size of this study. As there are no significant

results, further adjustments for clustering would not change these results. During the study

period there was a change in the process with regards to how discharge summaries were

received resulting in some physician assessments being lost. Furthermore, only readmissions

where discharge summaries were received by the PCP were included, and there is a possibility

that some discharges were not included. This may have weakened or underestimated the sensi-

tivity and specificity; however this would apply to both the LACE estimates as well as the PCP

estimates. We did not assess the quality of the discharge summary, the instructions provided

for follow-up care or if this impacted their decision making. However physician response to

the survey indicates the factors most likely to influence their assessment were familiarity with

the patient and the hospital diagnosis. Finally, this study did not observe effects of implement-

ing an intervention using the LACE tool or physician risk assessment on readmission rates but

could be an opportunity for future direction.

Conclusion

The LACE index shows moderate discriminatory power in patients at increased risk for read-

mission after discharge, and may be superior when comparing to PCP’s clinical judgement of

readmission risk. Obtaining all information needed to calculate the LACE score such as
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emergency department visits may be difficult to obtain in primary care. Consideration should

be given to providing the LACE score in the hospital discharge summary sent to the PCP to

facilitate identification and early follow up of patients at high risk for hospital readmission.

Future studies can include the effectiveness of combining physician assessment with elements

of the LACE tool in predicting hospital readmission.
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